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THTERNATIONAL SYMPOSIUM ON THE ASSESSMENT OF $OIL SURFACE
SEALING AND ERUSTING

GHENT, BELGIUM, 1985

A ROUTINE LABORATORY INDEX TO PREDICT THE EFFECTS OF SOIL
SEALING ON SOIJL AND WATER CONSERVATION,

i. pLAT

1. Focultad de Agronomia, Universidad Central de Venezuela, Maracoy - Vene-
zuela,

ABSTRACT

A simple method that measures both the aggregate stability of surface soil
to raindrop impact, and the changes in saturated hydraulic conductivity of the seal
formed in the upper port.of the soil in introduced. Drops of distilled water formed
by a constant head system are opplied 2,5 m, above o layer of soil cggregates in a
rolating sieve, at o constant selected rate. The water percolating through the
layer of soil aggregotes is collected and measured at short intervals. Hydroulic
conductivity values calculated for each time interval ore plotted versus cumulative
kinetic energy of the water drops reaching the soil surface. The index of sealing is
based on the minimum constant value of hidroulic conductivity, ond the cumulative
kinetic energy of falling water drops required to reach such value. Measurements,
during the last fourteen years in very different notural and trected soils in Venezue
lo, have shown very good qualitative correspondences of the index with field ond™
loboratory observations and measurements related to soil and water conservation
under natural ond simulated rainfoll, Very good correlations are shown between
this index and soil particle size distribution, specially with the clay, and the silt
+ very fine sond + fine sond, fractions. It is recommended as a laborctory reutine
method of characterization of the soil physical properties more related to problems
of soil and water conservation problems in tropical.rainfed ogricultural lands.

INTRODUCTION

Sealing on the surface soil generally is the result of the disintegration of
the original oggregation by impact of woter drops during rainfall, This heppens
when the soil is unprotected, after tillage operations previous to plonting, or in the
early stoges of crop growth. In the formed seal, the different sized psticles ore
oriented ond stratified, and as a consequence the large pores are fewer and the
bulk density is higher than in the soil below. Therefore, the soturated hydraulic
conductivity of this surfoce layer is generally low, limiting infiltration. The re~
duction in water inicke may reach one or two orders of magnitude, being the
prime foctor cousing flooding, water runoff, ond erosion. The amount of soil

removed by runoff water also depends mainly on the destruction of oggregates by
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raindrop impoct. ln many coses, os the surfoce sec! dries becomes @ crust hord
enough to interfere with the emergence of seedlings. '

The interactlons among rainfall characteristics, the originel conditions on
the soil surface, and the soil charocteristics couse the correlation hetween rainfall
and infiltration to vary widely. When the raindrops are larger the formed seal is
thicker because the original structure is destroyed to a greater depth. If roinfall
exceeds intoke rote, soil particles going into suspension in the ponded water tend
to segregate with the finer ones left on top. Due to rainfeil and soil characteris-
tics in most of the rainfed agricultural areas of Venezuela (Pla et ol, 1979; Pla,
1981), and in many other tropical and subtropical areas of the world, the secling
of the soil surface is the main foctor directly responsoble of runoff and erosion.
The resultont irregular water regime is the main couse of the very erratic and
defficient agricultural production based on seasonal rainfed crops in the tropics
(Pla et al, 1974, 1981). Appropiate utilization of the soils and management
practices to prevent these problems have been proposed, but the required practices
will vary with each particulor combination of rainfall” and soils. With the high
variability of the surface soils even in a some climatic area, it becomes very im-
portant to preview, through a simple laboratory test, the variable response of each
soil to the rainfall action, mainly in relation to seal formation.

In the past several laboratory methods have been developed, both for meo-
suring the ability of soil aggregates to resist the disruptive forces of rsindrop impact
(Mc Calla, 1944, Bruce-Ckine and Lal, 1975), the sealing effects ot roinfall on
the soil surfoce (Pereira, 1954 Mc Intyre, 1958), and both the rain infiltration ond
soils losses (Moldenhauer and Long, 1964} or soil detachment (Romkens et al, 1975).
Different systems of raindrops formation ond application to soil samples ranging from
a single soil aggregate to indisturbed soil cores, hove been used. Common to all of
them is the use of small laborotory samples and simulated rainfall with uniform rfain-
drop distribution at @ known and constant intensity. [ndices for erosion risk assess~
ment, bosed on the results of direct measurements of oggregote stability to rainfall
impoct (Bruce-Okine and Lal, 1975) and for indirect assessment of the "erustabi-
lity” of top soils through consistency values (De Ploey, 1981) have also been pro-
posed.

