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ABSTRACT

Intercropped systems have agro-ecological and socioeconomic advantages over monocultures. Cotton is used in
systems associated with food crops as an option to increase sustainability in family farming. The objective of this
research was to evaluate the productivity of cotton in association with food crops, without using any nutritional as-
sistance in the soil. This study was conducted on the rainy season of 2020 in Manabi-Ecuador. Six treatments were
performed: four treatments related with the association of cotton with peanut, cowpea bean, field corn, and sweet
corn; and two treatments with cotton monoculture (with and without soil fertilization). Agronomic, productive, and
phytosanitary variables were evaluated in 60 m? experimental plots. A randomized complete block design with four
replications was used. The results determined that cotton yield in the association with peanut was significantly equal
to the monoculture with and without fertilization. In the intercropped food crops, there was a reduction in produc-
tion in relation to the monocultures. However, it was the peanut in association with cotton with the lowest reduction,
in addition to presenting the best Land Equivalence Ratio (1.71) and the best Marginal Rate of Return (120.56%),

which suggests that this association is a viable alternative and easy to adopt by the small cotton producer.

Keywords: competence, gossypium, land equivalent ratio, productivity.

INTRODUCTION

In Ecuador, cotton production had a great
impact on agriculture between the 70s and 90s.
However, economic and climatic events led to
the near disappearance of cotton in this country
(Food and Agriculture Organization of the United
Nations [FAO], 2018b), where the productiv-
ity reduced from 36000 ha in 1974 to less than
1000 ha in 2018 (FAO, 2018a). Consequently,
the production nowadays is too small to supply
the national demand of 20000 tons of cotton fi-
ber (INIAP, 2018). Currently, Ecuadorian cot-
ton growers are family farmers and all cultiva-
tion practices are carried out manually, requiring
a large amount of physical work (FAO, 2018c).
As consequence, the production cost in the rainy
season is 1425 USD ha! (INIAP, 2018), which is
considered a high cost for small cotton growers.

Several factors have caused the reduction of the
cultivated area in Ecuador; for example, low sales
prices, high production costs, as well as the slow
growth of the crop in its initial phase. Besides,
the length of the growth cycle last between 150
and 160 days, at 600 mm of rain precipitation,
28 °C, 650 hours of light at 160 meters at above
sea level. Other difficulties are soil degradation
which remains without cover for a large part of
the year, the exploitation time, and the high rate
of water erosion, which make the cotton system
unsustainable (INIAP, 2018; 2019).

Under such environmental difficulties, it is
necessary to foster new production alternatives
for small cotton production in Ecuador, allowing
the sustainability of the crop. One of these options
is the use of intercropped systems, an association
of cotton with food crops with a shorter cycle and
higher planting density. By intercropped systems,
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there would be a decrease in production costs by
minimizing weed control work. Besides, having
an economic income (Aguirre, 2017) between
the planting and harvesting is also an alterna-
tive for cotton small production.These systems
aim not only to improve the producer’s diet and
income but also to reduce the concern of having
production losses (Araujo et al., 2006; Agegnehu
et al., 2006; Ebel et al., 2013) which are caused
by external environmental factors and phytosani-
tary problems. Intercropped systems are widely
used in other crops such as castor bean (Ricinus
communis L.) (Pinto, 2011; Furtado et al., 2014),
which is one of the crops that most favors soil
and water loss, due to the low protection that this
system offers against erosive factors (Rasche Al-
varez et al., 2015). Intercropping is a common ag-
ricultural practice for small farmers with limited
area available for production, mainly in tropical
and subtropical areas (Pinto, 2011), where the
decomposition processes of organic matter is ac-
celerated, being a good alternative to maintain
greater stability of soil dead cover, thus reducing
soil erosion (Rasche Alvarez et al., 2015).

