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Tuber size, shape, appearance, absence of diseases or defects, flavor, and cooked 
texture all contribute to potato quality. This section will provide suggestions for quality 
maintenance during production and storage.  Potato solids and sugars will be discussed, 
followed by tuber defect problems.  A more detailed discussion of potato tuber quality 
can be found in chapters 15 and 16 in the Potato Production Systems book. 
 
PROCESSING QUALITY 
 
Sugar and starch content are critical quality factors for processing potatoes.  Tuber 
solids make up about 20 percent of fresh tuber weight. Starch makes up about 70 
percent of total tuber solids. Starch is heavier than water, and, therefore, is the primary 
determinant of tuber density, which is commonly referred to as tuber specific gravity. 
Starch, tuber dry matter content, tuber solids content, and tuber specific gravity are 
terms used interchangeably when related to tuber processing quality.  
 
Tuber sugar content is important because of its 
influence on fried product color. When tubers are 
fried, sugars combine with amino acids and other 
compounds to form the dark color and flavor we 
associate with ñburnedò food. The reducing sugars 
glucose and fructose create the most serious 
problems during frying because they are 
chemically reactive. Sucrose contributes little to 
dark color development but is still important 
because it is the substrate for creating more 
reducing sugars under the right environmental and physiological conditions. 
 
 
           French 
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TUBER SPECIFIC GRAVITY 
 
Environmental Factors That Influence Specific Gravity 

 
Air and soil temperatures are the primary 
environmental factors affecting specific 
gravity of irrigated potatoes. Warm days 
(80° to 90°F) and cool nights (50° to 60°F) 
provide optimal conditions for producing 
high specific gravity tubers. High soil 
temperatures have a direct effect on tuber 
physiology and inhibit starch deposition. 
Other weather conditions can also affect 
tuber specific gravity. High evaporative 
demand caused by low relative humidity, 

high solar radiation, and/or high wind speed can also reduce photosynthesis. Prolonged 



periods with overcast skies can reduce light intensity to levels below that required for 
maximum dry matter production.  Any event or condition that destroys foliage or 
shortens the growing season can influence tuber specific gravity.  
   Apparatus for measuring specific gravity 
 
Cultural Factors That Influence Specific Gravity 
 
Unlike environmental factors, management factors are under the direct control of the 
producer. Management can impact tuber specific gravity as much or more than weather 
or climate. Factors a grower can control include the following: 
 
Choice of Variety 
 
Potato varieties vary widely in their ability to accumulate starch in the tubers. The choice 
of variety is probably the most critical decision with respect to matching tuber quality with 
intended market.  
 
Seed Management and Planting 
 
Producing a crop with high and consistent tuber specific gravity is dependent on having 
a uniform stand of vigorous plants. Growers need to design seed management programs 
that produce optimal plant populations and stem numbers. This will allow for efficient use 
of nutrients and water and help provide uniform growing conditions that will allow each 
plant to maximize productivity and tuber dry matter production. 
 
Nutrient Management 
 
Optimum plant nutrient concentrations are essential for maintaining high vine and tuber 
growth rates over the entire growing season. However, applying excessive amounts of 
nitrogen and potassium can decrease specific gravity. 
 
Nitrogen: When other growing conditions are favorable, increasing nitrogen (N) 
availability up to the optimum level increases U.S. No. 1 yield and average tuber size 
without decreasing specific gravity. However, excessive N rates stimulate vine and root 
growth and delay tuber bulking and maturation. 
 
Potash: It is important to avoid excessive late-season applications of potash.  Starch 
synthesis and specific gravity increase with increasing K concentration up to an optimum 
tuber concentration of 1.8 percent. However at higher K concentrations, specific gravity 
decreases as tubers begin to absorb more water due to the osmotic effects of increased 
tissue salt concentrations. 
 
Phosphorus: Phosphorus (P) tends to increase starch synthesis, but in contrast with N 
it hastens rather than delays maturity. Phosphorus deficient potato plants typically 
produce tubers with lower specific gravity compared to those with adequate P nutrition. 
The P/N balance is also important and, to a degree, adequate P can help counter low 
specific gravity associated with high N levels. 
 
