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Central Oregon has been an important potato seed producing a rea  for  many years. 
The growing season is short  with frequent June and late August o r  ear ly  September frosts  that 
reduce populations of aphid and insect vectors. The cool summer  nights also reduce activity of 
insect vectors that spread virus diseases. The short  growing season is an advantage in reduc- 
ing aphid population and diseases, but is a disadvantage in reducing yield potential. 

The soils a r e  mostly developed from volcanic ash that covered central Oregon when 
Mt. Mazama (Crater  Lake) blew up about 6,000 years  ago. This pumice-volcanic ash parent 
material has low K supplying power, was originally deficient in P and S, and has been acidified 
with many years '  applications of ammonium fert i l izers  and sulfur. Elemental S was often ap- 
plied to reduce scab when potato production was star ted forty years  ago in this area.  

This combination of soil and environmental conditions has developed a complex, but 
interesting, set  of production problems. 

Responses to N, P and S were evident in the f i r s t  fer t i l izer  demonstrations establish- 
ed; response f rom application of K on potatoes soon followed. The increased acidity developed 
on these poorly buffered soils,  and the possibility of response f rom l ime on these soils devel- 
oped under ar id environments has been a recent development. Previous experiments with l ime 
and potassium have varied from no response to a lime-R interaction that resulted in 3 t o  4 ton 
increases in yield when both l ime and K were applied. 

An experiment was star ted in 1978 to evaluate possible l ime responses and whether 
lime applications might accentuate K deficiencies. Treatments  of zero, 2 and 4 T lime/A and 
1.5 T of S/A were established; after thorough mixing throughout the surface foot of soil and 
t ime t o  reac t  during 1978 and 1979, these t reatments  had soi l  pH values of 4.5, 5.3, 5.9 and 
6.3. Potatoes were grown in 1979 with a standard 160-160-160-100 (N-P205-K20-S) fertilizer 
banded a t  planting. Yields in 1979 were reduced from added lime, but plant analyses showed 
higher than normal Mn levels on low pH (S treated)  plots and K deficiency was present on all 
treatments. We assumed that yields would be increased f rom l ime after  the K deficiency was 
corrected in 1980. 

The experiment was planted in 1980 with a complete l ime X K factorial (0-100-200-400- 
800 lb. K a s  KClIA) on the four replications that had been established. One thousand lbs. of 
16-20-0-14s was banded a t  planting to supply N, P and S. The experiment was irrigated with a 
solid se t  sprinkler system and routine weed control practices followed. Petiole samples were 
taken July 18 and August 5 for  analyses. 

Yields in 1980 were a surprise.  Each increase in soi l  pH reduced yields (Table 1) 
even though petiole samples exceeded 600 ppm Mn on plots with soi l  pH of 4.5. Each increment 
of KC1 applied, except fo r  the 800 lb. K r a t e  of pH 4.5, increased yields (Fig. 1 and Table 1 )  
and l ime did not influence the K response; the l ime X potassium interaction was not significant. 

K Response 

The increase in yield f rom K zero through 200, o r  possibly 400 lbs. KIA at high lime, 
was expected, However, yields were increased from 800 lbs. KIA on al l  but those S treatments 
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with soil pH below 5.0. The K check plot petiole samples qtarted with 5 to 8% K July 18 and 
had dropped to an average of 3% K August 5 (Fig. 1). However, the high K treatments had 11 
to 13% K July 18 and had only dropped to 10-12% K by August 5. We assumed this response 
from the highest KC1 rates applied was not a response from K as  a nutrient and looked for ex- 
planations. The concentrations of K, Ca and Mg in plant samples were converted to chemic- 
ally equivalent weights (Fig. 2 and Table 2). The application of KC1 decreased concentrations 
of Ca and Mg, a s  expected; however, the increase in K was sufficent to result in an increase 
in the sum of K+Ca+Mg found in the plant. 

Lime - Nitrate N - Chloride Relationships 

Nitrate N in the petiole was reduced at  low pH and with added KC1 (Table 1, Figures 
1 and 2). This was not surprising since either a pH of 4.5 o r  a high rate of C1 should reduce 
nitrification of NHq-N applied. Also, the high level of C1 should reduce the NO3-N found in 
the plant. A l l  of these effects were evident. 

