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located at different altitudes. There were six treatments: three in north-facing
namely <900 meter above sea level (masl), 900-1100 masl, and >1100 masl,
] ] and three in south-facing namely <900 masl, 900-1100 masl, and >1100 masl.
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week of April. Analysis of soil samples was done in the regional soil testing
laboratory Pokhara, Kaski. The altitude range had a considerable effect on
soil nutrient status except for phosphorous and potassium availability. Both
pH and soil organic matter content were found increasing with the increase
in altitude. Soil pH level was found increasing with increase in altitude
from 5.62 in <900 masl to 6.70 in altitude >1100 masl in south facing slope.
Highest organic matter content (5.76%) was recorded in 900-1100 masl of
north facing slope followed by lowest 3.76% in <900 masl in south facing
slope. Similarly, highest nitrogen content (0.28%) was recorded in 900-1100
masl of north facing slope followed by lowest (0.18) in >1100 masl in south
facing slope. Phosphorus and potassium were found highest in 900-1100
masl of both north and south facing slope. The findings of the research
showed that the altitude range of 900-1100 masl and north-facing slope was
suitable for mandarin cultivation from the nutrient status point of view.
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1 Introduction the most common citrus fruit grown in Nepal. The
mid-hill region (1000 to 1500 m altitude) has a com-
parative advantage in the cultivation of citrus fruits,
especially mandarin and sweet orange (FDD, 2013).
Mandarin trees require large quantities of mineral
nutrients to attain adequate growth and yield and the
requirements for some of the nutrients vary with soil
fertility and type (Erner et al., 2005). As the mandarin
is grown in hilly areas of Nepal, high rates of soil

In the Nepalese context, citrus is considered as one of
the most important fruit crops in terms of area cov-
erage, production, and export potential (Kaini, 2019).
Citrus contributes about 26.84% of total fresh fruit
production in Nepal (MOALD, 2021). The genus cit-
rus includes different species such as sweet orange,
mandarin and acid Lime. Among them, Mandarin is
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erosion and nutrient loss have been reported from
degraded forest land, grazing lands, and sloping agri-
cultural fields which reduces the fertility decline in
citrus orchards (Srivastava and Singh, 2009).

Evaluation of soil fertility for sustainable soil man-
agement and crop production has become a major
concern for researchers these days. According to
Brady and Weil (2002), soil fertility evaluation helps
to determine the appropriate nutrient management
strategies for the soil under consideration. Among
various techniques used for a soil fertility evalua-
tion, Soil testing is the most widely used one and is
referred to as an indispensable tool for sustaining pro-
ductivity through soil fertility maintenance (Havlin
et al., 2010). Soil testing assesses the fertility status
of soil and provides a basis for formulating fertilizer
recommendations in order to increase productivity
and maintain soil fertility for crop production on a
sustainable basis (Ramulu and Reddy, 2018).

Various physical, chemical, and biological proper-
ties of soil consisting of different components affect
its fertility status (Walsh and McDonnell, 2012). Soil
physical parameters (such as soil texture, structure,
and color) and chemical parameters (such as pH, or-
ganic matter content, and concentrations of available
macro and micronutrients are the important soil com-
ponents responsible for determining soil fertility and
its productivity (Khattak and Hussain, 2007; Khadka
et al., 2016). Therefore, the determination of these
properties is a prerequisite in order to assess infor-
mation about soil fertility. The physical and chem-
ical tests conducted in the laboratory helps in the
estimation of the availability of such soil parameters
and also provide information regarding the capacity
of soil to supply mineral nutrients (Ganorkar et al.,
2013).

The nutrient status of orchards is directly related
to the orchard health and longevity of the orchard.
Due to the diverse scope for mandarin production in
Syangja, it would be advantageous to farmers to cre-
ate direct economic benefits to uplift their livelihood.
This research aims to provide the overall primary nu-
trients, pH, soil organic matter content of the study
area along with a comparison of these parameters
based on altitude and overall interrelation between
these soil parameters. Moreover, this study will assist
in developing strategies and policies for concerned
stakeholders, especially to prepare and develop pro-
grams that will ensure an increase in productivity as
well as the quality of mandarin based on the impact
of altitude on nutrient status. .

