Open Access Library Journal
2018, Volume 5, e3974

ISSN Online: 2333-9721

ISSN Print: 2333-9705

Effects of Integrated Nutrient Management on
Potato (Solanum tuberosum L.) Growth, Yield
and Yield Components at Haramaya Watershed,
Eastern Ethiopia

Abdulaziz Mohammed?, Muktar Mohammed?, Niguse Dechasa?, Fuad Abduselam3*

'School of Natural Resources Management and Environmental Science, College of Agriculture and Environmental Science,

Oda Bultum University, Chiro, Ethiopia

?Collage of Agriculture and Environmental Sciences, Haramaya University, Dire Dawa, Ethiopia

Fadis Agricultural Research Center, Oromia Agricultural Research Institute, Harar, Ethiopia

Email: *nasib2831@gmail.com

How to cite this paper: Mohammed, A.,
Mohammed, M., Dechasa, N. and Abduselam,
F. (2018) Effects of Integrated Nutrient
Management on Potato (Solanum tuberosum
L.) Growth, Yield and Yield Components at
Haramaya Watershed, Eastern Ethiopia.
Open Access Library Journal, 5: e3974.
https://doi.org/10.4236/0alib.1103974

Received: September 26, 2017
Accepted: March 27,2018
Published: March 30, 2018

Copyright © 2018 by authors and Open
Access Library Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Potato is an important food security and cash crop in eastern Hararghe Zone.
However, the productivity of the crop is constrained by low soil fertility and
poor fertilizer management practices. Therefore, a field experiment was con-
ducted at Haramaya watershed in Haramaya District, Eastern Ethiopia; during
the 2014 off season using irrigation. The main objective of the study was to
assess the effects of integrated nutrient management on potato growth, yield
and yield components. The treatments were three rates of farmyard manure
(0, 5, 10, t ha™), three rates of N (0, 55.5, 111 kg N ha™), and three rates of
phosphorus (0, 46, 92 kg P,O; ha™). The experiment was laid out as a rando-
mized complete block design in (RCBD) in a factorial arrangement with three
replications. The results showed that the effect of integrated use of organic and
inorganic fertilizer had significant influence on plant height, above ground bio-
mass, day to maturity, total tuber yield, average tuber number/hill, average tu-
ber mass/hill, marketable tuber number and tuber dry matter yield. The high-
est marketable tuber yields of 38.65 t ha™ followed by 36.24 t ha™ were ob-
tained in response to a combined application of farm yard manure, N and P at
the rates of 10 t FYM ha™ + 111 kg N ha™' + 92 kg P,0, ha™' and 10 ton FYM
ha™ + 111 kg N ha™' + 46 kg P,O; ha™', respectively. The marketable and total
tuber yields were positively and significantly correlated with all growth and
yield components studied but negatively and significantly correlated with the
number of main stem/hill, unmarketable tuber yield. In conclusion, applica-
tion of farm yard manure with, N and P not only significantly improved prod-
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uctivity, but also profitability of the crop.
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1. Introduction

The annual production of potato in Ethiopia is low (about 784,993.4 tons) and
the national average yield is 11.76 tons ha™' [1], which is very low compared to
the world’s average yield of 16.4 tons ha™ and that of other potato producing
countries of the world such as New Zealand (50 tons ha™), Netherlands (44.7
tons ha™'), USA (44.6 tons ha™") [2]. There are several causes for the low yield of
the crop in the country among which depleted soil fertility, poor agronomic
practices, and diseases and pests are the main [3]. Soil nutrients are being dep-
leted in Ethiopia because of, soil erosion, leaching, removal by crops, low exter-
nal input of nutrients, as well as absence of crop residue incorporation for resto-
ration of soil fertility [4]. [5] stated that, declining soil fertility is one of the most
significant constraints to increased food production in Ethiopia. The essential plant
nutrients, N and P are of the deficient nutrients in many soil of Ethiopia [6]. Whe-
reas, most cultivated soils of Ethiopia are poor in their organic matter (OM) con-
tent due to low amount of organic materials applied to the soil and complete re-
moval of the biomass from the field [7].

Blanket rates of nitrogen and phosphorus in the form of Urea and DAP (165
kg urea and 195 kg DAP/ha), which amount to 110 kg N ha™' and 90 kg P,O./ha,
respectively, have been formulated to be used as recommended rates for potato
production on Nitosol of Holeta, in the central highlands of Ethiopia [8]. The
same rates of the mineral fertilizers have been blanket-used for potato produc-
tion across most parts of the country regardless of soil and environmental con-
ditions for more than 20 years. Current blanket recommendation of 111 N kg
ha™' was recommended by [9] for the variety Bubu in Eastern Hareghe of Hara-
maya district. The same recommendation of 111 N kg ha™" and 92 P,0, was giv-
en by [8] and this recommendation has been used for different researches [10]
and potato producers since then.

The integrated nutrient management paradigm acknowledges the need for
both organic and inorganic mineral inputs to sustain soil health and crop pro-
duction due to positive interaction and complementarities between them [11]
[12]. It is a strategy that incorporates both organic and inorganic plant nutrients
to attain higher crop productivity, prevent soil degradation and thereby help
meet future food supply needs. Integrated soil fertility management is applica-
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tion of soil fertility management practices, and the knowledge to adapt these to
local conditions, which maximize fertilizer and organic resource use efficiency
and crop productivity [13]. Thus, this study was conducted to investigate the ef-
fects of integrated nutrient management on growth and yield of potato.

2. Materials and Methods
2.1. Description of the Study Area

The study was conducted at Haramaya watershed on community farm during
the 2014 cropping season in eastern Hararghe Zone in the Oromiya National
Regional State (ONRS). The location of the site is about 510 km far from Addis
Ababa 18 km from Harar town at 09°26'N and 42°3'E in the easterly direction.
The average altitude of the research site is about 2004 meters above sea level. It is
found in the semi-arid tropical belt of eastern Hararghe Zone. The rainfall is er-
ratic and uneven in distribution. The site has a bimodal rainfall distribution and
is a representative of a sub humid mid-altitude agro-climatic zone. The short
rainy season extends from March to April and whereas the long rainy season ex-
tends from June to October and the annual rainfall is 790 mm, mean tempera-
ture is 16.8°C with mean minimum and maximum temperature of 1.4°C and
23.4°C, respectively.

