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DEVELOPHENT OF A NEJ LAROHATORY MRTHOD FOR TSI

DETERMINATION OF S0TI CRUST STRENGHT
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ABSTRACT

The mechaniecnl imp‘erlnnce of soil gseals or moil erusts has been
defined in terms of "wodulus of rupture" of artificially prepared soil
briquets. Many investigaters expressced grave doults about the applicati-
on of laboratory results [rem the modulic of rupture technique to field
conditions,

A new method was developed to overcome the basic faults of medulus
of rupture and to determine the goil 'crﬁst girenght simulating the emergen—
ce of weedlings in laboratory conditions. This new method was based on the
estlbliphman‘t of soil crusts in containers under artificial rainfall, and
punoturing the crusts from underncath with pre-positioned probes in the
containers. With some modifications, standart "modulus of rupture appara~
tus" were used for the measuremonts. Direct measurement of the strenght
of 80il surface seal would be desirable because the lorce applied to PUN G-
ture the crust would be comparable with tho forces exerted by emerging

geedlings.

INTRODUCT ION

The mechanical impendance of soil seals or 50il crusts is one of
the primary factors effecting seed germination and emergence. Soil crust,
ag 1 to 5 mm thick compact layer of s5oil on the surface, reduces soil

aearation, decreases water infilliration rate and thus favurs water erosion
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due to incroased surface runoff (8,10,19).

The formation of soil orust in due to the compaction of soil
surface for various reasons. Any mechanical effect disturbing the struo—
ture of the noll surface may cause orust formation. The dinintegration of

s0il ageremates into individual soil rarticles, and recomhination of these

" particles into a etructureless mass of compact layer on the soil surface

under natural rainfall and drying sequences are the primary procesgses in
soil crust formation (g ).

The formation of soil crust, ites thickness and hardness or strenght
depend on the intensity of the factors which disturb soil structure, and
on the stability of soil structure, Therefore, the mechanical effects of
raindrops and the soil properties which determine the structural stability
should be considered together when dealing with =0il crust formation.

Mc INTYRE (1958) outlinco the crust formation nm rollowst
&) Breaking of soil aggregates due to woetting and impact action of raindrops
and dispersion of soil particles; b) Traneportation of dispersed particles
into pores and cracks in the uppermost 1-2 mm layer; ) Hardening of this
layer due to the cementing action of transported material upon drying,

The determination of hardness or strenght of soil orusts is
esgential in research work on its formation and its effeots on crop
production. RICHARDS {(1953) proposed the "modulus of rupture® technique
for establishing an index for the strength of soil crusts. His method of
determination of crust strength is based on the measurement of breaking
reaistance of artifical soil briquets. This method has received a consi-
derable acceptance and has boen used extensively., However, many investiga-
tors expressed grave doubias about the application of laboratory results

from the modulus of rapture technique to field conditions (2.3,19‘).



In this work a new index for goil orust strength was proposed,
This new index, being a meacure of the resistance of 80il cruste to
seedling emersence, was dotermined by simulating the emerging action

of seedlings,
MATERIALS and METHODS

In the developmont of the proposed technique, it wni assumed that
the simulation of the breakins and puncturing action of an emerging coleop—
tile and measurement of the force excrted by it to the =0il ecrust would be
the most lorical and direct approach in determination of crust etrength,

For the purpose of simulating the emerging cotton coleoplile,
eylindrical steel rods, 5.9 mm in diameter and 12 mm long, were attached
to 3 mm diametor pteel shattn; ond wpper end of the rods were rounded
to resemble the tip of ocottoen coleoptiles, The dimensions and the shape of
the rods suffioiently resembled ootton volaoptile (2).