One of the principles for crop association is
the complementarity of crops. In this system, the
use of crops from different botanical families is
recommended (Teixeira & Mota, 2005; Teixeira
et al., 2012; Furtado et al., 2014). Therefore, crop
associations can become an easy-to-apply tech-
nology for family farmers because the objective
is to maximize available resources such as usable
area, labor, and inputs (Agegnehu et al., 2006).
However, one of the great challenges is to deter-
mine the most convenient associations (Rezende
et al., 2005). Several studies demonstrate the ef-
fectiveness of crops such as corn (Zea mays L.),
beans (Phaseolus vulgaris L.), cowpea (Vigna
unguiculata L.), sorghum (Sorghum bicolor L.),
peanut (Arachis hypogaea L.), sesame (Sesamum
indicum L.), in association with other crops (Ra-
sche Alvarez et al., 2015). In this sense, cotton is
suitable for production in systems associated with
food crops (corn, beans, peanuts, beans, wheat,
among others), as an option to reduce environ-
mental impacts, phytosanitary problems, an in-
crease of beneficial fauna, decrease of economic
losses (Gomez-Rodriguez & Zavaleta, 2001; Ebel
et al., 2013), a help to increase land-use efficiency
(Abd El-Hady and El-Khatib, 2002; Ebel et al.,
2017), and even total yield (Li et al., 2009), mak-
ing the cotton crop sustainable.
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The aim of this research was to evaluate the
agronomic, productive, and economic response
of cotton to its association with several food crops
(peanut, cowpea, field corn, and sweet corn), in
soil without fertilization assistance. The outlook
of this research is to offer a sustainable technol-
ogy for small cotton farmers, which allows grow-
ing the crop without inorganic fertilization.

MATERIALS AND METHODS

Location

This research was conducted during the rainy
season of 2020, in the experimental area of the
“Escuela Superior PolitécnicaAgropecuaria de
Manabi (ESPAM-MFL)”, located in El Limon,
Calceta parish, Bolivar canton, province of Manabi
(00°49°27.9” S; 80°10°47. 2 W and 15 m a.s.l.);
with the following environmental conditions
(851.57 mm; 26.4 °C; 81% RH and 1 604 hours
of sunshine), flat topography and clay- loamy soil.

Description and management
of the experiment

The growing response of cotton variety Coker
(2019 sowing season) was studied at intercrop-
ping conditions, using the following plants:peanut
(Arachis hypogaea L.); cowpea (Vigna unguicu-
lata L.); field-corn (Zea mays L.), and sweetcorn
(Z. mays L.). Six treatments were tested:
cotton with peanut (0.5 x 0.2 m = 10 rows);
cotton with cowpea (0.5 x 0.2 m = 10 rows);
cotton with field corn (0.1 % 0.2 m =4 rows);
cotton with sweetcorn (0.1 x 0.2 m = 4 rows);
monoculture cotton without fertilization and
monoculture cotton with fertilization (control).

Plots of 60 m* (10 x 6 m) with three double
rows of cotton were used. Besides, the plots were
planted with association crops between the dou-
ble rows. The soil was prepared with a tractor.
The sowing was performed manually, at two dif-
ferent times. Cotton was planted, using the spac-
ing according to the treatments: for intercrop-
ping (peanut, cowpea bean, field corn, and sweet
corn), three double rows of cotton (1 x 0.3 m)
were used, each double row separated by three
meters, while the two cotton monoculture plots
(with and without fertilization) were planted in
continuous rows (1 x 0.3 m). For weed control,
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a pre-emergent herbicide (pendimethalin 4 L ha')
and a post-emergent contact herbicide (paraquat
4 L ha') were applied immediately after sowing;
20 days after sowing (das), the selective herbi-
cide (haloxyfop-methyl 0.6 L ha'), was applied
in post-emergence, plus two hand weeding during
crop development. For arthropods control in the
initial stages of the crop, cypermethrin at sowing
and thiamethoxam (1 mL L' water) in drench at
15 days were applied.

Considering the nature of this study soil nu-
tritional assistance was not applied in the treat-
ments, except for the cotton plot with fertilization
(check control), which had applications of urea +
YaraMila®, using 205 kg ha'at 15 and 45 DAS.
Sweetcorn and cowpea were harvested at 75 DAS
both peanuts and field corn was harvested at 120
DAS. Finally, cotton was harvested only once at
150 DAS.

