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PREFACE 

The National Potato Anti-Bruise committee embarked on 
this project in the early 1990's. The goal was to produce a 
publication that gathered together the known literature and 
state-of-the-art regarding potato black spot bruising. 

My personal involvement began in 1993 when I took a six 
month sabbatical leave from Michigan State University. I 
spend much of that time in the library a t  Washington State 
University reviewing the published literature on potato black 
spot bruising. My goal was to synthesize the research literature 
into a coherent manuscript. The outline for this book took 
shape during that time. 

Researchers from several technical areas were asked to 
contribute chapters based on the outline developed. My 
intention was to fill in around their writings with my own 
literature review. 

Now, nearly three years later, the National Potato Anti- 
Bruise committee is publishing the book for a technical potato 
audience. Hopefully, having this book in print will aid the 
reader in understanding the process of potato black spot 
bruising. It should also help generate discussions on the 
subject, which can be useful is reviewing the effort and 
rewriting the book in five years time. 

As you read, you will notice that in some places, there are 
italicized sections on the inside of the page. These sections are 
transcribed from my literature review notes. They are intended 
as discussion which augments the writings of the other authors. 
You can read through the material, skipping these sections and 
get the main points of the discussion. Or, you can add to  your 
understanding of the subject by also reading these italicized 
literature review sections. 

There has been considerable research recently that will add 
to our understanding of potato bruising. In particular, the 
USDA research lab in East Grand Forks, Minnesota now has 
extensive data on potato black spot bruising. Their research 



tuber temperatures. Dr. Gary Hyde at Washington State 
University, with the able assistance of his graduate student 
Rick Bajema, has advanced the understanding of the physics of 
bruising. There has been considerable research in chemical vine 
killing of potatoes which has included bruise evaluations. All of 
these efforts are important, but are not included directly in this 
book because they have not been published in the reserach 
literature. 

I acknowledge here the efforts of other people who have 
helped in the production of this book: all the authors for their 
writings, and their review of various manuscripts; Steve 
Johnson (University of Maine) for reviewing an early draft; 
William Bohl (University of Idaho Cooperative Extension) for 
diligently reading the near-final draft; and William Stump for 
the cover graphics. Also, a hearty thanks for my family for their 
patience with the long evening hours spent reading, editing and 
modifying these writings. 

Production of this book was financially supported in part of 
USDA-ARS funds, project 58-3650-3-111. 

I hope that you find this book useful and enlightening. I 
hope you will gain in your understanding of potato black spot 
bruising as much as I gained in the preparation of the book. I 
would gladly receive any comments from you, pro or con. 

Dr. Roger C. Brook 
Professor and Extension Engineer 

Agricultural Engineering Department 
Michigan State University 

June, 1996 
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BLACK SPOT BRUISE RESEARCH HISTORY 

Black spot bruise problems have been discussed for most of 
the century. Early reports of black spot bruise5' were from 
samples received in a lab in England in 1907. Research in 
Europe1' hypothesized that color develops when the cell is killed 
by bruising but tyrosinase and substrates remain active. The 
injury response was thought t o  be related to cell turgor and 
tuber physiological age. German and Dutch researchers were 
describing an internal blue or black tuber discoloration, 
variously attributed to mechanical injury and potassium 
deficiency (or a combination of both)170. 

Early reports of black spot bruise problems in the U.S. came 
from the Long Island potato production area in the 1 9 3 0 ' ~ . l ~ ' , l ~ ~  
Research using potatoes from commercial storage with pressure 
spots, showed that these pressure spots, by themselves, only 
showed blackening occa~iona l ly . '~~~ '~~ Fu rther testing showed 
that mechanical injury was required to produce black colored 
spots. Testing at  different tuber temperatures resulted in less 
blackening when the impact damage occurred at  higher tuber 
temperatures. In addition, longer conditioning at  these 
temperatures resulted in less blackening. 

A review of black spot bruise related research13' stated that 
potassium was the greatest influence on black spot bruise, but 
probably indirectly through its effect on specific gravity. Black 
spot bruise tended to increase as specific gravity increased, 
although specific problem levels were dependent on individual 
cultivars. Dutch research cited observed that factors which 
lower the water content (increase specific gravity), lead to 
greater black spot bruise susceptibility. A high degree of tuber 
surface injury was characteristic of higher levels of specific 
gravity. Lower cell turgor pressure was considered as one of the 
main physical factors triggering black spot bruise. Cited 
research used a mannitol solution to change the cell turgor 
pressure, illustrating that black spot bruise susceptibility was 
controllable and reversible. Another physical factor considered 



important for triggering black spot bruise was tuber firmness. 
Research cited correlated a hardness durometer with a black 
spot bruise index. It was noted that cultivars differ in black 
spot bruise susceptibility because of inherent differences in 
lenticel and skin structure, which affect moisture loss and tuber 
firmness. 

The following sections of this report attempt to deal with the 
nature and cause of bruising in potatoes, with a particular 
emphasis on black spot bruise. Although the discussion focuses 
on black spot bruise, several of the topic areas apply to other 
types of potato bruise. 



BRUISING LEAVES MARK ON 
POTATO INDUSTRY' 

Each fall, just before harvest, most potato growers have 
crops of excellent quality. But because of bruising, not all 
potatoes are sold a t  a quality similar to that found in the field. 

Growers are not the only people that bruise potatoes. 
Whenever potatoes are handled anywhere along the market 
chain -- even in the supermarket -- they are subject to bruising. 
But, because growers are the primary handlers of potatoes, they 
usually get most of the blame for bruising. 

Growers and others in the potato industry are generally 
aware of the bruising problem but may not realize what 
bruising actually costs the industry. 

Estimating the cost of bruising is difficult due t o  lack of 
data. Unknown factors include the amount and severity of 
bruising at each step in handling, the amount of storage loss 
due t o  different degrees of bruising and the market implications 
of bruising. For the estimates that follow, members of the 
National Potato Anti-Bruise Committee provided estimates of 
most of the factors. Production and pricing figures are taken 
from the Potato Facts publication of the U.S. Department of 
Agri~ulture.~ 

Growers 
A number of potato processors have contracts that contain a 

bruise-free incentive clause. An incentive of one cent per cwt for 
each percentage of bruise-free potatoes (above a 40% minimum) 
delivered is common. Growers that do not market under a 
bruise-free contract do not have a clear-cut financial incentive to 
reduce bruising. Under the best of circumstances, the growers 
who respond to the incentive by reducing damage levels may be 
subsidizing the growers who have no incentive, or who do not 

' 
Adapted from a Potato Grower of Idaho article by Dr. 1. Guenthner, University of Idaho 



reduce damage even though an incentive is available. It is 
reasonable to assume that the cost of bruising across all 
growers is the same one cent per cwt for each bruise-free 
percentage point. 

Assume that, on the average, 40 percent of the potato crop is 
bruised by the growers each year (60% bruise-free). Assume 
also that it is possible to make an improvement to 80% bruise- 
free (20 percentage points of incentive payment). This includes 
all bruising, from slight bumps to serious digger cuts. The 
potential incentive to the grower is 20 centslcwt (80 - 60% 
bruise-free times one centlcwt). Therefore, when considering 
the U.S. 1994 potato production yield of 458,000,000 cwt, the 
potential loss to growers due to lost incentive for bruising 
exceeded of $91,600,000. 

Growers of chip potatoes face a different problem in 
marketing their potatoes. Chip potato plants will either accept 
or reject the total load. The defective load, including that 
attributable to bruise damage, becomes a significant factor in 
the growers performance matrix used by the processor to make 
future purchasing decisions from individual growers. For lack 
of better data, chip potatoes will not be segregated from the 
figure calculated above. 

Processors 
Bruised potatoes cost processors money. Their costs include the 
additional labor required to sort out unusables and trim the 
salvageable potatoes, and replacing the loss of usable material 
from trimming and sorting. Disposing of the increased load of 
unusable material in the waste stream also is an increased cost 
and an additional impact on the environment. 

To estimate the cost of bruising to processors, trimming and 
bruising losses must be considered. One processor estimates 
that a potato with trimmable injury loses 20 to 30 percent of its 
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value. The middle of this range, 25 percent, is selected for this 
analysis. The average processed utilization for potatoes in  1993 
was 258,000,000 cwt. Multiply this figure times the 40 percent 
of the crop that  is bruised (103,200,000 cwt) times the 25 
percent loss due to trimming and sorting (25,800,000 cwt) times 
the average value of the 1993 crop ($6.22/cwt) yield. The 
resulting estimated cost of bruising to the processors: 
$160,500,000. 

The payments processors make to growers for bruise-free 
potatoes must be subtracted from this figure to avoid double 
counting. These payments were included previously in the 
grower section. Although we assumed that the value of a 
grower's crop is  related directly to the amount of bruising, not 
all processors and very few shippers pay bruise-free incentives. 

As an example of the financial effect of a bruise fee price 
structure, estimate that 30 percent of the potatoes used by 
processors (77,400,000 cwt) are purchased with a bruise-free 
price structure. For a 20% improvement in bruise-free 
percentage (20 cents per cwt), the estimated cash payments to 
growers for bruise-free incentives would be $15,500,000. 

Shippers 
Fresh packers, of course, have to handle the bruised 

potatoes they receive from growers. It is assumed that they pay 
less for bruised lots, which may or may not be true. However, 
this analysis figures that most of the shippers's cost of handling 
bruised potatoes is accounted for in the grower and processor 
sections. 

The processors receive most of the shippers' off-grade 
potatoes. However, there is one group of potatoes that  has not 
been mentioned -- the potatoes that are bruised so badly that  
they are unusable. One shipper estimates tha t  he gets paid for 
about 94 percent of the potatoes sent to the processor; the 
remaining 6 percent are unusable. This does not include 



unusables removed from the process grading line. If 6 percent 
of the potatoes sent to the processor (15,500,000 cwt) are 
unusable, at an average price of $6.22/cwt this represents a loss 
t o  the industry of $96,400,000. 

This same shipper estimated that about 1 percent of the 
total volume of potatoes handled is lost due to mechanical 
damage. This represents a loss to the shipper because that 1 
percent of what he purchased from the growers cannot be sold. 
Assuming that the 1 percent loss applies across the fresh 
industry (29% of the total for the 1993 crop, or 132,800,000 cwt), 
the potential loss is $8,300,000 (based on an average price of 
$6.22/cwt). 

Storage 
It is estimated that at least a 5 percent extra storage shrink 

occurs in the 40 percent of the potato crop that is bruised each 
year. The extra shrink is due to both increased weight loss and 
increased rot loss. Assume that 50 percent of the crop is stored 
(229,000,000 cwt) and that on the average the stored potatoes 
are held for half the storage season. If 40 percent of the crop is 
bruised (91,600,000 cwt) and the shrink is an extra 5 percent for 
bruised potatoes (stored for an average of half the storage 
season), we find that there is an average storage loss of 
4,600,000 cwt each year due to bruising. At an average price of 
$6.22/cwt, the value of this loss is $28,600,000. 

Market Adjustment 
I t  may seem strange, but growers as a group might receive 

lower average prices for their potatoes if bruising is reduced. 
The problem is that the increased marketable supply of 
potatoes meets with an inelastic demand. 

Consumers tend to purchase about the same amount of 
potatoes regardless of price, unless prices are substantially 
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reduced. Therefore, larger supplies of potatoes can only move 
through the market at reduced prices. 

The potato quantity-price relationship, also known as the 
price flexibility, has been statistically estimated by a number of 
economists. These price flexibilities have ranged from 2.5 t o  5. 
A price flexibility of 2.5 was selected from this analysis. This 
means that for each 1 percent increase in the supply of potatoes, 
the price will decline 2.5 percent. This increase in supply will 
also reduce total revenue to the grower sector of the industry. 

From the storage estimate, we found that eliminating all 
bruising would increase the marketable supply of potatoes by 1 
percent (4,600,000 cwt). The price flexibility of 2.5 means that 
the price would decrease by 2.5 percent. At an average price of 
$6.22/cwt, the decrease would be $0.155/cwt. For an annual 
production of 458,000,000 cwt, this would result in a value loss 
of $71,000,000. This figure must be subtracted from the cost of 
bruising calculations. 

THE COST OF BRUISING 
The total cost figure of $298,900,000 is a conservative 

estimate of what would be gained on an annual average if 
bruising could be eliminated. Realistically, all bruising could 
not be eliminated. However, it is interesting to look at  how 
improvements in bruising affect this loss. 

The total cost figure was for a bruising estimate of 40 
percent. Dividing the figure by 40 gives $7,472,500 per bruise 
percentage point. It might be reasonable to expect an 
improvement of 10 percentage points of bruise-free potatoes. 
This would mean an average gain of $74,725,000; 20 percentage 
points of bruise-free improvement would mean $149,450,000. 





THE PHYSICS OF POTATO 
TUBER BRUISING 

The amount of impact bruising on potato tubers depends 
upon at  least eight tuber-related and four equipment-related 
factors (Table 1). 

Knowing the relative importance of these factors would help 
determine how to best use resources to solve bruising problems. 
However, these factors are not always evident for growers nor 
equipment designers. Ultimately, growers need to know which 
cropping practices work best for each cultivar to maximize the 
tuber's resistance to bruise. Equipment designers need to know 
what drop heights (impact velocities) and impact surface shapes 
can be tolerated by the tubers a t  various levels of bruise 
susceptibility, plus the effect of cushioning impact areas. Both 
groups need to know equipment operating procedures that 
minimize impact severity and tuber conditioning requirements 
that maximize tuber bruise resistance. 

WHAT HAPPENS WHEN TWO BODIES COLLIDE? 
The collision of two bodies results in an exchange of energy. 

The collision converts the energy of motion into elastic energy, 
or heat (through internal friction). If the impact is severe 
enough, the energy of motion is converted to bruise energy. 

A perfectly elastic impact results in no loss of energy during 
impact, because the energy of motion is converted to elastic 

:able 1 Factors influencing tuber impal 

Tuber Related Factors 

temperature 
hydration level 
size (weight) 

shape (whole tuber) 
radius of curvature at point of impact 

cultivvr 
cropping practices 

tuber ,maturity 

Equipment Related Factors 

drop height (impact energy or impact velocity) 
impact surface shape (flat or rounded surfaces) 

surface cushioning (energy absorption) 
impact angle 



energy during the impact and then back to rebound motion 
energy with no loss. For example, a perfectly elastic ball 
dropped onto a perfectly elastic floor would bounce back to the 
height from which it was dropped and continue bouncing 
forever. Its coefficient of restitution, (e = ratio of rebound 
velocity to impact velocity) would be 1.0. A Superball has an 
e - 0.95, so it bounces high and for a long time but not forever. 