The major surrounding land form is plateau and the experimental site is lo-
cated at lower slope position. Rain-fed agricultural practices are the common
land use types and sometimes the use underground water for vegetables produc-
tion during drying season. The study was conducted on cultivated land under ir-
rigation around a delineated irrigation farm boundary. The source of irrigation
water was pond. The farming practices involve mixed type of cultivation of crop.
The major arable crops in the area are sorghum (Sorghum bicolor (L.) Moench),
Maize (Zea mays), khat (Catha edulis Forsk) and vegetables. Farmers practice
both intercropping and mono-cropping of these crops.

2.2. Experimental Materials and Design

The effects of integrated nutrient management (INM) were investigated using
potato as a test crop under irrigation. The improved variety named Bubu, which
was released by potato improvement program of the Haramaya University in
2006. The variety is well known by farmers in the area for its high yield, late
blight rust resistance, and good quality tubers. The fertilizer used for this expe-
riment included urea, which is a source of nitrogen (46% N) and TSP, which is a
source of phosphorus (46% P,O;). Farmyard manure: Goat manure was used as
an organic fertilizer for the trial. The manure was collected from locally available
goat dung from the farmers’ field. The fresh goat manure was piled and stored
for three months before application for decomposition.

The treatments consisted of three rates of nitrogen (0, 55.5, 111 kg N ha™),
three rates of phosphorus (0, 46, 92 kg P,O, ha™), and three rates of farmyard
manure (0, 5, 10 t ha™). The experiment was laid out as a randomized complete
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blocking design (RCBD) in a factorial arrangement. Each treatment was repli-
cated three times, and assigned randomly to each plot. Each plot size was 3.75 m
long and 3.0 m wide, and consisted of five rows, with each row containing 10
plants with a total of 50 plants per plot. Blocks were separated by a distance of

1.5 meters whereas plots were separated by a distance of 1 m.

2.3. Experimental Procedure

The experimental field was prepared following the conventional farmers’ prac-
tices. The field was ploughed by oxen three times before sowing. The sprouted
tubers were planted directly in rows with the spacing of 75 cm between rows and
30 cm between plants, in January 14, 2014. Urea and TSP were used as sources of
N and P. The whole dose of TSP and half dose of Urea were applied at planting
time by side application method and the remaining half dose of urea was applied
one month after planting (at tuber initiation stage) using the split application
method. Hand weeding was done when required, to keep the plots clean and free
from weed competition. Weeding was done three times during the period of ex-
perimentation. Two weeks before harvesting, the haulms were cut and the crop
was harvested in May 21, 2014 by digging when the soil moisture was optimum.
Tubers were harvested from the medium 3 rows by leaving the plants growing in
the two border rows and those growing at both ends of each row to avoid border

effect and the tuber were harvested using traditional implements.

2.4. Data Collection and Measurement

The plants were picked at random from the middle three ridges and dug out.
Five plants were selected randomly from the net plot area for recording observa-
tions on growth performance and yield related parameters like tuber number per
hill and tuber mass per hill data were taken from the whole net plot for tuber
yield. Growth parameters recorded were days of emergence, days to maturity,
plant height (cm), total leaf area per hill, days to flowering, number of main stem
per hill and above ground biomass while yield and yield components parameters
collected were average tuber number per hill, average tuber mass per hill, mar-
ketable and unmarketable tuber numbers, total tuber number per plot, marketa-
ble tuber yield, unmarketable tuber yield and total tuber yield.

Quality Parameters; Tuber Dry Matter Content (%): Five potato tubers
were randomly selected from each plot, chopped into small (1 - 2 cm cubes),
mixed thoroughly, and two fresh sub-samples each weighing 200 g were taken
for drying to a constant weight. Each sub-sample was placed in a paper bag and
put in an oven at 70°C for 72 hours. Each sub-sample was immediately weighed
and the mean recorded as dry weight. Percent dry matter content for each

sub-sample was calculated based on the formula described by [14].

Weight of sample after drying (g)

— - x100
Initial weight of sample(g)

Dry matter (%) =
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2.5. Statistical Analysis

Crop data were statistically analyzed by analysis of variance (ANOVA) using the
Statistic Analysis System (SAS 2002) software package (version 9.1). To identify
the differences between treatments, the treatment means were compared using
Duncan’s Multiple Range Test (DMRT) at 5% level of significance.

3. Results and Discussion

3.1. Days to Flowering and Maturity

The results of the main effects of N, P fertilizers and farmyard manure with var-
ious levels and their interaction in relation to days of flowering, maturity and
tuber dry matter yield are shown below (Table 1 and Table 2). N and P signifi-
cantly influence number of days to flowering of the crop. However, farm yard
manure did not affect this parameter of the plant. Decreasing in days to flower-
ing continued up to the highest level of both nutrient at 111 kg N ha™ and 92 kg
P,O; ha™ or when fertilizer application supply was raised from 55.5 kg N ha™ to
111 kg N ha™* and 46 kg P,O, ha™' to 92 kg P,O; ha™". The highest value for days

to flowering was recorded at the control treatment which is lowest rate of nutrient,

Table 1. Main effects of N and P,O; fertilizers and farmyard manure on days to flower-
ing, days to maturity and tuber dry matter.

Variable Days of flowering ~ Days of maturity ~ Tuber dry matter (t/ha)

Organic manure (FYM)

Control 38.07 109.4 2.028b
5ton FYM ha™! 37.88 109.07 2.94a
10 ton FYM ha™! 38.11 109.04 2.86a

CV (%) 4.67 1.46 28.81

SEM () 1.77 1.59 0.75

Inorganic fertilizer N, P,O5

Control 38.55a 109.96a 2.029b
55.5 Kg N ha™ 38.18ab 109.48a 2.79a
111 KgN ha™! RDF 37.33b 108.07b 3.01a
CV (%) 4.67 1.45 28.81
SEM (+) 1.77 1.59 0.75
Control 39.48a 109.81a 2.318b
46 kg P,O; ha™! 37.62b 109.15ab 2.501b
92 kg P,0; ha™! RDF 36.96b 108.56b 3.01a
CV (%) 4.67 1.459 28.81
SEM (+) 1.77 1.60 0.75

Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT
test, RDF = Recommended dose of fertilizer, FYM = Farm yard manure N = Nitrogen, P,O; kg/ha = phos-
phorus.
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Table 2. Interaction effect of integrated nutrient management practices on days to flo-
wering, days to maturity and tuber dry matter.

