THE EFFECT OF SEVERAL TREATMENTS
UPON THE INCIDENCE AND SEVERITY
OF TOMATO FRUIT CRACKING

AND BLOSSOM~END ROT

by

Delmont Robert Whiteside

A Thesis
Presented to
The Faculty of Graduate Studies and Research

University of Manitoba

In Partial Fulfillment of the
Reguirement of the Degree

Masgter of 3Sclence

June, 1967



ACKNOWLEDGEMENTS

The writer gratefully acknowledges the guidance and
constructive criticism provided by Dr, J. D, Campbell
throughout the course of this research and during the
preparation of the manuscript,

Appreclation is extended to lMr. George ILuther for
technical assistance and to the Provincial Soil Testing
laboratory, Department of 3o0il Science, University of
Manitoba, for the use of thelir facilitles,

The project was financed from a grant made by the
National Research Council for the Plant Science Depart-

ment at the University of Manitobe,

ii



ABSTRACT

Field experiments were conduéted at the University
of Manitoba in 1965 and 1966 to study the effect of a
calcium foliar spray and soil salinity upon the incidence
of tomato frult cracking and blossom-end rot, In the
second year, the effect of a manuriasl treatment also was
studied., The calcium was applied as a 0,04M calcium
chloride solution the first year and as a 0,06M calcium
chloride solution the second year, Sodium chloride and
godlum sulfate were used to increase g0il sallinity in
1965 while only sodium chloride was used in 1966,

The calcium chloride foliar sprays significantly
reduced the incldence of blossom-end rot one year, No
reductions in field cracking were recorded in 1965 bub
induced cracking was significantly less severe, In 1966
the incidence and severity of fruilt cracking was reduced
significantly in several of the spray treatments,

No definite conclusions could be drawn about the
effect of the salinity treatments, but & reduction in
fruit cracking was recorded in 1966,

In a greenhouse experiment designed to study the
effect of varying calcium to magnesium ratios, lucreas-~
ing the calcium concentration decreased the lnclidence
of blossom—end rot and the severity of frult crackilag.

The calclilum content of the frult was significantly
and negatively correlated with fruit cracking, Highly
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significant correlations were obtained between the severity
of concentric cracking and fruit calcium and between the
inclidence of radial cracking and fruit calcium, Increag-
ing the calcium to magnesium ratio of the nutrient solution
significantly increased the calcium content of the fruit,
the importance of the magneslum concentration belng second-

ary to the calcium concentration,
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INTRODUCTION

Manitoba grown tomatoes are affected frequently by
a high incildence of frult cracking and blossom-end rot,
The severity of these two diseases varies widely from year
to year but fruit cracking is usually the more serious,
Cracked frults have a lower market value and are eagily
invaded by disease organisms, The lowered market value
is especially pertinent in Manitoba where all the tomatoes
grown are for the fresh market trade, While the incidence
of blossom=-end rot is less severe, fruits infected with
this disease have no market value,

The initiation of fruit cracks occurs Jjust prior to
or shortly after the insipid stage of ripening, Thils
forces market gardeners to harvest thelir tomatoes 2-3
weeks before ripening. The cost of this practice is high
not only because of increasged handling and storage but
also because of the loss of size and weight due to the
immaturity of the tomatoes,

Tomatoes constitute an important source of income
for meny market gardeners., In 1965, 2,835,000 pounds of
tomatoes were produced in Manitoba for the fresh market
trade., The farm value of the crop was $208,000,00 (98),
In addition, meny more thousands of pounds were grown in
home gardens,

Manitoba is a potential producer of processing




tomatoes, Canning companies eslready established in the
province would have little difficulty incorporating toma-
toes lunto their operations. Southern sections of the pro-
vince have the land and climatic requirements and the
potential irrigation facilities which could make mechanized
tomato production feasible, Many drawbacks are unresolved,
but the high incidence of blossom-end rot, and especially
cracking, that occurs on the bush-type tomatoes presently
grown poses & serious problem,

Research on tomato frult cracking and blossom=-end
rot in Manitoba has been very limited, This study was
initiated to investigate some of the causes of and

possible control measures for these two disorders,
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LITERATURE REVIEW

FRUTT CRACKING

Tomato fruit cracking occurs in two basic forms,
radial and concentric (18). Radial cracking involves
cracks that radiate out from the stem-end of the fruit and
vary conslderably in depth. Concentric cracking iavolves
cracks that extend more or less longitudinally around the
shoulders of the fruit and are only skin deep,

Frazier (29) published one of the earliest reports
on tomato fruilt cracking, He observed that when detached
fruits were immersed in a dye, the dye diffused into the
fruit through the stem scar slong lines thet coincided
with the area where the interlocular septae join the outer
wall of the frult, This was the same pattern thet radial
cracking followed, By the use of sectioning procedures,
he reported a fission of the tissue lying directly above
the locular division, He hypothesized that water follows
a similar pathway upon entry into the fruit, Frazier and
Bowers (32) predicted that any factor which increases
the pressure of the locular contents of the fruit beyond
& certain limit will cause the fruit to rupture at these
weakened points in the cell wall,

Crack initiation and the severity of cracking usually
increase with the ripeness of the fruit (63). Frazier (29)

reported that the longer the fruit was on the vine, the
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more susceptible it was to cracking, Hepler (38) found
that the greatest amount of induced cracking generally
occurred at a maturity stage of about 6 days prior to the
beginning of coloring, Ffrazier and Bowers (32) observed
rather infrequent cracking of tomato fruilts earlier than
12 days prior to the pink stage, and after a time when

,,,,, the highest daily increments of growth occur, Once a

crack was lnitiated, though, lengthening proceeded easily,

The relationship between radial and concentric cracke
ing has not been clearly defined, Frazier and Bowers (32)
observed that severe concentric cracking did not seen to
be related to weather conditions conducive to radial crack-
ing, They reported that concentric cracking of greenhouse
tomatoes was always low or non-existent,

Several sclentists have associated water with cracking
(31,32,61,100,63), Frazier (29) observed that heavily
irrigated plots produced more cracking than plots left
continually dry, He reported that rain, even a light shower,
would induce cracking faster than irrigation, Brown and
Price (9) reported that noun-watered plots produced 20 per-
cent fewer cracked fruits than watered plots, MNoore,
Kettan, and Fleming (62) showed that cracking was increased
by a higher irrigstlon level and reduced by & closer spac=-
ing,.

The beneficial effects of shading on reducing cracking



have been reported (29,31,63,100)., Frazier and Bowers (32)
found that shading reduced the severity of cracking, but
that it was relatively lesg effectlve in reducing radial
cracking asg compared to the concentric type., Brown and
Price (9) reported that when plants were shaded wlth
cheesecloth there was about a 10 percent reduction in
cracked fruits., On the other hend, Hepler (38) found no
differences between shaded and non-shaded fruits,

Pruning and staking of tomatoes has been reported to
increase the severity of cracking, especially the incl-
dence of councentric cracking (29). This may be due to
the decrease in the amount of foliage cover for the fruits
{31)., TFrazier (30) states, "Without & single exception,
percentage of radial and conceutric cracking was highest
on fruits from pruned, staked vines',

Conflicting observations were reported by Brooks (8).
He found that a modifled pruning method whereby only the
side shoots between the first and fourth cluster were
removed, resulted in up to 60 percent less cracked fruits,

Frazier (30) found no appreciable differences due
to fertilizers, although he reported that hls results
were extremely variable, MNoore, Kattan, and Fleming (62)
observed that high fertility increased cracking,

Several researchers have observed that varietal
differences exist in susceptibility to cracking (29,31,

32,62,80,100), Uhlinger (89) speculated that there are




two separate genetic systems for resistance to radial
cracking, Under conditions of mild stress, resistance to
cracking was observed to be dominant to susceptibility,
while under conditioms of severe stress, reslistance was
recessive to susceptiblility. KEesistance to concentric
cracking appeared to be dominant to susceptibility under
the conditions of Uhlinger's experiment,

Hecent research on cracking has dealt with ways and
means to evaluate the cracking resistance of breeding
lines when extensive fileld cracking does not ococur,
Hepler (38) devised a method whereby the detached fruilts
were lmmersed 1ln distilled water and placed under vacuum

until &1l the air trapped 1n the stem scar had been with-

jo 7]

wn, This procedure allowed the water to enter the

o
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fruit freely., The fruits were allowed to remain limmersed
for a gilven period of time and then the severlity of the
induced cracks was recorded., Hepler reported that the
crack induction results paralleled fleld observstions
taken on the same varieties over a period of years,

Voisey and Lyall (91) used a puncture test method for
eveluating crack resistance, They recorded significant
differences between varieties tested. The varieties which
exhibited the least resistance to puncture had the highest
incidence of fileld cracking,

The beneficilal effect of calcium on reducing cracking

has been reported (16). Dickinson and McCollum (17), using




Hepler's method of crack induction, found that when CaClsp
was added to the infiltrating solution, cracking was
reduced significantly or prevented. NaCl or XKC1l did not
control cracking, They further reported that a 0,04
CaCls, sprey spplied to the intact tomato plant gave a
significant reduction in the length of induced cracks and
2 significant increase in the calcium content of the fruit
when compared to the countrol,

& considerable zmount of research has been reported
relating cracking, firmmness, snd the calcium content of
the fruit., Uhlinger (89) found = positive correlation
between softness and cracking in the field (r = 0,30 to
0,50). A higher correlation of r = 0,50 to 0,80 was
recorded between softness and cracking from external press-
ures, Rizk (74) observed that there was a good positive
correlation vetween the calcium content of the frult and
firmness for tomatoes of the same maturity, Shafshak and
Winsor (78) found that lime significantly increased the
firmness of the frult of one variety they tested.

