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Abstract: Organic and inorganic fertilisers can be used as nutrient sources which can enhance potato growth,
yield, nutritional content and shelf-life. Combinations of chemical fertiliser NPK [4:3:5 (36.5)] with [3:0:5 (48.5)]
as the control, cattle manure, goat manure, cattle manure combined with NPK [4:3:5 (36.5)], goat manure
combined with NPK [4:3:5 (36.5)], goat manure combined with NPK [4:3:5 (36.5)] and NPK [3:0:5 (48.5)] applied
as topdressing, cattle manure combined with NPK [4:3:5 (36.5)] and NPK [3:0:5 (48.5)] applied as topdressing
and NPK [4:3:5 (36.5)] applied alone were used in this study. Goat and cattle manure were both applied at 40
t/ha, basal fertiliser NPK [4:3:5 (36.5)] at 900 kg/ha and NPK [3:0:5 (48.5)] applied as topdressing at 350 kg/ha
and their interactions with plant growth, yield and nutritional quality were evaluated during a field experiment
in 2018 with the use of a split-plot design with the 2x8 factorial arrangement of three replications in Eswatini.
Shoot emergence occurred 20 days after planting. Plant height and number of branches increased linearly and
significantly in response to manure and fertiliser application, where cattle manure combined with NPK [4:3:5
(36.5)] and NPK [3:0:5 (48.5)] providing the highest plant height of 59.3 cm in Mondial cultivar. Mondial cultivar
showed higher vegetative growth, yield and quality parameters when compared to BP1. Yield was significantly
increased in response to manure and fertiliser application. Application of cattle manure combined with NPK
[4:3:5 (36.5)] and NPK [3:0:5 (48.5)] gave the highest marketable yield of 14.4 t/ha in Mondial cultivar with goat
manure showing the lowest yield (5.3 t/ha) in Mondial cultivar. The application of cattle manure combined with
NPK [4:3:5 (36.5)] and NPK [3:0:5 (48.5)] induced the highest tuber dry matter content of 22.6% in BP1 cultivar.
Application of fertiliser had no significant effect on nutritional content of tubers. However, increased levels of
fertiliser applied increased the protein content in potato tubers. From the results of this study, it can be
concluded that Eswatini farmers may supply cattle manure combined with NPK [4:3:5 (36.5)] and NPK [3:0:5
(48.5)] as a topdressing for high yield and quality of potatoes and also cultivar Mondial is recommended for
production due to its higher yields and quality.
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INTRODUCTION

Irish potato (Solanum tuberosum L.) is a herbaceous
annual plant which belongs to the Solanaceae family. It is
grown for its edible tubers which are very rich in starch
and is native to the Andes [1]. Growth, yield, shelf-life and
nutritional content is directly affected by nutrient source
and supply, management, environmental factors and
variety [2]. Potato is one of the major world food crops
due to its capacity to produce high yields per unit area per
unit time [3]. In Eswatini, even though most parts of the

country have suitable soils and favourable climate for
potato production, most soils especially in the Highveld
and the wet Middleveld are strongly acidic to acidic in
reaction due to the high rates of leaching of bases owing
to high rainfall and poor soil management practices. Soils
in the Lowveld are sodic and saline posing another
problem for Irish potato production [4].

Nutrient supplementation can be an effective remedy
to lack of sufficient nutrients. In the past agricultural
production was characterised with the use of inorganic
fertilisers which supplies the soil with the required
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nutrients which are readily absorbed by plants thus no
time required for decomposition as compared to organic
sources. However, the price of inorganic fertilisers in
Eswatini has escalated beyond the capacity of the
majority of the farmers. Oad er al. [5] observed that
continuous use of mineral fertilisers creates a potential
polluting effect on the environment.

Low soil fertility is one of the major constraints
limiting potato production in Africa, hence increased and
sustainable production means are required for suitable
potato production. The intense use of inorganic fertiliser
and continuous cropping, abandoning crop rotation and
reduced use of organic manures has detrimental effects on
the soil [2]. The use of inorganic fertilisers results in an
overall reduction in total crop productivity. The use of
inorganic fertiliser combined with organic fertiliser might
be an answer for those farmers complaining of
tremendous yield reduction despite the application of
inorganic fertilisers to their farms [4].

The importance of organic fertilisers is being
realized again because of the high cost of inorganic
fertilisers and their (inorganic fertilisers) long term
adverse effect on soil physical and chemical properties.
Besides supplying macro- and micro-nutrients to the soil,
organic fertilisers also improves the physio-chemical
properties of the soil [6]. Cattle manure and goat manure
are some of the most effective external fertiliser sources
whose positive effects on potato yield have been
studied [7]. However, unless it is integrated with inorganic
fertilisers, the use of organic fertilisers alone may not fully
satisfy crop nutrients demand, especially in the year of
application [5]. Therefore, farmers should tackle the
problem by application of both inorganic and organic
fertiliser combined at the appropriate rate. Farmers in
Eswatini are conscious of integrating inorganic and
organic fertilisers but do not, however, know the best
integration combinations that can improve potato
productivity [2].

Most of the soils in Swaziland especially in the
Middleveld and Highveld, which are high rainfall
receiving areas are strongly acidic due to high rate of
leaching and poor soil management. A nutrient
imbalance exists in such soils, therefore, external
organic and inorganic nutrient sources are required to
supply nutrients to the soils [8]. Inorganic fertilisers
(mineral fertilisers) are the most effective and convenient
way to improve soil fertility. However, the mineral
fertilisers have not entirely solved the problem of nutrient
imbalances in the soil which leads to reduction in crop
productivity. Even though mineral fertilisers add nutrients
to the soil, soil health and productivity is not sustained.
Organic fertilisers improve the soil health and also
increase its productivity. Therefore, to achieve a
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sustained soil productivity and subsequent increase in
crop growth and yield, calls for the exploitation of various
alternative sources of soil fertility improvement and
management strategies have been made [9].

