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A study was conducted to determine the influence of DMSO 

(dimethyl sulfoxide) on suberization and wound periderm formation 

in cut potato tuber tissue, and to determine the effectiveness of 

DMSO as a potato seedpiece treatment for prevention of seedpiece 

decay in the field. The influences of tuber storage conditions, 

varieties, and physiological age were combined with DMSO treat- 

ments. Continuous illumination of the tuber tissue plugs, and seed - 

piece planting in irrigated and non -irrigated soil were also combined 

with DMSO treatments. 

DMSO was the most effective in improving suberization and 

phellogen formation in tuber tissue plugs when plugs were soaked 

for three minutes in a 4% DMSO solution. 

Suberization and phellogen formation in plugs cut from tubers 
o o immediately upon removal of the tubers from cold storage o -7 C. ) 



was superior to that found in plugs from tubers held continuously 

at room temperature (23o -25oC. ). DMSO treatments consistently 

improved suberization and phellogen formation in plugs from tubers 

which had been held continuously at room temperature. In these 

plugs, DMSO treatments resulted in thicker and /or more uniform 

suberization and phellogen formation than that found in the water 

controls. However, less influence of DMSO on suberization and 

phellogen formation was observed in plugs cut from tubers imme- 

diately upon removal of the tubers from cold storage. 

Plugs cut from Norgold tubers after the tubers had been taken 

from cold storage and pre- warmed 3 -4 days showed the greatest 

influence of DMSO on suberization and phellogen formation. In this 

tissue, DMSO caused thicker and /or more uniform suberization and 

phellogen formation than that found in the water controls. DMSO was 

less effective in influencing suberization and phellogen formation in 

plugs cut from Russet Burbank and Kennebec tubers which had been 

held under the same storage conditions as the Norgold tubers. 

DMSO did not notably or consistently influence suberin and 

phellogen formation in plugs from tubers of any one physiological age 

more than another, when evaluation was not made until nine months 

after harvest. 

Continuous illumination increased suberization in the plugs, 

but did not influence the action of DMSO in suberization and phellogen 



development to any greater extent than that observed in plugs which 

were not illuminated following preparation. 

DMSO was not significantly better than water in preventing 

decay of Russet Burbank and Norgold seedpieces. 

Russet Burbank seedpieces treated with 16% and 32% DMSO 

showed a higher incidence of decay than those treated with lesser 

concentrations of DMSO. 

Russet Burbank seedpieces treated with DMSO and planted in 

soil which was well irrigated prior to planting developed thicker 

suberized and wound periderm layers than seedpieces treated with 

water alone and planted. Russet Burbank seedpieces treated with 

DMSO and planted in non -irrigated soil did not develop suberized 

and wound periderm layers which were any more extensive than that 

found in seedpieces treated with water alone and planted. Differences 

in seedpiece decay were not generally correlated with differences in 

suberization and wound periderm development. 

Under conditions of the experiment, seedpiece decay in seed- 

pieces treated with 2% DMSO was greater than decay in seedpieces 

treated with Morsodren and Captan, but was less than decay found in 

seedpieces treated with Semesan Bel and Captan /DMSO. 

Plant stand evaluations indicated that DMSO increased the 

number of stems per hill and stems per plot in seedpieces cut from 

Russet Burbank tubers immediately after removal of the tubers from 



cold storage, and in seedpieces cut from Norgold tubers after the 

tubers had been taken from cold storage and pre -warmed. Seedpieces 

cut from Russet Burbank tubers after the tubers had been taken from 

cold storage and pre -warmed generally showed no influence of DMSO 

on the plant stand. 



THE EFFECTS OF DMSO ON WOUND PERIDERM FORMATION 
IN POTATO TUBER TISSUE 

by 

Roy Merle Davidson, Jr. 

A THESIS 

submitted to 

Oregon State University 

in partial fulfillment of 
the requirements for the 

degree of 

Master of Science 

June 1967 



APPROVED: 

Redacted for Privacy 

Associate Professor of Plant Pathology 
in charge of major 

Redacted for Privacy 

Head of Department of Bótany and Plant Pathology 

Redacted for Privacy 

Dean of Graduate School 

Date thesis is presented May 11, 1967 

Typed by Kay Smith for Roy Merle Davidson, Jr. 



TABLE OF CONTENTS 

Page 

I. INTRODUCTION 1 

General 1 

Wound Periderm Formation 1 

Purpose of Study 3 

II. LITERATURE REVIEW 5 

Influence of Storage Conditions on Tuber Physiology 5 
Influence of Age on Tuber Physiology 10 

III. LABORATORY EXPERIMENTS 14 

General Materials and Methods 14 
Determining Optimum DMSO Concentration 15 

Results 16 
Determining Optimum Duration of Soaking Time 17 

Results 18 
Other Preliminary Experiments 18 
Influence of Pre -Warming and DMSO on 

Suberization and Wound Periderm Formation 19 
Results 19 

Influence of Short and Prolonged Pre - Cutting 
Warming Periods and DMSO on Suberization 
and Wound Periderm Formation 21 

Results 21 
Influence of Tuber Variety and DMSO on 

Suberization and Wound Periderm Formation 25 
Results 25 

Influence of Physiological Age (Date of Vine 
Killing) and DMSO on Suberization and Wound 
Periderm Formation 28 

Results 28 
Influence of Continuous Illumination and DMSO 

on Suberization and Wound Periderm Formation 31 
Results 31 

IV. FIELD EXPERIMENTS 45 

General Materials and Methods 45 



Page 

Effects of Various DMSO Concentrations on 
Plant Stand and Seedpiece Decay 46 

Results 46 
Influence of DMSO Seedpiece Treatment on 

Seedpiece Decay Under Wet and Dry Soil 
Conditions 48 

Results 49 
Comparison of DMSO with Other Seedpiece 

Treatments 53 
Results 54 

V. DISCUSSION AND CONCLUSIONS 57 

Laboratory Experiments 
Field Experiments 

VI. SUMMARY 

57 
61 

68 

BIBLIOGRAPHY 70 



LIST OF FIGURES 

Figure Page 

1 Cross section of Russet Burbank potato tuber 
tissue treated with 2% DMSO and incubated 18 
days in a moist chamber. The tissue plug was 
cut after the tuber had been pre -warmed at room 
temperature for about 60 hours. 34 

2 Same as Figure 1, except treated with 4% DMSO. 34 

3 Same as Figure 1, except treated with 8% DMSO. 34 

4 Same as Figure 1, except treated with 16% DMSO. 34 

5 Same as Figure 1, except treated with 32% DMSO. 36 

6 Cross section of Russet Burbank potato tuber tissue 
treated with 4% DMSO, and incubated ten days in a 
moist chamber. The tissue plug was cut immediately 
upon removal of the tuber from cold storage. 36 

7 Cross section of Russet Burbank potato tuber 
tissue, treated with 2% DMSO, from the experiment 
dealing with the influence of pre- warming. The 
tissue plug was cut immediately upon removal of 
the tuber from cold storage, and was incubated 
seven days in a moist chamber. 36 

8 Same as Figure 7, except the tissue plug was cut 
after the tuber had been pre- warmed at room 
temperature for four days. 36 

9 Same as Figure 7, except treated with water only. 38 

10 Same as Figure 7, except the tissue plug was treated 
with water only, and was cut after the tuber had 
been pre- warmed at room temperature for four 
days. 38 

11 Same as Figure 7, except the tissue plug was 
incubated 14 days in a moist chamber. 38 

12 Same as Figure 7, except treated with 4% DMSO 
and incubated 14 days in a moist chamber. 38 



Figure Page 

13 Same as Figure 7, except the tissue plug was cut 
after the tuber had been pre- warmed for four 
days, and was incubated 14 days in a moist 
chamber. 40 

14 Same as Figure 7, except treated with water 
only and incubated 14 days in a moist chamber. 40 

15 Cross section of Russet Burbank potato tuber 
tissue, incubated seven days in a moist chamber, 
from the experiment dealing with the influence of 
short and prolonged pre- cutting warming periods. 
The tissue plug was cut immediately upon removal 
of the tuber from cold storage, and was treated 
with water only. 40 

16 Same as Figure 15, except treated with 4% DMSO. 40 

17 Same as Figure 15, except the tissue plug was 
cut from a tuber stored continuously at room 
temperature for three months. 42 

18 Same as Figure 15, except the tissue plug was cut 
from a tuber stored continuously at room tem- 
perature for three months, and was treated with 
4% DMSO. 42 

19 Same as Figure 15. 42 

20 Same as Figure 15, except treated with 4% DMSO. 42 

21 Cross section of Norgold potato tuber tissue from 
the experiment dealing with the influence of tuber 
variety. The tissue plug was cut after the tuber 
had been pre- warmed at room temperature for 3 -4 
days. The tissue plug was treated with water only, 
and was incubated six days in a moist chamber. 44 

22 Same as Figure 21, except treated with 4% DMSO. 44 



LIST OF TABLES 

Table Page 

1 The effect of seedpiece treatment with different 
DMSO concentrations on plant stand. 47 

2 The influence of seedpiece treatment with 
different DMSO concentrations on seedpiece decay. 47 

3 The effects of seedpiece treatment, tuber variety, 
pre - planting storage, and wet and dry soil, on 
plant stand. 50 

4 The results of seedpiece treatment, tuber variety, 
pre - planting storage, and wet and dry soil, on 
seedpiece decay. 51 

5 The effects of different seedpiece treatments on 
plant stand. 54 

6 The results of different seedpiece treatments on 
seedpiece decay. 55 



THE EFFECTS OF DMSO ON WOUND PERIDERM FORMATION 
IN POTATO TUBER TISSUE 

I. INTRODUCTION 

General 

The potato, Solanum tuberosum Linn. , is an important crop and 

food source in many countries throughout the world. It is grown in 

several areas in the United States, and is an essential part of the 

economy of other countries. Since planting of potatoes involves cut- 

ting tubers into seedpieces, the rapid healing of these cut surfaces 

becomes highly important because it is this healed barrier or wound 

periderm that excludes soil pathogens which could cause seedpiece 

decay. 

Wound Periderm Formation 

Wound periderm consists of the phellogen (cork cambium), 

phellem layer (cork), and phelloderm (8, p. 248 -262). 

