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Abstract | Soil mites are considered as edaphic living organisms because these are responsible in maintaining
the soil fertility through their decomposition and nutrient renewal activities. perimental statistics was applied
to estimate the variety of soil mite diversity, seasonal variation and influence of intercropping within mango
orchards through diversity index. A total of 1898 soil inhabiting mite sample slides were prepared from soil
collected samples and after microscopic observation of slide specimen, 08 different families were recognized
as Laelapidae, Pachylaelapidae, Ameroseiidae, Macrochelidae, Parasitidae, Phytoseiidae, Uropodidae, and
Bdellidae. Macrochelidae and Parasitidae were the most prevalent familities while Pachylaelapidae and
Bdellidae were recorded in the lowest numbers. The abundance of soil-inhabiting mites with respect to
different locations in various months revealed that maximum abundance of mite families were recorded
from Kotla Gurmani (38.5) followed by Kot Chutta (37.0) during October and minimum abundance was
recorded during September from Mana Ahmadani (14.8). The maximum richness was recorded from mango
orchards during September from Basti Hala (S=6.58) whereas richness remained statistically at par during
October and February. The pearson correlation analysis demonstrated that most mite families had a negative
correlation with morning and evening relative humidity while the positive correlation with maximum and
minimum temperature. The results showed higher Shannon diversity index was observed in Mana Ahmadani
during October and February (2.04 and 2.03, respectively) whereas the least value was observed in Basti Halla
during February (1.60). Finally it could be concluded that farmers should consider conservation activities of
mite fauna through intercropping to enhance the soil fertility thereby fruit production.
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Soil Inhabiting Mite Diversity (Acari)

Introduction

ango Mangifera indica L. (Anacardiaceae:

Sapindales) is a prime fruit and has great
economic importance for Pakistan. Invertebrate
and vertebrate organisms also contribute a lot to
various soil processes. Among invertebrates, arachnid
fauna constitutes almost 45-50% of total arthropod
diversity of soil. Mites belong to a well-known
category of arthropod diversity due to variability and
richness within soil. Mites participate in different soil
operations and also act as predators against different
insect pests (Yahya ¢z a/., 2020). Various agricultural
practices and seasonal changes have secured influence
on soil organisms. Soil organisms consists of many
arthropods species, 23 % of those are invertebrates,
among which 85% of soil fauna comprises hexapods

(Culliney, 2013).

Arachnids (mites) are the most famous and diverse
group of Arthropods that also play a significant
role in maintaining the physico-chemical dynamics
in soil (Haq, 2007). Fluctuations in the population
density and diversity of mites up to the depth of
10 cm of soil have been reported over period of
12 months (Sharma and Parwez, 2017). Earlier,
studies reported the inventory of soil mites from
citrus orchards from northern Tunisia, Mornag and
Bizerte. The soil fauna was predominantly composed
of Oribatida followed by Mesostigmata families.
The most frequent and abundant Oribatida families
Phenopelopidae and  Oribatulidae, while
Laelapidae and Parasitidae and Pachylaelapidae were
the predominant families of Mesostigmata (Belaam-
Kort ez al.,2018). Aerial mite pests of mango, include
mango mud mites Eriophyes mangiferae (Sayed),
red mites, Aceria mangifera (Sayed), spider mite,
Oligonychus mangiferus (Rahman and Sapra), broad
mite, Polyphagotarsonemus latus (Banks) and erinose
mite, Aceria litchi (Keifer). These mites usually injured
the surface of leaves and extract leaf juice for feeding
(Sarwar, 2015). Orchards soil fauna heavily composed
of species of the soil Arachnids like Mesostigmata,
Prostigmata and Oribatida. They are abundantly
found in slightly wet to saturated soils, vegetated
margins of large and small wetlands and mosses in
streams (Lindquist, 2003; Krantz and Walter, 2009).
Soil process of the population fluctuation of soil micro
fauna is very difficult to explain without collaboration
of abiotic factors (Miyazawa ez al., 2002). Most of
the mite populations are sensitive to change in soil

