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ÀBSTRACT

siemens, Albert John. M.sc., university of Manitoba, March 1986. Ef-
fects of Mefluidide, a PlanL Growth Regulator, on prant Developnent,
Processing QuaIity, and Storage of Potatoes ISolanum tuberosum L.]. Ma-jor Professor: Dr. M. K. pritchard

Field, storage, and growth room experiments were conducted to examine

the effects of foliar-applied mefluidide {N-[2,4-dimerhyl-5[ [(trifluoro-
methyl)sulfonyll aminoJphenyllacetamidei on yield, plant development,

processing quality, and storage of potato Isolanum tuberosum L.] culti-
vars Russet Burbank and Norchip.

Mefluidide had little or no effect on yield except in'1983 when mark-

etable yields of Russet Burbank were reduced considerably. Preharvest

sucrose content was slightly higher in mefluidide-treated Norchip pota-

toes but during the storage season there were no marked differences be-

tween treatments. The sucrose content of Russet Burbank increased with

the concentration of mefluidide and remained higher for the duration of

storage. In the mefluidide treated potatoes the respiration rates were

increased anywhere from 10 to 50e" at the 2.00 kg aí/ha rate and weight

loss aboul 20-100% more than Lhe control. The majority of the addition-

aL weight l-oss was not due to increased respiration but to water loss

with respiration accounting for 2.8-5.3eo of the total weight loss" When

Russet Burbank potatoes were treated \,¡ith mefluidide on lwo different

dates, the later treatment Lended lo increase the sucrose content, rate

of respiration, and the weight loss. The field study also showed that

-v-



the potato periderm darkened and became more russetted with mefluidide

treatments.

Growth room studies indicated a possible reduction in fresh weight,

dry weight' and dry weight percentage of potato tubers with mefluidide

treatment. timited scanning electron microscopic work showed that there

is a possibility of an affect of mefluidide on the structure of the per-

iderm which in turn could effect the permeability of the periderm and

increase water 1oss"

-vl -
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Chapter I

INTRODUCTION

In Manitoba approximately 16,000 hectares of potatoes are grown every
year and of this production B0eo are directed towards processing, ie.
chipping, french fries, and dehydration. A requirement of the potato
processing industry is to develop methods or techniques in order to in-
crease and improve yield, processing quality, and storage capabilities
of potatoes Iso]-anum tuberosum L.l. Quarity of processing potatoes is
improved by an enhanced chemicar maturity, mainly by a low sugar content
and a high specific gravity. À l-ow sugar content, namely reducing sug-

ars, resurts in a higher quality chip or french fry by yielding a light
colored product. A high specific araviLy affects quality and quantity
of the end product due to a higher dry matter content.

Improved storage capabilities of potatoes is also necessitated by the

industry in order to maintain quality and reduce storage losses. ¡¡eight
loss can be anywhere from 4-17% during a normal storage period and of
this 10% is considered to be respiratory Loss and the remaining 90% is
evaporative or water loss. Hence, an enhanced maturity of the potato

can reduce these losses by either a lower metabolic activity in storage

or better periderm development to reduce water loss" Sucrose content of
the potato is also used as an indicator of the longevity of storage and

the quality of the processed product after the potatoes are lifted from

storage 
"

-1
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To this end mefluidide [¡¡-[2,4-dimethyl-5-[ [(trif]uoromethyl) sulfo-

nyJ.J amino]phenylJacetamideJ, a plant growth retardant, was used and in-

vestigated for any sign of promise in enhancing any of the qualities

mentioned above. Previous studies on this subject were inconclusive but

indicaled that there may be some positive qualities of this regulator in

enhancing specific aravities, chip color, and periderm developmenL while

having a negative inpact on Lhe chemical maturation (sucrose content)

and weight loss.

In this investigation the effect of foliar-applied mefluidide was de-

termined on the yield, specific aravity, chip color, the rate of respi-

ration, sucrose content, and weight loss throughout the storage period

on field grown potato cultivars Norchip and Russet Burbank" In addition

the effect of applying mefluidide on two different dates was tested on

Russet Burbank potatoes. Sucrose content was also determined on imma-

ture Norchip potatoes before harvest to observe any effect on the matu-

ration process. Gror+th room studies were performed on Norchip potatoes

to study Lhe influence of mefluidide on plant growth, tuberization, dry

matter accumulation and periderm development.



Chapter II
LITERÀTURE REVIEW

This review of the literature covers many of the areas previousLy

covered in an earlier dissertation (zulu, '1983), therefore, this will
not be an exhausLive review but an attempt to briefly comment on the

background of my research.

2"1 MEFLUIDIDE: A PLANT GRO}¡TH REGUTATOR

Mefluidide, while referred to as a synthetic Arowth regulator, is

most often known as a growth retardant or a herbicide. The principle

area of application of this chemical has been in the area of turf grass

growth regulation since it can suppress growth and seed head production

(¡'ieId and Whitford, 1980; Jackson et a1., 1980). Turf grass growth can

be suppressed for 6-8 rveeks without adverse phytotoxicity. Mefluidide

retarded shoot fresh weight, dry weight, and height of corn (zea mays

L.) and reduced chlorophyll content at the base of the Leaves (Truelove

et aI., 1977). MefLuidide can also suppress vegetative growth in trees

and woody ornamentals (Gates, 1975) and in sugar beets Iaeta vulqaris

t" I (Schweizer and Eshel, 1 978 ) .

The retardation capabilities of mefluidide allow it Lo have herbici-

dal attributes by suppressing selectively the growth of such weeds as

johnsongrass Isorqhum ba]epens (L.) Pers.l, hemp sesbania Isesbania ex-

altate (naf) Cory1, and common cocklebur lXanthium pensylvanicum wa11r"]

-3-
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in crops such as soybeans [G]ycine max (1. ) t'terr. 'Bragg'J (Mcwhorter

and Barrentine, 1979). Mefluidide is reputed to have some synergistic

activity with other herbicides in some plants, as treatments of meflui-

dide with acifluorfen and mefluidide with bentazon increased the control

of common cocklebur and red rice lorvza sativa (i,.)1, respectively in a

crop of soybeans (Hook and G1enn,1984; Rao and Harger, 1981).

Other physiological events can occur with application of mefluidide"

It increases the amount of recoverable sugar in sugar cane lsaccharum

officinarum] (cates, 1975) and talL fescue IFestuca arundinacea Schreb.]

(G1enn et al., 1980) while decreasing the yield of sugar in sugar beets

(Schweizer and Eshel, 1978). Jobling (1978) indicated the use of me-

fluidide as a ripening agent in sugar cane. Protein content also was

increased in tall fescue by mefluidide (G1enn et al., 1980). Tseng and

Li (1984) indicated thaL mefluidide allowed cucumbers and corn to pro-

tect themselves against 1ow temperature stresses. GIenn and Rieck

(1985) found that mefluidide had auxinlike activity at low concentra-

tions because it stimulated elongation of corn coleoptiles.

Mefluidide i.s absorbed mostly through the young leaves and stems and

translocated via the assimilaLe stream to the areas of high metabolic

activity, ie. movement is acropetal to the apical regions of the plant

and the axillary buds (Bloomberg and Wax, 1978). Absorption and tran-

slocation differs according to species but also varies according to the

environmental conditions (McWhorter and I.Ii11s, 1978). Àn increase in

temperature from 220C Lo 320C and relative humidity from 40eo to 100eo,

resulted in a 2-3 fold increase in absorption and a 4-8 fold increase in

translocation. The mode of action of mefluidide is no! clearly known
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but it is speculated that mefluidide inhibits the biosynthesis of gib-

berellins. Wilkinson's (982) v¡ork on sorghum suggests Lhis to be the

case since the conversion of kaurene to kaurenol is inhibited. Both

these compounds are precursors to GAs. Truelove et al " (1977 ) mentions,

however, that the mefluidide-induced retardation of growth cannot be

sole1y due to the inhibition of GÀs biosynthesis because exogenous ap-

plication of GAs did not reverse the dwarfing affects. Truelove et al"

(977 ) adds that one of the earLier effects of GÀs is on the membrane

structure and permeability and mefluidide may therefore have some impact

at this Ievel. Truelove et al. (977 ) also found that leucine incorpo-

ration was inhibited in cucumber ICucumis sativus L. 'Àshley'J cotyle-

dons by mefluidide suggesting thaL the rate of protein synthesis could

be affected.

2.2 SUGÀR CONTENT IN POTÀTOES

The sugar content of potatoes is a major concern Èo the potatoes in-

dustry. A high reducing sugar content can seriously affect the process-

ing quality because of an interaction with amino acids to form a brown-

ing reaction when they are f ried (l{azza et aI. , 1983 ) . r.ihile sucrose is

not directly involved in this process it is a substrate for reducing

sugars and the quantity of reducing sugars is often sucrose related (So-

wokinos, 1978). The storage capability of potatoes is another factor

that can be determined by sugar content. Sowokinos (1978) found that

sucrose ratings of.2.8 mg sucrose/g tuber or lower were essential for

long term storage of good quality processing potatoes.



2"2.1 Suqar Content Prior to Storaqe

The sucrose and reducing sugar content of potatoes is normally high

before harvest but this is reduced to a minimum at maturity (Mazza et

âf., 1983). During the naturation process Lhe sugars are converted to

sLarch and the enzyme ADPglucose pyrophosphorylase is the main regulato-

ry enzyme involved in synthesis of starch (van Es and Hartmans, 1981b).

2.2,2 Suqar Content Durinq Storaqe

During long term storage the sugar content in potato tubers will
gradually increase but there are at least two different reasons for this

sweetening taking place, one is low lemperature sweetening and the other

is senescent sweetening.

