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Abstract. Because of the intensive use of machinery, soil compaction is a serious concern for soil management
authorities worldwide. The use of heavy machinery to perform forestry activities such as logging has increased
during the last few decades, which influences the soil ecosystem by inducing soil compaction. The main
objective of this study was to observe the morphological growth response of Dalbergia sissoo at different
compaction levels. Different morphological parameters were recorded including girth/diameter, shoot length,
root length, shoot weight, root weight, shoot dry weight, root dry weight, root-shoot ratio, moisture content
availability, and biomass production to analyze the effect of soil compaction. As the compaction level
increased, the shoot length, root length, root weight to shoot weight ratio, and biomass production decreased.
Simultaneously, the bulk density of soil increased as the compaction level increased. Soil compaction produced
an overall negative effect on the growth of D. sissoo. Different levels of soil compaction significantly affected
the physical growth parameters of the plant and reduced growth as soil compaction increased. Based on the
results, the plantation of D. sissoo without compaction can be a viable option to obtain good quality timber.
Keywords: biomass production, heavy machinery, morphological growth, soil bulk density, timber

Introduction

Soil compaction is a significant factor of despoiled land and an important concern for
soil management authorities all over the world. It is a serious issue associated with
agriculture, forest cropping, wildlife trampling, and land restoration (Arbuckle and Lasley,
2013; Ferrara et al., 2015). The use of heavy equipment in forest management often leads to
soil disturbance and compaction, which in turn affects ecosystem resilience and site
efficiency (Cambi et al., 2015). This machinery seriously influences the soil ecosystem by
rutting the soil, churning the upper soil layer, and soil compaction. Soil compaction can be
caused by different harvesting operations that increase the bulk density of the soil
(Ampoorter et al., 2012; Nawaz et al., 2013; Jourgholami et al., 2014; Kormanek et al.,
2015).

Soil deprivation has become associated with soil compaction in Africa (18 million ha),
Asia (10 million ha), Australia (4 million ha), Europe (33 million ha), and a few parts of
North America (Silveira et al., 2010). Two main and common conflicts affected by forest
management practices are organic matter changes and soil compaction. Due to increase in
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soil compaction there will be 24% rise in bulk density, 50% decrease in aeration
penetrability, which ultimately leads to lower temperature and moistness of soil. (Tan et al.,
2005). At moderate soil compaction levels, 53% of plant species have greater biomass
production due to better root-soil interaction, a comparative growth rate increase of 41%,
and a total area increase by 35% (Alameda and Villar, 2012). Soil compaction has no
interaction with soil microbial properties (SMP), while it has an adverse effect on Nitrogen
(N) content (Nawaz et al., 2010). At the same level of compaction, air permeability changes
are typically conferred to soil physical properties by the measurement of oxygen diffusion
rates (Nawaz et al., 2013).

Dalbergia sissoo is a medium-sized deciduous tree belonging to the family of
Papilionaceae. It is a nitrogen-fixing tree and has a great economic value. The successful
regeneration of D. sissoo depends on minimum competition and plentiful moisture (Singh et
al., 2011). It grows in sunlit zones with abundant moisture, as well as in the rich alluvial soil
of sandy banks. It is native to Afghanistan, Pakistan, India, Bhutan, and Malaysia and has
naturalized in Indonesia, Cyprus, Nigeria and the United States of America (Ahmad et al.,
2013). It is generally used in farm forestry and agroforestry projects in Afghanistan,
Pakistan, and India. Most of the useful timber produced from D. sissoo comes from those
countries where it is native, where it is frequently used to make furniture products. It is also
used for medicinal purposes and as a fuelwood. The pods of D. sissoo contain 2% tannin.
Soil fertility for shade-loving crops improves under D. sissoo, as dense litter fall
decomposes to supplement the soil with phosphorus, organic carbon, and nitrogen (Hossain
et al., 2011). It has been recorded that the growth rate of D. sissoo in 1 year is 3.7 m and in
10 years about 15 m (Orwa et al., 2009). Dalbergia sissoo is an appropriate species for
phytoremediation of seleniferous soils (Bitterli et al., 2010).

The purpose of the present study is to examine the response of D. sissoo to different soil
compaction levels. Heavy machinery in different farm forestry programs produces shear
stress on the soil surface (Edlund et al., 2013; Naghdi et al., 2017), and trampling from
domestic animals (Ferrara et al., 2015) and vibration from steady heavy traffic can cause
deep compaction in the soil (Cambi et al., 2015).

