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INTRODUCTION 

Over the  past 15 years, a number of evaluations assessing plant population of 
potato fields in Washington S t a t e  have been reported in past Washington Potato  
Conference and Trade Fair Proceedings. Counts of plants in 30 fields throughout 
t he  production a rea  showed tha t  the  intended spacing was seldom the  achieved 
spacing (Thornton 1971). When examining actual seed piece placement by 
uncovering the  planted rows, i t  was also shown tha t  the  actual  spacing was rarely 
t ha t  which the grower indicated was the  intended spacing (Thornton 1971). When 
the  a rea  where a plant would be expected was vacant, thorough examination 
showed tha t  in 90% of the  cases the  seed piece was not placed there  (Thornton 
1979). Although no a t t emp t  was made t o  determine if t he  seed piece tha t  was 
not a t  the proper location was at some other  location, i t  is sa fe  t o  assume tha t  a 
skip would in many cases result in multiple seed pieces at another location or 
locations. 

The occurrence of multiple seed pieces at some locations is supported by other 
sources of data. Before the  WSDA discontinued the practices of monitoring seed 
arrivals, dividing t he  amount of seed tha t  arrived in Washington by the  acres  
planted estimated t ha t  the  average amount of seed planted per a c r e  t o  be close t o  
2000 pounds. Surveys have shown tha t  t he  average size seed piece planted in 
Washington is approximately 1-314 oz. (Pelter 1988). Two thousand pounds of seed 
t ha t  weighs an average of 1-314 oz. results in about 18,300 seed pieces or 
potential plants per acre. The USDA preharvest field samples for Washington 
S ta te  indicate there  a r e  about 14,300 ~dent i f i ab le  plants per acre. If all of these 
unaccounted for plants a r e  assumed t o  be because of multiple seed pieces at a 
single location, 22% of t he  seed pieces planted a r e  someplace other  than where 
they were intended. This results in a high proportion of t he  plant population being 
made up of irregularly spaced plants. 

Not all plants t ha t  a r e  missing a r e  the result of not placing a seed piece at 
tha t  location. Some plant population loss is due t o  seed piece decay, seed pieces 
with no eyes or seed pieces tha t  for some reason do not result in a plant. The 
result of this is missing plants but without the  seed being in another location. 
This is a t rue  depletion in stand. This results in something less than a 100 
percent stand. Given t ha t  both of these situations occur, t he  important question 
is what e f fec t  does i t  have on tuber yield and quality? 

This Presentation is par t  of t he  Proceedings of the  1989 Washington S t a t e .Po t a to  
Conference & Trade Fair. 



IRREGULAR PLANT SPACING 

Studies were conducted in 1987 and 1988 t o  determine the  influence of missing 
and multiple seed pieces on potato tuber yield and quality. The spacing utilized in 
both years a r e  given in Table 1. 

Table I. Seed piece spacing treatments.  

Spacing No. Seed Pieces 

9 1 

4.5 1 

Connnents 

Desired spacing 

Double - seed pieces not a t  
same location 

Double - two seed pieces a t  
next intended seed piece 
location 

Single - skip 

Single skip  - 2 seed pieces 
a t  next intended seed piece 
location 

Double skip  

Double skip  - 2 seed pieces 
a t  next intended seed piece 
location 

Double skip  - 3 seed pieces 
a t  next intended seed piece 
location 

The intended (desirable) spacing was 9" between single seed pieces (plants). 
The other spacings used represent missing seed pieces or multiple seed pieces at a 
location and combination of missing and multiple seed piece placement. 

The results for 1987 and 1988 a r e  given in Table 2. Although there  was some 
difference in response between the two years, the  average for the two years show 
tha t  doubles (4.5" and 9"[2X]) gave essentially the  same to ta l  yield a s  did the  9" 
equal spacing; however, if the ent i re  population were  at those spacings twice a s  
much seed would be required and, therefore, is not likely t o  be a good choice. 



In a normal planting the re  would be  a combination of skips along with t h e  doubles 
resulting in a reduced yield. Single and double skips (18" and 27") yielded the  
s a m e  but substantially below any combination representing 9" or closer spacing. 
When doubles and skips were  both present (1812x1, 27[2X], 27[3X] ), the  loss in 
t o t a l  yield was somewhat compensated for compared t o  skips but in no case did 
t h e  yield equal the  yield of the  desired 9" or closer spacing. 