In low temperature sweetening, accumulation of sucrose and reducing

sugars are stimulated by low temperatures but this process can be re-

versed by reconditioning the potatoes at higher temperatures (van Es and

Hartmans, 1981b). Sherman and Ewing (982) noticed Lhat within 2 days

of chilling Lhere rvas an increase in hexose phosphates and after 10 days

sucrose was synthesized. Burton (1969) found that in the cultivar 'Ma-

jestic'when the temperature was reduced from'100C to 20C the sucrose

content of young tubers was increased from about 0.1% to around 1.Oeo of

fresh weight and reducing sugars from 0.2eo Lo about 1.7vo. Burton (1969)

indicated that amount of sugar accumulated in response to cold tempera-

tures depended on the age of the tubers and on the cultivar. It was

also found that the sugar accumulation was not as great when the temper-

ature was reduced gradually (Burton, 1969).
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There are a number of theories thaL try to explain this increase in

sugars at low temperatures. Isherwood f976) postulates that there is a

steady state level of starch and sugar at a certain temperature, ie.

starch is being degraded and produced continuously but this is shifted

one rvay or another depending on the temperature. This response occurs

because there is a balance between electron transport activated influx

of metabolites into the amyloplasts where starch is formed, and a pas-

sive efflux of internediates (Isherwood, 1976). The intermediate that

accumulates in the cytoplasm is sucrose. A decrease in the temperature

would, according to this hypothesis, affect the electron transport-acti-

vated influx, and therefore increase the amount of sucrose. Dixon and

Rees (1980) concluded that phosphofructokinase and pyruvate kinase are

cold labile causing glycolysis to be blocked which in turn diverts the

hexose phosphates into sucrose production. Pollock and ap Rees (1975)

indicated that accumulation of sugars at low temperatures v¡as due to an

activation of certain enzymes, namely sucrose phosphate synthase. In-

vertase, the enzyme that converts sucrose to reducing sugars also is re-

ported to be stimulated at low temperatures (Pressey, 1959).

Activation of cyanide resistant respiration (Cnn), as mentioned lat-
er, may also be responsible for the increase in the sugar content of po-

tatoes at low temperalures (Sherman and Ewing,1982; SoJ.omos and Laties,

1975). while CRR is not usually known to increase ÀTP levels in plant

tissue Solomos and Laties (1975) found the ÀTP levels to be increased in

potatoes and suggested that sucrose synthesis functions as a sink for

this excess energy that is produced. Isherwood (976) claims HCN and

other trealments that increase sugar content (anaerobiosis, ethytene



chlorhydrin) have their effect on the amyJ.oplast membranes and might

even affect the electron transport properties of the membrane.

Some workers have concluded that the membranes surrounding the amyJ.o-

plasts become leaky at low temperatures, Lhus naking the starch a,¿ail-

able to the hydrol-yzing enzymes that are located in the cytoplasm (Stret-

tar et aI., 1979). Other research recently, however, indicate that this

leakiness is more of an indication of age or senescence than a factor of

temperature (Isherwood, 1976) .

Senescent sweetening, as opposed to low temperature sweetening, is

not reversible (Isherwood, 1976). This type of sweetening occurs after

the potatoes have been in storage for a certain length of time with var-

ious cultivars having different responses (Burton, .1978). The cause for

this sweetening as nentioned above, is that the membrane around the amy-

loplasts become leaky or disintegrates thus allowing enzymes like starch

phosphorylase to break down its contents (Isherwood,l976), Lower temp-

eratures of 20-40C helps to prevent senescent sweetening but low temper-

atures increase sweetening if senescence has already been initiated
(Burton, 1969). Preharvest conditions, such as water stress, also af-

fect the storeabiJ.ity of potatoes and the accumulation of sugars for the

same reasons mentioned before, ie. it increases the permeability of the

membranes (Shektar et a1", 1979).



2.3 RESPIRATION IN POTÀTOES

2 "3 .1 Respi ratory Process

Respiration in potato tubers is a process by which carbohydrates are

broken down or oxidized and CO2¡ energ!, and heat are released. The

process is sinrplified by the following equation:

C5H1206 + 602

The main substrate for respiration is starch which is converted to he-

xose units, namely glucose, by the enzyme phosphorylase (Shektar and Ir-
itani, 1978), or if the carbohydrate is in the sucrose form then inver-

tase is active in producing the reducing sugars (Pressey, 1969). From

here the reaction progresses through the glycoJ.ytic pathway to pyruvate

and then through the tricarboxylic acid (rCe) cycJ.e or il will enter the

pentose phosphate pathway (ppp) (sherman and Ewing, 1983).

This process of respiration is an important physiological activity in

the potato, even in storage, since it provides the energy needed to

maintain metabolic activity and Life processes in the tuber (Rastovski,

1981). Energy from these cycles is stored in the form of ÀTP, NADH +

H*, or FÀÐHz (Salisbury and Ross,1978)" The electrons from NÀDH + H*

and FADH2 ârê transported through the electron transport system which is

coupled with oxidative phosphorylation to produce more ATP" This stored

energy contributes to the synthesis of DNA, RNA, protein, and enzymes,

and other substances thaL maíntain the integrity of the organism (wilIs

et aI., 1981). Senescence occurs when the integrity and the metabolism

of the organism deteriorates or declines (Hooden, 1980). Another aspect

of glycolysis and the TCA cycle is that certain inlernrediates are used
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as a source of carbon skeletons for nrany synthetic reactions in the cell

such as the production of fats and proteins (witts et al., 1981).

While respiratory activity is important for maintainance of the pota-

to tubers in storage, it is still deemed important to control this pro-

cess. First of all it is important to control respiration because it
accounts for part of the weight loss in the tuber. Under normal circum-

stances weight loss due to respiration is responsible for about.10e" of

total weight loss during storage (Burton , 1978; Schippers, 1977c) " The

balance of the losses are due to the loss of water. Secondly, the lev-

e1s of COz in storage facilities should not be too high otherwise detri-

mental physiological consequences could be induced such as foss of re-

sistance to diseases such as Fusarium and the occurrence of black heart

(Workman and Twomey, 1970), or elevated sugar levels (Shamaila, 1985;

I.iorkman and Twomey, 1970). Fina1ly, in elevated co2 storage conditions

the respiratory activities can be altered but so far the studies regard-

ing the effect of C02 have not been very conclusive. Perez-Trejo et al"

(1981) showed that the respiration rate increased in these conditions

whereas Schippers (977b) found high COz concentrations inhibited respi-

ration.

2"3.2 Effect of Maturitv on Respiration

The physiological maturity and the duration of storage influence lhe

respiration rate of the potato tuber. Peterson et al" (1981), working

with recently harvested potatoes, determined that immature Russet Bur-

bank tubers respired at about 3 times the rate of mature tubers, ie. ap-

proximately 6*8 and 2"5-1.5 mg C0z*kg tuber-1*hr-1 for immalure and ma-



11

ture Èubers, respectively. Burton (1964) found a similar trend in that

immature tubers respired at a rate of about 30 mg CO2*¡n tuber-txhr-1

while at field maturity the respiratory rates were reduced to approxi-

mately 10 mg C0r*¡n tuber-r*hr-1. Immaturity of the potato tuber is a

relative term indicating Lhat the tuber has potential to increase its

size and that physiological characteristics such as the starch content

are relatively low at this stage (Cutter , 1978). After 6-8 weeks in

storage the respiration rate of potatoes are further reduced to a pla-

teau ranging from 3-8 mg C0z*kg tuber-r*hr-1 (Burton, 1978) and Schip-

pers (977b) found the respiration rate to be reduced to'1-3 mg COr*¡n

tuber-r*hr-1. The reason for higher rates of respiration for immature

tubers than tubers that have been in long term storage is that as tubers

nature the metabol-ic rate decreases since they are no Longer actively

growing (Burton , 1982). Towards the end of the storage period, which is

often 6-8 months 1ong, the respiration rate usually increases slight1y.

This is usually considered to be in response to sprouting (Dewelle and

Stallknecht, 1978¡ Isherwood and Burton, 1975¡ Schippers, 1977c).

The relatively high respiration at harvest compared to the rate later

in storage is not only due to maturity but also has to do with bruising

and other damage to the tuber occuring during harvesl. Pisarczyk (1982)

determined thaL mechanical harvesting bruised tubers to a greater extent

than hand harvesting and subsequently doubled the rate of respiration

for the first 1-2 weeks in storage.
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2"3,3 Respiration and the Effect of Temperature

Temperature has a direct influence on the respiration rate of pota-

toes. Àccording to van Es and Hartmans (1981c) temperatures of 5-100C

will result in a minimal respiration rate. At 50C respiration is about

4.5 mg COr*¡n tuber-l*hr-1but it climbs to 9.5 mg C02*kg tuber-1*hr-1

at 00C. Schippers (1977b) claims that between 5-100C Lhe rate of respi-

ration does not vary very much but if the temperature is reduced to

2"50C the rate increases 30e". In a general review of the work on respi-

ration of potatoes Schippers (1977a,b) found that 7.50C results in the

lowest rate of respiration. Àt temperatures above 100C, especially

above 200C and beyond, respiration increased dramatically (Schippers,

1977b) " In a slightly different finding Paez and Hultin (1970) noted

that at 10C and 40C there rlas a similarly low rate of respiration and at

120C and 210C the rates began to increase.

Respiration is also influenced by temperature changes. Temperature

reduction of'100C to 20C initially decreased respiration but was fol-
lowed a few days later by a respiratory burst (Isherwood, 1973). Àmur

et al. (1977 ) noticed this burst in respiration only in fresh tubers and

not in tubers that were aged for 3 months in storage. This respiratory

burst was sustained for 20-23 days before it was reduced to a level

sIightly higher than it was initially at 100C. Isherwood (973) found

that the reverse was also Lrue, that when the storage temperature was

increased from 20C to 100C respiration increased to a maximum after

about 10 days and then decreased close to the original level after this"
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The reasons for increased respiratory activity at extreme tempera-

tures or with drastic temperature changes are not exactly clear. Some

indicate that increased production of sucrose and reducing sugars trig-
gered by low or changing temperature are responsible for the higher res-

piration rate (Sparks, '1965; Isherwood, 1976). But others indicate Lhat

these storage temperatures are one of many environmental stresses that

increases both respiration and sugar accumulation but that these two

variables are independent of each other (Àmur et al., 1977; paez and

HuItin, 1970). Cynanide resistant respiration is also given as a reason

for increased respiratory activity at low temperatures.

2.3 .4 I nhi bi tors of Respiration and Cvanide Resistant RespiraLion

Normal respiration of most organisms is very sensitive to compounds

such as cyanide (HCH), and carbon monoxide, which bind with the iron in

cytochrome oxidase thus inhibiting electron transport and respiration

itself (Bendall and Bonner, 1971¡ Salisbury and Ross, 1978). However,

this poisoning of the electron transport system only has a minor effect

on respiration in some plants, in fact respiration may be stimulated.