To hold be so0il pamples and artifical coleoptiles during crust
*oz-tion and crust strength measurements, containers measuring 12x11x7 com
Ilﬁi'tlbrlcated uging 5 mm thick acrylic sheets (Fig.1). To the bottom of
:‘ﬂh oontainer an acrylic bushing with 3 mm hole wags {lucd to support and
guide the artifical coleoptiles. The containers were provided with drainage

holes and 30 em suotion tubings,

SOIL SAMPLE

COARSE SAND

VERY COARSE SAND

Figure 1. Soil container and the artifical coleoptile assembly.
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In order to obtain soil orusts under various rainfall intensity
and duration, an artifical rain maker was used. This apperatus was con-
pisted of a raindrop former amscmbly and a constant level yater supply
tenk, The prescntly available artifieal reinmakers (1,4,5,6,7,11,12,13,
14,17,18) were rewioved and a throug consideration has Leoon given to the
factorn controlling the size, wnifommity and velocity of the raindrops and

the overall intensity.

PROCEDURE

The artifical coleoptilcu were mounted into the bushings on the
goila containers; their tips being 25 mm below the upper edge of the
coentainers. The containere were rilled with 20 mm of very coarse sand
(2-4 mm) and 20 mm of ooarsc vand (1-2 mm), Then on top of these sand
layere, air dry roil samples (Cnyhan Series) which were passed through
2 mm sincvo wore pnokad to thoir nalural bulk dennity. Tho soil oamplen
in the containern were wettod throus the suction tubor and allowed to
stand overnight under 2 cm suction.

The containers, filled with s0il samples and fitted with artifi-
cal coleoptiles, were placed on a vlowly rotating Loble, and the suction
tubes were positioned for 20 cm of suction, The raindrop maker assembly
was placed 10.5 m above the poil camples to asmure or terminal raindrop
velocity. Then rainfall of varying intensity and duration was simulated
over the goil pamvles,

The soil samples which were subjected to artifical rainfall
were placed into a forced draft oven at 40°C and allowed to dry to va-
rioug moisture contentg,

The crust strongthe of the soil samples, expresged as their
resistance %o the puncturing effect of cotton colecptiles wers meagured
on a golution type bewn Ealuncc (20 Xg copacity). Por this purpose,

a fixed platform wag constructed above the balance plate {Fig.2). To

perform the measurements, the containers holdinz the crust formed soil
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Figure 2. The experimental set-up uwoed for crust strength measurements.
i

sampld_‘ was mounted on this fixed platform, with lower end of the artifi-

cal oql.iopti].e extending towards the balanca plate. A water ocolleaction

bung to the end of the balance beam and metal blocks of proper
LB re placed between the lower end of the coleoptile shaft and
balanfqi ,p;l..ttl in order to transmit the upward motion of the balance plate to
the oof'leop'l:ile shaft. 4 jet of water, adjusted to provide 2000 ml/min deli~
very rate, was directed to the water collection wessel. 'Thin loading action
was tranemitied to the soil crust from undermeath it by the artitical caleop-
tile. When the artifical coleoptile punctured the soil crust, the water col-
lection vessel dropped euddenly and thus the delivery of water to it stopped
automatically. Than the weigth of water in the vessel was determined aﬂd
divided 1:;(I the cross section of the artifical coleoptile (27.326 mm2) to

calculate the strength of the seil crust, in unite of g mmuz.

Crust strength (imu'l'z )

DISCUSSION

The primary conscern in thie work was the determination of crust

gtrength wnder a set of conditions similar to those which prevail in the

field and expericnced by emorging seedlings., Therefore, processes such as

crust forming effects of rainfall and the pushing action of emerging

seedlingn on the moil erust were simulated. The results of crust strength

meagurements by the propened technique, and the modulus of rupture deter—

minations ror the s0il crusts cbiained under similar experimental conditi-

ong are presented on figure 3.
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Figure 3. The crust strength and modulus of rupture as related
to moisture contents for soil orusts formed under a
simulated rainfall of 20 mm hr~) intensity and of

