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INTRODUCTION 

The production of celery in ~uebec is, at the 

present time, not well enough developed to supply the 

market demands in the province. This state of affairs is 

not due to soil or climat.ic conditions. There is sufficient 

area of muck soil, favourably located in this province, 

to :2roduce enough celery for local demands and the climate 

is suitable for celery growing. The c~use of this state 

of affairs is ~at ~uebec celery growers have suffered 

aerious losses in the storing and marketing of their croJ:)s. 

For this. reason, celery production is comparatively undeveloped, 

and the great muck soil wealth of the province has not bean 

turned to celery growing. 

In ~uebec, the same as in other celery producing 

areas, the storage life of celery varies from year to year 

depending to a certain extent on climatic and cultural 

conditions during growth. rt.is also well recogniaed that, 

for long storage life, the cele.ry must be free from dise~s.es 

and at the proper stage of r~turity at the time of storing. 

However, the development and prevalance of certain storage 

disorders. seelli to be the most important factors in limiting 

the storage life of celery in· this ~rovince. 
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This study was undertaken to investigate the 

storage disorders of celery in ~uebec. An attempt has been 

made: ( 1) to record the prevalence of storage breakdown. at 

different stages in the storage period, (2) to learn the 

causes of these disorders and (3) to suggest preventive 

and control measures which might be adopted to prevent losses 

from these disorders in storage. 

In order to make a complete study of such a problem 

as storage rots, it was found necessary that other related 

factors be considered. RCcordingly, an endeavour has been 

made to correlate the occurrence of rots and breakdowns with 

environmental conditions in the field, during harvest and in 

atorage. 
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OUTLI~~ 0~' THE PBOJ3CT 

The work in this investigation is divided into 

two ma1n lines of endeavour: 

(l) Practical experimental work and observation 

in the field and in storage. 

(2) Laboratory experiments, which were carried on 

to study the causes and progress of development of certain 

effects observed in the field and storage work. 

Field apd Storage Experiments 

In t ~1e field work, celery was grown on both 

mineral and muck soils and the ~eeping qualities were later 

compared in storage. In the field work also, experi:u1ental 

plots receiving different fertilizer and spray treatments 

were set out, and t~1e progress of disease development was 

followed througDout both the growing and storage periods. 

In some of tne storage experiments, various 

treatments were applied at the time of storing. Celery which 

received similar treatment in the field, was treated 

differently at tae time of harvest, and the progress of rots 

and breakdowns was recorded tnroughout the storage periodo 
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Storage experiments included the following 

(1) The value of various fungicidal treatments. 

(2) Delayed versus immediate storage. 

(3) Effect of cutting back of the ~oliage. 

(4) Effect of storing plants while wet. 

(5) Effect of maintaining free moisture on plants 

in storage by sprinkling them with water from time to time. 

(6) Effect of washing celery with water under 

pressure previous to storing. 

(?) Effect of frost on keeping qualities. 

(8) The effectiveness of various copper sprays 

and Bordeaux mixtures in inducing a storage disorder known as 

"collapsed lesions~ dJ 

In connection with the storage experiments much data 

on storage conditions was taken. Hygrothermograph records 

were taken througnout the whole atorage period in various 

locations in the storage room. The following studies on 

storage conditions were carried out: -

(1) The effect of placing the crates on stands 

versus the usual method of piling the crates one on top of 

1 ~collapsed lesions~ are described on page 22. 
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the other with scantling between. 

(2) The effect of spacing the crates so as to 

allow for circulation of air and evaporation of moisture. 

(3) Temperature and humidity of the air of the 

storage room as compared to the temperature and humidity 

in the centre of the celery crates. 

(4) Temperature and humidity variations at 

different heights and at various locations in the storage 

room. 

Throughout the storage period, a number of 

bacterial and fungal pathogens were isolated from dise~sed 

celery, and tneir pathogenicity tested by reinoculation 

ana reisolation. 

Laboratory Experiments 

A series of experiments was carried on in t~e 

laboratory to determine the cause and the predispositional 

factors affecting the development of collapsed lesions. The 

effect of treating the plants with various chemicals on 

collapsed lesion development was investigated. Sections were 

made of e:ollapsed lesions and their anatomy studied. .Another 

experiment was carried on to determine whether or not the 

epidermis over collapsed lesions is intact. Studies were 

conducted on the effect of wounding the celery with needle 

punctures, emery dust, and steel wool on the development of 
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collapsed lesions. The object of these investigations was 

to determine whether or not the chemicals which induced 

collapsed lesions in the laboratory penetrated by way of the 

stomata, or if they were dependent on bruises and injuries 

as channels of penetration. 

Experiments were conduct-ed in the laboratory in 

constant temperature and humidity chambers to determine the 

effect of these factors on collapsed lesion development. 

An attempt was made to induce collapsed lesions 

on growing plants in the greenhouse by spraying with copper 

sulphate, copper nitrate, and a series of Bordeaux solutions 

witb varying proportions of lime and copper sulphate. The 

progress of development of this disorder was observed in the 

different spray treatments, and records were taken on tae rate 

of recovery of the plants in each treatment. 

Both laboratory and greenhouse experiments were 

conducted to determine if there was a difference in the 

capacity of various Bordeaux mixtures, including a series 

made up with lime and a similar series made up with magnesium 

oxide and lime combined, in inducing collapsed lesions on 

storage celery and on growing plants in the greenhouse. 

The Bordeaux solutions used in tae field, greenhouse 

and laboratory experiments were then tested for soluble copper 

by the sodium diathyldithiocarbarnate method, and the photoelectric 
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colorimeter was used in measuring the different calor 

intensities. An attellipt was then made to correlate the 

amount of c~pper ion in the Bordeaux solutions, with the 

effectiveness of these solutions in inducing collapsed 

lesions. ~-'>n attempt was also made to correlate hydrogen ion 

concentration of the various Bordeaux mixtures, with t.:1eir 

effectiveness in inducing collapsed lesions on stored celery. 

Along this line of investigation, a series of 

e-xperiments was conducted to determine Ni1ether or not 

collapsed lesions are induced from copper sulphate and Bordeaux 

residues on the celery by penetration of copper. In these 

experiments, the copper sulphate and Bordeaux residues were 

removed by washing with 1.0% H202 and 0.2% HN03 respectively, 

at various time intervals after the spray treatments were 

applied. A correlation could then be made bet,veen time of 

exposure to the spray and subseq,uent intensity of collapsed 

lesion development. 

Spectrographic determinations for copper were made 

on collapsed lesion tissue and healthy tissue from similar 

locations on the same petiole. The copper content of the 

collapsed tissue was compared with that of the healthy tissue 

by measuring the intensity of the copper lines in a photometer. 

It was not posaible in the time allotted to develop the 

.spectrographic method to a degree where ~uantitative 
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determihations could be made, but the method gave very 

satisfactory qualitative results, and showed beyond doubt 

that the copper content of the abnormal tissues was higher. 

An atte:.:-.:1pt was made to induce collapsed lesions 

by chilling the celery for various lengths of time and tnen 

storing at 32° F. lTo success was attained and the 

characteristic pits which have been reported on tomatoes_, 

atone fruits and grape fruit as a result of cnilling were 

not found (26) (38) (5). The effect of various carbon 

dioxide concentrations on tne development of collapsed lesions 

was also investigated. 

A final laboratory experiment was concerned chiefly 

with the following lines of investigation: -

(l) Symptoms of freezing injury on celery. 

(2) Variations ·in the length of time required to 

freeze different parts of the celery plant at a room te~perature 

of 26° F. 

(3) The actual freezing te1aperature of celery and 

how it V8ries for different parts of the plant. 

(4) The keepin5 qualities of celery after it has 

been subjected to freezing teLperaturea. 

The temperature determinations in this experiment 

were made by tae use of thermocouples. The cold point was. 

kept at a temperature of 0° c. and the difference in 
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tem.perature was measured by the deflection of a galvanometer, 

which was set up outside the cold chamber. Thus, it was 

possible to record accurately the temperature in various 

parts of the celery plant, without having to open the cold 

chamber, which would have affected its teuperature. 
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HEVIEVf O:b1 LITERATURE 

The Storage of Celery in General 

Investigators seem to agree, that for satisfactory 

cold storage of celery, the product must be free from diseases: 

and at the proper stage of maturity, at the time of harvesting. 

Any diseased, injured or discoloured planta should be discarded. 

It is essential that all crated plants be cleaned and adequately 

pre-cooled before going into storage; otherwise they are 

subject to early decay. Platenius (31) stated that celery may 

be pre-cooled in an iced tank, spring water or by being placed 

temporarily in a cold room. Zinck (46) describes a method 

whereby celery is cleaned first by a ~arm water spray, after 

which it is passed through a water tank held at a te::..:..J;)erature 

of 35° F. The crates are then drained and are ready for 

storage. dilliams (44) advocates post-cooling as well as 

pre-cooling in the storage of vegetables. He states that 

vegetables should not be taken from a low to a high te8~erature, 

without being kept for several houra at an intermediate 

temperature (55 - 60° F.). His claim is that rapid heating 

and condensation on the surfaces of the vegetables are 

harilliul and shorten the life of the produce after it is placed 

on the market. 
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It is also generally understood,that the storage 

life of celery varies from year to year~epending to a certain 

extent on climatic and cultural conditions during growth. 

Corbett and Thompson (11) have shown that nitrogen-fertilized 

crelery ia much more subject to attack by mioraorganisms 

than celery fertili~ed with phosphorus and potash. They claim 

'that with celery heavily fertilized with nitrogen sal~ the 

more resistant components of the middle lamella such as 

cralcium pectate and pectase are rapidly changed to the leas 

resistant pectic acid and pectin. Corbett and Thompson 

thought the changing of the calcium pectate of the cell wall 

to pectin and pectic acid decreased the mechanical resistance 

of celery as storage progressed. Curtis (14), on the other 

hand, states that there is no decrease in mechanical resistance 

of the celery tissues during storage. He claims that the 

vascular tisaues show increased mechanical resistance and the 

collenchpma strands show no change. He suggests taat the 

vascular bundles may get gre~ter strength by lignification. 

He disproves the work of Corbett and Thompson on the basis 

of the unreliability of their metho~ and points out that tne 

decreased mechanical resistance observed by them ,may be due 

to softening from storage diseases. ·wVhi te-Stevens ( 41), 

in agreement with Curtia, failed to show any well defined 

correlation between pactio hydrolysis and atoraae t ·t 
o ma ur1 y, 
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apart from the eytolytio effects of fungal and bacterial 

pathogens. 

Curtis (14) found that high moisture supply produces 

stronger collenchyma tissue and therefore increases stringiness. 

Low moisture supply produces weaker collenchyma tissue and 

thereby decreases this defect~ although the vascular bundles 

are stronger when the moisture supply is low. His experiment 

showed that plants,which were trimmed and wrapped,lost the 

least amount of water during storage. 

There is a difference of opinion among writers 

as to the effect of soil on the quality of celery produced. 

w'latts (39) says that celery grown on muck soil is inferior in 

quality to celery grown on upland soil. Thompson (3?) 

believes that muck soil will produce celery of superior quality 

to tnat grown on mineral or upland soils. He adds that, to be 

of the best quality, celery must have a continuous growth and 

this is more likely to occur on muck soil than on mineral 

soil,owing to the better physical condition and the greater 

water-holding capacity of the muck soil. 

There is also a variation in the length of storage 

life of different varieties of celery. Platenius et ~. (30) 

have found that the late green varieties of celery usually 

have the longest storage period. White-Ste.vens sta"tes, it 

is possible,that such factors as variety, cultural treatment, 

time of planting and harvesting may affect the loss of sugars 
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markedly. Since sugar content is a major property of food 

value in. stored oelery,and since loss of sugars s.aortens 

the storage period~ it can be easily understood why these 

factors affect the storage life of the product. Norton (27) 

states that quality in celery is primarily a question of 

the relationship of the parenohymatous tissue to the fibrous 

t iss.ue. This is determined in part by varietal differences, 

and within varietal limits by certain external conditions 

such as soil moisture, plant food, rate of growth, light, 

warmth, pest control and blanching. Mills (·2·5) claims that 

quality in celery is based on its flavour, crispness and 

lack of stringiness. He thinks that flavour is associated 

in some way with the chlorophyll in tne petioles,because the 

gr~en varieties are usually better flavoured than the 

self-blanching types. Flavour would then be associated with 

rate of blanching and type of celery. He agrees with most 

other investigators that lack of crispness, which is directly 

caused by low water content of the tissues, may be indirectly 

caused by too high temperatures during the growing season, 

too little nitrogen in the fertilizer, checking of growth due 

to disease, or by too rapid growth which matures the crop 

too early in the season. 

Platenius et !!· (30) point out that if the celery 

is harvested in good condition, the next step is to haul it 
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to the cold storage as soon as posaible,in order to prevent 

wilting or heating. In the storage room. provision should 

be made for air circulation around the crates. The usual 

practice is to plaoe 2~ x 2~ scantling on the floor under the 

crates and also between the tiers. Space should also be 

reserved bet~een the rows ~o ensure proper ventilation and 

circulation of the air. Celery should not be piled more than 

four or five crates high in ordinary storage room~and precaution 

should be taken to leave a space of at least two feet between 

the top of the highest crate and the ceiling of the roam. 

Thompson (36) observed that celery stored in large crates, 

always began to decay in the cent~of the crates; and also, 

that there was considerable injury to tne celery due to 

breaking of the crates. In every instance,decay was much 

less in smalL partition crates than in the standard crates. 

Furthermore, celery in the upper tiers in storage showed a 

much larger proportion of decay at the end of the storage period 

than did celery in the lower tiers. 

Physiological Breakdown of Celery ~n Stora&e 

Translocation and breakdown of sugars due to 

res~iration,are probably the most important factors influencing 

the gradual lowering in quality and deterioration of celery 

in storage. Rose et ~· (32) emphasi~ed the fact that fresh 
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fruits and vegetables undergo changes during harvesting and 

storage. The most important changes are produced by 

respiration, a proc-ess resulting in the liberation of carbon 

dioxide, water and heat by the product at the expense of 

carbohydrate, which is broken down into simpler compounds. 

The amount of breakdown and energy released increases with 

the temperature,and it might also be mentioned here,that 

injured produce respires much more rapidly taan produce 

which is free from injury. Rose and his associates point out 

that celery releasea nearly four times as much energy in the 

form of heat at a temperature of 40° F. as at a temperature 

of 32o F. Hence it is important that celery be held 

at 32° F. in storage. 

Corbett and Thompson (l~ first showed that associated 

with respiration of celery in storage is a translocation of 

carbohydrates from the outer to the inner petioles. White-Stevens 

(43) criticises their work on the basis that they omitted to 

determine the carbohydrate changes of the crowns in relation 

to those of the petioles~nd he states that they presented no 

concrete evidence tnat sugars moving from the outer petioles 

actually entered tha hearts. White-Stevens first showed that 

sucrose content increased markedly in tne early part of the 

storage period, ultimately declining with a simultaneous increase 

in hexose. The increase in hexose reached a maximum and it also 
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finally declined. Basing food value on sugar content, 

he states that the optimum storage period for celery at 

32° F. is between 60 and 100 days. He indicates a possibility 

that factors such as variety, cultural treatment and harvesting 

may markedly influence the reduction, translocation and 

respiration of sugars. 

White-Stevens (43) found that hexose sugars 

decline in the outer petioles and crowns,but increase in the 

inner petioles. Disaccharides decrease quite rapidly in both 

inner and outer petioles,while in the crowns they increase 

markedly at first and subse~uently decline rapidly. 

Polysaccharides decline slowly in both inner and outer petiole~ 

but fluctuate in the crown, ultimately declining there also. 

Total carbohydrates calculated as hexose,decline in the 

outer petioles quite steadily. In t.ne inner petioles, they 

fluctuate at first but, in general, show a decline as is the 

case in the outer petioles. This translocation of carbohydrates 

together with respiration,he thought to be responsible for 

decreasing the concentration of solutes in the cell sap;or it 

was, as he himself termed it, the "lowering of the osmotic 

value". Lowering of the osmotic value was more rapid in the 

outer petioles than in the inner petioles,and also,more rapid 

in the central than in the outer cells of an individual petiole. 

White-Stevens found that tais lowering of the concentrations 

of solutes in the cells,is concurrent with the development of 

pithiness. 
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Platenius et ~· (30) point out that chemical 

changes a~e likely to be most responsible for lowering 

of the eating quality of vegetables such as celery, which 

owe t~eir taste largely to high sugar content. 

Bourque (6) found that hexose sugars increased 

gradually until the end of the storage period, W;.lile sucrose 

showed a slight decline. 

Young (45) recorda a definite movement of material 

from the outer leaf stalks to the heart stalks of Pascal 

celery. He claims that the outer petioles are of definite 

value in promoting the growth of the inner petioles during 

s,torage. 

Besides tde natural physiological breakdown of 

celery, due to respiration, certain other definite disorders 

in storage must also be clasaed as physiological breakdowns, 

because they are not caused by pathogenic organisms. These 

disorders have been termed collapsed lesions, and basal rot 

in this investigation. The symptoms of these disorders are 

described later in this paper, and they are shown to be due 

to the toxicity of Bordeaux residues, which become chemically 

activated by the high humidity of the storage room. In the 

present review of literature, it is sufficient to state that 

to date, very little has been published on these disorders 

and tieir cause has not bean determined. White-Stevens (43) 
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described the symptoms of collapsed lesions and suggested 

that frost might be the causal factor. Both White-dtevens 

(40) and Ayers (2) were unable to isolate pathogenic 

organisms from these disorders. 

S-torage Rots Caused by Pathogenic Organisms 

Very little has been done relative to tae actual 

pathogenic rots of celery in storage. Wnite-Stevens (40) 

found four fungal and eight bacterial types of organisms 

causing decay in stored celery. Fungi found by White­

Stevens to be pathogenic included Botrytis spp. (three 

strains of the cinerea type), Sclerotinia aclerotiorum 

(two strains), Alternaria .§_Q,. and Cladosporium~-· All 

Botrytis forms isolated were found to make slight growth 

on potato-dextrose agar in 10 days at -6° C. and growth 

was slow at -0.6° c. Similar results were obtained upon 

inoculation into celery tissue. Sclerotinia sclerotiorum 

did not develop at 0° C. and growth at 3° C. was slow. 