This form of respiration, ie. insensitive to HCN, is referred to as

cyanide resistant respiration (Cnn) and is an alternative to the regular

electron transport chain pathway. Sherman and Ewing (1gBZ) and Solomos

and Laties (1975) found that respiration and sugar accumulation in-

creased in potatoes treated with HCN, and suggested that CRR may be re-

lated to activities that are normally associated with low temperature

stimulaLion of respiration. ÀTP levels also increased in response to

HCN treatments (Solomos and Laties, 1975).
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2.3"5 Effect of Suqars on Respiration

Some early workers, as mentioned earlier, suggested that sugar con-

tent direcLly affected the rate of respiration, ie. the higher the suc-

rose content the higher the respiration rate (Isherwood, 1976¡ Sparks,

1965). This is compatible with increased respiration and sucrose con-

tent at 1ow temperatures. Other workers, however, found that addition

of sucrose as a substrate under favorable conditions did not have a po-

sitive response in increasing respiration (Craft, 1967). It was also

found that respiration increases at low temperatures preceded sucrose

accumulation (Workman et al., 1979). The overall results from these and

other studies suggests that increases in sugar content are not correlat-

ed with respiration and are therefore independent of each other (Amur et

al., 1977¡ Paez and Hultin, 1970; Workman et aI., 1979)"

2.4 I.IEIGHT LOSS

Weight loss is of economical concern to the potato producers" Burton

(1973) indicates Lhe weight loss, in terms of money, to be second only

to that of diseases. Under optimal conditions in storage the loss in

weight can be from 3.4-3"8eo of original weight while losses up to iTeo

have been reported (Burton, '1978). À number of physiological events af-

fect weight loss, incl-uding the skin or periderm formation and the re-

spiratory activity. 0f this loss in storage, 90% is assumed to be water

loss and 1Oeo respiratory Loss (Rastovski, 1981). The potato periderm

normally is the barrier

bolic activity reflects

water loss while the magnitude of the meta-

potential loss of weight due to respiration"

lo

the
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2,4.1 Periderm Formation and Evaporative Weiqht Loss

The periderm is a tissue of secondary origin that functions as a pro-

Lective barrier between the tuber and the outside environment (Esau,

1977). Butchbaker et a1., (1973) claims that evaporative weight 1oss

depends on the permeability of the periderm. The periderm formation

also includes suberization since it is the suberization that is consid-

ered critical in preventing water loss and the resistance to water loss

is proportional to the amount of suberin deposition (nolattukudy and

Dean, 1974). Water evaporation from a cut, unsuberized surface is about

300 times the loss from potatoes that have a mature surface (Burton,

1982). A mature surface on a potato or a good skin set is defined as a

periderm that adheres firmly to the tuber (Yamaguchi et aI., 1966). Wa-

ter loss frorn immature potatoes is 15-100 times that of mature potatoes

(Burton, 1978). The periderm is initiated in the field and factors that

influence periderrn formation in the field include soil type, moisture,

and the general health of the plant foliage. Usually sandy soils and

well aerated soils (HieIson, 1968), and low soil moisture or stressed

plant conditions (Braue et a1., 1983) enhance periderm formation. DeaLh

of the foliage generally hastens skin maturity (witcockson et a1., 1980)

and to this end mechanical and chemical desiccants have often been used

(Uurphy, 1968i Struckmeyer and Binning, 1983).

The maturation of the potato periderm in the field is usually limit-
ed, depending on the environmental conditions during the growing season"

Mechanical damage during harvesting will often severely skin and bruise

Lhe potatoes" The first period of storage, referred to as the curing

period, is a critical period in storage because the conditions there can
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help to establish a permanent periderm. The main conditions during cur-

ing, which normally lasts 10-14 days, are temperatures of 15-200C

(Artchwager, 1924) and relative humidities (n.H.) of 70-98c" (wigginton,

1974). Other factors are an adequate or normal suppLy of Oz (Lipton,

1967) and low leve1s of COz in the storage atmosphere (wigginton,

1974).

In regular long term storage the temperature is reduced to 5-100C

while maintaining a high R.H. The weight loss in storage due to evapo-

ration is dependent on the vapor pressure difference (vpo) between the

potato and the air. The VPD is the driving force for water loss, the

greater the VPD the greater the water loss (Schippers, 1971¡ Rastovski,

1981). The VPD is influenced by the temperaLure of the potato, the dif-
ference in ternperature between the potato and the air, and the R.H. of

the air. Temperature is Lhe most critical variable when considering wa-

ter loss in storage because of a big increase in VPD when there is a

moderate increase in temperature (nutchbaker et a1., 1973). it is

iherefore important in long term storage to be aware of the temperature

and R.H. if water losses are to be subdued. The weight loss in storage

also varies according to cultivar and environmental conditions during

the growing season (Braue et aI., 1983). Butchbaker et al" (1973) men-

tioned that potatoes stored in normal bulk storage lose l-ess weight than

potatoes stored in experimental conditions because there is usually a

smaller surface area of the potato exposed to air flow.
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2,4.2 Respiratorv WeiqhL Loss

Respiration results directly in the loss of dry matter, namel-y carbo-

hydrates, and accounLs for losses of no more than 0"5 to 0.6e" of the

fresh weight of poLaloes (Rastovski, 1981). It is mentioned that respi-

ration also is indirectly responsible for r+eight loss in another way.

Heat is a product of respiration and if the potatoes are to be kept cool

this heat must be removed. Às potatoes are cooled, water evaporates

thus resulting in water loss. There has been some attempt to correlate

respiration to overalt weight loss in potatoes but the results have not

always been consistent or reliable (Schippers, 1977c).



Chapter IIi

MÀTERIAL ÀND METHODS

3"1 FIELD TRIÀLS -1983

Plots of two potato cultivars, Norchip and Russet Burbank, were

planted on May 26 and 27, respectively, at the University of Manitoba

Plant Science Department, Portage la Prairie Research Station in a clay

loam soil. Certified seed was used and seed pieces were planted 42 or

33 cm apart for Russet Burbank and Norchip, respectively, in rows 1 m

apart. Cultural conditions included; preplant incorporation of EPTC (¿

L/ha) and metribuzin (0"8 frlha) for weed control, approximateJ.y 300 kg/

ha of 20-20-20 fertilizer banded during planting, periodic application

of deltamethrin (300 mfrlha) to control the Colorado potato beeLle and

mancozeb Q.2 kg/ha) f or early blight control. The potatoes were culti-
vated and hilled as needed.

Russet Burbank was planted in a split block design with four replica-

tions, five main plot treatments that were 18 m long, and two subplots

Lhat were each 9 m long. Guard rows r+ere located between the treatment

plots. The main plots consisted of a control and four levels of foliar-
applied mefluidide, 0.25, 0.50, 1 "00,and 2"00 kg aí/ha Meftuidide rvas

applied with a C02 backpack sprayer with a flat fan nozzle which had an

output of 106 r./ha. The subplots were the different dates mefluidide

rvas applied to Lhe potatoes" These dates were Àugust 10 and 24 and

- 18 -
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this will be referred to as early and late application, respectively,

later in this Lhesis. Plots were harvested September 28.

Norchip was planted in a randomized complete block design with four

replications and five treatments that were identical to the Russet Bur-

bank main plot treatments. Plots were 18 m long but 9 m were used for

pre-harvest sucrose analysis and the rest was harvested for yield data

and storage tests. Mefluidide was foliar applied August 15 and the po-

tatoes were harvested Septernber 23.

After harvest with a single row potato digger, both Norchip and Rus-

set Burbank potatoes were brought into storage and graded for yield data

and were retained for storage and processing analysis. In storage the

temperature r+as initially 180C and 7Oeo relative humidity. On October 4

the temperature was gradually reduced to 100C and after November 22 the

temperature vlas lowered Lo SoC.

3.2 FIELD TRIAT 1984

Norchip and Russet Burbank potatoes were planted May 17 and 18 at

Carman, Manitoba in a sandy-loam soil. Cultural conditions included an

application of metribuzin (1.1 L/ha) as an early postemergent herbicide

on June 6 with a broadcast application of 50 Xg/ha of 34-0-0 and subseq-

uent cultivation on June 14. Mancozeb Q,2 kg/ha) and carbaryl (.25

L/ha) were applied periodically for early bJ.ight and Colorado potato

beetle control, respectively" The polatoes were cultivaled and hilted

as needed"
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RusseL Burbank was planted in a split plot design with the same main

plot and subplot treatments as in 1983. The main plot treatments were

24 m long and subplot treatments 12 m long. The dates of foliar appli-

cation of mefluidide were August 1 and 15 for early and late applica-

tion, respectively. One subplot treatment at '1.00 kg ai/ha was acci-

dently sprayed at both the early and late application and therefore was

not used in the storage tests.

Norchip followed the same design and treatments as in 1983. The

pl-ots were 24 m long and 9 m were used for pre-harvest sucrose analysis

while 15 m were harvested.

Both Russet Burbank and Norchip were harvested on September 19. Once

again the potatoes e¿ere graded for yield and retained for storage and

processing analysis. The storage conditions were the same as in 1983

except the ternperature was reduced to 100c beginning october 3 and to

5oC November 20.

1a
J.J YÏEtD

l'tithin ten days of harvesting, Russet Burbank and Norchip were graded

according to tuber dianeter: less than 5 cmr 5 to 8.75 cm, and over

8.75 cm, which correspond to undersized, marketable size, and oversized

tubers, respectively" Russet Burbank potatoes that were of market.able

size but had deformities such as knobbiness ¡{ere not graded as markeLa-

ble but were classified separately as deformed potatoes.
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3.4 SPECIFIC GRAVITY

About three weeks after harvest, ten tubers from each plot were re-

moved for specific gravity analysis. The potatoes were weighed in air

then weighed in water that was at room temperature. The formula used to

calculate specific aravity (SC) was the following:

SG = lweight(g) in airl/lweight(g) in air - weight(g) in warer]

3.5 CHIP COLOR

Five tubers selected from the marketable grade of Norchip v¿ere re-

moved from each plot approximately three weeks after harvesting for chip

color analysis. Potatoes were washed and peeled, and ten slices about

1.5 mm thick were cut from the center of each potato on a rotary slicer.
The slices were rinsed in water to remove excess starch, padded dry with

towels, and then fried in canola oi1, supplied by CSp Foods, Àltona, at
'1900c ti11 the bubbling from the slices ceased (approximately 2 min-

utes). The chips were placed into plastic bags after they were cooled

and the bags were sealed until color rating determination. À Hunterlab

spectrometer Mode1 D25 was used for col-or determination by reading the

L-value of the chips. The L-values were then converted to agtrons by

the following formula:

Agtron = [L-va1ue X 1,24427) -'17"3943

The agtron values are the common measurement for chip color and the val-

ue ranges from 1-100. À minimun agtron value of approximately 40 is

considered acceptable for good chip color"
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3.5.1 Samplinq Selection for Sucrose Ànalysis

3.5. '1 . 1 Pre-harvest Sampling

Eight average sized tubers were selected from five plants in each

plot in the Norchip trials the day of mefluidide application and every

week thereafter up to harvest for a total of five sampling dates. In
1983 the sampling included all treatments but in 1984 only the control,

0.50, and 1.00 kg aî/ha mefluidide treatments were sampted.