Eelationships between frult firmness, cracking,
chemical constituents and maturity have been noted,
Frazier (29) suggested that cracking may be caused by the
breskdown of protopectin &s ripening advances, Rizk (74)
reported & good positive correlation between alcohol
insoluble solids, insoluble pectin, total pectic substances

and the firmness of tomatoes, He found an excellent



negative correlation between soluble pectin and firmness.,
Rizk observed that firmness correlated higher with ingol-
uble pectin than with soluble pectin, El Sayed and
Erickson (22) reported similar results., Hobson (41) found
a significant negative correlation between frult firmness
snd the units of polygalacturonase activity in tomatoes,
Polygalescturonase had been identified previously as a
pectic engzyme, Singh (80) reported a definite increase in
soluble solids with advancing maturity., He found that

& low concentration graedient of soluble solids, dry matter,
and hydrogen ion concentration from the stem to the blossom-
end was associated with increased radial cracking.

One of the first researchers to suggest the essential
role of pectic materials im plant tissues was Baily (4),
He reported,

Pectic substances are the principle factors for
structural integrity in fruits and vegetables, Plant
cells are thought to be bound together in ingoluble
pectic compounds of the middle lamelle and the
softening of tissues is related to the degradation
of these pectlec materials,

The importance of calcium and pectic substances and
their role in tomato firmness was demonstrated by Loconti
snd Kertesz (50), They showed that when peeled tomato
frults were first immersed in a dilute solution of CaCly,
the amount of calcium pectate extracted from them was 1in

21l cases higher than from the control samples., The

fruits were Tirmer alsc, The tomatoes lost thelr firmness
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upon immersion in ammonium citrate solution which
dissolved the pectic substences. No firming occurred

upon re-immersion in CaCly,

BLOSSOM~END LBOT

Blossom-end rot is & physiological or non-parasgitic
disease (18), It first appears as & wWater-soaked spot
near the blossom-end of the frult, This spot becomes
brown to black snd enlsrges until it may cover a third
to half of the surface of the fruit., 4&s 1t increases 1n
size the tissues shrink; the surface of the spot becomes
flattened or concave and dark and leathery. There ig no
soft-rotting of the fruit unlessg the spots are lnvaded
by bacteria or fungl,

The tomato fruits are most commonly affected when
2 third to half grown, but they mey be alfected at any
stage (18). Westerhout (93) reported that in vigorously
growing plants the incipient stages of blossom-end rot
coccurred from 7 to 10 days after anthesis, BRiggleman (73)
observed a range of 10-24 days after anthesis in the
varietles he tested.

The cause of blogsom-end rot frequently hag been
atbtributed to an apparent water deficit in the plant, The
water deficit is believed to result in an insufficlent

amount of water reaching the fruit, with the resultant
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collapse of the cells of the blossom-end (52,70,75,85),
Bxperimentsl observations provided evidence that either
irregulsrity in the water supply or low soll molisture
increased the occurance of blossom=end rot (7,85).
Riggleman (73) reported, "Irrigating when 50 percent of
the available soll moisture was depleted consistently
reduced the incldence of blossom-end rot',

The adverse effects of high salinity upon the occur-
ance of blossom-end rot has been cited (34,35,42,77).
Clay and Hudson (14) reported thet blossom-end rot was
induced by salinity, They found that adding potassium
or magnesium sulfates to the solil increased the ilncidence
of the rot. Robbins (75) demomstrated that when tomatoes
were grown in nutrient solutions of increasing concentra-
tiong, the increase in the percentage of infected fruits
paralleled the increasing concentrations, High solution
concentrations and any other factors seriougly restrict-
ing the water svailasble to the fruilt were interpreted by
Bobbins as favoring the development of the disorder,

Simple water relatiounships or wster stress did not
explain the occurence of blossom-end rot entirely, Brooks
(7) reported thet continued excessive watering may cause
the disorder, Stout (85) observed that heavy infrequent
waterings gave less blossom-end rot than light frequent

waterings, The higher the incidence of blossom-end rot
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accompanyling over-watering was attributed by Stout to
The reduction in the size of the root system, Stout
stated that similar results had been observed when

"""" tomato plants were staked and pruned, A higher incidence
of pblossom-end rot was accompanied by a2 restricted root
system on the staked plants., High or low transpiration
rates were reported by Foster (28) to have no effect
on the incidence of the disorder,

The effect of competition (plant populations) has
been noted., When molsture was limited, high plant popu-
lationg were reported to increase the amount of the
disease present (94). When moisture was not limited,
high plant populations decreased the occurence of the
digease (73).

Differences between varietiesgs in their susceptibility
to blossom=end rot have been observed (57,73,99). However,
attempts to breed for resistance have not been succegsful
(89).

Numerous reports on the effects of fertility levels
and nutrient valance have been made, High levels of
nitrogen frequently have been cited as contributing to
the incidence of the disease (27,28,35,54,71,83,86).
Brooks (8) reported that emmonicel fertilizers in par-

ticular favor the development of the rot but that nitrate

of soda tended to decrease it, Lyon, Beeson and Barrentine
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(52) reported no correlation between the nitrate supply
and the incidence of the rot, Raleigh and Chucka (71)
concluded that balance between the elements was more
important than actual concentration or the osmotic value
of the nutrient solution,

Recent research has dealt malinly with the calcium
nutrition of the plent and factors affecting the availa-
bility of calcium to the fruit, The importance of calclum
was first suggested by Brooks (7) in 1914, He recommended
that lime be used to decrease or check the rot, Foster
(28) reported later that superphosphate, which contalns
gypsum (Ca30y), had & marked effect in reducing the occur-
ence of the disease, BRaleigh (70) demonétrated that only
in those solutiong lacking calcium did typical blossom-end
rot symptoms develop.

The first sclentists to definitely implicate calcium
deficiency with blogsom-end rot were Lyon, Beeson and
Barrentine (52). They studied the occurence of blossom-
end rot in sand culture with a wide range of different
nutrient solutions varying in the relative proportions of
the macronutrients., Their results showed that the incidence
of the rot was associlated only with calclium deficlency,

In treatments where the rot was most severe, the fruilts
were low in calcium and high in potassium and magnesium,

Beeson, Lyon end Barrentine (5) reported thet the calcium
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supply to the roots was significantly and positively
correlated with the calcium content of the fruit, TFurther
confirmation of the lmportance of calcium was given by
leIlrath (58)., He observed that visible signs of extreme
calcium deficlency were evident during the stage of rapid
fruit enlargement, Raleigh and Chucka (71) reported that
any treatment which resulted in less than 0.20 percent

calcium in the fruit (dry welght) increased the incidence

of the diseage,

Evans and Troxler (26) used field and greenhouse
experiments to evaluate the effect of calcium fertilizers,
calcium chloride sprays, and calcium gluconate injections
into the fruit in the prevention of blossom-end rot, Only
the calcium gluconate injectionsg failed to reduce the rot
significently., Geraldson {34) confirmed the value of
calcium Tertilizers snd calcium sprays in the preventlon
of blosgom-end rot, Geraldson (35) concluded that a
deficiency of calcium is the fundamental cause of blossom-
end rot., He stated that soluble calcium salts in the
soil may be deficient or excessive total salts may inter-
fere with the caleium nutrition of the plant, Similar
findings relating calcium deficiencies and blossom-end rot
have been reported (14,57,73,79,83,86,89,93).

gpurr {82) nade 2 detailed histopathological study of
blossom-end rot with speclal reference to calcium nutrition,

He found thet the first signs of the disease Were brown
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proteinaceous inclusliong in the protoplasts of some of
the epidermal cells at the distzal end of the fruilt,

This was followed by disorgenization of the protoplasts
of the epldermal cells and collapse of some of the under-

lying cells of the pericarp, Depression of the fruit was

Il

noted to be due to the collapse of these cells, Cyto-
plasmic disorganization has been noted asgs one of the Tirst
significant features of calcium deficiency;collapse of
the cell wallg was secondary (55)., Spurr suggested that
e wabter Jdeficlt was not the primary cause of the disorder,

but a calcium deficiency at the actively growing fruit

tip,

CALCIUM AVaILABTLITY

A defilciency of calcium in the tomato fruit previougly
hes been reported as one of the primary causes of frult
cracking and blossom-end rot, A review of some of the
factors reported as limiting or facllitating upteke and
translocation to The frult seems pertinent,

High concentrations of soluble salts ia the root
zone nave peen assoclated with reduced calclum uptake by
several workers (14,33,34,35,48,71,73). Increasing salt
concentrations have veen noted as decreasing the effectilve
concentrations of the divaleut cations (e.g, Ca++) rela=
tively faster than the effectlive concentrations of the

monovalent cationg (e.g, KT and Nav), The reduced gatT
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lon activity results in a lowered uptake of catt by the
plant, relative to the other cations (18,35),