White-Stevens concluded that Sclerotinia sclerotiormn will 

not develop in storage at 0° c. Neither Alternaria sp. nor 

Cladobotrywu §Q. were found to grow at 0° c. The late 

bli6ht organism Septoria apii, although not inducing storage 

decay, was studied also by ·~vhi te-.:ltevens. No growth was 

detected at 1.?5° c. in 24 days. 
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Bacterial organisms isolated and found 1Jat~logenic 

by ~fuite-Gtevens were of the ~rwinia caratovora type and fell 

into the genera Phytoxno,nas and &rwin ia S .A • .B. :B,i ve of ti1e 

aight types were found to make slight growth at -0.6o c. in 

beaf-peptone broth at the end of 129 hours. 

Ayers (2) isolated the same orga~isms and found 

that all except Sclerotinia sclerotiorum and SeptOria apii 

showed active growth in culture at -0.5° c. He also found 

that the growth rate was more than twice as rapid in 

cultures placed inside crates aa in those near the outside. 

He explained this by his finding that the tecperature in the 

outer rows of a crate is approximately 0° c., while the 

te::~perature at the centre is usually more than 1° C. above 

this. 

The review of literature presented above includes 

all the work which is concerned definitely wit~ the storage 

of celery. In some instances however, it was found necessary, 

in connection with certain methoda and procedures used in 

these investi.gations, to revie:~ additional literature, which 

had no direct bearing on the storage of celery. This 

literature will be cited later in the appropriate placea 

in this paper. 
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.B'IELD A1,~D .3TORAGE EXP.2;Rilt3liT3 1937--1938 

The objects of these experiments was to determine 

whether or not the development of storaie disorders is 

affected by: -

(1) The kind of soil on whica the celery was gro\~. 

(2) The field fertilizer treatment. 

(3) Subjection to field frosts before harvesting. 

(4) Fun~icidal treat~ents at the time of storing. 

(5) Holding the celery at room te~perature for 

three days before storing. 

storing. 

(6) Trimming or cutting back of the foliage. 

(?) Thoroughly washing with water previous to 

(8) Eaintaining free moisture on the plants 

throughout the storage period. 

Materials and Methods 

The celery used in these experiments was grown 

within a 25 mile radius of Montreal. 

One hundred and forty-eight crates in all were 

used; one hundred and forty-four of these were grown on 

the muck soils of tae Ste. Clothilde area and four crates, 

grown on mineral soil, were obtained from J,=. Achille 

Lafrance at Marieville. The ste. Clothilde muck soil 
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celery was purchased from the following growers and 

received the following field treatments: -

Grower 

Girard Ampleman 

Girard Ampleman 

Monsieurs Potvin 
and Cardinal, St. Remi 

No. of 
crates 

103 

32 

9 

Treatment 1n field 

Sprayed in field, regular 
fertilizer treatment. 

Sprayed in field; from a 
nutritional experiment 
using a saries of fartilizer 
treatments with different 
runounts and proportions of 
nitrogen, pnosphorus and 
potash. 

rrnsprayed in the field 
(regular fertilizer 
treatment). 

All of the celery, except 12 crates which were 

subjected to field frosts, was harvested on September 29 

and stored on September 30. Four crates of frosted celery 

were harvested on the day following each of the first three 

severe fall frosts. The frosts occurred on the following 

dates: October 5, October 9 and October 11. 

The celery was stored in the Harbour Cold Storage 

in ~-~ontrea1 in a room held at an average ten2perature of 

32o F. and an average relative humidity of 96:;;. The 

crates were placed on stands and well spaced so that ample 

room was afforded for air uovel~ent and for ma.::cing 

observations. Further data on storage conditions~e recorded 
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under the heading ttconditions in the Harbour Cold Storage 

Warehouse" on page 49. 

This celery was treated in various ways at tne 

time of storage as indicated in Tables I to VIII. Four 

crates were used to each treatment, and tGese were examined 

at four different time intervals throughout the storage 

periodo 

Development of the storage Disorders and the liethod used in 
Recording ~heir Severity. 

Collapsed lesions were the first disorders 

observed in storage in the fall of 1937. The celery was 

stored on Septe1:1ber 29. On October 26, it was observed t.;J.a t 

collapsed leaions had alre~dy begun to develop on tue celery 

treated with 1% CuS-04 and 4-4-40 Bordeaux at tae time of 

storage. On Nover~1ber 4, collapsed lesions were found on 

celery that had been sprayed with Bordeaux in the f1eld, but 

had received no treatment at the time of storage. The 

check plants at this time did not S.;.lOW any collapsed lasion 

develop~ent. This indicates that the cuso4 and Bordeaux 

intensified and increased tae rate of development of collapsed 

lesions. "Collapsed lesionsn is a term given to depressed 

areas, whiah occur on either side of the petioles, and are 

confined chiefly to the region below tJJe first node. Those 

on the convex side are elongated wi tLJ. tile vertical axis of 
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the petiole, and the depressed area is restricted to 

parenchymatous tissue lying between the collenchymatous 

ridges. On the concave side of the petiole, the lesions are 

more circular in outline with the epidermis loosened, but 

unruptured on the surface. In all cas_es collapsed lesions 

develop a nut-brown colour and an unsightly a:ppearance, and 

their development may be severe enough to render the planta 

unmarketable. 

On Nove2ber 4, some folia5e rot and basal rot were 

also observed on the celery treated with Ouso4 and Bordeaux. 

Foliage rot and basal rot seamed to develop simultaneously. 

At that time, foliage rot had appeared as small necrotic 

spots on the foliage, and basal rot showed merely as a 

browning of the vc..scular bundles, which co:Ald be seen only 

by breaking the petiole at the base. The foliage rot which 

developed in the early part of the storage period i~ due 

entirely to Bordeaux injury. At tnis time it seems the 

micro-organisms are incapable of initiating infection. They 

do ho'\r1ever, gain entrance through the lesions caused by 

Bordeaux injury and so cause secondary infection. ~s time 

goes on the celery tissue becomes less turgid and its 

resistance to attack is probably weaAened by respiration. The 

result is that at the end of six weeks storage the micro­

organlams become capable of causing the primary infections 
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and from that time on, foliage rot progresses very rapidly. 

On November 9, it was observed that collapsed lesions, 

basal rot and particularly foliage rot were L}.aking rapid 

advance in the crc..tes treated wit.a Bordeaux and cuso4 • 

Foliage rot had caused the leaves to become wilted and soft 

and bent down over the sides of the crates. Basal rot at 

this time, appeared as sunken, greenish depressions around 

the base of the petiole. An atternpt w~s made at this time, 

to isolate pathogenic organisms from all three disorders 

with no success. Foliage rot did not develop in the check 

crates until six weeks after storing and no collapsed lesion 

development was recorded in these crates at that time. Thus 

it appears: (l) that collapsed lesions and basal rot are 

not caused by path~genic organisms, (2) that pathogenic 

organisms are not responsible for the primary infections 

of foliage rot in the first six weeks of storage, and (3) 

that development of all three storage disorders, namely, 

foliage rot, collapsed lesions and basal rot is greatly 

increased by the a~plication of 1% cuso4 and 4-4-40 Bordeaux 

sprays at the time of storage. 

Four complete examinations, using one crate of 

each treatment at each examination, were made throughout 

the storage period at the following dates: December 4, 

,December 18, January 4 and January 19. Brief examinations 
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without involving the discard of any crates, were also 

made at intervals of one week throughout the stora6e period. 

At each of the four complete examinations, a crate was 

opened and each plant was scored for the following storage 

disorders: late blight, stem cracking, foliage rot, 

collapsed lesions, and basal rot. The prevalence and 

intensity of these disorders was recorded by examining each 

plant in all crates opened. The figures 0, 1, 2 and 3 were 

used in this connection as class values and have the 

following significance; 

0 lOO;S marketable 

1 75; marketable 

2 50% marketable 

3 Unmarketable 

The average degree of severity of each disorder 

was calculated as follows:- The class values (figures of 

intensity) were multiplied by the number of plants so 

infected (figures of prevalence) and all of such products 

from a single crate were added togetaer and the sum was 

divided by the number of plants in the crate. An example 

may be outlined as follows: -
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There are 50 plants in a crate. 

20 are lOO% marketable, having a class value of 0 

20 are 50% marketable, having a class value of 2 

10 are unmarketable, having a class value of 3 

20 X 0 - 0 -
20 X 2 - 40 -
10 3 - 30 X -

70 

70 • 50 - 1.4 - -• 

This figure (1.4) is an average figure of 

severity for a single examination. The figures recorded 

in the tables were arrived at by averaging the results of 

the four examinations and they designate the average 

severity of each disorder, in euch treatment, over the 

whole storage period. 

Results 

The results of t~ese experiments are re6orded 

in Tables I to VIII. 
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Table I - Effect of applying var1ous fungicidal 
tre~tmenta at time of storage upon 
development of storage Oisorders­
Plants sprayed in field. 

Disorders expressed as degrees 
of sever1ty Fungicidal treatments Late Stem fFoliage Collapsed Basal 

bli~ht cract-• rot lesions rot 

1;:; sodium benzoate (dip) 0 .oo 

5% sodium bicarbonate (dip) o.oo 

1% borax+ 1-300 formalin 0.00 
(dip) 

1% borax+ 1% chloride of 0 .oo 
lime (dip) 

12% borax (dip) 0.00 

1-300 formalin (dip) 0.00 

1% CuS04 (dip) 0.00 

4-4 -40 Bordeaux (dip) 0 .oo 

Nickel hydrate (dust) o.oo 

Sulphur (dust) o.oo 

Check - no treatment o.oo 

ing 

0.03 

0.04 

0.06 

0.10 

o.oo 
0.08 

o.oo 
o.oo 
o.oo 

0.05 

o.oo 

2.99 

2-.98 

1.42 

1.57 

1.69 

1.56 

2.74 

1.51 

1.36 

1.09 

1.21 

0.33 

0.50 

0.56 

0.50 

1.02 

0.29 

2.99 

2.32 

0.13 

0.03 

0.11 

0.40 

1.54 

0.83 

0.24 

1.45 

0.80 

1.98 

0.34 

0 .93_ 

0.81 

0.98 



Table II - Effect of time of storing after harvest 
upon development of storage disorders -
Plants sprayed in field. 

Disorders expressed as degrees 

Time of atoring 
of severity 

Late Stem Foliage Collapsed 
after harvest blight crack- rot lesions 

ing 

Plants held 3 days at o.oo 0.20 2.09 0.17 
room temperature 
before storing 

Stored imm.ed iately o.oo 0.05 1.59 0.18 

Table III - 3ffect of cutting back of tae foliage 
before storing on subsequent development 
of storage disorders - Plants sprayed 
in field. 

Basal 
rot 

0.36 

0.94 

Disorders expressed as degrees 
of severity 

Treatment Late Stem Foliage Collapsed Basal 
blight crack- rot lesions rot 

ing 

Short trim 
( ~ of leaf blades remove:i) o.oo 0.29 1.55 0.20 1.10 

Long trim 
(i of leaf bl_:cdes ~ remove a o.oo 0.12 0.71 0.30 0.65 

Check - no treatment o.oo 0.2.3 1.50 0.18 0.91 
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Table IV - Effect of washing plants~ of wetting 
pl~n~s at t~me of storage, and of 
maintaining free moisture on plants 
in storage on development of storage 
disorders - Plants sprayed iD field. 

Disorders expressed as degrees 
of severity 

Treatment Late Stem Foliage Collapsed B~sa1 
blight crack- rot lesions Rot 

ing 
-

Watering only at t ir.ae of o.oo 0.59 1.75 0.15 
storage 

Watering throughout storage o.oo 1.23 2.33 0.20 

-:tashed o.oo 0.57 2.16 0.82 

Check - no treatment o.oo 0.03 2.18 0.18 

Table V - Effect of subjection to field frosts 
previous to storing on development of 
atorage disorders - Pl~nts sprayed in 
field 

Disorders expressed ~s 
of severity 

0.60 

0.34 

0.93 

1.20 

degrees 

Treatment Late S~em Foliage Collapsed Basal 
blight crack- rot lesions rot 

ing 

Received one frost 0.10 o.oo 1.93 0.21 0.72 

Received two frosts 0.95 0.03 2.00 0.27 0.58 

Received three frosts 1.20 0.09 1.82 0.23 0.42 

Check - no treatment 0.02 o.oo 1.18 0.09 0.55 
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Table VI - ]ffect of soil on which celery was 
grown in field on development of stora~e 
disorders -Plants sprayed in f1eld. 

-
I Disorders expressed as 

of severity 
degrees 

Treatment Late Stem Foliage Collapsed Basal 
bli&:ht ...... crack- rot lesions rot 

ing 

Eineral soil o.oo 0.14 0.64 0.25 0.69 

l"~uck soil o.oo 0.09 1. ?1 0.16 0.97 

Table VII - .a;ffect of fertilizer treatments in t{1e field 
on development of stor~ce di~orders - Plants 
sprayed in field. 

Disorders expressed as degrees 

Trecitment 
of severity 

Late Stem Foliage Collapsed Basal 
blight crack- rot lesions rot 

ing 

Fertilizer Formula 
N - P - K j 

I 

0-0-0 o.oo o.oo 1.24 0.05 0.45 

4-0-0 o.oo 0.03 1.01 0.07 0,65 

0-0-32 o.oo o.oo 1.19 0.03 0.55 

0-16-0 o.oo o.oo 1.67 0.08 0.46 

4-0--32. o.oo o.oo 1.97 0.03 1.05 

0-16-32 o.oo o.oo 1.97 0.14 0.87 

4-16-0 o.oo 0.07 1.80 0.08 0.78 

4-16-32 o.oo 0.07 1.98 0.56 1.26 

I 

I 
I 
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The data recorded in Tables I to VII concern 

celery which received Bordeaux sprays at regular intervals 

in the field for the control of late blight. The 

treatments shown in Table VIII were applied at the time 

of storage to celery which received no spray treatments 

in the field. 

Table VIII - Effect of tre~tments applied at time 
of storing to celery which was not 
sprayed in the field. 

Disorders erpressed as degrees 
of severity 

Fun~icidal treatments Late Stem Fo 1 iag e Collapsed- Ea. sa 1 
bligh~ crack- rot lesions rot 

ing 

]J~ Cuso4 (spray) o.oo o.oo 1.82 1.9? 0.21 

4-4-40 Bordeaux (spray) o.oo o.oo 2.2.1 2.16 0.57 

~_._ c -.0 1}~ Ub 4 (dip) o.oo o.oo 3.00 3.00 2.32 

4-4-40 Bordeaux (dip) o.oo o.oo 2.29 2.90 0.69 

Check - no treatment o.oo o.oa 1.68 0.05 o.o5 
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Observations and Analysis of Recorded Data 

Collapsed lesions, basal rot and foliage rot are 

~he three storage disorders with which we are mostly 

concerned. Collapsed lesions and basal rot are not caused 

by pathogenic organisms. Pathogenic organisms are not 

responsible for the primary infections of foliage rot in the 

first six weeks of storage. Development of all these 

disorders is greatly increased by the applic~.tion of 1% CuSO 

and 4-4-40 Bordeaux sprays at the time of storing. 

Foliage rot first appears as small necrotic spots 

on the leaf blades. It progresses slowly in the first six 

weeks of storage but later may involve the entire petioleo 

The small necrotic Sl)Ots are due to the toxicity of Bordeaux 

residues and they afford entrance for micro-organisms which 

cause secondary rot. The aGtion of micro-organisns on 

atored celery, however, is not entirely secondary because 

4 

after six weeks of storage the organisms cause primary 

infection. After this time foliage rot develops rapidly. The 

organisms most responsible for foliage rot are three species 

of bacteria of the Bacillus caratovorus type, three species of 

Botrytis,, an Alternaria~· and Sclerotini~ sclerotior~. 

The data in Table I show that sulphur dust is the 

only fungicidal tre:::tment which proved significantly better 
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than the checK, taking all storage disorders into 

consideration. The nibkel hydrate dust treated plants 

were about the same as the chec~s, but all other treatments 

appeared to increase the severity of one or more of t~e 

storage disorders. Foliage rot was most seve~with the 

sodium benzoate, sodium bicarbonate and CuS04 treatments, 

and least severe on the check and sulphur dust treatmenta. 

The severity of collapsed lesions was increased greatly by 

Cuso4 , Borde~ux and bor~x treatments, but was Sli6htly reduced 

by sulphur and nickel hydrate dusts. Basal rot was increased 

-by copper sul1:;i1ate, sodium bicarbonate and borax, but tr1e 

borax+ chloride of lirae treatment decreased the amount of 

basal rot quite appreciably. 

The data in Tables I and VIII snow simultaneous 

development of foliage rot, collapsed lesions ~nd basal rot, 

that is, in treatments where one of t~e disorders was more 

severe, the others were likewise ~ore severe. Both CuS04 

and Bordeaux treatr:1ents very sie;nificantly increased the 

severity of all three disorders, and dipping the celery in 

these solutions was rrore effective than spraying with tie 

same solutions in increasing tne severity of foliage rot, 

collapsed lesions and basal rot. 

Delaying storage for three days aft6r harvest, 

increased ti1e amount of fo lia5e rot and suortened t:1e length 
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of time for profitable storage (Table II). Delay in storing 

also very significantly decreased the amount of basal rot. 

Cutting back of the foli~ge did not alter the 

storage life of the plants (Table -III). 

Storing the plants while wet decreased the severity 

of basal rot, but had no effect on tje occurrence of 

collapsed lesions or foliage rot. Eaintaining free moisture 

on the plants in stor~ge, by s~rin~lin~ them with water from 

time to time, decre~sed the severity of basal rot, had no 

effect on collapsed lesion development and slightly increased 

foliage rot. ~~s~ing tne celery with water under pressure 

previous to atoring, increased slightly foliage rot and 

basal rot, and very markedly collapsed lesions (Table IV). 

Celery receiving one, two and three frosts, suffered 

more severely from foliage rot and collapsed lesions than 

did celery stored before frosts occurred (Table V). 

There was no difference in the keeping quality 

of celery grown on mineral and muck soils (Table VI). 