Treatment Days to Days to Tuber Dry
Flowering Maturity Matter %
Control 42.66a 112.67a 1.16e
46 kg P,0; ha! 37.6b-d 111ab 1.105¢
92 kg P,0, ha™! 37b-d 108.67bc 1.84ed
55.5 kg N ha™ 40ab 110.33a-c 1.82ed
55.5 kg N ha™' + 46 kg P,O; ha™’ 38.66bc 110a-c 2.14c-e
55.5kg N ha™ + 92 kg P,O; ha™! 37.33b-d 110a-c 2.458b-d
111 kg Nha! 39bc 108.67bc 1.76de
111 kg N ha™! + 46 kg P,O; ha™! 35.66¢d 108b-d 2.52b-e
111 kg N ha' + 92 kg P,O; ha™! 34.66d 105.33d 3.438abc
5tFYM ha™ 38.66bc 110a-c 2.487b-e
5t FYM ha™ + 46 kg P,O, ha™! 37.66b-d  109.33bc 2.48b-e
5tFYM ha™' + 92 kg P,O; ha™ 39bc 109bc 2.8a-d
5tFYM ha™ + 46 kg N ha™ 39bc 108.67bc 2.777a-d
5tFYM ha™ + 55.5 kg N ha™' + 46 kg P,O; ha™* 37.66b-d 109.67a-c 3.82ab
5tFYMha™ + 55.5 kg N ha™ + 92 kg P,O; ha™* 36.33cd 109.33bc 3.11a-d
5ton FYM ha™' + 111 kg N ha™ 39bc 109.33bc 2.778a-d
5tFYMha™ + 111 kg N ha™' + 46 kg P,O; ha™ 38b-d 108cd 2.789a-d
5tFYMha™' + 111 kg N ha™! + 92 kg P,O; ha™! 35.66¢d 108.33bc 3.436abc
10 t FYM ha™ 39bc 109.67a-c 2.16¢-e
10 t FYM ha™ + 46 kg P,0O; ha™! 38b-d 109.67a-c 1.77ed
10 t FYM ha™' + 92 kg P,0, ha™! 3733b-d  109.67a-c 2.45b-¢
10 t FYM ha™' + 55.5 kg N ha™’ 39bc 110.33a-c 3.12a-d
10 t FYM ha™' + 55.5 kg N ha™! + 46 kg P,O; ha™* 37b-d 109bc 2.44b-e
10t FYM ha™ + 55.5 kg N ha™ + 92 kg P,O; ha™ 38.66bc 108b-d 3.439abc
10t FYMha™ + 111 kg N ha™! 39bc 108.67bc 2.79a-d
10t FYM ha™ + 111 kg N ha™! + 46 kg P,O; ha™* 38.33bc 107.67cd 3.438abc
10 t FYM ha™' + 111 kg N ha™ + 92 kg P,O; ha™! 36.66b-d  108.67bc 4.15a
CV (%) 4.47 1.42 29.89
SEM () 1.69 1.55 0.78

Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT
test, RDF = Recommended dose of fertilizer, FYM = Farm yard manure, N = Nitrogen, P,O, = phosphorus.

and higher number of days to flowering obtained for plants in the highest rate of
treatment of organic manure. The combination of different rates of inorganic
fertilizers (111 kg N ha™ and 92 kg P,O ha™) with various levels of FYM was
significantly influence days to flowering. Thus, the lowest day to flowering was
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attained and hastened significantly due to application of the highest rate (92 kg
P,0O; ha™), the lowest than all treatments. This result agreed with the findings of
[15]. In addition to this, plants deficient in phosphorus delay in maturity and
show stunting of growth [16]. 111 kg N ha™' and 92 kg P,O; ha™' fertilizer appli-
cation was significantly influence days to maturity of the crop. However, days to
maturity were not significantly affected by application of different rates of far-
myard manure (Table 1).

The interaction of different rates of inorganic fertilizers with various levels of
FYM has a significant effect on days to maturity. The reduced in day to maturity
continued up to the highest level of the nutrient (111 kg N ha™'+ 92 kg P,O; ha™'
+ 10 ton FYM ha™) (Table 2). It was the lowest day to maturity 105.33 was rec-
orded due to application of full recommended dose of inorganic fertilizers (111
kg N ha™ + 92 kg P,O; ha™') whereas in the control treatment in longest maturi-
ty period about 112.67 days was recorded. The results of the experiment agree
with the findings of [17] who reported that integration of organic manure with

inorganic fertilizers fasten maturity period of the crop.

3.2. Tuber Dry Matter

The result revealed that main effects of organic and inorganic fertilizer showed
significant difference for tuber dry matter yield (Table 1). The treatment that
received recommended dose of 111 kg N ha™' and 92 kg P,O; ha™ fertilizer sig-
nificantly increased tuber dry matter yield. Similarly, the effect of 5 ton FYM
ha™' application on tuber dry matter yield was statistically significant compared
to the control treatment.

The combination of different rates of inorganic fertilizer (N and P) with vari-
ous level of farm yard manure (FYM) caused significant differences in tuber dry
matter yield.

Treatment that received recommended dose of organic and inorganic fertilizer
(10t FYM ha™ + 111 kg N ha™' + 92 kg P,O; ha™') gave significantly higher tuber
dry matter yield (4.15 t/ha) (Table 2). [18] also reported that combined use of
organic manure increased the dry matter production than control plots. Treat-
ments that 10 t FYM ha™ + 111 N kg ha™' + 46 kg P,O, ha™' and 10 t FYM ha™" +
55.5 N kg ha™ + 92 kg P,0O; ha™ and 111 N kg ha™' + 92 kg P,O, ha™" also resulted
in higher tuber dry matter production. The result revealed that interaction of or-
ganic manures with various rate of inorganic fertilizer could give better dry matter
production than in organic and inorganic alone. The present finding is in confor-
mity with the finding of [19] who reported that integrated nutrient supply increased
dry matter yield of potato.

3.3. Growth Parameters

3.3.1. Number of Main Stem
The results of analysis of variance for growth components of potato under inte-
raction of organic and inorganic fertilizer are presented and discuss here below.

The result showed that neither the main effect of inorganic fertilizer nor that of
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organic (farmyard manure) application had not affected significantly on main
stem number per hill (Table 3).

