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Abstract

Cakchiquel farmers in Patzin, Guatemala stated that pest populations have increased in corn crops since they abandoned
organic fertilization and adopted synthetic fertilizers. Given the dearth of scientific information about the effects of fertilization
practices on pests, a controlled experiment was performed to elucidate these interactions. Pests, their natural enemies, and
nutritional status were compared among corn plots with synthetic and organic fertilizers, and a control without fertilizer. Corn
in fields treated with organic fertilizer applied for at least 2 years hosted fewer afttidpélosiphum maidighan corn
treated with synthetic fertilizer. This difference seems attributable to high concentration and total content of foliar nitrogen
in corn in the synthetic fertilizer plots, although numberS&pbdoptera frugiperdahowed a weak negative correlation with
increased nitrogen levels. Coccinellidae populations were higher in plots with high aphid populations, but only where organic
fertilizer was applied. There were no significant yield differences among treatments. © 2001 Elsevier Science B.V. All rights
reserved.
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1. Introduction agement. Patzdn farmers traditionally mixed ashes,
kitchen scraps, crop residues, weeds, leaf litter, and
The majority of Cakchiquel farmers responding to manure to produce compost. Around 1960, synthetic
a survey conducted in Patz(n, Guatemala, did not fertilizers were introduced and rapidly adopted in the
recognize herbivorous insects as a problem in their area. Today the majority of farmers have replaced
milpas (corn (Zea may} intercropped with beans organic fertilizers with urea (CO(Nf)2), although
(Phaseolus vulgarjs fava (Vicia favg, and/or squash ~ some recognize the negative consequences of the
(Cucurbita maximaC. pep9) (Morales and Perfecto, change and complain that pest populations have in-
2000). The farmers attributed this lack of pests to creased in theimilpas since the introduction of the
preventive agricultural practices, such as soil man- synthetic fertilizers (Morales, 1998).
Previous studies showed that plants with sufficient

* Corresponding author. Tek:52-067-81883, ext: 4217 nutrients were stronger, healthier, and in general better
fax: +52-967-82322. able to compensate for pest damage than those under
E-mail addresshmorales@sclc.ecosur.mx (H. Morales). nutritional deficiencies (Teetes, 1980; Listinger, 1993).
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On the other hand, because plants provide nutrients towas made to elucidate the effects of crop fertilization
herbivorous insects, an increase in the nutrient contenton pests. Pests, their natural enemies, and nutritional
of the plant is likely to increase its acceptability to status were compared among corn plots fertilized
pest populations (Scriber, 1984; McGuinness, 1987). with synthetic and organic fertilizers. This is the first
Lightfoot and Whitford (1987) found that variation study that compares the effect on pests of traditional
in herbivore response may be explained by the feed- organic fertilization with inorganic fertilization in
ing behavior of the herbivores: with increasing nitro- farmers’ fields, using traditional farming techniques.
gen concentrations in creosotebukarfea tridentatg

plants, populations of sucking insects increased, but

chewing insects declined. With higher nitrogen ferti- 2. Methods

lization, the amount of nutrients in the plant increases,

as well as the amount of secondary compounds that Between 1995 and 1997 controlled experiments
affect herbivores (Herms and Mattson, 1992). These were established in the highlands of Guatemala in
protein digestion inhibitors are accumulated in vac- three sites, two in farmers’ fields in Panimagu
uoles that are not consumed by sucking herbivores, and Patzin, and one at the experimental station of
but harm chewing herbivores (Raven, 1983). the Institute of Agricultural Science and Technology