Foliage rot, collapsed lesions and b~sal rot ~ere 

more prevalent on celery which received a com~lete fertilizer 

mixture, than on celery which received a fertilizer having 

one or two of tne three esaential components lac~-::ing. From 
' 

the results of tnis expe£imeat, it was not possible to 

determine tae relative or absolute im;ortance of each of the 

three :uain elemeutci sup_dlied in tne fertilizer; namely, 



- 35 -

nitrogen, :phosphorus and potash; in affecting the 

prevalence of stor~6 e disorders (Table VII). 

There seeLled to be no correlation betv1een the 

occurrence of stem crac.::cing and the development of collapsed 

les.ions. One might expect t{1at t~1e s.teru cracl:~s would 

provide an excellent ~:r.:.eans of penetration for i:;tllY c{Jemicea.ls, 

Which might induce or increase ti1e };)rc;valence of collapsed 

lesions. However, this did aot seem to be the case; and 

the records t0..~:en s::1o-:1 t~1at ste1J cracl:ing ;1 • .ay be quite 

severe, while collapsed lesioas are not of any gre~t 

significance. 

S tel-.~ crao~::ing and late blight did not m3..ke any 

advance after the celery was stored. Development. of both 

these disorders was confined to t~e fiald. Stam crac~ing 

is a nutriti0nal disorder caused by lack of boron and does 

not develop aftar active gro~th ceases. 

Pithiness was not a factor in trie ~eeJing of 

celery during t~e 1937-38 season. deveral planta might have 

been recorded as }ithy, but this disorder caused no 

significant reduction in marketability. 



- 36 -

FIELD Al-TI> STOR~GE EXPERIL~E~_!T6 1938-1039 

The object of these experiments was to determine 

the effect of various Bordeaux sprays on: -

( 1) Disease develo t-lne!Jt in the field. 

(2) Keeping qual1ty in storage. 

Observati~~s ~ad3 on celery in storage during the 

winter term of 1937-38, sug~estad very strongly that taree 

very important store;.e;e disorders; namely, colla.).:::ed lesions, 

basal rot and a foliage rot (not fung~l or bacterial) migat 

be caused by the d isso lut ion of CO.J.i_;er froL 3ordeaux 

residues. At tnis time colla~~ed lesions ~ad naver been 

recorded in the field, but no definite observatio~s along 

this line had been r:::.a.de during the first year of t{Lis 

inveatigaticn. Thus, it was in order to carry on an 

experiment to deter~ine w~ethar or not these storage disorders 

occurred in t~e field as well as in stora~e; and also, if 

changing the proportions of copper sulphate and lime in the 

Bordeaux mixtures would affect their development i~: storae;a. 

This experiment at the same time u6l.Je it possible to try out 

another ser~es of Bordeaux mixtures with like concentrations 

of co:p.r~er sulphate, but contc;.ining magnesium oxide as a ;>artial 

aubstitute for hydrated calcium lirr_e. 
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l:Iater ials and 2rocedure 

.nn acre of Gelery grown on muck soil at 

Lacdonald College was divided into plc ts, and ti1e se plots 

were sprayed at a~proximately weakly intervals throughout 

the summer with the followine; .Bordeaux mixtures: 2-6-50, 

4-6-50, 8-6-50, 4-3-50 and 4-12-50. These mixtures read 

in the following order: CuS04 - hydrated lime - water. 

Anotner series of plots wsre sprayed wit~ Bordeaux mixtures 

of the same formulae, but having three parts by weight 

of calcium hydroxide to one part of magnesium oxide. 

(Ca 2-6-50, Ca 4-6-50, etc. indicate Bordeaux mixtures made 

up with calcium hydra. te alone a!Jd similarly I.=g 2-6-50, 

Mg 4-6-50,etc. indicate Bordeaux mixtures ~ade up by using 

one part of 1~0 to three parts by weight of calcium hydrate). 

The acre of celery consisted of 27 rows, of which ? were 

uns.I:Jrayed cnec.;;-:s, ana t~1e rema.inuer wer·e allotted to the 10 

spray treatments at tn.e rate of tvJO rows to each treatment. 

In the fall of 1938, four crates from each tre2tment and 

25 crates from the ? check ro~s ~ere narvested. The 40 

crutes from the spray treatments were labelled and placed 

in storage for observation without further treatmeLt. The 

25 crates from the cheek rows received the following 

treatments at the time of storage: -
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Treatment 

ea 2-6-50 - spray 
ea 4-6-50 - spray 
Ca 8-6--5 0 - spray 
ea 4-3-50 - spray 
Ca 4-12-50 - spray 
I:g 2-6-50 - spray 
r,:g 4-6-50 - spray 
:=g 8-6-50 - spray 
I"g 4-3-50 - spray 
t~g 4-12-50 - spray 
Long trim (~of leaf blades removed) 
Short trim f~ of leaf blades reffioved) 
~lfatering only at time of storac:;.e 
-~ia taring t~1roughout storage _t)er iod 
Ghee~ - no tre&t~ent at time of storage 

No. of 
crates 

1 
1 
l 
1 
1 
1 
1 
l 
l 
1 
3 
3 
3 
3 
3 

The progress of develop~ent of storage disorders 

uas recorded at various intervals tirougiout the storage 

period. 

Method of Recording ~everity of Storage Disorders 

Four complete examinations, using one crate of 

each trea.tment at each examinati~n, 'rrere made on tile celery 

harvested from the field experiment. These examinations were 

:made at the following dates: December 6, December a2, 

cTanuary 4 and cTanuary 20. di th t.1e celery trea. ted at the 

time of storing, there were less than four crates in each 

treatment, and consequently, th~ number of examinations was_ 

liwited accordingly. At e ..... ch examination, a crc.te was_ 
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opened and e:J.ch ;>lant was scored for ti1e develo;;ment of 

the following storage conditions: ,late blight, stem 

cr~cking, foliage rot, colla~sed leaions and basal rot. 

However, in the 1938-39 storage period, ohly foliage rot 

a_nd collapsed lesions were of importance, and hence, they 

are the only disorders for w~ich figures are recorded. 

The prevalence of these disorders is recorded 

in Tables IX to XIII as percentage of the plants infected. 

The intensity of developuent of each disorder is recorded 

according to the class values o, 1, 2, and 3, the 

significance of which is given as percentage marketability 

on page 25. 

Results 

The results of tnese experiments are recorded 

under headin6s A, Band C, and in Tables IX to XIII. 



I 
I 
I 
I 

- 40 -

A. Development of Storage Disorders on Celery Harvested 
from the :B,ield. Ex.2_§riment 

Table IX - Effect of composition of Bordeaux mixtures 
used in tie field on development of 
storage disorders. 

Intensity and prevalence 
storage disorders 

Bordeaux formula Date of .b~o 1 itge Colla.gsed 
examination ro les 1 na 

Degree of 
fO Degree 

Ca 2-6-50 Dec. 6 .03 3.0 l 0.02 
Dec. 2.2 1.40 lOO .0 i 1.00 
.ran. 4 1.55 lOO .0 -
.Tan. 20 2.50 lOO .0 -

ea 4-6-50 I Dec. 6 1.00 50.0 0.26 
Dec. 22 1.20 lOO .0 -I 
.ra i.} • 4 2.00 lOO .0 -
Jan. 20 2-.60 100 .o -

ea 8-6-50 Dec. 6 o.oo 0 .o 0.20 

of 

% 

2.0 
84.3 

-
-

19.2 
-
-
-

15.6 
Dec. 22 0.82 62.0 1.70 100.0 
.ran. 4 ' 1.70 . lOO .0 : - -
cfan. 20 2.30 1100 .o - -

ea 4-3-50 Dec. 6 o.oo l o.o 0.20 15.0 
I Dec. 22 1.00 I 95.5 1.55 83.5 

.ran. 4 1.70 lOO .0 - -

.Jan. 20 2.50 100.0 
I 

- -
I ea 4-12-50 :Dec. 6 o.oo o.o I 0.11 21.1 

Dec. 22 1.10 99.0 I 1.00 86.4 I 

.ran. 4 1.65 100.0 l 

I - -
.Tan. 20 2.60 100.0 I 

I - I -
,., .,. ,..., 2-6-50 Dec. 6 0.07 7.0 I 0.02 2.0 I 

l...!.C, I 
Dec. 22 l.OO lOO .0 I 0.51 37.7 
.Jan. 4 I 1.45 100 .o I - -
Jan. 20 2.30 100.0 - -

Eg 4-6-50 Dec. 6 o.oo o.o 0.15 15 .o 
Dec. 22 1.10 100.0 0.90 89.3 
.ran. 4 1.80 100 .o - -
.Jan. 20 2.40 100.0 - -

\. 

I 
' l 
I 
I 

I 



- 41 -

Table IX (continued) 

Bordeaux formula 

1~ 8-6-50 

l~g 4-3-50 

~~g 4-l~-50 

D:.::..te of 
examina t i 

Dec. 6 
Dec. 22 
.ran. 4 

Deo. 6 

on 

D ·~2 ec. r::. 

cTan. 4 
Jan. 2.0 

Dec. 6 
-=>eo. 22 
.Jan. 4 
.Jan. 20 

C :1 e c ~<: - no t re at - De c • 6 
ment )eo. 2G 

Ja.n. 4 

. 

-·--
Intensity ana 

s.tor::1ge 
:B"o l ia · e l::> 

rot 

De;:ree . .__ f % 
I 
I 

0.04 I 4.0 ! 
I 

1.00 I 95.5 
2.23 1100 .o 
0.04 I 2.0 
1.10 9~.o 
1.83 lOO .0 
2.40 10" :' 'v .v 

0.04 4.0 
1.10 100.0 
l. 70 jlO.r C .o 
' ' \ ' ' :; 1'' l~ '\ 0 

.:..... V I vv. 

0.06 
1.40 
,-) 10 
r ' ........ '"" 

I 

l c. 0 I a. 
·lOO .0 
100.0 

--~..-.. 
psval-ance of 

disorders 

I Co 11alJsed 
L:~ s io::Hi 

Deg~,; 
f 0.13 1 14.0 
I 
I 
I 

I 

1.20 
-

0.14 
1.20 
-
-

0.30 
1.10 

0.00 
0.16 

I 
I 
i 
l 

! 

86.6 
-

14.0 
87.6 

-
-

' 26.0 
so.7 

o.o 
16.0 

1 
i 
I 

i 
I 
~ 
! 

f 
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B. Deve1opme!1_! of J~age Di;jorde.1"2 on Celel--;y -~~~1icl.1 
~tl e:., s T re .::~ t e d at t ne 1' i Lh3 o :f s t o r i n g • 

Table X - Effect of a~Jlic~tion at t~e time of stora~a, 
Jf Bordeaux Dixturas cont~ining c~lcium and 
mae;nesium lir::e on tne subsequent develO.JL1ent 
of foliaie rot and collapsed lesions during 
storace • ...... 

- ~ 

Intensity and prevalence of 

Bordeaux formula 
storage disorders 

Date of ! • 
" _::,·o l i~~ e Colla..t!sed 

::iLlina t ion rot les i·Jns 
-- --

:9e .:J ree cf7 De[iree jj 
c- /J 

ea 2-6-50 Dec. 6 1.0 100.0 1.14 66.0 

Ca 4-6-50 Dc:o.c 
·~ . 6 1.0 lOO .0 2.10 91.0 

ea 3-6-50 :J~c. 6 1.3 I 100.0 1.50 100.0 

c .-d 4-3-50 Dec. 6 0.9 85.0 1.60 100.0 

Ca 4 12 5; - - "" Dec. 6 l.O 100.0 1.30 I lOO .0 

p>• ·.:.a 2 C' ~0 -o-0 Dec. 6 1.-1 100.0 1.60 t 100.0 

Dec. 6 1.3 lOO .0 I 1.80 lOO .0 
I 

Y:::< 4-6-30 -·-c.:;. 

Dec. 6 1.1 100.0 l.9v 100.0 1- ,... 3-6-50 .!.-··C. 

TTg 
JLa .. 4-3-50 Dec. 6 0.9 90.0 1.60 lOO .0 

.:Uec. 6 1.2 lOC.O 1.60 lOO .0 T" 4-12-50 . . 7 
~·-c 

---
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Table XI - Effect of cut tin~ bac:: of the fo lLlJe on 
develo~~ent of foli-~e rot anJ colla~sed 
lesions during stora~e. 

Treatment 

S~1ort trim ( ~ o 
leaf blades 
removed) 

f 

I 
' I 
! 
' i 

I 

Dat·2 of 
exarLinat ion 

Dec. 6 
D2c. ') ·l ..... ~ 
.Jan. 4 

Intensity a"'d .. ..,Jrevalence 
storage d iso rd era 

Foli~6 e I Collapsed 
rot le si .~ ,., s ... \..) ,l.l 

~~t !De2ree De2ree ;o ...... 

_I 
I ' 

0.15 15 .o! 0.02 l 
I 

1.07 ' 1 0.09 I lOO .o I 
' 1.70 lOO. 0 I - I 

I 
I 

of 

,-ri 
j'o 

2.0 
9.0 
-

Long trim ( -~· of 
leaf blades 
removed) 

I Dec. 6 0.20 20.0 I 0.24 
I 

19.7 
I Dec. 22 1.60 92..0 ·J .10 10.0 
i .ran. 4 1.40 100.0 0.03 3.0 
I 
i I 

I 
·-- - .. 

Taole XII - 3ffect of storing ~l~nt~ ~il.l.i..le ,;et, ~nj of 
maintaining free L.O .~.stu1,e O(, t:~J .._JJ..__..ut.s 
in storage on develO.JI;~ent of stora2:'.e di.;;.orders. 

I I Inteusity c.i. nu i)rev::::...ldnce of I s to r~ 6 0 
1 

d i ci order s 
I 

T r ea~(. L~ e n t I Date of Folia.g2 Colla bJci2d 

\exe<mi nation rot1 ld;.:; ions 
Degree l '.~ ' De_;ree C' I 

;0 l /{) 

l 

Storin6 plants while .Jan. 4 1.60 100 .o - -
wet .J<::~·~ 2,() I 2.75 100.0 - -! ..... ". 

! 
' 

I 

I ;;l&.nts! 
1 

p;; r in ~: l iD t; of .Ja1J .. 4 I 1.40 100.0 - -
ln stor;:.~.e;e at inter;- Jan. 20 2.60 lOO .0 - -
vs.ls of one ;~ek ....... I 

I 

) 

! 

I 
l 

j 

I 
i 
i 

I 
-
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C. Developmen.l_ qf Storage Di~_?r<!ers ~o~_ Celerv w:1~ch Received 
No T re a. t r1 e n t in ~he_ J? i e l d or at the ~.~~~2 e _ of S to rip g • 

Table XIII- 3f~·ect of :l.:Jplyinc; no tre;;;.tr,:ent ei·t~e1· 

in the field or at t;..:.a time of storing on 
develo~nent of stora~e disorders. 

---------~----~-----------~-------~-- ·---~-------~ 

InteDsity cind ~revalence of 
atora-e dicorders . Q 

Treatment 

Ch:::;cl\. - no 
treatment 

Date of 
exam.ina t ion 

Dec. 6 
Dec. 22 
.Jaa. 4 

t ! 
o.o6 1 6.o l o.o 
1.40 :100.0 0.16 
2.10 1100.0 

Obs9rvations and Conclusi0ns 

Collapsed lesio~s ana foliage ~ot were tie only 

disorders of any importance in tia 1~38-39 storage period. 

Basal rot was found on only a few }lants, 3Dd t2ese vere 

o.o 
16.0 

distributed evenly t~roughout all tre~tments (one or t~o ~lants 

1n eaph crate at t~e l~st two ex~min-ticns). Thus, there w~s 

no indic~tion ti~t any treatment incre~sed or decreased the 

severity of basal rot. Late bli~ht and steL-cr~cking wera not 

recorded in a sin5le case. 
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Foliage rot, as referred to heretofore, is a decay 

Which begins in the leaf blades and graaually works its way 

down i~to the JStioles. In the 193?-38 storage period, a 

large percentage of the foliage rot ';r~s caused by tc11"'ee 

fungal organisms, na.L.ely, Botrytis sp;e., Sclerotinia 

aalerotiorwn and Typhula ~-· In tne 1~38-39 storage )eriod, 

these three fungi were not observed in a sinJle case and all 

of t~e foli~ge rot was due eitaer to 3ordeaux injury or to 

b::-.;.c ter ia. 

Collapsed lesions, as in the 193?-38 session, were 

the first stor~~e disorders observed. Particularly was this 

so, with t~1e celery which received Bordeaux spray treatments. 

at the time of storing. On Decehlber 6, the plants in these 

crates (harvested on Octooer 6) showed a 6reat deal of damage. 

Colla~sed lesions, as usually observed, are more prev~lent 

on the concave than on the convex side of the ~etiole; but 

another peculidr i ty was t::1~ t in tn is case, the collapsed 

lesion developnent ./5.S confined almost entirely to the convex 

or outer si~es of the petioles. Tne disorder a~peared to be a 

very extensive develo JL-1ent oi· collapsed lesicns and it has 

be.en recorded as sucn. Sometin1es, practically t~-le wnole 

outer surface of the _._.=;etiole was involved, and it wakl fu1·tl.1er 

observed that development of this disorder was most severe 

on the outermost _;et io le s and d iL~in isi:1ed inward. There was 
.J,; 
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little or no development on the innermost petioles or on the 

inner surfaces of all petioles. On December 6 also, it was 

observed that folla~e rot was more severe in this lot of 

celery than in other lots. ~s in the previous storage season, 

it was observed that collapsed lesions beg~n to develop 

shortly after the celery was stored and ti:'lis development 

continued until a maximun1 -wvas reached about December 22. -~fter 

this time, no furt~1er development was recorded. 

From the recorded results of the combined field 

and storage experiments, the following observations were n1ade: -

(l) There was sliclht develop~ent of collapsed lesions 

on celery which received no spray treatment either in tae field 

or at tne time of storage (Table XIII). This snows that 

collapsed lesions may develop on celery V1L1ich received no 

chemical tre~tment of any kind and at the present time no 

explanation can be given for this developllient. The 

development of collapsed lesions 1s very muc.:1 les 2 severe on 

the unsprayed celery than in any of the Bordeaux s~ray tre~tments 

(Tables IX and X). Tr1is inaicates tr1at all of the Bordeaux 

mixtures used, whether ~p~lied during tna growing season or at 

the time of storing, greatly increase t~e severity of colla~sed 

lesion development. 