In the some way, the interaction effects of different rates of recommended dose
of inorganic fertilizers (N and P) with various level of FYM were non-significant
(p < 0.05) in (Table 4). The maximum number of main stem recorded was (8.25)
in the plots received a dose of organic and inorganic fertilizer (10 t FYM ha™ +
111 kg N ha™' + 46 kg P,0, ha™'), which followed by a half dose of organic and
inorganic fertilizer (5t FYM ha™ + 55.5 kg N ha™' + 46 kg P,O, ha™ (8.24)). [20]
also stated that the number of stems/hill did not differ significantly due to the
application of different levels of N, P,O, and FYM as well as their combination.
In this study application of both organic and inorganic fertilizers had no any ef-

fect on the number of main stem of potato.

3.3.2. Plant Height

The application of organic and inorganic fertilizers had significant for the main
effects of plant height (Table 3). Plant height significantly increased from 89.63
to 91.39 cm when FYM supply was raised from 5 to 10 t ha™. In the same way,

Table 3. Main effect of N and P,0O; inorganic fertilizers and FYM practices on growth
component of potato.

Number of  Plant height Total leaf Above ground
Treatments

main stem (cm) area (cm?) biomass (kg ha™)
Organic manure (FYM)

Control 7.69 85b 16.4c 0.19a
5tFYM ha™* 7.93 89.63a 17.034b 0.21ab
10 t FYM ha™! 7.89 91.39a 17.9a 0.22b
CV (%) 11.39 6.98 6.35 23.74

SEM (%) 0.89 6.187 1.09 50.02

Inorganic fertilizer N, P,O;

Control 7.69 85.46b 16.239¢ 0.19b

55.5kg N ha™! 7.86 88.11b 17.128b 0.2b
111 kg N ha™! RDF 7.96 92.43a 17.969a 0.24a
CV (%) 11.39 6.98 6.35 23.74
SEM (%) 0.89 6.19 1.09 50.02

control 7.71 86.64b 16.63b 0.2

46 kg P,O; ha™ 7.88 89.27ab 17.28a 0.2

92 kg P,O; ha™ RDF 7.91 90.11a 17.42a 0.22
CV (%) 11.39 6.98 6.35 23.74
SEM (%) 0.89 6.18 1.08 50.02

Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT
test, RDF = Recommended dose of fertilizer, FYM = Farm yard manure, N = Nitrogen, P,O, = phosphorus
penta oxide.
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Table 4. Interaction effect of integrated nutrient management practices on growth para-
meters of potato.

Treatments Nms Ph LA AGB
Cm cm? (kgha™)

Control 7.48 65.7d 13.89f 0.11e

46 kg P,0, ha™! 7.66  82.46¢ 15.65¢ 0.19-e

92 kg P,Os ha™! 7.82 88.2a-c 16.76b-e 0.2-d

55.5kg N ha™! 7.5 84bc 15.76e 0.18-e

55.5 kg N ha '+ 46 kg P,0; ha™! 7.8 86a-c 15.99de 0.21a-d
55.5 kg N ha™' + 92 kg P,O; ha™’ 7.73 86.2a-c  16.63c-e  0.18b-e
111 kg N ha™! 7.7 88.06a-c 17.09b-e 0.21a-d
111 kg N ha™ + 46 kg P,Os ha™ 7.68  88.66a-c 16.95b-e  0.22a-d
111 kg N ha' + 92 kg P,O; ha! 7.83 95.6a 18.86ab 0.24a-c
5tFYM ha™! 7.73 86.4a-c 16.03de 0.18b-e

5tFYM ha™' + 46 kg P,O; ha™ 7.7 85.5a-c 16.55¢c-e 0.13de
5tFYMha™' + 92 kg P,O; ha™! 7.88 88a-c 16.35c-e  0.23a-d
5tFYMha™' + 46 kg N ha™ 7.84  87.4a-c  1647c-e  0.24a-c
5tFYMha™ + 55.5 kg N ha™ + 46 kg P,O; ha™! 824  925a-c  18.02a-d 0.23-d

5tFYM ha™ + 55.5 kg N ha™' + 92 kg P,O; ha™* 7.83  86.33a-c  17.07b-e  0.21a-d

5ton FYM ha™ + 111 kg N ha™* 7.91 93.5ab 17.58a-e  0.21a-d
5tFYMha™ + 111 kg N ha™! + 46 kg P,O; ha™! 8.2 93.73ab 17.5a-e 0.2a-d
5tFYMha™ + 111 kg N ha™' + 92 kg P,O; ha™ 8 93.26a-c  17.7la-e  0.21a-d
10 t FYM ha™! 7.33 92.15a-c 17.2b-e 0.23a-d

10 t FYM ha™' + 46 kg P,O; ha™ 7.77 90a-c 17.15b-e  0.17c-e

10 t FYM ha™ + 92 kg P,O; ha™! 7.83 90.7a-c 16.54c-¢ 0.2a-d

10t FYM ha™ + 55.5 kg N ha™ 7.9 88.5a-c  17.43a-e  0.19a-e

10 t FYM ha™ + 55.5 kg N ha™ + 46 kg P,O; ha™ 7.8 94.9a 19.26a 0.17c-e
10 t FYM ha™' + 55.5 kg N ha™! + 92kg P,0O; ha™ 8.1 87.06a-c  17.49a-e  0.22a-d
10t FYM ha™! +111 kg N ha™! 7.93 93.86ab 18.22a-c 0.27ab

10 t FYM ha™ + 111 kg N ha™' + 46 kg P,O; ha™ 8.11 89.6a-c  18.44a-c 0.27ab

10 t FYM ha™ + 111 kg N ha™' + 92 kg P,O; ha™ 8.25 95.6a 19.35a 0.28a
CV (%) 13.26 6.09 6.11 22.81
SEM (%) 1.02 2.32 1.02 6.98

Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT
test, RDF = Recommended dose of fertilizer, FYM = Farm yard manure, N = nitrogen, P,O, = phosphorus
penta oxide, Nms = number of main stem, Ph = Plant height, TLA = Total leaf area, AGB = Above ground
biomass.

plant height increased from 88.11 to 92.43 cm and from 89.27 to 90.11 cm when
inorganic fertilizer supply was raised from 55.5 kg N ha™ - 111 kg N ha 'and 46
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kg ha™' - 92 kg P,0O, ha™' respectively. The plant height was grown in the treat-
ment of 111 kg N ha™', which was higher than that in the control treatment and
other main effect. The increase in plant height might be due to cell division and
enlargement, which is stimulated by presence of nitrogen. These results were
confirmed by [21] who advocated that increasing N level significantly increased
plant height.

