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The major processing cultivars in WA are Russet Burbank, Ranger Russet, Umatilla Russet,
and Shepody. Ranger and Umatilla were developed and released by the Tri-State Potato Breed-
ing Program in 1991 and 1998, respectively, to augment the two dominant processing cultivars,
Russet Burbank and Shepody. By design, new cultivars developed through this program are
tested using production and postharvest handling practices considered ideal for Russet Burbank,
the standard cultivar. It is well recognized, however, that new cultivars are, in many respects,
physiologically different than Russet Burbank. For example, dormancy of Ranger < Umatilla <
Russet Burbank and this can affect the efficacy of sprout inhibitors and storage longevity in re-
lation to processing quality.

Table 1 shows storage characteristics, including the lowest temperatures currently recom-
mended (frozen processing), for a selection of relatively new cultivars, in relation to Russet
Burbank. These recommendations are based on at least three years of research from the Uni-
versity of Idaho Potato Storage Research Facility at Kimberly, and were adapted for this article
from a recent publication in the Spudvine (Aug. 2003) (Brandt and Olsen, 2003). It should be
stressed that these storage temperatures represent the lowest that should be considered for fro-
zen processing, assuming that the tubers are in excellent condition at harvest (good skin set, low
disease potential, lack of heat stress, etc.). Abiotic and biotic conditions (stresses) during the
growing season interact to affect tuber quality at harvest, which can significantly impact stor-
ability. We have learned from the Tri-State Variety Trials that, in any particular year, crops

Table 1. Lowest recommended storage temperatures, length of dormancy and processing qual-
ity, and dry rot susceptibility in russet-skin cultivars. Data was modified from Brandt and Ol-
sen (2003) to include Ranger Russet.

Recommended Approximate Duration of Acceptable|Fusarium Dry Rot
Cultivar Storage Temp (°F)| Dormancy (days) Quality (days) Susceptibility
Russet Burbank 45 155 3250 moderate
Umatilla Russet 44-45 130 200 moderate
Ranger Russet 46-48 100 3230 moderate
Summit Russet 45 145 3240 low
Gem Russet 48 125 240 moderate
Bannock Russet 45-48 140 3240 high
Alturas 48 110 3250 low

Brandt, T. and N. Olsen. 2003. Storage recommendations for newer russet-skin cultivars. The Spudvine. Univ.
of Idaho Cooperative extension System (Aug. 2003). http://www.ifuidaho.edu/~bingham/spudvine.htm
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of the same array of clones grown in ID, OR and WA can differ tremendously in their storabil-
ity. For example, during longer-term storage (*190 days) of WA-grown Umatilla Russet, tubers
begin to accumulate sugars and develop off color when stored at 44-45°F (Knowles et al.,
2002). We thus recommend that WA growers use a higher storage temperature (48°F) to main-
tain processing quality of this cultivar for prolonged storage periods. The bottom-line is that
the recommendations in Table 1 will often require modification, depending on region of pro-
duction and the condition of the crop at harvest. Storage management decisions should be tai-
lored not only to the cultivar, but also to the condition of the specific crop being stored.

The challenge for storage managers is to accurately estimate the physiological condition of
a crop coming into storage so that storage conditions can be modified accordingly, to best pre-
serve processing quality for the desired storage duration. For example, depending on crop con-
dition, it may be necessary to cool and hold processing spuds well below the cultivar-specific
limits typically recommended for frozen processing. Varying the temperature regimes after
wound healing could be an effective management practice to extend the processing window by
controlling respiration, sprouting, shrink, and disease. An excellent review of techniques for
storing problematic potatoes can be found on the Oregon State University Potato Information
Exchange web pages at http://oregonstate.edu/potatoes/storproc.htm. Information on how our
newer processing cultivars respond to various storage temperature regimes (sequences of
higher- and lower-than-normal temperatures) is lacking. Such information could greatly facili-
tate our ability to manage problem potatoes (e.g. wet, blighted, frozen, skinned, heat stressed)
or potatoes that are less than ideal maturity.

With funding from the Washington State Potato Commission, we are characterizing the re-
sponses of Ranger (RR), Umatilla Russet (UR) and Russet Burbank (RB) potatoes to a wide
range of storage temperature regimes, in relation to tuber maturity at harvest. The project has
two major objectives:

1) Characterize the sweetening responses of UR, RR, and RB to different storage temperature
regimes — sequences of low and high storage temperatures during a prolonged storage sea-
son.

2) Evaluate the effects of tuber maturity on storability of these cultivars, with a view to defin-
ing optimum temperature regimes for short-, medium-, and long-term storage of tubers of
different maturities.