2 Materials and Methods

2.1 Selection of study site

Syangja district lies in Gandaki Province of Nepal
at latitude 28°00'38.16” North and longitude
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83°47'48.48" East. The study was conducted in man-
darin growing areas which included ward no. 1, 3 &
12 of Putalibazar municipality, ward no. 2, 3, 4 & 6 of
Bhirkot municipality, ward no. 1, 3, 4 & 6 of Waling
municipality and ward no. 1, 3, 9 & 10 of Arjunchau-
pari rural municipality of Syangja district. Soil sam-
ples were collected from commercial orchards having
more than 100 trees in each municipality. The reason
for the selection of these areas was that they fall under
the command area of the mandarin super-zone and
are the major sites for mandarin cultivation.

2.2 Sampling techniques

The target population of this study was mandarin
producers under PMAMP citrus super-zone Syangja.
A total of 72 soil samples were taken from the or-
chard with similar management practices from the
depth of 0-30 cm. A single sample was taken from
an orchard with a minimum of 100 mandarin trees
and a minimum of 5 years old. A single sample was
composed of the 5 different locations dug up to 30
cm depth. There were 3 samples within a replica-
tion. Collected soil samples from different orchards
were sent to soil analysis laboratory for evaluating
soil pH, soil organic matter, total nitrogen, available
phosphorus, and potassium content of the soil.

2.3 Research design and treatments

A randomized complete block design (RCBD) was
conducted for research which included 6 different
treatments (Table 1). Each treatment was replicated
4 times and three samples were taken in each repli-
cation. As such, a total of 72 soil samples were taken
during spring season from last week of March to the
first week of April, 2021.

Table 1. Treatments used in the experiment

Sl. No. Treatments (altitude in meter)
T1 <900 masl North facing

T2 900-1100 masl North facing
T3 >1100 masl North facing

T4 <900 masl South facing

T5 90-1100 masl South facing

T6 >1100 masl South facing

2.4 Parameters

The soil samples taken from the depth of 0 to 30 cm
in ‘V’ pattern from different orchards under study
were evaluated and compared for various parame-
ters, which were, soil pH, soil organic matter content,
total nitrogen, available phosphorus, and available
potassium.
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Figure 1. Map of the study area

Table 2. Laboratory analysis techniques for different soil physical and chemical properties

Parameters Study method

Soil texture

Organic matter (OM)
Soil pH

Total nitrogen
Available phosphorus
Available potassium

Mechanical analysis method (Day, 2015)

Walkley — Black method for OM determination (Houba et al., 1989)

Glass-calomel electrode pH meter method (1:2 soil water ratio) (Cottenie et al., 1982)
Kjeldahl distillation unit method for Nitrogen (Bremner and Hauck, 2015)

Modified Olsen bicarbonate method (Watanabe and Olsen, 1965)

Ammonium acetate extraction method (Pratt, 2016)

Table 3. Rating chart for classification of fertility status of the studied soils according to Soil Science Division,
Khumaltar, Lalitpur (2002), and Ward lab laboratories

Nutrient status SOM (%) Total N (%) Available P (mg kg 1) Available K (mg kg_l)
Very low <1 <0.05 0-3 0-40

Low 1-2.5 0.05-0.1 49 41-80

Medium 2.5-5 0.1-0.2 10-16 81-120

High 5-10 0.2-0.4 17-30 121-200

Very high >10 >0.4 >30 >200




BK et al.

