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NITROGEN AND POTASSIUM FERTILIZATION OF POTATOES: 
YIELD AND SPECIFIC GRAVITY 1 

D. T. Westermann,  T. A. Tindall,  D. W. James,  and  R. L. Hurs t  2 

Abstract 

Potassium and N fertilization is often required  for m a x i m u m  pota to  
(Solanum tuberosum L.) product ion.  Nitrogen, K, and  K-sources (KC1, I~SO4) 
are known to affect yield and  quality of  pota toes  but  N and K interactions 
as affected by K-source have not  been  defined. This study evaluated the 
N*K and K-source interact ions on Russet Burbank  tuber  yields and specific 
gravity (SG) in two irr igated field exper iments .  Ni t rogen rates of  0, 112, 
224 or 336 kg ha  -1 were combined  with selected K rates of  0, 112, 224 or 448 
kg ha  1 as e i ther  KC1 or I~SO 4 in an incomple te  factorial. A mult iple linear 
regression mode l  was fit to the data and  used to predic t  yield and  SG for a 
comple te  factorial for each K-source. Both N and K applications increased 
yields independen t  of  K-source. Nitrogen decreased yields at the 336 kg ha -1 
rate. Potassium increased yields up  to 448 kg K ha -1. Both K-sources de- 
creased SG a similar a m o u n t  with N application; without  N, KC1 decreased 
SG but  I~SO 4 did not. Ni t rogen also decreased  SG. Petiole N O f N  and K 
concentra t ions  were positively related to yields and  negatively to specific 
gravities. The  pet iole K concent ra t ion  100 days after p lant ing should be 
above 4.5 for highest  tuber  yields. The  N ' K ' K - s o u r c e  interact ion was im- 
por t an t  for yields at low available N and for SG at adequate  N availabilities. 
This study showed that  N or K fertilizers can be appl ied according to their 
respective soil test concent ra t ion  and  the crop 's  requi rement ,  generally 
without  considerat ion of  K-source. 

Compendio 

Para una  producci6n max ima  de papa  (Solanum tuberosumL.) se requiere 
f r ecuen temen te  de la fertilizaci6n n i t rogenada  y potfisica. Se sabe que el 
n i t r6geno (N), el potasio (K) y las fuentes  de potasio (KCL, K2SO4) afectan 
el r end imien to  y la calidad de la papa,  pe ro  1as interacciones del N y el K en 
relaci6n a la fuente  de K no han  sido definidas. Este estudio evalu6 en dos 
exper imentos  de campo  bajo irr igaci6n las interacciones de N*K con la 
fuente  de K sobre los rend imien tos  en tub6rculos y la gravedad especlfica 
(GE) de Russet Burbank.  Dosis de n i t r6geno de 0, 112, 224 o 336 kg ha  -1 se 
c o m b i n a r o n  con dosis seleccionadas de K de 0, 112, 224 o 448 kg ha  -1 como  
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KCL o como KzSO 4 en un  factorial incompleto.  Un mode lo  de regresi6n 
lineal mfiltiple fue adaptado a los datos y utilizado para  pronost icar  el 
rend imien to  y la GE por  un  factorial completo  para  cada fuente  de K. Tan- 
to las aplicaciones de N como las de K inc rementa ron  los rendimientos  
i ndepend ien temen te  de la fuente  de K. La dosis de 336 kg ha -1 de n i t r6geno 
disminuy6 los rendimientos .  El potasio, hasta 448 kg ha ' ,  aument6  los 
rendimientos .  Ambas fuentes  de K d isminuyeron  la GE en cant idades  
similares con la aplicaci6n de N; sin N, el KCL disminuy6 la GE, lo que no 
hizo el K2PO 4. E1 N tambi6n disminuy6 la GE. Las concentraciones  de NOa- 
N y de K en  el pec io lo  es tuv ie ron  pos i t ivamente  re lac ionadas  a los 
r end im ie n to s ,  y nega t ivamen te  a l a s  gravedads  especfficas.  Las con-  
centraciones  de potasio en el peciolo,  100 dias despu6s de la siembra, 
debieron  ser superiores a 4.5 para los mas altos rendimientos  en tub6rculos. 
La interacci6n N* K* fuente  de Kfue  impor tan te  para  rendimientos  a bajo 
contenido disponible de N y para  GE a disponibilidades de N adecuadas. 
Este estudio muestra  que los fertilizantes n i t rogenados  y pofftsicos pueden  
ser aplicados de acuerdo a su concentraci6n en el suelo y los requer imientos  
del cultivo, sin considerar, genera lmente ,  la fuente  de potasio. 

