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ABSTRACT 
 
Aims: The characterisation of the spatial variability of plants attributes associated with productivity 
is important for the refinement of agricultural management practices and the evaluation of the 
effects of agriculture on environmental quality. The objective of this research was to study the 
correlations of phenotypic variables, the productivity of papaya and spatial variability using a 
geostatistical technique.  
Place and Duration of Study: The research was carried out in a commercial crop of papaya 
(Carica papaya L.) located in the northern state of Espírito Santo, Brazil in a typical cohesive Yellow 
Ultisol, between June 2010 and June 2011. 
Methodology: The following variables were measured in each sampled plant: height of the plants 
(HPL); diameter of the stem at 0.20 m from the ground (SDI); lower insertion height of the first 
flowers (IHF); number of leaves totally open (NTL); number of flower buds (NFB); crown diameter 
(CRD); the height of the first fruit harvest (HFR); the total number of fruits harvested; the mass of the 
harvested fruit; the average number of fruits produced per plant (NFR); the average fruit mass 
produced per plant (kg plant

-1
) (MFP); the average mass of each harvested fruit, in kg (MFR); and 
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the average productivity per ha, in Mg ha-1 (PRD).   
Study Design: Data were submitted to the classical exploratory statistical analysis. In order to 
evaluate the interrelation between the variables under study, the Pearson (P = .05) correlation 
analysis was performed. The analysis and modeling of the spatial structure were evaluated using 
the geostatistical technique.  
Results and Conclusion: There was a positive correlation between the initial productivity of 
papaya with the phenotypic variables: The greatest stem diameter, the lowest insertion height of the 
first flowers and fruits, the greatest foliar coverage and the highest number of fruit mass produced 
per plant. The maps of spatial distribution of phenotypic variable and the productivity of papaya 
permitted a visual interpretation of its behaviour in the area and corresponded to the existing 
correlation between the variables indicating a suitable condition for the delineation of regions with 
homogeneous characteristics of plants within the crop. 
 

 
Keywords: Carica papaya L.; geostatistics; plant science; phenology; precision agriculture. 
 

1. INTRODUCTION 
 
The papaya (Carica papaya L.) is one of the 
most produced and consumed fruits in the world. 
It is a crop of great economic importance in 
Brazil, showing a 40 times increase in 
productivity in the period 1961 to 2016, 
approximately 2.0 million tons, highlighting it as 
the second largest producer in the world. Being 
that more than 80% of the papaya produced in 
Brazil comes from the region between the 
municipalities of Porto Seguro, Bahia state and 
Linhares, Espírito Santo state, Brazil. The                 
state of Espírito Santo represents 22% of the 
area under cultivation in Brazil, producing             
31% of the total, with annual productivity of 74 
Mg ha-1, considered the largest in the world 
[1,2,3]. 
 
Phenotypic characteristics, used to monitor the 
vegetative development of papaya plants               
such as the highest number of fruits per                
plant, the largest foliar cover area, the               
largest stem diameter, the lowest plant height 
and the first lowest flowering are                       
desirable commercially because they are               
directly related to the yield and quality                      
of the fruits produced [4,5]. Very important    
factor also in the process of improving the 
papaya [6,7]. 
 
Silva et al. [6] observed that papaya plants at the 
initial stage of development with larger stem 
diameter may result in more productive                
plants, due to the high genetic correlation 
between these two characteristics and also with 
flowering. Ferreira, et al. [8], studying morpho-
agronomic relationships of papaya accesses, 
showed that the larger the diameter of the stem 
and crown, the size of the panel of fruits                     
and the lower the height of the plants, the              

higher the number and the fresh mass of fruits 
per plant. 
 

There is a trend of reduced productivity as the 
plants show reduced leaf area [4,5]. But, these 
relationships may vary according to the genetic 
nature of the cultivar, the soil and climatic 
conditions and the management adopted in the 
crop [9]. In particular, the spatial variability and 
correlations of these variables in the field, as 
studied in other cultures [10,11,12].  
 

Considering the spatial variability in the 
correlations between the genotypic/phenotypic 
characteristics is very important for the              
definition of a parameter that guides the 
producers of papaya to increase productivity. 
This subject has not yet been studied with 
scientific parameters. 
 