Specific questions include: What are the ideal temperature regimes for short-, medium-, and

long-term storage for WA-grown crops of each cultivar? Given differences in tuber maturity at

harvest, can we identify storage temperature regimes that will maintain the processing quality
of Ranger and Umatilla Russet for longer periods? What are the reconditioning potentials of
these cultivars? Information from this project will expand our postharvest management options,
particularly in dealing with ‘problem’ potatoes.

The experimental approach for all cultivars is to (1) define the attainment of physiological
maturity in relation to tuber growth by profiling the deposition of carbohydrates at 10-day inter-
vals through the growing season, (2) grow potatoes of different maturities for postharvest stud-
ies, and (3) evaluate the efficacy of different storage temperature regimes for maintaining proc-
essing quality in tubers of different maturity. To date we have completed one year of the three-
year project. Most of this report will focus on Ranger Russet as an example to illustrate the at-
tainment of physiological maturity for a crop grown in the Columbia Basin, and to characterize
the general responses of tubers to the different storage temperature regimes.
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Attainment of Physiological Maturity in Ranger Russet — 2003 growing season

Figure 1 profiles the changes in sucrose, reducing sugar, specific gravity and tuber size dur-
ing growth of a Ranger crop over the 2003-growing season. Note that maximum tuber size and
gravity were reached 148 to 150 days after planting, coinciding with the lowest concentrations
of sucrose and reducing sugars in tubers. This defines the attainment of physiological maturity,
where tubers harvested at this point would likely have the longest storage life. Reducing sugars
increased in tubers from 155 to 170 days, suggesting over maturation under dead vines. Over
maturity in Ranger can increase the propensity of tubers to buildup sugars in storage, as was
evident in the 2002/03 storage season (see below). Based on multiple years of vine kill versus
green-harvest studies in the Columbia Basin (Knowles et al., 2001), along with results from
similar studies conducted by Nora Olsen in southern Idaho, we recommend that the time be-
tween vine kill and lifting Ranger tubers be minimized to best preserve processing quality in
storage. The data (Fig. 1) indicate that physiological maturity was reached from 145 to 155
days after planting for this particular crop of Ranger Russet.

Tuber Maturity & Cultivar-Specific Storage Regimes — 2002/03 storage season

Umatilla, Ranger, and Russet Burbank were planted early (April 12) and late (May 7) in an
effort to produce tubers of different maturities for subsequent storage studies. The plots were
harvested September 25, 2002, 166 and 141 days after planting. Vines from the early-planted
plots of all cultivars were completely senesced by harvest, while those from the late-plantings
were partly green at harvest, particularly for Ranger. As expected, marketable yields from the
late planting were 10 to 23% lower than those from the early planting, due to reduced yields of
larger-size (6-10, 10-12, 12-14 and >14-0z) tubers (data not shown). The 6- to 12-0z. tubers
were retained for temperature regime studies at our storage facilities in Pullman.

Table 2. Effects of planting date on chemical and physiological indices of tuber maturity. Tu-
bers were harvested September 25, 2002 from early- (April 12) and late-planted (May 7) plots of
Russet Burbank, Umatilla Russet and Ranger Russet at Othello, WA. All data pertains to 6- to
12-ounce tubers.

Russet Burbank Umatilla Russet Ranger Russet
Maturity Indicators Early Late Early Late Early Late
Sucrose (mg/g d wt) 5.56 6.11 7.84 9.40* 9.18 10.7
Glu + Fru (mg/g d wt) 2.10 1.91** 1.15 1.83%%* 6.11 6.51
Specific Gravity 1.077 1.076 1.088 1.089 1.079 1.086%**
Stem end Fry Color (50- | 26.3 19.3%* 34.0 34.0 28.5 31.7
d @ 44°F)
Tuber Respiration (mL 2.45 3.16%** 2.44 3. 18%** 2.67 2.75
Dormancy (days to 1 156 166%** 114 [35%** 73 9(***
cm sprouts)

