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ABSTRACT

The chemical properties in the rhizosphere of fruit tree species were investigated during different
season at CCS HAU, Hisar. Results revels that pH value, OC, N, P, K, Zn contents increased
significantly with all the fruit orchards over control (uncultivated land). However, maximum pH,
EC, OC, CN ratio, available N, P, K, Zn and Fe (8.30, 0.33 dS/m, 0.54 %, 11.63, 126.26 kg/ha,
32.24 kg/ha, 284.93 kg/ha, 2.10 ppm and 3.34 ppm) was found in aonla, sweet orange, jamun,
jamun, guava, sweet orange, guava, ber and sweet orange, respectively. Highest EC, CEC, OC
and available K were found in winter season but pH, EC, available N, Zn, Mn and B contents
were recorded maximum in summer season.CN ratio and available P were maximum in rainy
season. Inter row spaces soil had highest pH, CEC, CN ratio and Zn contents while maximum
OC, Available N, P, K, Fe, Mn and B contents was observed under the canopy of fruit trees.
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INTRODUCTION industry. Any fluctuations in the soil

Soil is the first base for fruit tree cultivation,
in recent years’ fruit orchards are facing a
major problem of decreased soil fertility,
which has resulted in weakened tree vigour,
decline in production and deterioration in
fruit quality thus, seriously hampering the
healthy economic development of the fruit

ecosystem sensitizes, soil microbial diversity
for change (Cheng et al., 2017). Similarly,
different seasons and plant species are also
known to have significant impact on soil
physicochemical properties, organic matter
content and its quality.
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Rhizosphere is the narrow region of soil that

is directly surrounded and influenced by the
plant roots and is known to be a driving
force of soil processes.

Soils under particular land use system
affect  physicochemical  properties in
rhizosphere which may modify fertility status
and nutrient availability of plants. Plant
species also affect quantity and quality of
carbon resources in the rhizosphere, which
influence the composition and absorption of
plant nutrients in these environments. Plant
species are responsible for releasing soil
enzymes which are essential for catalysing
reactions, necessary for organic matter
decomposition, nutrient cycling and thus,
affect soil fertility and plant growth. Soil
organic carbon significantly differed among
plant species in the surface (0-15-cm) layer,
when compared with abandoned pasture and
mature forest. The change in soil organic
carbon over 15 years ranged from 0.03 to 0.66
Mg C ha' yr'. The species differed in
chemical composition and quantity with their
difference in production (Russell et al., 2007).
In the rhizosphere of Aegle marmelos the
amount of water affect soil chemical
properties. Soil pH, organic carbon, C:N ratio,
available N and available P were recorded
maximum in monsoon, whereas electrical
conductivity and total nitrogen content were
found maximum in post-monsoon Shilpkar et
al. (2010). Cold temperature during winter
reduces nutrient availability however, in
summer very high temperature fixes the added
P. shading, irrigation and agronomic practices
favorably lower the soil temperature. Changes
in temperature and moisture content affected
net nitrogen mineralization. Temperature
sensitivity was maximal at 25°C and optimum
soil moisture for nitrogen mineralization was
80% to 100% Guntinas (2012). The
availability of micronutrients depends on soil
pH, organic carbon content and absorptive
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surface like CaCO; and clay content and other

physical, chemical and biological conditions of
the rhizosphere Shukla et al. (2015). In citrus
orchards, the soil pH was found within safe
limits and available N (N) and phosphorus (P)
were reported low while micronutrients like
Fe, Mn and Cu were found in optimum and Zn
in deficient limit Ghagare (2017). Soil
physicochemical properties in rhizospheric soils
of eight common deciduous fruit trees in
northern China were studied by Peng et al.
(2018) and found that the available minerals,
pH, microbial utilization of six types of carbon
(C) substrates varied among tree species. Wang
et al. (2018) reported that all the edaphic
properties and soil enzymatic activities in
rhizospheric soil were significantly affected by
the seasonal changes, except for the C/N ratio.
Luo et al., 2019 found that Simpson and
Shannon-Wiener indexes were significantly
negatively correlated with seasonal changes in
the soil pH, TOC, TN and CEC.

The present study was carried out
with the objective to study; the physico-
chemical properties during different seasons
in the rhizospheric soils of seven fruit
species that are commonly grown in
Northern India to develop new strategies for
nutrient management and better health of
fruit orchards through nutrient cycling.

MATERIALS AND METHODS

Study Plants

Soil samples were collected from the
experimental orchards of the Department of
Horticulture, CCS Haryana Agricultural
University, Hisar, situated at 215.2 m above
mean sea level with coordinates of 29°10° N
latitude and 75°46° E longitudes. The
following seven orchards of fruit tree species
(Table 1) were used during the course of this
investigation to assess chemical properties of
soil and microbial populations in rhizosphere
along with control i.e. uncultivated land.

290



Kumar et al. Ind. J. Pure App. Biosci. (2021) 9(3), 289-304 ISSN: 2582 — 2845
Table 1: List of fruit tree species orchards studied during investigation

S.No. | Fruit Tree Species Scientific name Rootstock Spacing
1 Mango Mangifera indica Deshi mango seedling | 10mx10m
2 Guava Psidium guajava L-49 6mx6m
3 Sweet orange Citrus sinensis Rough lemon seedling | 6 mx 6 m
4 Jamun Syzygium cuminii Deshijamun seedling | 10 mx 10 m
5 Aonla Emblica officinalis | Deshiaonla seedling 10mx10m
6 Bael Aegle marmelos Deshibael seedling 10mx10m
7 Ber Ziziphus mauritiana | Ziziphus rotundifolia | 10mx10m

Collection and preparation of soil samples
For maximum representation of orchards, each
fruit orchard was divided into three replication
block. Ten samples from each replication were
collected with the help of auger from the
rhizospheric soil (under canopy) i.e. one meter
away from the tree trunk and 0-30 cm depth as
well as from inter row spaces (non-
rhizospheric soil) during summer, rainy and
winter season in zig-zag pattern for
randomization. For control, soil samples were
collected in the same manner from
uncultivated land/fallow land near the orchard.
Each set of ten samples/replication were mixed
together to make a composite sample. Nearly
1.0 kg of soil sample was taken from each
composite samples and this sample was placed
in a sterile well marked plastic bag. The soil
samples were shade dried in the laboratory for
determination of physico-chemical properties.
Soil reaction (pH) was determined using pH
meter, electrical conductivity (dSm™) was
determined wusing a conductivity meter,
(Jackson, 1973). cation exchange capacity
(CEC) was determined by using flame
photometer, organic carbon was determined by
Walkley and Black’s “Wet Digestion Method”
as outlined by Jackson (1973). CN Ratioof
carbon and nitrogen in the rhizospheric soils,
available nitrogen was determined Subbaiah
and Asija’s 1956 method; available
phosphorus was estimated by Olsen, 1954
method, available potassium was estimated
by Muhr et al. 1965 method, available Fe,
Mn and Zn were determined by DTPA
method (Lindsay and Norvell, 1978).
available boron was assessed by Berger and
Troug 1939 method.
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RESULT AND DISCUSSION
pH
The pH of orchard soil varied in different fruit
tree orchards, seasons and sampling sites. The
highest pH (8.31) was found in aonla orchard
which was at par with sweet orange (8.27),
mango (8.26) and bael (8.21) orchards while
minimum pH (8.10) was found in ber orchard
which was at par with guava (8.11) orchards.
Similarly, Lakshmanan et al. (2014) also
reported that soil properties are modified by
range of processes occurring during tree
growth and plant roots can influence the
surrounding soil and inhabiting organisms and
thereby, changing soil properties (Table 2).