Plant height was significantly influenced by the application of different rates
of inorganic fertilizers (111 kg N ha™" and 92 kg P,O, ha™") with different rate of
farm yard manure (Table 4). This might be due to the positive effects of organic
and inorganic fertilizer through adequate supply of all nutrients. The inorganic
fertilizer in combined with application of FYM might have enhanced the de-
composition of organic matter thus the increased supply of nutrients for increas-
ing the cell division and elongation. This finding agreed with [22], who stated
that the application of organic manure with inorganic fertilizer significantly in-
creased growth and vigor of the plants over application of inorganic fertilizers
alone.

The tallest plants height (95.6 cm) was recorded in the treatment (10 ton FYM
ha™ + 111 kg N ha™ + 92 kg P,0O, ha™'), compared with to all other treatments,
followed by no application of FYM but had full doze of inorganic fertilizer (95.5
cm). The increase in plant height in the presence of inorganic fertilizer may be
due to better availability of nutrients. It was observed that plants that received
both organic and inorganic were significantly taller than those in height as com-
pared to plants obtained from the control plot. The current experiment result cor-
roborates the findings of [23] who reported that organic manure and inorganic
fertilizer supplied all the essential nutrients at seedling stage resulting in an increase
of measured variables like plant height. [18] and [24] also reported the combined
effect of organic fertilizer and inorganic fertilizer on the plant height was signif-
icant. The increase in plant height might be due to more availability and up take
of nutrients. Generally the result revealed that plots that received both organic
and inorganic fertilizer produced plants with taller height as compared to plants

on controlled plot.

3.3.3. Above Ground Biomass

The analysis of variance of main effects revealed that the use of farmyard ma-
nure and N was significantly influence the above ground biomass of the crop,
but P,O; fertilizers did not affect this parameter of the plant (Table 3). Thus, the
highest above ground biomass was attained at the rate of 111 kg N ha™ and was
higher than the above ground biomass obtained for plants in all treatments. The
results indicated that inorganic fertilizer (N) increased the above ground bio-
mass from 0.2 kg ha™ to 0.24 kg ha™' when the rates of nitrogen fertilizer rose
from 55.5 kg N ha™' to 111 kg N ha™". This result is in conformity with the find-
ings of [25] who reported a significant increment in canopy dry matter yield of
potato in response to increased nitrogen application. Similarly [26] also reported

that efficient use of inorganic fertilizer increased the above ground biomass. This
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increase in the above ground biomass with increasing rate of inorganic fertilizer
could be attributed to the effect of N on vegetative growth. [27] reported similar
results in case of sweet potato.

The analysis of variance showed a highly significant effect of treatments on
above ground biomass (Table 4). The results indicated that highest biomass (0.28
kg ha™') was obtained from the combined application of organic and inorganic
fertilizer (10 t FYM ha™ + 111 kg N ha™' + 92 kg P,O; ha™") followed by (10 t
FYM ha™ + 111 kg N ha™' + 46 kg P,O; ha™') (276.32 g), which was significantly
higher than the above ground biomass obtained from the control plot. However,
the lowest above ground biomass was observed in the plot from control (0.11 kg

ha™"). Similar results were reported by [27] for sweet potato.

3.3.4. Total Leaf Area
The result indicates farmyard manure was significantly influenced at (p < 0.05)
on total leaf area of the crop. Thus, the highest total leaf area was attained at the
highest rate of the nutrients from treatment that received (10 ton FYM/ha), and
was higher than the total leaf area obtained for plants in the control treatment.
The result of the current experiment could probably be attributed to the benefi-
cial effect integrated fertilizer use and the macro as well as micro nutrients sup-
plied through FYM [28] and increased availability of plant nutrients [29]. In the
same way, significant difference was observed among different rate of inorganic
fertilizers N (from 55.5 to 111 kg ha™) and P,O; (from 46 to 92 kg ha™') (Table
4). Nitrogen fertilizer increases the leaf area, which increases the amount of solar
radiation intercepted, and consequently, increases dry matter production by dif-
ferent plant parts. It increases potato yields by increasing the number of tubers
formed [30], duration of tuber bulking, and nitrogen uptake by the plant [31].
The effect of interaction of different rates of inorganic fertilizer (N and P,O;)
with various rates of organic manure (FYM) showed a significant difference. Among
the treatments maximum total leaf area was recorded (19.35 cm?) for the treatment
that received (10 t FYM ha™ + 111 kg N ha™' + 92 kg P,O; ha™"), followed by 10 t
FYM ha™'+ 55.5 kg N ha™' + 46 kg P,O, ha™ (19.26 cm?) (Table 4) was signifi-
cantly higher than the leaf area obtained in the control. Furthermore, the result
of the current experiment was agreed with the finding of [32] who reported the
integrated nutrient management practices significantly influenced total leaf area.
The higher leaf area as a result of integrated use of organic and inorganic fertilizers
might be due to the more availability and up take of nutrients or the release of
considerable amounts of nutrients especially N for plant use. N is essential for

chlorophyll and protoplasm formation [33].

3.4.Yield and Yield Attributes

The analysis of result indicated that the main effect of inorganic fertilizer both N
and P was significantly influenced average tuber mass. The recommended dose
of inorganic fertilizer at 111 kg N ha™' as well as 92 kg P,O; ha™' showed signifi-

cantly higher average tuber mass compared to control plot. The increase in av-
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erage tuber mass continued up to the highest level of both inorganic nutrients
(111 kg N ha™' and 92 kg P,O; ha™) (Table 5).

On the other hand, the application of farm yard manure had significant effect
on average tuber mass; there was increase of average tuber mass with the increas-
ing rates of FYM from nil to 10 t ha™'. [34] stated that the increase in average
tuber mass with the supply of fertilizer nutrients could be due to more growth
and higher supply of photo assimilates which helped in producing larger size
tubers, hence resulting in higher yields.

