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Abstract: Soils are highly sensitive to the type of tillage practices used, as these practices influence soil
properties and affect crops, the environment, and society. However, research on cassava production
under different tillage systems during drought conditions in the Peruvian Amazon has not been
reported. The objective of this study was to compare soil properties, cassava physiology, and
yield under conservation agriculture (CA) and traditional agriculture (TA) practices, with and
without mulch, in a water-scarce environment. Soil moisture, earthworm population (Ew), stomatal
conductance, leaf area index, and commercial yield under CA were 5.26% (~105.2 m3 ha−1), 83%,
1.2 times, 1.14 times, and 7.3 t ha−1, respectively, higher than under TA. Hydraulic conductivity (Ks)
in TA was 2.1 times higher than that in CA. However, Ks, bulk density, and Ew over time showed a
gradual recovery under CA. The mulch factor only affected Ew, which was higher without mulch
than with mulch. The results indicate that CA practices were superior to TA practices, improving
soil properties, cassava physiology, and yield, and, therefore, offer significant benefits in resource
conservation and higher production and profitability in a drought-prone environment.

Keywords: tillage systems; conservation agriculture; traditional agriculture; mulch; hydraulic
conductivity; stomatal conductance; cassava yield

1. Introduction

Crop production under a sustainable agriculture system is imperative for conserving
the environment, preserving biodiversity, and producing quality crops [1–3]. However,
most crop production, including cassava, is carried out under TA practices, which mainly
involve intensive tillage for soil preparation [4–7]. These practices are detrimental to
the environment due to their negative effects on soil properties [8,9], reducing soil water
storage [10–12], directly affecting crop physiological processes through water stress [13],
and ultimately leading to soil erosion and decreased crop yields [5,7,14].
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As a suitable alternative for conserving natural resources, conservation agriculture
has emerged [6,15–17], based on its principles of minimal soil disturbance, maintaining
organic cover on the soil, and crop rotation [8,18]. In further studies, specifically in cassava
production, mulch was associated with improved soil structure and increased nutrient
availability [5,19,20], leading to higher yields [5]. Studies comparing soil properties under
CA and TA have shown that soil erosion significantly decreases under CA practices [5,8,21],
while soil moisture [10,11,21] and stomatal conductance [22] are higher. Ew was much
higher compared to TA [21], and crop yields [16], including cassava, were higher under CA
than under TA [4]. In other studies, cassava yield showed no significant difference between
TA and CA [5]. However, there are studies indicating that cassava yields are higher in
TA soils [5] compared to CA [19,20] due to the presence and absence of soil cover/mulch,
respectively, because they affect soil moisture, drainage, and oxygenation. The benefits of
CA are attributed to the gradual increase in soil carbon and improvement in soil structure;
increased biological activity; greater aggregation, aeration, and infiltration; and reduced
erosion and nutrient loss compared to TA. CA improves the soil’s physical, chemical, and
biological properties compared to TA. Therefore, CA is regarded as one of the agricultural
systems that can favorably contribute to an improvement in soil properties as well as
provide techniques for mitigating and adapting to climate change [8,23]. Consequently, the
area under CA worldwide is increasing by 10 million hectares per year, with the largest
areas in Central and South America [24]. In Peru, cassava production and exports increased
by 10.2% and 6.9%, respectively, from 2022 to 2023 [25]. However, the national yield
remains at 12.3 t ha−1, less than half of the average yield observed in Asia [26]. These
findings highlight an urgent need for improved production techniques. Addressing this
information gap, the present study provides a valuable contribution toward enhancing
cassava cultivation practices.

However, under the edaphoclimatic conditions of the Peruvian Amazon, characterized
by acidic, kaolinitic clay soils, temperatures above 25 ◦C, and annual precipitation of
1916 mm [27], research on cassava production under CA practices remains limited. Key CA
practices, such as organic mulching and no-tillage, are largely unknown and underexplored
in cassava cultivation, revealing a knowledge gap on their potential impact on productivity
and sustainability in this setting. In this context, setting up a field experiment was important
to investigate the dynamics of soil properties and cassava yield under the two tillage
systems. The hypothesis was that, by continuing to apply the principles of CA, some soil
properties, cassava yield, and physiology might improve or remain similar to those under
TA. The main objective was to evaluate the soil property dynamics, cassava yield, and
physiology under CA and TA after the rotation of Desmodium sp. grass and forage corn.