In troduc t ion  

Potassium acts as an osmoticum in plants and is impor tant  for  the trans- 
location of  sugars and synthesis of  starches in potatoes (1, 5, 15). Fertilizer 
K applications are of ten requi red  for op t imum potato yields because of  a 
relatively high K requ i r emen t  compared  with o ther  irrigated crops. Fertil- 
izer K-source is known to affect  tuber  specific gravity (SG). McDole et 

al. (1978) showed that KC1 applications above r ecommended  rates decreased 
SG more  than similar K~SO 4 rates. Kunkel and Dow (1961) r epor ted  com- 
parable KC1 and K2SO 4 effects on  yield and quality; however, high SO,-S 
concentra t ions  in the irrigation water may have inf luenced their  results. In 
similar studies on  acid soils of  western Washington, applying KC1 lowered 
SG more  than K2SO 4 (12). Dubetz and Bole (1975) observed no  K effect on  
yield, n u m b e r  of  tubers, or  weight of  tubers at various N rates, but  K de- 
creased SG. Rowberry and Ketcheson (1978) r epor ted  that when K was 
withheld f rom a NPK exper imen t  the quality of  Kennebec  potatoes de- 
creased. This may only illustrate the "most limiting nutr ient" principle rather  
than a physiological N*K interaction.  

Fertilizer N applications are generally needed  since the mineralization 
of  soil organic N does not  satisfy the N requirements  of  the potato plant 
(17). Nitrogen sources are not  as critical as p lacement  and timing on tuber  
yields and quality (26). Tuber  SG decreases if more  N is available than 
neede d  for growth particularly if available dur ing late tuber  bulking (12, 
14). High petiole NO3-N concentra t ions  dur ing late tuber  bulking can be 
symptomatic of  high N availabilities that reduce  SG (15). 



1994) WESTERMANN, et al.: YIELD, SPECIFIC GRAVITY 419 

Potato plant N status can be evaluated by petiole analysis (13, 27). A 
concentra t ion of  15,000 mg kg  1 NO3-N should be maintained with in-sea- 
son N applications until about  30 days before  vine kill for  Russet Burbank. 
Plant K concentra t ion tends to decrease as the season advances (6, 28). 
The  critical petiole K concentra t ion for  irr igated Russet Burbank potatoes 
at early tuber  set, 45-55 DAP (days after planting),  was estimated to be be- 
tween 5 and 8% (9, 24). Rhue et a/.(1986) r epor ted  that 4.5% K in whole 
leaf samples during late season was sufficient to maximize yields on an acid 
sandy soil; however, no  correlat ion was made  with petiole K concentrat ion.  
A concentra t ion between 3 to 5% K in petioles with leaves at tached was 
sufficient for optimal yields (21). The  petiole K and leaf K concentra t ion 
relationship was also positive. 

Nutr ient  management  is a controllable input  that potato growers uti- 
lize to ensure high tuber yields and quality. Both N and K fertilization are 
often required  for maximum product ion.  O p d m u m  recommenda t ions  can 
only be made if the specific effects of  K-sources and their  interact ion with 
N rates are known. The  objective of  this study was to evaluate the effects of  
N and K rates f rom two K-sources on yield and SG of  Russet Burbank pota- 
toes grown on a calcareous soil unde r  irrigated conditions. 

Materials and Methods  

Field studies were conducted on  a Millville silt loam soil (coarse-silty, 
carbonatic, mesic typic Rendolls) at the Greenville Experimental  Station of  
the Utah Agricultural Experiment  Station during 1988 and 1989. Spring soil 
samples taken to a depth of  30 cm from each replication before fertilizer 
application were analyzed for selected chemical properties (Table 1). In a 
preliminary study conducted within the same field in 1987, both N and K 
fertilizer treatments affected yield and quality. The  irrigation water used at 
this location had very low NOFN , K, C1, and SO4-S concentrations (Table 1). 

TABLE 1.--Soil (0-30 cm) and irrigation water chemical properties at the 
experimental sites. 

SoiP EC e p H  NO3-N K P Zn  O.M. CaCO 3 

ds m J m g  kg "1 % - -  

1988 1.6 7.9 23.1 59 5.4 1.1 1.2 40 
1989 1.6 7.7 12.2 77 9.0 1.1 1.2 40 

Water  b E C  p H  NOa-N Ca Mg Na K C1 SO4-S 

ds m "1 m m o l  c L 1 
0.36 8.36 0.01 1.28 0.10 0.02 0.08 0.08 0.15 

aECe and  p H  on  sa tura ted  paste; NOa-N with specific ion e lect rode (18); K and  P extracted by 
NaHCOs; Zn extracted by DTPA; O.M.= soil organic  mat te r  by Walkey-Black procedure;  CaCO 3 
is acid equivalent ,  respectively. 
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TABLE 2.mTreatments, tuber yields and specific gravity of the 1988 and 1989 
experiments. 