One way to study the spatial variability of 
agronomic variables is to use geostatistical 
analysis, a technique widely used in agrarian 
sciences, which allows the acquisition of 
information about the spatial and temporal 
distribution and the relationship of the variables 
in the field [10]. Several studies show the 
importance of considering the spatial variability in 
the field and the gain of information with the use 
of geostatistics as a tool in this type of study 
[13,14,15,16], including in the cultivation of 
papaya [17,18]. 
 

In this context, the objective of this work was to 
study spatial variability and correlations between 
phenotypic variables and papaya productivity 
using geostatistics. 
 

2. MATERIALS AND METHODS 
 

The research was carried out in a commercial 
crop of papaya (Carica papaya L.) cultivar 
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Golden THB, from the group Solo, located in the 
municipality of São Mateus, in the northern state 
of Espírito Santo, Brazil. The climate of the 
region, according to the classification of Köppen, 
is Aw type, with the dry season in winter and hot 
and rainy summer [19]. The average annual 
temperature is 25° C and the cumulative mean 
precipitation is 1290 mm [20]. The soil of the 
area was classified as a typical cohesive Yellow 
Ultissol (PAdx) of low activity clay [21]. The relief 
in the area is gently undulating, with an 
approximate slope of 3.0% and an altitude of 14 
m. The mean particle size fractions in the 0.0-
0.20 m layer are 891.8; 15.6 and 92.6 g kg

-1
 of 

total sand, silt and clay, respectively. 

 
The area was fallow for six years and was 
prepared 40 days in advance of transplanting 
with mechanical scraping. Then, there was a 
haul broadcasted throughout the area to achieve 
80% of base saturation (V%), as results of soil 
analysis, and then after the plowing depth of 0.20 
m, followed by two passes of a harrow-dual 
action and finally plowing according to the 
spacing used: 3.3 x 2.0 x 1.90 m, in double rows 
(1,986 plants ha-1). Fertilization, based on soil 
analysis and technical recommendations of 
Prezotti et al. [22] and management and 
phytosanitary and cultural controls, presented by 
Martins and Costa [23], were applied as 
commonly used in the production unit. Seedlings 
certified papaya with productive potential ≥ 80 
Mg ha

-1
 year from the sexual propagation of self-

pollination with reduced genetic variability [24], 
were transplanted with three seedlings per hill, 

chopped at the time of sexing [25], carried out 
5.0 months after transplanting. When then 
selected is a plot with morphological features and 
apparently homogeneous management for trial, 
which was set in a regular grid of approximately 
1.25 ha, 110 m long and 114 m wide, a total of 
129 sampling points, with a minimum distance of 
5.7 m (Fig. 1). 
 
The georeferencing of each sampling point was 
performed using a pair of GPS receivers 
TechGeo®, GTR G2 geodetic model, data 
processed by the Brazilian Network for 
Continuous Monitoring (RBMC) of IBGE, showed 
an accuracy of 10.0 mm ± 1.0 ppm; in UTM 
(Universal Transverse Mercator) with Datum 
WGS-84. 
 
After demarcation of the points with wood 
cuttings, the following variables were measured 
in each sampled plant: a) height of the plants 
(HPL) (cm), from the soil to the foliar 
meristematic region; b) diameter of the stem at 
0.20 m from the ground (cm), obtaining the 
circumference and posterior calculation of the 
diameter (SDI); c) lower insertion height of the 
first flowers (IHF) (cm), region of insertion of the 
perfect flower lower than the soil; d) number of 
leaves totally open (NTL); e) number of flower 
buds (NFB); g) crown diameter (CRD) (cm), as 
an alternative measure of plant leaf area, carried 
out with a measuring tape comprising the 
distance between the ends of the laminas of the 
two most extreme opposite sheets in the 
direction of the planting line. 