Considering these situations around the world, the present study has been designed to
analyze the effect of soil compaction on to the growth of D. sissoo cuttings, a species which
has already seen some decline and dieback. For this experiment, the D. sissoo tree was
selected because of its multiple uses, deciduous nature, high timber value, importance for
fodder production, good nitrogen-fixing ability, and importance to soil conservation so that
it can be successfully grown in different regions with diverse soil textures and soil moisture
contents.

Materials and methods
Site description

The experiment was carried out in the research area of the Department of Forestry and
Range Management, University of Agriculture Faisalabad, Pakistan (Fig. 1). The site lies
between Latitude 30.35 °N and 31.47 °N, and Longitude 72.08 °E and 73 °E, at an
elevation of 130 to 150 m above sea level. Detailed weather conditions during the course of
the experiment are provided in (Table 1). Soil physio-chemical properties of the site are
provided in (Table 2).
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Figure 1. Map of the research site

Table 1. Weather conditions of the study area. (Data taken from the agricultural

meteorological cell, University of Agriculture Faisalabad)

Month Temperature RH Rainfall Sunshine
Max (°C) Min (°C) Avg (°C) % mm hours
April 37.7 20.9 29.3 30.6 28.3 9.2
Avg-10 yrs 32.0 18.8 26.0 46.3 19.7 8.8
May 41.1 26.0 335 29.8 10.1 10.4
Avg-10 yrs 38.7 244 32.2 29.7 10.2 10.4
June 39.8 27.3 32.8 38.9 41.6 9.38
Avg-10 yrs 40.1 27.5 33.6 39.8 29.9 9.38
July 385 38.9 33.7 70.0 117.2 7.0
Avg-10 yrs 37.0 27.6 32.3 58.5 85.8 7.6
August 38.1 28.6 334 68.9 66.1 7.9
Avg-10 yrs 36. 26.8 31.4 61.2 50.9 7.6
September 36.7 24.4 30.5 67.7 35.6 8.8
Avg-10 yrs 33.8 224 28.1 57.0 47.8 8.3
October 35.0 19.2 27.1 68.2 22.2 7.6
Avg-10 yrs 321 19.1 25.5 55.4 10.4 8.05
Table 2. Physical and chemical properties of experimental site
Parameters Sand (%0) Silt (%) Clay (%)
0-15cm 40 45 15
15-30 cm 69 18.5 12.5

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(1):1049-1059.
http://www.aloki.hu e ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1701_10491059
© 2019, ALOKI Kft., Budapest, Hungary



Rashid et al.: Cuttings growth response of Dalbergia sissoo (shisham) to soil compaction stress

-1052 -
Parameters | pH EC TSS | Nitrogen | Phosphorous | Potassium | Organic matter
@dsm?) | (ppm) | (%) (ppm) (ppm) (%)
0-15cm 8.0 1.68 1176 0.077 3.9 280 1.54
15-30 cm 8.2 1.35 1236 0.05 9.8 250 0.91

Experimental design

All plots were levelled and aligned by joining their edges. The length of each plot
was 4.26 m, width was 1.21 m, the length of boundary pathway was 11.27 m, the length
of the middle pathway was 11.58 m, and the width of pathways was 0.76 m (Fig. 2). A
manual soil compactor was used to compact the soil and weeding was carried out on
regular basis. The beds were prepared, and the experiment was laid out in randomized
complete block design (RCBD). For the experiment six treatments were used; TO
(control), T1 (10 beatings with the manual soil compactor), T2 (20 beatings), T3 (30
beatings), T4 (40 beatings), and T5 (50 beatings). The number of replications for each
treatment was 12. Beatings were applied with the manual soil compactor (weight,
10 kg) to compact the soil. This was performed by pulling the soil compactor up with
the help of rope and then dropping it from a height of 0.6 m on all of the beds (Fig. 3).

Pathway
Bed-3 Bed-6
20 Beatings 50 Beatings
Tz Ts
Pathway
Bed-2 Bed-5
10 Beatings 40 Beatings
T1 Ts
Bed-1 Bed-4

No Beatings
Tao

30 Beatings
T3

‘Water Channel

Pathway

B

e 090
| —

Figure 2. Experimental design

ot

0.20x0.20 meter

Figure 3. Manual soil compactor used to develop compaction in the soil
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Plant sowing and harvesting

Dalbergia sissoo cuttings were collected from the departmental nursery of the
University of Agriculture Faisalabad. After compacting the soil, a planting rod was used
to transplant the 0.15-0.22 m cuttings into the soil without disturbing the effect of the
compaction of the soil. Transplanting was done on the 15th April. A water channel was
used to apply irrigation after 3 to 4 days for all of the plots regularly (Table 3). The
depth of the water channel was 0.45 m and it was 0.76 m wide. During irrigation, water
was applied at the surface of the plots. The water absorption rate was very low in highly
compacted soil and vice versa. Plants were harvested on the 7th October. Measured
plant age was almost 6 months at the time of harvesting. The sampled plants were
felled, and the roots were excavated by digging up to the maximum root depth. In the
field, the soil was removed from the roots by hand to take the fresh weight. Then the
samples were brought to the laboratory for further processing. In the lab, root samples
were oven dried for the calculation of biomass production.

