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ABSTRACT

Potato (Solanuxn tuberosum L „) cultivars Kennebec 
and Centennial were grown in Tucson, Arizona, in the spring 
of 1976 to evaluate interactions of several handling and 
cultural factors as part of a program to improve efficiency 
in cultural practice evaluation. The investigation measured 
effects of preplanting seed storage temperature, ethephon 
influence on breaking of rest period, seed piece spacing 
and depth, rate of nitrogen fertilizer application and date 
of harvest.

The design used was response surface with six fac
tors each tested at five levels. The two cultivars were 
tested in adjacent plots, but in separately randomized 
designs.

Preplanting seed storage temperature was most in
fluential of all treatments applied with major effects on 
rate of emergence, number of stems, yield and specific 
gravity and important interactions with spacing, depth of 
planting and ethylene. Other effects and interactions are 
discussed.

The response surface design used in this study was 
valuable in giving more interactions and information with 
fewer plots.
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INTRODUCTION

White or Irish potato (Solanum tuberosum L.) is the 
third most important vegetable crop after lettuce and canta-

i . ' , ' -loup in Arizona. Approximately 10,000 acres are grown each 
year with a value of ten million dollars. Average yield is' 
increased from 230 cwt/acre in 1968 to 300 cwt/acre in 19.72 
(Arizona Agricultural Statistics 1976). However, the average 
fresh potato yields in 1976 is 245 cwt/acre and the average 
yield of potatoes for processing is 269 cwt/acre. This in
crease is attributed mainly to use of certified seed and 
improvement in cultural practices.

Further increase in yield per acre might be achieved 
if all facotrs affecting production were investigated simul
taneously. Moreover, rapid answers are needed by farmers and 
the potato industry for improvement of the existing Cultural 
techniques associated with production and processing.

The purpose of this study is to measure effects as 
they interact, of several production practices including 
storage temperature, chemical breaking of rest, seedpiece 
depth, spacing, nitrogen rate, and harvest date on growth and 
yield of two typical potato Cultiyars under Arizona condi
tions.

1
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These factors were tested in a response surface de

sign to measure adaptability and usefulness of response sur
face design in a horticultural context.



REVIEW OF LITERATURE

Effects of Seed Piece Storage Temperature
Smith (1937) working with Irish Cobbler found that 

seedstocks stored at 40 F produced higher yields than when 
stored at either 32 F or 35 F. At 32 F he observed poor 
stand as well as low rate of emergence. Larger tubers and 
high numbers of U. S. No. 1 were noticed in this order:.50 F, 
40 F, 35 F , and 32 F. Similar results were confirmed later 
(Tritani 1968) . .

Davidson (1958) exposing potato seed pieces to differ
ent temperatures recorded earlier tuberization and maturity 
from potato seed pieces stored at 80 F , however the yield 
was lower compared to seed stored at cool temperatures.

Vincent and Pawson (1933) reported that seedpieces 
stored at cooler temperatures (below 36 F) then planted in 
soils 70 F or above showed poor stand and low emergence and 
yields. Shadbolt, Bishop and Harvey (1962) working with 
newly harvested tubers stored at low temperatures (38 F) 
and planted directly in the field, resulted in poor plant 
emergence. They related this to the rest period not being 
broken.

Murphy et al. (1967) studying the effect of different
storage temperatures on rate of emergence and yield of
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potatoes reported that seed: stored at 45 F emerged first 
followed by seedpieces stored at 38 F and 32 F, but seed 
stored at 38 F produced higher total yield than seed stored 
either at 32 F or 45 F.

Fischnich and Krug (1963) recommended that seedpiece 
storage should be at higher temperatures (8-15 C) to assure 
early yield. Although potato seedstocks stored at low 
temperatures (about 4 C) produced high yield, they could 
never reach their full potential because of their delayed 
emergence. They concluded that time of harvest, variety, 
and weather conditions are important factors in determin
ing the optimum storage conditions for high yield. One 
practice to increase the emergence of potato seed stored at 
low temperatures (below 40 F) is to warm up the seedpieces 
at 60 F or above before planting (Kehr, Akeley and Houghland 
1964; Pew et al. 19 76) .

Breaking Seedpiece Rest Period 
In areas where potatoes are grown all year around, 

breaking the rest period of the newly harvested tubers be
comes a vital concern.

Rosa (1925) was the first to report the effect of 
ethylene chlorohydrin in breaking the rest period of potatoes. 
Vacha and Harvey (1927) recorded that ethylene at a concen
tration of one part of the gas to one thousand parts of air



by volume broke the rest period and gave a substantial 
increase in sprouting of tubers.

Reid and Pratt (1972) studied the effect of ethylene 
on potato tuber respiration. They recorded an increase "in 
respiration rate five to ten times when potato tubers were 
treated with ethylene. Most workers have agreed that potato 
tubers respire more when exposed to ethylene (Sfakiotakis 
1973; Rylski, Rappaport and Pratt 1974; SOlomos and Laties 
1975).