2.5 Soil sample collection and prepara-
tion

A simple shovel was used for soil samples collec-
tion. The soil samples were taken from the orchard
having normal bearing trees where general orchard
management practices were followed. These sub-
samples, taken from orchards having more than 100
trees, were then collected in plastic and the standard
procedure was followed for obtaining 0.5 kg of the
composite sample. The collected soil samples were
labeled and brought to the Directorate of Soil testing
laboratory, Pokhara, Kaski of Gandaki Province, and
was air-dried in shade. The air-dried samples were
then grounded and sieved through a 2 mm sieve for
chemical analysis.

2.6 Laboratory analysis

The collected soil samples were brought and analyzed
at the Directorate of Soil testing laboratory, Pokhara,
Kaski of Gandaki Province. Specific laboratory tech-
niques and separate study methods were used for
the analysis of different soil parameters in each sam-
ple collected from different locations as depicted in
Table 2.

2.7 Data presentation

Experimental data of soil organic matter and nitro-
gen obtained from the study were rated based on the
fertility status chart of Soil Science Division, Khumal-
tar, Lalitpur. Similarly, phosphorus and potassium-
related data were recorded in accordance with Ward’s
lab laboratory rating (Table 3) and data of pH were
rated according to Khatri-Chettri (1991) (Table 4).

Table 4. Rating chart for soil reaction rating of the
studied soils according to Khatri-Chhetri

(1991)
Soil pH value Soil reaction rating
<6 Acidic
6.0-7.5 Neutral
>7.5 Alkaline

2.8 Statistical analysis

MS-Excel was used for data entry whereas R-studio
was used for analyzing data. Data were analyzed us-
ing Analysis of Variance (ANOVA). Mean comparison
was done with Duncan’s Multiple Range Test (DMRT)
at 5% probability level when significant differences
existed between treatment means. SPSS software was
used for correlation analysis of different parameters.
Descriptive analysis was also performed.
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3 Results and Discussion

3.1 Soil chemical properties

The level of nitrogen (N), phosphorus (P), potassium
(K) and organic matter (OM), and soil pH are shown
in tables and described within subsequent sections.
The ANOVA tables are presented in Appendices and
the values are rated according to the rating chart of
the Directorate of Soil testing laboratory, Pokhara,
Kaski, and Ward lab laboratories rating chart.

3.1.1 Soil pH

The pH level in different altitudesof the mandarin
orchard is shown in Table 5. The result of the study
indicated that the effect of altitude on soil pH was
significant (p <0.01).

Table 5. Soil pH in different altitudes of mandarin
orchard in Syangja, Nepal

Orchard altitude (masl) pH
<900 north facing 5.62c
900-1100 north facing 6.33ab
>1100 north facing 6.47ab
<900 south facing 6.51ab
900-1100 south facing 6.22b
>1100 south facing 6.71a
LSD g05) 0.44**
SEm (£) 0.06
p value <0.01
CV (%) 4.58
Grand Mean 6.31

Means followed by the same letter (s) in a column are
not significantly different at 5% level of significance
in DMRT test. SEm: Standard Error of Mean, Coeffi-
cient of Variance (CV), ** is significant at p<0.01

The lowest soil pH (5.62) was observed at an al-
titude lower than 900 masl in the north-facing slope
whereas the highest soil pH (6.71) was observed at
an altitude greater than 1100 masl in the south-facing
slope. The lowest pH at an altitude less than 900
masl might be the result of continuous application
of chemical fertilizers, especially nitrogenous fertil-
izers which have an acidifying effect similar to the
findings of (Belay et al., 2002). Similar result was
found by Sharma et al. (2019) in which they found
continuous application of the chemical fertilizer in
apple orchard reduced the soil pH due to the applica-
tion of ammonium fertilizers or urea resulting in high
level of H" in soil. There was no significant difference
in pH level between north and south-facing slopes.
Similar results were shown by Tamene et al. (2020) in
which they found no relation of soil pH with different
slopes. Soil pH level was increased with an increase
in altitude which was similar to the result found by
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Tasung and Ahmed (2017) where they found soil pH
increased numerically with the increase in altitude
and decreased numerically with the increase in depth.
Prevalence of warm climate which favors the accumu-
lation of H" might be the reason behind the decrease
in soil pH at a lower altitude as suggested by Zhang
etal. (2019). Overall pH of the study area was slightly
acidic to nearly neutral. The study found that cli-
mate and topography are the two important factors
responsible for variation in soil pH in which topog-
raphy affects soil pH by controlling water flow and
by changing the local climate. Soil pH data showed a
significant increase with increasing altitude (Table 5).

