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ABSTRAC1

Soil erosion begins with detachment and transportation of soil
particles from surface soil layers. In the evaluation of soil erosion,
usually the volume or the weight of the soil losses is calculated, but the
physical properties of the sediment are less often considered. Due to the
selectivity of erosion process the clay particles are much more in the
sediments than in the original soils. For estimating the clay enrichment
ratio (CER) in the sediment resulting from erosion, a 4.83 ha watershed
with a surface soil of silt loam texture was selected in the north-west of
the College of Agriculture, Shiraz, Iran. Suspended sediment resulting from
eight independent precipitation events was sampled and their particle size
distribution was determined: The average CER for the selected rainfall
events was 2.3 with a range of 1.5 to 3.1. No significant relation was found
between CER and the properties of the precipitation and runoff such as
magnitude, average, and maximum rainfall intensities. The following
relation between, CER and the suspended solid in runoff from the
watershed was obtained, CER=59 (88.)"'%, (R?=0.91), where, SS, is the
average sediment concentration in suspension, mg 1. This equation
shows that the CER decreases with an increase in the sediment

concentration,
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INTRODUCTION

In 1980, more than 56,000,000 ha (about one third) of the
surface soil layers in Iran have been subjected to water erosion rates
of >10 tons ha' y' (10). Since erosion is recognized as a selective
process (1, 4, 7, 14, 17, 18), when there is enough energy for detachment
and transportation of the soil particles, it will selectively carry fine
materials and leave the coarse grains as deposited sediment. This selective
process applies to all three stages (detachment, transportation, and
sedimentation) of soil erosion (4). Sharpley’s research (14) in 1980 revealed
that the percentage of <0.2 mm particles in the runoff is greater than
the <0.2 mm fraction of surface soil layers; thus the runoff is
enriched with clay relative to the eroded soil.This leads to the concept of
clay enrichment ratio which is the ratio of clay particles in the suspended
sediment and the surface layer of the soils of a watershed (CER).

In the evaluation of s_oil erosion, the total volume of the lost
soil is._usually calculated, but the physical properties of the detached
materials resulting from erosion are less often considered. The washout,
transport, and deposition of these eroded materials” are influenced by
physical properties of the sediment (e.g., particle size distribution, sediment
density, etc.) (8, 9, 13, 20). The clay particles in the sediments, due to
having electrical charge and high specific surface, can carry plant nutrients
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. and organomineral pollutants (5). Accordingly, when agricultural soils
erode, the amount of the plant nutrients in the sediments transported from
watersheds is greater than that of the main soil (6). Therefore, due to the
importanc'e of clay particles in transportation of plant nutrients, agricultural
chemicals, and pollutant agents the 'clay fraction in the sediments from the
watersheds need to be precisely determined.

The main objective of this research was to evaluate the CER of
the sediments resulting from the soil erosion from a small agricultural

watershed.

MATERIALS AND METHODS

The experimental site was a small (4.83 ha) agricultural watershed
located in the Bajgah wvalley in the northwest of the Agricultural

College in Shiraz, Iran (Fig. 1). The watershed has an average gradient
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Fig. 1. Location of the experimental watershed in Bajgah valley in the north
of Shiraz. Adapted from Amin et al. (2).
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of 2.2% with minimum and maximum gradients of about 1.7 and 3.3%,
respectively.

The catchment time of concentration is very short (15 min) due to
its small size (11). Precipitation occurs primarily from November to May
each year with the greatest frequency (the greatest number of storms
per month) -during February. The average rainfall of the valley is 400
mm yr' and the rainfall events fit the B distribution pattern (2, 11).
Two soil series. occur within. the watershed: i) Kuye-Asatid-loamy-
skeletal over fragmental, carbonatic, mesic, Fluventic, Xerothents-lies in
the upper portion of the watershed; and 2) Ramjerdi- fime, mixed, mesic,
Fluventic, Haploxerepts-clay loam in the lower protion (16). Some
properties of the soils are shown in Table 1. Composite samples of
the surface soil were collected and analyzed for particle size
distribution using the pipette method (3).

The experimental watershed was under fallow during the course
of this study subjected to more erosion and runoff. Surface run-off was
measured manually (12) in 15 cm and 22 cm Parshall flumes in series at
the outlet of the watershed for control and checking of the accuracy of
the watershed run-off flow rates. During a storm event at the outlet the
grab sediment samples were collected in the polyethylene bottles wath 10
min intervals and transported to the Ilaporatory where they were

filtered and made ready for particle-size distribution analysis (3).

RESULTS AND DISCUSSION

Determination of CER of the transported sediments requires
information on clay content of both surface soil of the watershed and
the suspended solids in the runoff. Table 1 shows the dominant soil
texture of the surface soils of the watershed was silt loam using the
soil texture diagram proposed by Shirazi and Boersma (15).