 

 
 

Fig. 1.  Sample grid design 
Source: Author data 
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At the ninth month after transplanting, the initial 
productivity of the papaya fruit was recorded until 
the 12th month of age, according to the maturity 
of the fruits, obtaining the following information: 
h) the height of the first fruit harvest (HFR) (cm), 
from the soil up to the height of the peduncular 
insertion of the lower ripe fruit; i) the total number 
of fruits harvested; (j) the mass of the               
harvested fruit (kg) determined on a digital scale 
with an accuracy of two grams. Considering the 
population density (1,986 plants ha

-1
) and that 

the fruits were harvested at the maturation stage 
2.0, with up to 25% yellowing of the bark [26], 
considering the georeferenced plant and the two 
plants adjacent to the crop line for the               
definition of the average per sampling point, with 
the purpose of greater representativeness,                 
the following were calculated: k) the average 
number of fruits produced per plant (NFR); l)               
the average fruit mass produced per                         
plant (kg plant

-1
) (MFP); (m) the average                  

mass of each harvested fruit, in kg (MFP); and n) 
the average productivity per ha, in (Mg ha

-1
) 

(PRD). 
 
Data were submitted to the classical exploratory 
statistical analysis, with the determination of the 
mean, median, standard deviation, minimum and 
maximum values, a coefficient of variation, 
frequency distribution, asymmetry coefficient and 
kurtosis. To test the hypothesis of data normality 
the Kolmogorov-Smirnov test (KS) (p <0.05) was 
performed. In this analysis, the outliers were 
identified, according to the principles of Kerry 
and Oliver [27]. To evaluate the interrelation 
between the variables under study, the Pearson 
(P = .05) correlation analysis was performed, 
with the classification adopted by Kitamura et al. 
[28]. 
 
The analysis and modeling of the spatial 
structure were evaluated using the geostatistical 
technique, with the estimator by the method of 
the moments proposed by Matheron for the 
semivariogram, presented by Journel and 
Huijbregts [29] (equation i): 

 

γ(h)=
1

2N(h)
∑ �Z(xi)- Z(xi + ℎ )�

2N(h)
i=1                      (i) 

 
where: Z (xi) is the value of the variable z in the 
location xi; and N (h), the number of pairs of 
measured values: Z (xi) and Z (xi + h) separated 
by a distance h. 
 
The semivariogram is represented graphically by 
the relationship of the semivariance γ (h) versus 

h, and provide estimates of the parameters 
necessary for the adjustment of the theoretical, 
spherical (ESF), exponential (EXP) and 
Gaussian (GAU) models: nugget effect (C0); (a) 
and the threshold (C0 + C). The adjustments of 
the semivariograms, according to their models, 
were made by the selection: a smaller sum of the 
squares of the deviations (SQR); higher 
coefficient of determination (R

2
) and higher 

spatial dependence index (SDI) and a higher 
correlation coefficient of cross-validation (r-VC) 
between observed and estimated data. SDI is the 
relationship between the nugget effect and the 
plateau [(C) / (C0 + C) * 100], considering the 
classification of Cambardella et al. [30] as SD ≤ 
25%: strong spatial dependence; between 25% 
and 75%: moderate spatial dependence and ≥ 
75%: poor spatial dependence. This analysis 
was performed using GS + software [31]. 
 
The cross-semivariogram was also adopted to 
verify the spatial correlation between phenotypic 
attributes and papaya productivity, through the 
equation ii: 
 

γ(h)cr  =
1

2N(h)
∑ �

Z1(xi)-

 Z1(xi + ℎ )
�

N(h)
i=1 �Z2(xi)- Z2(xi + ℎ )�    (ii) 

 
where: Z1 represents the productivity of the 
papaya and Z2 each phenotypic variable 
evaluated.  
 
For the variables that presented spatial 
dependence, the ordinary kriging interpolation 
method was used to estimate values in non-
sampled locations and to construct thematic 
maps. 
 

3. RESULTS AND DISCUSSION 
 
The coefficients of asymmetry and kurtosis close 
to zero for most of the evaluated attributes of 
papaya, as well as the proximity of the mean and 
median values, indicate that the variables studied 
to follow the normal distribution, a fact confirmed 
by the Kolmogorov-Smirnov test (P = .05) (Table 
1). These data are in accordance with the data 
presented by Grego, Vieira and Xavier [10] and 
Kitamura, et al [28]. 
 