were

composition and hence proved to be good predictors
of soil condition. Agriclutral soils are found to be
the most abundant in terms of soil inhabiting mites
followed by orchard and natural land-use soils ( Yahya
et al., 2020). While very little scientific information
is vailable on diversity of soil inhabiting arachnids of
mango orchards in Pakistan. This research work was
planned to estimate the diversity, richness, abundance
and the effect of abiotic factors on soil mite population
in mango orchards. Also, the soil mite population
was evalauated in relation to different intercropping
patterns of orchards.

Materials and Methods

Survey and collection of samples

Four mango growing areas of Dera Ghazi Khan,
Punjab, Pakistan viz., Kotla Gurmani (A1) (29.77°
N, 70.61° E), Kot Chutta (A2) (29°53 N, 70°39
E), Mana Ahmadani (A3) (29°47' N, 70°35 E) and
Basti Halla (A4) (29°46 N, 70°36 E) (Figure 1) were
selected for assessing the abundance and richness of
soil inhabiting mites during 2019-20. In each area,
four orchards were selected, one intercropped with
cotton (Gossypium spp.) (O1), one with barseem
(Trifolium alexandrinum) (O2) and two without any
intercropping (O3 and O4).Soil sampleswere collected
during three months October-19, November-19 and
February-20 from each identified area. Collection
of samples was done by a hand-made tool i.e., steel
core measuring one litter capacity having 10.5 cm
diameter and 12 cm length, with detachable steel rod
of 45 cm to draw the sample from soil beneath the
canopy of mango trees. Four samples (500 g) of each
tree side were taken from NEWS (North, East, West
and South). The same procedure was replicated for at
least four times.

Extraction of mites from soil samples

Samples were transferred to plastic jars to avoid the
escape of mites and moisture contents from soil
samples. The collected samples were properly tagged
and brought to Acarology Research Laboratory,
University of Agriculture, Faisalabad. The modified
Berlese Tullgren funnels apparatus was used to
isolate the soil mites from collected samples. The
soil samples were processed for 48 hours to ensure
maximum extraction. The specimens were preserved
within mini vials having 75-80% ethyl alcohol and
tew drops of glycerin. Vials were tagged according to
date of collection and locality for further studies.
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Figure 1: Location mark in the Map shows the localities
of orchards in D. G. Khan from where samples were
collected.

Examination and identification of mounted specimens
Soil mites were separated from other soil arthropods
with the help of microscope and Hoyer’s Medium
was used to make permanent mounts. The mounted
specimens were studied under phase-contrast
microscope (Meiji Techno MT4210H) and identified
up to family level by using taxonomic keys of Krantz
and Walter (2009) and Evans and Till (1979).

Statistical analysis

'The diversity measurement of soil arachnids in mango
orchards was constructed by applying diversity index
(Shannon, 1948) to evaluate diversity, richness and
abundance.

H == [(0) xlogp)] .(1)

Where,

H= Shannon diversity index; Pi=i" proportion of
each family of mites from each analyzed sample. It
also indicates the relative abundance of each family

for this study.

The diversity indices, individual-based plots were
calculated by using computer software PAST’
(Hammereza/.,2001). The data on different parameters
were analyzed by using ANOVA and separated by
Tukey’s HSD post-hoc test at 5% level of significance.
The pearson correlation analysis was performed to
evaluate the relationship between weather factors
(weather data from Department of Plant Protection,
DG Khan) and soil mite abundance. This analysis
was performed using R-studio (v. 1.1.453) with a
significance level of a=0.05.