Fros t  Protection 

Potassium deficiency symptoms were evident in late August when a frost occurred. 
By mid-September, vines were dead on the K check plots and on most 100 lb. K treatments. 
Vines were green with luxuriant growth on high K plots. Reduced frost damage with high KC1 
applications had been observed in previous experiments. The increased level of total cations 
(K+Ca+Mg) with the 5 to  7% C l  levels on the high KC1 treatments would be expected to increase 
the osmotic concentration of cell sap and possible reduced frost damage. Potassium deficiency 
was probably a dominating factor affecting vine death a t  low K levels, but K deficiency is not a 
good explanation for reduced damage when the 200, 400, and 800 lb. K treatments a r e  compared. 
The 400 and 800 lb. K treatments maintained vigorous vine growth through September. 

Plant Disease Relationships 

This was the second consecutive potato crop. A concerted effort was made to pick up 
cull potatoes and pull volunteer plants to reduce virus infection. However, Verticillium d- 
can be identified in all "old" potato fields in central Oregon. Previous research by Huber and 
others have shown that reduced NO3-N nutrition and increased NH4 nutrition reduces Verticil- 
lium infections; specific effects of soil pH on the "early dying1' complex of disease has not been 
established. 

Summary for 198 0 Experiment 

This a r ray  of treatment effects suggests a complex set  of plant nutrition-disease- 
frost damage interactions that can affect potato production in this area. 

Possible effects of KC1 in reducing specific gravity of tubers needs to be considered; 
the use of potassium sulfate has resulted in higher specific gravity of tubers than application of 
potassium chloride in a number of experiments. However, the 800 lb. K treatments were re-  
quired to reduce specific gravity with soil pH of 5.3 and 5.9 -- the original lime check and 2 T 
lime/A plots. The complex set  of factors -- maturity, tuber moisture content, level of N 
nutrition, disease, and starch-sugar translocation -- affect specific gravity. 

The marked reduction in NO3-N concentrations measured in petiole samples a s  C1 
increased must be recognized and "taken into account" by agronomists and other consultants 
that a r e  using plant analyses to  monitor fertilizer programs and recommend N applications. 

One experiment is not enough to change recommendations for production practices. 
However, these results point strongly towards a re-evaluation of plant nutrition-disease r e -  
lationships. Changes in the NH4N0 nutrition halance with marked shifts in C1 and K ion con- 
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Experiments established near Redmond and Klamath Falls  in 1981 where ammonium 
nitrate, ammonium sulfate, and ammonium chloride were applied in combination with different 
r a t e s  of potassium chloride and potassium sulfate helped to  identify these treatment effects. 

Results from 1981 Experiment 

Results f rom the 1981 Central Oregon Experiment a r e  summarized in Table 3 for the 
yield of marketable tubers (#I and 2); Table 4 for  the yield of 1 M  oz. tubers; Tahle 5 for  spec- 
ific gravity effects; Table 6 for effects on stem soft rot. 

Yield data summarized in  Tahles 3 and 4 show there was a marked response from po- 
tassium; yields of #I  plus #2 were increased from 11.8 T/A to 29.3 T/A when the three N 
sources were averaged. The increase in 1M oz. tuhers from 2.91 T / A  to 8.77 T / A  when the 
high rate of potassium chloride was added to the ammonium chloride N source was the outstand- 
ing yield effect; most of this yield increase was realized when the potassium rate was increas- 
ed from 200 to  800 lhs. KZO/A a s  the chloride source. 

It is important to  note that yields were decreased when the broadcast N rate was in- 
creased f rom 120 to  240 lbs. NIA at  the high potassium rate;  this was t rue  for  both sulfate and 
chloride sources of fertilizers. 

Two effects of fertilizer treatments on stem soft rot should he noted in Tahle 6; (1) the 
level of stem soft rot decreased with the addition of potassium, and (2) this decrease was great- 
e r  when potassium was combined with the ammonium chloride N source. These effects on di- 
sease may he associated with higher osmotic concentrations in the cell sap that a r e  associated 
with higher rates of potassium and chloride fertilization. 

The decrease in specific gravity (Table 5 )  with the higher potassium, nitrogen, and 
chloride rates was expected. These effects have been evident on many experiments throughout 
the Northwest. However, the reduced specific gravity did not reduce the overall quality of the 
French fries. In fact, higher rates of potassium resulted in  f r i e s  with a lighter, more uniform, 
and more desirable color. This might have been the effect of higher potassium rates on starch 
content, maturity, and/or delayed conversion of starch to  swgar. Higher sugar content gives 
a darker fry color. 

Conclusions 

We have concluded that we have identified a relationship between plant nutrition and 
plant disease with potatoes. High ra tes  of potassium chloride undoubtedly has reduced frost 
damage in hoth the 1980 and 1981 Central Oregon experiments. 