3.1.2 Organic matter content

The soil organic matter level in different altitudes is
shown in Table 6. Soil organic matter content was
more in higher altitudes as compared to lower alti-
tudes. In both north and south-facing slopes, organic
matter content was found highest at an altitude range
of 900-1100 masl.

Table 6. Soil organic matter content in different
altitudes of the mandarin orchard in
Syangja, Nepal

Orchard altitude (masl) OM (%)
<900 north facing 4.46bc
900-1100 north facing 5.76ab
>1100 north facing 5.14ab
<900 south facing 3.76¢
900-1100 south facing 4.52bc
>1100 south facing 3.99c
LSD 9,05 0.75
SEm (+£) 0.10
p value <0.001
CV (%) 10.73
Grand Mean 4.61

Means followed by the same letter (s) in a column are
not significantly different at 5% level of significance
in DMRT test. SEm: Standard Error of Mean, Coeffi-
cient of Variance (CV).

The highest organic matter content (5.76%) was
found at an altitude range of 900-1100 masl in north-
facing slope whereas the lowest organic matter con-
tent (3.76%) was found at an altitude lesser than 900
masl in the south-facing slope. There was a significant
difference in organic matter content between north
and south-facing slopes in which north-facing slopes
had higher amounts of organic matter content than
south facing slopes. This may be due to the insolation
difference along with the altitude and difference in
soil temperature and soil water thereby affecting the
decomposition as reported by (Bangroo et al., 2018).
Further, the results of the study indicated that the
effect of altitude on soil organic matter was highly
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significant (p<0.001). Also, the result showed the in-
crease in organic matter content with an increase in al-
titude which is similar to the result shown by Tasung
and Ahmed (2017) in which they found an increase
in soil organic carbon stocks with increasing altitude.
Similar results were shown by Schawe et al. (2007).
Zhang et al. (2021) also demonstrated an increase in
organic matter content with an increase in altitude up
to 4000m but decreased with an increase in altitude
above 4000 m. The low altitude region experiences
warmer temperature which accelerates the enzymatic
breakdown of the labile soil organic matter pool than
in the high altitude with colder temperature.

Soil fertility is directly affected by the labile soil
organic carbon content. The increase in soil organic
matter in high altitudes can be due to the decrease of
mineralization associated with decreasing soil tem-
perature and increasing soil moisture. The decrease
in organic matter at low altitudes may be due to the
oxidation of existing soil organic matter, erosion, and
also by leaching as dissolved organic carbon (Han
etal., 2010). A low amount of organic matter at low
altitude may be due to multiple cropping at low alti-
tude regions which removes the crop residue during
harvest. High amounts of tillage and harvesting activ-
ities at low regions destroy the surface soil structure,
thus exacerbating erosion. High soil acidity of the
region might be responsible for the accumulation of
high organic matter (Kidanemariam et al., 2012). The
study showed overall increase in soil organic mat-
ter content with an increase in altitude except in the
900-1100 masl range where there is high amount of
organic matter content both in north and south-facing
slope.