High concentrations of certain individual ions have
been demonstrated as decreasing calcium uptake and trans—
location, BSome of these lomns are: phosphate (10,12)
potassium (5,15,35,49,60,67,68,76); magnesium (35,43,59,
60); sodium (13,35,60,68); and ammonium (13,35,88),

Several factors have been found to accelerate or
facilitate calcium uptake and translocation, They are:
copper (10); increasing temperature (12); increasing
moisture levels (12,73); sodium (46,87);: and high pH
(2,68,86),

Calcium has been reported to be actively absorbed
by the plant (23,25,51,96). Epstein and Leggett (2L)
found that calcium competed with strountium and barium
Tor identiceal binding sites or reactive centers on the
carriers but not with magnesium,

The clay lattlce structure, the percentage bage
saturation by different minerals and the root cation
exchange capaclty have been noted as affecting the cal-
cilum absorption by the plant, Jarusov (44) found that
calcium wags more mobile at 50 percent saturation from a
Ca=H clay than from a Ca-lg clay and still more than from
a Ca-NHy clay, HMehlich and Colwell (59) reported that for

a2 montmorillonitic soil, incressing the percentage of
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meguesium saturation while holding the calcium constant
tended to lower the calcium content of the leaves, The
effect was especially significant at the lower levels
of total catlion exchange capacities, They also observed
That calcium release was lowest in a montmorillonitic
s01l and the megnesium release the highest, as indicated
by plant upteke, Mehlich and Colwell further reported
that the calcium content of the plant was more directly
related to the percentage base saturation than to the
total amount of calcium present in montmorillonitic soils,
Mehlich and Reed (60) found that incressing the percent-
age of potassium or magnesium decreased the calcium con-
tent of the plent, Marshall (56) established that the
ease of exchenge of the Ca’™ ion against the HT iom
decreased more rapidly with successive removals from
montmorillonitic clays than from kaolinitic clays, Below
70 percent saturation with calcium the montmorillonitic
clays were characterized by an extremely low sctive frac-
tion and by a2 high energy of absorption for the ca™t ionm,
Singh and Moorthy (81l) observed that the activity coeffic-
lent of exchangeable magnesium is higher than that of
calcium, Osmond (66) reported that in the tomato, divalent
catlion uptake was saturated at relatively low concentra-
tions,

Drake, Vengris and Colby (19) found that the exchange

capacity of the root can affect the relative uptake of the
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ions. Thet the root cation-exchange capacity of the
tomato is low for a dicotyledon wss shown by Drake and
Campbell (20), The cation exchange capacity of the tomato
roots was found to be 34,6 milliequivalents (me,) per 100
gramsg compared to lettuce and carrot at 65,1 and 51.7 me,
per 100 grams respectively, Wallace (92) reported that
when zvalilable potassium was high and calcium was low,
plants with low cation exchenge capacity roots frequently
suffered from calcium deficienciesg,

The successful use of calcium foliar sprays for the
control of blossom-end rot in tomatoes (18,26,34,79),
blackheart in celery (33), and cracking of tomatoes (16,
17) has been reported, Hesearch on opbimum rates, pH,
carriers and wetting agents hes been meager (96), Cslcium
is known to be absorbed quickly by the leaf but it is not
easily trenmslocated (11,64,69,96), Increasing root tem-
peratures have been shown to increase foliar applied calcium
absorption much more than increasing air temperatures (69).

The extreme immobility amd lack of translocation of
calcium was shown by Brady (6)., He demonstrated that when
calcium was supplied to only half of the roots of the
peanut plant, there was no translocation of calcium to the
other half of the roots,

The research cited indicates that foliar spplied
calcium must enter the tomato through the skin of the

fruit itself. There is evidence thet this occurs. Yamada
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(97) found that calcium permested the isolated cuticle
of the tomato faster than any of the other ions tested,

also, intake greatly exceeded loss,
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MATERTALS AND METHODS

In 1965, the effects of calcium foliar sprays and
soll salinity upon tomato fruit cracking and blossom-end
rot were studied. In 1966, a manurial treatment was added
and 1n addition, a greenhouse experiment was conducted to

i

study the effect of varying Ca++:Mg ratios upon cracking
and blossom-end rot,

In 1965, an indeterminste tomato variety, Queens,
wes used, Previous experience had shown this variety
to be crack susceptible, In 1966, two highly recommended
varletlies were used 1n the field experiments, an indetermi-
nent variety, Moreton Hybrid, and a determinant variety,
starfire, Horeton Hyorid was used for the greenhouse experi-
ment ag well,

The Tield experiments were conducted on the University
plots, the soil of which was clasgsified as a Fort Garry-
Osborne clay (21)., Varying amounts of calcium and magnes-
lum carbonates may have beeun present in the soil, although
this fact was not verified, So0il samples were taken from
the plot areas and analyzed in the Provincial Soll Testing
Laboratory, Department of Soil Scilence, University of
flanitoba, for nitrate nitrogen, avallable phosphorous,
exchangeable potassium, pH and conductivity. The modified
Harper Method (36) was employed to determine the quantity
of nitrate nitrogen and the bicarvonate (0,5N NaHCO3)
extraction solution, developed by Olsen gt al, (65), was

used to determine the available phosphorus, Exchangeable

19
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potassium was extracted with 1,0N ammonium acetate at pH
7.0 and debermined by the Balrd Atomic flame photometer,
A 1:1 mixture of alr dry soil and distilled water as out-
lined by Janke (45) was used to determine the pH and con-
ductivity. In addition, the base exchange capaclity and
the exchangeable calcilum and magnesium were agcertalned
ag outlined by Atkinson et al,.(3). This method involved
ﬁﬁ;iﬁ leaching the soil with 1,0N ammonium acetate (NHyO0Ac)
o adjusted to pH 7.0, removing the excess NHjOAc with 95%
ethyl alcohol and determining the amount of ammonia
adsorbed by the soll to calculate the base exchange capa-
city., Exchangeable calcium and magnesium was determined
from the amount of calcium and magnesium dissolved in the

NHyOAc leachate,

FIELD BXPERINMENTS

Experiment I (1965)

The experimental design was a rendomlzed block with
six treatments and five replicates, The six treatumeuts
were as follows:

(1) check;

(2) 0,041 calcium chloride (CaCly) folilar spray;

(3) 2178 pounds ver acre of sodium chloride (NaCl);

(L) 2178 pounds per acre of NaCl plus & 0,04M Callg
follar spray;

(5) 3267 pounds per acre of sodium sulfate (NaosS0y);
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(6) 3267 pounds per acre of Na,50, plus a 0,041
CaCly, foliar gpray,
411 plots received an application of 48 pounds of
nitrogen (N) and 60 pounds of phosphate (Pp0) per acre,
An analysis of the soll prior to transplenting
showed 268,9 pounds per acre of nitrate nitrogen to the
2 foot level, 14,0 pzrts per million {(ppm,) of avallable
phosphorus zmd 526,3 ppm. of exchangeable potassium,
Phogphorus is the only major element which would not be
congidered very high (44), The pH and conductivity of the
water extrect were 7,51 end 0.44 mmhos,/cm, respectively,
indicating thet the goll was slightly alkeline in reactlon
and very low in soluble salts. The total base exchange
capacity was 47,71 me./100g, while exchangeable calcium
and magnesium were 23.26 and 23,61 me/100g. respectively,
Due to calcium and wmagnesium carbonetes in the soll, the
xchangeable catt and,ﬁg++ readings were probably high,
£11 the preceeding values were a mean of 12 samples taken
from different sites in the plot area,
The tomstoes were seceded in the greenhouse on April
26, "pricked out' on May 13 and transplanted to the field
on June 9, All plants were hardened for one week prior
to setting in the field, Dead or damsged plants were
replaced as they appeared, The plants were pruned and
tied to stakes 3 times,
The sodium chloride snd sodium sulfate were broadcast

nd raked in on July 31. The calcium was applied as a 0,04
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molar golubion of caleium chicride {Ga612} along with a

fertilizer & inches to the side of each plant and 2 inches

Double row subplots with 5 plants per row were used,

The plants were rered in the rows, each plant being

18 inches spart within the row and a foot apart between
19 gt

the rows, for each subplot, The zrea z1lotted esch plant

was 4,25 sguere feet,
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riveness, and &ll fruit, ripe and

Experiment IT {1966)

The experimentzl design consisgted of Two randomized

Y

nwlocks . one for esch variety, The experimental sres was

1aid out =o that the two rsndomized blocks could be anslysed

(1) check;

(2) 0,06l calcium chloride {CaClp) Tolliar spray;
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(3) 50,000 pounds per acre of rotted menure;

(&) 50,000 pounds per acre of rotted manure plus
& 0,06l CaCly foliar spray;

(5) 10,000 pounds per acre of sodium chloride
(NacCl);

“r

(6) 10,000 pounds per acre of NaCl plus a 0,06M
CaCly, foliar spray.

