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ABSTRACT

The effects of N, P and K fertilizers on the con-
centrations of these elements in petioles and tubers of
potato (Solanum tuberosum L.) were assessed under Isfahan
potato production conditions using cv. "Cozima". Nitrogen
fertilization significantly increased the petiole NOa-N
concentrations at all samplings. A curvilinear relation-
ship between fresh tuber yield and petiole NOa-N con-
centration at the second sampling (45 days after emer-
gence) was obtained. The critical petiole NOa-N concentra-
tion was around 9.8 g kg-1 and the highest yield (38.8 Mg
ha-1) was obtained with 180-180-100 fertilizer treatment
at the petiole NOa-N concentration around 13.5 g kg-1. Use
of N fertilizer beyond the plant need considerably in-
creased protein content of tubers with no excessive NOa-N
accumilstion. Fertilization with P and K did not affect
NOa-N concentration of petioles. Fertilization with P
significantly incressed the petiole PO4-P content only at

1Part of the M.S.thesis of the second author.
ZAssistant Professor, former Gradusate Student and
Assistant Professor, respectively.
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the first sampling (22 days after emergence). However, a sig-
nificant negative correlation was obtained between fresh
tuber yield and petiole PO4-P concentration at the second
sampling. This was attributed to N increasing tuber yield and
haulm dry weight leading to the dilution of POa-P in petiol-
es. Potassium fertilization significantly increased K concen-
tration of petioles at the second and third (B5 days after
emergence) samplings. However, the degree of dependency (r2 =
0.31) of tuber yield on petiole K content was considered low
for appropriate evaluation of petioles. The results indicate
that potato is a heavy K user. Potassium fertilization might
be recommended for very high potato tuber yields or when a
heavy K user crop follows potato in rotation.
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INTRODUCTION

Maintaining nutrient concentrations in potato
plants above certain 1limits helps insure high
yvields. Nutrient content of potato petiole has been
shown to be an appropriate indicator of soil nutri-
ent availability and tuber yield potential (11, 12,
13, 14). This relationship might be used to predict
the need for or probable yield response to fertili-
zation. In this respect, the timing of sampling is
of prime importance (12). Nutrient concentrations
nsually increase after fertilization, but generally
decrease as plants approach maturity (11, 12, 13).

. Sufficiency of petiole nutritional status
might be identified by either critical nutrient
concentration (3) or critical nutrient ranges (12).
The former considers concentrations that reduce
vield more than 10% of the maximum as deficient and
the latter defines deficient, intermediate and
sufficient levels of nutrients in petioles. Fer-
tilization should be practiced when the petiole
nutrient concentration 1is at the deficient level.
However, soil available nutrients interact through
both plant absorption and dilution effects (7).

Nitrogen fertilization beyond an adequate
level increases the total N content of tubers. This
practice may result in low fertilization efficiency
(5) and high NOa-N content of tubers. However,
nutritious value of tubers might be increased due
to the added protein content of tubers.

The purpose of this study was to evaluate the

effects of N, P and K fertilization on their con-
centrations in potato petioles and tubers and to
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investigate the appropriate levels of N, P and K in
petioles for high tuber.yields under Isfahan potato
production conditions.

MATERIALS AND METHODS

"Cozima" potato (Solanum tuberosum L.) seed
pieces (averaging 53 g) were planted 0.15 m deep at
the Agricultural Experiment Station, Isfahan Uni-
versity of Technology (329, 23" N and 529, 22 E)
on a Khomeinishahr series c¢lay loam soil (typic
Haplargids, Mixed, Thermic) on April 20, 1985. The
field was under clover during the previous year and
was plowed in fall 1984. The organic carbon, total
N, available P and K content of soil were deter-
mined by standard procedures commonly used by the
Institute of Pedalogy and Soil Fertility (8). These
results are presented in Table 1.

Table 1. S50il nutrient content before fertilization.