The first step in healing is the deposition of suberin in the walls 

of the cells next to the wound. This is the result of oxidation and 

condensation of fatty acids (22), and generally about three days are 

required for a good suberin layer to form. The formation of this 

layer is essential since without it, the subsequent healing processes 

would not occur (28). The second step in the healing process is the 
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formation of wound periderm beneath the suberized cells. According 

to Priestley and Woffenden (28), this is the result of a solute -filled 

sap collecting in cells next to the suberized layer and stimulating the 

formation of the phellogen layer. The phellogen then produces phel- 

lem, or brick - shaped cork cells, and phelloderm. 

Priestley and Woffenden (28) theorized that the probable factors 

involved in phellogen formation were the accumulation behind the 

suberized layer of sap from vascular bundles, and the anaerobic con- 

version of sugars to fatty acids. It is known that when tuber tissue 

is cut, ortho -dihydric phenols, especially chlorogenic acid, accumu- 

late in the cells adjacent to the wound. These phenols are then oxi- 

dized to quinones which reportedly stimulate suberization (15, 17, 

34, 37). This is true of sweet potato roots also (24). Chlorogenic 

acid is present in the potato in significant quantities, and is con- 

centrated mainly in the periderm (17, 46). Recent studies have 

shown chlorogenic acid to be associated with disease resistance in 

potatoes, and it is thought that it may be toxic to certain pathogens 

(4, 7, 17, 19, 34). However, McClure (24) states that, at least in 

sweet potatoes, chlorogenic acid in itself does not prevent decay. 

Sugars also accumulate in the wound area of potato tubers (13, 

23, 25), and may be related to suberization and wound periderm 

formation (13). This topic, as well as that of chlorogenic acid, will 

be more specifically discussed in a later section. 
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High relative humidity, and temperatures of about 20oC. to 

0 0 0 
30 C. (68 F. to 86 F. ) are most beneficial to suberin and periderm 

development (2, 22, 37, 39, 42, 43), and are mentioned throughout 

the literature (5, 9, 15, 29, 38, 40). Effective healing does not 

occur below 55oF. and 75% relative humidity. Wound suberization 

and periderm formation begin in about three days at 68oF. and high 

relative humidity. At 46°F. and high relative humidity, five or more 

days may elapse before suberization begins, and wound periderm 

formation takes more than two weeks (42). At high humidity, suberi- 

zation is controlled mainly by the temperature. At 35oC. , suberiza- 

tion is slower than at 21oC. -30oC. (2). Free gaseous exchange is 

also necessary (4, 18, 22). 

The wound periderm forms less rapidly in the medullary region 

of the tuber than in the cortical region, and phellogen activity is 

greater and closer to the wound surface in the vicinity of vascular 

bundles which have been cut or run near the wound surface (4, 22, 

36). 

Purpose of Study 

The purpose of this study was to determine the effects of 

dimethyl sulfoxide (DMSO) on suberization and wound periderm 

formation in cut potato tuber tissue. DMSO has the reported (11) 

ability to quickly cross all cell membranes thus far tested, and to 
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transport or allow the passage of various chemical compounds across 

these membranes. These properties could facilitate the movement of 

chemical compounds that takes place in the tuber while undergoing 

wound periderm formation. Factors involved in wound periderm 

formation, such as previous storage conditions of the tubers, differ- 

ence in potato varieties, and physiological ages of tubers, were com- 

bined with DMSO treatments. 

DMSO, in concentrations generally used in this study, is 

neither fungicidal nor bactericidal (11). The industrial grade of 

DMSO was used throughout this study, and was supplied by the Crown 

Zellerbach Corporation, Camas, Washington. 
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II. LITERATURE REVIEW 

Influence of Storage Conditions on Tuber Physiology 

A large part of this study dealt with the changes in suberization 

and wound periderm formation brought about by differences in storage 

conditions of the tubers before they were cut and placed in moist 

chambers. This would involve differences in sugar content and 

accumulation, chlorogenic acid content, and respiration in the tubers 

involved; consequently, a large amount of literature exists on the 

subject. 

As is the case with many physiological processes, the various 

factors involved are complexly interwoven, with the majority of 

details remaining to be discovered, though information is being 

constantly obtained. Johnstone (18) found that respiration increased 

continuously in quartered potato tubers until the twenty- eighth hour, 

at which time it began to decrease. Bloch (4) reported that washing 

of wounded tuber surfaces caused a decrease in respiration, sup- 

posedly because the water filled the air spaces between the cells and 

thus limited the access of oxygen to the tissues. Steward, Wright, 

and Berry (41) indicated that the greatest increase in respiration 

occurred at the wound surface rather than in the inner tissues. They 

noted that any change in the access of oxygen in their experiments 

directly affected respiration. However, Laties (20) ruled out the 
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well established idea that oxygen availability was important for 

respiration; he presented the hypothesis that the regulation of 

respiration involved a negative feedback process which was con- 

trolled by a volatile respiratory product. Woolley (44) agreed in 

principle by demonstrating the unlikelihood of oxygen concentration 

as a limiting factor in the respiration rate of tuber cylinders of less 

than ten centimeters in diameter. 

Respiration and sugar content of tubers is dependent on tem- 

perature. Lower temperatures generally result in lower respira- 

tion rates. Fructose, glucose, and sucrose are the major sugars 

found in tubers. These sugars, especially sucrose, accumulate at 

low temperatures, the most rapid accumulation occurring below 

50 F. 0 
(14, 35). According to Hopkins (12), sugar enhanced respira- 

tion up to a certain concentration beyond which respiration was in- 

hibited. He further postulated that respiration may be influenced 

more by sugar concentration than by temperature. In a later publica- 

tion, Hopkins (13) indicated that the sugar content of a potato tuber 

definitely increased when the tuber was wounded, and that there was 

a relationship between the sugar content and respiration. In his 

experiments, increased sugar resulted in increased respiration. 

He suggested that perhaps suberization and wound periderm forma- 

tion were enhanced by an increase in sugar content. On the other 

hand, Miller (25) doubted that sugars increased significantly in the 
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wound area, if at all, or that the respiratory changes of wounded 

tubers depend on sugar changes and their accumulation in the wound 

area. Tubers stored at lower temperatures respired more when 

warmed than tubers stored at warmer temperatures (23). In another 

study, Craft (6) observed that potato tubers which were stored for 

two months at 00C. , showed a higher initial rate of respiration when 

transferred to 25oC. than tubers stored at 12. 8oC. This high rate 

lasted from two to fourteen days. While some workers believed that 

the rate of respiration was independent of the concentration of sugars, 

and others believed the opposite to be true, Craft believed that the 

close relationship between increased sugar accumulation and in- 

creased respiration of tubers upon exposure to warmer temperatures 

was not a cause and effect relationship, but was rather the result of 

a common cold storage stress. 

Respiration, and therefore temperature, also affect the ac- 

cumulation of chlorogenic acid. Low temperatures, or any other 

factor which lowers respiration, will lower the synthesis of chloro- 

genic acid and associated phenolic substances in wounded tubers (15). 

Rudkin and Nelson found that the rate of respiration increased when 

chlorogenic acid was added to sweet potato slices (30). Johnson and 

Schaal (15) conducted investigations in which Russet Burbank tubers 

were stored at 35o to 38oF. for six to seven months. The tubers 

were then sliced, held in a moist chamber at 75oF. for a total of 
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six days, and then analyzed for chlorogenic acid and other o- dihydric 

phenols. Slices were from the medullary region where chlorogenic 

acid is almost non - existent before wounding (16, 17, 46). The re- 

sults indicated that chlorogenic acid and other o- dihydric phenols 

accumulated rapidly in the area next to the wound. This accumulation 

increased for six days, at which time the experiment was terminated. 

Holding the slices at lower temperatures lowered the rate of accumu- 

lation, presumably because the respiration rate was lowered. Lack 

of aerobic respiration also caused a decrease in accumulation rate. 

Griffin (9) found that the rate of accumulation of o- dihydric phenols 

at 21. 8oC. was greater for tubers stored at 0oC. for six weeks than 

for those stored at 4. 5oC. The o- dihydric phenol amount decreased 

with increasing storage temperatures. He concluded that chilling 

might influence oxidase activity involved in phenol metabolism. 

As previously stated, the medullary region of the tuber is 

almost void of chlorogenic acid, but this region is capable of produc- 

ing it if wounded. Zucker and Levy (46) investigated chlorogenic 

acid synthesis and discovered that glucose stimulated the synthesis 

of chlorogenic acid three to four fold; sucrose had a similar effect. 

However, there was no difference in chlorogenic acid content between 

tubers taken directly from cold storage and cut, and those pre -warmed 

and cut. They also noted that oxygen was needed for chlorogenic 

acid synthesis, since potato disks immersed in water produced no 
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chlorogenic acid. They suggested this oxygen requirement as a 

possible explanation for the lack of chlorogenic acid in the medullary 

region of the tuber. Even though the relationship of oxygen to respira- 

tion is in dispute (4, 20, 41, 44), it has been observed that 85% of 

the oxygen uptake of potato tubers enters via tyrosinase- catalyzed 

oxidation (3). Tyrosinase oxidizes chlorogenic acid to a quinone 

when the tuber is injured, and this quinone stimulates suberization 

(15, 17, 34, 37). 

The work of Johnson and Schaal (15), and Zucker and Levy (46), 

involved keeping the tuber slices in the dark, presumably after a 

brief exposure to the light during cutting. A recent paper by Zucker 

(45) introduced another interesting aspect of chlorogenic acid synthe- 

sis. He observed that light stimulated chlorogenic acid synthesis in 

medullary section tuber disks. Chlorogenic acid synthesis was 

doubled by briefly exposing the disks to 50 foot -candles of fluorescent 

and incandescent light, compared to disks which had been kept from 

the light. Longer exposures to 500 foot -candles of fluorescent and 

incandescent light further stimulated synthesis, and disks kept under 

continuous illumination reached the highest accumulation of chloro- 

genic acid. The accumulation increased for more than 40 hours. 

Zucker noted that after 48 to 72 hours of illumination, chloroplasts 

developed. This prompted him to suggest that the stimulation of 

protein synthesis and the consequent stimulation of chlorogenic acid 
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synthesis might be due to chloroplast development. 