2. Materials and Methods
2.1. Location

The experimental plot was located in the Campoverde Annex of INIA Pucallpa in the
Campoverde district, Coronel Portillo province, and Ucayali department, at 8◦32′31.05′′ S,
74◦52′41.58′′ W, at 196 m.a.s.l. The lowest and highest temperatures were 25.41 and 32.3 ◦C,
recorded in June and October, respectively; evaporation ranged from 7.47 to 11.64 mm,
indicating a water shortage from June to November (Figure 1). Data were collected from the
automated weather station (Vantage Pro2 Plus 6163, Davis, CA, USA) located in the same
annex during the cassava phenological development. The landscape of the experimental
plot was flat and was classified as Typic Dystrudepts in the soil taxonomy [27]. The soil
had a loamy texture with 55, 20, and 25% of sand, silt, and clay, respectively; non-saline
electrical conductivity (1.7 dS m−1); strongly acidic pH(1:1.25) of 5.0; medium levels of
organic matter (2.2%) and phosphorus (Bray) at 6.1 ppm; low potassium (0.17 cmol(+) kg−1)
and cation exchange capacity (4.2 cmol(+) kg−1); and very high aluminum content (56%).
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Figure 1. Monthly averages of temperature, precipitation, evapotranspiration, and water shortage
during the cassava phenology cycle for the year 2023.

2.2. Experimental Design and Treatments

Considering two study factors, tillage system and mulch, a split-plot design was
used. The main plots were assigned to the tillage systems, TA and CA. The subplots were
assigned to the mulch factor, with mulch (WM) and without mulch (WOM), resulting in
four treatments, each replicated three times, forming a total of 12 experimental units, each
measuring 10 × 4 m.

2.3. Management of the Experimental Plot

The experiment began on 6 October 2022 with the cutting of a cover crop of Desmodium
sp. that had been established for seven years. A desmodium mulch of 0.24 ± 0.06 kg m−2

was left on the soil surface for the experimental units under the CA treatment, while it was
removed for the TA treatment. After that, corn was sown, and at the end of the harvest, a
corn mulch of 1.59 ± 0.11 kg m−2 of oven-dried material (65 ◦C for 72 h) was left for the
CA treatments, while it was removed for the TA treatments. The Señorita Cassava variety
was subsequently planted on 4 May 2023, using 30 cm stakes with three buds. These were
planted without tilling the soil, maintaining the previous cover crop residues on the soil
for the CA treatment. For the TA treatment, the soil was tilled, and the previous cover
crop residues were removed. Planting was performed at 0.8 m between plants and rows,
resulting in a potential density of 15,625 plants per hectare. The fertilization was performed
at plant emergence (14 days after the sowing), and the dose for cassava was 80 N–40 P2O5–
70 K2O, whose sources were urea, rock phosphate, and potassium chloride, respectively.
Urea was applied in two equal parts, with the second application performed 25 days after
the first. Cassava gall (Latrophobia brasiliensis) was controlled with cypermethrin applied at
0.2% at 15 days after cassava emergence. There was an abundant fall of mature cassava
leaves before 143 days, leaving a dry oven residue of 0.06 ± 0.002 kg m−2 across the entire
experimental plot. Sampling and determination of the evaluated variables were carried out
according to an established methodology and schedule. The harvest was performed on
12 December 2023.

2.4. Evaluated Variables
2.4.1. Soil Physical Variables
Hydraulic Conductivity (Ks)

Ks was determined 143 days after sowing (das). All plant or foreign residues were
removed from the sample surface. A metal ring, 15 cm high and 15 cm in diameter,
was inserted 1 cm deep into the soil. The sequence of water volume application and Ks
calculation followed the methodology of Alvaro and Fuentes et al. [28].