3.1.3 Soil nitrogen

The results of the study indicated that the effect of alti-
tude on soil nitrogen was highly significant (P<0.001).
Likewise, organic matter content, soil nitrogen was
found highest at an altitude range of 900-1100 masl
in both north and south-facing slopes. The highest
soil nitrogen (0.28%) was found at an altitude range
of 900-1100 masl followed by the lowest soil nitro-
gen (0.18%) at an altitude greater than 1100 masl in a
south-facing slope. Available soil nitrogen was found
higher in low altitude than in higher altitude which
is similar to the result shown by Tasung and Ahmed
(2017). However, high amounts of nitrogen in 900-
1100 masl in both north and south-facing slopes may
be due to the high application of fertilizers which
suggests that application of the fertilizers comple-
ments soil organic matter in increasing soil available
nitrogen. There was a significant difference in soil
nitrogen level between north and south-facing slopes
in which north-facing slope had higher level of total
soil nitrogen than south facing slopes (Table 7).
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Table 7. Total nitrogen in different altitudes of
mandarin orchards in Syangja, Nepal

Orchard altitude (masl) Soil TN (%)
<900 north facing 0.22c
900-1100 north facing 0.28a
>1100 north facing 0.22¢c
<900 south facing 0.19cd
900-1100 south facing 0.22c
>1100 south facing 0.18d
LSD(O.OS) 0.03***
SEm (+£) 0.004
p value <0.001
CV (%) 9.42
Grand Mean 0.23

Means followed by the same letter (s) in a column are
not significantly different at 5% level of significance
in DMRT test. SEm: Standard Error of Mean, Coeffi-
cient of Variance (CV), *** is significant at p<0.001

This might be due to the high temperature prevail-
ing in the south-facing slope. Elevation adjusts the
microclimate under various hydrothermal conditions
which indirectly affects microbial activity influencing
the decomposition and transformation of soil organic
matter and total nitrogen (Wang et al., 2018). A signif-
icant relationship was observed between soil organic
matter and total nitrogen stock at a soil depth of 0-60
cm (Zhang et al., 2021).

3.1.4 Soil phosphorus

There was no significant effect of altitude on available
phosphorus (Table 8). Phosphorus level was found
higher at an altitude range of 900-1100 masl in both
north and south-facing slope in which highest phos-
phorus (139.3) was found in north-facing slope and
lowest phosphorus level (80.28) was found at an alti-
tude lower than 900 masl in south-facing slope. There
was no difference in Phosphorus level between north
and south-facing slope similar to the result of Gong
et al. (2008).

3.1.5 Soil potassium

Based on altitude, there was no significant difference
found in available potassium (Table 9). The highest
potassium (483.47) was found at an altitude range of
900-1100 masl in a north-facing slope and the lowest
potassium (378.15) was found at an altitude lesser
than 900 masl on the north-facing slope. The low
level of potassium at an altitude greater than 1100
masl might be due to might be due to low capacity
of soil to hold the nutrients as shown by Tsheringl
et al. (2020). Plant available potassium was higher
in north-facing slope in comparison to south-facing
slope similar to the result shown by Gong et al. (2008).
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The K given soil is the reflection of the parent materi-
als of the soil, degree of weathering, and amount of
K fertilizer added minus losses due to crop removal
and erosion and leaching.

Table 8. Available soil phosphorus in different
altitudes of mandarin orchards in Syangja,
Nepal

Orchard altitude (masl)

Available P (kg ha™)

<900 north facing 94.77
900-1100 north facing 139.28
>1100 north facing 87.04
<900 south facing 80.26
900-1100 south facing 119.54
>1100 south facing 95.02
LSD g 05)

SEm (&4)

p value >0.05
CV (%) 63.72
Grand Mean 102.65

Means followed by the same letter (s) or without any
letter in a column are not significantly different at 5%
level of significance in DMRT test. SEm: Standard
Error of Mean, Coefficient of Variance (CV).

Table 9. Available soil potassium in different
altitudes of mandarin orchards in Syangja,
Nepal

Orchard altitude (masl)

Available K (kg ha™1)

<900 north facing 378.15
900-1100 north facing 483.47
>1100 north facing 409.30
<900 south facing 406.60
900-1100 south facing 472.83
>1100 south facing 395.15
LSD(0.0S)

SEm (+)

47.84 p value >0.05
CV (%) 27.85
Grand Mean 424

Means followed by the same letter (s) or without any
letter in a column are not significantly different at 5%
level of significance in DMRT test. SEm: Standard
Error of Mean, Coefficient of Variance (CV).

