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ABSTRACT: Soil moisture is essential for agricultural production. Knowledge on its spatial-temporal
variability is indispensable to support agriculture, and it is strongly influenced by cultural practices, soil
cover conditions and irrigation methods. Thus, this study aimed to evaluate the temporal stability and spatial
distribution of soil moisture as a function of the use of banana leaves as soil cover in a plot under conventional
sprinkler irrigation and cultivated with banana in the Brazilian semiarid region. The study area was divided
in two sectors, with and without covering using banana leaves. Soil moisture was monitored before and after
irrigation, at 16 times, using FALKER HidroFarm sensors installed on a transect with 11 units spaced by 8 m,
in each sector. The data were analyzed using descriptive statistics, temporal stability and Spearman correlation
test. The morphology of the banana leaves and the irrigation system used contributed to lower soil moisture in
the covered sector at all monitoring times. Variations in the physical-hydraulic properties of the soil promoted
variations in soil moisture with the position of the sensors in the ground. The temporal stability technique
allowed the identification of points that represent the mean behavior of soil moisture throughout the area.
The use of banana leaf residues caused less soil wetting using sprinkler irrigation, indicating the need to pre-
grind the material or use localized irrigation systems, practices that are not very accessible to small farmers.
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Estabilidade temporal da umidade do solo em cultivo
de banana no semiarido brasileiro

RESUMO: A umidade do solo é essencial para a produgio agricola. O conhecimento de sua variabilidade
espaco-temporal é indispensavel para suporte a agricultura, sendo fortemente influenciada pelas praticas
culturais, condi¢cdes de cobertura do solo e métodos de irrigacdo. Assim, este estudo teve como objetivo
avaliar a estabilidade temporal e a distribuigdo espacial da umidade do solo em fun¢do do uso de folhas de
bananeira como cobertura do solo em uma parcela sob irrigagdo por aspersio convencional e cultivada com
banana na regido semidrida brasileira. A area foi dividida em dois setores, sem e com cobertura do solo com
folhas de bananeira. A umidade do solo foi monitorada, antes e apds a irrigagdo, em 16 momentos, com o uso
de sensores FALKER HidroFarm, instalados em um transecto com 11 unidades espagadas em 8 m, em cada
setor. Os dados foram analisados utilizando estatistica descritiva, estabilidade temporal e teste de correlagio de
Spearman. A morfologia das folhas de bananeira e o sistema de irriga¢do utilizado contribuiram para diminuir
a umidade do solo no setor coberto, em todos os momentos de monitoramento. Variagdes nas propriedades
fisico-hidraulicas do solo promoveram variagdes na umidade do solo com a posigdo dos sensores no solo. A
técnica de estabilidade temporal permitiu identificar pontos que representam o comportamento médio da
umidade do solo em toda a area. O uso de residuos de folhas de bananeira causou menor umidade do solo
com irrigagao por aspersdo, indicando a necessidade de pré-moer o material ou usar sistemas de irrigacao
localizados, praticas pouco acessiveis aos pequenos agricultores.

Palavras-chave: Musa spp., aspersdo, técnica de diferenca relativa, cobertura do solo
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INTRODUCTION

Banana (Musa spp.) is widely produced in all regions
of Brazil. Due to the irregular distribution of rainfall in the
semiarid region, its cultivation is only possible through
irrigation (Rodrigues et al., 2017).

In Northeast region of Brazil, small farmers constitute more
than 88% of the producers (Freire, 1999) and can generate
about 50.2% of total agricultural production. Due to the lack of
financial resources, the scarcity of technologies exposes these
farmers to limitations that reduce yield, such as soils with low
infiltration and low fertility and recurrent drought events that
affect the semiarid region (Guanziroli et al., 2014).

One of the ways to minimize the impacts of water and
nutrient scarcity is to use natural cover (Lopes et al., 2019), a
conservation practice that may have a significant effect on the
reduction of evapotranspiration, control of surface runoff and
erosion, being of great accessibility and relevance for small
farmers (Montenegro et al., 2013).

In banana cultivation, this management can be carried
out with residues of the crop itself; however, it should be
considered that banana leaves have structures that can act as
a barrier to the passage of water and favor its accumulation,
restricting soil wetting, depending on the irrigation system
adopted, especially when water is distributed above the cover
surface (Skutch, 1930).

