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ABSTRACT

An experiment was conducted at the experimental station of Higher Institute of Agronomy, Chott
Mariem, Sousse (Tunisia) to investigate the effect of similar levels of nitrogen and potassium on
potato growth (Spunta variety). Four similar levels of nitrogen (N) and potassium (K) (0, 50, 80 and
120 kg ha'1) were randomized complete block design with four replications. Data collected on
growth and yield parameters were analyzed using SPSS.20 computer software. Nitrogen (N) and
potassium (K) levels showed significant effect on mostly growth and yield parameters. It can be
show that N and K application at the level of 120 kg ha™ significantly affected plant height (59.16
cm), number of leaves plant” (294), number of branches plant” (14.66), fruits plant” (20.96), and
leaf area (422.66) index. Additionally the maximum of dry matter (13.83%), tuber size (79 mm),
tuber yield (22.193) and tuber weight (203.66 g) were recorded with 120 kg ha™". From this study, it
can be concluded that the higher levels of nitrogen (N) and potassium (K) (120 kgha™) can be used
for optimum production of potato variety Spunta in the study area.
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1. INTRODUCTION

Nitrogen (N) and potassium (K) were typically the
most limiting factor for growth and production
crop. The nitrogen was uptake by plant on nitrate
(NO;” and ammonium (NH,") forms. Also
plants absorb K in its ionic form K'. Simret [1]
reported that N and K are deficient in most soils
and thus application of these fertilizers has
significantly increased vyield of the crop. The
accumulation of N and K in the edible parts of
crops is directly related to the type of N and K
fertilizer used as well as the soil properties [2].
Crops have different responses to N and K rates.
But for most plants, a combination of N and K is
preferred over application of a sole source of
either form and the optimal N/K ratio varies with
the crop [4]. Also, some plants are large
consumers of N and K such a potato (Solanum
tuberosum L.). Nitrogen (N) is essential for
maintaining higher growth, quality of tuber and
more dry matter production [5§] and K is
responsible for translocation of carbohydrates
and increased resistance to withstand drought
and frost stresses. Although the response of N
and K on potato growth has been studied and
the inconsistent recommendations have been
reported by several groups at different location.
Al-Moshileh et al. [6] observed a significantly
increase in potato production and leaves NK
content due to fertilization. Nebret [7] reported an
increasing in the average of fresh tuber weight
with N level (0-25 kg/h) increase and a decline in
tuber specific gravity. Al-Moshileh et al. [6]
indicated that increasing K application levels
significantly augmented plant height, leaf area,
chlorophyll, specific gravity, and marketable
tubers vyield of potato. El-Tohamy et al. [8]
observed that K treatments (0, 96, 192, and 288
kg K/ha) significantly increased four potato
varieties yield. By cons Banu et al. [9] with
increasing K rate from 225 to 450 kg/ha reported
that yield was not affected with K levels. Adane
et al. [10] don’t showed a significantly effect on
tuber dry matter, whereas exceeding the K level
was occasionally reducing the dry matter.
According to Prasad [11], application of 150/66
kg ha of N/K under rain-fed condition resulted in
a yield advantage of 32% over the unfertilized
control. Singh et al. [12] found that the optimum
fertilizer levels for potatoes were 87 kg N ha
"and 46 kg of Kha'on clay soil. According
to Anabousi et al. [13], the application of 165 kg
of N and 90 kg of K ha™ is needed for optimum
potato production on vertisols. Sharmila et al.

[14] found in their study conducted on response
of potato to different fertilizer levels under rain
fed highland situation and 207 kg N ha™ and 90
kg K ha™ gave optimum tuber yield. Boyd et al.
[15] found that the optimum fertilizer rates for
potatoes were 87 kg of N and 46 kg of Kha™ on
clay soil. In semi arid region of Tunisia low soll
fertility is one of the most important constraints
limiting potato production and hence accelerated
intensification is required for suitable potato
production. For this raison optimization fertilizer
application is an important issue for sustainable
agriculture because it can reduce the negative
effects of farming on the surrounding
environment. Furthermore, there is little research
regarding the response potato growth to N and K
application. Our objective was therefore to
determine the influences of different rates of N
and K on potato growth.

2. MATERIALS AND METHODS
2.1 Site Description

The experiments were conducted from
September to December in the research station
of the Agronomic Height Institute of Chott-
Mariem (35° 54’ N 10° 36’ E), Sousse, Tunisia.
The topography is irregular dominated by a string
of folds generally oriented NE-SW (N045). The
climate is semi-arid with an annual precipitation
varied between 150 and 550 mm. Annual
temperatures varied between 10 to 19°C in
winter and 22 to 39°C in summer. The soils in
Sousse are generally deep, well drained with low
to moderate status.

