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INFLUENCE OF GROWING CONDITIONS ON _ e
STORAGE AND PROCESS ABILITY OF RUSSET BURBANK POTATOES
WM, IRiTANI AND LARRY WELLER

How well potatoes store and how they process when taken out of storage depends
to a considerable extent upon the condition of the tubers going into storage. In
other words, the conditions under which the potatoes were grown and harvested are
probably more influential in determining how they store and process than the actual
storage conditions themselves,

This is exemplified by the problems we are having in storage this winter pri-
marily because of prolonged high temperature induced stress we had during the growing
season this past summer, What is meant by a stress condition? Any condition which
causes uneven growth, either a slowing down, cessation, or rapid acceleration of nor-
mal growth and development would be considered as stress condition, i.e. extremes of
temperature either heat or celd, inadequate moisture, imbalance of nutrients and in-
adequate or excess fertilizer, How do plants react to stress condition? The type
and extent of reaction depends to a considerable extent uvpon the stage of growth of
the plant and tubers at the time of stress. A stress early in the season, especially
when tubers are being initiated is much more severe and serious than later in the
growing season. Stress is manifested in many ways, the more familiar forms of which
are malformed shaped tubers, accumulation of sugars both in the field and in storage,
development of sygar end and jelly end tubers, and premature physiological aging and
sprouting of tubers,

Another factor which can be affected by stress conditions is maturity. Matur-
ity in potatoes cannot be simply defined and there may be differences between economic
and physiological maturity. The processing industry has to consider both the internal
and external aspects of maturity.

As tubers grow, develop and mature, a peak in dry matter is reached shortly
after which sugar content declines to¢ a winimum amount. (Figure 1) High dry matter
and low sugar content are desirable for proce551ng and it appears that this would be
an optimum time to harvest.
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Figure 1: Typical growth Ia
curve showing decline of = =
sucrose content and
increase of dry matter
during the 1969 and 1970
growing seasons.
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However, such a well defined curve for dry matter accumulation is not always
obtained as shown in Figure 2. DPuring the prolonged period of extremely high temp-
eratures in 1971, dry matter accumulation slowed down considerably and continued
much later into the fall delaying maturity. Sugar content never declined to practi-
cally zero as had occurred the previous 2 years. It appears that other conditions
such as pre-mature death of the plant can also cause a halt in decline of sucrose
content. The presence of sucrose at harvest time may be an indication that the
tubers had been exposed to abnormal or stress condition.
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Figure 2: Growth and development curve cbtained in 1971. Because
of extremely high temperatures dry matter accumulation was
much slower, (Flatter curve than in previous years.)

The setting of the skin or periderm is the external aspect of maturity which
should not be ignored. Immature, skinned tubers do not store well, they dehydrate
easily, tend to sprout sooner and accumulate more reducing sugars in storage. In
1971 the immature (skinned) lot had a significantly higher incidence of softened
stem end tubers which developed into sugar ends than a similar lot from the same
field which was allowed to mature. Apparently, after exposure to a stress condition
of a prolonged period of high temperature and where the tubers were not allowed to
mature, the carbohydrates started to move scon after storage from the stem portion
to the bud end where it was utilized for periderm development. Tubers stored at
42F had as high as 25% of the tubers developing sugar ends, whereas those stored at
48F had only 11%. More rapid maturation (setting of the skin) at the higher temp-
erature apparently cut down on the incidence of the development of sugar ends in
storage. Severe cases of softening of the stem end resulted ultimately in develop-

ment of jelly end tubers. These results suggest that sugar end tubers are probably
incipient jelly end.

A lot of potatoes was separated into specific gravity groups shortly after
harvest with brine solution. They were completely washed of salt and placed back
into 42F storage. Reducing sugar analysis made several months after gave the fol-
lowing results (Figure 3). Low specific gravity (1.065} potatoes accumulated 5,75%
reducing sugar om ‘a dry weight basis whereas 1.090 potatoes of the same lot accum-
ulated only 2.5% sugars. It is quite obvious that dry matter content has consider-
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able influence on sugar accumulation. It was alsc observed that 1.065 specific gra-
Vity potatoes had a somewhat greater incidence of softening of the stem end and even-
tually jelly end development,
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Figure 3: Difference in reducing sugar accumulation at 42F storage
due to specific gravity alone. Average of December and
January analyses.

the relative amount or ratio of sugars in the stem and bud portions of long
varieties such as the Russet Burbank is of major concern to the processors of french
fry potatoes. Data accumulated the past 3 years indicate that neither storage tem-
peratures nor relative maturity (based on number of growing days and amount of skin-
ning) had any influence on affecting this ratio. However, there appears to be a sig-
nificant infiuence due to different vears (Figure 4). The growing and storage sea-
son of 1870-1971 had more equal amounts of sugars in the two portions than either
the 1968-1969 or 1969-1970 seasons, '
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Figure 4: Differences in ratio .of reducing sugar content in the
apical and basal portions of Russet Burbank potatoes
as influenced by growing seasons.

The data in Figure 4 represents lots of tubers of different maturities
stored at different temperatures for the different years. The closer the regres-
sion line comes to a 45° angle’ the more -equal the ratio of reducing sugars in the
two portions of the tubers., The reason for differences among years would be a mat-
ter of conjecture. It was probably due to distribution and intensity of summer
temperatures. A look at the temperatures shows August to be somewhat warmer and
September relatively cooler on the average for the 1970 season than the other 2
vears. Figure 5 shows essentially no difference in ratic of sugars in the stem and
bud portions due to maturity or length of storage.
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Figure 5: Ratio of sugars between basal and apical portions is
not affected by maturity nor length of storage.

Stress conditions can alsc cause what is known as physiological internal ne-
crosis of tubers in the field. This condition was found in a number of fields of
potatces primarily on 1light soils in the Pasco area of the Columbia Basin in 1971
during the prolonged period of high temperatures. It is also known #s heat necro-
sis, sprazin, and internal brown or rust spot. In Wiscomnsin where most of the re-
search had been conducted on it, they have found that it is most prevalent during
seasons in which temperatures were above normal and precipitation below normal. It
has been found predominantly in the sandy, gravelly soils of Central Wisconsin. It
is a highly undesirable condition because the necrotic lesions remain as discolored,
fibrous-like hard masses in the processed product. Studies indicate that the malady
hﬁs its inception during initial tuber development and increases during growth of
the tuber.