Data collection

For the evaluations, five randomized cotton
plants were marked in each, those plants were
used to record the following variables: Agronom-
ic, germination percentage at 14 das; plant height
at 27 and 110 das; stem diameter, number of
branches/plant, and internode length (cm) at 110
and 131 das. Production: number of cotton bolls/
plant (110 das); days to boll opening; weight (g)
of 10 bolls (131 das); cotton yield (kg ha') and
boll weight (g) at 150 das. Phytosanitary: percent-
age of plants damaged by soil insects (Agrotis sp.
and Spodoptera sp. at 14 das). For other arthro-
pods, evaluation at 30 das was made by absolute
sampling per plant, recording the number of ar-
thropod specimens (pest and beneficial) in stem,
leaves, flowers, and fruits in the five marked
plants. Finally, we determined the percentage of
diseased bolls per plot (110 das).

In the associated crops (peanut, cowpea
bean, field corn, and sweet corn), evaluations of
productive variables at the time of harvest were
made, recording the weight of peanut with shell
(kg ha!), the number of clusters ha'! of cowpea
bean (20 pods/ cluster); yield of field corn (kg
ha') and the number of bushels ha' (150 ears/
bushel) of sweet corn.

For the comparison of associated crop sys-
tems versus cotton monoculture, it was used
the total Land Equivalent Ratio (LER), defined
by Willey (1979) and cited by Teixeira y Mota
(2005), using this formula (1):

LER = Px/Mx + Py/Uy (1)

where: Px—yield of crop x in polyculture;
Mx —yield ofxin monoculture;
Py —yield of crop y in polyculture;
Uy —yield of cropyin polyculture.

Treatments were assigned to plots following a
randomized complete block design (RCBD) with
six treatments and four replicates. Before submit-
ting the data to the analysis of variance, the as-
sumption of normality was tested using the Sha-
piro-Wilk test and homogeneity of variances by
Bartlett’s test. When the effects of the treatments
were significant (<0.05), mean comparisons were
performed using Tukey’s test at 5%. The Ag-
ricolae package of R Studio statistical software
version 3.6 was used for the data analysis. Be-
sides, economic analysis of the treatments was
performed using CIMMYT methodology, with
the calculation of the net benefit, variable costs,
marginal rate of return and partial budget, (CIM-
MYT, 1998).

RESULTS AND DISCUSSION

No statistical differences were found in the
germination percentage of the seed of Coker va-
riety in cotton systems associated with four food
crops. However, an average germination percent-
age of 78% was observed, above the results found
by (CANARTE 2020.Pdf, n.d.), who reported a
germination average of 58%.

To plant height (m), there were statistical dif-
ferences (P=0.001) at 110 das, with the greatest
plant height reached by the monoculture cotton
without fertilization, which differed from the
rest. While cotton with fertilization reached the
lowest plant height. It should be considered that
during this study the growth regulator mepiquat
chloride was not used, which caused an uncon-
trolled growth of the cotton plants, which made
harvesting difficult. This was verified by (CA-
NARTE 2020.Pdf, n.d.), where they tested this
same material with a growth regulator, achiev-
ing a maximum height of 1.25 m, much lower
than our results, which obtained an average plant
height of 2.15 m (Table 1). When the plant height
of cotton associated with the monoculture was
compared, it was determined that there was no
response of cotton to the association with food
crops. These results are contradictory to those
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cited by (BELTRAO 1986.Pdf, n.d.)), who claim
that the association of cotton with cowpea caused
a decrease in plant height in the order of 16 to
25%. This suggests that in associations with oil-
seeds such as peanuts, a symbiotic relationship is
established with nitrogen-fixing bacteria, which
is of great importance since this helps to replen-
ish the N necessary for plant development (Arat-
jo et al., 2006). At 110 das, according to Tukey’s
test, cotton plants in monoculture plots without
fertilization were significantly taller than those in
monoculture plots with fertilization.

When cotton stem diameter (mm) was ana-
lyzed, ANOVA established significant statistical
differences (P=0.005) between treatments.Ac-
cording to Tukey’s multiple comparison procedure
(<0.05), it was in the association with peanut, that
the cotton plants presented a greater stem diameter,
very different from the association with field corn
that had the smaller stem diameter. When compar-
ing the stem diameter response of associated cot-
ton with monoculture, there was no difference in
diameter between associated and monoculture cot-
ton plants, achieving an average diameter of 20.51
mm. (Table 1). These results are contradictory to
those found by (Cafarte-Bermtudez, 2019) who
state that the association of cotton with cowpea re-
duced the stem diameter of cotton, while in our re-
search the cotton-cowpea association was the one
that excelled increasing the diameter.