2.2 Experimental Treatments

Spunta potato variety obtained was used for this
experiment. It is one of the potential potato
cultivars. It is being cultivated widely and has
been required by farmers due to its high yielding,
better cooking ability and relatively resistance to
late blight compared to local and other improved
potato varieties growing in the area. Four similar
levels of nitrogen and potassium (0, 50, 80 and
120kg/ha) were combined in 4x4 factorial
arrangements in randomized complete block
design with three replications. A distance of 1 m
was maintained between the plots within a block
and 1 m distance was maintained between
blocks and 75 cm row spacing was uniformly
used and medium sized and well sprouted potato
tubers were planted. The half rate of N and K



was applied after two weeks of planting and the
remaining half of N and K was applied 45 days
after planting. Nitrate ammonium fertilizers were
used as sources of nitrogen and nitrate
potassium were used as source of potassium. All
management practices, such as weeding, insect
pest and diseases control were applied as per
the general recommendations for potato.

2.3 Soils Analysis

Soil samples were collected annually from the 0
to 20 cm depth layer before the fertilizer
application, air dried, and sieved to pass through
a 2 mm screen for soil physical and chemical
analysis. The soil sample was analyzed for soil
texture, pH, organic carbon, total N, extractable
P, exchangeable levels of Ca, Mg, Na and K, and
cation exchange capacity. Soil texture was
determined by the pipette method. Soil pH was
determined potentiometrically in 1:2 soil/distilled
water suspensions after shaking. Soil organic
matter was measured using the walkley and
black method. The Kjeldahl method was used to
determine the soil total nitrogen (Nyy). A total P
(P tt) was determined using Olsen’s method.
Exchangeable K was determined using a flame
photometer. Exchangeable Ca and Mg were
determined using anatomic absorption
spectrophotometer.

2.4 Plant Analysis

In the context to determine leaf and tuber
nutriment concentration, leaf samples were taken
from the fourth leaf from the growing point of 10
randomly chosen plants per plot. For tuber
analysis, five tubers were randomly selected at
harvest from each treatment per block and taken
as the representative sample. The leaf area
index was determined by a plumb-bob method.
The dry matter of tuber, tuber weight and tubers
size were determined from 15 randomly selected
plants in each treatment during harvesting. All
samples of leaf and tubers were oven-dried at
104°C for 2 h and then washed with water and
dried with filter paper. Samples of leaf and tuber
were mixed with 1 ml of 30% trichloroacetic acid
and 50 ml of distilled water, and then triturated in
a blender untii a homogeneous mass was
achieved. The homogeneous mass was
centrifuged at 2000 r/min for 15 min, and then 5
ml of the supernatant was placed to a 100 ml
volumetric flask and the volume completed with
distilled water. The nitrogen (N) was determined
using the Kjeldahl method. The phosphorus (P)
was analyzed by the molybdenum blue method
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and the potassium (K) was determined by flame
photometry. Finally the calcium (Ca) and
magnesium (Mg) contents were determined by
atomic absorption spectrophotometer.

2.5 Statistical Analysis

Data were analyzed using mixed model
procedures (SPSS.20) and subjected to the
combined analysis of variance. For comparing
average values, Student test was used when F
test was significant at the level of (P < 0.05).

3. RESULTS
3.1 Soil Physicochemical Characteristic

Table 1 shows the result of the physical and
chemical analysis of the soil studied. The sail
was sandy loam and slightly alkalizes. The
values 90, 66 and 160 (kgha) of total nitrogen
(N), available phosphorus (P), and exchangeable
potassium (K) of the experimental soil were
below the critical values of the semi arid soil of
Tunisia; this may be due to low soil organic
matter (0.8%). The weakly soil contents for the
major nutrients indicating the necessity for
improvement of potato growth.

