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Abstract 

 
Spatial variability characterization is important to identify areas with different potential for crop production. The objective of the 

present study is to evaluate the impact of presence and absence of mulching, using spatial variability in height and diameter of 

unconventional oilseed crop (Moringa oleifera Lam.), in an alluvial valley in the semiarid of Pernambuco State. The study was 

carried out at the Irrigated Agriculture Station of Parnamirim (EAIP), Advanced Unit of the Federal Rural University of 

Pernambuco. Two neighboring irrigated areas were selected, an area containing vegetative conservation practice using coconut 

dust as mulching (PM), with density is 8 t. ha
-1

, and another area with mulching (AM). The variables plant height and stem 

diameter were submitted to descriptive statistical analysis, semivariogram adjustment and analysis of variance for the samplings, 

besides the range measurement (a). The average values for both variables height and stem diameter with PM presented higher 

values, relative to the AM. The degree of spatial dependence showed that there is a strong dependence on plant height in both 

treatments. In general, the use of conservation practice with the application of mulching has promoted agronomic improvement, 

which may led more favorable development of the Moringa oleifera Lam cropping, which may mitigate climate change effects. 

Keywords: Mulching, conservation practice, geostatistics. 

 

1. Introduction 

The knowledge of the spatial variability 

contributes to the proper and precise management of 

the soil, since it allows identifying zones that require 

different management, reducing environmental impacts 

and increasing the efficiency of the crops (Santos et al., 

2012). Geostatistics is a technique that allows the 

characterization of spatial variability using kriging and 

co-kriging methods for mapping, thus improving the 

understanding of eco-geomorphological variables. 

In this context, a number of studies have been 

intensified in recent years by several researchers 

(Fontes Júnior et al., 2012; Montenegro et al., 2013; 

Silva et al., 2014; Ceddia et al., 2015; Melo and 

Montenegro, 2015; Almeida et al., 2016). For these 

researchers, studies related to the variability of 

chemical and physical attributes are important tools to 

identify areas with greater ability for crops, for the 

management of groundwater resources, and for proper 

soil management. 

Conservation practices promote improved soil 

quality and can contribute to mitigating climate change 

(Lal, 2011). The use of mulching in the soil is 

considered a vegetative conservation practice, because 

it has both agronomic and environmental preservation 

advantages, recommended in the semiarid regions by 

reducing soil water losses, surface erosion, and 

contribution to improving crop performance. 

The presence of vegetation cover on the soil 

surface provides several benefits to the 

agroecossystem, for enabling the reduction of weed 

infestation, control the temperature changes by 

decreasing it, increase retention of soil moisture,   to 

decrease nutrient leaching in the soil profile (Rodrigues 

et al., 2009; Almeida et al., 2015) increase organic 

matter and improve chemical characteristics, physical 

and biological soil properties (Lima et al., 2008). In 

addition, mulching is capable of increasing water 

availability (Montenegro et al., 2013), with direct 

impact on the cycling of nutrients, and is considered an 

important activity in  the sustainability  of  agricultural  

systems for the optimization of environmental 

resources (Chagas et al., 2007), and recommended for 

semiarid regions (Borges et al., 2014). 
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Studies on plant cover on the soil surface have 

been conducted by several researchers (Carvalho et al., 

2011; Santos et al., 2011; Shen et al., 2012; 

Montenegro et al., 2013; Borges, 2014; Abrantes et al., 

2015), in order to scientifically validate agroecological 

practices already widely used in the semiarid. For these 

scientists, the use of mulching has in fact offered 

several benefits, among which: increased soil moisture, 

protection against the direct impact of rain drops, 

reduction of runoff and water erosion, reduction of soil 

temperature and lower weed incidence, with increased 

profitability. Montenegro et al. (2013) investigated the 

influence of two mulching densities (2 t.ha
-1

 and 4 t.ha
-

1
) on surface runoff, soil wetting, and soil warming 

control. 

Borges et al. (2014) evaluated the effects of 

different types of coverage on the maintenance of soil 

moisture, under the condition of natural rainfall, as well 

as the agronomic characteristics of maize (Zea mays 

L.) under rainfed conditions, and observed that the 

treatments with mulch contributed significantly to the 

increase of soil moisture, increasing the infiltration 

process and the use of rainwater, as well as reducing 

evaporation loss. 