Strategies to improve soil fertility have been
employed to supply nutrients by means of organic and
inorganic fertilisers. Mineral fertilisers have been the
mostly widely used to improve crop productivity.
However, it poses a greater threat to the environment and
has residual effects on the harvested crop. The combined
use of organic and inorganic fertilisers can be a
harmonious and most productive method of nutrient
supply as a means to increase yield and productivity of
crops and at the same time maintaining a sustainable
environment [10]. The objective of this study was to
investigate the effects of organic and inorganic fertilisers
on growth, yield, nutritional content, quality and shelf life
of Irish potato.

MATERIALS AND METHODS

Experimental Site: The experiment was conducted at the
Malkerns Research Station (MRS), in the Kingdom of
Eswatini under the Ministry of Agriculture, between May
and September 2018. The site is located at Malkerns,
Manzini region in the Middleveld agro-ecological zone.
The site is situated at 26°34'0.01" S and 31°10'59.99" E.
The average altitude of this area is 732 m above sea level
and the average rainfall is 800 mm/year mostly falling
between October and April. It has mean summer
temperature of 27°C and winter temperature of about 15°C.
The soils are generally the Malkerns series which are
Oxisol (M-set) type [11].

Experimental Design, Treatments and Procedures:
Mondial and BP1 potato seeds (tubers) were purchased
at Potato Seed Production, Lydenburg (Mashishing),
South Africa. Two potato cultivars, Mondial (V,) and
BP1 (V,) were subjected to different combinations of
fertiliser treatments, which included NPK [4:3:5 (36.5)] +
NPK [3:0:5 (48.5] as control (T,), NPK [4:3:5 (36.5)] (T,),
cattle manure(T), cattle manure + [ 4:3:5 (36.5)] (T,), cattle
manure + [ 4:3:5 (36.5)] +[3:0:5 (48.5] (T5), goat manure
(T,), goat manure +[ 4:3:5 (36.5)] (T,) and goat manure +
[4:3:5(36.5)] + [3:0:5 (48.5] (Ts). Goat manure and cattle
manure were applied 6 weeks before planting at 40 t/ha,
NPK [4:3:5 (36.5)] also applied as topdressing at 900
kg/ha and NPK [3:0:5 (48.5] applied as topdressing at
350 kg/ha. Split-plot design arrangement was used
for the 2 x 8 factorial experiment with three replications.
All management practices including weeding, pest control
and irrigation were done as per general requirements of
potato production.
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The experimental field was divided into three blocks
with each block having 16 plots and each plot was 4.5 x
5.0 m (22.5 m’). Plots were separated by 1.0 m foot-paths.
Intra-row spacing was 30 cm and inter-row spacing was 90
cm, with each plot having five rows. The three inner rows
were used for data collection, whilst the two outer rows
were regarded as guard rows. Plots were supplied with
basal dressing as per requirement of treatment, thus
goat manure, cattle manure and chemical fertiliser NPK
[4:3:5 (36.5)] at specified rate using banding method.
Topdressing was done two weeks after seedling
emergence.

Data Collection and Analysis: Data collected on growth
parameters included shoot emergence plant height,
number of branches and chlorophyll content, yield
parameters included marketable yield, non-marketable
yield, number of tubers per plant, individual tuber weight
and weight of tubers per plant, tuber quality included
tuber dry matter content, tuber moisture content,
nutritional content such as carbohydrate, protein, iron
and potassium contents, sprout to tuber weight ratio,
physiological weight loss and shelf-life. The data were
subjected to analysis of variance (ANOVA) using
statistical package GENSTAT [12]. Where significant
differences were detected, mean separation was done
using Duncan’s New Multiple Range Test (DNMRT) at
P=0.05 [13].

RESULTS AND DISCUSSION

Effects of Organic and Inorganic Fertilisers on the
Growth Parameters: The effect of organic and inorganic
fertilisers were found to be significant (P<0.05) in all
vegetative growth parameters studied, which included
shoot emergence, plant height, number of branches and
chlorophyll content. Mondial variety had significantly
(P<0.05) higher vegetative growth parameter values when
compared to BP1.

Shoot Emergence: Application of cattle manure + [4:3:5
(36.5)] + [3:0:5 (48.5)] and goat manure + [4:3:5 (36.5)] +
[3:0:5 (48.5)] significantly (P<0.05) hastened shoot
emergence compared to other treatment, thus reduced
days to emergence (Table 1). These findings are in
agreement with those of Hay and Walker [14], who found
that sprout emergence is greatly dependant on
temperature and mineral nutrition. According to Hay and
Walker [14], shoot emergence is primarily determined by
soil temperature, thus manure has the ability to increase
the temperature of the soil leading to increased sprout
emergence percentage. Pre-planting application of
fertiliser tends to increase osmotic pressure of the soil
solution. Varieties also differ considerable in terms of
shoot emergence, as Mondial variety sprouted faster than
BP1 variety. White [15] concluded that increased
potassium supply to potato seeds tends to increase

Table 1: The effects of organic and inorganic fertilisers on shoot emergence percentage of Mondial and BP1 potato varieties at different days after planting

(DAP). Within a column means with the same letter are not significantly different at P<0.05. Mean separation by DNMRT.