The highest average tuber mass (134.03 g/tuber) was obtained in the plot that
received 10 t FYM ha™" + 111 kg N ha™" + 92 kg P,O; ha™' followed by application
of (111 kg N ha™' + 92 kg P,O; ha™") inorganic fertilizers (105.5 g tuber™") which
was significantly higher than that control (83.15 g tuber™") (Table 6). The result is
agreed with the report of [29] who reported that integrated nutrient manage-
ment practices significantly increased average tuber mass. [32] also stated that a
significant increase in tuber yield components with increasing organic manure
and inorganic fertilizers might be due to higher nutrient availability, and uptake
with higher rates of both fertilizer types and increased availability of plant nu-
trients, hence resulting in higher yields. Disagree with to the findings of the present
study, [35] found no significant influence of organic fertilizer application on av-

erage tuber mass.

Table 5. Main effect of N and P,O; inorganic fertilizers and FYM practices on yield and yield attribute of potato.

Tuber numbers

Treatments Average tuber Average tuber Tuber yield (t/ha)

organic manure (FYM) Mar. Unmar. Total number mass (g) Mar. Unmar. Total
Control 347.29b 30.96b 378.25b 12.42b 95.24b 28.37b 1.69 30.07b
5tFYM ha™! 385a 34.33ab 419.33a 13.97a 99.14ab 34.25a 1.85 36.11a

10 t FYM ha™! 388a 37.14a 425.14a 14.23a 101.12a 34.08a 1.92 36a

CV (%) 9.68 22.74 9 9.46 9.26 9.1 30.35 8.66

SEM (+) 36.14 7.77 36.692 1.28 9.12 2.93 0.55 2.95

Inorganic fertilizer

Control 341.37c 32.33 373.7c 12.27¢ 95.25b 29.34b 1.8 31.14b
55.5 kg N ha™ 379.63b 34.77 414.407b 13.82b 96.39b 33.21a 1.93 35.15a
111 kg N ha™! RDF 399.29a 35.33 434.63a 14.53a 103.85a 34.16a 1.73 35.89a

CV (%) 9.68 22.74 9 9.46 9.26 9.1 30.35 8.66

SEM (%) 36.14 7.77 36.692 1.28 9.12 2.93 0.55 2.95
Control 357.51b 35.59 393.11b 13.07b 94.68b 30.46b 1.7 32.17b
46 kg P,O5 ha™! 370.7b 34.148 404.85b 13.4b 97.67b 32.5a 1.97 34.47a
92 kg P,Os ha™ 392.07a 32.70 424.77a 14.15a 103.14a 33.75a 1.79 35.54a

CV (%) 9.68 22.74 9 9.46 9.26 9.1 30.35 8.66

SEM (%) 36.14 7.77 36.69 1.28 9.12 2.93 0.55 2.95

Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT test, Mar = Marketable, Unmar = Unmarketable,
RDF = Recommended dose of fertilizer, FYM = Farm yard manure, N = Nitrogen, P,O; = phosphorus penta oxide.
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Table 6. Interaction effect of integrated nutrient management on tuber yield and average tuber mass of potato.

No. Treatments Tber Yield Average Tuber
Mark Unmark Total Mass (g)
1 Control 21.01i 1.81 22.83h 83.15d
2 46 kg P,Os ha™! 23.88ih 1.36 25.25hg 86.57cd
3 92 kg P,0; ha™! 25.21g-i 1.68 26.89f-h 93.24bcd
4 55.5 kg N ha™! 27.25-h 1.5 28.75e-g 95.18bcd
5 55.5 kg N ha! + 46 kg P,0; ha™! 29.64d-g 1.83 31.47c-f 96.42bcd
6 55.5kg N ha™ + 92 kg P,O; ha™! 32.05b-f 2.06 34.11b-e 100.16bc
7 111 kg Nha! 28.65e-h 1.68 30.33d-g 94.08bcd
8 111 kg N ha™! + 46 kg P,O; ha™! 33.64a-e 1.65 35.29a-d 102.84b
9 111 kg N ha' + 92 kg P,O; ha™! 34.06a-¢ 1.66 35.73a-d 105.5b
10 5ton FYM ha! 31.85b-f 1.41 33.26b-e 98.08bc
11 5 ton FYM ha™! + 46 kg P,0, ha™! 33.56a-¢ 1.86 35.42a-d 103.35b
12 5ton FYM ha™ + 92 kg P,O; ha™! 33.02a-e 1.86 34.89a-d 103.64b
13 5ton FYM ha™ + 46 kg N ha™! 34.27a-d 2.08 36.36abc 98.87bc
14 5tFYM ha™ + 55.5 kg N ha™' + 46 kg P,O; ha™* 35.78abc 2.2 37.98ab 95.83bcd
15 5tFYM ha' + 55.5 kg N ha! + 92 kg P,0; ha™! 35.99abc 1.91 37.91ab 94.69bcd
16 5ton FYM ha™ + 111 kg N ha™ 33.32a-¢ 1.55 34.87a-d 96.14bcd
17 5tFYMha' + 111 kg N ha™' + 46 kg P,0; ha™! 34.43a-d 225 36.68abc 98.55bc
18 5tFYMha™' + 111 kg N ha™! + 92 kg P,Os ha™! 36.03abc 1.55 37.59ab 103.05b
19 10 t FYM ha™* 30.79b-f 2.06 32.86b-e 95.54bcd
20 10 t FYM ha™ + 46 kg P,0O; ha™! 30.37c-g 2.44 32.81b-e 95.97bcd
21 10 t FYM ha™' + 92 kg P,0, ha™! 34.33a-d 1.73 36.06abc 97.66bc
22 10t FYM ha™! + 55.5 kg N ha™! 34.57a-d 1.75 36.32abc 95bed
23 10 t FYM ha! + 55.5 kg N ha~'+ 46 kg P,O; ha™! 34.94a-d 1.9 36.84abc 96.09bcd
24 10 t FYM ha™ + 55.5 kg N ha™ + 92 kg P,O; ha™ 34.43a-d 2.15 36.58abc 95.27bcd
25 10t FYMha™ + 111 kg N ha! 32.39b-f 1.51 33.91b-e 96.07bcd
26 10t FYM ha™ + 111 kg N ha™' + 46 kg P,O; ha™* 36.24ab 2.25 38.49ab 103.4b
27 10t FYM ha™' + 111 kg N ha™ + 92 kg P,O; ha™! 38.65a 1.48 40.13a 135.03a
CV (%) 7.16 32.14 8.87 8.49
SEM (&) 7.06 0.59 2.86 2.89

Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT test, Mar = Marketable, Unmar = Unmarketable,
RDF = Recommended dose of fertilizer, FYM = Farm yard manure, N = Nitrogen, P,O; = phosphorus penta oxide.