Irrigation 
 



Water stress (too much or too little) during tuber growth tends to decrease specific 
gravity, particularly when accompanied by high temperatures. To promote high specific 
gravity, available soil water content should be maintained above 65 percent throughout 
the tuber growth period until just before vine kill.  
 
Soil Conditions, Tillage, and Cultivation 
 
Medium textured soils, such as sandy 
loams, loams, and silt loams, generally 
produce potatoes with higher specific 
gravity than very sandy or heavy clay soils. 
Well-managed loam soils have good water-
holding and nutrient supplying 
characteristics that allow for high rates of 
growth and tuber dry matter production. 
 
Tillage, planting, or cultivation practices 
that increase soil compaction and hardpan 
development can increase plant water 
stress, restrict root and tuber growth, and decrease tuber dry matter accumulation. In 
addition, cultivation practices, such as late weed tillage that increase root pruning, can 
increase plant water stress and reduce tuber quality. 
 
Length of Tuber Growth Period 
 
Because specific gravity is related to maturity, tubers that have a longer time to 
accumulate carbohydrates will generally have higher specific gravity than those with 
shorter growth periods. Therefore, early planting can increase the number of days that 
can potentially contribute to tuber starch deposition. 
 
Disease Management 
 
Diseases, such as Verticillium wilt, early blight, and late blight that destroy foliage and 
shorten the length of the tuber growth period can also affect specific gravity. Disease 
suppression should involve season-long processes, rather than quick-fix strategies that 
can detrimentally affect crop growth.  

 
 
Vine Kill and Harvest Management 
 
Tubers that remain in the soil after vine death 
can actually lose dry matter as starch is 
converted back to sugars for use in respiration. 
This is especially evident when soil 
temperatures are high. Killing green vines while 
the root system is still actively absorbing water 
can cause significant amounts of water to move 
from the roots into the tubers and decrease 

specific gravity.  
 



 
 
TUBER SUGAR CONTENT 
 
Factors That Affect Tuber Sugars 
 
As a general rule, any environmental or management factor that increases specific 
gravity also decreases sugars, and vice versa. For this reason there is no need to revisit 
all of the factors covered in the specific gravity section of this chapter as they relate to 
sugar content. Additional factors, including maturity, temperature, variety, storage stress, 
and handling that influence tuber sugars in a unique fashion will be discussed here.  
 
Tuber Maturity 
 
Potato tubers usually have high sugar content early in their development because the 
rate of transport from the leaves exceeds the rate of conversion to starch. As the tubers 
grow and mature, the sugar content decreases, reaching the lowest point when the vines 
are nearing complete senescence.  
 
Temperature 
 
Temperature both in the field and in storage has a large impact on tuber sugar content.  
High soil temperatures result in sugar ends or other sugar-related problems.  Low 
temperatures result in cold-induced conversion of starch to sugars.  The intended end 
use of potatoes dictates the appropriate storage conditions.  Potatoes intended for chip 
processing are typically stored at 50 to 55 F, for french fry processing 47 to 50 F, for 
fresh use 42 to 45 F, and for seed 37 to 40 F. 
 
Variety 
 
It is critical to match varieties with intended use. In general, potatoes bred for the 
chipping industry are lowest in sugars. Potatoes bred for french fry processing typically 
have intermediate sugar contents, while those bred for the fresh market usually have the 
highest. 
 
Storage Stress 
 
In addition to cold induced stress, other conditions in storage can produce an increase in 
tuber sugars. The most important of these is insufficient air ventilation. If a pile of 
potatoes becomes oxygen starved because of infrequent operation of the storage air 
system or because of excess dirt or other air blockage, the normal physiology of the 
tuber can be disrupted and sugar levels increase. Other problems that increase sugars 
include sprouting due to inadequate inhibition and the development of ñhot spotsò due to 
the presence of rot. 
 