Days after planting (DAP)

Type of fertiliser 20 25 30 35 40

TV, 34.4cde 82.2a 93.3ab 95.56ab 100a
TV, 8.9f 44.4cd 63.3def 83.33ab 94.44ab
TV, 46.7bc 87.8a 96.7ab 96.67ab 100a
T,V, 7.8fg 40de 77.8cde 86.67ab 97.7a
TV, 47.8ab 9l.1a 97.8a 97.78ab 97.7a
TV, 10fg 46.7cd 76.2cde 90b 96.67a
TV, 55.6ab 93.3a 96.7ab 97.78ab 100.0a
TV, 13.3fg 44.4cd 81.5bed 87.78b 100.0a
TsV, 61.1a 90.0a 96.7ab 97.78ab 100.0a
TsV, 22.2ef 60.0cd 90.0abc 94.44b 100.0a
TV, 42.2bcd 8l.1a 100.0a 100.0a 100.0a
TsV2 13.3fg 50.0de 83.3cde 96.67ab 100.0a
TV, 20.1ef 64.4bc 92.2ab 96.67ab 100.0a
TV, 6.7g 25.6bc 57.8f 77.78¢ 94.44ab
TV, 33.3ef 77.8ab 94 4ab 97.78ab 100.0a
TV, 4.4¢g 22.2e 58.9ef 82.22ab 96.67a
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Table 2:

The effects of organic and inorganic fertilisers on the number of branches of Mondial and BP1 potato varieties at different weeks after planting (WAP)

Within a column means with the same letter are not significantly different at P<0.05. Mean separation by DNMRT

Weeks after planting

7 8 9 10
Type of fertiliser Vv, Vv, V, Vv, Vv, Vv, V, Vv,
T, 5.67ab 2.67¢c 6.00ab 2.67¢ 6.00ab 2.67¢ 6.00a 3.00b
T, 6.00ab 2.67c 7.00a 3.33¢ 7.00a 3.67¢ 7.00a 3.67b
T; 5.33ab 2.33¢c 5.33b 2.67¢ 5.33ab 2.67¢ 5.33a 2.67b
T, 5.00b 2.67¢c 6.00ab 3.33¢ 6.33ab 3.33¢ 6.33a 3.33b
Ts 6.33a 2.33¢ 6.67ab 2.33¢ 6.67ab 2.33¢ 6.67a 2.33b
Ts 5.33ab 2.33¢c 6.00ab 2.33¢ 6.33ab 2.33¢ 6.33a 2.33b
T, 5.33ab 2.67c 6.33ab 2.67¢c 6.67ab 2.67¢ 6.67a 2.67b
Ty 4.86a 2.33b 4.839b 2.33b 4.95b 2.33¢ 4.95b 2.67b
Table 3:  The effects of organic and inorganic fertilisers on the plant height (cm) of Mondial and BP1 potato varieties at different weeks after planting (WAP).

Within a column means with the same letter are not significantly different at P<0.05. Mean separation by DNMRT.

Weeks after planting

7 8 9 10
Type of fertiliser VvV, Vv, VvV, Vv, Vv, Vv, V, Vv,
T, 37.6¢cd 33.8bc 41.1d 38.8bc 52.2a 47.7a 52.3a 48.0a
T, 37.5ab 33.2bc 41.9ab 38.27bc 42.73a 40.4ab 42.8b 40.4b
T, 24.2cd 22.9d 31.6bc 27.5¢e 33.1ab 30.0ab 34.6b 31.1b
T, 38.3a 40.3ab 43.4a 46.9a 46.5ab 48.2ab 48.6b 48.2b
Ts 40.8a 39.1ab 44.6a 43.8ab 55.2a 52.6ab 56.2a 53.2b
T 22.7d 22.8d 31.2bc 27.4cd 34.1ab 34.8ab 36.2b 35.2b
T, 35.5a 34.1bc 45.9a 39.9bc 47.4ab 36.5ab 48.1b 37.1b
Ts 36.4a 33.7bc 43.4ab 45.0ab 53.1a 52.6ab 54.4b 53.1b

enzyme activity leading to increased metabolism thereby
hastening shoot emergence. Bhattarai and Swarnima [16]
confirmed that potassium aids in maintaining osmotic
potential which enhances water uptake and root
permeability, control ionic balances, regulate plant
stomata and activate enzymatic processes. This therefore
contributes largely to increased rates of shoot emergence
if potassium concentration is increased.

Number of Shoots per Plant: There were significant
(P<0.05) differences in number of shoots per plant
between Mondial and BP1 throughout the growing period
of the potato plants. However, there were no significant
(P>0.05) differences among fertiliser treatments on
number of branches. At 10 weeks after planting (WAP),
cultivar Mondial provided with NPK [4.3.5 (36.5)] + NPK
[3.0.5 (48.5)] fertiliser gave the best results (7 shoots per
plant) with cultivar BP1 provided with NPK [4.3.5 (36.5)]
+ NPK [3.0.5 (48.5)] had the lowest number of branches
(3) (Table 2), which was less than a half that obtained
from Mondial. The results obtained are in agreement
with findings obtained by Roy and Singh [17].

They recognized the role of N in branching-tillering
phenomenon. In the current study, the lack of significant
difference in number of shoots per plant due to treatments
could probably be attributed to genetic make-up of the
varieties. The results obtained are also in agreement with
findings by De la Morena et al. [18], who concluded that
the number of active Irish potato haulms may vary a lot
depending on seed age, mass, size and the number of
growing eyes or sprouts; but the number of eyes, shoots
and distribution are characteristic of the variety.

Plant Height: There were no significant (P>0.05)
differences in number of branches between Mondial and
BP1 cultivars throughout the growing period. However,
there were significant differences in plant height due to
fertiliser treatments. Application of cattle manure + [4:3:5
(36.5)] + [3:0:5 (48.5)] resulted in the highest (56.2 cm)
plant height in cultivar Mondial (Table 3). This results are
in agreement with findings by Mohammed et al. [19], who
observed that 10 ttha FYM + 111 kg/ha N + 92 kg/ha P,O,
gave the highest plant height (95.6 cm) as compared to
the control. They concluded that increase in levels of
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Table 4: The effects of organic and inorganic fertilisers on the chlorophyll content of Mondial and BP1 potato varieties at different weeks after planting (WAP).

