THE EFFECT OF VARIOUS METHODS OF LAND PREPARATION ON SOIL RESISTANCE TO
PENETRATION AND YIELD OF CORN (Zea mays L.), CASSAVA (Manihot esculenta Crantz)
. AND SWEFT POTATO ({pomoea batatas 1.} IN ASSOCIATION II. EFFECT ON YIELD'/ .
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Resumen

La respuesta de maiz, camote y yuca a las varigs formas de preparacion de suelo
fue caracteristica para caeda cultivo. En general el rendimiento de maiz respondid
negativamente a la lnanedod del suelo durante el desarrollo del cultive crande habia un
balanice hidrico atmosférico positivo grande {Huviag-evaporacion de tanque 4} y como
consecuencia una humedad alta del suelo, La respuesta ocurris durante los primeros
dos meses de crecimienro. El suelo preparado duranie la estacion seca tuvo una hume-
dad inferior v por lo tanto rendimientos mds altos de maiz., Bajo estas condiciones cli-
mdticas, la resistencia del suelo no vario lo suficiente pava influir significativamente so-
bre los rendimientos de mmaiz, El camote respondio durante los primeros dos meses de
crecimiento a una discontinuidad de la resistencia en el suelo y no a la resistencia en i,
la cual no vario lo suficiente para afectar los rendimientos. Durante este periodo hubo
una respueste negariva signifivativa del rendimiento al cambio mdximo positive de re-
sistencia por 0.1m, el indice de discontinuided en al capa de 0-0.2m. Dwante la época
de secamiento anites de la cosecha, hbo una correlacion positiva significativa entre la
resistencia en lo superficie v el rendintiento y esto se atribuye a la reduccion en la sali-
da del tubdrculo hacia fa superficie donde se experimenta insolacion v ataques de pla-
gas. La yueca no respondic significativemente a los tratamientos de preparacion de sue-
lo v hubo glouna nreraccion negativa significativa entre los rendimientos de yucea y ca-
mote, It cual se considera como producto de e competencia va que era ung siembra en

asociacion.
Introduction batatas L} in association. This paper reports of the
effect of varivus methods of land preparation and
previous paper (5) has reported on the effect cropping systems on the yield components and their
of various methods of land preparation and relationship with the induced soil physical properties.

& cropping systems on a Typic Dystropept of clay
loam texture in Turrialba, Costa Rica The cropping
systems were corn (Zea mays L.}, and cassava (Ma- Materials and methods
nihor esculenta Crantz) with seet potato ({pomoea

With a design of hierarchal classification with 4
replications, 6 methods of Jand preparation were
evaiuated, §;, 52, 85,84, and Sy as explained in a
previous paper (5) along with 4 sub-treatments of
cropping systems CS;, C5;, CS; and C8; . Climate,
*  The junior author is Apricultural Research Specialisi, planting procedures and methods of soil physical and

IICA Office in Frinidad and Tobago, PO Box 1318, chemical analyses have been explained (5)
Port-of-Spain, Trinidad and Tobago and previously Soil

Physicist at CATIE, Turrialba, Costa Rica. The senior i
author was formerly a graduate student at CATIL, now Corn (CS;) was planted between 8-15 June,

Agronomist in the Programa Delta, FUSAGRY, Estacidn 1975, at a density of 80 000/ha, bending of comn
Fxperimental de Guara, Tucupita, T ¥.D A, Venczucla stalks was done between 19 September, 1975 and
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Turrizlba Vol. 35, No. 4, 1985, pp. 371-376



372 TURRIALBA: VOL 35, NUM 4, TRIMESTRE OCTUBRE-DICIEMBRE 1985

10th October, 1975, and reaping between 30 Septem-
ber, 1975 and 30 October, 1975, For each method of
soil preparation, corn vields were evaluated. The
methods of preparation were as follows, 8, Prepa-
ration with a 60 kW (75hp) D4 Caterpillar track frac-
tor at 0.1m depth, during the dry season; S,: Prepa-
ration with the track tractor at C 1 m during the wet
season; Sy Preparation with a 30 kW (67 hp) Massey
Ferguson tire tractor at 0.1 m during the dry season;
Ss: Preparation with the tire tractor at 0.1 m during
the wet season; Ss: Preparation with the tract tractor
with subsoiler at 0.25 m during the dry season; S4:
No mechanical preparation. Hand weeded and clean-
ed Corn yields were evaluated for number of plants/
ha, number of ears/plant, grain yield (14% moisture)/
plant, and grain yield/ha Cassava and sweet potato
{CS84) were planted simultanecusly between 8-15
June, 1975, at densities of 10 000/ha and 50 000/ha
respectively, and reaped on the 8§ April, 1976. For
each land preparation method the fresh masses of the
storage roots of cassava and the sweet potato tuber
were determined.