Proponents of organic agriculture, as well as inter- (ICTA) in Chimaltenango, Guatemala. Working in
viewees in Patzun, have for many years attributed in- farmers’ fields permitted evaluation of the treatments
creased pest damage to inorganic fertilizers (Howard, within the context of traditional management and
1943). Plant pathologists have established that or- local environmental conditions, whereas the plots at
ganic fertilizers can reduce nematode and pathogen!CTA assured greater control over the treatments.
attacks (Hoitink et al., 1993). Efforts by entomolo-
gists to evaluate the effects of fertilization on insect 2.1. Sites and agronomic management
pest populations have not been conclusive. Some evi-
dence supports the observation that organic fertilizers  The three sites were located in the Department of
diminish herbivorous insect populations (Culliney Chimaltenango, in the western Guatemalan highlands.
and Pimentel, 1986; Eigenbrode and Pimentel, 1988; The majority of the Cakchiquel population in the area
Listinger, 1993; Phelan et al., 1995), whereas other cultivate traditionalmilpasas well as non-traditional
reports suggest that organic fertilizers do not al- export crops. All three sites had fairly rich volcanic
ways diminish pest populations but even increase soils, but differed in altitude, climate, and in the way
them (Costello, 1994; Costello and Altieri, 1995; thatthe farmers managed the soil. Different crops had
Letourneau et al., 1996). There clearly is a lack of been planted at the three sites, and different fertilizers
understanding of the relationship between organic had been applied. The quantities of fertilizer applied
fertilization and insect pests. to the sites before the study was unknown.

If studies comparing pest populations between The first site was located in the village of Pani-
plants treated with synthetic fertilizers and plants maqum at 2400 m above sea level. Alejandro Cipac,
treated with organic fertilizers are scarce and contra- the owner of the plot, planted hisilpa in May and
dictory, the understanding of the mechanisms involved harvested it in January or February. Like everyone
in the process is almost non-existent. Understand- else around, he sowed four corn and two bean seeds
ing the effects of traditional fertilization compared in a hole made with a hoe. These four corn plants
with synthetic fertilizers would allow better design growing together are apbsturd. Compost, combin-
and management of agroecosystems. Furthermore,ing any available materials (ashes, lime, crop residues,
understanding traditional agricultural practices would weeds, and manure from goats, cows, horses, rab-
hopefully contribute to the empowerment of farmers bits, and chickens in a mulch pile) was mixed into
and improve communication between farmers and the soil at planting. When there was not enough
extensionists (Altieri, 1984; De Walt, 1994). compost, synthetic fertilizer (15-15-15) was used at

In an attempt to understand traditional Cakchiquel a rate of approximately 0.05kg for eaclpdsturd
pest management practices, a controlled experiment(425kgha?l), 3 weeks after the germination of the
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corn. Since the introduction of the non-traditional Table 1
crops in Panimadm, milpa was rotated with broc- Fertilizers (kg ha') applied to corn plots in three sites (Guatemala)

coli (Brassica oleraceavar. italica) or snow peas  site Treatment Fertilizers kg N P K
(Pisum sativum The year before the experiment was First year
established, snow peas were grown in the plot. Panimagim 0, Compost 2835 55 3 28
The second site was in the town of Patzdn at 2256 m FS 15-15-15 425 64 64 64
above sea level. Guillermo Teleguario, the owner of Ls® 46-0-0 198 91 0 O
the plot, planted hisnilpa in April or May, and har- PatZin o Dry cow 2835 40 2 11
vested it in December. The fertilizer was cow manure manure
dried in a pile and sieved before incorporation to the FS 20-20-0 567 113 113 0
soil. When there was not enough cow manure, syn- 46-0-0 284 1000
thetic fertilizer (20-20-0) was used at a rate of 0.06 kg Total FS 244 113113
LS 46-0-0 284 130 0 O
per “posturd (567 kg ha'l), 3 weeks after the germi- 10-50-0 142 14 71 0
nation of the corn, and urea (46-0-0) at arate of 0.03 kg Total LS 145 71 0
per “posturd (283 kg ha 1) when the cobs started to  |c1a o Dry cow 2835 40 2 11
form. Non-traditional crops had never been planted in manure
this plot. The third site was located in Chimaltenango, SRF 24-4-7 284 68 11 20
the capital of the Department, at 1800 m above sea LS 46-0-0 142 65 0 O
level. Until the late 1980s, ICTA agronomists focused 0-0-60 & 0 0 22
. . . Total LS 65 0 22
their research on the production of new varieties
of corn, beans, wheat, and potatoes. More recently, Second year
their mission shifted to reduction of pest damage Panimagim  O® Compost 2835 55 3 28
_ o - ; FS 15-15-15 425 64 64 64
in non-traditional crops, particularly broccoli, snow o1 Compost 2835 55 3 28
peas, and blackberrieR@bussp.). Synthetic fertilizer atdin o Dry cow 2835 40 2 11
is applied to all the crops in the experimental station. manure
The experimental plot was established on a fallow FS 20-20-0 567 113 113 0
covered with nut sedgeCfyperus rotundys 46-0-0 284 130 0 O
All the agronomic practices, such as land prepa- Total FS 244 113 0
ration, seed selection, planting and weeding were O Dry cow 2835 40 2 11
. . manure
prescribed by the farmers. This allowed the evalua-
tion of fertilizer management in the context of other 'C€TA 02 Dry cow 2835 40 2 11
traditional practices. These same .practices were also SRF rgjn: r7e 284 68 11 20
employed at the experimental station. o Dry cow 2835 40 2 11
manure
2.2. Treatments a0rganic fertilizer applied for the first time.