Greach, Workman and Harrison (1973) concluded that 
ethylene might inhibit or stimulate sprouting according to 
the time of exposure and concentrations and that ethylene 
seemed to be involved in breaking rest period in potatoes. 
Rylski et al. (1974) using different ethylene concentration 
reported that ethylene shortened the rest period but in
hibited sprout elongation.

Ethylene, as described by other workers, was found to 
exert an inhibitory effect on sprouting (Furlong 1948).
Rylski et al. (1974) noticed a reduction in the growth of 
sprouts when they were exposed to 2 ul/ liter for 72 hours - 
Hughes et al. (1973) reported a cessation of growth of 
White Rose cut seed potatoes when exposed to ethylene up 
to ten ppm at 20 C for two weeks. Earlier, Elmer (1936) 
reported that inhibition of potato sprouting is caused by 
emanations from ripe apples.
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Recently, the role of ethylene in tuberization has 
been investigated by many workers. Garcia-Torres and Gomez- 
Campo (1972) recorded an increase in the number of tubers 
per plant at harvest when ethephon solution was applied to 
soil. Iritani (19 68) reported more stems per pot and more 
tubers when cut potato seed was treated with 10 cc of 
ethylene chlorohydrin/3.8 1 water. Garcia-Torres and 
Gomez-Campo (19 73) reported that addition of ethylene in
creased the number of tubers produced. Catchpole and Hillman 
(1969) induced swelling of stolons when potato sprouts were 
treated with ethylene, however the swellings were devoid of 
starch. This made them to believe that ethylene may be 
involved in early stages of tuber, initiation.. Palmer and 
Barker (1973) investigating the role of ethylene bn potato 
stolons using 2-chloroethylphosphonic acid as source of ethy
lene at concentrations of 0.067, 0.67, and 67 um> found no 
direct effect of ethylene on tuber initiation. They sug
gested that ethylene may not be directly involved in tuber 
initiation, but it would act by prohibiting stolon growth 
which is a prerequisite for tuber initiation. Biran, Gurand 
and Halevy (1972) were able to promote tuberization in 
dahlia plant by ethephon spray.

Effects of Seed Piece Spacing
Early, Rieman (1955) in his study on Russet Burbank 

in Wisconsin observed that spacing of seed pieces 12 in.



apart tended to produce larger tubers and higher total yield 
compared to the 18, 24, and 30 in. spacing. Rowberry and
Johnston (19 66) stated that seed piece spacing varies with
the varieties. They recommended 10 in. spacing of seed 
stocks was optimum for. Kennebec and Sebago, while 12-15 in. 
was best for Netted Gem and Russet Burbank. The same, results 
were confirmed by Kehr et al. (1964). They advocated that
closer spacing of Kennebec and Katahdin to control the de
velopment of oversized tubers. Bishop and Wright (1959) 
comparing the effect of two different spacings on yield and 
grade of potatoes, reported that closer spacing (7.5 in.) 
increased the total yield as well as the grade of U. S. No. 1 
tubers than Wider spacing (15.0 in.). However, Wilson (1970) 
in Maine reported a large number of small size tubers was
associated with closer spacing. He reported a significant
increase in yield at the 12 in. spacing than either the 18 
or the 20 in. spacing, but the number of the marketable 
tubers was the same in the three different spacings.

Wider space tends to increase the number of stems, 
stolons, and tubers (Svensson 1962) . He obtained more 
yields/stem in the 55 cm spacing compared to 15 cm and 30 cm 
spacings.

Bremner and Taha (1966) in their study, using three 
different spacings 12, 18, and 24 in. and two different 
cultivars King Edward and Majestic recorded an increase in



total yields, as seedpiece spacing decreased from 24 in. to 
18 in. There was no difference in yield between 12 and 18 
in, spacings. Houghland and Akeley (1959) working with 
K e n n e b e c  and Katahdin varieties recorded a higher yield when 
seed piece spacing was decreased from 9 in. to 6 in. apart. 
For Idaho fertile soils. Ohms (1962) recommended a spacing 
of 9 in. apart between seed pieces.

Mosley (1974) confirmed the results of Rieman (1955) 
and Bishop and Wright (1959)„ He obtained higher yield and 
marketable tubers with the closer spacing. He said that 
percentage of high marketable tubers in the closer spacing 
was due mainly to less tuber cullage and total reduction in 
greening. Under Arizona conditions, Pew et al. (1976) men
tioned that plant spacing varies with the variety and the 
area of production; they recommended spacing of 5 to 7 in. 
for Kennebec and Norgold. On the other hand. Nelson and . 
Stegman (19 75) emphasized that the cost of the seed tubers 
compared to the value of production must be regarded in de
termining the profitable spacing for any variety.

Effects of Planting Depth
Lorenz (1945) using 2, 4, 6, and 9 in. as different 

planting depths reported higher yield in 6 in. planting 
depths compared to 9 in. with more sunburned tubers in the 
2-in. planting depth. He also observed fewer tubers per 
hill as the depth was increased. In Michigan Clanahan (1958)



recommended a depth of 3-4 in. with shallow covering of soil 
from 1-1/2 to 2 in. Smith (1968) in his reviewing of plant
ing depth suggested a seedpiece depth of 2-3 in. below soil 
surface when ridges are used.

