Soil Profile Studies under Different Orchard Management System
in Chhindwara District of Madhya Pradesh
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Introduction

Orchard soil health or soil quality is the capacity of soil to support productive trees over time

without negatively affecting the surrounding environment. Soil health is %ﬂuenced by

Madhya Pradesh is the central state of India. Bhopal is ;;e
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using balance fertilization on the basis of depth wise nutrient status and establishment of

new orchards in the study area.

Material and Methods

Study site: The geographical location of Chhindwara is within 21.28' to 22.49' North logititude
and 78.40 to 79.23' East latitude, The total area of Chhindwara is 11,815 sq. km. with total
cultivated area 555.5 ha. The average maximum temperature in May was approximately 44'C
and the average maximum was 5'C, Chhindwara district receives 1,183 mm.of rainfall on
average per year, maximum rainfall in the district occurred from October to March during the
southwest monsoon, while minimal rainfall occurred from January to. May, Soil Sampling was
done from the different blocks of chhindwara district of Madhya Pradesh. The experimental sites
were selected based on Agri — Horticulture "system Orange (Citrus sinensis), Mango
(Mangiferalndica), Papaya (Carica papaya), Custard apple (Annona squamosa), Dragon fruit

(Hylocerusundantus).

Soil sampling and analysis:

Samples were collected from different orchard at different depths, depth of sampling [ 0-
15, 15-30;.30-60, 60-90] cm were kept with the help of auger from different blocks of
chhindwara district. The soil samples kept into properly labeled samples bags. Soil samples were
brought to the laboratory and air dried, crushed with wooden roller, sieved through 2 mm sieve
and used for determination of various soil physico-chemical characteristics. The physical
parameters include bulk density, particle density, porosity, water holding capacity, whereas
chemical parameters include pH, Electrical conductivity, Organic Carbon, Macro-Nutrients (N,

P, K, S).



Results and Discussion
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due to increasing with increase depth. The particle density of orchard
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of 0-15cm and 60-90cm was 2.72% which was non-significant. The highest particle density (2.65

M@'m®) was reported in sample 1 in the orange-1 orchard. Porosity of orchard soil depth under
[0-15, 15-30, 30-60 and 60-90cm] ranged 45.24-50.96, 40.89-51.37, 26.95-41.71 and 19.26-

29.12% respectively. The mean difference of soil porosity with comparing soil depth of 0-15cm



and 60-90cm was 40.52%. and highest porosity was reported in sample number 30 in guava-2,
The water holding capacity of orchard soil depth under [0-15, 15-30, 30-60 and 60-90cm] ranged
30.87-65.24, 40.36-64.00, 42.92-59.34 and 35.89-59.96% respectively and highest water holding
capacity was reported in sample number 40 in banana-2 orchard. The mean difference of soil
WHC with comparing soil depth of 0-15 and 60-90cm was 1.99%. Similar findings were
reported by Kuchanwar et al. (2017). The pH of orchard soil depth under.[0-15, 15-30, 30-60,
60-90cm] ranged 7.2-8.7, 6.9-8.6, 6.8-8.5 and 6.4-8.3 respectively with slightly acidic to alkaline

and mean value of soil pH comparing soil depth of 0-15cm and 60-90cm was varied 6.17%.

Table 1: Status of physical properties of depth wise soil samples of different orchards.

Depth (cm)
0-15 15-30 30-60 60-90
Bulk density Range 1.28-1.40 1.24-1.47 1.63-1.87 1.81-1.97
(Mg m®) Mean 1.36 1.4 1.74 1.86
S.D. 0.02 0.05 0.06 0.04
Particle density Range 2.49-2.65 2.47-2.61 2.43-2.59 2.30-2.61
(Mg m®) Mean 2.58 2.55 2.53 251
S.D. 0.04 0.04 0.04 0.05
. Range 45.24-50.96 | 40.89-51.37 26.95-41.71 19.26-29.12
Porosity
(%) Mean 47.36 45.22 31.59 25.55
S.D. 1.25 2.34 2.87 2.08
WHC Range 30.87-65.24 | 40.36-64.00 42.92-59.34 | 35.89-59.96
(%) Mean 52.25 52.1 51.89 51.24
S.D. 6.73 4.29 3.95 5.49

The highest pH (8.7) was reported in sample 1 of orange-1 and sample 5 from orange-2 and
sample 29 of guava-1, similar trend was found by Surwase et al., (2016). The electrical

conductivity of orchard soil depth under [0-15, 15-30, 30-60, 60-90cm] ranged 0.31-0.39, 0.21-



0.39, 0.21-0.37 and 0.12-0.35 dSm'". [Fhe/mean difference of Soil EC'Was compared between soil
depth of 0-15and 60-90¢m and found 19:44% Variation: The highest EC (0.39) dSm™ was
reported in sample number 18 of papaya-1, parallelfindings were studied by Singh et al., (2016).