Regarding the number of branches/plant,
ANOVA found significant statistical differences

(P=0.005), with a higher number of branches in
the association with sweet corn, significantly dif-
ferent according to Tukey (<0.05) from the asso-
ciation with cowpea bean, which had the lowest
number of branches/plant. Comparison between
associated cotton and monoculture did not show
differences in the number of cotton branches, with
an average of 24.31 branches/plant (Table 1),
which is related to the excessive cotton growth
without the application of a growth regulator.

In the variable internode length (cm), ANO-
VA reported significant statistical differences
(P=0.005) between treatments. Comparing the
means with Tukey (<0.05), it can be seen that the
highest average value of internode length was ob-
tained in the association with field corn, very dif-
ferent from the cotton monoculture with fertiliza-
tion that presented the lowest average internode
length, which is coherent with the lowest plant
height observed in this treatment. The mean values
of associated cotton were compared with mono-
culture cotton (with and without fertilization),
statistical differences (P<0.05) were observed, be-
ing the cotton with fertilization the treatment with
lower average of internode length (Table 1). The
high values of internode length found in this ex-
periment are a consequence of the non-use of the
growth regulator, which caused the lengthening of
the internodes (INIAP, 2018, 2019).

Analyzing the number of cotton bolls/
plant, the ANOVA showed statistical differenc-
es between treatments (P=0.001) at 110 days,

Table 1. Average values of agronomic variables recorded in cotton associated with various food crops. 2020

Plant height Stem diameter Number of branch/ | Internode length
Treatments ont (m) (mm) plant (cm)
27 das 110 das 110 das 110 das 131 das
Cotton + peanut 0.24 2.10 abc 2220 a 24.65 ab 5.74 ab
Cotton + cowpea 0.22 2.02 bc 21.50 ab 23.10 b 5.69 ab
Cotton + field corn 0,21 2.20 abc 18.70 b 23.40 ab 6.68 a
Cotton + sweet corn 0.22 2.26 ab 21.65 ab 25.65a 5.55ab
Cotton without fertilization 0.22 230a 19.40 ab 25.25 ab 6.07 ab
Cotton with fertilization 0.22 202c 19.60 ab 23.80 ab 4.40b
Mean 0.22 2.15 20.51 24.31 5.69
P Ns 0.001 0.005 0.005 0.005
CV (%) 9.26 4.96 7.09 4.30 13.65
Comparisons
Cotton in association 0.22 214 ab 21.01 24.20 5.91a
Cotton without fertilization 0.22 230a 19.40 25.25 6.07a
Cotton with fertilization 0.22 2.02b 19.60 23.80 4.40b
P Ns 0.001 Ns Ns 0.001

Note: means with a common letter are not significantly different (p > 0.05), das — days after sowing.
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obtaining the highest average value in the associ-
ation of cotton with peanut, differing significant-
ly from the others according to the Tukey mean
comparison test (<0.05). While, it was in the asso-
ciation with cowpea bean, where the lowest aver-
age value of cotton bolls/plant was found. There
were no significant differences (P>0.05) in bolls
yield between the associated cotton compared to
the monoculture (with and without fertilization)
cotton (Table 2).

The variable days before to cotton boll open-
ing also showed significant statistical differences
(P=0.001) in the treatments under study. Accord-
ing to Tukey (<0.05), precocity was obtained in
boll’s opening when we associated cotton with
field corn; they differed significantly from the
plot of monoculture cotton with fertilization,
which registered the longest time in days before
to the opening of the cotton boll, this is true also
for the group comparisons between cotton associ-
ated versus cotton monoculture with fertilization
(Table 2). When the weight (g) of 10 cotton bolls
at 131 das was analyzed, no statistical differences
were found among the treatments evaluated. The
same was true for comparisons between associ-
ated plots and monoculture (Table 2).

For the weight (g) of 10 whole cotton seeds
(with linter), the ANOVA established significant
statistical differences (P=0.005), highlighting the
association cotton with sweetcorn, presenting the
highest seed weight, compared to the association
cotton with peanut, which registered the lowest

weight. When the comparison of cotton associ-
ated with monoculture was analyzed, no differ-
ences were found, however, the average values of
seeds weight in this experiment (7.6 g), were well
above the satisfactory, which according to Farias
et al. (1999), is for cotton 6.0 g/boll (Table 2).