Treatment Yield Specific Gravity 

No. Ksource Krate N rate 1988 1989 1988 1989 

- -  kg ha -1 - -  mt ha a 

1 - - - 0 0 25.4 34.9 1.079 1.091 
2 - - - 0 224 27.1 47.6 1.077 1.088 
3 KC1 112 112 36.2 49.9 1.079 1.092 
4 KC1 112 336 30.5 45.2 1.073 1.081 
5 KC1 224 0 27.9 34.1 1.076 1.087 
6 KC1 224 224 36.6 49.5 1.077 1.084 
7 KC1 448 112 37.6 55.5 1.075 1.088 
8 KC1 448 336 33.8 52.7 1.071 1.078 
9 K~SO 4 112 112 38.3 47.6 1.075 1.092 
10 I~SO 4 112 336 32.9 52.9 1.073 1.085 
11 K~SO 4 224 0 28.8 40.4 1.080 1.090 
12 K~SO 4 224 224 31.2 51.6 1.072 1.086 
13 I~SO 4 448 112 38.0 50.5 1.076 1.088 
14 K~SO 4 448 336 35.4 49.4 1.070 1.079 

Treatment significance (Pr>F) 0.001 0.001 0.001 0.001 
LSD (P=0.05) 4.2 8.6 0.003 0.004 

Coefficient of Variation, % 9.2 13.0 0.20 0.24 

Russet  B u r b a n k  po ta to  seed pieces  (0.06 kg) were p l a n t e d  24 cm apar t  
at  a d e p t h  o f  20 cm the  first week o f  May b o t h  years. I nd iv idua l  plots  con-  
t a i n e d  6 rows, each  12.2 m l o n g  a n d  0.9 m b e t w e e n  rows. U r e a  a n d  e i the r  
KC1 or  KzSO 4 at the  respect ive N a n d  K rates (Table  2) were b a n d e d  15 cm 
to the  side of  the  seed  p iece  at  p l a n t i n g .  P h o s p h o r u s ,  50 kg P ha  1 as 

Ca(H2PO4) , a n d  S, 30 kg S ha  1 as CaSO4, were b roadcas t  p r e p l a n t  a n d  in- 
c o r p o r a t e d  over the en t i r e  p lo t  a rea  before  p l an t ing .  

Wate r  was app l i ed  with small  furrows in  1988 a n d  with solid set spr in-  
klers in  1989 w h e n  40% of  the  p l a n t  available soil water  was d e p l e t e d  f rom 
the  roo t  zone .  Soil mo i s tu r e  was m o n i t o r e d  d u r i n g  the  g rowing  season with 
t ens iome te r s  p laced  in  the  row at the seed p iece  dep th .  D u r i n g  1989, the  

a m o u n t  a n d  f r e q u e n c y  of  i r r iga t ion  was based  o n  e s t ima ted  ET (evapo- 
t r an sp i r a t i on ) .  Actual  water  app l i ca t ions  were  m e a s u r e d  with catch cans  
u n d e r  the  spr inklers .  

Forty, f o u r t h  pet io les  f rom the growing  tip were s a m p l e d  f rom each 
p lo t  61, 79 a n d  106 DAP in  1988, a n d  74 a n d  101 DAP in  1989. T h e  leaves 
were i m m e d i a t e l y  s t r ipped  f rom the pe t io le  a n d  d iscarded.  T h e  pe t io le  
sample  was d r i ed  at 60 C, g r o u n d ,  a n d  s tored un t i l  ana lyzed  for  i n o r g a n i c  
chemica l  cons t i tuen t s .  A subsamp le  was ex t rac ted  a n d  N O f N  d e t e r m i n e d  
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in  t he  e x t r a c t a n t  wi th  a spec i f ic  i o n  e l e c t r o d e  (18).  A f t e r  d r y  a s h i n g  a 
s u b s a m p l e  at  500 C fo r  six hou r s ,  t he  r e s i d u e  was d i s so lved  wi th  H N O  3, a n d  
K d e t e r m i n e d  by f l ame  emiss ion ,  P by  a c o l o r i m e t r i c  p r o c e d u r e  (11),  a n d  
CI ( M e t h o d  No.  12-117-07-1-A, m e r c u r i c  t h iocya na t e )  a n d  S ( M e t h o d  No.  
12-116-10-1-C, t u r b i d i m e t r i c )  by  a n  a u t o m a t e d  i o n  ana lyze r  (L a c ha t  Ins t ru -  
men t s ,  6645 West  Mil l  Road ,  Mi lwaukee ,  W I  53218-1239, USA).  