In a perfectly inelastic (plastic) impact, the two bodies 
collide and stick together, as when a lump of modeling clay is 
dropped on the floor. Then e = 0.0, because all of the impact 
energy is used to permanently deformthe clay, and no energy is 
left to cause rebound. 

In real materials, some of the impact energy is lost in 
internal friction during deformation. With potato tubers and 
other biological materials, the internal friction is viscous. These 
are referred to as visco-elastic materials. The characteristic of 
impacts on visco-elastic materials is dependent upon impact 
velocity and temperature. The viscosity has a greater effect at 
higher velocities and at lower temperatures. For potatoes, 
differences in viscosity are similar to differences in firmness. 

Force (Acceleration) 
The three parameters we will use to describe impacts are: 

1. acceleration (a) or force (f = ma where m = mass or weight), 
2. velocity (v) and 
3. displacement (x). 

The shape of the force versus time curve is illustrated in 
(Table 1). For comparison, objects with the same firmness but 
different weights yield the same shape curves, with different 
peak force (Figure 1). Conversely, objects of approximately the 
same weight but different firmness, when dropped from the 
same height, yield impact curves of different shapes but with 
approximately the same area under the curve (Figure 3). 
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Figure 1 Typical impact force versus time curve for objects dropped onto and 
rebounding from a surface. 

T i m e  

Figure 2 Typical impact curves for objects of different weights, but similar 
firmness, all dropped from the same height (adapted from LichtensteigeFs). 

4 4 



Firm objects (lower viscosity) yield a narrow, spike curve. 
Soft objects (higher viscosity) give a broad low curve. Impact 
durations willincrease with decreasing firmness. 

With increasing drop height, peak force increases, while 
contact time decreases. Peak force increases in approximate 
proportion t o  the square root of drop height. Drop height has a 
very slight effect on curve symmetry (skewing) for soft objects 
and practically none for hard objects. 

Velocity Change 
The area under the impact force versus time curve is the 

velocity change during the impact and is directly related to drop 
height. For the objects in Figure 3, the areas under all three 
curves are essentially the same, because the drop heights are 
the same. Thus, the shape of the force curve and its area 
relative to its height (velocity change relative to peak force or 
acceleration) characterize the impact, its severitiy and how well 
it  was cushioned. 

Figure 3 Typical impact curves for objects of different firmness, but similar 
weights, dropped from the same height (adapted from LichtensteigeP5). 
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Impact Duration 
Impact duration relates to the firmness of the tuber relative 

to the firmness of the impacted surface. Impacts of soft tubers 
have longer duration impacts. Soft impact surfaces (cushioned) 
also result in longer impact duration. 

Impact Displacement 
Displacement is the deformation of a tuber after it impacts a 

rigid surface. Displacement occurs t o  both the tuber and 
cushioning material. The tuber displacement at the end of the 
impact is the "permanent" deformation of the tuber (tissue 
damage). 

Tissue damage actually spreads the impact forces over more 
of the tuber tissue, and so reduces further damage. This was 
confirmed by experiments in which tubers were dropped 
repeatedly from a constant, damaging height on the same site 
on the tuber.61 The resulting pattern of rebound heights 
showed that, with each successive impact, more of the impact 
energy goes into rebound and less into creating bruise. An 
equilibrium level was reached after about six impacts. 
Inspection of the impact site showed that the volume of 
damaged tissue reached a constant value and spread the impact 
forces over a large enough area so that no further tissue damage 
occurred. 



IMPACT DAMAGE TYPE 
The type o f  bruise that results from impact deformation 

(Table 2) depends on impact velocity (drop height), 
temperature, hydration level and other factors, and is not well 
understood. The  
deformation due to Table 2 Types of tuber damage. 

tuber at-the impact 1 3. cracking (cleavage between cells) I 

impact is not 
independent of 
geometry o f  the  

1, damage to membranes within the cells, resulting in 
black spot bruising 

2. cell wall failure (not required by black spot bruising) 

Research at Washington 
State University96 showed 
that bruise damage was highly 
dependent upon drop height, 

site, or the  geometry 
of the impacted 

especially at colder 

4. a combination of cracking between cells, cell 
membrane damage and possibly cell wall failure 
(shatter bruising) 

temperatures. The percentage 
of  black spot bruise initially 
increased with drop height, 

surface. - 

but decreased as shatter 
bruise and cracking began to 
occur. At a drop height of 16 
inches, black spot bruise did 
not occur and all damage was 
either cracking, shatter bruise 
or a combination of the two. 
(See section, CRITIAL 
IMPACT LEVELS, page 18). 

ParkelZ3 used a pendulum 
impact device with potato 
tubers of different weight 
groups suspended by threads. 
He reported that the number of 
bruised tubers was 
approximately constant for all 
weight groups. The effect of 
different bar sizes (318 in. to 1 
in.) was not great but may 
have been masked by the large 
pendulum weight (27 oz). The 
impact velocity had more effect 
than bar diameter or tuber 
weight. The energy absorbed 
accounted for 62% of the total 
variance in the volume of 
bruised tissue. The lowest 
recorded energy for a split to 
occur was for a 5 oz tuber hit 
with 7 / 1 6  inch diameter bar 
at 6.6 ftlsec impact velocity. 
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Nob1e1l7 reported a direct 
relationship between dynamic 
deformation and black spot 
bruise. The research used a 
pendulum to measure rebound 
angle, tuber deformation and 
impact acceleration and time 
curues. Cultiuars used were 
Record (susceptible to black 
spot bruise; resistant to cell 
wall damage) and King 
Edward (susceptible to 
crushing and shatter bruise; 
resistant to black spot bruise). 
Reported conclusions included: 
I .  absorbed energy was 

linearly related to kinetic 
energy of impact 

2. shatter bruise was closely 
related to absorbed energy 

3. black spot bruise volume 
was closely related to tuber 
deformation 

4. short duration impacts 
lead to shatter bruise; long 
duration impacts lead to 
black spot bruise. 

deMaineZ2 used the 
Institute of Food Research 
pendulum and concluded that 
deformation resistance was 
genetically determined. 
Howeuer, its usefulness as an 
indicator of mechanical 
damage resistance under 
commercial agricultural 
conditions was questioned, 
with it likely to be only one of 
several significant factors. 



Using different surfaces, 
Green35 dropped potatoes from 
increasing heights until a 
small split occurred. He 
reported that heavy rubberized 
canvas supported at both ends 
gave no damage up to 9 feet. 
Covering conveyor links with 
rubber reduced damage. 
However, using rubber 
covered, inclined surfaces gave 
little advantage. 

Hesen4$ reported percent of 
tuber damaged for drop tests 
(unspecified height) using 
different tuber sizes (Table 3). 

McRaelO1 reported that for 
10 of the leading main crop 
cultivars in  Scotland, damage 
occurred (physical damage 
such as shatter bruise or 
cracking) on average for a 
drop height of 24 inches on a 
flat plate, but only 7 inches on 
a web rod. 

Table 3 Effect of tuber size and impact surfaces on percent of tubers damaged for 
three sizes of tubers impacting different  surface^.^'. 

rod: 
4 mm dia. 
7 mm dia. 
4 mm steel +3 mm rubber 

concrete 

wood 

Tuber Size 

26 

45-50 mm 

8 1 
79 
5 

5 1 

35-40 mm 

69 
65 
5 

3 1 

30 

40-45 mm 

81 
79 
5 

45 

44 
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T ~ r c z u n * ~ ~  tested potatoes 
packed in paper bags and 
corrugated boxes (Superior 
cultivar). Commercially 
significant bruise (defined as 
>l/q inch depth crack) was used 
as the damage criterion. New 
potatoes in  bags were 
damaged at an  impact velocity 
of 15 ft Is (a 32 inch drop). 
Boxed new potatoes were 
damaged at an impact velocity 
of 20 f t /s  (a 56 inch drop). 
Acceleration limits were 
suggested: bag limit of 20 G; 
box limit of 30 G. 

deHaanZo stated that the 
energy to be absorbed at the 
end of a fall depends on: 
I .  falling height 
2. conveyor speed (speed of 

travel of the tuber) 
3. impact surface 
4. tuber weight and shape 

and 
5. tuber specific gravity and 

temperature. 



CRITICAL IMPACT LEVELS 
The data of Figure 4 were Washington State University 

research96 using 8 to 10 oz Russet Burbank tubers oriented to 
impact on the stem end. This data can be used in conjunction 
with the Instrumented Spherew (IS)''' to evaluate handling 
equipment and cushioning materials byrelating the percent of 
tubers bruised to peak acceleration, a parameter measured by 
the IS. The steel and Poron* 15250 lines in Figure 5 are for 
dropping the IS. The circled points in Figure 5 correspond to 
those in Figure 4. The nearly vertical straight lines associated 
with the circled points in Figure 5 are the threshold lines for 
10% bruised tubers at 50" and 60°F. 

Bruise Zone Concepts 
A zone of drop height versus IS peak acceleration is 

identified (shaded area in Figure 5). Bruising most likely will 
result for impacts in this "bruise zone". The further to the right 
in the bruise zone the impact occurs, the more likely bruise will 
occur. When the IS is run through handling equipment and the 
results are plotted on top of the cushioning and threshold 
reference curves of Figure 5, problem areas within the 
equipment can be identified and the potential for tuber damage 
assessed. 

Data recorded by the IS for a "better-than-average" potato 
harvester are depicted in Figure 6. Approximately 20% of 8 to 
10 oz Russet Burbank tubers on either the side elevator or boom 
will likely be bruised. 

*, The mention of specific trade names does not constitute an 
endorsement of these products to the exclusion of other commercial 
products of the same nature. 
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Drop height (in.) poronm 
20 1 P/ " $, Steel 

Tubers Bmised (%) 

Figure 4 Percent bruise by drop height for steel and 114 in. PoronTM 15250 at 
50 and 60%. 

Equivalent Drop Height 

0 100 200 300 400 500 
Peak Acceleration (g's) 

Figure 5 Peak acceleration by drop height; includes 10% bruise 
surface reference curves for steel and 114 in. Poron (tm). 

. to . 

thresholds and 



Secondary i 
Rear Cross 
Side Elev 
Boom 

0 100 200 300 400 500 
Peak Acceleration (g's) 

Figure 6 Some impacts in a better-than-average potato harvester. 

Temperature 
WiantI7' noted a difference 

in  black spot bruise 
development relative to tuber 
storage temperature 
(49-61-67°F) with less black 
spot bruise occurring at higher 
storage temperatures. 

Wiant"' tested tubers from 
commercial storage, with the 
tubers chosen for research 
having pressure spots. Tubers 
from 36'F storage were 
warmed to 40°F and 50°F. 
Warming reduced the 
incidence of black spot bruise, 

20 - 
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with longer conditioning (four, 
six, and seven days)producing 
less black spot bruise. 

LutzEE reported a decrease 
in  the damage index for tubers 
of the Triumph cultivar taken 
from 33°F storage and placed 
at 56°F storage. After seven 
days, the damage index had 
decreased from 16.6 to 3.8. 

O p h i ~ 1 2 1  showed a 
negative linear relationship 
between handling temperature 
and black spot discoloration. 
The effect of time at 55'F after 
36°F storage was to decrease 
the damage up to one day, 
then remain relatively the 
same. Storage temperature 
after handling had no effect on 
black spot bruise, although 
susceptibility increased with 
time after harvest. 

Johnson69 dropped a 10 oz 
weight onto tubers of the 
Katahdin cultiuar in  
progressive 1-inch increments 
until flesh rupture occurred. 
For tuber temperatures in the 
range of 36' to 54"F, height to 
flesh damage increased 0.1 
inch per degree increase in  
tuber temperature. 
Temperature variations 
accounted for about 46% of the 
bruise resistance uariation. 

I n  a second experiment, 
tubers were dropped 12 inches 



onto digger lags, using tubers 
harvested from soil 
temperatures of 360 to 54'F. 
For each 25 tuber sample, 
12.84% resisted rupture. 
Correlation with soil 
temperature was not obvious, 
but appeared positive. 

In  a third experiment, for 
samples of commercially 
harvested tubers of 
theKatahdin cultivar with a 
soil temperature range o f  
38"-63'F, soil temperature 
accounted for less than half  o f  
the variation in  bruise 
resistance. For samples from 
commercially harvested tubers 
of the Russet Burbank cultivar 
with a soil temperature range 
of 40'-52"F, soil temperature 
accounted for about 17% of the 
variation in  bruise resistance. 

Pe te r~on '~~  reported that 
as temperature increased, the 

stem end became mo e 1 
susceptible to black spot 
bruise than the bud end, both 
increasing in  susceptibility as 
temperature increased. 
Temperature variations 
accounted for about half  of the 
observed bruise susceptibility. 
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TUBER PHYSICAL PROPERTIES 
The two factors that most affect impact damage resistance 

for a given cultivar grown under given conditions are 
temperature and turgor (hydration Turgid tubers (firm 
tubers) tend to shatter bruise, while flaccid tubers (soft tubers) 
tend to black spot bruise. Temperature modifies the effect. 
Climate, cultivar, fertilizer and other cultural practices also 
affect impact damage resistance. 

Hughess7 reported on tests 
of tuber weight and shape 
(radius of curuature) and 
tuber firmness (turgidity and 
cell structure) after stating 
that black spot bruise resulted 
from enzymatic oxidation of 
tyrosine by phenolase when 
cell membranes are damaged. 
Flaccid tubers with high 
starch content were more 
susceptible if  they had high 
tyrosine content and high 
phenolase actiuity. Black spot 
bruise increased as tuber 
firmness decreased. 

Tuber Size and Shape 
Large tubers bruise more 

easily than small ones when 
dropped from the same height 
onto the same surface; the  
larger weight means that 
more energy must be absorbed 
during the impact. Wi th  
regard to shape, the factor 
most important in bruising is 
radius of curvature at the 
point of impact. 

A small radius of 
curvature concentrates the 
impact forces over a small 

I area, resulting in higher 
tissue stress and more bruise. 

A larger radius of 
curvature spreads the load 
over a larger area, with less 
likelihood of  causing damage. 



Tissue Cell Size 
The size of the cells in the 

tuber tissue influences 
elasticity and cell strength. 
Larger cells are more easily 
damaged. 

Reeue13' reported that 
nitrogen and soil moisture 
affected cell size, but had little 
influence on cell wall 
thickness. Cell size tended to 
increase with increasing tuber 
weight. Cells of Kennebec and 
Norchip averaged smaller 
than those of Russet Burbank. 