b Synthetic fertilizer as recommended by farmers.

During the first year, four treatments were evaluated ZSynthetic fertilize'r'as recommended by a soil laboratory.

in the three sites to determine their effects on herbiv- S0V release fertizer. _
. . . A . Organic fertilizer applied for the second consecutive year.

orous insects and their natural enemies inrtikpa:
(1) organic fertilizer as used by farmers (O), (2) syn-
thetic fertilizer as used by farmers (FS), (3) synthetic treatments O, FS and C. Treatment LS was established
fertilizer as recommended after soil chemical analysis to determine whether the expected differences were
(LS), and (4) control (no fertilizer applied) (C). the result of inadequate amounts of N, P or K in the

The amount and composition of fertilizer applied synthetic fertilizer treatment, or to some other differ-
varied according to site conditions (Table 1). In Pani- ence between synthetic and organic fertilization. In the
magum and Patzun, differences between the effect of ICTA, treatment O was cow manure as used in Patzun.
organic and synthetic fertilizers on pests were deter- Treatment FS, a slow release fertilizer (24-4-7),
mined by comparing pests and pest damage betweenserved to determine whether differences between
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synthetic and organic fertilizers were because of the by combining five soil sub-samples taken randomly
slow release of nitrogen by the organic fertilizer. within each plot. To determine the extent to which
Because some of the effects of organic fertilizers nutritional differences explain differences between
occur in the long term, a second experiment was es- fertilizer treatments, plant nutrient levels were moni-
tablished in the same plots a year later, evaluating the tored over time. Two months after the establishment
same treatments, with one modification. Instead of the of the experiments, leaves of all ages were sampled
LS treatment applied in year 1, the same compost was by cutting pieces from five corn plants randomly se-
used as in treatment O. This allowed comparison of lected in each plot. Nutrient analysis was performed
the effects of organic fertilizer applied for the firsttime  at the ICTA laboratory in Guatemala city. Total nitro-
(treatment Q) after synthetic fertilizers, with organic  gen, phosphorous, potassium, calcium, magnesium,
fertilizer applied at least 2 years in a row (treatment sodium, iron, copper, manganese, and zinc were esti-

02). mated from plant tissue for the first and second year.
Corn yield per plant and per plot at harvest was
2.3. Design measured by weighing ears without husks produced

by all the plants in each plot. The second year at har-
vest time the above-ground portion of three randomly

selected plants per plot was also weighed. The mass
of these plants was multiplied by the concentration of

nutrients in the leaves of plants from each treatment,

and its product was used as an index for comparison
of the total nutrient content of plants across treatments
to provide a better measure of plant nutritional status

than nutrient concentration alone. Yield per plant and

plot also was estimated for the second year, using all
2.4. Sampling the plants in each plot.

Treatments were arranged in a split plot randomized
block design. Each of the three sites represents a block.
Within each block there were three plots (replicates).
Each plot was split into four subplots, each of which
was assigned one of the four treatments (Neter et al.,
1990). Each subplot was 5x% m, and was separated
from the other plots by a 1 m border.