There a r e  undouhtedly a number of plant maturity, plant water relationships, and cell 
sap osmotic concentration effects involved in these observations. Time of application of po- 
tassium, chloride, and nitrogen may be important in  potassium, calcium, and magnesium up- 
take. 

Plans for 1982 

Experiments will be established in the Hermiston area,  Central Oregon, and Klamath 
County. Potassium, chloride, and nitrogen sources will he compared; treatments will include 
both time and rate of application. Experimental a reas  will he fumigated to reduce Verticillium 
wilt in Klamath and Hermiston area experiments a s  part of grower practice. The plot a rea  will 
not be fumigated in Central Oregon. 

Plant samples wi l l  he taken for disease readings and chemical analyses during the 
growing season, Measurements will he made on osmotic concentrations of cell sap on selected 
treatments. 



Emphasis will be placed on evaluating effects of time and rate of potassium, chloride, 
and N source treatments on yield, quality, and nutrient uptake. Possible calcium-heat necros- 
is relationships will be evaluated in the Hermiston and Central Oregon experiment. Specific 
gravity measurements will be made on all treatments. French fry quality tests  will be run on 
selected treatments. 

Table 1. Effects of Potassium and Lime (or S) Treatments on Yield and Nutrient Concentra- 
tion in Potato Petioles. Central Oregon Exp. Sta. 1980 .  

Lime POTASSIUM TREATMENTS, l b  KIA 

or  S - 0 100 200 400 800 Avg. 

Avg. 11.35 14.09 15.15 16.72 17.42 

-------------- Yield of 81 p l u s  82, TIA------------------ 

S 8.99 10.58 12.28 13 .81  13.08 11.75 
0 5.18 7.86 9.64 11.05 12.46 u9.24 
2 TIA 3.72 7.57 9.83 11.09 11.24 8.69 
4 T/A 4.44 6.23 7.69 9.29 10.11 7.55 

Avg. 5.58 8.06 9.86 11 .31  11.72 

. - -- - ---- % N i t r a t e  (NO )-N, sampled 8-5-80-------------- 3 

S 
0 
2 TIA 
4 T/A 

S 
0 
2 ?!/A 
4 TIA 

---------- % Chloride ( C l ) ,  sampled 8-5-80--------------- 

1.4 2.6 3.3  4.3 5.5 

---------- ppm Mn (Manganese), sampled 7-18-80----------- 

--------------ppm Zn (Zinc) ,  sampled 7-18-a&----------- 



Table 2. Effects of Potassium and Lime (or S) Treatments on Potassium (K), Calcium (Ca), 
and Magnesium (Mg) Concentration Of Petioles at two Sample Dates. Central Oregon 
Exp. Sta. 1980 .  

Lime - POTASSIUM TREATPENTS, l b  K I A  

or S - 0 100 200 400 800 Avg . 

---------2 Potassium (K). sampled 7-18-80---------------- 

S 8 . 1  10.4 10.7 12.1 12 .8  10.8 
0 6.2 7.8 9.5 10.5 11.9 9.2 
2 TIA 5.5 7.3 8 .5  9 .6  11.4 8 .5  
4 T/A 5.6  6.4 8.2 9.6 11.1 8.2 

Avg. 6.4 8.0 9.2 10.5 11.8 

------------ % Calcium (Ca),  sampled 7-18-go------------- 

S .79 .64 .71 .57 .68 .68 
0 1.40 1.22 1.04 .99 .96 1.12 
2 T/A 1.61 1.44 1.39 1.12 .96 1.30 
4 T/A 1.59 1.64 1.42 1.30 1 - 0 4  '1.40 

Avg. 1.35 1.24 1.14 1.00 .91  

- - -- - - -- - X Magnesium (Mg), sampled 7-18-80------------- 

Avg. 1.68 1.42 1.20 .97 .79 

Lime - POTASSIUM 
or  S TRTS. - 

CATIONS I N  PETIOLE 
K Ca Mg Tota l  

sampled 8-5-85 
--lb KIA-- -----------me q / l O O  g-- --------- 



Table 3. Potassium, chloride, and nitrogen source  e f fec t s  on yields of #1 and #2 tubers .  
Central  Oregon Exp. Sta. (Powell Butte), 1981 

#1+R2 tuber  y i e ld  
Potassium N ~ t r o g e n  Treatment 
treatment Nln Nls Nlcl Average 