Taking into consideration the above referred experiences and based on the
very good correspondence with field and laboratory observations and measurements
in very different natural and treated soils in Venezuela (Pla, 1975, 1981; Plo et ol,
1974, 1979, 1981), there is proposed a new index to be used routinely for prognosis
of sealing effects on soil and water conservation.

MATERIAL AND METHQODS

Figure 1 shows the loboratory assembly for meosuring what we call "secl-
ing index", With the soi! sample and meosuring assembly for percolating water at
bench level, distilled water drops of 4,5 mm. diometer from three droppers 2,5 m.
above the soil surface are continuously applied for 60', at a constont calibrated
intensity of about 90 mm/hour. This approximately corresponds to the energy of
impact of the average 60 mm/hour for 30-60', natural roinfoll in roinfed ogricul-
tural areas of Venezuela (Pla, 1981; Pla et of, 1981).
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Figure 1.~ Laboratory system to mecsure the "waling index”,

Uniform raindrop impact distribution is cssured through the distribution of
the droppers above the soil and by a continuous rotation of the scmpie assembly
during the test. The soil somples consist on 40 gm, of sisved air-d=; aggregates
2-4 mm, in diameter, in order to assure a more uniform original matericl, Larger
oggregotes ore crushed to that size. When more thon 50% of the original soil
moterial is not aggregated or in oggregates less than 2 mm., common in sandy
soils, a sample of the whole soil is used. The sample is uniformly distributed on
the net of o 50 _Mm mesh sieve of about 6 cm. diometer. This results on a layer
of soil cbout 1 cm. thick when wet. A cylinder 30 cm. high is mounted on the
upper side of the sieve to form a splash-shield; therefore, oil splash returs to the
soil surfoce.

Oncethe falling water storts percolating through the layer of soil, it is
collected ond measured at 1-2 minutes intervals. Values of saturated hydraulic
conductivity (K} are coleuloted for each time interval, using the corresponding
volumes of percolating water, and hydraulic grodients. These grodients are cai-
culated assuming that the soil is essenticlly saturated with water and 1 em. thick
when percolation occurs, and taking for each interval the resulting overoge hi-
draulic hecd from the cumulative depth values of rainfall over percolation.
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Plotting K values versus cumulotive time, or versus cumulative impoct ki-
netic energy, the resulting decreose in K is associoted with the degree of seal for-
mation (Figs. 2 and 4), After a certain time or cumulative kinetic energy o mini-
mum constant vaiue of K is reached, which we call “sealing index".

~ RESULTS AND DISCUSSION

In order to demostrate the usefullness and universal application of the
method of measurement ond the "sealing index" derived from it, size very diverse
surface agricultural soils were tested. (Table 1, and Fig. 2).

Tabie 1.« Measurad ond colcuioted —bast fit equotions*— values of "sealing™ {Y1: minimum volue of hydraulic conductivity
in the "1wol® formed on the 1oil srface} and "wet sieving” {Y: woter-stable aggregotes larger thon 2 mm, given
81 % of dry waight 16il} indexes for different agriculturai 1oils in Venezuela. (X|: silt * very fine 1ond = fine sand
given in % of dey weight sail; Xg: cloy, given in % of dry weight wil).

X 8 X 08 -szc:.u(::j/ L:?jx- “WET sus:;r:g)moex-
son ORDER (2-250.M) (€2M) | Meowred Calculated Meosured  Calculored
GUANIPA Ultisal 7 10 25 20 " 15
CHAGUARAMAS Alfisal 7 17 10 12 7 15
BARINAS Alfisol 37 19 30 24 37 2
FANFURRIA Entisol 75 25§ 2 4 9 15
GUANAGUANARE Inceptisol 54 4 2 3 18 18
RICOA Vaertisol 14 86 7 6 4 29
CHRAGUARAMAS | Alfisol n 15 n 13 18 15
CHAGUARAMAS Il Alfisal ™ 19 7 8 16 ts
|cHaGuARAMAS 11 Alfisol 5 - 20 9 8 & 15
CHAGUARAMAS IV Alfisol 7 7 5 7 7 15
CHAGUARAMAS V Alfisol (34 28 3 5 18 16
CHAGUARAMAS VI Alfisal o 28 3 ‘ 7 té

‘Y| 291,82 -0,39X, - 18,1InXy (RZ = 0,82)
Y, 53,13 - 8,84 InX) (R2 = 0,17)
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FIGURE 2. Hydraulic conductivity (K} of the 1eal vi time of loboratory simulated rainfall at 90 mm/bour uiing
the system of figure 1, in sin different agricultural 10ils of Venazuela (see table 1),

