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ABSTRACT

ABSTRAK

Kata Kunci: Kepadatan curah, kacang tanah, pemadatan tanah, kehilangan tanah

The research was conducted to study  the growth and the yield of the groundnut plant and to  quantify the soil loss

after groundnut harvesting as influenced by induced soil compaction. A ten kilogram of soil was packed in the pots

with an initial bulk density of 1.05 Mg m-3, then it were compressed to1.57, 1.72, 1.88, 2.04, and 2.42 Mg m-3. The

research was conducted in a completely randomized design with three replications. Groundnut seeds were sown in

pots and the plant growth data were collected in a 2-week interval while force and energy of harvesting and soil loss

due to groundnut harvesting were determined at 12 weeks after sowing. Data were analyzed using ANOVA and

Fishers LSD at P= 0.05. Soil compacted to1.88 Mgm-3 produced more taller plant, more higher number of leaves and

branches than control. Soil compaction significantly reduced the number of pods, roots, and fresh root weight

compared to control. Bulk density (2.04 Mgm-3) required a significantly higher force (42.47 N) and energy (45.73 J)

in harvesting than control and other compaction levels. Soil loss due to the  groundnut harvesting increased (13-

42%) in all compaction levels although statistically not different. Soil compaction beyond 1.88 Mg m-3 could affect

the growth and the yield of groundnut and could increase the soil loss at harvesting.

Penelitian ini dilakukan untuk mempelajari pertumbuhan dan hasil tanaman kacang tanah serta menghitung kehilangan

tanah setelah panen kacang tanah yang dipengaruhi oleh pemadatan tanah yang diinduksi. Sepuluh kilogram tanah

dikemas dalam pot dengan berat isi awal 1,05 Mg m-3, kemudian dipadatkan menjadi 1,57, 1,72, 1,88, 2,04, dan 2,42 Mg

m-3. Penelitian dilakukan dalam Rancangan Acak Lengkap dengan tiga ulangan. Benih kacang tanah disemai dalam

pot dan data pertumbuhan tanaman dikumpulkan dalam selang waktu 2 minggu, sedangkan tenaga dan energi panen

dan kehilangan tanah akibat panen kacang tanah ditentukan pada 12 minggu setelah tanam. Data dianalisis

menggunakan ANOVA dan Fishers LSD pada P = 0,05. Tanah yang dipadatkan menjadi 1,88 Mgm-3 menghasilkan

tanaman yang lebih tinggi, jumlah daun dan cabang yang lebih banyak dari pada kontrol. Pemadatan tanah secara

signifikan menurunkan jumlah polong, akar, dan bobot akar segar dibandingkan dengan kontrol. Kepadatan curah

(2,04 Mgm-3) membutuhkan gaya yang jauh lebih tinggi (42,47 N) dan energi (45,73 J) dalam pemanenan dibandingkan

kontrol dan tingkat pemadatan lainnya. Kehilangan tanah akibat panen kacang tanah meningkat (13-42%) di semua

tingkat pemadatan meskipun secara statistik tidak berbeda. Pemadatan tanah melebihi 1,88 Mg m-3 dapat

mempengaruhi pertumbuhan dan hasil kacang tanah dan dapat meningkatkan kehilangan tanah pada saat panen.

INTRODUCTION

Soil compaction is the process of increasing the

density of soil by packing the particles closer

together, causing a reduction in the volume of air

(Wilson and Lorang 2000; Keller et al. 2013). Soil

compaction  could be a serious problem in agriculture

because it will have negative effects on the soil

properties and the crops grown in the soil. Cavatassi

et al. (2011) stated that soil compaction

directlyaffects traffic-ability, soilworkability, and

harvestability of root crops. According to Abdulai

and Huffman (2005), many soil properties are
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negatively affected by compaction as it reduces soil

pore and may increase its shearing strength (Keller

et al. 2013)

The most common causes of agriculture

compaction are trampling by livestock, pressure

imposed by tractor tires, tillage implementation,,

raindrop impact, minimal crop rotation, and plant with

large root or tuber (Etana et al. 2013). Out of all

the causes of soil compaction,the one caused by

agricultural machinery which was grouped into

tillage induced and traffic included compaction is

most fatal (Rigo 2002). Compaction caused by these

machinenery s, especially the ones below the plow

layer is more concern since it is not easily self-

correcting,  therefore it will be difficult to reverse

or correcting (Nunes et al. 2015).

