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Abstract. The influence of cattle manure on infiltration and soil erosion by water was investigated for
two soils, El-Hartha silty loam and El-Zubair loamy sand from the Basrah district. Manure was added at
0, 1 and 2% by weight. The results show decrease in runoff and penetration resistance, increase in infiltra-
tion and decrease in total soil loss for both treated soils. However, the response of El-Hartha to manure
was greater. The decrease in amount of soil loss with manure added was statistically significant.

Introduction

The literature dealing with theoretical and practical effects of organic matter on soils
in nature is rather extensive. Cattle manure and other sources of organic matter have
been found to improve soil physical properties [1-4] due to the effect of microor-
ganisms which stabilize the soil structure, Soil organic matter is the most important
factor in the formation of a good soil structure which helps in increasing soil water
intake and water holding capacity and in reducing runoff and soil loss [2,4-8]. Addi-
tion of organic matter also serves as a source of nutrients to crops and energy for the
life processes of microorganisms [2,3,8].

The use of cattle manure for replenishing soil fertility is very common in Iraq
[9,10,11]. Although there is a considerable work to show its usefulness as a supplier
of plant nutrients, the effect of manure on erosion of soils has not yet been worked
out in Iraq. Much time and expense can be saved by preliminary laboratory studies
on the response of soils to soil amendments [12].

This investigation was undertaken to see whether cattle manure was effective in
diminishing soil erosion by water.
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Materials and Methods

Soil samples, from a depth of 0-45 em, were collected from two locations, the
first from El-Hartha silty loam soil and the second from El-Zubair loam sand soil.

The samples were prepared, and analyzed for properties according to the stan-
dard physical and chemical procedure [13,14]. The properties are given in Table (1).

Table 1. Some physical and chemical properties of the soils used

Soil location
Seil property El-Hartha FEl-Zubair
Purticle - Size (Mm)
2000-200, % 0.2 9.0
200-20, % 48.6 82.5
20-2.% 27.2 4.7
< 2, % 24.0 3.8
Total 100.0 100.0
Texture class Silty loam Leanwy sand
Organic matter % 0.16 0.20
CaCO, % 25 N.D.

N.D. = Not determined

Partially decomposed cattle manure samples were dried, ground and passed
through a 2mm sieve. The percentage organic carbon, C/N ratio, EC (mS cm) and
PH of this manure were 18.7, 11.7, 9.6 and 8.5, respectively. Manure samples were
mixed with soil in concentration of 0, 1 and 2% by weight. Water was added to these
soils in an amount equivalent to their water-holding capacity. Then the untreated
and treated soils were incubated at room temperature for a period of 15 days.

At the end of the incubation period, the untreated and treated soils were
uniformly compacted at a density of about 1.29 and 1.43 g/cm® for El-Hartha and El-
Zubair soils respectively. The depth of soil was 5 cm over washed sand in a metal pan
(20cm by 40cm and 8cm deep) equipped with drainage and runoft ports (Fig. 1).

Soils were saturated by adding water from the bottom to prevent too rapid addi-
tion of water. Then the soils in the pans were tilted to a 9% slope.

The following determinations wre made:

1 —Starting time of initial runoff (min.)



fad
5]

[nflucnee of Cattle Manure on Infiltration ... 1

[ Soil

e —— — —— - 2mm Screen

Scm

________ Drinage collector

— = — — — - —— Run off collector

Fig. 1. A schematic diagram of soil try in position for sprinkler irrigation {15]

2 — Samples of runoff material were collected at 5 - minute intervals, three times
after runoff began.

3 — Infiltration (cm/h) was calculated as the difference between rainfall and
runoff.

4-Total sail less (g) was measured by settling the material in the runoff water,
oven drying, weighing and taking the sum of the weights for the three inter-
vals.

5 —Penctration resistance at or near field capacity, was measured using a packet
penetrometer El 28-670.

6 — Shear strength of the cohesive soil material was calculated by dividing the
penetration resistance values by a factor of two, according to the operating
instructions for the penetrometer.

Resunlts and Discussion

Table 2 shows the effect of cattle manure on runoff, infiltration, soil loss and
penetration resistance.
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The clear effect of manure on both soils can be seen from these results. There
were statistically significant decreases in runoff and penetration and significant
increases in infiltration for 1% and 2% treated soils compared to untreated soils.
These decreases in runoff and increases in infiltration were associated with decreases
in total soil loss of both soils. The soil loss in the El-Hartha treated soil was 68.1 to
45.1 g compared with 86.9 g in the untreated soil. The values for El-Zubair treated
soil were 50.2 g and 39.4 g compared with 70.2 g for the untreated soil. The effect of
2% manure was statistically significant.

Table 2. The effect of manure on runoff {cm/h), infiltration (cm/h), total soil loss (g/cm)?) and penetration

resistance.
Runoff rate Infiltration rate Total soil loss Penetration

Treatment cm/h cnvh 2/800cm? resistance KPa
El-Hartha

Untreated 7.60 2.06 86.90 387

1% manure 4.90 3.50 68.10 365

2 % manure 3.30 4.93 45,10 202

5% LSD 0.25 0.16 24.16 197
El-Zubair

Untreated 5.90 3.00 70,20 336

1% manure 4.80 5.50 46.10 220

2 % manure 4.40 5,70 39.40 188

5% 1LSD .16 0.19 25.30 165

Therefore, manure could be added to the soils at the 2% rate to improve soil
structure as measured by infiltration and penetration and to prevent soil erosion by
water in both soils.

Correlations between soil structure as measured by aggregation indices, and soil
erosion have been determined by many researchers [6,15-19]. It has been stated that
erosion starts when an aggregate slakes under the beating action of rain drops, the
soil particles are then carried along the slope of the field [16]. So manure plays a role
in decreasing erosion probably by increasing the aggregate stability and the infiltra-
tion rate of soil, thus preventing surtace water which renders the peds more vulnera-
ble to raindrop impact.

Further examination of Table 2 shows that increasing rates of manure though
not statistically significant decreased the penctration resistance, which can be
corrlated with rate of root elongation [20-23]. In sandy soil at moisture contents drier
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than field capacity, root elongation decreased steadily with increasing penetration
resistance. A 50% reduction in root elongation was obtained at a penetration resis-
tance of 720 KPa for cotton seedlings. In a silt loam soil root elongation had almost
stopped at a penetration resistance of 5500 KPa for rye grass [20-23].

The soil loss (/800 cm? (Y) is related to manure concentration added to the soils
(x). This relation indicated that the soil erosion decreases with increase manure con-
centration (Fig. 2).
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Fig. 2. Relationship between fotal soil loss and manure concentration
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