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ABSTRACT

A 307 left hand facing bentleg plow (BL) was used to subsoil a moderately
compacted clay-loam soil at three ditferent depths (250, 350 and 450 mm) and
three rake angles (7.5°, 15% and 22.5%). The tractor forward speed was maintained at
kM hr' The power requirement and changes in soil physical conditions were
measured and compared to those of a moldboard plow (MB) at 250 mm working
depth. Draft was significantly aftected by both BL characteristics and was minimum
at rake angle of 7.5° Draft unit’' of width of BL plow was 0.5, 1.0 and 1.4 times
that of MB plow at working depths of 250, 350 and 450 mm, respectively. BL
plowing decreased the soil bulk density from 1280-1500 to 1000-1350 kg m™ for the
depth range studied. Increasc in cumulative water infiltration up to five times that
of before tillage (BT) conditions and two times that of MB plowing was achieved by
BL plow. The BL plow left 74% of surface residue undisturbed compared to 16%
by MB plow. The cross-sectional area tilled by BL plow was larger compared to MB
plowing and increased uniformly in all directions as depth was increased. The
specific draft of the BL plow tilling at the depths of 250, 350 and 450 mm were 30,
46 and 40% that of MB plow, respectively. The power requirement for subsoiling

with a BL plow was less than that for MB plowing and therefore it was within the
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capacity of most common tractors in local farms. The low power requirement and
great improvement in soil physical conditions would suggest application of the new

BL plow in many of the soils suffering from moderate to excessive compaction.

Ol el soslas olidew

VEIN=VF(ATYVE)

sa S ol O35 Bl 5 ol 8 258 ol g b
S S

u:-..’ﬂ)wm;c'ﬁ\ljiﬁaﬂlwr

t_g_;‘J_gL&b’lel_Bu.:_.;Lﬁ MJQJLLJUJ!#&JKJ{L—»&%])@)@

SOl 3yt ¢l ol (65,5 5LAST sasiis

oS

¥ alil 38 (g 51 BL) Gle oS Goer (AT 515 ols S5 Slhas

L g acallas STl (S5 olane gt s 340 5 0515 205 )5t 4 (Gl 4 ol 455 40l5)
SIS 5,5 anslie (MB) Lls 015 5 5 ol 5L (6555 S 5 5505 S 51 Jd ST Lyl 2
LYY /0% V0 ° (V/0%5 4 i aysl) a5 yon oo FO* 5 YO (YO' 5 e a3 BL pal
A5 S S w o ST e By e ey S Ll asg e g3 el > e ST Y e
3,8 s e e YO L Gl pled 3 O Gee g e e 800 MB ol 48 5,0

MB 4 BL sl ;a5 (5l 5508 S 51 g el a s sdilegdly alS 22y do)s



Power requirement of a bentleg plow...
wals JIBL b gy S Jl s Sk g ,mlb o gmads p o 3 1VF 5 IVY i
S s O ez 355 L dly 2als YV /001 /Y0 Mgm? wals 4V /YA-V /00 Mg m”
A A MB L (g5, ST a s 1 Y 55500 ST 1 el g oo 2l 0050 U
50 Sl Pl Lls me b 4 o228 e glie 45T el OF KL glS s gun) 2 -2l
plad sl V0% 54 acayl s oAl 58 ol (81 i 5 ke 5 458l I el 530
Blasl gl JLS b e Aol (Gl 4y 88 canglin 35,5 o ano 5 andllan 540 Gles!
MB a1 5LE (gl yasls ol s V¥V [0 o0 [D s fa e Ja YOO 5 YO0 (YO
DIl Sl 4 g3 MB pal g8 51 )5 BL o6l 58 LIS Sl ol e edaes - 55
JJBLQ—.TJSOJ‘_L’CJJLEJ S -3l NI e gy D) s 4 Sl plad 3 (Ges
oAl SLE a5y Canslie (55,8 dao s Fr FF T S e e FO5 Y0 (YO Glesl
ST it b b e 5a g Aall pal g 5LS ) e a8 31 eST (Gl o) e sl L MB
Blr el et 3 g 5 5 3540 o5 @l Bld 4 Lo g adlaie 53 esliial 3y sl
Ao el (ST % L o323 oo U 1yl 3 4 (51 BL (sla cal 418 5l aslizaad con sy

)

INTRODUCTION

Soils are subsoiled to fracture the compacted layers in order to
increase water infiltration and root growth for various crops. A survey by
Goddard et al. (4) disclosed that soil amelioration by deep tilling improves
water infiltration and often increases vield. Some of the interest is due to the
reduction in ponding and run-off during the spring snowmelt (9, 11). It is
also important that adequate plant residue be retained on the soil surface
during subsoiling, to control soil erosion (10). Even small amounts of plant

residue helps to increase infiltration and reduce runoff. Plant residue on the
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soil surface., howcver, reduces soil temperature and may depress crop yield
(8).