(2) Collapsed lesion development was muc:1 :c1ore 

sBvere on celery w~ich was sprayed at the time of storing, than 
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on cel~I'Y Which was sprayed ably in the growing )eriod 

(Comparing Tables IX and X). Thus, it a~pears that the 

more Bordeaux residue on the celery at the tim~ of storing, 

the greater will be the collapsed lesion development in 

atorage. It might, t~1erefore, be advanta;seo-us for celery 

growers to refrain from spraying late in the growinb se~son; 

and a furt;.1er recor_JJ~1end~tion wie;ht be t~1a.t, wherever J.JOssible, 

the celery s ... :Lould be washed before it is pld.ced in atora:;::_e. 

(3) In all Bordeaux lili.i\:tures, t.:1ose containing the 

largest amounts of CuS04 in pro~ortion to the lime content, 

c::;.used the 1.-1ost severe develo_Jeent of co lla_t->3ed lesions in 

storage (Taoles IX and X). 

(4) In nearly all caaes, the Bordeaux mixtures 

containing calcium hydrate, c~used greater develO:JL;ent of 

collapsed lesions than those containing a chemic~lly 

equivalent ar:cunt of calciFm hydrate plus naG.nesiwn oxide 

( ~ Ca (OH) 2 and ~ JigO) (Tables IX and X).' 

From these last two obse~vations, it a~pears that 

the aeverity of collapsed lesions in storage c~uld be lessened 

by reducing the a~.:ount of cuso4 used in tne Bordeaux Llixtures 

in the field SJraying, anei also by using burnt dolomitic 

limestone as a Jartial substitute for hydr~ted c~lcium l~1e. 

(5) ~ithout r~sortin~ to statistical ~nalysis, 

the develo}:)r;ent cf folia~e rot does not a.Q.J8:.1r to ~e 
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S-ignificantly affected by the various spray treatments 

(Tables IX and X). 

(6) Cutting b::ck, or trimming, of the folia.~e did 

not alter the storae;e life of the cele:ry, and t~1erefore 

was not considered a worth while practice (Table XI). 

(?) Neit~er storing the }lants waile vet, aor 

maintaining fTea moisture on t..1er;l during s.torat.Se, signii'icd.ntly 

affected t..j_e develop:cent of foli~e;;e rot cL1d collapsed 

lesions (Table XII). 
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COliDITIONS IN THE HARBOUR -COLD S'Ivl1rlGE 'ilA.HEHOUSE 

In connection with the storage experiments, some 

data on storage conditions were recorded. 

Hygrothermograph records were taken in the room 

in which the celery was stored over a period of six weeks. 

The temperature ran at approximately 32° F. with surprising 

uniformity,in the period in wnich the records were taken. It 

fluctuated between 33° F. and 31° F. and the graphs show that 

it was more often above than below 32° F. The relative 

humidity fluctuated between 97 and 94% and the average 

relative humidity over the period, was slightly more tnan 96%. 

Slight variation in temperature was observed at 

different heights in the storage room. .~ thermometer, placed 

on top of the upper row of crates (5 ft. 6 in. from tha floor), 

read 0.5° F. higher than a thermometer placed 2.5 ft. from 

the floor. No variation in temperature could be recorded 

bet·deen the room temperature and the temperature in the centre 

of the crates. This may be due to the fact that the celery 

under observation was placed on stands and well spaced, so that 

ample room was afforded for air movement. Also, it may be 

due to the fact that the crates used in these experiments were 

not the standard size employed by Thompson {36). The 

measurements of the crates used in this investigation were 

21• deep x &5' .. long x 10" wide, while the standard crates are 

23~ deep x 24" long x l6K wide. 
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ORGANISMS ISOLATED FROM CELERY IN STOR..;G3 

Foliage rots, due to three species of Botrytis, 

an nlternaria ~., Jclerotinia sclerotiorum and bacterial 

forms of ti1e Bacillus caratovorus type, were s..s important as 

the physiological disorders in causing brea~down of the celery. 

Bacterial rots were _Jrob~ oly ti1e ~-. ost prevalent, but t~1ese 

were only sli~htly Qore }revalent than rots caused by notrytis 

spp. Sclerotinia sclerotiorum, altr1ough its sclerotia were 

found, -,Nas iJO t very destructive in cold s.torea.ge. La-oora.tory 

experiments Srlo·;·;ed it to be a very destructive rot at 

slic;;htly higher te_:~_tJeratures. A review of the reports of the 

last fe~ years would seem to indicate that bacterial rota 

are becoming more important from year to year. 

Three bacteria, all caus1ng soft rot of the foliage 

were isolated. Three species of Botrytis, isolated quite 

frequently, seewed to produce a very destructive rot and .-.rere 

quite often found in tae fruiting cocdition. Sclerotinia 

sclerotiorwn w~s isolated from its sclerotia several times, 

but on tae ~aole its sclerotia were observed much less 

frequently t .. 1an tllose of either 3otrytis spp. or Typhyla §.P• 

Sclerotia of Typhu.la .§..2.• were very co:::.:1L1on and v:ere found on 

decayed plantB as early as :L;oveLiber 15, but it was not 

possible to establish patho5enicity of the org~nism at 32oF. 
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in the laboratory. ...~lternaria .§1?._. was isolated from 

decaying folia5e during the storage period, ana Septoria apii 

was isolated from blighted celery at the time of storage. 

Four apeciea of Penicillium and one Rhizopua soecies .-rere 

isolated from decayin5 petioles and ful~~be. 

The ~athogenicity of tQase organisus was tested 

by inoc~lating tna~ ~nto healthy celery, and tje~ reisolating 

and cooparin~ tne final cu~ture wita t~e original isolation. 

Three bc;.ctaria of tha Bacillus caratovorus ty.t)e, all causing 

soft rot of the foli~ge, were fo~nd to be pathogenic on 

inoculati,:)n. Botrytis. Sl!.l2.., ... ~lternaria E.E_. and Sclerotinia 

sclerotiorum v1ere the only ffungi trlat caused definite decay of 

celery in tne laboratory at 32o F. ciclerotinia sclerotiorum, 

although not very prevalent l.n cold storage, wa.s shovrn by 

laboratory ex.r.Jerinent3~ to be s.. very destr'J.cti.ve rot at slightly 

jigher temperatures. Typhula sp., althoug~ V8ry prevalent in cold 

storabe w~s found to be non-pathJgenic in the laboratory at 32° F., 

which was the only temperature tried. The four Penicillium 

species and the single Rhizopus s~ecies ~ere not pathogenic. It 

was concluded tio.t a.ll tne fungi isolated, exce.t!t Botrytis spp!., 

Alternaria s.Q_. and Sclerotinia sclerotiorum are secondary 

organisms in celery breakdown; and t~at they becone effective 

only after physiolobical brea~aown has set in. 

Experiments on the effect of ten~erature on the 
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growth of the fungi isolated, showed that Botrytis ~·• 

Alt.ernaria_ s~, 3clerotinia sclerotiorum and Typhula will 

grow in culture at 0° c. ~eptoria a~ii, on the other hand, 

will not grow at tnis temperature. 

A bacterial organism causing a soft, brown, crown 

rot in the field,was isolated during the summer of 1937. 

Reinoculated into growing plants in the greenhouse, it 

produced typical symptoms of the disease. This organism was 

not isolated in storage, probably because an attempt was made 

to discard all diseased plants at the time of crating. 

An attempt was made to isolate organisms from basal 

rot and collapsed lesions, but no success was attained. The 

conclusion agrees with that of former investigators (2) {40 ), 

namely, that these disorders are not caused by pathogenic 

organisms. 
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Laboratory experiments were carri~d on throJghout 

both years of this investiGation, to deteruine the c~uae 

and to stu~y the pro~ress of develo~Gant, of cert-in 

reactions observed in t~e field and in storage. 

Experiment I. 

Object: To study tDe anatomy of collapsed lesions. 

Se c t i o n s \'I ere made of c o lla p sed 1 e s i o n s and t ::1 e i r 

anatomy studi~d. ..'1 colla.f.JS-2d lesior;, v1~ether it is on tae 

concave (inner) or convex (o~tgr) side of the ?etiole is 

essentially a colla~sing and br0wning of the ~arenchyma 

tissue. A lway~, t~1a e)idermis is thickened and tr~e 

parenchyma cells unc.ler tie elJiciermis are Cl .. ushed. In the 

early st~ges of development only a few rows of cells are 

involved, but later the depressions Eay extend so far into 

the petiole as to reoder it unmarketable. 

On tne concave siae of the ~etiole collapsed 

lesiorJs are merely depressior"JS of tne epidermis because of 

collapsing of tne unaerlyin~ ~a~enchyu~ tissue (Plates I ~nd II). 

Taey are quite circular in outl1ne and the de~resaion itself 

I 

is r~gular a.nu spnerical in shape. -r1lso, t{i.e epiderrftis remains 

sm0oth and intact so that the surface of tje depressed area 

presents a glossy a~;earance. 
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On the convex side of the )Stiole also, collapsed 

lesions are depressions of the epijermis because of 

collapsing of the underlying _._Jarenchyma tissue, but the 

nmnner of collapsing and the final apJearance of the lesions 

are affect-3d by th-:; ;·1~e80nce of the collenchymatous strands 

which characterize tais side of the ;etiole. Collaosed 
.1.: 

lesions on tne convex sije of the ~etiole are not so 

regular in outline, nor ia tna tissue so uniformly deJrassed. 

The collench~/Lla.tous riciges beiniS co:~J..JOSad of stron~er r:1aterial 

protrude after ti1e surrounding parench;i~ld. tissue has 

collap~ed (Plates IKI anti IV) and give the surface of the 

co llaps.ed lesion a wash-board ap.Jeal'ance. The parenchyma 

tissue fre~uently collapses to such an extent that the 

collenchyma strands bre~k through the epidermis anti ap)ear 

as loose strands, entirely outside of the ·petiole. Finally, 

the collenchyma strands Llay bre::.J.k and coil up giving the 

collapsed lesion a ragged appearance • 

.. 1n ex_periment was car:ried on to determine '.V~lether 

or not the e~i~ermis over a collapsed lesion is intact. 

Petioles snv~ing collapsed lesions, were.submerged in a 0.1% 

soluti.Jn of Lethylene blue ... -.. t t{le end of 24 hours~ it was 

faun~ t~at t~e dye had Jenetrated and coll~psed lesions, in 

suci1 a :::;anner as to detect tr1e presence of very Sid.a.Ll collapsed 

lesions, tf1a.t could not be se2n ..t-'revi-:;usly. 1;..=rJre stain 
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Plate I. - Semi~diagramatic transverae section of the 
concave (inner) side of a celery petiole 
showin 0 healthy epidermis and arenchyma 
tissue. 
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Plate TI. - ~emi~di gramatic transverse sectiJ of 
collapsed lesion on t e concave inner ) 
si~e of a celerJ ~etiole . Observe t:at 
tae epidermis is not broken although 
s me of t~ e cells ar disto ted. T~e 

underlyin ~are .. 1c~ yi::..a cells ar severely 
coll2.._t> ed and L:anJ of t~1e ce l v'""lls 
re disrugted . 
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Pla e II • - emi -diagr· 1 tic transverse secti n of a. 
normal coll nchylliatous ri ge on t~e convex 
(ou er) ~i~e of a eel ry ~eti le . Obse ve 
thcl srL 11 eo m et cells of the c llencl yna 
or stren thening tissue in contrdst to th 
laroe, rounded ce ls of tL u~derlying 
pare cn ·La ti~sue~ 
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Plcite IV. - Semi-diagr~katic tran ve se secti un of a 
eo la~ a ed le in on t~ convex ( out r) si ' e 
of a celery ~etiole. Obaerv_ the loo s ~nad 
e.d 1 err:J i s ar t · e pro trus i of t he 
eo llenchyma to us stran bee'"' use of t ' e 
eo lla. -sin of t .. e surroun , ing are :1 ch n a 
~iaEue. Th vascular tis ue is no af= et d. 



-- 59 -

penetrated the larger lesions. 

A strip of the stained celery epidermis was 

examined under the microscope, and it was observed t~at t~e 

stor:1ata ,.vere bUCh more nuuerous t.1an collapsed lesiJns. In 

the centre of each collapsed lesion was a heavily stained 

st OLla, and t .1 is was surra unded by t:1e LOre l ie;::.h t ly stained 

lesion tissue. In nearly all cases t2e guard cells of the 

st_oma ta. were stained, but only in collapsed lesions did the 

cells surrounding the guard cells become st~ined. These 

cells could be detected, not only by t~eir acceptance of 

the stain, but also by a more or less shrunLen and collapsed 

appearance. These observations indicate taat the collapsing 

of the tissue favoured the penetration of tne stain by way 

of the stomata. A quite feasible explanation is tnat some 

toxic substance may have previously penetrated the stomata 

of collapsed lesions, ~,;::illed the cells, a~;d so made conditions 

favourable for penetration o~ the stain. 

Exweriment II. 

Object: The artifiCi~l induction of collapsed 

lesions by spraying with various chemicals. 

:Materials and Eethoci S· 

In tJ."iis ex) er L:1ent, the celery -.lCJ.hi s..t!rayed -.v·i th 

vario:J.s cheLlicals, ana tL1en stored at tne same tem.tlera.ture 
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and humidity(32oF. a;..d 98}~ r.h.) as WOJ.ld be found in the 

Harbour Cold Storabe ·:~arehouse in Lontreal. J..=eta.l flo .;er 

boxes, tightly covered with rubber s~eating, Nere used as 

constant humidity c_lai_::.bers and con2 tant humid i ties. were 

r:1a in t a in e d by sat ·"1.r ~ t e d salt so 1 ut ions ( 9 ) ( l? ) ( 3 5) ( 34) • 

The intensity of developLent of collapsed lasio~s~ 

was scored according to t~e )ercenta~e area of the petioles 

covered wi~~-: lesions. ~stimatio:)S of the .:.Jercentage area 

covered with lesions ~ere L~de by using the chart saown 

in Plate V. 

Results 

Coll~psed lesions developed in 12 hour~ on 

celery which was SJ!rayed wi t{l a r:; solution of c-v.S0 11 and t~1en 

stored at 32° F. and 98% r.h. T~a Borde~ux spray, with 

which celery is conrrnonly sprayed in the f1eld (4-6-50), 

produced colla~sed lesions at the end of 20 days unaer similar 

conditions.. 

Tab le XIV records t:1e intensity of deve lo_t)~~::.e nt 

of collapsed lesions on celery ~etioles treated with tae 

vario~s chemicals as shown. 
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Chart used in estimating inte t1S i ty of 
collapaed lesio developr ent. The ran6e 0.5% 
to 16% denotes per ce ntage of the tot~ l area 
c-ov e red with lesions. Three c· ses of percent­
age coverage are represented with lesi ns 
of varying size. 
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Table XIV - ]:i;ffect of various c~1e~.:.icals upon 
c o ~ 1::. p J e d 1 e s ion de v e 1 o i_jm en t ~ at 3 2 oF. 
anc.t 98/o r .h. 

,..., ---------.L-~-----·------~---- ----------···-----t 
Percent~ge of total 

Chemical 

1.0% cue 12 

1.0% ZnC12 

1.0/s HgC1
2 

0 .5~·; RN03 

1.0% cu (no3) ,-) 
~ 

1.0% AgN03 

1.0% AlC13 

1.0% Zn (N03 ) 2 

1.0% CuSO 
4 

0.5% CuS04 

0 .l}~ CuS04 

1.0% Z.nS04 

0.5% HC l 

0. 5?:; H2SO 4 

1.0% .Ag acetate 

1.0% Cu acetate 
' 

1.o:s Cu tartrate 

petiole area cover~d 
~ith lesions after 
various time intervals 

2-4 hrs. 48 hrs. 72 hrs. 

6.2 

3.6 

3.0 

4.4 

2.0 

1.7 

2..0 

1.9 

1.0 

1.9 

0.8 

o.o 

1.8 

1.5 

0.9 

1.0 

1.0 

o.o 

8.6 

8.0 

7.0 

7.2 

6.0 

5.0 

5.0 

4.4 

4.0 

4.0 

1.4 

0.5 

2.4 

4.0 

1.8 

1.5 

1.5 

0.5 

13.4 

11.6 

10.0 

10.0 

9.6 

8.4 

8 " . .:::. 
s.o 

7.6 

7.6 

6.0 

0 •. 7 

7.0 

7.2 

3.0 

2.6 

2.0 

0.7 

Remarks 

3~vere injury; not all 
ty~ical collapsed 
lesions. 

Severe injury; not all 
typical collaJsed 
lesions. 

Petioles soft and wilted, 
with silvery appearance. 

Pet i o 1 e s slight ly soft 
and wi:;_ ted. 



Chemical 

1 O'd • ?o KH03 
1 r, __, • \.) /:J Kal 

l.o~; NalfO 3 

l.O% -.T cl l·;a 

l.o;; Ca(N03 ) 2 
1 o::r . /,:) CaCl2 

1 o(j;~ 
• ;0 Ca acetate 

1.0% ea birnalate 

1.o~; 
I BaCl2 

0. 55'; NaOH 

0 r,-;-'1 
• Oja KOH 

- 63 -

Table XIV (continued) 

Percents..~e of total 
.t_1eti~le area covered 

. witn lesi--ns after 
v~ri~us time intervals 
2--1 hrs..!: 48 hrs.. ?2 hrs. 

o.o 0.4 0.6 

0.3 0.5 r ,-., 
'-•'-' 

o.o 0.5 0.5 

o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 

o.o o.o 0 'I •v 

Petioles soft anu wilted. 
tt tt tt 

" tt 

tt •• 
,. 

(Petioles badly wilted 
( with indentations 
( along collenchyma 
( str~nds, but tllese were 
( not ty~ical collapsed 
( lesions. 