The tomatoes were seeded in the greenhouse on lay
2, "oricked out’on May 17 and transplanted to the field on
| | June 15 and 16, Transplent loss was severe, especially on

the high sslinity treatments, probably due to alternate
perlode of excessive temperatures and flooding, Dead
or damaged plants were replaced until July 7, The HNoreton
Hybrid variety plants were pruned and tied to stakes 3
Tines.

Fruits were picked when pink colored until the final
harvesgt date which was September 19,

The sodium chloride and manure were broadcast and
raked in prior to trausplanting and after the plants
were established all plots were rotovated, The calcium
was applied as a 0,06M solution of calcium chloride
(CaCls) together with a surfactant, Tween 20, using & hand

directed, mechanically powered sprayer in 8 separate appli-

cations beginning July 19 and ending September 7,
Three row subplots with &4 plants per row were used,
Horeton Hybrid plants were planted 3 feet apart between

the rows and 18 inches apart within the rows, The area
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allotted each plant was 4.5 square feet, Sterfire

O
fond
JAY]
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were pleanted 3 feet apart within snd between rows andé the

Zxperiment III (1966)

PR . - L e
(III) & complete nutrient solution with a Cattimg ™
tic of 5:2 per liter.

o
03

VI) Numper (V) at nalf strength,

s, {II), ena

1
N

The chemical composition of solutions (1
{V) is shown in Table 1. Analytical grade chemicals were
used to prepere the stock sclutions,

Sodium chloride was added to solutions {I) and {II)
to give equal osmotic effects in 211 solutions, Near the
end of the experiment, the amount of phosphorous in the
solutlions was doubdled and the amount of potassium increased
by oune sixth when it was observed that the plants were low
in thege elenments,

Hour week o0ld tomsto plante abous 4=5 inches high

ey

were placed in half gellon ceranic creocks containing 1800

mnl, of nutrient solution., The roots were suspended in the
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solution by inserting the plants in a cross-slit made in
a layer of polyfoam placed over the crocks, Support was
obtained by tileing the plants with twine hung from over-
nead wires, The solutions were zerated comstantly and
changed every week for the first month and every 5 days
thereafter, Supplementary light was supplied to give

e daylight period of spproximetely 14 hours,

& completely randomized design was used with each
plant representing a replicate., Plants were spaced 18
inches apart,

The experiment was initiated September 15 and dis-

continued December 23,

YIBLD &ND QUALITY EVATLUATIONS

(2) Yield of Tomatoes

In experiment I ylelds were expressed as the total
welght of 2ll frult harvested and as the total weight of
marketable frult., Marketable frult included only those
frult that were clasgsified as mature green, had good shepe,
were 25 inches in diameter or greater (spproximately 140
gramg), and exhibited no symptomeg of blosgsom-end rot,

No yields were recorded for experiments II and IIT
but the percentage of frult 150 grams or greater wasg

recorded in experiment II,

{b) BRlossom-end Rot

The percentage of digeased frult was recorded in
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experiments I, II and IIX, The values were transformed
for statistical analysis using the arcein transformation
in experiments I and IIT, The square root plus & half
transformation was used in experiment II. A1l the values

reported are from trensformed data,

(c) Cracking

The percentage of fruits exhibiting cracking when
harvested was recorded in all experiments, In experiment
I the severity of laboratory induced cracking was observed
and coded 1-5, with 1 for severe and 5 for crack free, A
sample of 10 fruits wag used., The method used was gimilar
to that described by Hepler (38) and Dickinson and McCollum
(17). The fruits were immersed in distilled water at 7 2=
740F and subjected to & vacuum until all the trapped air
was removed from the stem scar and then allowed to remain
in the water for a period of two hours,

In experiment II; the percentage of cracked fruits
welighing 150 grams or greater was recorded algo, In
addition, the percentage of fruits exhibitiung cracks
totaling bem, or greater was recorded,

In experiment III, the only cracking observsastion used
for statistical purposes was the total length of cracks
ver fruit, The values were aversged for each replicate,

The arcsin transformation was employed to anslyse

the date of experiments I and II., The square root of X
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(&) Percentage Dry FMatter and ur

he percen
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age ary metter and pH were determined
in experiments II and III. The method consisted of mixing

-

a random sample of 10 uniformly ripve frult in a blender,

One hundred grame of the puree was used for dry matter deter-

mirations, the remsinder being saved Tor pid determinations

The materizal was dried for 24 hours in a conventionasl oven
0 Lo , .

at 70 C snd then in = vacuum oven at ?OOC until & constant

welght was reached,

{e) Ca and Mg
In experiments Il and III, the calcium and magnesium
content of the frult wes determined, Ten frult samples

c*r

from 4 replicates were used for Moreton Hybrid wnile 5
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replicates were used for Stz

was that outlined by the Perkin-Elmer Corporation {(1).

and sulfuric acids,., The parts per million cof calcium and

regults are basged on methods described by Steel and Torrie




RESULTS AND DISCUSSION

The effects of CaCly foliar sprays end high soill
salinity upon tomatoes were gtudied with special consgider=
ation of fruit cracking and blossom-end rot, A manurial
soll treatment was added in one experiment and the effect
of varying the calcium to magnesium ratio of the nutrient

solution was sgtudled in a greenhouse experiment,

EXPERRIMENT T (1965)

No statistically significant differences between The
verious treatments were recorded for either total or market-
able yields, although the spray treatments were found to
reduce yields slightly (Table 2),

TABLE 2, The effect of sodium chloride and sodlum
sulfate so0il treatments, and 6 calclium follar

sprays on total and marketable yields of
tomatoes,

Hate of applica- Yields per
) tion 1b,/ac, plot (}ba) ‘
Treatment NaCl Na2804 Tobal ngiztm
Check - - 58,0 37.8
NaCl 2178 - 56,6 37.1
a,S0y, - 3267 55.5 36,1
,,,,,,,, 0,0k Cacls - - 52,2 31.4
NaCl+0 ,041 CaClsy 2178 - 52,3 32,1
Na,50)+0,04M Call, - 3267 52,6 32,0
0,8, NeSe

29
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& possible reason for the lack of any apperent effeck
of the high salt treatments upon yield can be attributed
To the amount of rainfall received after application,

Only 0,56 inches of rain fell during the 25 day period
following application, This all came in light showers and
did mnot move the salts down into the root zone, Soil

tests taken 3 weeks after application ghowed that the salts
had not penetrated past the 6 inch level in the soil,

The calcium sprays reduced yields slightly, This
trend agrees with the report of Clay and Hudson (14), They
found that foliar sprays reduced marketable yields signifi-
cantly 1in some years,

The effect of sodium chloride emd sodium sulfate, alone
and in combination with calcium foliar sprays, on the
incidence of blossom-end rot is shown in Table 3,

TABLE 3. The effect of sodium chloride end sodium

sulfate soil treatments, and 6 calcium

foliar sprays upon the percentage of
blossom-end rot,

Rate of applica- Blossom-end rot

Treatment tion 1lb,/ac, % of fruit
NaCl Ne o304 affected®
NaCl 2178 - 26, 52g%%
Nea 350y, - 32867 26,662
Check - - 26,102b
0,04M CaCly - - 23 .64Dbe
NaCl+0,04M Callp 2178 - 23,16¢
Nea,50,+0,041 CaClp - 3267 22, 54¢

* All values shown ere for the arcsin Lransformation of the
raw data,

#% Data not identified by the same letter (a,b) are signifi-
cently different at the 5% level (Duncan's Multiple Range Test).
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Significant differences at the 5 percent level were found
between two trestments receiving the calcium foliar sprays
and the unsprayed treatments, The difference between the
CaCly, treatment end the check was just short of the accepted
level of significance, being significant at the 6 percent
level, The reduction in blossom-end rot agrees with the
researcn of other workers presented previously, The NaCl
and Ne,30) treatments responded similarly to the check
treatments, as they did in yields,

There were no significant differences in the percent-
age of mesrketable size frult exhibiting cracking, as
indicated in Table 4, although slight reductions in cracking
were observed for 2 of the 3 spray treatments, Not only
wag the incidence of cracking low but also the severity;
the longest cracks measured only 2-3 cm, in leungth,

Because the incildence and severlty of field cracking
was low, & test was conducted using the crack induction
method described by Hepler (38). It was hypothesized that
significant differences between treatments might be present
if the severity of cracking could be increaged., These
results are given in Teble 5,

Significant differences at the 5 percent level were
recorded between the sprayed and unsprayed treatments, These
results agree with those of Dickinson and HeCollum (17),

Any effects due to the high salt treatments were not evident,
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TABLE 4, The effect of sodium chloride and sodium
sulfate soil treatments, and 6 calcium
foliar sprays on the percentage of market-
able size frult exhibiting cracking.,

Rate of applica- %
tion lbdac, Cracked
Treatment NaCl Na2504 fruilts
Check - - 31,52
0,041 CaClyp - - 26 44
NaCl 2178 - 29,34
NaCl+0 ,04% CaCl, 2178 = 26 Ll
Na,30), - 3267 27,42
Na2804+0904M CaClsy - 3267 27 . Sk
nase

TABLE 5, The effect of NaCl and Na,S0;, soil treat-
- ; "2
ments and 6 calcium foliar sprays upon
the severity of induced cracking,

Bate of applica- Severity
tion 1b,/2c, of
Treatment NaCl Na 50y, Cracking®*
Check - - 3.090 a
NaCl 2178 - 3,078 a
Na,30y - 3267 3,042 a
0,041 CaClsp - - 3.762 b
NeCl+0,04M CaClsp 2178 = 3,670 b
Na2504+O@OMM CaClyp - 3267 3,604 b

* Lower numbersg represent more severe cracking,
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than in the field results, 4 possible reascn ig that the

of uniform size and ripeness probably lowered
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bias could be anothner Tactor to comsider., The strongest
feature of the creck induction results 1s that they provide

evidence to indicate that further resecarch is warranted,

ERIMENT II {1968)

S0il gsmules were taken from all the plots after the

(Teble 6). The high selt trestment {laCl) reduced the pH
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glightly and ralsed the conductivity to a2 level which would

be classified as saline in the 0-6 inch depth, Samples

from the 6-12 inch depth ranged in conductivity from 3.5 to

5,0 mmhos,/cm,, values which would be classified as slightly
saline (45), Examination of & few samples in the 12-24 inch

5

epth revealed conductivities of 1,5-3,0 mrhos,/cnm,

LA

TABLE 6, The effect of manurial and sodium chloride
soll treatments upon the pH end conductivity,.