Agronomy 2024, 14, 3041 4 of 14

Soil Moisture (M◦) and Bulk Density (Bd)

The M◦ and Bd were determined at 143 das and 248 days after sowing (at the time
of cassava harvest), respectively. These two variables were measured using the cylinder
method [29] and were sampled at two soil depths: 0–10 cm and 10–20 cm. The extracted
soil had 100 cm3, and the fresh and dry soil weights (fsw and dsw, respectively) were
recorded by drying in an oven at 105 ◦C for 48 h. The soil gravimetric moisture (M◦) was
then determined using the following formulas:

M◦(%) =
( f sw − dsw)

dsw
× 100% (1)

Bd(g cm)−3 =
dsw

total volume
(2)

2.4.2. Soil Biological Variables
Earthworm Population (Ew)

The earthworm population was sampled at 143 das. After removing the plant residues
from the soil surface, a soil monolith in the shape of a parallelepiped (25 cm base and
10 cm depth) was extracted. The monolith was broken down on a white plastic sheet; the
earthworms were counted, multiplied by 16, and then returned to the soil to estimate the
number of earthworms per square meter [30].

2.4.3. Physiological and Biometric Variables of the Cassava Plant
Stomatal Conductance (Gs)

The Gs was measured in each experimental unit at 11 a.m. at 143 das using a portable
leaf porometer (METER SC1 Leaf Porometer, METER, Pullman, Washington, DC, USA).
Young, fully expanded leaves were sampled. The average Gs for three plants from each
experimental unit was recorded, and each average was calculated from three Gs measure-
ments taken on a single leaf at the upper, middle, and lower parts [22].

Leaf Area Index (LAI)

The LAI was determined from 62 to 184 das, with a 15-day average interval. The
leaves of a representative plant from each experimental unit were photographed against a
white sheet with a printed ruler (Figure 2). Using ImageJ software (Version 1.54., National
Institute of Mental Health, Bethesda, MD, USA), these photographs were processed to
determine the plant leaf area (cm2), which was then converted to LAI considering the
relationship between the plant’s population and the soil area occupied.
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Cassava Yield

To determine the commercial yield (CY) and non-commercial yield (NCY) of cassava,
a central plot from each experimental unit was harvested, corresponding to 5 m in length
from three sowing rows (15 m2). The tubers were cut from the main stem and weighed on
a digital analytical balance (Ruishan, Shandong, China) within the same experimental plot.

2.5. Statistical Analysis

The data collected from the variables were subjected to outlier detection and removal.
Normality was verified using the Shapiro–Wilk test, and the data were processed through
variance analysis (ANOVA), considering a split-plot design with randomized blocks. Aver-
ages were compared using the Di Rienzo, Guzman, and Cassanoves (DGC) test with a sig-
nificance level of 5%. Additionally, Pearson correlation analysis was applied to the studied
variables. The statistical analysis was performed using RStudio software (Version 1.3.1).

3. Results

The results of the variables obtained during the cassava phenological cycle are sum-
marized in Table 1, showing the mean ± standard error.

Table 1. Values of soil properties, physiology, and yield of cassava under the tillage system and
mulch treatments.

Factors
Ks × 10−3 M◦

0–10 cm M◦
10–20 cm Bd0–10 cm Bd10–20 cm Ew0–10 cm Gs LAI CY NCY

mm s−1 % g cm−3 counts m−2 mmol m−2 s−1 t ha−1

Tillage systems (TS)

CA 12.04 ±
0.0001 B

17.78 ±
0.52 A

17.23 ±
1.02 A

1.50 ±
0.03 A

1.51 ±
0.01 A

366.67 ±
10.54 A

0.212 ±
0.005 A

4.49 ±
0.05 A

32.62 ±
2.02 A

4.22 ±
0.26 A

TA 25.92 ±
0.0006 A

12.52 ±
0.64 B

15.98 ±
0.46 A

1.51 ±
0.03 A

1.50 ±
0.02 A

200.00 ±
9.13 B

0.178 ±
0.003 B

3.93 ±
0.05 B

25.32 ±
1.81 B

3.27 ±
0.23 B

Mulch (M)