During the first year, pest populations and their nat- 2.5. Statistical analysis
ural enemies were sampled every other week for the
entire growing season (June—December). Adults and A split plot ANOVA (Neter et al., 1990) was used to
larvae of above-ground, herbivorous insects and their compare insect populations by site, treatment, and the
natural enemies were counted on 12 randomly selectedinteraction between treatments and sites. The pooled
“posturas per plot. On the same plants, the percentage variance of the plots nested within sites was used as
of aphids with symptoms of parasitism was estimated. the error term to compare sites. The pooled variance of

The only herbivorous insects sampled during the the plots nested within sites and treatments was used
second year were the fall armyworn$podoptera as the error term to compare treatments and the in-
frugiperda and the aphid,Rhopalosiphum maidis teraction between treatments and sites. Residual plots
which according to farmers, had been a greater prob- and Kolmogorov—Smirnov tests showed that the her-
lem since the introduction of the non-traditional bivorous insect data were neither normally distributed
crops in the area (Morales et al., 1994). Furthermore, nor independent, even after a lagf 1) transforma-
during the first year of this study, aphids were the tion. When thep values were smaller than 0.01 or
only taxon that seemed to differ among treatments. greater than 0.1 those violations were ignored, and the
The choice of these two species allowed comparison split plot ANOVA model was considered adequate.
between responses of chewing and sucking insects.When thep values were near 0.05.(L > p > 0.1) a
The second year, numbers 8f frugiperdalarvae,R. two-way ANOVA was performed (Neter et al., 1990).
maidis and their natural enemies were determined In those cases, the effect of plots and treatments were
based on 12gosturas per plot once a month during  evaluated for each site separately. All data analyzed
the entire growing season (June—December).Before with the two-way ANOVA were independent and nor-
the establishment of the experiment, soil was sampled mally distributed.
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A split plot ANOVA was used to compare natural The behavior of sucking and chewing herbivores
enemy populations, percentage of aphid parasitism, was anticipated to differ in response to the fertilizer
plant nutrient concentrations, index of total nutrient treatments. On average, the number of sucking insects
per plant, biomass, and yields. None of these data was higher in the FS plots than in the O plots, but
required transformations because no normality viola- the differences were not significant at any of the sites
tion was detected. Because ANOVA results for plant (two-way ANOVA: Panimaqim: F = 2.84, df. =
nutrient concentration and those for the index of total 3,6, p = 0.13; Patzin:F = 2.61, df. = 3,6, p =
nutrient per plant were qualitatively identical for all of 0.15; ICTA: F = 0.06, df. = 3,6, p = 0.98). Like-
the nutrients, only the nutrient concentration analysis wise, no individual taxon responded significantly to
is presented in the results. the treatmentskR. maidiswas the most abundant her-

Linear regression was used to determine the associ-bivorous insect throughout the corn cycle, especially in
ation betweers. frugiperdaandR. maidispopulations FS plots, but differences were not significant at any of
and corn leaf nutrient content for all the treatments the sites (two-way ANOVA: Panimagm: F = 2.84,
combined. When differences in slope or intercept d.f. = 3,6, p = 0.13; PatzinF = 3.77, df. = 3, 6,
were detected among treatments, a separate regressiop = 0.08; ICTA: F = 3.76, df. = 3,6, p = 0.08).
analysis was performed for each treatment. The number of Cicadellidae was also higher in the

When ANOVA detected significant differences, FS plots, but again, the difference was not significant
means were separated using a Tukey’s honestly sig-(split plot ANOVA: F = 169, df. = 3,18, p =
nificant difference test. Significance was accepted at 0.20).
the 5% level. Herbivorous insects, natural enemies, Populations of the fall armywornt. frugiperda
and percentage of aphid parasitism were analyzed us-were low during the first year, and there were no dif-
ing their average per plant across sampling dates for ferences among treatments (split plot ANOVA: =
each treatment. All analyses were conducted using 1.7, df. = 3,18, p = 0.21). Also none of the other
SPSS/PC version 7.5 (SPSS, 1997). three taxa of chewing insects seemed to be affected

by the fertilization treatments.