Table 3. Different intervals of irrigation during the whole experiment

Date 15-04-16 19-04-16 23-04-16 27-04-16 05-05-16 11-05-16
Irrigation 1 2nd 3rd 4t 5t 6t
Date 18-05-16 25-05-16 01-06-16 08-06-16 15-06-16 22-06-16
Irrigation 7t gh gt 10t 11t 12t
Date 29-06-16 06-07-16 13-07-16 20-07-16 27-07-16 03-08-16
Irrigation 13t 14t 15t 161 17t 18t
Date 10-08-16 17-08-16 24-08-16 31-08-16 08-09-16 15-09-16
Irrigation 19t 20t 21 22t 23 24t
Date 21-09-16 26-09-16 02-10-16
Irrigation 25t 26t 27t

Phenological parameters used in the study

Shoot length, root length, shoot fresh weight, root fresh weight, shoot dry weight,
root dry weight, root-shoot ratio, biomass production, and moisture content availability
were measured. After measuring shoot and root fresh weight of all individual plants,
plants were transferred to paper bags and placed in a drying oven (DGH-9202 series
thermal electric thermostat drying oven) in order to measure the dry stem and root
weight of samples. Stem and root samples were packed in paper bags and dried at 75 °C
for 24 h, and then weighed with an electrical balance (electronic scale JJ3000B).

Bulk density was also measured as it is the most frequently used parameter to
characterize soil compaction (Table 4). Bulk density is difficult to measure in gravelly
soils. To measure moisture content availability, the exact fresh weight of samples were
taken and then samples were oven dried at 80 °C for 24 h. After oven drying, the dried
weight was subtracted from the moist weight and the following equation was used
(Jusoh et al., 2011):

Freshweigh — Dryweight
Freshweight

MC% =100x
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Table 4. Soil bulk density (BD) of 6 different treatment plots

Beds Bed-1 Bed-2 Bed-3 Bed-4 Bed-5 Bed-6
Beatings 0 10 20 30 40 50
BD (Mgm?®) | 1.3+0.03 | 1.40+0.05 1.45+£0.06 1.55£0.04 1.65£0.08 1.8+0.1

Statistical analysis

One-way ANOVA was used and means that exhibited significant differences were
compared with the least significant differences test (LSD). All statistical analyses were
conducted using SPSS Statistical Package (SPSS 17.0, SPSS Ins., IL, U.S.A.). Results
were statistically analyzed using a P < 0.05 level of significance. Correlation analysis
was conducted using the Pearson correlation test (two-tail) to identify relationships
between the measured properties

Results
Plant growth

The total length of the shoot was measured with a measuring tape and an average
was calculated to express the mean length of the plant. The root length was measured
with the help of a meter rod from the base of the plant to the end of the plant and an
average was calculated to express the mean root length per replication. According to the
ANOVA test, the shoot and root length significantly decreased as compaction level
increased, with the results showing significant variation among different compaction
levels (Fig. 4a, b).

Biomass distribution pattern

The ANOVA showed variation in D. sissoo response at different compaction levels.
The shoot and root (both fresh and dry) weight significantly varied with different
compaction levels. As depicted in Figure 4c, d, e, and f, the shoot and root weights
decreased with increasing compaction, and the root-shoot ratio also showed a
decreasing trend with increasing compaction, though this result was not statistically
significant (Fig. 5a). In terms of biomass production, ANOVA revealed highly
significant variation among compaction levels, with decreasing biomass production
with increasing compaction (Fig. 5b).
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Figure 4. (a) Shoot length, (b) root length, (c) shoot fresh weight, (d) root fresh weight, (e)
shoot dry weight, and (f) root dry weight under different soil compaction levels (*significant,
**highly significant)

Moisture content availability

Moisture content availability showed a significant difference among compaction
levels. The standard error mean at the level of zero compaction (control) was 0.5917,
and went on decreasing down to the standard error mean of 0.0820 for the most
compacted treatment (Fig. 5c).

