
JI.Sc. 

Pierre Saurio1 

THE U'FECT OF PRE-PLANTIBG IRRADIATION 

OF PO'1'ATO TUBERS 

ON GROW'l'H, nELD AND QUALITY 

OF POTATOPS. 

ABSTRACT 
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The effects of pre-p1anting irradiation vith low doses of Coba1t60 

on patato seed tubers vere investigated. Potato tubers at various 

pb,Jsia1.ogical. stages vere used e .g. resting, dormant or slightly 

sprooted. 

Doses of 150, 300 and 500 rad app1ied to sligbtly sprouted tubera 

DiDe ~s before p1~nting de1~ed the emergence when who1e tubera vere 

used and did not affect the emergence of eut tubers. In both experi

aent.s, the yie1d, the number of tubers and the quality vere unaffected. 

Doses of 0, 150, 300, 500, 750 and 1,000 rad did not break the 

rest period of tubers dug 13 dqs before irradiation. Only the 1,000 

rad dose arfec1!ed sprout growth and apical dominance. Doses of 0, 500, 

1,000, 1,500 and 2,000 rad did not affect tbe onset of sprouting of 

tubers treated. at the end of the rest period bu-\; still unsprouted. 

lDses of 500 and 1,000 rad bad no effect on tbe sprout growth but 

doses of 1,500 and 2,000 rad decreased sprout growth and affected 

apica1 domi nance. 
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l 

INTRODUCTION 

The potato, Solanum tuberosum L. ia a plant grown in almoat ever,y 

countr,y of the wor1d and is a cheap but nutritive staple food. Be cause 

of the necessity of increasing food production to meet the needs of the 

ever increaaing population, aqy means which might be he1pful to achieve 

this end should be investigated. Furthermore, the potato is an import-

ant crop in the Province of Quebec. Statistics indicate that 71,000 

acres were planted to this crop in 1967 (Department of Industry and 

Commerce, 1968). 

It has been reported that irradiation hastens sprouting of potatoes 

in the spring (Vidal, 1959; Serebrennikov and Kiryulchin, 1965), brings 

about ear1ier maturity and increases yie1d and quality (Serebrennikov 

and Kiryukhin, 1965; Kahan and Susnoscki, 1967). If this is true, it 

would be beneficial to both growers and the processors. The growera 

would be able to harvest earlier, thereb,y minimizing frost damage at 

that time and to obtain higher returns through increased yields. 

Because local potatoes show signs of selinity and fr,y darker at the end 

of sto~age, processors must buy potatoes from the United States in 

early summer. If irradiation permits ear1ier harvesting, the processors 

m~ be able to get their supplies from Quebec earlier and reduce their 

importations. If it increases the quality of potatoes or the specifie 

gravit y, processors would use less oil in frying. 

It is widely accepted that ionizing radiations can inhibit potato 

sprouting and produce genet je mutations on plants. However, the prp.vious-

ly mentioned effects are not widely accepted and maqy questions remain 
-./ 

unanswered, such as the optimum dose for a specifie variety, the environ-
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mental factors which affect the radiosensitivity of the seeds, the 

effect of irradiation on the metabolism of the seeds or the plants. 

Some of these questions have been answered but there is no unanimity. 

This investigation was carried out to study some of these problems 

using a variety grown in the Province of Quebec. The definitions of 

some tenns used in this work May be useful at this time. According to 

the International Commission Recommendations (1954) the absorbed dose 

of any ionizing radiation is the amount of energy imparted to matter 

by iOnizing particles per unit mass of irradiated material at the place 

of interest. This absorbed dose is expressed in rad. The rad is the 

unit of absorbed dose and is 100 ergs per gram. This unit will be used 

for this work but since Many authors in the review of literature will 

deal with roentgen (r) it is felt useful to give its definition. The 

roentgen is a unit which can be used for X- and gamma ray doses and is 

the quantity of 1- or gamma radiation su ch that the associated corpus

cular emission per 0.001293 gram of air produces in air, ions carrying 

one electrostatic unit of quantity of electron of either signe 

It has been reported that the response of potato seed tubers to 

ionizing radiations depends upon the physiological state of the tuber 

(Grechushnikov and Serebrennikov, 1965). Thus it might be expected that 

the response of the tubers would be different whether they are in the 

rest period or in the donnant periode The rest period is the period 

immediately after harvest du ring which the potato tuber will not sprout 

even when placed under conditions optimal for sprouting. The dormant 

period is the one during which the tubers do not sprout when stored at 

some temperature below the optimum point for sprouting (Emilsson and 

Lindblom, 1963). From this it i5 evident that potato tubera in the 
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dormant period would sprout when brought up at a tempe rature per.mitting 

the growth but not potato tubers in the rest periode Investigations on 

the effect of irradiation on resting and dormant tubers will be 

performed. 

. . . . . 
~'. ~ 



e 

4 

II 

REVIE)[ OF LITERATURE 

It was deemed necessar,y to include other plants than potatoes in 

the review of the literature but, as the potato was the plant under 

investigation, the literature dealing with potatoes will be reviewed 

more extensively_ 

1. Effects of law:dosesof radiation on plantgrow1ih.' , ' 
. ' 

, Since the,discoveI7 of. X':"rays bl' Roentgen in 189$, many reports 

have beenpublishedonthe effects of ionizing rad1.ations on plant: 

growth.'Theearlywork onthis particular subject'has' been well ~eviewed 

by B-reslavets(1946) in his' book "Plants and X-rays". Therefore, oniy 

the more recent papers will be reported here along vith Breslavets' 

conclusions. 

Breslavets explained the divergence of results of the different, 

earlyworkers investigating the sarne plant species on the inaccurate 

measurement of dosage, on the small numbers of seeds used in the experi-

ments"on the small variations of dosages, on the limited duration of the 

investigations for each experiment and in sorne cases, on the preconceived 

notion held by the investigators who planned their experiments to show 

what they wanted ta. He also reported the resul ts of his 'own experiments. 

He found that X-irradiation of dr,y seeds prior to sowing accelerated the 

growth and increased the yield of different plants. For instance, a dose 

of 7$0 r increased the yield of r,ye by 66 per cent and a dose of 3SO-r 

significantly increased the number of pods of peas. However, dr,y or 

soaked wheat seeds did not respond to a~ dose. Rye and peas were 

stimulated in their development. He also reported a positive after-



effect in the Fl crops for both rye and peas. He observed that doses 

fram 200 to 250 r increased the per~ent germination of r,ye grass, 

stimulated i ts growtb and increased i ts yield by 19 per cent. He also 

reported tbat Afanas'eva failed·to find any growth promotion following 

low doses of irradiation of seeds of red fescue, red top grass, Kentuc~ 

blue grass, fescue, timot~ and some other forage plants. 

Breslavets (1946) concluded that X-r~sstimulated plant growth and 

increased yield to a degree that could be economically useful. However 

Sparrow,. who edited the translation of his book, wrote in his· introduction 

tbat Breslavets' conclusions received little or no support from recent 

work outside of U.S.S.R. and is even questioned in some Russian PlÙ)li-

cations. 

Kuzin (1955) reported that X-irradiation of seeds promoted growth~ 

He found tbat the max~ length of the roots were obtained with a dose 

of 1,000 r for r,ye, 500 r f~r peas and radishes. He did not get aqy 

clear-cut results for cucumb~rs but an optimal dose of 300 r accel~rated 

the growth of the first true leaves. A dose of 750 r producedma.ximuJri 

root diameter due to accelerated cell division following X-irradiation 

of dry rye seeds. Kuzin also reported an increase in yields of plants 

fOllowing X-irradiation of the seeds: a dose of 1,000 r increased the 

yield of radishes by 33 per cent in one experiment and by 40· per cent 

in another; a dose of 1,000 r increased the yield of cabbage by 19 per 

cent whereas a dose of 5,000 r increased tbat of peas b.1 21 per cent; 

a dose of 750 to 1,000 r increased the yield of spring rye by 21-22 per 

cent (based on the weight of 1,000 seeds). A dose of 250 r of gamma 

r~s fram Cobalt60 on soaked pea seeds increased the yield by 22 per 

cent. Kuzin observed an acceleration of growth of buckwheat grown 
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under exposure to chronic gamma irradiation from Cobalt60 in dose~ of 

4.3 to :16.7 r per day. He finall1 reporte~ that there was no essen

tial difference between the effect produced upon seeds by X-rays and 

b.1 gamma r~s while the use of Cobalt60 as a source of irradiation 1s 

far more practical. 

Sax (1955) reported that he obtained a significant increase of 27 

per cent in the yield of lettuce and of 16 per cent"increase in the 

yield of cabbage following X-irradiation of dormant seeds at 3,000 r. 

He carried out additional controlled experiments which showed no signi

ficant effect. 'He failed to show positive results with X-irradiation of 

dormant seeds of carrot, turnip and beet~A1so, irradiation' of Gladiolus 

bulbs with 4,000 r of X-rays did resu:l::t in significantiy ,earlier nower

ing. Spencer (1955) reported that doses of5 ,200 r. of X-irradiation on 

bulbs and corms of 16 varietie~ from 12 genera of cultivatedmonocoty

ledonous species resulted in significantly earlier flowering for seven 

of them the first season after treatment. There were no differences in 

the second year indicating no afte~effect. 

Vlasyuk (1955) concluded fram his experiments that treatment of 

seeds wi th small doses of ionizing radiations before sowing increased 

yield and plant productivity. He felt that this practice should be 

reconnnended for extensive agricul tural trials. However in 1956, Norman 

et al. conc1uded thatthere was no evidence that plant g~owth is stimu

lated or crop yield increased by exposure to low levels of radiation. 

Sari6 (1958) clearly showed that the ontogenetically youngest seed 

is more susceptible to irradiation than the ontogenetically older seed. 

Thus, the two groups reacted differently to ionizing radiations. 

Vidal (1959) reported that gamma irradiation of seeds with doses 
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fram 200 to $,000 rad stimulated the growth of some crop plants and in 

some cases increasedthe yie1d. Thus, he observedthat stems from wheat 

plants grown fram seeds irradiated at levelsvarying~rom 1,000 to$,OOO 
. . ::. . . '. -: . . . '.' . 

rad were larger than those ofcontrols. ,'Heobserved': grawth stimulatio~ 

fo11owing irradiation of pea seeds at doses ,of 250 to 2,QOO rad and of 
'.' . . . 

spinach seedS at 800 ,rad~ He' .obserVeri,'~n:, ino,teu~,:of,390, })er cel);~: in::the ' 
• • •.. , ••. ; •.••... * .• ",." ..• ' .•• " ",' •••. :. 

yield of radishes after irrad:làtionofthe'sëéds:with$,OOO rad. He>~so 
, ' , 

found that doses fran 1,000 to $,000 rad i~reased the yield of tomatoes, 

doses of 100 toSOO rad stimulated the ,grawth ~f liliesof the valley and 

that irradiation of begonia tubers sti:mu1atedtbeir ;growth.· On the, OUler, 
. . . . . 

hand, he failed tofind an,y dose whicb "wou1~t8t1mulatethe growthof;tur:-
... : ... 

nips and carrots. He fe1tthat adverse grow1ng conditions might be"·" .. , :' 
" . :'" 

responsible for this. In somecases, he ~bserveda'de!inite st1mulat.ion' 

of growth following irradiation of the seeds dUring the: first stages of, ' 
. . . . . . 

deve10pment which disappeared later. ThaUrlg(1960) failed to find:al\Y' ',,: :' 

stimulation of germination of dry rye seeds exposedto 5OO,:1,ooO,or 

1,$00 r of Cobalt60 prior to seeding but he observedanincreased yi~ld, 

the increase varying ri th the varieties and the doses. Osborne' and Bacon' 

(1960) observed growth inhibition of seedlings of 12 species arter:trea~ 

ing the seeds ri th $,000 rad of gamma rays but they observed growth stimu

lation of wheat seedlings after treating the seeds with 500, 1,000 or· 2,$00 

rad. 

" .' 

In 1962, BOllen ~.!!. reported that doses from ° to 800 rad of Cobalt60 

gamma raya on donnant flax, radish and cabbage seeds had no significant 

effect on growth. Also, irradiation of young fiax, cabbage and clover 

seedlings with $0 rad of Cobalt60 did not produce any significant result. 

A significant stimulation was observed with 1ettuce but they felt that 

" 
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this experiment should be repeated on 'a larger scale before this resUlt 

could be coi1fidently accepted. Pinus sylvestris was also significantly 

stilnulated wi th a dose fran 2 to 6 rad. 

Shama (1963) reported- that treating buckwheat seeds with 10,000 r 

of X~rays produced a significant stimulation of earliness (sprouting, 

expansion ·ot.1ïb'e.'fil:"st.ttué'leaf and~~nOW'erlngrand height (seedling and 
. . '.. . ,. ." .. , ~ . : ", " . 

plartt '&ei:ghtl., ' LoWerd~~es; ,did'ho~ . atr.'~e~,tbe'emergenee of the seedlings 
. ,', ,:,. 

or, then1Dllber of ,pllmts:.tha:~:.'rea.cm~d maturltywl1ile high'er doses resulted 

:ill'significantreduetion~:' ~9.x (1963),. taking 1ritoJ acc-,o~t the !aet that 

the· earlyworkon the stimtilating effects ofionizingradiat1ons was 

based upon inadequately 'Co~troil~d expériments stiÜ .. concluded that there 

, wa~erltical evidence that low levels of irradiati~n-do' have' a stimulating 
,':'.; . 

'erfe~t on certain stages of plant de~èlopment. But cIma that the' 

irradiation oi' Beeds results in greater yields of crop plants sti1;t lacks 

'. 'crl.tica1confirmation. 

SUss·and Haisch (1964) reported that ionizing radia.tions-iri the range 

of 0.5' to lOOr significantly stimulated the growth of cereals while a 

dose of 200r inh1bited it. They obtained the sarne resultsduring three 

. yeara. They also reported a highly signifieant grOlf,th stimul'ation by 

SInall radiation dosee in the 1'1 progeny of the irradiated seeds'. Skok 

~ &. (1965) X-irradiated dry sunf10wer seeds at doses ranging from 

50 t05,ooo r. They observed a signifieant grow-th stimulation with 

lower exposures but this stimulation was general1y not reproducible. 

Depression of growth was observed with higher exposures. They also 

irradiated buckwhRat seeds. They observed a great stimulatory effeet 

with ,,000 and 10,000 r in one experiment and a marked depressive effect 

wi th the saroe treatment in another experiment. Irradiation of buckwheat 
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seedlings vith a dose of 750 r increased heightby about 10 per cent 

and their irradiation vith four successive exposures (from50 to 500 r) 

had a depressive effect on growth. This experiment was repeated four 

times and the results were quite similar. They concluded that stimu

lator,y effects of ionizing radiation on the growth of plants could be 

obtained. The increases, though significarit in some instances, are 

small. °They also pointed out that when stimulation is found, it is not 

always reproducible. They felt therefore that stimulator,y effects are 

obtained only under specifie conditions and that the factors affecting 

radiation rèsponses must be -studied. Preobrazhenskaya (1965) reported 

that dr.1 barley seeds irradiated vith 7,000 rad of Cobalt60 emerged one 

to three days later than the control and gave a lower yield. He showed 

that the climatic conditions under which the seeds were grown before 

irradiation affected their sensitivity to irradiation. Thus, the seeds 

grown at the lowest tempe rature were more radiosensitive than those grown 

at higher temperatures, hence a greater yield reduction for the former. 

Russian workers (MacQueen, 1968) reported that the optimum doses for 

pre-sowing irradiation of seeds have been established. They are as 

fo1lows: carrot - 2,500 r; cabbage - 2,000 r; radish - l~OOO r; cucumber 

- 300 r; maize - 500 r;rye - 10,000 r; tumip - 500 r; !lu - 1,000 r; 

sugar beets - 1,000 r. These doses produced the following results: 

carrot - 24 to 30 per cent increase in the yield of roots and 6 to 12 

per cent increase in carotene content; cabbage - 5 to 10 per cent yield 

increase; radish - 5 to 7 days earlier maturation and 20 to 30 per cent 

yield increase; cu cumbe rso - 15 to 20 per cent yield increase; maize -

greater weight of green material and 15 per cent increase in sugar 

content of the kemels; r,ye - 20 per cent increase in the grain yie1d; 



turnip - 30 to 37 per cent increase in the yie1d of roots; flax -

10 cm e10ngation of the stem and 5 cm e10ngation of the effective 

1ength; sugar beets - 30 per cent or more increase in yie~d. 

