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Abstract

Soil compaction increases soil strength which casutt in decreasing soil aeration,
hydraulic conductivity, infiltration rate and croyield. A green-house experiment was
carried out at the University of Ibadan to examihe effect of soil compaction on root
growth and yield of groundnut. Five kilograms ofl eecupying a heightof 12.9cmn the
potwas compressed to heightsof12.7cm, 12.6cci? 12.3cm, 11.8cm, and 11.5cm
resulting in bulk densitiesof1.1,1.2,1.3, 1.4, 1.6 and 1.7 Mg Rrespectively. It was
replicated five times. The sowing of two seedsrotigdnut per pot was done before
placing the loads on the soils. The results indddathat soil compaction had significant
(P=0.001) effect on number of roots and root lengtth soil bulk density of 1.4Mg-m
giving the best with respect to the two plant pagtars. Total fresh biomass at harvest
(12WAP) was higher in 1.4 Mghthan in 1.7, 1.6, 1.5, 1.3, 1.2 and 1.1 M@ balk
densities by 30.6, 28.6,20.4, 22.5, 28.6 and 34&@%pectively. However, soil with bulk
density of 1.3 Mgrthad significantly higher pod dry weight and seérdsh weightthan
othertreatments. The number of groundnut seedp pesbtained from the soils with bulk
densites 0f 1.7, 1.6, 1.5 and 1.3Md were however not significantly different from one
another but were significantly higher than grountdseeds from soils with 1.2 and 1.1 Mg
m3 bulk densities. The force of harvesting groundmgetéases with increase in soil
compaction (R=0.55) requiring more energy to uproot ground ffixotm comp acted soil.
Soil bulk densities of 1.5, 1.4 and 1.3 Mg gave the best results with respect to root
density, root elongation, weight of pods and se€tesrefore, compressing the type of solil
used in this experiment beyond 1.3 M@amuld have adverse effects on root growth and
yield of groundnut. Farmers should be discouragehf using heavy implements to
cultivate their farms.

Key words: Soilcompaction, Bulk density, Force of harvestiRgpt growth, Groundnut
pods and seeds

Introduction

Soil compaction is defined as the process of isimgathe densty of sol by packing the
particles closer together, causing a reductiorhé volume of air (Wiermamt al., 1999).
Soil compaction is seen as a serious agricultuiaiilggn because of its negative effects on
soil propertes and crops grown on the sol. Cami2002) stated that sol compaction
directly affects traffic-abiity, soil workabiityand harvest-abiity of root crops. According
to AFAdawi and Reeder (1996), many sol propertiese negatively affected by
compaction. Compaction reduces sol pore aray increase its shearng strength. It
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reduces transmission of water and air through tilepsofie, changes the heat capacity,
and increases surface run-off and potential erosinen a soil is compacted, the
mechanical strength of the sol is increased, thaervholding capacity s lowered and
water infitration capacity is reduced (Carman, 200These changes can significantly
reduce crop yeld The reducton can range fromeaeffon seed germinaton and
emergence (Boonet al., 1994), shallow root system and malformed roots riii@n and
Ohu, 1997) and growth depression (Lowery and ®chul994) to yieeld reduction (Lipiec
et al., 1991). The negative effects of compaction on @ml crops are therefore many and
varied.

Soil compaction is a problem in many agriculturailssbecause fields are trafficked and
tled when soils are n condtions prone to contipac(Hakansson and Reeder, 1994).
The first pass of a wheel on loose soil does 8@egmerof the total compaction resulting
from four passes (Shaét al., 1994). The most common causes of agricultural ectigm
are trampling by Ivestock, pressure imposed bgtdratyres, tilage implements, randrop
impact and minimal crop rotation and plants wittgdaroot or tuber (Boonet al., 1994).
Out of all the causes of sol compaction, the oaased by agricuttural machinery which
was grouped into tilage-induced and traffic-indiliceompaction, was singled out as being
responsible for most of the sol compaction (Oétual., 2006). Compaction caused by
these machines, especialy the ones below the lplger, 5 of more concern since it 5 not
easly self-correcting and s therefore difficditniot impossible to totaly reverse or correct
it(Shafi et al.,1994).