3. Results 3.1.2. Second crop cycle
S. frugiperdaresponded in the same way as during
3.1. Herbivorous insects the first cycle: the population remained low (0.04 in-
sects per plant) and did not differ among the treatments
3.1.1. First crop cycle (split plot ANOVA: F = 0.48, df. = 3,18,p = 0.7).

During the first year of the experiment, six taxa of R. maidisnumbers per plant were significantly higher
herbivorous insects were commonly encountered on in FS (1918+ 6.23) and Q (13.05+ 3.56) plots than
the corn plants: ArctiidaeS. frugiperda Curculion- in Oz (9.1443.01) and C (745 1.95) plots (split plot
idae, andDiabrotica spp. were the most common ANOVA: F = 9.5, df. = 3,18, p = 0.001). Tukey’'s
chewing insects, anB. maidisand Cicadellidae were  test did not detect any differences between the aphid
the most common sucking insects. populations in the FS and(plots, nor between ©

Throughout the crop cycle, the average number of and C.
herbivorous insects in all the plots remained low (five
insects per plant), and they did not seem to be caus-3.2. Foliar nitrogen and other nutrients
ing any economic damage, as farmers in Patzun stated
(Morales and Perfecto, 2000). Although the number 3.2.1. First crop cycle
of herbivorous insects per plant was higher, on av-  During the first crop cycle, the percentage of ni-
erage, in FS plots, a two-way ANOVA for each site trogen in corn leaves was higher in FS2B8+ 0.14)

did not detect significant differences (Panimamu and LS plants (®9+ 0.15) than in O (2884 0.17)

F =271, df. = 3,6, p = 0.14; Patzin:F = 2.59, or C plants (282 + 0.12) (F = 9.14, df. = 3,18,

df. =3,6, p = 0.15; ICTA: F = 1.29, df. = 3, 6, p = 0.001). The regression analysis did not indicate
p = 0.36). any relationship between herbivorous insects and the
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percentage of nitrogen{ = 0.04, p = 0.22). The index was higher in the Oplants than in the @and
concentration of foliar phosphorous, potassium, cal- C plants = 9.92, df. = 3, 18, p < 0.001). Unlike
cium, magnesium, sodium, iron, copper, manganese,results for manganese concentration, a Tukey’s test
and zinc was analyzed, but none of them differed also found significantly greater manganese content

among treatments. index in FS plants than in the Gand C treatments.
3.2.2. Second crop cycle 3.3. Slow release fertilization

Nitrogen concentration was higher in the FS plants ) _
(2.97 + 0.26) than in the @ (2.67 & 0.22) and C The slow release treatment applied at ICTA did not

plots (262 + 0.19) (split plot ANOVA: F = 3.69, produce differences_in foliar n.itrogen. concentration
df. = 3,18, p = 0.03). A Tukey's test did not show  OF INSect response in comparison with the conven-
any difference between the organic fertilizer applied fional synthetic treatment. The percentage of nitrogen
for the first time (288 + 0.25) and the other treat- N the plants treated with the cor_l\_/entlonal synthetic
ments. Regression analysis indicated a significant (2-72+0.04) and slow release fertilizers.§8=+0.03)
positive relationship between numbers Rf maidis ~ Was higher than in plants in the O.43+ 0.07) and
and the concentration of nitrogen in plants (= C plots (243+ 0.04) (two-way ANOVA: F = 8.07,
0.56, p < 0.001) (Fig. 1). However, fos. frugiperda ~ 9-f- = 3,6, p = 0.02). According to a Tukey's test,
the tendency was the opposite. The correlation was the percentage of nitrogen was not different between
not very strong 2 = 0.11, p = 0.05), but suggested plants treateo_l W|th__slow release and the conven-
a negative relationship betwee. frugiperdaand tional synthetic fertilizer, nor betwe_en plants in the
nitrogen concentrations (Fig. 1). O and C plots. There were no d|ﬁereﬂces among
Manganese levels also differed among plants sub- treatments for any of the herbivorous insect popu-
jected to the different fertilization regimes. Manganese 'ations (two-way ANOVA's: total pestst’ = 1.29,
was significantly higher in ©plants (4667 + 13.72) df. = 3,6, p = 0.36; chewing insectsF” = 2.23,
than in @ (30 + 4.08) or C plants (311 + 3.89)  df. = 3,6, p = 0.19; sucking insectsf = 0.06,
(F = 4.49, df. = 3,18, p = 0.02). A Tukey's test 9. =3,6,p =0098).
found no difference in manganese concentrations be-
tween FS plants (383 + 7.12) and plants in any of
the other treatments.