10 

Savin and Shutov (1966) reported that Cob~t60 irradiation of 

bar1ey seeds at a dose of 5,000 rad inhibited the growth of the primar,y 

1eaves but stimulated the growth of the 1eaves-of·the upper formations 

and increased the number of 1ateral shoots. Kahan and Av1dov (1967) 

irradiated onion bulb1ets at 300, 600 and 900 rad. Only the 300 rad 

dose increased the yie1d (5%) of tirst quality onions when irradiated 

eight days before p1anting. The same dose app1ied 17 and 25 days before 

p1anting reduced the yie1d. They also irradiated air dried or wetted 

onion seeds (50% moisture) at 300, 600 and 900 rad. Both produced 

slight1y higher total and first quality yie1ds at 600 rad. The increases 

were 5 per cent of control for wetted seeds and 7 per cent of control for 

air dried seeds. At 300 and 900 rad, the yie1d was reduced. In both 

experiments, germination and subsequent growth were stimu1ated during the 

first four weeks at 300 and 600 rad. Woodstock and Justice (1967) reported 

that treating corn, wheat, sorghum and radish seeds with a dcse of 5,000 

rad of Coba1t60 produce a sl1ght, but consistent stimulation in the growth 

of seedlings. 

Recent1y, Nutta11 et al. (1968) found that gamma irradiation of seeds 

of garden crop plants prior to sowing at the 100 rad 1eve1 produced various 

but positive responses for a11 the vegetab1es used vith the exception of 

cucumber. For instance, doses of 100 and 300 rad brought about a more 

concentrated rnaturity of sweet corn and a dose of 100 rad slight1y 

increased the ear1y yie1d of ~ggp1ant and produced the greatest early 

yie1d of 1ettuce. This sarne dose gave the best emergence and the highest 
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yield of peas, gave the highest early and total yields of marketable 

fruits of tamatoes. The 100 and 300 rad doses gave considerab~ higher 

early yield of pumpkin. Finally, cucumber growth was inhibited by all 

the' doses used. They concluded that these results suggest that low dose 

gamma irradiation stimulated an earlier maturi ty ~d increased yields. 

However, they recommended·further studies before commercial application. 

2. Effects of low doses of radiation on plant Metabolisme 

Breslavets (1946) reviewed the ear~ work on this subject. There

fore, only the more recent papers will be reported here. 

Gordon and Weber (1950) reported that25 or 100 r of X-rays on 

plant leaves immediate~ lowererl the auxin levels in the plant although 

recovery oceurs in about one to two weeks. Vlasyuk (1955) reported that 

treating seeds with small doses of iOnizing radiations intensified the 

metabolic rate. Kuzin (1955) demonstrated retardation of the s.yntheses 

of nucleic acids and proteins in plant tissues two hours after irradia

tion with a dose of 1,000 r. 

Gordon (1957) found that auxin is not sensitive to X-rays below 

10,000 r but that auxin and deso~ribonueleic acid (DNA) biogenesis are 

inhibited at doses as low as 35 r. Desrosiers and Rosenstoek (1960) 

reported that a dose of 10 r resulted in approximate~ 10 per cent 

inhibition of the enzyme whieh converted tryptophan to indoleacetic 

acid. The synthesis of DNA oeeurs in meristematic tissues. Cel1s whicb 

have been irradiated in the mitotie stage did not e1aborate DNA and the 

mitotic activity was del~ed. Doses as 1ittle as 35 r were sufficient 

to temporari~ inbibit the syntbesis. 50 it appeared that the inhibition 

of DNA synthesis eaused the mitotic inhibition. 5ince both auxin and DNA 



are required for cellular multiplication, radiation damage to the 

growth of a plant mç' be related to both auxin and DNA biogenesis. 

12 

Kaindl and Linser (1961) in their literature review stated that 

it i6 certain that the formation of peroxide radicals in the tissue 

fluids activated by radiations i5 of fundamental importance since their 

effect on organic campounds, in conjunction with the direct effects of 

radiation, produced strong chemical reactions which impair or inhibit 

the enzymatic activity of protein substances. 4 

Meletti !3!:. al. (1964) found that the stilnulation of growth following 

X-irradiation of seeds resulted fram the destruction or inactivation of 

an inhibitor present in theendospermof after-ripened seed. This 

inhibitor was not present in detectable amounts in the endosperm of seeds 

during the total periodof .dOrm~cy (fil-st tbree months or more after 

harvest) but appeared after such a.period. 

Simonis (1966)' ·concluded from his renew of li terature that enzymes 

were very resistant to irradiàtion and thaten~es activity could be 

enhanced by irradiation in a few cases~ Most of the time, the increased 

activity might be caused by the destruction of an inhibitor, by the' 

release of an activator or by the release of inactive enzymes fram their 

links with intracellular structures. However, ha concluded that it was 

evident that low doses of radiation were sufficient to inactivate the 

5,YDthesis of enzymes and of DNA. 

Flaig and Schmid (1966) concluded fram a stuqy of different papers 

that low doses of radiation would not be directly responsible for the 

observed effects, but that these effects could be brought about by sub

stances formed by the action of radiation. Thus, it has been found that 

during irradiation different enzymes could be set free. Metabolic 
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products formed by the action of theae enzymes could eventuallY produce 

effects on the Metabolisme Th~y also concluded that the effects of low 

doses of radiation are caused by substances wbich are perhaps comparable 

in their chemical constitution to some of those compounds that the 

authors'investigated as physiologically active substances. They fina!ly 

concluded that l.ow doses of r~diatioll do not cause much alteration in 

DNA; therefore the effects observed on plant Yieid May notbe attributed 

to them. 

Il' ina ~ . .!!.." (196$).' ~bserved" that .. af~er irradiation, ·the·:r~tio 
. 0 (: 

between starct;'artd protein 'changes>in .wheat eeedS. WoodStock'and; Ju~t.ice 

(1967) 'obse~e~~h~t: &. dose:Of'S,~ rad OrbObalJt60 on se'eàs incre~'sed 
. . ~. .' . . 

the oxyg~n uptake ~ .' ~ecreased tb~ respira tory .quotient 'pr both in corn, 

wheat andsorgirwn' but· not in radish· seeds. 
" o 

• "C' 

',' " 

3. Effects' of.pre-:plcmting irradiation on the groWth, field and quality 

of the potatoes. 

On the growth and yield 

The firet experilnent involving irradiation of potato eeed tubera was 

performed by Jacobson in 1923. He reported that X-ray treatments increased 

the yield of one variety by 84 per cent and that ~f another va ri et y by as 

much as 200 per cent. Irradiation also increased the size and number of 

tubers. Johnson (1928) reported that pre-planting treatment of unsprouted 

tubers of the variety Early Ohio vith a ver,y light dose of X-rays resulted 

in a 21 per cent increase in the number of tubers per bill over the 

control. Howel1er, because the average weisht of these tubers was 18 

per cent lower than that of controls, the average total weight of tubers 

per hill was practically the sarne 'for the controls and the experimental 
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plants. There wasno evidence that irradiation resulted in an increased 

weight for the total crop. The pre-planting'treatment of aprouted tubera 

, also resulted, in a ~reater number of tubers' perhil1~Jihan .. the. controls 
.' .-.. 

but ~th aSJlialler weight pertubér. 

Ir1~h 'Cobblër ,~il4 Green Mouiltainvarieties treated with' X-rays"did. not 

" 'be~a~è·~'~:'iri ';oh~s'o~is expe~metl~ •. 'Tlle potatoes were' t~~ated::'wheti' the' : 
• • ,... '.' •• ' 1. ' '. " • • . ' " 

:, ' : '~~;~t~ :;'~re,·j~~,t':'~~à~ng. todev~lOP. 'One 10~Ofhàü~ t~b'er~<'the' 
.' .,~. .'.,:., . .-: . 

" ;,' ): ,:,,:()t~r. "l:talf b~ing' ,Qsed ,.as a contl'~l) was i~radiated: tei(niinu1;es and '" " 
. . .' -:. . . ..... .. '. Q.... '.' . ~ 

, ': "", .' ,:' ':a'noth~r .lo.t 1I'as. J.rradiateè rive minutes. " The ote~-1Î1inute' 1:rradiation:, 
' .. '... .' , ' . .... '''''' . .-, " ..... . ... 

; :,:: "':, '~~eAtJlletlt' eaused the'first leaves of the planta to ~~stime:,a pec~Ù,ar 
.', . . 

.. .~ ;'shap'eo:and re4ucéd the tetall1e1d am the.number '9f tUb~;'B but increeed"': ,.' . .' . . ., . . ' .. . 

,: ~,',", 0,' the,'a,verage oweight p~t tuber ,of marketable.stock., Tb,e. iive-minute ir~~';';, . 
: .'. ". : .1 ::., • 

.• 0 '. 

',diation treaj;ment increaeed the :t;ota1 yi;eldby .3 per cent over the con-' 
-. ',' '.. . . ~~ " . ~. -

, .' " 0 c' :: ; 

" trol" the' number of tubera by'4 .. 7" per cent and the number of marketable' 
'('l • ~ 

'tubera: by 5.1 per cent. They concluded that pigh dpsages reduced the 
- " . 

numb'er'.oftubers fomed but, that ,even"with' alower number of tubers, the 

yie).d was not reduced, the tubers formed attàining a greater size. 

Johnso~ (1931) reported on the resu1ts of her etudies carried out 

wi th the Colorado wild potato, Solanum jamesii. The tubers were grown 

for two successive years and the results for the second year were obtained 

fram over 14,000 tubers grown at three different altitudes. The data 

showed conclusively that light exposures 'to X-rays before planting did 

not stimu1ate growth. However in 1937, she reported that a l,500 r X-ray 

treatment of seed tubers increased tuberization. She a1so observed in 

five different trials invo1ving a large number of tubers that irradiation 

of unsprouted tubers resulted in only a slight increase in the number of 
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proge~ and in average weight per hill.but that irradiation of sprouted 

tubers gave a marked increase not only in the average number and weight 

of tubers per hill but in the average weight per tuber. She suggested 

tbat the increased yield might be due to an increased rhizome development 

whicb resulted in greater tuber production. 

In 1950, Sparrow and Christensen planted potatoes of the Katahdin 

variety after exposing the tubers to different doses of I-r~s at a dose 

rate of 80 r per minute. statistical analysis showed no significant effect 

on yields following doses of· 18.75, 75 and 300 r but did show a significant 

adverse effect folloWing doses. of 1,200 . and 4,800 r. They also investigated 
. .. . '. . 

the effects of chronic. gamma irradiation on the potato. A· gamma source of 

16 curies of Cobalt60 providing continuous irradiation of 0.26, 1.15, 4.8, 

19.5 and 79.9 rad per daytogive full-season totals of approximately 28, 

123, 516, 2,086 and 8,529 rad respectively was used. These treatments 

did not produce any adverse effect on growth or yie1d and there was no 

significant relationship between dosage and yield. 

Hagberg and Nybom (1954) conc1uded from their experiments wi th three 

varieties of potatoes, using eight tubers for each va ri et y and each dose, 

that the radiosensitivity of potato varieties to x- and~-r~s varied 

considerably from one to the other. They also reported that the I-r~ 

treatment of potato seed tubers having ver,y small sprouts with doses of 

1,250 to 2,500 rad retarded sprouting and that the vitality of the plant 

measured by the size of the top was reduced although the number of plants 

was not reduced. 

In 1958, research workers of the National Defense Establishment, 

Paris, reported that doses of gamma rays below 1,000 rad did not inhibit 

germination, nor did it affect the subsequent development of the plant 
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grown fram the irradiated tubera. On the contrary, it seemed that the y 

had a Qeneficial effect as sbowriby better vegetative growth and increased 

crop yield. However, no data were reported. 

Jaanna (1958)reported tbat 'a 'pronouncedstimulation of germination 

was observed alter treatingpotato seed.tubers JlithCobalt60 at doses of 

3$0 to Boo rad. ' A15 per cent increase in the "Y1ela otBintjeand 
. : '. . 

President varieties which were irradiated with 400 to ' 800 rad ,was obtained. .". . . . . . 

He aIso showed that X-rays were more stimu1atory than g8Jnma rays.'Thus, 

an i-ray do'se of Boo r given at a dose rate of Boo r per minute i~creased 

the average number of sproutà ,of irradiated tubera while a gammaray, dose" 

of, 800 rad given at thesame dOSe rate did not cause 8.ny stbmlation~ 

Furthemore, he sher--red that stimulation of sprouting of I-irradiated 
, " 

potatoes was greater at a dose rate of 32 rad perminute than' at â dose 

rate of 800 rad per minute. He also observed tbat doses as low as~,OOO 
. '. " 

rad reduced sprouting. Vidal (1959) reported that gamma irradiation in 

the range of 500 to 1,000 rad did have sorne stimulatory effect on tbe 

growth" of the potato but the effect was 1imi ted. 

Korableva (1960) reported tbat the structure ~f apotato sboot forced 

into growth by irradiation at 500 t02,OOO r differed fram that of a, con

trol shoot. This alteration of the shoot had disappeared 25 to 30 days 

after sprouting and the growth rate was sim.i1ar to the controls afterwards. 

In 1961, Fischnich et al. reportedthe results of their experim.ents 

perfonned sinee 1954. They studied the deve10pment of sprouts of X- and 

gamma irradiated potatoes in dose sma11er than 100 r in storage and in 

the field. In storage, the sprout1ength of irradiated unsprouted tubers 

of the varieties Bona and Ackersengen was significantly reduced one year 

but not another. In Most years, slightly sprouted tub ers of the variety 

Ackersengen irradiated and stored at 18°c, showed a marked increase in 
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sprout length over the control but sprouted tubera, treated similar~ 

developed shorter sprouts than the untreated ones. Tubera de-sprouted 

immediate~ before irradiation and stored at ISoe showed no difference 

in sprout length wben compared with the de-aprouted controls. In the 

field, unsprouted tubera of the variety OlYmpia, irradiated at 100 r 

ahowed a greater growth potential in two years than similar non irradiated 

material. They also found that slightly sprouted tubers stored at 120 e 

before irradiation and at ISoe after treatment showed greater sprout 

development than the control and than those which had been stored at a 

lower temperature before irradiation. They also found that irradiation 

of unsprouted tubers of the variety Ackersengen followed by storage at 

180 e had nomaterial effect on the number of sprouts formed but substan

tially increased the number of sprouts oi the variety Bona. They concluded 

that the effect of irradiation depended on the variety, the p~siological 

condition of the tuber (unsprouted, slightly or well sprouted respectively 

and de-sprouted before and after irradiation) and the conditions of storage 

of the tubers because the effect of law doses is obtained o~ when the 

metabolism is stimulated before and after irradiation. 

. Smalik et al. (1962) observed sprout stimulation in four varieties 

during the first two days after having exposed the seed tubera to 250, 

1,000 and 1,750 r of X-raya and a stimulation of the overall growth of 

the plants grawn from sprouts exposed to 250 r. They also obaerved 

deformation of the leaves and stems and deformation of the tubera with 

aIl four varieties from 1,000 rand higher. Even a dose of 250 r affected 

the shape of the tubera. 

Gantzer and Heilinger (1964) treated freshly dug tubera with rindite 

and with X-rays two weeks later. Law doses increased sprouting whereas 
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a dose of 1,000 r decreased it. Six to ~ight weekslater, the differ

ences had dissppeared. They observed varletal differences. TIms, a 

100 r dose did not have any effect on sprout growth of the variety Corona 

but improved the sprout growth of the variety Fe1des10hn. They aIso 

observed that doses fram 100 to 500 r had more effect on the variety 

Corona than on the varlet y Fe1des10hn. The effect of different doses on 

the sugar content of irradiated tubers was investigated. They found tbat 

treating seed tubers with doses of 1,000 and 4,000 r increased their sugar 

content but t~t doses Iower than 500 r had no effect. They felt that 

irradiation did not have aDj" effect on the starch breakdcnm itself' but 

did probably act on the intermediate products between starch and sugars. 

In another exPeriment, Gantzer and Hei1inger (1964) used ten JIlOnth-01d 

seed tubers of the varlet y Corona previous1y etored at 4°c and then sprouted 

at 16-17°C. They observed a definite dose rate effect. A dose of ),200 r 

given at a dose rate of 45 r per minute caused a greater reduction in 

sprout weight after 30 days than at a dose rate of 4 r per lIinute. AlBo, 

tubera stored for six weeks at 12°C and then irradiated at a dose of 2,000 

r had a reduced sprout weight for the first two monthe. Two Jlonths 1ater 

the differences had disappeared. They also conc1uded that doses of 100 r 

or 10wer had no influence on sprout growth. 