Bate of Applica- Cond .,
Treatment tion 1b,/acre pH nmhosg,
lanure NaCl cn,

Check - - 7,61 0.75
Check - - 7 M7 0,75
Manure 50,000 - 746 0.80
Menure 50,000 - 7 .59 0,76
NaCl - 10,000 7,04 8.00
WacCl - 10,000 7,05 6,11

The manurial treatments significantly increased the
amount of availsble phosphorus and exchangeable potasgium
g was expected, but no increase in unitrate nitrogen was
recorded {(Table 7) for severzl possible reasons, Leaching

had probably removed most of the nitrates elaborated prior

i

;0 application so that very little nitrate nltrogen was
gpplied., The high molsture levels that prevailed during

the summer probably created anserobic conditions which

inhibited nitrification, The breakdown of organic matter
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in Manitoba is ususlly slow as well, probsbly due to

low soil tempereture, That small amount of nitrate nitrogen

released, possibly was leached down below thne 12" ssmpling

b]

depth due to the high vrecipitetion of the summer, A4lso,

the soil sanmples were not immediately dried, but remalined
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diffsrentisl drying cou
nitretes to be elabvorated, contributing to the variabillty,
The significently nigher nitrogen level iun the NaCl treat-

to the limited growth which occurred

2

ments can pe attrivuted

The effect of wmanurial and NaCl soll trest-
ments on the level cof nitrogen, phcsphorus

and potasslium,

nate of spplica- WO~ Avail, nxch,
Treatment tion 1lb,./acre o-12" P X

vianure Na.Cl {1o,) {oom, ) {oom, )
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e
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Manure 50,000 - Ly .0 b¥ 3.4 8% 565.8

Manure 50,000 - 29.3 b 32,6 a 557,




The results of tobtsl calcium determinstions on &
gsample of frult Trom each treatment showed that the c&l-

cium content of the treatments which received a2 folis

“b

application of CaClZ wag higher than that of the compsranle
treatments (Table 8). The difference between the Call,
and the check trectments and thre nanure plus Caclz and the
manure treatments was significe for both varieties., The
difference between the NaCl plus Callo and the NaCl treat-
ments was glgnificent in the varlety Steriire only, Signi-

Ticant differvences within
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ungprayed treat-
ments occurred only once, The znalysis of varliance showed

that the difference bebtween varietles wss nlghly significant,

TAanLE 8, The effect of applications of manure and HaCl
to The so0il and 6 celcium folier sprays upon
the calcium content of the tomato frult,
Total Ca content
Hate of 4pplica- g./10008,4ry Wi,
Trestment tion 1b,/ac, ioreton Starfir
Monure NaCl Sybrid

0,06k CaCl, - - 1.80 2 2,15

JAY]

Vanure + 0,06M

CaCl, 50,000 - 1.78 b 2.09 a
[aCl+0,06M Call, - 10,000 1,61 be 2,01 &b
Check - - 1.53 ¢ 1,95 be
Manure 50,000 - 1,49 ¢ 1.87 ve

qecl - 10,000 1.50 ¢
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The most striking Testure of the preceding results

~

wWag the significant increase ia the czlcium content of the

sprayed Truits, Similsr results heve been reported by

1

other workers (17,34).
The fruit calcium of the high salinity treatments

was found to be much lower than the couparable spraye

s

and unsprayed treatments., This was expected since high
salinity end high sodium ilon concentrations have been aggoc-

lzted by & number of workers {(13,14,33,34,35,46,60,68,71,

A

ed calcium uptake,
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73) with & r
The manurial treatments were slightly lower than the

comperable chieck trestments in totsl calcium, although

the results did not reach sigrnificance, This trend was

due probably to tThe higher ohospnorus snd potassium levels,

These elements have been reported to lower calcium uptaek

and translocation to the
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The average welghts oif the ripe fruil

heown in Table 9, The NaCl

treatment for loreton Hybrid,
This gpparent salinity effect agrees with uprevious
reports {14,72). No significant differences were recorded

however, the calcium
b3
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folier sprays reduced Trult welghts slightly in most ca
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TABLE 9, The effect of masnurial and NaCl soll treat-
ments and 8 calcium chloride foliar sprays
upon the average frult welght,

Hate of Applica- Lverage frult wt,
Treatment tion 1b,/acre Moreton

Manure NaCl Hybrid Starfire
Manure 50,000 - 196,8 & 198,99 &
Manure + 0,06M

CaCl, 50,000 - 186,9 a  190.2 a

Check - - 193,1 a 182,0 &b
0,06 CaCl, - - 173.8 ab 182.,6 ab
NaCl - 10,000 157.9 b 163.2 b
NeCl + 0,06M CaClyp - 10,000 153.8 b 169.0 b

Sinclair and Brown {(79) reported thet a calcium folliar spray
reduced marketable ylelds, Geraldson (35) and Dickinson snd
MeCollum (17) fTound that burning of the leaves occurred when
high rates of CaClp foliar sprays were used, The reduction
in yield reported by Sinclair and Brown was due probably
to leaf burning., No burning was observed in this experi-
ment, but the slight reduction in fruit size may have been
due to reduced leaf &essimilation, On the other hand,
Katten, Stark and Kramer (47) reported no significant decreases
in yield using folisr sprays at similar rates as those used
in this experiment,

A considerable amount of variation was introduced into

the statistical analysis by the NaCl trestments, These
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treatments had fewer plamts, were later maturing and &
couple of plots were missing, These factors nay have
obscured some significant differences within the other
treatments,

To study further the effect of manurisl trestments
and calcium foliar sprays upon fruit slze, the percentage
of fruit equal to or greater than 150 grams was calculated,
not comsidering the high salinity treatments (Table 10).
The value of 150 grams @pproximately 5,3 ouncesg) wag con-
sidered to be the lower limit of consumer fresh market
acceptance since Manitoba consgumers have shown & preference
for tometoes weighing approximately 7 ounces, The effect
of the NaCl treatments were not considered because only
half of the fruits were in this class, meking the sample

slze small and variable,

LTABLE 10, The effect of 25 tong of manure per acre
and 8 calcium chloride spraeys, epplied
alone and in combination, upon the ver-
centage of frult 150 grams or greater,

HMoreton
Treatment Hybrid Sterfire
Manure 65,80 a 62,42 =
Check €0.,65 ab 56,38 b
Manure + 0,06M CaCls 55.46 be 56,94 b

0,06 CaCl, 51,78 ¢ 55,48 b
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For Moreton Hybrid, the foliar sprays significantly
reduced the percentage of fruit 150 grams or greater over
thet of the corresponding unsprayed treatment, For Starfire,
the unsprayed manurisl treatment had significantly more
frult greater than 150 grams then any of the other trest-
ments, This effect of the CaCly sprays upon reducing fruit
welght was probably due to reduced leaf assimilation and
agreesg with the findings of Sinclair and Brown (79).

The incidence and severity of fruit cracking on the
vine was high, The pruned and staked variety, Moreton
dybrid, had very little coucentric cracking but & high
incidence of radial cracking raunging up to 75 percent on
some subplotfs, Conversely, fthe indeterainant variety,
starfire, had very little radial cracking but severe con-
centric cracking. The difference in the type of cracking
between the two varieties was highly significent {(Table 11),

TABLE 11, The percentage of tomato frults exhibiting
elther concentric or radial cracking only,

Percentage of Percentage of
Variety frults concentric- fruits radially
ally cracked only cracked only
Moreton Hybrid 9,35 a* L7,18 a¥*
Starfire 5144 b 8,08 b

A7,

* All data not identified by the same letter (a,b) are
significantly different at the 1 percent level,




b1

Because of the high incidence of cracking, & second
classification, the percentage of fruit exhibitlng cracks
with a total length of &6 cm, or greater, wes created. &
total of 6 cm, of crazcks per fruit wes arbitrarily chosen
and considered to be the extreme 1limit of consumer accept-

ance, These values, along with the percentage of frults

o
F
o
(@)

ked are presented 1in Table 12,

=

TARLE 12, The effect of 25 tons of manure and 5 tons
of NaCl per acre applied to the soil and 8
CaCly foliar sprays, spplied alone and in
combination with the soll treatmeuts, upon
the incidence of ftometo frult cracking.

