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ABSTRACT 
 

The present work aims to quantify the precipitation partition after interaction with the Eucalyptus 
urophylla canopy under two fertilization treatments. The experimental design was completely 
causalized with two fertilization treatments. Each plot had a dimension of 30 m x 60 m, and the 
spacing of the seedlings was 3 m x 2 m. The study was developed in a arenizaded area located in 
the municipality of Maçambará, state of Rio Grande do Sul, Brazil. The duration of the study was 
one year (from April 2017 to March 2018). Biweekly over twelve months the volume of precipitation 
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was quantified. The experiment consists of two fertilization treatments in a Eucalyptus urophylla 
stand: T1 with smaller and T2 greater fertilization. In each treatment 3 throughfall collectors were 
installed at one meter of the soil level and three stemflow collectors. In the open area 3 collectors of 
the incident precipitation were installed 1.5 meters from the ground level. The percentages of the 
throughfall, stemflow and canopy interception in relation to the incident precipitation were 95.3; 1.3 
and 4.3% for treatment 1 and 91.7; 3.2 and 6.2% for treatment 2. The coefficients of determination 
for throughfall, stemflow and canopy interception were 0.99; 0.96 and 0.85 for treatment 1 and 
0.99; 0.97 and 0.89 for treatment 2. The graphical analysis of the regression residues shows 
independence of the errors. The fertilization management described for treatment 2 results in a 
greater interception of rainfall due to the greater amount of biomass of the canopy. 
 

 
Keywords: Regression analysis; hydrology; seasonality; fertilization. 
 

1. INTRODUCTION 
 
Erosion has a positive correlation with the 
average annual precipitation (with adjustment R² 
0.97 and p = 0.01) in a study considering various 
areas of Brazil [1,2]. The soil without plant cover 
becomes susceptible to increase of the same, as 
it is the case of arenization in the western of the 
state of Rio Grande do Sul. 
 

Faced with this problem, since the 70s, 
technicians, public entities, universities and rural 
producers have discussed ways of controlling the 
expansion of these areas with a focus on wind 
agent control [3]. According to Souto [3], in the 
municipality of Alegrete in the south of Brazil a 
project was installed in which native and exotic 
tree species were planted. At that time, the 
species of Eucalyptus sp. and Pinus sp. were the 
most adapted. 
 
During precipitation events, a portion of 
rainwater, to reach the treetops, is intercepted 
with subsequent evaporation to the atmosphere 
[4]. Another part crosses the canopy and 
precipitates in the interior of the stand to be 
called throughfall [5]. Rainwater that does not 
satisfy any of the above provisions, flows through 
the leaves, being led to the branches, branches 
and finally flows through the trunk of the tree, 
and is thus called the stemflow [6,7]. 
 

Several factors influence the rainfall partition. 
Among the abiotic factors, we highlight the 
quantity, duration and intensity of rainfall,               
relief, wind speed, season of the year,                 
among others [8,9,10,11]. As for biotic factors 
should be highlighted the structure and the 
degree of closing the canopy, species and age 
[12]. 
 

The quantification of the incident precipitation on 
the different partitions is important for the 

understanding of the hydrological cycle [13]. In 
addition to interception that reduces the amount 
of water reaching the soil surface [14], tree 
canopies reduce the speed and impact of rain, 
promote wind barriers, and increase the amount 
of water infiltrating the soil through the roots. 
 
Studying the precipitation partition the seventh to 
the eighth year, Momolli et al [11] concluded that 
99, 90 and 52% of the throughfall, stemflow and 
canopy interception are explained from the 
incident precipitation. Monitoring carried out in 
Eucalyptus dunnii at different ages shows that as 
the age of stand increases, the percentage of 
throughfall decreases and the canopy 
interception increases [15,16,11]. 
 
Sandy soils are easily disaggregated by the 
impact of raindrops when compared to clay soils, 
thus increasing the probability of erosion [17,18]. 
Given the importance of this study, the objective 
is to quantify the incident precipitation, 
throughfall, stemflow and canopy interception of 
a Eucalyptus urophylla stand under different 
fertilization management. 
 

2. MATERIALS AND METHODS  
 
2.1 Characterization of the Experimental 

Area 
 
The work was developed in a arenizaded area in 
the municipality of Maçambará-RS, under the 
geographic coordinates 29º 02 '32.67 "S and 55º 
19' 40.44" W, at an average altitude of 191 
meters in relation to the average level of the 
seas. The sand accumulation extends over a 
perimeter of 6.55 km, representing an area of 82 
hectares. In Fig. 1 we can observe the location of 
the experiment and the exposed soil area, totally 
devoid of vegetation (A), and just above the 
presence of ravines and gullies (B).  