The organic carbon of orchard soil depth under [0-15, 15-30, 30-60, 60-90cm] ranged between

0.39-1.66, 0.30-1.38, 0.15-1.06 and 0.03-0.73%. The mean difference of soil OC was compared

between soil depth of 0-15 and 60-90cm and

The highest O.C (1.66%) was found in sample 1 of orange 1 Sur ase et al.;
w se
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Table 2 : Status of pH, EC and organic carbon of depth wise %son samples of different

orchards. 4 h N
0-15 15- ™ N 30\\60 60-90
oH Range / 6 9- 8W n Y 6.8 8.5 6.4-8.3
Mean \/ﬁg N \ 7.8 7.6
S.D. A4 0 48 0.51 0.59
EC | Range 031080 | 7021039 0.21-0.37 0.12-0.35
(dSm™) | Mean 0.36 \f 10.34 0.32 0.29
S.D. [ L% 0.04 0.044 0.06
OC | Range ~ 0.30-1.38 0.15-1.06 0.03-0.73
(%) | Mean 8 iy, 0.55 0.41 0.28
& 0.9% 0.26 0.217 0.17

. N \\\\

depth! The available phosphorus content of orchard soil depth under [0-15, 15-30. 30-60 and 60-

90cm] ranged from 8.56-11.78, 8.43-10.65, 7.53-9.86 and 7.10-9.45 kg ha™. The highest (11.78



kg ha™) was observed in sample AlIMBEF 23 in papaya-2 orchard liKEIyFesuliSWere'reported by

Motsara (2002). The mean difference of available P compared between soil depth of 0-15 and
60-90cm and shown' 23.82% difference between upper and lower layers. The available
potassium content of orchard soil depth under [0-15, 15-30, 30-60, 60-90cm] ranged between
351.2-378.8, 315.8-345.4, 266.8-278.1, 224.0-281.6 kg ha™. The highest K (378.8 -) was
found in sample RUMDEF 5 of orange-2 orchard, like Wise report given by Pal, (1985). The mean
difference of exchangeable potassium compared between soil depth of 0-15 and60-90cm was
30.01%. The available sulphur content of orchard soil depth under [0-15, 15-30, 30-60, 60-90cm]

ranged Was 10.6-13.9, 10.2-12.7, 9.3-11.6, 8.4-10.6 kg ha™. The highest S (13.9 Kg'ha®) was

found in sample RUMBER 4 of orange-1 orchard, fesulis were confined with Balanagoudar, (1989):
The mean difference of Sulphur was compared between soil. depth of 0-15 and 60-90cm and it
was 21.66% between surface layer and lower layer (90 cm depth).

Table 3: Status of available N, P, Kiand 'S in depth wise soil samples of different orchards.

Depth (cm)

0-15 15-30 30-60 60-90

Nitrogen | ReNge | 122579-468.28 | 201.56-387.12 | 137.98-273.63 | 110.31-210.39
(kgha') | Mean 324.07 264.62 189.97 133.15
SD. 68.24 50.27 36.86 18.05

Range 8.56-11.78 8.43-10.65 7.53-9.86 7.10-9.45
Pr(‘lf;phha‘?{)us Mean 9.99 9.21 8.23 7.61
SD. 0.731 05 0.62 0.55

potassium | Range 351.2-378.8 | 315.8-3454 | 266.8-278.1 | 224.0-2816
(kg ha¥) | Mean 363.6 3204 283.3 259
SD. 5.58 5.88 15.98 17.68

Range 10.6-13.9 10.2-12.7 9.3-11.6 8.4-10.6
i‘g%g“f) Mean 12 113 10.4 9.4
SD. 0.83 0.64 0.58 0.42