------------------------------------------------------------------------------

Observations 

From the results in Table XIV, t.:J.e following 

observations C.=iD be L .. a.oe: -

(l) Salts of Cu., Z~J, Hg auu ... ~e:; al'e ~::.ore effective ln 

causing eo llapsed lesions t.c.~.an a1·e salts of t~1e uore active 



- 64 -

elements, K a~d Na. The latter elements according to 

rendelejeffrs table, are IDore active chemically and :1ave 

lower atomic weights tnan the former: -

Elements in order of activity 

K 

Na 

Z.n 

Cu 

39 .. 2 

2-3.1 

65.4 

63.6 

200.0 

197.2 

Thus, a general statement n1ay ba t~1at tde 

elements with highest atomic weights are most effective 

in producing collapsed les i~ns. :B,urthermore, eler;lents_ 

near t~e centre of the periodic table are more effective 

than t~ose at eitier end. Tiis agrees with the ~or~ of 

J:cCalla.n and .!ilco.xon (Z3) on the to:::icity of various 

ele~ents to fun~ous spores. 

(2) There seeGs to be some correlation bet~een 

toxicity of s~lts and the valencies of their basic cocpona~ts. 

Salts of ~nivalent elements are not as effective in causing 

collapsed lesions as are salts_ o~· bivalent ar~a trivalent 
--

However, salts of the biv~lent eleLents H;, Cu 
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and ~n c~uae greater intensity of develoJment of collapsed 

lesicns tc1an s~lts of t;.l8 trivalent element, .rtl. 

(3) Chloride s~lts o~ Cu, '7 . ·I r • un ~ ... J~ :1.6 are ~~~ore 

effective t~an nitrate salts, and t~ese a~ain are ~ore 

effective t:1an sulphate salts of the saae elements. Jeakast 

of all, are salts of the orcanic acids; acetic and tartaric. 

( 4) The Cu, ln a~;~..~ H_s salts of h:;rd ro ci1lo l"'i c and 

sul)huric acids are ~ore effecti~e in causin~ collapsed lesions 

than the acijs theDselves. 

( 5) HNO 
3 

is ~:1ore effective than e i tier HC l or H
2
so4 • 

~sls~ KN03 is rJ.cre effecti-,ie than nitrate salts. 

(6) NaOH ana ~~H c~~se severe injurJ and softening 

collapsed lesi~na. 

(?) Severe inJury to t~e celery N~s cau~ed also by 

ljb solutions of HiN03 , HiC1
2 

an~ ..:\~~~0 3 , but t.:1e injury did 

not ap;;e ar in th3 form of ty 1:' ical collapsed lesions. The 

injury in all t:-lree cases inv::; lved the eut ire surf.:i.ce area 

of the petiole, and ~~s i1Jt restricted to localized ~reaa 

as is the c~se with collapsed lesions. Ho#ever, very s~~ll~ 

but t j' .!! i ea l c o 2.1 ~ .J s e d le s i c n s , d e v e loped n e :::. r t ~le ~:?a s e s of 

the Jet io les in all three cases. The ;;;et .i.oles sprc..:i~d wi tn 
..... 

AgN03 solution had a silvery ap~ear~nce. The solution when 

applied WaS ',:.luite clear, SO this sug::.:ests t~1a.t the S~lver ':l::lS 

se t f re e in so L1 e rr~::l n ne r • 
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Discussion 

It seems. that both positive and negative ions 

exert a toxic effect. H2s.o4 produced definite collap~ed 

lesions, so it c2~ be concluded that sulphate ions are 

toxic. However, Cuso4 is nore effective than H2so
4 

in 
I 

producing collap2ed lesions; tl-le:.:efore cop~r ions c.ust also 

be toxic. From this it saems feasible t~1at hydrolysis of 

CuS04, Cu(OH)2, cupric trioxy sulphate, basic sulphates 

·or other co~~lex salts fro~ Bordeau~ resid~es on stored 

celery, might put into sol~tion copper and sulphate ions 

which would cause collapsed lesion development. 

ExtJer imen t III. 

Object: To deterDine the effectiveness of 

different Bordeaux mixtures in causing collapsed lesiolJS. 

and Ivie ti1o d s 

Celery petiolea were s~rayed with Bordeaux mixtures 

having varying proportions of Cuso4 and lime as follows:-

4-0-40' 4-1-40' 4-2-40' 4-3-40' 4-4-40, 5-4-40' 6-=-4-40, 7-4-40' 

8-4-40, 9-4-40 and 10-4-40. Tv~fo series of Bordeaux mixtures 

of the above formulae were used; the first cor1taining calcium 

hydrate, and the second series contdining equivalent amounts 

of a mixtu1·e made up. of three parts of calcium hyjra te to one 
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diffel~ent Sl-Jray trea.tr~ents, ti:e celery wa3 stored at 32° F. 

The degrae of collapsed lesions was scored according 

to the percentage of the to tal petiole area covered wi t.i 

1 e s ions ( Plate V, page 6 l ) • 

Observations 

.!! 
T/ 

The results are recorded in Table XV. 

~ 

Table J::V - Degree of developme(1t of collaJ:)sed lesicns 
with various Bordeaux mixtures over a 
21-day paricd, at 32° F. and ~8% r.h. 

Bordeaux formula 
Percentage of total petiole area 

covered with lesions 

dl Ca 4-0-40 il 

Ca 4-l-40 
ea 4-2-40 
Ca 4-3-40 
Ca 4-4-40 
ea 5-4-40 
Ca 6-4-40 
ea 7-4-40 
Ca 8-4-40 
Ca 9-4-40 
ea 10-4-40 
lig 4-0-40 
1~ 4-l-40 
-rr....., 
l . .Lg 4-2-40 
}it; 4~-40 
J~'"a ·~-t;. 4-4-40 
1·- ' 
-'"'0 5-4-40 
1~ .... 6-4-40 
r.·g .. 7-4-40 
l ·l" r• 8-4-40 J. I (-' 
~o 

Eg 9-4-40 
">Tg L~_ 10-4-40 

0ee Plate -::rr, Jae:e 68 

16.0 
13.0 
6.0 
1.5 
0.5 
1.5 
2.4 
2.8 

5.6 
8.0 

16.0 
7.2 
4.0 
1.3 
1.0 
1.2 
1.8 
2.8 
2.6 
4.2 
5.8 
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Plate VI. - Collapsed lesions induced by a serie~ 
of calcium Bordeaux mixtures. Reading 
f rom left to right, and from top to 
bottom, the groups of four petioles 
each, received the spray treatments 
listed in Table XV. 
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The results of this ex)eriment snow that Bordeaux 

mixtures containing three ~arts of calcit~ hydrate to one 

part by \-re ight of na~ne s iu.m oxioe are not as effective in 

causing collapsed leeio~s on celery as are tiose containing 

cheL;.ioally equi vaien t a.rr.oun ts of calcium hydrate al.one. 

Also, in both series, the greatest developnent of collap~ed 

lesions was observed w11eJ.:e t.:1e Bordeaux r1i.xtures had the 

largest a.:~ounts of copper s:J..l_Jl1ate in proportion to t~1e 

lime. 

.An uns~~ccessft"Ll attempt 1:Vas nade to induce 

collapsed lesions on growing plant~ in tie ~reenhouse with 

the same series of Bordeaux uixturea. T~us 

collapsed lesions develop more readily on celery in storage 

than on celery growing in the fiald or greenho~~e. It might 

a l c­
l.~v be ~e~t10ned here, that careful obs~rvations ~ere 

nade ir .. t:1e field on S:tH'dyed _9lots durine; the sv.:::L~~er of 

1938, and no collapsed lesio~s were recorded. To the present 

tice, they have never been observed on growin~ planta in 

the field. However, t.~.ley ·aere LJ\..4-l.Ced irj t4· .. e 6reenhouse wi tn 

certain c~1ei:licals ot.:1er tr.J.an Bordeaux mixtures. ~li ~hin 

24 hours, collapsed lssicns develo~ed on the petiolas of the 

:plants sprayed ~,;yi tn Cu(N03 )i:.. a1JU. also on t_lc leaf blades, 

injury occurred iu t .. 1e forr~l of s~ __ 6<.ll necrotic areas and t:.1is 

very mucr.:. resen~bled the foliac;.e rot observed 1n t;.le early 
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part of the storage ~eriod. Within 48 hours, colla~aed 

lesivns had developed on the petioles of plants sprayed 

with 1% Cuso4 solution, but i~ this case no injury was 

observed on t~e leaves. ~t the end of 10 days, the plants 

sprayed with Cuso 4 h~d com~letely rJcovered, e~cept for the 

older petioles, w~~le the plants sprayed with Cu(N03 )
2 

solutiun did not recover. 

E:-:per imen t IV. 

Object: To determine t~1e effects of temperatur-3 

and humidity on t~e developMent of collapsed lesicns. The 

experiment 'Nas divided into t.1ree _9hases, each having a 

different procedure. 

~aterials and Eethous 

This experiment is subdivided into three different 

procedures, which are outlined belo~, with the results and 

observations obtained from each. The d~ta, tabulated in 

this experiment, are qu.1.te accurate; because eaci1 part of 

the experiBent was carried out fourteen times, and the 

results of the fourte2n tri~ls wera ~veraged to give tie 

figures recorded. 
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Procedure A: -

This procedure WdS followed to deterrrine the 

effect of a raue;e of temperatures on collapsed lesion 

development, with the atmospheric humiuity at the saturation 

point in each C.:J.a~::.ber. A differential thermostat was used 

to main to. in s.even different te:-n.pera t"J.res. as fo llO'/!S:- 32o F., 

41° F., 44.6° F., 5a.?o F., 55.9o F., 5S.lo F. and 71.6o F. 

Corresponding readings are:- Qo C., 5o C., ?o C., ll.5o C., 

13.25o C., 14.5° C. and 22° C. It was impossible to 

establish a uniform te~~lpera ture d ifferan ce between th-2 various 

chambers of the differential t . .-~erF'_ostat because of ti1e 

inefficiency of tr1is nethod of establisiJing a tecperature 

range. Saturated atmospheres were maintained by _Jutting wet 

sacks in the c:1ar:1bers and watering t,_J.er:l at intervals. Three 

lots of celery, treated as follows, were placed at each 

temperature: -

( l) Spray ad w:Lth 1% Cuso4 • 

(2) Sprayed wi t .. 1. 4-4-40 Bordeaux. 

( 3) Che cL-~ - DJ treo.tnent. 

The intensity of collapsed lesion development was 

recorded as perce~.t;;;;;.ge of the total :petiole area covered with 

lesions {Plate V, page 61). 

The results are recorded in Table XVI. 
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Table XVI - Intensity of developr11ent of colla.psed 
lesiuns at th3 end of seven days, at 
various t e:~t;Jera tures, and sa. tura t ed, 
atmospheric humidities. 

Percentage of tot~l ~etiole area 
covered witn lesions ~Temperature 

32° F. 

1% CuS04 4-4-40 Bordeaux Check 

44.6° F. 

52.?o F._ 

55.9o F. 

58.1° F. 

71.6° F. 

Procedure B: -

10.2 

13.0 

15.0 

16 .o 

16 .o 

16 .o 

16 .o 

o.o 

0.4 

0.6 

1.0 

1.8 

2.4 

2.8 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 

In Procedure B, an atteEJ.pt ~v:;;.s !:lC~.de to detarmine 

the effect of hi~n and low humidities on collapsed lesion 

develo.LJmedt at storage temyard.ture (3:.::;:-)' ]'.). Saturated 

soluti-.:.ns of K:N"03 and NaCl ma.intci.ined constant hu.midities of 

98% r.h. and 78% r.h. at 32° F. ~etal flo~er boxes, tig~tly 

covered with rubber sheeting, were used as constant humi~ity 

chambers. 
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The res,_,1l ts are recorded in 'l'a ble X'J"II. 

' 
Table XVII- Intensity of colla1.:;sed lesion develo 1.Jment 

-

Humidity 

?8% r.h. 

gsy; r.h. 

Procedure C: -

at th~ end of seven days, with high and 
low humidities, at a const~nt tem~eratura 
of 32° F. 

I 

-
Pe:rcentage of total J:Jetiole area 

covered wi ti1 les i.:;ns 

1·.~ 
' 

Cuso4 4-6-40 Bordeaux Check 
--t-

I 4.8 o.o o.o 

11.8 o.o o.o 
I l 

The taird phase of this ex;erimant is a stud; of 

the interaction of te~perature and humidity on the develop­

ment o~ collapsed lesions. Celery )etioles, treated 

chc..~~.loe1·s; aDa the:::e were allot.ted so that o~1e high, and one 

lov1 humidity C;.la:~~oer ·.·iere )lc..ced in e0..ch of the constant 

I 
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temperature chambers. The following range of temperatures 

readings would be:ooc., 7.2~c., 1ooc., 12.80C., 15.5oc. and 

20°0. A large cold chamber, cooled by an anwonia system, 

maintained a constant temperature of 32°F. The chambers 

at temperatures of 45°F., 50oF., 55oF., and 60oF. were 

located in a corridor, which was kept at 35°F. by ventilation 

with cold air from outside. Resistance coils and light 

bulbs were placed in each chamber and thermoregulators governed 

the heating so tnat the desired temperatures could be 

maintained. The highest tempel'ature of the range (68°.b,.) was 

room temperature. 

Metal flower boxes, tightly covered with rubber 

sheeting, were again used as constant humidity chambers, and 

aaturated solutions of NaCl and KN0
3 

maintained humidities 

over the range of temperatures as follows: 

Tem:12erature Humid i ties maintained with saturated 
solutions of 

NaCl KN03 

32°F. 78.0% r.h. 98.0% r.h. 

45°F. 77.3% r.h. 96.6% r.h. 

50°F. -!. 77 .O;o r.h. 96 .Ojb r.h. 

55 oF. 76. 8jb r.h. 95 .4/~ r.h. 

60°F. 76. 5i; r.h. 95.0/o r.h. 

68°:B'. 76 .o/; r.h. 94. 0/o r.h. 
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Due to the changing of the saturation JOints of the 

salt solutions over the rang:e of tem~Jer3.turss, t:rl·3 l1umiditi2s 

maintained are ~1ot the sane for different teu1Jei·atures. 

However, they are near enough for t~e pur~oses of this 

experiment. ~he humidities maintained by saturated solutions 

of :NaCl may be consid-ered as lo~I, while ti1o2e da.inta.ined by 

saturated solutions of KN03 ma.y be cousidered as h:i..~h. 

The result6 are racorded io Taole XVLII. 

Table XVIII - Intensity of colla.Jsed lesi-Jn development 
at the end of seven days, at various 
teLi.)era tures and humid i ties. 

Percenta6e o:: to tJ.l -:Jetio1e area covered with 
lesions 

Tetr.:.;era ture 
.1; LOW hurnidity Higi1 humLi i ty 

l% Cuso4 4-6-40 c:1eck 1% Cuso4 4-6-40 Check 
Bordeaux Bordeaux 

I 
I 

32° F. 4.8 o.oo l 0 .oo 12.0 o.oo o.oo 
I 

45° -\? - . 6.4 o.oo l 0 .oo 13.0 0 ;1 . ... c.oo 

50° F. 10.0 0.2 o.oo 13.2 o.s o.oo 

55° F. 10.0 0.6 o.oo 14.8 1.9 o.oo 

60° F. 11.0 1.0 o.oo 16.0 3.2 o.oo 

68° F. 12.2 1.8 o.oo 16.0 .~ F -·-- ' '' 0 "~ I' ....... _ 

1------------~~----· ·-

4 

i 
I 
I 
I 

I 
l 

I 
I 
( 

t 
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Observations ana Discussion 

From the rasults of this ex~eriment, it appears 

that humidity is not as important as te~perature in affecting 

t~1e develo_r1nent of collapsed lesions. Howev-.;1·, it cannot 

be as im)orta.nt as hi~~l te':-~Jrature, bec ...... use hsat is al;:a.ys 

ap).lied to hasten chemical reacti-.Jns ... ~ccording to Van't 

Hoff's Rule, the velocity of a chemical reaction is doubled 

or tripled for every ten degrees rise in te~~erature, wit~in 

certain limits. Hunid it:/ :GJ.iE;~1 t be a very important factor 

and yet net be as important as tel.~pera ture. 'if:.1en t.1e effect 

of ' • 1 

nJ..g~.:l humidity can be recorded in a laboratory experiment 

of one ~ee~ duraticn, it c~n be easily understood that 

humidity might be a very important factor in a cold storage 

room over a period of 90 to 110 days, which LS the length of 

the storage life of celery. 

It was ~lso observed, that ra1s1ng t~e humidity 

caused greater incre.;;:.se in collapsed lesion development at 

hig .. 1 humidity wi ti1 lo-..v teLlt)Sl'a ture, br in6S: about condensation 

of w~ter on tae celery, wnicn seems to be very in~ortant in 

collapsed lesion develo~ment. As pointed out earlier in 

this paper, the toxicity of Borde::;.ux residues ::~a~r be due 

to ions in solution. Therefore, it seems feasible, that free 
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moisture might favour collapsed lesion develo~ment, by 

se rv in 2 as a me d i um for i1 ,, d r o 1·,7 s i s of the c o <J :J er sa 1 t s of 
~ .... V ~ -1. 

Bordeaux resi~ues. 

Exper ir.1ent V. 

Object: To deter;-,:ine the effect of free mo i3ture 

on t~e development o: 12 si 0 ~] s. 

raterials and rethods 

Celery spr~Jad ~it~ 1% Cuso4 acd 4-6-40 Bordeaux 

was stored at 3:.-:o F. ani 98.~·; r.h • .(1) /i~li.Le still wet from 

the spray, anQ (2) after it was allowed to dry. 

Observations a~d Disc~s~i~n 

T ' - t ... t . :1 e r e s ~ll s o ~ ~ .. 1 s exverL~~eiJt are recorded in Table XIX 

Table XIX - Colla;;sed lesion development at t~L~ ena of 
seveJ.l days on celery receivine; tvro spray 
treatments a~d sterad wnile still wet, 
anj after bein~ allowed to dry. 

