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Abstract: Intercropping cassava with peanuts in different plant arrangements can increase cassava
crop yield. Nonetheless, no experimental evidence has been established on the ubiquitous forces of
intra and interspecific competitions affecting cassava development, crop yield, and land use
efficiency (LUE) in intercropping. Therefore, this study aimed to evaluate the intra- and interspecific
competition impacts on cassava culture, crop productivity, and LUE under different spatial
arrangements in the cassava-peanut consortium. The experiment was arranged in randomized blocks
with 5 treatments and 5 replications. The treatments were: cassava in monoculture (T1); cassava +
peanuts between the cassava rows (T2); cassava + peanuts in a double row between the cassava rows
(T3); cassava planted in a double row + peanuts between double rows of cassava (T4); peanuts in
monoculture (T5). The results reveal that intercropping affects the vegetative growth rate of cassava
and that denser spatial arrangements promote greater inter- or intraspecific competition between
cassava and peanut plants, affecting the height, branching, root length, diameter, and commercial
yield of cassava roots. However, less dense arrangements provide more advantageous conditions for
cassava root growth, resulting in less root loss. The productivity of cassava and peanut roots and
grains was higher in single cultivation. The intercrop of cassava in a single row with peanuts in the
alley and the intercrop of cassava in a double row with peanuts presented satisfactory ELU, with an

average of 1.30.
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Introduction

Grown mainly in tropical and subtropical regions, cassava
(Manihot esculenta Crantz) is one of the most important
sources of carbohydrates and dietary energy for human
nutrition. It is also considered a resistant plant, as it can
adapt and produce in edaphoclimatic conditions that limit
the cultivation of more profitable crops (Rubiano-Rodriguez
and Cordero-Cordero, 2019; Reichert et al., 2021).

Despite cassava's hardiness, production can be affected by
its intrinsic growth characteristics, such as slow
development in the initial phase, long harvesting cycle, yield
variation between cultivars, and the crop spatial
arrangement. These factors favor weed incidence competing
for growth resources available in the environment (water,
light, nutrients), leading to productivity losses of up to 100%
when not controlled, as well as exposing the soil to erosive
agents that accelerate erosion losses (Albuquerque et al.,
2012; Lima et al., 2015; Legodi and Ogola, 2020; Reichert et
al., 2021).

In these conditions, the intercropping system, also known as
poly cropping or mixed cropping, is a sustainable agricultural
practice that can reduce crop production losses because,
among its many advantages, this system promotes better use
of growth resources, less use of cultivated area and
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contributes to the reduction of weeds, insect pests, and
diseases. These advantages convert into superior yield
results compared to monoculture (Albuquerque et al., 2015;
Legodi and Ogola, 2020; Amoako et al, 2022). The
architecture of the vegetative canopy and the plant
population directly influence crop growth and production
(Oliveira et al., 2019).

Different intercropping models are suggested for cassava
cultivation. Nonetheless, intercropping cassava with
leguminous plants is more widespread due to the beneficial
effects achieved, such as those reported by Alves et al. (2010),
Albuquerque et al. (2012), Legodi & Ogola (2020) and
Amoako et al. (2022). The use of legumes in intercropping
systems has a wide range of benefits, mainly by improving
the supply of soil nitrogen for accompanying crops, favoring
the process of soil conservation, controlling weeds,
maximizing area use, and increasing the producer profit
(Alves et al., 2010; Albuquerque et al., 2012; Mudare et al.,
2022).

It is possible to use several indicators to compare
intercropping and monoculture systems. However, the index
conventionally used is Land Use Efficiency (LUE), which
evaluates the intercropping benefits and efficiency compared
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to monocultures (Agegnehu et al., 2006), considering the use
of available resources and agricultural productivity.

It is noteworthy that intercropping success is not only
influenced by the growth characteristics of the intercropped
crops, their life expectancy, the period of coexistence, and the
crops' spatial distribution combination but also by intra- and
interspecific competition forces governing the plants'
coexistence in the mixed crop (Albuquerque et al., 2012;
Maitra et al., 2021; Legodi and Ogola, 2020). Due to these
factors, studies suggest that the cassava and legumes
intercropping in different plant arrangements differ in
production and LUE (Dapaah et al., 2003; Albuquerque et al.,
2012).