Considering the concept of the agroecosystem, 

it is considered interesting for the semiarid region of 

the Northeast to use plants tolerant or resistant to the 

edaphoclimatic conditions of the region. Oilseeds can 

be produced at low cost, even in areas that are 

considered to be less productive, with the possibility of 

generating employment and income in the field, while 

also allowing them to take advantage of biodiesel 

production, which is a source of clean and renewable 

energy. 

Moringa oleifera Lam. is considered an 

arboreal species that presents high adaptability to 

climatic conditions and to arid soils (Olson and Fahey, 

2011), typical of Brazilian northeastern region 

(Gualberto et al., 2014). Due to its diverse uses 

(nutritional, industrial and medicinal), the moringa 

culture has been disseminated throughout the semiarid 

region, making it even more attractive, because it is of 

low production cost and high yield (Silva, 2013). In 

addition, because it is a perennial crop, it contributes to 

the maintenance of carbon stocks in the soil, which are 

released into the atmosphere as a consequence of 

plowing practices used in short cycle crops. 

The objective of this study was to evaluate the 

impact of the presence and absence of mulching on the 

height and diameter of non-conventional perennial 

oilseeds (Moringa oleifera Lam.), characterizing and 

evaluating the spatial variability of the crops in an 

alluvial valley in the semiarid of Pernambuco. 

 

2. Materials and methods 

 

The study was carried out at the Parnamirim 

Irrigated Agriculture Station (EAIP), Advanced 

Campus of the Federal Rural University of 

Pernambuco, located in the alluvial valley of the 

Brígida River, a tributary of the São Francisco River, 

downstream of the Fomento Dam, at coordinates 8'05 

'08 "S and 39'34'27" W, located in the municipality of 

Parnamirim, in the Sertão of Pernambuco (Figure 1). 

The region has a tropical semi-arid BShW 

climate, with annual average rainfall of 515.20 mm in 

2011 (ANA, 2010, APAC, 2011), rainy season 

beginning in November and ending in April, average 

yearly temperature is 26.0ºC. Contains as a biome the 

Caatinga, predominant soil Argiloso / stony, little 

fertile with risk of salinization. 

 

 

Figure 1 - Map of Pernambuco State, with the location of the municipality of Parnamirim, the  Entremontes and 

Chapéu reservoirs, and the UFRPE Unit. Moringa was established in the A3 area. 
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2.1 Climatic data 

The site meteorological data were acquired 

from a Campbell Scientific GSW100 

Agrometeorological Automatic Station, equipped with 

sensors and accessories needed to determine reference 

evapotranspiration (ETo). Data records were from 

March to June 2017. 

The Penman-Monteith method was used to 

estimate the ETo of the site (equation-1). According to 

Allenet al., (1998) the Penman-Monteith method 

parameterized by FAO is considered a standard 

empirical method to estimate ETo. 

   

 

Where:                                                 

ETo is the reference evapotranspiration in 

mm.dia
-1

; Rn is the total net radiation of the lawn in MJ 

m
-2

.d
-1

; G is the soil heat flux density in MJ m
-2

.d
-1

; 

Tmed is the average daily air temperature in °C; v2 is 

the average daily wind speed at 2 m in m.s
-1

; s is the 

vapor saturation pressure in kPa; a is the partial vapor 

pressure, kPa; Δ - slope of the vapor pressure curve in 

kPa C
-1

; γ is the psychrometric coefficient, kPa C
-1

. 

 

2.2 Conducting the experiment  

Two neighboring irrigated areas were selected, 

an area containing vegetation conservation practice, 

using coconut powder (PM) as mulching, whose 

density was 8 t.ha
-1

, according to Montenegro et al. 

(2013), and another area with absence of mulching 

(AM). In both areas, organic fertilization (goat 

manure) with density of 15 t.ha
-1

 was applied, 

according to Bakkeet al. (2010). In each area, 36 plants 

were evaluated, totalling 72 plants. The plants are 

arranged in regular grid of 3 m x 3 m (Figure 2). 