There was a response of raw cotton yield (kg
ha') to the treatments under study. The ANOVA
found significant statistical differences (P<0.05).
Tukey’s mean comparison test (<0.05), deter-
mined that the cotton system associated with
peanut cultivation was significantly equal to the
monoculture system without and with nitrogen
fertilization, this intercropped system had the
highest cotton yield in branch (Figure 1). These
results contradict those reported by(Araujo et al.,
2006), who cited a reduction in raw cotton yield
in association with peanut, which could be due
to the close spacing used between the cotton and
peanut sowing line.

In our study, the cotton-peanut association
met the principles for crop association, such as
crop complementarity, in addition, to incorpo-
rate plant species from different botanical fami-
lies (Agegnehu et al., 2006). Another interest-
ing aspect of the cotton-peanut association was
that it allowed a higher density of plants per area
since 10 rows of peanuts were planted between
the double rows of cotton, as opposed to the four
rows of sweet and field corn. Therefore, the as-
sociation of crops, in addition to the benefits in
production and diversification, allows the small

Table 2. Average values of productive variables recorded in cotton associated with various food crops. 2020

Treatments Number of bolls/plant | Days to bolls opening | Weight of 10 bolls (g) W;L%Tﬂ‘;;;gswggle
110 das das 131 das 150 das
Cotton + peanut 22.35a 119.75 ab 360 70b
Cotton + cowpea 11.85¢ 119.75 ab 330 78 ab
Cotton + field corn 15.25 be 110.00 b 340 73 ab
Cotton + sweet corn 19.25 ab 119.75 ab 350 85a
Cotton without fertilization 16.55 abc 119.75 ab 340 75 ab
Cotton with fertilization 18.00 abc 126.50 a 310 75 ab
Mean 17.21 119.25 340 76
P 0.001 0.001 Ns 0.005
CV (%) 17.67 4.04 7.26 7.61
Comparisons
Cotton in association 17.18 117.31b 345 76
Cotton without fertilization 16.55 119.75ab 336 75
Cotton with fertilization 18.00 126.50a 315 75
P Ns 0.005 Ns Ns

Note: means with a common letter are not significantly different (p > 0.05), das — days after sowing.
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Figure 1. Average seed cotton yield values recorded in cotton intercropped systems with various
food crops (2020); means with a common letter are not significantly different (p>0.05)

farmer to obtain indirect benefits such as better
soil utilization, greater moisture, reduction of soil
losses because of water erosion, greater cover-
age, nutrients recycling,due to the increase in the
production of organic material, acceleration of the
decomposition processes of organic compounds,
increase in the activity of soil microorganisms and
better weed control, which allows obtaining lower
production costs of the main crop (Araujo et al.,
2006; Pinto, 2011; Rasche et al., 2015). All this
would help to reduce the problems of soil cover
and water erosion caused by cotton monocul-
ture. On the other hand, the association of cotton
with cowpea beans presented a disadvantage, as
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=
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cn 800
<
e
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~
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Cotton + food crops
(grouped)

Cotton without fertilization

it significantly registered the lowest yield of seed
cotton, significantly which represents a 41% re-
duction in production compared to the cotton with
peanut system (Figure 1). These results are sup-
ported by those found by Beltrao et al (1986), who
tested several cowpea varieties in association with
cotton, and determined a significant reduction in
seed cotton yield, especially with those cowpea
materials of indeterminate growth. This happened
in our research, observing that the cowpea plants,
close to the cotton sowing line, became climbers,
overwhelming the cotton, causing a competition
that involves several aspects of the ecological sub-
strate, such as water, light, CO,, mineral nutrients.

1017a

I 957a

Cotton with fertilization

Comparison

Figure 2. Comparison of average values of raw cotton yields intercropped with several food crops (grouped) and cotton
monoculture without and with soil fertilization (2020); means with a common letter are not significantly different (p>0.05)
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No differences in yield kg ha' were detected
when comparing plots associated with food crops
versus monoculture plots (with and without nitro-
gen fertilization) (Figure 2).