Orchard soil pH differed significantly
among the seasons. Maximum pH (8.26) was
recorded during summer season followed by
rainy season (8.18) and winter season (8.05).
Shilpkar et al. (2010) commented that amount of
water in rhizosphere soil was found to affect
chemical properties of soil and contrast to our
findings reported maximum pH in monsoon
season.

While comparing sampling sites, higher
pH (8.19) was observed in inter row non-
rhizospheric soil which was significantly
higher than under canopy rhizospheric soil pH
(8.13). The lower pH under the canopy of fruit
orchards may be due to higher organic matter
due to litter fall than inter rows of fruit trees.
Moreover, under the canopy, fertilizer
application and addition of FYM during
orchard management further decreases the pH
due to release of organic acid and more
depletion of basic ions by crops. Balota et al.
(2011) also confirmed our results that pH
under the tree canopy was lower than in the
inter row because acidification processes are
more intense near the edge of the tree canopy.
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These results are in accordance with the

findings of Wong et al. (2008) who reported
decrease in pH with the addition of organic
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residue and manure due to production of

organic acid in fertilized plot over control.

Table 2: Effect of seasonal variation and sampling sites on pH in orchard soil of different fruit tree

species

2a: Fruit tree species x Seasons x Sampling sites (Ax B x C)

Fruit tree species (A)
Seasons Sampling  sites Mango Guava Ber | Jamun | Aonla | Bael Sweet Control Mean
(B) © orange
Summer Under Canopy 8.27 8.17 8.07 8.21 8.42 8.34 8.37 7.93 8.22
Inter row space 8.41 8.26 8.24 8.32 8.40 8.35 8.42 7.93 8.29
Rainy Under Canopy 8.22 8.09 8.05 8.17 8.34 8.25 8.29 7.84 8.16
Inter row space 8.30 8.21 8.19 8.29 834 | 8.23 8.23 7.84 8.20
Winter Under Canopy 8.19 7.86 7.93 8.01 811 | 8.21 8.11 7.76 8.02
Inter row space 8.19 8.07 8.15 8.17 821 | 7.89 8.21 7.76 8.08
Mean 8.26 8.11 8.11 8.20 830 | 8.21 8.27 7.84
2b: Fruit tree species x Seasons (A x B)
Seasons (B) Fruit tree species (A)
Sweet
Mango Guava Ber | Jamun | Aonla | Bael Control Mean
orange
Summer 8.34 8.22 8.15 8.27 841 | 835 8.39 7.93 8.26
Rainy 8.26 8.15 8.12 8.23 834 | 824 8.26 7.84 8.18
Winter 8.19 7.96 8.04 8.09 8.16 | 8.05 8.16 7.76 8.05
2c: Fruit tree species x Sampling sites ( A x C)
Fruit tree species (A)
Sampling sites (C) Mango Guava Ber | Jamun | Aonla | Bael osr\iavr?gez Control Mean
Under Canopy 8.23 8.04 8.01 8.13 8.29 | 8.27 8.26 7.84 8.13
Inter row space 8.30 8.18 8.19 8.26 8.31 | 8.16 8.29 7.84 8.19
Mean 8.26 8.11 8.11 8.20 830 | 8.21 8.27 7.84
2d: Seasons x Sampling sites (B x C)
Sampling sites (C) CD (P=0.05)
Seasons (B) Under Inter Row Mean Fruit Species (A ) 0.09
Canopy space
Summer 8.22 8.29 8.26 Seasons (B) 0.06
Rainy 8.16 8.20 8.18 Sampling sites(C) 0.05
Winter 8.02 8.08 8.05 AXC NS
Mean 8.13 8.19 BXC NS
AXB NS
AXBXC NS

Electrical Conductivity (EC)

Electrical conductivity (EC) of all fruit orchards
differed significantly from control except jamun
(0.26 dS/m™) which was found at par with
control (0.27 dS/m™). The highest electrical
conductivity (0.33 dS/m™) was observed in
sweet orange orchard followed by ber (0.31
dS/m™) while lowest EC (0.24 dS/m™) was
recorded in aonla and bael orchard which was
found at par with mango, guava and jamun, The
results are in confirmation with Pal et al. (2013)
and Sharma et al. (2013) who reported that no
significant difference was found in EC under
different land use systems. QingxiaFu et al.
(2015) reported that age of the kiwifruit
affected the EC in comparison to wasteland.
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Root exudates having phenolic compounds,
ferulic acid, HCN and benzoic acid have
serious effect on soil EC (Table 3).

Among the different seasons studied
lowest EC (0.25 dS/m™) was recorded during
rainy season while maximum (0.28 dS/m™)
was found during winter and summer season
(0.28 dS/m™). This might be due to highest
moisture content during rainy season as
compared to winter season. Shilpkar et al.
(2010) commented that amount of water in
rhizosphere soil was found to affect chemical
properties of soil. Similar to our findings,
electrical conductivity was found maximum in
post-monsoon.
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No significant difference was observed in both

the sampling sites i.e. under canopy (0.27
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dS/m™) rhizospheric soil and non-rhizospheric

soil of inter row space (0.26dS/m™).