Serebrennikov and Kir,yukhin (1965) reported that Lipsits succeeded 

in 1947 in increasing the yield oi potato tubers of the Vol'tman and 

Komea varieties by 25 to 38.5 per cent as compared with the controls 

with pre-p1anting treatment with doses of 400 to 800 rad. They also 

reported that Berezina et !l. pub1ished a paper in 1963 stating that the 

optimmn dose for the Ber1ichingen varlet y ranged fram 500 to 2,000 rad. 

Serebremükov and Kir,yukhin (1965) found that gamma irradiation of 
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unsprouted potato tubers with doses of ISO to 500 rad increased the 

number of eyes which sprouted and accelerated the emergence of sprouts 

by three to four days. However, an increase to 1,000 rad del~ed 

sprouting. The irradiated tubers produced a greater nœnber of stems and 

a larger assimilative surface. Doses of ISO, 300 and 500 rad increased 

the yield, 300 rad causing the greatest increase. At this dose, an increase 

in yield of 20 to 35 per cent for the Lorkh variety and of 24 to 28 per cent 

for the Early Priekul' skii variety ws observed when compared with the 

controls. But 1,000 rad decreased the yield for both varieties over a 

three-year periode Also, they reported that the optimum dose for obta1ning 

a stimulating effect in the irradiation of Lorkh variety tubers which" had 

been allowed to sprout for· 40 ~s in the light vas SO rad while that for 

irradiating tubers which had not been allowed to sprout vas 300 rad •. They 

observed a definite link betveen stimulating doses of irradiation and the 

biological earliness of a \-'ariety of potatoes. Thus, the optimum irra

diation dose vas 1SO rad for an early variety, 300 rad for a mid-ear1y one 

and 500 rad for another mid-early one. They also showed, using radioactive 

Carbon14 that, in the 1eaves of plants grown fram tubera treated vith a 

dose of 300 rad, the photosynthetic pro cess vas more intense and the 

products of assimilation vere trans10cated more quickly fram the 1eaves 

to the tubers. As a result of irradiation of the tubers, there vas an 

increase not ooly in the carbon supp1y to the plants but in the absorption 

of tagged phospnorous fram the soil. 

Grechushnikov and Serebrennikov (1965) reported that Kuzin be1ieved 

that pre-planting irradiation of the seeds of potato plants and tubers vith 

doses that are optimum for each species and variety can break dormancy, 

pramote the acceleration of germination, and better growth and development 
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which will result in better yield. They lllso reported that Raze and 

Kavatse, through irradiating tubers with gamma r~s, obtained an increase 

in yield with the Early Priekul'skii variety While the irradiation of 

tubers of other v~rieties gave negative results. They also reported that 

Rubin and others did not obtain an increase in yield when they irradiated 

tubers becauae they carried out this treatment long in advance of planting. 

The time elapsed between irradiation and planting appears to have some 

importance. Serebrennikov and Kir,yukhin (1965) stated that tubera are 

best irradiated six to ten days prior to planting. Irradiation of tubers 

20 to 30 clays prior to planting causes them to sprout prematurely and when 

they are transplanted to the field the sprouts break easily. 

Grechushnikov and Serebrennikov (1965) concluded that the contradictory 

results published on the effect of irradiating tubers with various doses on 

plant productivity indicate that the effect of irradiation depends upon the 

p~siological state of the tubers, the dose and dose rate and the agro-

climatic conditions under wh1ch the plants are grown. They reportedthat 

gamma irradiated tubers with doses of 1,000 to 3,000 rad produced plants 

showing considerable morphological deviations from the controls, such as 

modified sprouts and leaves, e.g. thickness, number of epide~al cells 

and stomata. Plants grown fran tubers treated with 300 rad were the tallest 

and had the largest number of stems and the Most extensive les! area. A 

300 rad dose resulted in a 19 per cent increase yield over the control for 

the Lorkh variety and in 22.8 per cent increase yield for the Priekul'skii 

variety. This dose seemed ta be the optimal one. A 1,000 rad dose 

considerab~ decreased the yield of the Lorkh variety and slightly decreased 

that of the Priekul'skii variety which indicated again the different radio

sensitivity of the varieties. Gertsuskii ~!!. (1966) reported that pre-
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planting irradiation of tubers vith small doses (250-500 rad) of gamma 

rays had a stimulating· effect . during the early development. This' stimu

lation disappeared vith ttme. Th~ observed a greater effect of protons 

on growth and yield of potato than of gamma rays. Sflss (1966) irradiated 

slight~ sprouted potato seed tubers vith low doses at a dose rate of 

9.75 r per minute. He observed some reduction in yie1d and starch content 

on the crop from a dose of 1 rand some increase f~om doses of 10 to ;0 r. 

These differences were not significant. The number of sproutswas not 

affeeted but the number of tubers per plant was increased. He observed a 

positive after-effect the following season, the greatest inerease in yie1d 

being at 100 r. He also reportoo a greater stimulation of germination 

fram irradiation when the tubers were stored at 100C, eampared to l~C. 

Rohnnann and Brownell (1967) eonciueted an experiment in 1965 with 

freshly dug field grown potatoes of the Busset Burbank variety. w~ch were 

irradiated with dosee of 250 to 2,000 rad of Cobalt60 and then eut. They 

were di vided into two groups. One group was air cured for two days before 

planting and the other was planted directly. The air eured seed showed 

massive sprouting 21 days after..planting and, subsequent to transplanting 

outdoors, produeed a eeeond crop of potatoes before the first major winter 

freeze. The second group did not sprout for several weeks. They coneluded 

that growth stimulation in the fonn of early sprouting ean be produeed by 

treating tubera in their rest period with low doses of irradiation (500 to 

2,000 rad), if other synergistic factors are present. There were also 

indications of inereases in yield in plants grown from seed receiving 

2,000 rad as compared to lower doses. In 1966, they observed that a dose 

of 1,;00 rad of Cobalt60 on fres~ dug tubers whieh were taken fram 

chemically defoliated fields caused a 40 per cent emergence as eompared 
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to 5 per cent for the controls. 'In the same experiment, a dose of 

l,Boo rad on tuberstaken fram actively growing but mature.plants caused 

a 15 per cent emergence of seed1ings as comparedtoO per cent for the 

controls. The,y a1so observed in another experiment tbat storing· tub ers 

on ice for two weeks before irradiation with ,~oses ranging from 0 to 2,100 

rad delqed emergence, and reduced growth rate and yield. They felt .that 

the stimulation of sprouting observed was similar in 1965 and 1966 but 

that the subsequent growth response of the 1966 crop was different from 

that of 1965 leading them to conclude that more research was needed' to 

explain the radiation effect on growth and.yield. 

Lure et al. (1967) found that treating potato tubers with 300 r of 

gamma raya before planting increased the yield of the crop. Kahan and. 

Susnoscki (1967) showed that the e1apeed time between·irradiation and 

p1anting of tUbera was important. Thus tubers treated with doses ranging 

fram 20 to 200 rad and p1anted 14 days after irradiation showed an. increase 

yield of 33 to 4l per cent over the controls while a dose of 200 rad on 

tubers p1anted 28 days after irradiation was required to increase the 

yield but ooly by 27 per cent. They also obaerved that irradiation 

(50-100 rad) increased the rate of germination, the absolute percentage 

of germination on a definite planting date and the average number of stems 

per plant. 

Farooqi et al. (1967) carried out an experiment in which potatoes 

were gamma irradiated 15 days after harveat and th en stored at 28.3°C and 

69 per cent relative humidity. They observed that, 60 days after irradia-

tion, the tubers which had received 2,000 rad had larger sprouts than the 

control. They concl.uded that this dose stimulated sprouting. 

Sorne workers also investigated the effects of phosphorus32 in the 
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fertilizer on the growth of the potato. Stanton and Sinclair (1951) 

used two doses, 10.,e.<c and l00-Uc. 'They cont1uded that at least loo.A'c' 

must be applied to pro duce observable effects on the tubers. At this 

dose, the gl"owing point rece1ved about 3',000 r. Hagberg and Nybom. (19.$4), 

us1ng .$oo",,"c of phosphorus32, reported a delqed development of the plants. 

Tbey 81so observed leaf abnormalities, a larger number of 1eaflets and 

rolling of the leaves as reported by Stanton and Sinclair (19.51). In 

19.5.$, Zhezbel reported tbat radioactive fertilizers such as radium, 

uranium and shale which contained radioactive matertal did increase the 

yield of potatoes by 10 to 20 per cent. The radioactive content of these 

fertilizers varied fram 1 x 10-12 curie per"kg to 1 x 10-9 curie per kg. 

In 19.$.5 alao, Kuzin reported that radium (1 x 10-9 curie/lcg) and uranium 

(1 x 10-4 curie/lcg) increased the yield of potatoes by 24.2 per cent and 

37.3 per cent respective~ in 1947 and by 32.1 p~r cent and 21.9 per cent 

respective~ in 19.54. 

On guality 

Law doses of irradiation on potato seed tubera were found to affect 

the quality of tbe progeQY. Grechushnikov and Serebrennikov (1962) observed 

an increase in nitrogen content in the tubers grown fram seed tubers irra-

diated vith 100 to 300 r. Grechushnikov et al. (1964) observed tbat a dose --
of 300 r speeded up the translocation of the products formed in the photo-

synthetic process to other parts of the plants, among them tbe tubers. As 

a result of this, the sugar concentration in the leaves was rapi~ depressed. 

The concentration of dissolved carboqydrates in the leaves was increased at 

1,000 r as a result of the slawer translocation of the photosyn~hetic 

products. Using radioactive Carbon14, Serebrennikov and Kir,yukhin (196.5) 
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also showed that in plants grown fram irradiated tubers the products of 

photosynthesis were translocated more rapidly from the leaves to the tubers. 

5erebrennikov and K:i.ryukhin (1965) and . Grechushnikov and 5erebrennikov 

(1965) reported that gamma ray doses. of 150, 300 ahtL500 .. rad· incr~aseci the 
. . . . ,"., . .',' . . . "~.' ~ 

starch content of' potatoes g~ownfrom irradiated l3~ed· tuberarltb the. . 

varieties Lorkh and EarlyPr1"eÏèul ' skii •. This increaseinstarch·content· 
,;,:,:, .. :, . 

could be explained by ttl,e· more· rapidtranslocation orthe sugarsfr~:the' / .' 
, . . .. . 

leaves mentioned earlier. 
. . 

" . '... 

4. Effect of· radiati~n on,the:.metàbo11sm of· the 'irradiated tubera., 
"'1. . 

; .... ; . 

Whena,tuber, si~rts: sprouting, ,:the ~tarchishydrolyzeQ.·into' soJ,.ubie , 
.: '.' .. '. , '. . 

sugars' (Emilsson' and IJ.~db10m; :196.3; Edelman and 5ingh, 1966).' ·These' s~gars , 

are used forSpront.'groWth.The~ rateat which,-starcb is:bydrolyzed to sugal'~' 
, , ," - . . . . 

i6 very imPort~nt' for .sPr~t·growtb •. ' 

According to . Roberts and' Proctor (1954) starch grains are very resis-
. '. 

tant' to' the açtion';of ra.'diation; but G~citiushnikovand Serebrennikov '(1965) •... 
. . . . , . 

found that tubers irradiated with gamma raya st doses ranging frem 100 to " 

1,000 rad ahowed anincreas,e in Bugar content and in starch decomposition •. " 

The accmnulation of soluble carbohydrates couldbe detected one day after 

irradiation and depended upon the strengt.h of the dose and its physiological 

effect. Thus the accUmulation of soluble carbohydrates took place more 

slow1y at 100 rad than at ~OO and 1,000 rad. The largest amount of soluble 

carbohydrates accumulated in tubers treated with a dose of 1,000 rad. Ten 

days after treatment with 100 and 300 rad, the soluble carbohydrate content 

dropped somewhat which, together with the simu1taneous disintegration 

of starch, indicated that the carbohydrates were being used in the 

growth processes of the sprouts. The same pattern of carbohydrate 

metabolism was also observed on the control tubers. At a dose of 1,000 

rad, however, the soluble carbohydrate content of the tubers kept on 
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increasing aiter ten ~s while the rate of starch disintegration 

approached that at other doses and in the controls. It was therefore 

natural to assume that the soluble carbo~drates were only slight~ 

utilized in the gr~h processes of the sprouts. 

Serebrennikov and Kir,yukhin (1965) stated that investigations have 

established that irradiation of potato tubers with gamma r~s with doses 

of 150 to 500 rad increases the activity of the p~siological and bio-

chemical processes in the tubers. They suggested that during irradiation, 

the starch, because ofincreased enzymatic activity, is convertedmore 

rapidl.y into soluble carbo~drates. As a result, a larger number of eyes 

and buds appearand the emergence ofsprouts is accelerated by three to 

four ~s. However, an increase.in dose to 1,000 rad inhibits the 

pqysiological andbiochemical processes and the sprouts appear two to 

three ~s later than in the controls. 

As reported by Grechushnikov and Serebrennikov (1965), Rubin et al. 
.. --

suggested that the increase in soluble sugars is due to the action of gamma 

r~s on a11 the links of the enz.ymatic conversion of carboqydrates in the 

tubers; the activity of phosphoglucomutase and~lase ie intensified and 

that of phosphor,ylase inhibited. 

The nucleic acide are also invol ved in plant gr~h. In experiments 

with potatoes, Serebrennikov (1965) showed that nucleic acid synthesis was 

increased at a dose of 300 rand was decreased at a dose of 1,000 r. The 

intensity of cell division followed a similar pattern. 

Jaarma (1966) found that there were only traces of proline in freshly 

harvested tubers while, alter storing them for several months, there was a 

considerable amount of this amine acid. He also found that there was more 

proline in the apical end of potato which had just begun to sprout than in 
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the other parts of the tubers. As sprout-stimulating agents Bucb as 

gibberellin and rindite seem to be responsible for an increase in proline 

content, stimulating doses of irradiation should produce a similar effect. 

However he failed to observe such an effect at lov doses of gamma irra

diation but observed it at higb doses. He concluded tbat gamma r~s exert 

an influence on the proline metabolism which seems to be direct~ or 

indirectly connected witb sprouting. 
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A stu~ on the effect of irradiation pre-treatment of seed tubers 

on the growth, yield and quality of potatoes was conducted during the 

summer 1967. This preliminary experiment was carried out to investigate 

a possible trend in the responses. It was conducted on Mr. ~rard Riendeau's 

farm at St-Re1ni, Napierville County. The land was uniform but lower than 

the surrounding area. The soil type ws a silt 108111. 

1. Materials and Methods 

Experimental design 

A simple design was used in this experiment (Fig. 1). Every treatment 

alternated with a control row and ever,y treatment ws replicated twice. 

The rows were 122 meters long and the spacing on the row was 18 cm for 

the Kennebec variety and 23 cm for the Sebago va ri et y • The rows were 

0.91 meter apart. 

Varieties and treatments 

Certified Sebago seed and Kennebec seed one year a~ from certifi

cation were used. The Sebago seed was still dormant while the Kennebec 

seed showed a little sprouting. The Sebago seed was kept in a refrigerated 

storage at Macdonald College at 4.4°c until irradiation while the Kennebec 

was kept at the grower's storage at about 7.2oC. On May 2, they were 

taken to St-Hilaire for irradiation and kept at 21.loC until the next day. 

On M~ 3, the tubera were divided at random into four groups e.g. control, 

150, 300 and 500 rad. These figures correspond to the minimum doses 



Figure 1 

Design of the pre1iminary experiment, surnmer 1967.(1) 
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(1) Figures correspond to the actua1 doses received. 
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received. For irradiation, the potatoes were laid one l~er thick in 

cardboard boxes to insure unit'onn treatment. A special rack holding six 

boxes was used for the treatment. The rack was at 3.65 meters from the 

source. Each group of boxes was exposed on one side and then turned over 

in the Middle of the exposure. The controls were left in the adjacent room. 

The source was an industrial eObalt60 irradiator. The average dose 

rate was 2,300-2,700 rad per hour or 38.33-45 rad perminute. The variation 

in the dose or uniformity was 1.15-1.2 to 1 wbicb means tbat a dose of 150 

rad could be as high as 172.55 or 180 rad but not less than 150 rad. The 

radiation released by the source during i ts way up and i ta way down t'rom 

the storage well was taken into account. 