Moursi (1953) considering 2 in. as shallow planting 
and 5 in. as deep planting found that the rate of emergence 
was faster in the shallow planting than the deep one, but the 
final stand and the total yield were the same in both depths. 
Similar results were confirmed by Lewis and Rowberry (1973). 
Svensson (1962) investigated the effect of planting depth 
on stolon length and numbers. He noted that deep planting 
gave short stolons, however the number of stolons was not 
affected by depth of planting. Kehr, Akeley and Houghland 
(1964) mentioned that a depth of 2.5 to 5 in. is favorable 
for the development of high quality tubers. Shallow seed
piece planting subjects tubers to sunburn resulting in poor 
quality. Mosley (1974) detected an increase of yield from 
34 8 to 406 cwt/acre and U. S. No. 1 yields from 268 to 326 
cwt/acre with a reduction in tuber greening at the 5 in", 
depth compared to 3 in. depth. Pew et al. (19 76) recommended
a planting depth of 4 to 6 in. for sandy loam soils.

Effects of Nitrogen
Nitrogen fertilizer affected potato yields by in

creasing the size and the number of tubers produced. Hanley,



Jarvis and Ridgman (1965) in England found that nitrogen 
fertilizer increased number of tubers and yields of all 
grades. In Canada total tuber yields and A size tubers were 
increased when nitrogen was applied to Netted Gem potatoes 
(White, Munro and Sandgvson 1974). Dasgupta and Ghosh (1973) 
in India obtained a linear increase in tuber yields and size 
with nitrogen applications from 0 to 200 kg/hectare.
Dubetz and Bole (1975) reported increased yields of Netted 
Gem potato production with 400 lb/acre. Sawyer and 
Dallyn (1958) found that under Long Island conditions with 
Cobbler and Katahdin varieties, yields increased with 
applications up to 240 lbs of N/acre. Similar results were 
obtained by Fuehring (1974) in New Mexico where he reported 
an increase in potato yields with increase of nitrogen up to 
280 lbs/acre providing other factors are suitable.

Excessive N rates affect potato quality, cause a re
duction in tubers specific gravity and sometimes give no 
increase in total yields. Chamberland and Scott (1968) 
reported increased potato yields with nitrogen rates exceed
ing 80 lb/acre, but at the expense of the quality. Yungen, 
Hunter and Bond (1958), Murphy and Goven (1959), and Campbell 
(1960) recorded no increase in potato yields with N above 
100 lb/acre. Timm,Bishop and Schwears (1963) in California got 
over-sized tubers and no increase in U. S. No. 1 above 120
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lb/acre - Yungen et al. (1958) found no increase in U. S.
No. 1 above 100 lb N/acre.

Kunkel and Holstad (19 72) recorded a decrease in 
potato specific gravity with increased rates of nitrogen. 
Similar results were reported by Yungen et al. 1958;
Murphy and Goven 1959; Timm et al. 1960; Timm, Bishop and 
Schwears 1963; Teich and Menzies 1964; and Maas 1968.

Optimum N fertilizer rates on potatoes vary from 
place to place depending on soil conditions, rotation and 
seasonal differences. Under Arizona spring growing condi
tions Pew et al. (19 76) reported 150 lb N/acre is used now
in potato production, but Bessey (1967) found 160 lb N/acre 
inadequate to give good yields of winter planted potatoes 
when applied solely at planting. Evans (1974) in Wales 
found 150-200 kg N/hectare best in dry seasons, but less pro
ductive than 100 kg in wet seasons.

Sawyer and Dallyn (1958) on Long Island suggested 
an optimum rate of 160 lb N/acre. Maas (1968) reported 
that 55 lb N/acre is adequate for main crop grown in British 
Columbia on newly cultivated organic soils. Wilcox and 
Hoff (1970) in southwest Indiana found a range Of 135-156 
N/acre as an optimum range for yield.

Effects of Harvest Date 
Akeley, Stevenson and Cunningham (19 55) testing 

varieties in Maine for three years at four dates of vine
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killing , August 15, August 25, September 4, and September 
14 showed that early vine killing lowered the yield of all 
varieties. Early maturing varieties were least affected 
by early vine killing, but Kennebec,a late-maturing variety 
gave higher yields at late vine killing dates. Findlen 
(1964j reported similar results.

Murphy and Goven (1959). noticed a reduction in 
specific gravity when harvest date was delayed after tubers 
approached their maximum physiological maturity.

Delaying harvest was reported by many workers to 
cause an increase in yield and size (Dunton 1969, Nelson and 
Stegman 19 75, Nelson and Show 19 76). Hope, Mackay and 
Townsend (1960) obtained an increase in yield from 2 24 
bushels/acre in the first harvest date to 402 bushels/acre 
in the six harvest dates.