3,5.1 ,2 Storage Sampling

Five average-sized tubers were selected from each plot of Norchip and

Russet Burbank. Sampling began immediately after harvest and then once

every month for a total of seven sampling dates for Norchip. For Russet

Burbank sampling took place at harvest and then every other month for a

total of four sampling dates.

3.5,2 Sucrose Extraction

The potatoes that were selected for sucrose analysis were prepared

according to the method described by Sowokinos ('1978) for sucrose ex-

lraction. The tubers were washed, peeled, and pieces cut from the cen-

tral portion of the tuber to total approximately 200 g and then juice

was ext,racted from them in a Braun vegetable juicerator. Ninety mI of

cold water rvas poured into the juicer three times '1 .5 min apart to re-

move as much sucrose from the pulp as possible. The total volume of Lhe

extract was noted and it was allowed to settle for t hr in an ice bath

before 10 mI of the extract was placed into sealed vials and stored in a

freezer till sucrose determinations could be made.
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3.5"3 Sucrose Determinations

The frozen tuber extract was allowed to thav¡ at room temperature.

One ml of extract was diluted to 5 ml v¡ith water then 0.1 ml of diluted

extract was placec in a test tube. Each sample r,¡as run in triplicate.
B1anks (0.1 ml water) and a sucrose standard (0.1 ml = 0.'1 mg) were run

with each group of determinations. To each test tube 0.'1 ml of 30p" KOH

was added then the sampre was heated at 1000c for 15 min to destroy re-

ducing sugars. The sanples were then cooled to room temperature and 3

ml of anthrone reagent was added. Anthrone reagent was prepared by mix-

ing 150 mg anthrone with'106 ml diluted sulfuric acid. Sulfuric acid

was diluted by adding 76 m] of concentrated solution to 30 nl water.

The test tubes were incubated in a water bath at 400C for 40 min and al-
lowed to cool to room temperature before taking absorbance readings at

620 nm. The following formula gives the Sucrose Rating (SR = mg Suc-

rose/g tuber):

SR = [ODextract x 0"1 mg Sucrose / onstd] x nitution factor

where:

ODextract = Absorbance reading of the extract
ODstd = Àbsorbance reading of the standard
Dilution Factor = total extract(ml) x 5(extracL diLuLion) / g tuber

0"1(ml) assay volume

The dilution factor sometimes changed depending on changes in the total

extract volume.
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3.6 TUBER

3 . 6. 1 Rate

RESPIRÀTiON

of Respiration

%COz in jar - %C02 in empty jar
volume of jar
faclor to convert ml COz to mg CO2

The method of respiration analysis followed the format of Schippers

(1977b) witn a ferc modifications. Grass jars wiLh a 4120 mI capacity

and with rubber septums in the lids were used as containers for the res-

piration studies on the whole tuber. Ten average-sized Norchip or eight

Russet Burbank potatoes from each plot were placed in the jars and pa-

rafirm was placed over the lip of the jar before the lid was put on to

tightLy seal the contents. The respiration studies were conducted in

the potato storage facility therefore the conditions of the experiment

were similar to the actual storage conditions. Àfter approxinately 2 h,

a 30 ml plastic syringe was inserted into the jar through the sepLum and

tvas pumped 12-15 times before removing about'15 mr of air. À 0.5 mI

portion of this was removed by a 1 mr precision syringe and injected

into a Carle Ànalytical Gas chromatograph (Rcc-31 1 ) which had a thermo

conductivity detector with a filament sensor" The gas chromatograph op-

erated at 700c and had helium as the carrier gas at 275 kpa. The formu-

la used to determine respiration rates was the following:

Respiration Rate = (%c0z)0.01(4?10 mI -(voluFe of tubers in mI))1"95
hours X kg tuber

where:

%C0z
4210 ml
1 .8s

This formula gives the rate of respiration in mg coz kg tuber-1 hour-1"
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Respiration was determined 7-10 days after harvest and Lhen every

month for seven months. The same potatoes were used for each respira-

tion determination throughout the duration of storage but the potatoes

were removed fron the jars immediately after each determination. Only

the potatoes Lhat had received 0.00, '1.00, and 2.00 kg ai/ha mefluidide

as a foliar application were used in this study.

3,6,2 Weiqht Loss Due to Respiration

The loss of C02 rvâs determined by taking the mean respiration rate

between consecutive respiration determination dates and converting it to

9 c02*¡n tuber-rxstorage period-1. From this the net carbon Ìoss was

deLerminded since for every COz evolved Oz is absorbed. The net loss of

carbon is considered to be the respiratory loss (Burton, 1966)" The

mean respiratory loss for each period were totalled to give total loss

due to respiration.

3,7 WEIGHT IOSS

Àfter grading, approxinately 3 kg of potaLoes were removed from each

plot and were placed into small perforated nylon bags. They were imme-

diately weighed and then reweighed about every thirty days until the end

of March or beginning of Àpri1. From these results percentage weight

Loss were calculated.
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3.8 SPROUTING IN NORCHiP AND PERIDERM COLOR IN NORCHIP ÀND RUSSET
BURBANK

Sprouting in Norchip was determined at the end of the storage period

in March of '1984 and '1985. Five tubers f rom each plot were evaluated

for the length of the sprouts. Periderm color and texture were visually

evaluated during grading on a scale of 1 to 5, 1 being normal skin color

and texture and 5 being dark brown and very russetted.

3.9 GROWTH ROOM STUDIES ON NORCHI P POTÀTOES

Two different growth room experiments were conducted on Norchip pota-

toes" In the first experiment young Norchip potato plants were grown in

a growth cabinet with nutrient solution to study the effect of meflui-

dide on the growth of the plants by examining plant height, fresh

weight, and dry weights of the foliage, roots, and tubers. cuttings
(4-5 nodes) were made from mother prants, then praced into a flat con-

taining vermiculite, and finally put into a misting chamber for approxi-

mately 2 weeks or ti11 a good root growth developed. Tndividual cut-

tings were then transplanted into 15 cm cJ-ay pots with vermiculite as

the medium. HoagLand's half strength nutrient solution was given Lo the

plants every other day. Àfter the plants were 2 weeks o1d (from time of

transpJ.anting), they were treated, to wetness, with 4 levels of meflui-

dide (foliar-appried): 0.00, 0.05, 0.10 or 0.20 mg ai mefluidide/mr so-

lution. Mefluidide solutions were prepared in 2v. (v/v) acetone. The

plants were harvested and weights taken 4 weeks after being treated"

The growth cabinet studies were conducled 2 different times and the ex-

periment tvas arranged as a double latin sguare. The results were com-
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bined for both dates. The foliage and roots were oven dried while the

tubers v¡ere vacuumed dried.

The second experiment was designed to examine the effect of meflui-

dide on older Norchip potato plants in a growth room. The procedure v¡as

the same as above but the cuttings were placed in 24 cn clay pots. The

mefluidide treatments were also the same excepL that spraying was de-

layed f.or 2 months after transplanting. Fresh and dry weights were tak-

en of the foliage and fresh weights and some scanning electron micro-

scopic work was done on the tuber periderm. This study was conducted

once and analyzed as a latin square.

The potato plants were grown under conditions of 14 hours light in

the growLh cabinet and 16 hours in the growth room" The temperature was

200 and '150 for the light and dark periods, respectively.

3. 10 STATI STI CÀL ANÀLYSI S

The data from Norchip was analyzed as a randomized complete block de-

sign while Russet Burbank was analyzed as a split block in 1983-84 and

as a split plot in'1984-85. The analysis of variance or general linear

model procedures were used in all cases. The late application of me-

fluidide on Russet Burbank was also anaÌyzed separately as a randomized

complete block design. In Lhe Lhesis the main comparisons in Russet

Burbank will be between treatments at the late application and also be-

tween late and early application" teast Significant Differences at the

5 percent level were used to determine the differences between treatmenL

means for the yield, storage tests, and growth room studies"
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3.'10"1 Scanninq Electron Microscopic Observations of PoLato Periderm

Potato tubers of the cultivar Norchip that had been harvested from

plants grown in the growth rooms in vermiculite medium with nutrient so-

lution were used for scanning electron microscopic (snu) observations.

small sections of potato were cut with a razor blade and fixed in 2%

gruteraldehyde in 0.1 M phosphate buffer, pH 7"0, overnight. The sec-

tions were rinsed thoroughly in the same buffer Lhen post fixed in 2e"

0s0¿ for one hour in the sane buffer. Dehydration was carried out in a

standard graded ethanol series. The sections went through a critical
drying procedure before being coated with gord and viewed in the sEM.

The procedures foll-or+ed the outline by soliday et al . (g7g) and modi-

fied by tuit (1985).
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RESUTTS AND DiSCUSSION

4.1 YIELD

The data for total yield did not show any conclusive results for a

mefluidide effect in either Russet Burbank (Table 1 and 2) or Norchip

(rab1e 3 and 4) in the field studies, in fact the results are somewhat

variable. The Russet Burbank total yields did not differ significantly

in either 1983 or 1984 but in 1983 Lhe 2.00 k9 ai/ha did have a rower

yield than the other treatments. The Norchip total yields showed no

significant differences between treatments although the yields at the

0.25 kg aí/ha were amongst the highest. in both 1983 and 1984.

The marketable yield in the number of tubers and weight per pJ.ot of

Russet Burbank in'1983 did show considerable differences (rabte l) with

the controL having about 5 times the yietd at the 2.00 kg ai/ha rate.

The number of deforned Russet Burbank potatoes, in the form of knobbi-

ness, had alnrost an inverse rel-ationship to marketable potatoes in that

the control had fewer deformed poLatoes than at the 1.00 and 2.00 kg ai/
ha rates" The differences in the numbers of deformed poLatoes vlas more

evident when the percentage of deformed potatoes were calculated. The

control, in 1983, had a low of approximately 38*" deformiLies to a high

of 83% at Lhe 2.00 kg ai/ha rate. In 1984 the deformities were quite

low, 1-3/o, and there were no significant differences between treatments"

-29-
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TABLE i

1983 Yield data for Russet Burbank potatoes
mefluidide on Àug. 24 (per 9m

foliar-applied with
row).