O n e  9.1 m (1988) o r  10.7 m (1989) row b e t w e e n  two b o r d e r  rows was 
h a r v e s t e d  a f te r  v ine  r e m o v a l  in  la te  S e p t e m b e r  to  e s t ima te  t u b e r  y ie ld  a n d  
quali ty.  T u b e r s  were  g r a d e d  in to  U.S. #1 's ,  #2 ' s  a n d  culls,  a n d  w e i g h e d .  
Spec i f ic  gravi ty  was d e t e r m i n e d  by  the  w e i g h t  in  wa te r -we igh t  in  a i r  m e t h o d  
o n  a c o m p o s i t e  s a m p l e  o f  #1 a n d  #2 tubers .  

T h e  e x p e r i m e n t s  were  speci f ica l ly  d e s i g n e d  to s tudy  the  i n t e r a c t i o n s  
b e t w e e n  the  i n d e p e n d e n t  var iab les  (N a n d  K) a n d  p o t a t o  y ie ld  a n d  qua l i ty  
va r iab les  by  r e s p o n s e  surfaces .  T h e  N a n d  K ra tes  v a r i e d  f r o m  n o n e  to ve ry  
h igh .  N i t r o g e n  a n d  K ra te  c o m b i n a t i o n s  (Table  2) were  s e l e c t e d  us ing  es- 
t a b l i s h e d  fe r t i l i ze r  gu ides  to h e l p  d e f i n e  t h e  c e n t r a l  r e g i o n  o f  t he  r e s p o n s e  
sur face  (9, 17). T rea tmen t s  were  d u p l i c a t e d  with  KC1 a n d  K~SO 4 as K-sources.  
A c o m p l e t e  fac to r ia l  e x p e r i m e n t a l  d e s i g n  w o u l d  r e q u i r e  40 f e r t i l i ze r  t reat-  
m e n t s  fo r  all the  N a n d  K ra te  a n d  K-source  c o m b i n a t i o n s .  To m i n i m i z e  
cos t  a n d  the  r isk o f  u n c o n t r o l l a b l e  f i e ld  variabil i ty,  an  i n c o m p l e t e  f ac to r i a l  
wi th  14 t r e a t m e n t s  (Table  2) was u s e d  a n d  r e p l i c a t e d  f o u r  t imes .  

TABLE 3.--Mean square (MS)from the analysis of variance for yield and specific 
gravity." 

Source df 

Yield Specific Gravity 

MS88 MS89 MS 88x 10 ~ MS89x 10 ~ 

Total 63 . . . . . . . . . . . .  
Replication 3 12.66 146.18"* 27.86*** 2.63 
Treatment 15 87.15"** 186.05"** 34.93"** 78.25'** 
Model (complete) b 11 85.68"** 243.20"** 49.63'** 99.68**' 

Modified model (containing) 
"N" variables 6 54.49"** 306.09"** 61.99'** 122.22"** 
"K" variables 6 92.29"* 91.42"* 23.02"** 28.50*** 
"N*K" variables 2 10.18 24.39 26.22"** 4.10 
"C1,SO4" variables 6 4.93 46.17 17.69'** 9.84 
"Interactions" variables 8 44.32*** 130.81"* 14.75"** 22.77"*" 

Lack of fit (complete) 4 92.72"** 28.88 3.51 14.61 
Error 45 8.58 36.01 4.91 6.99 

a *. **, *** indicate significance at the 0.10, 0.05, or 0.01 probability level, respectively. 
b Contains variables of N, K, x, N 2, K 2, N'K, N'x, K'x, N2*x, K2*x,and N*K*x, where x is a 
categorical variable for C1 or SO 4. 
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Prel iminary analyses o f  variance were calculated for  potato yield and 
SG. Where  significant t rea tment  effects occur red  (Tables 2 and 3), a mul- 
tiple l inear regression model  (20) was fit to the t rea tment  means  (Table 4). 
Potassium source was in t roduced  into the model  as a categorical variable 
(+1 or -1 for  KC1 or  K2SO4) to segregate source effects on  yield and SG. All 
o ther  variables were linear and quadratic combinations of  N, K and K-source. 
This regression model  was used to predic t  yield and SG for  all cells in a 
comple te  4N x 5K factorial for  each K-source, which were subsequently 
used to develop the respective response surface. Treatments  1 and 2 (Table 
2) were duplicated in the KC1 and  K~SO 4 subsets for  the respective response 
surface. This increased the degrees of  f reedom for treatments in the ANOVA 
to 15 (Table 3). The  multiple l inear regression model  was a subdivision of  
the t rea tment  degrees  of  f reedom. 