) Organic
S0il depth carbon Total N Available P Available K
(cm) (%) (%2 (mg kg=1) (mg kg~1)
0-30 0.48 0.067 16.0 170
30-60 0.29 0.061 4.5 180

A factorial experiment using a randomized
complete block design with three replications was
employed with four rates of N (0, 90, 180 and 270
kg ha-1) as urea, three rates of P20s (0, 90 and
180 kg ha-1) as treble superphosphate and three
rates of K20 (0, 100 and 200 kg ha-1) as potassium
sulfate. Fifty percent of N of each treatment and
all P and K fertilizers were band placed in soil



before planting about 0.15 m at each side and
0.06 m below potato seed pieces. The remainder of N
fertilizer of each treatment was side placed about
a week after tuber initiation (about 50X flowering)
by digging narrow furrows on each side of the beds.
The furrows were covered with soil after N fertil-
izer placement. Each experimental plot consisted of
four beds, 0.25 m high, 1 m apart and 10 m long.

The experiment was furrow irrigated three
times until 50% emergence (30 days after planting)
and then was irrigated ss the average of three
tensiometers (placed 0.30 m deep and between two
successive plants on three different spots of the
field) indicated a matric potential of -0.5 atmos-
phere for soil water. Each irrigation brought the
s0il moisture back to near field capacity to the
depth of 0.60 m.

A 0.15% suspension of benomyl (a wettable pow-
der containing 50% methyl-benzimidazole carbamate)
was used to disinfect potato seed pieces before
planting. Weeds were controlled by a combination of
hand weeding and a preemergence application of DCPA
(dimethyl-tetrachloroterephthalate) herbicide at
8.0 kg a.i. ha-1,

Fifty petiole samples per plot were taken from
the fourth fully expanded leaves (3) at 22, 45 and
65 days =aftér emergence. Petioles were oven-dried
at B50C for 48 hr, milled to pass 1 mm screen and
then analyzed for NOa-N and PO4-P by spectrophoto-
metry (4) and for total K by flame photometry (2).

Experimental plots (the middle two rows, 10 m
long) were hand harvested for tuber yield determi-
nation when about 90%¥ of leaves turned yellow (O
and 90 kg ha-1 N fertilizer levels) or when second-
ary growth was noticed on tubers (180 and 270 kg
ha-1 N fertilizer levels). A random sample (around
1 kg) was taken from harvested tubers of each plot,
washed to remove soil and towel dried. Tubers were
then sliced, oven-dried at 865°C for 48 hr and
milled to pass 1 mm sieve. Samples taken from each
treatment over replications were thoroughly
mixed to provide a composite sample for chemical
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analysis. Total N was determined by wet ash diges-
tion and micro-Kjeldahl method (8). The NOa-N
concentration was detérmined by spectrophotometry
(4). Tuber protein content was estimated by organic
N times B6.25. Potassium and P contents were deter-
mined using spectrophotometry and flame photometry
procedures, respectively (2).

Data were subjected to analysis of variance
and means were compared using Duncan s multiple
range test. The relationships between fresh tuber
vield and petiole nutrient content were determined
using correlation and regression procedures (10).

RESULTS AND DISCUSSION
Petioles NOs-N

Nitrate-N content of petioles was significantly
(P<0.01) affected by N fertilization at all sam-
pling dates (Table 2). The petiole NOa-N concentra-
tion increased as higher rates of N fertilizer were
applied (Table 3). Similar results are reported by
Timm et &l1. (11) and Westermann and Kleinkopf (14).
The highest petiole NOs-N concentrations were
obtained at the second sampling, which was 10 days
after side placing N fertilizer and about two weeks
after tuber initistion. Petiole NOa-N concentra-
tions (g kg-1) ranged between 2.8 - 14.5 at the
first sampling, 1.1 - 16.5 at the second sampling
and 0.3 - 11.2 at the third sampling.

Fresh tuber yield showed highly significant
(P<0.01) linear correlations with the petiole NOa-N
concentration at all samplings (0.61, 0.87 and 0.62
at 22, 45 and B85 days after emergence, respective-
ly). Curvilinear regression of the fresh tuber
vield on the petiole NOa-N concentration at 45 days
after emergence was significant (P<0.01) over line-
ar regression. This curvilinear relationship is
shown in Fig. 1. According to this regression anal-
ysis, the maximum yield (about 31.8 Mg ha-1) may be
obtained with 16.6 g kg-1 petiole NOa-N concentra-
tion. However, a much higher yvyield was obtained
with a lower petiole NOs-N concentration (as will
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Table 3. Effects of N fertilizer (kg ha-1) on NOa-N,

petioles at 227, 45 and 85 days mmnoﬂ.mamwmQ:om.

