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Resumen

Se estudio el efecto de diferentes tipos de preparacion del suelo y sucesiones de

cteltivos sobre la incidencia y la severidad de ln mancha de la hoja de marz causada por

Diplodia macrospora. Este trabajo se realizd en Turrialba, Costa Rica,

La preparacion del suelo afectd tanto la incidencia como la severidad de esta
enfermedad Siempre se afecto la mayor cantidad de tejido de maiz en los tratamientos
que se defaron con residuos de cosecha sobre la superficie del suelo. Aquellos trata-
mientos en los que se limpio la superficie del suelp, produjeron plantas de marz mds
sanas. También la proporcion de incremento diavio de la enfermedad resulto mayor
en aquetlos tratamientos con residuos de la cosecha anterior.

El doble cultivo de maiz, en el mismo pedazo de terreno v el marz que se culti-
vo después de la asociacién de marz y frijol, registro valores mids altos de incidencia

¥ severidad que aquel maiz que se cultivara e un terreno en donde habia frijol comun

como cultivo individual,

Introduction

produced mainly by small farmers. It is the

most important  compenent of a wide variety
of cropping patierns managed according to the
specific ecological and socic-economic conditions
of the location

I n Central America, maize (Zea mays L) is

In the jowland tropics, maize is cultivated as
monocrop, in  association with plantain, (Musa
acuminate x M. baldisiang), cassava (Manihot es-
culenta) or taro (Xanthosoma sp.) or double cropped
with sweetl petato (fpomoea batatas) legumes or with
another maize crop in the same cropping season (8)
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Due to high rainfall, ear rot, stalk rot and leaf spot
caused by various pathogens can be limiting factors to
good yields. Diplodia macrospore Earle is becoming
increasingly important in recent years both as an ear
rot and leaf spot pathogen in the Central American
lowland tropics (7)

Crop sequence and seed-bed preparation
frequently have been identified by small farmers as
the most important management practices influencing
disease development in maize (2). Small farmers
practice several types of soil preparation ranging from
conventional plowing and removal of crop residues to
different types of minimum tillage and no-tillage.

Crop residues are a source of inocufum for nu-
merous plant pathogens in temperate climates;
however, the role of crop residues as a source of
inoculum under conditions of constant temperature,
high rainfall and diverse soif microflora has not been
investigated sufficiently in tropical agroecosystems.

This research was conducted to study the effect

of soil management and crop sequence on the leaf
spot disease of maize caused by [}, macrospora.
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Material and methods

The field experiment was conduced at Turrialba,
Costa Rica Turrialba is approximately 600 m sbove
sea level and has a mean annual precipitation of
2 700 mm, a mean annual temperature of 22°C and
a mean annual solar radiation input of 134 keal
em* ! According te the HMoldridge classification
system, Turrinlbs is in the Premontane Tropical
Wet Forest Zone {5). The soils of the field plot
area are in the Rocky Phase of the Instituto soil
series, and in the Inceptisol order and Tropepts
sub-order of the Seventh Approximation classifica-
tion system (4)

Field data on the incidence and severity of Diplo-
dig leaf spot and bean rust (%) were obtained from an
experiment planted in 19706 to study three cropping
patterns including maize and common beans (Phaseo-
fus veldgaris L} under four different soil management
practices In this experiment, each year from szbout

U Average 34 vear daty, Turrialba, Costa Rica

June to November, the field was uaiformly planted
with maize and from December to April with com-
mon beans as sole crop; maize as sole crop and an
association of maize and common beans. Figure | A
presents average rainfall pattern for Turrialba and
the rainfall conditions during experimental periods
reported here and elsewhere (9). Figure 1B presents
the three cropping patterns resulting from different
crop sequences. Fach cropping pattern was cultivated
with four different soil management practices: a)
conventionat soil preparation (CT) - removal of crop
residues plowing and roto-tilling; b) minimum tillage
(MT-1) - maize statks were pulled but left on the soil
surface and covered with soil, as practiced by some
small farmers; ¢) minimum tillage (MT-2) - maize
stalks were up-rooted and left on the surface; and )
no-tillage (OT) — the new crops were planted
between the maize rows of the previous crops while
old stalks were still standing in the field.