* wx xEEpL(.1, 0.05 and 0.01 levels, respectively. Suc, Glu, Fru assessed 17 days after harvest.
Respiration rates are averaged over 14 days of healing directly following harvest at 54°F. Length
of dormancy was assessed in tubers stored at 48°F following wound healing.
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Potential indicators of maturity were assessed soon after harvest for tubers from the plant-
ing date study (Table 2). On average, sucrose concentrations were higher in the late-planted
tubers. In contrast to RB, at-harvest reducing sugar concentration of late-planted UR tubers
was 59% higher than that from early-planted tubers. Stem-end color of French fries from late-
planted RB tubers stored for 50 days at 44°F was significantly darker (USDA 3) than that from
the early-planted tubers (USDA 1). Respiration rates of RR, RB, and UR than that from the
early-planted tubers (USDA 1). Respiration rates of RR, RB, and UR tubers were relatively
high following harvest but declined rapidly over the initial 2-wk wound-healing period (data not
shown). Planting date had no effect on the respiration rate of RR tubers during the healing pe-
riod. However, RB and UR tubers from the late planting averaged 30% higher rates of respira-
tion during wound-healing than those from the early planting (Table 2), reflecting differences in
physiological status of the tubers. Moreover, early-planted tubers of all cultivars broke dor-
mancy sooner than tubers planted later. This was expected from the standpoint that tuberization
likely occurred later in the season from the late-planted crops, resulting in tubers that were
chronologically younger at harvest than those from the earlier planting. Collectively, these re-
sults indicate that tuber physiological status was affected by planting date. RB and UR tubers
from the late planting were somewhat immature compared with those from the early planting.
On the other hand, RR tubers from the early planting were somewhat over mature, based on
their significantly lower gravity when compared with those from the late planting. The impor-
tant questions are — How do these apparent differences in tuber maturity affect storability? And
more importantly, can we identify storage temperature regimes that are better suited for main-
taining processing quality in the tubers of different maturity? A ‘temperature grid’ protocol was
used to assess the responses of the early- and late-planted tubers to different sequences of stor-
age temperature (i.e. temperature regimes) (Fig. 2). This approach is ideally suited to revealing
how various temperatures, imposed at different times during storage, will interact to affect the
longevity and processing qualities of tubers of different maturities. Following the 17-day heal-
ing period at 55°F, tubers were placed in 40, 44, and 48°F storages. The tubers remained at
these initial ‘conditioning temperatures’ for 33 days (Oct. 12-Nov. 14). Samples of tuber tissue
were taken for determination of reducing sugars and fry color on Nov. 14, whereupon tubers
from each of the conditioning temperature storages were transferred to 40, 44, and 48°F holding
temperatures (Fig. 2). The tubers remained at these holding temperatures until May 13. Tubers
were treated with an experimental sprout inhibitor (3N2) as needed during the storage season
and sampled for carbohydrate analysis and fry quality on January 14, March 13, and May 13
(111, 169, and 230 days from harvest). The study thus consisted of three conditioning tempera-
tures factorially arranged with three holding temperatures for a total of nine storage temperature
regimes (conditioning temperature x holding temperature combinations) for tubers from the
early and late plantings of each cultivar (18 treatments for each cultivar). To assess recondi-
tioning potential, all tubers were placed at 60°F on May 13, where they remained until June 3,
2003 (21 days). Reducing sugars and fry colors were assessed at the end of the reconditioning
period. Hence, the experimental storage duration was 230 days plus 21 days of reconditioning
for a total of 251 days. Three such grid studies were completed during the 2002/03-storage sea-
son, one each for RB, RR, and UR. This report focuses on the responses of RR to the tempera-
ture regimes of the grid study.
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Changes in reducing sugars (RS) and French fry colors of early- and late-planted RR tubers
in response to storage temperature regimes are shown in Figures 3 and 4, respectively. Note the
high degree of correlation between changes in RS concentrations of tubers and French fry col-
ors over the 251-day storage period (compare trends among corresponding graphs of Figs. 3 and
4). As expected, tuber RS concentration increased and French fry color darkened as the initial
conditioning temperature (Oct. 12-Nov. 14) fell from 48 to 40°F (Figs. 3 and 4) for both the
early- and late-planted crops. Average rates of RS buildup for RR tubers conditioned at 40, 44,
and 48°F were 655-, 159-, and 53-mg/g dry wt/day, respectively. Averaged over temperatures
during the conditioning period, the rate of increase in RS was 42% higher (P<0.05) for RR tu-
bers from the early-planted crop than for those from the later planted crop (340 mg/g dry wt/day
versus 239 mg/g dry wt/day), reflecting the relative over maturity of the early planted crop
(Table 3). In contrast, RS built-up 34% faster (P<0.05) in UR tubers from the late-planting dur-
ing the conditioning period, reflecting their relative immaturity compared with those from the
early planting (Table 3). These results indicate that planting date altered relative tuber maturity,
which in turn affected the initial sweetening responses of RR and UR tubers during storage.
Planting date did not affect differences in initial sugar buildup in RB tubers.