3.4.1. Tuber Yield

The finding indicated that the main effect of (N and P) plus organic fertilizer
significantly influenced average tuber number at (p < 0.05) on marketable and
total tuber yield of Potato. However, it did not differ significantly affect unmar-

ketable tuber yield due to the application of different levels of both organic and
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inorganic fertilizer as well as their interaction.

Application of N and P significantly increased total tuber yield and marketa-
ble yield of Potato (Table 6). Increasing the level of applied N from 55.5 kg ha™
to 111 kg ha™ N ha™' increased total tuber yield from (31.14 - 35.89 t ha™) and
marketable (29.34 - 34.16 t ha™). In the case of N where consistent and signifi-
cant yield increment was observed with increase in the application of the nu-
trient, increase in the application N could be attributed to the effect of the nu-
trient on enhancing leaf growth and leaf surface area. In the same way, increas-
ing P,0O; application from 46 kg ha™ to 92 kg P,O; ha™" increased total tuber
yield (32.17 - 35.54 t ha™') and marketable tuber yield (30.46 - 33.75 t ha™). With
the increasing rates of FYM from 5 t ha™' - 10 t ha™" significantly increased total
tuber yield (from 30.07 - 36 t ha™') as well as marketable tuber yield (from 28.37
-34.08 t ha™') (Table 6).

Consistently yield-increasing trend was observed with increasing application
of farmyard manure, which supports the results of [36] who observed higher
potato tuber yield under integrated use of organic (FYM) and inorganic source.
This indicated that the application of higher rates of farmyard manure is re-
quired to get the highest tuber yield provided that the ease of use of highly de-
composed farm yard manure material and other prevailing conditions occur.
The present finding is supported by [32], who found that the application of FYM
and mineral fertilizers gave a tuber yield increase of 61%, compared with the
yield obtained using only mineral fertilizers. Moreover, [37] [38] who indicated
that higher yield of crop due to application of FYM was attributed to signifi-
cantly higher yield components.

The integration of different rates of inorganic fertilizers (NP) with various
rates of organic manures (FYM) showed a significant effect on both marketable
and total tuber yield; whereas, unmarketable yield was statically not significantly.
The application of different rate of inorganic fertilizers such as (N and P) along
with different levels of organic manures FYM significantly increased the mar-
ketable tuber and total tuber yield compared with plants that received no treat-
ments.

Total tuber yield also followed in same trend and it was also highest for those
treatments which had shown highest marketable yield. This indicate that the ap-
plication of higher rates of farm yard manure and inorganic fertilizer is required
to get the highest tuber yield provided that the availability of organic and inor-
ganic fertilizers. This result agrees with [39] who said that increase in yield of
crop might be due to increased dry matter production and its distribution in
plant parts.

[40] also reported that the assimilation of dry matter and its distribution within
the plant are important processes determining crop productivity. The results of
this experiment also confirms the addition of manure increases soil water hold-
ing capacity and this means that nutrient would be made available to crops

where manure has been added to the soil [41].
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Average of all treatment indicated that application of the mixture of organic
and inorganic fertilizers gave highest total tuber yield as well as marketable tuber
yield more over the control. The highest total tuber yield (40.13 t ha™') and mar-
ketable tuber yield (38.65 t/ha) was recorded with the combined application of
10 t FYM ha™ + 111 kg N ha™' + 92 kg P,0O, ha™ followed by application of 10 t
FYM ha™' + 111 kg N ha™" + 46 kg P,O; ha™' total tuber yield (38.49 t ha™') and
marketable tuber yield (36.24 t ha™") which were significantly higher than that
obtained marketable tuber yield in the control plot (21.01 t ha™') (Table 6). This
further increase in marketable and total tuber yield of potato with combined ap-
plication of both of FYM and inorganic fertilizer could be attribute favourable
effects on yield components, like average number of tuber per hill, plant height,
leaf area and dry matter production.

Similar results were reported by [42] and by [43] who reported that organic
manure alone is not sufficient for optimum yield of potato. The integrated use of
organic and inorganic fertilizers though influenced the marketable tuber yield to
a variable extent but the results of this experiment confirms the observations of
[12] who reported that integration of organic and inorganic inputs sustained crop
production due to positive interaction and complementarities between them and
also agree with the findings of [32] who reported significant increase in tuber yield
components with increasing organic manure and inorganic fertilizers which might
be due to higher nutrient availability and uptake with higher rates of both ferti-
lizer types and increased availability of plant nutrients [29]. The result clearly
revealed that the total yield and marketable yield of potato could be increased by

the interaction of organic and inorganic fertilizer.

3.4.2. Average Tuber Number

The analysis of result indicated that the main effect of (N and P) as well as or-
ganic fertilizer significantly influenced average tuber number at (p < 0.05)
(Table 5). When application of N was raised from 55.5 to 111 kg N ha™" and ap-
plication of P,O; was raised 46 - 92 kg P,O; ha™ resulted a significant increase in
the average tuber number. Especially average tuber number shows a consistent
increasing trend with increasing the level of N fertilizer. In agreement with the
present finding, [44] reported that a significant increases in tuber numbers in
response to increased levels of N application. From my finding observed that the
number of tubers varied considerably as a result of N fertilization, and doubled
when N level was increased to higher levels.

The interaction effects of organic and inorganic fertilizer were significantly
different on average tuber number (Table 7). Application of different rate of in-
organic fertilizers (N and P,0;) along with different rate of organic manures sig-
nificantly increased average tuber numbers compared with plants that received
no treatments or control. The highest average tuber number (15.53) was rec-
orded with the combined application of 5t FYM ha™ + 55.5 kg N ha™ + 46 kg
P,O; ha™' followed by application of 10 t FYM ha™' + 111 kg N ha™' + 92 kg P,O;
ha™' total tuber yield (15.4) which were significantly higher than that obtained

DOI: 10.4236/0alib.1103974

15 Open Access Library Journal


https://doi.org/10.4236/oalib.1103974

A. Mohammed et al.

Table 7. Interaction effect of integrated nutrient management on tuber number and average tuber number of potato.