Mefluidide Marketable
(ks a í/ha) (#)

Deformed Deformed
(#) (kg)

%Deformed Total
Potatoes Yield ( k9 )

Marketabl-e
(kg )

0. 00
0.25
0. s0
1.00
2.00

rsD (0.0s)

21.25
22.00
27,25
30.00
30.75

7.55

38.65
46.83
68.63
72.00
82.90

11.18

34,75
24,75
'14.50

12,25
6. 50

7. 10

5.84
4.05
2.35
1.90
1.00

i.34

3 .84
3.99
s. 36
5.15
4 "40

n.s.

16.88
'17.83
'1 5. 53
17.80
14 .20

n. s.

1984 Yie]d data for Russet
nefluidide on

TÀBLE 2

Burbank potatoes
Aug. 15 (per 9m

foliar-applied with
row).

Mefluidide Marketable
(ks ailha) (#)

Deformed Deformed(#) (ks)
eoDef ormed Total
PotaLoes Yield(kg)

Marketable
(kg)

0.00
0.2s
0. 50
1 .00
2.00

rsD (0.0s)

87 ,19
86 .44
7s.38
87 .94
81.94

n.s"

17 "96
13.03
14 .49
17 "16
1s.58

n. s.

24,99
23.16
23.27
24 "98
24,06

n.s.

2.63
0"75
'1 .13
1.13
0"94

n"s"

0.73
0,24
0.43
0"34
0"45

n"s.

3.10
0"87

"57
.35
.15

n"s.
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TÀBLE 3

1983 YieId data for Norchip potatoes foliar-applied with mefluidide (per
9m row).

Mefluidide
(kq ailha)

Marketable
(#)

Ma r ke tabl e
(kg )

De f ormed
(#)

eoDe f ormed Total
Potatoes Yield(kg)

0.00
0.25
0. 50
1 .00
2.00

rsD (0.05)

18.75
26.75
20.50
19 "25
20.25

n. s.

22 "38
23 "38
23.80
22.46
22.16

n. s.

17 "46'18.79

18.33
18.86
17,46

n.s.

6.75
6.00
5.75
s.00
7. 50

n.s.

5" / I

4.69
4 "78¿. )r.
6.36

n.s.

IÀBIE 4

1984 Yield data for Norchip potatoes foliar-applied with mefluidide (per
9m row).

Mefluidide
(ks ai/ha)

Marketable
(#)

Marketable
(kg )

De f ormed
(#)

eoDe f ormed Total
Potatoes vield ( kg )

0"00
0.25
0. 50
1"00
2.00

rsD (0.0s)

1 76. 55
'165"15

t t¿"63
1 60. 95
167 "25

n"s.

29.54
30.84
28.97
28,37
29,57

n.s"

24 "24
25 "25
24,63
23,10
24.47

n"s"

0. 90
0"90
0"90
0. 75
1 .05

n. s.

0.53
0. 54
0. 53
0"48
0.62

n.s.
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Norchip had very few deformed potatoes, in 1983 it averaged only 4-62"

while in 1984 it was less than 1e" (Tables 3 and 4).

The reason for the increase in the knobbiness of potatoes with me-

fluidide is not known but deformed growth, especially in Russet Burbank,

is largely considered to be environmental" Hot and dry weather followed

by moist conditions is known to stimulate growth in the apical areas of

Lhe potatoes (nteinhopf, '1983). Holder and Carey (1984) found that

knobby potatoes are often symptoms of poorly aerated soils. Growth

cracks were also noted on the Russet Burbank potatoes grown in 1993 in

response to mefluidide and these are often indicative of a midseason

drought stress (Robins and Domingo, 1956).

The marketable yield for Norchip in 1983 and 1984 and Russet Burbank

in 1984 showed no response to mefluidide. This is partially inconsis-

tent with Zulu (1983) in which a slight reduction of marketable yield

was not,iced.

The yield differed between 1983 and 1984 for both Russet Burbank and

Norchip with higher yields in 1984. The yield differences between years

is often to do with environmental conditions such as length of growing

season (ellen, 1978), available soil moisture and soil type (Uitler and

Martin, 1983), soil conditions (Sommerfeldt and KnuLson, .1968), 
and

t,emperature (Cho and Iritani, 1983; Gautney and Haynes, 1983). The Low-

er yields in 1983 were due to a hot dry period during tuberization.
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4"2 SPECIFIC GRÀViTY

Specific gravity values showed certain trends in Norchip (rabte S)

while in Russet Burbank (taUte e) the results were generally inconclu-

sive" In 1983 Norchip generally increased in specific gravity to the

'1.00 kg ai/ha mefluidide level and stayed virtually the same at 2.00 kq

ai/ha. In 1984 specific gravity increased to the 0.50 kg ai/ha rate and

then declined aLrnost as quickly at the higher levels. There were, how-

ever, no statisticar differences between any of the treatments.

The specific gravities of Russet Burbank in 1983 did not respond to

mefluidide as consistantly as it did in Norchip but at the 1.00 k9 ai/ha

rate the highest specific gravity results were obtained (table 6). In

1984 Russet Burbank results were more variable than in 1983 with the

control treatment having the highest specific gravity"

The two years had quite different specific gravity levels for both

cultivars (tables 5 and 6). Russet Burbank varied the most with levels

averaging 1.064 in 1983 and 1"095 in 1984. Norchip averaged about'1"087

in 1983 and 1.090 in 1984.

Reasons for differences in specific gravity are often due to environ-

mental and cultural conditions. High soil temperature and low soil

moisture, as experienced in 1983, tends to decrease specific gravity

while at low tenperatures and adequate soil moisture it r+ilt increase

(t'totes and creig, 1970). High soil nitrogen (painter and Àugustin,

1976), potassium (Harrison et al., 1982), and possibly phosphorus have a

tendency to decrease specific AraviLy"
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TABTE 5

specific gravity and chip color in Norchip potatoes as infruenced
foliar application of mefluidide.

1 983 1 984

by

Mefluidide
( ks a i/na)

Spec i f ic
Gravi ty

Chip Color
(Agtrons)

Specific Chip Color
Gravity (agtrons)

0.00
0"25
0"s0
1 .00
2"00

rsD (0.0s)

1 .0860
1 .0865
1 .0862
'1 .0880
1 " 0882

n.s.

s2.08
53 "24
53 " 01

54.80
54.7 4

n.s.

.0881
" 0887
.0920
.090s
.0882

64.82
63,73
64.32
62.46
64.51

n.s.n. s.

Specific gravity of
mefluidide on Aug.23

TÀBIE 6

Russet Burbank potatoes
and Àu9..15 f or 1983 and

foliar-applied with
1 984, respectively"

Specific Gravity

Mefluidide
(ks ailha) 1 983 '1 984

0"00
0.25
0"50
1 .00
2.00

rsD (0.0s)

.0620
"0624
.0608
.07 07

" 063s

1.0962
1 .0930
1"0944
'1 ,09s1
1 ,0946

n.s"n"s"
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High specific aravity is beneficial for processing potatoes because

it determines the weight of processed material that can be possibly ob-

tained from the raw product such as chip yield (ttyde and Shewfelt,

1960), The specific gravity is an indication of the dry matter content

in the tuber (Sayre et al., 1975). The qualiLy of french fries and

chips are considered to be better rlith high specific gravity because

they absorb less oil (fulai and Orr, 1979; Sayre et al., 1975), and spe-

cific Aravity is often inversely related to the accumulation of reducing

sugars (tritani and tleller, 1976). Reducing sugars are a concern in

processing because they are usuaÌly responsible for inferior color in

french fries and chips.

4,3 CHIP c0r0R

The chip color in Norchip (tab1e 5) in 1983 tended to improve with

concentration of mefluidide. The agtron readings went fron a low of

about 52 in Lhe control to almost 55 at 1.00 and 2.00 kg ai/ha. The ag-

tron readings generally followed the same trends as specific gravities,

ie. as specific aravities increased so did Lhe agtrons. Hyde and Shew-

felt (1960) found similar results in work with Horland and Russet Bur-

bank potato cultivars. In 1984 the agtrons rvere variable, ranging from

62,5 at the '1 .00 kg ai/ha level Lo almost 65 at 0.00 and 2.00 kg aî/ha,

and there seems to be no relationship between chip color and specific

gravity. Habid and Brown (1956) also reported that the specific gravity

is not always a good index of chipping quality. The agtrons for 1984

were considerably inproved over'1983, from around an average of 54 in
'1983 to 54 in 1984. The quality and the color is improved as the ag-
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hetrons increase and Èhere is a preference for a lighter chip color by t
processing industry.

Chip color is related to a number of physiological items which in-

cludes specific gravity and sugar levels. tr.Ihile specific gravíLy is not

always the conclusive indicator of chip color, the sugar Ieve1s, or more

particularly, reducing sugars, do have an impact on chip color (gaUia

and Brown, 1955). Reducing sugars react with amino acids Lo create a

browning reaction during high temperaLure processing" }Ihile sucrose

levels in the tubers do not contribute directly t.o chip color, sucrose

is the precursor to reducing sugars mediated by the enzyme invertase

(So¡+ok inos, 1 978 ) .

4.4 SUCROSE RATING

in Norchip the trend of the sucrose ratings was to decline from the

time of mefluidide application for 2-3 weeks and then to increase

slightly before harvest (rigures 1 and 2). in 1983 the sucrose rating

(Sn) started aL 2.1 at the tinre of mefluidide application then declined

to a mean value of 1,2 in 3 weeks while in .1984 it went from 1.'10 to

0.30 in 2 weeks. The SR then increased to 1.4 in 1983 and 0.5 in 1984

at harvest. The SR levels are either reduced or maintained unLil Novem-

ber (day 60), after which the levels increase" In 1983-84 the SR de-

creased dramatically at the end of the storage period.

I n Norchip there ¡vas liLtle or no response Lo mef luidide in '1 983-84

except that for the first three weeks after application of mefluidide

fhe 0.00 and 0.25 kg aî/ha treatments had the lor+est SR values" In 1984



Figure 1: Changes in the sucrose ratings (SR) in Norchip potatoes
before harvesL and during storage in I 983-84 as influenced by
foliar-application of mef Iuioide

Day 0 = SePl. 23, 1983.
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Figure 2: Changes inthe sucrose ratings (SR) in Norchip potatoes before
harvest and during storage in 1 984-85 as influenced by
foliar-appJ-ication of mef luidide

Day 0 = Sepl. 19,1984.
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the control the sR was slightly lower than the 0.50 and 1"00 kg ai/ha

leve1s during the preharvest sampling. During storage the resúIts are

again very variable and it is difficult to see any definite trends due

to mefluidide treatments. The onì.y possible trend in 1984-85 could be

that the 0.00 and 0.25 kg ai/ha leve1s generally had a slightly lower SR

values than the 0.50 and 1.00 kg aí/ha treatments. In '1983-84 the sR

values reached a peak of about 5 while in 1984-85 the maximum was 3.