For the planting of the Eucalyptus urophylla
seedlings, the soil was subsoiled at 30 cm depth. 
The initial density was 1666 ha

-1
 plants spaced 3 

m x 2 m. The design was completely causalized 
with 2 fertilization treatments. The plots had 
dimensions of 60 m x 30 m with 300 trees in 
each. Treatment 1 was the one that received 
 

 
Fig. 1. Location of the experiment 

 

 
Fig. 2. Climatic diagram for the municipality of Santiago
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Eucalyptus urophylla 
seedlings, the soil was subsoiled at 30 cm depth. 

plants spaced 3 
m x 2 m. The design was completely causalized 

nts. The plots had 
dimensions of 60 m x 30 m with 300 trees in 
each. Treatment 1 was the one that received 

natural phosphate base, the lowest amount of 
nutrients and applications until 120 days 
after planting. Treatment 2 received 
superphosphate, with fertilization occurring up to 
420 days after planting and a higher nutrient load 
when compared to T1. The detailed fertilization 
description can be found in Table 1.

Location of the experiment (A) and erosion grooves (B) [19] 

Fig. 2. Climatic diagram for the municipality of Santiago-RS, region of the study
Source: Agritempo [23] 
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Table 1. Formulations and application times of fertilizers in Eucalyptus urophylla stands in 
arenizaded area 

 
Fertilization Days after planting Formulation Amount of fertilizer (g plant

-1
) 

T1 T2 
Base 0 ST* - 300 
Base 0 FN* 250 - 
Start 30 NPK 06-30-06 60 96 
Start 30 KCl 165 165 
1ª coverage 75 NPK 22-00-18 66 108 
2ª coverage 120 NPK 22-00-18 66 108 
2ª coverage 120 NPK 10-25-25 - 137 
3ª coverage 180 NPK 06-30-06 - - 
3ª coverage 180 FTE (micro) - 102 
4ª coverage 300 NPK 06-30-06 - 48 
4ª coverage 300 NPK 22-00-18 - 48 
4ª coverage 300 FTE (micro) - 48 
5ª coverage 420 NPK 06-30-06 - 48 
5ª coverage 420 NPK 22-00-18 - 48 
5ª coverage 420 FTE (micro) - 48 
Total of Nutrients (kg ha

-1
) 

  N 54,4 156,4 
  P2O5 30,0 153,0 
  K2O 45,6 169,8 
  ST* - 225,0 
  FN* 120,6 - 
  Ca - 24,9 
  S - 20,0 
  B - 6,3 
  Cu - 2,8 
  Mn - 7,0 

*ST= triple superphosphate Mo - 0,4 
*FN= natural phosphate Zn - 31,5 

 
Table 2. Forest inventory of the plots and biomass of leaves and branches in Eucalyptus 

urophylla stands at 2 years of age 
 
Treatment DBH High Basal N Vol Leaf Branches 

cm m m² ha
-1

 Plants ha
-1

 m³ ha
-1

 kg ha
-1

 
T1 6,71 7,10 5,88 1666 23,60 2,67 1,82 
T2 9,01 9,60 10,53 1659 56,50 4,06 4,32 
(T2-T1) 2,30 2,50 4,65 -7,0 32,90 1,39 2,50 
(T2-T1) % 25,5 26,0 44,2 -0,4 58,2 34,2 57,9 

 
Inventory data at 2 years of age show that for 
treatment 1 and 2 the basal area was 5.88 and 
10.53 m² respectively. The volume of wood was 
23.6 and 56.5 m³ ha

-1
. Table 2. With respect to 

biomass, there was an increment of 34.2 and 
57.9% of leaf and branch of treatment 1 for 
treatment 2 respectively. These data show the 
response of the stands to fertilization. 

 
The soil of the experimental area is 
predominantly of sandy texture with average 
percentage of 83.4, 3.4, 2.7 and 10.4% for 

coarse sand, fine sand, silt and clay respectively. 
Regarding the chemical attributes, the average 
content of organic matter up to 2 meters deep 
was very low, 0.2%. The base saturation (V) 
4.2% indicates to be a dystrophic, low fertility 
natural soil [20]. 
 