PO4-P and K contents of

Fertilizer NOs-N (g k1) PO4-P (g kg—1) K (% of dry weight)
rate 22 45 65 22 45 65 22 45 85

0 4 _0c 2.1d 1.2d 3.4a 2.5a2 1.2a 10.6a 9.9a 9.0a

90 8.5b 7.7c  2.4c 3.3a 2.1lb 1.2a 10.3b 9.3b 8.7

180 7.3b 12.5b 4.5b 3.5a 1.96 1.3a 10.1b 9.0c 8.6b
270 11.5a 14.8a 8.3a 3.5a 2.0b 1.3a 10.2b 8.9¢c 8.8Bb

tOnly 50% of N was applied at this sampling.

fTreatment means (averages over all rates of applied Pz0s and Kz20) within a
category and column followed by the same letter are not significantly different

at the 5% probability level according to the Duncan’s multiple range test.
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Fig. 1. The relationship between final tuber
yield and NOa-N in petioles at 45 days
after emergence.

be discussed later) indicating the importance of
sufficiency and interaction with other nutrients.
Nevertheless, the petiole HNOa-N concentration at
90% of the maximum vield was considered as the
critical N concentration lewel (3) which was 9.8 g
kg-1. Tyler et al. (12) have considered petiole
NOs-N concentrations at mid-season sampling (from
early tuber set until tubers are half grown) great-
er than 9.0 g kg-1 as sufficient and 6.0 to 9.0 g
kg-1 as intermediate level for California potato
production conditions. Westermann and Kleinkopf
(14) found that petiole NOa-N concentrations about
15 g kg-1 during linear tuber growth was sufficient
to maintain N and dry matter balance between tops
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and tubers and to obtain maximum tuber yields.
Highest yields were also obtained in the experiment
of Timm et al. (11) when NOa-N concentrations of
petiole at tuber initiation was between 12 and 18 g
kg-1. Results of the above experiments and also of
the present investigation indicate that there is a
strong relationship between petiole NOa-N concen-
tration and tuber yield. The discrepancies among
various experiments are probably due to the differ-
ences in other growth factors. Nevertheless, this
relationship could be used to predict the require-
ment or the likely vyield response to N fertiliza-
tion (12).

The 0-80-100 fertilizer treatment with 2.8,
1.8 and 0.6 g kg—1 petiole NOa-N at 22, 45 and B85
days after emergence samplings, respectively,
produced the minimum fresh tuber yield (13.7 Mg ha-
1) and the 180-180-100 fertilizer treatment with
8.7, 13.5 and 2.6 g kg-1 petiole NOa-N concentra-
tions at successive samplings produced the highest
tuber yield (38.8 Mg ha—1). These results show the
importance of N fertilizer on potato yvield and also
indicate that N fertilizer levels that bring up the
petiole NOa-N concentrations to about 13.5 g kg-1
at around two weeks after tuber initiation may
produce high vyields, provided that F and K are not
deficient. In addition, the results obtained with
the 180-180-100 treatment and the data presented in
Table 3, suggest that the petiole NOs-N concentra-
tions may drop from a range of 12.5 to 13.5 g kg-1
at about two weeks after tuber initiation to as low
as 4.5 to 2.8 g kg-1 at around five weeks after
tuber initiation with no significant effect on
vield under the conditions similar to the present
experiment.

