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Abstract: The impact of soil compaction on the yield of maize was studied at Malakandher Farm, Khyber
Pakhtunkhwa Agricultural University Peshawar Pakistan which is located at in June 25,  2011.  The  maize
variety Jalal was used in the trial. Total area was 1 hectare  having  36  plots.  Each  plot  was  30x5 m  in size.2

The experiment was laid down in randomized complete block design (RCBD). On silty clay loam, other inputs
were applied uniformly to all the treatments. This region is cool in winter and hot in summer with moon soon
rain fall, lying to the north west boundary of the sub continent. The following tillage practices were applied.
The bulk density, plant height, root length and plant yield were significantly affected. The bulk density was
increased with increaseing number of tractor passes. Similarly plant height and yield of maize were decreased
with increasing number of tractor passes as compared to control plots. The lowest grain yield 2416.66 kg/ha was
recorded when the tractor passes were 4 in T  i.e. MTP , while the maximum grain yield (4426.71 kg/ha) was1 4

obtained from T  i.e. OPTP .7 0
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INTRODUCTION growth and therefore limits the amount of soil explored by

Farm mechanization is a key element in the modern up nutrients and water, from the standpoint of production,
agricultural activities the extensive use of heavy the adverse effect of soil compaction on water flow and
machinery in farming activities brings about numerous storage may be more serious than the direct effect of soil
benefits. But the use of farm machinery needs proper compaction on root growth. Soil compaction has been
management otherwise unnecessary and excessive use recognized as a severe problem in mechanized agriculture
create soil management problem and can adversely affect and has an influence on many soil properties and
the plant growth [1]. Soil compaction is the main form of processes and on crop yield [3].
soil degradation which affects 11 % of the land area in the Traffic on agricultural land, inappropriate tillage and
surveyed countries of the world [2]. Compaction is caused poor timing of field operations decreases aggregate
by the use of heavy machinery, pressure from wheels, stability and creates compaction of both top soils and
tillage equipment, trampling by animals, reduced use of subsoil. Adverse effects of compaction include increased
organic matter, frequent use of chemical fertilizers and bulk density, reduced porosity, restricted root growth,
plowing at the same depth for many years. The signs of poor plant growth and yield [4] over30% of ground area
soil compaction can often be seen by observing the crops is trafficked by the tyres of heavy machinery even in
growing in a compacted soil. Slow plant emergence, thin genuine zero tillage systems one pass at sowing [5].
stands, uneven early growth, small grain heads, abnormal Compaction has often resulted in crop yield reductions.
rooting patterns, shallow or horizontal root growth and While both subsoil and surface compaction contribute to
reduced nutrients concentration can be a reflection of these reductions, the most severe crop responses are
compaction. Excessive soil compaction impedes root likely the result of compaction in the plow layer [6].

roots. This, in turn, can decrease the plant's ability to take
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In Pakistan the tillage operation by farmer are planking (minimum tillage) T1, cultivator (2) + cultivator
generally performed with bullocks and tractor drawn (2) (conventional tillage) T2, M.B plough + Rotavator in
cultivators to the depth of 10 to 15 cm. Repeated use of T3, followed by three level of compaction i.e. zero
cultivator create a hard pan at about of 15 cm depth which pass(control). Two passes (P1), 4 passes (P2). Corn
hinders the movement of water and air and  inhibits variety Jalal was sown on June 25, 2011there were 4
growth  of  plant  roots  [7].  A little information is replications of each 3 tillage practices and 3 compaction
available  about the soil response to sub soil passes comprising to the total 9 treatments and 36 plots.
compactions. Therefore it is important to quantify the Each plot was be 30 × 5 m^2. The treatments and their
effects  of  tillage induced hard pans on soil properties labels as under. The available tractor at the farm was
and  crop  growth.  The  effects  of  sub soil compaction utilized.
on   bulk   density,   penetration  resistance  yield of
wheat  and  nutrients  and  water  use  efficiencies by T1 = Cultivator once + Planking (Minimum Tillage).
these  crops  have  been reported by Ishaq et al (2000), T2 = Cultivator (2) + Cultivator (2) (Conventional
[8].  The  adverse  effects  of  sub  soil  compaction on Tillage).
root  growth  and  nutrients  up take under field T3 = M.B plow + Rotavator (Optimum Tillage)
conditions in Pakistan is very little. Therefore, the P0 = Control (no pass of tractor).
objective of this study is to quantify the soil compaction P1 = 2 passes of Tractor + Planking
on soil physical and chemical properties, yield component P2 = 4 passes of Tractor + Planking.
of maize crops.

Maize is an important food crop which can be Interaction of tillage practice s(T) x Tractor passes (P)
selected to combat the problem of food shortage on There will be 9 treatments i.e.
Pakistan. Its grains are valuable source of protein,
vitamins, minerals etc. Besides its food value, it is used T  =MTP , T  =MTP , T  =MTP
also as feed, raw material in industries for edible oil, T  =C P , T  =C P T  =C P
glucose, medicines and cosmetics production. Keeping in T  =OPTP T  =OPTP T  =OPTP
view the importance of maize the present study was
design to quantify the soil compaction on soil physical RESULTS AND DISCUSSION
and chemical properties, yield component of maize crops.