WM 19.08 ±
0.0005 A

15.52 ±
1.42 A

17.57 ±
0.82 A

1.48 ±
0.03 A

1.49 ±
0.01 A

266.67 ±
38.01 B

0.193 ±
0.010 A

4.18 ±
0.14 A

27.17 ±
2.59 A

3.50 ±
0.22 A

WOM 18.88 ±
0.0005 A

14.77 ±
1.16 A

15.65 ±
0.61 A

1.53 ±
0.03 A

1.52 ±
0.02 A

300.00 ±
37.64 A

0.197 ±
0.008 A

4.18 ±
0.14 A

30.78 ±
2.16 A

3.98 ±
0.28 A

TS × M

CA × WM 11.81 ±
0.0004 B

18.47 ±
0.66 A

18.63 ±
1.33 A

1.51 ±
0.05 A

1.50 ±
0.02 A

350.00 ±
14.43 A

0.213 ±
0.007 A

4.48 ±
0.09 A

30.42 ±
3.42 A

3.93 ±
0.45 A

CA × WOM 12.27 ±
0.0001 B

17.10 ±
0.70 A

15.83 ±
1.22 A

1.50 ±
0.04 A

1.52 ±
0.02 A

383.33 ±
8.33 A

0.210 ±
0.010 A

4.50 ±
0.08 A

34.82 ±
1.95 A

4.50 ±
0.25 A

TA × WM 26.26 ±
0.0002 A

12.60 ±
1.12 B

16.50 ±
0.66 A

1.45 ±
0.03 A

1.49 ±
0.01 A

183.33 ±
8.33 B

0.173 ±
0.003 B

3.89 ±
0.06 B

23.90 ±
3.35 A

3.07 ±
0.41 A

TA × WOM 25.48 ±
0.0013 A

12.42 ±
0.91 B

15.47 ±
0.59 A

1.56 ±
0.03 A

1.52 ±
0.04 A

216.67 ±
8.33 B

0.183 ±
0.003 B

3.97 ±
0.07 B

26.73 ±
1.77 A

3.47 ±
0.24 A

CA: conservation agriculture; TA: traditional agriculture; Ks: hydraulic conductivity; M◦: soil moisture; Bd: bulk
density; Ew: earthworm population; Gs: stomatal conductance; LAI: leaf area index; CY: cassava commercial
yield; NCY: cassava non-commercial yield; WM: with mulch; WOM: without mulch; A–B: different capital letters
in a column indicate significant differences among TS, M, and TS × M, according to the DGC test with p < 0.05.

3.1. Soil Physical Variables
3.1.1. Hydraulic Conductivity (Ks)

In 2023, the tillage system factor showed a statistically significant difference in Ks
(p < 0.05), with the TA practices reporting 13.88 × 10−3 mm s−1 more than the CA practices.
This was similar to the results from 2022 (Figure 3). The mulch factor did not show a
statistically significant difference between mulched and non-mulched conditions for Ks
(p > 0.05). Meanwhile, the interaction between the two factors, tillage system × mulch,
showed a significant difference (p < 0.05), with the mulch × TA interactions resulting in
more than double the Ks compared to the mulch × CA interactions (Table 1).
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Figure 3. Hydraulic conductivity values over time under conservation and traditional agriculture. Ks:
hydraulic conductivity; TA: traditional agriculture; CA: conservation agriculture; A–B/a–b: different
capital (comparison of Ks in 2022) and small (comparison of Ks in 2023) letters in bars indicate
significant differences among the tillage systems according to Student’s t-test with p < 0.05.

3.1.2. Soil Moisture (M◦)

In the CA and TA treatments, M◦ showed a statistically significant difference only at
the first soil depth (0–10 cm) under the effect of the tillage system (p < 0.05). M◦ in the
CA treatment at the 0–10 cm soil depth was 5.26% higher than that in TA (Table 1). This
M◦ variable did not show a statistically significant difference with or without mulch in
either soil layer (p > 0.05). Meanwhile, the interactions between the two factors showed
statistically significant differences in M◦ only at the 0–10 cm soil depth (p < 0.05). The
CA × mulch and CA × no mulch interactions had 5.87% and 4.68% higher M◦, respectively,
compared to the TA × mulch and TA × no mulch interactions (Table 1).

3.1.3. Bulk Density (Bd)

In 2023, bulk density (Bd) at two soil depths, 0–10 cm and 10–20 cm, did not show
a statistically significant difference under the factors of tillage systems, mulch, or their
interactions (p > 0.05) (Table 1). However, over the application period of the CA and TA
practices, at the 0–10 cm depth, Bd in CA decreased significantly (p < 0.05), whereas TA did
not show a significant difference but increased slightly (Figure 4).
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3.2. Soil Biological Variables
Earthworm Population (Ew)

The tillage system factor, mulch, and the interaction between these two factors showed
statistically significant differences in Ew at a depth of 0–10 cm (p < 0.05) during cassava
production (Table 1).