3.4. Natural enemies

. . ) Coccinellidae, Dermaptera and Araneae were the
Overall, aphid popula.tlons were not correlated with predators most often counted on the corn plants, and
manganese con_ce_ntraﬂonsz (= 025 p = 0.14). Braconidae was the only family of parasitoids present.
Nevertheless’ _W'th'n the contr(_)l treatment, popula- There was no difference among first year treatments
tions of S. frugiperdawere negatively correlated with for the total population of natural enemies (all taxa

manganese concentrations’ (= 0.75, p = 0.002)  ompined, split plot ANOVAF = 0.39, df. = 3, 18,

(Fig. 2_)- . . p = 0.76) nor in the percentage of parasitized aphids
During the second year, nutrient concentration data (split plot ANOVA: F = 0.2, df. = 3, 18, p = 0.89).

were combir_1ed with above grpund biomass data to However, during the second cycle, Coccinellidae pop-
produce an index of plant nutrient content per plant. |, ations were positively correlated with aphid numbers
The split plot ANOVA's for nutrient content showed r2 = 045, p < 0.001) (Fig. 3). Nevertheless, the
the same tendencies as for nutrient concentrations andnumber of &:occinellidae was higher in the @.08,:|:

did not vary significantly with treatment. As in the 0.005) than in the FS plots (04-£0.002), where aphid
case of nitrogen concentration, the index for nitrogen populations were greater (split plot ANOVAF —
content was significantly higher in the FS plots than , 43 4 _ 3 18 p = 0.008).

in the & and C plots (split plot ANOVA:F = 3.77,

d.f.=3,18, p = 0.03). A Tukey's test did not reveal  3.5. Corn yield and biomass

any difference between CGand the other treatments.

The split plot ANOVA was similar for manganese Yields per plant and plot were estimated during
content index and concentration. Manganese contentthe first and second crop cycles. For the first cycle,
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Fig. 1. R. maidisand S. frugiperdapopulations in relation to nitrogen concentration in corn leaves.(Rat996.r> andp values are from
a linear regression analysis.

yields were very low (0.23kg per plant). There cycle, yields were higher (0.78 kg per plant), but there
was no difference in yield per plant between treat- were still no differences between treatments (split plot
ments (split plot ANOVA: F = 0.26, df. = 3,18, ANOVA's: yield per plant: F = 2.50, df. = 3, 18,

p = 0.85), nor in yield per plot (split plot ANOVA: p = 0.09; yield per plot:F = 2.22, df. = 3,18,

F = 0.05, df. = 3,18, p = 0.99). For the second p =0.12).
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Fig. 2. S. frugiperdain relation to manganese concentration of corn leaves without fertilizerii®al096.r2 and p values are from a
linear regression analysis.
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Fig. 3. Coccinellidae in relation t&. maidison corn. Patan, 1996.r2 andp values are from a linear regression analysis.
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For the second crop cycle biomass increased with the manganese in the manure and soil available to the
the amount of nitrogenr€ = 0.96, p < 0.001), as plants. In any case, data suggest an inverse relation-
expected, but did not differ between fertilizer treat- ship between manganese a8d frugiperdapopula-
ments (split plot ANOVA:F = 0.95, df. = 3,18, tions in the control plots, in contrast to the findings
p = 0.44). of Grafton-Cardwell and Ouyang (1996), who found

a positive correlation between manganese and mites.