The working depths of 250-300 mm are common for alleviating
machinery-induced compaction, but for pedogenctically compacted soils,
much greater working depth is required (9). Although a number of
implements, including chisel plows and conventional subsoilers. can be used
for loosening and disrupting plow pans and subsurface pans. respectively,
the limited working depth of the former and the high energy demand of the
latter severcly limits their use.

The conventional subsoilers associated with high energy requirement
and possibility of natural soil recompaction have been recently replaced by
deep plows such as the Paraplow (a trade mark. Howard Rotovar Co., Inc.,
1U.S.A)) and bentleg plows (2, 3. 5. 7, 12). Erbach et al. (3) conducted
experiments to evaluate the use of Paraplow, a tillage tool that loosens the
subsoil without inversion, for continuous corn production. Their study
indicated that soils tilled with the Paraplow remained less dense after
planting compared to other tillage systems. However, the presence of the
chisel point and adjustable flap on the back of the Paraplow result in
increasing cost and encrgy demand. More recently the bentleg plow has been
successfully used to improve soil physical properties at lower encrgy demand
(6). Other advantages claimed for bentleg plow are fewer components and
lateral equilibrium for an implement having an cqual number of left and
right-hand plows (5, 6).

A preliminary survey indicated that moderate soil compaction exists
in some of the soils of the Shiraz University Research Farm. The present
study was conducted to obtain information about the power requirement and

effects of bentleg plowing on soil physical conditions in one of such soils.

MATERIALS AND METHODS

The study was conducted at the Badjgah Experimental Station,
College of Agriculture, Shiraz University, located 16 km north of Shiraz,

Iran. The soil was classified as Daneshkadch soil scries (fine. mixed, mesic,
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Calcixerollic Xerochrepts) with a cloddy structure from the surface down to
540 mm depth. The soil texture for the entire depth (0-540 mm) was clay
loam and moderately compacted. The soil bulk density varied from 1.31 to
152 Mg m? as the soil depth was increased from 250 to 500 mm. The
average moisture content of the soil was 16% (dry-weight basis) from the
surface to 500 mm depth. A single 30° left-hand facing bentleg plow similar
to the half-scaled model bentleg plow used by Harrison and Licsko (7) was
designed and fabricated (Figs. 1 and 2). The leg of the plow was bent 60° to
the side so that the leading cdge of its tilling interface was 30° with respect
to horizontal plane (Fig I. angle a). This type of bentleg plow proved to be
energy-efficient compared to other models studied by Harrison and Licsko
(7). The leading cdgc of the cutting interface was rotated towards the
direction of travel by 25° (Fig. 1, angle b). The bending axis for the plow
was 15° with respect to the horizontal plane, thus creating a rake angle of
15° in the tilling interface (Fig. 1, angle c¢). Other rake angles were obtained
by rotating the plow about a horizontal axis that was at right angle to the
direction of travel. The desired rake angle could be selected and fixed using
the holes drilled in the plow shank (Fig. 2).

The draft force, and soil physical conditions including cumulative
water infiltration over 45 min., bulk density, percentage of residue cover and
cross-section of soil disturbed for three working depths (D1: 250, D2: 350
and D3: 450 mm) and four rake angles (0°. 7.5°. 15° and 22.5°) were
measured and compared with before tillage (BT) conditions and the control.
The preliminary experiments indicated that BL plow does not penetrate well
at 0° rake angle. Therefore, the study was limited to three rake angles (Al:
7.5°. A2: 15° and A3: 22.5°). A three bottom mounted general purpose
moldboard plow tilling at 250 mm depth was used as control (MB). The
width of cut of the moldboard plow was 900 mm.