Nevertheless, there is a lack of concrete experimental
evidence on the effect of intercropping cassava and peanuts
on the development of cassava plants during the growing
phase. The peanut (Arachis hypogaea L. is a legume
(fabaceous) of great importance in some regional cultivation
systems, being the second most grown oilseed after
soybeans, accounting for 9% of world oilseed production
(Peoples et al., 2021). In Brazil, the state of Sao Paulo is the
largest peanut producer (Botelho et al., 2020) and the third
largest cassava producer (IBGE, 2022), indicating how crucial
the cultivation of these crops represents for the economy and
local and regional supply.

Therefore, understanding the performance of the cassava
crop and the viability of intercropping with peanuts is
essential to obtaining more accurate information about the
production of these crops. This study aimed to assess the
effects of intra- and interspecific competition between
cassava and peanut spatial arrangements on cassava crop
development, crop yields, and LUE.

Results and Discussion

The effects of intraspecific competition between cassava
plants in dense cultivation and interspecific competition
between cassava and peanut plants cultivated between lines
can be seen in the growth rate of the cassava, especially in
the first 90 days, where treatments T1 and T3 showed similar
behavior, but with an average daily growth rate 11.28%
higher than the treatments T2 and T4 (Fig 1). This behavior
may be related to the lower strength of intra- and
interspecific competitions between the cassava and peanut
crops due to less dense spatial arrangement in these
treatments (T1 and T3) (Fig 1). This growth rate pattern can
be attributed to resource competition during the peanut
grain filling phase and cassava root growth, especially water
since this evaluation period happened between May and July
when water availability in the soil was lower.

However, after 90 days from planting (DAP), in treatments
T2 and T4, the cassava plants increased their growth rate,
surpassing the plants in treatments T1 and T3 (Fig 1).
Possibly, the cassava dense planting in the T2 treatment and
T4 double-row cassava cultivation system, provided greater
competition from this period onwards, which may have
caused the etiolation of the cassava canopy, affecting the
growth rate parameters (tx and Am.tx/e) and the time
needed to reach the maximum daily growth rate (DAPm)
(Table 1).

In the T2 and T4 growing arrangements, the tx and Am.tx/e
values are, on average, 34.47% and 18.16% higher than the
parameters in the T1 and T3 treatments. In addition, for the
DAPm values, the T1 and T3 treatments take an average of
20 days longer to reach the maximum growth rate (Table 1).
In general, for all the cultivation arrangements, the growth
rate is highly affected in the third of the crop cycle (90 DAP)
and in the maximum growth period, which in this study
averaged 156 DAP (Fig 1), respectively, when cassava plants
enter the stages of high light interception and maximum
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light interception (Leihner, 1983). Cassava grown in
intercropping achieves approximately 40% of light
interception in the first 90 DAP, with maximum light
interception between 150 and 210 DAP, with a decrease
afterward (Leihner, 1983). However, the cassava crop's initial,
maximum, and decreasing periods of light interception can
vary between cultivars depending on plant size, leaf angle,
and growing season (Mahakosee et al., 2022).

Although the cultivation arrangements T2 and T4 provided
higher values for the parameters tx and Am.tx/e, for the
parameters Am and Am/e, the highest values were observed
in the treatments T1 and T3, indicating that in these
cultivation conditions, the cassava plants have higher
potential for growth in height and a higher growth rate at
the inflection point of the curve. These results partially
support the final plant height values (Table 2).

The results of the cultivation arrangements on final plant
height, stem diameter, and number of stems per plant are
displayed in Table 2. As can be seen, the T1 arrangement
resulted in a similar final plant height to the value observed
in T3 and was higher than the values achieved in the T2 and
T4 arrangements (p < 0.05). However, the final plant height
in T3 was also similar to the value in the T2 arrangement (p
<0.05).

Higher values observed for final plant height indicate a
possible relationship with the growth potential regarding the
maximum value achieved for this variable (Table 1), which
converges into final plant height, observed mainly in less
dense intercropping (T1 and T3) for cassava (Table 2). Results
disagreeing with the ones found in this study are reported by
Amoako et al. (2022), who observed no differences in cassava
plant height when intercropped with cowpea, regardless of
the time the cassava plant height was sampled (90 and 180
DAP and during harvest). Therefore, depending on the
species intercropped with cassava and the cultivation
arrangement, there may be an influence on light sharing and,
consequently, changes in plant development (Mahakosee et
al., 2022).