Regarding the incidence of arthropods, no
significant statistical differences (P>0.05) were
established in the percentage of plants damaged
by the action of insects of the genera Agrotis and
Spodoptera at 14 das, among the treatments under
study. These results confirm the protective action
of the seed treatment and the early application of
insecticide in drench, which reduces the damage
of these insect pests cited as important pests in the
seedling stage of cotton (ICAR, 2010). These re-
sults are consistent with those reported by Sotelo-
Proafio et al. (2022), who also argue that damage
from these ground insects is controlled with seed
treatment and early pesticide application.

Under the conditions of this research, we
found the presence of a diversity of arthropod-
pests with the following species standing out for
their higher populations: whitefly Bemisia tabaci
(Hemiptera: Aleyrodidae), thrips Frankliniella
spp. (Thysanoptera: Thripidae), rootworms Di-
abrotica spp. (Coleoptera: Chrysomelidae), aphid
Aphis gossypii (Hemiptera: Aphididae), leathop-
pers Sibovia spp. (Hemiptera: Cicadellidae) and
the leafminerlyriomyza sp. (Diptera: Agromy-
zidae), however, no significant statistical differ-
ences (P>0.05) between treatments were reported
for these species (Figure 3). These results are
discordant with those presented by Ramalho and
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Bemisia tabaci Frankliniella sp. Diabrotica spp. Aphis gossypii

Gonzaga (1990), who argue that crop association
affects insect populations through physical and
biological factors. Similarly, Awaad & El-Naggar
(2018), indicated that intercropped system (cot-
ton and wheat) helps to reduce the presence of
certain pests such as mole cricket Gryllo talpa,
aphids 4. gossypii, black cutworm Agrotisipsilon,
and thrips Thrips tabaci, by reducing the amount
of water used to irrigate these crops.

In addition, we observed the occurrence of
a diversity of natural enemies associated with
the arthropod pests living in the cotton plants,
among them important predators such as spi-
ders, ladybug Cycloneda sanguinea (Coleoptera:
Coccinellidae) and the green fly Condylostylus
sp. (Diptera: Dolichopodidae). These results are
similar to those found by Ahmad et al. (2020),
who mention that in cotton it is common to find
a diversity of biological regulators. However, it
is worth mentioning that there were no statisti-
cal differences among treatments in the presence
of these predators (Figure 4). However, Ramalho
and Gonzaga (1990), found that in the corn-pea-
nut association, there was a substantial reduction
of the corn borer (Ostrinia sp.), due to the pres-
ence of predatory spiders.

The presence of rotten cotton bolls due to
the fungi Lasiodiplodia sp., Fusarium spp. and
Colletrotrichumspp. was reported, diseases that
have already been seen in cotton, grown in simi-
lar environments (INIAP, 2018; 2019; Canarte et
al., 2020). From the analysis performed on the

W Cotton + peanut

@ Cotton + cowpea

OCotton + field corn

@ Cotton + sweet comn
OCotton without fertilization
8 Cotton with fertilization

— |ﬂﬂ§ﬂ§

Sibovia spp.  Liriomyza spp.

Artrophods-pests in cotton intercropped systems

Figure 3. Cumulative values (five plants) of arthropod-pest populations present in the cotton
crop associated with food crops and monoculture without and with fertilization (2020)
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Figure 4. Cumulative values (five plants) of arthropod-beneficial populations present in the cotton
crop associated with food crops and monoculture without and with fertilization (2020)

variable percentage of diseased bolls, registered
at 110 das, it is clear that there was no influence of
the associated systems on this variable, reporting
a maximum of 7.94%.

A substantial reduction in the yield of peanut,
cowpea, field corn and sweetcorn was observed
when associated with cotton (Table 3). This is also

reported in other associations such as castorbean-
common bean and castor bean-cotton, where the
crops in association had lower yields compared to
their monoculture production, but different from
the castor bean-corn association, where in addi-
tion to not significantly decreasing its yield in the
intercropping system, it allowed almost the same

Table 3. Average yield of food crops (peanut, cowpea, field corn and sweetcorn) in association with cotton and