Cintra et al. (2017) report that water may not adequately
penetrate the material, causing water deficit, even with
sufficient irrigation depths. More sophisticated irrigation
techniques, such as drip and micro-sprinkler, have better
efficiency, but are still a distant reality to small farmers.

Additionally, it is difficult to monitor soil moisture in
the field (Brocca et al., 2017). One of the ways to overcome
this problem is to adopt the temporal stability methodology,
proposed by Vachaud et al. (1985), which assists in the more
efficient monitoring of moisture content with reduced sampling
effort and financial investment (Souza et al., 2011; Silva Junior
etal., 2016).

Thus, this study aimed to evaluate the temporal stability
and spatial distribution of soil moisture as a function of the
use of banana leaves as soil cover in a plot under conventional
sprinkler irrigation and cultivated with banana in the Brazilian
semiarid region.

MATERIAL AND METHODS

The study was carried out in the period from November 26
to 28,2014, in the municipality of Pesqueira, PE, Brazil, located
in the Agreste Pernambucano mesoregion, with the following
geographic coordinates: -36° 87° W, -8° 39’ § and altitude of
645 m. The region has a mean total annual rainfall of 730 mm
and a mean annual potential evapotranspiration of 1683 mm
(Montenegro & Montenegro, 2006). According to Képpen’s
classification, the climate in the region is BSh (hot semiarid).
The experimental area, granted to this study by the Fundagio
Terra, has 6,270 m?, cultivated with banana (Musa paradisiaca
L.) at 4 x 4 m spacing, in a total of 200 plants managed in a
family farming system.
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Irrigation was applied using a conventional sprinkler
system, with below-crown sprinklers spaced by 6 x 12 m, with
application intensity of 8.90 mm h' and mean water depth
applied of 7.7 mm. The operating pressure is 20 mwc, with
throw diameter of 21.2 m, uniformity coefficient (CUC) of
75.42% and interval of 3 days.

The soil of the study area is characterized as Entisol,
with a sandy clay loam texture, according to a sampling
performed at 104 points. Its mean density is 1.47 kg dm?,
porosity is 0.52 cm® cm™, with moisture contents at field
capacity and permanent wilting point of 0.181 and 0.09 cm® cm?,
respectively. The measurements of position and dispersion for
the variables hydraulic conductivity and sand, clay and silt
contents, measured during the data collection period, can be
observed in Table 1. The hydraulic conductivity was obtained
by the Beerkan methodology (Santos et al., 2018).

During the studied period, maps of distribution of the
particle-size fractions sand and silt (56 x 40 m grid), as well
as of hydraulic conductivity (80 x 30 m grid) were generated
by geostatistical techniques, based on samplings made at
104 points (sand and silt) and 50 points (saturated hydraulic
conductivity). In both cases, sampling was performed only
in part of the plot, prioritizing the central portion and
disregarding the marginal areas.

The maps of sand and silt fractions and hydraulic
conductivity are represented in Figure 1, as well as the
experimental area layout, with the location of plants and
sensors’ installation points. To evaluate the influence of the
cover composed of banana leaves discarded after pruning, the
plot was divided into two sectors, each containing 100 plants.
Cover was applied in one of the sectors, while in the other the
soil was kept in its original condition.

The dried banana leaves resulting from pruning were
left directly on the soil, uniformly distributed, simulating
conditions that could facilitate the reuse of this material by
small farmers with no additional treatment and also aiming
to verify whether the sprinkler irrigation system associated
with this condition of high water interception could interfere
in the distribution of water in the soil, since it is applied on leaf
surface. Banana leaves have a large sheath with conical shape
(used to fix the leaf to the stem) and two opposite blades with
large surface (Skutch, 1930), forming structures that can act
as a barrier to the passage of water and favor its accumulation,
restricting soil wetting.

The cover was monitored by capturing digital images in a
0.50 x 0.50 m grid in order to obtain an index of covered area
along the surface. The processing was carried out using the
SPRING-DPI/INPE geographic information system, according

Table 1. Values of soil physical-hydraulic attributes of the study
area, based on sampling performed at 0-0.20 m layer

Descriptive Ks (mm s°) Sand Clay Silt
statistics (n = 50) (dag kg') (n = 104)
15t Quartile 0.069 63.44 25.76 21.70
Median 0.142 59.38 23.76 16.20
Mean 0.183 58.63 2417 17.20
3¢ Quartile 0.222 53.43 21.76 14.30
Standard deviation 0.163 5.89 3.49 5.36

Ks - saturated hydraulic conductivity; n -
performed

number of points in which sampling was
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Figure 1. Kriging maps of the variables hydraulic conductivity (A), sand (B) and silt (C), as well as experimental area (D),
highlighting the sensor model used (E) and view of the banana plantation (F)

to Montenegro et al. (2013). The percentage of surface covered
by leaves was equal to 100%, and no soil was detected in the
image processing.