Moreton Hybrid Starfire
% of frults % of fruitsg
Treatment cracked cracked
cracked 26 cm, cracked Z 6 cnm,

Manure 70,7 a 33,9 &a 71l.5 a 54,1 a
Check 65,2 ab 31,2 ab 66,7 ab Li,5 b
WManure + 0,060

CaClyp 59,8 b 2.5 abe 61,3 b 38.5 be
0,061 CaClyp 57.7 b 23.3 abe 59.5 be 39.1 be
Na(Ql L5, 6 ¢ 21l.3 be 51,3 ¢ 31.2 ¢
NaCl + 0,06}

CalClyp 45,6 ¢ 20,1 ¢ 58.1 be 35.6 ¢

The high salnity treatments (NaCl) had less cracking
than the other treatments, the difference being significant
for about half of the compsrisons., Thege resulis were
opposite to what had been expected, The lower calclum con-

tent of the fruit hervested from the NaCl treatments,
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previously presented, was expected toc produce an increased
incldence of cracking gimiler to the results reported by
Dickinson and McCollum (17). Similarly, the Call, foliar
sprays, which lncreased the calcium content of the fruif,
nad no effect upon frult crecking in the NaCl treatments,

A posgsible reason for the reduced lincidence and

I-—.4

severity of cracking is that tﬁe high salinity mey have
decreased the water upteke of the fruits and thereby limited
the stress upon the outer wall of the fruit, The results of
the percentage dry matter determinations, Table 13, help
substentiate this theory, as the NaCl treatments had the
highest percentage dry matter values for each variety.

Cl soll treatments

Ha
alone and in combi-
dry ﬂautef of ripe

TABLE 13, The effect of manurial and
and 8 CaCl, follar gpraye,
nation, upon the percentage
tomato fruits,

Rete of Applica- % Dry Matter
Trestment tion 1b,/acre NMoreton

Manure NaCl Hybrid Starfire
racl - 10,000 6,07 a 5,81 a
§aCl+0,061 CaCly, 10,000 5,85 ab 5,80 ab
Manure 50,000 - 5,90 ab 5,60 ab
Check - - 5,82 b 5.49 be
Manvre+0 .06
CaCl, 50,000 - 5. ¢ 5.32 ¢

00061

CaClop - - 5.48 ¢ 5,31 ¢
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5 slower growth rate cauged by the salninity may have
decreaged the tendency for crecking to occur, Hesults
previously presented in Table 9 showed that the average
fruit welght was lower for the haCl Treatments., In addiﬁion9
the absence of fluctuating moisture conditions during the
experiment limited any severe stresses that may have occurred
due to the high salhity. Furthermore, the smaller samples
obtained from the high salinity treatments due to nmissing
plants, missing plots and late maturity contributed to the
variability of the experiment and made real differences
narder to detect,

The CaCl, foliar sprays reduced the percentage dry
matter of the fruit over that of the comparsble unsprayed
treatment, the difference being signiiicant in some cases
(Table 13)., This finding agrees with the research of
Dickinson and MeCollum (17) and appears to be due to reduced
leaf agsimilation, The NaCl treastwments increased the
percentage dry matter content of the fruit, probsbly due
to increased goil salinity. Similar results were reported
by Winsor et al (95).

Exemination of the cracking data after the disturbing
influence of the NaCl treatments hasg been removed reveals
some significent differeunces between the treatments (Table
14), In all cases, the manurial trestment exhiblted the

5

most severe cracking with significant differences between

B
v

g

e manurial and check treatments belng recorded twice, once
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in each variety. No significant differences were recorded
between the calcium sgpray treatments, A4ll the sprayed
trestments exhiblted lesgs cracking than the unsprayed
treatments, the difference being significant 1in some cases,
TABLE 14, The effects of 25 tons of manure per acre
applied to the soil and 8 CaClp foliar

sprays, alone and in combination, upon the
incidence and severity of tomato fruilt

cracking.
Moreton Hybrid Starfire
% of fruits % of fruits
Treatment cracked cracked
cracked 26 cm, cracked 26 cm,
Hanure 70,7 & 33.9 & 71.5a  Sh.la
Check 65,2 b 31,2 a 66,7 ab L5,5Db
Menure + 0,06M
CaCl, 59,8 be 2.5 a 61.3 bec 38.5 b
0,061 CaClsp 57.7 ¢ 23,3 a 59.5 ¢ 39,1 b

o Similar results were obtained when only fruit 150 grams

or greater were cousidered {(Table 15), UNo differences with-

in the unsprayed or the sprayed treatments were recorded
but differences between thesge treatments were sharply
defined, Grouping the fruit by weight removed error which
might have been introduced by small fruit,

An evaluation of all the cracking data indicates some
important trends. In most cases the manurial treatment had

the highest incidence and severity of cracking. The check
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treatment was the next highest, but significant differences
between the check and the manurial treatments were recorded
only twice. Similar relationships were observed between the
manure plus CaClp and the CaCly trestments, These two were

lower than the unsprayed treatments in all cases, the diffe-

[42]

rences belng statisticelly significant in & number of

instances,

15, The effect of menurial sgoll treatments and 8
CaCly foliar sprays, alone and in comblnetlony
upon the incidence and severity of cracking of
fruits 150 grams or greater,

Moreton Hybrid Starfire
% of fruitg % of fruit
Treatment cracked cracked
cracked Z 6 cm, cracked 26 cm,
Menure 72.9 & 35,7 a 76,0 a 60,5 a
Check 73.3 a 34,7 a 76.9 & 54,6 ab
0,06M CaClyp 59,3 b 26 .4 = 62.5 b LL 9 b
ienure + 0,06M .
CaClso 62,7 b 29,0 a 63.8 b 43,1 ¢

There are several pogsible reagons why the manurial
treatnents showed more fruit cracking, The higher soil
fertility levels relative to the check probably contributed
to the ilncreased cracking as observed by lioore, Kattan and
Fleming (62), High levels of avallable phosphorus, potass-
ium and possibly ammonium nitrogen may have reduced
calcium uptake ag previougly mentioned or, together with

other factors such as improved aeration and water holding

cepaclty, probably speeded up growth rates, making fruits
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more susceptible to cracking,

The use of a calcium foliar spray lowered the inci-
dence and severity of cracking, agreeing with the research
of Dickinson and McCollum (17)., This wasg accompanied by
higher levels of calcium in the fruit and, since foliar
epplied calcium is poorly translocated (64,96), the only
mode of entry seems to be through the fruit skin, There is
evidence that this does occur (97). 4Also, the calciunm
absorbed by the root may be translocated to the frult in
relatlively larger amounts when the vegetative parts recelve
2 calclum gpray,

The incidence of blossom=end rot was very low (Table
16) and no statisticelly significant differences bhetween
any of the treatments were recorded, even though no disezsged
fruits were Tfound on any of the gpray treatments,

TABLE 16, The effeotlof manurial and NaCl soll treatments,

alone and in combination with 8 Cally foliar
gprays on the incidence of bhlogsom-end rot,

Percentage Blosgom-end Eot

Treatment Moreton Hvbrid Starfire
Check 1,586 0.818
0,06M CaClyp 0,707 0,707
Manure 1,330 1,287
Manure+0,061 CaClo 0,707 0.707
NaCl 1,171 0,707
MaCl+0,06M CalClo 0,707 0,672

neSg neSa
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loisture relstiouships appear to offer the only explana-
tion for these results., The calcium content of the fruit
weg apparently low enough for blosgom-end rot to oceur as
Raleigh and Chucks (71) reported that any treestment which
lowered the calcium content of the fruit below 0.20 percent
of the dry weight increases the chance of blossom-end rot
occuring. During the course of the experiment there was no
occasion when the moisbure content of the soil was low, and
the temperatures during the critical period of rapid fruilts

growth were mnot excessive, Because the soil moisture level

]..x
(\\

2 in

(D

d quite high and unfluctuating, it secems reasonable

to essume that the Jlow incidence of blossom-end rot was due
more Lo environmeuntal conditions than to any of the trest-

ment effects,

Poor correlations between the percentage of cracked
fruits and the calcium content were obtained when all trest-
ments were included, but when the high salinity (NaCl) treatments
were omitted, good correlations were found {(Tsble 17). The

dist

"t

urbing influence of the high salinity trestments was
expected since these treatments had been found to be lower
in calcium content, yet exhibited less cracking than the
other treatments., Any correlstion which included sll treat-
ments would then be necessarily low,

The percentage of cracked fruits and the calcium
content were shown to be negatively snd significantly

correlated when the high salinity treatments were excluded,
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TABLE 17, Correlations between tomato fruit cracking
and the calcium content,