For the application of geostatistics, it is important 
that the distribution of the variables does not 
present very elongated tails. However, most of 
the variables presented negative values of Ck, 
but close to zero, which did not compromise the 
definition of the semivariogram level in spatial 
analysis. 
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Table 1. Descriptive statistics of attributes of golden THB plants of the Solo group, sampled in 
129 georeferenced points 

 
Variable Average Median S Min Max V Cs Ck DN 
HPL 103.2 103.0 11.4 70.0 136.0 11.1 0.0 0.1 ns 
IHF 86.7 86.0 11.0 63.0 126.0 12.7 0.7 0.9 ns 
SDI 6.9 7.0 4.2 3.8 10.2 19.1 0.0 -0.4 ns 
NFB 9.0 9.0 3.9 3.0 18.0 42.0 0.2 -1.0 ns 
NTL 20.0 20.0 3.6 11.0 28.0 18.2 -0.2 -0.5 ns 
CRD 145.7 147.0 20.3 99.0 191.0 13.9 -0.1 -0.3 ns 
HFR 85.9 84.5 13.5 57.3 125.3 15.7 0.2 -0.4 ns 
MFR 0.4 0.4 0.04 0.3 0.5 11.2 0.3 -0.1 ns 
NFR 18.0 17.0 6.6 4.0 32.3 37.1 0.2 -0.6 ns 
MFP 6.9 6.5 2.8 1.2 12.6 40.0 0.2 -0.7 ns 
PRD 13.6 12.9 5.5 2.3 25.0 40.0 0.2 -0.7 ns 

HPL: plant height (cm); IHF: height of insertion of the lowest flowers (cm); SDI: stem diameter (cm);NFB: number 
of flower buds; NTL: number of leaves; CRD: crown diameter in the direction of the planting line (cm); HFR: 

Harvest height of the first fruit (cm); MFR: average mass per fruit (kg); NFR: mean number of fruits harvested per 
plant; MFP: mean mass of fruits produced per plant (kg); PRD: average productivity of the evaluated area (Mg 

ha
-1

); s: standard deviation; Min .: minimum value; Max .: maximum value; CV: coefficient of variation; Cs: 
asymmetry coefficient; Ck: kurtosis coefficient; DN: normal distribution test; ns: not significant at 5.0% by the 

Kolmogorov-Smirnov (KS) test, therefore, normal distribution of the data. Source: Author data. 

 
The mean values of the attributes studied were: 
the average height of the plants (HPL) of 103 cm; 
insertions of the first flowers (IHF) at 86.7 cm; 
mean stem diameter (SDI) of 6.9 cm; 20 leaves 
per plant (NTL); 9.0 floral buds (NFB) per plant 
and 145.7 cm of average crown diameter (CRD). 
Silva, et al. [5], in sandy soil in the north of the 
state of Espírito Santo, recorded at the time of 
the sexing, plants of papaya cultivar Golden with 
average of 125 cm of height, 30 leaves; 11.8 cm 
in diameter of the stem and insertion of the first 
flowers to 70 cm of height. These authors 
emphasized that for greater productivity and 
longevity, the plants must present emission of 
the first flowers at a low height and greater 
number of leaves and diameter of the stem. They 
are good indicators of plant structure to support 
the weight of the fruit panel with its constant 
growth. 
 
Silva et al. [6], also in the northern part of the 
state of Espírito Santo, studying morpho-
agronomic characteristics of Golden papaya and 
other segregating populations, obtained in the 
sexing phase the first fruits at 75 cm in height 
and in the harvest phase, plants with 246 cm 
high and 11 cm diameter of the stem.                     
Alves; Pacova and Galveas [24]; Costa and 
Pacova [25] describe that phenological patterns 
are primordial for selection of papaya plants, 
being ideal in the phase of sexing, height of 
flowering and fruiting of 50 to 80 cm and 
diameter of the stem greater or equal to 10 cm. 
Therefore, the results obtained in this work 
indicate that, on average, the plants presented a 

characteristic of wilting, with height of insertion of 
the first flowers and diameter of the stem above 
and below, respectively, the ideal indicated in the 
literature and observed by the papaya producers, 
who attributed to the quality of crop management 
and plant potential, by observing their 
phenological and phytotechnical characteristics. 
In contrast, Silva, et al. [6] and Silva, et al. [5] 
obtained characteristics within the ideal 
standards. 
 
The significant differences between the results of 
the present study and the authors cited above 
can be attributed to random, uncontrollable 
factors of the climate and the interaction of 
management of the soil-plant system, such as 
the larger spacing used by Silva et al. [5] and the 
highest technological level adopted in the area 
studied by Silva et al. [6], even with the similarity 
of the evaluations of the works in the same 
geographic region. 
 