Chip color is affected by harvest dates (Hope et al. 
1960, Findlen 19 64). Miller, Harrington and Kuhn (1975) used 
five different harvest dates— August 13, August 17, September 
15, September 28, and October 14. Kennebec was one of the 
varieties used in this study. He recorded an improvement 
in chip color froiti the first to the third harvest. At the 
fourth harvest, chips were darker in color due to the in
crease in glucose level.

Smith (1967) reviewing the effect of date of harvest 
on potato stated that potato for processing should be
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allowed to mature. Immature tubers give low yield and poor 
dehydrated potato quality. On the other hand, mature tubers 
usually result in high processed quality, increase yield of 
the processed commodity, food value, and yield of product/ 
acre.

Chase (1974) studying the effect of different har
vest dates on the subsequent crop of potato seeds. He re
ported that early and intermediate harvests produced higher 
yield than late harvests. Moreover he found that seed
potatoes of late harvests are subjected to virus leaf roll

.

and late blight. Pew et al. (1976) mentioned that the de
cision of when to harvest depends on the market demand, 
price, variety, and the purpose. Early varieties are 
harvested before optimum maturity because of the market de
mand and the price.

Response Surface Designs 
Response surface designs are relatively recent in 

origin (Hill and Hunter 1966). These designs have been re
viewed by many workers (Box 1954, Cochran and Cox 1957, Mead 
and Pike 1975). Miller and Ashton (1960) studied the effect 
of fertilizer placement and rate of nitrogen on phosphorus 
utilization by oats using a response surface design. They 
mentioned that response surface designs helped them in get
ting an effective interaction among the factors investigated 
with few experimental units compared to factorial designs.
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Harder et al. (1957) mentioned that response surface 

designs give much information if many factors are studied 
at the same time, because it is possible to predict the 
interaction of one factor at different levels of each of 
the other factors. Robinson and Nielson (1960) comparing 
factorial designs and composite designs said that when three 
factors are studied there is no advantage of the composite 
designs over the factorial, however, with increase in number 
of factors to five or more the composite designs will in
clude fewer plots„

Hermanson (1965) studied interactions of nitrogen 
phosphorus f and potassium fertilizers on potato for maximum 
yield without causing specific gravity of tubers to fall 
below a minimum level. He recommended use: of response sur
face designs to best answer such agronomic problems.
Hehika (1972) stated that response surface methodology is 
the best system to give more information in any research 
with less cost, shorter time, and more reliability.

The use of six production factors, each with five 
variables on potato using response surface design has not 
previously reported in literature.



MATERIALS AND METHODS

Potato (Solanum tuberosum L) cultivars Kennebec and 
Centennial (W.C. 285-146) were selected for this study. 
Kennebec is grown in Arizona for commercial potato chip 
processing. In 1976, Centennial was in its first year of 
commercial production in Arizona. Seed stocks were obtained 
from Colorado and held in the laboratory at 72 F for seven 
days before storage treatments were established.

Experimental Design 
The design used in this experiment was a central 

composite-rotatable design from Cochran and Cox (1957).
This design (Plan 8A.3) involved the evaluation of response 
surfaces including six variables and five levels for each 
variable. Optimum level of each variable was selected in 
accordance with the existing practices in Arizona. Maximum 
and minimum levels were selected to meet the requirement 
of the design. Levels and corresponding rates for the 
design are shown in Table 1. Treatment combinations are 
shown in Appendix A. All plots were randomly located in 
assigned beds . Kennebec and Centennial cultivars were 
handled in separate designs.

15



Table 1. Levels (coded) and corresponding rates for treatments on Kennebec and 
Centennial.

Levels Temperature Ethylene Jjead^ SeecT Harvest N_rate
F ppm cm cm Mo/Day lbs

-2.378 34 0 15.0 5 June 2 5 Oo00

-1 . . 4 8 5.8 20.8 7.9 June 28 126.4
O' 58 10.0 25.0 lo.o July 2 160.0
+1 68 14.2 29.2 12.1 July 6 193.6
+2.378 82 20.0 35.0 15.0 July 9 240.0

H
G\
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Potato tubers were cut into 1-1/2 oz seed pieces. 

Potato seed pieces were dipped into benomyl fungicide at a 
concentration of 25 g/liter of water for control of Fusarium. 
Seed pieces were soaked in solution for half an hour then 
dried. The treated seed pieces were stored in refrigerators 
at five different temperatures for 36 days.

After storage, potato seed pieces were dipped for 
one minute in ethephon solution (Cepha brand) at five 
different concentrations to influence breaking of rest.

Land Preparation and Planting
The soil was plowed, disked, leveled, pre-irrigated 

and furrowed out. Beds were 40 inches on center and 400 feet 
long. Beds were opened in the center with a lister to a depth 
of ten inches for fertilizer application and hand planting.

The fertilizer program was designed to supply 
phosphorus in the amount commonly applied to commercial 
potatoes, however, only single super phosphate was avail
able as a separate PO^ source, forcing an application rate 
of 2400 lbs/acre.