Results and Discussion

Community structure (Y%age) of mite families

A total number of 8 families were noted like Laelapidae,
Pachylaelapidae, = Ameroseiidae, = Macrochelidae,
Parasitidae, Phytoseiidae, Uropodidae, Bdellidae
from collected specimens of all four orchards. The
community structure of soil inhabiting mites was
recorded and their total number of specimens
belonging to each family with respective percentages
are given in Figure 2. The highest number of mites
of the family Macrochelidae and Parasitidae was
observed and their number was 249 (13.10%) each.
Uropodidae was ranked at 2™ position with 239
(12.60%) number of recorded mites. The number of
families Laelapidae, Phytoseiidae and Ameroseiidae
were 209 (11.00%), 191 (10.10%) and 164 (8.64%),
respectively. Pachylaelapidae and Bdellidae families
were found with minimum numbers 36 (1.90%) and
86 (4.53%), respectively of specimens.

Figure 2: Number (%age) of various mite families from
different orchards, Dera Ghazi Khan. The error bars

represent standard errors afmean values.

Maximum abundance of mite families were recorded
from Kotla Gurmani (38.5) followed by Kot Chutta
(37.0) during October and minimum was recorded
during September from Mana Ahmadani (14.8)
(Figure 3). Concerning mite abundance in different
orchards, the highest peak was recorded in orchard-4
(O4) from Kotla Gurmani (39.7) and lowest peak
regarding abundance was observed in orchard-1 (O1)
from Basti Halla (13.8) (Figure 4). The abundance
of mite families with respect to different months
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depicted that the highest peak was observed during
October and February in Orchard-4 (O4) whereas

the lowest peak was recorded during September in

Orchard-1 (O1) (Figure 5).

Figure 3: Abundance gpmiiefami/ies in dzﬁ%r@nt months
with respect to dijﬁr@m‘ locations. The error bars represent
standard errors of mean values.

Figure 4: Abundance of mite families in different
locations with respect to orchards types. The error bars
represent standard errors of mean values.

Richness of mite families concerning various interactions
‘The richness of soil-inhabiting mites varied in different
months. The maximum richness was recorded from
mango orchards during September with $=6.58 from
Basti Hala whereas richness remained statistically at
par during October and February (Figure 6). Similarly,
Figure 7 demonstrated the richness status concerning
different orchards. It is evident from the results that

the maximum richness was observed in orchard-1
(5=6.03) followed by orchard-3 of Basti Halla whereas
the lowest peak was observed in orchard-1 (O1) and
orchard-4 (O4) of Kotla Gurmani (S=3.17).

Figure 5: Abundance of mite ﬁlmz'/z'es n dﬁ;’eni
orchards with respect to months. The error bars represent
standard errors of mean values.

Figure 6: Richness of mite families in different locations
with respect to months. The error bars represent standard
errors of mean values.

Intercropping effect on the abundance of mite families

The statistical results regarding the abundance of
mites after intercropping revealed that the maximum
abundance of 30.3 % was observed in orchard-4
(O4) followed by orchard-3 (O3) whereas the least
abundance (20.7 %) was observed in orchard-1 (O1)
(Figure 8). Concerning mite abundance as a result of
intercropping in various locations, Basti Halla had
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maximum abundance (27.1 %) of mites whereas Kot
Chutta recorded least abundance of soil inhabiting
mites (22.1 %) (Figure 9).

Figure 7: Richness of mite families in different locations
with respect to orchards type. The error bars represent
standard errors of mean values.

Figure 8: Intercropping effect on abundance of mite
fami/ies n dﬁrent orchard type. The error bars represent

standard errors 0f mean values.

Pearson correlation of abiotic factors with abundance of
soil inhibiting mite families of mango orchards from Dera
Ghazi Khan