Both of these maximum values were at the 2.00 kg aî/ha rate. The sR

were generally lower in 1984-85 than in 1983-84. The increase in the

sucrose content during storage runs contrary to olher workers resulls

such as \{azza et aI. (1983) which showed a maintainance of a low level

of sucrose during storage for both Norchip and Russet Burbank cultivars.

The increase in SR after November (after

the effect of chilling on the tubers since

reduced to 50C. This either stimuLated the

(Shektar and iritani, 1978) or affected the

starch granules (Isherwood, 1976¡ Ohad et a

day 60) is possibly due to

the storage temperature was

starch degradative enzymes

membranes surrounding the

1., 1971),

The SR of Russet Burbank (figures 3 and 4) declines considerabty from

harvest to November, increases in January, and then either continues to

increase in March as in 1984-85 or declines once again as in 1983-84.

The reason for the SR increase in November is probably very similar to
that in Norchip. Fihy the sR trend differs in 1983-84 and'1994-85 (tne

same applies to Norchip) is not known but according to Isherwood (1976)

there are two types of increases in sugar levels in potatoes. one is a

reversíble increase where the sugar level increase due to stresses such

as ]ow temperatures but then will decrease under favorable conditions,



Figure 3: Changes in rhe sucrose ratings (Sn) in
polatoes during storage in'1983-84 as
application of mefl-uidide on Àug. 24,

Day 0 = Sept. 28, 1983.
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Figure 4: Changes in the sucrose ratings (Sn) in Russet Burbank
potatoes during storage in 1984-85 as influenced by foliar-
appl-ication of mefluidide on Aug. 15, 1984

Day 0 = Sept. 19, 1983.

0.00 kg ai/ha mef luidide

0.25 " r '
0.50 r r '

1.00 r n il

2.00 r r '



r{ U
) - II : o L¡
ì

S
U

C
R

O
S

E
 R

A
T

IN
G

 (
M

g 
S

U
C

R
O

S
E

/g
 T

U
B

E
R

)

F
--

--
--

--
--

--
l

\ 
\,_

\ 
-'\

\

I g ¡ ø I v €r

U D (t Ð -T
l - rn 7)
 

\) O
I :D Ð tr

n çt 4

O
) O



42

while the other is nonreversible due to permanent, damage to the starch

membranes during senescence. There is no evidence that these tr,lo phys-

iologically different types of sugar accumulation mechanisms were in ef-

fect in the two years but it could possibly explain why the behavior was

different fron one year to another.

The response in Russet Burbank to mefruidide onl-y proved to be sig-

nificantly different at the end of storage for both years but the over-

all trend during the storage life was basically the same with the 0.00

kg ai/ha treatment having the lowest sR and 2.00 kg ai/ha r+ith the high-

est throughouL most of the storage period. In 1983-84 the maximum sR

value for the 2.00 kg ai/ha level during storage was close Lo 2.2 while

in 1984-85 it was 2.4.

4.5 RESPIRÀTION

The respiration rates in Norchip and Russet Burbank (figures 5 to 8)

started from a high rate soon after harvest to a low 2-4 months later

and gradually increased thereafter. In response to neftuidide the 1"00

and 2.00 kg aî/ha treatments always had a higher rate of respiration

than the 0"00 kg ai,/ha except for Norchip immediatery after harvest

where in both both years 0.00 kg ai/ha had the highest respiration rate.

Russet Burbank Lended to have a greater response to mefluidide especial-

ly in 1983-84. 0n1y on a few sampling dates, however, were the differ-
ences between the treatments significant at the 5 percent level.

Schippers (1977b) and Burton (1978) observed that at the time of har-

vesting respiration was high because of immaturity of the tubers" Res-



Figure 5: Eifect of mefiuidide on the rate of respiration of Norchip
potatoes dur ing storage in 1 983-84.

Day 0 = SepL. 23, 1983.
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Figure 6: Effect of mefLuidide on the rate of respiration of Norchip
poLatoes durinq storage in 1 984-85.

Day 0 = Sept. 19, 1984.
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Figure 7: Effect of ioliar appJ-ication of mefl-uidiCe (eug.24) on the
rate of respiration of Russet Burbank potatoes during storage
in 1 983-84

Day 0 = Sept. 28, 1983"
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Figure B: Effect of foliar application of mefluidide (,1ug.15) on the
rate of respiration of Russet Burbank potatoes during storage
in 1 984-85

Day 0 = Sept. 19, 1984.
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piration can also be high because of the mechanical damage incurred dur-

ing harvesting and handling while grading (pisarczyk , 19Bz), As the tu-

bers mature the respiration rate decreases. If the rate of decrease in

respiration and the level of respiration itself depends on the maturity

of the potato it then appears in this study that Russet Burbank matures

later and slower than Norchip which is generally an accepted fact. The

respiration in Russet Burbank was initially higher than Norchip and also

took approximateJ.y 3 months for the rate to reach its ninimum value

whereas with Norchip it took about 2 months. The leve1 of naturity in
the potato tubers at harvest was confirmed by visual appearances of Lhe

foLiage of the plants before harvest. Russet Burbank was still fairly
vigorously growing at harvest while Norchip, especially in 1984, was

senescing. The respiration rate appeared to decline faster in the con-

trol than in the 1.00 or 2.00 kg ai/ha treatments Norchip, but in Russet

Burbank the '1.00 and 2.00 kg aí/ha treatments decreased in respiration

at the same rate as the control. while maturity may be affected by me-

fluidide it is not consistentJ.y obvious in the respiration results"

The respiration rate increases towards the end of the storage period

starting after January (approximately 80-105 days after harvest). There

are several possible reasons for this, one being that sprouting increas-

es respiration (Dewelle and Stallknecht t 1978) and the other being the

breakdown of the membrane around the starch granules thus making the

starch readily available to the starch degradation enzymes (Isherwood,

1976i Ohad et a]", 1971). Norchip potatoes began sprouting at the end

of December and begining of January. In 1984-85, in both Norchip and

Russet Burbank potaloes, the respiration rate dropped srightLy for the
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rast sampring date after it had been slowly rising since January. This

may be an indication of a true reduction in respiration or it could be a

change in sensitivity of the gas chromatograph.

The respiration rate appears to be independent of the the sucrose

conLent of the tubers. While sucrose is a possible substrate for the

respiratory process the respiration rate and the sucrose ratings (nig-

ures 1 to 4) did not fotlow a simiJ.ar pattern and therefore the respira-

Lion raLe does not appear to increase in response to an increase in the

sucrose rating.

4,6 Ì^TEIGHT LOSS

Weight loss from the tubers during storage is considered to be the

second greatest economic loss to the potato producer (Burton , 1973).

During the 1983-84 and 1984-85 storage periods for Norchip, the weight

that was lost ¡vas af f ected by nref luidide (rigures 9 and '10 ) . in 1983-84

the 2.00 kg ar/ha treatnent lost about 20e. more weight than at 0.00 kg

aí/ha while in .1984-85 it was almost double. The 0,25,0.50, and the

1.00 kg ai/ha treatments usually fel1 in between except in 1983-84 when

the 0.25 kg ai/ha was slightly below the weight loss in the control.

Russet Burbank folIor,¡ed the general trend of Norchip in that meflui-

dide had a negative effect on weight loss (rigure 11 and 12). The 2.00

kg ai/ha rate in '1983-84 lost approximately twice the weight of the con-

trol and about 50% more than the conlrol in 1984-85. It appears then

thaL as far as weight loss is concerned mefluidide had a greater re-

sponse in 1983-84 than 1984-85 in Russet Burbank whereas the reverse



Figure 9: Weight Iost in Norchip potatoes during storage in 1983-84 as
affected by foLiar-applied mefLuidide

Day 0 = October I, 1983 (Date of initial weÍght determination)
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Figure 10: lleight lost in Norchip potatoes during storage in 1984-85 as
af fected by foLiar-appJ_ied mefLuidide

Day 0 = Sept- 27, 1984 (Date of initial weight cleterminarion)
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Figure 1 l: I,Ìeight l-ost in Russet Burbank potatoes during storage in
1983-84 as affected by foliar-appJ.ied mefl_uiãide (eug.2+)

Day 0 = Oct. 3, 1983 (l)ate of initial weight derermination)
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Figure 122 Weight Iost in Russet
1984-85 as affected by

Day 0 =Sept. 27 (Date

Burbank potatoes during storage in
foliar-applied mef l-uidide (eu9. 15)
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atwould be true in Norchip. The potatoes harvested in.1983 lost weight

a faster rate than those harvested in 1984.

The rate of weight loss is mostly due to the water lost from the tu-

ber which is influenced by the periderm or skin set (Braue et al., 1983;

1984). The skin set is influenced by the maturity of the potato (wit-

cockson,'1981), the soil type (nielson, 1968), and Lhe curing procedure

after harvesting (Braue et a1.,'1983; Knowles et aI., 1982). A better

skin develops on potatoes grown on sandy rather Lhan on finer soils, on

potatoes where the foliage is beginning to senesce, and in potatoes that

have undergone proper curing conditions. In 1984 these condition fa-

vored better skin development including the time for curing which was 3

days longer for Norchip and I days longer for Russet Burbank than in
.1983' ie. the storage temperature was reduced earl-ier after harvest in

1983 than 1984. The potato foliage was also beginning to senesce earli-
er in 1984 than in'1983 and the potatoes were grown on sandier soils in
1984. Resistance to water loss not only involves the amount or degree

of periderm development but the deposition of suberin in the periderm

cell walls (Braue et aI., 1984; Kolattukudy and Dean, 197Ð,

^1 WEiGHT LOSS DUE TO RESPIRÀTiON

Respiratory loss is the loss of COz, or more directly, the loss of

carbohydrates from the potato. The estimated respiratory weight loss

from the potatoes during the storage period varied from about 10 Lo 22

coz/kg tuber (or 0"27-o.61eo of original tuber weight) depending on the

year and cultivar (tables 7 and g).
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Respiratory and
influenced by

TÀBIE 7

total weight loss in Russet
f ol iar-appl ied mef luidide

Burbank during storage as
(aug. 24/83:Àug. 15/84),

Mef luidide Resp. r+t .
kg ai/ha $ coz/ks

loss
tuber )

eoResp.

wt. loss
eoTotal wt.

loss
eoResp. r+t . loss

of total wt. loss

'1 9B 3-84

0.00
1"00
2.00

rsD (0.0s)

10.s0
16.46
20.40

3. 90

15.63
19 .41
22.34

n.s.