Hudson53 reported deeper 
bruise on cultivars with larger 
cells or more intercellular 
space (e.g. shallower bruise on 
Norchip and Superior than on 
Russet Burbank). Of  the 
observed variations in  bruise 
depth, 25% were accounted for 
by differences in  cell size; 23% 
by differences in  intercellular 
space and 30% by differences 
in  tissue specific gravity. 

VanEsIG1 reported 
correlation between cell 
dimensions and bruise 
susceptibility. Scanning 
electron microscopy of 
damaged areas showed 
cleavage between cells which 
did not blacken. 

In a survey of 20 cultivars, 
O l ~ s o n ' ~ ~  found a slight 
relationship between cell 
volume and bruise 
susceptibility. There was a 
strong relationship between 
maturity type and 
susceptibility, which would 
indicate cell wall strength as a 
major factor in resistance. 



McIlroyg9 reported that 
transmission electron 
microscopy shows black spot 
bruise to be associated with 
damage to cell contents 
without gross cell wall 
damage. 

R a s t o ~ s k i ' ~ ~  stated that 
tubers with large cells are 
more susceptible to black spot 
bruise than ones with small 
cells. They concluded that 
tuber susceptibility to black 
spot bruise is determined 
largely by growth conditions. 

Tensile properties 
reported tensile 

properties for tubers of the 
Kennebec cultiuar (Table 4). 
Properties varied greatly with 
location in  the tuber. The 
pith, i n  the center, was 
stronger and stiffer than the 
perimedullary zone 
surrounding it, and the skin- 
cortex combination exhibited 
different properties than either 
of those two. Storage affected 
properties at the skin and in 
the center much more than in 
the perimedullary zone. 
Stiffness generally increased 
when temperature decreased. 



Table 4 Tuber tensile properties of Kennebec cultivar for 
different tuber  location^"^^'. 

tens~le strength, psi 

straln at failure, psi 

failure modulus, psi 

strain energy at 
failure. ~n-lb/cu.in. 

FinneyZ7 reported that 
damage resistance decreases 
pre-harvest and increases 
after harvest. Soil moisture 
may have been an interaction. 
After one month of curing, the 
impact energy the tuber could 
withstand before bruising 
increased 30.80%. 

FinneyZ8 reported the 
following elastic properties for 
tubers of Russet Rural 
cultivar: 
1. degree of elasticity 0.45 

(cv=16.5%); 
2. hysterisis in loading 81.5 

(cu=8.4%); 
3. modulus of elasticity (at 1 

ipm) 543 psi (cv=9.7%) 
*52 psi; 

4. elastic bulk modulus 
11,300 r 1680psi; and 

5. poisson ratio 0.492, (std 
dev=0.0014). 
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Youngs modulus has been 
reported to be a linear 
function of tissue water 
potential (wp, psi) by several 
authors: 
 timber^'^^: 

E = 3 . 6  " w p  + 6.6 MPa 
FalkZ6: 

E = 3 . 7 " w p  + 6.7 MPa 
Murasejj3: 
loading rate of 0.0021 m l s  

E =3.3 * wp + 7.1 MPa 
loading rate of 0.0042 m / s  

E = 3 . 6 " w p  + 10.0Mpa 





THE CHEMICAL NATURE OF 
BLACK SPOT BRUISING 

Black spots found in bruised tuber tissue are a result of  a 
pigment called melanin that is produced following the injury of 
cells1" and gives tissue a brown, gray or black appearance. I t  is 
formed when phenol substrates (primarily tyrosine) and an 
appropriate enzyme (polyphenol oxidase or PPO) come in 
contact with each other as a result of cellular damage. PPOs 
are copper containing proteins capabile of  oxidizing several 
phenolic substrates. The damage does not require broken cells. 
However, mixing of  the substrate and enzyme must occur, 
usually when the  tissue is impacted. 

The first step i n  this process is the addition of a hydroxyl 
group to tyrosine (Figure 7). Tyrosine has been found to be the 
most important substrate used by plant and animal systems to 
produce melanin.84 Other substrates, such as chlorogenic and 

suggested that 
black spot bruise results from 
the enzymatic oxidation of 
tyrosine by phenolase when 
cell membranes are damaged. 
It was noted that flaccid 
tubers with a high starch 
content were susceptible if they 
had high tyrosine content and 
high phenolase activity. 

Corsini14 suggested that 
the physical impact of bruising 
disrupts cellular membranes 
sufficiently so that the PPO 
comes into contact with the 
phenols. These phenols, 
primarily tyrosine, are 
oxidized in the presence of 
oxygen into precursors for 
secondary metabolites and 
eventually into the dark 
pigment melanin. 

caffeic acid, may react more 
rapidly wi th  PPO i n  vitro. 
However, they  do not appear 
to be the favored substrate i n  
vivo,lS, 124,132 The 

hydroxylation of tyrosine 
results in t h e  production of 
dihydroxyphenyl-alanine 
(DOPA). Further oxidation of 
DOPA to DOPA quinone is 
very rapid, followed by 
oxidations t o  chromaphoric 
compounds (red) and 
ultimately t o  melanin. The  
final color (black, gray, brown) 
is thought t o  be a result of the 
amount of melanin present 
rather than the difference i n  
the chemical form. 
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Figure 7 Formation of melanin by polyphenoi oxidase tiom tyrosine. 



The Chemical Nature of Black Spot Bruising 

ANATOMY 
Black spots occur primarily in the perimedullary tissue just 

beneath the vascular ring (Figure 8). The bruise may be large 
enough t o  include a portion of the cortical tissue, but moderate 
to slight bruises will be found in the perimedullary tissue. The 
cell walls do not need to be broken for black spots to occur. The 
polyphenol oxidase enzyme is likely associated with or bound to 
a vesicle membrane. In leaf tissue, the enzyme has been found 
associated with chloroplast membranes.33 I t  appears that both 
the substrate (tyrosine) and the enzyme (PPO) responsible for 
the formation of melanin are located in areas of the cell that are 
easily mixed during impacts or extraction  procedure^.'^ 

bud (aplsrl) .nd 
nmrn (dlNO and 

Figure 8 The anatomy o fa  potato tuber. 

. Q, . 



Substrate 
Tyrosine is the substrate 

most frequently correlated to 
black spot bruise 
susceptibility. The amount of 
tyrosine found free in the cell 
is related to bruise 
formation,'' but  there appears 
to be a point where increased 
levels of tyrosine no longer 
increase bruise susceptibility 
(substrate saturation of the 
enzymatic reaction). When 
free tyrosine levels reach 175 
to 200 micro-grams per gram 
of  fresh tuber, further 
increases in tyrosine levels do 
not substantially change the 
final amount of pigment 
formed. 

Johnson68 studied the rate 
of accumulation ofphenolic 
substances in tuber slices at 
room temperature (75'F) and 
high humidity. They 
hypothesized that energy from 
respiration is necessary for 
synthesis ofphenolic 
substance. The accumulation 
ofphenols was lower for tubers 
with a lower temperature. 

Stark1" reported a positive 
correlation between the 
abrasive peeling test for black 
spot bruise susceptibility and 
the total phenolic content and 
free tyrosine in the potato 
tuber. A negative correlation 
was reported with soluble 
protein. 

Clark1' reported that 
Ontario (a bruise susceptible 
cultiuar) had more 
polyphenols than did Pontiac 
(a bruise resistant cultivar). 
The greatest susceptibility 
occurred at 112 days after 
planting (us. 98 and 140 days). 

Mulderf12 reported that 
artificial adjustment of 
tyrosine levels controlled the 
degree of blackening; adding 
tyrosine to the pulp of 
apparently bruise resistant 
tubers can result in 
blackening. 
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Enzyme 
Polyphenoloxidase (PPO) is the enzyme which catalyzes the 

oxidation of phenolic acids, tyrosine and synthetic substrates 
(such as catechol) to dihydroxyphenylalanine (DOPA). It 
appears to first bind oxygen and then the substrate before a 
reaction can occur. DOPA is then further oxidized to DOPA 
quinone and polymerized to form melanin if reducing agents are 
not present in high enough concentrations to prevent the 
reaction (they usually are not). The temperature optimum for 
the reaction has been reported to be between 70°F and 120°F. 

PPO does not utilize tyrosine as rapidly as naturally 
occurring organic acids or artificial substrates such as catechol. 
The rate of enzymatic reaction is increased when either 
chlorogenic acid or caffeic acid is present. However, the product 
produced when only these organic acids are present as substrate 
for PPO is yellow, not black. 

TUBER SUSCEPTIBILITY TO BLACK SPOT BRUISE 

LernerS4 suggested that 
copper must be available for 
the reaction which produces 
melanin. 

K e r t e s ~ ~ ~  reported that the 
tyrosine transformation to 
DOPA is accelerated by excess 
copper. This appears to occur 
only for free and non-protein 
bound metallic ions. 

Mineral Nutrition 
Since the PPO enzyme 

contains copper as an integral 
component of its structure, it 
is obvious that plants grown 
under copper-deficient 
conditions would have less 
active enzyme levels. This 
was demonstrated112 by 
growing plants with three 
levels of copper. Plants grown 
without copper were more 
resistant to darkening. 



However, 
"the copper requirement of potato plants is very low" ... and 
"...the effect of copper on blackening has more theoretical 
than practical interest". 
The application of zinc fertilizer was shown'0g to reduce 

enzymatic discoloration of potatoes apparently through 
decreasing the amount of tyrosine in the tissue. Yield also 
decreased at  higher levels of ZnSO, applications (>40 lblacre), 
suggesting that the effect of zinc additions may affect overall 
plant growth and vigor rather than specifically targeting an 
area of black spot bruise susceptibility. The addition of other 
minor elements in a fertilizer program have been shown to be of 
no significan~e.~'~~ 14' Nit rogen and phosphorus do not appear to 
directly affect susceptibility to darkening except as they affect 
tuber maturity. Deficiencies of either may result in plant 
senescence, and thus more mature tubers a t  harvest that will be 
more susceptible to  bruise discoloration. 

The effect of potassium on black spot bruise development 
has been known for a long time.'10,'12~'08 Potatoes grown with 
adequate potassiumare less likely to darken, primarily due to 
decreased amounts of the substrate t y r o ~ i n e . ' ~ ~ ~ ' ~ ~  Reports on 
the effect of potassium nutrition on PPO activity have been 
contradictory,?. 95, lo8 although the level of PPO activity appears 
to be affected indirectly by nutrition. 

Potatoes become more susceptible to darkening as they 
mature in the field or age in s t ~ r a g e . ~ ~ ~ * * *  This increased 
susceptibility is due to an increase in the amount of oxidizable 
tyrosine and not to  the amount of polyphenol oxidase in the 
tuber. Cultural practices, such as irrigation, nutrition, and 
planting date, and weather probably influence darkening by 
their effects on maturity. The effect of maturity is t o  increase 

Dean, B.B. IMPACT, IAREC, Prosser, WA. Personal 
Communications. 
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tyrosine content and not polyphenol oxidase which may actually 
decrease during maturation. 

Resistance and Susceptibility 
The resistance or susceptibility of potatoes to black spot 

bruise is the result of a combination of physical and chemical 
properties of the tissues. Some portions of the tuber are more 
resistant to physical damage than others, and some tissues of 
the tubers are more resistant to darkening after injury because 
of differences in chemical properties. The differences in 
chemical properties may be related to enzyme (PPO) level or the 
amount of substrate (tyrosine) available for oxidation. The 
commercial cultivars grown in the United States and Europe 
differ in their susceptibility to darkening primarily due to the 
level of tyrosine in the tissue. The amount of PPO does not 
normally limit the amount of melanin formed. Although 
chlorogenic acid is oxidized to melanin, it is usually present in 
amounts that do not limit the enzymatic reactions. 

Physiological Age 
Any cultural practice that ages tubers (stress, delayed 

harvest, poor nutrition) will increase black spot bruise 
susceptibility. A compromise between proper aging of tubers to 
set skins and making them susceptible to  black spot bruise 
must be considered in any operation. 



The Effect of Added Ethylene 
Timm157 reported that 

ethylene treatment lowered 
black spot bruise severity by 
inducing surrounding 
uninjured cells to rapidly 
develop callus around injured 
cells. The beneficial effect 
continued for about four days. 

Ilker6' reported that 
treating tubers with ethylene 
caused cell diuision earlier 
than for untreated tubers. In  
addition, black spot bruise 
occurred with less intensity in  
ethylene treated tubers. This 
may be due to an increase in  
RNA and protein at the wound 
site which may be related to 
less blackening because the 
phenols are probably wed  for 
protein synthesis. 
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Ophius'2' reported that 
high dry matter tubers tended 
to show higher levels of black 
spot bruise. Tubers from 
heavy soils were reported more 
susceptible than from sandy 
soil because of higher dry 
matter and lowerpotassium. 

FinneyZ7 reported no 
correlation with specific 
gravity (though it was not 
looked at within each 
cultiuar). 

Massey94planted six to 
nine cultiuars i n  up to five 
locations over several years of 
research. The potatoes all 
received the same cultural 
management. When 
separating tubers by specific 
gravity and then testing for 
black spot bruise, the 
correlation between black spot 
bruise and specific gravity was 
0.933 for the Katahdin 
cultiuar. Overall, specific 
gravity variations accounted 
for 29% to 47 % of the black 
spot bruise index variation. 

Kunke17' reported that 
specific gravity consistently 
decreased with increasing 
potassium. The interaction 
wasprobably with water 
content relative to black spot 
bruise, since theplants' need 
for water will dominate tuber 
condition. They concluded 

Specific Gravity 
High specific gravity 

potatoes appear to bruise 
more easily than those with 
low specific gravity. Specific 
gravity variation within a 
specific cultivar of tubers have 
a greater effect on bruise 
susceptibility than do 
variations in specific gravity 
between tuber cultivars 
produced under the same 
conditions of  weather and 
cultural management. 

The  effect of specific 
gravity is probably more an 
indicator o f  tuber maturity, 
than of black spot bruise 
susceptibility. 



that how the higher specific 
gravity is obtained is 
important (by photosynthesis 
versus dehydration). 