Perhaps manganese plays a role in plant defense,
4. Discussion which plateaus at relatively low concentrations, but

this effect is counteracted at higher concentrations by

Herbivorous insects did not seem to be causing any the contribution of manganese to herbivore nutrition.
economic damage in corn, as farmers in Patzun stated Besides nutrient concentrations, optimum fertiliza-
(Morales and Perfecto, 2000). Although most herbiv- tion, which provides a proper balance of elements,
orous insects did not respond distinctly to the differ- stimulates resistance to insect attack (Howard, 1943;
ent fertilizers, mordR. maidis occurred in corn plants  Teetes, 1980). Organic nitrogen sources may allow
treated with synthetic fertilizers, in agreement with greater tolerance of vegetative damage because they
farmers’ observations. release nitrogen more slowly, over the course of sev-

Two ecological mechanisms might explain differ- eral years (Dick and McCoy, 1993). The amount of
ences in pest response to synthetic and organic fertil- nitrogen immediately available may be lower when
izers: (1) a plant’s nutritional status may influence its organic fertilizers are applied, but the overall nutri-
attractiveness to pests or its production of defenses;tional status of the crop may be improved. Based on
and (2) organic fertilizers may harbor natural enemies the nutrient content of corn plants, it appears that nu-
of pests. trients were released more quickly from slow release

Most studies have found that nitrogen has a positive synthetic fertilizer than from organic fertilizer. Thus
impact on herbivorous insect populations, although no conclusions can be drawn as to whether differences
others have produced equivocal results (Scriber, 1984;in pest response to fertilizer treatments are explicable
McGuinness, 1987). In the present experimest, by rate of nutrient release.
frugiperda and R. maidisdid respond to nitrogen An important finding is that differences in aphid
content, but each in a different way. response were significant only after the second year

The negative correlation betweé&n frugiperdaand of organic fertilization. The lack of significant differ-
nitrogen corn content found in the present study, con- ences among first year treatments supports growing
trasts with the positive correlation found previously evidence that the effects of organic fertilizers on soils
betweers. frugiperdaand other crops (Diawara etal., and plants are detectable only in the long term (Culik,
1991; Davidson and Potter, 1995). Perhaps corn, like 1983; Scow et al., 1994; Phelan et al., 1995). The
some other plants, produces more protein digestion in- explanation in this case, however, does not seem to
hibitors with increased nitrogen concentration (Raven, be the long-term effect of the organic fertilizer. There
1983; Herms and Mattson, 1992). were no differences between organic fertilizer and the

In contrast, the positive correlation betweé&h control but data suggest that the effect of synthetic
maidis populations and nitrogen concentration found fertilizers on aphids lasts for at least 1 year after
in the present study concurs with results reported application and is cumulative.
elsewhere (Van Emden and Bashford, 1969). What is  Fertilizer treatments may also influence pest pop-
new is that the differences in aphid populations be- ulations through their effects on natural enemies.
tween synthetic and organic plots seem to be the resultPrevious studies also found higher natural enemy
of the higher amount of nitrogen that the synthetic populations in crops treated with organic fertilizers.
fertilizers provided to the corn. Organic fertilizers contain micro-organisms (nema-