Jimenes et al., [7] and Olubode et al. [9], affirm 
that environmental factors and crop management 
conditions greatly influence the productive 
response of the papaya crop due to the direct 
relation with the ecophysiology and the plant 
metabolism. For example, air temperature and 
nutritional status of plants are directly related to 
pollinating and fixing flowers and fruit 
development. 
 
In the present study, the average height of the 
first fruits (HFR) was 86 cm, approximately the 
average height observed for the first floral 
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insertions, during sexing, which may vary due to 
loss of flowers or new shoot [32]. 
 
The average yield of 18 fruits per plant (NFR), 
with a mean mass (MFR) of 0.40 kg fruit-1 was 
obtained, representing a yield of 6.9 kg plant

-1
 

(MFP) and an average productivity (PRD) of 13.6 
Mg ha-1 in the initial 3.0 months evaluated (270 
to 365 days after transplanting - DAT). Costa and 
Pacova [25] mentioned that commercial fruits are 
those that are within the range of 0.35 to 0.55 kg, 
indicating that the fruits harvested in this work 
are within commercial standards, also obtained 
by Silva et al. [5], which harvested fruits with a 
mass of 0.30 to 0.47 kg, in a medium to high 
productivity crop: 24.9 to 39.1 Mg ha

-1
 at 280 

DAT. Silva et al. [6] obtained fruits with an 
average of 0.62 kg and production of 20.13 kg 
plant

-1
 at 240 DAT, indicating the high production 

standard adopted by these authors. Oliveira et al. 
[33], obtained an average productivity of 18 Mg 
ha-1 in the first 6 months of harvest (270 to 420 
DAT), with a positive correlation with the 
biometric variables of plants. Therefore, it is 
observed that the plants evaluated in the present 
study produced fruits within commercial 
standards, but in a lower number than those 
obtained with data from the literature. 
 
The variability of an attribute can be classified 
according to the magnitude of its coefficient of 
variation (CV), which may be low (CV < 10%); 
mean (10% ≤ CV ≤ 20%); high (20% ≤ CV ≤ 
30%); and very high (CV > 30%) (Pimentel-
Gomez; Garcia, [34]). With this, we have a mean 
CV for 67% of attributes and very high for 33% of 

them (NFB, NFR, MFP and PRD), indicating the 
largest variations for attributes directly related to 
productivity. 
 
The correlations between the variables evaluated 
(Table 2) were extra-high (80% ≤ r ≤ 100%) for 
11% of the existing correlations: SDI x CRD, 
NFR x MFP, PRD x NFR, PRD x MFP; high 
(60% ≤ r ≤ 80%) for the HPL x IHF correlation; 
and the other significant correlations (82% of the 
total), being positive and / or negative, were 
moderate (40% ≤ r ≤ 60%) to low (20% ≤ r ≤ 
40%), according to Kitamura et al. [28] 
classification. According to these same authors, 
low correlations between any two variables do 
not invalidate the hypothesis of occurrence of 
spatial dependence among them, as confirmed 
by cross-semivariograms (Fig. 2). 
 
Unlike the simple semivariogram, the cross-
semivariograms may be negative, indicating an 
inverse relationship between two variables. 
These are used in order to corroborate the 
interpretation of the spatial correlations 
visualized in the maps (Figs 3 and 4). 
 

The correlations between the phenotypic 
attributes of papaya plants, such as SDI x CRD, 
demonstrate the relation of the favorable 
structural condition of the plants with their 
productive potential. Since the PRD x HPL 
correlation (r: 22%), indicates higher productive 
longevity, although the height of the plants is 
technically limiting to the exploitation, due to 
difficulties in harvesting fruits with a height of 
more than 3.0 m. This fact has led to the

 
Table 2. Pearson correlation (P = .05), in percentage (%), between the phenotypic variables and 

the yield of papaya cultivar Golden THB of the group Solo productivity 
 

 HPL IHF SDI NFB NTL CRD HFR MFR NFR MFP PRD 
HPL 100          
IHF 60 100         
SDI 48 - 100        
NFB 41 -37 42 100       
NTL 27 - - 51 100      
CRD 37 -20 81 57 27 100     
HFR - 45 -37 -34 - -37 100    
MFR - - - -26 - - - 100   
NFR 27 - 58 20 - 38 -48 26 100  
MFP 22 - 52 - - 31 -43 47 97 100 
PRD 22 - 52 - - 31 -43 47 97 100 100 