Petiole NOs-N concentration was not signifi-
cantly affected by P or K fertilizers (Table 2).
However, petiole NOa-N concentration decreased
slightly as higher rates of P fertilizer were used
(Table 4), but no specific trend could be distin-
guished for K fertilizer effect (Table 5). In the
experiment of Murarka et al. (7) on a8 Deschutes
sandy leam soil with 152 mg kg-1 K content, fer-
tilizing with 200 mg kg-1* K as KCl resulted in a
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Table 5. Effects of K20 fertilizer (kg ha-1) on NOa-N, PO4-P and K contents of

petioles at 221, 45 and 65 days after emergence f

Fertilizer NOs-N (g kg=1) PO4-P (g kg~ 1) K (% of dry weight)
rate 22 45 B5 22 45 85 22 45 65
8] &.0s 8.8a 3.9a 3.5a Z2.1a 1l.2a 10.1a 9.0b 8.5
100 7.8a 9.5a 4.6a 3.4a 2.2a 1.3a 10.3a 9.32 8.8a
200 7.7a 9.7a 3.7a 3.3a Z.1a 1.3a 10.4a 9.4a B.8a
woawq 50% of N was applied at this sampling.
TTreatment means (averages over all rates of applied N and P20s) within a cate-

gory and column followed by the ssme letter are not significantly different at
the 5% probability level according to the Duncan’'s multiple range test.
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higher N uptake but lower NOas-N concentration in
potato plant tops. The soil available K in the
present study was estimated to be 175 mg kg-? down
to 0.8 m soil depth (Table 1). Lack of effect of K
fertilizer on NOa-N concentration in our experiment
conducted on a clay loam soil indicates that vari-
ous soils may behave differently with respect to K
release and availability during the growing season.

Petiole PO4-P

Fertilization with P significantly (P<0.01) affect-
ed petiole soluble P0O4-P concentration only at the
first sampling (Table 2). Petiole PO4-FP concentra-
tion increased as higher P fertilizer rates were
applied, but the concentrations decreased to about
the same 1levels with all rates of P fertilizer as
time passed (Table 4). A similar response was shown
by Tyler et al. (12) and might also be conecluded
from the data presented by Roberts and Dow (9) and
Timm et al. (11). This trend may emphasize the
necessity of early sampling for PO4-P determination
(12). According to the above investigations and
also our results, the peak in petiole PO4-P concen-
tration generally occurs from three weeks after
emergence till early tuberization depending on the
experimental conditions. The overall reduction in
petiole PO4-P concentration as plants matured was
reported by Westermann and Kleinkopf (13) to follow
a semi-logarithmic relation. In their experiments,
the total P absorption was sufficient for haulm and
tuber growth when the petiole soluble P0O4-P was
greater than 1.0 g kg-1 and dry matter was not lost
from the tops to tubers until the petiole soluble
PO4-P was less than 0.7 g kg-1. The soluble PO4-P
concentration of petioles (g kg-1) in the present
experiment ranged between 2.2 to 4.6 at the first
sampling, 1.4 to 2.9 at the second sampling and 0.8
to 2.2 at the third sampling.

Linear correlation coefficients between fresh
tuber yield and petiole PO4-P concentrations at the
successive samplings were 0.21 ¢(n.s.), -0.48
(P<0.01) and 0.16 (n.s.), respectively. The signif-
icant negative correlation between yield and PO4P
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concentration at the second samplings might be at-
tributed to the N fertilizer effect. The N fertil-
izer significantly increased both tuber vield and
haulm dry weight (data not shown here) resulting in
the dilution of PO4-P concentration in petioles and
consequently negative relationship between petiole
soluble PO4-P and vyield at the second sampling.
This is also evident from significant negative
correlation (r = -0.39 P<0.05) between NOs-N and
PO4-P concentrations of petioles and from the high-
ly significant effect of petiole NOs-N concentra-
tion on yield at the second sampling (Fig. 1).

Tyler et al. (12) considered petiole PO4-P
concentrations higher than 2.0, 1.8 and 1.0 g kg-1
at early, mid- and late season, respectively, as
sufficient and 1.2 to 2.0, 0.8 to 1.8 and 0.5 to
1.0 g kg=1 at early, mid- and late season, respect-
ively, as intermediate for maximum tuber yvields.
The petiole PUO4-P concentrations obtained with the
highest yielding fertilizer treatment (180-180-100)
were 4.5, 2.2 and 2.2 g kg-1 at successive sam-
plings, which are much higher than the standards
set by Tyler et al.(12) or Westermann and Kleinkopf
(13). However, critical evalustion of our dats (not
shown here) suggests that potato tuber yield may
not be a linear function of petiole PO4-P concen-
tration under conditions similar to the present
experiment when by Tyler et al. (12) standards, the
petiole PO4-P level is close to or higher than the
intermediate concentrations.