Percent2ie of total petiole area covered v1ith lesions 

-±-6 -~0 Bordeaux Check 
-2-- -

15~ CuSO 4 
·-.vet Dry ;7et Dry -,--r et YJry 

12.4 5.0 0.6 o.oo o.oo o.co 
I . 

l 
i 
I 
; 
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Development of collapaJd lesJ..cns w::...s :c1uc1:1 T11ore 

aevere on tne celery wnich was stored while sti~l wet. As 

usual, a l;;; s_olutioa of Cuso
4 

caused greater intensity of 

collapsed lesion deve.l..OJmant than 4-6-40 -=Jordeau_z. .Ho 

collapsed lesi..:;ns \Yere observed on tne Bordeaux-sprayed 

celery, which wa_s allo-.. ;ed to dry before storing, or on the 

checks. Collapsed lesions, on the celery sprayed with 1% 
Cuso4 and stored v:i1ile wet, covered a larGel~ area, but ·:1ere 

much STJ.aller and tr1erafore ii10re numero:.rs than on celery 

receiving the saoe s~ray treatment, but stored after being 

allowed to dry. ~n expla~ation of this mi~ht be, tnat in 

the drjing, SJ~-.. al.l globules of solution accumulated, so t~J.at 

the Cuso4 was deuosite6 in defin~tely localized areas, and 

collapsed lesion developrr:e:1t '/Jas confined to tl1ese areas. 

Where t .. 1ere ~::a. a no drying or eva_t:~ora t ion of wa -cer, tne 

deposition and ;enetr~tion of the cop)er wa~ more uniform, 

and hence the s1~1aller but :_-:.ore numel'ous collapsed lesions. 

Experiment VI. 

Obj e et: To determine if the re~lJ.Oval of the l/; 

cuso4 and 4-6-40 Bordeaux sprays, at vari,::.,us intervals after 

taeir applic~tion, would affect subsequent collapsed lesion 

development. 
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Materials_ ana I~etnods 

Celery petioles were sprayed with 0.25%, 0.50%, 

0.75%, 1% CuSO and 4-6-40 Borde;:.:.u:c, and then stored at 
4 

and 98% r.h. At the end of various time intervals, the 

sprays were rel·noved by washing, first with water, and tnen 

the final tr~ces of Cuso4 were removed with l% H202, and the 

final tr~ces of Bordeaux ~ere re£oved by Wctshing with 0.2~ 

HY03 (21). The celery was YJ'c s~1ed at tha follo·:rini time 

intervals ~fter SJr&ying:- 15 minutds, 30 minutes, 1 hour, 

2 hours, and 3 hours. ~ecords were ta~en on t~e intensity 

of developuent of collapsed lesions, on t~:.e C·:._;~so4 svrays 

at the end of seven days, and on tne Bordeaux sprays at 

the end of tventy days. 

Observations anJ Discussion 

The rc;:~ultG ::..re recorded 1n Td.ble XX. 

F. 
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Table XX - Collapsed lesion development on celery s~rayed 
with Vdri0us CuSO and 4-6-40 Bordeaux sprays 
at the end of sev~n and twenty days, when the 
spray res idues v;ere l~e~.~·Jved at va1" ious t iLle 
intervals. 

Percer1 ta:2e of total .,e .... io 1 ~ :;,rea c O'.' ered ........ .i.... 1.; .J.. .... 

w1 th lesions 
--~--- -----Spray re-~-, "'v ~ d 

.~~ t the ~; t ... "' .... u v end of 7 daJS t ~-h~ en~ of 
at the end of 20 days . 

0. 25-~ 0 ~ 0-4 
...- __ , la' ~ ._ .. , r) ? t-...l-·-' 4-6 -40 e v /iJ •._, • J;O /·,..? 

Cuso4 CuSO Cuso4 CuSO Bo l'deaux 
~ 4 

'"* 
15 rninu :as o.o 0.3 0.5 

I (\ 7 o-. g I 
'v • 

30 m.inutes 0.3 (\ 6 ....... 0.92 l.~ i '1 5 ..... 
l 

1 r1our t: .• 6 l.l 2.2 4.2 l 1.7 ..... 

I 

2 nours 0.8 1.7 Ll. 6 7.6 I 2.4 • • i 

3 :1ours 0.8 2.-1 5.6 a.o 3.0 
I . -----------------------·--------------------

Frou t:. ... ese res~lj_ts a co1·relation co.n be observed 

bet•J·een ti1e ti~-;je of exposure to the S}?rCl.y and t1·1e subsequent 

developffient of collapsed lesions. rllso, the Gore conce~trated 

t he s 1J ray so 1-~~ t ion , t ha r1o re in t en se is t he re s u l t in es c o ll a J sed 

lesion develo~r;1ent. Tir<~e of exposure to the S_tJray treatment does. 

not influence collapsed lesioD deveLopment, as ~uch ~ith 4-6-40 

Bordeaux over a t~henty-day _tJeriod, as with the cuso4 solution 

over a seven-d~y period. Tjus, the effect of time of exposure 

to the s~ray on colls]sed lesion develo~Lent is ;artly obscured 

by increasing t~e length of tha stor~ge p3riod. 
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Object: To s~1o·,..; t~1at ·eo llapsed lJs ions are 

incuced by ~ctual ~enatration of tje tissues by CO~Jer 

from tde spray residuss • 

.1-\ n at telilpt "Ras :E:a<:.t e to me3. sure the cop i.J er 

content of celery tissue by the epectro~raphic uethoJ. 

A Littro·v'i spectrogrs.)h, ·:1iti1 a linear dio::: ... .J2l"sion of about 

used v;i th tiis in;;jtrt.lrt:ent; a glass. }risLJ. for lines of 

wave lengths s.l.:;,rter than 3800 .Ane;strom unit~, an<J a '~.i.uartz 

prism for s ... Ol'ter wave lengths. The slit aperture '.V,;;:;.S 

6.0 and the distance from the slit to the sample w:....s 

2.0 . ' 1ncnes. 

Deter n in at i o Cl s were C'C~. ~ e Yr it h c e le :4:' y t a. k an 

directly frol:. t~1e Ha.L·bour Cold StOl'8.66 in Lontreal, and 

with celery on which colla~sed lesions were induced in 

the labor~tory. The celary was first carefully washed 

with water and 0.2% :n:o3 to rsr;lcve all trG.ce2 of Sl.Jray 

residue. ThLn sections of celery tissue of unif~rm si~e 
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were ·:~~ade from the following loc~tions: (1) the epidermis 

of a collapsed lEsion, (Z) t~e tissue beneath tne 

epidermis of a collapsed lesion, and (j) healthy tissue 

from corresponding lo ca. t ions on ti1e s3..r~1e ;et io le. 

These sections were Jlaced on aluminul:l electrodes, 

Which had been ;reviously boiled in dilute nitric acid 

ana ';i~c .... ed in redi~tilled 'N~ter. One drop of 10}& lithium 

citrate v1a.s used a.s a sticAer, for att_-<,.Cilin6 tae sections 

to the electrodes. Throu~nout tae procedure, all )recautions 

were ta~en to avoia cont~mination witn cop)er from outside 

sources. The scall ali~uots of celery tissue were 

volatilized in a 220 ~olt arc, usiD~ a current of 9 to 10 

amperes. In takin~ the spectrum of a sara1Jle, the arc 

was maintained until the SeiL;._ple was cor:iyletely volatilized. 

Inco~plete volatilization wo~ld dermit fracti0n~tion, 

involvi~g a posai~le retention of t~e higher boilin~ elements 

in the r;;:;sidue. ~uantitative estimations of t~·.~.e a:-.;ounts 

of cOpJer pr·3se~Jt were t:1en ~:"Jade by COL_tJ.::..ring visually, 

the in t 8 n s it i ~ s of the s.!! e c t ra 1 l in e s fro m t ~-J. e healthy and 

d is eased t l. ss. u e • Du p l ice:< t e d e t er s ... n at ions we r a r~~aa e on e.;.;. c h 

S2.ra.._Jle, o.n~ a blank SJ!0Ctrum of t4le al~1ninu:u 8lectro~es and 



the 1 it hi um c it r s. t e \ff~. s ~: ~c..d e t o ins ~lr e a c o n t r o 1 of 

electrode impurities. 

made using co.._.:;;er electro(.., ~s. The :Jur -JOse of t~.~. is ',V-i.S .... -

to bring out tfle spectrur11 linas of cop_..;er. 

Results 

It was found im:JO ssi ble in t.le time allotted, 

to perfect the spectrogr~phic method so that ~uantitative 

determina t ions of copi)er content cJ~ld be ~;~ade. For t~J. :i.s 

reason, the copper con tents of t:.le various al iquot s of 

celery tissue can be compared only by stud~ring visually, 

the intensities of the copper lines of tie various 

spectra siown in Plate VII, ~~ge 84. 

The spectral l.J..nes with vihich we are concerned 

and waich are lettered on the Jlate, ray be defined as 

fo llO'/IS: -

a and b aluminuE linea 

c aud d Cb.lCiuu lin2s 

e, f and g copJer lLnes 
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Plate VII. - Spectra emitted by various aliquots of 
celery tissue on volatilizati n. 
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The spectra emitted by the various aliquots of 

celery tissue on volatilization, are numbered on Plate VII. 

Reading from top to bottom,they are in the following order: -

1, 2 and 3 - Tissue under the eplaermis of a 
collapsed lesion. 

4, 5 and 6 - Healthy tissue from corresponding 
locations on the same petiole. 

7, 8 and 9 - Epidermis of a collapsed lesion. 

10 - Blank spectrum of the· aluminum 

ll 

electrodes and the one drop of 
lithium citrate. 

Blank spectrum using copper electrodes. 

Observations and Discussion 

The most intense copper lines are observed in the 

blank spectrum of the copper electrodes. Copper line (e) is 

very weak and shows up only in this spectrum. Copper lines 

(f) and (g) are more intense, and are found at wave len~ths 

of 3247 and 3274 Angstrom units, respectively. By comparing 

the intensity of these two lines in the different spectra, 

we can quantitatively compare the copper content of d.iseased 

and healthy celery tissue. It is evident that the cop~er 

content of the epidermis of a collapsed lesion is higher than 

healthy tissue from corresponding locations on the same petiole. 

Furthermore, the copper content of the epidermis of a collapsed 
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lesion is higher than that of the underlying tissue. These 

results show that the cop~er actually penetrates the celery 

tissue in bringing about collapsed lesion development. 

Spectrallines (a) and (b), the aluminum lines, 

are very intense in all spectra except spectrum (13). This 

is because aluminum electrodes were used in making the 

determinations. 

~pectrallines (c) and (d) are calcium lines. These 

lines, like the copper lines, are more intense in collapsed 

lesion tissue than in healthy tissue. Also, they are more 

intense in the epidermis of collapsea lesions than in the 

underlying tissue. This suggests that calcium as well as 

copper, in some way, penetrates celery tissue from Bordeaux 

residues, in the formation of collapsed lesions. 

Exneriment VIII. 

Object: ~lnce collapsed lesions in storage can be 

caused by penetration of copper from Bordeaux residues,it 

seemed feasible that the effectiveness of different Bordeaux 

mixtures in causing this disorder might be correlated with 

their content of copper ion, soluble copper, or free copper 

a_s it is termed by different investigators. ~li th this in 

mind, an attempt was made to determine the cop"Jer ion content 

of the various Bordeaux mixtures used in the field and storage 

experiments of the 1938-39 term. 
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Review of the Literature 

At the present time, the chemistry of Bordeaux 

mixture is not well understood. Goldsworthy and Green (16) 

claim that copper in Bordeaux mixture is in the form of 

basic sulphates, which become slightly soluble when acted 

upon by carbon dioxide of the air, or by spore and host 

excretions. Thus, the toxicity is due to the liberation of 

soluble copper after the materials have been deposited upon 

the plant, and not to the soluble ions and soluble complexes 

inherent in the deposits themselves. However, they found 

that by some means copper in Bordeaux m~xtures, dissolves 

in water at the rate of 4 p.p.m. Crandall (13) states 

that the Bordeaux preci9itates consist mainly of a chemical 

complex known as cupric trioxy-sulphate, in various stages 

of hydration: -

(cuo) 4so3 • ~o 

Bordeaux precipitates have been shown to contain no copper 

hydroxide. He expresses the opinion that these complex 

chemicals may react with more lime to form compounds of 

an even more basic nature. Crandall's fin~ing that soluble 

copper does not exist in well made Bordeaux mixtures, has 

the greatest bearing on this investigation. He agrees with 

Gold swo rthy and Green ( 16) and licCa llan and wii lcoxon ( 23) 
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in believing that the copper becomes soluble after the 

Bordeaux mixtures have been applied. fucCallan and ~filcoxon 

(22) and {24) t~ought that SJore excretions such as carbon 

dioxide and the weak organic acids; malic and acetic, were 

mostly responsible for putting the copper in the soluble, 

toxic form. However, they state that atmospheric agencies; 

especially carbon dioxide and meteoric water, may be 

secondary factors. Finally, they express the opinion tnat 

soffie copper would go into solution, even from the most 

insoluble copper protectants. Bordeaux has been shown by 

Hockenyos { 20) to contain considerable amounts of soluble 

copper. He claims that insoluble cop~er will not cause 

serious injury to the plant, and tnat it was the dissolved 

copper which caused most of the injury. Hockenyos found 

tnat the supernatant liquid of 4-4-40 Bordea.uz contained 

1.4 p.p.m. of soluble copper, and that t.he precipitate after 

filtering and washing, gave up approximately the same amount 

of copper to distilled water in which it was suspended. 

LcCallan and dilcoxon (24) poured off the supernatant liquid, 

washed the precipitate ten times with distilled water; and 

found that on standing, the supernatant liquid still contained 

1 p.p.m. of soluble copper. Therefore, it seems that a constant 

amount of soluble copper is always found in equilibrium with 

the insoluble Bordeaux precipitates. 
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Most of the work on Bordeaux injury has been don:3 

on fruit trees, particularly the apple tree. Crandall (13) 

points out that the formation of brownish spots on apples 

has usually been attributed to the penetration of copper, 

in the soluble form, at points where the epidermis had been 

punctured by an insect or fungus. However, Barker and 

Gimingham (4) claim that the extent of Bordeaux injury on 

apples is not entirely governed by the amount of mechanical, 

insect and fungous leaf injury, because of the i~creased 

susceptibility of certain varieties. Clark (12), who also 

considered that spray injury is the result of absorption of 

soluble copper by the plant, concluded that the extent of 

injury would be dependent upon the following factors: - (1) 

the specific susce~tibility of the protoplasm of the plant, 

(2) the solvent properties of the cell sap and (3) the 

permeability of the epidermis or cuticle. He was therefore, 

of the opinion sh8red by 3ain {3) that the copJer could 

penetrate the plant tisaue directly. The latter inv9stigator 

attributed the more pronounced susceptibility of the peach 

and Japanese plum to a greater solvent action of leaf exudations 

upon the insoluble Bordeaux precipitate. Mart in in h.is book 

~The ~cientific Principles of Plant Protection• points out 

that the q_uestion of leaf excreti~:;ns is often met with in 
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studying the action of spray materials on the plant. He 

states that in many cases, notably the bean (Phaesolqs spE.) 

and certain Malvaceae, the existence of alkaline exudations 

has been established; in other oases, e.g. the Fuchsia 

and Oenthera, the excretions are acidic. 

The question of just how direct penetration of 

soluble copper takes place is a difficult one. Hendriok ( 19) 

found tnat the preliminary stage of Bordeaux injury on 

apple fruits arose around the stomata and at the basal 

cells of the plant hairs, but he could reach no conclus1on 

as to the mode of entry of the soluble copper into the 

cellular tissue of the leaf. RS was pointed out earlier, 

this investigation revealed that penetration of copper 

into celery was by way of the stomata. 

Since it was well £nown that solutions of copper 

sulphate produced severe injury when aD~li~d to the plant 

tissue, it was but natural that the addition of more lime 

was recommended as a protective against Bordeaux injury. 

It was considered that a large excess of lime would retard 

the formation of soluble copper. vVe t.ta-efore find, tha. t 

for the most susceptible plants, Bordeaux mixtures 

containing larger proportions of lime have been recommended. 

For example, in ~ngland (47), it was suggested that upon 
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those varieties of apple to which the 4-4-50 mixture caused 

injury, an excess lime Bordeaux mixture (4-12.5-50) should 

be employed. To avoid spray injury,Saunders and Brittain 

(33) recommended the use. r1ot only of even more alKaline 

mixtures; but also a reduction of the amount of copper 

present, employing for the first spraying 3-10-40, and for 

subse~uent sprayings 2-10-40 Bordeaux mixtures. Hockenyos 

also found that Bordeaux mixtures of various formulae caused 

different amounts of injury, because of varying content of 

free copper or soluble copper. 

On the other hand, some investigators have found 

that spray injury is not prevented by the adaition of more 

lime. Hendrick (19) concluded that in general, the more 

copper the greater the injury; but that excess of lime 

neither prevented nor greatly reduced the amount of injury. 

Later, Adams (l) stated recent work had indicated that 

excess lime did not counteract the tendency of Bordeaux 

mixtures to cause spray injury. 

Materials and Methods 

The following Bordeaux mixtures,whicn ware used 

in the field and storage experiments of the 1938-39 

term, were made up: 2-6-50, 4-6-bO, 8-6-oO, 4-3-50, and 

4-12-50. Two series of taese formulae were used: in the 

first only hydrated calcium lime was used, and in the 



- 92 -

second magnesium oxide was used as a partial substitute 

~or the hydrated calcium lime (three parts of hydrated 

calcium lime to one part by weight of na~nesium oxide). The 

Bordeaux mixtures were allowed to st~nd for two days, and 

then filtered through jena glass sintered filters. The 

determinations were m~de on this clear filtrate. At first, 

the clear supernatant liquid was taken for the determinations 

without filtering; but it seemed that varying a~ounta o~ 

colloidal material (probably copper hydroxide, or calcium 
. 

carbonate, to wnich had been adaorbed a certain ~nount of 

copper ion) were being taken u~ by the pipette, and so 

filtration of the supernatant liquid was begun. jena glass 

sintered filters were used because it was found in the 

present investigation, and also by Hockenyos (20), t~1at. 

filtering through ordinary filter paper altered the results 

of the copper ion determinations. Two proceduras were 

used in making the determinations. 

