
Maataloustieteellinen A ikakauskirja
Vol. 59: 131—139, 1987

Quantity and quality of potato yield as influenced by unbalanced
and excessive fertilization
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Abstract. Potato (var. Rekord) was cultivated for three years in a sandy field. It was given
various levels of three fertilizers the N, P and K composition of which in percentages was 7-11-12,
18-3-12 and 27.5-0-0. The N levels were 0, 80/60, 140/120 and 300/240 kg/ha (1983/1984-85),
but the P and K levels varied according to the composition of the fertilizers. In the first year
the yields were high regardless of fertilization. The following years the yields were clearly highest
in the plots where the fertilizer 7-11-12 was used. This was due to insufficient P and K supply
in the other plots. With increasing N fertilization the starch content and mealiness of the tubers
decreased and the flavour was degraded. The two higher N levels yielded a considerably higher
nitrate content than was measured in tubers from unfertilized plots and those receiving the
lowest levels of fertilizers. The present results point out the significance of appropriate N
fertilization for potato. A certain N amount was necessary to produce a quantitativelysatisfactory
yield but excessive amounts had an adverse effect on the quality. P and K were of minor im-
portance for the quality in this experiment, but abundant P and K fertilization was needed
for optimum yield formation. Maintenance ofsoil K level proved difficult in continuous potato
cultivation.
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Introduction

Recently, the unsatisfactory quality of table
potato has been a topic frequently discussed
in Finland. Investigations of the National
Board of Trade and Consumer Interests have
revealed that in 1983 about 30 % of the potato
bags available in shops did not fulfil the qual-
ity requirements set for table potato (Anon.
1984). The degraded quality of potato has

often been attributed to changes in potato
cultivation during the last two decades: In
Finland, a great deal of potato is grown in
specialized farms with insufficient field area
for proper crop rotation. Fertilization has also
been blamed. An opposite point of view is the
improper handling and storage.

The primary purpose of this three-year ex-
periment was to study the response of potato
quality to unbalanced and excessive fertiliza-
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Table 1. Quantities of N, P and K (kg/ha) applied in various fertilizer treatments.

Fertilizer and N p kfertilization level 1983 1984—85 1983 1984—85 1983 1984—85
7-11-12 I 80 60 126 94 137 103

» II 140 120 220 188 240 206
» 111 300 240 471 376 514 410

•8-3-12 I 80 60 13 10 53 40
» II 140 120 23 20 93 80
» 111 300 240 50 40 200 160

27.5-0-0 I 80 60 _ _

» 11 140 120 _

» 111 300 240 _
_

tion. The quality was assessed by measuring
parameters expressing the chemical composi-
tion of the tubers as well as by grading the
mealiness and flavour of cooked potatoes.
Yields and changes in the nutrient content of
the soil were also evaluated.

Materials and methods

The experiment was made at Kotkaniemi
experimental farm in Vihti, Southern Finland,
on three consecutive summers from 1983 to
1985. The field was sandy, 92 % of the soil
material being coarser than 0.06 mm in diame-
ter and the soil contained 0.9 % organic car-
bon. In 1982, spring wheat was grown in the
same field.

Three levels of three fertilizers, designated
in this paper according to their N, P and K
contents in percentages, were applied. Fer-
tilizer 7-11-12 is specially designed for table
potato. It contains K as K,S0 4 . Fertilizer
18-3-12 contains K as KCI and 27.5-0-0 only N.
The fertilizer levels corresponded to certain N
levels, but the amounts of P and K varied
(Table 1). In 1983, the N levels were 80, 140
and 300 kg/ha, in the following years 60, 120
and 240 kg/ha. To provide a reference sample,
potato was grown also with no fertilization.
In addition, 95 kg Mg as MgS04 was applied
in 1983 and 1985.

Each spring the field was harrowed lightly,
fertilizers were broadcasted and ploughed in
and the field was harrowed. The seed tubers

of the variety Record, sprouted for two weeks,
were planted 28—30 cm apart using an auto-
matic two-row machine. Each plot, sized
2.8 m X 10 m, consisted of four rows. The
experiment was arranged in four randomized
blocks. The same plots were used yearly to
find out the cumulative effect of fertilization.
The potatoes were harvested with a two-row
digger. The dates of planting and harvest as
well as the growing time were as follows:

planting harvest growing time
1983 May, 19 Sept., 9 118 d.
1984 May, 23 Sept., 6 106 d.
1985 June, 6 Sept., 23 110 d.