Table 3: Effect of seasonal variation and sampling sites on electrical conductivity (dSm™) in orchard soil
of different fruit tree species

3a: Fruit tree species x Seasons x Sampling sites (Ax B x C)

Seasons Sampling sites Fruit tree species (A)
(B) © Mango Guava Ber | Jamun | Aonla | Bael Sweet Control Mean
orange
Summer Under Canopy 0.27 0.24 0.31 0.28 0.25 | 0.26 0.34 0.29 0.28
Inter row space 0.25 0.26 0.29 0.29 0.23 0.24 0.32 0.29 0.27
Rainy Under Canopy 0.24 0.22 0.30 0.22 0.24 0.20 0.32 0.26 0.25
Inter row space 0.22 0.23 0.27 0.24 0.22 0.20 0.31 0.26 0.24
Winter Under Canopy 0.27 0.28 0.32 0.28 0.26 | 0.27 0.34 0.25 0.28
Inter row space 0.26 0.29 0.33 0.27 024 | 0.24 0.32 0.25 0.27
Mean 0.25 0.25 0.30 0.26 0.24 0.24 0.33 0.27
3b: Fruit tree species x Seasons (A x B)
Seasons (B) Fruit tree species (A)
Mango Guava Ber | Jamun | Aonla | Bael Sweet Control Mean
orange
Summer 0.26 0.25 0.30 0.29 024 | 0.25 0.33 0.29 0.28
Rainy 0.23 0.23 0.29 0.23 0.23 | 0.20 0.32 0.26 0.25
Winter 0.26 0.28 0.33 0.28 0.25 | 0.26 0.33 0.25 0.28
3c: Fruit tree species x Sampling sites ( A x C)
Sampling sites (C) Fruit tree species (A)
Mango Guava Ber | Jamun | Aonla | Bael Sweet Control Mean
orange
Under Canopy 0.26 0.25 0.31 0.26 025 | 0.24 0.33 0.27 0.27
Inter row space 0.24 0.26 0.30 0.27 023 | 0.23 0.32 0.27 0.26
Mean 0.25 0.25 0.30 0.26 024 | 0.24 0.33 0.27
3d: Seasons x Sampling sites (B x C)
Seasons (B) Seasons (B) CD (P=0.05)
Under Inter Row Mean Fruit Species (A) 0.02
Canopy space
Summer 0.28 0.27 0.28 Seasons (B) 0.01
Rainy 0.25 0.25 0.25 Sampling sites(C) NS
Winter 0.28 0.28 0.28 AXC NS
Mean 0.27 0.26 BXC NS
AXB NS
AXBXC NS
Cation exchange capacity (CEC) During the different seasons, lowest CEC

Cation exchange capacity (CEC) of all fruit
orchards and control differed significantly.
Jamun orchard soil had maximum CEC [0.67
Cmol (p+)/kg] which was found at par with
bael orchard [0.66 Cmol (p+)/kg] while,
lowest CEC [0.50 Cmol (p+)/kg] was obtained
in aonla orchard. The reason behind this may
be higher organic carbon content in the
horticultural land use system and CEC is
positively correlated to organic matter content
which increases the surface area of soil and
thus exchange capacity is increased. The
results of the study are in confirmation with
Somasundaram et al. (2009) and Sharma et al.
(2013) as they found higher CEC in cultivated
soils, agri-horticulture system than barren
lands (Table 4).

Copyright © May-June, 2021; IJPAB

[0.54 Cmol (p+)/kg] was found during rainy
season and increased significantly during
summer season [0.59 Cmol (p+)/kg] and
highest CEC [0.62 Cmol (p+)/kg] was
recorded during winter season. Osobamiro et
al. (2018) stated that temperature gives a
significant negative correlation with O.C,
O.M, CEC and % silt. As decreased rainfall
predicted in climate change will lead to
decrease in soil properties like CEC, % clay.

Between sampling sites higher CEC [0.60
Cmol (p+)/kg] was observed under canopy
rhizospheric soil and lower CEC [0.57 Cmol
(p+)/kg] was measured in inter row space of
fruit orchards. The results are in accordance
with Balota et al. (2011) as CEC under the
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canopy was found higher than inter row in

different tree species. The increase in the rate
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of decomposition of organic materials leads to

high CEC.

Table 4: Effect of seasonal variation and sampling sites on Cation exchange capacity [Cmol(p+)/kg] in
orchard soil of different fruit tree species

4a: Fruit tree species x Seasons x Sampling sites (Ax B x C)

Seasons Sampling sites Fruit tree species (A)
(B) © Mango Guava Ber | Jamun | Aonla | Bael Sweet Control Mean
orange
Summer Under Canopy 0.64 0.58 0.55 0.69 051 | 0.63 0.58 0.50 0.58
Inter row space 0.65 0.59 0.50 0.72 0.49 0.71 0.64 0.50 0.60
Rainy Under Canopy 0.57 0.52 0.47 0.60 0.46 0.58 0.51 0.45 0.52
Inter row space 0.67 0.60 0.44 0.63 0.44 0.68 0.61 0.45 0.56
Winter Under Canopy 0.62 0.57 0.54 0.69 055 | 0.65 0.55 0.66 0.60
Inter row space 0.73 0.61 0.58 0.66 0.54 | 0.70 0.67 0.66 0.64
Mean 0.65 0.58 0.51 0.67 0.50 | 0.66 0.59 0.54
4b: Fruit tree species x Seasons (A x B)
Fruit tree species (A)
Seasons (B) Mango Guava Ber | Jamun | Aonla | Bael Sweet Control | Mean
orange
Summer 0.65 0.59 0.53 0.71 050 | 0.67 0.61 0.50 0.59
Rainy 0.62 0.56 0.45 0.61 0.45 | 0.63 0.56 0.45 0.54
Winter 0.67 0.59 0.56 0.68 055 | 0.68 0.61 0.66 0.62
4c: Fruit tree species x Sampling sites (A x C)
Sampling sites (C) Fruit tree species (A)
Mango Guava Ber | Jamun | Aonla | Bael Sweet Control Mean
orange
Under Canopy 0.61 0.55 0.52 0.66 051 | 0.62 0.55 0.54 0.57
Inter row space 0.68 0.60 0.50 0.67 0.49 | 0.70 0.64 0.54 0.60
Mean 0.65 0.58 0.51 0.67 0.50 | 0.66 0.59 0.54
4d: Seasons x Sampling sites (B x C)
Seasons (B) Sampling sites (C) CD (P=0.05)
Under Inter Row Mean Fruit Species (A) 0.01
Canopy space
Summer 0.58 0.60 0.59 Seasons (B) 0.01
Rainy 0.52 0.56 0.54 Sampling sites(C) 0.01
Winter 0.60 0.64 0.62 AXC 0.02
Mean 0.57 0.60 BXC 0.02
AXB 0.01
AXBXC 0.03

Organic carbon
Organic carbon content in orchard soils of
different fruit tree species was found highly
significant over control (0.43 %). Highest
organic carbon (0.54%) was observed in
jamun orchard while lowest (0.43 %) was
found in control. Higher organic carbon in
horticultural crops may be accounted to
continuous addition of organic waste or matter
through litter fall and addition of FYM in the
orchard soil (Table 5). Similar results are
earlier reported by Somasundaram et al.
(2009); Liding et al. (2011) and Sofi et al.
(2012).