Table 3. Rate of buildup in reducing sugars (glucose + fructose) as affected by the initial stor-

Cultivar & Planting Date

Conditioning Ranger Russet Umatilla Russet Russet Burbank
Temp (°F) Early Late Early Late Early Late

Reducing Sugar Buldup (mg/g dry weight/day)

48 98 8 103 138 198 210

44 203 116 173 204 401 451

40 718 593 435 610 731 709
PD * * ns
Temp sk ksk ksk
PD x Temp ns ns ns

* *#*¥P<0.05 and 0.01 levels, respectively. PD, planting date. ns, not significant.

Sweetening of RR tubers and the associated darkening of French fries increased as storage tem-
perature decreased (Figs. 3 and 4). Moreover, the sweetening responses to lower temperatures
occurred rapidly and early in the storage season for all cultivars. Ranger Russet tubers from the
early planting were more sensitive to lower subsequent holding temperature (Nov 14 to May 13,
182 days) for buildup in reducing sugars than those from the late planting (P<0.05, data not
shown). These results reflect the propensity of RR tubers to become over-mature following
vine death, and underscore the recommendation to minimize the time between vine kill and ha
vest to reduce subsequent sugar buildup in storage. Interestingly, the extent of sweetening at
lower holding temperatures (e.g. 40°F) was significantly reduced when tubers were held ini-
tially at higher (e.g. 48°F) conditioning temperatures (Fig. 3).
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This is clearly illustrated for RB in Figure 5. From a management perspective, the ability
to lower the storage temperature with lessened impact on RS buildup later in the season could
have practical significance, increasing our management options for controlling disease, shrink,
and sprouting. RR accumulated significantly higher concentrations of reducing sugars than UR
and RB at 40°F; however, reducing sugar concentrations fell precipitously in response to recon-
ditioning at 60°F from May 13 to June 3, restoring acceptable French fry color (USDA 0 to 1)
(Figs. 3 and 4). In general, all cultivars reconditioned reasonably well.

Comparative responses of the cultivars to three of the nine temperature regimes are summa-
rized in the storage timeline profiles of Figure 6. These timelines illustrate the durations of ac-
ceptable (gray arrows) and unacceptable (black arrows) processing quality over a 230-day stor-
age period for tubers given the 40°F conditioning treatment. For all cultivars, processing qual-
ity deteriorated rapidly in response to this low conditioning temperature and tubers could be
accessed with acceptable quality for only about 30 days at the beginning of storage. Processing
quality then became unacceptable for various periods that depended on cultivar and subsequent
holding temperature. In general, higher holding temperatures reconditioned the tubers, restor-
ing processing quality and increasing the windows of acceptable quality during the main hold-
ing period. Regardless of the temperature regime, processing quality was restored for all culti-
vars by reconditioning the tubers at 60°F for 21 days at the end of the 230-day storage interval.
Since this project is ongoing, processing quality timelines for only three of the nine temperature
regimes have been shown to illustrate the variable responses of the cultivars.

In summary, the duration of acceptable processing quality depends on storage temperature
and cultivar in relation to crop condition. Varying the temperature regime after wound healing
can be an effective management practice for maintaining processing quality by delaying sprout-
ing, limiting shrink and controlling disease. Lower conditioning/holding temperature combina-
tions could be advantageous in situations where there is high disease potential or otherwise
stressed potatoes coming into storage or later in the storage season. Further characterization of
the sweetening, processing quality, and reconditioning responses of these cultivars to the vari-
ous temperature regimes will contribute to our knowledge of how to manage tuber maturity to
best preserve processing quality during storage.

Cultivar-specific observations:

+ Ranger sweetens rapidly if exposed to lower conditioning temperatures early in the storage
season.

¢ Russet Burbank and Umatilla are more tolerant than Ranger to low conditioning tempera-
tures when followed by higher holding temperatures over a 230-day storage period.

¢ Higher conditioning temperatures reduce sweetening at lower subsequent holding tempera-
tures.

¢ The early-planted crop of Ranger Russet was more sensitive to low temperature sweetening
than the late-planted crop, reinforcing the attributes of a ‘green’ harvest (i.e. minimizing the
time between vine kill and lifting the tubers).

¢ Ranger Russet can be stored with acceptable quality for prolonged periods - 230+ days (mid
May) with higher conditioning/holding temperature regimes.