Results and discussion

Table 1 shows the yield components for corn,
cassava and sweet potato. In the case of corn §4, S;,

Fable 1. Averages of yield components for com, cassava and
sweet potato for 6 land preparation methods (S)*

Corn

Land
Prepa- Plants/ha Ears/ g Grain/ kg Grain®*
ration (Thousands) Plant Plant /ha
S, GO0 abwrs 0.82ab 54 5a 32602
8§, 623a 078b 27106 16941
S, 5343b 087 56.2a 29994
S, 631a 0.76 b 3260 20560
S, 3582zb 0.80b 517z 3021a
8, 433c¢ 0.7i¢ 648z 2805a

Cassava, {resh mass Sweet potato, [resh mass

kg /ha kg/ha

8, 882434 1530b
g, 8910 6874a
S, 3083 23970
S, 7441 78654
S, 7277 6680a
5, 89924 10 195 a

*  Preparation methods: §; dry soil track tractoz, 8, wet
soil track tractor, S, dry soil tire tractor, S, wet soil tire
tractor, S; dry soil subsoiled track tractor, S, weeding
no titlage.

149 Moisture

*¥¥ Values compared within columns with the same letter
are not sigaificantly different at the 5% level {Duncan),

S5 and §4 show significantly creater yields than the
other preparation treatments. This response pattern
tends to coincide with the gravimetric moisture of
these treatments (5, Table 4). The present Table 4
shows high and significant negative correlation coef-
ficients with moisture for grain yield/plant and grain
yield/ha during P-1. The general correlation between
grain yield/ha for the plots with gravimetric moisture
for all depths and sampling periods is ~0.08% and re-
presents a dilution of the high correlation obtained in
P-1 in Table 4. The general correlations of the adjust-
ed resistance with plants/ha, ears/plant and grain
yield/ha are -0.14%*, ~0.15%% and —0.19%% res-
pectively In Table 4 the adjusted resistance has a
high negative correlation with grain yield/ha at 0 m
depth for P-1.

*  Significant at 5%level.
**  Significant at 1% level

Table 2. Average values of penetration resistance in k Pa
{value shown x 10} or bars (value alone) for 6
land preparation methods during 2 sampling
periods (P}, for subtreatment CS,

Com (CS8,) at 0 m depth
P-1 Max + P-2 Max +
Land  {15/]ul Change per  {(10/Sept  Change per
Prepa- 10/Aug/75) Od mfor  7/0ct/75) 0.1 mfor

ration 00.2 m 0-0.2m
S8, 4.7 1238 10.2 6.0
S, 9.7 8.2 10.0 78
5, 60 83 9.2 9.9
S, 73 44 12.2 33
S 6.1 30 6.5 20
S, i1.8 7.0 14.6 51
0.1 m depth
S, 5.6 16.2
5, il6 129
S, 14.3 21
3, 117 146
5, 7.8 84
3, 13.8 198
0.2 m depth
5 18.4 193
8, 19.8 20.7
s, 18.7 221
S, 149 181
S 10.8 98
S, 195 211

*  Preparation methods: 8, dry soil track tractor, §; wet
soil track tractor, §; dry soil tire tractor, S, wet soil tire
tractor, 8, dry soif subsoiled track tractor, 5, weeding
no tillage.