CA practices reported 166.67 earthworms m−2 more than TA. The treatment without
mulch reported 33.33 earthworms m−2 more than the mulch treatment. The tillage system
factor significantly affected the interactions, with the CA × WM and CA × WOM interac-
tions showing 167 more earthworms m−2 than TA × WM and TA × WOM, respectively
(Table 1).

In the second soil layer, at a depth of 10–20 cm, earthworms were not found over the
years. Additionally, Ew in both CA and TA increased notably from 2022 to 2023, with 123
and 190 more earthworms m−2, respectively (Figure 5).
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3.3. Plant Variables
3.3.1. Stomatal Conductance (Gs)

Gs showed a statistically significant difference only under the tillage system factor
and in the interaction between tillage system and mulch (p < 0.05) (Table 1).

The CA treatment showed 0.034 mmol m2 s−1 more than TA, which affected the
interactions, with CA × WM and CA × WOM being higher by 0.04 and 0.027 mmol m2 s−1

compared to TA × WM and TA × WOM, respectively.

3.3.2. Leaf Area Index (LAI)

LAI increased substantially during the root system formation and during part of
the tuber bulking stage up to 127 days after sowing (das), showing the maximum LAI
(Figure 6). Throughout the cassava plant growth, LAI up to 127 das did not show a
statistically significant difference between TA and CA practices (p > 0.05) (Figure 6). From
143 to 184 das, LAI in both tillage systems decreased slightly. At this stage, cassava plants in
CA and TA showed significant differences, with LAI values of 4.49 ± 0.05 and 3.93 ± 0.05,
respectively (p < 0.05). This was reflected in the CA × WM and CA × WOM interactions,
which were significantly higher than TA × WM and TA × WOM, respectively. Meanwhile,
the mulch factor did not show statistically significant differences in LAI (p > 0.05) (Table 1).
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3.3.3. Cassava Yield

Commercial and non-commercial cassava yields under the tillage system factor showed
statistically significant differences (p < 0.05). The mulch factor and the interaction between
tillage system and mulch did not show statistically significant differences in either type
of cassava yield (p > 0.05). The cassava commercial yield under CA was 7.3 t ha−1 higher
than that under TA, and the non-commercial cassava yield was 0.95 t ha−1 higher than that
under TA (Table 1).

4. Discussion
4.1. Soil Physical Variables
4.1.1. Hydraulic Conductivity (Ks)

Over time, the results indicated that the Ks (Figure 3) was higher under TA practices
compared to CA (p < 0.05); the former was moderately rapid, and the latter was moderate,
respectively, according to Alvaro-Fuentes et al. [28]. Comparative studies of soil properties
between CA and TA reported similar results [4,31]. This was due to the immediate effect
of tillage in TA [32,33] and because macropores could be larger because of an increase in
the number of pores [34]. However, other studies found that Ks in CA soils was up to 3,
1.5, and 1.8 times higher than Ks in TA, according to Alletto et al., Mloza-Banda et al., and
Nebo et al. [11,35,36], respectively.

In line with this, our study observed a slight quantitative increase in Ks over the
years with CA practices (Figure 3), attributed to the dead cover of Desmodium sp. and
maize, which served as a source of cellular carbon (carbon in earthworms and other
microorganisms). Furthermore, these residues, after being transformed into humus, likely
contributed to particle aggregation and, thus, increased porosity and facilitated water
movement. Similarly, some soil properties under CA improved within a few years of
applying CA principles [37,38]. For instance, the ratio of water content to field capacity
relative to total porosity was higher than 0.6, and soil organic carbon was 69% higher than
that under TA [11].

