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Abstract

Laboratory studies were conducted to determine the effects of four levels of
soil compaction and five moisture suctions on the relationship between penetro-
meter soil strength and emergence of maize and cowpea seedlings for five constrast-
ing soils of Western Nigeria. Compaction (bulk density) and moisture suction
accounted for 75 — 88% of observed variation in soil strength and affected seedling
emergence at specified soil strengths. The effect of compaction or moisture suction
on the relation of seedling emergence to soil strength depended on soil and crop
species. The rate of cowpea seedling emergence, which was about two-thirds that
of maize, was more adversely affected by compaction than by high moisture suc-
tion. Cowpea  emergence ceased when  soil  strengths  ex-
ceeded 8 kg/em? in the clay foam or 10 kgfem? in the sandy clay loam and sandy
loams, while corresponding values for maize were 14 kg/cm? for the clay loam and
18 kg/em? for the other soils.

Introduction

The physical resisitance of soil to the growing seedling is 2 conside-
able factor in crop production as it affects the establishment of a uni-
form crop stand of a desired density and subsequent plant develop-
ment. Soil parameters known to influence mechanical impedance
include texture (Cassel et ¢l 1978; Byrd and Cassel, 1980), bulk density
antl moiture content (Taylor and Gardner, 1963; Cassel and Nelson,
1979). Seil strength appears to be a critical impedance factor that is
commonly used to relate mchanical impedance to seedling emergence.
It is usually estimated by measuring penetration resistance of soil to a
probe or penetrometer (Parker, Jr. and Taylor, 1965; Amdt, 1965;
Farrell and Greacen, 1966).

The effect of soil compaction, which commeonly results from cultu-
ral practices of crop preduction, on seedling emergence is noted
through the changes in soil strength. Normally, soil strength and impe-
dance of emerging seeeling increase with bulk density, the relationship
18 however not a simple one but depends on soil type and interactions
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of bulk density and soil water content (Taylor and Gardner, 1963;
Hemsath and Mazurak, 1974). In the tropics, soils have predominantly
weak structure that deteriorates rapidly as a result of cultivation or
increased use of farm mechinery in cultural operations. This physical
condition enhances compaction and poor physical regimes that may
mechanically resist seedling emergence. Athough the effects of bulk
density and moisture regime on soil strength have been reported for
some WNigerian soils (Maurya and Lal 1979), comparatively littie is
known about the effects of soil physical characteristics on seedling
emergence of the various crops (Falyai and Lal, 1979; Fapohunda,
1986) Knowledge of these is however required for management aimed
at miung soil impedance and ehancing crop productios.

The objective of this study was to determine the relationship of com-
paction and matric suction to soil strenghth and secdling emergencs
under controlled laboratory conditons.

Materials and Methods

Five soils of widely contrasting pysical properties ranging from clay
fovam to loamy sand in texture were collected from the upper 15 em
layer under secondary bush regrowth in Nigeria for these studies. With
the exception of Ogun soil, containing smectite, the soils contain pre-
doruinantly kaolinite in the clay fraction. Table 1 summarizes the
classification (Harpstead, 1973) and characteristics of the soils. Soil
samples were air-dried and crushed to pass a 2-mm sieve. Soil cores
5.5 cm in diameter and 5 em long were prepared by compressing (using
an hydraulic press) a known weight of slightly moist soil to give
bulk density (oven dry basis) values of 1.0, 1.2, 1.4 and 1.6 g/em®.
The cores were then saturated with water and equilibrated on
ceramic plates to matrie suctions of 0.3, 0.5, 1.0, 5.0 and 5.0 bars.
Three 2.5 em deep holes were formed in the bottoms of the cores and
seeds ol maize (Zra mays L. var, ‘FARZ 34°) or cowpea ( Vigna ungui-
claie S5.8p. unguiculata (L.) Walp var, ‘Vita b), partly-germinated by

-soaking in wet cheese cloth for 36 hours, were gently pressed into the

holes. The holes were then filled back with soil and firmly pressed to
provide good contact and footing for the seedlings. The surfaces of the
cores were covered with lint and left in a humid chamber at 25°C
until emergence or 5 days afier planting. Three cores were prepared for
each combination of bulk density, suction and trop type.
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TABLE 1! CERTAIN CHARACTERISTICS OF EXPERTMENTAL SOILS

Sail _ CEC
No.  Series Classification Sand Silt Clay Texture O.M, me/100g
%
1. Apomb Typic Ustorthem §73 49 78 [ 2.2 45
2 fwa OxicPaleustall 725 11.1 164 5L 25 83
3. Alagba Oxic Palsustalf 750 9.3 15.7 sk 2.6 b9
4, lagunmod Oxic Paleustul 67.8 23 234 SCL 3.2 0.5
5. Geun Vertic Tropaguept 58.8 12.3 283 CL 36 18.3