Colef3 studied the specific 
gravity of wh,ole tubers and 
tuber regions using 
differential salt solutions. 
Small tubers had the lowest 
mean specific gravity and the 
widest range, while large 
tubers had the highest mean 
and the widest internal 
variation. 
tubers 

Killick" separated tubers 
by whole tuber specific gravity 
before doing drop tests for 
bruising. Th,ey reported that 
within a cultivar, bruised 
tubers tended to have a higher 
specific gravity. There was no 
statistical difference between 
cultivars. They noted that 
specific gravity is genetically 
influenced and varies within 
tuber regions. They suggested 
that whole tuber specific 
gravity is an  inadequate 
indicator in  relation to black 
spot bruise susceptibility. 
Specific gravity was 
responsible for 30% of the 
variation between cultiuars. 
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THE RESPONSE OF POTATO CULTIVARS 
TO BRUISING 

Bruising is a significant handling and storage problem for all 
major cultivars i n  North America. Shatter bruise creates a 
significant defect i n  itself and often leads to serious storage rot 
losses. This is most pronounced in chipping cultivars with high 
solids. In addition to shatter bruise and the associated rot, 
black spot bruise is a significant problem. For every cultivar 
there is an interplay of  resistance and susceptibility to these 
forms of bruising and the rot organisms associated with 
bruising. A good example is the cultivar Atlantic which is quite 
susceptible to shatter bruise and the associated rots such as 

Vertregt'64 tested 100 
cultivars in one field. No 
relationship was found 
between black spot bruise and 
tyrosine content. However, it 
was noted that tuber firmness 
was not sufficient for 
estimating black spot bruise 
susceptibility. 

Hughes56 observed that 
cultiuars with black spot 
bruise susceptibility 
deformed more when 
impacted. 

deMaine22 dropped tubers 
of 20 Scottish cultiuars and 
clones onto a concrete surface 
to test for differences in bruise 
damage (not black spot 
bruise). A statistical variation 
between clones was noted, with 
variation between locations for 
the same cultiuars. 

D ~ e l l e ~ ~  reported that 
cultivar differences in black 
spot bruising using a dropped 

Pythium leak and Fusarium 
dry rot. However, the Atlantic 
is cultivar is relatively 
resistant to black spot bruise 
i n  spite of i ts  generally large 
tuber size and high solids 
content. The  Russet Burbank 
cultivar, on the other hand, is 
susceptible to black spot 
bruise but i s  much more 
resistant to shatter bruise. 

Cultivars such as Shepody, 
Kennebec, and Atlantic, with 
relatively low tuber numbers 
and large size, have a higher 
potential for bruise damage 
because the larger, heavier 
tubers have higher impact site 
energy. 



weight were still apparent 
after six months storage at 
50°F. Howeuer, at 35°F 
storage there was little 
cultiuar difference. PPO, 
phenols and amino acid leuels 
were all less for 35°F storage 
than for 50" storage. 

Workman1" tested 11 
clones for black spot bruise 
susceptibility. Apositiue 
correlation was reported 
between black spot bruise and 
soft rot susceptibility. There 
was also a negatiue 
correlation between black spot 
bruise and tuber potassium 
content. It was noted that 
black spot bruise susceptibility 
varied from year to year for 
the same clones. 

PaveklZ6 studied the 
inheritance of black spot 
bruise resistance in  tetraploid 
potatoes. Highly significant 
general combining ability 
(GCA) effects and specific 
combining ability (SGA) 
effects were observed for this 
trait. The narrow sense of 
specific heritability was 0.85. 

Taylor15o tested several 
somaclones of the cultiuar 
Crystal for black spot bruising 
resistance. Of the 33 clones 
tested, 20 were more resistant 
to bruising while one was 
more susceptible to bruising. 
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A COMPARISON OF CULTIVARS 
In this section, major U.S. cultivars are discussed 

individually with an assessment of the balance between shatter 
and black spot bruise susceptibility. Each cultivar has its 
unique reaction to harvest and handling operations resulting in 
a greater or lesser degree of shatter and black spot bruise. 
Most have stood the test of time indicating they are not 
extremely susceptible or are used under conditions where the 
consequences of bruising are not so important, such as direct 
processing from the field. 

Russet Burbank is the most extensively grown cultivar in 
North America, and it has had considerable effort devoted t o  its 
bruise management. In spite of this and in spite of its relative 
toughness from a physical handling standpoint, black spot 
bruise can be a major problem. From a physiological and 
biochemical standpoint, it has a relatively high potential for 
black spot bruise. The fact that it still can be handled in large 
scale production and can be shipped after 10 months of storage 
speaks well of the management programs. Probably more 
importantly, this toughness shows that Russet Burbank tubers 
have physical or mechanical resistance to internal tissue 
damage. 

Russet Norkotah is currently an important early, fresh- 
market, russet-skinned cultivar. It is intermediate in potential 
for black spot bruise. The moderate tuber size, generally low 
solids content, and the fact that it is usually handled early 
under warm conditions, all contribute to its overall bruise 
resistance. 

Shepody has become a widely grown cultivar for french fry 
processing directly from the field and from short term storage. 
Shepody is intermediate in black spot bruise susceptibility but 
it is much more susceptible to shatter bruise than Russet 
Burbank. 



Norchip is a major cultivar used for chipping from storage, 
attesting to its general resistance to bruise damage. It is 
resistant to black spot bruise and moderately resistant to 
shatter bruise. It has low biochemical black spot bruise 
potential and appears to have a degree of toughness that results 
in resistance to impact damage. Norchip generally has smaller 
tuber size and moderate solids content probably contributing to 
this resistance 

Atlantic is another chipping cultivar that, in contrast to 
Norchip, is quite susceptible to shatter bruise. Large tuber size 
and high solids contribute to this susceptibility. Atlantic has 
moderate black spot bruise resistance and, if not for the shatter 
bruise susceptibility and associated rot problems, could be a 
major storage cultivar for chips. 

Superior is an important early cultivar that is not stored on 
a large scale. I t  is relatively resistant to both shatter bruise 
and black spot bruise. As a group, the earlier maturing 
cultivars tend to mature well in the field, have low specific 
gravity, and appear to have the physical "toughness" to resist 
both shatter bruise and the internal tissue disruption that leads 
to black spot bruise. The fact that harvest occurs under warm 
conditions helps the tubers to resist both internal and external 
bruising. 

Kennebec is a multizpurpose cultivar that shares some of 
the characteristics of both Atlantic and Norchip. It has 
moderate resistance to black spot bruise, but Kennebec's large 
tuber size contributes to shatter bruise susceptibility, making it 
similar to Shepody in this regard. 

Norland, along with its variants, is a major early fresh 
market red-skinned cultivar and shares the characteristics of 
the other early cultivars as far as general bruise resistance and 
moderate internal black spot bruise potential. 

These and other potato cultivars with their black spot bruise 
reaction are listed in Table 5. The black spot bruise reactions 
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of these cultivars are based on general industry experience and 
available specific test data. The black spot bruise reaction is an 
important component of the cultivar selection process. 

Table 5 The black spot bruise reaction of selected North American potato cultivars. 

I I I 

Black Spot Bruise 
Reaction' I Variety 

BelRus 

Use 

Res-lnt Atlantic 

Centennial Russet 

Century Russet 

Cheiftan 

Chineta 

Frontier Russet 

Gemchip 

c n l A R l l o h  

Chips 

Fresh 

-".-.."".. I . . --.. I . .. -~, -~~ 

Res-Int 

Fresh 

Fresh 

Fresh 

C h i ~ s  

FreshJProcess 

Chips 

% ? ~ h  

-- 

Kennebec 

Res 

Int-Sus 

Int 

Res-Int 

Res 

Sus 

Sur-Verv Sus 

Int Katahdin 

Krantz 

LaRouge 

Lemhi Russet 

Monona 

Norchip 

Norgold Russet 

Norland (all variants) 

Fresh 

ChipsiFresh Int 

1)  The cultivars listed had over 1000 acres of seed grown in 1992, or are 
listed in the Potato Association of America North American Potato 
Cultivar Handbook Group I and Group 11. 

2) Sus = susceptible; In1 = intermediate; Res = resistant 

Fresh 

Fresh 

Process 

Chips 

Chips 

Fresh 

Fresh 

Int 

Int 

Very Sus 

Int 

Res 

Int 

Res-lnt 



Table 5 (cont.) The black spot bruise 

Variety 

Norwis 

Onaway 

Ontario 

Ranger Russet 

Red LaSoda 

Red Pontiac 

Russet Burbank 

Russet Norkotah 

Russet Nugget 

Sangre 

Sebago 

Shepody 

Snowden 

Superior 

Viking 

White Rose 

Yukon Gold 

1) The cultivars listed had over 1000 acres of seed grown in 1992, or are 
listed in  the Potato Association of America North American Potato 
Cultivar Handbook Group I and Group 11. 

2) Sus =susceptible: Int = intermediate: Res = resistant 

reaction of selected North 

Use 

Chips 

Fresh 

Fresh 

ProcesslFresh 

Fresh 

Fresh 

Fresh/Process 

Fresh 

FreshlProcess 

Fresh 

Fresh 

Process 

Chips 

Fresh 

Fresh 

Fresh 

Fresh 

American potato cultivars. 

Black Spot Bruise 
Reaction" 

Int 

Int 

Sus 

Sus-Very Sus 

In1 

Res-Int 

Int-Sus 

Int 

Res-Int 

Res-Int 

Res-Int 

Int 

Res-Int 

Res-Int 

Int 

Int-Sus 

Int-Sus 



THE EFFECT OF BRUISING 
ON SEED POTATO PERFORMANCE 

Seed tuber and seed piece handling practices can affect 
performance in several ways. Rough handling increases decay 
potential and increases physiological aging. The results can he 
reduced stand, increased stem production and lower yield. 
Because of the cold handling temperatures and the number of 
operations associated with transporting of seed tubers, careful 
handling by both seed growers and commercial growers is 
essential for reducing the level of bruise damage on seed. We 
are referring to total bruise a t  this time because the 
contribution to decreased seed performance made individually 
by black spot and shatter bruising has not been distinguished. 

The potential yield and quality of any commercial potato 
crop is influenced greatly by the quality of the seed that is 
planted. Simply purchasing high quality seed is only part of the 
equation. Research in Idaho suggested that the yield potential 
of seed decreased by an average of 7% during handling from 
seed grower to commercial grower, with another 14% loss 
during the cutting operation (Table 6). 

Part of this yield reduction could be attributed t o  poor seed 
cutter management resulting in small andlor blind seed pieces. 
However, bruising that occurs during the multiple handling 
operations necessary to harvest, transport, cut and plant 

Table 6 Effect of seed handling on yield oi your seed lots planted at 
Kimberly, Idaho in 1991 "). 

Sample Seed Lot 

Yield (cwt/acre) 

I Co!nmercial Storage 1 465 1 461 1 478 1 477 1 
Seed Cutter 430 441 455 415 



potatoes is undoubtedly a factor in productivity loss. Bruising 
reduces seed productivity by increasing seed decay and 
physiological aging. This does not mean that all seed is badly 
mishandled. Indeed, the amount of bruising in seed potatoes 
can vary greatly from grower to grower. Information on the 
percent bruise-free tubers in various seed lots demonstrated 
this variation'52 (Figure 9). This variation in tuber damage due 
to handling from grower to grower could be a major reason for 
variable seed potato performance between seed lots from 
different sources. 

SEED DECAY 
The relationship between bruising and seed decay has been 

shown very clearly in research conducted at  North Dakota State 
U n i ~ e r s i t ~ . ~ '  Seed tubers that had a high inoculum level of soft 
rot bacteria (Erwinia carotauora) were planted in a field trisl. 
Seed that had been bruised prior to planting had 65% decay, 
while unbruised seed of the same lot had only 6% decay. 

% W I S E  FREE 
50 

Figure 9. Percent bruise-free from various seed lots gathered from several 
geographic areas in Idaho. 
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Thus, bruises provide an  entry site for both dry rot and soft rot 
organisms to infect the tuber. An evaluation of 11 seed lots tha t  
were shipped to western Idaho in 1992152 showed that  most 
averaged more than two severe bruises per seed tuber a t  the  
time of receipt by the commercial grower (Figure 10). Many of 
these severe bruises were infected with dry rot, with almost all 
seed lots having more than 20% of the tubers with a t  least one 

SEMRE BRUISES PER TUBER 

7- 7 

TOTAL BRUISES PER TUBER 

................... 

" 
1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 17 16 

SEEDLOT 

Figure 10. Number of bruises and severe bruises per tuber for seed lots from several 
geographical areas in Idaho. 

. A7 . 



infection site. These initial infections provide abundant fungal 
spores and bacterial organisms that are easily spread during 
the cutting operation. These pre-existing tuber infections also 
are not controlled by the seed treatment fungicides that are 
applied during the cutting operation. 

PHYSIOLOGICAL AGE 
Several factors may account for the generally reduced yields 

provided by physiologically aged seed. First, as potato tubers 
age they lose some of their capacity to heal wounds. With a 
lower wound healing rate, a higher level of seed decay can be 
expected, especially under adverse conditions (i.e. cool, wet soil 
conditions a t  planting). Secondly, the seed piece provides only a 
limited amount of reserves for sprout growth. These reserves 
must be adequate t o  provide energy for plant growth until the 
plant begins producing its own energy through photosynthesis. 
Increased stem numbers due to physiological aging result in 
more competition for these limited reserves. 

For any given region there is an optimum stem number that 
produces the highest yield of marketable tubers. The optimum 
stem number depends on the cultivar grown, the incentives for 
producing certain size classes of tubers, and the length of the 
growing season. Any factor that increases stem number above 
the optimum can impact yields negatively. Undoubtedly, 
mishandling of seed is one of these factors. Seed potatoes 
bruised during handling have high respiration rates that may 
result in physiological aging. Research at Washington State 
UniversityG5 showed that severely bruised seed pieces can 
produce almost two more stems per seed piece than unbruised 
seed pieces (4.7 vs 2.9). However, seed handling is only one of 
many factors that can influence seed physiological age. 
Environmental conditions during seed production, harvest, 
storage and after planting have a very large influence on tuber 
response to physiological ageing. 



The Effect of Bruising on Seed Potato Performance 

BRUISE SUSCEPTIBILITY 
There are two reasons why seed tubers tend to sustain a lot 

of damage: tuber temperature and handling practices. Seed 
tubers are generally harvested, stored and handled at  lower 
temperatures than commercial tubers. Scheduling harvesting 
operations t o  avoid cold tubers and warming tubers to 45'F 
before handling can significantly reduce the level of shatter 
bruise present in seed tubers. Seed tubers are usually handled 
numerous times between harvest and planting the following 
spring. Unfortunately, much of the equipment used in 
harvesting, sorting, transporting, cutting and planting seed 
tubers is designed for moving large volumes, not for gentle 
handling. Concepts that can be used with any seed handling 
equipment t o  reduce bruising include keeping belts, chains and 
conveyors full of potatoes, reducing drop heights, and using 
padding on all hard surfaces. 