Treatments

Comparison included r 10012
Var,Jioreton Hybrid
Percent of cracked All, -0,127 1.61
fruits ve.Ca content Minus NaCl tre biments =0,839% 69,92
Percent of fruits A1, ~0,236 5,56
cracked 26cm,vs, _
Ca content Minus NaCl treatments =0,564% 31,84
Var,Starfire
Percent of cracked Al11, -0,150 2.25
fruits vs.Ca content Minus NaCl treatments -0,495% 24,48
Percent of fruits 411, -0,214 4,58
cracked 26cm,vs,
Ca content liinus NaCl treatments ~0,818%%§6,98

*  Silgnificant at the 5 percent level,

*% Significant at the 1 percent level,

for lMoretom Hybrid, the coefficient of determination (lOOrZ)
indicated that variation in the calcium content of the fruit
could account for 69,92 percent of sll observed variabllity
in the percentage of cracked fruits, and for 31,84 percent

of all the observed variability in the percentage of fruits
cracked 6 cm, or greater, Tor Starfire, the coefficient of
determinatlion for the percentege of cracked fruits and the

percentage cracked 6 cm, or greaber vs, the calcium content

wes 24,48 percent and 66,98 percent, respectively,
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some obvicus conclusiong cen be drawn from the corre-
lation data, The percentage of cracked fruits and their
calclum content seem To be closgely related when widely
different treatments are not included in the correlation
values, For tomato varlietieg where the main type of crack-
ing 1s of the radial type, such as Moreton Hybrid, a corre-

lation between the percentage of cracked fruit vs. the calcium

content appears more useful than a correlation between the

percentage of frult cracked 6 cm, or greater ve, the calcium
content, The iniltiation, rather than the length of fruilt
cracks, seems to be related to calcium content. The reverse
situation appears true for the variety Starfire where con-
centric cracking predominstes,

The CaCly foliar spreys lowered the pH of the ripe
frult, 1n 21l instances, often significantly, over that
of the comparsble unsprayed treatment (Table 18), The 2ddi-
tion of NaCl to the soll lowered the pH, similar to the

salinity effects reported by Winser et al (95).

aCl soil tyreat=-
ys, alone and
of

TABLE 18, The effect of manurial snd N
ments end 8 CaCly foliar spra
P

1

in combinztion, upon the ripe tomato
fruit,
pH
Rate of Application Moreton

Treatment Manure NaCl Hyorid Starfire
Check - - L.31 a L,33 a
Manure 50,000 - L.28 ab 4,30 ab
0,06 CaClop - - L,26 Db 4,27 be
Manure+0,06M CaClpy 50,000 - 4,25 b bh,26 ¢
LaCl - 10,000 bh,15 ¢ 4,16 @

§aCl+0,06H CaCly - 10,000 L,12 ¢ 4,154




EXPERIMENT ITT (1966)

Blossom~end rot occurred in all treatments, Except
for a few frults from treatment I which developed the
disease late in the season, all of the diseased fruilts
occurred within a period of less than a week, The uajority
of these fruits weighed between 30 and 50 grams,

slgnificant differences in the incidence of blossom-end
rot occurred between some treatments, with treatment I hav-
ing the highest percentage of infected fruits and treatment
VI the lowest (Table 19)., The stronger nutrient solution
concentratlions produced & higher percentage of diseased

fruits than the lower concentrations, while increasing the

Ca:lMg ratlo decreased the incidence of the disease, These
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(5,52,71,75), but drewing any definite conclusions from the
date would not be recommended because of the high variabil-
ity which occurred (C.V. = 40 percent).

The only treatment which showed significantly less

3

fruit cracking was the low concentrstion solution with
& 5:1 calcium to magnesium ratio {(Table 20),

The trend of the results indlicates that increasing the
calcium concentration of the nutrieant solution decreasges the
severity of frult cracking while increasing the total nutrient
solution increases the severity of cracking. Assuming that

eny treatment which increasges the calcium content of the frult
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TABLE 19, The effect of varying Ca:lg ratios and solu-
tilon conceutrations upon the occurence of
blossom-end rot,

Concentration in me,/

Treatment liter of solution Percentage of
Ca Mg Blossom-end rot

T 5.0 5.0 Lb2,63 a

1T 2.5 2.5 . 29,13 ab
11T 5.0 2.0 32,55 ab
v 2¢5 1.0 10,10 cd

v 10,0 2,0 24,55 be

VI 5.0 1.0 7.05 d

TABLE 20, The effect of varying Ca:lMg ratios and solution
strength upon the severity of tomato frult

cracking,

Conc,in me,/ Hean Crack

Soln,Strength liter Length per
Treatment mmoles  /liter Ca Mg Tomato
1 37.0 5,0 5,0 2,034 2
1T 18,5 2.5 2,5 1,786 a
IIT 37.0 5.0 2.0 2,024 a
v 18,5 2.5 1.0 1,750 a
v 37.0 10,0 2,0 1,745 a

VI 18.5 5,0 1.0 1.081 b
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willl inhibit cracking, the trend reported was expected,
Wot only should relatively higher calcium levels in the
nutrient solution raise the calcium conbent of the fruit
(5,34,52,71) but 2lso the higher nutrient solution concen-
trations will decrease calcium uptake (34,71),

The calcium content of the fruit from treatments V end
VI with a retio of 5:1 me,/liter respectively, was
very significantly higher, The magnesium content of the

fruit wes reduced significantly as the Ca:lig ratio was

raiged and &s the solution concentration was lowered (Table
21) .
TaBLE 21, The effect of varying Ca:lig ratios and solu-

tion strength
the frult,

upon the Ca and Mg comtent of

i

Treat- Cone e, /1 2/1000g,dry wt.,

Conc,of sgoln,

ment mmoles /1, Ca g Ga lig

I 37.0 5.0 5.0 0.823 a 1,465

IT 18,5 2.5 2.5 0,845 a 1.375

I1X 37,0 5.0 2,0 0,936 & 1.375

Y 18,5 2.5 1.0 0,963 a 1,268

v 37,0 10,0 2.0 1.178 b 1,252
VI 18,5 5.0 1.0 1,210 b 1,180 @

jod

To ascertain whether the calcium or magnesium content of

ot

0 the sgeverlty of cracking,

o

the fruit was related 1

o
e

a2ny w

y

correlationg were calculested (Table 22), Total calciun wes
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s

found to be negatively and significantly correlated with

total crack length per fruit, Total magnesium was not found

to be correlated to cracking., Varisticns in the calclum con-
tent of the frult could account for approximately 50 percent
of the observed veriation in the severity of cracking,

TABLE 22, Correlations between the Ca and Mg content
and crack length of the tomato

arilson r 100r2

¢ fruit -0, 707 49.93

Mg content of fruit +0 ., 174
ve,.crack length

ot
e
i

Significant at the 1 percent level,

Becausge the calcium content was found to be correlated
with the severity of cracking, multiple znd partial regress-
ion coefficients were calculsted to show the effect of the
varying calcium and magnesium retios in the nutrient solu-

tion upon the calcium content (Table 23). The two solution
strengths were cousldered separately,

The highly significant multiple correlation coefflicleunt
valueg indicate that the oaloium content of the frult was
related to the combined effect of the calclum and magnesium
concentrations of the nutrient medium, Since the calcium
end magnesium concentrstiong were not random, no attempt

was made to determine whether or not gignificant differences
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existed between them, However, because the "r" value Tor

calcium, holding megnesium consbtant, was higher than that
for magnesium, holding calcium constant, an "F test" was
conducted to determine if the g™ ion concentration in the

nutrient medlum giveg information about the calcium content

1ol

T d

of the fruit which was not gilven by the Ca ion concentré-

tion, The "F tegts" for both nutrient solution strengths

, A

were hilghly significant, indicating that the g ion con-

centration does influence the calcium content of the Truit,
Since "r" was negative, the effect of increasing the magneglum
concentratlion would be to lower the calcium content of the
fruit,
TABLE 23, The results of & regression analysis with
the Ca{Xy) end Mg{Xs) concentrations of the
nutrient solution asg the independent vari-

ables and the (a content of the fruit (Y¥)
as the dependent varlable,

Mult,Corr, Pertial Hegression Coef,
Treatments Coef By,.12 ry 1.2 ry 2.1
I,I1,Vv 0,912%#* 0,8275 -0,5768
I1,Iv,VI 0,813 0,6803 -0.4033

#% Sigmificant at the 1 percent level,

The preceding results show thet the frult calcium was

negatively correlated with the geverity of cracking. 3Both

0q

4

e i . . . o
the Ca™ " and lig ionic concentrationg of the nutrient

ad

solution influenced the calcium content of the frult, the
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calcium concentration belng the most lumportant, Previous
regearch lends support to these resultsg; Dickinson and
MeCollum (17) reported that thosge treatwents exhibiting

the most severe cracking nad the lowest calclum content,
Increasing the calciun concentration of the nutrlent solu-
tilon has been found to increase the calcium content of the
fruit (5,34,52,57), There ig evidence that ralsing the
calcium to magnesium ratio in the nutrient solution increases
the frult calcium, especially at low solution concentrations
(5,34,52,71) while increasing the total nutrient solution
concentratlon tends to lower the calcium content of the
fruit (71).