Influence of Age on Tuber Physiology 

Physiological aging of tubers, whether due to prolonged storage 

of mature tubers, or natural development of immature tubers, un- 

doubtedly affects the ability of the tuber to form suberin and wound 

periderm. It has been observed that immature tubers form wound 

periderm faster than do older tubers (36, 40). Respiration rates 

are also higher in immature tubers (42). Smith and Smart (40) found 

that more suberin and wound periderm formed in slices from tubers 

cut shortly after harvest than from tubers cut at later dates. Wound 

periderm formation paralleled suberin formation as far as physio- 

logical age of the tuber was concerned. Differences in suberin for- 

mation due to storage length and potato variety were most pronounced 

in slices after one day in the moist chamber at 70oF. Wound peri- 

derm differences were best seen in slices held three days in the 

moist chamber. The longer the tubers were stored at a storage 

temperature of 40 F. 0 
up to 3-1/2 months after harvest, the longer 

the tuber slices had to be left in the moist chamber before enough 

suberin and wound periderm was formed to effectively inhibit decay. 

The development of decay and the formation of the wound periderm 

were inversely related; that is, less decay developed when the sub- 

erin and wound periderm were the most extensive. In another 
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experiment, Smith and Smart (39) found that the faster the suberin- 

wound periderm layer was formed, the less chance there was for 

decay development. 

Freshly harvested tubers have a higher content of chlorogenic 

acid than stored tubers (9). Storage from four to eight months at 

4. 5oC. decreased the amount of phenols accumulating after three 

days at 21. 0°C. Johnson and Schaal (16) indicated that chlorogenic 

acid and other o- dihydric phenols were present in the highest con- 

centrations in the early stages of tuber growth. The accumulation 

of these compounds in the natural periderm was slightly less after 

five months of storage at 35o -38oF. as compared to growing and 

freshly harvested tubers. However, Rosa (29) found that matured 

tubers decayed less when cut into seedpieces and planted than did 

immature tubers. Maturation of immature tubers progresses while 

they are in storage though, so that after this storage or rest period, 

immature tubers have the same percentage composition of moisture, 

sugars, ash, starch, crude fiber, total nitrogen, and respiration 

response as vine -matured tubers under the same storage conditions 

(1). 

Other workers, while not delving into the specific reasons 

involved, have conducted related experiments which are interesting 

in light of the above information. In one experiment, potato tubers 

o ° C. stored at 6-7 for 23 days before wounding showed more active 
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wound periderm formation than tubers stored for the same period 

at 18o -21 °C. (36). In another experiment (38), Irish Cobbler tubers 

stored at 32oF. for a month had less suberin and wound periderm 

formation and developed more decay when sliced and placed at 70°F. 

than did tubers stored at 34°F., 40°F., and 55°F. The same results 

were obtained after two months storage. Katandin tubers behaved 

likewise after two months. The Irish Cobbler tubers stored at 32°F. 

showed improved suberin formation, but less wound periderm forma- 

tion, when pre- warmed for seven days at 70oF. before being sliced 

and put into a moist chamber, as compared to tubers taken directly 

from 32oF. and sliced; the decay rate was essentially unchanged. 

However, slices from pre- warmed tubers taken from the other 

storage temperatures generally developed more decay when inoculated 

with Erwinia carotovora and returned to the moist chamber at 70oF. 

than tubers cut immediately upon removal from storage. It is of 

interest, though, that pre -warmed Irish Cobbler and Katandin tubers 

showed the same suberin -wound periderm development when cut as 

tubers cut immediately after removal from 34o, 40o, 50o, and 55oF.. 

storage temperatures. The latter information is in accord with the 

work of Zucker and Levy (46) who found no difference in chlorogenic 

acid content in tubers taken directly from cold storage and cut, 

compared to those pre- warmed and cut. Nevertheless, considering 

the reported effect of chlorogenic acid on suberization, the fact that 
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tubers stored at 32oF. formed less suberin and wound periderm 

when cut as compared to tubers stored at the higher temperatures, 

appears somewhat discordant in the light of Griffin's findings (9). 

This is indicative of the work that remains to be accomplished before 

the processes involved in wound periderm formation are completely 

known and understood. 
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III. LABORATORY EXPERIMENTS 

General Materials and Methods 

Except where indicated otherwise, potato tubers used were the 

Russet Burbank variety, grown at the Klamath Branch Experiment 

Station, and kept in cold storage (2o -7 °C. ) until used. Tubers were 

scrubbed clean under running tapwater, and then surface sterilized 

in a solution of 20% Chlorox in water. All implements were auto- 

claved. A #5 cork bore (11 mm in diameter) was used to cut cylin- 

drical plugs of tissue from the tubers; plugs were generally an inch 

in length and were cut perpendicular to the surface of the tuber so 

that each plug contained both cortical and medullary tissue. The 

original periderm, or skin, remaining on the cortical end of the 

plugs was removed with a razor blade. Plugs were then soaked for 

three minutes in one liter of the DMSO concentration dictated by the 

particular experiment, and placed in a moist chamber. Control 

plugs were soaked in an equal amount of water for an equal length of 

time and then placed in the moist chamber. 

The moist chamber consisted of a polyethylene bag containing 

a small rack on which the plugs were placed so as not to touch each 

other. Gaseous exchange was possible on all sides of the plugs. 

Several moist paper towels were placed in the bag to maintain high 

relative humidity. The bag opening was then twisted shut and 
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secured with a paper- covered wire. The moist chamber was then 

placed in the dark at room temperature (23° -25 °C. ), and sampled 

at predetermined intervals. 

Sampling consisted of removing plugs at the designated times 

from the moist chamber and cutting them into sections with a hand 

microtome. Sections were 20 -25 microns thick, and were from the 

cortical region since personal experimentation and a review of the 

literature (22, 36) showed that this region forms wound periderm 

more rapidly than the medullary region. The sections were then 

stained in Sudan IV, counterstained in safranin, mounted in glycerin, 

water, or Karo, and examined for suberization and wound periderm 

formation. 

Determining Optimum DMSO Concentration 

One of the first experiments conducted was to determine 

whether DMSO did influence suberization and wound periderm forma- 

tion, and if so, to determine the optimum DMSO concentration for 

this development. In this experiment, DMSO was diluted with tap 

water to form solutions of the following concentrations: 2%; 4%; 

8 %; 16%; and 32%. An arbitrary soaking time of three minutes was 

used. Tap water was used as a control. Plugs were cut from tubers 

that had been in cold storage for nine months and were pre -warmed 

at room temperature for about 60 hours. Samples were taken 
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after 2, 3, 4, 10, 14, 18, and 22 days incubation in the moist 

chamber, and sectioned, stained, and evaluated. 

Results 

As in all experiments conducted in this study, tissue variations 

within individual tubers were evident, and caused particular samples 

to vary in the formation of suberin and wound periderm. These 

tissue variations consisted primarily of differences in cell size, 

and in the extent of the suberin and wound periderm due to occa- 

sionally large amounts of vascular bundles per section of tissue. 

Consequently, sections containing more than several vascular 

bundles were discarded. 

The suberized and phellogen layers were well developed after 

18 days in plugs treated with 4% and 8% DMSO; the suberin layer 

averaged two cells in thickness. The 2% DMSO- treated plug had a 

thinner suberin layer, with incomplete phellogen. The 16% and 

32% DMSO- treated plugs lagged in suberin and phellogen develop- 

ment (Figures 1 -5). Dessication of plugs treated with 16% and 

32% DMSO was noted after only two days in the moist chamber, 

and after 18 days, surface cells of 32% DMSO- treated plugs were 

necrotic. 

Suberization and phellogen formation in the water controls was 

slower to develop and was generally less extensive than in the 2%, 
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4 %, and 8% DMSO- treated plugs. After 18 days incubation, the 

suberin layer averaged one cell in thickness. 

In another experiment conducted a month later, the effects of 

2 %, 4%, and 8% DMSO concentrations were tested in conjunction with 

previous storage conditions of the tubers. Again the arbitrary soak- 

ing time of three minutes was used. This experiment, entitled 

"Influence of Pre -Warming and DMSO on Suberization and Wound 

Periderm Formation ", will be discussed later; however, the thick- 

est suberin layer developed in the plugs treated with 4% DMSO 

(Figure 6). The 4% DMSO- treated tissue consistently showed the 

best developed suberized and phellogen layers, even in the medullary 

region. For this reason, it was determined that a 4% DMSO con- 

centration was the optimum DMSO concentration for suberin and 

wound periderm formation. 

Determining Optimum Duration of Soaking Time 

In this experiment, a single tuber was used. The tuber was 

pre- warmed at room temperature for four days, and plugs prepared 

as usual. Soaking times in DMSO were 1-1/2, 3, 10, 30, 60, and 

180 minutes. Six plugs were soaked in 4% DMSO and six in water 

for the various time periods. After soaking, plugs were transferred 

to the moist chamber and incubated for seven days before they were 

sectioned. 
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Results 

The results indicated that there was no substantial difference 

in suberization or wound periderm development between any of the 

DMSO- treated plugs. Therefore, since a prolonged soak did not 

influence results, a three minute soaking period was used throughout 

the experiments. 

Other Preliminary Experiments 

While conducting early experiments, it was noticed that a very 

strong odor of DMSO could be easily detected by opening the moist 

chamber after several days. To determine whether this volatile 

phase might influence experimental results when control plugs and 

DMSO- treated plugs were placed in the same moist chamber, DMSO- 

treated plugs and water control plugs were put in separate moist 

chambers. After three separate samplings involving six separate 

moist chambers, there was no detectable difference in suberization 

or wound periderm development between DMSO- treated and water - 

treated plugs in the same moist chamber, as compared to those in 

separate moist chambers. It was therefore concluded that DMSO- 

treated plugs and control plugs could be placed in the same moist 

chamber without compromising the results of the experiments. 



19 

Influence of Pre -Warming and DMSO 
on Suberization and Wound Periderm Formation 

Tubers used in this experiment had been in cold storage for 

about ten months. Concentrations of 2 %, 4 %, and 8% DMSO were 

used with water controls. Plugs were cut from tubers taken directly 

from cold storage, and from tubers that had been pre- warmed for 

four days at room temperature. Plugs for each day's sampling were 

taken from a single tuber from each of the pre- cutting storage tem- 

peratures. Sectioning of plugs was done after 2, 3, 7, 10, and 14 

days in the moist chamber. 