Fertilizer was banded into each side of the opened 
bed with a Planet Junior seeder. Ammonium nitrate was 
applied as the nitrogen source in the same way at five 
rates.
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Planting was done by hand. Seed pieces were spaced 

at five intervals. Five planting depths were obtained by 
either lowering or raising the soil in the furrows. Each 
treatment had 15 seed pieces. Seed pieces were then covered 
and hilled by hand and beds shaped with a Lilleston culti
vator to assure uniformity.

Irrigation and Cultivation 
The first irrigation after planting was applied 

after most of the plants had emerged and became well estab
lished. Following irrigations were planned for application 
when tensiometer readings ranged from 30-35 centibars. Six 
irrigations were applied from first irrigation until harvest. 
It is noticed that the water level on the furrows during 
irrigation was high, covering the sides of beds in some 
areas. Psyllids were controlled by using phorate 10% 
granular at rate of 2 lbs/acre actual phorate banded on each 
side of beds 3-4 inches from seed pieces. Soil was culti
vated three times to control weeds and to hill up beds. 
Harvest was done by hand. First harvest was on June 25 and 
last harvest was on July 9.

Data Collections 
Rate of emergence was recorded periodically from the 

time plants emerged until 55 days from planting. At harvest, 
seven plants were chosen from each plot. Fresh weight of



tops, tuber grades and weights were recorded. Tubers were 
graded according to the following size: jumbo (3"), grade 
A (1-7/8 to 3") and grade B (1 to 1-7/8"). A test for 
specific gravity was conducted by measuring the weight of 
tubers in air and in water* Specific gravity was calculated 
then from the formula:

Specific gravity = weight in air - weight in water

The data were analyzed to determine the effects and 
interrelations of storage temperatures, chemical breaking 
of rest, seed piece spacing and depth., nitrogen rates and 
harvesting dates on growth and yield of potatoes.



RESULTS AND DISCUSSION

Results of this study are expressed as regression 
equations and interactions of effects of each two variables„ 
The quadratic equation shows the amount of curvature of the 
response line. Regression coefficients are used for inter
pretations. Discussion of the results is based on the 
limits of the variables used in this study. Results which 
are significant at the ten percent level are mentioned here 
without discussion; however, their effects were sufficient 
for consideration and further investigations.

In planting some plots were lower than others. 
Irrigation appeared to be excessive with water level being 
high on sides of beds. This practice appeared to affect 
all measurable plant characteristics. For future research, 
rate of irrigation should be considered as an important 
factor

Effects of storage temperature, ethylene, seed 
piece spacing, seed piece depth, harvest date, and nitrogen 
rate on emergence, number of stems, and top fresh weight 
for both Kennebec and Centennial are reported in Table 2.

Rate of Emergence
Increasing storage temperature of seed pieces in

creased significantly the rate of emergence with both
20



Table 2. Regression coefficients for effects of storage temperatures (A),
ethylene (B), seed piece spacing (C), seed piece depth (D), harvest 
date (E), and nitrogen rates (F) on rate of emergence, number of 
stems, and top fresh weight of Kennebec and Centennial.

Kennebec Centennial
Coefficients Rate of 

Emergence
Stem/Plot Top Fresh 
Number Weight/7 Hills

Rate of 
Emergence

Stems/Plot Top Fresh 
Number Weight/7 Hills

% No. lbs % No. lbs
Means 86.1 21.9 10.1. 73.3 23.5 4.7
Linear: A 9.6** 2.8** 7.5** 4.0**

B 5.0 2.7*
C 1.8*
D -2.4* -1.6
E
F . ? - .56
CV(%) 20 28 59 25 33 45
R2 .25 .31 .20 .21 .31 .16

Quadratic:
A2 -6.8 -1.9* -5.2 -1.7
B2
C2
D2
E2
F2

cv(%) 9 18 26 54 23 31 48
R2 .48 .49 .42 .41 .46 .19
A-B
A-C -6.7* *CMi

A-D 3.7**
A-E
A-F
B-C 5.8*
B-D
B-E
B-F
C-D
C-E
C-F
D-E 5.0D-F 5.0
E-F

cv(%) 9 22 31 49 20 28 53
R2 .55 .59 .69 .71 .72 w CO

* Significant at 5%; ^significant at 1%; no symbol means significance at 10%.
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Kennebec and Centennial„ This may be due to increased 
tuber respiration or a change in the biochemical balance of 
the tuber resulting in breaking of rest period. Murphy 
et'al. (1967) obtained high rate of emergence from potato 
seed pieces stored at high temperatures.

With Centennial, ethylene affected positively the 
rate of emergence (10% level). Spacing did not affect the 
rate of emergence, however, the interaction of ethylene- 
spacing affected significantly the rate of emergence. This 
could be due to increased rate of respiration or disappear
ance of growth inhibitors during the rest period as a result 
of ethylene application. Smith (1968) reported that acid 
growth inhibitors of resting tubers were removed when 
potatoes were treated With ethylene chlorhydrin.

Interaction.of storage temperature-spacing was nega
tively significant for rate of emergence; in other words, 
high levels of the two interacted variables resulted in low 
rate of emergence. High storage temperatures were reported 
earlier to cause high rate of emergence. However, there 
is no apparent logical explanation for this finding and 
further investigation of the interaction of storage 
temperature-spacing on rate of emergence is needed.