0.42
0.53
0.61

n.s.

4.17
3.21
2,95

0"s0

- 1 984-85

0 " 00 1 0.40 0 " 28 8.48 3,34
1 .00 13.33 0.36 11 .19 3.24
2.00 1 3.91 0. 35 10.07 3,52

LsD (0.05) O.¿O 0.16 1"75 n.s.

TABLE 8

Respiratory and total weight loss in Norchip during storage as
influenced by foliar-applied mefluidide.

Mefluidide Resp. wt.
kg ailha ß coz/ks

loss
tuber )

%Resp 
"wt. Loss

%Total wt.
loss

%Resp. wt. loss
of total wt. loss

0.00
1 .00
2.00

rsD (0"05)

1 98 3-84

0.35
0.35
0"37

n,s.

12"70
12 "81
13.55

n"s.

10.89
12 "10
1 3.39

1 "12

3,14
2"88
2"76

n.s.

0.00
1 .00
2.00

rsD (0.0s)

i 984-85

0.27
0.29
0. 28

nos"

9 "79
10.49
10.26

n.5 0

5.16
8,17
9"43

0"96

5,29
3. 55
3.00

1 .00
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Russet Burbank potatoes in 1983-84 and 1984-85 responded to meflui-

dide which resulted in a higher respiratory loss (rabte Z). The higher

respiratory loss in the mefluidide treated potatoes gives some indica-

tion of the higher total weight loss but the percentage of the total

weight loss due to respiration in 1983-84 was lower and in'1984-85 was

about the same as in the control. The 1983-84 results for Russet Bur-

bank were determined on just two replicates as opposed to the usual four

due to experimental and mechanical error.

Norchip did not show any significant response to mefluidide in re-

spiratory weight loss although there did seem to be a slight trend to

suggest it. Às in Russet Burbank the mefluidide treaLments in 1984-85

lost a l-ower percentage of their weight loss to respiration. The Nor-

chip control in 1984-85 lost close to 5.3% of its total weight Loss to

respiration while at 2,00 kg ai/ha of mefluidide the leve1 of respira-

tion accounted for only 3"0e" of the loss.

The lower percent respiratory losses for some of the mefluidide

treatments indicated that water losses are greater. Water losses are

very dependent on the permeability of the potato tuber periderm which is

dependent on the suberization of the periderm (nolattukudy and Dean,

1974¡ Soliday et al., 1979).

Burton (1978) and Rastovski (1981 ) state that approximately 0.5-0.6e"

of the original tuber weight is lost through respiration while respira-

tory weight loss account,s for approximately 10% of the total weight

loss. Their results are rather high compared Lo this experiment but

this may be accountable to different respiration determination methods,

environmental conditions, or cultivars.



4.8 SPROUTING IN NORCHIP POTATOES AND COLOR OF' PERIDERM IN
RUSSET BURBÀNK POTATOES

NORCHI P
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ÀND

The degree of sprouting in Norchip potatoes as determined in Lhe

spring of 1984 showed some retardation in the growth of the sprouts a]-

though the results did not show any significant differences between the

treatments (rable 9). There rvas a generaL trend for the sprouts to be

longer at the lower concentrations of foliar-applied mefluidide than at

the higher concentrations. in .1985 the concentrations of mefluidide

seemed to have no effect on sprouting.

The periderm color was darker and there was more russetting of the

potato periderm as the concentration of foliar-applied mefluidide in-

creased in both Norchip and Russet Burbank potatoes (raUte lO). There

generally seemed to be a greater affect of mefluidide in 1984 in both

Norchip and Russet Burbank than in 1983.



57

TABLE 9

Degree of sprouting in Norchip poLatoes in the
as affected by foliar-application of

spring of 1984 and 1985
mefluidide

1 984 1985

Sprout Length Sprout Length

Mef luidide
ks ai/ha 5-1 Smm >'15mm1 -5mm 1 -Smm 5-1 Smm >1 Smnr

0"00
0.2s
0.50
'1 .00
2.00

rsD

60%1

65
65
70
75

25 10
30 s
35 0
1FrJ )
200

75
80
't5
85
75

10
'15

10
10
t5

n"s.

some of the

n"s.

potatoes

1n

0

5
10

U

0

(0.05 ) n. s. n. s. n. s. n. s.

lTotal percentages may not equal '1 0Oeo because
had not sprouted.

Changes in
1983

the
and

TÀBIE 1 O

periderm color of Norchip and Russet
1984 infl-uenced by foliar-application

Burbank potatoes
of mefluidide

Norchip Russet Burbank

Mefluidide
kg ai/ha 1 983 1 984 1983 1984

0"00
0.25
0"50
1"00
2.00

'1 .00 1

1 .50
2.23
3.25
4. 50

1 .25
1.s0
2,38
3"38
4.75

1 .63
2 "13
3.38
4 "63

1 ,88
2 "36
3 .88
4 "87

'1.00 1"13

1Color of periderm is graded
smooth) and 5 being dark

1 to 5. 1 being normal (white and
brown and russetted"
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¿q YI ELD,
BURBÀNK
DATES

PROCESSING QUALITY, AND STORAGE CHARACTERISTICS OF RUSSET
DIFFERENTPOTATOES FOLIAR TREATED WITH MEFLUIDTDE ON TWO

Late application of mefluidide compared to the early application had

no significant impact on yield (faUte 1l) but in 1983 there was a slight

reduction in the marketable and total yields while there r+as an increase

in deformed potatoes. The data for the different application dates is

the average of all the the mefluidide rates. Late application of me-

fluidide had the effect of reducing marketable yield by about 20eo and

increasing the percent deformed potatoes by close to 10eo. In 1984 any

differences between the two application dates vrere very slight. The

specific Aravity differed little in either year but there was a tendency

to increase specific Aravity with the late application of mefluidide

(tabte lZ). Also the potatoes treated with the late application of me-

fluidide had a darker and more russetted periderm than its early count-

erparL (rabte l3).

The response of sucrose Ievels (SR) to different dates of application

of mefluidide are shown in Figures 13 and 14. In 1983-84 the late ap-

plication sample had a higher, although not significantly higher, SR

value for most of the storage period until the final month when the val-

ues were similar. In 1984-85 the SR values were very similar throughout

the storage period until March when the late application SR was lower

than the early application"

Respiration leveIs were higher

late application of mefluidide for

(nigure '15) . The dif f erences were

in the potato tubers that received the

most of the storage period in 1983-84

greater at the beginning and end of
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TABLE 1'1

Effect of mefluidide application time on Russet Burbank yields (per 9m
row).

Application Marketable
Time (# )

Deformed Deforned
(#) (kg)

e"Def ormed Total
Potatoes vield ( kg )

Marketable
(kg )

Early(eug.10) 22.95
tate(Àu9.24) 18.55

3. 94
3.03

n.s.LSD (0.05) n. s.

23.30
26 "35

n.s.

4. 55
4.29

n"s.

51.35
61 .80

n. s.

17 ,57
16.31

n. s.

1 984

Early(lug.1 ) 84.56 17.00
tate(Aug.15) 83.78 16.25

LSD (0.05) n.s. n.s"

1,76
1.31

n"s.

0.69
0.44

n.s.

25.27
24 "09

n.s.

2. 08
1.61

n.s"

Burbank specific

TABLE 1 2

Effect of mefluidide application time on Russet
gravities

Àpplication
Time 1 983 1 984

Ea r Iy ( aug . 1 0 /83; Àu9 . 1 /84)
Late ( Àug " 24 /83; Àu9. 15 /84)

rsD (0"0s)

1 .0629
1 .0634

n"5"

'1 .0945
1 .0947

n.s"
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TÀBLE 1 3

Effect of mefluidide appLication time on periderm color of Russet
Burbank potatoes.

Application
Time 1983 '1 984

Early (nug. 10/83;4u9. 1 /84)
Late ( Aug .24/83; Àug . 15/84)

2.231
2 "55

2 "50
2 "85

lColor of periderm is graded'1 to 5. '1 being normal (white and
smooth) and 5 being dark brown and russetted.



Figure 1 3: Changes in the sucrose ratings in Russet Burbank potatoes
after harvest and during storage in 1983-84 as infl-uenced by
diiferent application dates of mefluidide

Day 0 = SePt' 23, 1983.

EarÌy applicar-iorr (lug. 10, 1983)

Late ': (Àug.24, 1983) o.."......r@Éc.oÞÊd'È4ú"'-"r"É€
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Figure l4: changes in the sucrose ratings in Russet Burbank potatoes
afrei harvest and during stoiag. in 1984-85 as influenced by

different application dates of mefl-uidide

DaY 0 = SePt. 19, 1984'

Ea:Ìy apoircalion (e.ug. i, 1984) +--

La: e (Àug.15, 1984) ø€.rÉâ.c'o@..oEE.-".s.E.6.d{-E¡€
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Figure 1 5: Ef fect of di f ferent appì. icat ion dates of mefluidide on the
respiration rates in Russet Burbank potatoes afLer harvest
and during storage in 1 983-84.

Day 0 = Sept. 28, 1983.

Earì1' applrca:icn (Àu-o. 10, 198J)

Laie " (Au-o.24, 1983) oÞE'ooo!.-Éø6t8"!s"+É'r""¡'€
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Figure 16: EffecL of different application dates of mefl-uidide on the
respiraLion rales in Russet Burbank potatoes after harvest
and during storaqe in 1984-85.

Day 0 = Sept. 19, 1984.

Ea:iy appiicarion (eug. '', 1984)

(Àug.15, 1984) G¡.cÉo...B@8..r,"-..4d..o,r.s.o
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Figure 11: Weight loss in Russet Burbank potatoes during storage in
1983-84 as rnfl-uenced by different appLication dates of
mefluidide

Day 0 = Oct. 3 (Date of initial i+eight determination)

BarÌ¡ appì ica:lon (Aug. i0, 1983)

Lale ' (Àu_o.24, 1983) G-......,E@s.E.rr8.8.o,.......-o
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Figure 1B: I.leight Ioss in Russet Burbank potatoes during slorage in
1 984-85 as influenced by di fferent appJ,ication dates of
mefluidide

Day 0 = Sepr. 2J, 1984 (Date of initÍal weight determinatÍo)

Ea:iy aporrcation (euç. i, 1984)
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storôge. In 1984-85 there \,ras l-iltIe response to different application

oares (rigu:e 16).