During different seasons, maximum
(0.51%) organic carbon content was found
during winter, followed by rainy (0.49 %) and
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summer season (0.47%). Sofi et al. (2012)
reported higher organic carbon content due to
lower ambient temperature in the higher
altitude in apple orchards. In summer season
increased soil temperature made  soil
susceptible to soil erosion and thereby
reducing soil organic carbon. These results are
in accordance with, Osobamiro et al. (2018)
who reported that rainfall and percent relative
humidity =~ showed  significant  positive
correlation with organic carbon,
complementing with our results that OC
content increased from summer to rainy
season. Similar findings were given by
Shilpkar et al. (2010) that OC content increase
in monsoon season.
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Between sampling sites, under canopy

rhizospheric soils had higher organic carbon
(0.53%) than inter row space (0.45%) of fruit
orchards. This might be due to more shading
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and moisture content as well as decomposition

of litter under the canopy as compared to inter
row space.

Table 5: Effect of seasonal variation and sampling sites on organic carbon (%) in orchard soil of different
fruit tree species

5a: Fruit tree species x Seasons x Sampling sites (Ax B x C)

Seasons Sampling sites Fruit tree species (A)
(B) © Mango Guava Ber | Jamun | Aonla | Bael Sweet Control Mean
orange
Summer Under Canopy 0.53 0.52 0.51 0.58 046 | 0.53 0.52 041 0.51
Inter row space 0.45 0.44 041 0.46 0.40 0.46 0.45 041 0.43
Rainy Under Canopy 0.56 0.55 0.52 0.60 0.49 0.56 0.54 0.44 0.53
Inter row space 0.48 0.46 0.43 0.47 042 | 048 0.46 0.44 0.46
Winter Under Canopy 0.56 0.55 0.54 0.61 052 | 059 0.56 0.45 0.55
Inter row space 0.51 0.47 0.44 0.49 042 | 051 0.49 0.45 0.47
Mean 0.52 0.50 0.48 0.54 045 | 0.52 0.50 0.43
5b: Fruit tree species x Seasons (A x B)
Fruit tree species (A)
Seasons (B) Mango Guava Ber | Jamun | Aonla | Bael Sweet Control Mean
orange
Summer 0.49 0.48 0.46 0.52 0.43 | 0.50 0.48 0.41 0.47
Rainy 0.52 0.50 0.48 0.54 0.46 | 0.52 0.50 0.44 0.49
Winter 0.54 0.51 0.49 0.57 0.47 | 0.55 0.53 0.45 0.51
5c: Fruit tree species x Sampling sites ( A x C)
Sampling sites (C) Fruit tree species (A)
Mango Guava Ber | Jamun | Aonla | Bael Sweet Control Mean
orange
Under Canopy 0.55 0.54 0.52 0.61 049 | 0.56 0.54 0.43 0.53
Inter row space 0.48 0.45 0.43 0.47 0.42 0.48 0.47 0.43 0.45
Mean 0.52 0.50 0.47 0.54 045 | 052 0.50 0.43
5d: Seasons x Sampling sites (B x C)
Seasons (B) Sampling sites CD (P=0.05)
Under Inter Row Mean Fruit Species (A) 0.02
Canopy space
Summer 0.51 0.44 0.47 Seasons (B) 0.01
Rainy 0.53 0.46 0.49 Sampling sites(C) 0.01
Winter 0.55 0.47 0.51 AXC NS
Mean 0.53 0.45 BXC 0.02
AXB NS
AXBXC NS
CN ratio in different fruit orchards. Shilpkar et al.

CN ratio observed in rhizospheric and non
rhizospheric soils of different fruit tree species
significantly varied from control (9.95) with
highest CN ratio observed in jamun orchards.
Osobamiro et al. (2018) reported that arable
soils have the highest C/N ratio though the
maximum value for oil palm soil is higher than
that of arable soil. Excess C may be released in
form of CO, when C/N ratio is low; organisms
make use of the available carbon and excess N
loss as ammonia (Table 6).

During different seasons, highest CN
ratio (10.21) was found in rainy season
followed by winter (9.76) and summer (8.63)
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(2010) commented similar to our findings that
CN ratio in soil was maximum during
monsoon season. Osobamiro et al. (2018)
stated similarly that C/N ratio in rainy season
is higher than in dry season in all the sampled
soils.

Between sampling sites, under canopy
rhizospheric soil was found to have lower CN
ratio (9.02) as compared to inter row space
(10.05) of different fruit orchards. This may be
due to lesser increase in organic carbon and
more decrease in the N content in inter row
space as compared to rhizospheric soil as
evident from the present investigation. More
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the C/N ratio above 10-12; there is greater the

chances of these nutrients being immobilized
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by micro-organisms which render them

unavailable to plants (Brady & Weil, 2008).

Table 6: Effect of seasonal variation and sampling sites on carbon to nitrogen ratio (C:N) in orchard soil
of different fruit tree species

6a: Fruit tree species x Seasons x Sampling sites (Ax B x C)

. . Fruit tree species (A)
Seasons Sampling  sites Sweet
B) © Mango Guava Ber | Jamun | Aonla | Bael orange Control Mean
Summer Under Canopy 9.10 7.02 6.10 | 10.16 | 8.22 8.11 6.44 9.55 8.09
Inter row space 8.95 7.23 7.81 11.14 9.87 9.65 9.55 9.17 9.17
Rainy Under Canopy 10.57 6.94 7.67 13.33 | 10.59 | 10.13 7.66 10.34 9.65
Inter row space 11.33 10.08 8.56 12.11 | 10.71 | 11.45 11.58 10.34 10.77
Winter Under Canopy 9.97 7.51 738 | 11.04 | 954 | 10.01 8.86 10.14 9.31
Inter row space 11.33 8.87 9.15 11.99 9.98 | 11.06 9.16 10.14 10.21
Mean 10.21 7.94 7.78 11.63 9.82 10.07 8.88 9.95
6b: Fruit tree species x Seasons (A x B)
Fruit tree species (A)
Seasons (B) Mango Guava Ber | Jamun | Aonla | Bael Sweet Control | Mean
orange
Summer 9.03 7.13 6.96 | 10.65 | 9.05 8.88 8.00 9.36 8.63
Rainy 10.95 8.51 8.12 12.72 | 10.65 | 10.79 9.62 10.34 10.21
Winter 10.65 8.19 8.26 11.52 9.76 10.54 9.01 10.14 9.76
6¢: Fruit tree species x Sampling sites (A x C)
Fruit tree species (A)
Sampling sites (C) Mango Guava Ber | Jamun | Aonla | Bael ::s; Control Mean
Under Canopy 9.88 7.16 7.05 11.51 9.45 9.42 7.65 10.01 9.02
Inter row space 10.54 8.73 8.51 11.75 | 10.19 | 10.72 10.09 9.88 10.05
Mean 10.21 7.94 7.78 | 11.63 | 9.82 | 10.07 8.88 9.95
6d: Seasons x Sampling sites (B x C)
Sampling sites CD (P=0.05)
Seasons (B) Under Inter Row Fruit Species (A )
Mean
Canopy space 0.52
Summer 8.09 9.17 8.63 Seasons (B) 0.32
Rainy 9.65 10.77 10.21 Sampling sites(C) 0.26
Winter 9.31 10.21 9.76 AXC NS
Mean 9.02 10.05 BXC 0.73
AXB NS
AXBXC 1.27