In Nigeria, problems of soil compaction are

increasing as more farmers are adopting the use of

tractors on their field without considering the possible

negative effects on the soil. Thus, the country has

lost a vast area of arable land through increased

use of tillage implementation and improper

agriculture practices (FAO 2011). Soil compaction

in cultivated lands affect mostly the upper layer

of soil (topsoil compaction) but the effect could

also be on the subsoil layer. Generally, compaction

at the topsoil layer has negative effects on the

soil except in a few cases where a slight degree

of topsoil compaction can be beneficial for some

type of soils especially sandy soils (Bohringer and

Loschel 2006). The negative impacts of soil

compaction are significant because it has detrimental

effects on soils such as increasing bulk density,

reducing porosity, water, and nutrient uptake by the

plants, and crop yields (Chen et al. 2014). Obafemi

and Mouiz (2019) also observed a significantly

decrease in the height and the leaf area of maize

plants with a higher level of soil compaction. About

a 38% reduction in the grain yield of wheat was

reported from soil which is compacted to a bulk

density of 1.93 Mgm-3 at 0.15 m depth (Isabirye

et al. 2006). Similarly, soil compaction was reported

to have negative effects on the establishment, the

growth, and the yield of plants (Salem 2015). Aiyelari

et al. (2013) also reported that soil compaction

reduced growth and pod yield of groundnut by

restricting root development as well as water and

air movement in the soil.

Soil erosion occurring through the process of

compaction is one of the major processes leading to

increase runoff and soil erosion (Rickson 2014).

Water and wind erosion, mass movements, and more

recently, tillage erosion are considered the most

important soil erosion processes and are therefore

the most commonly studied causes of soil loss.

However, attention has been drawn recently to an

often neglected, but significant, a soil erosion process

called soil loss due to crop harvesting (Poesen et

al. 2001; Poesen 2018). This type of soil loss caused

by the harvesting of root, tuber, and bulb crops such

as carrot (Daucus carota L.), cassava (Manihot

spp.), sweet potato (Ipomoea batatas (L.) Lam),

yam (Dioscorea spp.), onion (Allium cepa L.),

cocoyam (Colocasia esculenta), are often

overlooked (Isabirye et al. 2006; Ruysschaert et

al. 2006; Oshunsanya 2016). Fine earth adhering to

the crop, loose soil, and rock fragments are harvested

and removed from the field together with the crop.

Consequently, soil sticking to the harvested crops

are exported and rarely returned to the field.

However, soil loss due to crop harvesting in a

farmer’s field is now gaining attention all over the

world.

Nowadays in Nigeria, research efforts in

curbing water erosion increase (Babalola et al.

2007; Babalola 2007; Oshunsanya et al. 2010; Oku

et al. 2016; Ewetola 2017) among several others.

Most of these efforts focused on water and tillage

soil erosion, whereas the significant amounts of soil

that is lost from arable land during harvesting of

root, tuber, and bulb crops are receiving low attention

(Oshunsanya 2016; Dada et al. 2016 Oshunsanya

et al. 2018).

To meet the need of food for the growing

population in Nigeria, the use of mechanized

agriculture that results in soil compaction is

inevitable. The compaction of soil has the potential

to reduce the productive capacity of farmlands as

well can aggravate soil loss due to crop harvesting

which is rapidly becoming a significant type of soil

erosion. Groundnut (Arachis hypogea L.) is an

economic crop that is grown on a large scale. The

soils that adhere to the plant during harvesting may

not be taken out of the field. However, the harvested

plants could be packed away from the plots. At this

point, some quantity of soil can be lost from the field.

Therefore, this study is an attempt to investigate

soil loss due to groundnut harvesting as influenced

by induced soil compaction with the objectives (i) to

determine the effect of soil compaction on the growth

and yield of groundnut and (ii) to quantify soil loss

due to groundnut harvesting.

MATERIALS AND METHODS

The experiment was carried out at the Teaching

and Research Farm, Ladoke Akintola University of

Technology, Ogbomoso. The experiment was

established between April and June 2019. Ogbomoso

lies on the latitude 8o10’18"N and longitude
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4o16’15"E in the Southern guinea savannah agro-

ecological zone of Nigeria. It is characterized by a

bimodal rainfall distribution pattern. The early rainy

season commences in late March and ends in late

July or early August followed by a short dry spell in

August. The late rainy season commences from

September to November. It has a mean total annual

rainfall of 1217 mm and an average annual

temperature of 26 oC.

Soil sampling and analysis

Soil samples from the Teaching and Research

Farm were collected from 0 – 15 cm depth with the

use of a soil auger. The soil was air-dried, ground,

and sieved through a 2 mm mesh size.