The land had been used for wheat production for the last few years
and was in a fallow phase and covered with wheat stubble prior to the tests.
Experiments were conducted on 4x40 m plots arranged in a randomized
complete block design with three replications. Tests were carried out in a

total of 30 plots inclusive of controls. A 90 kW John Decere (John Deere
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Tractor Plant, Arak, Iran) (JD-4230) tractor was used to pull a 53 kW
Massey Ferguson (Iran Tractor Manufacturing Co., Tabriz, Iran) (MF-285)
tractor carrying the bentleg and moldboard plows. The draft was measured
and recorded by a recording spring drawbar dynamometer (Karl Kolb,
Germany.) placed between the two tractors and the procedure recommended
by RNAM (13) for draft measurement was adopted. The tractor forward speed

was maintained at about 2 km h™' throughout all experiments.
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Fig. 1. Diagram of the left-hand facing bentleg plow used in this study.

Before conducting the experiments (BT) the soil bulk density of each

plot was measured by a core sampler (internal diameter and height 54 and
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97.5 mm, respectively) at five different depth ranges; 0-150, 150-250, 250~
350, 350-450 and 450-550 mm. The measurements were replicated in three
random locations in each plot. Fig. 3 shows the average soil bulk density
prior to tillage at various soil depths. For measuring surface plant residue
cover the method suggested by RNAM (13) was adopted. In each plot, surface
plant residue cover in three randomly selected non-trafficked areas
measuring 1 m? was collected and weighed both before and after plowing
operations. The percent of surface plant residue cover was then calculated
by the method suggested by RNAM (13). The cumulative infiltration over 45
min. was measured before plowing at three different locations in each plot
using double ring infiltrometer as recommended by Bertrand (1). Similar
measurements were performed after pulling the plow in cach plot. The
cross-sectional areas of the soil disturbed at three locations in each plot were
estimated by measuring the cross-sectional area of the soil loosened due to
the tine movement. Then, the draft and the average soil disturbance for each
plot was used to calculate draft/disturbance ratio as a measure of tool
performance (l4,15). Measured draft forces and their corresponding
implement widths were used to calculate the draft per unit of width for each

treatment.

Fig. 2. A left- hand (a) and a right hand (b) facing bentleg plow.
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The design of experiment was a completely randomized design with 3
replications and means were compared using Duncan’s new multiple range

test (DNMRT).

RESULTS AND DISCUSSION

Preliminary tests indicated that the plow penetration was impossible
for the zero rake angle and therefore. the study was limited to other three
rake angles indicated earlier. In similar studies (5. 7) the lack of adequate
clearance bencath the bentleg plow blade caused increase in the draft and
some difficulties in achieving satisfactory penetration. Implement

performance is discussed in the following sections.

1. Subsoiling Operation Parameter Effects on Residue Cover

The percent of residual cover for the two conditions of MB and BL
plowing were 16 and 74% as compared to BT conditions. In general. it can
be concluded that the BL plow leaves almost five times more residue
compared to MB plowing. Similar results have been reported by others (8).
and show that this level of residue cover (74%) is sufficient for minimizing

soil ecrosion.

2. Subsoiling Operation Parameter Effects on Bulk Density

A review of the measured data on the bulk density for the three field
conditions of BL plowing, MB plowing and before tillage (BT) conditions
revealed that in general tillage reduced soil bulk density, with BL plowing
causing the greatest loosening (Fig. 3). Similar improvement in the soil bulk
density to a depth of 250 mm could be achieved with either MB or BL
plows, whereas, changing the bulk density below the plowed layer can only
be achieved by BL plowing.

The analysis of variance of data on changes in bulk density for the
depth range of 150 to 250 mm indicanted that a significant decrease in soil
bulk density was obtained as the working depth was increased but the effect

of rake angle on the bulk density was not significant. Fig. 3 shows the
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average bulk density for the three conditions of BL plowing, MB plowing

and soil prior to tillage at various depths,
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Fig.3. Effect of tillage systems on bulk density at various depths.

The bulk density of the soil undcrneath the tilling edge of the BL
plow was measured and compared to that of untilled soil (BT condition).
Close examination of the data revealed therc was not any compact zone in

the vicinity of the cutting edge of the tool.