Available Nitrogen

All the fruit tree orchards had significantly
higher available nitrogen over control (85.61
kg/ha). Guava orchard soil had maximum
available nitrogen (126.26 kg/ha) while,
lowest available nitrogen (91.44 kg/ha) was
found in jamun orchard. Maximum nitrogen in
guava orchard may be due to high application
nitrogenous fertilizers and minimum in jamun
might be due to deep rooted, hardy nature of
crop and poor orchard management practices
as compared to other fruit crops. The amount
of nitrogen found higher (26.98%) under
cultivated soils as compared to uncultivated
soils (Table 7). The possible reason identified
for the result is higher addition of fertilizers
and manures under the canopy in cultivated or
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orchard soil and also has better physical
condition of soil. The increase in available N
in soils of Haryana under different cropping
system with the application of fertilizers and
manures was also reported by several workers
(Antil & Singh, 2007; & Devraj et al., 2013).
During the different seasons, lowest
available nitrogen (98.50 kg/ha) was found
during rainy season while highest available
nitrogen (111.15 kg/ha) was measured during
summer season. This may be due to excessive
application of fertilizer in the spring season or
less during rainy season is due to leaching as
well as maximum utilization of nitrogen by the
plants as new growth takes place during rainy
season. Contrast to our findings, Shilpkar et al.
(2010) reported that available nitrogen in soil
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was found minimum in post monsoon and

maximum in monsoon.

Between sampling sites, lower available
nitrogen (90.04 kg/ha) was observed in inter
row space of fruit orchards while, higher
available nitrogen (119.39 kg/ha) was
measured under canopy rhizospheric soil.
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Balota et al. (2011) available nitrogen under

the canopy was found higher than inter row in
different tree species. Kreyling et al. (2012)
reported the concentration of soil organic
matter changed seasonally due to litter input
and the microbial degradation activity, as well
as other nutrients, such as N and P cycling.

Table 7: Effect of seasonal variation and sampling sites on available nitrogen (kg/ha) in orchard soil of
different fruit tree species

7a: Fruit tree species x Seasons x Sampling sites (Ax B x C)

Seasons Sampling  sites Fruit tree species (A)
(B) © Mango Guava Ber Jamun | Aonla Bael Sweet Control Mean
orange
Summer Under Canopy 114.00 148.00 163.67 | 112.67 | 110.33 | 128.67 157.67 84.67 127.46
Inter row space 98.67 118.33 104.00 | 81.33 82.33 94.33 92.10 87.67 94.85
Rainy Under Canopy 104.33 155.33 134.00 | 89.67 | 92.03 | 108.00 138.33 84.33 113.25
Inter row space 83.67 88.87 98.55 76.29 77.61 82.13 78.47 84.33 83.74
Winter Under Canopy 110.33 143.00 143.67 | 108.67 | 106.33 | 115.67 125.67 86.33 117.46
Inter row space 89.33 104.00 9433 | 80.00 | 83.33 | 90.67 104.33 86.33 91.54
Mean 100.06 126.26 123.04 | 91.44 | 91.99 | 103.25 116.10 85.61
7b: Fruit tree species x Seasons (A x B)
Fruit tree species (A)
Seasons (B) Mango Guava Ber Jamun | Aonla Bael Sweet Control Mean
orange
Summer 106.33 133.17 133.83 | 97.00 | 96.33 | 111.50 124.88 86.17 111.15
Rainy 94.00 122.10 116.28 | 82.98 | 84.82 | 95.07 108.40 84.33 98.50
Winter 99.83 123.50 119.00 | 94.33 | 94.83 | 103.17 115.00 86.33 104.50
7c: Fruit tree species x Sampling sites (A x C)
Sampling sites (C) Fruit tree species (A)
Mango Guava Ber Jamun | Aonla Bael Sweet Control Mean
orange
Under Canopy 109.56 148.78 147.11 | 103.67 | 102.90 | 117.44 140.56 85.11 119.39
Inter row space 90.56 103.73 98.96 | 79.21 | 81.09 | 89.04 91.63 86.11 90.04
Mean 100.06 126.26 123.04 | 91.44 91.99 | 103.25 116.10 85.61
7d: Seasons x Sampling sites (B x C)
Seasons (B) Sampling sites CD (P=0.05)
Under Canopy Inter Row Mean Fruit Species (A) 3.84
space
Summer 127.46 94.85 111.15 Seasons (B) 2.35
Rainy 113.25 83.74 98.50 Sampling sites(C) 1.92
Winter 117.46 91.54 104.50 AXC 6.65
Mean 119.39 90.04 BXC 5.43
AXB 3.33
AXBXC 941

Available Phosphorus

Sweet orange orchard soil had maximum
available phosphorus (38.24 kg/ha) while,
lowest available phosphorus (28.70 kg/ha) was
found in bael orchard. Somasundaram et al.
(2009) reported higher phosphorus in
cultivated land or kitchen garden than barren
land because of addition of fertilizers and
manures in cultivated land and replenishment
of nutrients which reduces losses due to
erosion and fixation. Maximum phosphorus
content in sweet orange orchard may be due to
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more application of phosphatic fertilizers
(Table 8).

During the different seasons, lowest available
phosphorus (27.02 kg/ha) was found during
summer season while highest available
phosphorus (31.62 kg/ha) was measured
during rainy season. Wekha et al. (2016) also
found similar results indicating higher
phosphorus levels in soil during rainy season.
Similar findings were earlier reported by
Shilpkar et al. (2010) who found that after
application of mono-calcium phosphate
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fertilizer, it reacts with moisture to form

phosphoric acid which progressively releases
hydrogen ions to the soil leading to an
acidifying effect, decreasing soil pH and
increasing availability and uptake of
phosphorus.

Between sampling sites, all the fruit orchards
had lower available phosphorus (27.30 kg/ha)
in inter row space while higher available
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phosphorus (31.41 kg/ha) was measured under

the canopy of fruit orchards. Balota et al.
(2011) confirmed our results that soil P
concentration was higher under the tree
canopy than in the inter row where P fertilizer
is applied onto soil surface and organic matter
is high due to litter fall. Augustine and Joseph
(1992) also found higher level of P under the
canopy of trees than open grasslands.