Pearson correlation analysis of different families of
soil-inhabiting mites of mango orchards of difterent
areas of DGK with abiotic factors showed that
family Ameroseiidae having a negative correlation
with morning and evening relative humidity with
coefhicient values -0.32 and -0.38, respectively, while

the positive correlation with maximum and minimum
temperature with correlation coefficient values 0.17
and 0.24. Laelapidae, Phytoseiidae and Bdellidae
shared similar relationship as of Ameroseiidae (Table
1). Macrochelidae having a positive correlation with
minimum and maximum temperature with correlation
coefficient values 0.08 and 0.12, respectively, while
it is negatively correlated with morning relative
humidity with correlation coeflicient -0.03 and
positive correlation with evening humidity with
correlation value 0.05. Only family Parasitidae having
a negative correlation with maximum and minimum
temperature range with correlation coefficient
values -0.18 and -0.21, respectively, while positively
correlates with morning and evening relative
humidity with correlation coefficient values 0.23
and 0.24 accordingly. Uropodidae having a negative
correlation with maximum temperature, morning and
evening relative humidity with correlation coefficient
values -0.02, -0.08 and -0.15, respectively, while
positively correlates with minimum temperature with
correlation coefficient value 0.05 (Table 1).

Figure 9: Intercropping effect on abundance of mite
Sfamilies in different locations. The error bars represent
standard errors of mean values.

Diwersity of soil-inhabiting mites

The results of areas with comparison to months,
Shannon diversity index of soil inhibiting mites
are reported in Table 2. The results showed higher
Shannon diversity index was observed from Mana
Ahmadani during October and February (2.04
and 2.03, respectively) whereas the least value was
observed in Basti Halla (1.60) during February. The

highest value of Simpson’s index was demostarted
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during October in Mana Ahmadani (0.86). Fisher’s
alpha diversity of soil mites from mango orchard
areas within different months, showed that there are
similar alpha diversity values from different areas
within different months. The maximum evenness
was recorded from Basti Ahmadani (0.98) during
October while least was observed from Basti Halla

during February (Table 2).

Table 1: Owerall correlation of abiotic factors with

abundance of soil inhibiting mites of mango orchards of
Dera Ghazi Khan.

Mite family Max. Min. Humidity Humidity
temp temp morning evening
o O (W (%)
Ameroseiidae 0.17 024 -0.32 -0.38
Laelapidae 0.08 0.08 -0.08 -0.07
Macrochelidae 0.12 0.08 -0.03 0.05
Parasitidae -0.18 -0.21 0.23 0.24
Phytoseiidae 026 031 -035 -0.36
Uropodidae -0.02 0.03 -0.08 -0.15
Bdellidae 0.17 0.16 -0.14 -0.10
Pachylaelapidae ~ 0.18  0.12  -0.05 0.06

Note: The correlation coefficient was found to be non-significant for

all mite families (p<0.05).

Orchard ecosystems are comparatively stable habitats
comprised of many arthropod species as compared to
normal crops. This is due to less human disturbance
and intervention in orchards ecosystem, also
providing favorable environment and spaciotemporal
distribution of many species of soil arthropods.
Availability of such resources enable some species to

get their food from different channels within the food
web that ultimately increase the survival chances of
these soil arthropods (Cohen ez a/.,2012). The current
studies evalatuated the soil-inhabiting mites from four
orchards of different locations of Dera Ghazi Khan
region. The studies confirmed 8 soil-dwelling families
such as Laelapidae, Pachylaelapidae, Ameroseiidae,
Macrochelidae, Parasitidae, Phytoseiidae, Uropodidae,
and Bdellidae with Macrochelidae and Parasitidae
being the most abundant families. Another study
by Belaam-Kort ez a/. (2018) identified a total of 31
species of mites belonging to 20 families. The acari
fauna was predominantly composed of Oribatida
followed by Mesostigmata mites. The most frequent
and abundant Oribatida families were Oribatulidae
and Phenopelopidae, while Parasitidae, Laelapidae
and Pachylaelapidae were the predominant families
of Mesostigmata.

Intercropping fruit orchards with different crops
such as berseem, cotton and clover. enhances the
community structure of soil-inhahbitng mites
adding fertility to the soil. Our results depicted that
in the mango orchards (intercropped with berseem
and cotton or without intercropping) of different
areas, less diversity of soil-mites was found. The low
diversity, richness and abundance of soil inhibiting
mites was due to poor soil fertility, less organic matter,
low forest area and environmental condition. These
results contradicted with the other finding such as
Sirrine ez al. (2008) who reported that intercropping
act as ground cover and increase the soil arthropod
community diversity richness and abundance.