3.2 Soil pH vs. soil nutrients
3.21 Soil pH and SOM

The correlation between soil pH and SOM was
negative(r = —0.06). The coefficient of determination
(R? = 0.0046) indicated that SOM does not contribute
significantly to the change in soil pH and the change
in soil pH is due to other than SOM. This may be due
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to the prevalence of acidic to neutral soil in the study
area but the presence of alkaline soil would have a
positive correlation as shown by Neina (2019) who
found a positive effect of soil pH on the dissolution
of soil organic matter.

3.2.2 Soil pH and soil nitrogen content

The correlation between soil pH and N was signifi-
cant (r = —0.124) negatively. The coefficient of deter-
mination (R? = 0.015) indicated that the soil pH level
only contributed 1.5% to the change in soil nitrogen
level while the rest effects were due to other factors.

3.2.3 Soil pH and available phosphorus

The soil pH and plant-available phosphorus content
had a positive correlation (r = 0.31) with each other.
The coefficient of determination (R? = 0.10) indicated
that the contribution of soil pH to the available phos-
phorus was 10.13% and the rest of the effects were
due to other factors. Soil pH had a significant effect
on phosphorus availability.

3.3 Soil pH and available potassium

The correlation between soil pH content and available
phosphorus was significant (r = 0.36) positively. The
coefficient of determination (R2=0.13 that the contri-
bution of the pH content to the amount of available
potassium content was 13.37% and the rest of the ef-
fect was due to other factors. Soil pH had a significant
effect on plant potassium availability.

3.4 SOM vs. soil nutrients
3.4.1 SOM content and soil nitrogen

The soil organic matter and soil nitrogen content had
a highly significant positive correlation (r = 0.949**)
with each other. The coefficient of determination (R?
= 0.89) indicated that the contribution of SOM content
to the soil nitrogen content was 89.9% and the rest
of the effects were due to other factors (Fig. 2). Soil
organic matter had a highly significant effect on soil
nitrogen level change.
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3.4.2 SOM and available phosphorus

The correlation between SOM content and available
phosphorus was significant (v = 0.42) positively. The
coefficient of determination (R? = 0.17) that the contri-
bution of the SOM content to the amount of available
phosphorus content was 17.14% and the rest of the
effect was due to other factors (Fig. 3). Soil organic
matter had a significant effect on plant phosphorus
availability.
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Figure 3. Relationship between SOM content and
available phosphorus in different altitude’s
mandarin orchard in Syangja, Nepal
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4 Conclusion

The study site had pH ranging from acidic to nearly
neutral, soil organic matter (SOM) and nitrogen rang-
ing from medium to high, and phosphorus and potas-
sium ranging from medium to very high. Both soil
organic matter and nitrogen were found lower in
the south-facing slope in comparison to the north-
facing slope. The altitude had a considerable effect
on soil nutrient status except for phosphorus and
potassium availability. Both pH and soil organic mat-
ter were found to increase with the increase in alti-
tude whereas no significant differences were found
in available phosphorus and potassium with change
in altitude. Soil organic matter, nitrogen, phosphorus,
and potassium all were found highest in the altitude
range of 900-1100 masl of both north and south-facing
slope in comparison to less than 900 masl and greater
than 1100 masl. A significant association was found
between the soil organic matter and nitrogen content
at the study area. Altitude range containing high nu-
trients and better soil organic matter (900-1100 masl)
might be suitable for mandarin cultivation. Further,
timely test of the soil nutrient status of the mandarin
orchards and application of the fertilizers based on
the soil test results rather than based on blanket rec-
ommendations should be conducted by farmers. Fu-
ture studies should be directed to compare the nu-
trient status between north and south facing slope.
Similarly, for the overall improvement of mandarin
orchards under consideration, nutrient status of the
other micro-nutrients should also be assessed.
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