3. Subsoiling Operation Parameter Effects on Water Infiltration

The analysis of variance of the cumulative infiltration over 45 min
as affected by depth, rake angle and their interactions is shown in Table 1.
The subsoiling depth significantly increased cumulative infiltration whereas
the rake angle had no effect. The means of cumulative infiltration as affected
by depth and rake angle are compared in Tables 2 and 3. The means of
infiltration for all treatments of BL plow, MB plow and BT condition are
compared in Table 4. The comparisons reveal that where tilling with MB
plow increased infiltration about three times compared to conditions prior to
tillage, BL plowing increased the cumulative infiltration up to 5 times that

of BT conditions.
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Table 1. Anlysis of variance for the draft force and cumulative infiltration.

Mean squares

Source df Draft force Cumulative infitration
Replications 2 0.35"% 0.30%%
Treatment 8 65.13" 18.65"

Rake angle (A) 2 83.57" 0.40M8

Depth (D) 2 162.99" 72.357

AxD 4 6.97" 1.10M®

Error 16 0.12 1.33

**  Significant at P<0.01,

NS Nonsignificant.

Table 2. Comparison of mean values of draft unit”! of width, power and

cumulative infiltration with respect to depth.

Plowing depth Draft unit wjd;h'l Power Infiltratipn
{mm) (kNm™) (kW) over 45 min (cm)
BL (250) 959 a0 232a 6.21 a

BL (350) 17.90 b 4680 9.21b

BL (450) 26.99 ¢ 7.05¢ 11.79 ¢

MB (250) 19.14 b 9.57d 590 ¢

BT 237e¢

+ Means in each column followed by the same letter are not significantly

different at P<0.01 (DNMRT).

4. Effects of Subsoiling Operation Parameters on Draft, Draft per

Unit Width and Specific Draft
The analysis of variance of the draft force of the single lefi-hand
facing bentleg plow used in the study revealed that draft was significantly
affected by both depth and rake angle (Table 1). Table 4 shows the draft
force for various treatments studied. The data on mean values of the draft
force as affected by plowing depths and rake angle are shown in Table 5.

Any increase in plowing depth and rake angle was associated with

10
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Table 3. Comparison of mean values of draft unit”! of width, and cumulative

infiltration with respect to rake angie.

Rake angle Draft unit width™' Power Infiltration
(deg.) (kNm™") (kW) over 45 min (cm)

BL (7.5) 12.18a 3132 931a

BL (15) 17.12b 440D 9.36a

BL (22.5) 25.18¢ 049c 923 a

MB 19.14b 9.57d 590b

BT - - 2.3%c

T Means in each coiumn followed by the same letter are not significantly

different at P<0.01 (DNMRT).

Table 4. Draft unit’ of width and cumulative infiltration as influenced by

various treatments,

Treatment Draft Draft unit width ' Cumulative infiltration over 43 min
(iN) (kNm™) (cm)

AID1 2.98a 6.86a 6.22b
A2DI1 3.85ab 8.86ab 6.10b
AlD2 4.82b 10.25b 15.45¢cd
A3D1 5.68¢c 13.07¢c 6.33b
A2D2 7.40d 15.74d 10.15¢d
Al1D3 9.30e 19.43e 11.27cd
A2D3 12.59f 26.78f 11.85d
A3D2 13.03f 27.721 9.13¢c
A3D3 16.34g 34.76g 12.25d
MB 17.22¢ 19.14¢ 5.90a
BT - - 2.37a

t. Means in each column followed by the same letter are not significantly
different at P<0.01 (DNMRT).
Plow rake angle; Al, A2 and A3 are 7.5°, 15° and 22.5°, respectively.

Plowing depths; D1, D2 and D3 are 250, 350 and 450 mm, respectively.

MB Moldbard plowing.

BT Before tillage.

11
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corresponding increase in the draft force. Therefore. to save the energy the
plow should be used at minimum rake angle (7.59) for all tilling depths, The
main causes of the increase in draft at higher depths are the larger soil
volume which in turn increases soil tool friction (5) and the higher

compaction at lower soil depths.

Table 5. Comparison of means of draft force (kN) as affected by depth and
rake angle for the BL plow.

Depth Rake angle

(tnm) 7.5 15° 22.5°
250 298 C'ct 3.85 Cb 5.68 Ca
350 4.82 Bc 7.40 Bb 13.03 Ba
450 9.30 Ac 12.59 Ab 16.34 Aa

+ Means within each column followed by the same letter are not significantly different at
P<0.01 (DNMRT).
§  Means within each row followed by the same letter are not significantly different at

P<0.01 (DNMRT).