Table 8: Effect of seasonal variation and sampling sites on available phosphorus (kg/ha) in orchard soil of
different fruit tree species

8a: Fruit tree species x Seasons x Sampling sites (Ax B x C)

Seasons Sampling sites Fruit tree species (A)
(B) © Mango Guava Ber | Jamun | Aonla | Bael Sweet Control Mean
orange
Summer Under Canopy 27.15 35.33 24.74 | 31.80 | 27.25 | 29.50 43.38 13.27 29.05
Inter row space 24,74 26.54 18.36 | 27.55 | 25.94 | 25.55 37.88 13.27 24.98
Rainy Under Canopy 34.79 38.00 37.56 | 36.33 | 35.38 | 33.57 37.67 12.54 33.23
Inter row space 29.00 39.82 3225 | 3211 | 28.99 | 26.64 38.81 12.54 30.02
Winter Under Canopy 31.30 40.75 3490 | 3358 | 32.28 | 32.18 37.92 12.72 31.95
Inter row space 25.79 36.08 29.14 | 26.83 | 26.04 | 24.74 33.78 12.72 26.89
Mean 28.80 36.09 29.49 | 31.37 | 29.31 | 28.70 38.24 12.84
8b: Fruit tree species x Seasons (A x B)
Seasons (B) Fruit tree species (A)
Mango Guava Ber | Jamun | Aonla | Bael Sweet Control Mean
orange
Summer 25.95 30.94 2155 | 29.67 | 26.60 | 27.52 40.63 13.27 27.02
Rainy 31.90 38.91 3491 | 3422 | 32.18 | 30.11 38.24 12.54 31.62
Winter 28.54 38.41 32.02 | 30.20 | 29.16 | 28.46 35.85 12.72 29.42
8c: Fruit tree species x Sampling sites ( A x C)
Sampling sites (C) Fruit tree species (A)
Mango Guava Ber | Jamun | Aonla | Bael Sweet Control Mean
orange
Under Canopy 31.08 38.03 3240 | 33.90 | 31.64 | 31.75 39.66 12.84 3141
Inter row space 26.51 34.14 26.58 | 28.83 | 26.99 | 25.64 36.82 12.84 27.30
Mean 28.80 36.09 29.49 | 31.37 | 29.31 | 28.70 38.24 12.84
8d: Seasons x Sampling sites (B x C)
Seasons (B) Sampling sites CD (P=0.05)
Under Inter Row Mean Fruit Species (A) 2.10
Canopy space
Summer 29.05 24.98 27.02 Seasons (B) 1.29
Rainy 33.23 30.02 31.62 Sampling sites(C) 1.05
Winter 31.95 26.89 29.42 AXC 3.64
Mean 31.41 27.30 BXC NS
AXB NS
AXBXC NS

Available Potassium

Guava orchard soil had maximum available
potash (284.93 kg/ha) while, lowest available
potash (230.28 kg/ha) was found in aonla
orchard. Mandal and Jayaprakash (2012)
reported higher available K in citrus orchards
compared to maize soil. Higher amount of K
in horticulture orchards is due to higher and
frequent use of potassic fertilizers and
moreover, continuous litter fall replenish the
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uptake pool of K. Peng et al. (2018) reported
that available K content of peach soil was
much higher than of the other samples, while
the lowest available K content was found in
the grape and cherry soils (Table 9).

During the different seasons, highest
available K (258.57 kg/ha) was found during
winter season while lowest available K
(252.96 kg/ha) was observed during summer
season. However, available K during rainy
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season was found at par with summer season

(253.21 kg/ha). This may be due to maximum
utilization of potash by the growing plants
during summer season and higher potash
during winter might be due to foliar sprays of
water soluble fertilizers on fruit trees added to
the under canopy soils, due to dipping and fall.
Between sampling sites at different fruit
orchards lower available K (242.97 kg/ha) was
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observed in inter row space of fruit orchards

while higher available K (266.86 kg/ha) was
found under the canopy of fruit trees. This
might be due to more application of K to fruit
orchards under the canopy only, more buildup
of K due to shading and more moisture effect
as well as more litter fall under the canopy.

Table 9: Effect of seasonal variation and sampling sites on available potassium (kg/ha) in orchard soil of
different fruit tree species

9a: Fruit tree species x Seasons x Sampling sites (Ax B x C)

Seasons Sampling sites Fruit tree species (A)
(B) © Mango Guava Ber Jamun | Aonla Bael Sweet Control Mean
orange
Summer Under Canopy 292.61 315.33 275.67 | 272.67 | 233.83 | 239.67 253.00 224.67 263.43
Inter row space 266.70 246.27 265.67 | 247.67 | 222.83 | 235.17 231.00 224.67 242.50
Rainy Under Canopy 296.43 325.67 277.70 | 282.57 | 237.33 | 244.67 249.67 210.63 | 265.58
Inter row space 265.67 245.67 264.67 | 246.67 | 223.33 | 236.00 234.00 210.63 | 240.83
Winter Under Canopy 303.00 330.33 281.33 | 286.00 | 239.00 | 247.67 253.00 232.08 | 271.55
Inter row space 268.33 246.30 269.67 | 248.33 | 225.33 | 238.33 236.33 232.08 | 245.59
Mean 282.12 284.93 272.45 | 263.99 | 230.28 | 240.25 242.83 222.46
9b: Fruit tree species x Seasons (A x B)
Seasons (B) Fruit tree species (A)
Mango Guava Ber Jamun | Aonla Bael Sweet Control Mean
orange
Summer 279.66 280.80 270.67 | 260.17 | 228.33 | 237.42 242.00 224.67 | 252.96
Rainy 281.05 285.67 271.18 | 264.62 | 230.33 | 240.33 241.83 210.63 253.21
Winter 285.67 288.32 27550 | 267.17 | 232.17 | 243.00 244.67 232.08 258.57
9c: Fruit tree species x Sampling sites ( A x C)
Sampling sites (C) Fruit tree species (A)
Mango Guava Ber Jamun | Aonla Bael Sweet Control Mean
orange
Under Canopy 297.35 323.78 278.23 | 280.41 | 236.72 | 244.00 251.89 22246 | 266.86
Inter row space 266.90 246.08 266.67 | 247.56 | 223.83 | 236.50 233.78 22246 | 24297
Mean 282.12 284.93 272.45 | 263.99 | 230.28 | 240.25 242.83 222.46
9d: Seasons x Sampling sites (B x C)
Seasons (B) Sampling sites CD (P=0.05)
Under Inter Row Mean Fruit Species (A) 2.46
Canopy space
Summer 263.43 242.50 252.96 Seasons (B) 151
Rainy 265.58 240.83 253.21 Sampling sites(C) 1.23
Winter 271.55 245.59 258.57 AXC 4.26
Mean 266.86 242.97 BXC 3.48
AXB 2.13
AXBXC NS