Within a column means with the same letter are not significantly different at P<0.05. Mean separation by DNMRT

Weeks after planting

7 8 9 10

Type of fertiliser Vv, Vv, V, Vv, V, Vv, vV, Vv,

T, 40.5a 36.8a 40.7ab 37ab 43.5a 40.3a 20.8a 38.1a
T, 44.1a 33.0a 40.7ab 33.1ab 37.1a 26.3b 21.4a 22.1b
Ts 32.0a 33.8a 28.4bc 32.9bc 17.7b 27.2b 17.8b 19.5b
T, 40.8a 40.1a 42.0ab 40.4ab 33.1a 34.2a 23.8a 28.8a
Ts 41.3a 38.7a 51.8a 43.5a 41.6a 44.6a 21.3a 28.1a
Te 31.5a 33.6a 32.0ab 30.7bc 19.9a 24.5a 15.7a 25.2a
T, 37.3a 45.9a 43.1ab 46.4ab 41.5a 42.9a 20.6a 29.1a
Ts 37.7a 40.8a 54.6a 44.6ab 45.6a 39.8a 30.6a 33.2a

nitrogen supplied to plants triggered cell division and
enlargement which might directly have positively
impacted plant height. This significant difference might
also be probably due to adequate supply of the required
nutrients from the organic and inorganic fertilisers.
The results from this study are also in agreement with
findings by Shalini et al. [20], who stated that the
application of organic manure with inorganic fertilizer
significantly increased growth and vigour of the plants
over application of inorganic fertilisers alone. Assefa
et al. [21] reported that with increase in combined fertiliser
application of NPK fertiliser and farmyard manure in garlic,
the maximum plant height was obtained with use of 70%
of the recommended dose of 185 kg/ha urea in nitrosol
and 20 t/ha farmyard manure.

Chlorophyll Content: There were no significant (P>0.05)
differences observed between chlorophyll content of
Mondial and BP1 varieties at 7 WAP Similarly, there were
no significant (P>0.05) differences in chlorophyll content
of leaves due to fertiliser treatment (Table 4). However, at
8 WAP significant (P<0.05) differences were observed on
the leaf chlorophyll content due to fertiliser treatments.
In the current study, application of cattle manure + [4:3:5
(36.5)] +[3:0:5 (48.5)] and goat manure + [4:3:5 (36.5)] +
[3:0:5 (48.5)] induced significantly (P<0.05) higher
chlorophyll content as compared to the control.
Chlorophyll content increased with the increased levels of
nitrogen absorbed by plants. Similar findings were
obtained by Giiler [22], who concluded that there was a
significant linear relationship (r’=0.90) between nitrogen
rate applied and leaf chlorophyll content. Results
obtained in the current study at 9 and 10 WAP show
significant decline in leaf chlorophyll content. This was in
agreement with findings by Giiler [22], who concluded
that leaf chlorophyll content declines with age since leaf

N levels also decrease. This result is also in agreement
with findings by Vos and Born [23] and Najm et al. [24],
who observed a positive relationship between leaf
nitrogen levels and chlorophyll content.

Effects of Organic and Inorganic Fertilisers on the Yield
Parameters: The effect of organic and inorganic fertilisers
was found to be significant (P<0.05) on yield parameters
such as number of tubers per plant, marketable tuber
yield, weight of tubers per plant and individual tuber
weight (Table 5). Variety Mondial was significantly
superior compared to BP1 in most of the yield parameters
(Table 5).

Number of Tubers per Plant: There were significant
(P<0.05) differences in number of tubers per plant between
varieties Mondial and BP1. Similarly, there were
significant (P<0.05) differences observed on the average
number of tubers per plant due to different fertiliser
application, with plants provided with goat manure
combined chemical fertiliser [4:3:5 (36.5)] and also cattle
manure + [4:3:5 (36.5) + 3:0:5 (48.5)] showing the highest
number of tubers (17) (Table 5). These results indicate an
increase in number of tubers which may be attributed to
increased vegetative growth which could have been
brought about by increased nutrient supply to the plants,
which positively affects the photosynthetic capacity.
Similar findings were reported by Zewide et al. [9], who
reported that increased levels of phosphorus and nitrogen
increased number of tubers per plant. This result is also in
agreement with finding by Giiler [22], who reported that
increased levels of N also significantly increased number
of tubers per plant. This result is also in line with findings
of Uwah and Eyo [25], who reported that increasing levels
of goat manure applied on sweet corn increased the
number of grains per ear. Manure improves the soil
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Table 5: The effects of organic and inorganic fertilisers on number of tubers per plant, tuber yield per plant (g), marketable tuber yield (t/ha), unmarketable

tuber yield (t/ha) and individual tuber weight of Mondial and BP1 potato varieties. Within a column means with the same letter are not significantly

different at P<0.05. Mean separation by DNMRT

Number of Tuber yield Marketable tuber Unmarketable Individual

tubers per plant per plant (g) yield (t/ha) tuber yield (t/ha) tuber weight (g)
Type of ~  cmmmmmmmmemremeee s ek
fertiliser Vv, Vv, A\ Vv, Vv, Vv, V, Vv, Vv, Vv,
T, 13.0bc 8.0de 617ab 507ab 10.1bc 7.1cde 1.5ab 1.2ab 47e 63ab
T, 12.5bc 7.0de 544ab 391b 10.2bc 7.1cde 1.4ab 1.0ab 42 5ef 57abc
T; 10.0cd 5.5¢ 315b 284b 5.7 5.4e 0.8b 0.8b 34.0fg 53bed
T, 13.0ab 6.5de 668ab 382b 12.0ab 8.2cde 1.5b 1.4ab 53.0cde 57abe
Ts 16.5a 8.5de 854a 556ab 14.4a 10.6bc 1.4ab 1.5ab 52.5de 7la
Ts 13.0bc 6.5¢ 402ab 297b 6.4de 5.3e 1.4ab 0.8b 32.3g 49bed
T, 16.5a 10.5d 631ab 611ab 10.7bc 9.6bcd 1.3ab 1.2ab 38.5efg 61abc
Ty 14.5ab 9.5de 672ab 632ab 11.9ab 9.6bcd 1.9a 1.3ab 45.5ef 67a

structure and thus microbial activity is accelerated, which
ultimately enhances nutrient absorption, thus potato yield
was increased in the form of tubers [26].