The potatoes were irradiated on M~ 3 and 4. After treatment, they 

were stored at 2lOe at St-Hilaire until M~ 9 when they were taken to 

St-Ré'mi and cut mecbanically. The seed pieces weighed about 57 g. They 

were kept at 100e until planting. 

Planting and management 

As mentioned in the review of literature, irradiated tubers should bé 

planted fram six to ten days after treatment to avoid sprout breakage. 

Because of rainy weather, planting was del~ed t'or 22 d~s after irradiation. 

Tbe potatoes were planted on May 25 with a conventional two-row planter. 

The fertilizer was applied in bands with the planter on each side and 

slightly below the seed pieces. Normal cultural practices for commercial 

potatoes were used. Hilling and spr~ng for insect and disease control 

were carried out by the grower along with his commercial potato operation. 

Measurements 

During the growing season, ten visual observations were made between 
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June 19, 1967, 24 days after planting, and the final harvest on September 

1$. Size of plants and date of bloam of the irradiated potatoes were 

compared with those of the controls. Tubera were harvested at different 

timea during the growing season to stuQy the yield pattern. 

In order to eliminate the border effect, three meters were 1eft 

untouched at each end of the rep1ications. Tubera were harvested by hand 

on August 9, August 23 and September 6. In an attempt to obtain a more 

repreaentative sample, each plot was made up of two sub-plots aelected at 

random on the row. Each sub-plot was 1.$ meters in length and contained 

six plants. On September 1$, a final harvest was carried out from a plot 

1$ metera in length, using a conventional one-row digger. 

At each harveat, the tubers were weighed, counted and graded as to 

size into three lots: under 20$4 cm, 2.,54 cm to $.70 cm and $.70 cm and 

up. Specifie gravit y of the tubers was determined for the last three 

harvest dates by the brine method (Murphy and Goven, 19$9) using ten tubera 

of comparable size fram each plot. 

2. Results 

Visual observations 

Emergence was slow during the first month after planting probably 

because of the cold rainy weather which prevailed. Growth was also retarded 

later in the season during a very dry periode Unfortunately, 1ate blight 

affected the crop which could account for the discrepancies observed between 

the early harvests and the last one. 

The size of the vines grown from the irradiated tubera and the controls 

and the date of bloom were nearly identical for both varieties, indicating 

that irradiation had no effect on these characteristics in this experiment. 
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Yields 

As statistical analyses were not perfonaed on the data cOllected, 

these are reported as the actual values obtained. The results for the 

irradiation treatments are also expressed in percent of the controls. 

In all tables, the data reported represent the average of two plots with 

the exception of the controls where an average of four plots is given. 

- Kennebec variety 

The data on the yield and number of tubers (Tables land 2) indicate 

that, on the first two harvest dates, yields from the irradiated tubera 

were lower than that of the controls, although the differences were small 

in some cases. However, on the last two harvest dates, yields fram the 

tubers treated with 300 and 500 rad were higher than that of the controls, 

the la st harvest date showing the greatest differences. Tubers treated with 

150 rad produced a lover yield and a smaller number of tubers than the 

c~ntrols throughout the season while the number of tub ers fram seed treated 

with 300 rad was larger than that of the controls on the last three harvest 

dates. With the 500 rad treatment, only the last harvest date showed a 

larger number of tubers. On the last harvest date, only the tubers treated 

with 300 and 500 rad produced a higher marketable yield and a larger number 

of marketable tubera (Table. 3). The specifie gravit y was not affected by 

radiation (Table 4). 

- Sebago variety 

The control, which had the smallest number of tubers at the first 

harvest date yielded less than the tubers irradiated with 300 and 500 rad. 

However the results were reversed at the other three harvest dates (Tables 

5 and 6). At the last harvest, the marketable yield and the number of 
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Dose 

in rad 

0 

150 

300 

500 

Table 1 

Average yie1d per treatment and percent of control, 

Kennebec variety, at four harvest dates. (Yie1d 

expressed in kg per p1ot'three meters in 1ength.) 

Harvest Batee 

August 9 August 23 September 6 

Yie1d % Yie1d % Yie1d % 

2.2 100.0 3.3 100.0 3.6 100.0 

1.6 61.6 2.7 61.6 3.6 94.7 

1.5 66.2 3.0 90.9 4.2 110.5 

2.1 95.4 3.0 90.9 4.1 107.9 

September 15:1: 

Yie1d % 

1.7 100.0 

1.$ 66.2 

2.0 117.6 

2.1 123.5 

1 Data taken fram plots 15 metera in length and adjusted 

tQ three meters. 
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Table 2 

Average number of tubera per treatment and percent of 

control, Kennebec varlet y, at four hSlrveat dates. 

(Plots three meters in 1ength.) 

Harvest datea ''', 
August 9 August 23 September 6 September 151 

Number % Number % Humber % Humber % 

54.5 100.0 54.2 100.0 61.2 100.0 18.3 100.0 

43.0 76.8 51.0 94.0 46.5 79.2 16.6 91.8 

47.5 87.1 61.5 113.4 68.1 111.2 22.8 124.5 

57.0 104.5 SO.5 93.1 52.0 84.9 23.6 128.9 

1 Data taken fran plots 15 metera in length and adjUl!~ted 

ta three metera. 

e 
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Dose 

Table 3 

Average marketable yield and average number of marketable 

tub ers per treatment, Kennebec variety, September 15, 

1967. (Plots 15 meters in length.) 

Yield Percent Nurnber Percent 

34 

in rad in kg of control of tubers of control 

0 

150 

300 

500 

Dose 

'6.7 100.0 45.2 100.0 

5.0 74.6 38.5 85.1 

7.6 113.4 58.0 128.3 

8.0 119.4 59.0 130.5 

Table 4 

Average specifie gravit y of ten tubers, Kennebec variety, 

at three harvest dates. 

Specifie gravit y 

in rad Harvest dates 

August 29 September 9 September 26 

0 1.080 1.077 1.080 

150 1.083 1.077 1.082 

300 1.081 1.073 1.078 

500 1.081 1.078 1.076 
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in rad 
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Table 5 

Average yield per treatment and percent of control, Sebago 

variety, at four narvest dates. (Yield expressed in kg 

per plot three meters in length.) 

Harvest dates 

August 9 August 23 September 6 September 151 

Yield % Yield % Yield % Yield % 

1.6 100.0 3.2 100.0 4.5 100.0 2.8 100.0 

1.5 95.4 2.5 78.0 4.0 89.0 2.4 85.8 

1.9 n8.8 2.8 87.5 3.4 75.5 2.6 93.0 

1.7 106.1 2.8 87.5 3.0 66.7 1.8 64.3 

1 Data taken fram plots 15 met ers in length and adjusted to 

three meters. 

e 
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Dose 

in rad 

0 

150 

300 

500 

Table 6 

Average number of tubers per treatment and percent of 

control, Sebago variety, at four harvest dates. 

(Plots three metera in 1ength.) 

Harvest dates 

August 9 August 23 September 6 September 15I 

Number % Number % Number % Number % 

53.7 100.0 87.7 100.0 92.7 100.0 39.8 100.0 

59.5 110.8 73.0 83.2 87.0 93.8 38.8 97.4 

64.0 119.1 88.0 100.3 79.5 85.'7 40.0 100.5 

66.5 123.8 77.5 88.3 73.5 79.2 26.1 65.5 

1 
Data taken fram p10ta 15 metera in 1ength and adjuated 

to three meters. 

e 

\t.J 
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marketable tubers from the irradiation treatments were lower than that 

of the control (Table 7). The specifie gravi ty was not affected by 

irradiation (Table 8). 

3. Discussion 

As mentioned earlier, this preliminar,y experiment was conducted to 

investigate possible trends in the response of seed tubers tteated with 

irradiation. From the result obtained for the firat three harvest dates 

it would appear that irradiation at the doses used was samewhat detrimental. 

However, the differences were generally small. No conclusion can be drawn 

fram the last harvest date because of a late blight infection which was 

first observed early in September. The disease progressed fairly rapidly 

and a large number of infected tubera were found on September 15 ranging 

fram 3.6 per cent to 35.2 per cent in the ditferent plots. These tubers 

were not included in the results. In addition, machine harvesting eliminates 

the under-size tubers which would further account for the smaller numbers 

obtained at the last harve~t. 

B. Experiment II 

As mentioned in the review of literature, seme workers (Grechushnikov 

and Serebrennikov, 1965; Serebrennikov and Kiryukhin, 1965) reported increases 

in yield and quality of potatoes fol1owing an exposure to low levels of 

ionizing radiations but they did not state at what ti~e in the growing 

season the effect of irradiation manifested itself to produce these increases. 

Others reported an earlier emergence (Jaarma, 1958; Gantzer and Heilinger, 

1964; Se~ebrennikov and Kiryukhin, 1965) and even the breaking of the rest 

period (Rohnnann and Brownell, 1967) through irradiation. This earlier 

emergence of the plants could result in the vines attaining a larger size 
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Table 7 

Average marketab1e yie1d and average number of marketab1e 

tubers per treatment, Sebago ~ariety, September 15, 1967. 

(Plots 15 metera in 1ength.) 

Yie1d Percent Number Percent 

38 

in kg of control of tubers of control 

8.5 100.0 66.7 100.0 

5.6 66.0 48.5 72.7 

6.6 '. 77.6 53".5 80.2 

3.9 45.9 29.0 43.4 

Table 8 

Average specifie gravit y of ten tubers, Sebago va ri et y, 

at three harvest dates. 

Specifie ~ravity 

Harvest dates 

August 29 September 9 September 26 

1.076 1.075 1.079 

1.074 1.075 1.081 

1.077 1.072 1.083 

1.078 1.075 1.082 
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earlier, thereby producing more. total photgsynthetic material, which 

would have an effect on yield and quali ty • On the other hand, if 

irradiation does not produce earlier emergence and yet an increase in 

yield ie obtained, it might be due to a faster growth rate of the plants 

after emergence as a result of irradiation. 

This experiment was performed to detect if irradiation bringe about 

earlier emergence and, presumably, higher yields. If i t does not, any 

difference which May occur in the aerial portions as well as in the under

ground portions of the potato plants could be dueto an acceleration of 

growth as a result of irradiation rather than earlier sprouting. An attempt 

was made to detennine the period in the growing season when such a difference 

might occur. This experiment was conducted in the greenhouse at Macdonald 

College fram December 1967 to May 1968. 

1. Materials and Methods 

Experimental design 

A randomized block design was used (Fig. 2). Th~ blocks were arranged 

to insure uniformity within blocks to take into account the variations in 

temperature in the greenhouse caused by the location of the heating pipes 

on both ends. 

Four replications were used. Each replication contained five treatments 

and each treatment contained four plots to permit harvesting at different 

dates during the growing season. Each plot consisted of two pots and was 

randomized within each replication. 

Seed treatments 

Certified Kennebec seed, grade B size, grown in Grand Falls, New 

Brunswick, was used in this experiment. It was stored at Macdonald College 



Figure 2 

Greenhouse 1ayout. Experiment II.(l) 

0 ch 500 0 

0 0 150 ch 

Rep. l ch 500 500 150 

ch 150 300 500 

300 300 150 300 

300 0 500 ch 

500 ch 0 0 

Rep. II 150 0 300 ch 

300 ch 150 150 

150 500 500 300 

ch 0 500 0 

150. 150 ch ch 

Rep. III ch 500 300 300 

1;0 300 0 150 

500 0 300 500 

ch 0 0 ch 

ch 300 500 500 

Rep. IV 300 0 150 300 

300 ch 150 500 

150 150 500 0 

(1) 
The figures correspond to the actua1 doses received. 

ch = chemica1 treatment 
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in an air cooled storage at about 7°C until treated. The tubera had 

not yet begun to sprout at that time. 

On December 18, 160 tubers weighing between 50.7 g and 64 g were 
. .'-

aelected and. were divided into five lots at random. One lot of tubera 

was treated with rindite, a mixture of compounds known to break the rest 

period (Varga and Ferenczy, 1956). While it was probable that, on the day 

of treatment, December 18, the rest period of the tubers was over and that 

they were in the dormant stage, this chemical treatment was introduced to 

ascertain if the rest period was indeed completed. Also, since Rohrmann 

and Brownell (1967) reported that irradiation breaks the rest period, it 

was felt that a comparison of the two methods might give useful information. 

Rindite is composed of seven volumes of ethylene chlorohydrin, three volumes 

of ethylene dichloride and one volume of ethylene tetrachloride. The treat

ment consisted of exposing the 32 tubers in the lot to 0.6 ml of this mix

ture for 24 hours in a sealed container. The chemical was deposited on a 

filter paper placed under the tubers and did not come in contact with them. 

The four other lots of tUbers were taken to St-Hilaire irradiator on 

December 19. Three lots were treated at 150, 300 and 500 rad respectively, 

using the procedure described pre.viously in Experiment l and one lot was 

left untreated as the control. The dose rate was 2,130-2,500 rad per hour 

or 35.32-41.67 rad per minute. They were brought back to Macdonald College 

and held at 2loC with the chemically treated tubera until planting on 

December 21. 

Planting and management 

The tubers were grown in polystyrene pots meaauring 2$.6 cm in diameter 

at the top and 12.8 cm at the bottom, and 25.6 cm in height. Broken cl~ 
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pot pieces vere placed at the bottam to insure good drainage. The soil 

mixture used to grow the potatoesvas composed of 50 per cent vermiculite 

and 50 per cent peat moss. After analysis, a 6-12-12 chemical fertilizer 

containing 2 per cent Magnesium vas incorporated to the mixture to improve 

fertility and its pH was adijusted to 6.2 with precipitated calciwn carbonate. 

The pots were firet filled to a height of 15 cm vith the soil mixture. 

The tubers were then planted with the apical end up and covered vith an 

additional 7.5 cm of soil &!ter which the potatoes were vatered-thorougbly. 

The pots vere then laid out on tvo benches in thegreenhouse, each repli

cation running across the two benches. An air circulating fan vas emp10yed 

to minilni ze temperature variations wi thin the greenhouse. From December 21, 

1967 to March 24, 1968, the night-time tempe rature was msintained at about 

18.3°C and the day-time temperature vas set at 210C. From March 24, until 

the end of the experiment, the night-time temperature vas set at 15.6°c 

and the day-time temperature at 19.4°C. While the night-time temperature 

was fairly uniform, the day-time tempe rature varied considerably. 
(!1 

The potatoes were grown under Gro-lux lamps controlled by a time clock 

fran February 18, 1968 until the end of the experiment. The illumination 

given simulated the normal day-length of which growing potatoes are exposed 

in the field. They received about 700 foot-candles on cloudy days and 

about 1,200 foot-candles on sunny days. 

Watering was done when needed. During the first 60 days, little vater 

was required. Alter that period, watering was more frequent because of 

increased transpiration of the plants. The amount of water given varied 

vith the size of the vines. To maintain the fertility level, approximately 

3 g of a 28-14-14 soluble fertilizer was applied on March 1 and on March 8 

vith the water. On April 29 the plants received a foliar application of 
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2.3-19-17 containing traces of boron, sulfur, magne sium onde and vitamin B. 

The crop was fmnigated on March 10, March 16 and April 24 to control 

the greenhouse whi tenies (Aleyrodes vaporariorum Westw.). This treatment 

caused some leaves or leanets~ to turn upside down for a few days. This 

effect was noticed after each fumigation and the plants always recovered. 

Measurements 

Data were collected throughout the grcwing season. In addition to the 

four harvests, the number of days to emerge was recorded. A plant was 

considered as emerged when it had reached a height of .3.5 cm above the soil 

surface and had two opened leaves. The data about emergence are reported 

in percentages but the analyses of variance and Dnncan's multiple range 

tests (1955) (whenever applicable) vere performed on transformed values. 

As shown in Appendix Tables 1, 2 and ), the original percentages were 

converted by using the angular transfomation as recommended by Bartlett 

(1947). Analyses of variance vere performed on these values and inferènces 

are based on these transformed values. 

Four harvest dates at regular intervals were planned but because of 

the very slow early growth, it was impossible to follow the original schedule. 

In ever,y harvest, the fresh and dr,y weights of the vines were recorded. Tbe 

stems were cut at tbe level of tbe first stolons, veighed and then frozen 

until drying. The fresb weights of the stolons along vitb their numbers 

and lengths vere recorded in the first two harvests conducted on Marcb 6 

and March 21, 1968 on plots 1 and 2 of ever,y treatment. The number of 

sprouts on the seed tuber which produced the aerial stems was also recorded 

for every treatment, except for the chemical one. Since this chemical 

treatment vas introduced to check wbether or not the rest period was over 

it was not harvested like the other treatments. AlI the plots from this 
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treatment were harvested on March 19. The incidence of premature tuber 

fonmation and of dec~ was recorded. 