Petiole PO4-P concentration was significantly
(P<0.01) affected by N fertilization at the second
sampling (Table 2). This might be attributed tc the
inability of plants to assimilate the absorbed P
due to a low N status in plant tissues (Table 3).
The significant effects of N x P at the third
sampling and N x K at the first sampling on the
petiole PO4-P concentration were confounded and no
explanation could be 'suggested (data not shown
here).

Petiole K C .

The concentration of petiole K was significantly
(P<0.01) affected by K fertilization at the second



and third samplings (Table 2). There were no dif-
ferences between 100 and 200 kg K20 ha-1 at either
the second or the third samplings (Table 5). The
lack of effect of K fertilization o petiole K
content at the samplings before tuber initiation
was also reported by Tyler et al. (12). However,
the highest K concentrations were obtained at the
first sampling (Table 5) and decreased as time
passed (11, 12). Petiole K content (dry weight %)
ranged from 9.8 to 11.0 at the first sampling, 8.2
to 10.2 at the second sampling and 8.1 to 9.4 at
the third sampling.

Linear correlation coefficients between fresh
tuber yvield and petiole K content were around 0.958
(P<0.01) at all sampling dates. This level of de-
pendency (r2 = 0.31) of yield on petiole K content
may not be large enough for practical purposes.
Fong and Ulrich (3) showed that the highest early
(32 days) potato plant growth might be obtained
when peticles contain above 3.5% K by dry weight.
Tyler et al. (12) considered 11%, 9%, and B% or
higher K in petiole dry weight as sufficient and 8%
to 11%, 7% to 9% and 4% to 8% K as intermediate at
early, mid- and late season, respectively. In our
e€xperiment, petiocle K concentration at zero level
of K fertilization was above 9.6% at the first sam-
pling and remained above 8.1% up to the third sam-
pling. In addition, the highest yield (38.8 Mg
ha-1) was obtained with 10.0%, 9.2% and 8.7% K in
petiole dry weight at the first, second and third
samplings, respectively, with 180-180-100 fertil-
jzer treatment. These results indicate that soil
had provided an extremely large proportion of the
plant need for K and the absorption has continued
through out the experiment. However, it appears
that soil may not supply enocugh K at late season
under conditions similar to our experiment for very
high vields and K fertilization should be prac-
ticed.

- Petiole K concentration was significantly
(P<0.01) affected by N fertilizer at all samplings
and by P fertilizer at first (P<0.01) and second
(P<0.05) samplings (Table 2). Petioles K concentra-
tions decreased as higher N fertilizer rates were
used (Table 3). Apparently, N fertilizer increased
haulm growth (data - not shown here) resulting in
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dilution of K content of petioles. Conversely, the
dilution effect of K on N content of potato plant
top is shown by Murarka et al. (7). No explanation
could be found for the reduction in petiole K
content due to 180 kg P20s ha-1 application (Table
4).

Nutrient Content of Tubers

Use of N fertilizer caused a slight increase in
percent of total N of tubers at harvest (Table B).
This is consistent with the results of Carter and
Bosma (1) and Lauer (5) where total N in the potato
tubers was directly proportional to the rate of N
fertilizer application. The total amounts of N
removed by tubers at 0. 890, 180 and 270 kg N ha-1
were 44.7, 77.1 82.8 and 111.2 kE ha-1, respective-
ly. The extra amount of N (18.6 kg ha-1) removed by
tubers as the result of increasing the N fertilizer
level from 180 to 270 kg ha-! might be considered
as lost (5), because it did not increase yield but
lowered the efficiency of N fertilizer in the
present experiment. However, about 99% of this N
was converted to organic N. The calculated protein
contents of tubers were 7.5%, 8.4%, 8.4% and 10.2%
of dry weight at 0, 90, 180 and 270 kg N ha-1
fertilizer 1levels, respectively. Thus the nutri-
tious value of tubers may be increased if N fertil-
izer rates above sufficient 1levels are used under
conditions similar to this experiment. The effects
of P and K fertilizers on total N content of tubers
were small and non-conclusive (Table 6). Similar
results are reported for P effect by Carter and
Bosma (1).