Tuber Yield per Plant: The highest tuber yield per
plant (854 g) was recorded from plants provided
with cattle manure + [4:3:5 (36.5) + 3:0:5 (48.5)] (T;) on
variety Mondial, whilst the lowest (284 g) was recorded
on variety BP1 supplied with cattle manure (Table 5).
The results obtained in the current study indicate that
tuber yield per plant is dependent on the nutrient content
supplied. Findings obtained in the study are in agreement
with findings by Uwah and Eyo [25], who found that
increased levels of combined application of farmyard
manure + K,O significantly increased tuber yield per plant.
Similar findings were also reported by Ahmed et al. [27],
Baniuniene and Zekaite [28] and Najm et al. [24], whose
results indicated that nitrogen fertilizer, cattle manure and
their combination had highly significant effects on tuber
yield.

Marketable Tuber Yield: The highest marketable tuber
yield (14.38 t/ha) was obtained from plants provided with
cattle manure + [4:3:5 (36.5) + 3:0:5 (48.5)] in variety
Mondial whilst the lowest (5.33 t/ha) was obtained from
those fertilised with goat manure (Table 5). The results
obtained indicate that productivity of potato plants was
significantly affected by the interaction between different
manures and different inorganic fertilisers. Yang et al. [29]
attributed the higher yield in combined application mineral
fertilisers with cattle manure largely to the prolonged
release and addition of more macro- and micro-nutrients,
thereby promoting better crop growth and marketable
tuber yield of potato. These results are in agreement with
findings by Ababiya [30], who observed higher potato
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tuber yield under integrated use of cattle manure and
inorganic fertiliser source. Similarly, Islam et al. [31]
observed increased tuber yield in potato crop when the
crop was supplied with cow dung and poultry manure.
Shanward et al. [32] reported that combination of N and
P fertilizer each at 50 kg/ha with 5 t/ha farmyard manure
increased yields significantly. Similarly, manure at half the
recommended rates and farmers practice also resulted in
more vigorous plant growth compared to applying FYM
alone.

Average Tuber Weight: The highest tuber weight (70.7 g)
was observed from plants provided with cattle manure +
[4:3:5(36.5) + 3:0:5 (48.5)] (T;) in variety BP1 whilst the
lowest (32.3 g) was obtained from those fertilised with
goat manure (Table 5). This result indicate that increased
nutrient supply to plant increases vegetative growth
which positively impacts yield. This result is in agreement
with findings by Zewide et al. [9], who reported that
increased levels of N increases tuber weight. Shunka et al.
[33] concluded that regardless of the variety, the mixture
of organic and inorganic fertiliser positively influences
yield and at the same time improving the crop qualities.
According to Kumar et al. [34], increased nitrogen
leads to increased foliage automatically
increases photosynthesis rate, thereby leading to more
photosynthates in tuber during translocation.

levels

Effects of Organic and Inorganic Fertilisers on the
Tuber Quality Parameters: The effect of organic and
inorganic fertilisers was found to be significant (P<0.05)
on the tuber quality parameters which included dry matter
(DM) content and moisture content. Tuber quality of
variety Mondial was found to be significantly (P<0.05)
different from BP1.
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Fig. 1: The effects of different fertilisers on the tuber dry matter content of Mondial and BP1 varieties. Bars followed by
the same letter are not significantly different at P=0.05. Mean separation by DNMRT.

Dry Matter Content: Significant (P<0.05) differences were
observed in tuber DM due to fertiliser treatment. Similarly,
there were (P<0.05) significant differences observed
between DM of variety BP1 and Mondial. The highest
DM content (20.6%) in Mondial was found in plants
provided with cattle manure and the second highest
(19.97 %) DM content was found on tubers of plants
provided with goat manure + [4:3:5 (36.5) +3:0:5 (48.5)] in
cultivar Mondial (Figure 1). This result indicate that tuber
DM content could probably have been determined by
varietal difference (genetic make-up) and also the fertiliser
treatment. Increase in fertiliser levels supplied led to
decrease in DM content even though fluctuations were
evident in some treatments. These results are in
agreement with findings by El Sayed et al. [35], who
found that there were no significant differences on
tuber dry matter as influences by organic and inorganic
fertiliser combination. Similar results were obtained by
Simson et al. [36], who concluded that indeed DM
content is largely influenced by variety and increasing
fertiliser levels clearly reduces DM content. Bhattarai and
Swarnima [16] also reported that increasing levels of K
supplied to potatoes leads to decrease in DM content.
According to Goffart et al. [37], excessive doses of N
leads to DM accumulation into other plant parts other

than the tubers.

Effects of Organic and Inorganic Fertilisers on the
Tuber Nutritional Content: The effect of organic and
inorganic fertiliser were not significantly (P>0.05) different
on all the nutritional parameters, which included protein
percentage, carbohydrate, potassium (K) content and iron
(Fe) content. Similarly, no significant (P>0.05) differences
were observed between nutritional content of BP1 and
Mondial varieties (Table 6).
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Carbohydrate Content: The results obtained showed that
combined application of organic and inorganic fertilisers
resulted in the highest carbohydrate content in both
varieties. The increase in carbohydrate content in
response to increased fertiliser application may be
attributed to enhanced growth and photo-assimilation due
to better nutrient uptake. This leads to sugar (glucose)
produced during photosynthesis converted to starch as
food reserves [38]. These results are in agreement with
findings by Susan et al. [39], who reported that balanced
application of NPK at 100:50:100 kg/ha combined with
FYM at 12.5 t/ha was beneficial in maintaining starch
content of cassava tubers.

Protein Content: Results obtained in the current study
indicated that combined application of organic and
inorganic fertilisers increased tuber protein content
(Table 6). This high protein content in tubers from plants
provided with cattle and goat manure combinations was
largely attributed to their ability of supplementing N
supply into the soil for uptake by plant. Inorganic
fertilisers usually positively impact protein content of
tubers compared to organic fertilisers due to their
increased N supply to the soil [40]. Kandil ez al. [41]
observed that combined application of mineral nitrogen
fertilizer (238 Kg/ha N) and chicken manure (158 Kg/ha N)
increased average protein content in tubers, which ranged
from 15.21 to 17.29%. Similarly, Oztiirk et al. [42] reported
that the crude protein contents of tubers significantly
increased with increasing nitrogen dose. Kumar ez al. [34]
also reported that increasing nitrogen supply indeed
increases the protein content in tubers.