Today, sol compacton is recognized as an agmelitproblem of increasing severty as
it plagues many parts of the world and affects mdifgrent crops (Carman, 2002). Many
areas now have compacted sub-soils due to incresdledorking and poor tming of field
operatons (Alakuku and Elonen, 1995). Lpiee andpSewski (1995) stated that though
mechanizaton of the tradiional planting land hbslped to bring large areas under
cultivation, this has been brought about with a meta dsregard to soil characteristics
and their constraints. Sol compaction caused diyicular trafficking is a severe problem
in tropical arabke land as infitration and wateansmission are reduced and erosin is
accelerated (Lipee and Stepniewski, 1995).

Problems of soi compaction are increasing in Nigexs more farmers are daily adopting
the use of tractors on their field without congmgrtheir possibke negative effects on the
soil. Thus, the country has bst a vast area dblariand through increased use of tllage
implements and improper agricultural pattemns (@hal.,2006).

The problem of compaction of agricuttural soi Berefore of growing concern in the
country due to its potential in reducing the pradaccapacity of farm lands. This study
was therefore carried out to simulate effect oficuddr compaction of a sandy loam under
a greenhouse condtion. Its objective is to asghsseffect of sol compaction on root
growth, root density and yield of groundnut.

M aterids and M ethods

The experiment was conducted at the screen-hous#heofDepartment of Agronomy,

Unwersity of Ibadan, lbadan, Nigeria. The site lams elevation of 183 m above sea level
and it is situated at latitude V27N and lbngitude O353E. Sol sampke used for the

compaction experment was taken from furrow sli@15 cm), air-dried and passed
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through a 2- mm sieve to remove un-decomposed platerials and stones. The sieved
soil samples were analyzed for pH n a 21 soitewaatio using the Coleman's pH meter.
Particke size dstrbution was determined by hyadrtan method (Gee and Or, 2002).
Available phosphorus was extracted by Bray 1 mefBody and Kurtz, 1945) and read on
the spectrophotometer. Organic carbon was deteiming the Walkley and Black

procedure (Nelson and Sommers, 1982). Total nitrogeas determined using Kjeldahl
apparatus whie exchangeable cations (potassiurgjuoa sodium, magnesium,) were
extracted with IN ammonium acetate (Bartels al., 1996). Exchangeable acidity was
determined using standard procedure (Badelsl.,1996).

Five kilograms of sol sample was weighed into tagpot. The soil sample occupied a
height of 12.9 cm (contro) having a bulk densityld Mg n# The sowing of two seeds
of groundnut per pot was done before placing tladsbon the soails. The sol was
mostened before compressing to heights of 12.71&%, cm, 12.4 cm, 12.3 cm, 11.8 cm,
and 11.5 cm resultng in buk densties of 1.2,, 1134, 15 1.6 and 1.7 Mg
respectively as presented n Table 1.

Table 1. Sol samples at different levels of compactioovahg buk densites and bulk

volumes
IHBC FHAC BD Soll
cm) (cm) (Mg ntd volume
(cm?)
12.9 12.9 1.1 4545.45
12.9 12.7 1.2 4,166.67
12.9 12.6 1.3 3,846.15
12.9 12.4 1.4 3571.43
12.9 121 L5 3,333.33 IHBC = Intial Height before Compaction,
FHAC = Final Height after Compaction,
12.9 1.8 1.6 3125.00 BD =Buk Density
12.9 11.5 1.7 2941.18