Concerning stem diameter, only the arrangement where the
cassava plants were cultivated at a reduced spacing between
rows (T4) caused a significant decrease in this variable. The
other treatments did not differ statistically from each other
(p <0.05), even though, on average, they provided plants with
a larger diameter (3.0 cm) when compared to the T4 system
(Table 2). However, this was not the case for the number of
stems per plant, where the arrangements tested did not
cause any significant differences (p < 0.05) (Table 2).

These results suggest that the stem diameter reduction
inversely follows the plant's growth rate (tx and Am.tx/e).
The cassava plants grown in the T4 cultivation system
experienced a phase of rapid elongation of the main stem
and principal sympodial branches, resulting in stem
elongation caused by intraspecific competition. However, the
rapid vertical growth of these structures did not lead to an
increase in the number of total stems, the final plant height
(Table 2), or the length of the secondary sympodial branches.
The lack of significance of the plant stem number may be
related to the trichotomous branching type and
establishment period of the IAC 576-70 cultivar, which
practically stabilized 30 days before the evaluation period.
The present stem diameter observations partially
corroborate the findings of Mansaray et al. (2022) and are
opposite to the plant stem number, as observed by Akpan &
Ikeh (2018). The latter authors found that the number of
stems on the cassava decreases depending on the cultivar,
regardless of the spacing between cassava plants.

Regarding the branching data (Table 3), only treatment T2
stood out with the highest branching percentage, with an
average 4.42% higher than the other treatments (T1, T3 and
T4) (p < 0.05). The branching percentage is a characteristic



Table 1. Estimates of Gompertz equation parameters and their relationships for plant height in different spatial arrangements of

cassava cultivation. Pindorama, SP.

Height at

Maximum inflocti Maximum Maximum Maximum
. potential height INTeCtion  relative rate growth rate growth day
Spatial arrangement point
Am (m) Am/e (m) tx(mm.mT) ?g;:.((/i(;y") DAPm (day)
T1 - Cassava monoculture 3.03 1.11 12.95 14.44 171.31
T2 - Cassava + Peanuts between lines 2.53 0.93 19.56 18.21 148.96
T3 - Cassava + Peanuts in double lines 2.97 1.09 14.66 16.02 160.41
T4 - Cassava + Peanuts in dense double lines  2.29 0.84 22.56 19.01 143.39

Table 2. Final plant height, stem diameter, and stem number per plant of the cassava cultivar IAC 572-70 at 270 DAP under the

influence of cultivation systems. Pindorama, SP.

Cultivation systems

Final plant height (cm)

Stem diameter (cm) Stem number per

plant
T1 - Cassava monoculture 255.96 a 292 a 244 a
T2 - Cassava + Peanuts between lines 23791b 314 a 2.68 a
T3 - Cassava + Peanuts in double lines 249.13 ab 3.02a 2.68 a
T4 - Cassava + Peanuts in dense double lines 22341 ¢ 2.44 b 2.24a
F 16.555™* 10.1219** 0.7810"
CV (%) 5.96 7.49 14.70

T Averages followed by the same letter do not differ significantly by Tukey's test (p<0.05).

Table 3. Branching, and height of the first sympodial branch (RS1) and of the second sympodial branch (RS2) at 270 DAP of cassava
cultivar IAC 572-70 under the influence of different cultivation systems. Pindorama, SP.