THE EFFECT OF CULTURAL PRACTICES 

Descriptive terms such as black spot, shatter, cracking and 
pressure bruise have been used to characterize tissue damage 
identified with potato tuber injury.52, 14".16' Damage is the result 
of a bruising force7'. 147 received during harvest andfor 
postharvest handling and may or may not break the periderm of 
the tuber. A major factor in the magnitude of bruising is the 
speed, drop distance, and shape of the tuber. However, tubers 
of a given cultivar or among cultivars subjected t o  a known force 
do not express the same degree of black spot or shatter bruise 
tissue damage.6282. lS7 Thi s suggests that there is a component 
of tuber tissue conditioning that accounts for the differences in 
bruise response among tubers.ls8 A review of literature on 
cultural practices in the western region of the U.S.154 revealed 
that a t  harvest there are four factors that influence the degree 
of tissue damage sustained: 

1. soil physical condition; 
2. tuber condition; 
3. tuber temperature; and 
4. harvester operation. 

Soil physical condition, tuber moisture content and tuber 
temperature are influenced by the soil moisture content, which 
is controlled to some extent by cultural and irrigation practices. 
The physical conditioning of the tuber a t  harvest can be 
influenced by the inherent characteristics of the soil 
(compaction, aeration, drainage, diseases, nutrient availability) 
and by the irrigation and fertilizer practices imposed. 



Sawyer'39 concluded that 
firmness and cell turgor are 
essential physical factors 
triggering black spot bruise. 
Cultiuars differ in firmness 
and black spot bruise 
susceptibility because of 
inherent differences i n  lenticel 
and skin structure, not 
differences in  specific gravity. 
Specific gravity is only an  
indicator, not a controlling 
factor for black spot bruise 
susceptibility. 

Kunke17' listed the 
following as conditions which 
lead to black spot bruising: 
1. a bruising force (pressure 

per unit area) large 
enough to damage cells 

2. low levels ofpotassium in  
the soil 

3. loss of tuber hydration 
(measurable weight loss) 

4, low tuber temperature. 
Reeve13* undertook a 

histological study of black 
spot bruise which appeared in  
retail potatoes of cultivars 
Russet Burbank and White 
Rose. He found that i f  the 
periderm was not ruptured 
and the underlying 
parenchyma cells were not 
damaged, then there was no 
evidence of structural damage 
in  the blackened tissue. The 
blackened cells appeared 
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intact and morphologically 
indistinguishable from 
healthy cells. The 
protoplasmic contents 
appeared darker and the cell 
walls of the tissue were also 
discolored. He concluded that 
the cell damage resulting in  
black spot development in the 
bruised tissue was 
physiological, not structural, 
with considerable 
physiological disturbance of 
lipoidal material. 

Aepplil found that black 
spot bruise susceptibility 
increased with late maturity, 
increasing dry matter content 
and decliningpotassium 
content. They noted that 
climatic differences between 
experimental years and 
locations were apparent, with 
59% of the total variance of 
black spot bruise susceptibility 
caused by environmental 
influences and only 28% by 
the cultiuars. More than 50% 
of the variance of maturity, 
dry matter and potassium 
content was due to the 
environment and up to 30% 
due to the cultiuars. The 
interaction of cultivar by 
environment was relatively 
minor. Susceptibility 
increased with a n  increase in 
rainfall, from 8 to 40 



inches,and decreasing sum of 
daily mean temperatures over 
46"F, from 2700 to 140OoF, 
during the growth period as 
well as an  increase in  organic 
matter in the range 2.5 to 
3.8 % and a declining 
potassium supply in  the soil. 
These same changes delay 
maturity, raise the dry matter 
content and reduce the 
potassium content of the 
potatoes. Rainfall and 
temperature sum are related 
to tuber properties. 

Aeppli2 also reported that 
black spot bruise increased 
strongly with tuber maturity. 
The increase in  black spot 
bruise susceptibility was 
correlated strongly to changes 
in  leaf maturity, dry matter 
and potassium content of the 
tuber, tuber cell size, 
proportion o f  large tubers and 
tuber weight. 

Hughess7 stated that 
flaccid potatoes with a high 
starch content (where starch 
granules may rupture 
membranes during rapid 
deformation of the tuber on 
impact) are susceptible to 
black spot bruise, particularly 
i f  they also contain high levels 
of tyrosine and have a high 
phenolase activity. 
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R a s t ~ u s k i ' ~ ~  concluded that 
tuber susceptibility to black 
spot bruise is largely 
determined by growing 
conditions. Tubers with large 
cells are more susceptible to 
black spot bruise than ones 
with small cells. Tubers with 
less than 2%potassium in the 
dry matter are usually highly 
susceptible to impact 
discoloration. Howeuer, high 
potassium levels tend to keep 
the level of reducing sugars 
down and are not conducive to 
high dry matter content. 

Masseyg4 planted six to 
nine cultiuars i n  up to fi ue 
locations over several years of 
research. The potatoes all 
received the same cultural 
management. A definite 
interaction was noted between 
cultiuar and location. Some of 
the data showed a 10-fold 
difference in bruise 
susceptibility between 
locations with one cultiuar. 

SOIL PHYSICAL CONDITION 
The moisture content, soil type and degree of  compaction of 

the soil influences the  ease of separating potato tubers from the 
soil at h a r v e ~ t . ~ " ~ ' ~ ~  A wet clay-like soil is difficult to separate 
and remove from tubers. When faced with such a condition, the 
harvester operator tends to decrease the forward speed of the  
harvester. This results i n  an increase in chain speed to ground 
speed ratio. This change in speed ratio results i n  greater chain 
agitation, with a likely increase in tuber bruising.'53 Although 



chain shakers may be used to increase soil separation, using 
shakers andlor increasing the magnitude of shaking enhances 
the likelihood of greater tuber damage.17* Vigorous shaking 
increases the frequency of potential clod-tuber contact and tuber 
damage increases.169 

In contrast, a dry sandy soil easily separates from tubers 
and forms no clods. This exposes tubers to direct contact with 
the hard surface of the primary chain of the harvester and tuber 
damage increases. A knowledgeable and experienced harvester 
operator can adjust the operation of the harvester to soil 
conditions and significantly contribute to lowering the 
magnitude of bruising damage of tubers during harvest.'53 
A soil moisture content between 60 and 80 percent of field 
capacity provides conditions for desirable soil load with 
optimum separation and minimum tuber damage.'53 Where 
irrigation is available, applying water before harvest can assure 
a desirable soil moisture content. 

Excess soil moisture content (impaired drainage, compaction, 
excessive irrigation) has an affect upon the soil atmosphere. 
The CO, content of the soil atmosphere rises as the soil water 
content increases to near saturation. In California, an increase 
in the severity of black spot bruise of the White Rose cultivar 
was associated with an increase in the concentration of CO, of 
the soil atmosphere at tuber depth.52z177 The lowest incidence of 
black spot bruise occurred in dry soil (Figure 11). In contrast, 
in Washington the susceptibility of the Russet Burbank cultivar 
to black spot bruise was not altered by raising the CO, content 
of the soil atmosphere, and was highest in tubers located 
shallow in drier soila1 (Table 7). The contradictory responses 
are yet to be resolved. The soil atmosphere contains other gases 
whose concentration and presence also may have an affect upon 
the susceptibility of tuber tissue to black spot bruise. Ethylene, 
under certain conditions, may contribute to a change in tuber 
susceptibility to  black spot bruise.157 
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Table 7. Relationship of tuber depth, soil moisture, tuber specific gravity and black spot 
bruise of Russet Burbank polato tubers. 

1 3md On-C DEPTH 4"-8" DEPTH I 
BLACK 
SPOT 
INDEX 

Figure 11 Effect of carbon dioxide concentration on 
black spot bruise index. 



TUBER TISSUE CONDITION 
The physical and physiological status of tuber tissue a t  the 

time of a bruising impact affects not only the magnitude of 
damage but also the type of bruise injury: black spot, shatter, 
cracking and pressure bruise.78, 147. Tuber hydration affects 
the occurrence of black spot bruiseI8 (Table 8). 

As the moisture content of a tuber shifts from a turgid 
(hydrated) to a flaccid (dehydrated) state, the tuber becomes 
more susceptible to black spot bruise but gains greater 
resistance to shatter bruise147 (Figure 12). Upon rehydration, 
susceptibility is reversed. 

Another factor that alters the magnitude of damage is tuber 
temperature (Figure 13). A pressure bruise is believed to 
result from pile pressure exerted among tubers that are 
becoming less turgid with time in storage and approaching the 
tuber moisture status associated with black spot bruise 
susceptibility a t  harve~t. '~'  Tuber hydration can be regulated 
by cultural practices that maintain optimum soil fertility and 
minimize pest and disease infestation, and uniform soil 
moisture content through irrigation and proper foliar 
desiccation management.'47 

Table 8 Effect of evacuation and rehydration on the specific gravity, black spot bruise, and 
amount of water absorbed by black spot bmise susceptible Russet Burbank potato tubers?' 

Test No. Percent 

Start 1.0897 

Start 1.0927 Bad 

3 

4 

Start 
Hydrated 

Start 
Hydrated 

1.0976 
1.0954 

1.0927 
1.0922 

Bad 
Trace 

Bad 
Trace 

238 

345 

5.7 

10.6 
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DEHYDRATED HYDRATED 
(LIMP) (CRISP) 

TUBER HYDRATION LEVEL 

Figure 12 Effect of tuber hydration level on black spot and shatter bruise (45- 
50°F)"'. 

DEHYDRATED HYDRATED 
TUBER HYDRATION LEVEL 

Figure 13 Effect of tuber temperature and hydration level on damage 
susceptibility"'. 



SOIL FERTILITY AND PLANT NUTRITION 
Of the nutrients necessary for plant growth, nitrogen and 

potassium are most often cited as influencing tuber conditioning 
related with bruise s u s ~ e p t i b i l i t ~ . ~ ~ ~ ~ ~ ~ ~  Nit rogen fertilization 
can alter tuber size distribution, dry matter content (specific 
gravity) and maturity of tubers.80.82.135,136 With high to excess 
available nitrogen throughout plant growth, tuber maturity is 
delayed and dry matter accumulation is slowed, resulting in 
tubers with lower specific gravity.80.82'15G Total tuber yield may 
or may not be affected depending upon harvest date. Low levels 
of available nitrogen, or non-uniform fertilizer application, 
result in uneven plant growth with tubers of differing tuber 
maturity and bruise susceptibility. 

Tuber specific gravity has been used as a means of 
measuring relative maturity, and changes in specific gravity 
apparently affect bruise susceptibility. However, wide 
variability in responses among cultivars as well as among 
tubers of individual plants has indicated that tuber specific 
gravity alone is not sufficient to explain bruise s u ~ c e ~ t i b i l i t y . ~ ~ ~  
64.80, 81, 82 0 ne researcher has proposed that tuber hydration was 

more reliable than specific gravity as an indicator for evaluating 
tuber bruise s u s ~ e p t i b i l i t ~ . ~ ~  

Potassium Fertilization 
In California, it was 

demonstrated that a high 
incidence of black spot bruise 
occurred in tubers from plants 
that tested low in potassium.8G 
Significantly lower tuber black 
spot bruise susceptibility 
resulted when plants were 
grown with adequate 
potassium fertilization; 

As early as  1956, it was 
noted that black spot bruise 
development was closely 
related to potassium nutrition 
and that the potassium for 
optimum yield may be too low 
to prevent blackening.'12 

Ophi~s'21 reported that 
higher dry matter tubers 
tended to show higher black 
spot bruise. Tubers with 3.5% 



The Effect of Cultural Practices 

dry basis rootassium showed I however. tuber maturitv was 

of their higher dry matter and I lower incidence of black spot 

50% bruise, while those with 
2% dry basis potassium 
showed 90% bruise. Tubers 
from heavy soils were more 
black spot bruise susceptible 
than from sandy soil because 

lower potassium. 
O ~ w a l d * ~ ~  observed that 

potassium deficient fields had 
greater black spot bruise and 
lower yields. When measuring 
potassium in  the vines, plants 
with 9.5 to 10% potassium 
were more black spot bruise 
resistant than those with 6%. 
It was concluded that black 
spot bruise was linked to 
potassium nutrition, but not 
totally controlled by increasing 
the amounts ofpotassium. 

Black spot bruise 
susceptibility of Russet 
Burbank potatoes decreased 
with increasing potassium 
application rates from 0 to 400 
lblacre (average of  260 lb la  in 
field prior to application).78 

It was also shown7' that 
increasing potassium 
decreases black spot bruise 
and specific gravity. The 
potassiumprobably increases 
root growth which helps water 
uptake. High potassium 
plants were reported to have 
the highest water 
requirements. 

a factor, Less mature tibers 
showed a lower susceptibility 
than did mature tubers. In 
Washingtona2 high potassium 
fertilization resulted in a 

bruise and lower specific 
gravity of tubers. 

A change in irrigation 
practices may have been a 
factor." When nitrogen and 
potassium availability is high, 
plant and tuber maturity are 
delayed and have an influence 
on tuber conditioning, i.e. 
specific gravity and tissue 
hydration. When irrigation is 
discontinued before maturity, 
tuber hydration is affected. 
Delay in harvest alters the 
moisture status of tubers and 
their susceptibility to black 
spot bruise (Figure 14). 

Potassium fertility impacts 
black spot bruise 
susceptibility through plant 
health, tuber dry matter 
content and tuber hydration. 
However, potassium fertility 
alone may not result in 
complete absence of black spot 
bruise in tubers. 
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Figure 14 Effect of potassium fertilizer and irrigation on black spot bruise of potato 
tubers. At 110 days irrigation was discontinued following which factors other than 
potassium level dominated the response."' 

vertregtl" recommended 
that potassium content in  the 
tuber should be at or above 
25.4 g per kg (2.54%) of dry 
matter to minimize black spot 
bruise. He noted that 
potassium in the tubers 
decreased with increasing 
nitrogen application. 

Haeder4' noted that 
potassium deficiency favors 
stem and leafgrowth at the 
expense of tuber development. 
Specific action depends on the 
physiological age of the plant 
and acts to aid transport of  
photosynthates to tubers. 



DwelleZ5 reported that KzO 
application had no effect on 
black spot bruising ifpetiole 
levels were above 6.5 to 7.5% 
in  mid-July. Application was 
effective for lower petiole 
potassium levels. 

HugheP observed that the 
volume of the black spot 
bruise was inversely 
proportional to levels of 
potassium fertilization. 
Black spot bruise susceptible 
cultivars deformed more when 
impacted, but the deformation 
was similar for all levels of 
potassium fertilization. He 
also observed57 that low 
potassium levels lead to high 
contents of starch and tyrosine 
i n  the tubers. However, 
variation in these two did not 
explain totally the cultivar 
variation observed. 