It was replicated five times. Plnt parameters sashplnt height, number of leaves,
number of branches and keaf area were measuredanpiant at 2, 4, 6, 8, 10, and 12
weeks after planting. Leaf area was determined bgsoring the length and breadth of the
leaves for each plant and then mutipied with ttwerection factor for groundnut (0.821)
as recommended by Kathirvelan and Kathirvelan (2007

Soil strength at 5.0 cm depth as described by Bradfl986) was measured at harvesting

period using a gauge penetrometer with a 60° codebase area of 10.37 &nThe cone
indices in kg cm were converted to kPa. The force of harvesting detsrmined by using
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spring balance to harvest groundnut. The hook efbilance was fited to the base of the
plant. The groundnut plant was pulled wih the @fidspring balance. Balance reading was
carefully monitored by another person to ensure highest reading durng the process of
pulihg out of the plant before the reading drap-ifhe weight (g) was mulipied by

acceleration due to graviy to obtain force (N).eEy (J) used in harvesting was
calculated by muitiplying force obtaned by dstanc

The yield and its components determined at hareestded total fresh biomass, fresh pod
weight, weight of seeds and number of seeds pet. plBata colected were subjected to
Analysis of varance (ANOVA) and means separatadguBuncan’s muliple range test
(DMRT) at 5% level of probability (SAS, 2002).

Results and Discussion

Physico-chemical properties of soil used

Some physico-chemical properties of soil used lier ¢xperiment were presented n Table
2. Resuks showed that the sol was slighty aciéh low nutrient concentrations of P,
N, C,K and Ca. The soi was coarse textured witigla bulk density value of 1.7Mg-#n

Table 2. Some physico-chemical properties of the soil usedhe experiment

Parameter Value
pH (H.O) 6.42
pH (K C) 5.4
P(mg kdb) 11.41
Total N(g kg 1.18
Org.C(g kd) 11.41
K(cmal kg) 0.41
Na(cmol kg') 0.40
Ca(cmol k%) 1.2¢
Mg(cmol kg?) 0.9
Ex.Acidity(cmol kg-1)  0.08
Sand(g kd) 764.00
Sitt((g kgt) 160.00
Clay(g kgb 76.00
Textural Class Sandy bam

Plant height, number of leavesand branches

Compressing the soil from 1.1 Mg-3mto 1.7Mg n® had significant infuence on plant
height right from two weeks after planting (WAP) ttee point of harvesting as presented
in Fig. 1. Throughout the growing period, sol wihlk densty 1.5 Mg m had the
highest plant height with exception of early stdg#vVAP) when sol with bulk densiy of
14 Mg nm? had the highest plant height value of 11.3 cmtleLioil compaction, ranging
from 1.1 Mg mf to 1.4 Mg m® is needed to force contact between soil and plait to
make water close to the root vicinty. This waspoesible for higher plant heights
observed on soik with 1.1 to 1.4 Mg3nthan 1.5 to 1.7 Mg rh Compressing the sandy
loam beyond 1.4 would have adverse effect on gnotinglant height as a resuif
reduction in water and air pores which wil consedly reduce the amount of water and
ar avaible to plant roots. Carman (2003) reportthat soi compaction reduced
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Fig. 1. Groundnut plant height as infuenced by soil cartipa

transmission of water and air through the soallilpraivhich caused reduction in the crop
growth. The number of groundnut leaves obtainedh frspis with bulk densties between
1.4 Mg m3and 1.7 Mg n¥ were significantly hgher than that of 1.1 Mg rfor 2, 3, 4, 6,
8, 10 and 12 WAP (Fig. 3).
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Fig. 3. Groundnut leaf areas (&vas influenced by sol compaction
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However, there was no signifcant difference amtmg number of keaves obtained from
11 - 1.3 Mg ¥ and from 14 — 1.7 Mg thbuk densities throughout the study period.
Among 1.4, 1.5, 1.6 and 1.7 Mg-3vsoi bulk densies, highest number of leaves was
recorded on 1.5 Mg # The number of groundnut leaves obtained from-11.3 Mg n¥
was negatively affected because compaction Imip cgrowth by resisting crop root
access to reserves of soil moisture and nutriegtped down the soil layer (Lipiest al.,
1991). Although, number of groundnut branches freanious levels of compaction were
not significantly diferent throughout the studyripg as presented in Fig 2.
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Fig. 2. Number of groundnut branches as influenced bycawhpaction