Cultivation systems

Branching (%)

Height RS1 (cm) Height RS2 (cm)

T1 - Cassava monoculture 84.38 b 3991 a 116.75 a
T2 - Cassava + Peanuts between lines 88.62 a 27.08 b 90.58 b
T3 - Cassava + Peanuts in double lines 85.98 b 34.83 a 9791 b
T4 - Cassava + Peanuts in dense double lines 83.74 b 36.25 a 112.25a
F 102.04** 62.355*" 17.894**
CV (%) 3.21 13.22 4.89

TAverages followed by the same letter do not differ significantly by Tukey's test (p<0.05).

that matters since the branches are used as propagative
material for future crops. However, the branching amount
varies depending on the cultivar, the size of the plant, and
the legume species in the consortium (Mansaray et al., 2022).
For TB1 height, treatment T2 showed the lowest observed
value, with an average 26.80% lower than the other
cultivation systems T1, T3 and T4 (p < 0.05). For SB2 height,
treatments T1 and T4 showed similar values, though, with
17.68% higher than T2 and T3 (p < 0.05). However, these
treatments (T2 and T3) did not differ from each other, with a
variation of 90.58 to 97.91 cm height per plant in RS2 (p <
0.05) (Table 3).

The height variation in RS1 and RS2 reflects the plant's rate
of leaf and branch generations during its growth, which
influences the cassava crop development throughout the
cultivation cycle (Fagundes et al., 2009; Gabriel et al., 2014).
Streck et al. (2014) found that cassava plants grown in
monoculture at different row spacings reduce the leaf
number in denser spacing and increase it in wider ones,
which  may have influenced the partitioning of
photoassimilates to meet the growth of certain plant parts to
the detriment of others (Gabriel et al., 2014). Thus, as
observed during the experiment, the cassava plants in the T2
and T4 cultivation systems had smaller leaves and lower SB2
height, although with a higher percentage of branching and
secondary sympodial branches (Fig 2).

The cultivation systems had a significant effect (p < 0.05) on
the main stem and primary and secondary sympodial branch
lengths. The main stem was 26.75% shorter when the cassava
plants were grown in the T2 cultivation system compared to
the T1, T3 and T4 treatments. However, there was no
significant difference (p < 0.05) between treatments T1, T3
and T4 (Fig 2). For the main sympodial branches, treatments
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T1 and T4, and systems T2 and T3, provided similar average
lengths when compared to each other (p < 0.05). Nonetheless,
the main sympodial branches in the T2 and T3 treatments
were 17.14% shorter when compared to the lengths of the
main sympodial ones in the T1 and T4 cultivation systems (p
< 0.05) (Fig 2).

Concerning the length of secondary sympodial branches (Fig
2), the T2 treatment stood out showing an average 17.95%
higher than the other treatments (T1, T3 and T4) (p < 0.05).
The higher percentage of branches (Table 3) in the T2
cultivation system was probably influenced by the secondary
branches’ length since their elongation caused the plant’s
self-competition by light radiation. Moreover, the plants
presenting the tallest main stem also displayed the shortest
secondary sympodial branches (Fig 2). Silva et al. (2017)
support that the number of plant branches can change
depending on the first insertion height. Besides, cassava
plants allocate more photoassimilates to the roots when the
main stem has fewer secondary branches, reducing the
partitioning competition between root and shoot, which
results in higher root productivity (Silva et al., 2017).

The cultivation systems had a significant influence (p < 0.05)
on root length, root diameter, the percentage of non-
commercial roots (Losses %), and the yield of the cassava
crop (Table 3). Concerning root length, the cultivation
configurations T2 and T3 show statistically equivalent
averages (p < 0.05) (Table 4). However, on average, these
roots are 22.72% longer than the average length of the ones
produced in treatments T1 and T4, which did not differ
statistically (p < 0.05).

Regarding the root diameter, the T3 cultivation system
provided the highest average (5.05 cm) and was 8.11% higher
than the T1 and T4 treatments and 17.82% higher than the
T2 arrangement. Meanwhile, the T1 and T4 cultivation
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Fig 1. Growth rate of cassava plants under the influence of cultivation systems: monoculture (T1) or intercropping with peanuts
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Fig 2. Lengths of the main stem, primary, and secondary sympodial branches of cassava (IAC 576-70) under the influence of

cultivation systems. Pindorama, SP.

Table 4. Average root length and diameter, loss of non-commercial roots, and yield of cassava roots under the influence of different

cultivation systems. Pindorama, SP.