Soil management trestment plots were 144 m?
and crop sequence sub-treatment plots were 48 m?* .
Treatments and sub-treatment were arranged in a
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split-plot, complete block design with four replica-
tions. For the sole crops and the association the same
planting density of 4 and 10 pl m* for maize and
beans respectively were used. When beans and maize
were associated, two rows of beans (33 e¢m apart)
were grown between rows of maize {1 m apart). The
varieties used were Tuxpefo Planta Baja C-7 for
maize and CATIE-1 for beans. Maize as sole crop
received 1050; 354 and 118 kgha™ of N,P,O;
and K, O respectively. Beans were fertilized with
97.5; 105.0; 380 and 150 kgha™ of N,P, 05, K, 0
and MgO respectively when grown in association with
maize. In soii management treatment CT, this was
supplied through commercial fertilizers but in treat-
ments MT-1, MT-2 and OT it was supplied through
commercial fertilizers, and the nutrient content of
the amount of biomass left as mulch, according to
chemical analysis of the tissue.

Weeds were controlled with Gramoxone (Paraquai
0.5 kg ha™ ai} in soil treatments MT-1, MT-2 and
OT and manually controlled in treatment CT

Field data on the incidence and severity of Diplo-
dia leaf spot were obtained from June to Gctober
1977 Incidence (1) is the number of infected units
and severity (8) is the affected area. The concepts
of incidence and severity have been previously
discussed by Tames and Shih (6}.

Incidence and severity were recorded weekly
from the same six plants randomly selected from the
center of each 48 m? plot of sole maize Evaluations
were made from 14 days until 102 days after maize
emergence. Total number of leaves per plant, number
of infected leaves and area affected in each leaf were
recorded at each sampling,

A scale from [-5 was established, based on leaf
area infected {Figure 2) Total severity was calculated
by multiplying percentage leaf area affected by its
frequency (3).

Results and discussion

In all treatments, onset of the epidemic and
further development of the disease were closely
associated with both amount and frequency of
rainfall. Amplitude and frequency of deviations from
mean temperature (21.9°C) for the experimental
period were also positively and significantly correlat-
ed with the number of infected leaves, afthough they
were not correlated with increase in lesion size.
Temperatures above 21.9C apparently favor produc-
tion, liberation, dissemination and penetration of
the inoculum.

1% 5% 0% 20% 50 %

Fig 2. Disgrammatic representation of diflerent pereent-
ages of leaf infection by Diplodie macrospora in
nuize leaves Turrintba, Costa Rics

There was a positive and significant correlation
between incidence and severity for all treatments
{R = 087). Average incidence values increased
steadily up to 35 days after emergence of the maize
plants. During this first stage, daily rate of increase on
incidence was 0.184 {r = 0.184)" In a second stage,
from 35 to 102 days, it was 0.065 {r=0.065). Three
different stages can be differentiated in the daily rate
of increase in severity: a first stage, which lasted for
43 days with an average of r = 0.139; 2 second stage,
from 43 to 75 days after emergence where only a
slight increase of the severity values was regisiered
between sampling periods, suggesting that total
leal area of the maize plant increased nearly as fast
as the increase in lesion size; a third stage, from 75 to
102 days after emergence, where disease increased at
a daily rate of r = 0.025 (Table 1).

INFLUENCE OF SOIL MANAGEMENT

Both incidence and severity of Diplodia jeaf spot
were affected by soil management treatments (Table
2). Mulching always resulted in more diseased tissue
than did treatments that included plowing and
removal of crop residues. At 20, 28, 66 and 75 days
after emergence of maize, the incidence values were
significanily different under different soil manage-
ments. On the average, soil management treatments
MT-I, MT-2 and OT had more leaves infected by
Diplodia sp. than did treatment CT (LSD test 0.05).
Severity values were significantly different between
soil management practices at 20, 43, 57, 84, 95 and
102 days after emergence of maize plants  Soil

1 Units per day according to Van der Plank (10}
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management treatments MT-1, MT.2 and OT had
average severity values higher than treatment CT.
Disease severity for each treatment, in decreasing
order, was MT-1 > OT > MT-2 > CT.

Table 1. Average daily rate of increase of incidence and
severity of Diplodia leaf spot of maize in dif-
ferent stages of development of the epidemic. Tu-
rrialba, Costa Rica,

Days after maize incidence Severity
emegence Stage  rvalue’  Stage  rvalue'
35 1 0184
43 i 0.139
75 2 0.009
102 2 0.065 3 0.025
23 X, X,
1 o= (iog - log )
t, — 1, I—-X, 1 - X,
L, L =days between stages.

X, and X, = number of infections or leal arce affected at
times 1, and t, respectively according te Van
der Plank (18)

No significant differences in daily rate of increase
for incidence or for severity values were registered,
but an LSD {0.05) test showed higher rates for treat-
ments including mulching than for treatment CT.