The results obtained are in agreement with findings
by Bhattarai and Swarnima [16], who reported that tuber
nutritional content does not only depend on fertiliser
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Table 6: The effects of organic and inorganic fertilisers on the carbohydrate content, protein percentage, potassium content and iron (Fe) content of Mondial

and BP1 potato varieties. Within a column means with the same letter are not significantly different at P<0.05. Mean separation by DNMRT

CarbohydrateContent (%) Protein percentage (%) Potassium content (mg) Iron content (mg/kg DM)
Type of fertiliser \4 Vs, \Z V, \£ V, Vi vV,
T1 9.6a 10.5a 8.3a 7.1abc 342a 493a 28.3a 42.0a
T2 9.8a 9.9a 6.8abc 5.4bc 596a 471a 38.6a 36.5a
T3 12.4a 9.5a 5.3¢c 5.0c 530a 768a 48.8a 41.9a
T4 8.76a 9.9a 8.0a 5.3c 745a 436a 41.8a 61.6a
TS 10.1a 10.3a 8.0a 8.1a 550a 630a 50.2a 56.5a
T6 9.1a 8.7a 5.2¢ 7.9ab 746a 348a 40.9a 59.6a
T7 8.5a 10.3a 6.9abc 7.9ab 536a 632a 43.9a 55.4a
T8 12.0a 12.1a 8.0a 6.9abc 731a 557a 53.4a 48.1a
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Fig. 2: The effects of different fertilisers on the sprout to tuber weight ratio of Mondial and BP1 varieties. Bars followed
by the same letter are not significantly different at P=0.05. Mean separation by DNMRT.

dose but also on the source and variety. Kammlade [43]
also reported that tuber nutritional content is largely
dependent on the genetic make-up other that the fertiliser
dose. Fernandes et al. [44] also found that nutritional
content of tubers as much as it responds to fertiliser dose
to a certain extent, it is largely dependent on the variety
and its interaction with the environmental conditions.

Effects of Organic and Inorganic Fertilisers on the
Shelf-life of Potato Tubers: The effect of organic and
inorganic fertilisers on the sprout: tuber weight ratio were
not significantly (P>0.05) different. However, significant
(P<0.05) differences in sprout to tuber weight ratio were
observed between variety Mondial and BP1 (Figure 2).
Significant (P<0.05) differences were observed on the
physiological weight loss (PWL) of tubers due to fertiliser
treatments. Similarly, significant (P<0.05) differences in
PWL of tubers were recorded between variety Mondial
and BP1.
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Sprout: Tuber Weight Ratio: The results obtained
indicate that variety BP1 had higher sprout to tuber
weight ratio compared to Mondial. The effects of organic
and inorganic fertilisers were inconsistent according to
the results obtained. However, application of manure and
combined application gave higher values as compared to
the control (Figure 2). This is largely due to the fact that
sprouting during storage is dependent on the pre-harvest
integrated nutrient management during growth and also
the variety. These results are in agreement with findings
by Biruk-Masrie et al. [45], who reported that tubers
obtained from pre-harvest treatments of N, P and cattle
manure produced a high sprout to tuber weight ratio.
Sowley et al. [46] conducted a similar study on sweet
potato in Kenya and similar conclusions were made where
results indicated that sprouting percentage is largely
affected by variety more than the fertiliser treatment
applied. Kandil er al. [41] observed that combined
application of 20 t/ha cattle manure with 396 kg/ha N
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Table 7: The effects of organic and inorganic fertilisers on the physiological weight loss of tubers of Mondial and BP1 potato varieties at different days of

storage (DOS). Within a column means with the same letter are not significantly different at P<0.05. Mean separation by DNMRT

90 days

15 30 45 60 of storage (DOS)
Type of —ormemmmrmemmmeees e e
fertiliser \ Vv, A\ Vv, A\ Vv, vV, Vv, \ Vv,
T, 2.2a 2.2a 4.6a 4.7a 7.8a 8.3a 9.9a 10.3a 12.5a 13.1a
T, 2.2a 2.0a 7.1a 6.7a 8.8a 7.6a 9.9a 9.3a 10.5a 10.3a
T; 2.3a 2.1a 6.6b 5.9a 7.9a 7.3a 8.2a 8.3a 8.5a 8.5a
T, 2.3a 2.1a 6.3b 7.1a 7.0b 7.9a 7.6b 8.6a 8.5a 8.5a
Ts 2.2a 2.1a 6.83a 6.8a 8.0a 7.9a 9.0a 9.3a 8.8a 10.3a
Ts 2.3a 2.1a 5.9 5.9 6.2b 6.4b 7.2b 7.4b 7.4b 7.5b
T, 2.3a 2.2a 7.4a 7.3a 8.5a 8.3a 8.9a 9.2a 9.7a 10.1a
Ty 2.8a 2.0a 8.3a 6.9a 8.9a 8.3a 10.2a 9.5a 10.5a 10.3a

resulted in the highest value of sprout length (5.34 c¢cm)
after storage compared to sprout length (3.71 cm)
obtained from the tubers grown with manure alone.

Physiological Weight Loss: Significant PWL of tubers
during storage could be caused by of loss of moisture
from the tubers and depletion of carbohydrate reserves
as a result of respiration [47]. The results obtained in
this study indicated that physiological weight loss of
tubers was affected by both pre-harvest fertiliser
treatment and the variety used. Tubers of variety BP1
showed the highest weight loss in most of the treatments
compared to Mondial (Table 7). These results are in
agreement with findings by Mehta and Singh [48], who
concluded that the combined application of NPK and
FYM resulted in higher storage losses compared with
FYM alone.