The soil of the study area is characterized as a 

Flavic Neosol with a clay loam texture. Sand, silt and 

clay percentages are, respectively, 39.04%, 43.9%, 

17.06%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 - Scheme of the sampling mesh for areas with presence of mulching (PM) and absence of mulching (AM). 

 

 

2.3 Plant Phenological Analyzes  

To estimate the effects of soil mulching 

application on the Moringa crop, after 324 days of 

transplanting the following variables were evaluated: 

plant height and stem diameter. The stem diameter 

(mm) was determined in the plant's neck at a height of 

approximately 15 cm, using a digital reading 

pachymeter. According to Benincasa (2003), the plant 

height (cm) corresponds to the distance between the 

base of the stem or colon and the apex of it; in intact 

plants the soil surface is considered as the lower limit 

of the length. 

 

2.4 Descriptive statistics  

The parameters were submitted to descriptive 

statistics to determine the mean, median, standard 

deviation, maximum and minimum values, coefficients 

of asymmetry, kurtosis and coefficient of variation. 
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The dispersion and distribution of variables were 

analyzed by Kolmogorov-Smirnov (KS) normality tests 

at a 5% probability level.   

The variability of the variables was classified 

by the coefficient of variation, according to Warrick 

and Nielsen (1980), where CV ≤ 12% (low); 12 ≤ CV≤ 

62 (mean) and CV ≥ 62% (high). 

 

2.5 Evaluation of spatial dependence and indicative 

kriging  

The spatial dependence analysis was performed 

using the geostatistics, as described by Vieira (2000) 

and the semivariogram adjustment. Based on the 

stationarity hypothesis, semivariogram was calculated 

through the experimental semivariances γ (h), 

estimated by equation 2: 

 

   



N(h)

1i

2

ii h)z(x)z(x
2N(h)

1
hγ̂    

(2) 

 

Where: 

 

γ (h) are the semivariance and N (h) is the 

number of pairs at each distance h. Z (xi) and Z (xi + h) 

are estimates separated by a log distance h. 

 

Adjustments of the mathematical models and 

definition of the parameters for semivariograms were 

performed: a) nugget effect (C0); b) extent of spatial 

dependence (a); c) threshold (C0 + C1). The gaussian, 

spherical and exponential models were analyzed, 

respectively, selecting the one that best represents the 

experimental spatial variation structure of the variables. 

The degree of spatial dependence (GDE) was 

evaluated according to Cambardella et al.  

(1994), which is based on the percentage proportion of 

the nugget effect (C0) in relation to the level (C0 + 

C1), classified as: (a) strong dependence <25%; (b) 

moderate dependence between 25 and 75% and (c) 

weak dependence> 75%, calculated by equation 3: 

x100
CC

C
GDE

0

o





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






                             (3) 

For the generation of the spatial maps and 

visualization of the spatial distribution, Surfer software 

(SURFER, 2002) was adapted. 

 

2.6 Analysis of variance of uncorrelated variables in 

space  

Analysis of variance was applied to data with 

at distances greater than those defined by the range. 

The experimental design was completely randomized, 

and the treatments were considered based on the areas 

with PM and AM, with different numbers of 

repetitions. 

According to Vieira (2000), points collected 

with distance greater than the range (a) of the 

semivariogram can be analyzed by classical statistics. 

 

3. Results and discussion 

Figure 3 shows the temporal behavior of 

precipitation totals, mean temperature values, as well 

as monthly reference evapotranspiration in the period 

from March to June 2017. It is observed that the 

highest rainfall indexes were concentrated in the 

months of April (66.30 mm) and March (23.622 mm); 

while May and June presented the lowest total 

precipitation, of 18.28 mm and 19.81 mm, respectively. 

March presented the highest evapotranspiration rate 

(4.61 mm.d
-
¹). 

The values corresponding to the height (HP) 

and stem diameter (SD) of the Moringa oilseeds were 

submitted to the descriptive statistics analysis. Table 1 

shows the values of the statistical parameters used to 

describe the distributions of the measured data. The 

observed data had the coefficients of asymmetry and 

kurtosis close to zero, showing that the variables 

present distribution close to Normal, and the CVs 

presented mean values, according to the criteria of 

Warrick and Nielsen (1980). 
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Figure 3 - Precipitation values (mm); Temperature (°C) and Evapotranspiration (mm.d

-1
) of the study site, from March 

to June 2017. 