Available Micronutrients

Sweet orange orchard soil had maximum iron
content (3.34 ppm), manganese content (8.09
ppm) and boron content (2.93 ppm) while ber
orchard soil had maximum zinc content (2.10
ppm). The DTPA extractable micronutrients
(Fe, Mn and Zn) along with boron content in
rhizospheric  and  non-rhizospheric  soils
showed wide variation in different fruit tree
species and during different seasons under the
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canopy and in inter rows of fruit orchards.
Usha Kumari (2016) found that highest
content of micronutrients like zinc in citrus
orchard in comparison to guava orchard and
vegetable cropping system. Contrast to it,
Ajayi (2014) found that mineral elements (Fe,
Cu, Ca and Pb) found under the pepper and
plantain rhizosphere soils are in close range.
So, no difference of crop species was reflected
on micro-elements (Table 10, 11, 12, 13).
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Table 10: Effect of seasonal variation and sampling sites on iron content (ppm) in orchard soil of different
fruit tree species

10a:Fruit tree species x Seasons x Sampling sites (Ax B x C)
Seasons (B) Sampling sites (C) Fruit tree species (A)
Mango Guava Ber Jamun | Aonla | Bael | Sweetorange | Control Mean
Summer Under Canopy 273 2.50 273 3.27 2.61 243 3.19 2.06 2.69
Inter row space 2.66 2.38 245 3.14 242 2.23 3.12 2.06 2.56
Rainy Under Canopy 3.40 3.24 2.90 3.52 3.34 3.18 3.80 1.74 3.14
Inter row space 3.26 311 2.56 3.49 3.26 3.05 3.64 1.74 3.02
Winter Under Canopy 2.93 291 2.77 3.48 2.87 2.48 3.26 1.87 2.82
Inter row space 2.77 2.57 2.56 3.00 2.74 2.88 3.05 1.87 2.68
Mean 2.96 2.79 2.66 3.32 2.87 271 3.34 1.89
10b: Fruit tree species x Seasons (A x B)
Fruit tree species (A)
Mango Guava Ber Jamun Aonla Bael Sweet orange Control Mean
Seasons (B)
-Summer 2.70 244 2.59 3.21 2.52 233 3.15 2.06 2.63
Rainy 3.33 3.18 2.73 3.51 3.30 3.12 3.72 1.74 3.08
Winter 2.85 2.74 2.67 3.24 2.81 2.68 3.15 1.87 2.75
Mean 2.96 2.79 2.66 3.32 2.87 271 3.34 1.89
10c: Fruit tree species x Sampling sites (A x C)
Sampling sites (C) Fruit tree species (A)
Mango Guava Ber Jamun Aonla Bael Sweet orange Control Mean
Under Canopy 3.02 2.88 2.80 3.43 2.94 270 3.41 1.89 2.89
Inter row space 2.90 2.69 2.52 3.21 2.81 272 3.27 1.89 2.75
Mean 2.96 2.79 2.66 3.32 2.87 271 3.34 1.89
10d: Seasons x Sampling sites (B x C)
Seasons (B) Sampling sites CD (P=0.05)
Under Canopy Inter Row space Mean Fruit Species (A) 0.14
Summer 2.69 2.56 2.63 Seasons (B) 0.19
Rainy 3.14 3.02 3.08 Sampling sites(C) 0.07
Winter 2.82 2.68 2.75 AXC 0.24
Mean 2.89 2.75 BXC NS
AXB NS
AXBXC NS

During the different seasons highest iron
content (3.08 ppm) was found in rainy season
while zinc, manganese and boron content in
fruit orchards was recorded highest in summer
season. The possible reason might be that fruit
crops are highly responsive to micronutrients
and application time is spring season, so all the
applied micronutrients are not taken up by the

plants as the summer season approaches.
Shukla et al. (2015) reported that current status
of Fe, Mn, Zn and B in soils of Haryana was
21.6%, 6.2%, 15.3% and 3.3% deficient,
respectively. It may be because of improper
management in orchard soils and response
varies with crop, season and genotypes.

Table 11: Effect of seasonal variation and sampling sites on zinc content (ppm) in orchard soil of different
fruit tree species

1la: Fruit tree species x Seasons x Sampling sites (Ax B x C)
Seasons (B) | Sampling sites (C) Fruit tree species (A)
Mango Guava Ber Jamun | Aonla | Bael | Sweetorange | Control Mean
Summer Under Canopy 1.47 1.78 2.2 1.43 1.49 1.98 2.27 0.98 1.70
Inter row space 1.87 1.89 2.23 1.58 1.79 211 2.39 0.98 1.86
Rainy Under Canopy 1.37 1.76 2.08 1.39 1.36 1.86 1.99 0.85 1.58
Inter row space 1.63 1.81 2.16 1.45 1.59 1.96 2.17 0.85 1.70
Winter Under Canopy 1.68 1.56 1.92 1.84 1.71 1.69 1.64 1.03 1.63
Inter row space 1.54 1.57 1.98 1.7 1.89 1.55 1.86 1.03 1.64
Mean 1.59 1.73 2.10 1.57 1.64 1.86 2.05 0.95
11b: Fruit tree species x Seasons (A x B)
Fruit tree species (A)
Mango Guava Ber Jamun Aonla Bael Sweet orange Control Mean
Seasons (B)
Summer 1.67 1.83 2.22 151 1.64 2.05 2.33 0.98 1.78
Rainy 1.5 1.79 212 1.42 1.48 1.91 2.08 0.85 1.64
Winter 1.61 1.57 1.95 1.77 1.8 1.62 1.75 1.03 1.64
Mean 1.59 1.73 2.10 1.57 1.64 1.86 2.05 0.95
11c: Fruit tree species x Sampling sites (A x C)
Sampling sites (C) Fruit tree species (A)
Mango Guava Ber Jamun Aonla Bael Sweet orange Control Mean
Under Canopy 1.51 1.7 2.07 1.55 1.52 1.85 1.97 0.95 1.64
Inter row space 1.68 1.76 2.12 1.58 1.75 1.87 2.14 0.95 1.73
Mean 1.59 1.73 2.10 1.57 1.64 1.86 2.05 0.95
11d: Seasons x Sampling sites (B x C)
Seasons (B) Sampling sites (C) CD (P=0.05)
Under Canopy Inter Row space Mean Fruit Species (A) 0.09
Summer 1.70 1.86 1.78 Seasons (B) 0.05
Rainy 1.58 1.70 1.64 Sampling sites(C) 0.04
Winter 1.63 1.64 1.64 AXC 0.15
Mean 1.64 1.73 BXC NS
AXB 0.08
AXBXC NS
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Between sampling sites of different fruit tree

species higher iron content manganese content
and boron content was found under the canopy
in rhizospheric soil of fruit trees, while zinc
content was observed higher in non-
rhizospheric soil of inter rows of fruit
orchards. Higher amount of iron, manganese
and boron are found in the soils having higher
organic matter. Litter fall further enhances
organic carbon under the canopy of fruit trees
and so is the micronutrient content. Moreover,