Penetration tests were conducted five days after planting by allowing
a 2-mm (surface) cylindrical probe to penetrate the top 2.5-cm depth
of the cores at the rate of 0.2 cm per min. The probe head was connec-
ted by a stem of smaller diameter to an Eijekamp pocket penetrometer
and mounted on a low-speed motor-driven jack. The scale on the pene-
trometr was re-calibrated to read in units of penetration resistance in
kgfem? . Gravimetric water content, bulk density and particle size
distribution were determined on the core samples. Air-filled porosity at
each bulk density level was estimated from (otal porosity and volume-
tric ‘water content. Chemical detesminations on the bulk samples were
carried out for organic matter content by the Walkey-Black methed,
cation exchange capacity and cxchangeable Ca, Mg, K and Na by the
ammonium acetate method.

Results, Discussion

The relationship between penetrometer soil strength amd moisture
suction ai different levels of compaction or bulk density is shown in
Figz. 1. Soil strength inereased as bulk density or matrie suction ineren-
sed. Soil strength at a bulk density of 1.0 gfem® and moisiure suciion
of 0.%.bar ranged from 0.51 kgfem? for the loamy sand o 0.82 ky/cm?
for the clay loam. Corresponding values at o bulk density of 1.6 gfem?
and moisture suction at 5 bars were 18 and 98 kgfem? respectively.
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Considerable differences among soils were noted in the strength-
suction—compaction relationships, reflecting textural disparity of the
soils (Hemsath and Mazurak, 1974). While the loamy sand showed
progressive increases in strength with increasing compaction or suction,
a small compaction or increase in suction of the clay loams resulted in
rapid increases in soil strength. The increased suction and compaction
apparently resulted in greater cohesive forces between particles of the
clay loams compared to the loamy sand because of higher clay contents
of the former. This explains the ohserved closer relationship between
soil strength and moisture suction (r = 0.56) in the sandy loams and
clay loams compared to the loamy sand (r = 0.38).

The combined effect of compaction and meisture suction
accounted for 75% and &8% of the observed variations in soil strength
of the loamy sand and clay loams, respectively. Results of the anaylsis
of variance for the experiment (Table 2) showed that the cffects of
compaction, mositure suction and bulk density x moisture suction
interaction were significant at <5% level.

TABLE 2: ANALYSIS OF VARIANGE SHOWING INFLUENCE OF
DENSITY AND MOISTURE SUCTION ON SOIL STRENGTH.

S‘ou-rce' o Degrf?es of Mean square
Variation freedom

Bulk density {BD) 3 22597 xF
Suction (Suc_)‘L 4 8605 *
Soils e 4205 *
BD x Suc. 12 283 0 %
Error (Main) 12 [27.4
Error {sub-plot) b4 i

B OF values are significant at the 1% level
* T values significant at the 5% lovel
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Seedling clongation in the 2.5 cm soil layer was influenced by soil
strength as shown in Figs. 2 and 3 for maize and cowpea. Generally,
an mecrease in soil strength decreased elongatien rateor increased time of
emergence of seedling. An exception however occurred _with maize in
the loamy sand and the sandy loams where soil compression from a
bulk density of 1.0 to 1.2 g/em® with moisture suction at 0.3 bar im-
proved seedling emergence, apparently due to increased soil-seedling
contact. Maximum elongation rates for maize seedlings at these opti-
mum treatment levels averaged 2.7 cmfday for the clay loam and
3.1 em/day for the coarse textured soils (including the sandy clay
laom). The coarse textured soils behaved alike in relation to maximum
cowpea elongation rdte (averaging 2.8 cmjday) which was higher than
on the day loam soil (1.6 c¢m/day). On the average the time required
for maize seedling to emerge from a 2.5 cm soil core was two-thirds and
three quarters that of cowpea in the clay loam and coarse textured
soils, respectively.

Maizc and cowpea seedlings differed markedly in their abilities to
cmerge from compressed soils. Critical soil strength where ne emer-

gence oceurred, varied from 14 kg/em? in the coarse textured soils
to 18 kg/em® in the clay loams for maize and correspondingly, 8 to
10 kg/em® for cowpea. These values are considerably lower than actual
measured seedling emergence forces reported in literature (Drew and
Buchele, 1962; Clifford and Thran, 1969). The éffect ol soil strength
on seedling emergenee which accounted for 56% and 73% of observed
variations in cowpea and maize emergence, respectively, was noted
through the changes in soil hulk density and moisture suction. Dec-
reased emergence of cowpea appeared to be more related to compac-
tion (r = —0.89) than to high moisture suction (r = —0.74). Cowpea,
like other dicotyledons “as reported by Parker and Taylor (1965)
emerge by shearing and lifting parts of the soil rather than “worm”
its. way through the soil like maize, thereby requiring considerably
greater force to emerge in-compact or high-strength soils such as clay
loams. Bulk density and mositure suction levels associated with eritical
soil strength values are 1.4 g/em® and 1.0 or 3.0 bars. respectively.
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Summary and Conciusions