Incomple te  factorial designs prohibi t  direct  in terpreta t ion o f  the poly- 
nomial  terms because the polynomial terms can be highly correlated,  e.g., 
N vs. N 2 (20). The  following statistical p rocedure  was used to overcome this 
disadvantage of  the otherwise highly economical  exper imental  design. Af- 
ter comput ing  the complete  regression model ,  selected variables (e.g., all 
components  involving N, six variables, in the complete  model  of  Table 4) 
were removed and the sums of  squares for  the modif ied model  de termined.  
The  difference between the complete  and modif ied  model  sums of  squares 

TABLE 4. Partial regression coefficients in multiple linear equation used to 
interpolate missing cell values." 

T u b e r  y ie ld ,  m t  h a  "1 Spec i f i c  g r a v i t y  

C o e f f i c i e n t  V a r i a b l e  1 9 8 8  1989  1 9 8 8  1989  

b 0 C o n s t a n t  2 5 . 1 " "  34.6"** 1 .079"*  1.091"** 
b I N 6.86"** 13.73"** -6 .606  x 10  .4 1 . 6 5 3  x 10  .3 

b e K 3.94*** 1 .80 -9 .632  x 10.4 -1 .126  x 10 .3 

b 3 (C1 o r  SO4) b -0.61 0 .13  -4 .259  x 104 8 . 9 5 4  x 10 .5 

b 4 N 2 -2.26*** -3.32"** -2 .744  x 10.4 -1 .356  x 10 -s'** 

b 5 K ~ -0.63** 7 .56  x 10 -~ 1 .355  x 104 9 . 6 3 2  x 10 -~ 

b 6 N * K  0 .34  -0 .32  -2 .175  x 10.4 -1 .921 x 104 

b 7 N * ( C I  o r  SO~) 1 .57  3 .01 2 . 9 2 2  x 10 -s*** 1 .015  x 10 "s 

b 8 K*(C1 o r  SO4) 0 .58  -2 .62  2 .441 x 10.4 -1 .259  x 10 8 

b 9 N2*(C1 o r  SO4) -0 .69  -1 .45  -1 .189  x 10 .3*** -5 .262  x 10.4 

bt0 K2*(C1 o r  S O  4) -0 .25  0 .55  -3 .652  x 10 ~* 2 . 2 9 3  x 104 

b n N ' K *  (C1 o r  SO4) 0 .28  0 .60  6 . 6 9 8  x 10 "4.* 2 . 0 1 6  x 10 .4 

C o e f f i c i e n t  o f  m u l t i p l e  d e t e r -  0 . 7 2 " "  0.96*** 0.98"** 0.95*** 
m i n a t i o n ,  R 2 

a*,**,**" i n d i c a t e s  s i g n i f i c a n c e  a t  t h e  0 .10 ,  0 .05  a n d  0 .01 p r o b a b i l i t y  levels.  

bCl o r  S O  4 i n t r o d u c e d  in  m o d e l  as  a c a t e g o r i c a l  v a r i a b l e .  
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was taken as a measure of  the deleted variables (Table 3). This technique 
does not  de te rmine  the significance of  individual variables in the modif ied 
models  but  ra ther  gives an overall indication of  the relative impor tance  of  
the major  components .  

A stepwise l inear regression p rocedure  was used to relate petiole nutri- 
ent  concentrat ions at each petiole sampling to tuber  yield and SG. Initial 
i ndependen t  variables were NO3-N, K, S, C1, (NO3-N) ~, K s, and (NO3-N) *C1 
(i.e., the respective nutr ient  concent ra t ion  in the petiole).  The  (NO~-N)*C1 
interact ion was included because this interact ion occurs in petioles (10). It 
was not  corre la ted to e i ther  C1 or  NO3-N (data no t  shown). The  (NO3-N)*K 
interact ion was not  included as an i ndependen t  variable because NO3-N 
was highly correlated to the interact ion (r > 0.80). Both forward and back- 
ward selection procedures  were used to de te rmine  the final model,  using a 
F-ratio of  4.0 to select or  reject  a variable. 