1

The high calcium to magnesium ratilo sclutions had the
lowesgt dry matter content, belng signifioanély different
from the lowest calcium to magnesium retlo treatments
(Table 24),

TABLE 24, 'The effect of varylng Ca:Mg ratios and

nutrient solution concentrations upon the
percentage dry matter,

Conec, in
freatment So0ln,Cone, _me./1, Percentage
mmoles, /1. Ca Mg dry matter
I 37.0 5.0 5.0 .66 &
II 18,5 2.5 2,5 6,68 a
11T 37.0 5.0 2,0 6.36 ab
Iv 18,5 2.5 1,0 6,38 ab
v 37,0 10,0 2,0 6.0 b
VI 18,5 5.0 1.0 6,12 b




A review of the three experiments shows & closge

rels ghip betw
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n the incidence of fruit cracking and
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blossom=end rot and the level of calcium nutrition, Increasg-
ing levels of salinity and magnesium were found to depress
calcium uptake, T
workers (5,14§33ﬁ3@)35,@3,@7532371,73)c & slight reduction
in the calcium content of the frult due to higher levels of
phosphorus and potassium igs indiceted and previous researct
slso supports this finding (5,10,12,15,35,49,67,68,76,83),
The soil used in these experiments was alkaline 1n
reaction asnd non-saline, The clay lattice struct
meinly montmorillonitic with an exchangeable Ca:lg base
gaturation in milliequivalents of approximately 1:1, While
the soil contained epproximately 23 me, of calcium per 100
grams as well =g some free calcium carbonates, the magneslium
content wag equally as high. The magnesium content of fthe
subscil may be even relatively higher. In mo instance then
doeg the percent hase saturation with calclum exceed 50 ver-
cent, The exchangeable potasgsium content wag found to be
high 2nd 2 comsiderable quantity of fixed ammonium may have
been present as well, Hinmen (39) reported en average of
over b4 me, of fixed ammonium ver 100 grams of goll in some

Ssoketchewsan aress with the heavier solls containing the
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ome of the goile Hinmen tested were
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ed ammonium,
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similer to that usged in these experiments, the predominat:

eclzy minerals being montwmorillonite and illite,
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The characteristics cited in the preceding varagraph

have been reported previousgly &g inhibhiting calcium releage
from the base-exchenge systen of the soil and uptake or
cranslocation by the plant., Celcium releage from montmorillo-
nitic solls hnas been found to be depressed by lncreacsing the
mégnesium saturation (44,59,60), by increasging the ammonium
saturation (44), and by increasing the potassium saturation
(60), Whenever the calciunm saturation of montmorillonitic

ils was less than 70 percent, the energy of absorptlon
of calcium by the clay was gulte high, relative to the
other clay types (55), Lyon, Buckman @énd bBrady (53) suggest
that in cases where the crop has & high calclum reduirement
part of the soil should have spproximstely & 90 percent base
saturetion with calcium, The relesse ©

cheserved to be lowest In monvmorillonitilc soilsg while
h

;3
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e
o
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)

glum release was the highest (59) and, thus, the mag-
nesium may exhibit an antagonistlic effect upon calcium

5

bsorphion (35,03), High potessium levels mey inhibit cal-

)

K3

cium uptake ag well (5,15,35,49,67,68,76), as mig
ammonium concentration (13,35,88),

Because of the importance of calcium in the prevention
of fruit cracking and blossom-end rot, the s=o0ll character-
istics cited, such ag the monbmorillonitic clay lattice
structure, the low percentsge of calcium saburatlion, and

megnesium and pobagsium probably con-
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disorders,

The relatively low catlon exchange capscity reported
for tomato plant roots {(20) is probably cuite ilmportant

especielly ammonium =nd potassium, Under these conditions,
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Furthermore, Osmond {66) reported that divalent catlion
uptake by Tthe tomzTo roOTE WES soturated at reletively ilow
concentrations, Thus, kKeeping the levels of monovalent
cations, such as potassium and smmonium, and divalent

cations, such as low, would appear to racilitate

calcium upbake, The nigh incidexce of tomato fruit

«Q
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ing and blossom-end rot observed appears To be cue rrimarily
to the low availability of cazlcium to the planbt roots caused
by the eley structure of the soil, and particularly the low

wraetbion of the base exchange with calcium,

megnesium, potassgium, and possibly ammonium,
soperently contribute to the low calcium release, Soll

salinity or pH does not appear to be & problem, a

the high oH may tie up some calclum as insolub
& > o E

compounds., Moisture levels and temperature may nave &

o]

secondzry effect, but do not seem to be of primery importznce,
The soil structure and the relative percentages of base

saturstion ce=n not oe econonmically altered., 4Any control

reasures Tor cracking and dlossom-end rot on sclls similer




to that used in these experiments would iunvolve spplyling

&

oplementary calciuma to the fruit by & foliar spray.

The usge of fertilizers contzining excessive amounts of

)

ammonical nitrogen, vhosphorus and potassium should be

The reduction in cracking ené blossom-end rot atiri-

outed to the CaClp foliar sprays wes digsppolinting, congcared

2}

to the results reported by previous workers (26,34)a

Dickinson snd MeCollum (17) observed a very

reduction in the severity of induced cracking of tnose

fruits which received & O,04MH Ca012 foliar gpray, relstive

to the check., Sinclair and Brown {79) reported very
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f sbgorption of folizr applied radiocalcium as the
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were increased from 7°C to 2470, wal

o =

found to pe much less effective,

with CaCl, solubioms 0,04K or stronger
hes been reported {17,18) bub this was not observed, even

st & rate of 0,06M, Perhsps higher coucentrations andé more
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frequent applications could be employed to effect more

control Different carriers may slso be more effectlive,




Al COWCLUSIONS




The use of calclum chloride folisr spreys provided

laporatory induced cracking bdbut no reduction in the inci-

dence of field cracking was recorded, 4 decrease in the
nceidence of poth radizl and concentric field crackKing was

obtained in 1966, Betbter resgults were recorded in that year
probably because the number of spray applications were
increased from 6 to 8 and the calcium chloride concentra-
tion was raised from 0,041 to 0,06M, The sprays lowered

Eal

the incidence of plossom—end rot in 1965 and, while no fruit
where infected in 1966, the difference was not significant,
The lack of & stabistically significent conbrol in 1966 wasg due

the low incidence of the disease in all treatments, probably

becauge of The high soll moisture levels wnlch prevalled through

4]

-

out the entire sesson, & slight drop in yield and Trult size
was recorded on the gpray trestments but these reductions
Calcium chloride sprays appear to offer
2 meansg of reducing the incidence and severity of frult cracke-
ing and blossom~end rot, but more freguent and concentrated

= i £

sprays should perhaps be tried to afford increased protect-
Wo differences in the incidence of tomato fruit crack-
ing and blossom-end rot were recorded in 1965 when an stbempt

was made to increasse the soll salinity oy the apglication of

e



2178 vounds per acre of sodium chloride or 3267 pounds per
acre of sodium sulfate, In 1966, sodium cnloride spplied

at 10,000 pounds per acre caused some significant reductions
in fruit cracking compared to the checly, but did not affect
the incidence of blossom-end rot, These attempts et increasg-
ing the soil salinity were relatlvely unsuccessful in both
vears, 1In 1965 the salt was epplied alter the plants were

established and did not penetrate far enough into the soil

-

to affect the plants., In 1966 the salt wes applied prior
to transplenting and due to high precipitation and extreme
temperatures immediztely following, & number of plants were

killed znd others were set back severely. &ny atbempts to

j=l}

row definite conclusions zbout the effect of salinlity upon
cracking and blossom-end rot are therefore not recommended,

5

The manurizl trestment which was added im 1966 pro-

duced & consistently higher incidence and severlity of Truit
cracking then the check tresbment in toth verieties tested,

although the increases were significamt for only one com-
parison, This increase was attributed to the igher soil

fertility levels created, No differenceg in the occurance
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Decreasing the magnesium concentration had & similar,

tnough less pronounced effect,

ing while magnesium was not, In experiment II, the calclum

™

caleium content, The manurial treatments appeared to have

s depressing effect upon the calcium content. Higher
concentrations of calcium in the nutrient golution increased
the fruit calcium in experiment III, while raising the total
solutiocn concentration 2-fold reduced the calcium countent
slightly. The magnesium concentration of the nutrient
solution was negatively correlated with fruit cslcium but

was of less importance than Tthe calclun concentration,

dominated

[¢)

In experiment II, concentric cracking or

on the determinant varlety, Starflire, iel creckin

m
m
i

wnile r

412

was the dominant type on the indeterminant verliety, loreton
Hyorid, The severity, rather than the lncidence of congen=

correlation with frult

cslcium, Conversely, the incidence of radisl cracking,

rather than the severity, gave & higher correlation with




ond the subsequent low percentege saturation of calcium,

)

best suited for tomato
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TABLE ¥V, Analysis of varisnce for the effect of manur-
izl and sodium chloride so0il treectments on
the levels of nitrogen, phosphorus and pobass-—
ium,

source of NOB—N Avail, P,
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TAaBLE IX, 4nalysis of wariance for the percentage
______ of tomato fruits exhibiting elther con=-
centric or radial cracking only,

Source of Concentric Hadisl
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TARLE X, variance for the effect of 25
ure and 5 tons of sodium chloride
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TABLE XXTI, Anslysis of veriance for the effect of
varying Ca:lig ravios and solutlion
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