On April 10, a third harvest was carried out on plots 3 of ever,y 

treatment. Data on the weight of vines, the number of tubers and. their 

weight were also collected. After each harvest, the pots were given more 

space on the benches while st~ng as close as possible to the previously 

set design. 

A final harvest was conducted 132 days after planting. The plots 

were watered thoroughly the night before harvest in order to get plants 

of approximately the same water content. On May 2, the fresh weights of 

the vines were recorded after which they were frozen. On May 3, the tubers 

were harvested and data on the yield and the number of tubers were collected. 

The tubers were then stored at 3.30e for four deys. 

On May 7, the tubers were allowed to wanm up for 24 hours. On May. 6, 

the specific gravit y was determined using the sodium chloride method 

(Murphy and Goven, 19,9). The number of marketable tubers being restricted, 

tubers of comparable size from treatment to treatment within a repli cation 

were selected. For instance, two tubers of medium size and two tubers of 

a larger size for ever.y treatment were used within a repli cation while in 

another replication the sizes were different. The results are comparable 

within a replication. The temperature of the water was identical to that 

of the tubers. The potatoes were previously washed and dried before the 

determinations • 

On June 6, the vines of the four harvests were taken out of frozen 

storage and dried at 66°e for 17 hours in a forced ~ir dr,yer in which the 

heated air passed through the trays containing the frozen material. After 

this drying, the vines vere taken out of the dr,yer and weighed immediately. 
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2. Results 

Irradiationfailed to stimulate sprouting of dormant tubers, hence 

the emergence of plants. Tbirty days after p1anting, in no case did the 

sprouts reach the soil surface and when they emerged and reached a height 

of 3.5 cm, no di~ference was observed between the treatments. Thus, the 

percentages of emerged plants were not significantly different trom one 

treatment to the other 55, 60 and 65 days after planting (Table 9 and 

Appendix Table 4). 

Dose 

in rad 

0 

150 

300 

500-

Table 9 

Average percentage of emerged plants per treatment 

at various number of days after planting.(l) 

Number of days 

55(2} 60(2) 

18.75 40.62 

18.75 78.12 

31.25 71.87 

34.37 50.00 

65(2) 

75.00 

87.50 

84.37 

68.75 

(1) Analyses of variance were performed on transformed values. 

(2) Differences were not significant at level P = 0.05. 

The results of the chemical treatment which was included to compare 

the effect of irradiation and of rindite on the breaking of the rest period 

are not reported. In tbis expe riment , this treatment caused the decay of 



2$ per cent of the tubers and induced premature tuber formation fram the 

seed piece. 

Wben plants emerged, necrosiB of the apical bud waB observed on maqy 

plants. It vas thought to be a ph,ysiological disorder but the cause vas 

not found. Necrosis appeared on both irradiated and control planta. 

Harvests vere carried out during the growing season. Most of the 

data collected on the firet three harvests vas rejected and iB not reported 

because of the great variations betveen two pots in the Barne plot" and 

betveen plots in the same treatment. The differences vere so large that 

reliab1e conclusions cou1d not be drawn. 

On the first tvo harvests, the number of sprouts vhich emerged vas 

recorded. It vas found that only one sprout grew from the seed tuber. 

It vas not possible to check this characteriBtic later in the Beason, 

the seed tubers having decayed. Hovever, on the fourth harvest, the 

number of stems originating fram a sprout vas recorded. It vas found 

that there vas o~ one main stem for al1 treatments. ~hus, it vas con

c1uded tnat irradiation did not induee multiple sprouting. The fresh and 

dry veights of vines at this harvest were not of a~ use because too many 

basal leaves vere missing. " 

Data from the 1ast harvest are reported becauae the differences 

betveen plants were not as great after the long period of growth. To 

improve the re1iabi1ity of inferences, analyses of variance vere performed 

on the sub-p10ts values. Irradiation did not have aqy significant effect 

on the total yie1d and on the number of tubers per treatment (Appendix 

Table 5). Thua, the average yie1d and average number of tubers per treat

ment vere aimi1ar (Table 10). Irradiation slight~ increased the specifie 

gravit y a1though not to a significant 1eve1 (Table 11 and Appendix Table 6). 



Table 10 . 

Average yield and average namber of tubera per treatment 

130 days after p1anting. 
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Dose in rad Yie1d in kg (1) Humber of tubera(l) 

0 

150 

300 

500 

1.3 

1.3 

1.4 

1.3 

33.5 

44.5 

39.2 

36.2 

(1) Differences were not aignificant at 1eve1 P = 0.05. 

Table 11 

Average specifie gravit y of tubera per treatment 130 

days after p1anting. 

Dose in rad 

o 

150 

300 

500 

Specifie gravity(l) 

1.076 

1.078 

1.081 

1.080 

(l)Differenees were not signifieant at 1eve1 P = 0.05. 
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3. Discussion 

The tubers took more than ten weeks to produce sprouts long enough 

to emerge at soil surface. This was Most unusual for potatoes held at 

about 70 0 for some three months before planting and grown at 18.3°0 to 

require such a long tinte to emerge. This fact confirmed that the tubers 

were still donnant at tinte of planting (actually they were not sprouted) 

and i t ahowed that irradiation and rindi te did not atintulate. sprouting • 

Premature tuber fonnation and decay occurred mainlY in the rindite 

treatment. Ooly one tuber which had received a dose of SOO rad produced 

similar premature tuber fonnation and Just a few tubers decayed in the 0, 

lSO, 300 and SOC rad treatments. 

The pots were watered uniformly at planting tinte and three weeks later 

when the soil surface lAS slightly dry. The next watering was delayed untU 

the emergence of a few plants. Thus, the soil medium at the tuber level 

remainedmoist and had no chance of dr,ying fram water utUization by the 

plant, nor fram evaporation- frau the sides of the polystyrene pots. Accord

ing to Van Shreven (19$6) such a condition favors premature tuber fonnation 

and according to Young (1966) this condition increases decay and delays 

sprouting. Thus it was felt that this condition was probably responsible 

for delayed emergence and might have counteracted the irradiation effect. 

This condition might be reaponsible for the decay and for the premature 

tuber fonnation which occurred. Considering that 25 per cent of the 

rindite treated tubera decayed and that most of the plants formed premature 

tubers, rindite probably had synergistic role with the medium and both 

increased decay and premature tuber fonnation to auch an extent that the 

treatment had to be discarded. 

No d~finite conclusion can be drawn fram this experiment because of 
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the considerable variations observed in the growth of the plants. 

However, fram the data obtained at the 1ast harvest, it seems that 

irradiation of the seed tubers was neither beneficial nor detrimental. 

C. Experiments III and IV 

These two experiments were carried eut at Macdonald Co11ege during 

the summer 1968 to repeat under field conditions the greenhouse experiment 

which did not yield much information. Two separate experiments were con

ducted in order to have a large enough plant population to make valuable 

inferences and to permit harvests during the growing season in one experi

ment, and in the other to harvest at the end of the growing season. The 

land se1ected was quite uniform with a ver,y slight slope at one end of the 

rows. The soil type was a sil t 10arn. 

1. Material and Methode 

Experimental design 

A randomized b10ck design was used in both experiments (Fig. 3). 

There were four rep1ications in each experj~ent, each repli cation containing 

three leve1s of irradiation and a control. One guard row separated the two 

experiments and three guard rows were p1anted on each side of the experi

mental field. There was one row per treatment in each rep1ication. The 

rows, 15 meters in 1ength, were laid out in the dir6~tion of the slope. 

At harvest ttme, three meters at each end of the rows were 1eft to eliminate 

the border effect. Therefore, only the nine meters in the center were 

harvested. 

Seed treatments 

Foundation Kennebec seed, grade B size,grown in New Denmark, New 

Brunswick, was used. Upon arriv~ at Macdonald Co11ege on March 5, 
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Figure 3 

Experimental design of Experimenta III and IV.(l) 

Experiment III Experiment IV 

Replication 1 

500 0 

0 150 

300 300 

150 500 

Replication 2 

300 0 

150 150 

0 300 

500 500 

Replication 3 

500 500 

0 0 

150 300 

300 150 

Replication 4 

300 150 

150 0 

500 500 

0 300 

(1) 
Figures correspond to the actual doses received. 



1968, the seed vas stored at 4.40 0. As small sprouts vere noticed on 

May 6, the temperature vas brought down at 3.30 0 to stop growth unti1 

May 13. 

Whole seed was used in Experiment III. The tubers vere weighed 

indi vidually and di vided into lots of the same weight. Each lot vas 

assigned to a single repli cation in order to minimize the variation due 

to tuber veight. The average weight of the tubers was 51 g for the vhole 

experiment. Tubers used in Experiment IV vere selected fram the large st 

ones of the grade B size lot. After irradiation,' the veight of the tubers 

vas adjusted to about 57 g by cutting off some of the stem end. The apical 

end vas 1eft untouched. 

The potatoes were taken out of storage on May 13, 1968, and brought to 

St-Hilaire for irradiation on the same day. The source used vas the same 

as previously described in Experiment l but the dose rate vas 1,994-2,341 

rad per hour or 33.24-39.02 rad per minu.te. The uniformity vas stUl 1.15-

1.2 to 1. The doses given vere 0, 150, 300 and 500 rad. These figures 

corresponded to the minimum dose received. The potato seed vas brought 

back on the Bame day and kept at 18°0 until planting. 

Planting and management 

The seed vas planted on M~ 22, 1968, nine days after irradiation. 

Furrovs vere opened at every 92 cm on the previously prepared land. An 

8-16-16 fertilizer was spread in every furrow at the rate of 276 kg per 

hectare and covered vith 5 cm of soil. The tubers vere then planted by 

hand at the rate of 85 seed pieces per row or one tuber at every 15 cm. 

They vere immediately covered with 8 cm of soil. 

The furrovs vere hilled twice during the growing season. The field 

vas irrigated "hen necessary and sprayed to control insects and diseases. 



On September 7, the vines were ki11ed using sodium arsenite at a 

concentration of 0.69 1 per hectare. 

Measurements 
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Data were ~ollected on the rate of emergence in both experiments 

from 17 ~s after p1anting until emergence of all the plants. A potato 

plant was considered as having emergad when it appeared at the soi1 surface. 

As in Experiment II, data on emergence are reported in percentages and were 

transformed, using the angular transformation. Analyses of variance and 

Dancan's multiple range tests (whenever applicable) were performed on these 

transformed values. Inferences are based on these transformed values. 

Harvests were carried·out during the growing season in Experiment III, 

and on1y at the end of the Besson in Experiment IV. 

- Experiment III 

The first harvest was carried out at the end of July, 69 days after 

p1anting. The plants from three-meter plots were harvested. Data were 

collected on the fresh and dr,y weights of the vines which were cut at the 

soi1 1eve1 and weighed. They were dried at 88°e in a drier for 15 hours 

and weighed again. The tubers were dug by hand. Al1 the tubers were 

gathered. They were counted, weighed and graded as to size as described 

previous1y. The number of sprouts on the seed tub ers which produced the 

aeria1 stem was a1so recorded. 

A second harvest was carried out in the third week of August, 92 days 

after p1anting. The plants fram the next three-meter plots were harvested 

as described ear1ier and the sarne data on the tubera were recorded. No 

data were recorded on the vines. 

The last harvest was carried out in the third week of September, 
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123 days after planting and 16 days after the vine killer treatment. 

Here again, three-meter plots were dug up, but with a conventional one-

row digger this time. Data were collected on the number of tubers, their 

aize and weight. Soil particlea adhering to the tubera were removed before 

weighing. 

- Experiment IV 
-As mentioned earlier, this experiment was harvested at the end of the 

growing season, 124 days after planting. Nine-meter plots were dug up with 

a conventional one-row digger. The same data as in the last harvest of 

EXperiment III were collected and the sarne methods were followed. 

- Specifie gravit y 

Specifie gravit y of the harvested tubera was determined in both 

experiments at the final harvest using a potato hydrometer according to 

the method described by MurpQy and Goven (1959). 

2. Results 

a. Experiment III 

Irradiation del~ed the emergence of plants. Tbus, 17 and 24 ~s 

after planting, there were significant differences in the treatments 

percentages of emerged plants (Appendix Table 7). Duncanls multiple 

range tests showed that 17 days after planting the treatment means of the 

300 and 5bO rad doses were significantly smaller than that of the control; 

24 days after planting, only the treatment me an of the 500 rad dose was 

significantly smaller than that of the control. Twenty-six days after 

planting, there were no significant differences between the treatments, 

Most of the plants having emerged (Table 12). 



Dose 

in rad 

0 

150 

300 

500 

Table 12 

Average percentage of emerged plants per treatment 

17, 24 and 26 ~s after Planting.(l) 

Nwnber of days 

17 24 26(3) 

16.70 a (2) 87.90 a (2) 90.55 

13.47 ab 86.15 a 90.55 

9.07 b 80.55 a b 86.97 

3.15 c 75.85 b 84.10 

(1) Analyses of variance and Duncan's multiple range tests 
were performed on transformed values. 

(2) Means followed by sarne letter were not significantly 
different at level P ~ 0.05. 

(3) Differences were not significant at level P = 0.05. 

;4 

Sixty-eight days after planting, the seed piece had not yet decayed. 

This made it possible to check the lltDIlber of sprouts emerging from the 

seed piece. It was found that only one sprout emerged to produce the 

aerial stem on practically al1 the tubers of aIl treatments. 

The fresh weight of vines 68 days after p1anting was not significantly 

different fram one treatment to the other but the dry weight of vines was 

significantly affected by irradiation (Appendix Table 8). The fresh weight 

of vines was reduced at the 5bO rad dose but not to a significant extent. 

A Duncan's multiple range test on means of dry weight data showed that the 

treatment mean of the 500 rad dose was significantly lower than the one of 



the control. Treatment me ans of the 0, ISO and 300 rad doses were not 

significantly different (Table 13). 

Table 13 

Average fresh and dr,y weights ot the potato vines 

per treatment 68 ~s after planting. 

Dose in rad Fresh weight in kg(l) Dr.r weight in kg 

0 12.71 1.07 a(2) 

150 12.74 1.04 a b 

300 13.01 1.09 a 

SOo Il.61 0.96 

(1) ~fferences were not 'significant at level P = 0.05. 

(2) Means followed by sarne letter were not significantly 
different at level P = 0.05. 

b 

The average yield of the control was slightly superior to those of 

the irradiated tubera at the three harvest dates (Table l~but the differ

ences were not significant (Appendix Table 9). 

The total number of tubera per treatment waa not significantly different 

68 and 122 days after planting but it was significantly different 92 d~s 

after irradiation (Appendix Table 10). A Duncan's multiple range test showed 

that the treatment means of the 300 and SOo rad doses were signific~ntly 

lower than that of the control 92 days after planting (Table 15). 

The average marketable yield of the control was slightly superior to 

those of the irradiated tubers at the three harvest dates (Table 16) but 



Table 14 

Average yie1d per treatment 68, 92 and 122 ~s alter 

p1anting (yie1d expressed in kg).(l) 

Dose Number of days 

in rad 68 ·92 122 

0 4.24 9.31 12.86 

150 4.07 8.73 12.25 

300 3.98 8.61 12.32 

SOO 3.91 7.86 11.21 

(1) Dtfferences were not significant at 1eve1 P = 0.05. 

Table 15 

Average number of tubers per treatment 68, 92 and 122 days 

after p1anting. 

Dose Number of ~s 

in rad 68~ll 92 

a 358 335 a(2) 

150 328 321 ab 

300 314 291 b c 

500 357 277 c 

(1) Differences were not significant at 1eve1 P = 0.05. 

(2) Means fo11owed by sarne letter were not significantly 
different at level P = 0.05. 

122~ll 

129 

141 

138 

134 

56 



Table 16 

. Average yield of marketable tubera per treatment 68, 92 

and 122 days ai'ter planting (yield expreased in kg). (1) 

Dose Nmnber of clays 

in rad 68 92 122 

0 .3.92 6.1.3 11.45 

150 .3.80 5.67 10.69 

.300 ,3.72 6.li 10.87 

500 .3 .5.3 5.71 9.56 

(1) Differences were not significant at level P • 0.05. 

the differences were not significant (Appendix Table Il). 
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The total number of marketable tub ers per treatment was not signifi

cantly different 68, 92 and 122 days after planting (Appendix Table 12). 