Average number of branches over 12 weeks was irde¢besasing order of 1.6 Mg-3»
17 Mg m3=14 Mg n? > 13 Mg n® > 1.2 Mg n® >1.1 Mg me. Soil compaction did
not influence leaf area throughout the 12WAP exegp@WAP and 6WAP as presented in
Fig.4.
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Fig. 4. Number of groundnut leaves planas influenced by soil compaction
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Result showed that once the plant has fuly estsdi, compacton may not have effect
on kaf area especially at SWAP upwards.

Plantyidd and itscampaonents

Total fresh biomass obtained at harvest (12WAP) wigsificantly higher on 1.4 Mg m
3soil bulk density than other treatments imposedbl@ad). Precisely, bulk density of 1.4
Mg m™ had higher total fresh biomass than 1.7, 1.6, 1.5, 1.2 and 1.1 Mg thby 30.6,
28.6, 20.4, 22.5, 28.6 and 34.7%, respectively. mbar of roots and depth of root
penetration of groundnut at 12WAP were significantifluenced by sol compaction as
presented in Table 3.

Table 3: Penetration resistance at 0 — 5 cm and force afvelsting groundnut as
influe nced by sall compaction

BD (Mg m Cone penetration Force of HarvestngEnergy used in

3) resistance (KPa) (N) harvesting (J)
17 32.0a 311.6a 93.4a

1.6 25.4b 211.7b 63.5b

15 21.6¢ 172.5b 51.75b

14 20.8¢ 150.9¢ 45.2(

13 20.0c 150.0c 45.0c

12 16.0d 72.5d 21.7d

11 7.4e 71.4d 21.4d

Means in the same coumn folowed by the samer&ettee not significantly different at p
= 0.05 using Duncan’s Multiple Range Test. BD =kBDknsity (Mg )

Number of roots obtained from sois wih bulk d&esi ranging from 1.3 to 1.7 Mg m
Swere significantly higher than from 1.1 to 1.2 MgZ3nbut there was no signiicant
difference wihnl1.3 to 1.7 Mg ™ Simiar trend was observed for depth of root
penetration indicating that compressing soil beydnd Mg ni® would affect number of
roots and root lengths of groundnut which are fianst of groundnut yield. Reduction in
the number of roots and root lengths with increasoil compaction resulted to decrease
in the weight of groundnut seeds obtained from 101 1.2 Mg m3 buk densites.
Although, there was no significant difference irnte of fresh root weight, highest root
weight was recorded on 1.4 Mg3vand least under 1.1 Mgfmbulk densities. Agan, fresh
pod weight and number of pods were not significa raffected by soil compaction.

However, the weight of groundnut seeds was sigmilg influenced by sol compaction
as presented in Table 4.
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Table 4: Root growth and yield of groundnut as influenckyl soil compaction

BD Total R oot Depth of *Fres Dry *Pod *Fres Seed Fresh

(M fresh numbe root h root root numbe h pod numbe seed

g biomas r penetratio weigh weigh r weigh r weigh
3r;1' s (9) n (cm) t@ t(9 t(9) t()

1.1 64.0b 28.6b 7.2b 2.4 0.22b 120 14.4 19.2b 7.7b
1.2 70.0b 30.4b  8.6a 2.6 0.24b 14.6 11.4 19.2b 7.3b
1.2  76.0t 45.6¢ 10.5¢ 2.€ 0.44¢ 18.4 148 26.0¢ 12.4¢
14 98.0¢ 46.2¢ 11.8¢ 2.8 0.26t 16.¢ 14.¢ 29.4¢ 9.9t