Soil moisture was monitored with FALKER HidroFarm
HFM 1010 sensors, which can provide instantaneous readings
at 20 cm depth. The sensors were installed in a transect, in each
sector (without and with cover), spaced by 8 m, totaling 22
sampling points that were located at a 50 cm distance from the
plants, in order to avoid contact with their roots. The banana
root system is superficial, with higher concentration (about
90%) up to the depth of 30 cm (Borges et al., 2008). Thus, the
highest frequency of roots occurs in the same zone sampled
by the sensor used in the study.

Measurements were performed at irregular, sub-daily time
intervals: two on the first day, ten on the second and four on the
third day, totaling 16 measurements. During the period, only

R. Bras. Eng. Agric. Ambiental, v.23, n.11, p.852-859, 2019.

one irrigation was performed, on the second day, immediately
after the third measurement of soil moisture, respecting the
irrigation schedule already used by local farmers. The others
13 measurements were performed after irrigation, during the
soil drying process.

The sensor was calibrated during the soil drying process
in order to simultaneously obtain readings and undisturbed
samples at different moisture levels. The calibration equation,
with coefficient of determination (R?) of 0.93, was:

Volumetric moisture = 0.0036(sensor reading) +0.3305 (1)

Descriptive statistical analysis was performed by evaluating
measures of central tendency, dispersion and adherence to
normal distribution by the Kolmogorov-Smirnov test. To
characterize the variability, the coefficients of variation (CV)
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were analyzed as suggested by Warrick & Nielsen (1980), who
consider low variability when CV < 12%, medium variability
for CV from 12 to 60%, and high variability for CV > 60%.
Temporal stability analysis followed the methodology
proposed by Vachaud et al. (1985), who suggest two techniques.
The first, known as relative difference (RD), performs an
analysis of the deviations between the values observed
individually and their mean, and can be obtained by Eq. 2:

0, -0

i Y

RD;(6) =§—100 (2)

i

where:
RDij (0) - mean relative difference at position i and time j;
6, - soil moisture content at position i and time j; and,
6, - mean soil moisture content, at all positions, at time .

RD values close to zero indicate locations with a mean
moisture content close to the mean of the area.

The second technique is the Spearman correlation test (Eq.
3), which is used as a statistical tool to indicate the degree
of agreement of the spatial variability obtained at different
points. This method makes it possible to identify the presence
of temporal stability, but does not indicate which monitoring
sites represent the mean in the entire area.

02 (Ry Ry )
i=1

=l 3)
n (n - 1)

where:

r. - Spearman correlation;

R, - ordinate position of the variable 6, observed at time
j at point i;

R, - position of the same variable observed at time j’ at
point i; and,

n - number of measuring points.

Times of soil
moisture

measurements

Mean Median Min. Max. CV (%)

Table 2. Descriptive statistics of the temporal data of soil moisture (%) collected in the two sectors (without and with cover)
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After identifying the points that showed temporal stability,
graphs were prepared in order to validate the behavior of the
selected point during the evaluation times, comparing the
individual values of the points with the overall mean, according
to Fontes Junior et al. (2012). The stable points were validated
by scatter diagrams and accumulated probability diagrams. In
addition, Pearson correlation coefficient (r), bias and RMSE
were also considered. In order to perform the validation by
removing the most critical moment for the temporal stability
(before irrigation), scatter diagrams were plotted in two
conditions: with the full series of monitoring and without the
readings performed before irrigation.

RESULTS AND DISCUSSION

The data showed normality at all times of measurement
(hours) (Table 2), according to the Kolmogorov-Smirnov
test of adherence to the normal distribution (ND), and the
coefficients of variation (CV) indicated medium variability,
according to Warrick & Nielsen (1980). For the uncovered
sector, the mean CV value was 24.51% (+ 1.23), whereas in the
covered sector, the mean variation in the monitoring points
was 39.86% (+ 2.54%).