¢ While all cultivars reconditioned well after 230 days of storage, Russet Burbank recondi-
tioned the best followed by Ranger and Umatilla Russet.
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Fig. 1. Changes in sucrose, reducing sugars (glucose and fructose), specific gravity and aver-
age tuber weight with time during growth of Ranger Russet potatoes during the 2003 growing
season (Othello, WA). Note the upward trend in reducing sugar concentration of tubers from
150 to 170 days after planting (middle graph). This indicates that tubers are becoming over ma-
ture as they set their skins under dead vines at the end of the season and underscores the recom-
mendation to minimize the time between vine kill and lifting for this particular cultivar. Dotted
lines indicate 95% confidence intervals.
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Grid Study Protocol
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Figure 2. Schematic diagram illustrating temperature regimes and sampling times used in
the 20002/03 grid study to assess the storability of early- and late-planted Ranger Russet,
Russet Burbank, and Umatilla Russet tubers (see text for description). Changes in reducing
sugars and French fry colors of RR over the 251-day storage season are shown in Figs. 3 and
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Ranger Russet Reducing Sugars (mg/g dry wt)
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Figure 3. Sweetening responses of Ranger Russet tubers to different combinations of con-
ditioning and holding temperatures over a 230-day storage interval. Tubers were wound-
healed at 54°F for 2 weeks following harvest and then stored at 40, 44, and 48°F to condi-
tion for 33 days (Oct. 12-Nov. 14). Samples from each conditioning temperature were
then stored at 40, 44, and 48°F (holding) for an additional 182 days (until May 13), result-
ing in nine conditioning/holding temperature combinations. Tubers were then recondi-
tioned for 21 days at 60°F (May 13-June 3, dashed lines). Early- (April 12) and late-
planted (May 7) tubers are shown in the left and right panels, respectively. The shaded
area of each graph indicates unacceptable fry color CUSDA3). Note that there are multiple
temperature regimes that can be used to maintain the quality of RR tubers for at least 230
days. Regardless of temperature regime, reducing sugar concentrations in tubers could be

lowered to acceptable levels through reconditioning.
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Ranger Russet Fry Color (% reflectance)
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Figure 4. Changes in French-fry color of Ranger Russet tubers in response to different
combinations of conditioning and holding temperatures over a 230-day storage interval.
Tubers were wound healed at 54°F for 2 weeks following harvest and then stored at 40, 44,
and 48°F to condition for 33 days (Oct. 12-Nov. 14). Samples from each conditioning tem-
perature were then stored at 40, 44, and 48°F (holding) for an additional 182 days (until
May 13), resulting in nine conditioning/holding temperature combinations. Tubers were
then reconditioned for 21 days at 60°F (May 13-June 3, dashed lines). Early- (April 12)
and late-planted (May 7) tubers are shown in the left and right panels, respectively. Low
% reflectance values indicate darker fries on the fry color axis. The shaded areas indicate
unacceptable fry color CUSDA 3). Note that there are multiple temperature combinations
where processing quality is acceptable through 230 days. Regardless of temperature re-
gime, fry color could be restored to acceptable levels (USDA 0-2) through reconditioning.
Reducing sugar concentrations are shown in Figure 3.
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Figure 5. Effects of initial (conditioning) storage temperatures (17 to 48 days after har-
vest) on the accumulation of reducing sugars in Russet Burbank tubers stored subsequently
at 40°F. Storage at a constant 48°F is included as a control. The USDA color ratings of
French fries from tubers held under each temperature regime are indicated. Tubers were
reconditioned at 60°F for 21 days from 230 to 251 days after harvest (dashed lines). Note
that the sweetening responses during the main storage period at 40°F are lessened with
higher conditioning temperatures.

40 2004 Proceedings of the Washington State Potato Conference



Russet Burbank Storage Timeline Profiles
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Figure 6. Windows of acceptable and unacceptable processing quality (French fry color)
for Russet Burbank, Ranger Russet, and Umatilla Russet tubers stored for 230 days under
three temperature regimes. Following a 2-week wound healing period at 54°F, tubers were
conditioned for 33 days at 40°F and then stored an additional 182 days at 40, 44, and 48°F.
At the end of the 230-day storage period, tubers were reconditioned for 21 days at 60°F (to
251 days). Acceptable processing quality (gray arrows) = USDA 0-2 French fries. Proc-
essing quality was unacceptable (black arrows) when fry color was greater than or equal to
USDA 3. USDA fry colors are indicated at the end of each timeline, before and after re-
conditioning. Despite the low conditioning temperature, as holding temperature increases,
the windows of acceptable processing quality increase for all cultivars. Ranger Russet was
the most sensitive to low temperature storage following harvest for loss of processing qual-
ity, relative to RB and UR.
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