TAFUR. FORSYTHE: CORN, CASSAVA AND SWEET POTATO. IL YIELD

373

The general correlation of resistance with plants/
ha is —009% In Table 4 plants/ha negatively cor-
relates (—0.74 significant at 10% level) with resistance
at 0.1 m depth during P-1 and this would correspond
to the low population density (43 300/ha of 54 in
Table 1 and the higher resistance lound 4.1 m and be-
low (Table 2) in that treatment. Adams et al. found a
similar effect (1) In Table 4 ears/plant negatively
correlate highly with resistance at 0 m depth in P-1.
The low population density of corn for Sg was
compensated for by the highest yield/plant which
resulted in a good yield/ha

Table 4 suggests that soil conditions during P-1
were more critical for comn yield components that
during P-2 The percentage of soil air space between
0-01 m, determined by sampling on the 15 Decem-
ber, 1975 after two days of rain, did not significantly
correlate with any yield component of corn. The
major effect on corn yields in this experiment ap-
pears to be soil moisture rather than resistance. The
high positive atmospheric water balance which varied
between 140 and 313 mm per month during the

growing season P-1 and P-2 (5) contributed to the
high soil moisture and consequently a relatively small
variation in resistance of 4.7-14.6 bars (x 10° k Pz) at
Om,56-19.8 bars (x 10* k Pa) at 0.1 m,and 98-
221 bars (x 10* k Pa) at 0.2 m. This weather con-
dition would make soil moisture an important factor
to a crop that is sensitive to excess moisture (6). The
effect could be intermittent reduced soil air space
during rzinfall. General surface dreinage was good and
the minimum water table depth during the rainy
season was 09 m.

Table 1 shows that 8, and 55 gave significantly
lower yields of sweet potato than the other treat.
ments. It appears that treatments that left the soil
profile with the least discontinuity in resistance
between 0-0.2 m during P-1 gave the highest yields.
An index of discontinuity is the maximum positive
resistance change per 0 1 m between 0-0.2 m, as seen
in Table 3 Table 5 indjcates a high negative correla-
tion of yield with the maximum positive resistance
change, and a high correlation of yield with moisture
at 0.2 m, all during P-1. A similar discontinuity effect

Table 3. Average values of penetration resistance in k Pa (value shown x 107) or bars (value alone) for 6 land preparation methods

during sampling periods (P}, for subfreatment C§, .

Cassava and sweet potato in association (CS4) O m depth

P-1 p-2 P-~3 P4
(35/3ul-10/Aug/75) (10/Sept-7/Qct/75) (2-18/Dec/75) (9-25/Mar/76)
Land Max + Max + Max + Max +
Preparation Change* Change Change Change
§, 76 80 107 29 124 133 29.3 89
8, 88 5.6 131 9.1 11.3 4.9 360 116
s, 85 6.3 10.3 59 132 133 362 31
S, 90 313 131 73 11.5 38 458 8.0
S 72 2.3 8.9 21 10.4 12 38.0 33
Se 105 36 152 4.6 16.0 9.9 437 0.7
0.1 m depth

S, 1.9 135 9.6 382

BN 18 11.8 13.5 473

S5 134 14.2 12.9 393

S, 109 147 142 538

S, 7.3 96 116 413

S, 139 198 259 44 4

4.2 m depth

S, 158 131 229 2717

S, 133 20.9 18.4 27.2

S 19.7 20.1 26.2 379

S, 142 220 18.G 37.3

S, 96 118 115 30.8

Se 17.5 216 225 291

*  Maximum + change per 0.1 m for -0 2 m.
ook

subisoiled track tractor, §; weeding no tillage.

L]

Preperation methods: 8, dry soil track tractor, S, wet soil track tractoz, S, dry soil tire tractor, S, wet seil tire tractor, §, dry soil
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Table 4. Correlation coefficients for corn of averages of yield components with averages of Gravimetric Moisture percentage (M), Soil
Resistance (R), Soil Resistance adjusted to 40% moisture (AR}, and Maximum Positive Resistance Change per 0.1 m (MC).

Plants/ha
P-1 P-2
Om Oilm 0.2m Om 0lm 0.2m
M 0.52 024 ~005 041 0.34 53
R -0.56 -0 74 -0.31 - 50 ~0.54 ~-0.26
AR 006 -0.37 - 24 -0.13 ~0.25 -0.10¢
MC 027 -0.08
Ears/plant
Om 0.m 0.2 m Om 01lm 02m
M -3.41 ~(.38 -0.39 013 -0.40 0.03
R — B1* -.46 -0 05 -0.71 -0.57 .01
AR -0.41 ~0.38 -0 39 -0.38 ~0.40 £.03
MC 0.32 051

g grain/plant

Om 0.l m 0.2m Gm 01im 0.2m
M -0.87% -0 71 ~0.54 -{.39 -{.61 -0.26
R -(.03 .36 0.06 G113 432 0.02
AR -0.63 ~0.18 -0.26 -0.11 -0.09 -0, (4
MC 0.19 a.01

kg grain/ha

Om 0.1 m 0.2m 0m 01lm 02m
M -0.90% -0, 89* -{.87% ~0.30 ~0.66 0.01
R ~(.49 -0.21 ~3.17 (.24 002 -0.20
AR ~{3.91% (.58 ~{.61 -0.31 -0.38 ~0.18
MC 0.28 -0.035