Greater variation in the sector with cover is justified by
the interference of banana straw in the distribution of water
along the evaluations, giving an initial indication that the leaves
intercepted part of the water from the sprinklers. From the
management point of view, these results indicate that the cover
causes more accentuated variations in soil moisture temporally,
as the water unevenly goes through the leaf structures over the
area, which may make it difficult to adjust irrigation intervals
under the evaluated condition, in the presence of cover.

Soil moisture was higher in the area that was not covered at
all positions and times of monitoring. Although the cover helps
reduce the evapotranspiration, contributing to the maintenance
and retention of water in the soil (Montenegro et al., 2013), the
leaves intercepted and accumulated part of the water in their
structures, which are conducive to the deposition (Skutch,

Without cover (n = 100)

Before irrigation

09:30:00 25.7 25.7 13.1 271 26.4 ND 14.7 17.0 4.6 23.2 43.8 ND
15:10:00 24.6 24.6 126  26.3 26.5 ND 14.7 17.5 49 22.3 41.6 ND
07:20:00 23.8 23.8 11.7 25.8 28.1 ND 13.4 16.9 3.6 20.0 46.0 ND
After irrigation
12:40:00 28.7 29.5 16.7 38.3 23.0 ND 15.9 18.6 4.7 22.2 37.7 ND
13:10:00 27.8 29.0 16.2 36.8 22.9 ND 15.7 18.3 4.5 22.0 38.1 ND
13:40:00 27.6 28.7 16.0 35.9 22.9 ND 15.4 18.0 4.3 215 38.6 ND
15:40:00 25.8 27.1 13.9 33.1 23.6 ND 14.8 17.2 45 215 375 ND
16:10:00 26.6 27.6 14.7 34.7 23.7 ND 14.6 17.0 4.2 21.0 39.4 ND
16:30:00 26.9 28.2 15.1 34.2 23.1 ND 15.2 18.2 4.4 215 38.7 ND
16:50:00 26.2 28.1 14.9 34.3 239 ND 15.0 17.9 4.3 215 39.8 ND
17:30:00 25.9 21.7 14.1 34.0 24.7 ND 14.5 17.4 41 20.5 39.9 ND
17:50:00 27.3 30.1 141 34.8 25.3 ND 15.0 17.5 4.4 21.2 38.0 ND
07:30:00 26.2 274 146  34.8 24.3 ND 14.7 17.6 4.4 20.9 39.1 ND
09:30:00 25.6 26.6 14.3 32.9 24.4 ND 14.5 17.3 4.8 20.7 38.4 ND
11:30:00 24.5 26.2 13.8 32.6 24.9 ND 14.2 16.6 4.0 20.3 39.3 ND
13:00:00 23.1 24.8 11.9 30.3 26.5 ND 13.5 15.8 3.4 18.1 40.1 ND

CV - Coefficient of variation; ND - Normal Distribution; n - Number of sampling points; Min. and Max. - Minimum and maximum values of soil moisture, respectively

R. Bras. Eng. Agric. Ambiental, v.23, n.11, p.852-859, 2019.
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1930). Alternatives to mitigate this interference would be
pre-grinding the cover or implementing a localized irrigation
system, such as drip or micro-sprinkler. The costs of this
management, however, are still limiting for small producers
who practice family farming. During the data collection period
there was no precipitation, so that the increase in soil moisture
content is only due to irrigation.

Souza et al. (2011) evaluating soil moisture in carrot
cultivation with and without cover composed of bean residues
discarded after harvest, in an area close to that used in this
study, identified higher soil moisture values in the sector with
cover, but the system used was micro-sprinkler, which falls
within the category of localized irrigation systems due to the
higher efficiency of water application and use (~90%), unlike
sprinklers (~70%) (Darko et al., 2017). The use of sprinkler
irrigation causes great water loss and uneven application,
especially when the system is poorly dimensioned, although
this problem has not been detected in the area, based on the
uniformity coeflicient (CUC), which was 75.42%, higher than
the expected efficiency value of the method. Nonetheless, the
cover with banana leaves interferes in uniformity because it
naturally acts as a physical barrier that partially prevents or
slows the passage of water.