The yield of the two middle rows of each
plot was weighed and the tubers were divided
into three size fractions: smaller than 25 mm,
25—55 mm and larger than 55 mm. These
fractions were also weighed separately. The
potatoes of the middle size fraction were
analyzed for starch by weighing in water and
in the air at Hämeen Peruna Oy. In 1983, also
nitrate nitrogen and ascorbic acid (vitamin C)
were determined. Nitrate was extracted with
water and ascorbic acid with a mixture of
acetonitrile and water (1:1 v/v). The measure-
ments were done by liquid chromatography.
The cooking quality of the middle size frac-
tion was evaluated by grading the tubers for
flavour and mealiness. The rating of Lugt
and Goodijk (1959, ref. Ellala et al. 1971) as
modified by Ellala et al. (1971) was used.

132



Table 2. Total potato yields (t/ha) and percentages of various tuber size fractions.*

Fertilizer and fer- Total yield Tubers (%) of various size
tilization level t/ha

<25 mm 25—55 mm >55 mm

Unfertilized 23.6C 12» 80ab 8 C

7-11-12 I 32.0»bc 10»b 72 b 18ab
» II 35.8» 7 td 71 b 22»
» 111 34.1»b 6d 73 b 22»

18-3-12 I 29.5bcd Bbtd8 btd 75»b 17»b
» II 30.9» bcd 6d 77 ab I7»b

» 111 33.2» b 6cd 72b 21»
27.5-0-0 I 26.2dc I0b 79»b I2bc

» II 27.4 cdc 6d 81“ 13bc

» 111 27.6 cdc 9bc 76»b 15abc

� Each column has been tested separately. Means marked with a common letter do not differ at P =0.05.

This rating, using scores from 1 to 4, was done
by the same six trained examiners every year
in October—November. Soil samples were
taken at the beginning of the experiment from
each block and after the trial from each plot.
The samples were analyzed for P, K and Ca
according to Vuorinen and Mäkitie (1955).
The results for mealiness and flavour were
tested statistically with Wilson’s non-para-
metric analysis of variance (Wilson 1956)
and other results with the common analysis
of variance and with Student-Neuman-Keuls’
test as well as with correlation analysis (Steel
and Torrie 1980).

Results

Yields

The tuber yields are presented in Table 2.
Compared with the unfertilized yields, in-
creases of 36 %, 25 % and 11 % were ob-
tained by the lowest levels of the fertilizers
7-11-12, 18-3-12 and 27.5-0-0, respectively.
There was a slight but statistically insignifi-
cant tendency of the yields to increase as the
dose of a certain fertilizer was elevated to
the second level and, in case of the fertilizer
18-3-12, further to the highest one.

The yield of the size fraction 25—55 mm
correlated closely (r = o.92***) with the total
yield and averaged 76 % of it. The percentage

of small tubers was highest in the unfertilized
plots (Table 2). The percentage of the large
tubers (> 55 mm) increased slightly with in-
creasing fertilizer level.

The yields decreased sharply from year to
year, the overall averages of the experiment
in various years being as follows:

1983 40.6 t/ha
1984 30.6 »

1985 18.4 »

Besides unbalanced fertilization, the decrease
may partly be due to the weather which in
1983 was very favourable for potato with
an even distribution of precipitation and a
rather high temperature. The two latter years
were colder with excessive rains in July or
August. In addition, in 1985 the low yields can
also be attributed to seed tubers infected by
Erwinia carotovora.

In 1983, there were only small differences
between the yields of the various fertiliza-
tion treatments (Fig. 1). Even the unfertilized
plots yielded as much as 28.1 t/ha. In the fol-
lowing years the differences widened, and in
1984 and 1985 the fertilizer 7-11-12 produced
considerably higher yields than did the other
ones.

Chemical composition of the yield

The content of starch ranged from 11.1 %

to 17.9 %, mean 15.2 %. The unfertilized
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potatoes exhibited the highest starch content,
mean 16.5 %. The fertilizer 27.5-0-0 produced
tubers higher in starch content (15.9 °7o ) than
did the two NPK fertilizers (14.7 %). The
starch content decreased with increasing fer-
tilization and correlated closely with starch
yields (r = o.9B***) (Table 3).