CONCLUSION

Potato plant growth and tuber yield is largely
dependent on the fertiliser supply and source,
environmental conditions and  genetic make-up.
The current study has revealed that cattle manure + NPK
[4:3:5 (36.5)] + NPK [3:0:5 (48.5)] increased potato tuber
yield. Variety had significant effects on the yield. Based
on the current study, increase in fertiliser application had
an inverse effect on the shelf-life of potato tubers.
Combined application of organic and inorganic fertilisers
improved the tuber quality and nutritional content of
potato. Increased supply of fertiliser led to reduction in
shelf-life of potato tubers. Moreover, application of animal
manure induced significant increases in the weed
infestation of the fields. An appropriate combination of
inorganic fertilisers and manures is recommended for
sustainable plant growth and development.

309

REFERENCES

Samuels, J., 2015. Biodiversity of food species of the
Solanaceae family: a preliminary taxonomic inventory
of subfamily Solanoideae. Resources, 4: 277-322.
Sanchez, P.A., A.M. Izac, 1. Valenoia and C. Pieri,
1996. Soil fertility replenishment in Africa: A concept
note. In Proceedings of the Workshop Developing
African Agriculture, Addis Ababa (Ethiopia), 26-30
Sep 1995. SAA.

FAO, 2010. FAOSTAT statistical database. FAO,
Rome, Italy.

Mavuso, S.M., A.M. Manyatsi and B.R. Vilane, 2015.
Climate change impacts, adaption and cropping
strategies at Malindza, a rural semi-arid area in
Swaziland. Amer. J. Agr. Forestry, 3(3): 86-92.

Oad, F., U. Buriro and S. Agha, 2004. Effect of
organic and inorganic fertiliser application on maize
fodder production. Asian J. Plant Sci., 3: 375-377.
Tirol-Padre, A., J. Ladha, A. Regmi, A. Bhandari and
K. Inubushi, 2007. Organic amendments affect soil
parameters in two long-term rice-wheat experiments.
Soil Sci. Soc. Am. J., 71: 442-452.

Azeez, J.0.and W. Van Averbeke, 2012. Dynamics
of Soil pH and Electrical Conductivity with the
application of three animal manures. Communications
in Soil Science and Plant Analysis., 43: 865-874.
Upadhayay, N. and J. Singh, 2003. The
potato—production and utilization in sub-tropics.
Mehta Publishers, A-16 (East), Naraina II, New Delhi-
110028, India: 25-145.

Zewide, 1., A. Mohammed and S. Tulu, 2012. Effect of
different rates of nitrogen and phosphorus on
yield and yield components of potato (Solanum
tuberosum L.) at Masha District, South-western
Ethiopia. Int. J. Soil Sci., 7: 146-156.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Am-Euras. J. Agric. & Environ. Sci., 19 (4): 301-311, 2019

Prabu, T., P. Narwadkar, A. Sanindranath and
M. Rafi, 2003. Effect of integrated nutrient
management on growth and yield of okra cv.
Parbhani Kranti. Orissa J. Hort., 31: 17-21.
Murdoch, G., 1968. Soils and land capability in
Swaziland. Ministry of Agriculture, Mbabane,
Swaziland.

Payne, R.W., 2009. GenStat. Wiley Interdisciplinary
Reviews: Computational Statistics, 1(2): 255-258.
Gomez, K.A., K.A. Gomez and A.A. Gomez, 1984.
Statistical procedures for agricultural research. John
Wiley & Sons, Singapore.

Hay, RK.M. and A.J. Walker, 1988. An Introduction
to the Physiology of Crop Yield. Longman group.
London, UK.

White, J., 1983. Production of true potato seed. Rep
Int. Potato Center (CIP), pp: 36.

Bhattarai, S. and K.C. Swarnima, 2016. Effect of
potassium on quality and yield of potato tubers- A
review. Int. J. Agr. Environ. Sci., 3(6): 9-14.

Roy, A. K. and P.K. Singh, 2006. Genetic variability,
heritability and genetic advance for yield in
potato (Solanum tuberosum L.). Int. J. Plant Sci.,
1(2): 282-285.

De la Morena, I.A. Guillen and L.F. Garcia del Morel,
1994. Yield development in potatoes as influenced by
cultivar and the timing and level of nitrogen fertilizer.
Am. Potato. J., 71: 165-173.

Mohamed, T., T.P. Malik, A K. Bhatia and S. Deswal,
2017. Tuber growth and quality of potato var. Kufti
Babhar as affected by FYM, vermicompost and neem
cake under western Haryana conditions, India. Int. J.
Curr. Microbiol. App. Sci., 6(12): 118-125.

Shalini, S.B., H.T. Channal, N.S. Hebsur,
P.R. Dharmatti and P.A. Sarangamath, 2002. Effect of
integrated nitrogen management on nutrient uptake
in knolkhol, yield and nutrient availability in the soil.
J. Karanataka Agri. Sci., 15(1): 43-46.

Assefa, A.G., S.H. Mesgina and Y.W. Abrha, 2015.
Effect of inorganic and organic fertilisers on the
growth and yield of garlic crop (4/lium sativum L.) in
Northern Ethiopia. J. Agric. Sci., 7(4): 80-86.

Giiler, S., 2009. Effects of nitrogen on yield and
chlorophyll of potato (Solanum tuberosum L.)
cultivars. Bangladesh J. Bot., 38: 163-169.

Vos, J. and M. Born, 1993. Hand-held chlorophyll
meter: A promising tool to assess the nitrogen status
of potato foliage. Potato Res., 36: 301-308.

310

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Najm, A.,, M. Hadi, F. Fazeli, M.T. Darzi and
R. Shamorady, 2010. Effect of utilization of
organic and inorganic nitrogen source on the
potato shoots dry matter, leaf area index and plant
height, during middle stage of growth. Int. J. Agr.
Biosys. Eng., 4(11): 852-855.