HPL: plant height (cm); IHF: height of insertion of the lowest flowers (cm); SDI: stem diameter (cm); NFB: number 
of flower buds; NTL: number of leaves; CRD: crown diameter in the direction of the planting line (cm); HFR: 

Harvest height of the first fruit (cm); PRF: average mass per fruit (kg); NFR: mean number of fruits harvested per 
plant; MFP: mean mass of fruits produced per plant (kg); PRD: average productivity of the evaluated area (Mg 

ha-1); -: non-significant correlation (P = .05). Source: Author data 
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conduction of papaya crops between 2.5 and 3.0 
years old [5], which can be confirmed by the 
negative relation between PRD and HFR (r: -
43% and Fig. 2), that is, a lower yield is obtained 
with plants that emit flowers, and consequently 
fruits, at a higher height in the stem (IHF x HFR, 

r: 45%). A physiological issue, which naturally 
reduces the plant's carrying capacity, with its 
height gain, and at the same time reduces the 
holding panel to the height of commercial 
exploitation of plants. 

 

 
 

Fig. 2. Cross-variogram between papaya productivity (PRD) and plant height (HPL), lower 
flower bud insertion height (IHF), stem diameter at 0.20 m from soil (SDI), number of flower 

buds (NFB), number of leaves (NTL), diameter of the plant crown (CRD), and height of the first 
fruit (HFR), mean fruit weight (MFR), number of fruits produced per plant (NFR) and fruit mass 

produced per plant (MFP) 
Source: Author data 
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Fig. 3. Thematic maps of the attributes of papaya plants: Plant height (HPL), stem diameter 
(SDI), number of flower buds (NFB) and number of leaves (NTL) 

Source: Author data 
 
There was a positive correlation, even if low, 
between NFB and NFR (r: 20%) and a negative 
correlation between NFB and MFR (r: -26%). 
This indicates that a higher number of flower 
buds (NFB) and, consequently, a higher average 
number of fruits per plant (NFR) result in lower 
weight fruits, which may compromise commercial 
quality, as can be observed in the following 
spatial dependence maps (Figs 3 and 4). Silva et 
al. [6], who observed a negative correlation 
between NFR x MFR (r: -80%) and NTL x MFP 
(r: -24%), indicate that this fact may be due to 
photosynthetic limitations for fruit filling, justifying 
the need for thinning. 
 
Positive PRD correlations with MFR (47%), NFR 
(97%) and MFP (100%) indicate that productivity 
will be as high as the greater number of fruits, of 
greater mass, is produced. In the present study, 
the use of PRD and SDI (52%) correlated directly 
with the phenotypic attributes of plants, as 
presented by several authors [5,25,33] which 
were confirmed in the present study by means of 

the cross-semivariogram, which confirmed the 
positive spatial correlation between PRD and SDI 
(Fig. 2). Silva et al. [6] obtained an extra-high 
correlation (r: 84%) between PRD and SDI and 
suggest that plants with higher SDI may result in 
higher productivity, due to the great capacity of 
absorption and translocation of water and 
nutrients, giving greater vigor plants that present 
a potential root system. Ferreira et al. [8] 
studying canonical correlations between 
genotypic and morpho-agronomic characteristics, 
observed that the increase in mass and number 
of fruits is achieved by increasing the                 
diameter of the stem and canopy of the plants 
and a larger panel of fruits, with lower flower 
insertion. 
 
The study of these interactions between 
phenotypic variables and productivity should be 
the object of studies in more advanced stages of 
the phenology of papaya cultivated under 
different cultivation conditions, so that its 
behavior can be analyzed with the development 
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of the plants and, therefore, obtain more                   
detailed information for the planning of                    
crop interventions. This type of study is                     
also indicated as much needed by Olubode,                 
et al [9], given the lack of information related                 
to the topic. The results obtained in the                  
present study are indicative of their                    
importance, as well as observed in other 
cultures.  

 

Martin et al. [11], in the sunflower crop, observed 
effects of plant number and stature and stem 
diameter on grain yield, with a correlation of up to 
59%. Pias et al. [35] studying the correlation 
between biometrics variables, in different 
phenological stages, and the wheat productivity 
components, observed that wheat plants higher 
(height and number of nodes) and reduced root 
length showed higher productivity. 