---------- TonsIAcre------ --- 

Ko 11.9, 10 .6  13.0 11.8 

K I S  13 .3  15.5 16.7 15.2 
Klcl  1 2 . 1  15.2 17.5 14.9 

K2cl 17.1 13 .1  15.5 15.2 

K4 s 17.0 20 .1  15.2 17 .4  
K4cl 19.5 18 .8  22.7 20.3 

Average 15.2 15.6 16.8 

Nlcl N2s N2cl 
K2s K+s K4cl - - -  
1 6 . 1  15.0 18.5 

LSD .05 ind iv idua l  t reatments  = 4.71 

Average f o r  t h r ee  t reatments  = 3.46 

All plots received 200 lb/A 16-20-0-14s plus 200 lb/A superphosphate (45% P 0 )banded at  
2 5 .  planting. Added N and K were  broadcast and disced before  planting. Nn = ammonlum nitrate,  

Ns = ammonium sulfate, Ncl = ammonium chloride. Ks  = potassium sulfate, Kc1 - potassium 
chloride. N1. N2 = '120 o r  240 l b  N/A added; K1, K2, K4 = 200, 400, 800 lb  K20/A.  

Table 4. Potassium, chloride, and nitrogen source  effects on yields of 10+ oz. tubers.  
Central  Oregon Exp. Sta. (Powell Butte), 1981. 

10+ oz  tuber  y i e ld  
Potassium Nitrogen Treatment 
treatment N1n N1s Nlcl Average 

----------Tons/Acre---------. 

LSD .05 individual  t reatments  = 2.73 

Average f o r  t h r ee  t reatments  = 1.77 

All plots received 200 1h/A 16-20-0-14s plus 200 lblA superphosphate (45% P205 banded a t  
planting. Added N and K were  broadcast and disced before  planting. Nn - ammonium nitrate,  
Ns = ammonium sulfate, Ncl = ammonium chloride. Ks  - potassium sulfate, Kc1 = potassium 
chloride. N1, N2 = 120 o r  240 l b  N/A added; K1, K2, K4 = 200, 400, 800 lb  K20/A. 



Table  5. Potassium, chloride, and nitrogen source  effects on specific gravity, Central 
Oregon Exp. Sta. (Powell Butte), 1981. 

- 

Potassium Nitrogen Treatment 
treatment Nln N1s Nlcl Average 

1.085 1.087 1.082 1.085 

KIS 1.083 1.089 1.085 1.086 Klcl 1.081 1.085 1.087 1.084 

Average 1.083 1.084 1.082 

Ali plots received 200 lb/A 16-20-0-14s plus 200 lb/A superphosphate (45% P2D5) panded a t  
planting. Added N and K were  broadcast and disced before planting, Nn = ammonium nitrate,  
Ns = ammonium sulfate, Ncl = ammonium chloride. Ks = potassium sulfate,  Kc1 = potassium 
chloride. N1, N2 = 120 o r  240 1b N/A added: K1, K2, K4 = 200, 400, 800 1b K O/A. 

2 

Table 6. Potassium, chloride, and nitrogen s o u r c e  effects on s t e m  soft ro t  (E-cartovora) 
Cent ra l  Oregon Exp. Sta. (Powell Butte), 1981. 

Potassium Nitrogen Treatment 
treatment N1n 1q1s Nlcl Average 

------ % in fec ted  stems------- 

Average 15.0 15.4 9 . 6  

All plots received 200 lb/A 16-20-0-14s plus 200 lblA superphosphate (45% P205 )  panded a t  
planting. Added N and K were  broadcast  and disced before  planting. Nn = ammonium nitrate,  
Ns = ammonium sulfate, Ncl = ammonium chloride. Ks = potassium sulfate, Kc1 = potassium 
chloride. N1, N = 120 o r  240 1b N/A added; K1, K2, 

2 
K = 200, 400, 800 1b K O/A. 

2 



Figure 1.  Relationship between Tuber Yield, #1 plus #2--T/A,  and Nitrate-N, Chloride, and 
Potassium Concentration of Potato Petioles. 

LIME AND POTASSIUM CHLORIDE EFFECTS ON Y I E L D  
AND CHEMICAL COMPOSITION O F  POTATO PETIOLES.  

C e n t r a l  O r e g o n  -- 1980 

TUBER Y I E L D ,  t o n s / a c r e  



Figure 2. Potassium chloride effects on nutrient concentrations in petiole samples. Central 
Oregon 1980. Concentrations expressed in chemical equivalents. 
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