Handling 
 
Normal tuber handling as part of moving potatoes into or out of storage has been shown 
to cause a slight increase in tuber sugars. This increase is usually short-lived, and the 
tubers will decline to prehandling levels after a week or so if the tubers are not subjected 
to other stress factors.  



 
 
USING SUGAR MEASUREMENTS 
TO PREDICT AND MANAGE 
TUBER QUALITY 
 
Growers and storage managers can use sugar measurements to assess current quality 
status and to predict possible changes in quality during storage. Sugar measurements 
can also be used to optimize harvest timing and make correct decisions on storage 
temperature protocols. 
 
Assessing Current Quality 
 
Potatoes intended for chip production should have a reducing sugar level below 0.35 
mg/g (or 0.035%) of fresh tuber weight (See Table below). Potatoes intended for 
processing as french fries should have less than 1.2 mg/g (or 0.12%) of tuber fresh 
weight. Potatoes with higher values than these will usually show color problems after 
cooking. 
 
 
Target maximum harvest and storage sucrose and glucose content in potatoes. 
 

  Sucrose content    Glucose content 
Intended market    (mg/g FW)   (mg/g FW)   
 
Harvest time 
Chips          1.5 (or 0.15%)     0.35 (or 0.035%) 
French fries              1.5 (or 0.15%)     1.20 (or 0.120%) 
 
During storage 
Chips           1.0 (or 0.10%)     0.35 (or 0.035%) 
French fries                1.5 (or 0.15%)     1.20 (or 0.120%) 
 
 
Chemical Maturity and Storage Monitoring 
 
Probably the most valuable use of tuber sugar measurements is monitoring of sucrose 
for the purpose of evaluating the potential for color problems. This technique was 
originally described by Joe Sowokinos and Duane Preston (North Dakota State 
University and the University of Minnesota) and can be used to make proper harvest and 
storage management decisions. 
 
Maturity Monitoring  
 
Harvest timing decisions can be facilitated using sugar measurements.  During the last 
month of the growing season, fields should be sampled weekly and sugar content 
determined. Prior to harvest, during vine senescence, sugar levels should fall below the 
levels indicated in the table above.  This is indicative of chemical maturity and suggests 
harvest can occur with maximum likelihood that quality can be maintained in storage.  At 
this stage, the most critical factor is sucrose level. If it is below the indicated levels, 



harvest can occur and the tubers can be stored in a normal fashion with the final holding 
temperature dependent on the variety and intended market. 
 
Determination of Early Storage Condition 
 
If tubers come out of the field with 
sugar levels that are above the 
target values shown in the above 
Table, they are preconditioned to 
having cooking problems. However, 
storage managers can consider one 
of the following strategies that are 
based on manipulation of early 
storage temperatures. These 
economically critical decisions are 
based on levels of sucrose and 
glucose at harvest. 
 
Scenario 1: Sucrose levels are acceptable (<1.5), but glucose levels are too high (chips 
>0.35, fries >1.2). The immediate fry color may be too dark, but the potential for long-
term storage can still be good. 
 
ActionðDuring the wound-healing period at the beginning of storage, the temperature 
should be held at 60ºF for 2 weeks or until the glucose concentrations drop to 
acceptable levels. The temperature can then be ramped slowly downward to 45° to 48°F 
for fries or 50° to 52ºF for chips. Glucose levels should subsequently be determined at 
regular intervals to ensure they remain within the acceptable range. 
 
Scenario 2: Sucrose levels are too high (>1.5), but glucose levels are acceptable (chips 
<0.35, fries <0.12). The immediate fry color may be good, but long-term storage may be 
negatively impacted as sucrose is converted to reducing sugars. 
 
ActionðThe same wound-healing conditions should be use as given for Scenario 1. The 
sucrose levels should be determined at the end of the wound-healing period. If the 
sucrose levels are still too high, a higher than normal holding temperature (possibly 55ºF 
for chipping potatoes and 50ºF for frying potatoes) may be required. It may be necessary 
to sell these potatoes before others that have better sugar indicators. 
 