Results 

There were differences in suberization and phellogen layer 

formation resulting from the different pre- cutting storage tempera- 

tures. The suberin layer and phellogen layer formed more quickly 

and averaged one cell thicker in the plugs from tubers taken directly 

from cold storage and cut. Suberization and phellogen layer develop- 

ment was generally thicker and more uniform in DMSO- treated plugs 

than in water control plugs, especially in DMSO- treated plugs taken 

directly from cold storage and cut. 

After seven days in the moist chamber, the suberin layer was 

one to two cells in thickness in both 2% DMSO- treated plugs, but the 

plug from the tuber taken directly from cold storage (Figure 7) had a 
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continuous, better developed suberin layer and phellogen layer than 

the plug from the tuber pre- warmed before cutting (Figure 8). The 

difference in suberin layers was also apparent in the water controls 

(Figures 9 and 10). 

After 14 days in the moist chamber, the suberin layer and 

phellogen were generally continuous and well developed in all plugs 

from the tuber which was not pre- warmed. The 2% DMSO- treated 

plug from the tuber which was not pre- warmed had a suberin layer 

two cells thick, but the phellogen was not fully developed (Figure 11). 

The 4% DMSO- treated plug had the thickest, most uniform suberin 

layer, with well developed phellogen (Figure 12). The 8% DMSO- 

treated plug was essentially similar to the 4% DMSO- treated plug. 

Suberization in plugs from tubers which had been pre- warmed 

showed less development (Figure 13) than in those not pre- warmed 

(Figure 11). The water control plug from the tuber which was pre - 

warmed showed less suberization and phellogen development than any 

of the other treatments. The water control plug from the tuber which 

was not pre- warmed showed better suberization and phellogen forma- 

tion (Figure 14) than the pre- warmed water control plug, but forma- 

tion was generally inferior to that found in all DMSO- treated plugs, 

especially the DMSO- treated plugs from tubers taken directly from 

cold storage and cut. 
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Influence of Short and Prolonged Pre - Cutting Warming Periods 
and DMSO on Suberization and Wound Periderm Formation 

This experiment dealt with the influence of the duration of the 

warming period of the tuber prior to plug cutting, on suberin and 

wound periderm formation. Russet Burbank tubers were used which 

were held in cold storage (2o -7o C. ) for a 2 -1/2 month period follow- 

ing harvest. Plugs were cut 2 -1/2 months after harvest and at month- 

ly intervals thereafter, from tubers held under three temperature 

regimes, and sectioned after specified periods in the moist chamber. 

Water control plugs were used in each temperature regime. The 

effects of 4% DMSO on the tuber tissue were observed in tubers from 

the following temperature regimes: tubers taken from cold storage 

and immediately cut and treated; tubers taken from cold storage and 

pre- warmed for three to four days at room temperature before being 

cut and treated; tubers taken from cold storage at the first plug 

cutting of the experiment and held in the dark at room temperature 

for five months. 

Results 

In the first sampling (2 -1/2 months after harvest), plugs were 

sectioned after 2, 4, 7, 9, and 14 days in the moist chamber. Plugs 

from tubers taken from cold storage and immediately cut developed 

better suberized and phellogen layers than the other plugs; the 
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suberized layer was about one cell thicker than the suberized layers 

of the other plugs. The DMSO- treated plugs generally showed more 

rapid suberization and phellogen formation than the water control 

plugs. 

Plugs cut for the second sampling (3 -1/2 months after harvest) 

were sectioned after seven days in the moist chamber. The suberin 

layer was 1 -2 cells thick in plugs from the tubers held at room tem- 

perature, and the DMSO- treated plug had a more uniform, better 

developed suberin layer and phellogen than the water control plug, 

but neither were as well developed as in plugs held in cold storage. 

The latter had a continuous, well developed suberin layer 2 -3 cells 

thick, and the phellogen was continuous. The water control plug had 

a suberin layer slightly thicker than the DMSO- treated plug. Both 

the DMSO- treated plug and water control plug from the pre -warmed 

tubers had a suberin layer two cells thick, and the phellogen was 

continuous. 

Plugs cut for the third sampling (4 -1/2 months after harvest) 

were again examined after seven days in the moist chamber. The 

suberin layer was one cell thick and continuous, with continuous 

phellogen, in both the DMSO- treated plug and the water control plug 

from the tubers held at room temperature. The DMSO- treated plug 

had more uniform suberized and phellogen layers. These plugs 

showed a definite lag in suberization and phellogen development. 
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The plugs from the tuber held in cold storage with no pre -warming 

had a fairly well developed suberin layer two cells thick in the water 

control plug (Figure 15), and a well developed suberin layer three 

cells thick in the DMSO- treated plug (Figure 16). The phellogen was 

better formed in the DMSO- treated plug. Both the treated and the 

water control plugs from the pre- warmed tubers had suberin layers 

two cells thick with well developed phellogen. 

Five and one half months after harvest, the tubers which had 

been held continuously at room temperature for three months had 

become noticeably dehydrated, and were freely sprouting. This 

fourth sampling was taken after 3, 7, and 10 days in the moist cham- 

ber. After seven days, the water control plug from the tubers held 

at room temperature had a poorly formed suberin layer (Figure 17). 

The DMSO- treated plug from the same tuber had a fairly well formed 

suberin layer (Figure 18). Once again, plugs from tubers held at 

room temperature failed to form a thick suberin layer with well 

formed phellogen. Both the DMSO- treated and water control plugs 

from the tuber held in cold storage and not pre- warmed had well 

developed suberin layers three cells thick; phellogen was well formed. 

Both the plugs from the pre -warmed tubers had suberin layers two 

cells thick; phellogen was well formed. After ten days, DMSO- 

treated plugs from tubers held at room temperature, and from pre - 

warmed tubers, had suberin layers one cell thicker than the water 
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control plugs; however, the DMSO- treated plug from the tuber stored 

in cold storage and not pre- warmed had a suberin layer one cell 

thinner than the water control plug from the same tuber. 

Plugs cut for the fifth sampling (6 -1/2 months after harvest) 

were examined after six days in the moist chamber. The plugs from 

tubers held at room temperature had poorly developed suberin layers, 

but the suberin layer in the DMSO- treated plug was more uniform 

in thickness (about one cell layer thick) than the irregular suberin 

layer in the water control plug. The DMSO- treated plug and the 

water control plug from the tuber stored in cold storage and not pre - 

warmed had suberin layers three cells thick with fairly well formed 

phellogen. Both plugs from the pre -warmed tuber had suberin layers 

two cells thick with well formed phellogen. 

In the sixth and last sampling (7 -1/2 months after harvest), 

tubers held at room temperature were not used because of excessive 

dehydration. Plugs were sectioned after seven and ten days in the 

moist chamber. After seven days in the moist chamber, the water 

control plug from the tuber held in cold storage and not pre -warmed 

had a suberin layer 2 -3 cells thick, with fairly well formed phellogen 

(Figure 19). The DMSO- treated plug from the same tuber had a 

suberin layer unusually thick at 3 -5 cells thickness, but the phellogen 

was not well developed (Figure 20). The DMSO- treated plug and the 

water control plug from the pre -warmed tuber had suberin layers 
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about two cells thick, but the DMSO- treated plug had a more uniform 

suberin layer. Phellogen was fairly well formed in both plugs. Ali 

plugs after ten days were essentially the same as after seven days. 

Influence of Tuber Variety and DMSO 
on Suberization and Wound Periderm Formation 

This experiment dealt with the effects of 4% DMSO treatment on 

suberin and wound periderm formation in the varieties Russet Bur- 

bank, Norgold, and Kennebec. All tubers were held in cold storage 

(2°-7°C. ) for a 2 -1/2 month period following harvest. Tubers from 

the three varieties were removed from cold storage 2 -1/2 months 

after harvest and at monthly intervals thereafter, and pre -warmed 

at room temperature for three to four days before being cut into plugs. 

Sectioning of the plugs was done after specified periods in the moist 

chamber. Water controls were used for each variety. 

Results 

In the first plug sampling, after seven and nine days in the 

moist chamber, DMSO- treated plugs from all three varieties showed 

better developed suberization and phellogen than the water control 

plugs. 

Plugs cut for the second sampling (3 -1/2 months after harvest) 

were examined after seven days in the moist chamber. :DMSO en- 

hanced suberization in the Norgold plug only. Both the DMSO -treated 
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plug and the water control plug from the Russet Burbank tuber had 

a suberin layer two cells thick. The water control plug from the 

Norgold tuber also had a suberin layer two cells thick, but the DMSO- 

treated plug had a suberin layer 3 -4 cells thick. Phellogen was well 

formed in all plugs of both these varieties. Both treated and water 

control Kennebec plugs had suberin layers 2 -3 cells thick, but the 

phellogen was not well formed. 

Plugs cut for the third sampling (4 -1/2 months after harvest) 

were examined after seven days in the moist chamber. DMSO again 

enhanced suberization and phellogen formation in the Norgold tissue 

only. 

In the fourth sampling (5 -1/2 months after harvest), DMSO- 

treated tissue generally formed better suberized and phellogen layers. 

Plugs were sectioned after 3, 7, and 10 days in the moist chamber. 

After ten days in the moist chamber, water control plugs of Russet 

Burbank and Kennebec had suberin layers two cells thick; DMSO- 

treated plugs had suberin layers 2 -3 cells thick. Phellogen was well 

formed in all plugs of both these varieties. DMSO -treated and water 

control Norgold plugs had suberin layers 1 -2 cells thick, with the 

phellogen layer better formed in the DMSO- treated plug. 

The fifth sampling (6 -1/2 months after harvest) consisted of 

plugs examined after six days in the moist chamber. DMSO increased 

suberization and phellogen development only in Norgold tissue. 
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The suberin layer in the DMSO- treated plugs and water control plugs 

of the Russet Burbank and Kennebec tubers was two cells thick; 

phellogen was well developed. The water control plug from Norgold 

had a suberin layer two cells thick; the phellogen layer was not fully 

developed (Figure 21). The DMSO- treated plug from Norgold had a 

suberin layer three cells thick, and a well developed phellogen 

(Figure 22). 