The amount of NO3-N in tubers was slightly
affected by N fertilizer rates (Table 6). The
average NOa-N contents of fresh tubers were 44, 37,
43 and 47 mg kg-1 at 0, 90, 180 and 270 kg N ha-1,
respectively. Although the tolerance level of NOs3-N
in potato tubers depends on the amount and method
of tuber consumption, Carter and Bosma (1) after
evaluating the available data suggested that NOa-N
contents lower than 67 mg kg-1 may be considered
safe for human health. The results of the present
experiment may suggest that N fertilizer levels



sufficient for maximum yields may not 1lead to
excess NOa-N accumulation in potato tub&rs under
conditions similar to the present investigation.
Phosphate fertilizer showed no effect and K fertil-
ization caused only slight increase in NOa-N level
of tubers (Table B6).

The effects of N, P and K fertilizers on P
content of +tubers were small and no specific trend
was noticesble (Table 6). The effect of N fertil-
izer on K content of tubers was negligible but K
content slightly decreased as higher rates of P
fertilizer were applied and increased as higher
rates of K fertilizer were used, especially at 200
kg K20 ha-1 (Table B).

The amount of N, P and K removed by the tubers
with the maximum vyielding fertilizer treatment
(180-180-100) were 106.6, 26.2 and 217.5 kg ha-1,
respectively. Use of K fertilizers is not common in
Isfahan Province and also in most other potato
producing areas of Iran. The above results indicate
that potato is a heavy K user. Potassium fertiliza-
tion should be practiced when a very high potato
vield is expected or replenishment of the soil
might be necessary when a high yielding potato crop
is followed by a crop with a high K requirement.

CONCLUSIONS

Nitrogen was the most important determinant of
potato tuber yield in this experiment, because the
plant need is high and soil may not provide it in
sufficient amount for high vyields. Addition of a
large amount of N fertilizer, in excess of the suf-
ficient level, may result in low nitrogen efficien-
cy, but may increase the nutritious value of tubers
without a significant increase in their NOs-N con-
tent. !

Nutrient levels in soil affect petiole concen-
trations of these elements and there is a signifi-
cant relationship between nutrient concentrations
in petiole and tuber yield of potato. This rela-
tionship might be used to determine the sufficiency
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Table 6. Effects of N, P20s and K20 fertilizers (kg ha~1) on nutrient content of potato tubers

(% of dry weight) T

Means S.D.

1.390 1.340 1.480 1.400 0.230
0.018 0.020 0.021 0.020 0.005

0.336 0.327 0.332 0.331 0.022

N P=20s K=0
Nutrient
0 a0 180 270 0 90 180 0 100 200
Total N 1.220 1.370 1.370 1.B850 1.400 1.420 1.380
NOa—-N 0.020 0.017 0.020 0.022 0.020 0.020 0.020
P 0.335 0.327 0.314 0.330 0.323 0.338 0.333
K 2.770 2.680 2.580 2.580 2.700 2.610 2.460

2.630 2.880 3.BB0 2.650 0.160

tEach mean is an average over the respective levels of the two other nutrients with samples from

replications mixed to provide a composite sample.
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of nutrient levels in plants for high yields. Howev-
er, petiole nutrient concentrations and the accuracy
of the estimates are strongly dependent on the
status of other nutrients in soil and plant, because
significant interactions often exist. The amount of
existing vegetative growth at the time of sampling
is one manifest of these interactions.

The timing of sampling is also important not
only for accurate estimation of nutrient sufficien-
cy, but also to correct the deficiency. Tuber initi-
ation seemed an appropriate time to sample petioles
for N status determination. But, very early sampling
should be practiced in the case of phosphorus. At
any rates, field fertilization should consider soil
nutrient availability, release and balance to obtain
a high yvield and maintain soil fertility.
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