 
 

Fig. 4. Thematic maps of the attributes of papaya plants: Diameter of the crown of the plants 
(CRD), Average fruit weight (MFR), Number of fruits produced per plant (NFR), Fruit mass 

produced per plant (MFP) and Productivity for the period evaluated (PRD) 
Source: Author data 
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It is verified that 81.8% of the variables 
presented spatial dependence in the sampling 
mesh used (Table 3), with models adjusted to the 
semivariograms presenting R

2
 superior to 77% 

and correlation coefficient in the cross-validation 
(r-VC) significant to 5.0% probability. 
 
According to the criteria of Cambardella et al. 
[30], the spatial dependence index (SDI) was 
moderate (25-75%) for the variables NFB, NTL 
and MFR; and strong (SDI <25%) for the others, 
evidencing that the distribution of these attributes 
in space is not random. Only the IHF and HFR 
attribute resulted in pure nugget effect (PNE), 
indicating random distribution in the area for 
distances greater than or equal to the shortest 
sampling distance (5.7 m). 

 
Of the attributes studied, 45.5% adjusted to the 
exponential model of the semivariogram, 27.3% 
to the spherical model and 9.0% to the Gaussian 
model. In the work of spatialization of plant 
attributes, it is common to find semivariogram 
adjustment to the exponential and the spherical 
models [10,17,36]. 
 
The scope reflects the spatial continuity of a 
particular variable and is important for spatial 
dependence delineation, a definition of specific 
management zones and distance from which the 
samples are independent. Therefore, the larger 
the range and the stronger the SDI, the larger the 

area with samples of homogeneous 
characteristics. The minimum range in the 
present study was 15 m for NFB and CRD 
variables; and the highest was 100 m for NTL. 
The similarity between the scopes and the model 
adjusted for variables indicates or confirms a 
spatial correlation between them, as observed for 
the PRD and NFR variables, adjusted to the 
exponential model and with 22 and 23 m ranges, 
respectively, and visualized in the Figs from 2               
to 3. 
 
The spatial distribution maps of the attributes 
under study allowed the visual interpretation of 
the spatial behavior of each variable in the area 
and are presented in Figs 3 and 4. The maps of 
the biometric attributes NFR and MFP presented 
similarity with the map of PRD, presenting a 
spatial correlation confirmed by the positive 
cross-semivariogram (Fig. 2). This observation is 
consistent with the extra-high simple correlation 
of these data (Table 2). 
 
As for the shape of the maps, it is observed that 
the area that presented lower PRD, from south to 
west, is the area where it produced lower NFR 
and lower MFP. Also, it is the area that 
presented higher plants (HPL), with higher NTL 
and NFB, with lower CRD and SDI. Although 
Pearson's correlation of IHF, NFB, and NTL 
variables with PRD was not significant, cross-
referenced semivariograms (Fig. 2) indicate

 
Table 3. Parameters of the semivariograms adjusted to the variables studied of the papaya 

cultivar Golden THB of the Solo group 

 
Variable Model Co Co+C a (m) SDI R

2
 r-VC 

HPL ESF 0.122 1.04 24.0 12.0 83.0 38.0 
IHF PNE - - - - - - 
SDI EXP 0.064 1.02 43.5 6.0 90.0 50.0 
NFB EXP 0.362 1.02 15.0 35.0 77.0 32.0 
NTL GAU 0.694 1.16 100.0 60.0 96.0 50.0 
CRD ESF 0.079 0.95 15.0 8.0 91.0 35.0 
HFR PNE - - - - - - 
MFR ESF 0.413 1.03 88.0 39.0 94.0 66.0 
NFR EXP 0.071 0.96 23.0 7.0 93.0 40.0 
MFP EXP 0.179 0.92 31.5 19.0 83.0 46.0 
PRD EXP 0.205 0.91 22.0 2.0 91.0 46.0 

HPL: plant height (cm); IHF: height of insertion of the lowest flowers (cm); SDI: stem diameter (cm); NFB: number 
of flower buds; NTL: number of leaves; CRD: crown diameter in the direction of the planting line (cm); HFR: 