3.2 NK Uptake by Sheets and Tubers

Fertilizer N and K (0, 50, 80 and 120 kg ha™)
treatments revealed significant interaction effects
in respect of N and K uptake by sheets and tuber
(Table 2). It can be seen that the maximum
uptake of N and K by sheets and tubers was
recorded from 120 (kgha) fertilized level and
most the fertilizer treatments significantly
statistically differed from one another. NK uptake
by sheets and tubers increased significantly with
increase in their sheets of application and mostly
it is due to increase in availability of nutrients in
the soil. Highest uptake of N and K (kg.ha™') was
due to better crop growth and higher NK
concentration in plant resulted in high tuber yield
which ultimately resulted into higher NK uptake
by leaves and tubers [16]. Among the fertilizer
treatments, application of 120 (kgha'1) of the
recommended dose gave the highest NK uptake.
The nutrient uptake by tubers was found closely
linked with productivity and their higher
concentration in plant [17]. It is due to increase in
availability of nutrients in the soil. Moreover it can
be seen that the leaves part of the potato plant is
higher in NK than in the tubers due to the tubers’
low rate of transpiration as NK moves passively



throughout the plant in the xylem as a result of
the transpiration pull [18]. Sheets NK was
increased by low humidity and high air
temperature both of which result in higher
transpiration. Studies by Bose et al. [19] showed
that tuber NK varies with variety and season but
had no relationship to soil availability of nutrients.
Application of NK to the main root system does
not increase tuber NK since water and nutrients
will be transported to the leaves [20]. Tubers
have less transpiration rates than the sheets and
hence cannot compete effectively for NK applied
to the main root system. Bose et al. [19] showed
that the accumulation of NK in tubers varied
among cultivars and seasons, and concluded
that different cultivars have different NK uptake
thresholds due to their genetic makeup implying
that improvement of tuber NK can be done
through plant breeding.

3.3 Effect of N and K Levels on Growth
Parameters

3.3.1 Plant height

The effect of N and K fertilization on potato plant
height is indicated in Table (3). It was clear that
plant height significantly increased with of N and
K levels. For this it can be seen that the mean
plant height increased from the minimum (46) cm
in control to 53.2; 56.51 and 59.16 cm with
increasing N and K levels to 0, 50, 80 and 120 kg
ha'1respectively. This can be attributed to the
enhanced the availability of nutrients to the crop
increased, which may have resulted in increased
photosynthetic efficiency of the plant. Plant
height is a function of genetic as well as
environmental conditions. Increased metabolic
activities of the plant with increase in fertilizer N
and K dose have been reported by Etemad [21].
Similar report of increase in all evaluated
vegetative traits on application of N and K rates
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of 150 kg ha' was given by Vaezzadeh [22].
Nitrogen and potassium play a significant role in
the production of stem and axillary branches [21].
In addition N and K fertilizer increased potato leaf
area, which increases the amount of solar
radiation intercepted and consequently increases
plant height and dry matter production of different
plant parts [9]. The obtained results were in
agreement with those reported by Al-Moshileh et
al. [6].

3.3.2 Number of sheets r.vlant'1

The number of leaves plant'1 affected by N and K
levels but was non-significant (P < 0.05). The
highest level of N and K (120 kg N ha'1) resulted
in the maximum number leaves plant” (26.21) as
compared to the minimum (18.86) in control
(Table 3). As nitrogen and potassium were an
essential part of chlorophyll, helps in protein
synthesis. Increase in leaves plant'1 may be due
to sufficient amount of N and K provided an ideal
environment and balanced nutrition to plants,
which increased number of sheets. Sheets have
direct relation with number of branches. Plants
having more branches gave more sheets and
vice versa. The results are to some extent in
agreement with the findings of Simret [1] who
obtained maximum number of sheets plant'1 with
increasing nitrogen and potassium application.

3.3.3 Number of branches plant™”

The number of branches plant” were significantly
(P < 0.05) affected by nitrogen and potassium
effect. The maximum number of branches plant'1
(14.66) were recorded from the highest N dose
(120 kg ha™) , followed nitrogen applied 80 kg
ha' (13.91), while the lowest (10.53) was
recorded in control treatment (Table 3). Nitrogen
and potassium have a significant effect on
number of branches plant'1 as it activates

Table 1. Soil physicochemical proprieties

Chemical proprieties (mgkg™)

Physical proprieties (%)

pH OM (%) N P K Mg Ca Clay Sand loam

8.2 0.8 90 66 160 50 110 23 62 15
Table 2. Levels of N and K in sheets and tubers

Treatments (kgha™) N-Sheet (%) K- Sheet (%) N-tuber (%) K-tuber (%)

0 3.09° 1.1° 0.96° 0.35°

50 3.2° 1.3° 1.18° 0.46°

80 3.48° 1.3° 1.51° 0.46°

120 3.82° 1.4° 2.06° 0.468°




vegetative growth. These results agree with the
findings of Simret [1]. Similarly, a linear increase
in the number of branches plant™ with increase in
nitrogen and potassium levels was also noticed
by Boyd et al. [15]. They conclude that branches
plant'1 increasing with increasing nitrogen and
potassium levels.