  

 

Table 1 - Statistical parameters for the variables plant height (cm) and stem diameter (mm) Moringa oleifera Lam 

under the presence and absence of mulching. 

Parameters 
¹PM ²AM 

³HP 
4
SD ³HP 

4
SD 

Average 294.9 48.2 258.6 43.0 
5
DP 55.7 8.3 54.5 8.4 

6
KS 5% 0.23 0.23 0.23 0.23 

Maximum error 0.15 0.15 0.12 0.15 

Medium 300.0 47.5 270.0 44.0 

Minimum 170.0 30.0 160.0 26.0 

Maximum 370.0 69.0 340.0 65.0 

Amplitude 200.0 39.0 180.0 39.0 
7
CV% 18.9 17.20 21.08 19.42 

Variance 3105.71 68.8 2972.06 70.02 

Curtose -0.19 -0.12 -0.09 0.69 

Asymmetry -0.72 0.23 -0.44 -0.03 
¹Presence of mulching, ²Absence of mulching, ³Height of Plant, 4Stem diameter, 5Standard Deviation, 6Kolmogorov Smirnov, 7 Coefficient and 

Variation. 

 

 

 

Completing the analyzes of the data 

distributions (Figure 4), the "Box plot" graph presented 

in Figure 5 was elaborated, allowing to verify the 

symmetry of the data distributions, in relation to the 

median; however, it is noted that the readings 

performed in the treatment with presence of mulching 

tend to be higher than the readings performed in the 

treatment with mulching, and the standard deviation 

presents a relative similarity between readings. It can 

be observed that there were discrepant values in the 

data referring to the diameter of plants with absence of 

mulching in the soil.  
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Figure 4 - Normal probability graphs for the variables plant height (a) and stem diameter (b) Moringa oleaginous 

presence and absence of mulching. 

 

  
Figure 5 - Box-plot of the variable plant height (a) and stem diameter (b) Moringa oleifera Lam with presence and 

absence of mulching. 

 

Table 2 presents the averages of the 

phenological parameters performed due to the presence 

and absence of mulching. According to the Tukey test, 

the averages had a significant effect (P < 0.05), thus 

verifying the influence of mulching on plant growth. 

Borges et al. (2014) observed that stem height and 

basal stem diameter in corn (Zeamays L.) showed a 

significant increase with mulching treatment. 

 

Table 2 - Mean of the phenological parameters of the Moringa oleifera Lam oilseeds with presence and absence of 

mulching. 

Treatments Height (cm) Diameter (mm) 

PM 282.0 a 46.4 a 

AM 204.0 b 37.6 a 

CV (%) 14.98 14.49 

Means followed by equal letters in the columns do not differ among themselves by the Tukey test (p <0.05); 

 

The use of mulching benefited the crop 

development, favoring improvements in soil quality. 

Paiva and Araújo (2012) verified that the use of 

mulching prevents excessive loss of soil water by 

evaporation, thus contributing to adequate conditions 

for the development of plants. Montenegro et al. (2013) 

found that when using mulch, there were reductions in 

the peak flow, and that high vegetation cover rates 

resulted in a significant increase in soil moisture. In 

addition, the soil temperature was optimally regulated 

under a mulching density of 4 t.ha
-1

. 
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The mean of the stem diameter variable in the 

treatments, according to the Tukey test, identified that 

the soil cover had no significant effect (P < 0.05), that 

is, from the statistical point of view, PM treatment did 

not differ from AM treatment. Figure 6 shows the 

means and standard deviations for the analyzed 

variables.  

 

 
Figure 6 - Classical parameters for plant height and Moringa Lam oilseeds stem diameter, with presence and absence of 

mulching. 

 

The variables such as soil moisture and 

temperature may have influenced the growth of the 

plant, since when the treatment with absence of 

mulching was observed, there was a reduction in the 

values of the parameters. According to Borges et al. 

(2014), the reduction in plant growth is considered a 

consequence of a defense mechanism in water stress 

conditions, because it reduces water losses by plants. 