Table 2. Effect  of Seed Piece Spacing on Russet Burbank Tuber Yield and Size 
Distribution. 

Yield 
US Yo. 1" 
izlcc 
404 76 

400 76 

414 74 

268 63 

337 76 

209 49 

2118 68 

292 65 

Tvbar S i u  Di.tribution 
< 4 01. 4 - 10 or. LO - 14 or. 

X 2 x I x x 
Total US No. 1's ti5 No. 1's US Ne. 1's - 
9 12 49 65 16 21 

20 27 55 72 9 12 

21 211 3) 73 8 11 

6 9 35 56 14 23 

11 15 54 70 10 13 

4 8 17 36 15 30 

8 11 38 57 17 25 

12 19 47 72 10 16 

> 14 oz. 
x X 

Tc0t.l US No. 1's - 
7 10 

4 6 

4 s 

12 19 

9 12 

16 33 

10 15 

4 7 

The yield and percent of U.S. No. 1's was  not changed by the  9"[2X] or the  
4.5" spacing compared t o  the  9" desired spacing. Skips reduced yield and percent 
U.S. No. 1 grade tubers. Single skips reduced percent U.S. No. 1 grade tubers  less 
than double skips, but yield was not changed. Having doubles and skips (normal 
population) gives equal or higher yield than skips alone and overcomes the  e f f e c t  
of skips on percent U.S. No. I grade. 

Skips generally result in a decrease in percent of tubers < 4 oz. in s ize  
whereas doubles result in an increase in th is  size class. Where skips and doubles 
occurred together the  percent < 4 oz. size tubers was slightly more  than at the  9" 
desired spacing. The amount of large s i ze  tubers (> I4  oz.) produced was 
decreased by doubles (9[2X] ) compared t o  9" desired seed spacing. Skips resulted 
in a n  increase in large size tubers. When both skips and doubles occurred,  t h e  
percent of large s ize  tubers was lower than with skips alone but more  than with 
t h e  9" desired seed spacing except the  27[3XI spacing. 

In 1988 t h e  clone A7411-2 was included t o  determine if clones reacted 
differently than Russet  Burbank t o  irregular placement of seed (Table 3). With 
A74l l -2  seed spaced 4.5" apar t  added slightly t o  the  to ta l  yield, whereas doubles 
(9"[2Xl ) gave a reduced to ta l  yield. 



This is  opposite what occurred with Russet Burbank (Table 2). Both 4.5" and 9[2Xl 
caused a reduction in the  percent of tuber  yield t h a t  was  U.S. No. 1 grade 
compared t o  the  9" desired spacing. This again was di f ferent  than for Russet 
Burbank. Lit t le change in percent U.S. No. 1's occurred with 18", 18[2Xl or 27" 
spacings, but some yield reduction resulted. The 27[2XI and 27[3X] spacing gave a 
reduction in both the  yield and percent U.S. No. 1's compared t o  t h e  9" desired 
spacing but had higher to ta l  yield than t h e  skips alone (IS", 27"). Skips reduce 
to ta l  yield with high amount of large tubers (> 10 oz.). Adding doubles when skips 
a r e  present results in a n  increase in to ta l  yield, but i t  is st i l l  less than doubles 
alone or the  intended 9" spacing. A7411-2 to ta l  tuber yield is a f fec ted  more  by 
skips but percent U.S. No. I yield is less af fected than with Russet Burbank. 
Other  than these factors  i t  appears tha t  A7411-2 is not significantly different 
from Russet Burbank in i t s  response t o  irregular seed placement. 

Table 3. Effect  of Seed Piece Spacing on Clone A7411-2 Tuber Yield and Size 
Distribution. 

Nbr Sir. Distrihtion 
< 4 0.. 4 - 10 or. 10 - 14 or. > 16 01. 

x 2. I X x X X x 
US Wo.1'. Tor.l US No.1'. US No.1'. U.S N0.l'. 