3.3.4 Number of fruits plant"

The number of fruit plant'1 were significantly (P <
0.05) affected by nitrogen and potassium (Table
3). The mean analysis shows that maximum
numbers of fruits plant” (20.96) were recorded
when nitrogen was applied 120 kgha'1, followed
by 80 kgN ha (19.96) and minimum (16.21) was
recorded from control plots. The highest number
of fruits plant'1 might be due to vigor of plant and
more number of leaves plant'1. The results are in
agreement with those of Boyd et al. [15], who
reported that the number of fruit plant'1 increased
with  increasing nitrogen and potassium
application.

3.3.5 Leaf area index

The maximum leaf area index (422.66) were
recorded from the highest N and K levels (120 kq
ha™) , followed N and K applied 80 kg ha’
(367.6), while the lowest (296.66) was recorded
in control treatment (Table 3). The result of this
study indicates that the leaf area index was
influenced by N and K fertilizer dose. This result
is similar with those of El-Tohamy et al. [8] who
sated that leaf area index can vary widely
according to growing conditions. Al-Moshileh et
al. [6] also reported that, tuber formation is the
result of leaf photosynthesis. Moreover El-
Tohamy et al. [8] found that young and fully
expanded leaves led to better tuberization in
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potatoes than the very young or very old leaves
with less leaf area index.

3.4 Effect of N and K Levels on Yield
Parameters

3.4.1 Dry matter

With application of 120 kg ha™ the highest root
dry weight (13.83%) was obtained compared to
the control treatment with the lowest root dry
weight of 9.5% (Table 4). The result of the
current investigation is in conformity with the
finding of Zare et al. [23] who concluded that N
and K fertilization significantly influenced dry
matter of potato. The concentration of N and K
levels fertilizer can increase the N and K uptake
and this increase has a positive effect on
chlorophyll concentration, photosynthetic rate,
sheets expansion, total number of sheets and dry
matter accumulation. Santamaria [24] indicate
that N and K fertilizer play an important role in
canopy development especially on the dry
matter. In  similar manner Petropoulos [25]
reported that good supply of N and K to the plant
stimulates root growth and development as well
as uptake of other nutrients.

3.4.2 Tuber number

The maximum tuber number (22.193) were
recorded from the highest N dose (120 kg ha™),
while the lowest (12.97) was recorded in control
treatment (Table 4). It can show that the
increasing the application of N and K increased
total tuber number. This can be attributed to
increased vegetative growth of the potato plant.
The current result is in consistent with the work
of the researcher of Tamme [26] who had
reported that an increase in N and K and
application increases tuber number.

Table 3. Plant growth parameters

Treatments Plant height Number of Number of Number of Leaf area
(kgha'1) (cm) branches plant” sheets plant™ fruits plant” index

0 46° 10.53° 18.86° 16.21° 296.66°
50 53.2° 12° 23.98° 18.23° 338°

80 56.51" 13.91° 25.56° 19.96" 367.6°
120 59.16° 14.66° 26.21° 20.96° 422.66°

Table 4. Plant yield parameters

Treatments (kgha™)

Tuber size (cm) Tuber number

Tuber weight (g)

Dr¥ matter (%)
9.5

0 62.7°
50 11.63° 68°
80 13.26° 71.66°
120 13.83° 79°

12.97° 97.66°

18.28° 120.66°
20.913° 193.33°
22.193° 203.66°
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Table 5. Correlation matrix of growth and yield related traits in potatoes

Leaf Num Num Num Plant Dry Tuber tuber Tuber N K N K

area fruits leaves branche  height matter _ size num weight  sheet sheet tuber tuber
Leaf area 1 -, 715 -,980 -,386 ,995 -,897 ,998 -1 -,153 ,859 -,506 ,960 -,868
Num fruits 1 ,562 ,921 ,642 ,950 -,755 ,735 ,801 -,256 -,241 -,490 273
Num leaves 1 ,196 ,995° ,793* -,967 974 -,045 -,943 ,667 -,996° ,949
Num branche 1 ,293 754 -,440 414 971 ,140 -,600 -,112 -,123
Plant height 1 ,849 -,987 ,992* 054 -,906 ,589 -,983 913
Dry matter 1 -,922 ,910 573 -,546 ,074 -,738 ,560
Tuber size 1 -1 -,211 ,828 -,454 ,942 -,837
Tuber num 1 ,182 -,844 ,480 -,951 ,8563
Tuber weight 1 374 - 775 ,130 -,358
N sheet 1 -,876 ,968 1
K sheet 1 -,728 ,868
N tuber 1 -,972
K tuber 1




