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Abstract: Plot scale studies are widely used to determine runoff and soil erosion model’s basic data. In order
to study the effect of plot size on runoff volume per unit area, plots with seven sizes differing in length (2, 5,
10, 15, 22.1, 25 and 30 m) and width (1, 1.2, 1.6, 1.8, 2 and 2.4 m) were constructed in Poldasht, northwestern Iran.
The experiment was conducted in a completely randomized block design using four replications. Plots were
established on uniform slopes of 9% with 1.4m spacing. Plots were installed on fallow and were maintained in
a bare condition in the study period from September, 2010 until June, 2011. The entire runoff volume collected
in tanks at the lower part of plots was measured after each event. Runoff from these plots was obtained for
eleven natural storm events during the study period. Our results confirmed that the unit area runoff decreases
in all events with a power function (0.82  R 0.95), as plots area increases. The degree of plot scale effect on2

unit area runoff is considered to change with the event characteristics, being low for little runoff-producing
events and high for larger runoff-producing events. Statistical analysis of unit area runoff verified that there
were no significant differences among the results of 15m and longer plots but in plots with 10m or lower in
length, the results were significantly different. It can be concluded that the 15m is the minimum optimal length
for accurately estimating runoff in plots. 
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INTRODUCTION Le Bissonnais et al. [4] confirmed that the effect of

Natural experimental plots have become one of the surface condition and spatial variability of soil properties.
most important methods of data gathering in surface Joel et al. [3] observed a decrease in the runoff coefficient
runoff and soil erosion studies. Basic data for developing with increasing plot size from 0.25 to 50 m ; they also
most empirical models such as USLE, MUSLE and RUSLE reported the validity of this trend even during continuous
were originated from natural plots and calibration of these runoff. Van de Giessen et al. [12] considered the
models at each region mostly is done using data obtained importance of rainfall-runoff temporal dynamics on the
from these plots [2-11]. As a result, research efforts are scale effect of plots and demonstrated that the scale effect
needed to investigate factors affecting plots data quality. varies enormously according to the temporal pattern of
Spatial scale or size of plots is one of these factors which runoff producing rainfall event. 
directly affect measuring surface runoff by means of field Literature review shows that there is not a single
plots. The effect of plot size on measured runoff or soil scale effect for all conditions and it is reported to be site
loss from natural plots is known as plot scale effect [6]. A specific and dependant on the size of the monitored plots
quick review of the literature shows that, plots with a wide or catchments besides there is a very limited database on
range of spatial scales have been used by researchers for natural plots data in Iran so that, the main objective of this
estimating surface runoff and in most cases there isn’t study was to determine and quantify the scale effects of
any rationality for selecting each size or spatial scale of runoff plots in a range of plot sizes generally used by
the plots [1-2-6]. different researchers.

scale on runoff generation is highly dependent on the
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MATERIALS AND METHODS

Study  Area:  Plots  used  in  this  study  were constructed
at  the  experimental  watershed  in  Poldasht  region  of
the  West  Azerbaijan  province  which  was  located  in
the  Northwestern  of Iran. The watershed encompasses
an area  of  300  km   between   39°00'-39°15'   N  and2

44°45'-45°10'  E.  According  to  Domarton  classification,
the climate of the region is arid with the mean annual
precipitation of 223 mm and mean annual temperature of
13°C. The soils have generally sandy clay loam texture
and have about 0.58% and 16% organic matter and CaCO3,

respectively [9]. 

Plots Construction: In order to determine the scale effect
of plots on surface runoff seven plots, differing in width
and length, were constructed in a uniform slope of 9% at
three replications thus total 21 plots were installed in a
completely randomized block design for runoff
measurements. Table 1 shows the details of plots length
and width. Plots were installed on fallows and maintained
in bare condition during the study period by means of
herbicide treatment [7]. Plots were ploughed in slope
direction in September 2010. The plots were surrounded
using soil stack with a height of 30cm to direct generated
surface runoff to the lower part of plots where runoff
collection systems composed of gutters, pipes and tanks
were installed [11]. Fig. 1 shows the geographical location
and plan of constructing plots at the study region.

Hydrological Measurements: From September 2010 to
June 2011, surface runoff was monitored on the
constructed plots. Runoff collected from the plots was
manually measured after each runoff producing rainfall
event. Precipitation amounts and characteristics were
directly measured by an automatic recording tipping-
bucket rain gauge located about 200 m from the
experimental plots.

Table 1: Width and length of the plots

Plot Name (Treatment) Width(m) length(m) Plot Area(m )2

P1 1 2 2

P2 11.2 5 5

P3 1.6 10 12

P4 1.83 15 24

P5 2 22.1 40.44

P6 2 25 50

P7 2.4 30 74

Fig. 1: Location of experimental watershed and plan of
constructed plots for one of the Blocks

Statistical Analysis: This experiment was carried out with
completely randomized block design with three
replications for each size of plots as treatments (Table 1).
To assess the scale effect of plots, total runoff volume of
each plot was divided by the area of plot to obtain unit
area runoff (lit/m  equal to mm). Unit area runoff (UAR) of2

all plots for each rainfall event was analyzed separately by
analysis of variance using of the statistical analysis
system (SAS version 9.1). Mean separation was done by
Duncan range test.

RESULTS AND DISCUSSION

Rainfall Events: During the study period 11 runoff
producing rainfall events was occurring. Characteristics
of these events are presented in table 2. Precipitation
regime within the study period, showed high seasonal
variability and all of the runoff producing events was
occurred during April, May and early June. Mean
Intensity of runoff producing events were between 0.6
and 3.13 mmh .1

Plot Size Effect: There was a tendency toward increased
amounts of runoff with decreasing the plot size. On
average, the mean amounts of runoff per unit area in small
plots (P1) was 1.75 to 3.98 times greater than the large
plots (P7) at different rainfall events. Regression analysis
of the plot size effect against unit area runoff showed that
the following power relationship significantly describes
variations of UAR against plot size of each single event.