448 83 7 9 46 56 l5 30 12 ' 14 

621 77 15 19 56 72 16 21 S 7 

36& 77 12 16 58 75 14 19 5 7 

320 82 6 7 37 45 24 29 22 26 

395 86 8 10 51 60 19 23 16 18 

273 80 3 3 24 30 n 28 34 38 

303 76 8 10 61 54 22 28 14 18 

370 77 10 12 41 54 I9 2s 16 21 

REDUCED STAND 

Each season growers and other industry personnel f a c e  t h e  question of how 
much stand reduction can be accepted and still  achieve adequa te  yield. This 
occurs in fields where for whatever reason the  intended plant population is not 
obtained. Quite of ten t h e  reason for reduced plant population is loss of seed 
pieces from seed piece decay. In 1987 the  e f f e c t  of reduced stand (percent skips) 
on several clone and cultivars was studied. The results of t h e  tr ials  a r e  presented 
here  a s  preliminary results  only. 

All clones and cultivars were  planted at a n  initial 8.8" equal d is tant  seed piece 
spacing. Stand was reduced in 10 percent increments down t o  50 percent stand 
which was equal t o  an 18.5" average in row seed piece spacing. Spacings and 
percent stand utilized in the  study and the  e f fec t  on tuber  yield is given in Table 
4. 



For the  Russet Burbank a reduction in stand from 100% (8.8" spacing) t o  50% 
(18.5" spacing) resulted in a yield reduction of 33%. On the  average each 10% in 
stand reduction resulted in a 6.7% (almost 7%) reduction in yield. Not all 10% 
reductions in stand a r e  equal in t e rms  of t he  resultant reduction in yield (Table 4). 

Table 4. Effect  of Percent  Stand on Total Tuber Yield of-  Cultivar/Clone. 

.Ilis.ing plants ware always single skips. Mob.= of plants tetraen skips varied until a t  50 2 s M  
.very 0 t h  plant ras mining. 

*Yield e h n w  and pprcent ehrnpa cmpand t o  8.8" spacins (1WZ sM). 

A stand reduction of 10% (from 100 t o  90 percent) results in a yield reduction 
of I 3  percent. An additional 10 percent stand loss (90 t o  80% stand) results in an  
additional yield loss of 6 percent ( total  loss at 80% = 19%). No additional yield 
loss resulted when the  stand was reduced from 80 t o  70 percent. Li t t le  additional 
yield was lost with t he  next 10% stand loss (70 t o  60% stand). A loss in stand 
from 60 t o  50% resulted in an additional 12% loss in yield. 

The major yield loss occurred when the stand was reduced from 100% down t o  
80%. Li t t le  stand loss occurred between 80% and 60% stand. A significant 
additional yield loss occurred with the stand reduction from 60% t o  50%. 

If the  desired plant spacing is 9" and errors  in planting result in a spacing of 
10.5 t o  12" (a stand equivalent t o  80%) an additional stand reduction from 80 t o  
60% does not significantly change tota l  yield. The major e f f ec t  of stand loss has 
already occurred due t o  poor planting. However, if close t o  100% stand is 
obtained by the  planting operation, a loss in stand up t o  20 percent reduces yield 
by 1% for each 1% stand loss. 

Yield reduction is not the only e f f ec t  of stand loss. Tuber size distribution is 
also affected (Table 5). 



Table 5. Effect  of Percent  Stand on Russet  Burbank U.S. No. I Tuber Yield and 
Size Distribution. 

Yield 
Total - 4-10 02. 10-14 02. > 14 02. 

Z Stand cwt / A - cwtlA 9. - -  cwtlA 9. 
' - -  - cwtlA - Z 

A stand reduction of 10% (100 t o  90%) results in a major shift  in U.S. No. 1 
tuber s ize  distribution (in addition t o  the  yield loss). There is a twofold increase 
in the  percent of the  U.S. No. 1 tubers t h a t  a r e  larger than 10 oz. in s i ze  with a n  
equal shift  away from 4-10 oz. size tubers. The additional stand reduction (90 t o  
50%) does not result in an additional significant change in the  percent of t h e  
tubers 4-14 oz. in size. This da ta  suggests as the  yield response did t h a t  if the  
planting operation results in less than a 100% stand, a major influence of stand 
reduction has already occurred. 