The removal of crop residues and plowing delayed
the epidemic development by approximately five
days. Maximum values for severity were always
registered at the end of the maize life cycle for all
soil treatments.

INFLUENCE ON CROP SEQUENCE

No  statistically  significant  differences for
incidence and severity values of Diplodia leal spot
among crop sequences wers found. Only during the
sampling at 35 days after maize emerged, was severity
higher for the maize after maize sequence than for
the other sequences (Table 3). Maize after maize
(M — M) and maize after the association of maize and
common beans (M + B - M) resulted in incidence
and severity values higher than the sequence of maize
after common bean monoculture (B -~ M) This
suggests that less primary incculum is available to
infect maize after a bean monoculture than after
sequences of crops including maize, The B -+ M
sequence showed severity values lower than the
rest of the crop sequences in 12 out of 13 samplings.

Table 2. Average values for incidence and severity of Diplodin leaf spot of maize as affected by four soil management practices.

Turrialba, Costa Riea,

Days after Incidence (% ) Severity (% )
emergence of

maize © CI MIT-1 MT1-2 o071 Mean Square CI M1-{ MI-2 o1 Mean Square
12 1489 3489 2600 3L11 234,621 042 1.00 079 0 86 4.90M
16 2533 3550 2717 217 49 65 ns 862 1.13 0.69 085 3opns
20 41070 53078 34931 585327 11793 %% 312b  g98ab 4683b 5678 1219°
28 80210 8o ggab gg 23ub g3 428 326,21 ** 641 841 745 10632 35 4518
s 8391 8967 87722  §1.15 18.29 ns 9.74b  1387ab 12073 15404 56.17**
43 8285 8566 B4.06  85.54 137108 13226 15394b [594ab 193254 43 42**
49 9464 9452 9374 9511 106815 1424 1630 1565 1730 11.071s
57 92.04 9362 9197  94.62 22,2608 1360 36 384b 14.128b 18012 31.10*
66 §7.04b  9024ub ggogzub g3 g7 4332* 12175 15.26 1337 1694 274188
15 91 64b 94 033b o] ggab 95482 6967 1519 1645 14.01 19.23 39 g1 08
84 9799 9685 9773 U846 220908 20024k 23002b 1801k 25480 66.01 ™"
95 9838 9800 981¢ 9881 25.15M8 30548 24 79ab 1922b 36 j01 70.71™*
102 9895  99.50 9905 9956 146685 24 169 25422 22150 38802 40.62*

1 CI = Conventionat tilluge (plowing and rotovator labor); MT-1 = Minimum tillege and mulching covering crop tesidues; M1-2 =

Minimum tiliage leaving crop residues as muleh; OT = No tillage

b

3 nsi not significant (G.05); * sigaificant (0.05) and ** significant (0 01).

Figures followed by the sume letter do not differ statistically according to Duncan’s multiple range test {0.05).
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Table 3.
Costa Rica.

Average values for incidence and severity of Diplodia leaf spot of maize as affected by three crop sequences. Turrialba,

Days after emergence

Incidence (% )

Severity (%)

of maize B~M M+B~M M-M' MenSquae B-M M+B-M M-M Mean Square
12 25.33 2667 2917 15 44 115 068 0.73 0.89 0.83 B8
i6 25 75 33 63 27 00 556108 971 0.95 079 1 30ms
20 5630 48 80 50 60 39 8§ Ns 426 443 499 26808
28 84 76 87.69 87.25 36 11708 748 894 779 g g2 ns
35 88.33 8679 88 84 17 8515 11660 13,124 131684 14 25 "2
43 83 00 84 81 83 77 3.1908 15 53 16 68 16 39 31908
49 93 96 95 29 94 26 13 56718 1511 1647 16 04 4 8118
57 92 87 92 B2 93 34 39505 1510 15 B4 1564 1 560
a6 89 90 88.80 89 85 6 49 0¥ 14 08 1463 15 06 28318
15 93 54 9265 9343 1268 1606 16.17 16 43 06415
B4 98 41 9743 9743 22,7818 2305 20.7} 3232 343M
98 98 61 98 60 9837 3520 2314 22 13 2317 34808
102 98 49 99 09 94.71 12810 2578 23 13 26.50 127

I M= Maize; B = Common Bean; 4+ crops in assoclation; — crop sequence

2 Figures followed by the same letter are not significantly differcat according to Pranean’s multiple test (0.05) ns: not sipnificant

(0 05) and ** significant (0.01).