Scenario 3: Both the sucrose and glucose levels are too high. Both the immediate fry 
color and long-term frying potential may be poor.  
 
ActionðThe recommendations described for Scenario 2 should be followed. A wound 
healing temperature of 60ºF should be maintained until both the sucrose and glucose 
levels are acceptable. A more intensive monitoring program will be required, with sugars 
being measured at least every 5 days. The storage manager should consider moving 
these potatoes to market as early as feasible. 
 
Storage Maintenance 
 
As mentioned earlier, storage conditions can cause potatoes to accumulate 
unacceptable quantities of sugars, even when the levels are acceptable at harvest. 



Sugar analysis can be used to indicate when conditions need adjustment. Sugar 
accumulation in storage can generally be attributed to cold temperatures, inadequate 
supply of air to the pile, or senescent sweetening. These conditions can be detected by 
sugar monitoring, usually before any obvious decline in quality. 
 
Low Temperature Stress: When storage temperatures are too cold, both sucrose and 
glucose levels will climb simultaneously into the unacceptable range. This can occur 
within a few days if the temperature is several degrees below optimum, or it can occur 
slowly when the temperature is only a few degrees too low. Problems with low 
temperature sweetening can usually be solved with a 2- to 4-week period of 
reconditioning at 55 to 60ºF, followed by a slow return to the desired holding 
temperature. 
 
Inadequate Air: Oxygen deprivation, caused by inadequate air movement in the 
storage, causes sucrose levels to slowly increase. Later, the glucose levels follow the 
same pattern and the fry color goes off-grade. Another typical symptom of ventilation 
stress is that individual tubers may fry darker in the middle than around the outside. 
Early detection of the rise in sucrose levels can help resolve this problem. Solving the 
problem may be as simple as increasing the frequency or length of ventilation to the pile. 
 
If the problem is one of inability to move air through the pile due to obstructions or dirt, 
more drastic measures may be required, such as early marketing of the potatoes or 
movement to a different storage building. If ventilation stress is the culprit, an increase in 
air supply will result in an immediate response to corrective action, but the return to 
acceptable sugar levels may be slow. 
 
Senescent Sweetening: The maintenance of acceptable sugar concentrations during 
the first 5 to 8 months of storage, followed by a slow increase in sucrose levels over the 
next several months, may be an indication of senescent sweetening. Senescent 
sweetening is a permanent condition and only gets worse with time. If no temperature 
stress or ventilation problems can be identified, and a sample of potatoes removed from 
the storage does not respond to reconditioning, then the potatoes should be marketed 
as quickly as possible. 
 
If an entire pile of potatoes is suspected of age-related sweetening, it is critical that no 
attempt be made to recondition the potatoes. Warm temperatures will only speed up the 
aging process and make the problem worse. 
 
 
TUBER QUALITY FACTORS  
RELATED TO PHYSIOLOGICAL  
DEFECTS 
 
Potato tubers can exhibit numerous defect problems or disorders that are not caused by 
diseases or insects. External tuber disorders can reduce marketability as well as cause 
reductions in processing quality and storability. Internal tuber disorders often go 
undetected until after tubers are cut and inspected. However, these disorders can also 
result in significant reductions in crop quality and marketability. 
 
Understanding the primary causes of each physiological disorder and how they affect 
the storability and marketability of the crop will aid the grower in developing 



management systems that minimize their occurrence. Following is a discussion of 
common physiological problems, their causes, and management practices that will 
minimize their occurrence. 
 