Fertilization had a major influence on the
NOj-N content of the tubers. Despite the
great variation between the blocks there was
a clear tendency of N03-N content to grow
three-to-sixfold as the fertilization was in-
creased from N 80 kg/ha to N 300 kg/ha. The
nitrate content was, however, equal in tubers

fertilized with 80 kg N/ha and those not fer-
tilized at all. The vitamin C content was high-
est in the unfertilized tubers and lowest in
those given the highest levels of NPK fertili-
zers.

Mealiness and flavour
The average scores given to cooked potatoes

(Table 4) were the lower the larger quantities
of fertilizers had been applied. The fertiliza-
tion rate had a statistically significant effect
(***) on the mealiness and flavour, but the

Fig. I. Potato yields obtained from plots fertilized with various doses of three fertilizers in three years
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Table 3. Content of starch (°fo) (1983—1985), nitrate
nitrogen (mg/kg) (1983) and vitamin C (mg/
100 g) (1983) in fresh potato.*

Fertilizer and fer- Starch NOrN Vitamin C
tilization level % mg/kg mg/100 g

Unfertilized 16.5“» 23»' 14.0s

7-11-12 I 16.0s1* 15' 9.4“»
» II 14.7d 68“»' 11.3sb

» 111 13.5' 100“ 7.4 b

18-3-12 I 15.5abcd 28“»' 11.0“»
» II 15.1"1 43“»' 10.5“»
» 111 13.5' 95“» 7.7»

27.5-0-0 I 16.7“ 28“»' 12.0“»
» II 15.5“»'d 28“»' 11.6“»
» 111 15.5“»'d 70“»' 11.5“»

* Each column has been tested separately.

variation between the years was not signifi-
cant. The scores given to these two properties
correlated with each other (r =o.62***). The
scores given to unfertilized potatoes and to
potatoes receiving the lowest level exceeded
usually 2.5, which is the minimum requirement
for table potato according to Ellala et al.
(1971). The plots receiving higher levels of fer-
tilizers produced tubers of inferior mealiness
and flavour with only few exceptions.

The scores given by various examiners were
studied with correlation analysis (Table 5).
The correlation coefficients between the scores
for mealiness were considerably higher than
those for flavour. The scores given by the

examiner number five were systematically
lower than those given by the others.

Soil analyses

The various fertilizer treatments had caused
considerable changes in soil fertility parameters
(Table 6). The soil pH had decreased slightly,
the more the higher levels of fertilizers had
been applied. The amount of exchangeable Ca
had decreased consequently. The amount of
exchangeable K had decreased in all plots ex-
cept in those receiving the highest level of the
fertilizers 7-11-12 and 18-3-12. Soil P was the
higher the more P fertilization had been given.
Despite the excessive fertilizer levels given
to certain plots, the electrical conductivity
reflecting the salt content of the soil solution
was practically equally low in all plots. This
shows that ions not taken up by the crop and
not sorbed by the soil (mainly nitrate, sulphate
and chloride) had leached from the soil. The
leaching had probably occurred mainly with
soil Ca the amount of which had decreased
most in the plots receiving the highest amounts
of fertilizers.

Discussion

A potato crop of 30 t/ha contains N 120—
140 kg/ha, P 15—20 kg/ha and K 190—
240 kg/ha (Varis 1973 a). Despite the rather

Table 4. Scores given to mealiness and flavour by the examiner group.

Year Scores given to treatments

Unferti- 7-11-12 18-3-12 27.5-0-0

I II 111 I II 111 I II 111

Flavour
1983 2.9 2.7 2.4 2.2 2.5 2.3 2.1 2.6 2.3 2.4
1984 2.8 2.8 2.4 1.9 2.5 2.5 2.1 2.7 2.3 2.5
1985 2.8 2.4 2.4 2.2 2.6 2.2 2.1 2.8 2.2 2.4
Mean 2.8 2.7 2.4 2.1 2.6 2.3 2.1 2.7 2.2 2.4

Mealiness
1983 3.1 2.6 2.3 2.1 2.7 2.2 2.1 2.8 2.6 2.4
1984 3.0 2.8 2.2 1.9 2.6 2.3 2.1 2.8 2.4 2.3
1985 2.8 2.4 2.3 2.3 2.5 2.2 2.1 2.8 2.2 2.3
Mean 3.0 2.6 2.3 2.1 2.6 2.2 2.1 2.7 2.4 2.4
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Table 5. Linear correlation coefficients between scores given by various examiners to flavour and mealiness of cooked
potatoes as well as overall means of scores.