Results  

Only total yields are presented  and discussed since treatments did not  
significantly affect tuber grade distributions (data not  shown). Significant 
t rea tment  effects on tuber yield and SG occur red  both  years (Tables 2 & 3). 
Yields were larger and SG higher  in 1989 than in 1988, possibly reflecting 
bet ter  soil moisture management  with sprinkler irrigation. The  multiple 
linear regression model  was significant both years for  yield and SG (Table 3). 
The  "lack of  fit" was only significant for  yield in 1988. This partially oc- 
curred because of  the unusual low yield in the I~SO 4 subset with 224 kg ha 1 
N and K. Careful examination of  the data did not  reveal the cause(s) for  
this anomaly. There  was good agreement  between the response surface es- 
t imated by the regression model  and the observed t rea tment  means (coef- 
ficient of  multiple determinat ion,  Table 4). Fur ther  evidence for the accu- 
racy of  the regression model  as a predic tor  of  t rea tment  effects is given in a 
comparison of  predicted and observed yield and SG for the KC1 t rea tment  
subset in 1988 as an example for all data sets (Table 5). These data may be 
compared  with Figures 1 and 2 to help visualize the geometr ic  distribution 
of  the observed data within the region of  the predicted data. The observed 
data sets consist of  two over-lapping 2N x 2K factorials. As shown in Table 5, 
the standard error  (SE) of  the estimated mean tends to be smaller in the 
center  of  the 4N x 5K array because neighboring cells reinforce the predict- 
ability of  a given cell, a type of  "internal replication." Typically, cells on the 
edges and corners of  the region have less re inforcement  and larger SE's. 

Yield 

Yields where 924 kg N ha 1 was applied without K fertilization were higher 
than the control  t rea tment  (ON, OK), particularly in 1989 (Table 2, Fig. 1). 
When Kwas applied with N, e i ther  as KCI or I~SO4, yields were higher  than 
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FIG. 1. Tuber  yield response surfaces for N and K rates by K-sources in 1988 and 1989. 

with N alone, with maximum yields near 112 and 224 kg N ha a for 1988 and 
1989, respectively (Fig. 1). Yields from applying 112 kg N ha 1 were among 
the highest when combined with either 112 or 448 kg K ha -1 from either K- 
source (Table 2). The highest N application, 336 kg ha a, tended to decrease 
yields. Partial linear and quadratic regression coefficients for N were signifi- 
cant both years (Table 4). The partial regression coefficients for the N*K 
and the N'K-source interactions for yields were not  significant either year. 
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Potassium effects on  yield without  N d e p e n d e d  upon  K-source. Yields 
with K~SO, were 0.9 and 6.3 mt ha 1 larger than those with KCI in 1988 and 
1989, respectively (Table 2). In 1989 when the residual soil NO3-N was low 
(Table 1), yields with 224 kg K ha -1 as KC1 without  applied N were slightly 
lower than the control.  Because the irrigation water was low in SO,-S (Table 
1), C a S t ,  was applied uniformly to all plots before  seed bed  prepara t ion  so 
these effects cannot  be expla ined in terms of  S deficiency. The  K-source 
effects are in te rpre ted  in terms of  an ion uptake antagonism between NOz- 
and CI. This interact ion is e laborated in a compan ion  paper  (7). 

Potassium applications increased yields bo th  years when N was applied. 
The  partial l inear and quadrat ic  K regression coefficients for  tuber  yield 
were significant in 1988 bu t  no t  in 1989 (Table 4). Soil test K was slightly 
h igher  in 1989 than in 1988 (Table 1). Average tuber  yields increased 1.7 
and 3.3 mt  ha 1 in 1988 and 1989, respectively, when K increased f rom 112 
to 448 kg ha  1. 

Specific gravity 

The  highest  SG was always associated with the lowest N and K rates, 112 
kg N or  K ha "1 (Table 2, Fig. 2). Nitrogen application above this rate de- 
creased SG both  years. An interact ion occur red  between N and K-sources 
in 1988 (Fig. 2). This was suppor ted  by significant partial l inear and qua- 
dratic regression coefficients for  N'K-source effects in 1988 (Table 4). The  
anomaly between K-sources in 1988 was not  readily explained except  as 
men t ioned  previously unde r  yields. The re  was no interact ion for K rate or 
source with N on SG in 1989. Without  N, 224 kg K ha 1 as KC1 lowered SG 
while K~SO 4 did no t  (Table 2). Specific gravities of  tubers f rom the two K- 
sources within the same year were nearly equivalent when N was applied. 
Potassium and N effects on  SG appear  to be largely i n d ep en d en t  and addi- 
tive when both  present.  