Thus the treatment means of al1 doses were ver.y similar at the three harvest 

dates (Table 17). 

Irradiation did not have any significant effect on the specifie gravit y 

of the irradiated tubers (Appendix Table 1.3). Thus, the average specifie 

gravit y of tubera was identical fran one treatment to the other (Table 18). 

b. Experiment IV 

Irradiation did not have a~ aignificant effect on the emergence of 

plants (Appendix Table 14). However, although not significant, the 

percentages of emerged plants were lower at the .300 and 500 rad doses 

17 days after planting. The differences were much smaller 2.3 days after 



Table 17 

Average number of marketable tubers per treatment 68, 

92 and 122 days afterplanting.(l) 

Dose Nwnber of days 

in rad 68 92 122 

0 111 56 

150 107 55 

300 104 57 

500 107 52 

(1) Differences were not significant at 1evel P = 0.05. 

Table 18 

Average specifie gravit y of tubers per treatment 122 

days aiter planting.(l) 

75 

75 

75 

69 

Dose in rad Specifie gravit y 

o 

150 

300 

500 

1.074 

1.075 

1.074 

1.074 

(l)Differences were not significant at level P = 0.05. 



p1anting (Table 19). 

Table 19 

Average pereentage of emerged plants per treatment 

17 and 23 days after Planting.(l) 

Dose Number of days 

in rad 17 23 

0 17.30 82.60 

150 16.40 86.72 

300 9.65 83.48 

500 5.25 70.25 

(1) ~fferenees were not significant at 1evel P = 0.05. 
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The total yield and total number of tub ers were not significantly 

different from onp. treatment to the other (Appendix Table 15). The 150 

rad dose had the highest yield and the highest number of tubers (Table 20) 

although these differences were not significant. 

Similar~, irradiation did n~t have a~ significant effect on the 

total marketable yield and the total number of marketable tubers (Appendix 

Table 16). The 150 and 300 rad doses had slightly higher average marketable 

yields but again, this was not significant. The average numbers of~arket

able tubers were almost identical from one treatment to the other (Table 21). 

Finally, it was found that irradiation did not have any significant 

effect on the specifie gravit y of tubera (Appendix Table 11). The average 



Table 20 

Average yield and average number of tubers per treatment 

123 days after Planting.(l) 

Dose in rad 

o 

150 

300 

500 

Yield in kg 

33.70 

34.20 

33.54 

33.02 

Number of tubera 

420 

442 

421 

426 

(1) Differences were not significant at level P = 0.05. 

Table 21 

Average marketable yield and average number of marketable 

tubers per treatment 123 ~s after Planting.(l) 

Dose in rad 

o 

150 

300 

Yield in kg 

29.14 

29.22 

29.30 

28.83 

Number of tubers 

209 

20S 

207 

211 

(1) Difference 5 were not significant at level P = 0.05. 

60 
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specific gravit y of the treatments was almost identical in all treatments 

(Table 22). 

Table 22 

Average specific gravit y of the tubers per treatment 123 

days after planting.(l) 

~~innd 

o 

1~ 

300 

~o 

Specific gravit y 

1.072 

1.075 

1.072 

1.072 

(1) Differences were not significant at level P = 0.05. 

3. Dtscussion 

Irradiation retarded the emergence of plants in Experiment III but 

did not in Experiment IV. This different effect might be attributed to 

the difference in the seed tubers used. Whole seed was used in Experiment 

III and eut seed was used in Experiment IV. Even if the apical end was 

not disturbed in Experiment IV, the internaI metabolism might have been 

arfected, possibly by increased respiration. This might have been surfi-

cient to cause a different behavior. 

On the first harvest of Experiment III, the dry weight of the vines 

was significant1y reduced. Since the fresh weights did not show any 

significant difference while the dry weight did (Table 13), this might be 



attributed to uneven dr,ying obtainedby the method employed, unless 

irradiation of the tubers at seo rad affected the production of dr,y 

matter. 

There was also a slight reduction in fresh weight at 500 rad. 
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Even though it was not significant, it is not in agreement with the 

findings of Grechushnikov and Serebrennikov (1965), of Serebrennikov and 

Kir,yukhin (1965) and of Kahan and Susnoscki (1967) who reported an 

increased number of stalks, an increased height and a 1arger assimi1ative 

surface • Multiple sprouting waa not obaerved at this harveat. 

A greater number of marketab1e tubera was observed on the first 

harvest than on subaequent harvests in Experiment III. This unusua1 

finding was Most 1ike1y due to the fact that the tubers were graded by 

size using a ruler and that on the first harvest, the tubers which were 

border-1ine were p1aced in the higher c1ass and on subsequent harvests 

they were placed in the lower c1ass. Because of this method of grading, 

it is preferable to compare the number of marketab1e tubers for each 

treatment on a definite harvest date rather than between harvest dates. 

It will be noted that fewer tubers are reported for the 1ast harvest 

than for.the previou~ ones (Table 15). This is due to the fact that on 

the 1ast harvest, the tubers were dug up with a mechanical harvester. 

Thus, the smal1er tubers were lost, hence a smaller number of tubers. 

D. Experiment V 

It has been reported recent1y (Rohrmann and Browne11, 1967) that low 

doses of gamma irradiation interrupted the rest period of freshly dug 

mature potatoes. Since no work had been done in this partic\ùar field 

wi th a Quebec grown variety, an experiment was conducted in the greenhouse 

at Macdonald Co11ege in the fa11 1968 to investigate if such t.reatments 
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would have a simi1ar effect. 

1. Materia1s and· Methods 

Experimental design 

A randomized b10ck design (Fig. 4) with four rep1icationa was used. 

Each rep1ication contained aix plots of 20 tubera, each plot representing 

one treatment. 

Seed treatme~ 

Tubers of the Kennebec variety were used. These were the progeny of 

the Foundation stock p1anted as guard ravs in Experiments III and IV. No 

virus symptoms were noticed in these guard rows. They were harvested on 

September 25, 1968, and stored at 210C unti1 treatment. Tubers of grade 

B si ze were se1ected and mixed together. They were then di vided at randan 

into six groups corresponding to the six treatments. On October 8, the 

tubers were taken to Ottawa for irradiation with the Atamic Energy Commission 

equipment and brought back on the samp. day. The source was a pneumatic 

Cobalt60 irradiator having a dose rate of 5,885 rad per hour or 98.1 rad 

per minute. The variation in the dose was 1.15-1.2 to 1. The minimum 

doses given were 150,.300, 500, 750 and 1,000 rad. The distance between 

the center of the source and the center of the cardboard container holding 

the potatoes was 3.2 metera. The container was turned over in the middle 

of the exp 0 sure to provide equal treatment on each side. 

P1anting and management 

The experiment was set on two benches in such a way as to minimize 

the ta~perature variation due to the heating pipes. The night-time temper-

80 0 ature was set at 1 C and the day-time temperature at 21 C. The tubers 

were p1anted in per1ite. This medium was used to simulate soil conditions 
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Figure 4 

Greenhouse 1ayout. Experiment v.(l) 

Replication l Replication III 

750 1000 

1000 150 

300 300 

500 0 

0 500 

150 750 

Replication II Replication IV 

300 0 

1000 500 

500 300 

0 1000 

150 150 

750 750 

(1) Figures correspond to the actual doses received. 
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in that i t provided moisture to the tubers and prevented them fram 

greening. Checking sprOllt growth was facilitated vith this material. 

The tubers were planted the day after irradiation in indi vi dual polystyrene 

pots measuring 10 cm in diameter at the top, 7.5 cm in diameter at the 

bottom and 8.5 cm in height. The bottam o~ the pots was first covered 

with about two cm of perlite. The tubers were then put in and covered 

completely with more perlite. A thorough watering followed. 

Measurements 

Before recording any data, a few tubers selected at random in ever,y 

treatment were examined twice a week ta detect initiation of sprouting. 

A few tubers showed sprouting 44 days after L-radiation. Data were collected 

from that time untU 91 days after treauent. Observations were taken on 

the end of the rest period, sprout elongation, breakdown in apical dominance

and multiple sprouting. The end of the rest period was checked by counting 

the number of sprOllted tubers in every treatment on a defini te date. A 

single sprout was sufficient to indicate tbat the rest period was over. 

Sprout growth in each treatment was determined by counting the number of 

tubers having sprouts longer than 0.5 cm, l cm or 1.5 cm, at each date of 

examination. 

Breakdown in apical dominance and multiple sprouting were determined 

91 days after irradiation. Before that date, the sprouts were too small 

to permit valid observations. Apical domjnance was considered as broken 

if the longest sprout or sprouts were located near the stem end. It was 

not considered as broken if the sprout or sprouts appeared at or near the 

apical end. Multiple sprouting waB detenained by counting the number of 

vigorous sprouts on each tuber. Data were converted into percentages which 

were transfonned according to the angular transformation. Analyses of 



66 

variance and DUncan's multiple range tests (whenever applicable) were 

performed on these transformed values. Inferences were based on these 

transformed values. 

2. Results 

The results of this experiment indicate that, although irradiation 

appears to stimulate the initiation of sprauting, no significant differences 

in the percentages of sprouted tubers vere found 44 and 48 days after treat-

ment. The 1,000 rad dose appeared to have a greater effect, and 54 days 

after treatment, the percentage of sprouted tubers vas significantly higher 

at that dose. The differences between the treatments vere no longer signi

ficant 61 days after irradiation, most of the tubers having sprauted at 

that time (Table 23, Appendix Table 18). 

As ri th the initiation of sprouting, the 15o, 300 and 500 rad doses 

appeared to stimulate the rate of spraut growth. The average percentages 

of tubers vi th sprouts longer than 0.5 cm ~n these treatments vere bigher 

than the control 54 and 61 ~s after treatment but the differences vere 

not significant (Table 24). However, the 1,000 rad dose, vhich resu1ted 

in a significant increase in the percentages of sprouted tubers 54 days after 

irradiation, had an adverse effect on spraut growth. The percentages of 

tubers vith sprouts longer than 0.5 cm vere significantly lower at that 

dose, 54 and 61 days after treatment. This is reflected in the analysis 

of variance which shows significant differences between treatments (Appendix 

Table 19). 

The rate of sprout growth was determined 68 days after irradiation by 

determining the percentage of tubers vith sprouts longer than 0.5 cm, l cm 

and 1.5 cm. There vere no significant differences in the percentages of 

tubera vith sprouts longer th an 0.5 cm and l cm but a significant difference 



Table 23 

Average percentagea of sprouted tubers 44, 48, 54 and 

61 days after irradiation. (1) 

Dose Nwnber of days 

in rad 44(2) 48(2) 54 61 (2) 

0 7.50 25.00 62.50 a(3) 96.25 

150 13.75 43.75 76.25 a 97.50 

300 .16.25 36.25 76.25 a 96.25 

500 20.00 47.50 82.50 a 96.25 

750 23.75 46.25 81.25 a 96.25 

1000 25.00 58.75 90.00 b 97.50 

(1) Analyses of variance and Duncan's multiple range test were 
performed on transformed values. 

(2) Differences were not significant at level P = 0.05. 

(3) Means followed by sarne letter were not significantly 
different at level P = 0.05. 

was obtained in the percentages of tubers with sprouts longer than 1.5 cm 

(Appendix Table 20). The treatment Mean of the 1,000 rad dose was signi

ficantly lower than those of al1 other doses (Table 25). 

Data on the length of the sprouts were not co11ected after 68 days 

because of the presence of Rhizoctonia solani (K~hn) on the sprouts which 

affected the growth pattern. 

Irradiation significantly affected apical dominance and multiple 

sprouting (Appendix Table 21). The 150,300 and 500 rad doses had ne 



Tabla 2J~ 

Average percentages of tubers with sprouts longer than 

0.5 cm, 54 and 61 days after irradiation.(l) 

Dose Nwnber of days 

in rad 54 61 

0 31.25 a b(2) 80.00 a 

150 52.50 a 85.00 a 

300 50.00 a 86.25 a 

500 46.25 a 88.75 a 

750 32.50 a b 77.50 a 

1000 13.75 b 50.00 

(1) Analyses of variance and Duncan's multiple range tests 
were performed on transformed values. 

(2) Means followed by sarne letter were not significantly 
different at level P = 0.05. 

68 

b 

effect on apical dominance but the 750 and 1,000 rad doses significant1y 

increased the percentages of tub ers showing a breakdown in apical dami~ance. 

The 1,000 rad dose sign1f1cantly increased multiple sprout1ng. The lower 

levels had no s1gnificant effect (Table 26). 

3. Discussio·n 

Irradiation did not break the rest per10d of the potato tubers. 

Kehr et al. (1964) indicated that the Kennebec variety will begin to sprout -- -
after a storage period of nine weeks at 210C. In this experiment, 13 days 

elapsed between harvest on September 25 and irradiation on October 8. The 



Tab1e 25 

Average percentages of tUbers with sprouts longer than 
(1) 

0.5 cm, l cm and 1.5 em, 68 days after irraafation. 

Dose Minimum sprout length 

. in rad 0.5 cm(2) l an(2) 1.5 cm 

0 100.00 91.25 71.25 a(3) 

150 97.50 91.25 80.00 a 

300 97.50 96.25 83.75 a 

500 97.50 91.25 85.00 a 

750 93.75 85.00 73.1, a 

1000 93.75 72.50 51.25 

(1) Analyses of variance and Duncanls multiple range test 
were performed on transformed values. 

(2) ~fferences were not significant at level P = 0.05. 

(3) Means followed by sarne letter were not significantly 
different at level P = 0.05. 

b 

results show that, 44 days after irradiation, there were no significant 

differences in the percentages of sprouted tubers between treatments. 

Since the time elapsed between harvest and initiation of sprouting was 

a little over eight weeks, it can be assumed that sprouting occurred 

because the rest period was terminated and that irradiation had no 

effect. 

The 1,000 rad dose significantIy increased the number of sprouted 

tubers 54 days siter irradiation, broke down the apical dominance and 



Table 26 

Average percentages or tubers showing breakdown 

in apical dominance and multiple sprouting 91 

days ai'ter irradiation. (1) 

Dose Breakdown in Multiple 

in rad apical dominance sprouting 

0 3.15a(2) 10.00 a(2) 

150 0.00 a 13.15 a 

300 3.15 a 15.00 a 

500 5.00 a 21.25 a 

150 13.15 b 25.00 a 

1000 20.00 b 55.00 

(1) Analyses of variance and Duncan's multiple range tests 
were perfonned on transformed values. 

(2) Means fo11owed by same letter were not significant1y 
different at 1eve1 P = 0.05. 

b 
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induced multiple sprouting which would result in an increased number of 

stems. However, since tbis dose also caused a reduction in sprout growth, 

it would appear to be more detrimenta1 than beneficia1. It was felt that 

Rhizoctonia solani (Ktihn) did not affect the early sprout growth and that 

the data collected were reliab1e. The disease might have had an effect on 

apical dominance and multiple sprouting by destroying the firet emerging 

sprouts. However, about the same number of tubers were affected in each 

treatment which indicates that the effect of the disease would have been 
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about the same in all treatments. 

E. Experiment VI 

This experime~t was carried out to investigate the effect of doses 

of irradiation slight~ higher than those previously used, on the growth 

of sprouts of seed tubers near the end·of their rest periode This experi

ment was conducted in the greenhouse at Macdonald College in the fall 1968. 

1. Materials and Methods 

Experimental design 

A randomized block design (Fig. 5) with three repli cations was used. 

Each replication contained five plots of 15 tubers, each plot representing 

one treatment. 

Seed treatments 

Grade B size seed from the same source as in Experiment V was used. 

It was harvested on September 25, 1968, and kept at 210 C until irradiation. 

The size of the tubers was ver,y uniform from one treatment to the other in 

this experiment. 

The potatoes were taken to ottawa on November 20 for irradiation with 

the source described in Experiment V and brought back on the sarne day. The 

dose rate was 97.1 rad per minute. The doses given were 0, 500, 1,000, 1,500 

and 2,000 rad. Those figures are the minimum doses received. The variation 

in the dose was 1.15-1.2 to 1. 

P1anting and management 

The day after irradiation, the tubers were p1anted in individual square 

po1ystyrene pots measuring 8 cm across the top, 6.5 cm across the bottom and 

8 cm deep and using per1ite as the growing medium. The pots were placed on 



Figure 5 

Greenhouse layout. Experiment VI. Cl) 
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(l) Figures correspond to the actual doses received. 
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one bench in the greenhouse. A thorough watering followed. The soil 

medium was kept slightly moi st throughout the experiment. 