Menezes et al. (2013) point out that 

evapotranspiration favors the decrease of the water 

content of the soil in the condition of natural cover in 

the drought period, making these values lower than the 

soil moisture in the condition of uncovered soil. 

Based on cross-validation, we selected the 

semivariogram models that best fit the distribution of 

experimental semivariance (Table 3). The Spherical 

model was the one that adequately adjusted the 

variables. The stepped semivariograms can be seen in 

Figures 7. The degree of spatial dependence (GDE) 

shows that there is a strong (<25%) dependence on 

plant height and stem diameter with PM treatment, 

whereas AM treatments showed moderate and strong 

dependence, respectively, for height and diameter. That 

is, the presence of the mulching increased the spatial 

dependence of the height variable.

Table 3 - Models, parameters of experimental semivariogram and cross-validation for plant height (HP) and stem 

diameter (SD) for Moringa oleifera Lam oilseed crop in presence (PM) and absence (AM) of mulching. 

 

PM AM 

 

HP SD HP SD 

C0 0.185 0.162 1778.37 14.79 

C0+C 2028.18 60.16 3139,00 66.75 

a 6.71 10.10 4.93 4.08 

Model Spherical Spherical Spherical Spherical 

GDE (%) 0.01 0.30 56.65 22.15 

Classification FT FT MD FT 

 Cross-validation parameters 

Average of Errors -0.20 -0.38 -0.001 -0.015 

DP 1.363 2.243 0.997 1.013 

R² 0.30 0.31 0.61 0.30 
C0: Nugget effect; C0 + C: Sill; a: Range; GDE: Degree of spatial dependence; R²: Semivariogram adjustment; SD: Reduced error standard deviation; FR: Weak; 

FT: Strong; MD: Moderate. 
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Figure 7 - Semivariograms of the parameters: Height of the plant with presence of mulching (a); Plant height with 

absence of mulching (B); Stem diameter with presence of mulching (C); Stem diameter with of mulching (D). 

 

 

In order to make it possible to visualize the 

spatial distribution of parameter values, we generated 

maps of isolines that are shown in Figure 8. It can be 

noticed a correlation between plant height and stem 

diameter, that is, the larger the region that contains 

more plants, the larger the diameter of the plant, the 

higher the occurrence of tall plants in the central region 

of the area, for PM treatment. The central rectangle 

highlights the planting regions with less influence of 

the border, where it is more evident the relevance of 

the mulching in the variable height of the Moringa. 

Silva et al. (2010) identified regions with greater 

growth of the crop using mapping tool of plant height 

and stem diameter. 

Therefore, it was observed that the values 

obtained from the agronomic characteristics were 

differentiated due to the presence and absence of the 

conservation practices, in the treatments analyzed, 

evidencing that the use of the practice becomes 

advantageous for the cultivation of Moringa, in relation 

to the height of the plant. According to Silva et al. 

(2014), who used mulching in the study area as a 

conservationist practice, they observed that all the 

growth variables showed a significant difference to 

mulching and obtained a better performance in the 

castor bean growth. 

The planting of Moringa oleifera Lam. can be 

considered an alternative for small farmers, in the 

context of agroecological systems, using conservation 

practices, and mitigate climate change, by improving 

soil quality. It also enables the generation of 

employment and income in the field, using seed 

production to generate biodiesel, which is a source of 

clean and renewable energy available to family 

farmers. 

 

(a) (b) 

(c) (d) 
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Figure 8 - Map for the parameters: Height of the plant with presence of mulching (a); Plant height with absence of 

mulching (B); Stem diameter with presence of mulching (C); Stem diameter with of mulching (D). 

 

4. Conclusions 

 

-The mean values of the plant height diameters with 

PM showed the highest values in relation to the AM; 

There was strong dependence on the heights of plants 

in both treatments; 

- The presence with mulching treatments, both for 

height and diameter, showed strong spatial 

dependence; 

- Removing the border region, the mulching provided a 

significant increase in the height of the moringa; 

- In general, the use of conservation practice with the 

application of mulching promoted agronomic 

improvement, which possibly led to more favorable 

conditions to the development of the Moringa oleifera 

Lam planting, regarding the height of the plant, helping 

to mitigate the climatic change impacts. 
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