In the sixth and last sampling (7 -1/2 months after harvest), 

after seven days in the moist chamber, the DMSO- treated plug and 

the water control plug from Russet Burbank had fairly well formed 

phellogen and suberin layers, but the DMSO- treated plug had a more 

uniform suberin layer. The water control plug from Norgold had an 

irregular suberin layer about two cells thick with poorly formed 

phellogen (Figure 23). The DMSO- treated tissue had a suberin layer 

three cells thick with well developed phellogen (Figure 24). The 

treated and water control plugs from Kennebec had suberin layers 

2 -3 cells thick with fairly well formed phellogen. All plugs from all 

varieties were essentially the same after ten days as after seven 

days, except the water control plug from Russet Burbank had a 

suberin layer two cells thick, while the suberin layer in the DMSO- 

treated plug was three cells thick. 
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Influence of Physiological Age (Date of Vine Killing) and 
DMSO on Sizberization and Wound Periderm Formation 

As was noted in the literature review, the physiological age of 

tubers influences wound periderm formation. The extent of this in- 

fluence, and the length of time involved in "maturing" immature 

tubers by storage is incompletely known. Russet Burbank tubers 

harvested at different dates were cut into plugs and treated with 4% 

DMSO. Water control plugs were also used. The "parent" seed - 

pieces had been planted on 25 May 1965. Growth and tuber develop- 

ment were stopped by cutting the vines at three different times: 

5 September (early); 15 September (mid); and 22 September 1965 

(late cutting). Tubers were harvested ten days after vine cutting, 

and were stored at 7oC. and above until March 1966, at which time 

they were transferred to cold storage. Tubers were taken monthly 

from cold storage, pre -warmed for 3 -1/2 days at room temperature, 

cut and treated with DMSO in the usual manner, and placed in the 

moist chamber. Plugs from a particular vine cutting date were 

taken from a single tuber. 

Results 

The first plugs were cut in mid -June, and suberization observed 

after 4, 7, and 10 days incubation in the moist chamber. After four 

days, phellogen was sporadic in all plugs but the DMSO and water 

- 
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control plugs from late vine cutting tubers. Here the phellogen was 

continuous. After seven and ten days in the moist chamber, there 

were no noticeable differences between DMSO and water control plugs, 

or between plugs of tubers from early, mid, and late vine cutting 

dates. The suberin layer was 1 -2 cells thick in all plugs. 

The second month's sampling was taken after the plugs had been 

in the moist chamber for four and seven days. All treated and water 

control plugs had the same suberization after four days, with the 

suberin layer 1 -2 cells thick except in the plugs from early vine 

cutting tubers. Here the DMSO- treated plug had a suberin layer two 

cells thick, while the suberin layer in the water control plug was 

one cell thick. Phellogen was not well formed in any of the plugs. 

After seven days, the DMSO- treated plug from early vine cutting 

tubers had a suberin layer two cells thick; the suberin layer in the 

water control plug was one cell thick. Phellogen was continuous, 

as it was in the treated and control plugs for the other vine cutting 

dates. The DMSO- treated plug from the mid vine cutting tubers had 

a suberin layer two cells thick, while the control plug had a layer 

1 -2 cells thick which was less uniform than the DMSO- treated plug. 

There was no difference between the DMSO- treated plugs and the 

water control plugs from late vine cutting tubers. 

The third month's sampling was the last sampling of the experi- 

ment. Plugs were sectioned after four and eight days in the moist 
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chamber. The suberin layer was 1 -2 cells thick in all the plugs 

from early vine cutting tubers after four days. There were no dif- 

ferences between the DMSO and water- treated plugs. The DMSO- 

treated plug from the mid vine cutting tuber had a suberin layer two 

cells thick, and a nearly continuous, well formed phellogen. The 

water control plug had a suberin layer 1 -2 cells thick with a nearly 

continuous phellogen which was poorly formed in some areas. The 

DMSO and water- treated plugs from the late vine cutting tubers had 

a suberin layer 1 -2 cells thick with poorly formed phellogen. 

After eight days in the moist chamber, the DMSO and water 

control plugs from the early vine cutting tubers had a continuous, 

well developed suberin layer two cells thick. Phellogen was well 

formed. The DMSO and water control plugs from mid vine cutting 

tubers were almost the same, with a suberin layer almost two cells 

thick, but the DMSO- treated plug had a somewhat better developed, 

more uniform layer. The phellogen was well formed in both plugs. 

All of the late vine cutting tuber plugs had a continuous, well devel- 

oped suberized layer and phellogen. The DMSO - treated plug and 

water control plug had a suberin layer thickness of two cells. 

The results indicate that, under the conditions of this experi- 

ment, differences due to physiological age (date of vine killing) in 

the ability of the tubers to form suberin and phellogen were not any 

greater than differences found in any other given set of tubers, nor 
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were these differences consistent. Likewise, DMSO did not notably 

or consistently enhance suberin and phellogen formation in plugs 

from any one vine cutting date more than another. 

Influence of Continuous Illumination and DMSO 
on Suberization and Wound Periderm Formation 

This experiment was conducted concurrently with the third 

month's sampling in the preceding physiological age experiment. 

In the physiological age experiment, the moist chamber was kept in 

the dark as usual, except for a short exposure to the light during plug 

preparation. In the present experiment, another moist chamber con- 

taining a duplicate set of plugs from early, mid, and late vine cutting 

tubers was kept under continuous illumination of 175 foot -candles of 

fluorescent light for 48 hours, and then transferred to the dark. Sec- 

tions from the illuminated plugs were compared to sections from the 

plugs kept in the dark. 

Results 

Continuous illumination increased suberin development in most 

cases, though not more than one cell in thickness in the suberin layer. 

At times the difference was merely in the differentiation of a more 

uniform suberin layer. Continuous illumination did not influence the 

activity of DMSO in suberization or phellogen formation to any greater 
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extent over water controls than that observed when plugs were kept 

in the dark after preparation. Likewise, continuous illumination did 

not cause plugs of any particular physiological age to respond differ- 

ently in suberin and phellogen formation than plugs of any other phy- 

siological age. 



Figure 1. Cross section of Russet Burbank potato tuber tissue treated with 
2% DMSO and incubated 18 days in a moist chamber. The tissue 
plug was cut after the tuber had been pre- warmed at room tem- 
perature for about 60 hours. The suberized layer (SL) is thin, 
and the phellogen layer (Pg) is incompletely formed. (X84) 

Figure 2. Same as Figure 1, except treated with 4% DMSO. The suberized 
layer (SL) is thick. The phellogen layer (Pg) is well developed. 
(X84) 

Figure 3. Same as Figure 1, except treated with 8% DMSO. The suberized 
layer (SL) is thick. The phellogen layer (Pg) is well developed. 
(X84) 

Figure 4. Same as Figure 1, except treated with 16% DMSO. The suberized 
layer (SL) is irregular. The phellogen layer (Pg) is poorly defined. 
(X84) 





Figure 5. Same as Figure 1, except treated with 32% DMSO. Few cells 
are suberized (Su). There is no phellogen. Surface cells are 
necrotic. (X84) 

Figure 6. Cross section of Russet Burbank potato tuber tissue treated 
with f% DMSO, and incubated ten days in a moist chamber. 
The tissue plug was cut immediately upon removal of the tuber 
from cold storage. The suberized layer (SL) is uniform, and 
the phellogen layer (Pg) is developing. (X84) 

Figure 7. Cross section of Russet Burbank potato tuber tissue treated with 
2% DMSO, from the experiment dealing with the influence of 
pre -warming. The tissue plug was cut immediately upon removal 
of the tuber from cold storage, and was incubated seven days in 
a moist chamber. The suberized layer (SL) is well developed, with 
a well developed phellogen layer (Pg) present. (X84) 

Figure 8. Same as Figure 7, except the tissue plug was cut after the 
tuber had been pre- warmed at room temperature for four days. 
The suberized layer (SL) and the phellogen layer (Pg) are less 
well formed than in Figure 7. (X84) 





Figure 9. Same as Figure 7, except treated with water only. The suberized 
layer (SL) is fairly well developed; the phellogen layer (Pg) is 
sporadic. (X84) 

Figure 10. Same as Figure 7, except the tissue plug was treated with water 
only, and was cut after the tuber had been pre- warmed at room 
temperature for four days. Suberin deposition (Su) is still in- 
complete, and the phellogen has not yet formed. (X84) 

Figure I1. Same as Figure 7, except the tissue plug was incubated 14 days 
in a moist chamber. The suberized layer (SL) is well developed, 
but the phellogen layer (Pg) has not completely formed. (X84) 

Figure 12. Same as Figure 7, except treated with 4% DMSO and incubated 
14 days in a moist chamber. The suberized layer (SL) is thick 
and uniform, with a well formed phellogen layer (Pg). (X84) 





Figure 13. Same as Figure 7, except the tissue plug was cut after the tuber 
had been pre- warmed for four days, and was incubated 14 days 
in a moist chamber. The suberized layer (SL) is thin and irregu- 
lar, with the phellogen layer (Pg) incompletely formed. (X84) 

Figure 14. Same as Figure 7, except treated with water only and incubated 
14 days in a moist chamber. The suberized layer (SL) is thin 
and not quite fully developed. The phellogen layer (Pg) is in- 
completely formed. (X84) 

Figure 15. Cross section of Russet Burbank potato tuber tissue, incubated seven 
days in a moist chamber, from the experiment dealing with the 
influence of short and prolonged pre- cutting warming periods. The 
tissue plug was cut immediately upon removal of the tuber from cold 
storage, and was treated with water only. The suberized layer 
(SL) is not quite completely formed, and the phellogen layer is 
essentially undeveloped. (X84) 

Figure 16. Same as Figure 15, except treated with 4% DMSO. The suberized 
layer (SL) and the phellogen layer (Pg) are well developed. (X84) 





Figure 17. 

Figure 

Figure 

Same as Figure 15, except the tissue plug was cut from a tuber 
stored continuously at room temperature for three months. 
Suberin deposition (Su) is incomplete, and phellogen is lacking. 
(X84) 

18. Same as Figure 15, except the tissue plug was cut from a tuber 
stored continuously at room temperature for three months, and 
was treated with 4% DMSO. The suberized layer (SL) is fairly 
well formed, and the phellogen layer (Pg) is developing. (X84) 

19. Same as Figure 15. The suberized layer (SL) is well developed, 
with a fairly well developed phellogen layer (Pg) present. (X84) 

Figure 20. Same as Figure 15, except treated with 4% DMSO. The suberized 
layer (SL) is very thick, but the phellogen layer (Pg) is not well 
developed. (X84) 
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Figure 21. Cross section of Norgold potato tuber tissue from the experiment 
dealing with the influence of tuber variety. The tissue plug was 
cut after the tuber had been pre- warmed at room temperature for 
3 -4 days. The tissue plug was treated with water only, and was 
incubated six days in a moist chamber. The suberized layer (SL) 
is well developed, but the phellogen layer (Pg) is not completely 
developed. (X84) 

Figure 22. Same as Figure 21, except treated with 4% DMSO. The suberized 
layer (SL) is thick and well developed, with a well developed phello- 
gen layer (Pg). (X84) 

Figure 23. Same as Figure 21, except the tissue plug was incubated seven 
days in a moist chamber. The suberized layer (SL) is irregular, 
with a poorly formed phellogen layer (Pg). (X84) 

Figure 24. Same as Figure 21, except treated with 4% DMSO and incubated 
seven days in a moist chamber. The suberized layer (SL) and the 
phellogen layer (Pg) are well developed. (X84) 
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IV. FIELD EXPERIMENTS 

General Materials and Methods 

All field experiments were conducted at the Oregon State Uni- 

versity Botany and Plant Pathology farm near Corvallis, Oregon. 