S~henk '~ '  tested several 
cultivars at eight sites and 
concluded that high potassium 
content produces a declining 
tendency to black spot bruise. 
However, tuber potassium 
content was not a sufficient 
criterion to explain the black 
spot bruise occurrence. 

R a s t o ~ s k i ' ~ ~  concluded that 
potassium keeps the level of 
reducing sugars down and is 
not conducive to high dry 
matter content. 



uniformly. This results i n  
non-uniformity i n  plant 
growth, tuber maturity and 
tuber hydration. 

IRRIGATION MANAGEMENT 
Plant growth and potato 

yield response to irrigation 
and fertilizer management are 
influenced by uniformity in 
soil physical condition within 
fields under production. 
Seemingly uniform soils can 
differ substantially in the level 
of  available nutrients.45 
Irrigation management 
interacts with fertility 
management (Figure 15). 

For example, the rate of  
soil water movement is 
dependent upon the physical 
condition o f  soil, and the 
movement of applied nitrogen 
and residual nitrogen in the 
soil profile is dependent upon 
the amount and frequency of 
irrigation water applied,30 ~t 
is not uncommon to find that 
irrigation (sprinkler) patterns 
do not distribute water - 

physical factors triggering 
black spot bruise. Cultivars 
differ in tuber firmness and 
black spot bruise susceptibility 
because of inherent differences 
in lenticel and skin structure, 
not differences in specific 
gravity, which is only an 
indicator. 

Wright'76 reported that 
black spot bruise was most 
prevalent in tubers grown on 
farms where soil moisture was 
inadequate during the latter 
part of the 
Predisposing conditions 
seemed to include potash 
deficiency, high specific 
gravity, and loss of turgidity. 

K ~ n k e l ~ ~  studied black spot 
bruise of tubers of the cultivar 
Russet Burbank and 
concluded that hydrating the 
tubers made them resistant to 
black spot bruise. In these 
experiments, hydration was 
accomplished by putting 
tubers in water under vacuum. 

Sawyer139 noted that Dutch 
research had observed that 
factors which lower the water 
content (increase the specific 
gravity) lead to greater black 
spot bruise susceptibility. 
From their research, they 
concluded that tuber firmness 
and cell turgor are essential 
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Figure 15 Effect of nitrogen fertilizer rate and soil moisture level on tuber yield and 
specific gravity of Russet Burbank potato tubersm'. 

Mapsong2 reported on 
experiments with greenhouse 
grown plants, with water 
levels of 2, 9, 16 liter per 
plant. Both tyrosine and 
phenolase increased with 
increased moisture 
availability. Both percent dry 
matter and stem and leaf 
growth were greatest at the 
mid-range of water 
application. Increased 
calcium gave less tyrosine and 
phenolase in  the tubers, but 
more browning, probably due 
to more cell damage by the 
influence on texture. Increased 
potassium and phosphorous 
gave slightly lower phenolase 
but higher tyrosine content. 



Kunke17' studied changes 
in tuber weight as an index of 
tuber hydration and black 
spot bruise susceptibility. 
Tubers that were initially 
black spot bruise susceptible 
in  the field were carefully 
uncovered and weighed. Some 
roots were excised, then later 
the plant was excised. After 
about 5% weight gain of 
water, the tubers became black 
spot bruise resistant (Figure 
16). It  was concluded that 
how the higher specific gravity 
was obtained is important. 
Higher specific gravity by 
dehydration may contribute to 
black spot bruise 
susceptibility; but if higher 
specific gravity is attained by 
photosynthesis, then black 
spot bruise susceptibility may 
not change. 

Tubers harvested from 
fields known to be black spot 
bruise susceptible were 
hydrated by submerging 
tubers in  warm 
tap water in  a vacuum 
chamber. Tuber hydration, 
resulting in  an  approximately 
10% weight increase, changed 
the tubers from black spot 
bruise susceptible to black 
spot bruise resistant.'' Tuber 
specific gravity decreased in  
all cases, but only in  the third 
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Figure 16 Effect of tuber weight changes on black spot bruise su~ce~tibility'~ 

decimal point. Soil moisture 
around the tubers was of 
small significance as long as 
the roots supplied plant needs. 
Tuber turgor pressure is most 
important; hydration in the 
field may be a way of  dealing 
with black spot bruise 
susceptibility, with water 
uptake by the roots after uine 
killing. It is essential that 
live, functional roots be 
present. 



MANAGING MATURITY TO MINIMIZE BRUISING 
Hamius4* reported mean 

damage to be 13% higher if 
tubers are lifted 8 to 10 days 
after full maturity but noted 
that harvest conditions were 
very important. 

Smittle'46 recommended 
having uniform bruise 
susceptibility by planning 
fertilization along with proper 
soil moisture, so that vines 
have to be killed along with 
proper soil moisture at 
harvest. 

Aeppliz reported that black 
spot bruise susceptibility 
increased strongly with tuber 
maturity. The increase in  
black spot bruise susceptibility 
was strongly orrelated to 
changes of the maturity of the 
leaues, in  the dry matter and 
potassium content of the tuber, 
enzymatic discoloration, cell 
size, proportion of large tubers 
and tuber weight of the test 
samples. 

P a ~ e k " ~  reported that 
immature tubers (green vines) 
were more black spot bruise 
resistant, indicating that 
tuber maturity must be 
considered during black spot 
bruising research. 
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Reducing Skinning 
M o h ~ e n i n ' ~ ~  reported that 

skinning forces increased with 
age, particularly for late 
storage. 

H a l d e r ~ o n ~ ~  described a 
torsional testing device for 
measuring tuber skin strength 
of Russet Burbank potatoes. 
Sk in  strengths of 2160 g-cm or 
greater were estimated to 
provide adequate resistance to 
skin damage during harvest 
and handling. 

Vine Killing 
Halderson4* compared 

rolling and three chemical 
treatments for vine killing of 
Russet Burbank potatoes. 
There was a trend toward 
lower yields (except Diquat) as 
vine kill speed increased. 
Rolling ith chemical treatment 
increased vine desiccation, but 
was not statistically 
significant. Rolling 
interactions tended to reduce 
total yield but not specific 
gravity, probably due to 
increased desiccation. 

Ha lders~n*~  found no 
statistical differences in 
specific gravity among six vine 
kill treatments. Changes in 
specific gravity were 
correlated with changes in 
yield. Vine pulling initiated 



tuber maturation earlier than 
other vine kill method, but 
tended to expose more tubers 
to light. 

Haderlie3' found that the 
major difference in  vine kill 
between different chemicals 
occurred during the first day 
after treatment. Subsequent 
rates were similar, with 
immature vines dying more 
slowly than mature vines. 

J e ~ e 1 1 ~ ~  reported that dry 
matter content and yield were 
influenced by defoliation date 
and interval to harvest. Later 
defoliation gave lower 
reducing sugar levels, higher 
yield and higher dry matter 
content. Increasing the 
interval to harvest reduced dry 
matter and increased yield. 

Halder~on*~ found no 
difference in  skin strength 
between vine hill methods for 
Russet Burbank potatoes. 
However, other European 
research indicates that some 
cultivars mature more rapidly 
as vines are more quickly 
killed. 

Considerable research was 
done on vine killing and 
potato bruising in the early 
1990's. This research should 
appear in  the research 
literature soon. 



HARVESTER AND EQUIPMENT DESIGN 
FOR REDUCING BRUISING 

Concern about damage during the handling of potatoes 
probably dates back to the advent of mechanical potato 
harvesting?$ lol 

Hardenburg4"n a study of 
damage in the Cleveland and 
Rochester markets, reported 35 
to 43% of the tubers were 
bruised, with 2 to 3% showing 
severe damage. 

Schrumpf 14* noted the 
beneficial effect of padding on 
digger deflectors. Proper 
elevator speed was found to be 
important, particularly 
relative to ground conditions. 
He also noted the importance 
ofpadding drops into barrels 
using burlap or inner-tubes. 

A 1952 of damage 
sources from the field to 
packing suggested that a 
reduction in bruise could be 
achieved by better or more 
careful handling as well as 
equipment -adjustment. 



HARVESTER DESIGN FOR BRUISE REDUCTION 
There are three causes of damage occurring in the 

harvesting ~perat ion: '~~ 
1. movement on the chain, 
2. tuber roll back, and 
3. tuber drop. 

Any design parameter that influences these would affect tuber 
damage. These can all be affected by carrying material on the 
chains of  the harvester that was equal to the capacity of the  
chain.14? A harvester must be in good repair and the tractor 
used must  provide enough flexibility to achieve the proper chain 
speed ratios based on estimated potato yield.I4? 

Thorntonls3 and Smitt1elo1 both stressed that tubers could by 
damaged by the  harvesting equipment from the time they came 
onto the  blade until they were placed into the receiving vehicle. 

Soil Riddling and Bruising 
McRaefo0 cites Russian 

work that soil fails to moue 
along a share for digger 
blade) longer than 18 inches 
or tilted more than 24 degrees. 

McGechang7 suggested that 
soil removal motion should be 
horizontal to the harvester 
chain, but found little 
difference between parallel 
and perpendicular motion. 
Peak acceleration was the 
most critical parameter. The 
choice of amplitude is 
basically a choice of speed of 
soil remoual. The time of 
agitation did not change 
potato damage. 
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In 1980, McGechanS8 
reported that vertical motion 
for soil removal led to surface 
damage and bruising from 
impact with the rods. 
However, severe damage 
occurred only with horizontal 
motions above 6g peak 
acceleration. 

Early in the 1980s, 
Woodruff developed a 
high frequency soil riddling 
device for potato harvesters. 
The minimum recommended 
frequency was 113 Hertz, but 
a similar effect on soil 
elimination would occur for 
frequencies in  the range of 100 
to 300 Hertz. Soil sieving was 
more dependent on peak 
acceleration than frequency. 

MisenerIo6 studied the 
feasibility of clod and stone 
removal from the tuber zone 
by windrowing stones before 
planting using a n  European 
stone windrower, this replaces 
one tillage operation. 

The Effect of Chain Speed on Damage 
Magee" reported that bed 

agitation had a marked effect 
on injury, but elevator speeds 
had no significant effect on 
tuber damage. Operating a 
tractor in  second gear (i.e. 
greater ground speed) reduced 
tuber i juries. It is likely that 



the elevator speeds tested did 
not bring the ratio of chain 
speed to ground speed into the 
correct relationship. 

Green35 reported that tuber 
damage decreased at higher 
ground speed for the same 
chain speed and damage 
increased with increasing 
chain speed (these were single 
tubers, uncushioned by 
others). It  also was noted that 
skinningper unit area of tuber 
was not a function of tuber 
weight, but increased with 
increasing chain speed (due to 
glancing blows). 

Hesen4' recommended 
higher forward speed to 
increase harvester loading. 
He also reported that a higher 
ground speed increased tuber 
chain loading. 

Peter~on'~' reported that 
reducing the ratio of chain 
speed to ground speed reduced 
the bruise damage for the 
secondary, rear cross and side 
elevator chains. Changes in  
field speeds had no impact on 
bruise damage i f  the desired 
chain speed ratio to the fully 
loaded primary was 
maintained. 

Smittle'47, T h ~ r n t o n ' ~ ~  and 
P e t e r ~ o n ' ~ ~  suggested 
matching material volume to 
harvester capacity. Volume on 
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the primary chain is mainly 
soil and is affected by blade 
depth and speed of travel. 
Volume on all subsequent 
chains is affected bypotato 
yield. 

McRaelo2 confirmed that as 
the ratio of chain speed to 
ground speed widens, tuber 
damage increases. 

Cullierl%nd fiyde6* 
reported on research on an 
automatic speed control device 
for the primary chain based 
on chain loading. Hyde58 
noted that primary chain soil 
load had no effect on tuber 
damage at the top of the 
primary chain, and suggested 
that heavier tuber loads on the 
rear cross and side elevator 
chains resulted in less tuber 
damage. 

CUSHIONING DESIGN AND MATERIALS 
Good cushioning accomplishes its task in two ways: it 

decelerates the tuber more slowly than a hard surface, and it 
spreads the impact force over a larger area of the tuber than 
does a hard surface. To be effective, the  cushioning must not 
bottom out during the impact. Cushioning materials that are 
st i f f ,  even though they may have absorbed much energy, are not 
good at preventing bruise because they do not conform to the 
tuber and do not spread the impact force over a large enough 
area of  the tuber tissue. One such material tested produced a 
coefficient of restitution of only about 0.3 (good energy 
absorption), but took the shape of the heavy line i n  Figure 17. 
Another material with less firmness showed a coefficient of 



I I 
Figure 17 "Hard" versus contirming or "cushy" cushioning material. 

of restitution o f  0.6 but 
conformed to the  tuber more 
like the dashed line i n  the 
figure. The  dashed line 
cushion the 
force over more area than the 
solid line cushion. 

When the impacts occur on 
curved surfaces with radii of 
curvature significantly smaller 
than that  of the  tuber, then 
the cushioning must  be even 
better t o  prevent bruising 
(Figure 18). 

Green35 reported that the 
use of a heavy rubberized 
canvas supported at both ends 
gave no damage (splits) for 
drops up to 9 feet. Covering 
conveyor links with rubber 
reduced damage considerably. 
For inclined surfaces, rubber 
covered links gave little 
advantage. 

Marshallg3 described the 
construction of a rubberized 
canvas device for reducing 
impact damage for vegetables 
being loaded into transport 
vehicles. 
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I J 
Figure 18 Tuber impact with small diameter steel rod: end and side views. 

Referring to the lower sphere in Figure 19, note that the 
impact energy of the falling lower sphere is absorbed by the part 
of the sphere that comes in contact with the flat plate. For the 
upper sphere falling on the lower one, there are three places 
where the energy of the upper sphere is absorbed: in both the 
upper and lower spheres where they contact each other, and in 
the lower sphere where it contacts the plate. A rule of thumb is 
that a potato can be dropped twice as far without bruise onto 
other tubers as it  can onto the support surface. 

Comparison of Flat Surface Cushioning Materials 
Dropping the Instrumented Sphere (IS) from successively 

increasing heights onto steel, 8 mm (5116 inch) rubber belting, 6 
mm (1/4 inch) PoronTM 15250, 13 mm (l/2 inch) Poron 15500, 
and 19 mm (314 inch) NoBruzeTM provides a comparison of the 
cushioning ability of these materials. The drop heights and 
corresponding peak accelerations are plotted in Figure 20, 
listed in order of decreasing cushioning ability. 