Correlation between bulk density, biomass production, and moisture content
availability

Bulk density (dry soil mass per unit volume) is the most frequently used parameter to
characterize soil compaction, but in swelling and shrinking soils it is recommended to
determine the bulk density at the standard moisture content. Bulk density is inversely
proportional to shoot and root length, shoot and root dry weight, biomass production,
and moisture content availability because bulk density increases with soil compaction,
while all the aforementioned traits decrease. Increases in bulk density and soil
compaction cause the growth of all these traits to become slow or stunted (Table 5).
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Figure 5. Variation among root-shoot ratio (a), biomass production (kg) (b), and moisture
content availability (kg) (c) under different soil compaction levels (*significant, **highly
significant, ™non-significant)

Table 5. Correlation between bulk density (BD), biomass production (BM), and moisture
content availability (MCA). There was significant negative correlation between bulk density
and biomass production and moisture content availability. The correlation between biomass
production and moisture content availability was significant and positive

Parameters BD BM MCA
Bulk density (BD) 1.0 -0.993** -0.970**
Biomass production (BM) -0.993** 1.0 0.965**
Moisture content availability (MCA) -0.970** 0.965** 1.0
**P <0.01
Discussion

Cuttings of D. sissoo were grown in the natural environment by applying six
different compaction treatments. Compaction was done by an iron rod and the effect of
compaction on the growth and development of stem and roots was observed. The
compaction has a long-lasting effect on soil structure, and occasionally it causes an
irreversible damage to plants. Compaction has a negative effect on plant growth and the
forest ecosystem (Hartmann et al., 2014). The growth of shoot and roots showed a
negative response to compaction in the form of stunted growth. As the compaction level
increased from zero to a maximum fifty beatings with the soil compactor, the plant
showed a reduced growth response.

Soil compaction severely affected the root system of plants by reducing their ability
to access nutrients in the soil, but had a more moderate effect on shoot growth. When
soils are highly compacted, the mobility of ions, oxygen, microorganisms, and water in
the soil is reduced because macropores turn into micropores which strictly confine the
root growth and may also limit shoot growth (Nawaz et al., 2016). The effect of soil
compaction on plant growth depends on the soil type and plant species present. Our
results showed the shoot weight (dry and fresh) and length decreasing with increased
compaction level, in agreement with the results of Alameda and Villar, 2012. Roots
have a significant role in nutrient uptake and plant growth. Increased soil compaction
can be seen to increase the number of micropores and increase particle distribution
(Magagnotti et al., 2012), which has a negative effect on root penetration, root length,
and depth of the root. As our results show, the root weight (dry and fresh) and length
decreased with increasing compaction, as in the work of Ramalingam et al., 2017.
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According to our analysis of variance, compaction level had a significant effect on root
weight (fresh and dry). Tracy et al., 2012 found a negative effect of soil compaction on
plant growth. Due to compaction, root growth can become stunted and nutrient
availability decreases, which has a negative effect on plant biomass production
(Kormanek et al., 2015).

If a soil has previously been degraded by salinity, the effect of compaction on the
plant growth is compounded. Our statistical analysis showed biomass production (in
leaves, stems, and roots) significantly declining as compaction levels increased as
Bejarano et al., 2010; and Pérez-Ramos et al., 2010 concluded. For the measurement of
soil compaction, water infiltration rate in the soil can be used because the total porosity
of the soil decreases due to soil compaction (Bejarano et al., 2010; Arthur et al., 2013).
In the same type of soil, the water penetration rate is slower in highly compacted soil as
compared with uncompacted soil (Cudzik et al., 2010). Our results showed diminished
moisture content availability to plants as compaction levels increased. This, in turn,
reduces plant growth (Agherkakli, et al., 2010). Compaction levels in the present study
had a significant effect on moisture content availability. Related work indicates that this
results in reduced root-shoot ratio (Bengough et al., 2005; Kormanek et al., 2015). In
our study, compaction levels had a significant effect on root-shoot ratio.

Conclusions

Different levels of soil compaction significantly affect the morphology and growth of
D. sissoo, with increased soil compaction reducing growth. We found an overall
negative effect of soil compaction on the growth of D. sissoo. Consequences of
compaction on the soil include increased bulk density. By increasing the accumulation
of organic matter, plant growth, and monitoring mechanical operations, we can reduce
the problem of soil compaction.

Plantation of D. sissoo without compaction is a viable option for good quality timber
production. Some other species in this region (e.g. Eucalyptus camaldulensis, Morus
alba, Acacia nilotica, and Bombax ceiba) are also affected by soil compaction. In future
work, we will focus on these species to observe their growth under different soil
compaction levels.
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