Soil type was Chehalis sandy -loam. 

Seedpieces were prepared by cutting four to six ounce tubers 

into fourths. Seedpieces were then placed in cloth meshed bags and 

soaked for three minutes in six liters of the appropriate solution. 

They were then removed and allowed to drain for about 20 minutes. 

Four replications of each treatment were planted. Each replication 

consisted of 25 seedpieces planted in ten feet of furrow. Furrows 

were four to five inches deep, and the rows four feet apart. 

After the plants were six to nine inches above ground, they 

were dug up and the seedpieces were indexed for decay by squeezing 

them between the fingers. Decay indices used were: 1 =no decay; 

2= slight decay; 3= moderate decay; 4= advanced decay; 5= complete 

decay. Seedpieces which could not be found were given a decay index 

of 5. A count of the number of stems per plot was also taken. 

The Link and Wallace method (21) was used in statistical 

analyses of plant stands (Tables 1, 3, and 5). Mood and Graybill 

(26, p.239) was used in statistical analyses of the average decay in- 

dices (Tables 2, 4, and 6). 
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Effects of Various DMSO Concentrations 
on Plant Stand and Seedpiece Decay 

In this experiment, the tubers were taken from cold storage, 

where they had been for about ten months, and pre- warmed at room 

temperature for 2 -1/2 days before being cut into seedpieces, treated, 

and planted. Planting was done in August, 1965. Tubers were of the 

Russet Burbank variety. DMSO concentrations used were 2 %, 4 %, 

8 %, 16 %, and 32 %. Water was used as a control. Three to four 

inches of water were sprinkled on the field three days after planting. 

Results 

The 2% DMSO and water control plots emerged first, with the 

4% and 8% DMSO plots emerging two days later. The 2% DMSO and 

water control plots displayed slightly more lush growth than the 4% 

and 8% DMSO plots. The 32% DMSO plot had noticeably fewer plants 

than the other plots. 

About 4 -1/2 weeks after planting, a plant stand and seedpiece 

decay evaluation was made (Tables 1 and 2). 

Seedpieces treated with 32% DMSO produced significantly fewer 

stems per plot than all other treatments. The 16% and 32% DMSO- 

treated seedpieces which did not decay produced more stems per hill 

than did water alone, or lesser concentrations of DMSO, but the 

differences were not significant at the 5% level except that the 
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Table 1. The effect of seedpiece treatment with different 

DMSO concentrations on plant stand. 
DMSO 

concentration 
( %) 

Average 
number of 
hills /plot 

Average 
number of 
stems /plot 

Average 
number of 
stems /hill 

2 241 63. 81 2. 66 

4 25 62.5 2.50 (S') 3 

8 24.5 68.3 2.78 

16 20 (S)2 67.0 3.35 (S') 

32 10 (S) 31.5 (S) 3. 15 

Water 24.2 69.0 2.85 

1 Based on 25 seedpieces per plot, replicated four times. 
2 Number followed by (S) is significantly different at 5% level 

from all other numbers in the column. 
3 Numbers followed by (S') are significantly different at 5% 

level from each other. 

Table 2. The influence of seedpiece treatment with different 
DMSO concentrations on seedpiece decay. 

DMSO 
concentration Percentage decay by index class 

(70) 1 2 3 4 5 

2 632 9 7 7 14 

4 61 11 7 10 11 

8 52 10 3 18 17 

16 20 13 7 15 45 

32 5 7 2 4 82 

Water 74 15 1 6 4 

Average 
decay 
index 

2.00 

1.99 

2.38 (S') 3 

3.52 (S)4 

4.51 (S) 

1.51 (S') 

1 
1 = no decay; 2 = slight decay; 3 = moderate decay; 4 = advanced 
decay; 5 = complete decay. 

2 Based on 25 seedpieces per plot, replicated four times. 
3 Numbers followed by (S') are significantly different at 5% level 

from each other. 
4 Number followed by (S) is significantly different at 5% level from 

all other numbers in the column. 
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16% DMSO- treated seedpieces produced significantly more stems 

per hill than seedpieces treated with 4% DMSO. 

DMSO did not reduce seedpiece decay. At DMSO concentrations 

above 4 %, decay increased. The 16% and 32% DMSO concentrations 

significantly reduced the number of hills per plot, and significantly 

increased seedpiece decay over all other treatments. The 8% DMSO 

treatment significantly increased seedpiece decay over that of the 

water control. 

An interesting sidelight to this experiment was that a frost 

occurred before the plants were dug in late September. Frost dam- 

age was moderate on the 2 %, 4%, and 8% DMSO- treated plots and 

the water control plots. The 16% DMSO- treated plots had slight 

frost damage, and the 32% DMSO- treated plots suffered no apparent 

damage. 

Influence of DMSO Seedpiece Treatment on Seedpiece 
Decay Under Wet and Dry Soil Conditions 

The wet soil plots were sprinkled with three inches of water 

before planting, and the dry soil plots were non - irrigated prior to 

the time of planting. Seedpieces were planted in June, 1966. After 

planting, both strips were left unwatered for a week, after which 

time they both received one to two inches of water. 

Two varieties of tubers and two pre - planting storage conditions 

were evaluated. The lot of tubers used had been in cold storage for 
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about eight months. One treatment contained seedpieces cut from 

Russet Burbank tubers taken directly from cold storage (RBC). 

Another treatment contained seedpieces cut from Russet Burbank 

tubers taken from cold storage that were pre- warmed at room 

temperature for three to four days (RBPW). The third treatment 

contained seedpieces cut from Norgold tubers which had been taken 

from cold storage and pre -warmed for three to four days (NORPW). 

Seedpieces were soaked for three minutes in 4% DMSO or water 

before planting in wet and dry soil. Norgold seedpieces were not 

planted in the wet soil plots. 

Results 

Plants grown from Russet Burbank pre- warmed seedpieces 

in both the wet and the dry plots, appeared to have more foliage, 

especially the plants from DMSO- treated seedpieces, than plants in 

any other plot. The stems per plot count shows, however, that the 

RBPW plots did not have the highest number of stems per plot. 

Wet plots were three days slower in emerging than the dry plots. 

After four weeks, a plant stand and seedpiece decay evaluation 

was made (Tables 3 and 4). 

DMSO increased the number of stems per plot and stems per 

hill in the dry plots, with the exception of the RBPW seedpieces in 

which water controls had more stems per plot, and an almost equal 



Table 3. The effects of seedpiece treatment, tuber variety, pre - planting storage, and 
wet and dry soil, on plant stand. 

Variety, pre - 
planting storage, 
and seedpiece 

treatment1 

Average number of 
hills/plot 

Average number of 
stems /plot 

Average number of 
stems /hill 

Dry plots Wet plots Dry plots Wet plots Dry plots Wet plots 

RBC DMSO 24.22 24.8 102. 72(S' )3 80.2 4.25(S') 4 3.24 

RBPW DMSO 24.2 23.8 84.0 67.0 3.47 2.82 

NORPW DMSO 23.8 - - 90.5 - - 3.80 - 

RBC Water 23.5 24.5 68. 5(S') 73.7 2.92(S") 3.00 

RBPW Water 24,8 23.5 85.5 69.7 3.45 2.96 

NORPW Water 23.2 - - 75.0 - - 3.23(S") 

1 

2 

3 

4 

RBC = Russet Burbank seedpieces cut from tubers taken directly from cold storage; 
RBPW = Russet Burbank seedpieces cut from cold storage tubers pre- warmed at room 
temperature for 3 -4 days. NORPW = Norgold seedpieces cut from cold storage tubers 
pre -warmed at room temperature for 3 -4 days. 4% DMSO was used. 
Based on 25 seedpieces per plot, replicated four times. 
Numbers followed by (S') are significantly different at the 5% level from each other (within 
the column). 
Number followed by (S') is significantly different at the 5% level from numbers followed 
by (S" )(within the column). 



Table 4. The results of seedpiece treatment, tuber variety, pre - planting storage, 
and wet and dry soil, on seedpiece decay. 

Variety, pre - 
planting storage, 

and . seedpiece 
treatment 

Percentage decay by 
index class' 

Average 
decay 
index4 

Percentage decay by 
index class' 

Average 
decay 
index 

Dry plots Wet plots 

1 2 3 4 5 1 2 3 4 5 

RBC DMSO 903 0 1 3 6 1.35 94 3 2 0 1 1.11 

RBPW DMSO 89 5 0 3 3 1.26 92 4 0 0 4 1.20 

NORPW DMSO 91 0 0 2 7 1.34 

RBC Water 88 0 3 2 7 1.40 95 1 2 0 2 1.13 

RBPW Water 91 3 0 4 2 1.23 92 2 1 2 3 1.22 

NORPW Water 88 0 0 5 7 1.43 

1 1 = no decay; 2 = slight decay; 3 = moderate decay; 4 = advanced decay; 5 = complete decay. 
2 RBC = Russet Burbank seedpieces cut from tubers taken directly from cold storage; 

RBPW = Russet Burbank seedpieces cut from cold storage tubers pre- warmed at room 
temperature for 3 -4 days; NORPW = Norgold seedpieces cut from cold storage tubers pre - 
warmed at room temperature for 3 -4 days. 4% DMSO was used. 