1.5 780b 36.8a 9.9a 2.6 0.38b 14.2 12.8 23.2a 8.5b
1.6 70.0b 39.8a 11.6a 2.7 0.38b 134 13.0 21.8a b 94
1.7 68.0b 44.2a 10.2a 2.7 0.38b 13.6 12.6 24.0a b 7.9

Means in the same column folowed by the samerietge not significantly different at p
= 0.05 using Duncan's Multpe Range Test. * = nignifcantly difference at p = 0.05.
All data on root and yied were averaged per pl@D = Buk Densty (Mg n?)

Soil bulk density of 1.3 Mg r had higher weight of groundnut seeds than 1.7, 1.5,
14, 1.2 and 11 Mg ™ by 41.0, 29.8, 36.5 26.1, 455 and 425% resmyt
Compressing sol beyond 1.3 Mg3mwil not only affect plant growth parameters btie t
amount of groundnut seeds which determines largey farmer's income. This is because
soil compaction affects number of roots, root eddian and proiferaton which determine
the amount of water and nutrients available to tpkmm synthesis and formation of pods.
Ohu et al. (2006) reported that soil compaction led to exwessoil hardness, reduced
water, infitraton rate, and reduced soil aeratiafteration of root distribution pattern with
a resultant low in crop vields. Also, Ohet al. (1991) concluded that sol compaction
caused crop yield to diminish and water and nusiewere not utiized efficiently.

Penetration resistance and force of harveging asinfluenced by soil compaction

Soil compaction significantly influenced penetratioesistance as presented in Tabke 3. A
wel compacted soil had higher penetration resigaas reflected in Fig.1 showing inverse
relationship between soi buk density and penetratresistance with correlation
coefficient of 0.51. This is a serious problem lire tcase of groundnut since the number of
roots determines to a very large extent the nundfepods. AlFAdawi and Reeder, 1996
reported that soil compaction reduced soil pored aonsequently increased its shearing
strength. The force of harvestng groundnut incesasvith increase in soil compaction as
presented in (Table 3). This could be explainedti®y linear relationship between force of
harvesting and penetration resistance? (R 0.98) indicating that more energy is needed to
uproot groundnut from compacted soil (Fig 5).
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Fig. 5. Relationship between force of harvesting and cone penetrometer resistance on
a soil planted to groundnut

Inverse relationship between force of harvestngugdnut and different levels of soil
compaction (soil bulk densites) further explaindtht as the bulk density is decreasing,
the amount of energy requred by the farmer to dwstrvgroundnut keeps on increasing

(Fig. 6).
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Fig. 6. Relationship between force of harvesting and sok ldensity on a soil planted to
groundnut
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This shows that the problem created by soil conigpads not limited to reduction in yield
alone but more energy and time would be requiredhaovest crop with low yelds under
compacted soil condition.

Conclusion

Soil compaction had highly significant negative eefS on some growth parameters and
yield of groundnut. Compressing coarse textured beiyond 1.4 Mgr? bulk density
affected plant height, number of kaves, and tsh biomass by reducing soil water and
air availabiity and restricting crop roots accetss reserves of sol moisture and nutrients.
Increased soil bulk density resulting from compancti brought about increase in
penetration resistance, indicating that root petiettr becomes difficult with increase in
soil compaction. Despite the differential effecté sl compaction on the distribution of
soil moisture, number of branches and kaf areasgroundnut were not significantly
different. The depth of root penetraton and numlpérroots were significantly reduced
under high sol compaction which resulted in lbwgnoundnut yield. The results further
showed that more energy would be needed in hamgegfioundnut under compacted soil
conditon. Therefore farmers shoud be discouragedm using heavy implements to
cultivate farms which could result in wastage okmgy and time to harvest crop with low
yields under compacted soil condtion.
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