Procedure A: -

The first method is a modification of the sodium 

diethyldithiocarbam.ate method as used by Parker and 

Griffin (28). The following procedure was used: 5 ccs. of 

the cles.r filtrate uere _pipetted into a colorimeter tube, 

1 cc. of glycine solution and l cc. of cx.~a.!..d ipyridy l were 
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added. This was to prevent the interference of iron. If 

these reagents were not added, the iron would give a brown 

colour which would interfere with light transmission and 

hence the readings of the photoelectric colorimeter. 3 cci. 

of distilled water were added and then 0.1 gms. of solid sodium 

diethyldithiocarbamate. This gives a definite golden-brown 

colour. The test is very sensitive: as little as one part 

of copper in 100,000,000 parts of water gives quite a 

definite colour, which is the sarne in acid, neutral or 

alkaline solutions. One precaution must be ta:(en, and it is 

that the solution to be tested should not exceed 0.0001 gms. 

of copper per 100 cos. ( 10-12 y per cc.) as above this 

concentration the colour becomes too deep to measure. Finally, 

5 ml. of iso-amyl alcoho 1 .were added, and the colorimeter 

tubes were then tightly stoppered and shaken for 30 seconds. 

~heae ware finally centrifuged at 1500 r.p.m. to separate 

the iso-amyl alcohol, which then bore the colour, from the 

lower colourless layer. Readings were made immediately in 

the colorimeter, using a 420 fu filter and a special sleeve 

so taat a uniform ray of light passed through the coloured 

layer. The colorimeter was set so that the blank (pure 

amyl alcohol) gave lOO% l1ght transmission. The percentage 

light transmission of the various test solutions was then 

recorda~ and the copper ion content was determined from a 
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calibratinn curve. The calibration curve was made by 

plotting percentage light transmission as ordinates against 

copper ion content (in y per,ca.) as abscissae. 

Procedure B: -

Because, as will be saown later, no definite 

variations in copper ion content of the different Bordeaux 

mixtures could be recorded by the first method; a second 

method was introduced. This method is a modification of 

that employed by Hockenyos (20) in determining the soluble 

copper content of Bordeaux mixtures. 

To a 15 cc. sample of the filtrate, 0.5 ccs. of 

concentrated hydrochloric acid were added. (This is to 

remove cloudiness caused by calcium salts). 1.5 ccs. of 

concentrated NH40H and l cc. of a 1% solution of saponin 

ware then added. The sa)onin was added to peptize the 

colloids formed. Finally, 2 ccs. of a 1~ solution of the 

colour reagent (sodium diethyldithiocarbamate) were added. 

A suitable standard was made as follows: -

To 2 ccs. of a 1/5000 l~- solution of copper sulphate were 

adC4ed 10 ccs. of distilled water. Then, were added 0.5 cos. 

of concentrated HCl, 1.5 ccs. of concentrated NH40H, 1 cc. 

of a 1% solution of saponin and 2 ccs. of a 1% solution of the 

carbamate reagent. This brought the volume of the standard 

to 17 ccs. 
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The colour intensitias of the solutions to be 

determined and the standard were coupared in a Klett 
. 

colorimeter and the soluble cop_per content of t~1e 3ordeaux 

filtrates was deterrnined from the following formula: -

eo n c • of e u + + in f i 1 tra t e :. S x 7 2-. 7 l -R 
where S : depth of the standard in mm. 

R :. " " unknown in mm. 

and 72.71 =. cone. of cu++ in atandard (y per lCC cc.) 

Observa~ions and Discusaion 

I 
1 

The results of this experir:~ent are recorded in Taole XXI. 

Table XXI - Co:p.Jer-ion conte'nts of various Bordeaux 
mixtures, as determined by two different 
methods. 

-,--~ 

Gamma a per 100 ccs. of the filtrate . 

Forrnula 
Procedure A Procedure B 

-· 
Ca 2-6-50 69.8 53.2 

ea 4-6-50 73.5 66.5 

Ca 8-3-50 I 74.2 165.5 

ea 4-3-50 48.0 158.9 

ea 4-12-50 70.6 . 48.3 

:f,"' :) 
·--.;;;, 2-6--5 0 4~.3 51.3 

I 

]J!" -· V.J..S 4-6-50 32.1 51.? 

jifP' 
-~ 8-6-50 --19.4 lS2.1 

11fi7 4 ,... .~ 60.1 87.4 . ._, -0-0U 

}Tg 4-12-50 36.5 45.3 
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The results tabulated on the preceding page are tne 

averages of six determinations in duplicate so that in each 

case twelve figures were averaged to give tne final, recorded 

figure. 

There is great variation in results obtained by 

the two different methods. The second metaod snows a high 

content oi soluble copper in both ea and Mg sprays of the 

formulae 8-6-50 and 4-3-50. The first metaod shows only 

slightly higher soluble copper content in these sprays. It 

is worthy of note at this poi.nt that celery; receiving the 

two spraye, 8-6-50 and 4-3-50, throughout the storage period; 

showed the greatest development of collapsed lesions in 

storage (pages 40 and 41). ThroUghout the whole series 

in general, a higher soluble copper content is recorded by 

Procedure I tnan by Procedure II. Furthermore, with the 

exception of the Bordeaux mixtures mentioned above, Procedure 

II shows less fluctuation throughout the whole series. 

However, the results obtained by the two procedures, 

are consonant in some respects. They both snow higher content 

of soluble copper in the ea le ium sprays than in the magnesium 

sprays. It should be nDted that the calcium sprays caused 

more serious development of collqnsed lesions in storage 

than the magnesium sprays (pages 40 and 41). 'rhus, we can 

conclude that there is a correlation bet·Neen the soluble copper 

content of the Bordeaux sprays used in the field, and the 

subsequent development of collapsed lesions in s tor?.ae. 
~. Also, 
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it may be observed that neither· the amount of copper sulphate 

used in making the spray, nor the proportions of hydrated 

lime and copper sulphate, greatly influence the soluble 

copper content of the resultant Bordeaux mixture. The latter 

observation ·may be explained by the fact that in all Bordeaux 

mixtures used, the lime is very greatly in excess of the 

copper sulphate equivalent. Pickering (29) found that slightly 

more than one part by weight of hydrated lime, unites with 

five parts of copper sulphate in the formation of Bordeaux 

mixtures. Thus, in all the Bordeaux mixtures under consideration, 

the hydrated lime is very greatly in excess of the amount 

necessary to unite with the copper sulphate, and consequently, 

similar amounts of soluble copper would be found in the 

different Bordeaux mixtures. 

It is the opinion of the writer, that the principal 

cause of inaccuracy in this experiment cas been the difficulty 

of getting filtrates free of colloidal material. Just as the 

various basic salts formed as Bordeaux precipitates vary in 

colour, so do t~ey vary in rate of settling and ability to 

remain in colloidal suspension. For this reason, varying 

amounts of the colloidal material pass through even the 

sintered filters. Consequently, the concentrated hydrochloric 

acid used to remove cloudiness caused by calcium salts, also 

disperses the colloidal copper material and increased the 

soluble copper content of the test solution. 
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.An o t i1 er ob se r vat ion i s t h at t ~le ea 1 c i urn carbon a.-'~ e 

seum, which forms on t~~e surface o~ Bordeau.;;: r~lixturas on 

ex~osure to air, has t~e property of adsorbin~ soLe of t~e 

cop}er ions in solution. T ' ... ne1'2rora, w~en tie sinterad filters 

rer:.ove the calciur::1 c-:;.O.rbonate, they take ·.vith it some of the 

soluble copper w~icn should Jass on in the filtrate. The 

Bordeaux mixtures, with the highest hydrated lime cor~tei.jt, 

show the g-reci. test t enuency to fer~~ ti:le calcium Cd.rbonate 

acun1. Consequently, on filtra-cion, t..J.ey wcul.~ losa ~~.c1.·e 

soluula copper par unit volume 
' 

t~.;.a.~J VlGu.i..d sprays Ji th a 

lower co~tent of hydrated liGe. 

From t.l.l.e resu.lts 0 +' t>-i J. ~ ....... c expariment, it would seem 

that a means of preventing Bordeaux injury on atored celery 

might be to spray in t .. J.a ficild with Bol--cle~,u~~ E~ixtures 

contt.\. ir: ing 1:1ae;;n e si urn oxiu e as a .Ja.rt ia l su ~st i tu te for hydrci. t ed 

c~lcium lime. Probably burnt dolo~itic limastone woulJ be 

more easily obtained an~ vo~ld be lliOro s~tisf~ctory. This 

material ws.s tried by Bonae on potatoes in l:=aina, and foJ.nd 

to be very satisfactory. 

Object; To determine if t~ere is any correlation 

bet\·:ean the pH valu~s of the v:.:.:.l~lcus Bo1.·dea.ux L~.i.xtures and 

the develo~Llent of colla:flsed lesio~~s in storage, on celery 

which v;as. S_blrayed with tiJ.eae mixtures in t.~e field. 
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Results 

Wendt's electro-titration apparatus, s:et up with 

hydrogen and calomel electrodes was used in making the pH 

determinations, and the results were recorded as follows: 

Bordeaux mixtures containing Bordeaux mixtures containing 
calcium lime eg,uivalent amounts of 

magnesium lime 

Formula .!ill Formula l?1i 
ea 2-6-50 12.00 11g 2-6-50 12.00 

ea 4-6-50 12.00 Mg 4-6-50 12.00 

ea 8-6-50 11.62 ~ 8-6-50 11.50 

ea 4-3-50 11.85 l.lg 4-3-50 11.85 

Ca 4-12-50 12 .oo Mg 4-12-50 12.00 

Observations and Con~lustons 

It was observed that the two Bordeaux mixtures which 

caused the most severe development of coll·"Lpsed lesions in 

storage; namely, 8-6-50 and 4-3-50 (pages .40 and 41' had the 

lowest pH values. However, the difference was not very 

significant and there seemed to be little change in pH value 

throughout this series of Bordeaux mixtures. The great 8Xcess 

of lime used in all of the mixtures, was thought to be the 

cause of this uniformity. It was also interesting to note 

that the kind of lime used had little effect on the pH of the 

mixtures. 
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6tirring or shaking the mixtures, or allowing 

them to stand exposed to the air for several days, did not 

change the pH readings. 

Object~ To determine the effect of atmospheres 

containing various C02 concentrations on the development 

of collapsed lesions. 

Review of Literature 

Brooks and ~cColloch ( 7) found tnat two days 

exposure to atmospheres containing 20 to 45~ co2 , greatly 

reduced the amount of pitting tna.t developed in grapefruit 

during 12 weeks subsequent storage. Brooks~ al. ( 8) 

found that celery was injured by three days exposure to 

atmospheres, containing 50% co2 , and showed a slight 

browning of the vascular tissue after a similar exposure to 

atmospheres containing 20% co2• 

Materials and Methods 

The celery used in this experiment received no 

spray treatment in the field or at the time of storing. 

Large mouthed, four-liter bottles were used for storing the 

celery in atmospheres containing various carbon dioxide 

concentrations. The desired concentration of co2 was 
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attained by inverting tl1e bottle filled v1i th ;;la tsr over a 

.Pneuma t i c trough , an u r ;.Ann 1 n D l n C 02 fro m a p re ss u re tan}~. 

The vo ltu: e of water displaced was ta..::en as a r:J.easure of tl1e 

volume o-f C02 in the bottle. Three series of atmos~heres 

containing t~e followin~ concentraticns of Co2 uere wade u~ 

in this manner·.- ocJ? 2°1 4% s% 12'JY a' ~1 20°1 
jO ' fO ' () ' 0 ' , /0 - ~ J \..4 jO • In each 

bottle of tia fir~t series, was placed six petioles sprayed 

with a 1% solution of Cuso4 • In each bottle of tne sacond 

serie~, was ;laced six petioles sprayed with 4-6-50 

Bordeaux. In each bottle of t~1e third series, was placed 

six _peticles of uns_prai~d celery. The bottlec wer2 t~1en 

ti6htly stoppered and stored at 38° F. The intensity of 

collapsed lesion development was recorded at the end of seven 

days as the percenta&e of tDe total petiole area covered 

with lesivns, usint:S tL1e chart siJ(.::-w·ln in Plate V, :Jage 61. 

To eliminate error as much as .JOSs.ible, the experieent was 

repeated trlr~e. time a and t .. 1e results were averaged to give 

Observations 

The r9sul ts of t;:lis expex L_:en t are recorded in 

Table XXII. 
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Table JL'{II - Collapsed lesion development at the end of 
seven days in atmospheres cont~ining various 
carbon dioxide concentrations. 

Per c e 11 ta6e of total petiole area covered 
C02 concentration w~th lesions 

_t lo; 
Spray treatment Unsprayed 

CuS04 4-6-50 Bordeaux 

0 --t ._, 
/? 10.4 0.1 o.oo 

2-'-t 
1/Q 10.6 0.3 o.oo 

4% 10.4 l 0.6 o.oo 
B% 10.2 1.32 

I 
o.oo 

12% 10.6 2.85 o.oo 
20% 10.6 3.19 o.oo 

From t~es3 restl_l~.3, it is fir~t o:f all very evilier:.t 

that tae cop)er s~lphate ana Bordeaux sprays were directly 

r2s~onsiola for colla~sed lesion development. In no case 

did unsprayed celery s .. -:..o-~l collaj;;sed lesion development, 

eveD when stored in atmos~heres containing high concentrations 

of carbon d ioz~ide. Therefore~ the effe et of a trr1o spheric 

carbon dioxide was secona&ry and its effect was observed 

only witi the Bordeaux s~ray and not with the copJer sulphate 

S:Qray. A feasible explanation of t .. 1is Ll.i.ght be t~1a.t t~le 

act ion of a tL.o spheric carbon dioxide in sor...;.e way lncrea.sed 

the dissolution of tn;..; Bordeaux preci.r:Jitates. The 

carbon dioxiae concentration in t~e atmos~here woald not 

affect the penetration of COJ~er froL~ copper sulphate, becduse 

much of it is already in the soluble or ionizad form. 

McCallan a~J ~/ilcoxon (22) and (24) st~te that atmospheric 
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carbon dioxide may be partly responsible for the dissolving 

of copper from insoluble Bordeaux precipitates. 

It was observed in all cases that, at the end of 

the storage period~ celery stored at the higher carbon 

dioxide concentrations (8% to 20%) presented a better 

general agpearance, than celery stored at low carbon dioxide 

concentrations (O% to 4%). There was less bending of the 

petioles, less wrinkling of the epidermis, and less browning 

of the vascular tissue at the higher carbon dioxide 

concentrations. 

Discussion 

It must not be overlooked, that as the carbon 

dioxice content of the air was increased, the oxy~en 

content was decreased. Brooks and McColloch (7) point out 

that when the carbon dioxide content of normal air is 

increased to 10%, the oxyien content is therefore reduced 

from 21% to 18. 9/~; and with 25/b carbon dioxide added, the 

oxycen content is reduced to 15.75;~. Consequently, there is 

a possibility that some of the ef:t·ects observed in this 

experiment, may be due to lowering of the oxygen content 

of the air. However, since only six petioles were placed in 

each four-liter bottle, and since the storage period was 

limited to seven days; one would think that there would be 

ample oxye::en for respiration. 
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Experiment XI. 

Ob,j eot: To determine whether or not collapsed 

lesions on celery could be induced by chilling. 

Review of Literature 

Mulder and Sprenger (26) and dardlaw (38) found 

pitting in tomatoes due to chilling~ Bondartzeff (5) states 

that defective storage of fruits during the winter,may 

result in a considerable percentage of the fruits showing 

the types of physiological (chilling) injury known as ttpeteca.tt 
' 

and ~red blotch~. With t~ese investigations in mind, an 
c 

experiment was conducted to determine if chilling would induce 

pitting on celery. 

Method and Observations 

Celery was subjected to a temperature of 26° F. for 

varying lengths of time, from 15 minutes to 2 hours; and then 

stored at 32° F. and 98% r.h. No pits, such as occur on 

tomatoes, stone fruits and grapefruits, as a result of chilling, 

were observed. 
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Exper ir:rent XII 

Object: The eleven laboratory experiments outlined 

_pre.v iously were d study of the cause and nature of co lla.-osed 

lesions. The final experiment of t:1is series, was carried 

on to detereine whether or not a correlation could be made 

bet~,·een C~lilling eff~cts and the developnlant of collavsed 

lesions. The present experinent r::_a.y be considered as an 

extension of Exper i:r1ent XI and constitutes a r:1ore thorough 

study of the relation of low te~~eratures to the storage 

of celery, and has been uo st ly concerned with the fo llo-Ning 

lines of investigation: -

(1) Symptoms of freezing injury. 

(2) Variations in the length of time required to 

freeze different parts of the celery ;lant at a room 

temperature of 26° F. 

{3) The ac;tual freezinb te:11_0erature of celery, and 

how it varies for different ~arts of the plant. 

{4) The keapinC;? qualities of celery after it has. 

been subjected to freezing tej,J.pera tures.. 

Review of the Literature 

Platenius et al. (30) recom.mend 32° ~,. as the 

stora~e temperature of celery. Thay reported tiat celery stored 

at apJroximately 30° F., with a fluctuation of 1° F. on either 

side, froze; and w.i.1en su bseq_uent ly stored at 40 ° F., it began 

to rot in a month or six weeks. ThoJ:J._pson (36) hd.s shown tl.1at 
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the temperature in the centre of the crate is likely to 

be 2 ar 3° higher than that of the air surrounding the 

crate. As pointed out previously, this variation in 

temperature could not be recorded in the present investigation. 

Thompaon also showed that the air temperature is likely to be 

2 to 4° F. higher at the top of the stor~ge room, than at 

the floor, unless provision is made to keep the air in 

circulation. 

With xegard to pre-cooling and post-cooling of 

celery, very little work has oeen done. ~lill.iams (44) states 

that fruits and vegetables should not be taken from a low 

to a high temperature, without being kept for a time, in a 

room which is in. closer proximity to tne outside temperature. 

Rapid heating and condensation of water on their surfaces, 

produce harmful effects and snorten the life of the produce. 

He recommends a post-coolin~ tem~erature of 55 - 60° F. for a 

few hours before the vegetables are placed on the market. 