*  Significant at S%level.
*+ Stenificant at 1%level

Table 5. Correlation coefficients of averages of yield with averages of Gravimetric Moisture percentage (M), Soil Resistance {(R), Soil
Resistance adjusted to 40% moisture (AR), and Maximum Positive Change per 0,1 m (M), for sweet potato.

kg fresh massfha

Parameters P_1 P-2
Om 0.l m 0.2 m Om Olm 0.2m
M 043 0.67 088 -009 ' ~0.38 -055
R 0.66 0.26 ~0.27 0.23 0.40 0.16
AR 0.54 0.50 015 047 0.23 0.43
MC ~0.80* 0.25
P13 P-4
Om 0.1m 02m Gm 0.1m 02m
M 0,67 061 .59 ~0.58 ~0.07 0.34
R 0.26 0.76 ~-0.41 0 84 066 ~0.10
AR 0.46 0.57 -0.24 045 0.54 021
MC .58 -0.27

*  Significant at 5% level
% Significant at 19 level.
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on the yield of beans (Phascolus vdgaris L) was ob-
served by Forsythe and Huertas (4) for soil resistan-
ces between 0-10 bars {x 10® k Paj. Soil compacted
to 2 uniform value of resistance with depth gave
greater yields than soils compacted oniy in the sub-
sofl. For a wider resistance range of 2-22 bars{x 10,
k Pa}, compaction in the upper layer only had a slight
depressing effect on yield. Others have observed 2
similar type of root behaviour in the field (3, 8)

In the present case of sweet poluto, resistance
within the range of 76 - 19 7 bars (x 10% &k Pa), did
not have a significant effect upon yields, but the dis-
continuity {maximum positive resistance change) did
have a signilicant effect. It appears that roots of crops
with similar behavicur have the ability during initial
growth to adapt to certain a value of resistance within
a given range, and will continue similar growth as long
as the initial value is not exceeded. The percentage of
soil air space between 0-0.1 m, did not significantly
correlate with sweet potato yields

Table § shows a significant positive correlation of
the yield of sweet potato with resistance during P-4
Since P-4 occurs when the soif is drying, the guestion
of the interpretation of resistance for dry soil arises
Studies indicate that soil moisture above the Perman-
ent Wilting Percentage (PWP) does not inhibit the
roots’ elongation rate capacity (7, 8). As the soil
dries out and approaches the PWP, root elongation
rate is reduced by the increased soif resistance induc-
ed by drying Once the soil is drier than the PWP ail
root elongation ceases. Barley (2) has sugpested that
at the PWP where soil water suction is 15 bars (x 107
k Pa) osmoregulation has reached its fimit and the
root, having lost turgor, can no longer overcome the
mechanical resistance of the soil

Since soil moisture was generally above PWP, one
may conclude that root elongation was affected only
by incressing resistance and it ceased above values
greater than 25-30 bars {(x 107 k Pa), which is con-
sidered Himiting. A high correlation of yield with resis-
tance during P-4 may be attributed to soil environ-
mental effects rather than direct soil-plant inter-
action. A high resistance at O m may have afforded
the sweet potato protection against aftacks by pests,
or reduced the possibility of the tuber being pushed
above ground where it would be susceptible to inso-
lation and pest atiack such as by Riifzomatus sub-
cutalus. Both these effects can reduce yields

Table | shows that the soil preparation treat-
ments had no significant effect on cassava yieids Pos-
sibly the tendency towards horizontsl growth by the
underground reserves makes them less susceptible to
soil resistance effects. There was signficant general
negative correlation (-0 39%*} of the yields of cas-

sava with sweet potate, suggesting an interaction bet-
ween the crops that were grown in asseciation