Exami- Mean Examiner
"er

2 3 4 5 6

Flavour
1 2.7 0.26»* 0.25** 0.28** o.4o*** o.46***
2 2.6 1.00 0.16"» o.37*** 0.28** o.33***
3 2.4 1.00 0.25** 0.30** 0.40»**
4 2.4 1.00 0.37*»* 0.25**
5 2.2 1.00 o.s3***
6 2.4 1.00

Mealiness
1 2.6 o.4B*** o.43*** o.ss*** 0.55*»* o.6s***

2 2.6 1.00 0.28** o.4B*** o.42*** o.63***
3 2.5 1.00 o.sl*** o.47*** 0.61*»*
4 2.3 1.00 o.4s*** o.sB***
5 2.2 1.00 o.67***
6 2.4 1.00

Table 6. Soil properties of potato field before and after the experiment.*

Fertilizer and fer- pH El.cond. Ca K P
tilization level 10~*Scm-' mg/1 mg/1 mg/1

After the trial:
Unfertilized 6.2“ 0.8b 1020“ 96b » 7.5-
7-11-12 1 6. l“b 0.8 b 962“ b 88b » 10.6b »

» II 5.9b » 0.9b 832“b 108b » 12.3b

» 111 5.8» 1.5a 812 h 185“ 18.0“
18-3-12 I 6.2“ 0.8b 995“b 81b » 8.0b »

» II 6.1“b 0.8 b 900“ b 100b » 8.0,K

» 111 5.9» l.l b 850“ b 125b 10.3b »

27.5-0-0 I 6.2“b 0.7b 975“b 71» 6.9»
» II 6.l“b 0.8 b 985 ab 82 b» 6.9»
» 111 6.0'b 0.7 b 850“ b 80b » 6.8»

Before the trial: 6.2 n.d. 1075 120 9.7
• Each column, omitting the values before the trial, was tested separately,
n.d. = not determined

low P uptake, the potato crop usually responds
to high P doses up to 130 kg/ha. The P and
K requirement of potato was in this experi-
ment satisfied only with the fertilizer 7-11-12,
particularly designed for table potato. Despite
a very unbalanced fertilization in certain plots,
rather high yields were obtained in 1983 from
all plots with only small differences between
the fertilizer treatments, because the crop
utilized the soil reserves of P and K. In the
following years, the nutrient reserves of soil,

especially those of K, were exhausted in the
coarse soil. In the plots receiving the fertilizers
18-3-12 and 27.5-0-0 it was the supply of P
and K which in the latter years had obviously
limited the yield formation. Even the lowest
level of the fertilizer 7-11-12 in which 103 or
137 kg K/ha was applied could not prevent
the depletion of soil K reserves. Only the
highest level of that fertilizer elevated the
amount of exchangeable K in the soil. On the
contrary, the level of easily soluble P was
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much more easily maintained. N fertilization
of 100 kg/ha and 110 kg/ha have produced
the highest yields in the factorial experiments
of Varis (1973 a) and Tähtinen (1977), re-
spectively. In the present trial, the maximum
yield obtained with the fertilizer 7-11-12 was
reached at the second fertilization level with
the N level of 140/120kg/ha. This result may
partly be due to the simultaneous increment
of K the quantity of which may not have been
sufficient at the lowest level of the fertilizer
7-11-12. Yet, the yield increase attributable to
the increment of the fertilization from the first
to the second level was small. The experi-
mental design used did not allow detailed
evaluation of the influenceof single nutrients.

The evaluation of mealiness and flavour of
cooked potatoes is dependent on the personal
appreciations of the examiners, and the stan-
dardization of the scale is therefore difficult.
In the present experiment, the examiners were
obviously more in agreement about the meal-
iness than they were about the flavour. Fur-
ther, mealiness is closely correlated with starch
content (Varis 1970 a), but flavour is not
so clearly connected with easily detectable
chemical characteristics. This may make meal-
iness a more reliable measure for the quality
of table potato than is flavour.

The scores of mealiness and flavour were
the lower the more N had been applied to the
plots and not at all dependent on the doses
of P and K given. Although comparison of the
absolute scores given by different examiner
groups is somewhat questionable, the in-
vestigation of the trends found in other studies
is well justified. The lowering of scores of
flavour and mealiness due to increased N
fertilization has earlier been reported by e.g.
Varis (1970 a and b, 1973 b). Also Ellala
et al. (1971) noticed that the flavour and
mealiness of potato were decreased as an NPK
dose twice the recommended one was applied.
On the contrary, the remarkable observa-
tion that the scores given were not dependent
on the doses of P and K apparently disagrees
with numerous papers. Hahlin and Johans-
son (1973) reported that P fertilization im-

proved the flavour. Varis (1973 b) made a
similar observation about P fertilization and
mealiness. In addition, the disadvantageous
effects of Cl on the quality, applied as KCI
in the fertilizer 18-3-12, were not displayed.
Compared with K2S0 4, KCI should decrease
mealiness (Varis 1970 b, Black and White
1973) and flavour (Hahlin and Johansson
1973). On the other hand, the blackening of
cooked potatoes which is a major disadvantage
of Cl was not determined in the present study.