Land Equivalent Rate (LER), 2020

Treatments Experimental yield Referencial yield . .
(intercropped) (food crop) (food crop-monoculture) Land equivalent ratio (LER)
1647 kg ha™ 2365 kg ha'
Cotton + peanut (shell peanut) (shell peanut) 1.71a
11925 clusters ha™ 28800 cluster ha'
Cotton + cowpea (20 pods/cluster) (20 pods/cluster) 0.99b
Cotton + field corn 1859 kg ha™ 5382 kg ha' 1.14 b
123 bushel ha™ 235 bushel ha™
Cotton + sweet corn (150 ears/bushel) (150 ears/bushel) 1.32 ab
Average 1.29
P 0.001
CV (%) 15.8

Note: means with a common letter are not significantly different (p > 0.05).

Table 4. Marginal analysis of no-dominated treatments in the cotton production system in association with various

food crops, 2020

Treatments NB (USD./ha) VC (USD./ha) | MINB (USD./ha) | MIVC (USD./ha) MRR (%) MARR
Cotton + peanut 1824.14 366 258.86 214.8 120.56 50%
Cotton + cowpea 1565.28 151.2

Note: NB —net benefit, VC —variable costs, MINB —marginal increase in net benefit, MIVC — marginal increase in
variable costs, MRR —marginal rate of return, MARR —minimum acceptable rate of return.
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amount of corn to be produced as would be ob-
tained in a monoculture (Rasche Alvarez et al.,
2015). However, in our research, peanuts suffered
the lowest yield reduction (30%) when associ-
ated with cotton in the established populations
and planted 13 days after cotton. While corn in
association with cotton suffered the greatest yield
reduction with 65%. Despite the yield reduction,
there was more production than that obtained by
Aratjo et al. (2006), who did not achieve peanuts
yield when they planted it 15 days after cotton, as
a consequence of the strong competition pressure
imposed by cotton, either by shading, competi-
tion for water and other resources, so they con-
cluded that it is better to plant peanuts at the same
time as cotton. It would be important to pay spe-
cial attention to planting dates in associated crops
as part of good agricultural management. In this
subject, the scientific literature cites several stud-
ies to determine the appropriate planting time for
each crop in the association (Pinto, 2011).

The statistical analysis of the LER averages
showed significant differences (£<0.05), and ac-
cording to the Tukey test (<0.05), the ratio of the
cotton-peanut association (1.71), was significant-
ly higher from the ratios of the cotton-cowpea and
cotton-field corn associations (Table 3). In this
study a positive synergistic effect was observed
in the cotton-peanut association, in contrast to
the cotton-cowpea intercropped whose Index of
>1 indicates antagonism or competition (Willey,
1979; Teixeira et al., 2005). In contrast, (Khan et
al., 2020), states that the intercropping of mung
bean in late-sown cotton is a valuable option to
increase the productivity and income of farmers.
Abd El-Hady and El-Khatib, (2002), state that in-
tercropping can increase land use efficiency and
is generally successful under harsh soil and cli-
mate conditions found in Egypt.

Finally, the economic analysis corroborated
the results described above, since the association
of cotton with peanuts presented the best MRR
(120.56%). These results are consistent with
those cited by Aratjo et al. (2006), who claim
that associations with food crops, not only pro-
vide benefits in the farmer’s diet, but also im-
prove their economy, obtaining in our case, the
cotton-peanut association, the best yield of raw
cotton, higher LER and better MRR (Table 4),
making this association an appropriate option
for small producers with limited area to pro-
duce crops (Pinto et al., 2011). This technology
could be easily adopted by family cotton farmers,

who know how to produce peanuts, maximizing
available resources such as usable area, labor,
inputs, and minimizing the risk of production
losses by diversifying production. As mentioned
by Rezende et al. (2005), one of the great chal-
lenges for the success of production in associ-
ated systems is to determine which are the most
convenient associations, from the environmental,
productive, and economic point of view.

CONCLUSIONS

Cotton yield was not affected by the associa-
tion with peanut. Regarding the yield of inter-
cropped food plants, there was a reduction in rela-
tion to monocultures; however, it was the peanut
in association with cotton that experienced the
least reduction and had the best Land Equivalent
Ratio -LER- (1.71) and the best Marginal Rate of
Return (120.56%), which suggests this associa-
tion as a viable alternative and easy to adopt by
small cotton farmers.
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