Summary

Response of comn, sweel potate and cassava to
soil preparation was characteristic of each crop. Corn
yields responded negatively in general to soil moisture
during a growing period with a high positive atmos-
pheric water balance and consequently high soil mois-
ture. The response occured during the first 2 months
of growth The scil prepared in the dry season had a
lower soil moisture and thus higher corn yields Un-
der these weather conditions soil resistance did not
vary enough to influence corn yields significantly.
Sweet potato responded during the first two months
of growth to a resistance discontinuity in the soil
rather than to resistance per se, which did not vary
enough 1o significantly affect yields. During this
neriod there was a significant negative response of
yield to the maximum positive resistance change per
0.1 m, the index of discontinuity in the 0-0.2 mlayer.
During the drying stage before reaping there was
sinificant positive correlation between resistance at
the surface and yields, and this is attributed to the
reduction of the emergence of the tuber and its con-
sequent exposure to insolation and pest attack. Cas-
sava did not respond significantly to soil preparation
treatments, and there was some significant negative
interaction between cassava and sweet potato yields,
probably due to competition since there were grown
in association
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Resena de libros

KING, ABS., and SAUNDERS, 1.L. The inverte-
brate pests of annual food crops in Central
America. Overseas Development Administration.
1984 166 p.

This book is simply the best thing to happen to
entomology in the isthmus since the Biologia Centrali
Americani. The 166 pages of concise, carefully re-
searched text is made doubly useful by the inclusion
of over 410 well-reproduced, remarkably detailed,
full color, close-up photographs of the pests in their
natural environment . The inclusion of damage symp-
tams and natural substrates makes all the difference
and the authors should be congratulated for not
simply photographing pinned, deformed and discolor-
ed specimens.

Chapter 1, which introduces the bhook, includes a
two-page description of Integrated Pest Management
which is error-free but so succint that it might best
have been left out,

Chapter 2, entitled Key to the More Common
Pests of Annual Food Crops, is a beauty. Here, keys
are provided for insect pests of 29 different Central
American crops. Some keys are comprehensive (eg.
maize) while others are preliminzry and will need to
be enlarged (eg. egg-plant and other horticultural
crops of lesser economic importance). In keeping
with the practical orientation of the entire book,
the keys are divided into sections which deal with
each organ (roois, leaves, stems, etc) andfor
phenological stage (seed, seedling, flowering stage,
etc.). Characters used will doubtlessly make entomo-
gical systemarists cringe, but are very workable and
relevant for field-oriented entomologists. Each
tentative identification, generally to the generic
level, is followed by a number referring the reader

7. TAYLOR, H. M. and RATLIFF, L. Root elon-
gation rates of cotton and peanuts as a
function of soil strength and soil water con-
tent. Soil Science 108:113-119. 1969.

8. TROUSE, A C. Soil conditions as they affect plant
establishment, root development and yield,
In Compaction of Agricultural Soils. pp. 241-
253, Saint Joseph Mich. American Society of
Apricultural Engineers Monograph 1971. 471

P.

to a page in Chapter 3, where a comprehensive,
telegraphic description of the pest is provided.
Specifically, information is- provided on name
(English and Spanish), distribution, hosts, life history,
description, damage symptoms, pest status, as well
as cultural, chemical and biological contrel. Finally,
references are provided. In addition to the 8 insect
orders included, the authors provide some informa-
tion on mites and slugs.

The final chapter is concerned with pesticides and
chemical control. While very useful for the moment,
there is no doubt that the utility of the preceding
chapters will far outlive this one. The categorization
of the chemicals by pests group they can effectively
control is a useful concept and in the absence of more
specific recommendations by national agencies will be
helpful over the short term

Two very easily used and almost entirely error-free
indices allow the reader to easily locate discussions of
pests and natural enemies. The bibliography contains
192 references,

The text is nicely set, readable, succinet and
remarkably free of errors considering that this is a
first edition,

Hopefully, the Spanish-language version will be
as well done as the English. This book will be useful
to anyone with an interest in neotropical entomol-
ogy. Now, who is going to do a follow-up book on
pests of Cen{ral American perennial crops?

KEITH L. ANDREWS
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NOTA . La version en espafiol de este libro es distribuida en
los paises latinoamericanos por el HHCA, a través de
sus oficinas naciongles