Root length (cm)

Root diameter Commercial root Cassava Yield

Cultivation systems (cm) losses (%) (Mg ha-")
T1 - Cassava monoculture 29.20 b! 457 b 21.94 be 41.66 a
T2 - Cassava + Peanuts between lines 39.10 a 4.15c¢ 37.49 a 33.50 b
T3 - Cassava + Peanuts in double lines 39.30 a 5.05a 13.65 ¢ 30.25 b
T4 - Cassava + Peanuts in dense double lines  31.39 b 471 b 25.15b 2892 b

F 31.8331** 34.8416™* 20.1015** 44.7067**
MSD 3.8851 0.2637 9.2646 7.03

CV (%) 5.95 3.04 20.08 12.44

TAverages followed by the same letter do not differ significantly by Tukey's test (p<0.05).

systems did not show statistically different root diameter
averages (p < 0.05), achieving, though, a root diameter 10.56%
higher than the T2 treatment, which in turn presented a
shorter root diameter (4.15 cm) (Table 4).

The increase in length and diameter of cassava roots
indicates the number of carbohydrates translocated to the
storage roots (Adeniji et al.,, 2020), and this simultaneously
occurs with the biomass partitioning to the shoot (leaves,
stem, and branches) throughout the plant's growth and
development period. However, depending on the cultivar, the
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photoassimilates metabolized by the plant in the first 90 to
180 DAP are mainly directed to the shoot, and, only after this
period, which generally coincides with the dry matter
maximum accumulation in the shoot, do the roots become
the main drain of photoassimilates (El-Sharkawy, 2004;
Souza et al., 2017).

Our results indicate that the cultivation systems did not
affect the root growth phase but the storage one, which is
partly supported by the estimated values of parameters tx,
Am.tx/e, and DAPm from the Gompertz equation (Table 1)
and growth rate curve (Fig 1). Higher values for the tx and



Table 5. Effect of different cultivation systems on the production and productivity of cassava and peanut crops. Pindorama, SP.

Cultivation systems Cassava

Peanut

Production (Mg.

Productivity

Production (Mg. ha-") Productivity

ha-") (g. plant™) (g. plant™)
T1 - Cassava in monoculture 41.66 a 2500 b - -
T2 - Cassava + Peanuts between lines 3350 b 1820 ¢ 2.220 b 7.40 ¢
T3 - Cassava +Peanuts in double lines 30.25b 4020 a 1.875b 136.20 a
T4 - Cassava + Peanuts in dense double lines 2892 b 2190 bc 0.9585 ¢ 63.90 b
T5 - Peanuts in monoculture - - 3.837 al 129.10 a
F 44.7067** 44.7077** 49.7490** 42.1631**
MSD 7.03 606.85 0.94 39.22
CV (%) 12.44 11.73 28.91 24.81

T Averages followed by the same letter do not differ significantly by Tukey's test (p<0.05).

Am.tx/e parameters indicate faster growth concerning plant
height at the measurement time, especially after 90 DAP,
when the plants showed satisfactory development. However,
from the DAPm period onwards (Table 1), the cassava plants
grown in the T2 and T4 systems showed a sharper drop in
growth rate (tx and Am.tx/e) compared to the T1 and T3
systems (Fig 1), suggesting the cassava plants were more
intensely affected by competing growth factors, which
impacted tuber bulking and consequently plant productivity.
Commercial root losses were the highest in the treatment
with peanuts planted directly between the lines of the
cassava (T2), followed by the treatment with cassava planted
in dense double rows (T4), where the proximity of the
cassava plants enhanced interspecific competition, or at least
a partial one, with the intercropped peanut. However, the
commercial root losses in the treatment T4 were not
significantly different from T1 (p < 0.05), which in turn did
not differ statistically from T3 (p < 0.05) either and were
probably due to higher competition for physical space, water,
and nutrients, especially during tuber bulking. Moreover, the
trichotomous branching pattern of the cassava cultivar (IAC
576-70) may have influenced the partitioning of resources in
the plant. According to Fagundes et al. (2009), cassava plants
with trichotomous branching have a higher branch number
on the upper secondary sympodial branches. This pattern
occurs because each branching emits three new stems,
requiring significant resources for these structures to grow
and develop (Fagundes et al., 2009).