3 Based on 25 seedpieces per plot, replicated four times. 
4 Over -all decay in dry soil plots was significantly higher at 5% level than over -all decay 

in wet soil plots. 
e, 
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number of stems per hill. The differences were significant between 

the RBC seedpieces treated with DMSO and the RBC seedpieces 

treated with water. DMSO also increased the number of stems per 

plot and stems per hill in the RBC seedpieces of the wet plots, but 

the increase was not significant. In the wet plots, the water controls 

produced more stems per plot and stems per hill in the RBPW seed- 

pieces, but the differences were not significant. 

Seedpiece decay was not significantly less in DMSO- treated 

seedpieces as compared to water control seedpieces in the dry plots. 

The difference was greatest in the Norgold seedpieces. DMSO was 

least effective in the RBPW seedpieces. In the wet plots, differences 

between DMSO and water treatments were even less. Over -all decay 

was significantly less in the wet plots as compared to the dry plots; 

this was especially true of the plots containing seedpieces from tubers 

taken directly from cold storage (RBC), where the decay difference 

was noticeable, 

Seedpieces from both wet and dry plots were sectioned, and 

the suberized and wound periderm layers were observed microscopic- 

ally. The suberin layer was 1 -2 cells thick and well developed with 

well developed wound periderm in all dry plot seedpieces. Wet plot 

seedpieces had thicker suberized and wound periderm layers. The 

Russet Burbank tubers cut into seedpieces immediately upon removal . 

from cold storage and treated with DMSO had a well developed suberin 
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layer 3 -4 cells thick with well developed wound periderm. The water 

control seedpieces had a suberized layer that was 1 -2 cells thick and 

well developed with well developed wound periderm. Seedpieces from 

tubers pre- warmed before being cut into seedpieces and treated with 

DMSO had a suberin layer which was 2 -3 cells thick and well devel- 

oped with well developed wound periderm. The water control suberin 

layer was one cell thick and well developed, with well developed 

wound periderm. DMSO did augment suberization and wound peri- 

derm development over water controls in the wet plots, but was 

ineffective in influencing suberization and wound periderm develop- 

ment in the dry plots. 

Comparison of DMSO with Other 
Seedpiece Treatments 

This experiment was conducted employing seedpiece treatments 

of Captan, 2% DMSO, Morsodren, Semesan Bel, Captan /DMSO, and 

water controls. Four replications of each treatment were planted, 

using seedpieces from tubers which were taken directly from cold 

storage. Planting was done in July, 1965. The tubers were from 

the same lot as those used in the DMSO concentration field experi- 

ment, and had been in storage for about nine months. Three to four 

inches of water were sprinkled on the field three days after planting. 
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Results 

Field observations indicated that the plants in the Morsodren 

plots were shorter than the plants in the other plots. A poor stand 

developed in the Semesan Bel plots. DMSO and Captan /DMSO treat- 

ments produced plants with more foliage than in other plots. 

After 4 -1/2 weeks, a plant stand and seedpiece decay evaluation 

was made (Tables 5 and 6). 

Table 5. The effects of different seedpiece treatments on 
plant stand. 

Seedpiece 
treatment) 

Average 
number of 
hills /plot 

Average 
number of 
stems /plot 

Average 
number of 
stems /hill 

Captan 19.72 41.02 2.08 
DMSO 17.5 (S ") 41.8 2.39 
Morsodren 23.7 (S') 3 43.5 1.83 (S') 5 

Semesan Bel 9.5 (S)4 22.0 (S) 2. 32 

Captan /DMSO 16.0 (S ") 41.8 2.61 (S') 

Water 17.0 (S ") 38.8 2.28 

1The following concentrations were used: Captan (23 gms. /gal. of 
water); 2% DMSO; Morsodren (6. 5 ml. /gal. of water); Semesan Bel 
(60 gms. /gal. of water); Captan /DMSO (23 gms. /gal. of 2% DMSO) 
water control. 

2Based on 25 seedpieces per plot, replicated four times. 
3Number followed by (S') is significantly different at 5% level from 
numbers followed by (S ") in the column. 

4Number followed by (S) is significantly different at 5% level from 
all other numbers in the column. 

5Numbers followed by (S') are significantly different at 5% level 
from each other (within the column). 
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Table 6. The results of different seedpiece treatments on 
seedpiece decay. 

Percentage decay by index class1 
Seedpiece 
treatment2 1 2 3 4 5 

Average 
decay index 

Captan 24 9 10 11 46 3.46 
DMSO 10 16 9 9 56 3.85 
Morsodren 76 10 4 3 7 1. 55 (S)4 

Semesan Bel 2 0 3 8 87 4. 78 (S) 

Captan /DMSO 5 5 7 15 68 4.36 (S) 

Water 17 9 4 14 56 3.83 

1 1 = no decay; 2 = slight decay; 3 = moderate decay; 4 = advanced 
decay; 5 = complete decay. 

2 The following concentrations were used: Captan (23 gms. /gal. 
of water); 2% DMSO; Morsodren (6. 5 ml. /gal. of water); 
Semesan Bel (60 gms. /gal. of water); Captan /DMSO (23 gms. / 
gal. of 2% DMSO); water control. 

3 Based on 25 seedpieces per plot, replicated four times. 
4 Number followed by (S) is signficantly different at 5% level 

from all other numbers in the column. 

Semesan Bel- treated seedpieces had a significantly lower 

number of stems per plot and hills per plot than any other treatment. 

Morsodren- treated seedpieces had significantly more hills per plot 

than DMSO, Captan /DMSO, water, and Semesan Bel treatments. 

DMSO increased the number of stems per hill, with Captan /DMSO- 

treated seedpieces producing the most, followed by DMSO- treated 

seedpieces. However, the differences were significant only between 

the Captan /DMSO treatment and the Morsodren treatment. Morsodren- 

treated seedpieces had the least amount of stems per hill. The 
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addition of DMSO to Captan was the best treatment for stimulation 

of seedpiece sprouting in those seedpieces which were not completely 

decayed. 

Mor sodren was significantly better than all other treatments in 

preventing seedpiece decay. Captan was next, followed by the water 

control and DMSO. Captan treatment was significantly better than 

Semesan Bel and Captan /DMSO in prevention of seedpiece decay. 

Interestingly, the Captan /DMSO treatment was next to the worst in 

prevention of decay. The combination of the two ingredients detracted 

from the individual effects of the separate treatments. 
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V. DISCUSSION AND CONCLUSIONS 

Laboratory Experiments 

Suberization of tissue from Russet Burbank tubers cut imme- 

diately after removal from cold storage developed sooner and was 

more extensive than in tubers which had been pre- warmed. Phello- 

gen was usually more extensive in these plugs, though the differences 

were not as great as those found in the suberin layer formation. 

Tissue from tubers which were stored continuously in the dark at 

room temperature gradually lost its ability to form adequate suberin 

and phellogen. The reasons for these differences in the ability of 

tubers to form suberin and phellogen as influenced by the duration of 

the warming period prior to plug cutting can be sought from the 

literature. The stimulatory effects of chlorogenic acid on suberiza- 

tion have already been mentioned. The accumulation in tubers of 

sugars, especially sucrose, at low temperatures (14, 35), and the 

stimulation of chlorogenic acid synthesis by glucose and sucrose (46) 

could explain in part the better suberization and phellogen formed by 

tubers cut immediately after removal from cold storage. Hopkins 

(13) observed that sugars contained in the tuber increased when the 

tuber was wounded, and suggested a correlation between increase in 

sugars, and suberization and wound periderm formation. Sugars 

have been found to accumulate in the wound area (23). Other related 
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research gives further insight to the reasons behind the better 

suberization and phellogen formation found in tubers cut immediately 

after removal from cold storage. Griffin (9) found that a decrease in 

storage temperature increased the amount of accumulated o- dihydric 

phenols, including chlorogenic acid. However, Zucker and Levy (46) 

found no difference in chlorogenic acid content between tubers taken 

directly from cold storage and cut, and tubers pre- warmed before 

being cut. Respiration probably also affects, and is affected by, the 

accumulation of chlorogenic acid and sugars (13, 25, 30). Respira- 

tion increases continuously in wounded tubers for about 28 hours (18), 

and whether or not sugar content of the tuber and respiration are 

related, tubers stored at lower temperatures respire at higher rates 

when warmed than tubers stored at warmer temperatures (23). The 

addition of chlorogenic acid to sweet potato slices increased their 

respiration rate (30). In still another study (36), tubers which were 

stored at 60 -7o C. for 23 days before being wounded exhibited more 

active wound periderm formation than that found in tubers which were 

stored for the same period of time at 18° -21 °C. The above research 

would support the findings of this study. 

It is general knowledge that tubers, especially those taken from 

cold storage, should be warmed for 1 -2 days at room temperature 

before being cut into seedpieces. However, an extensive review of 

the literature failed to find any experimental work which would 
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substantiate this recommendation. 

DMSO treatment increased suberization and phellogen develop- 

ment consistently in tissue from Russet Burbank tubers that had been 

stored continuously at room temperature. In these plugs, DMSO 

treatments resulted in thicker and /or more uniform suberization 

and phellogen development. Suberization and phellogen development 

in Russet Burbank plugs cut immediately after removal of the tubers 

from cold storage was generally stimulated by DMSO in the experi- 

ment dealing with the influence of pre -warming. However, suberiza- 

tion and phellogen development was enhanced by DMSO in only three 

cases in tissue from Russet Burbank tubers taken directly from cold 

storage and cut in the first, third, and sixth samplings of the short 

and prolonged warming experiment. Suberization and phellogen 

development in the water controls was superior to that in the DMSO- 

treated plugs in the second and fourth samplings of the short and 

prolonged warming experiment. DMSO generally did not improve 

suberization in tissue from Russet Burbank tubers taken from cold 

storage and pre- warmed for three to four days before being cut. 

Thus, under storage conditions which resulted in poor formation of 

suberin and phellogen in untreated tissue, DMSO was most effective. 

Of the three tuber varieties tested, suberization and phellogen 

development in Norgold tuber tissue was most improved by the 

DMSO treatments. DMSO treatment of pre -warmed Russet Burbank 
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and Kennebec tissue was generally not effective in enhancement of 

suberization and phellogen development. 