Soil moisture increased after the irrigation event, carried
out from the third evaluation (07 h 20 min), reaching peaks that
decreased slowly along the afternoon and on the next day, when
there was no more water depth application until the end of the
monitoring. During the entire period, the lowest mean values
of soil moisture recorded were 23.8% in the sector without
cover and 13.4% in the sector with cover, which represents
difference of 77.61%, demonstrating once again, under these
conditions, the lower water use in the covered area, although
both sectors have been equally irrigated.

There was variation between the sensors (Figure 2), in the
two sectors, possibly related to soil particle size and saturated
hydraulic conductivity (Ks), which varied along the plot. As
presented in Figure 1, sand content increases in one direction
of the area, associated with higher mean values of Ks, at some
points. Kunz et al. (2014) emphasize that areas with higher Ks
are expected to have higher infiltration rate and, consequently,
faster reduction of moisture content in the surface layer.

Melo & Montenegro (2015), evaluating the spatial and
temporal behavior of moisture on watershed scale, identified
the sensitive relationship of moisture content with type of
soil, with higher mean values of moisture in clayey soils,
demonstrating the dynamics of this variable as a function of
particle size.

As for the temporal correlation between the measurements
performed, most of the Spearman correlation coeflicients
obtained, at all times and in both sectors, were close to 1 (p < 0.05),
indicating the existence of temporal stability. Thus, all the
monitoring intervals showed a significant correlation for
the studied sectors. The short evaluation time and absence
of rainfall naturally favor higher values of correlation,
especially in the uncovered sector, where water is more evenly
distributed. These data can help in irrigation management,
since they indicate, especially under semiarid conditions, the
maintenance of soil moisture, i.e., the persistence of the soil
in storing water for a certain period (Carvalho et al., 2017). In

R. Bras. Eng. Agric. Ambiental, v.23, n.11, p.852-859, 2019.
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order to better visualize this pattern, the Spearman correlation
matrix for the monitored times was represented in the form of
box plot, for both sectors (Figure 3).

In relation to temporal stability, Figures 4A and B present
the relative differences (RD) and the respective standard
deviations, as well as the validation for the areas without and
with cover. These data make it possible to visualize which
monitoring point(s) is(are) closest to the mean soil moisture
in the entire study area, so they can be selected as a sampling
reference (Souza et al., 2011; Carvalho et al., 2017).

1oo~ H ‘
096 *
0.94- *
(YN — — — — — :
g N S Q D D D DN S S S
£ G \'.‘;b'9 > \’."@ \""?g CSCEINCIRS ORI GNIRS
-
S B.
oy
N - — =
0.971 D D H . ? E;] a ¢ ?
0941
0.91 B s * *
0.88-] *
0.851 0
0821 ¥
] N
F P NP o \:., o \,ﬁ \b\ \hﬂ? & ,\‘ﬁ o PRy \\ﬂ? \ﬂ;?

Times of measurements

Each time represents its autocorrelation (r = 1) and the correlation with the previous times
Figure 3. Box plot representing the temporal correlations of soil
moisture in the sectors without cover (A) and with cover (B)



Temporal stability of soil moisture in banana cropping area in the Brazilian semiarid region

A.
60 1 L 15
40 r 10
[ ]
20 | o ° L 5

J ool EEmOamm |,

Relative difference (%)

20 ® L5
@ : -
40 4 Point 7 L 1o
[
-60 1 Standard deviation [ -15
®  Relative difference
-80 T T T T T T T T T T T =20
C. 404 ;
35 4
B9 el
S ; e, 4 43
0251 %o ¥ Tt
= *— v !
= ( ;
w20 4 i
'8
g 15 4
=
- 4
A 10
54 4+— Point 7
—8— Mean
0 — T T
DDA O 0D O R0
e T P N e R A P R M M
SR SRR SN N N R A RN RN

857
B.
60 Lo15
. [ ] L
40 10 5
L]
20 1 s 0 ° L s 2
@
=
. siniilisninii Y ., 3
1 =
20 - F-5 .3
¢ g
-0 Point 6 r-10 22
60 1 Standard devation | -15
- ® @  Relative difference
80 ————— 20
D. 30 - !
25 A
20 | :
10 1 !
5 ——Doint 6
—— Nean
0 ———— T ——————