Number of Stems 
Number of stems per plot was affected significantly 

by storage temperatures in both cultivars; this might be due
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to increased rate of respiration of tubers; which resulted 
in breaking of rest period, thus causing sprouting of more 
buds. Vincent and Pawson (1933) confirmed that seed pieces 
stored at temperatures cooler than soil gave a poorer stand.

In Centennial, ethylene affected significantly the 
number of stems. This is due to the role of ethylene in 
breaking rest period of potato seed pieces (Vacha and Harvey 
1927). Iritani (1968) reported more stems per pot when cut 
potato seed pieces were treated with 10 cc of ethylene 
chlorohydrin. Increase in ethylene concentration causes 
an increase in number of stems (Figure 1). Interaction of 
temperature^spacing in Centennial was negatively significant 
for the number of stems. Since this interaction was nega
tively significant for rate of emergence also, it appears 
that rate of emergence affected directly the number of stems 
produced. If rate of emergence was low, it meant few buds 
were activated to produce sprouts thus a low number of stems 
was produced. This fact needs further investigation to de
termine the role of spacing in the production of stems.
In Kennebec the number of stems decreased by increasing 
planting depth.

Top Fresh Weight
In Kennebec top fresh weight was affected signifi

cantly by spacing; this probably was due to inter-plant 
competition for light, nutrients and moisture. Interaction



NU
M

BE
R 

OF 
ST

EM
S

24

Figure 1

ETHYLENE (PPM)

Regression line for the relationship between 
ethylene and number of stems for Centennial 
cultivar.
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of storage temperature-planting depth was highly significant 
for top fresh weight. This may be related to the fact that 
high storage temperatures encouraged early sprouting. Deep- 
rooted sprouts have more available moisture than shallow 
rooted sprouts.

In Centennial none of the variables had a signifi
cant effect on top fresh weight. It was observed that 
Centennial was more heavily affected by Fusarium sp. which 
caused yellowing of the lower leaves and reduction in growth.

Yield
High storage temperatures are significantly associ

ated with increased yield in Kennebec (Table 3) and in 
Centennial (Table 4). This may be due to early emergence. 
Early emerging sprouts maintained a higher growth rate during 
the season which led to early tuber set. Davidson (1958) 
recorded earlier tuberization and maturity from seed pieces 
stored at warm temperatures.

In Kennebec (Table 3) interaction of storage 
temperature-ethylene significantly affected yield. This is 
related to effects of high storage temperatures and high 
levels of ethylene on breaking rest period of potatoes 
resulting in early emergence, more stems, early tuberization 
and consequently higher yield (Iritani 1968:, Garcia-Torres 
and Gomez-Campo 19 73).



Table . Regression coefficients for effects of storage temperatures (A), 
ethylene (B), seed piece spacing (C), seed piece depth (D), harvest 
date (E) and nitrogen rates (F) on yield, grades and specific gravity 
of Kennebec.

Yield/ Grade A Grade B Total Weight 
of Grade A 
and Grade B

SpecificLAJe-L -L. 7 Hill Number Weight Number Weight Gravity

lbs lbs lbs lbs g/cc
Means 2.6 3.0 0.70 20.0 1.6 2.3 1.059
Linear: A 1.1** 1.7** .42** 5.4 .39** 0.81**

B .93** .24**
C .68*
D —2.6
E .41 4.1** .22
F .90* .19* .31

CV(%) 0 54 75 80 43 46 48 .52
R2 .40 .51 .49 .41 .27 .41 .20
A2 -1.7
By
Cl
P2
E2 .34 .92* .27** .29* .56**
F -2.8 -1.5*

CV(%) 53 72 75 44 44 45 .50
R 2 .51 . .61 .61 .48 .41 .55 .37A-B .55* .91* .22* .41A-C
A-D -2.1*A-E 3.5*
A-F
B-C
B-D
B-E
B-F -1.6C-D
C-E
G-F —1.6D-E
E-F

CV(%)
R2

56 76 77 45 48 49 .46.65 .75 .76 .67 .60 . 70 .70
* Significant at 5%; ■** significant at 1%; no symbol means significant at 10%.



Table 4. Regression coefficients for effects of storage temperatures (A),
ethylene (B), seed piece spacing (C), seed piece depth (D), harvest 
date (E) and nitrogen rates (F) on yield, grades and specific gravity 
of Centennial. .

Coefficients Yield/ 
7 Hill

Grade A Grade B
Number Weight Number Weight HHt

lbs
9.8 23.7
.45* 4.7*

IBs
2.2
.52*

g/cc
1.70
1.9*

- 1.8

-2 .0*
.52
.30

Means
Linear:

CV(%)

A
BC
D
E
F

Quadratic:,

lbs
3.8 3.7
1.1** 2.1**

57/ / 104
.21

.71**
151 

.28 24
54

.20
59

.19

lbs
3.2
.98*

.82*
75

.23

CV(%)

CV(%)

R
A-B
A-C
A-D
A-E
A-F
B-C
B-D
B-E
B-F
C-D
C-E
C-F
C-E
D-F
E-F

58 105
.29

.85** -2.8
118

.36 .60
53

.32

4.9*

-1.3
59 106 131 56

.54 .59 .69 54

60
.27

.47

64
.48

1.1**
68

.46

73
.61

-1.5*
.51
.41

- 1.6

-2.9**

Significant at 5%; ** significant at 1%; no symbol means significant at 10%.