The routine analysis of the soil for the

experiment was carried out at IITA (International

Institute for Tropical Agriculture) Ibadan. Particle

size analysis was done by the hydrometer method

(Gee and Or 2002). Soil pH was determined with

the pH meter using a glass electrode in a soil: water

ratio of 1:1. Organic carbon was determined by the

Walkley-Black procedure described by (Nelson and

Sommers 1986). Exchangeable cations were

extracted with 1 N ammonium acetate.

Exchangeable acidity was extracted with 1 N KCl

and titrated against 0.01 NaOH. Available

phosphorus was determined using the Bray II

method (Bray and Kurtz 1945) while Total nitrogen

was determined by the Macro-Kjeldahl method

(Bremner 1965).

Experimental design and crop establishment

The study is a modified method of Aiyelari et

al. (2013). The study used a completely randomized

design with 5 compaction levels with three

replications. Soil sample of 10 kg weight was packed

into a 10-liter plastic pot. The soil sample has a bulk

density of 1.05 Mg m-3 with the initial height of 20

cm (control). Three seeds of groundnut were sown

in each pot before the soils were compacted by

placing the loads of 4.5 kg on the soils. The soil was

moistened with water before compressing to heights

of 14, 12.6, 11.6, 11.0, and 9.5 cm which was

respectively equivalent to 1.57, 1.72, 1.88, 2.04, and

2.42 Mg m-3 (Table 1). Data on the following

parameters: plant height, number of leaves, stem

girth, number of branches, number of pods, fresh

pod weight, fresh seed weight, number of roots, fresh

root weight, and total fresh biomass were recorded

at 2-week interval after sowing for 12 weeks.

Force of harvesting was determined with the

aid of string balance to pull out the groundnut. The

hook of the balance was fitted to the base of the

plant and was pulled out of the soil. The highest

reading on the balance was recorded. Force of

harvesting was obtained from equation (1) as follow.

Force (N) = Weight (g) x Acceleration due to gravity

(gcm-1sec-1)................................................... (1)

Energy (J) used in harvesting was calculated

as in equation (2):

Energy (J) = Force (N) x distance (cm).......... (2)

Soil loss due to the groundnut harvesting was

recorded as the quantity of soil adhering to the pulled

roots which were carefully separated from the roots

and weighed with a sensitive scale.

Statistical Analysis

Data recorded were subjected to Analysis of

Variance (ANOVA) and significant means were

compared using the Least Significant Difference

(LSD) at 5% probability level (SAS 2002).

Regression analysis was done to obtain a

relationship between soil bulk density and other

parameters such as force of harvesting, energy of

harvesting, and soil loss.

RESULTS AND DISCUSSION

Physical and chemical properties of the soil

used for the study

The initial physical and chemical properties of

the soil used in the experiment are presented in Table

2. The soil reaction was slightly alkaline, with low

Table 1. Soil Samples at different level of compaction used in the experiment.

Treatment 

Initial Soil Height 

before compaction 

(cm) 

Final Soil Height 

after compaction 

(cm) 

Volume  

(cm
3
) 

Bulk Density 

(Mgm
-3

) 

T0 20 20 10619.96 1.05 

T1 20 14 7433.972 1.57 

T2 20 12.6 6690.575 1.72 

T3 20 11.6 6159.577 1.88 

T4 20 11 5840.978 2.04 

T5 20 9.5 5044.481 2.42 
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concentrations of P, N, K, and Ca and a sandy loam

texture.

Groundnut growth

The compaction of soil from 1.05 Mgm-3 to 2.42

Mgm-3soil bulk densities significantly affected plant

heights at 4 and 6 weeks after sowing (WAS) (Table

3). Soil bulk density of 1.88 Mgm-3 recorded the

higher plant height of 12.7 and 17.7 cm respectively,

at 4 and 6 WAS (Figure 1). The results indicated

that compaction of soil beyond 1.88 Mgm-3 soil bulk

density would affect groundnut height as a result of

the reduction in pore spaces for water and air which

are available for the plant roots. This result supported

by Chen et al. (2014) that soil compaction restricts

plant growth by increasing the mechanical resistance

of the soil. Similarly, Aiyelari et al. (2013) reported

that the plant height of the groundnut was reduced

with an increase the  levels of compaction.

Soil compaction significantly influenced the

groundnut number of leaves (NOL) at 6, 8, and 10

WAS. At 6 WAS, soil bulk density of 1.88 and 2.04

Mgm-3 recorded the higher NOL. However, at 8

and 10 WAS, higher NOL were obtained from soil

bulk density of 1.88 Mgm-3 than other compaction

levels (Figure 2). The reduction in groundnut NOL

could be attributed to the deprivation of plants from

air and water and nutrient as a result of compression

of the pore spaces within the soil (Obafemi and

Mouiz 2019). Aiyelari et al. (2013) reported that

the number of leaves from the groundnut was not

affected by soil compaction because compaction

could  limit crop growth root access to reserves of

soil moisture and nutrients deeper down the soil layer.