External Physiological Disorders 
 
Malformed Shape: Tuber growth 
rates often fluctuate in response to 
widely varying growing conditions 
causing malformations, such as 
bottlenecks, dumbbells, pointed ends, 
and knobs. 
Symptoms and Causes: Heat or 
water stress can cause constricted 
tuber growth in the bud, middle, or 
stem end portion of the tuber, 
depending upon the extent of the 
stress and the stage of growth at 
which it occurs. For example, a tuber 
with a pointed bud end indicates that the stress-induced restriction in growth occurred 
during late tuber bulking, while pointed stem ends indicate early season stress. Growth 
interruptions during mid-bulking can cause dumbbell-shaped tubers. Knobby tubers are 
caused when secondary growth occurs at lateral eyes on the tuber due to loss of apical 
dominance. These symptoms can cause potatoes to be graded as U.S. No. 2ôs and can 
also cause sugar accumulation and specific gravity reduction in the affected area of the 
tuber.  
Management: Management approaches for preventing malformed tubers include 
promoting uniform growth by establishing uniform stands, avoiding large fluctuations in 
nitrogen availability, maintaining available soil water content above 70 percent, and 
general avoidance of cultural practices, such as late cultivation, that may alter tuber 
growth patterns. 
 
Heat Sprouts/Tuber Chaining: 
During periods of hot weather (85ºF 
and above), plants may respond by 
increasing top growth rather than 
tuber production. One consequence 
of this growth pattern is the tendency 
for stolons to remain vegetative. The 
result can be the development of heat 
sprouts and chain tubers or heat 
runners. 
Symptoms and Causes: Heat sprouts 
develop when stolons continue to 
elongate, emerge through the soil 
surface, and develop into a leafy stem. This may occur before any tubers set on the 
stolon, or as a result of stolons reforming from the bud end of tubers at any stage of 
development. Tuber chaining symptoms occur when multiple tubers develop on a single 
stolon. In severe cases, tubers develop from the eye or stolon of another tuber. Heat 
sprouts and chain tubers are caused by renewed growth after periods of interrupted 
development during extended exposure to warm soil temperatures (greater than 75°F). 



Management: Prevention of these disorders includes avoidance of environmental stress 
and encouraging uniform vine and tuber growth by using proper planting, hilling, fertility, 
and irrigation practices. 
 
Tuber Cracking: Potato tuber 
cracking can take the form of growth 
cracks, elephant or alligator hide, skin 
checking, or any other symptom 
showing a cracked appearance of the 
skin. Symptoms can be either 
superficial or affect a major portion of 
the tuber. 
Symptoms and Causes: Growth 
cracks appear as large, open fissure 
in the tuber skin and flesh and are 
caused by irregularities in tuber 
growth, especially in response to 
widely fluctuating water supplies. Other factors, including virus infection and herbicide 
injury, can also cause tuber growth cracks. Elephant or alligator hide develops during the 
growing season and appears as shallow, corky cracks on the tuber skin. The primary 
cause of this condition is unknown, but contributing factors may include high 
temperature, high soil organic matter, and excessive soil moisture and fertilization.  
Management: Prevention of growth cracks is accomplished primarily by maintaining 
uniform, adequate soil moisture and nutrient levels throughout tuber bulking. Minimizing 
elephant hide is largely a matter of growing resistant varieties. 
 
Feathering/Skinning: Feathering or skinning is commonly observed after handling 
immature potatoes and is a result of incomplete development of the skin layer 
(periderm). The potential for weight loss and disease in storage is considerably greater 
with feathered potatoes.  
Symptoms and Causes: Feathering or skinning occurs only upon handling. The skin of 
the potato is partially or completely removed, exposing the underlying tuber flesh. If the 
skin is partially removed, it remains attached to the tuber but dries out and has an 
ñonion-skinò texture.  
Management: Approaches for preventing this disorder include managing irrigation, 
fertilizer, and vine kill practices to achieve proper maturity and skin set at harvest. High 
late-season nitrogen availability and excessively wet soils will delay maturity and 
increase susceptibility to skinning and feathering. Achieving complete vine kill 14 to 21 
days before harvest will usually provide sufficient time to ñsetò the skin. 
 
Enlarged Lenticels: Lenticels are 
openings on the potato that allow for air 
exchange and can become enlarged 
when exposed to waterlogged soils or 
prolonged wet conditions. 
Symptoms and Causes: Reductions in 
oxygen availability resulting from 
saturated soils or maintaining wet tuber 
surfaces for extended periods of time in 
storage will cause lenticels to open and 
become enlarged. Enlarged lenticels 