In the experiment dealing with the effects of DMSO on tuber 

tissue of different physiological ages, there was no improvement in 

the formation of suberin and phellogen between tubers of different 

ages, and no unusual or consistent effects of DMSO on any tuber age 

group. It is probable that the tubers had been stored long enough 

before being sampled to allow the physiological responses of each 

age group to become similar through maturing of the tubers. This 

seems logical since it has been said that immature tubers mature 

during storage, and after a period of time have the same composition 

and respiration response as mature tubers (1). Other work indicates 

that perhaps the tubers remained in storage for too long a period 

before being sampled, and that differences in suberization and 

phellogen formation due to physiological age could have been obtained 

if sampling had been done immediately after harvesting of the tubers 

(16, 36, 40). Therefore, since the tubers were approximately of the 

same physiological maturity when sampled, the effects of DMSO on 

suberization and phellogen formation would be similar. 

Laboratory experiments indicated that, when DMSO increased 

suberization and phellogen formation, suberization was influenced 

the most. The effected suberized layers developed more rapidly, 

and were thicker and more uniform than suberized layers in 
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untreated tissue. Formation of phellogen is dependent on prior 

formation of the suberized layer (28). The more rapidly and uni- 

formly the suberized layer is formed, the more quickly and uniformly 

the phellogen layer is developed. Although DMSO sometimes appeared 

to influence phellogen formation directly, in most cases it influenced 

suberization, and thereby perhaps indirectly influenced the formation 

of the phellogen layer. 

Field Experiments 

The field experiments indicated that DMSO was not significantly 

more effective than water as a seedpiece treatment for prevention of 

seedpiece decay. In the experiment involving various concentrations 

of DMSO on seedpiece decay, decay increased with DMSO concentra- 

tions above 4 %. Water -treated seedpieces developed less decay than 

any of the DMSO- treated seedpieces. The 16% and 32% concentra- 

tions of DMSO apparently interfered with suberization and wound 

periderm formation, or were phytotoxic. 

In the experiment comparing 2% DMSO with other seedpiece 

treatments, DMSO treatment of seedpieces was no more effective 

than water against decay. Decay was essentially the same in DMSO- 

treated seedpieces as in seedpieces treated with water alone. Captan 

was fairly effective in the prevention of seedpiece decay, but when corn - 

bined with DMSO its effectiveness in preventing decay was reduced 



62 

considerably. Under conditions of the experiment, treatment with 

Semesan Bel resulted in the greatest amount of decay. This was not 

completely unexpected, since some workers have stated that Semesan 

Bel retarded suberization (27, 32), though Guthrie declares that 

Semesan Bel is quite effective in prevention of seedpiece decay (10). 

DMSO treatment of seedpieces to prevent decay was not signifi- 

cantly more effective than water treatment under wet and dry soil 

planting conditions. Decay in treated and non -treated seedpieces 

was significantly less in the wet soil plots, and seedpieces from 

tubers taken directly from cold storage and cut had less decay than 

those cut from pre -warmed tubers. The opposite was true in the dry 

soil plots. It was stated in the Field Experiments section that micro- 

scopic observation of the seedpieces from this experiment showed 

that DMSO increased suberization and wound periderm formation 

over water controls in seedpieces from the wet soil plots only. This 

was the only field experiment in which DMSO treatments tended to be 

better than water treatments for decay prevention. This was true 

under both wet and dry soil conditions in the experiment. Norgold 

seedpieces derived the most benefit from DMSO treatment. Com- 

parison of decay indices in Table 4 indicates that seedpiece decay 

and thickness of the suberized and wound periderm layers are 

generally not correlated in this experiment. Although some studies 

(40) indicated that the development of decay and the formation of the 
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wound periderm are inversely related, the present results indicate 

that some factor in addition to suberization and wound periderm 

development enters into the prevention of decay in tuber tissue. 

Smith (38) found that slices from pre -warmed Irish Cobbler and 

Katandin tubers generally developed more decay when inoculated 

than slices from tubers cut immediately upon removal from cold 

storage. However, Smith also noted that there were no differences 

in suberization and wound periderm development between slices from 

pre -warmed tubers and slices from tubers cut immediately upon 

removal from cold storage. It seems possible then that some factor 

or factors other than exclusion by the suberin and wound periderm 

barrier alone is responsible for the amount of cut seedpiece decay. 

A survey of the literature brings forth some work which could 

help to explain the findings of the experiment dealing with planting in 

wet and dry soil. Ruf (31) has found that soil temperature and mois- 

ture affect periderm formation on Russet Burbank tubers. Dimin- 

ished russeting was found in tubers grown in 60°F. soil which con- 

tained 25% or less available soil moisture before irrigation. It seems 

not unlikely that many of the same factors which affect the formation 

of periderm also affect the formation of suberin and wound periderm 

in the tuber, and the fact that suberization and wound periderm was 

thinner in the seedpieces of the dry soil plots would seem to concur 

with Ruf s work. That seedpieces decayed less in the wet plots 
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agrees with the work of Sanford (33), who found decay caused by 

certain organisms to be more pronounced in drier soils. However, 

Guthrie (10) found in his experiments that seedpieces decayed less 

when planted in dry soil. Of course, soil moisture affects different 

decay- causing organisms in different ways. Whatever the precise 

reasons involved, DMSO- treated seedpieces in the dry soil plots 

generally had less decay than water control seedpieces, even though 

there were no differences in suberization and wound periderm forma- 

tion. DMSO was less effective against decay in the wet soil plots, 

even though DMSO -treated seedpieces formed thicker suberized and 

wound periderm layers than water control seedpieces. 

It is evident that there was more decay present in the seed - 

pieces of the experiment comparing DMSO with other seedpiece 

treatments than was present in the other two field experiments. The 

reasons for this are not clear. Weather and rainfall were approxi- 

mately the same in all three experiments. The seedpieces used in 

the DMSO concentration experiment and the comparative seedpiece 

treatment experiment were from the same lot of tubers. The field 

strips used for planting were the same, and the strips were fallow 

between plantings. It is noted that seedpieces of the experiment in 

which 2% DMSO was compared with other seedpiece treatments were 

from tubers which were taken from cold storage and cut immediately 

into seedpieces, while seedpieces of the DMSO concentration 
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experiment were from tubers which were pre- warmed for 2 -1/2 

days. However, this observation is not in agreement with the 

results of the wet and dry soil planting experiment, in which seed - 

pieces cut from tubers taken directly from cold storage, and from 

pre- warmed tubers, showed no marked decay differences. The 

reason for this may be that the latter planting was not accomplished 

until the following summer, and a different lot of tubers was used. 

Slight differences in soil temperature and moisture may have also 

contributed to the decay differences noted between these experiments. 

The work of Ruf (31) in this regard is discussed above. 

While DMSO was not significantly more effective than water as 

a seedpiece treatment for decay prevention, it generally stimulated 

more "eyes" of the seedpiece to sprout. In the experiment where 

various DMSO concentrations were employed, water control plots 

had more stems per plot because of more hills developed than in 

16% and 32% plots, but 16% and 32% DMSO- treated plots produced 

more stems per non -decayed seedpiece than any other treatments. 

In the wet and dry soil planting experiment, DMSO treatment signifi- 

cantly increased the number of stems per plot and per hill in the dry 

soil plots in seedpieces from Russet Burbank tubers cut immediately 

upon removal from cold storage. The difference between DMSO- 

treated and water -treated seedpiece sprouting in these seedpieces 

was also noticeable, but was not significant, in the wet soil planting. 



66 

Sprouting of Norgold seedpieces was also stimulated by treatment 

with DMSO. It is noted that 4% DMSO treatment of seedpieces from 

pre- warmed Russet Burbank tubers did not stimulate seedpiece 

sprouting to any greater extent than that observed in the water con- 

trol seedpieces. In fact, in the wet soil plots, the water control 

seedpieces from pre- warmed Russet Burbank tubers produced more 

stems per hill and per plot than did the DMSO- treated seedpieces. 

In the dry soil plots, water control seedpieces from pre- warmed 

Russet Burbank tubers had more stems per plot and an almost equal 

number of stems per hill compared to DMSO- treated seedpieces. 

This relates closely to the experiment dealing with the effects of 

seedpiece treatment with various DMSO concentrations, since on 

seedpieces from pre- warmed tubers, the 2 %, 4 %, and 8% DMSO 

concentrations did not increase the number of sprouts per seedpiece 

to any greater extent than that observed in the water control seed- 

pieces. In the experiment comparing 2% DMSO with other seedpiece 

treatments, DMSO and Captan /DMSO- treated seedpieces produced 

more stems per plot than any other treatment except Morsodren, 

and Captan /DMSO and DMSO- treated seedpieces produced more 

stems per hill than any other treatment. 

The addition of DMSO to Captan formed a seedpiece treatment 

which was the best for stimulating seedpiece sprouting. The ability 
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of DMSO to stimulate seedpiece sprouting suggests that the mixture 

of DMSO with an appropriate chemical to prevent seedpiece decay 

could result in superior potato stands because of less seedpiece 

decay and more stems per seedpiece. 
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VI. SUMMARY 

1. Russet Burbank tubers taken from cold storage (2 C. 
0 -7°C. ) 

and immediately cut, developed suberized and phellogen 

layers superior to that found in Russet Burbank tubers which 

had been pre- warmed for three to four days at room tern- 

perature (23oC. -25oC. ), or which had been stored continu- 

ously at room temperature before being cut. 

2. DMSO resulted in thicker and /or more uniform suberized 

and phellogen layers in pre- warmed Norgold tubers, and in 

Russet Burbank tubers which had been stored at room tern- 

perature for as long as five months, but was generally in- 

effective in stimulating suberization and phellogen formation 

in pre- warmed Russet Burbank and Kennebec tubers. 

3. When the suberized and phellogen layers were enhanced by 

DMSO, it was suberization which was influenced the most. 

4. DMSO was not significantly more effective than water as a 

seedpiece treatment for prevention of seedpiece decay. 

5. DMSO was generally effective in increasing the number of 

sprouts per seedpiece, especially in seedpieces from 

Russet Burbank tubers cut immediately upon removal from 

cold storage. 

6. DMSO was effective in stimulating suberization and wound 

periderm formation in Russet Burbank seedpieces planted 
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in soil which received three inches of water prior to 

planting, but was not effective in stimulating suberization 

and wound periderm formation in Russet Burbank seed - 

pieces planted in soil which was non -irrigated prior to 

planting. 

7. DMSO treatments of potato tuber tissue for enhancing the 

formation of the suberized and phellogen layers were found 

to be most effective at the 4% DMSO concentration level, 

employing a soaking time of three minutes. Higher con- 

centrations were phytotoxic and interfered with suberiza- 

tion. 
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