The number of groundnut branches were not

influenced by soil compaction from 2 to 10 WAS

except at 12 WAS which had a higher value (25.0)

under soil bulk density of 1.88 Mgm-3 than other

imposed treatments (Figure 3). This revealed that

compaction beyond this bulk density could impair

the growth and development of groundnut plants.

Soil compaction resulting in mechanical impedance

has been reported to impede plant development and

growth of various crops (Keller et al. 2013).

Table  2. Characteristics of the soil used in the experiment.

Parameters Unit Value Level* 

pH H2O (1:1) 
 

7.4 Slightly neutral 

Organic carbon g kg
-1 

7.8 Low 

Total N g kg
-1 

6.7 Medium 

Available P (Melich 3) mg kg
-1 

19.49 Medium 

Exchangeable K cmol(+) kg
-1 

0.11 Low 

Na cmol(+) kg
-1 

0.03 Low 

Ca cmol(+) kg
-1 

4.43 Medium 

Mg cmol(+) kg
-1 

0.23 Low 

CEC cmol(+) kg
-1

 4.83 Low 

Sand g kg
-1 

800.00  

Silt g kg
-1 

80.00  

Clay g kg
-1 

120.00  

Textural class Loamy sand   

 Note: * Based on Esu (1991) and Chude et al. (2011); CEC = Cation exchangeable capacity

Table 3. Yield and biomass parameters of groundnut plants as influenced by soil compaction.

Treatment 

Initial Soil Height 

before compaction 

(cm) 

Final Soil Height 

after compaction 

(cm) 

Volume  

(cm
3
) 

Bulk Density 

(Mgm
-3

) 

T0 20 20 10619.96 1.05 

T1 20 14 7433.972 1.57 

T2 20 12.6 6690.575 1.72 

T3 20 11.6 6159.577 1.88 

T4 20 11 5840.978 2.04 

T5 20 9.5 5044.481 2.42 
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The soil compaction did not affect  the stem

girth of  groundnut plants through  all period of the

experiment from 2 to 10 WAS (Table 4) (Figure

4). However at 12 WAS, groundnut plants with

soil bulk density of 2.04 Mg m -3 recorded

significantly thicker stems (15.92 mm) whereas
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Figure 1: Influence of soil compaction on plant height of groundnut.  : 1.05 (Mg m-3),  1.57 (Mg

m-3),  :1.72 (Mg m-3),  : 1.82 (Mg m-3), : 2.04 (Mg m-3),  : 2.42 (Mg m-3).
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Figure 2. Influence of soil compaction on the number of leaves of groundnut.  : 1.05 (Mg m-3),  1.57

(Mg  m-3),  :1.72 (Mg m-3),  : 1.82 (Mg m-3), : 2.04 (Mg m-3),  : 2.42 (Mg m-3).
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plants grown in pots with soil 2.42 Mgm-3 had the

thinner stems (9.95 mm).

Yield and its components

Soil compaction had a significant effect on the

number of pods (Table 4). There was a decreasing

the number of pods with an increasing  soil

compaction levels relative to the control (1.05 Mg

m-3). Similarly, increased soil compaction significantly

reduced the number of roots when compared with

non- compacted soil (control). However, soil

compacted to 2.04 Mg m-3 was statistically similar

to the control. Furthermore, the fresh root weights

of groundnut were decreased with an increase in

soil compaction levels compared to  the control.

Fresh pod weight, fresh seed weight, total fresh

biomass, and depth of root penetrations showed no

significant difference among soil compaction levels.

However, the compacted soils recorded lower fresh

pod, fresh root weights, and depth of root penetration

than  control, whereas  total fresh biomass did not

have  a consistent trend. The reduction in pod yield

and other yield components of groundnut with the

increased of soil compaction is in agreement with

Obafemi and Mouiz (2019) that in a greenhouse study,

maize yield decreased with a higher level of soil

compaction.

Compaction usually alters the pore size distribution

of the soil by reducing the large pores that are

responsible for proper aeration and moisture content.

This result revealed that compacting the soil beyond

1.88 Mgm-3 reduced total fresh biomass which a

reflection of poor growth and development. The general

reduction in yield and yield components of groundnut

with the increased of compaction levels could be

attributed to the restricted root growth and proliferation

that could have resulted in a reduced ability of the plant

to uptake o water and nutrient from the soil. The result

is in line with Juorholami et al. (2018) who reported

that the negative impact of soil compaction on root

growth was due to limited availability of water and

nutrients for satisfactory growth and yield.