The issue of soil and crops damage due to The soil having low bulk density has more porosity,
compaction problem is of major concern worldwide and good hydraulic conductivity, thus having favorable
research work will be conducted on various aspects of condition for plant growth.
soil compaction. In Pakistan very few have attempted to The highest bulk density was observed in T3 i.e.
address this issue and document the degree of damage it MTP2 which was 1.7 (g.cm ). The lowest bulk density i.e.
can give to crop. Keeping in view the speed of 1.54 was reported in T7 as shown in Table 1, this due to
mechanization and the soil compaction effects on crop the deep plowing by mould board plow and Rotavator
growth, the present study was aimed to find the effects of which resulted in breaking of hard pan, fine seed bed
soil compaction on plant root growth, bulk density and to preparation, increased porosity and burying of previous
explore some best and cheap tillage machines to combat crop residues. These results are in accordance with those
soil compaction. obtained by Ishaq et al. (2000), [8]. The highest bulk

MATERIALS AND METHODS

The field experiment was conducted during the year physical conditions like bulk density and porosity as well
2011 at the Malakandher Farm Experimental Research Farm as moisture availability. Root length was significantly
of KPK Agricultural University Peshawar. Which located affected by compaction treatments. The maximum root
at Latitude of 34°02'N and Longitude of 71°37' E). In the length (20.9 cm) was exhibited by T7 which progressively
experiments the effects of soil compaction on maize crop decreased to the minimum (11 cm) in T3 as  indicated
was studied, the soil was prepared by cultivator (1) + Table 2.
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density in T3 was due to compaction.

Root Lengthl: Root length was influenced by soil
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Table 1: Effects of soil compaction on bulk density (g.cm )3

Treatment Bulk density

T1 1.63
T2 1.68
T3 1.71
T4 1.62
T5 1.64
T6 1.70
T7 1.54
T8 1.59
T9 1.63

Table 2: Effects of soil compaction on root length (cm)

Treatments Root length (cm)

T1 13
T2 11.6
T3 10.8
T4 14.1
T5 12.1
T6 10.6
T7 20.9
T8 17.2
T9 16.4

(Means sharing the same letters are non significant to each other at 1 % level
of probability) 

Table 3: Effects of soil compaction on plant height (cm)

Treatments Plant height

T1 196
T2 193.5
T3 185.7
T4 200.1
T5 197.5
T6 199.1
T7 210.5
T8 207.80
T9 205.6

Table 4: Effects of soil compaction on grain yield (kg/ha)

Treatments Yield Kg/ha

T1 2595.75
T2 25210.65
T3 2522.32
T4 2601.75
T5 2542.10
T6 2531.05
T7 4415.2
T8 4391.63
T9 4156.45

(Means sharing the same letters are non significant to each other at 1 % level
of probability)

The significant decreasing trend was observed in
values of root length from T1 to T3 which be due to
adverse effects of compaction. Compaction of the surface

retarded development due to less space available for
proliferation and growth and consequently roots ability to
penetrate in deep soil layers was hampered due to high
bulk density and low porosity. These results are in
agreement with those reported by Beulter and Centurion
(2004), [9] also reported that root length and root
distribution of corn, wheat and pearl millet were adversely
affected by the soil compaction. Significant negative
relationship between bulk density and root length is in
confirmation to above findings.

Plant Height: Plant height is considered a genetic
character which is modified by environmental factors like
availability of moisture and nutrients at active growth
stages.

The maximum plant height of corn (210.5) was found
in T7 which progressively decreased to the minimum and
185.5 cm in corn) in T3 as given in the Table 3.

Treatment means showed significant differences for
plant height. The T7 (control) was significantly higher
than T2 and T3 but was at par with T8. The T8 and T9
were at par with each other while T3 was at par with T5.
Comparison of data of years also exhibited significant
differences. Significant differences for plant height
observed in compacted treatments may be attributed to
reduced ability of roots to penetrate in deep layers for
extraction of moisture and nutrients Therefore, growth
and development was retarded, which ultimately affected
overall plant structure. Similar trend of plant height during
both the years snowed that plant height is affected
irrespective of genetic factors. Overall taller plants
observed, may be related to the better climatic conditions
during crop life cycle Gaultney et al. (1980), [10] reported
impeded plant height during all crop growth was due to
compaction problem.

Grain Yield: Grain yield is an important parameter and
considered as a genetic character. It may be influenced by
soil nutrients, moisture availability climate conditions..

(Means sharing the same letters are non significant to
each other at 1 % level of probability)

Grain yield was significantly affected by compaction
treatments. The maximum grain yield (4415..2 kg ha ) was1

exhibited by T7which progressively decreased to the
minimum (2522.32 kg ha ) in T3 compacted plots of1

MTP2 (Table 4).
Treatment means showed significant differences for

grain yield. The control treatment was at par with T8 and
T9 but significantly higher than T3- Rest of the treatments
from T1 T6 remained non significant to each other.
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who reported 45 % decrease in  yield  due  to  subsurface 28: 13-25.
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prepared by mould board +Rotavator with zero pass 8. Ishaq, M., A.  Hassan,  M.  Saeed,  M.  Ibrahim and R.
of Tractor (OpTP0) having lower bulk density as Lal, 2000. Sub soil compaction effect on crops in
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For good yield Mould board plough should be used Till. Res., 1570: 1-9.
on silty clay loam soil that incorporate the crops 9. Beulter, A.N. and J.F. Centurion, 2004. Effect of soil
residues with soil, decreases bulk density and gave compaction on root development and on soybean
better yield of maize. as compared to MTP0 as well as yield]. Pesquisa Agropecuaria Brasileira, 39: 531-588.
C2 p0, which are in practice by local farmers in the 10. Gaultney,  L.,   G.W.   Krutz,   G.C.  Steinhardt  and
country. J.B. Liljedahl, 1980. Field and laboratory tests to
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