Grade A
Number and weight of tubers of grade A of Kennebec 

are shown in Table 3. It is apparent that storage tempera
ture and ethylene have a highly significant effect„on number 
and weight of grade A tubers„ Nitrogen effect was signifi
cant on both number and weight of grade A tubers. V Increasing

Stseed piece spacing had a negative significant effect for the 
number of grade A tubers, which may have resulted from the 
more stems per hill competition causing small size tubers 
(Table 2). The quadratic response of harvest date on both 
number and weight of grade A tubers was positive. This 
means that delaying harvest of this cultivar beyond the 
intervals set in this study would result in an increase in 
both number and weight of grade A tubers. This could be 
true since Kennebec is a late maturing variety. Interaction 
of storage temperatureethylene significantly affected 
both number and weight of grade A tubers due to early 
emergence, establishment, and tuberization of plants.
Figure 2 shows the interaction of storage temperature- 
ethylene on the number of grade A tubers of Kennebec provided 
seed piece spacing, seed piece depth, nitrogen rate and 
harvest date are kept at their zero coded level. The 
response is shown by contour lines in the graph.

At 1.5 coded unit of storage temperature and 1.0 
coded unit of ethylene on the open circle contour line for
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seven tubers yield, the same yield is obtained as tempera
ture increases and ethylene decreases. The highest number 
of grade A tubers will fall at 2.5 coded units of both 
ethylene and storage temperatures. However, the maximum
number will fall outside the limits of this graph.

•> . ■ ■ •In Centennial (Table 4) delaying the harvest date
affected significantly the weight of grade A tubers. This 
may be related to a longer period of tuber growth. Nelson 
and Stegman (1975) reported an increase in yield and size of 
tubers when harvest was delayed. Similar results were re
ported by Dunton (1969) and Murphy and Goven (1959).

Grade B
Weight of grade B tubers of Kennebec are affected 

significantly by increased storage temperature (Table 3). 
This, as indicated earlier, could be due to early initiation 
of tuberization and more tubers set.

Kennebec and Centennial were affected by high 
temperatures in May and June which tended to increase top 
growth at the expense of tuberization. This could be the 
reason for more tubers of small size than normal.

Delaying harvest increased significantly the number 
of grade B tubers. This could be a result of increased 
growth of the tubers which were less than one inch in 
diameter. Delaying harvest was reported to cause an increase 
in size (Akeley, Stevenson and Cunningham 1955) .
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In Kennebec interaction of storage temperature- 

harvest date increased significantly the number of grade B 
tubers = This was a result of early emergence of sprouts 
and early tuber initiation. Delaying harvest would increase 
tuber size.

In Table 4, both number and weight of grade .B of 
Centennial were significantly influenced by storage tempera
tures.

Interaction of ethylene-spacing increased signifi
cantly the number of grade B tubers. It appears that 
ethylene breaks the rest period of seed pieces giving early 
emergence and more stems per hill. With wider spacing these 
stems would compete for less nutrients, light and moisture 
thus developing more small-sized tubers.

Total Weight of Grade A and Grade B
Total weight grade A and B of both Kennebec (Table 3) 

and Centennial (Table 4) were affected significantly by 
increased storage temperature. Also, the quadratic effect 
of harvest date was significant on total weight of grade A 
and grade B for both cultivars. This indicated that delay
ing harvest date could cause an increase in total weight of 
both grades.



Specific Gravity 
In Kennebec (Table 3) the quadratic effect of nitro

gen showed negative response for specific gravity. This 
indicates that increasing nitrogen beyond the optimum rate 
would cause reduction in specific gravity. Possibly high 

'nitrogen rates stimulated the vegetative growth at the ex
pense, of tuberization, resulting in immature small tubers 
which were lower in specific gravity.

In Centennial (Table 4) increased nitrogen rates 
decreased specific gravity significantly. This is in agree
ment with the finding of Kunkel and Holstad (1972) and Maas 
(1968). Table 4 shows also a positive significant effect 
of storage temperature on specific gravity. Increase of 
storage temperature increased specific gravity. This could 
be a result of early initiation of tubers by early emerged 
plants giving mature tubers at harvest (Davidson 19 58). It 
was noticed that tubers of Centennial were more mature 
than Kennebec.

With Kennebec the interaction of storage temperature- 
planting depth decreased specific gravity. This could be 
due to the decrease of top fresh weight of Kennebec 
(Table 2) causing less tuberization and producing small, 
immature sized tubers which are low in specific gravity 
(Smith 1967). Interaction of harvest date-nitrpgen on 
Centennial (Table 4) was significantly negative for specific
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gravity. This indicates that higher rates of nitrogen and 
delayed harvest decreased specific gravity. This could be 
due to increased vegetative growth as a result of high rates 
of nitrogen, producing immature tubers.