To evaluate the CER of sediments in this watershed, suspended
solids from eight runoff events during November and December 1994 and
in February 1995 were sampled and analyzed. The particle size distribution

for the suspended solids alomg with the corresponding CER values are
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presented in Table 2 for each sampled event. The dominant texture of
the suspended solids was silty clay using the procedure proposed by Shirazi
and Boersma (15). The CER values ranged from 1.5 to 3!1 with minimum
and maximum values occurring during the storm events of 19 December
1994 and 5 February 1995, respectively. The maximum suspended solid
concentration during these two events were 5682 mg I'" and 1995 mgl?,
respectively. The results show that when the sediment transport capacity
of the runoff flow increases the coarser particles become more detached
and transported. Consequently, the percentage of the fine particles (e.g.,

clay) decreases and corresponding CER also decreases.

Table 2. Particle size distribution of the sediment and corresponding CER

values.
Date Particle size distribution Geometric Geometric Soil Clay
mean standard  texture!  enrichment
sand silt clay diameter deviation ratio (CER)
(%) (x 1000, mm)
- 1994
Nov. 8 1.8 391 59.1 4.1 5.7 118 24
16 ns 311 684 3.0 48 12 2.7
17 0.7 292 70.1 27 48 12 2.8
Dec. 19 0.8 228 764 22 4.4 11 3.1
20 09 292 70.1 6.7 43 28
1995 9
Feb. 5 1.0 60.7 383 7.7 52 11 1.5
6 0.3 449 548 44 52 12 22
7 1.0 407 583 4.0 5.5 2.3
Mean 1.9 406 575 4.4 51 - 11 23

1 'Using Shirazi and Boersma (15).
§ 9 =silty caly loam, 11=silty clay, and 12= clay.

Average CER from our experimental watershed was calculated to be
2.3, which is very close to values reported by other researchers
conducting studies in watersheds and in field experimental plots (17,

18, 19). The CER reported are 2.18 and 2.4 for the watershed with the
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same soil conditions of ours (17) and experimental field plots (18),
respectively.

The relationship between CER and precipitation and runoff
characteristics, such as rate and depth, average and maximum concentration
of suspended solids in runoff were evaluated by the regression analysis,
the results of which did not show any significant relation. The
relationship between CER and average suspended load is shown in Fig.
2. The relationships between CER and average (SS,) and maximum (SS,)
concentrations of suspended solids in runoff- are shown by Eq. [1]

and [2], respectively:

log (CER) = 1.77 - 0.465 log (SS,) R?=0.91; [11
log (CER) = 2.54 - 0.604 log (SSpax) R?=0.93; [21

10
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Fig. 2. Relationship between clay enrichment ratio (CER) and the observed

average sediment loads for five storm events.

Since the average value of suspended sediment concentration is
commonly available and is usually reported in the literature, this
parameter can be used to calculate CER. Egs. [1] and [2] show that

the CER decreases with an increase in suspension concentration.
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The highest maximum concentrations of suspended load in
watershed runoff is related to the precipitation events of 20 December
1994 and 5 February 1995 (5400 mg 1" and 5682 mg 1", respectively). One
reason for those high sediment discharges may be the severe cold and the
freezing surface soil conditions during sampling. Prior to ‘these
precipitation events the surface soil expands and constricts nocturnally and
soil aggregates scatter on the surface. Therefore, they could be easily
transported by the overland flow and would increase sediment concentration

in run-off.

Table 3. Properties of the storm, runoff events, and related CER values.

Date Rainfall Runoff Suspended CER
' load
Depth  Duration Intensity Depth  Max.  Mean Max.
mean max, mm mmhr mg!"
(mm hr' )
1994
Nov. 8 269 320 577 90 76 501 - 3950 24
16 19.5 560 225 60 51 363 1081 2400 2.7
17 468 620 447 90 269 6.00 - 2800 28
Dec.19 2038 800 267 60 65 061 53 1955 3.1
20 158 500 363 60 59 560 2149. 5400 L6
1995
Feb. 5 345 600 343 75 122 287 2676 5682 L5
6 564 1260 330 75 206 4.06 = 32080 2%
7313 740 305 60 86 320 901 2282 23
CONCLUSIONS

The quality of surface and groundwater deteriorates by the presence
of suspended clay particles. Because of the importance of clay particles in
attraction and transportation of plant nutrients and pollutants such as
pesticides and other agricultural chemicals, CER should be determined.