Correlation studies reveal (table-2) that 0-15 cm depth of soil of orchards pH, EC, organic

carbon, bulk density has negative correlation with nitrogen and positive correlation with particle
density water holding capacity. Available phosphorus has positive correlation with pH, organic
carbon, particle density and water holding capacity except EC and bulk density. The

exchangeable potassium was positively correlated with all the parameters. Avail able sulphur

content was

3
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studies reveal (table-5) that 15-30 cm depth of soil of orchard bulk density

and particle density

water holding capacity: Available phosphorus
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was found with pH, E( bon.and water holding capacity. According to correlation

anic car

i

\ @ga@ca%on and water holding capacity of the soil of orchards at

paf/ﬁc e den ity

=xchangeable potassium has hegative correlation with pH and organic carbon

whereas positively correlation with B, bulkidensity. particle density and Water holding capacity:

Water holding capacity has positively connect with the available sulphur while negative

correlation was shown with EC, organic carbon, bulk density and particle density. Correlation



study revel(table-4) that 60-90 cm depth of soil of orchards pH, bulk density, particle density
were found negatively correlated with nitrogen While"positive correlation with EC, organic
carbon and water holding capacity. Available phosphorus has positively correlated with pH, EC,

particle density and water holding capacity \Whereas negative correlation with organic carbon and

bulk density. Exchangeable potassium has negatively correlated with pH, EC, organic carbon,
particle density and water holding capacity while positive correlated with bulk density only.
Available sulphur content has positively correlated with bulk density and water holding capacity
whereas negative correlation with pH, EC, organic carbon and particle density.

Table 4 : Correlation between available soil nutrients.and physico-chemical characteristics

at 0 to 15 cm depth in soils of different orchards.

0-15 (cm) N P K S
PH -0.161 0.525 0.083 -0.179
EC -0.199 -0.007 0.150 -0.125
oC -0.010 0.414 0.247 0.033
BD -0.083 -0.079 0.170 -0.136
PD 0.212 0.223 0.255 -0.135
WHC 0.084 0.042 0.298 0.122
Table 5 Correlation. between soil nutrients availability and physico-chemical
characteristics at.15 to 30 cm depth in different orchards.
15-30 (cm) N P K S
PH -0.260 0.456 -0.046 0.003
EC 0.225 -0.008 -0.043 0.106
ocC -0.028 0.161 -0.133 0.112
BD -0.220 0.009 0.018 -0.385
PD -0.013 0.114 0.440 -0.169
WHC 0.277 -0.137 0.007 0.241

Table 6 : Correlation between soil nutrients availability and physico-chemical
characteristics at 30 to 60 cm depth of different orchards.



30-60 (cm) N P K S
PH -0.137 0.275 -0.052 -0.285
EC 0.308 0.059 0.154 -0.041
ocC 0.157 -0.008 -0.072 -0.045
BD -0.111 0.028 0.063 -0.125
PD -0.026 0.077 0.325 -0.066
WHC 0.141 -0.122 0.119 0.341
Table 7 Correlation between soil nutrients availability and physico-chemical

characteristics at 60 to 90 cm depth of different orchard.

60-90 (cm) N P K S
PH -0.018 0.426 -0.452 -0.337
EC 0.076 0.195 -0.229 -0.051
oC 0.036 -0.066 -0.140 -0.072
BD -0.177 -0.092 0.144 0.141
PD -0.176 0.148 -0.128 -0.028
WHC 0.076 0.131 -0.155 0.100
Conclusion

This study representation the analysis of physico-chemical properties and available nutrients of
the samples taken from soil profiles:depth wise (0-15, 15-30, 30-60, 60-90 cm) and establish a
correlation between soil properties and available nutrients. On the basis of results the soil
samples were found slightly acidic to alkaline in nature. Total soluble salts were found less than
1dSm™ which indicates that soil was safe for the Bf¢hard'plants. Organic carbon observed high in
upper surface (0-15 cm) whereas decreased with the increasing depth of the profile. Bulk density
and particle density were found in normal range for all the layers. The studied samples were
found under low water holding capacity (30-65%) of all the orchards. Nitrogen was found in low
to medium range in the layer of 0-15, 15-30, 30-60, 60-90cm whereas phosphorus and sulphur
contents were found medium in surface layer while lower range under sub-surface layers.
Available potassium was set up in high range for all the layers (0-15, 15-30, 30-60, 60-90 cm).

Finally, it can be concluded that, the available nutrients were found higher in upper surface in



comparison to lower layers of the orchards soil profile therefore, proper attention should be

Application of good quality and more amount of locally available organic matter or compost to

the areas of orchard where low soil fertility would improve the soil quality and preserve
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