Figure 19 Elastic body dropping onto another elastic body lying on a rigid plate 
(Note that there are three portions of the two bodies that will absorb the impact 
energy 

The potential for bruising tubers dropped on each of the 
cushioning materials can be determined by plotting this data on 
a bruise zone plot (Figure 21). Note that the 8 mm (5116 inch) 
belting provides little cushioning compared to bare steel, 
whereas the 13 mm (112 inch) Poron 15500 and the 19 mm (314 
inch) NoBruze are both better cushioning than the 6 mm (114 
inch) Poron 15250 (because they are thicker). Note that Poron 
cannot be used alone for cushioning potatoes because of its low 
abrasion resistance. It is very useful, however, when covered 
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with a thin sheet of NeopreneTM or belting. NoBruze has been 
reported by it suppliers to have good abrasion resistance. 

Adding cushioning changes the impact along a horizontal 
line toward the left, while reducing the drop height changes the 
impact along the line for whatever cushioning material is used, 
as illustrated in Figure 22. For example, if an impact occurred 
at  the large X, i t  would be a severe impact on a hard, steel-like 
surface. Adding 6 mm (114 inch) Poron 15250 to that surface 
would change the resulting impact along the horizontal arrow 
toward the left, moving it out of the bruise zone. Reducing the 
drop height, instead of adding cushioning, would move the 
impact to the left along the steel line. The drop height would 
have to be reduced from the current 20 cm (8 inch) height (at 
the X) to 2.5 cm (1 inch) height to move out of the bruise zone. 

o NoBruzem 314 in. 
Poronm15500 

A Poronm15250 
0 Belting 5/16 in. 

Actual Drop Height 
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Figure 20 Results of dropping the IS from successively increasing heights onto the 
surfaces shown. 
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The amount and cost of adding cushioning to reach an 
acceptable damage level can be compared against the drop 
reduction needed. If drop height reduction is not feasible, either 
from the cost or equipment design standpoint, then cushioning 
is the only viable option. Most often damage reduction can be 
best achieved by a combination of drop height reduction and 
cushioning. Drop height reduction can be achieved partially by 
chain speed to ground speed adjustment for harvesters6' or 
conveyor speed t o  flow rate adjustments for handling equipment 
to keep the equipment filled to capacity with tubers. Keeping 
conveyors full of tubers rather than soil and tubers is a more 
consistent, effective, and efficient strategy for reducing bruise. 

Chain Cushioning Materials 
Several chain cushioning materials and designs are 

a~a i l ab l e . ' ' ~~~  Figure 23 shows those ranked in order of 
cushioning ability and tolerable drop height for 10% tuber 
damage. Note that this is only a limited sampling of the 
materials commercially available. 
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Figure 23 Chain cushioning materials in order of best to least cushioning ability. 



POTATO STORAGE AND 
BLACK SPOT BRUISING 

Tuber injury is known to be a predisposing factor for tuber 
decay by various micro~rganisms.~~ Although impacts sufficient 
to cause black spot bruise injury do not necessarily result in 
apparent damage to the exterior of the tuber, microscopic injury 
sites are likely to result. Any abrasion andlor bruising injury 
which disrupts the periderm will predispose tubers to decay by 
providing an avenue for entry by microorganisms. Bacterial and 
fungal inocula are commonly found on the  tuber surface, in 
lenticels or in contaminated soil adhering to tuberss0 and, as a 
result, growers are likely to encounter bacterial and fungal 
decay following tuber injury. Even though tuber injury is 
known to increase the risk of tuber decay, little information is 
available which defines the relationship between tuber injury 
and tuber-decay pathogens. 

Mulder"' suggested that 
enhanced susceptibility to 
bruising was the main cause of 
increased respiration in 
potassium deficient tubers, 
probably through wounded 
cells. He noted that increased 
respiration during storage 
leads to increased weight loss. 

Storage experiments with 
damaged potatoes36 reported 
undamaged, cut, split and 
skinned tubers showed dry 
matter weight loss of 0.1, 4.3, 
6.7 and 7.1 %, respectiuely. 

Green" suggested that 
successful storage of seed 
potatoes depended on an 
absence of damage. 



Meijersio4 summarized 
experiments studying black 
spot bruise susceptibility of 
Bintje (a European variety) 
potatoes during storage 
(Table 9). Potatoes stored at 
37°F tended to decrease in  
black spot bruise susceptibility 
during seven months of 
storage. Storage pre- 
treatment at 50°F and 68'F 
reduced black spot bruise 
susceptibility initially. 
However, susceptibility 
increased consistently during 
seven months of storage. 
Storage at 50'F resulted in  
decreasing black spot bruise 
susceptibility, regardless of 
pre-treatment temperature. 

Bartz5 stated that bacterial 
soft rot normally develops only 
on wet tubers, and tubers are 
more susceptible when tissue is 

Table 9 Effect of pre-treatment and storage temperatures on observed 
black s ~ o t  bruise of Bintie ootatoes du~ine  lone-term storaee. 

Source: Meijersl'- 

storage 
temperature 

("F) 

one week percent of tubers with moderate 
pre-treatment and severe black spot bruise 

("F) 
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deficient in oxygen. Soft rot 
potential is influenced by: 
1. Erwinia cells in lenticels 
2. type of fresh injury 
3. age of tubers 
4. wound healing 
5. cultivar 
6. calcium level i n  the tuber 
7. Tuber water potential 

Chlorine and citric acid 
were tested for preventing soft 
rot infection. Best controls are 
still to dry wet tubers and try 
to prevent Erwinia cells from 
entering the lenticels. 

WOUND HEALING 
When the tuber surface is injured b y  a bruise or cut, the 

periderm no longer provides a barrier to infection by bacteria 
and fungi. Following injury, a wound healing response is 
initiated by the tuber. As wound healing progresses, barriers 
against potential pathogens and water loss become re- 
established at the  injury site. Therefore, the potential for 
infection and decay development at the injury site i s  influenced 
by the rate of  wound healing associated with the  injury. 

General steps i n  wound healing are the lignification and 
suberization of wound reaction cells close to the  surface of the  
injury site, followed by replication of cells located immediately 
below the wound reaction cells. Lignification and suberization 
of this recently formed cell layer results in formation of a wound 
cambium (wound periderm) similar in appearance t o  the  natural 
pe~-iderm.'~~ 

Proper storage management is critical for rapid wound 
healing. The  wound healing process is favored by oxygen, high 
relative humidity (95 to 99%) and temperatures of 55 to 60"F.'43 



Although wound healing is more rapid at higher temperatures, 
the risk of decay also is increased significantly by warmer 
temperatures and should be avoided. Conditions resulting in 
condensation, or any situation that results in wetting of the 
tuber surface, must be avoided because oxygen becomes limiting 
under these conditions, slowing or halting the wound healing 
process, and also because decay by soft rotting bacteria is 
favored.lZ7 The initial stages of lignification and suberization 
are completed within 1 to  3 days and wound periderm formation 
is usually completed within 1 to 2 weeks.143 As tubers age, or 
time in storage increases, the capacity for wound healing 
decreases.15' 

Although black spot development is an injury response, it is 
believed to result from a less drastic form of wounding than 
actually cutting into the tuber.134 When tuber decay potential is 
considered, bruising injury poses a greater risk to safe storage 
of the tuber than does injury by cutting. Histological studies 
have shown that clean cuts into tuber tissue initially result in 
gradual suberin deposition in cell walls along the cut, followed 
by uniform wound periderm formation under suberized cells 
throughout the entire cut area.'" 

In contrast, data for wound healing associated with bruising 
show irregular suberin deposition and wound periderm 
formation occurring along the edge of the bruise.15' 
Furthermore, deep layers of cells are killed along the cracks 
extending into the tuber flesh. Suberization of cells in bruised 
tissue is slower and less uniform than in cells under clean cuts, 
even when conditions for healing are optimal. 

BACTERIAL SOFT ROT DECAY 
Bacteria most commonly associated with tuber loss in 

storage held a t  60°F or colder are the soft rot erwinias, Erwinia 
carotovora subsp. carotovora (Ecc) and E. carotovora subsp. 
atroseptica (Eca).lZ7 Pectolytic clostridia also cause soft rot 
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decay of tubers1', but their role is poorly defined. Healthy 
looking tubers are known t o  carry soft rot bacteria on the 
periderm, in lenticels and in the stolon scar. 

Although soft rot erwinias cannot infect tubers directly 
through the periderm, they are able to enter wounds not visible 
to the naked eye. Research has shown that bruises increase soft 
rot potential and predispose tubers to decay by providing a 
pathway for infection by both Ecc and Eca.I2 

Mist chambers that create environmental conditions optimal 
for tuber decay by Ecc and Eca are utilized to determine soft rot 
p~tential. '~ Tubers with a high initial soft rot potential due to 
bruising may recover in storage to a point where decay does not 

However, as tubers are taken out of storage and 
rehandled, the soft rot potential once again increases to 
detectable levels. 

Assays show that bacteria are able to survive throughout 
the storage period in bruised tissue, even when ideal conditions 
for wound healing occur and decay is absent3' Therefore, 
bacterial survival within old injury sites may account for the 
increased soft rot potential following rehandling of tubers. 
Extensively bruised tubers may not totally recover and badly 
bruised tubers remain a potential hazard in storage. 

Tuber susceptibility to black spot bruise development and 
soft rot decay were positively correlated for 5 of 8 potato clones 
tested in C01orado.l~~ However, determination of decay 
development following impact sufficient to  cause black spot 
bruise injury was not tested. 

FUNGAL DECAY 
Potential for tuber decay by Fusarium species, the early 

blight fungus Alternaria solani, Pythium species associated with 
Pythium Leak, and several other fungi is increased by tuber 
injury." These fungi are unable to infect tubers through intact 
periderm and require breaks in the periderm to provide avenues 



for infection and subsequent decay. Cuts and periderm 
breaking wounds (bruise) incident to harvesting, storage, 
grading and transport are major infection hazards. 

Fusarium Dry Rot 
Tuber bruising is known to increase the potential for decay 

by Fusarium species. Fusarium dry rot develops most rapidly 
a t  60 to 80°F and high relative humidity.l14 Although wound 
healing reduces the potential for infection and subsequent 
decay, lignification and suberin deposition in cell walls alone is 
not sufficient to prevent infection. Once additional time is 
allowed for wound periderm formation, infection no longer 
occurs. 

After tubers are placed in storage, wound healing at  140°F 
or colder is generally not effective for reducing infection by 
Fusarium because wound healing progresses too s10wly."~ 
Relative humidities less than 70% are unfavorable for infection 
by the fungus and disease development will be retarded. 
However, wound healing is also inhibited by these storage 
conditions and increased water loss and tuber shrinkage will 
result. Loss due to other tuber decay pathogens may increase. 

Alternaria Dry Rot 
Tuber injury is required for infection by Alternaria s01ani.l~~ 

Injury sites not only provide an avenue for infection, but may 
also provide the moisture necessary for spore germination and 
infection. Delaying harvest to increase tuber maturity greatly 
reduces the incidence of decay even though the number of 
spores present on the soil surface usually increases as harvest is 
delayed. The greater skin set associated with matured tubers 
reduces the amount of harvest related injuries and significantly 
reduces infection and tuber decay. 

Storage conditions favorable for wound healing immediately 
after harvest reduce tuber infection by A, s01ani."~ Tubers 
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stored under conditions favorable for wound healing become 
more resistant to infection if inoculation is delayed by two days. 
This is probably due to lignification and suberization of wound 
reaction cells. However, formation of wound periderm requires 
additional time and is essential for total exclusion ofA. solani. 
These relationships are similar to those observed for Fusarium 

SPP. 
In general, early storage conditions a t  60°F for 3 weeks 

prior t o  long term storage at  either 50°F or 38°F result in fewer 
and smaller lesions than constant tuber storage at the colder 
temperatures.'16 This suggests that cold temperatures inhibit 
the wound healing process of injured tubers more than they 
reduce rates ofA. solani infection or disease development. 

Pythium Leak 
Tuber wounds resulting from harvest and handling are the 

primary infection sites for the Pythium species that cause Leak. 
Pythium is especially able to infect tubers a t  temperatures 
above 70°F. Delayed harvest to increase skin set reduces the 
amount of harvest related injury and significantly reduces tuber 
decay.loO 

Leak is a wet rot characterized by liquid that readily oozes 
from infected tubers and wets the surface of adjacent tubers. 
Increased airflow in storage is required to dry tubers affected by 
Leak. After harvest, tubers should be held only long enough at  
50 to 60" to permit lignification and suberization and then the 
temperature should be decreased rapidly to 38°F to retard 
fungus activity and subsequent decay.lol Decay is increased by 
high storage temperatures and poor ventilation, but may be 
significantly arrested under cool storage  condition^.^"" Any 
tuber lots with significant disease should be marketed as 
quickly as possible to minimize loss. 





TESTING METHODS FOR 
BRUISE DETERMINATION 

Two objectives are a t  hand when considering which testing 
methods to use for determining black spot bruise. Cultivar 
development specialists and many researchers are interested 
primarily in sensitivity of cultivars to  black spot bruise. 
Growers, shippers, and processors are interested primarily in 
the magnitude of black spot bruise. Therefore, cultivar 
specialists usually apply a quantitative impact to tubers with 
analysis being done after a minimum period of elapsed time to 
allow discoloration to develop. Trades people possibly could 
analyze for black spot bruise a t  any time depending upon when 
the lot of tubers was last handled. Typically discoloration 
development requires 24 hours a t  room temperature (70°F) with 
greater elapsed time not generally being critical. There are 
several factors which tend to increase the apparent amount of 
black spot bruise (Table 10). 

Table 10 Factors which tend to increase the 
apparent tuber black spot bruise. 

greater maturity 

I low potassium (<25 mg/g dm) 

low turgor pressure 

cold tubers 

cultivar 

greater absorbed impact energy 

higher impact velocity 

higher dry matter 

increased tuber size 

I increased tuber sutface curvature 



METHODS OF INTRODUCING BRUISE 
Many different methods have been used by researchers 

attempting to quantify the  susceptibility of tubers to black spot 
bruise (Table 11). 

Table 11 Methods used to researchers to asses susceptibility of tubers to black 
spot bruising. 

