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Summary
An implement of gravel-sand mole drains was designed and

manufactured in the agriculture machine and equipment department,
Agriculture College, Basra University in 2019. This Implement consists of a
frame installed on the box of the top which is divided into two parts: The
front is to the gravel and the rear is to the sand, the capacity of each part is
1.45 and 1.81 ton respectively. Mechanism of Feeding gravel and sand to
moles (mixing or layering) was installed to the bottom of the box. Mole plow
was installed under the frame in front of the mechanism feeding Which
installed with a cylindrical foot holes of the plow by its lower part. Two
subsoilers were installed in the rear of the box on the frame, these are
equipped by mechanism for each all to control the depth and the parallel
distance between them. Three experiments ware conducted to evaluate the
implement performance as a following:

A) A laboratory experiment was conducted to determine the amount of gravel
and sand by using four velocities (0.52, 0.79, 1.18, and 1.50 m s™), four
areas for the gravel's and sand's gates (0.0020, 0.0039, 0.0059, and 0.0079
m? for gravel and 0.0011, 0.0022, 0.0033, and 0.0044m? for sand) Which is
a quarter, half, Three-quarters slot, and complete slot to pipes of gravel and
sand respectively. However, the areas of the tow openings for gravel which
are 0.0020 and 0.0039 m* did not allow it to pass the gravel because these
two spaces are small and the gravel's diameter is large which caused it to

collapse. Therefore, the results ware statistically analyzed by completely

randomized designs (CRD) with factorial experiment (4 x 2) for gravel, (4

x 4) for sand and 3 replicates for each all. The RLSD test was used to

comparing between the means on probability level 0.05. the upper quantity
of gravel and sand were 24.08 and 37.97 ton hec™ respectively with

velocity of 0.52 m s™ and a complete slot for each material.



B) A field experiment was conducted in one of the Agriculture College's fields
— Basrah University in Karamt Ali campus in silty clay loam soil. The
randomized completely block design (RCBD) was used with the factorial
experiment {three implement combinations [traditional mole plow (TM),
the implement of mole constriction with pipes to filling mole drain by
mixed gravel and sand (S+G) and with pipes to filling mole drain by
layering gravel and sand (S/G)], three depths for mole drains [40 cm (D1),
50 cm (D2), 60 cm (D3)] with each combination and three replicate with
each experimental treatment}. The results were statistically analyzed by
SPSS program by use the RLSD test to compare between the means on
probability level 0.05. to evaluate the implement effect on draft force (F),
soil distribution area (A) and energy utilization efficiency (n). The results
were showed that the F increased by 12.67 and 24.92%, the A increased by
27.03 and 44.14%, and the n increased by 11.17 and 13.82% while using
S+G and S/G combinations comparing with TM combination respectively.
The S/G combination was superior on S+G combination by giving a higher
F and A by 10.88% and 13.48% respectively. The F increased from 1.95 to
21.29 and 23.73 kN and the A was increased from 0.112 to 0.136 and 0.164
m? with increased implement depth from D1 to D2 and D3 respectively.
The S/G,D3 treatment gave a higher A which reached 0.205 m® while
TM,D1 treatment gave a lower value which reached 0.099 m?.

C) An agricultural filed experiment was conducted in one of Agriculture
College's fields — Basrah University in Karamt Ali campus in silty clay
loam soil by planting the corn crop (Zea mays L.) for autumn season 2019.
The randomized completely block design (RCBD) with factorial
experiment was used to analyze the results of soil properties and
parameters of growth and yield. The experimental treatments for soil
properties were: three types of drains {W.M. (without mole drains), S+G
and S/G mole drains}, three drain depths {D1, D2, and D3}, two distances



between drains {2 m (L1) and 4 m (L2)}, 6 soil depth {0-10 cm (d1), 10-20
cm (d2), 20-30 cm (d3), 30-40 cm (d4), 40-50 cm (d5) and 50-60 cm (d6)}
and three replicates with each experimental treatment. The growth periods
had compared between them by using T-test to the probability level of
0.05. While the experimental treatments for parameters of growth and yield
had three mole drain types (W.M., S+G, and S/G), three drain depths (D1,
D2, and D3), two distances between drains (L1 and L2) and three replicates
for each experimental treatment. The results ware statistically analyzed by
SPSS program by use the RLSD test to compare between the means on the
probability of level 0.05. to evaluate the implement effect on the electrical
conductivity (EC), the exchanged sodium percentage (ESP), the soil bulk
density (pb), the total porosity (f), the moisture content (M.C.), the soil
penetration resistance, the plant high (P.H.), the shoot dry weight (S.W.D.)
and the grain yield (G.Y.). After the construction of mole drains and soil
farming, the chemical fertilizer had been was depending on the fertilizer
recommendation with three batches: at the crop planting in 6/8/2019, at the
middle of the season and at the flowering. The crop irrigated by flooding
after a depletion of 70% from filed capacity with an addition of 20%
leaching requirements from field capacity. The harvesting has conducted
after 94 days from planting. The results were shown:

1. the EC and ESP decreased with installed the S+G and S/G mole drains
compared to the W.M. treatment. The S/G drain gave lower values
compared with to S+G drain. As well as, the values of these properties
decreased with an increase in the depth of the mole drains so that the
depth of D3 reached a higher value. The values of EC and ESP decreased
with a decrease in the distance between the mole drains from L2 to L1.
The S/G,D3,L1 treatment gave a lower values of EC and ESP while the
W.M. treatment gave higher values. Soil depths of d1 and d2 gave lower
values of the EC while d6 gave a higher value, also the treatment of



S/G,D2,d3 reached a lower value and S+G,D2,d6 reached a higher value.
The value of ESP increased by increasing the depth of the soil. So that. d1
reached a higher value and the d6 reached a lower value.

. The mole drains construction (S/G and S+G) led to decreasing pb and
increasing f compared to the W.M. treatment. The lower value of pb and a
higher value of f reached in S/G drains compared to the S+G drains. As
well as, the decreased pb and increased of f with increasing the depth of
the mole drains from D1 to D2 but with increasing the depth of the mole
drains to D3 caused increase in pb and decrease in f. the soil depth gave
deferent an effect in pb and f where the lower pb and higher f reached in
d1 but higher pb and lower f reached in d3 at the middle of the season, but
at the end of the season d6 reached a lower pb and a higher f values while
d2 and d3 reached higher values of pb and lower values of f. the
S+G,D2,L1,d1 and S/G,D2,L.2,d1 treatments gave a lower pb and a higher
f at the middle and the end of the season respectively. The growth period
affected by an increase of pb and decrease of f from the middle to the end
of the season.

. The M.C. affected by the mole drain's construction (S/G and S+G) with an
increase in this value compared to the W.M. treatment. The S/G drain
gave a higher M.C. compared to the S+G drain. The soil depths of d3 and
d2 reached lower values t the middle and the end of the season
respectively. While d6 reached higher values in each growth period. The
treatment of W.M.,d2 gave a lower M.C. 25.90% when the treatment
S+G,D2,L.2,d6 gave a higher M.C. 40.02%. Advanced growth periods has
led to significance increase of M.C. from 30.31 to 31.10% for the middle
and the end of the season respectively.

. The S/G and S+G mole drains construction affected by the P.R. to
decrease of this value compared to the W.M. where the S/G drain reached

lower values compared to the S+G drain. The increase of the depth of the



mole drains from D1 to D2 has led to decrease in P.R. while increase their
depths to D3 gave increase P.R. while the decrease of the distance
between mole drains from L2 to L1 resulted in decrease P.R. at the middle
of the season and increase it at the end season. The S/G,D1,L1 treatment
reached a lower P.R. at the middle of the season while the S/G,D2,L2
treatment reached a lower P.R. at the end of the season. The depth of the
soil increase affected by the P.R. to increase it, so that, the d1 gave a
lower value while the d6 gave a higher value. whereas The S/G,L2,d1
treatment gave a lower value while the W.M.,d6 treatment gave a higher
value at the end season. As such as the D3,L1,d1 treatment reached a
lower value and the W.M.,d6 treatment reached a higher value at the
middle of the season. As well as, Advanced growth periods led to
significant increase of P.R. from 2410.88 to 3391.79 kN m™ for the
middle and the end of the season respectively.

. The mole drains S/G and S+G were affected on P.H., S.D.W., and G.Y. to
increase these values compared to W.M. treatment. The S/G drain gave an
insignificance increase in P.H., S.D.W. and G.Y. compared to the S+G
drain. The increase of the depth of the mole drains from D1 to D2 led to
insignificance increase in P.H. and G.Y. while an increase the depth of the
mole drains to D3, and it led to an increase in P.H. and decrease in G.Y.,
the D3 achieved higher values of P.H. while the D2 achieved higher G.Y.,
whereas the S/G,D3,L1 treatment gave a higher G.Y. value 7.91 ton hec™

while the W.M. treatment gave a lower value of 0.28 ton hec™.
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