Although the results of this study did not detect differences
in the number of branches (Table 2), the cassava cultivar IAC
576-70 was affected concerning the length of the secondary
sympodial ones (Fig 2). This length increase indicates a
higher resource demand to grow these structures, resulting
in lower plant productivity, especially in denser treatment
(T2), which had longer secondary sympodial branches (Fig 2).
According to Souza et al. (2017), photoassimilates can be
directed to the cassava shoot to support the development of
new structures, such as leaves and branches, during the
period the plant most accumulates dry matter, which may,
therefore, have caused the longer branch growth observed in
T2.

Concerning cassava productivity, the monoculture system
(T1) provided the highest productivity (41.66 Mg ha™),
25.85% higher than the cultivation systems T2, T3 and T4.
However, these treatments (T2 and T3) did not differ from
each other (p < 0.05), with an average variation of ~31 Mg ha-
T (Table 4). These results partially corroborate previous
studies, such as those by Dapaah et al. (2003), Albuquerque
et al. (2012), Akpan & lkeh (2018), Horacio et al. (2019), and
Mansaray et al. (2022). Legodi & Ogola (2020) found that
cassava root production in monoculture was also higher
when compared to cassava production intercropped with
cowpeas, chickpeas, and Bambara groundnuts (Vigna
subterranea). Moreover, the authors observed that cowpeas
were more competitive than chickpeas and Bambara
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groundnuts. They point out that the cowpea plant size and
its ability to acquire higher aerial biomass are crucial factors,
negatively influencing the development of cassava and
resulting in lower root production.

As for the productivity and production per plant of the crops,
all the cultivation systems negatively affected the
productivity of the two crops compared to their monoculture
(Table 5). Cassava showed a significant decrease in
productivity only when monoculture and mixed crops were
considered, with the spatial intercropping arrangements not
differing. For the peanut arrangement between the rows (T2),
direct competition for the production factors may have been
the cause of the decrease in productivity, compared to the
cassava monoculture (T1), which respected the same
spacing.

Spacing between plant rows is a significant factor to consider
in plantations where the spacing between plants is small and
affects productivity. When looking at individual yields, the
plants that went through less intraspecific competition
produced a higher root mass individually, as occurred in the
treatment with alternating double rows of cassava and
peanuts (T3), in which the cassava plants could overlap to
receive light in the peanut rows with more physical space for
the roots to grow as well, especially after the peanut harvest,
in which case the average yield per plant was higher than in
the monoculture (T1) (Table 5).

In the treatments with less dense rows, competition for
production factors did not affect crop production per plant
compared to monoculture (T3). However, competition for
resources, such as water, seriously affected individual plant
production, especially in treatments T2 and T4. These results
are comparable to reports by Albuquerque et al. (2012) and
Legodi and Ogola (2020), who found a reduction in the
production of common beans, cowpeas, chickpeas, and
Bambara peanuts, when intercropped with cassava,
compared to monocropping. The authors point out that the
cultivation arrangement and the species intercropped can
alter the behavior of the crops due to competition for
resources.

As for partial LUE, the intercropping between cassava and
peanuts in the spatial arrangements applied showed lower
indices when compared to the values of their respective
monocultures (Table 6). However, when comparing the
partial LUE index values of T2, T3, and T4 cultivation systems
for cassava, the partial LUE values differed by 20%, 27%, and
31%, respectively, from the cassava monoculture. However,
regarding the peanut crop, the difference increased to 42%,
51%, and 75% for the T2, T3, and T4 cropping systems,
respectively, compared to the peanut monoculture (Table 6).
Partial LUE indices with values close to those observed in
monocropping systems indicate higher competitiveness of
the cassava crop concerning the peanut. Rés and Sao Joao
(2016) observed similar results for the cassava crop when
they evaluated the partial LUE in the cultivation system
involving cassava intercropped with sweet potato.



Table 6. Land use efficiency (LUE) of the cassava-peanut intercropping under the influence of different cultivation systems.