Materials and Methods 

In this experiment constant temperatures were 

maintained in a large cold-chamber, cooled by an a..n:mronia 

system. n thermoregulator was attached to the chamber so that 

the temperature could be maintained at any desired point. 

Ten1perature determinations were made by the use of 

thermocouples (10}.. The cold point was kept at a te:r:1perature 
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of oo C. and the di~ferences in te~per~ture were ma~sured 

by the deflection of a galva~'}o:r~ster w:1ich ~-.r2.s set u;; outsi~e 

the cold chamber. Thus, it w~s possible to record 

accurately tr1e tellperatures in V-lrious J!c-:-l"ts of t .. 1e celery 

plant without having to open tie cold chaGber, ~aicn would 

have affected its te:-.o._tJerature. The t:1erLccouples -Hei'a 

inserted wit_J.out reLoving the 1Jetioles fror;:l t:1e celery pla.nts~ 

a-nd tLle po in~ s of ~ t tachment of tha t~ .. ermoco~~_t:Jle s Here sealed 

vliras wo~J.l~ be at a minimum. 

The tL~e required for freezing YhiS recor6:::d as 

tha time necessary for forna: ion of ·ice crysts.ls in the 

intercellular spaces. It was obse1·ved t.:id. t vi.hen formation 

of ice crys~~ls began the teoperature was us~~ily l to 2 degrees 

be lov; the :::..ctual freez inc; te .. qJ~:r.;A tu.re. -ihile freez ines .JrOtS,re ssed, 

the ten~erature was obs~rved to risa several degrees over a 

period of 1 to 1~ hours. As all t~e tissue surrounding the 

point of attacbi:1erJt of the therLlOCOU.Jle bec::.::.r.1e frozen, the 

ter-~)erature suddenly bec:..;.me co~1stant aLd re~.::.ained at this level 

until freezing w~s cJm~lete. Tiis final constant te~~arature 

was recorded a a tr1e actual freez L1J te~-:.i_)era t'...ll~e. 

In order to determine accurcitely tne le~~tJ of time 

required for fre ez in6, a~1d t:::.e freez inc; ta.cu)era ture; all 

exper iL:~.L:ts were re.L.Jec..ted ten times and tne res:..~l tz ware 

aver8.ged to £: ive 
'-

tae fin~l determinations. 
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Observations 

!· Symptoms of Freezing Inju~y. 

Celery plants that have been frozen for several 

hours after ice formation, and then placed in storage, were 

recognized vrithout' difficulty. Tae le~ves were limp, water­

soaked and appeared as though they nad been boiled. Even the 

odour resembled that of cooked celery. ,/hile in the frozen 

state, the rigid leaves showed the first stages of freezing 

injury in the forrn of dark green spots, slightly water-soa:t<ed 

in appearance. The dots enlarged as freezing progressed and 

intumescences similar to those observed by other investigators 

(18) on cabbage and lettuce, were observed. These 

intumescences disappeared on tnawing. 

Frozen leaves were rigid, because of the formation 

of ice masses in the tisEue; and the 1ntun:escences were small. 

On the petioles, the intumescences were much larger, and a few 

remained severe;: 1 days after thawing. ~il:nen the plants bad been 

frozen for an hour or less, no trace of freezing was observed 

except on the outermost petioles and on old bruised leaves. 

This hardly affected the general condition of the product; 

but, even when the tissue seemed to be normal, tne epidermis 

was loosened so that a slight twisting of the stem snowed 

corrugations, resulting from separation and wrinkling of the 

epidermis. In some cases, only proper light conditions made 

the corrugations visible. 
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~· Var·iations_ in the Length of Time Required to Freeze 
Different Parts of the Celery Plant at a Room -
Te~perature of 26° F. 

In gener~l, celery leaf bl~des froze sooner tnan 

other }:)arts of the plant. The freezing ten~perature curves 

for different parts of the celery pldnt are presented on 

Plate VIII, ~aGe 110. 

The fcllowin6 are the observed time intervals 

re ... j_uired to freeze d iffe1·ent parts of t~1e ceLery _plant at a 

room te~~eratura of 26° F. 

Part of celery pla.nt 

( l) Leaf blades 

(2) Uppe-r _port ion of outer 

(3) Lo-.-:er portion of outer 

(4) Crown 

(5) Lower portion of inner 

(6) u·-Jer l:"J: portion of inner 

;;et io le 

petiole 

petiole 

:;)etiole 

Time required for formation 
of ice crystals 

2 hrs. 40 mins. 

4 hrz. 45 mins. 

4 ~1rs. 50 mtns. 

7 !Jr s • 15 ruins. 

8 nrs. 50 ffill1 s. 

12 hrs. 0 mins. 

These results sho'v7 t.1a.t the leaf blades froze much 

more quickly tl1an :::t~y otner part of the plant. The outer 

petioles froze more quickly than t.:le inner petioles. There was 

very little difference in the length of time required to 

freeze the upper and lower portions of the outer petiole. 
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The crown or base of the plant, froze more rapidly than 

the inner petioles, but not as rapidly as the outer petioles. 

The lower port ion of the inner );)et io le froze more quickly 

than the upper portion; probably because its temperature 

was influenced by its nearness to the crown. The upper portion 

of the inner petiole re~uired the longest exposure to 26° F. 

before freezing began. 

~. The Actual Freezing Temperature of Celery and How it 
Varies tor Jifferent Parts of the Plant. 

The average of 10 determinations on each of six 

different parts of the plant, showed that the average freezing 

teL.:'era ture of celery tissue was 29.79 o F., and ti1 is had an 

average deviation of 1.15° F. 

The following average freezing temperatures were 

recorded for different parts of the celery plant. 

Part of plant Average freezing temperature 

Upper portion of outer petiole 30.42 

Lower portion of outer petiole 30.08 

Crown 29.35 

Lower portion of inner petiole 29.65 

Upper portion of inner petiole 29.51 

From these results waich are graphically presented 

in Plate VIII.pa6e 110,1t appears that the parts of the celery 

plant in which the food is stor9d, have the lowest freezing 
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temperatures. ~he crown, although it froze more quickly 

than some other parts of the plant, reached the lowest 

temperature before there was actual formation of ice in the 

tissue. This is what might be expected, because substances 

in solution in the cell sap would lo~er the freezing 

point of the tissue. ~ach gram molecular weight of an 

inorganic salt in solution depresses the freezing point 

l.86°C., and organic solutes cause depression of the freezing 

point in varying proportions. 

~. The Keeping ~ualities of Celery After it has been 
~ubjected to Freezing Temperatures. 

The keeping quality of frozen celery plants was 

much altered. Those in which signs of freezing could be 

determined only ~:th difficulty, kept well for five to 

eight days at 5oo F. After this time, tae crown was generally 

attacked by soft rot organisms, alt-lot.gh the leaves and 

petioles of the plant were still in good condition. The 

celery plants used in this experiment had been prepared 

for market,and part of the crowns had been removed. Tne 

res~1lts might have oeen different with tne roots remaining 

At laboratory temperatures, these slightly 

frozen plants began to wilt after two days; although they 

were moistened from time to time. It was concluded that 

slight freezing (exposure to 26° £. for one hour after ice 

formation) halved the storage life of the pxoduct. 
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Severely frozen celery decayed soon after 

thawing. Its marketability was very severely reduced at the 

end of three days, even when kept at storage temperature 

(32°F.). This reduction in marketability was caused mostly 

by loss of crispness and flavour. In some cases, the 

natural sweetness was impaired and tne tissue became more 

fibrous and stringy. Also, in some cases, air spaces of 

considerable size formed between the collenchyma strands of 

the petiole. This is apparently caused by killing and 

disintegration of cell~, and much resembles the storage 

disorder known as pithiness. However, following severe 

freezinE; the emission of the volatile esters, which give 

celery its characteristic odour, seemed to continue. A 

secondary effect of freezing injury was tnat it afforded 

favourable courts for the inroads of saprophytic 

organism~which soon very rapidly increased the rate of 

decay. 
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Translocation of sugars and t~eir breakdown 

in the process of' respiration are arao ng the l::o st LE)Drt<;;.l,nt 

factors i~fluencing the gradual lowering 1n quality and 

deterioration of celery in storage. 

Besides the natural physiolo~ical breakdoHn of 

aelery, due to respiration; certain definite disorders in 

storage must also be classed as physioloc;ical breakciov;:os, 

because they are not caused by pathogenic organisms. These 

disorders have been terr1ed ttcollapsed lesionstt and ttbasal 

rotu in this investigation. A series of experiments and 

many observations, have shown these disordeTs to be due 

to penetration of copper from Bordeaux resioues. Foliage 

rot, a third disorder, is due in the early part of the 

stor~ge ~eriod entirely to toxicity of Bordeaux residues 

and t .. 1e injury so induced affords court a for the inroads 

of micro-orgaGisms. Ho~ever, the action of micro-organisms 

on stor2d celery is not entirely seconQary becciuse after 

s.ix we·2ks of stora.c£e the orga.l~isms caui:le primary infection. 

This is probably due to natur~l lowering of the resistance 

of the plantz as the time in storage increases. After this 

tirne, foliabe rot develops ra.Jidly. The orgs.nisms most 

responsible for folia6e rot are three species of bacteria 
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of the Bacillus caratovorus tyve, three species of Botrytis, 

an Alternaria SQ. and Sclerotini~ sclerotiorum. 

There was no difference in the keeping qualities 

of celery grown on mineral and muck soils. 

Foliage rot, collapsed lesions and basal rot were 

more prevalent on celery which received a complete fertilizer 

mixture, than on celery which received a fertili~er lac~ing 

one or t·uo of the three essential com;oneLta (ni troc;;en, 

phosphorus and potash). 

There was no correlation betrreen the Jrevalence 

of s t eill crack in t?; in t i1 e f i e ld , an u t ;J e de v e l o pme n t of 

coll~psed lesions in stor~ge. 

Celery exposed to frosts before harvest, suffer:::d 

more severely from foliage rot and collapsed lesicns tdan 

did celery stored before frosts occurred. Also, basal rot 

development was slightly u"lore severe in the frosted celery. 

Delaying storage for three days after harvest, 

shortened the time of profitable storage. 

Cutting back of the foliage at tae time of storing, 

had no effect u~on tje storage life of the plants, and so 

was not found to be a worth while practice. 

Fungicidal treatments at the time of storage, did 

not satisfactorily reduce the affiount of rot caused by 

pathogenic organisms; nor did t~ey decrease the severity 

of development of other stora6e disorders. 



- 11? -

Celery S)rayed in tae field, wit~ Bordeaux 

mixtures containing the largest a0ounts of cop~er sJl~hate 

in proportion to the lime content showed the most severe 

development of ·collal:Jsed lesi:n':ls in stora.e;e. Detarminations 

in tie laboratory, sho~ed t~ese Bordeaux mixtur~s to contain 

the largest amcunts of soluble copper. Thus, the proportion 

of the COlJ.i.)er sul.J . .-:,ha te to ti·1e lime in a Bordeaux rnixture, 

determined it~ content of soluble cop~er; and this in turn, 

determined the extent of collapsed lesion development 1n 

storage. It is therefore sugt:2;ested that the devclo_pmant 

of colla~sed lesions in storage could be decreased by 

mo6ifying the composition of the Bordeaux mixture used in 

the field, so that the content of copper sul~hate would be 

reduced in pro~ortion to the lime content. 

Celery sprayed in the field or at t~e tlme of 

storing, wi t~1 Bordeaux nixtures cant::... ining hydrated cs.lcium 

exhibited gre~ter development of collapaed lesions in 

storage than did celery s 1..Jr·ayed with Bordeaux mixtures 

contu.ining a ci1ani0a.lly equiv~lent amount of magnesium lime 

composed of~ magnesi·J . .J.":l oxide and ~calcium hydrate. 

Laboratory determ.;.nations sho-il.ad the calcium Bordeaux mixtures 

to have t~e highest content of soluble cop~er. Gonaequently, 

it is further sug6ested, that burnt dolomitic limestone could 

be u~ed to advantage in Bordeaux sixtures as a partial 

substitute for calcium hydrate. 
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The field, stor~~e and laboratory experiments 

showed a dire et cor relation bet\:een t~1e soluble eo p_c)er 

content of Bordee;.ux mixtures used in the field, and tile 

s.ubsequent developrnent of collaps.ed lesiGns in storage. 

Co lla.~sed lesion develo_t)rr-:ent •:r2~s much more severe 

on celery, which was sprayed at the time of storing; tnan 

on celery which was sprayed, only in the field. Thus, 

the more Bordeaux residue on the celary at the time of 

storing, t~e greater the severity of coll~~sed Lesion 

development in stora6e. Furthermore, a laboratory experiment 

showed that re~oving of copper sul)hate and Bordeaux spray 

residues with 1% H202 and 0 <)./ 
.~/0 HlT03 respectively, decreased 

the severity of collapsed lesion development in storage. 

It is therefore reco~~ended, that celery growers refrain 

from spray1ng late in tie growing season, 

that w~12rever po ss.i ble, the celery si1ould be washed before 

it is placed in stora3e. 

Collapsed lesions developed in storage on celery 

~hich received no spray treatment in the field or at tne tiue 

of storing. The severity w~s very much less than on t~1e 

copJer sulJhate and Bordeaux spray treatment~,but nevertheless 

there was some develOJ:J~J.ent. This would indic .... te that coll.s..Jsed 

lesions. m~y be caus.ed in some other way tha.n by the toxicity 

of cheuicals. This investigation affords no explanation of 
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this seemingly spontaneous develo2ment of collapaed lesions. 

Throughout the course of this investigation, 

colla~sed lesions and bas~l rot were not observed in tne 

field. It ~as observed, that the low tem~eratures and 

high hun1idities of storac;;e rooms, brought :J.bout condens5.tion 

of ~ater on the celery plants in stora~e. A series of 

laboratory experiments shc-,cl2d that hig~1 humidity favoured 

the development of collapsed lesions. From these 

obs.ervatiDns and e.:x: ... :;e<rime::)ts, it w2..s conC 1_uded that the 

high hm."'li<i i ty of the storage room favours co ll~J!sed lesion 

development. Condensation of water on .Jl&nts in storage 

may be res~onsible for hydrolysis of copper salts of Bordeaux 

residues and t~us the setting free of solu~le copper. 

The storage records in this investigation showed 

that t~Je three disorders, na:-;J.ely; foliae;e rot (cher:::.ically 

induced), collapsed lesions and basal rot, devalop 

simultaneously in storage. However, it was difficult to 

follow the proe;ress of t;.]e c~1er.~ically induced foliage rot; 

because it ws..s made nore severe by t.:1e second:::..ry effects of 

bacteri~l and fungal ~athogens. Collapsed l~sion 

development began about three weeks after the celery was 

stored, and continued until a maximum was reached about 

ten ·ueeks after storing. ...qfter t.1a t time, no further 

development was recor·ded. 3asal rot develo_t?ed more slowly 
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than either foliage rot or collapsed lesions, but its 

development continued until the end of the stora~e 

period. 

Spectrogra~hic analysis showed that the copper 
~ 

content of collapsed lesion tissue was nic.Sher t~"la.n tnat 
I 

of healthy tissue, and microsco~ic examination showed 

the epidermis to be intact_, so it was concluded, t~1at 

penetration of copper t2kes ~lace by way of the stomata. 

This was further :Jroven by staining reactions with methylene 

blue. 

Labor~tory experiments showed that atmos)heres 

containin6 high concentrations of carbon dioxide, favoured 

the development of collap~ed lesions only in the pre~ence 

of copper. Furthermore, it was observed that the higher 

carbon dioxide concentrations (8% to 20%) were ~ore 

affe et i ve in 1Jreserv ing t:1e gen erj.l ap.Ljearan ce of tae 

celery than the lower carbon dioxide concentrations (o% to 4%). 

eo llapsed lesions devalo .Jer1 L.1 twe l ~.,,e hours on 

celexy which was sprayed wi tl1 1% cuso4 and t.J.en stored at 

32o F. and 98% r.h. The Bordeaux spray comr:1only used in 

the field, produced collapsed lesions at tha end of twenty 

days, under similar coud it ions. 
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Iiany chemicals, other tnan :Bordeaux and copper 

suli.;ha te, induced eo llapsed lesions in labor': tory 

experiments. Among t.:1ese are included tile chloride, nitrate 

and sulphate salts of Cu, Zn, Hg, and Ag. It was also 

observed that the strong acids; ni trio, hydrOCLllor ic and 

sulphuric, in very dilute solutions, induced collapsed lesions. 

In general, it was concluded, that the elements with the 

highest atomic we~ghts, were the most effective in producing 

collapsed lesioDs. Also, elements near the centre of the 

periodic table were more effective than those at either end. 

Collapsed lesLons were not observed on growing 

plants in the field, but they were induced on growing 

plants in the greenhouse, by 1% solutions of cop:Br nitrate, 

and copper sulphate. They were not induced on growing plants 

in the greenhouse by any of a series of Bordeaux mixtures. 

a laboratory experiment showed, that collapsed 

lesions could not be induced on celery by chilling. 

R more thorough laboratory study of tne effect of 

low temperatures on the storage of celery was conducted, 

and the following observations were made: -

(1) The symptoms of freezing injury were studied 

and described. 

(2) There was a difference in the length of time 

required to freeze different parts of the celery plant. The 

leaves froze more quickly than any other part of the plant, 



- 122 -

·While the upper parts of the inner petioles required the 

longest time for freezing. 

(3) The average freezing temperature of celery 

tissue was 29.79° F., taking all parts of the plant into 

consideration. However, it was observed that all parts of 

the plant did not freeze at the same teEperature. The ' 

loaves froze at 30.42° F., while the crown did not freeze 

until a temperature of 29.35° F. was reached.· It was 

concluded, that the parts of the plant in which the food 

is stored, nad the lowest freezing temperatures. 

(4) The keeping qualities of celery were impaired 

by freezing. It was shown that slight freezing (ex~osure 

to 26° F. for one hour after ice crystal formation) halved 

the storage ltfe of the product. severely frozen celery 

was contpletely unmarketable at the end of three days 

subsequent storage, at 32° F. and 98% r.h. A secondary 

effect of freezing injury was tnat it afforded favourable 

courts for the inroads of saprophytic organisms, which 

very rapidly increased the rate of decay. 
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