In general, incidence shows the same trend as
severity, but incidence values tend to be higher at
the end of the life cyele of maize cultivated after
bean monoculture because more healthy tissue is
exposed to a high amount of inoculum in the environ-
ment. This phenomenaon has been previously reported

(h.

The daily rate of severity and incidence increase
is higher in the M - M and M + B = M sequence
than in the B — M sequences (Table 4).

Diplodia leaf spot in maize is frequently severe
in the lowland tropics of Costa Rica where rainfall
ranges from 3 600 — 4 200 mm annually and average

Table 4. Average daily rate of increase of incidence and
severity of Diplodia leaf spot of maize in three

different crop sequences. Turrialba, Costa Rica.

Crop sequences Incidence Severity
B—M! 0.0496* Q0672
M+B-M 0103 4070
MM 01067 0.068

i B = Common Beans; M = Maize; + = crops in assoviation,
-+ Crgps i succession

2 Units per day According to Van der Plank (10).

temperatures range from 25 - 27 °C. The results of
this study, conducted at Turrialba’s Experimental
Station, indicate a tendency towards more Diplodia
leal” spot in maize cultivated under soil management
practices including the use of maize residues.
Although Turrialba has mean annuval precipitation of
approximately 2 700 mm and temperature of 22°C,
this tendency could represent an  important factor to
consider in the design and testing of land preparation
practices for high rainfall conditions. Minimum tiliage
and no-tillage frequently have been recommended
to smail farmers to reduce soil erosion and tum-
around period. This study indicates that the implica-
tions of including residues from the same crop or
from crops belonging to the pathogen’s host range
as mulch should be evaluated.

It should be pointed out that most of the studies
of botanical epidemics carried out in experimental
stations are always affected by other factors; notably
the size of experimental plots and the proximity of
plots with different amount of infection

Summary
The influence of soil management and crop
sequence on the incidence and severity ol a leaf
spot disease of maize caused by Diplodia macrospora

Earle was studied at Turrialba, Costa Rica.

Both incidence and severity of the disease were
influenced by soil management Soil treatments that

Turriatha Vol. 34, No. 1, 1984, pp, 35-40
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included muiching invariably resulted in more
diseased tissue than did treatments including the

removal of crop residues. Daily rate of increase of

the disease was also higher for ireatments that
included mulching than for the rest of the soil
management freatments.

Maize cultivated after maize and after an associa-
tion of maize plus common beans showed higher
values of incidence and severity than the sequence
of maize following a common bean monoculture.

Literature cited

1. BERGER, R. D Application of epidemiological
principle to achieve plant disease control
Annual Review of Phytopathology 15:165-
183. 1977

2

. CENTRO AGRONOMICO TROPICAL DE IN.
VESTIGACION Y ENSENANZA. Primer
informe de la encuesta preliminar a peque-
flos agricultores, efectuads en los distritos
de Cariari y Gudcimo, Provinciz de Limdn,
Costa Rica. Turralba, Costa Rica, CATIE
1976 27 p.

[N

CCROXALL, D. C; GWYNNE, D € and JEN-
KINS, J E. The measuremeni of losses
caused by apple-tree disease with special
reference to apple scab. Annals of Applied
Biology 40:600-603. 1953,

4,

10

HARDY, F. The soils of LA.LAS. area. Turriai-
ba, Inter-American Institute of Agricultural
Sciences 1961 .76 p. (mimeo).

. HOLDRIDGE, L. R, Life zone ecology. San Josg,

Costa Rica, Tropical Science Center 1978.
216 p.

JAMES, E. W. and SHIH, C. D. Assessment of
plant disease and losses. Annual Review of
Phytopathology 12:355-374 1974,

. LATERELL, R, ROSSI, A, E. and MORENQ, R

Diplodia  macrospora  potentially  serious
pathogen of corn in the U.S Proceedings
American Phytopathology Society 3:228.
1976

MORENO, R. Investigacion en sisteruas de culti-
vo en Centroamérica. In Reunidén Anual de
PCCMCA 24a, San Salvador, El Salvador,
pp. U.i, pp. E1f1-E1/5 1978

MORENO, R. and MORA, L. Cropping pattern
and soil management influence on plant
disease 11. Bean rust epidemiclogy Turriai-
ba 34(1):41-45 1984

VAN DER PLANK, J E. Plant diseases:
Epidemics and control. New York,
Academic Press 1963 349 p.