Uwah, D.F. and V.E. Eyo, 2014. Effects of number
and rate of goat manure application on soil
properties, growth and yield of sweet maize
(Zea mays L. saccharata Strut). Sustainable Agr.
Res., 3(4): 75-83.

Mengel, K. and E.A. Kirby, 2001. Principles of Plant
Nutrition. Kluwer Academic Publishers. 5" Edition.
Dordrecht, Netherlands.

Ahmed, N.U.,, Z. Ferdous, N.U. Mahmud, A. Hossain
and M.A.U. Zaman, 2017. Effect of split application
of nitrogen fertilizer on the yield and quality of
potato (Solanum tuberosum L.). Int. J. Nat. Soc. Sci.,
4(2): 60-66.

Baniuniene, A. and V. Zekaite, 2008. The effect of
mineral and organic fertilisers on potato tuber
yield and quality. Latv. J. Agron., 11: 202-206.
Yang, X., P. Li, S. Zhang, B. Sun and C. Xinping,
2011. Long-term-fertilization effects on soil organic
carbon, physical properties and wheat yield of a
loess soil. J. Plant Nutr. Soil Sci., 174: 775-784.
Ababiya, A., 2018. Integrated use of NPS blended
fertilizer and cattle manure on growth, yield and
quality of potato (Solanum tuberosum L.) under
Dabo Ghibe Kebele, Seka Werada of Jimma Zone,
southwest Ethiopia (Doctoral dissertation, Jimma
University).

Islam, M.M., S. Akhter, N.M. Majid, J. Ferdous and
M. Alam, 2013. Integrated nutrient management for
potato (Solanum tuberosum L.) in grey terrace soil
(Aric Albaquipt). Australian J. Crop Sci., 7: 12-35.
Shanward, U.K., C.A. Agasimani, H.T. Channal,
Y.B. Palled and B.C. Patil, 2001. Economics of
integrated nutrient management in sunflower
pigeon pea intercropping system. J. Karnataka Agri.
Sci., 14(3): 762-766.

Shunka, E., C. Abebe, W. Gebremedhin, S. Ebrahim
and T. Lema, 2016. Response of potato (Solanum
tuberosum L.) varieties to nitrogen and potassium
fertiliser rates in central highlands of Ethiopia. Adv.
Crop Sci. Technol., 4: 1-6.

Kumar, P., S. Pandey, B. Singh, S. Singh and
D. Kumar, 2007. Effect of nitrogen rate on growth,
yield, economics and crisps quality of Indian potato
processing cultivars. Potato Res., 50: 143-155.



35.

36.

37.

38.

39.

40.

41.

Am-Euras. J. Agric. & Environ. Sci., 19 (4): 301-311, 2019

El-Sayed F., A. Hassan and M.M. El-Mogy, 2014.
Growth, yield and nutrient concentration of potato
plants grown under organic and convetional fertilizer
systems. American-Eurasian J. Agric. & Environ. Sci.,
14(7): 636-643.

Simson, R., L. Tartlan, E. Nugis and V. Eremeev, 2016.
The effect of fertiliser and growing season on tuber
dry matter and nitrate content in potato. Agron. Res.,
14: 1486-1493.

Goffart, J.P., M. Olivier and M. Frankinet, 2008.
Potato crop nitrogen status assessment to improve N
fertilisation manage and efficiency: past-present.
Potato Res., 51(3-4): 355-383.

Perrenoud, S., 1993. Fertilizing of high yield potato.
IPI Research Topics No. 3.2™ Edition. International
Potash Institute, Bern, Switzerland.

Susan, J.K., C.S. Ravindran and C.R. Mohankumar,
2003. Cassava starch content as modified by
continuous application of manures and fertilizers. J.
Root Crops., 29(2): 64-68.

Raupp, J., 1996. Quality of plant products grown with
manure fertilization. Comparison of food quality of
organically versus conventionally grown vegetables.
Proceedings of the fourth meeting in Juva, Finland.
July 6-9™ 1996. pp: 44-48.

Kandil, A.A., AN. Attia, M.A. Badawi, A.E. Sharief
and W.A.E. Abido, 2011. Influence of water stress
and organic and inorganic fertilization on
quality, storability and chemical analysis of
potato (Solanum tuberosum L.). J. Appl. Sci. Res.,
7(3): 187-199.

311

42.

43.

44.

45.

46.

47.

48.

Oztiirk, E., Z. Kavurmac, K. Kara and T. Polat, 2010.
The effects of different nitrogen and phosphorus
rates on some quality traits of potato. Potato Res.,
53:309-312.

Kammlade, S.M., 2015. Potato tuber yield, quality,
mineral nutrient concentration, soil health and soil
food web in conventional and organic potato
systems. Colorado State Univ. PhD Diss.

Fernandes, AM., R.P. Soratto, L. Moreno and
R.M. Evangelista, 2015. Effect of phosphorus
nutrition on quality of fresh tuber of potato cultivars.
Bragantia, Campinas, 74(1): 102-109.

Biruk-Masrie, Z., R. Nigussie-Dechassa, A. Bekele,
A. Yibekal and T. Tamado, 2014. Influence of
combined application of inorganic N and P fertilizers
and cattle manure on quality and shelf-life of
potato  (Solanum  tuberosum L.) tubers. .
Postharvest Technol., 2(3): 152-168.

Sowley, E.N.K., M. Neindow and A.H. Abubakari,
2015. Effect of poultry manure and NPK on yield and
storability of orange and white fleshed sweet
potato (Ilpomea batatas L.) ISABB J. Food and Agr.
Sci., 5(1): 1-6.

Kader, A.A. and R.S. Rolle, 2004. The role of post-
harvest management in assuring the quality and
safety of horticultural produce. FAO Agricultural
Services Bulletin, 152, Rome, Italy.

Mehta, M. and S.P. Singh, 2002. Physiological losses
in potato under non refrigerated storage: Effect of
N, P and K fertilizers. J. Indian Potato Assoc.,
29: 129-134.