Tuber Number Ave. Tuber
No. Treatments
Mark Unmark Total Number
1 Control 290.67f 30bc 320.67g 9.86i
2 46 kg P,0; ha™! 301ef 28.67bc 329.67g 10.13hi
3 92 kg P,Os ha! 327.67c-f 30.33bc 358fg 11.93f-i
4 55.5 kg N ha™! 323.67def 30.33bc 354fg 11.8ghi
5 55.5 kg N ha™ + 46 kg P,O; ha™! 341.33¢-f 33.67bc 375e-g 12.5efg
6 55.5 kg N ha™! +92 kg P,0; ha™! 354.33b-f 33.67bc 388b-g 12.93b-g
7 111 kg N ha™! 349.33b-f 30.67bc 380d-g 12.66d-g
8 111 kg N ha™ + 46 kg P,Os ha™ 413.67ab 28.33bc 442a-d 14.73a-e
9 111 kg N ha' + 92 kg P,O; ha™! 424a 33bc 457ab 12.6d-g
10 5ton FYM ha™! 344c-f 34bc 378d-g 15.23ab
11 5ton FYM ha™' + 46 kg P,O; ha™! 354b-f 34bc 388b-g 12.93b-g
12 5 ton FYM ha™' + 92 kg P,O; ha™’ 387.67a-d 34.33bc 422a-f 14.06a-g
13 5ton FYM ha™' + 46 kg N ha™ 380.33a-d 31.66bc 412a-f 13.73a-g
14 5t FYM ha™! + 55.5 kg N ha™! + 46 kg P,O; ha™! 430.33a 35.67bc 466a 15.53a
15 5tFYM ha™ + 55.5 kg N ha™' + 92 kg P,O; ha™* 417.6ab 34.33bc 452abc 15.06abc
16 5ton FYM ha™ + 111 kg N ha™* 373a-d 35bc 408a-f 13.6a-g
17 5tFYMha™' + 111 kg N ha™! + 46 kg P,O; ha™! 384a-d 36bc 420a-f l4a-g
18 5tFYMha™ + 111 kg N ha™' + 92 kg P,O; ha™ 394abc 34bc 428a-e 14.26a-f
19 10 t FYM ha™! 351.67b-f 34.33bc 386d-g 12.86¢-g
20 10 t FYM ha™' + 46 kg P,0; ha™! 330.33cf 34.67bc 365¢-g 12.16fgh
21 10t FYM ha™ + 92 kg P,O; ha™! 385.33a-d 30.67bc 420a-f 13.86a-g
22 10 t FYM ha™ + 55.5 kg N ha™* 392a-d 50.67a 442.67ad 14.86a-d
23 10 t FYM ha™ + 55.5 kg N ha™' + 46 kg P,O; ha™ 364.33a-¢ 35.67bc 400a-f 13.33a-g
24 10 t FYM ha™' + 55.5 kg N ha™! + 92 kg P,O; ha™ 412.67ab 27.33¢ 440a-d 14.66a-e
25 10t FYM ha™! + 111 kg N ha™! 413ab 43.67ab 456.67ab 15.66a
26 10 t FYM ha™' + 111 kg N ha™' + 46 kg P,O; ha™ 417.33ab 40.67abc 458a 15.26ab
27 10 t FYM ha™' + 111 kg N ha™' + 92 kg P,O; ha™ 425.33a 36.67abc 462a 15.4a
CV (%) 9.32 23.25 8.57 8.72
SEM (+) 34.83 7.94 34.95 1.18

Means with similar letter within a column are not significantly different at 0.05 probability level, DMRT test, Mar = Marketable, Unmar = Unmarketable,

RDF = Recommended dose of fertilizer, FYM = Farm yard manure, N = Nitrogen, P,O; = phosphorus penta oxide.

average tuber number in the control plot (9.8) (Table 7) The current experiment
result agree with the findings of [20] the increase in number of average tuber
with the combined use of organic and inorganic fertilizer might be due to the
increased photosynthetic activity and translocation of photosynthate to the root,

which might helped in the initiation of more stolon in potato. Tuber number is
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also determined by the number of stems produced which in turn depends up on

the tuber size and variety as reported by [45].

3.4.3. Marketable, Unmarketable and Total Tuber Number
Inorganic fertilizer (N and P) significantly affected the main effect of both mar-
ketable and total tuber number; however, there was no significant difference for
unmarketable tuber number. On the other hand, and there was significant dif-
ference for organic manure on marketable, total tuber number and unmarketa-
ble tuber number. The marketable tuber number and total tuber number were
continued up to the highest level of the nutrient (10 t FYM ha™') (Table 5).
Interaction of organic and inorganic fertilizer significantly influences marketa-
ble, total tuber number and unmarketable (Table 7). The lowest total and mar-
ketable tuber number was found in the control treatment, suggesting that inte-
grated use of organic and inorganic fertilizer resulted in 5t FYM ha™ + 55.5 kg
N ha™' + 46 kg P,O; ha™' showed higher number of total tubers than control. The
finding revealed that in the treatments which had higher marketable tuber number
have lower unmarketable tuber number compared with other treatments thus, the
minimum marketable tuber number was found in the control. In this experiment,
unmarketable tubers numbers refer to unpleasant and underdeveloped tubers
(less than 25 g). Most of the tubers that were discarded as unmarketable tubers
included the ones that were too small in size. The current experiments agree with
the finding of [35] who reported the lowest marketable tuber number was ob-

tained in the control treatments.

4. Conclusion and Recommendation

Potato (Solanum tuberosum L.) is one of the most important vegetable crops. It
is also used as food and cash crop worldwide particularly in Ethiopia. It is suc-
cessfully produced under rain fed as well as irrigated conditions in different cli-
matic regions of the country for tuber by farmers and commercial growers in
Eastern Ethiopia. However, there was no specific fertilizer recommendation for
Haramaya areas of potato grower farmers. Overall, based on this study, one
could say application of 111 kg N ha™' + 92 kg P,O, ha™ + 10 ton FYM ha™’
recommended for smallholder potato producers of Haramaya Woreda of East
Hararage Zone and other areas having similar agro ecology and socio-economic
environment in the country. But it would be difficult to make definite and wide-
ly applicable conclusion based on the research results of only one season and of
one site. So that, further studies are needed to better understand its effect on po-

tato production and its economic feasibility.
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