Harvest height of the first fruit (cm); PRF: average mass per fruit (kg); NFR: average number of fruits harvested 
per plant; MFP: average mass of fruits produced per plant (kg); PRD: productivity of the evaluated area (Mg ha

-1
); 

ESF: theoretical spherical model; EXP: exponential theoretical model; GAU: Gaussian theoretical model; PNE: 
pure nugget effect; C0: nugget effect; C0 + C: threshold; a: scope of spatial dependence; SDI: spatial dependency 

index [(C / Co + C) * 100]; R
2
: coefficient of multiple determination of the fit of the model; and r-VC: regression 

coefficient between the values measured and estimated by cross-validation (significant P = .05). Source: Author 
data 
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a negative spatial relationship between them. 
This fact indicates that less structured plants, 
with early developmental tenderness symptoms, 
are less productive and tend to be less 
productive due to plant height being a limiting 
factor. This fact confirms that the producer is 
correct in adopting as a synonym of potentially 
productive plants, those well-leaved, not 
threaded, with lush and expanded crown, lower 
plants, without excess flowering, a larger 
diameter of the stem, as mentioned above. 
 
The region with the highest PRD in the east 
coincides with the one with the lowest NTL, a 
result that is the reverse of that found by Coelho 
and Simões [4], which evidenced the reduction of 
papaya productivity with the reduction of the 
photosynthetically active leaf area. In the      
present work this result may be due to the 
photosynthetic sufficiency of the available leaf 
area in producing the fruits that provided the 
highest productivity of the area. In contrast, the 
area to the west, despite presenting higher NTL, 
also presented higher NFB, characterizing 
greater drainage, which gave less commercial 
fruit (NFR) of lower MFR and, consequently, 
lower PRD. Therefore, even with the                     
positive correlation between NTL and CRD, there 
was a lower PRD. The PRD x CRD                 
correlation indicates that a good leaf area, with 
no flowering excess, will allow a                             
greater formation of photoassimilates to the fruit 
filling, as presented by Kist and                                
Manica [37]. These behaviors are confirmed by 
the interaction of the correlations and the                  
spatial distribution of each attribute                         
and its influence on the productivity of the 
papaya tree. 

 
The region east of the map presented, in addition 
to higher productivity (PRD), plants with more 
economically interesting characteristics (greater 
SDI, CRD, NFR, MFP and lower HPL, NTL y 
NFB), which may be directly related to the effects 
of the various attributes that influence it, both the 
measured ones and those relative unmeasured 
and with variability capable of influencing the 
productive result, as the soil and climatic 
characteristics of the region where the crop was 
cultivated [18]. Thus, a response to the 
production process is observed: an                         
area that indicates two regions with                               
predominant characteristics for most of the 
attributes. One from the center to the east,                    
and the other in the opposite direction of the 
map, which benefits the delimitation of zones for 
specific handling. 

The delimitation of these management zones will 
be more effective in considering the maximum 
information obtained for this same area, such as 
the spatial distribution of soil physical attributes 
[18] and the spatial variability of the nutritional 
status of papaya [17]. 
 

Obtaining this type of detail of agricultural 
production shows that the many studies                     
found in the literature on the variability and 
correlations of the attributes related to               
cultivation (soil, climate, management, 
genotypes, etc.) with crop productivity [12,16,38, 
39] have shown great benefits in                 
obtaining more detailed information on the 
practice of a more efficient and sustainable 
agriculture [40]. 
 

This issue is of great importance for the future of 
agricultural production in Brazil [41], especially in 
highly technical crops such as papaya, and 
therefore, more detailed studies are                
encouraged based on the information obtained in 
this study. 
 

4. CONCLUSIONS 
 

There was a positive correlation between the 
initial productivity of the papaya and the 
phenotypic variables: larger stem diameter, the 
reduced height of insertion of the first flowers and 
fruits, greater leaf cover and greater number of 
fruits produced per plant. 
 
Except for the lowest floral insertion height (IHF) 
and harvest height of the first ripe fruit (HFR), all 
others presented moderate to strong spatial 
dependence. 
 

Spatial distribution maps of phenotypic              
variables and productivity of papaya allowed the 
visual interpretation of their behaviour in the       
area and corresponded to the linear            
correlations between the attributes, indicating 
suitable conditions for the delimitation of regions 
with plants of similar characteristics within the 
crop. 
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