4.1.2. Soil Moisture (M◦)

Due to the combined agricultural practices of CA, such as the absence of tillage and
the maintenance of organic cover on the soil, soil water evaporation decreased, leading to
increased soil moisture [32,39–41]. This was consistent with the higher moisture content in
CA compared to TA, which was more than 5.26% (Table 1), equivalent to 105.2 m3 ha−1.
This additional moisture could help mitigate water stress in cassava plants during extended
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dry periods. A similar result was observed in the years preceding cassava planting. In line
with this, similar studies showed an 8% higher soil moisture under CA practices compared
to TA [11,36,38]. However, other studies found that soil moisture in TA was 3–4% higher
than that in CA [35]. These variations in soil moisture under CA or TA are explained by
differences in soil texture, climate, and agricultural practices employed [35,40,42].

4.1.3. Bulk Density (Bd)

In the evaluation of Bd under CA and TA, over the years, the results indicate that the
Bd at depths 0–10 cm and 10–20 cm under CA showed improvement through a significant
decrease (p < 0.05), while Bd under TA increased quantitatively, becoming denser in the
topsoil layer (Figure 4). However, despite the improvement under CA and the deterioration
under TA, neither represented an ideal or restrictive Bd, respectively, for root development
according to its loamy clay sand textural class [28].

In this study, the decrease in Bd under CA was attributed to the decomposition of the
fibrous roots of Desmodium sp. and forage maize (previous crops) and to the formation
of soil galleries by earthworms, influenced by their increasing population, which could
enhance soil volume and create macropores [36,43]. Similar results were reported during
the few years of transition from TA to CA by Mloza-Banda et al. [11], where Bd under CA
was lower than that under TA, at 1.34 and 1.51 g cm−3, respectively. However, other studies
comparing soil properties between CA and TA found that Bd in CA soils was higher than
that in TA soils [35,44]. Additionally, some studies found no significant difference in Bd
between the two tillage systems [7,45].

4.2. Soil Biological Variables
Earthworm Population (Ew)

The results of this study indicate that, during cassava production, applying the princi-
ples of CA and TA increased Ew (Table 1) due to the absence of tillage and the presence of
organic cover in CA. Unexpectedly, however, the adult cassava leaves fell, providing cover
in TA, which increased Ew.

Additionally, in this study, the Ew under CA increased significantly over time, consid-
ering the constant supply of organic cover on the soil. In contrast, TA showed a sparse Ew
during the 2022 sowing season (Figure 5). Consistent with this, similar studies reported that
Ew increased by 2, 3.22, and 3.81 times than in TA, according to Mcinga et al., Castellanos
et al., and Dulaurent et al. [45–47], respectively. The increase in earthworms under CA
is likely due to the absence of tillage and the maintenance of organic cover on the soil,
which prevent physical damage to the earthworms, maintain an adequate microclimate,
and provide food availability for them [21,32,45–47].

However, over time, the absence of earthworms in the second soil layer (10–20 cm),
which is clayey, was due to the soil’s heavy, clayey, and acidic nature. Earthworms re-
quire significant energy to move through soil with high resistance to penetration [48],
poor aeration, and drainage, all of which restrict nutrient availability and earthworm
activity [48,49].

Moreover, the correlations between Ew and LAI, CY, Gs, H◦
0–10 cm, and Ks were high,

at r = 0.90, 0.71, 0.80, 0.86, and −0.97, respectively (Figure 7). The increase in cassava
biometric parameters and yield could be explained by the fact that earthworms enhance
nutrient availability and produce growth-promoting metabolites [46,47], contributing to
a 6.5% increase in crop production [50]. Adequate soil moisture, 11–21% [51], is essential
for earthworm survival, which is why there was a high correlation between these two
variables in the upper soil layers, whereas in the second soil layer, the correlation decreased.
The correlation between earthworms and Ks was highly negative, likely due to the clayey
texture of the second soil layer, which impeded proper Ks.
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Figure 7. Pearson’s correlation coefficient matrix of the hydraulic conductivity (Ks), soil moisture
(M◦

0–10, 10–20 cm), bulk density (Bd0–10, 10–20 cm), earthworm population (Ew), stomatal conductance
(Gs), leaf area index (LAI), cassava commercial yield (CY), and cassava non-commercial yield (NCY).

4.3. Physiological and Biometric Variables of the Cassava Plant
4.3.1. Stomatal Conductance (Gs)

The results for Gs were consistent with those of different cassava germplasms [52,53].
However, in a study where CO2 concentrations were altered, the Gs of cassava increased,
ranging from 0.52 to 0.61 mmol m−2 s−1 [54].