The night-time tempe rature of the greenhouse was set at laoe and 

the d~-time temperature at 2loe for the duration of the experiment. 

Measurements 

Data were collected on sprout growth from eight to 49 days after 

irradiation. Observations were taken on the initiation of sprouting, the 

rate of sprout elongation, the breakdown of apical dominance and multiple 

sprouting. The methode used to collect these data were identical to thoee 

used in Experiment V. Data were converted into percentages and transformed 

for analyses as in Experiment V. 

2. Results 

Irradiation had no effect on the initiation of sprout growth. Thus 

no significant differences were observed in the percentages of sprouted 

tubers per treatment 8, 13 and 19 days after irradiation (Table 27, Appendix 

Table 22). 

The higher doses significantly decreased the rate of sprout growth. 

Thus, 8, 19, 28 and 40 d~s after irradiation, significant differences were 

observed in the percentages of tubers with sprouts longer than 0.5 cm 

(Appendix Table 23). It was found that 8 days after irradiation, the treat

ment means of the 1,000 and 2,000 rad doses were significant~ lower than 

those of the control. Nineteen days siter irradiation, only the treatment 

mean of the 2,000 rad dose was significantly lower than those of the control 

and the other treatments. Twenty-eight and 40 days after irradiation, the 

treatment means of the 1,500 and 2,000 rad doses were significantly lower 

than those of the control, and the other treatments (Table 28). 



Dose 

in rad 

0 

500 

1000 

1.500 

2000 

Table 27 

Average percentages of sprouted tubers 8, 13 and 

19 d~s after irradiation.(l) 

Number of days 

8(2) 13(2) 

68.86 86.60 

62.20 82.16 

62.20 91.06 

71.06 86.63 

55.53 82.20 

19(2) 

98.33 

96.66 

95.00 

95.00 

96.66 

(1) Analyses of variance were performed on transformed values. 

(2' Differences were not significant at level P = 0.05. 
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'Forty-nine days after irradiation, as the sprouts elongated there 

were no significant differences, between treatments in the percentages 

of tubers having sprouts longer than 0.5 cm and 1 cm but a significant 

difference was observed on a 1.5 cm basis (Appendix Table 24). With this 

sprout length, there was no significant difference between the means of 

the control and of the 500 rad doses but the me ans of the 1,000, 1,.500 

and 2,000 rad doses were significantly lower than that of the control 

(Table 29). 

Irradiation significantly affected apical dominance and multiple 

sprouting (Appendix Table 25). Whi1e the .500 and 1,000 rad doses had 

no effect on apical dominance the 1,500 and 2,000 rad doses significant1y 

increased the percentages of tubers showing a breakdown in apical dominance. 



Table 28 

Average percentages of tubera with sprouts longer than 

0.5 cm, 8, 19, 28 and 40 days after irradiation.(l) 

Dose Number of days 

in rad 8 19 28 

75 

40 

0 19.96 a(2) 77.76 a 95.53 a 100.00 a 

500 15.53 ab 82.20 a 95.53 a 100.00 a 

1000 4.43 b c 82.16 a 95.53 a 97.76 a 

1500 6 • .53 abc 62.20 a 73.26 . b 84.43 

2000 0.00 c 37.73 b 68.83 b 75.50 

(1) Analyses of variance and Duncanls multiple range tests were 
performed on transformed values. 

(2) Means fo11owed by sarne letter were not significaDt1y different 
at 1evel P = 0.05. 

These sarne doses significantly increased multiple sprouting (Table 30). 

b 

b 

Observations on sprout growth vere not made at a 1ater date because 

of the presence of Rhizoctonia solani (Kl1hn) on the sprouts affecting their 

growth pattern. 

3. Discussion 

The tubers selected for irradiation, 56 days after harvest, vere still 

unsprouted but sane tubers in the lot from which they vere taken had begun 

to sprout. This indicated that the rest period of the selected tubers vas 

almost over and that they vould sprout very soon. As expected, the control 

and the treatments started to spro'..!.t at approximately the sarne Ume indi-



Table 29 

Average percentagea o-r tubera vi th sprouts longer than 0.5 

cm, l cm and 1.5 cm, 49 ~s after irradiation. (1) 

Dose Minimum sprout length 

in rad 0.5 cm(2) 1 cm(2) 1.5 cm 

76 

0 100.00 100.00 100.00 aen 
500 100.00 100.00 97.76 ab 

1000 91.76 93.53 88.86 

1500 91.76 91.06 82.20 

2000 91.06 84.43 77.73 

(1) A~ses of variance and Duncan's multiple range test 
were performed on transformed values. 

(2) Differences vere not significant at level P = 0.05. 

(3) Means followed by same letter were not significantly 
different at level P • 0.05. 

Dose 

in rad 

0 

500 

1000 

Table 30 

Average percentages of tubera showing a breakdown 

in apical dominance and multiple sprouting 49 days 

after irradiation.(l) 

Breakdown in Multiple 

apical dominance sprouting 

2.20 a(2) 1l.06 a 

6.63 a 11.13 ab 

6.63 a 17.73 ab 

1500 17.73 b 37.73 b c 

2000 26.63 b 42.20 

(l) Analyses of variance and Duncan1s multiple range tests 
were performed on transformed values. 

(2) Means followed by same letter were not significantly 
different at level P = 0.05. 

c 

b c 

c 

c 
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cating that irradiation had no effect on the initiation of sprouting. 

The 1,500 and 2,000 rad doses significantly increased the number 

of tubers showing a brealcdown in apical dominance and multiple sprouting. 

However sinee sprout growth was also reduced at these two doses, they 

would appear to be more detrimental than beneficial. As in Experiment V, 

it was felt that Rhizoctonia solani (Kl1hn) di"d not affect the early sprout 

growth and that its effect on apical dominance and multiple sprouting, if 

any, was about the sarne in aU treatment B • " 
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IV 

GENmAL DISCUSSION' 

The results of Experimente l and II will not be discuesed because 

of the conditions which prevailed during these experiments. The results 

of the other experiments will be discussed under three subdi vis-ions: 

1. effect of irradiation on yield and qua1ity of potatoes, 2. effect of 

irradiation on the rest period and on the sprouting of potatoes, and 

3. factors affecting the response of plants to irradiation. 

1. Effect of irradiation on yie1d and quality of potatoes. 

The results of the present stuqy are not in agreement with Most of 

the recent findings. Low doses of ,irradiation fai1ed to increase the 

yie1d and qua1ity of the crops grown from irradiated tubers. Recent papers 

by Jaarma (1958), Vidal (1959), Serebrennikov and Kir,yukhin (1965), 

Grechushnikov and Serebrennikov (1965), and Kahan and Suenoecki (1967) 

reported increased yie1ds as a result of treating seed tubers with 10w doses 

of irradiation. Grechushnikov and Serebrennikov (1965), and Serebrennikov 

and Kiryukhin (1965) also reported anincreased starch content in tub ers 

grown fram irradiated seed tubers which would increase specifie gravity. 

The reeults reported here did not confi~ this finding. 

Hagberg and Nybom (1954), Jaa~a (1958), Fisèhnich et al. (1961), --
and Gantzer and Hei1inger (1964) have shawn that potato varieties differed 

in their radiosensitivity and, therefore, had different responses to irra

diation. SHss (1966) indicated that plant varieties differed in their 

growing habit, therefore also in their metabolism, which could exp1ain the 

different reactions to irradiation. The variety used in this investigation 

has not been used previous1y. This might be the reason for the general 
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lack of response. 

Johnson (1937) showed that slightlY sprouted tubers respqnded more 

favorably to irradiation than tubers at aqy other physiologieal state. 

However, Serebrennikov and Kir.yukhin (1965), found that irradiating 

unsprouted tubers wi th low doses inereased yield. other authors did not 

indicate the physiologieal state of the tubers. The tubers used in these 

field experiments were slightly sprouted. Thus it would appear that the 

different results obtained are not due to the physiological atate of the 

tubers unless th~y were sa active physiologieally that stimulation by 

irradiation, if a~, had no effect. 

As shawn in the review of literature, the response of the seed tubers 

to irradiation is dependent upon the dose given. Jaa:nna (1958), Vidal 

(1959), Serebrennikov and Kiryukhin (1965), and Kahan and Susnoseki (1967) _ 

reported increased yields fram doses of 350 to 800 rad, 500 to 1,000 rad, 

150 to 500 rad and 20. to 200 rad, respectively. The doses used in Experi

ments III and IV were in a similar range with the exception of the levels 

used by Vidal. Doses higher than those used in the present experiments 

would not have been beneficial sinee slightly lower yields were obtained 

at the 500 rad dose. Becauae results similar to those observed in this 

. stuqy were obtained by Sparrow and Christensen (1950) and SUss (1966) 

using doses of 18.85 to 300 rad and 1 to 100 r r'espectivel;(, i t would 

appear that failure to obtain higher yields by irradiation was not due 

to the doses given. 

According to Jaarma (1958), and Gantzer and Heilinger (1964) the dose 

rate has a considerable influence on the subsequent growth responses of 

the potato. They indieated that a low dose rate was more stimulating than 

a high rate, when a small dose was given. Since Serebrennikov and Kiryukhin 
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(1965), and Grechushnikov and Serebrennikov (1965), using dose rates of 

317 and 300 rad per minute, respective1y, reported increased yie1ds from 

irradiated tubera, the lower dose rate of 36 rad per minute used in 

Experimenta III and IV should have had a beneficial effect. However this 

was not the case. .It wou1d therefore appear that fai1ure to obtain higher 

yie1ds was not due to the dos.e rate emp1oyed. 

Serebrennikov and Kir,yukhin (1965) stated that the best results were 

obtained with tub ers p1anted six to ten days after irradiation to avoid 

breaking of the deve10ping sprouts. Kahan and Susnoscki (1967) observed 

a greater increase in yie1d when the tubers were p1anted 14 ~s after 

irradiation as compared to 28 days. Since the tubers were p1anted nine 

days after irradiation, in the present stuqy, failure to obtain increased 

yie1ds cannot be attributed to the. de1ay between irradiation and p1anting •. 

Grechushnikov and Serebrennikov (1965) and SUss (1966) reported that 

the agroc1imatiç conditions under which the plants were grown had an effect 

on the response of tubers to irradiation. Also, Preob::-azhenskaya (1965), 

working on grass species, showed that the climatic conditions under which 

the seeds were grownbefore irradiation affected the response to irradiation, 

and that c1imatic conditions which prevailed after the p1anting of irradiated 

seeds also affected the radiation response. However, Johnson (1931) did not 

observe any difference in yie1d from irradiated tubers grown at three 

different altitudes. In this stuqy, the growing conditions were 1ike1y 

different from those of al1 workers. Since favorable responses were 

observed under various agroc1imatic conditions, it i5 difficult to visualize 

aQY effect arising from this factor. 

2. Effect of irradiation on the rest period and on the sprouting of potatoes. 

Rohrmann and Browne11 (1967) reported that low doses of irradiation broke 
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the rest period of freshly dug potatoes. Jaarma (1958), Fisehnieh et .!!. 

(1961), and Gantzer and Hei1inger (1964) reported stimulation of sprout 

grawth fram low doses of irradiation. The results obtained in the present 

stu~ are not in agreement with these findings. 

As shown previous1y, irradiation fai1ed to induee sprouting of resting 

tubers whieh were irradiated 13 days after harvesting fram ehemica11y 

defo1iated fields. Some simi1arities existed between this study and the 

work of Rohrmann and Browne11 (1967), but the resu1ts obtained were quite 

different. In their first exp e rime nt , they used tubers dug and irradiated 

on the sarne d~ with doses of 250 to 2,000 rad after whieh they were eut 

and divided into two groups. They reported that the group which was air 

eured for two days before p1anting showed massive sprouting 21 days 1ater 

without e1aborating on what was meant by "massive sprouting". In another 

experiment, they observed a 35 per cent inerease in the sprouting of tubers 

also taken fram a ehemiea11y defo1iated field, and irradiated immediately 

with a dose of 1,500 rad. The fact that who1e seed irradiated 13 days 

after harvest was used in this stuQy might exp1ain the 1ack of response 

to irradiation obtained along with the possible variety effect. 

As diseussed previous1y, sprout growth began when the rest period was 

over in Experiment V. After initiation of sprout growth, the results from 

Experiment VI were quite similar to those of Experiment V. In both experi

ments, the lower doses of irradiation had no effeet on sprout growth but 

the higher ones were inhibitory, the 1,000 rad dose in Experiment V and 

the 1,500 and 2,000 rad doses in Experiment IV giving a signifieant decrease 

in sprout gruwth. These resu1ts suggest that the radiosensitivity of the 

resting tubers was different from that of tubers near the end of their rest 

periode This finding is in agreement with that of Mathur (1963) who observed 
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that the nearer the potatoes were to the stage when dormancy breaks, 

the greater was the dose of gamma irradiation required to prevent aprouting. 

Tbus, tubera close to the end of the reat period would be more radioresis-

tant tban those at the beginning of the rest periode 

As mentioned previously, a dose of 1,000 rad in Experiment V and doses 

of 1,500 and 2,000 rad in Experiment VI resulted in a reduction in sprout 

1ength. These results are in agreement with those of Hagberg and ~bam 

(1954), Jaarma (1958) and Gantzer and Heilinger (1964) who used X-ray 

doses of 1,250 to 2,500 rad, a gamma ray dose of 2,OOO_and an X-ray dose 

of 2,000 r respecti~ely. They reported a reduction in sprout length or 

sprout weight. It must be noted that unsprouted tubers were used in the 

present stuQy while Hagberg and ~om (1954) used slightly sprouted tubers. 

Jaarma (1958) did not specify the pqysiological state of the tubera he used 

and Gantzer and Heilinger (1964) used tubers which had been stored for six 

weeks at 120 C. There was seme similarity between this last experiment and 
~ 

Experiment VI since the tubers used in this experiment were stored for 

eigbt weeks at 210 C before irradiation. On the other hand, Farooqi ~!!. 

(1967) reported that, 60 d~s after irradiation, they observed an increase 

in sprout length of tubers irradiated with a 2,000 rad dose 15 ~s after 

harvest. This different finding might be due to the dose rate emp1oyed, 

which was not indicated, the variety and the storage conditions. 

Irradiation with doses sma11er than 1,000 rad given at a dose rate of 

97 to 98 rad per minute, failed to stimu1ate sprouting or to increase 

sprout 1ength. These results are not in agreement with the findings of 

Jaarma (1958) and Gantzer and Hei1inger (1964). Jaarma reported sprout 

stimulation from gamma ray doses of 350 to 800 rad but did not indieate 

the dose rate used or the physiologiea1 state of the tubers. Gantzer and 
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Heilinger (1964) observed a" stimulation of sprouting as a result of 

treating tubers with X-r~ doses of 100 to 500 r at a dose rate of 50 r 

per minute. They used freshly dug tubers treated wi th rindi te and irra-

diated two weeks later. They also reported that a dose of 100 r stimulated 

sprouting in one variety but did not in another. On the other hand, Fischnich 

~ al. (1961) reported"that an X-ray dose of 100 r given at a dose rate of 

28 r per minute reduced sprout growth of unsprouted tubers in the two 

varieties used in one year but had no effec"t in another year. The dose 

rate used in this study and those used by these workers are in a similar 

range. The conflicting resul ts obtained would appear to be due to the . "" 

different varieties used and the physiological state of the tubers. 

Fischnich ~ al •. (1961) stated that the beneficial effect of low 

doses ia obtained only when the metabolism is stimulated before and after 

irradiation auch as when the tubers are stored at warm temperatures. 

However, low doses of irradiation failed to stimulate sprouting significantly 

in the Experiments V and VI. Since these tubers were stored at 2IoC before 

irradiation and were grown at a minimum tempe rature of lSoe after irradiation, 

the metabolism should have been stimulated by the tempe rature and a benefi-

cial response to irradiation should have been obtained. 

Âs already mentioned in the beginning of this discussion, Serebrennikov 

and Kir,yukhin (1965) reported that in field experimeDts, the best response 

to irradiation was obtained when the tubers were planted six to ten daye 

after treatment. While the tub ers were planted on the day after irradiation, 

in Experiments V and VI, it is felt that this time interval was not respon-

sible for the discrepancy in the results because of the temperature main-

tained in the greenhouse. 