The general relation of seedling enrergence to bulk density and mois-
ture suction in this study was partially atiributed to soil strength: only
56% and 73% of observed variations in cowpea and maize seedling
emergence were attributed to soil strength. This resuit implies that
some other factors unexplained by physical resistance constitute tmpor-
tant sources of variation in seedling emergence. For example, seediing
pressure, guttarion and aeration have been suggested to influence geedl
ing emergence of some crops (Hanks and Thorpe, 1957}, Among soils
used in thiz study, airfilled porosity was iowest in the clay loams,
raning from 10% to 19% at highest and lowest bulk density — suction
treatment levels, respectively. It is unlikely that the oxvgen level woud
be low enough during the experiemns to inhibit seedimg growii.

The ranges of soil bulk density and molsture regimes of this experi-
ment are representative of those commonly encountercd in soils under
bush fallow and different stages of cultivation across Western Nigeria.
Although results of remolded cores are consistently higher than m-situ
seedling impedance determinations on well-structured field soils, the
results of this study however are useful in indicating what level of com-
paction and water suction can be expected to adversely atfect seedling
emergence in these and similar soils. The knowledge of this is required
in management aimed at reducing soil impedance to emerging seedling
and enhancing crop yield.

References

Arndt, 1965, Nature of mechanical impedance to scedlings by soil surizee seals;
Aust. |, Soil Res, 3: 45 — 54,

Byrd, C. W. and Cassel, D. K. 1930, The effect ol sand conlent upon cone index
and selecied physical properties. Soif Sci. 129: 737 — 204,

Cassel, [, K. Bowen, H. D. and Nelson, L. A. 1978 An evaluation of mechanical
impedance for three Liltage treatments on Norfolk <andy Team. Sail Sci. Soc,
Am. [, 42: 116 - 120,

Caussel, D. K. and Nelson, L. A, 1979, Variability ol mechinical impedance in a
tilled one-heclare field of Norfolk sandy loam. Sed Sci. Soc. Am. [., 437450455

Drew, L. O. and Buchele, W. F. 1962, Emergence force af plants. Paper No. 62 —
64| presented at 1the Winter meeting of the ASAE. Chicago, I,

24

Cr




L]

Falayi, O.and Lal, R. 1979. Effects of aggregate size-and mulching on erodibility
crusting and crop emergence, pp 87—93. In R. Lal and D. }. Greeland (eds).
Soil phvsical Properties arid Crop Production in the tropies. |ohn Wiley and
Sons. NY. 551 pp.

Fapohunda, H. 0. 1985, Crop emergence as affected by soil and irrigation Plant
and Soil, 92:201 — 208,

Farretl, D. A, and Greacen, E.L. 1966, Resistance to penetration of fine probes in
compressible soil. Aust. /. Soil Res., 4: 1-17.

Gifford, N, 0. and Thran, D. F. 1969. Equipment for measurement of emergence
force of seedlings, Crop, Sci. Abstr.,, p. 23. Western Soc. Crop Sci., Reno
MNevada.

Hanks, R. J. and Thorpe, F. C. 1957. Seedling emergence of wheat, grain sorghuim
and soybeans as influenced by soil crust strength and mositure content. Soif
Sei. Soc. Am. f., 21 1 357 — 359,

Hanks, R. ].and Thorpe, F. C. 1956. Seedling emergence of wheat, asrelated 1o
soil moisture content, bulk density, oxygen diffusion rate and crust strength.
Soil Sei. Soc. Am, [., 307 — 310.

Harpstead, M. | 1973. The classification of some Nigerian soils. Soil Seci,, 166:
437 —443.

Hemsath, D. L. and Mazurak A. P. 1974. Seedling growth of Sorghum in clay-
sand mixtures at various campactions and water contents. Soil S¢i. Soc. Am. /.,
38: 387 — 390

Maurya, P.R. and Lal, RB. 1979, Effects of bulk density and moisute on radicle
clongation of seme tropical crops, pp 337. 347. in R. Laland D. ], Greenland
{eds). Sofl Physical Properties and crop production in the tropics. |ohn Wiley
and Sons. NY, 551 pp.

Parker, Ir. ).}, and Taylor, H. M. 1965. Soil Strength and seedling emergence
relations. 1. Soil type, Moisture tension, temperature and planting depth effects.
Agron. [. 57 2689 — 29].

Taylor, H. M., and Gardner, H. R, 1963. Penctration of cotton seed taproots as
influenced by bulk density, water content and soil strength. Soi/ Sci. 96: 153
— 158,

e}
fx