The above anomalies in the response of
mealiness and flavour to fertilization can part-
ly be explained by the differences in starch
content of the tubers. Excessive N fertiliza-
tion was associated with low starch content
which is an indication of delayed matura-
tion, a phenomenon frequently presented in
the literature (e.g. Varis 1973 a). Now, for
some reason, the starch content and thus the
scores given were constant on a certain N level
regardless of the fertilizer used. The favourable
effect of P and the adverse effect of K (Varis
1973 a) on the starch content could not be
distinguished at the lowest level of fertiliza-
tion, probably due to the small amounts of
P and K, not exceeding the physiological
requirement of the crop. Also the quantity
of chlorine was small in the lowest dose of
the fertilizer 18-3-12. When the fertilization
was increased the disadvantageous effect of
excessive N seemed to overrule and it may
have masked the other influences.

Besides the lowering of starch content, too
high N doses also strongly elevated nitrate
concentrations in the tubers. This shows that
potato could not process nitrate nitrogen into
ammonium as effectively as N had been taken
up at the higher N levels. A high nitrate con-
tent may also reflect the unmaturation of
tubers. The nitrate contents of the potato
fertilized with the lowest fertilizer doses were
in agreement with the study of Mäkäräinen
(1984) which was based on 303 potato samples.
Further, Carter and Bosma (1974) showed
that the nitrate content of the tubers increased
steadily with increasing N fertilization. The
highest concentration reported by them was
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130 mg/kg which is near the maximum of this
study.

The present results point out the importance
of appropriate N fertilization for table potato.
A certain N dose is needed to produce an
economically satisfactory yield, but the quality
of potato seems to be detrimentally influenced
by excessive amounts. The quality was ob-
viously not equally sensitive to the unbalances

in P and K nutrition, which supports the ob-
servations made by Varis (1973 b). Abun-
dant P and K fertilization was, however, ex-
tremely important in maintaining the soil fer-
tility and thus the quantity of the yield.
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SELOSTUS

Epätasapainoisen ja liiallisen lannoituksen
vaikutus perunasadon määrään ja laatuun

Markku Yli-Halla, Esko Viikari ja
Juha Palonen
Kemira Oy, Espoon tutkimuskeskus
02271 Espoo

Rekord-perunaa viljeltiin karkealla hietamaalla kolmen
vuoden ajan ja sitä lannoitettiin Kloorivapaalla Y-lan-

noksella (lyh. Ykv) (N 7 %, P 11 %, K 12 %), Oulun
typpirikkaalla Y-lannoksella (lyh. OTR) (N 18 %, P 3 %,
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K 12 %) ja Oulunsalpietarilla (lyh. OS) (N 27.5 %).

N-lannoitustasot olivat 0, 80/60, 140/120tai 300/240 kg/
ha (1983/1984-85), mutta P- ja K-määrät vaihtelival lan-
noitteen koostumuksen mukaan. Ensimmäisenä vuonna
satoerot olivat pieniä mutta maan P- jaK-varojen ehtyessä
toisena ja kolmantena vuonna OTR:n ja OS:n avulla luo-
tetut sadot jäivät määrällisesti paljon alle Ykv:lla saatu-
jen satojen. N-lannoituksen kohotessa sadon tärkkelys-

pitoisuus pieneni, jauhoisuus aleni ja maku huononi. Kah-
della korkeimmalla N-lannoitustasolla perunoiden nitraat-
tipitoisuus oli korkeampi kuin lannoittamattomien tai pie-
nimmällä N-lannoituksella tuotettujen perunoiden. P- ja
K-lannoitus vaikuttivat tässä kokeessa ratkaisevasti sa-
don määrään mutta poikkeuksellisesti eivät sen laatuun.
Maan K-tilan ylläpito kolme vuotta jatkuneessa yhtämit-
taisessa perunanviljelyssä osoittautui vaikeaksi.
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