In addition, the acceleration of emergence from low doses of irra-
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diation in field experiments reported by Grechushnikov and Serebrennikov 

(1965) and Kahan and Susnoscki (1967) could not be confirmed in the 

present study. 

3. Factors affecting the response ôf plants to irTadiation. 

There are a number of other factors which have been shown to affect 

the response of different p1antspecies to irradiation, in addition to 

those alreaqy discussed for potatoes. Whi1e it 18 possible that sorne of 

these factors might affect the response of potatoes, severa1 workers 

(Sparrow and Christensen, 1953; Guncke1, 1957) have shown that the results 

obtained with one species did not necessarily apply to others. 

The reaction of plants to irra~ation was affected by the water content 

of the seeds (Johnson, 1936; Ca1decot, 1955; Guncke1 and Sparrow, 1961; 

Micke, 1966; S~ss, 1966), the temperature (Ny1an, 1956; Gunckel and Sparrow, 

1961; Fishnich ~ al., 1961; Stiss, 1966), the oxygen tension (Caldecot, 

1955; Ny1an, 1956; Guncke1 and Sparrow, 1961; Micke, 1966; Stiss, 1966; 

Davies, 1967), protective substances, the type of radiation and the soi1 

type (Guncke1 and Sparrow, 1961), the carbon dioxide in the atmosphere, 

the storage of seeds and the pre-treatment of seeds with chemicals (Ny1an, 

1956), the different radiosensitivity phases of the plant (Sarié, 1958; 

Bieb1, 1959), the relative humidity of the atmosphere (Micke, 1966) and 

the nutrient content of seeds (Sdss, 1966). 

Finally, reproducibility of the results is an important consideration. 

In this stuqy, 10w doses of irradiation fai1ed to improve the growth and 

yield of potatoes in the various experiments conducted. Stiss and Haisch 

(1964) were able to obtain reproducib1e results for three years. However, 

Fischnich et!!. (1961), and Sax (1955), showed that the results obtained 

from irradiation were not always reproducible and Stiss (1966) reported that 
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the same cereal variety showed different responses to irradiation fram 

year to year. 

It may be pointed out that ma~ of the reports in the literature 

indicating favorable responses to treatment of potato tubers with low 

doses of irradiation were based on visual observations and physical 

measurements which did not appear to have been submitted to atatistical 

analysis. In the present stuqy, there were instances where some levels 

of irradiation seemed to produce favorable results. However, when analyzed 

statistically, these results did not prove to be significant. It ia there

fore possible that SOMe of the favorable results reported in the literature 

were not significant. FUrthermore, some workers based their conclusions 

on a relatively small number of tubers, which may not have taken into account 

the variability between the tubers. 
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The effects of pre-planting irradiation of potato seed tubers with 

low doses of Cobalt60 gamma rays were investigated. Tubers at different 

physiological states, namely resting, dormant and slightly sprouted, were 

used in different experiments. 

A preliminary field experiment was carried ~ut with slightly sprouted 

tubers of the Kennebec variety andwith unsprouted tubers of the Sebago 

variety. Doses of 150, 300 and 500 rad were given. The results were 

inconclusive because of the incidence of late blight. 

A greenhouse experiment was carried out with unsprouted tubers of 

the Kennebec variety to investigate the affects of low doses of irradiation 

on the emergence of sprouts from dormant tubers, and on the yield and 

quality of the crop. Doses of 150, 300 and 500 rad were given. Irradiation 

did not hasten emergence and did not affect the yield and quality of the 

crop. However, there was a great variation among the plants which did . 

not permit a definite conclusion. 

Two carefully controlled experiments were carried out under field 

conditions to investigate the effects of low doses of irradiation on the 

emergence and growth of the plants and on the yield pattern during and 

at the end of the growing season. Slightly sprouted tubers of the Kennebec 

variety were irradiated at doses of 150, 300 and 500 rad. Irradiation did 

not hasten the emergence of the plants and had no significant effect on 

the yield and quality of the tubers. 

A greenhouse experiment was carried out with tubers harvested from 

a chemically defoliated field to investigate the effect of irradiation 
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on the rest period and subsequent sprout growth. Tubers of the Kennebec 

variety were irradiated at doses of 150, 300, 500, 750 and 1,000 rad. 

Irradiation did not break the rest period and only the 1,000 rad dose 

had a significant effect on sprout growth. This dose broke the apical 

dorniiiance and induced multiple sprouting but reduced sprout development. 

Another greenhouse experiment was conducted with tubers harvested 

from a chemically defoliated field to investigate the effect of irradiation 

on tubers which were at the end of their rest period but had not sprouted 

yet. Tubers of the Kennebec variety were irradiated at 500, 1,000, 1,500 

and 2,000 rad. Irradiation did not hasten sprouting and only the 1,500 

and 2,000 rad doses had a signif'icant effect on sprout growth. The doses 

broke apical dominance and induced multiple sprouting but reduced sprout 

development. 

It is felt that the significant effect of the higher doses of irra

diation used in the last two greenhouse experiments was detrimental ta 

the growth of the potato rather than beneficial. 
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SUGGESTIONS FOR FURTHER RESEARCH 

Becauee the results obtained in the present study conflict with 

those published by different workers, more research ia needed to investi

gate the responae of potato seed tub ers to low doses of irradiation. 

Research could be carried out to stuqy the effect of temperature 

before, during and after irradiation of the seed tubers, the effect of 

the relative humidity at which the tubers were stored before irradiation, 

and the effect of the sites where the tubera are grown after irradiation. 

Research could be conducted on the effect of low doses of irradiation 

at different dose rates on different varieties Bince there is a possibility 

of varietal differences in the responses. Results of econamic importance 

might be obtained. 

Research could be carried out on the effect of low doses of irradiation 

on the growth substances and on the carboQydrate metabolism of irradiated 

tubers. Such research might lead to a better understanding of the mode 

of action of low doses of irradiation. 
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APP ENDI X 



Appendix Table l 

Percentage.of emerged plants 55 days after planting. 

Experiment II. 

Dose Replication 

in rad l II III IV 

0 37.5 12.5 0.0 25.0 

150 25.0 12.5 25.0 12.5 

300 37.5 25.0 0.0 62.5 

500 25.0 12.5 25.0 75.0 

Appendix Table 2 

Transformed values of the percentages of emerged plants 55 

days after p1anting using the angular transformation (Fisher 

and Yates, 1963; Bartlett, 1947). Experiment II. 

Dose Replication 

in rad l II III IV 

0 37.76 20.70 2.85 30.00 

150 30.00 20.10 30.00 20.70 

300 37.76 30.00 2.85 52.24 

500 30.00 20.70 30.00 60.00 



Appendix Table 3 

Analysis of variance of the percentages of emerged plants 55 

days after p1anting using the angular transfonnation. 

Experiment II. 

Source 

Replications 

Treatments 

Error 

Total 

d.f. 

3 

3 

9 

15 

S.S. 

1Ia.7.68 

366.20 

1516.16 

3300.04 

Appendix Table 4 

M.S. 

472.56 

122.06 

168.46 

Mean squares of the percentages of emerged plants 55, 60 

and 65 days after planting. Experiment II.(1) 

Source d.f. Humber of days 

55 60 

Replications 3 472.56 513.28 

Treaotments 3 122.06 596.08 

Error 9 168.46 184.32 

F 

2.80 

0.72 

65 

°854.35 

210.35 

253.65 

(1) Analyses of variance vere perfonned on transfonned values. 



Appendix Table 5 

Mean squares of the yield and nnmber of tubers after 

130 days of growth. Experiment II. 

Source d.f. Yield Nwmber of tubers 

"Replications 3 0.0363 

Treatments 3 0.0030 

Error 9 0.0356 

Sampling error 14(1) 
1,(2) 

0.0232 

(1) Two d.f. were lost due to two sub-plots missing. 

(2) One d.f. was lost due to one sub-plot missing. 

Appendix Table 6 

319.12 

44.37 

19.70 

40.20 

Mean squares of the specifie gravit y of tubers after 130 days 

of growth. Experiment II. 

Source d.f. M.S. 

Replications 3 0.00002$6 

Treatments 3 0.0000463 

Error 9 0.0000183 

Sampling error 14(1) 0.0000297 

(1) Two d.f. were lost due to two sub-plots missing. 



Appendix Table 7 

Mean squares of the percentages of emerged plants 17, 24 

and 26 clays after p1anting. Experiment TIl. 

Source d.f. Nwnber of days 

17 24 26 

Replications 3 71.01 1$9.92 116.71 

Treatments 3 1$2.78** 90.09* 36.73 

Error 9 16.30 22.19 20.42 

* Differences were significant at 1eve1 P .. 0.0$. 

** Differences were significant at 1eve1 P = 0.01. 

Appendix Table 8 

Mean squares of the fresh and dry weights of the potato 

vines 68 clays after p1anting. Experiment III. 

Source d.f. Fresh weights Dry weights 

Replications 3 1.790 0.0070 

Treatments 3 1.$33 0.0133* 

Error 9 0.6$7 0.0028 

* Differences were significant at 1eve1 P = 0.0$. 



Appendix Table 9 

Mean squares of total yield of tubers 68, 92 and 122 days 

after planting. Experiment nI. 

Source d.f·. Number of days 

68 92 122 

Replications 3 0.0816 0.420 0.686 

Treatments 3 0.0843 1.426 1.882 

Error 9 0.2180 0.632 1.990 

Appendix Table 10 

Mean squares of the number of tubers 68, 92 

and 122 deys after p1anting. Experiment III. 

Source 

Replications 

Treatments 

Error 

d.f. 

3 

3 

9 

68 

3049.2 

1895.2 

2643.9 

Number of days 

92 

418.00 

2812.16** 

396.38 

** Differences were significant at level P = 0.01. 

122 

483.54 

105.21 

488.46 



Appendix Table 11 

Mean squares of the marketab1e yie1d of tubers 68, 92. 

and 122 days after p1anting. Experiment TIl .• 

Source 

Replications 

Treatments 

Error 

d.f. 

3 

3 

9 

Number of days 

68 

0.0776 

0.1100 

0.2005 

Appendix Table 12 

92 

0.2473 

0.2470 

0.5248 

122 

0.840 

2.494 

1.0h4 

Mean squares of the number of marketable ~ubers 68, 

92 and 122 days after p1anting. Experiment nI . 

Source d.f. . Number of days 

68 92 122 

Replications 3 163.50 9.17 64.83 

Treatments 3 40.16 18.67 36.16 

Error 9 62.44 46.17 110.11 



Appendix Table 13 

Mean squares of the specifie gravit y of tubers 

122 days aiter p1anting. Experiment In. 

Source 

Replications 

TreatJnents 

Error 

d.f. 

3 

3 

9 

Appendix Table 14 

Mean squares 

0.00002033 

0.00000233 

0.00000744 

Mean squares of the percenta~es of emerged plants 17 and 

23 days after p1anting. Experiment IV. 

Source d.f. Number of days 
17 23 

Replications 3 39.01 66.69 

Treatments 3 116.05 112.35 

Error 9 44.23 32.93 



Appendix Table 15 

Mean squares of the total yield and of the total number 

of tubers 123 days after planting. Experiment IV. 

Source 

Replications 

Treatments 

Error 

d.f. 

3 

3 

9 

Total yield 

4.133 

0.946 

6.202 

Appendix Table 16 

Total number of tubers 

851.26 

384.16 

1216.18 

Mean squares of the total marketable yield and of the total 

number of marketable tubers 123 d~s after planting. 

Experiment IV. 

Source 

Replications 

Treatments 

Errer 

d.!. 

3 

3 

9 

Marketable 

yield 

1.131 

0.164 

5.111 

Humber of 

marketable tub ers 

240.90 

12.23 

221.23 



Appendix Table 17 

Mean squares of the specifie gravit y of the tubera 123 

days after planting. Experiment IV. 

Source 

Replications 

Treatments 

Error 

d.f. 

3 

3 

9 

Appendix Table 18 

Mean squares 

0.00002633 

0.00000133 

0.00000422 

Mean squares of the percentages of eprouted tubers 44. 48, 54 

and 61 days, after irradiation. Experiment V. 

Source d.f. Number of days 

48 54 61 

Replications 3 30.13 189.77· 476.64 85.03 

Treatments 5 151.03 195.74 200.78* 5.67 

Error 15 73.55 81.24 52.65 18.89 

* ~fferences were significant at leve1 P = 0.05. 



Source 

Appendix Table 19 

Mean squares of the percentages of tubera with sprouta 

longer than 0.5 cm, 54 and 61 days after irradiation. 

Experiment v. 

d.!. Number of days 

54 61 

Replications 

Treatments 

3 

5 

15 

226.66 

359.17* 

96.98 

30.20 

362.49** 

45.48 Error 

* Differences were sign1!icant at level P = 0.05. 

** Differences were significant at level P = 0.01. 

Appendix Table 20 

Mean squares of the percentages of tubers vith sprouts 

longer than 0.5 cm, 1 cm, and 1.5 CJIl, 68 clays after 

irradiation. Experiment V. 

Source d.f. Minimum sprout length 

0.5 em lem 1.$ cm 

Replications 3 85.79 44.60 66.97 

Treatments 5 89.24 236.29 268.02** 

Error 15 54.66 96.88 49.10 

** Differences were significant at level P = 0.01. 



Appendix Table 21 

Mean squares of the percentages of tubera showing breakdown 

in apical dominance and multiple sprouting 91 days after. 

irradiation. Experiment v. 

Source d.f. Breakdown in Multiple 

apical dominance sprouting 

Replications 3 9.63 29..50 

Treatments 5 306.01** 471.17** 

Error 15 52.93 31.36 

** ~fferencea were significant at 1eve1 P = 0.01. 

Appendix Table 22 

Mean squares of the percentages,of sprouted tubera 8, 13 

and 19 days after irradiation. Experiment VI. 

Source d.f. Number of days 

8 13 19 

Replications 2 101.45 49.09 96.64 

Treatments 4 45.28 27.33 23.46 

Error 8 69.04 24.33 91.10 



Appendix Table 23 

Mean squares of the percentages of tubers with sprouts longer 

than 0.5 cm, B, 19, 2B and 40 days afterirradiation. 

Experiment VI. 

Source d.f. Nmnber of days 

B 19 2B 40 

Replications ~. 17.41 133.86 146.53 37.10 

Treatlnents 4 2Bo.74* 436.33** 4BO.l~ 561. 7B** 

Errer B 63.62 54.16 B5.23 ·33.20 

* Dtfferences were significant at level P = 0.05. 

** Dtfferences were significant at 1evel P = O.Ol. 

Appendix Table 24 

Mean squares of the percentages of tubers with sprouts longer 

than 0.5 cm, 1 cm and 1.5 cm, 49 days after irradiation. 

Experiment VI. 

Source d.f. Sprout lengths 

0.5 cm 1 cm 1.5 ,cm 

Replications 2 133.61 111.1B 66.40 

Treatments 4 102.48 249.84 429.22** 

Error _ B 42.49 B8.41 59.21 

** Dtfferences were significant at level P ::: 0.01. 



Appendix Table 23 

Mean squares of the percentages of tubers with sprouts longer 

than 0.5 cm, 8, 19, 28 and 40 days after"irradiation. 

Experiment VI. 

Source d.f. Number of days 

8 19 28 40 

Replications ~ 17.41 133.86 146.53 37.10 

Treatlnents 4 280.74* 436.33** 480.1a.. 561.78** 

Error 8 63.62 54.16 85.23 "33.20 

* Differences were significant at 1eve1 P = 0.05. 

** Differences were significant at 1eve1 P = 0.01. 

• Appendix Table 24 

Mean squares of the percentages of tubers with sprouts longer 

than 0.5 cm, 1 cm and 1.5 cm, 49 days after irradiation. 

Experiment VI. 

Source d.f. Sprout 1engths 

0.5 cm 1 cm 1.5 cm 

Replications 2 133.67 177.78 66.40 

Treatments 4 102.48 249.84 429.22** 

Error 8 42.49 88.47 59.27 

** Differences were significant at 1eve1 P = 0.01. 



Appendix Table 25 

Mean squares of the p~:.:centages of tubera showing breakdown 

in apical dominan~e and multiple sprouting 49 d~s after 

irradiation. Experiment VI. 

Source d.f. Breakdown in 

apical dominance 

Replications 2 155.79 

Treatments 4 288.15** 

Error 8 29.85 

* ~fferences were significant at level P = 0.05. 

** ~fferencea were significant at level P z 0.01. 

Multiple 

sprouting 

35.43 

258.9~ 

49.33 