Response Surface Design 
The use of response surface design in this study 

enabled in getting more information and more effective inter
action among the factors investigated. Also, it was possi
ble to predict the interaction of one factor at different
levels of each of the other factors (Figure 2). Response

X
surface design reduced the number of plots from 106 to 53 
for each cultivar studied.



SUMMARY

Potato cultivars Kennebec and Centennial were grown 
in Tucson, Arizona, in the spring of 1976 to evaluate inter
actions of several handling and cultural factors as part of 
a program to improve efficiency in cultural practices 
evaluation. The investigation measured effects of pre
planting seed storage temperature, ethephon influence on 
breaking of rest period, seed piece spacing and depth, rate 
of nitrogen fertilizer application and date of harvest.

The design used was response surface with six factors 
each.tested at five levels. The two cultivars were tested 
in adjacent plots, but in separately randomized designs.

Increasing storage temperature increased signifi
cantly the rate of emergence, number of stems, yield, and 
grades of both cultivars. Specific gravity of Centennial 
was affected by storage temperature.

Ethylene affected significantly the number of stems 
of Centennial and grade A (number and weight) of Kennebec.

Increasing seed piece spacing affected positively 
top fresh weight and negatively the number of grade A tubers 
of Kennebec. Increasing depth of planting decreased the 
number of stems of Kennebec.
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Harvest date affected significantly grade A (weight) 

and total weight of grade A and B of Centennial. In Kennebec 
delaying harvest increased the number of grade A tubers.

Increasing nitrogen rates decreased specific gravity 
of Centennial and grade A tubers (number and weight) of 
Kennebec.

The interaction of storage temperature and ethylene 
affected significantly yield and grade A (number and weight) 
of Kennebec.

The interaction of storage temperature and spacing 
negatively affected rate of emergence and number of stems 
of Centennial.

The interaction of storage temperature and planting 
depth increased top fresh weight and decreased specific

f . ■
gravity of Kennebec.

The interaction of storage temperature and harvest 
date affected positively the number of grade B tubers of 
Kennebec.

The interaction of ethylene and spacing affected 
significantly rate of emergence and grade B (number) of 
Centennial.

The interaction of harvest date and nitrogen rate 
was negatively significant for specific gravity of Centennial.

Using response surface design in this study reduced 
the number of plots from 106 to 53 for each cultivar and



gave more information and useful interactions among the 
factors investigated.



APPENDIX A

TREATMENT COMBINATIONS FOR KENNEBEC AND CENTENNIAL

Treatment Number A B C D E F

1 -1 -1 -1 -1 -1 -1
2 1 -1 -1 -1 -1 1
3 -1 1 -1 -1 1
4 1 1 -1 -1 -1 -1
5 -i -1 1 -1 -1 1
6 1 -1 1 -1 -1 -1
7 -1 1 -1 -1 -1 -1
8 1 1 -1 -1 1 1
9 -1 -1 -1 1 -1 1

10 1 -1 -1 1 -1 -1
11 -1 1 -1 1 -1 -1
12 1 1 -1 1 -1 1
13 -1 -1 1 1 -1 -1
14 1 -I 1 1 . -1 1
15 -1 1 1 1 -1 1
16 1 1 1 1 -1 -1
17 —1 -1 -1 -1 1 1

37
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Treatment Number A B C D E F

18 1 -1 -1 -1 1 —1
19 -1 1 -1 -1 1 -1
20 1 ■ 1 -1 -1 1 • 1
21 -1 -1 1 -1 1 -1
22 1 -1 1 -1 1 1
23 -1 1 1 -1 1 1
24 1 1 1 -1 1 -1
25. . . "I 1 — 1 1 1 . -1
26 1 -1 -1 1 1 1
27 -1 1 -1 1 1 1
28 1 1 -1 1 1 -1
29 -1 -1 1 1 1 1
30 • 1 -1 1 1 1 -1
31 -1 1 1 1 1 -1
32 1 1 1 1 1 1
33 -2.37 8 0 0 0 0 0
34 2.378 0 0 0 0 0
35 0 - 2.378 0 0 0 0
36 0 2.378 0 0 0 0
37 0 0 -2 .378 0 0 0
38 0 0 2.378 0 0 0
39 0 0 . 0 -2 .378 0 0
40 0 0 0 2 .378 0 0
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Treatment Number A I3 C l3 E F

41 0 0 0 0 -2.378 0
42 0 O' 0 o 2.378 0
43 0 0 0 0 0 -2 .378
44 0 0 0 0 0 2 .378
45 0 0 0 0 0 0
46 0 0 0 0 0 0
47 0 0 0 0 0 0
48 0 0 0 0 0 0
49 0 0 0 0 0 0
50 ' 0 0 0 0 0 0 ‘
51 0 0 0 0 0 0
52 0 0 0 0 0 0
53 0 0 0 0 0 0
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