Ind. J. Pure App. Biosci. (2021) 9(3), 289-304

ISSN: 2582 — 2845
the foliar spray of micronutrients on fruit trees

is added to the canopy soils, due to dipping
and litter fall. Cheng et al. 2017 reported that
Fe and Mn contents in orchard soils were
higher than those in cropland soil and unused
soil. Similar to it, Debnath et al. (2015) found
that iron and manganese content was found
higher in apricot orchard and other fruit tree
species over the control, zinc content was
found higher in control.

Table 12: Effect of seasonal variation and sampling sites on manganese content (ppm) in orchard soil of
different fruit tree species

12a: Fruit tree species x Seasons x Sampling sites (Ax B x C)
" . Fruit tree species (A)
Seasons (B) Sampling sites (C) Mango Guava Ber Jamun Aonla Bael Sweet orange Control Mean
Summer Under Canopy 7.74 9.2 7.19 7.88 7.8 6.95 8.67 4.44 7.48
Inter row space 7.67 7.71 6.98 7.7 7.69 6.76 8.47 4.44 7.18
Rainy Under Canopy 7.52 8.97 6.96 7.54 7.77 6.78 7.91 4.4 7.23
Inter row space 7.34 7.23 6.22 7.42 7.52 6.65 7.89 4.4 6.83
Winter Under Canopy 7.21 7.68 6.54 7.43 7.43 6.53 7.7 4.35 6.86
Inter row space 7.03 6.94 6.45 7.41 7.35 6.45 7.88 4.35 6.73
Mean 7.42 7.96 6.72 7.56 7.59 6.69 8.09 4.40
12b: Fruit tree species x Seasons (A x B)
Seasons (B) Fruit tree species (A
Mango Guava Ber Jamun Aonla Bael Sweet orange Control Mean
Summer 7.7 8.45 7.08 7.79 7.74 6.86 8.57 4.44 7.33
Rainy 7.43 8.1 6.59 7.48 7.64 6.71 7.9 4.4 7.03
Winter 7.12 7.31 6.5 7.42 7.39 6.49 7.79 4.35 6.80
Mean 7.42 7.96 6.72 7.56 7.59 6.69 8.09 4.40
12c: Fruit tree species x Sampling sites (A x C)
Lo Fruit tree species (A
Sampling sites (C) Mango Guava Ber Jamun pAonlef\ ] Bael Sweet orange Control Mean
Under Canopy 7.49 8.62 6.9 7.62 7.66 6.75 8.09 44 7.19
Inter row space 7.35 7.29 6.55 7.51 7.52 6.62 8.08 4.4 6.92
Mean 7.42 7.96 6.72 7.56 7.59 6.69 8.09 4.40
12d: Seasons x Sampling sites (B x C)
Sampling sites CD (P=0.05)
Seasons (B) Under Canopy Inter Row space Mean Fruit Species (A) NS
Summer 7.48 7.18 7.33 Seasons (B) 0.12
Rainy 7.23 6.83 7.03 Sampling sites(C) 0.09
Winter 6.86 6.73 6.80 AXC 0.33
Mean 7.19 6.91 BXC 0.27
AXB 0.19
AXBXC NS

Table 13: Effect of seasonal variation and sampling sites on boron content (ppm) in orchard soil of
different fruit tree species

13a: Fruit tree species x Seasons x Sampling sites (Ax B x C)
" . Fruit tree species (A
Seasons (B) | Sampling sites (C) Mango Guava Ber Jamun : Aonle(x Bael | Sweet orange | Control Mean
Summer Under Canopy 1.56 2.69 2.7 2.12 1.59 1.59 3.09 1.44 2.10
Inter row space 1.45 2.68 2.68 1.99 1.48 1.54 2.97 1.44 2.03
Rainy Under Canopy 1.34 247 2.61 2.86 1.43 1.51 2.94 1.31 2.06
Inter row space 13 241 2.56 1.91 1.41 15 2.92 1.31 1.92
Winter Under Canopy 13 2.39 232 1.78 1.4 1.48 2.85 1.28 1.85
Inter row space 1.26 2.36 2.5 1.65 1.38 14 2.8 1.28 1.83
Mean 1.37 2.50 2.56 2.05 1.45 1.50 2.93 1.34
13b: Fruit tree species x Seasons (A x B)
Seasons (B) Fruit tree species (A)
Mango Guava Ber Jamun | Aonla | Bael | Sweetorange | Control | Mean
Summer 151 2.69 2.69 2.05 1.53 1.56 3.03 1.44 2.06
Rainy 1.32 2.44 2.58 2.39 1.42 15 2.93 131 1.99
Winter 1.28 2.37 241 1.71 1.39 1.44 2.83 1.28 1.84
13c: Fruit tree species x Sampling sites (A x C)
" . Fruit tree species (A
Sampling sites (C) Mango Guava Ber Jamun pAonle(1 ] Bael | Sweetorange | Control Mean
Under Canopy 1.4 2.52 2.54 2.25 1.47 1.52 2.96 1.34 2.00
Inter row space 1.34 2.48 2.58 1.85 1.42 1.48 2.9 1.34 1.92
Mean 1.37 2.50 2.56 2.05 1.45 1.50 2.93 1.34
13d: Seasons x Sampling sites (B x C)
Sampling sites CD (P=0.05)
Seasons (B) Under Canopy | Inter Row space | Mean Fruit Species (A) NS
Summer 2.10 2.03 2.07 Seasons (B) 0.06
Rainy 2.06 1.92 1.99 Sampling sites(C) 0.05
Winter 1.85 1.83 1.84 AXC 0.16
Mean 2.00 1.93 BXC 0.13
AXB 0.09
AXBXC 0.22
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CONCLUSIONS

All the fruit tree species, season and sampling
site and their interaction were found
significantly affecting the pH CEC CN ratio,
Electrical conductivity, available N, P, and K
contents.  Orchards showed an increase in
available N, P, and K significantly over
control i.e. uncultivated land. Zinc and iron
contents were influenced significantly with
fruit tree species, season and sampling sites.
Manganese and boron content was not
influenced significantly with fruit tree species
treatment and influenced significantly by
season and sampling sites.
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