Method of Impact I Major Attributes 

I abrasive neeling I less oreoaration to initiate black soot darkenine I 
application of more preparation 
specific impact results are as consistent as any other method I 
impact pendulum more equipment 

procedure is slow, but produces consistent results 1 

Application of Specific Impact 
Many researchers have 

been using impacting weights 
as a method to assess bruise 
susceptibility. The weights 
and drop heights for some of  
this research are presented in 
Table 12. Studies on black 
spot bruise have shown that  
impact characteristics are an 
important factor in  
determining the extent of 
tuber damage resulting from a 
given impact. 

impact tumbling or 
cascading . 

penetrometers 

DwelleZ4 dropped 5 ounce 
weights approximately 16 
inches but also used 16 ounce 
weights with a drop distance 
of28 inches when tubers were 
covered with 20 ml plastic 
sheeting to prevent shatter 
bruise. 

Johnson7' developed an  
impact mechanism which 
contained weights (with 
hemispherical ends) of 30, 52, 
and 74 g in three parallel 
tubers of 6.3 inches each in 
length. The weights were 
dropped onto a stationary 
tuber. 

rapid application to a tuber lot 
gives consistent relative values 

not consistently related to black spot bruise 
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Johnson's 
method was used by 
PauekIZ5 to provide 
black spot bruise 
sensitivity rankings 
very similar 
(r=0.93) to those 
obtained by 
abrasive peeling for 
fiue common 
cultiuars. Their 
data indicates that 
more mature tubers 
experience greater 
severity of black 
spot bruising. 

Skrobacki'" 
used an impact 
pendulum to 
conclude that tuber 
damage primarily 
depended upon 
impact velocity and 
energy, and both 
correlated well with 
rebound angle. 
However, the 
rebound angle did 
not correlate with 
black spot bruise 
index. 

Table 12 Drop heights and weights used in some 
reported black spot bruise susceptibility research. 

Dwelle (24) 16 inch 5.3 oz 
28 inch 1 1 1 1 7 o z I  

Reeves (137) 9.8 inch 9.7 oz 

I Pavek (125) 1 6.3 inch I 1, 1.8,2.6 1 
Workman (175) 

Impact duration decreases as drop 
height increases, and increases as tuber 
weight  increase^.^' In addition, peak 
transmitted force increases as weight 
and drop height increase.12' 

Impact velocity measurement is 
important in all impact testing,lZ9 
because tuber damage is more sensitive 
to impact velocity than to tuber weight or 
diameter of the impacting object or 
impacted surface.'23 However, higher 
impact velocities primarily lead to 
shatter bruise while lower impact 
velocities lead primarily to black spot 
bruise.'l7 

Data variability can be decreased by 
using absorbed energy as the measured 
parameter." Absorbed energy increases 

17.7 inch 

Taylor (150) 

5.3 oz 

19.7 inch 4 oz 



as drop height and maturity increase. Potato tubers exhibit a 
constant coefficient of restitution, which indicates that shatter 
bruise is linearly affected by impact kinetic energy while black 
spot bruise volume is related to energy transferred at impact."' 
For low levels of absorbed energy, the coefficient of variability 
can be quite great.29 

Other Impact Methods 
Many methods have been 

used to damage tubers when 
handled individually or as a 
bulk sample. Impact has been 
applied when tubers were 
rotated i n  a special drum for a 
specific period of time.48,66 
Others have cascaded tubers 
through a zig-zag chute121 or 
passed tubers several times 
over a grader.17' An electric 
washer has been used to 
inflict damage1", where black 

(dihydroxyphenylalanine) 

decreased while black spot 
bruise increased. The results 
from these methods are 

DeMaineZz dropped tubers 
three feet onto concrete. 

When K i l l i ~ k ~ ~  dropped 
tubers of several cultivars a 
distance of 10 inches onto 
metal bars, no difference was 
found in black spot bruise 
between cultiuars. Howeuer, 
in their study, higher specific 
gravity related to increased 
black spot bruise within a 
cultiuar. 

Duncanz3 simply dropped 
tubers enmasse a distance of 
36 inches into a flat steel 

spot bruise increased as 
washing time increased, up to 
10 minutes. Tyrosine and 
DOPA 

generally not quantifiable 
since location and magnitude 
of  impact were left to chance. 

plate. 
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Penetrometer 
Air pressure has been u ~ e d ~ ~ . ' ~ '  t o  force a plunger, with a 

hemispherical end of 114 inch, into tubers. Data consisted of air 
pressure values when the plunger penetrated skin. No 
relationship to black spot bruise was noted. Greater resistance 
to penetration has been correlated with lower bruise damage.' 

ANALYSIS of BLACK SPOT BRUISE 
Several different methods have been used to analyze the 

amount or severity of black spot bruise (Table 13). 

Table 13 Characteristics of methods used to analyze black spot bruise in 
potatoes. 

Discoloration Analysis I Maior Attributes 

visual, intensity consistent for relative rankings 
not quantitative I 

visual, diameter consistent for relative rankings 
quantitative I 

optical density mare labor and equipment 
quantitative I 

tetrazolium chloride accelerates color development 
not consistent I 

light transmission 

aging in pressurized air 

Light Aided Analysis 
Visual indexes have been 24, ". 150 t o rate black spot 

bruise in a relative order. While indexes serve well in ranking 
relative black spot bruise, they do not provide quantitative 
information. Research in Washington state1' tested tuber tissue 

more equipment 
black spot bruise detection 88% 

more equipment 
accelerates color develooment 

homogenate by optical density measurements after 24 hours of 
oxidation at  162'F. 



Tubers have been sliced and analyzed using a recording 
densitometer to measure the dark pigment in each ~ 1 i c e . l ~ ~  

Some  researcher^^,^^^,^^^ used light transmission to detect 
internal discoloration. In this procedure, Birth8 notes that 88% 
of tubers with black spot bruise were detected. 

The speed of discoloration can be accelerated by placing the 
lnimum treatment sample in pressurized oxygen or air.23.'05 Am' 

of six hours was noted for humidified oxygen with equal time 
being noted by humidified compressed air. 

Volume-Area Measurements 
USDA standards160 for grades of potatoes note two category 

levels for internal discoloration exclusive of the vascular ring: 
"damage", when discoloration removal causes more than 5% 
weight loss; and "serious damage", when weight loss is more 
than 10%. Processors generally establish their own standards 
when assessing black spot bruise. Some count any visible 
discoloration as a bruised potato, while others require a certain 
number or size of discolorations before a tuber is placed into the 
bruised category. Some companies permit up to 10% peel loss 
by steam peeling, abrasive peeling, or hand peeling before 
discoloration assessments are made for black spot bruise. 

Bruise volume is a sensitive index for determining black 
spot bruise.lZ3 However, bruise volume, depth, width, or area 
are generally equivalent.129 The depth of bruise is influenced by 
cultivar and tuber specific gravity.53 

PaveklZ5 assessed the amount of discolored area by grouping 
abrasively peeled tubers into six categories. Their ratings were 
shown to have a sensitivity of 1.7 on a scale of 1 to 12 with a 
correlation coefficient of 0.93 when compared to  tests using 
tubers impacted by falling weights for bruise. 



Testing Methods for Bruise Determination 

Respiration 
Respiration of bruised sample was 150% higher than 

unbruised samples, when 10% of the surface area was 
bruised.13' 

The relationship between black spot bruise and increased 
respiration rate a t  48 hours after shaking was examined in 144 
tuber samples from different ~ources .~  Increased susceptibility 
of tubers t o  black spot bruise was accompanied by a 
proportional increase in respiration rate. 

Chemicals ~ 

The enzyme tyrosinase, which is exposed in bruised tuber 
tissue, could be oxidized with a para-cresol s01ution.l~~ 
However, other researchz3 found no relationship between 
tyrosinase and black spot bruise. 

An iodine dip (including a fluorescent ultraviolet tracer) has 
been used4 before initial bruise testing to be able to separate 
specific tubers from the general lot in the equipment being 
evaluated. The para-cresol mixture was then used to determine 
new bruises. 

The chemical pyrocatechol has been used to evaluate potato 
bruising ",119, as an alternative to  the highly caustic para-cresol 
solution. Pyrocatechol is a polyphenol that turns color in the 
presence of the enzyme phenolase. 

Tetrazolium chloride solutions have been used to enhance 
black spot discoloration in tubers.-his method may be 
acceptable for certain types of bruise but not others, a limitation 
important enough to preclude the general use of tetrazolium 
chloride for bruise analysis. 
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APPENDIX 

ANTI-BRUISE INFORMATION RESOURCES 

Over the past 10 years, members of the National Potato Anti- 
Bruise Committee have developed numerous informational 
publications, videos and computer aides that are most helpful in 
developing bruise free harvest operations. These sources of 
information are available through members of the National 
Potato Anti-Bruise Committee or their cooperating University 
publication services. The following is a partial listing of 
available information resources related to potato bruising. 

VIDEOS 
Potato Bruise Prevention "THE HARVESTER" (24 
minutes) Close-up and slow motion scenes detail potato flow 
through the potato harvester and suggest modifications to 
reduce bruise. The video shows what happens to potatoes on a 
poorly maintained harvester and suggests modifications. 

Potato Bruise Prevention "HARVESTER CHAIN 
ADJUSTMENT" (28 minutes) The video demonstrates how to 
determine harvester bed chain speed and how to improve chain 
speed ratios by changing sprockets. The video features 
computer animation and live action scenes to demonstrate the 
techniques of bed speed adjustment to reduce bruising. 

Potato Bruise Prevention "POTATO HANDLING" (11 
minutes) This video describes techniques to minimize bruise 
damage as potatoes are moved into and out of storage, 
transloaded and handled prior to cutting and planting. 

Potato Bruise Prevention "REDUCING BRUISING IN 
FRESH PACK WAREHOUSES" (10 minutes) This video 
discusses the types of bruises occurring during fresh packing 



minimize bruising. This is a valuable training tool for owners 
and operators of fresh pack warehouses. (Available in English 
and Spanish). 

Copies of the above videos can be purchased from the Ag Communications 
Center, Ag Science Building, University of Idaho, Moscow ID 83844-2332. 
Telephone 208-885-7982. 

DESIGNING POTATO STORAGE VENTILATION 
SYSTEMS Tape AG-VH-5523 (16 minutes) This video 
emphasizes the design and configuration of storage ducts, 
discusses proper air distribution, and uses a model to illustrate 
the effect of duct openings on the uniformity of air discharge 
along ducts. 

Developed by Agricultural Engineer Bill Wilcke. Order from Distribution 
Center, 3 Coffee Hall, 1420 Eckles Ave., St. Paul MN 55108. Telephone 612.625- 
8173. 

COMPUTER SOFTWARE PROGRAMS 
SPEED: A Computer Program for Potato Harvester 
Adjustment. This program allows the operator to use known 
factors of ground speed, bed chain length and sprocket size to 
determine proper bed speed and bed speed adjustments. The 
program gives the grower a desk-top view of chain and sprocket 
speeds with changing conditions and with the use of 
windrowers. Data is easily entered in the program and the 
computer calculates needed changes and presents the results on 
the screen or on a printout. 

BELTS: Economic Analysis of Potato Harvester Bed 
Change Over. This program allows the manager to project 
returns and economics of replacing hooked lag chain with belted 
chain. The program can be customized to user farm labor and 
equipment costs so that calculations reflect the individual farm. 



SPEED and BELTS are available from the author on either 5-% or 3-'h inch 
disks for MSDos systems: Steve Johnson, University of Maine Cooperative 
Extension, P.O. Box 727, Presque Isle ME 04769. Telephone 207-764-3361. 

POTATO STORAGE VENTILATION DUCT DESIGN. User 
friendly MSDos program helps design storage ventilation ducts 
for new or existing storages. Includes culvert sizing and spacing 
format. 

Order from Bill Wilcke, Agricultural Engineering Department, University of 
Minnesota, St. Paul MN 55108. Telephone 612-625-8205. 

BULLETINS AND FACT SHEETS 
Order the following from Ag Publications, Building J-20, University of Idaho, 
Moscow ID 83843. Telephone 208-885-7982. 

BRUISE FREE POTATOES: Our Goal. Bulletin no. 725. 

AN AUTOMATIC BOOM CONTROL FOR POTATO 
HARVESTERS. Information sheet no. 534. 

POTATO HARVESTING AND HANDLING OPERATIONS 
FOR QUALITY, EFFICIENCY AND SAFETY. Information 
sheet no. 835. 

Order the following from Bulletin Office, Washington State University, Pullman 
WA 99164-5912. Telephone 509-335-2857. 

REDUCING POTATO DAMAGE DURING HARVEST. 
Extension bulletin no. 646. 

REDUCING POTATO HARVESTING BRUISE. Extension 
bulletin no. 1080. 

POTATO HARVESTER CHAIN SPEED ADJUSTMENT. 
Extension bulletin no. 1558. 
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Hall, Unlvers~ty of Maine, Orono ME 04496-5741. Telephone 207-581-3185. 

POTATO BIN PILER SELECTION AND OPERATION. 
Extension potato fact sheet no. 2149. 

RESULTS OF POTATO HARVESTER BRUISE TESTS. 
Extension monograph. 

TREATING POTATOES BEFORE STORAGE. Extension 
potato fact sheet no. 1016. 

POTATO HARVESTER MODIFICATIONS FOR BRUISE 
REDUCTION. Extension potato information sheet no. F-12. 

Order the following from Bulletin Office, Michigan State University, 108 
Agriculture Hall, East Lansing MI 48824-1039. Telephone 517-355-0240. 

POTATO BRUISING. Extension fact sheet no. 2074. 



National Potato Anti-Bruise Committee Extension 
Information Contacts 

Roger Brook 
Agric Engrg Dept. 
Michigan State Univ. 
210 Farrall Hall 
East Lansing MI 48824 
(517-353-4456 

Ed Plissey 
Extension Potato Specialist 
University of Maine 
495 College Ave. 
Orono ME 04473 
(207)581-2922 

Mike Thornton 
S.W. Idaho Res. & Ext. Ctr. 
29603 U of I Lane 
Parma ID 83660 
(208)722-6701 

Gary Franc 
Ext-Res Plant Pathologist 
Univ. of Wyoming 
P.O. Box 3354 
Laramie WY 82071-3554 
(307)766-3397 

Duane Preston 
Area Ext. Agent-Potatoes 
Univ. Minn.-NDSU 
P.O. Box 301 
E. Grand Forks MN 56721 
(218)773-9614 

Robert Thornton 
Extension Horticulturist 
Washington State Univ. 
137 Johnson Hall 
Pullman WA 99163 
(509)335-2989 

Richard Zink 
Potato Specialist 
San Luis Valley Res. Ctr. 
0249 E. Road 9 N. 
Center CO 81125 
(303)754-3594 

Steve Johnson 
Area Crops Specialist 
Univ. of Maine Coop. Ext. 
P.O. Box 727 
Presque Isle ME 04769 
(207)764-3361 
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