Petiole analysis vs yield and specific gravity 

Significant t rea tment  effects (Pr>F 0.001) on  petiole NO3-N and Kcon-  
centrat ions were obta ined  in all samplings both  years (ANOVA table not  
shown). All coefficients of  multiple de te rmina t ion  (R 2) for  the stepwise 
l inear regression models  were significant for  yield and SG (Table 6). The  
R 2 for yields generally decreased at later samplings. This may demonst ra te  
that petiole NO3-N and K concentra t ions  at earlier samplings are bet ter  
indicators of  final tuber  yields since both  decrease with plant  maturity. This 
would be particularly applicable when all the N and K fertilizers are ap- 
plied preplant.  

In 1988, l inear NO3-N and K variables, and the quadratic NO3-N vari- 
able were selected at 61 DAP for the yield relationship, while only K was 
selected at 79 and 106 DAP (Table 6). In 1989, NO~-N was selected in bo th  
samplings, along with the (NO~-N)*CI and K 2 variables at 74 and 101 DAP, 
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FIG. 2. Specific gravity response surfaces for N and K rates by K-sources in 1988 and 1989. 

respectively. The data scatter did not  allow a rigorous identification of  criti- 
cal petiole K concentrations at any sampling; however, yields were not  ap- 
preciably increased above 5% K petiole (Fig. 3). Splitting the data into two 
groups with a statistical procedure (2) showed that a critical concentration 
might  be at about 5% and 4.5% K at 79 and 106 DAP in 1988, respectively. 
This was slightly lower than previously reported for Russet Burbank 45-55 
DAP (9, 24). 
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FIG. 3. The relationship between petiole K concentration and tuber yield for the second and 
third petiole sampling in 1988. 

Only NO~-N and K concent ra t ions  were selected for the SG relation- 
ship in 1988 (Table 6). In 1989 at 74 DAP, the quadratic variables for NO3-N 
and  K, and  the l inear  variables for  NOs-N and  S were selected; while at 101 
DAP, K and (NO3-N)*C1, and  the quadrat ic  variable of  NO3-N were selected. 
All coefficients for  the selected variables were negative, except  for  NO3-N 
and  S in the first samplings. The  (NO3-N) *C1 variable apparent ly  con ta ined  
addi t ional  in format ion  no t  in the NO3-N or C1. Chlor ide  appears  to have a 
m i n o r  or  indirect  role in 1989. 

Discussion and  Conclusions 

A response  to bo th  N and  K fertilization was ant ic ipated in these stud- 
ies because the initial soil test NO3-N and  K concent ra t ions  were low (9, 17) 
(Table 1). I t  was also ant ic ipated that  448 kg K ha  a would be more  than 
sufficient for m a x i m u m  yields since the fertilizer guides only r e c o m m e n d e d  
224 kg K ha  1. The  soil at this location has a CaCO 3 acid equivalent  o f  abou t  
40% that  is domina t ed  by do lomi te  (CaMg(COa)2). This  may increase the 
K fertilizer r equ i r emen t  if a sufficient a m o u n t  of  exchangeable  and  soluble 
Mg+* is present ,  since Mg ++ competes  with K § for  up take  by plants (3). This 
indicates that  the K fertilizer r e c o m m e n d a t i o n s  should be  reevaluated,  es- 
pecially for  this growing envi ronment .  The  relat ionships between Ca, Mg 
and K are fu r the r  discussed in a c o m p a n i o n  p a p e r  on  pet iole nu t r ien t  con- 
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TABLE 6.--Regression equation selected by stepwise regression procedure for yield or 
specific gravity relative to potato petiole NO3-N, If, S and Cl concentrations at 
indicated days afler planting (DAP) in 1988 and 19897 

D A P  C o n s t a n t  R e g r e s s i o n  e q u a t i o n  b R 2 

Yield,  1988  61 -21 .9  5 . 2 0 x l 0 S * N  + 2 . 7 5 " K -  1.72x10-7*N ~ 0.72"* 

79 15.7  3 . 5 2 " K  0.49*" 

106  19.6  2 . 9 8 " K  0.50"* 

Yield,  1989  74  35 .9  5 .04x10-4*N - 2 . 4 3 4 " ( N * C 1 )  0.76** 

101 35 .0  2 .64x10-3*N - 1 .60x10-7*N 2 + 0 . 2 8 " K  ~ 0.46"* 

S.G. ,  1988  61 1 .074  1.775x10"6*N - 7 . 7 5 0 x 1 0 - n * N  2 - 1 .160xl0"~*K 2 0.68** 