The CER is a property of the eroded  materials based on the presence of
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clay particles in them and the corresponding values in the soil surface
layers of a watershed. In. this study, the CER of sediment in the
runoff from ' eight storm events were analyzed. The results ~of the
regression analysis showed that the clay enrichment ratio is inverselly
related tc} the average concentration of the suspended sediment. The
equation which governs the relationship is:

CER= 59 (88,)) 0465 R?=0.91 [3]
This equation shows that due to the selectivity of erosion process,
high overland flow rates would have more transport capacity.
Therefore, the suspended sediments will become coarser in texture with
higher overland flows rates. For low rate conditions, tlie percentage of
clay-sized’ particles sizes will increase. This study showed that in our
experimental watershed, the average CER was 2.3 which is close to the
range reported by other researchers. Soil erosion should be minimized
because the colloidal materials are the most valuable particles which
control soil fertility, CEC of the soil, and other soil-water relationship

properties.

LITERATURE CITED

1. 1. Amin, S. 1982. Modeling of phosphorus transport in surface
runoff from agricultural watersheds. Ph.D. thesis, Purdue
University, West Lafayette, IN, U.S.A. 157 p.

2. Amin, S., A.R. Sepaskhah, and B. Keshmiripour. 1999. Rainfall
intensity distribution patterns in limatological conditions of Fars

province. Iran. J. Sci. Tech. 24:89-98.

3. Day, P. 1965. Particle fractionation and particle- size analysis.
In: C. Black (ed.), Methods of Soil Analysis. Part. I. Agronomy
9:545-561.

4. Foster, G.R.,, R.A. Young and W.H. Neibling. 1985  Sediment
composition for nompoint source pollution analysis. Trans. ASAE.

28:133-139.



11.

12.

13.

14.

15.

16.

Clay enrich ratio in
Frere, M.H.,, D.A. Woollhiser, J.H. Caro, B.A. Stewart and
W.H. Wischmeier. 1977. Control ¢f nonpoint water pollution from
agriculture: some concepts. J. Soil and Water Cons. 32:260-264.
Hudson, N. 1971. Soil Conservation. Martyr Chamran Univ. Press,
Ahwaz, LR. Iran. (Translated by H. Ghadiri, 1989, in Farsi). 470 p.
Massey, H.F. and M.L. Jackson. 1952. Selective erosion of soil
fertility conmstituents. Soil Sci. Soc. Am. Proc. 16:353-356.
Meyer, L.D. and S.H. Scott. 1983. Possible field evaluation of
sediment size distribution. Trans. ASAE 26: 481-485, 490.

Meyer, L.D., W.C. Harmon and L.L. McDowell. 1980. Sediment
size eroded from crop row sides slopes. Trans. ASAE 23:891-

898.

Ministry  of Agriculture of Iran. 1980. Soil Conservation and

Management in Iran: Past, Present, and Future. Office of the Soil
Conservation and Watershed Management, (in Farsi). 108 p.
Momtahan, H. and S. Amin 1993. Application of the ANSWERS
model for prediction of runoff and sediment from a small agricultural
watershed of Iran. Internal. Conf. on Environ. Geo-water and
Eng. Aspects. Wollongong, Australia. 8-11.

Rajace, Sh. 1996. Determination of clay enrichment ratio in runoff
sediment from agricultural watershed in College of Agriculture of
Shiraz University. M.Sc. thesis. Irrigation Dept., Shiraz Univesity,
Shiraz, Iran (in Farsi). 75 p.

Rhoton, F.E. and L.D. Meyer. 1987. Sediment size distribution
for selected soils. J. Soil Water Conserv. 42:127-129.

Sharpley, A.N. 1980. The enrichment of soil phosphorus in
runoff sediment. J. Environ. Qual. 9:521-526.

Shirazi, M.A. and L. Boersma. 1984. A unifying  quantitative
analysis of soil texture. Soil. Sci. Soc. Amer. J. 48:142-147.
Solhi, M. 1988. Soil genesis, morphology, physiochemical properties
and classification of Badjgah region soils (Fars province). M.Sc.
Thesis. Department of Soil Science,. College of Agriculture, Shiraz

University. Shiraz, LR. Iran (in Farsi). 140 p.

103



Amin & Rajaee

17. Stoltenberg, N.L and JL. White. 1953. Selective loss of plant

nutrients by erosion. Soil. Sci. Soc. Amer. Proc. 17:406-410.

18. 18. Swanson, N.P, and A.R. Dedrick. 1967. Soil particles and

aggregates transported in runoff under various slope conditions

using simulated rainfall. Trans. ASAE 10:246-247.

19. Young, R.A. 1980. Characteristics of ecroded sediment. Trans.

ASAE 23:1139-1146.

20. Wischmeir, W.H. and D.D. Smith. 1978. Predicting rainfall erosion

104

losses. A guide to conservation planning. USDA-ARS. Agricultural
Handbook No. 537. Washington DC, U.S.A. 58 p.