Table 2: Comparison of Shannon diversity index of various localities for different months during.

Month Location H-index Simp. Inv. Simpson  Unbias Simp.  Fisher’s Evenness
Index index index Alpha

February Kotla Gurmani 1.88 0.84 6.08 0.84 1.57 0.96
Kotla Chutta 1.73 0.80 5.13 0.81 1.56 0.89
Mana Ahmadani 2.03 0.86 7.21 0.87 1.83 0.97
Basti Halla 1.60 0.73 3.64 0.73 1.48 0.82

October Kotla Gurmani 1.87 0.83 6.04 0.84 1.51 0.96
Kotla Chutta 1.91 0.85 6.48 0.85 1.53 0.98
Mana Ahmadani 2.04 0.86 7.39 0.87 1.74 0.98
Basti Halla 1.89 0.84 6.25 0.84 1.49 0.98

September ~ Kotla Gurmani 1.91 0.84 6.40 0.85 1.47 0.98
Kotla Chutta 1.85 0.83 5.89 0.84 1.53 0.95
Mana Ahmadani 1.99 0.85 6.66 0.86 1.72 0.96
Basti Halla 2.01 0.85 6.82 0.86 1.70 0.96
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Likewise, the studies of intercropping with white
clover in peach orchards were studied by Carlsen
and Fomsgaard (2008) described that diversity of
arthropods and natural enemies enhanced due to
intercropping. The higher abundance of soil mites was
reported in intercropped citrus orchards compared to
non-intercropped orchards (Yahya ez a/., 2020)

Concerning the diversity of soil inhabiting mites
based on Shannon diversity index value, no significant
difference in all four areas of mango orchards was
observed during different months. However, higher
Shannon diversity index value 2.0 was observed from
Mana Ahmadani and Basti Halla during February,
Octoberand September. These results are in agreement
with the findings that maximum diversity was found
during September (Urhan ez a/., 2008). Many studies
revealed that maximum population of soil inhabiting
mites was observed in winter and spring season and
population of soil mites got reduced during summer
season (Begum ez 4/, 2014). Similarly, abundance
and diversity of soil mites varied during different
months was reported by many researchers (Hendrix
and Edwards, 2004; Khan ez a/., 2017). Process of
population variation of soil mites was observed to
be very complicated and not so simple to explain
without involvement of abiotic factors (Miyazawa ez
al., 2002). Another study from Nigeria showed that
abundance of soil-inhabiting mites from cassava
fields was different with seasonal variations.

The studies on the influence of different abiotic
factor on the diversity of soil mites showed that these
external factors have great impact on abundance of
below-ground predatory Mesostigmata (Salmane,
2000; Hasegawa, 2001; Huhta and Hanninen, 2001,
Xu e al., 2012). Similar studies regarding terrestrial
ecosystem like grassland are limited (Cole ez 4/, 2005,
2006,2008; Briones ef al.,2009; Wissuwa ez al.,2012).
It is considered that a strong link is present between
below and above ground biodiversity. Further, the plant
litter quality, quantity, soil moisture and microbes can

control the abundance of soil-inhabiting arthropods
(Hairiah e a/.,2001).

Conclusions and Recommendations

The current study documented the soil-inhabiting
mites in different localities of Dera Ghazi Khan,
Pakistan. A total of 8 mite families were observed in
four mango orchards intercropped with berseem and

cotton. The current study also illustrated the impact
of abiotic factors on the population fluctuation of soil
mites during different months of the year. It can be
concluded that orchards intercropped with various
crops are rich source of soil inhabiting mites. Hence,
other areas where fruit orchards are in abundant
may be intercropped to enhance the diversity of soil
inhabiting mites that could enhance the soil fertility.
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