79 1 .086  -3 .220x10-7*N - 1.995x10"S*K 0.61"* 

106  1 .084  -4.113x10"7*N - 1 .412xl0-S*K 0.55** 

S.G., 1989  74  1 .091 

101 1 .100  

4 .831x10-7*N + 0 . 0 4 9 " S  - 4 . 3 6 7 x 1 0 " n * N  ~ - 1 .930x10"3*K ~ 0.87** 

-2.221x10"3*K - 2 . 1 1 5 x l 0 - n * N  ~ - 1 .753x10-7"  ( N ' C 1 )  0.89** 

a**Indicates s i g n i f i c a n c e  a t  t h e  0.01 p r o b a b i l i t y  level .  

bN as  m g  N O a - N  kg~; K as %K; S as %S; C1 as %C1. 

centrations (7). 
Since the environment of these studies had a low C1 background (Table 

1), it was anticipated that there might be a N'K'K-source interaction. In- 
creasing C1 is known to depress petiole NOa-N concentration but not  protein 
N concentration in the leaves (10, 19). It is not  known if a C1 application 
from either water or fertilizer sources increases the N fertilizer requirement  
or changes the petiole NO3-N concentrat ion needed for best yields. Aver- 
age tuber yields in this study were slightly larger where I~SO 4 was applied 
compared with KC1 (41.4 vs. 40.8 mt ha-l), however this difference was not  
significant using a paired t-test. Without  applied N and relatively low initial 
soil NOa-N concentrations in 1989, yields with KC1 were lower than those 
with I~SO 4 (Table 2). When N was applied, there was no difference be- 
tween K-sources even at the highest K rate. The partial regression coeffi- 
cients for the N'K-source and N'K'K-source  variables were significant for 
only SG in 1988 (Table 4). This was also supported by the modified model 
results (Table 3). In addition, the petiole (NOa-N)*C1 interaction was only 
selected by the stepwise regression analysis for yield and SG in 1989. These 
data suggest that yields are affected by the N'K'K-source  interaction when 
available NO3-N is low. At adequate NO3-N availabilities, SG will be affected 
by the N'K'K-source  interaction more than yields. 

Response surfaces calculated with multiple regression equations for 
tuber yields and SG illustrates both main effects and interactions of  N and 
Kwith K-sources (Figs. 1 and 2). This relationship does not  separate the N, 
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K or  K-source effects n o r  the i r  in te rac t ions .  Modi f i ed  m o d e l s  c o n t a i n i n g  

on ly  "N" or  "K" var iables  were s ign i f ican t  for  yields a n d  SG (Table  3). T h e  
m o d e l s  hav ing  "N*K" i n t e r a c t i o n s  or  "K-source" var iables  were s ign i f ican t  
for  on ly  SG in  1988; while  all m o d e l s  c o n t a i n i n g  all the  " in te rac t ions"  were 

s ign i f ican t  for  b o t h  yields a n d  SG, T h e  " in te rac t ions"  m o d e l  c o n t a i n e d  vari- 

ables  tha t  were p r o b a b l y  i n t e r c o r r e l a t e d  wi th in  a n d  with m a i n  effect  infor-  
ma t i on .  This  analysis agrees  with the  actual  da ta  in  Table  2 a n d  the  calcu- 
la ted  r e sponse  surfaces (Figs. 1 a n d  2). 

T h e  N fer t i l izer  r e q u i r e m e n t  for  bes t  yields was n o t  d e p e n d e n t  u p o n  K- 
source  n o r  was the  K-source fer t i l izer  r e q u i r e m e n t  d e p e n d e n t  u p o n  N rate.  
I f  b o t h  are ini t ia l ly low, t h e n  the  n u t r i t i o n a l  n e e d s  o f  each  m u s t  be  satisfied 
for  bes t  yields. In  this study, N depressed  SG m o r e  t h a n  K, whi le  K-source 
d id  n o t  i n f l u e n c e  SG as m u c h  as K itself. N i t r o g e n  a n d  K effects o n  SG were 

addit ive.  Both  pe t io le  NO3-N a n d  K c o n c e n t r a t i o n s  were b o t h  re la ted  to 
yields a n d  SG b u t  c o m p l e x  i n t e r ac t i ons  a p p e a r e d  to obscu re  the i r  re la t ion-  
ships. O t h e r  pape r s  have addressed  the  N a n d  K rates, a n d  K-source effects 
o n  pe t io le  a n d  t u b e r  chemis t r i es  (7, 25). 
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