Cultivation systems Partial LUE Total LUE
Cassava Peanuts
T1 - Cassava in monoculture 1 - 1
T2 - Cassava + Peanuts between lines 0.80 0.58 1.38
T3 - Cassava +Peanuts in double lines 0.73 0.49 1.21
T4 - Cassava + Peanuts in dense double lines  0.69 0.25 0.94
T5 - Peanuts in monoculture - 1 1
A 8 ni¥s B g, e 0
;‘g"’-"_ql; "K‘u "’.’g"yt‘ ",g:'gn;
e A L 3 4 s S A
-~ A " ~ \\‘A - N o - A g
S
J J &, V\x
| —— - ———m
1.0m t05m0.5m?t
———
C 1.0 m
Ana¥e o K ‘&‘ o
R R R R
3 "W ” \“ Yy s \“> 2y
s 3k
J | =N~ =~ |
- - - > - - - - - -
1.0m 1.0m 1.0m 1.0m 1.0m
e A2 20, Mo 10e NP2 0. Mo
[ b - " (7 \k,’,,',:’ [ '
# Ex’ BRI X ﬁ'{&%“q E
A XS ' R s ‘
s s xb
| . % ) J C ——————— _.V"
D e ] - o B
05m| 1.0m 1.0 m [O.Sm 1.0m
2.0 m

Fig 3. Schematic representation of cassava and peanut cultivation patterns. A: Cassava monoculture, with rows spaced 1 m apart
and 0.6 m between plants in the row (T1); B: Cassava+peanut intercropping, with peanut rows spaced 0.50 m from the cassava rows
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Fig 4. Distribution of treatments in the experimental plots. T1: Cassava monoculture, with rows spaced 1 m apart and 0.6 m
between plants in the row; T2: Cassava+peanut intercropping, with peanut rows spaced 0.50 m from the cassava rows; T3:
Cassava+peanut intercropping, with double rows of cassava and double rows of peanuts, spaced 1.0 m apart; T4: Cassava+peanut
intercropping, with a double row of cassava spaced 2.0 m apart and a single row of peanuts spaced 1.0 cm from the double row of
cassava; T5: peanut monoculture, with rows spaced 1.0 m apart. Pindorama, SP.

Regarding total LUE, the intercropping of cassava and
peanuts, with peanuts planted between the cassava rows
(T2), had a 38%-greater total LUE than monocropping. For
intercropped double rows (T3), the gain in LUE was 21%
(Table 6). This shows that even if the productivity per unit
area of intercropped cultures was lower (Tables 4 and 5) than
the monoculture systems, the LUE with intercropping is

736

higher than with isolated monocultures, provided the right
arrangement is chosen. This is supported by the results of the
partial LUE index for the T2 and T3 cropping systems that
displayed less difference (20%, 27%, 42%, and 51%) than their
monocultures. Moreover, the results show that the two
species, when grown in monoculture, require between 21 and
38% more land to produce the same amount of grain and



roots compared to the intercropped area. Similar results have
been reported for cassava and common bean intercrops
(Albuquerque et al., 2012); cassava and sweet potato (Rés and
Sao Joao, 2016); cassava and cowpea, chickpea, and Bambara

peanut intercrops (Legodi and Ogola, 2020) and between
cassava and cowpea intercrops (Amoako et al., 2022).
According to Rds and Sao Joao (2016), intercropping and
combining different spatial arrangements of species can
affect the productivity of the intercropped cultures, leading
to an increase in productivity per unit area. These authors
also add that it is essential to relate the productivity of each
crop to its potential commercial value at harvest time so that
the feasibility of using the land efficiently can increase
income.

Thus, even though the intercropping system affects crop
yields, the overall yearly cultivation can bring the farmer
crop productivity if the selection of the arrangement is
appropriate. In addition, the beneficial effects of
intercropping with legumes can improve soil fertility for
subsequent crops, reduce the incidence of weeds
(Albuquerque et al., 2012; Mudare et al., 2022), and benefit
small producers who wish to maximize productivity in
limited areas, as well as reducing cultivation costs (Alves et
al., 2010).

Material and Methods

Experiment location and plant materials

The experiment was conducted at the Agéncia Paulista de
Tecnologia do Agronegdcio (APTA) - North Central Regional
Hub, in Pindorama, Sao Paulo, Brazil. The area with
Eutrophic Red-Yellow Argisol soil, suitable for cassava and
peanuts, has historically been planted with cassava. The IAC
576-70 cultivar was chosen due to its predominance and
prominence in the cultivation of sweet cassava in Sao Paulo,
representing 90% of the area in the region. Recognized for its
high productivity and culinary qualities, this cultivar is
adapted to local agricultural practices (Silva et al., 2021). The
peanut cultivar adopted was the IAC Caiapd, notable for its
resistance to leaf diseases such as black spots and rust
(Godoy et al., 1999).