UAR  = a  × Aei ei
bei

Where, UAR  represents the mean unit area runoff (lit/m ,ei
2

equal  to mm) for ei event; A is the plot size  (m );  a   and2
ei



ei

i i

b
e eUAR a A=
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Table 2: Characteristics of runoff producing events during the study period

Event Event date Rainfall amount(mm) Mean Intensity(mm h ) I (mm h ) Kinetic Energy*(MJ ha )1 1 1
30

E1 05 April 2011 7.5 2.69 5.8 1.25

E2 23 April 2011 5.5 0.80 3.8 0.78

E3 27 April 2011 13.0 0.82 6.0 1.93

E4 01 May 2011 11.0 1.51 2.4 1.50

E5 06 May 2011 3.5 1.06 2.4 0.45

E6 08 May 2011 6.5 2.19 4.8 1.01

E7 13 May 2011 6.5 1.09 9.0 1.14

E8 20 May 2011 4.0 0.60 1.6 0.47

E9 30 May 2011 6.0 0.62 3.6 0.83

E10 04 June 2011 9.0 3.13 15.9 1.91

E11 09 June 2011 11.0 1.90 5.0 1.80

* Kinetic energy was calculated using: E= 210.3 + 87log(I) [13]

Table 3: results of regression analysis of UAR (mm) against plot area
(m ) for each event2

------------------------------------------- Coefficient of
Event a b determination (r )*e1 ei

2

E1 5.77 -0.373 0.83*

E2 0.92 -0.275 0.90*

E3 6.48 -0.411 0.89*

E4 1.65 -0.276 0.91*

E5 0.35 -0.193 0.94*

E6 1.33 -0.301 0.87*

E7 6.08 -0.429 0.93*

E8 0.32 -0.165 0.95*

E9 0.84 -0.244 0.91*

E10 9.83 -0.401 0.95*

E11 6.60 -0.397 0.89*

*P value for all relations <0.01

b  are empirical coefficients which are particular for eachei

event (ei). 
Results of UAR and plot size relationship for each

event were presented in table 3. It can be concluded from
the negative amounts of b  in table 3, that the amount ofei

unit area runoff decreases as plots area increase in all
recorded events. As a general pattern for all events, the
relationship between unit area runoff and plot area was
shown in figure 2 based on the above equation.

Results showed that the small plots tend to produce
high amounts of runoff in comparison with large plots.
Mean unit area runoff for P1 plot as the smallest plot was
between 0.28mm and 6.66mm for E5 and E10 events
respectively, whereas these amounts for P7 as largest plot
were 0.14mm and 1.89mm for above mentioned events.
The decrease in unit area runoff with increasing the
contributing area shows that the most of the runoff
generated throughout the large  plots  is  infiltrated  down

Fig. 2: Relationship between UAR and plot size for the
E1 event

slope and doesn’t reach to the plots outlet. Similar results
were reported by Mayor et al. [5], Van de Giessen et al.
[12] and Joel et al. [3] with the different range of plot sizes
and rainfall regimes. Van de Giessen et al. [12] verified
that the 12 m  plots produce only 40% of measured runoff2

in 1.25 m  plots. Joel et al. [3] also observed a sharp2

decrease in the runoff coefficients from small plots (0.25
m ) to large plots (50 m ). It seems that the increased time2 2

of hydrological response in large plots affects the pattern
of the runoff redistribution over the plot surface and
provides high infiltration opportunity in those plots [1]. 

Contrary to our observations, Thomaz and Vestena
[10] found that there is no significant difference between
the amount of runoff in 1 and 10 m  plots. These authors2

worked on a subtropical region with an average annual
precipitation of 1914.9 mm and a frequency of one storm
every four days. Therefore, these conditions resulted in
high antecedent soil moisture which decreased the effects
of infiltration processes in plots and subsequently
eliminated the effects of scale on plots.



Am-Euras. J. Agric. & Environ. Sci., 12 (9): 1148-1152, 2012

1151

Table 4: Comparison of plot size effect on UAR (mm) for each rainfall event

Mean UAR (mm) for each event

Plot Size --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

(Treatment) E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11

P1 4.66 0.78 4.07 1.36 0.28 1.03 4.50 0.28 0.70 6.66 4.33a a a a a a a a a a a

P2 2.60 0.66 4.06 1.23 0.26 0.74 2.80 0.26 0.64 5.66 4.00ab a a a ab ab b a ab b a

P3 3.36 0.38 2.88 0.68 0.23 0.86 2.61 0.20 0.40 4.38 3.19bc b b b abc ab bc a bc c a

P4 1.44 0.34 1.56 0.67 0.20 0.48 1.47 0.19 0.37 2.45 1.54c b c b bc b bc a c d b

P5 1.20 0.33 1.17 0.56 0.15 0.40 1.21 0.16 0.31 1.97 1.38c b c b c b bc a c d b

P6 1.30 0.32 1.16 0.58 0.16 0.36 0.92 0.18 0.34 2.03 1.22c b c b c b c a c d b

P7 1.39 0.31 1.32 0.55 0.14 0.38 1.13 0.16 0.32 1.89 1.43c b c b c b bc a c d b

Mean separation by Duncan range test (P = 0.05)

In support of the achieved general trend that used as a key approach to introduce 15m as an minimum
confirms the decreasing of unit area runoff with increasing optimal length for runoff measuring with the aim of
plot size, in the next step mean unit area runoff of each calibrating ULSE family models such as MUSLE or USLE-
plot size was statistically analyzed using completely M in field plots. 
randomized block design and unit area runoff mean
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