Early application of mefiuidide resulled in lower weight losses in

both years (Rigures 17 and 1B ) . The overall weight J-osses \./ere greater

in 1983-84 but the percent differences in losses betv¡een earl-y and Iate

application were about the same for both years, around 20% greater Ioss-

eS in Iate over early. Respiratory losses were greater for the Late ap-

plication of mefLuidide than the early in 1983-84 (table 14) but in

'1984-85 the resul-ts were similar.

4.10 GROWTH ROOM STUDI ES ON NORCHIP POTATOES

AppJ.ication of mefl-uidide to 2 week oì-d plants in lhe controiled en-

vironmeni conditions affected the shoot apical meristem and some of the

young Ieaves bu,. did l-itr,le as far as affecting the fresh anO dry

weights of foLiage and roots (Table 15). There is, however, a rrend in

the tubers for a reduction of 10% ín fresh weight and dry weight, and a

siighr. reducrion in dry weight percenÈ,age. Approximately l week after

mefl-uioide application there was an affect on the developing nerl leaves.

The leaves were somewhat deformed, crinkly, and the leaf margins of the

younger Ieaves became necrotic. Tr,¡o weeks Iater the shoot apicaL meris-

tem and rhe nerr l-eaves once again grew normally.

Application of mefLuidide to lhe

significant affect on the polatoes

and russeting of the periderm. The

ano the nornaiiy smoo:h skin became

2 month old pì-anLs diC not have anY

(tabIe 16) except Lo alter the color

color of the periderm became oarker

more russetted wi t'h increased con-
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TÀBLE 1 4

Respi ratory and tolal
infl-uenced by foliar

weight l-oss in Russet Burbank during storage as

appJ-ication of mefl-uidide on two different dates.

Application ResP. wl.
rime (g Cor/kg

loss
tuber )

%Resp.
rct. Ioss

%TotaL wt.
Ios s

%Resp. wt. Loss
of total wt. Loss

- 1983-84 ----

EarJ-y(eu9.10) 15.90 0.43 12'01 3'20
l,ateieug-Z+) 19.22 0.52 14.61 3'82

LSD (0.05) z.+t 0.07 0.80 n.s.

12.82
1) ))

1984-Bs

0.35
0.33

ñc

o ?l

10.07

0.67

ô. )L
3.11

0.21

EarJ"y(eug.1)
Late(Àu9.15)

LSD ( 0.0s )
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IÀBLE 1 5

Ef fect of mef l-urdiOe on two week old Norchip potatoes grown in nutrient
solut i on

FoI iage Root Tube r

Mefluidide Plant
{ng/t) Ht. (cm)

FW DW(g) (s)
FW DW(s) (s)

FW DW(q) (s)
StoIon &

Tuber No.
%Dw %DW %DW

0.00
0.05
0.10
4.20

LSD (C.05)

32.1 3.5
)1 1 1 )
JI.J J.L

32.0 3.4
3s.s 3.9

14.0
14.0
14.0
14 .2

11.0
10.3
10.8
'1 1 )

6.9
6.3
6.2
6.4

0.6
^c
0.4
0.5

7.4
1.0
6.9
5.9

68.1
64. B

63.9
bt. r

tJ.b
12.6
t¿. t
11.8

19.9
19.1
19 .t
18.9

¡o

4.6
t1
5.6

n.s" n.s. n.s.

IÀBLE 1 6

Effect of mefLuidide on two month oId Norchip potatoes grown in nutrient
solut i on

f ot rage '1'uÐe r

Mã?tuidrde
(mq,/ml- )

FW DW(g) (s)
FVÌ Stol-on &

(q) Tuber No.
CoIor of
Periderml

iáD\,¡

0.00
0.05
0.10
0.20

LSD ( 0.05 )

l.

181 .2 16.5
155.6 1i.0
158.0 14.2
145.8 15.3

n.s. n.s.

q?
10.9
10.4
10.5

400.3
36s.9
358.1
345.4

n.s.

(q

7.8

n.s.

2.0

4.5

CoIor of periderm is graded 1 to 5.
smooth) and 5 being dark brown and

1 being normaì (whiie and
russetted.
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Figure .19: Scanning electron micrograph of the effect of mefluidide on

the peridern of Norchip potatoes grown in nut.rient culture.

À = foliar application of 0.00 m9/m1.

! = rr rr rr 0.20 nrg/ml .
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centration of applied mefluidide. The fresh weight of both the foliage

and the tubers did decrease by about 20eo and the percent dry weight of

the foliage increased but these results were not significant.

Scanning electron micrographs of the periderm (Figure 19) show that

there may be an affect of mefluidide on the structure of the periderm

cells. The periderm cells are normally in nicely orientated files (fig-

ure'19a) (van Es and Hartnans, 1981a) but it appears as if this is not

as nicely defined in the tuber periderm Lreated wilh mefluidide (nigure

19b)"



Chapter V

GENERAL DISCUSSION

The results from the above experiments are neither complete nor con-

clusive in showing the detrimental or beneficial effects of mefluidide

on potato production, storage' or processing. It does appear, however,

that the benefits may only be few and the economic value to the crop is

probably negative. in the critical area of yield there was no indica-

tion of improved production with the application of mefluidide wiLh the

possible exception with Norchip at the 0.25 kg ai/ha. In Russet Burbank

there is a clear indication that visible quality of the potato tuber can

be affected by rnefluidide as attested to the fact that there were in-

creased deformities and a lower marketable yield in 1983-84. In the

same year total yields in Russet Burbank were only slightly affected.

Other work with growth retardants on potatoes have cone up with both

similar and contrary results. Dyson (1965) indicated that there was no

affect on total yietd of potatoes treated with cycocel. Radwan et al.

(1971), however, showed that yields could be increased with application

of cycocel. The conclusion by Radwan et aI. f971) was that cycocel af-

fected the carbohydrate metabolism of the treated plants" Àny such con-

clusions concerning mefluidide's acLion on potatoes would be presumptu-

ous, but its affect on specific Aravity could be some indication that

this nray indeed be a possibility.

-72-
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Mefluidide slightly increased specific gravity and improved chip col-

or in Norchip and possibly specific Aravity in Russet Burbank. Since

Russet Burbank and Norchip are extensively used in processing, a high

specific gravity is desirable. High specific gravity is often associat-

ed with light chip color and high processing yields (Hyde and Shewfe1t,

1950). These attributes may signify the only positive affects of me-

fluidide.

Mefluidide atfected the sucrose levels in Norchip before harvest to

some degree by sLowing the loss of sucrose during maturation. Zulu

(1983) noted the same results. This was only a temporary development as

by harvest there was no real differences between the control and meflui-

dide treated potatoes. The sucrose rating (Sn) generally declined after

the preharvest foliar treatments of mefluidide' rose slightly just be-

fore harvest, and then increased after about two months into storage.

In 1983-84 there was a major decrease at the end of the storage period.

For both years the SR results were fairly variable in Norchip but there

v¡as a slight trend for the SR val-ue to be lower at the 0.00 and 0.25 kg

ú./ha levels of mefluidide. In Russet Burbank the control consistently

had lower sucrose levels during storage and the sucrose content usually

increased with the increase in the concentration of foliar applied me-

fluidide. The SR in Russet Burbank decreased during the first month,

increased in the following month and then either continued to increase

at the end of the storage period as in 1984-85 or decreased as in

1983-84. The reason for the difference in behavior at the end of the

sLorage period for the two years is unknown but it could relate to the

two known types of sugar accumulation, namely cold-induced and senescent

sugar accumulation (Isherwood, 1976) .
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The reason for an increase in the SR in response to mefluidide is

open for speculation. It may be a stress factor that would be equiva-

lent to other physiological stresses such as drought or high tempera-

tures (van Es and Hartmans, 1981b; Shektar et aI., 1979). This may all

be related to an affect at the membrane level where, it is hypothesized,

Lhe levels of sugars and starch are controlled (Isherwood, 1976).

Respiratory activity in the potato tubers was increased in response

to mefluidide, especially towards the end of the storage period. In

Norchip there r+as a tendency for mefluidide to suppress respiration in

the first month of storage. Russet Burbank potatoes responded to me-

fluidide in a similar manner to Norchip except the response was through-

out the storage period not just at the end of the storage period.

An increase in respiration is of some concern in storage. Increased

respiration increases weighl loss, although this is minimal compared to

water loss, and it also would increase the level of C02 in storage" Un-

checked increases in C02 leve1s is of concern to producers because of

the negative consequences it can have on the processability of potatoes

such as increased sugar content and darker potato chip color (Shamaila,

1985) and an increased incidence of disease (Workman and Twomey, 1970).

Potatoes lost weight at a faster rate in response to mefluidide and

most of this could be attributed to the loss of water from the tuber.

Water loss though the periderm is dependent on its maturation (Burton,

1978) and on the suberization of the periderm cell walls (nolattukudy

and Dean, 1974'), It is therefore possible that mefluidide could affect

the amount of suberization, Lhe chemical componenLs of the suberin, or
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the orientation and development of the periderm ceIIs. In the growth

room studies it appears like1y that mefluidide may affect the periderm

development. Àny effect of mefluidide on the amount of suberization or

its composition would have to be determined by extensive chemical analy-

sis or by microscopy.

The weight loss due to respiration was greater in the potatoes treat-

ed with mefluidide, The percentage of the total weight loss due to res-

piration, however, v¡as usually smaller in the mefluidide t.reated pota-

toes which indicates that most of the additional weight loss was due to

an increase in water losses from the tuber.

Russet Burbank potatoes treated with mefluidide on two different

dates indicated that the later treatment, compared to the earlier treat-

ment, has a greater impact on sucrose content, respiration, weight

loss, and periderm development. Late application of mefluidide tended

to increase the sucrose content, the rate of respiration, weight loss,

and Lhe periderm darkened and became more russetted" Àlso in 1983 the

late application also reduced the narketable yield.

Growth room studies were generally inconclusive but there is some in-

dication that there may be a negative impact of mefluidide on the fresh

and dry weights of the tubers, and the percent dry weights. In both the

growth room and field studies the periderm changed from a smooth white

color to a russetted dark brown.

In conclusion, in this study on potatoes

usually had ]itt1e or no influence on yieLd

an influence in sucrose content (depending

was found thaL mefluidide

the field work, may have

the cultivar), increases

ir
in

on
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the respiratory activity, and increases the weight loss in the potato

tubers during storage" Growth room studies indicated that there may be

a possibility that tuber yields decrease in both fresh weight and dry

weights, and that the periderm development may be affected in response

to mefluidide.
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