Cult ivars and clones have been shown t o  respond differently t o  seed piece 
spacing (Rupp & Thornton 1989); therefore,  i t  would be  expected t h a t  cult ivars 
and clones would also respond differently t o  changes in percent stand. Response t o  
percent stand for Russet Burbank, Norkotah, Norgold and A7411-2 a r e  shown in 
Table 4 and Figure 1. There a r e  similarities in response but also major 
differences. Norgold (Fig. I c )  and A74l l -2  (Fig. Id) do not respond the  same as 
Russet Burbank (Fig. l a )  t o  a stand depletion from 100% (8.8" spacing) t o  80% 
(11.4" spacing). This would suggest tha t  8.8" spacing is not the  desired spacing for 
this clone and cultivar. Results from seed piece spacing tr ials  has confirmed this 
(Rupp & Thornton 1989, Thornton & Iritani 1987, 1988). The cultivar Norkotah 
(Fig. Ib), on the  other hand, tends to respond to a stand reduction f rom 100% t o  
80% similar t o  Russet Burbank (Fig. l a )  although the  magnitude of t h e  response is 
greater  for A7411-2 than with Russet Burbank. An additional 10% stand reduction 
(80% t o  70%) a f fec t s  Norkotah, Norgold and A74l l -2  much more  than i t  does 
Russet Burbank, although they all show a n  increase in yield a s  a result of lower 
percent stand. 

There is  a similar trend in the  response t o  stand reduction below 80% for the  
three  cultivars and the  clone, i.e. 70% stand gives a higher to ta l  yield than stands 
above or below that. Below the  70% stand the re  is a s teady incremental  decrease  
in yield with each decrease in % stand. 



In addition, there  is a major change in the  tuber s ize  distribution (Fig. I). In all 
cases there  is a higher percentage of large tubers and a lower percentage of small 
tubers, especially when compared t o  percent stands above 80%. The magnitude of 
change t ha t  occurs is different for individual clones or cultivars. 

When tota l  yield at 50% stand is compared t o  yield at 100% stand, the re  a r e  
major differences. The loss in to ta l  yield for Russet Burbank for a 50% stand 
reduction is 33% or a 6.7% yield reduction for each 10% reduction in stand. With 
Norkotah the  yield difference between a 100% (8.8" spacing) stand and a 50% 
stand is 16% or a 3% yield reduction for each 10% stand reduction. For Norgold 
and A7411-2 i t  is 4% and 2.5% for  each 10% reduction stand when 100% is 
considered t o  be an  8.8" spacing. The e f f ec t  of t he  highest stand depletion (50%) 
for  each entry  compared t o  t he  highest yield regardless of spacing is shown in 
Table 6 .  

If the highest yleld is assumed t o  result from a d e s ~ r e d  spacing, then it can be 
seen tha t  Russet Burbank and Norkotah have a s i m ~ l a r  response t o  20% stand 
reduction. Norgold and A7411-2 respond t o  a 20% stand reduction s i m ~ l a r  t o  each 
other. Norgold and A7411-2 respond quite differently than Russet Burbank and 
Norkotah. 

Table 6 .  Effect  of a 20% Stand Loss From the Highest Yield Seed Spacing. 

Highest Yield Highest Yield Yield Change X Yield Change 
CultivarlClone Spacing X Stand cwtlA X per 10% Stand Loss 

Russet Burbank 8.8 100 206 33 9.5 

Norkotah 13.3 70 85 17 8.5 

Norgold 13.3 70 181 31 15.5 

A7411-2 13.3 70 160 28 14.0 

CONCLUSIONS 

The Russet Burbank cultivar responds favorably t o  uniform speed placement 
with an  increase in yield and more desirable tuber s ize  distribution. Missing seed 
pieces result in lower yield and less desirable tuber size distribution than when 
multiple seed pieces a r e  at a location. This suggests t ha t  errors in planter 
performance should be made on the  doubles side ra ther  than t he  skip side. 

Preliminary results from studies on percent stand indicate t ha t  the  first  20% 
stand reduction results in serious yield reduction for Russet Burbank and Norkotah 
when an  8.8" spacing is considered a s  a 100 percent stand. This is not so with 
Norgold and A741 1-2. 



Because of the  preliminary nature of the  data ,  i t  is not appropriate t o  make 
specific recommendations from this information, but the  indication is t h a t  a n  8.8" 
spacing is incorrect  for Norgold, Norkotah and A74ll-2. Further studies t o  
determine the  desired spacing and the  influence of stand reduction a r e  needed, but 
i t  appears tha t  cult ivars respond quite differently t o  loss in plant population and 
this should be kept in mind when decisions on when t o  abandon or replant a field 
a r e  being made. 
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Figure 1. Effect  of % stand on tuber yield and size distribution of a) Russet 
Burbank; b) Norkotah; c )  Norgold and d) A7411-2. 
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