0D 0 QP QDD DRSS
BT T e S ST S
RN N N B N N N A N N

Times of measurements
Highlighted values indicate the closest points to the mean at any time; Vertical bars in Figures 4C and D express standard deviation and dashed lines separate the different moments

considered in the temporal stability analysis

Figure 4. Mean relative difference (RD) and standard deviation of soil moisture in the sectors without (A) and with cover (B);
C, D - comparison between the mean values of soil moisture and the stable point

In the area without cover, the measurement point with
RD closest to zero was 7, with a value of 2.40 (+ 2.54%). For
the sector with cover, the most representative point was 6,
with RD of -7.47 (+ 4.43%). The two points are close and in
texture-transition area, where there is a reduction in sand
fraction and increase in clay and silt fractions, which favor
water storage and retention, indicating that this zone is the
most promising for continuous monitoring of moisture,
representative of the entire area. This indicates that, in future
monitoring, these points can be adopted as a reference to give
a representative mean value of soil moisture in the area. In
the production system based on family farming, simple and
with low technological level, this is a very promising option
due its low cost, for not requiring the installation of sensors
at various points in the area.

Salvador et al. (2012), working in a 1500 m? area cultivated
alternately with beans and black oat in the municipality of
Piracicaba, SP, Brazil, with regular grid of 60 points spaced
by 5 m, found similar values of standard deviations. Despite
working under other conditions, Wang et al. (2016), in a
semiarid region of China, also obtained RD values varying
within a wide range when all points were plotted side by side
on the graph, indicating that some points tend to be more
representative than others to express the mean soil moisture
in the area. For those with temporal stability, the RD was
close to zero and the standard deviation was low. According
to Vachaud et al. (1985), the point to be selected for future
observations should be the one which has RD very close to
zero, associated with a low standard deviation.

In order to further detail the dynamics of temporal stability,
soil moisture data were separated into three main moments:
before irrigation, from the reading performed shortly after
irrigation until the monitoring prior to the antepenultimate
reading (Figure 3). The most critical moment was that prior to
irrigation, with root mean squared errors (RMSE) of 2.11 and
2.51% in the sectors without and with cover, respectively. In
the sector with cover, the RMSE values of the second and third
moments were 1.25 and 1.83%. The moments of soil drying
were the ones which most affected the representativeness of
the stable point in this sector. In the sector with uncovered
soil, the error changed from 0.90 to 0.82% in the second and
third moments, evidencing the influence of soil cover on the
temporal stability.

Based on the comparative charts between the points
considered more stable and the mean of the entire area, it can
be noted that the stable point in the sector without cover tends
to underestimate (bias = -0.33%) soil moisture, as opposed to
the stable point in the covered sector (bias = 1.63%) (Figures 5A
and D). In the sector without cover, the values tend to fluctuate,
becoming higher than the mean at some of the times, which
led to a lower correlation coefficient, although the errors were
lower compared to the sector with cover.

For the uncovered sector, the values of the stable point
and the mean of the area tended to approach after filtration,
during the soil drying process, which can be confirmed by the
increase in Pearson correlation coefficient (r) and reduction in
root mean squared error (RMSE). For the sector with cover, the
tendency was inverse for the correlation coefficient, but there
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Figure 5. Correlation and accumulated frequency between the stable point and the mean of the other points monitored in the
experimental area, under the conditions without cover and with cover, respectively. A, D - correlations with the full series of
monitoring; B, E - correlation with monitoring performed after irrigation; C, F - accumulated probability of soil moisture data

under both conditions

was also a reduction in the errors. It should be considered that,
in both cases, the moment before irrigation was the one which
led to greater discrepancies between soil moisture values at the
stable point and the mean of the area.

Through the graphs of accumulated frequency; it is possible
to see again the tendency of the sector without cover to have
shown greater similarity between the measurements recorded
at the stable point compared to the mean, which demonstrates
that the temporal stability is influenced by both irrigation and
the presence of cover.

CONCLUSIONS

1. The morphology of the banana leaves and the irrigation
system used contributed to lower soil moisture in the covered
sector at all monitoring times.

2. Variations in the physical-hydraulic properties of the soil
promoted variations in soil moisture with the position of the
sensors in the ground.

3. The temporal stability technique allowed the identification
of points that represent the mean behavior of soil moisture
throughout the area.

4. The use of banana leaf residues caused less soil wetting
using sprinkler irrigation, indicating the need to pre-grind the
material or use localized irrigation systems, practices that are
not very accessible to family farmers.
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