Experimental design

The experimental design was a randomized block with 05
treatments and 05 replications, totaling 25 plots. Cassava
(IAC 576-70) and peanut (IAC Caiapb) were planted
asynchronously, with the peanuts being sown 40 days after
the cassava plantation to ensure the latter establishment.
The treatments (T) included cassava in monoculture (T1)
with six rows, the central four of which were considered the
plot. In T2, the peanut line was sown between the cassava
lines. The T3 treatment had double rows of both cassava and
peanuts alternated. T4 had cassava rows in double dense
planting, with a single row of peanuts between them. The
peanuts in the monoculture treatment (T5) had six rows.
Figure 3 schematically outlines the spacing of the cultivation
systems and Figure 4 describes the distribution of treatments
in the experimental plots.

Cassava vegetative growth

From the 60th day of planting the cassava and the 10th day
of coexistence between the species, the height of the cassava
plants was measured monthly until the cassava was
harvested 270 DAP, when 10 plants were finally selected for
complementary measurements concerning the heights of
their primary branching (TB1) and secondary sympodial
branch (SB2), along with the lengths of the main stem and
primary and secondary sympodial branch, using a
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millimeter ruler, with the % branching obtained from this
data.

Crop production, cassava root quality, and land use
efficiency index

At 150 DAP, the peanuts crop at the end of its cycle was
harvested and measured with 13% moisture for its yield. At
270 DAP, it was the cassava crop turn, and the entire
experimental plot was assessed for yielding, separating the
commercial quality roots from the ones considered losses.
The cassava and peanut yield data allowed the LUE index to
be calculated.

Statistical analysis

The growth curves of the cassava plants obtained every two
weeks were estimated using the Gompertz equation (1825),
as follows:

—e —mr(t—DAPmM)

H_ Hm€

Where: H = plant height (m) at time t for each cassava spatial
arrangement, in monoculture or intercropped; Hm =
maximum potential height; mr = maximum relative growth
rate at the inflection point of the curve (m.m-1 per day);
DAPm = time (days after planting) at which the growth rate
is maximum. Based on the estimated equations, the growth
rates (g/day) were calculated as a function of time (t), using
the derivative of the Gompertz equations. The characteristics
of the Gompertz curve revolve around the inflection point at
which the growth rate is maximum. So, in this case, the time
at which the inflection point occurs is given by the DAPm
parameter of the function. At this point, height equals A/e
(36.8% of the maximum), and the growth rate equals A.B/e.
The vegetative data collected at harvest time (plant height,
height of sympodial branches, lengths of the main stem and
primary and secondary sympodial branches, diameter of the
main stem, and % branching), productive data (yield and
production per cassava and groundnut plant) and the
qualitative data (root length, root diameter and losses) were
subjected to the Shapiro-Wilk normality test, qualitative
(length, diameter and losses of roots), were subjected to the
Shapiro-Wilk  normality test, with no need for
transformation. The data was then subjected to ANOVA
using the F test (p<0.05), and the means were compared
using the Tukey test (p<0.05).

Peanut and cassava production data were used to determine
land use efficiency. The LUE index was defined as the relative
area of land under single planting conditions required to
provide the yields achieved in intercropping and is calculated
by the following expression: LUE = Ic + Ip, where Ic and Ip
represent the efficient land use indices of the crops. The
formulas Ic = lc. (Mc)-' and Ip = Ip. (Mp)-', where Ic and Ip
are the cassava and peanut yields in intercropping, and Mm
and Ma are their yields in monocropping (Mead and Willey,
1980).

Conclusions

Cultivation systems involving intercropping and the spatial
arrangement combinations between cassava and peanuts
affect the vegetative growth of cassava plants regarding
height, branching, length, root diameter, and plant
productivity, especially when using spatial arrangements
that increase interspecific and intraspecific competition
between plants.

Planting cassava and peanuts in less dense arrangements
offers more advantageous conditions for the cassava root
growth concerning length and diameter, resulting in lower
root losses.



Intercropping cassava with peanuts in denser arrangements
is advantageous for land use efficiency (LUE).
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