3.4.3 Tuber size

The increasing of the levels of N and K
application from 0-120 kg N ha™ increased tuber
size from 62.7 mm to79 mm (Table 4). For this
result it can be suggested that size tuber
increases at higher N and K rate because N and
K can trigger the vegetative growth development.
The increase of tuber size in applied N and K
was associated with decrease in the number of
tubers due to increase in the weight of individual
tubers. This result is in line with the finding
of Lobell [28] who confirmed that application of
nitrogen specially increased the number of tubers
produced in a study conducted for three
consecutive years.

3.4.4 Tuber weight

Increasing the application rates of N and K from
0 to 120 kg ha™ increased total tuber yield from
97.66 g to 203.66 g (Table 4). For this result it
can concluded that the application of N and K
levels can influence the tuber weight and it may
be due to the positive interaction and
complementary effect between N and K in
affecting and increasing the tuber weight of
potato in the study area. This result is in agree
with the finding of Tamme [26] who reported that
application of nitrogen and potassium increased
the total tuber weight. On other hand Santamaria
[26] revealed that it is possibly that no vyield
increases with N and K doses application were
observed on soils considered low in N and K but
Davenport and Bentley (2001) showed that the
yield increases were observed on soil considered
to have adequate or high soil test N and K.
Moreover Petropoulos [25] indicate that they are
other factors, such as growing season
conditions, irrigation, variety and soil pH, may
also impact the potential for yield responses to K
doses application

3.4.5 Matrix correlate

Result on Table 5 showed the correlation matrix
of yield and heights potatoes-contributing traits
in. It revealed that there were significant positive
correlations between plant heights plant'1 and
number gf leaves plant'1 (0,995), leaf area plant’
! (0,995) and number of tuber number plant”
(0,992%). It also showed that the number of
leaves was positively correlated with the dry
matter (0,793*) and tuber number (0,974*). Tuber
number had a positive significant association
with N-Sheet (0.828*). Additionally, Tuber size
correlated positively with K-Sheet (0. 480*) while
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K-sheet
(0.868%).

correlated positively with  K-tuber

4. DISCUSSION AND CONCLUSION

The results of this study showed that different
doses of N and K have different significant
effects on plant growth and production in 5%
probability. It is reported that plant growth
increases as a result of increased of N and K
doses from 0 to 120. This result is in agree with
the finding of Jha et al. [28] who reported that
plants growth parameters increased as a result
of increased nitrogen and potassium fertilizer
usage. The growth parameters increased with of
N and K fertilizer consumption so it causes
increased photosynthesis and, consequently,
increased growth. However increased of N and
K had no significant effect on increased of N and
K content of sheets and tubers and, in general
despite its properties plant growth. Moreover,
nitrogen effect on 5% level was significant on
increased potato yield parameters. The results of
this study indicate that the higher yield obtained
with application of higher dose of nitrogen and
potassium doses would have helped in increase
in tuberization as well as increased duration of
tuber bulking which would have resulted in higher
production. Moreover, it can be suggested that
the increasing nitrogen and potassium
application, number of stolon, number of tuber
and consequently yield were increased. By cons
others studies show that the higher application of
N and K fertilizer produced more tubers size
because most of the nitrogen may have been lost
due to de-nitrification, leaching and volatilization
and therefore making them unavailable during
the critical stages of plant growth [17,27].
Santamaria [24] indicated that applying total
nitrogen once increases nitrogen losses through
leaching and hence producing small tubers. The
high mobility of nitrogenous fertilizers means that
it is subjected to high losses from the plant
system Zare [23]. By cons Vaezzadeh et al. [22]
indicate that excessive nitrogen application
promotes excessive vegetative growth at the
expense of reproduction that subsequently has a
negative effect on tuber formation.

In conclusion, the result of this study showed that
different nitrogen and potassium levels have
sound and promising impact on growth and tuber
yield of potato. Therefore, on the basis of the
results of the present study, it is indicative that
potato can grow well in the area of Chott Mariem
region and farmers can benefit more by using



120 kg ha™ of nitrogen in combination with 120
kg ha 'potassium.
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