Gs is regulated by stomatal opening [55], which is directly and strongly related to soil
moisture [56–58]. Consistently, in this study, the Gs of cassava in the CA soil was higher
than that in the TA soil, as the moisture content in CA soil was significantly higher than that
in TA soil (p < 0.05) (Table 1). Additionally, these findings were supported by the Pearson
correlation between Gs and soil moisture, with an r = 0.72 (Figure 6). In a similar study, pea
plants showed higher Gs in CA soil compared to TA soil [22].

Furthermore, LAI, Ew, and CY showed a high correlation with Gs, showing values
of 0.89, 0.80, and 0.53, respectively (Figure 6). The explanation could be that, when Gs
increases, CO2 and photosynthate concentration also increase, potentially leading to greater
plant growth and development, such as an increase in LAI [59].

4.3.2. Leaf Area Index (LAI)

The maximum LAI of the cassava crop was observed at the end of the root system
formation stage (Figure 6), which was similar to the 4.7 and 4.1 reported in studies on LAI
determination for different cassava progenies, according to Phonchaoren et al. [60] and
Oliveira et al. [61], respectively.

From the tuber bulking stage in the cassava phenological cycle, 96 das, until harvest,
the LAI under CA practices was higher than that under TA practices (Figure 6), attributed
to higher M◦, Ew, and Gs in the CA treatment (Table 1). This was supported by a higher
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Pearson correlation, with r = 0.79 (Figure 7), and the higher soil moisture in CA compared
to TA (Table 1).

4.3.3. Cassava Yield

The average cassava yield in this study was 28.97 ± 1.7 t ha−1, which was more
than double the national average yield of 12,344 kg ha−1 [26]. This higher yield can be
attributed to agricultural practices not commonly adopted by most farmers, such as high
fertilizer application rates, and splitting nitrogen applications into two parts. Similarly, in
different studies, cassava yields as high as 19.9 and 28.2 t ha−1 were reported, according to
Fasinmirin et al. [7] and Garreto et al. [5], respectively.

The results regarding cassava yield were influenced by the tillage system, with CA
showing a 28.8% higher yield compared to TA (Table 1). This difference is likely because
cassava tubers and roots could penetrate the soil in both CA and TA systems with similar
ease or difficulty given that the bulk density (Bd) of both tillage systems was so similar
(Table 1). A similar result was found by Garreto et al. [5], where the yield in CA was 12.7%
higher than that in TA. Conversely, in a similar study, cassava yield was higher in TA
compared to CA by 30.6%, 24.6%, and 10%, according to Reichert et al., Fasinmirin et al.,
and Lamidi et al. [4,7,20], respectively. However, both cost–benefit and environmental
impacts of each tillage system should be considered.

Additionally, cassava yield showed a high Pearson correlation with stomatal conduc-
tance (Gs), leaf area index, and earthworm population (r = 0.53, 0.72, and 0.72) (Figure 7).
This correlation is likely because higher Gs leads to greater carbon assimilation, resulting
in a larger leaf area and, consequently, a higher crop yield [43,59].

5. Conclusions

This study demonstrated that soil properties, cassava Gs, and yield exhibited distinct
responses under CA and TA, underscoring that CA remains an underexplored approach
in the Peruvian Amazon. Under CA, M◦, Ew, Gs, and commercial yield were 5.26%
(~105.2 m3 ha−1), 1.8 times, 1.2 times, and 7.3 t ha−1 higher, respectively, than those under
TA. Additionally, the absence of mulch showed 1.12 times more earthworms compared to
when mulch was applied. The interaction between tillage systems and mulch, particularly
the CA × mulch factor, resulted in higher values of M◦, Ew, Gs, and LAI compared to
the TA × mulch factor. Therefore, this study could encourage producers to shift from TA
to CA, as it requires less labor, offers greater efficiency, increases soil water retention in
the face of rainfall scarcity, mitigates plant water stress, and yields higher production and
profitability. Future research should include comparisons of soil property dynamics under
these planting systems, considering labile soil carbon, soil pore space, soil CO2 emissions,
and microbial populations.
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