Besides, "wet-sieving index" {Y3) values (water-stable oggregates larger than 2 mm)
for the some soils are given to check their correlation with the "sealing index® (¥ ..
With Y} and Y, as the dependent variables, stepwise multiple regression were run
with the different porticle size fractions and combination of them as independent
variables. The best fit equations selected to predict Yy and YZ' were!:

Y, = 91,82 - 0,39%; - 18,1InX, (R% =0,82)
Y2 =53,13 5 8,841nX, RZ = 0,17)

The highest correlation for "sealing index" (Y) was obtained using the clay (X;)
and the silt + very fine sond + fine sand (X) fractions as the independent variables.
No satisfactory correlation was obtained among the “wet-sieving index" (Y32) and
any of the porticle size fractions. Figure 3 shows the grophicol relations among Yy,
and the Xj and X, particle size fractions.

An independent testing of the best-fit equations in six different textured
Choguaramas soils (Table 1), shows similar correlations.

Figure 4, presents the grophical results of the "sealing index” test on those
soils,

As a demonstration of the very good qualitative correspondence of the
"cealing index” with field meosurements under simulated rainfall, figure 5 shows
the runoff, soil losses, and waterlogging results for six of the soils included in
table 1.
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FIGURE 3.- Geophicol representation of the relationthips - bett fit equation-between tha "sealing index” (Y|) or

minimum volue of K in mm/hour, ond the cloy {X2) and 4ilt + very fine sond + fine sand (X;) fractions
in % of dry weight soil.
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FIGURE 4.- Hydeaulic conductivity {K) of the seal vs time of laboratory timuloted rainfail at 90 mm/hout using

the meaturement systam of figure 1, in Chaguaramas surfuce soil with six different particie size
distributions. (Ses table V).
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The meawurements were made in 3 x I m. plots, along the slope, with air dry surfoce
soil tilled for planting. Although the infiltration rates reached at the end of the 60'
text period are generally higher thatn the minimum constant vaiues of K ("sealing
indices"),«their values are probably influenced by the higher hydroulic gradient
between the surface of the seal and the air dry soil inmediately below, ond by the
larger-up to 5 cm - original soil aggregotes in some of the soils.

FIGURE 5.- Cumulotive infiltration and 1oil srosion losses of simyloted rainfoll (100 mwn/hour) tests under Field cond

in six ogricultural 1oils (see table 1) with different "sealing indexes” Yy).
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TABLE 2.~ Propesed —11t oppronimotion— "seoling index” (Y2} wvaluation for rainfed ogricultural swih
in Yenazuslo.

SLOPE A TIME® KINETIC ENERGY** PROBABILITY OF:
{% in the field) (X : men/hour) {minutes) {Kgm/m®) {in bare 10il)
<35 30-45 40-90 Vary high
0=-2% 5-10 - - High
> 10 . . . Low

Runoff and erosion

<10 3045 60.90 Vary high
2-5% 10-25 . - High
>25 - - Low

Runoff and erosion

<25 3045 £0-90 wry o
»5% 25-50 - - High
> 50 - . Low

* Time requited ro reach the Y| volues with simulated rainfoll ot 90 mny'hour.

** Aporomimate cumulative kinetic energy of the simuloted rainfoll when the Yy volues are reached.

CONCLUSION

The proposed method is well odapted ro become a loborotory routine deter-
mination, simple, rapid and inexpensive, for measuring in a continuos manner the
maost important sealing effects of falling drops on the soil surface. Although the con-

ditions of formation of surface seals are not the same as field conditions, where vary-
ing weather produce a wide range in the actual size and energy of raindrops, ond the
limitations on the area of the samples, it appears that the resulting seals have similar
properties, at least qualifatively, in both cases. Asa single value, the introduced
“sealing index" appears to be o good approach for the physical routine characteri=
zation of the surfoce soil in rélakon to potential problems of soil and water conser-
vation, particularly in the tropics, '

The very low correlation of the "wet-sieving index” with particle size dis-
tribution demonstrate once more that the mechanisms and factors responsible for the
destruction of oggregotes are different according to the process involved. In the case
of seoling by waterdrop impact, the presence of soil particles not very lorge, with
platty shapes and low cohesion among them (silt, very fine sand, fine sand) favors
such sealing effects upon orientation on the soil surface. The cloy fraction helps to
reduce even more the saturated hydraulic conductivity of the seal, ond increases
the cohesion of particles and hordness of the crust when the seal dries out.

Further applications of the proposed method are possible through the mea-
surement and evaluotion of the silt + clay fractions moving with the percolating
water, and of the modulus of rupture of the surface crust tesulting from the seal
formed during the test when it dries out.
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