Figure 3. Influence of soil compaction on the stem girth of groundnut.  : 1.05 (Mg m-3),  1.57 (Mg

m-3),  :1.72 (Mg m-3),  : 1.82 (Mg m-3), : 2.04 (Mg m-3),  : 2.42 (Mg m-3).
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Table 4. Force and energy of harvesting of groundnut plants as influenced by soil compaction.

Bulk Density 

(Mg m
-3

) 

Force of harvesting 

(N) 

Energy used in harvesting 

(J) 

1.05 19.60 13.07 

1.57 32.67 28.75ab 

1.72 39.20 39.20a 

1.88 31.03 35.28a 

2.04 42.47 45.73a 

2.42 35.93 35.28a 

LSD(0.05) 18.34 13.03 

 LSD- Least significant difference
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Force and Energy of harvesting under soil

compaction

The force of harvesting groundnut was

significantly affected  by soil compaction (Table 4).

Soil compacted to 1.72 and 2.04 Mg m-3 bulk density

significantly required higher force for harvesting

compared to control (1.05 Mg m-3) while other

compaction treatments were not different from

control. Energy used in the harvesting groundnut

was significantly influenced by soil compaction

levels. All compaction levels except 1.57 Mg m-3

soil bulk density significantly increased energy

expended in harvesting groundnut relative to the

control. This result revealed that more force and

energy in harvesting increased with compaction

levels could be related to the increase in bulk density

which could have made the soil hard and thereby

required more force and energy for uprooting the

plant.  It is consistent with the report by Aiyelari

et al. (2013)  whos stated the force and energy

of harvesting increased with increasing bulk

density.

Soil loss due to groundnut harvesting under

different compaction levels

Soil compaction had no significant effect on

soil loss due to groundnut harvesting. However,

soil with a bulk density of 1.57 Mg m-3recorded

the highest soil loss (82.03 g) while the least (57.77

g) was from soil bulk density of 1.57Mg m-3  (Table

5). The result revealed that soil compaction can

increase soil loss due to crop harvesting. The use

of heavy machinery can induce compaction on

the field which could have a consequential effect

on the amount of soil that can adhere to the root

of groundnut during harvesting. The non-

significance of soil loss due to groundnut

harvesting was similar to the findings of Dada et

al. (2016) who reported no significant difference

in soil loss due to yam harvesting from two

locations (FUNAAB and Alabata) in Nigeria.

This result also corroborated Lindemans (2002)

who identified a reduction in soil loss through

compaction but stated that this relationship has

an elastic limit.

Figure 4. Influence of the soil compaction on the number of branches of groundnut.  : 1.05 (Mg m-3),

 : 1.57 (Mg  m-3),  :1.72 (Mg m-3),  : 1.82 (Mg m-3), : 2.04 (Mg m-3),  :
2.42 (Mg m-3).
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Table 5. Soil loss due to groundnut harvesting as

influenced by soil compaction.

Bulk Density 

(Mg m
-3

) 

Soil Loss 

(g plant
-1

) 

1.05 57.77 

1.57 65.53 

1.72 74.57 

1.88 78.45 

2.04 75.33 

2.42 82.03 

LSD(0.05) 15.36
ns

 

 LSD- least significant difference; ns- not significant
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The regression analysis between bulk density

and force (Figure 5) and energy (Figure 6) in

harvesting groundnut showed a positive

relationship with low R2 values for force (0.54)

and energy (0.42). A positive relationship existed

between soil bulk density and soil loss with an R2

value of 0.88 (Figure 7).

CONCLUSIONS

The induced soil compaction reduced the

growth and the pod yield of groundnut. Compression

of the soil beyond bulk density of 1.88 Mg m-3

affected the height, the number of leaves, the

number of branches, the stem girth, the number of

pods, and the roots of groundnut plants. This could

have reduced the soil water and air availability as

well as restricted the crop roots access to reserves

the soil nutrients. A higher soil bulk density borne

through soil compaction also reduced the root

penetration distance denoting that root penetration

becomes more difficult. The force and energy

expended in harvesting the plants increased with

increasing soil compaction which indicated that

greater force and energy will be needed to harvest

crops from compacted soil. The farmers should be

discouraged from using heavy implements in tillage

practices that can cause soil compaction to reduce
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Figure 6. Relationship between force of harvesting

and soil bulk density under soil compac-

tion.  Linear (energy).
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the cost of harvesting crops in compacted soils and

more importantly reduced soil loss due to adherence

to the roots during crop harvesting.
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