The analysis of the data on the draft requirement indicated that the
draft of BL plow tilling at 450 mm (7.5° rake angle) is approximately equal
to the draft requircment for MB plow working at 250 mm depth (Table 4).

This finding emphasizes the high tilling efficiency, in terms ol energy
requirement, of the bentleg plows. The main reasons for such energy savings
arc the absence of a chisel point, moldboard, non-uniform plowing depth of
BL plows, and the fact that soil fractures in tension when plowing with this
type of plow (5).

Considering an average tractor forward speed of 2 km h-l, the mean
values of power requirement of the BL as affected by depth and rake angle
were calculated and compared ( Tables 2 and 3, respectively).

The implement widths of the bentleg plow at 250, 350 and 450 mm
tilling depths were 435, 435, and 470 mm, respectively. The working width
for the MB plow tilling at the depth of 250 mm was 900 mm. Measured draft

12
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forces and their corresponding implement widths were used to calculate the
draft per unit width (kN m-l) for each treatment. Comparison of mean
values of draft per unit width for various combinations of depths and rake
éngles of BL plow and of MB plow system (Table 4) reveals that the draft per
unit width of BL plow is 0.5, 1.0 and 1.4 times that of MB plow at working
depths of 250, 350 and 450 mm, respectively.

The average cross-sectional area of the disturbed soil (soil
disturbance) were 1577, 2086.5 and 3681.5 cm? for working depths of 250,
350 and 450 mm, respectively. In general the cross-sectional area was V-
shaped and increased uniformly in all directions by increasing depth. It was
found that the width of the soil disturbed was generally proportional to the
plowing depth. The disturbed width was independent of the rake angle and
was equal to 835, 1000 and 1190 mm for the nominal depths of 250, 350 and
450 mm, respectively.

The actual tilling widths of the BL and MB plows were 835 and
1000 mm compared with the implement widths of 435, and 900 mm,
respectively (both plowing at 250 mm depths). Therefore it can be concluded
that the BL plow can till the soil with much higher efficiency when tilling
at equal depths.

The data on draft and cross-sectional area tilled have been used to
calculate the specific draft (11, 12). The specific draft (draft soil
disturbance, kN m-2 ) for BL tilling at the depth of 250 mm is
approximately less than 30% that of the MB tilling at the same depth (Fig.
4). Furthermore, the specific draft for MB plowing at 250 mm depth is still
2,5 times that required when plowing with a BL at 450 mm depth. This
comparison emphasizes the great savings in energy input when using the new

bentleg plow for alleviation of subsoil compaction.

CONCLUSION

For the conditions of the soil and timing of operations that pertained
to these experiments, use of the bentleg plow produced sufficiently improved
soil conditions which are expected to result in greater yield (1). The

13
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percentages of residual cover for the two conditions of MB and BL plowing
were 16 and 74% as compared to BT conditions. The BL plow caused greater
loosening and resulted in lower bulk density to a depth of 450 mm. The
subsoiling depth significantly increased cumulative infiltration whereas the
rake angle had no effect. An increase of about three times in cumulative
infiltration was obtained by MB plowing. The BL plow can increase this

factor up to five times compared to conditions prior to tillage.
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Plow rake angles; A1=7.5, A2=15, and AS=22.6 deg.
Plowing depths; D1 =260, D2=350, and D3=450 mm.

Fig. 4. Specific draft for various treatments of bentleg plow rclative to

moldboard plow.

The study indicated that the draft of BL plow increases as plowing
depth and rake angle increase and therefore it is minimum at rake angle of
7.5°. Draft of the BL plow tilling at 450 mm (7.5° rake angie) was
approximately equal to the draft of the MB plow working at 250 mm depth.

The draft per unit of width of BL plow was 0.5, 1.0, and 1.4 times
that of MB plow, at working depths of 250, 350 and 450 mm, respectively. In
general the cross-sectional area tilled by BL plow was larger compared to
MB plowing and increased uniformly in all directions by increasing depth.
The specific draft for BL plow tilling at the depths of 250, 350 and 450 mm
were 30, 46 and 40% of the specific draft of the MB plow, respectively. The

14
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study also showed that power requirement of subsoiling with a BL plow was

less than that for MB plowing and therefore it is within the capacity of most

common tractors operating in local farms.

10.
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