Manganese concentrations were high in the FS todes, bacteria, fungi) that may suppress soil-dwelling
plants, even though the synthetic formula did not con- insect pests and may provide more favorable habitat
tain manganese. It may be that the urea applied to thefor epigaeic predators of pests (Dritschilo and Wan-
O plots the year before, and to the FS plots, made ner, 1980). Purvis and Curry (1984) suggest that the
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supply of saprophagous fauna in compost may favor Agricultural and Ecology Group for providing insight-
the natural enemies that feed on them as well as onful ideas and criticism; to Gary Fowler and Charles
pests. Animal manure may also increase natural en- MacVean for statistical advice; to Daniel Engelberg,
emy populations by affecting foliar density, and thus John Soluri, Amy Crosson, Ryan Golten, Michael
microclimate and surface activity of the natural ene- Mann, Ana Upé6n, Margarito and Mario Raquec,
mies (Chiang, 1970; Honek and Holopainen, 1986). Cristina and Gilberto Mérida, and Lily Morales for
Fertilization techniques may also influence natural help with the field work; to Margarita de Colocho,
enemy populations by their contribution to infochem- Rigoberto Castafieda, Rodolfo @rand Tanea Ramos
ical production. Corn produces infochemicals that for help with the soil and plant chemical analysis;
attract natural enemies when the plants suffer her- to Alejandro Cipac and Guillermo Teleguario for
bivory (Dicke, 1994), and the infochemicals in some sharing knowledge and access to their plots to estab-
crops are affected by abiotic factors such as water lish the experiment; to The Institute of Agricultural
stress, light intensity, and season (Takabayashi et al.,Science and Technology of Guatemala (ICTA) for
1994). Nutrient levels may also influence infochemi- use of the facilities of the experimental station; to
cal production. However, with the exception of plant Fulbright-LASPAU, IPM-CRSP/USAID, the Rack-
biomass as a proxy for foliage density none of these ham School of Graduate Studies and the School of
potential influences on Coccinellidae populations Natural Resources and Environment at The Univer-
could be evaluated in the present study. sity of Michigan for providing funds through grants
Surprisingly, the significant differences in herbivore to Helda Morales; to the two anonymous referees
populations and foliar nutrient concentrations among and the Editor-in-Chief for useful comments on the
treatments had no apparent effects on corn yield and manuscript.
biomass. The lack of yield and biomass response to
fertilizer treatments, may be due to the natural fertility
of the volcanic soils in the area. Alternatively, even
aﬁgr_Z Years Withou.t fert“izer’-the effect of pre\{ious Altieri, M., 1984. Towards a grassroots approach to rural
Tertlllzatlor_] and the incorporation Of_ harv,es’t residues de\}elopyr11ent in the Third World. Agric. Hum. Val. 1, 45-48.
into the soil, may have augmented yields in the control cpjang, H., 1970. Effects of manure applications and mite
plots. Were corn yields simply unaffected by higher predation on corn rootworm populations in Minnesota. J. Econ.
aphid populations in the synthetic fertilizer plots or Entomol. 63, 934-936.
was increased pest damage in those p|0tS Compen-CO_SteHO’ M ‘1994. B_roccoli growth, yield a_md Iev_el of aphid
sated for by the increased nutrients afforded by the ;g‘;it;;'gn in leguminous living mulches. Biol. Agric. Hort. 10,
fertilizer? In any case, it seems that the application of cogtello, M., Altieri, M., 1995. Abundance, growth rate and
synthetic fertilizer is not economically beneficial in parasitism of Brevicoryne brassicaeand Myzus persicae
this area. The average cost of synthetic fertilizer as ap-  (Homoptera: Aphidae) on broccoli grown in living muiches.
plied by farmers in Patzdn was 4.8 times greater than Cuﬁl?n;\:/.l Ei%z)gSt.Tir;VIézrrz;/grzsjioln87e_xzfla?e(:i.ment' reducing farming
that of organic fertilizer (SEUS$ 258.6? hat vS. costs. J. Soil Water Conseny. 38, 333-335.
O=US$ 53.87 ha'). Greater labor input is required Culliney, T., Pimentel, D., 1986. Ecological effects of organic
for transportation and application of organic fertiliza- agricultural practices on insect populations. Agric. Ecosyst.
tion, but labor is cheap in Guatemala, so these costs Environ. 15, 253-266.
are minimal. In fact, however, the data suggest that Davidson. A., Potter, D., 1995. Response of plant-feeding,
e L . predatory, and soil-inhabiting invertebrates #cremonium
no T?rtllllzatlon IS neces;ary. Neyertheless’ the lack of endophyteand nitrogen fertilization in tall fescue turf. J. Econ.
fertilization may be detrimental in the long term. Entomol. 88, 367—379.

De Walt, B., 1994. Using indigenous knowledge and natural
resource management to improve agriculture and natural
Acknowledgements resource management. Hum. Organ. 53, 123-131.
Diawara, M., Hill, N., Wiseman, B., Isenhour, D., 1991.
. Penicle stage resistance$podoptera frugiperd@_epidoptera:
The authors express gratitude to John Vandermeer, noctuidae) in converted sorghum accessions. J. Econ. Entomol.
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