1 hour duratiqn.
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Both the crust strength values and modulus of rupture are highly depended on

the moisture content of s0il crusie. However, this dependence on moisture
content is far moére pronounced in the case of modulus of rupture; probably
indicating the inandequacy of the technique in the quantization of tho ef-
feot of gcoil crusts on seedling emergence. Comparison of the proposed
technique for the measurement of soil orust gtrength with other reported
techniques, on the basis of the basic principles and procedursen,may re—
veal its higher validity and apprlicability to natural field conditions.
The modulus of rupture technique (15) is based on the messurement of
binding strength of structural materials and the breoking forec aprlicd
to the moil briquettes cannct clesely reflect the force applied by the
growing tip of coleoptiles. On thig line of oritimizm, LIEMOS and LUTT
{1957) pointed out that the modulug of rupture values would not {ndicate
the strength of soil cruste farmed under natural field conditions. T —
hermore the flexibility theory utilised in the above mentjicned technique
has been abondoned because of the limited properiionality between stress
and comprespion along a materinl during bending (2)e Therefore, it is
highly desirable to develop a new crust strength measurement technique

in which the astual hreaking or puncturing action of seedlings in ubili-
zed, The technique presented in this Paper scems promising both on the
bagic principle of meanuren~ni ¢ on ite implementation in rield measu—

rements of soil crust strength with certain uncomlicated modifications.

REFERENCES

1- ADAMS,J.E.A portable rainfall simulator infiltrometer and physical
meanurcment of poiln in place. 5o0il Sci.foo,Amer. Proc.
P AT-ATT. 1957.

2= ANNTP, . The nature of the meohanical impedance to necdlinge by seil

crust seals. Aunt. T.350il Tes, 3:45-54. 1965 a.

3~ ARNDT, “. The impedance of rnil mealr and the {nrces of emerging

gandlings. Aurb.JoSoil Bos. 3155-68, 1965 h.

A— BARNES,0.F. and GL,C05TEL. A mobilo inrfilirosmnter. J.Amor.Soce Asiron.
49: 10%-107. 1957.

5— BUBENZER, G.D. Effect of Drop Size and Impact Velocity on tho
Detachment of Soils wnder Simulated Tiainlfall. Ph.D.disser—

tation, Univerdéity of Illinoim, Urbana, IIL.1970.

6— CROYW, V.T. and T.F. HARBAUGH. lnindrop produstion for labhoratory

watershed experiment:ation. J.Geophsy. Res. T0:611-6119,
1965,

7= ELLISON, W.D. and 9LJGLPOMERINT. A Tainfall applicator. Ag. Engr.
253 220-228. 1944.

8- HADAS,A. and E.SVIBES. Soil crusting and emcrgonce of wheat
seedlings, Agron.J. 091 547-590. 1977.

9— HILLEL, D.Cruct formation in locanial soils Trans. Tth, Int.

Congr.Soil Sei. {1960}. Voli l.pps 330-338. 1961.

10~ LBMOS,P. and J.T.LULZ. Soil crusting and some factors affecting it.
So0il Soi. $oo, Amer.Proe. 213 4B5-490. 1957.

11— McCALLA, T.M. Vaterdrop method of determining utahilify of structure,

Secil Sci. 581 117-121. 1944.



12~ McINI'YRE, D.S. Permeability mensurements ol soil crustn rormed Yy

raindrop impact. Soil Sei. 853 189-189. 1958,

13- NUTCNLER, C.K. and W.C.MOLDENHAUBR. Appliontor for Inbaratory rainrall

simulator. Trans, ASAE. 63 220-222, 1961,

14~ PERERIA, H. A. rainfall test for structure in tropical soils. Je
Soil 8Sei. T1 68-74. 195G,

15~ REEVE, R.Ce. 1955. Modulus of Rupturc. In C.A.Black (cd.) Methodsn or
Soeil Analyzin, Part I. Agronomy series, Ho.9 ASA ladison,
Wis.USA. 53711 p. 466-471. 19G5.

16.-‘RICI{ARDS, LsAs Modulus of rupture as an index of soil crunting,
Soil Sei.Soc.Amer.Proc. 1T 371-323, 10573,

17— SREFNIVAS, L., J.R.JOHNSTON, and H.N.HILL. Somo rolutionship
of vegetation and soil detachment in the crosien process,

Soil Seis Soc,Amer,Proce 12y 471-474. 1947,

18- STEINHARDT, H. and D.HILLEL. A portable low intensity rain
simulator for field and labaratory. Soil Sci. Soc. Amer,

proc. 303 601-662. 1966,

19— TACKEPT, JuoL. mnd RoW. PEARSOHN. Soms characbericl icn of peil crustso

formed Ly simulated rainfall. Soil Sci. 994 A0T-413.196%,