The climate of the region is classified as being 
subtropical humid, with no dry season and hot 
summers (Cfa). The average annual rainfall is 
1916 mm well distributed throughout the months 
of the year. The driest month presents mean 
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precipitation> 40 mm. The average temperature 
of the coldest month is ≥ -3°C and <18°C and the 
temperature for the hottest month is ≥ 22°C. [21]. 
According to Flores et al. [22] the Eucalyptus 
urophylla species presents low climatic aptitude 
for the region. 
 

2.2 Measurement of Precipitation, 
Throughfall, Stemflow an Canopy 
Interception 

 
The quantification of the incident precipitation 
was carried out with 3 collectors with a capture 
diameter of 20 cm and storage capacity of 7 
liters. The collectors were installed in open area 
about 50 meters from the stand at 1.5 meters 
from ground level. 
 
The throughfall was quantified in the treatments 
T1 and T2 by means of the installation of 3 
collectors, arranged in line, inter-row and 
diagonal positions of the trees. The collections 
were performed biweekly over 12 months. The 
equation for quantification of incident 
precipitation and throughfall (mm) can be 
described as follows:  
 

P or TF = V / A 
 

Where: P = Incident precipitation; Tf = 
throughfall; V = volume of water (liters); A = 
catchment area (0.0314 m²) 
 
The water flowing through the trunk was directed 
by a spiral gutter system around the trunk of the 
tree to a reservoir located at the base of the tree 
with a storage capacity of 60 liters. For the 
calculation of the stemflow was used the 
equation of Preuhsler et al. [24]. 
 

Sf = (V / g) x (G / A), 
 

Where: Sf = stemflow (mm), V = volume 
collected (liters) g = tree basal area (m²) G = 
basal area of trees in plot (m²) A = plot area (m²). 
 
The canopy interception was calculated to the 
difference between the incident precipitation and 
the sum of the throughfall with the stemflow. The 
equation is described below by Krusche et al 
[25]. 
 

Ci= P – (Tf + Sf), 
 

Where: C = canopy interception; P = incident 
precipitation; Tf = throughfall; St = stemflow. 

2.3 Statistics and Data Analysis 
 
Statistical analysis was performed using IBM 
SPSS 20.0 [26]. Regression equations were 
adjusted for throughfall, stemflow and canopy 
interception as a function of the incident 
precipitation variable. The distribution of the 
regression residues was then analyzed in order 
to validate the homogeneity of variance. The 
residues were presented in graphic form as a 
function of the variable analyzed.  
 
Tukey's test on throughfall and stemflow was 
applied at (P = .05) to compare if there was a 
statistical difference in the volume of water 
between the two treatments. Tukey's test was 
also applied in the incident precipitation at (P = 
.05) to compare if there was statistical difference 
in rainfall volume between the months [26]. 
 

3. RESULTS  
 
3.1 Distribution of Incident Precipitation, 

Throughfall, Stemflow, Canopy 
Interception 

 
During the evaluated period the incident 
precipitation was 2050 mm, with throughfall of 
1953 and 1880 mm for treatments 1 and 2, 
respectively. The throughfall in treatment 1 
represented 95% of the incident precipitation, 
already for treatment 2 it represented 92%. The 
Tukey test showed a significant statistical 
difference between treatments for throughfall 
only in the months of October and March (Table 
3).  
 
The stemflow was 27.5 and 66.5 mm for T1 and 
T2, respectively. These values represent 1.3% 
and 3.2% of the incident precipitation. The Tukey 
test shows a statistical difference between the Sf 
treatments in most months, including the annual 
value. 
 

The canopy interception was 4.3 and 6.2% for 
treatments 1 and 2, respectively. It was observed 
that the lower precipitation resulted in greater 
interception by the canopy, 9.1% and 17.6% for 
the T1 and T2 in the July month. 
 

3.2 Regression Analysis 
 
The regression analyses for throughfall, stemflow 
and canopy interception as a function of the 
incident precipitation were all linear (Fig. 3). In 
relation to the throughfall, the adjustments were 
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0.998 and 0.993 for the T1 and T2, respectively. 
The stemflow presented adjustments of 0.96 and 
0.97 for T1 and T2, respectively. The intercept 
adjustments by the canopy were inferior if 
compared to the previous partitions, however the 
adjustments can also be considered good. R² 
values were 0.85 and 0.89 for T1 and T2, 
respectively. 
 
For the linear regression assumptions to be 
verified, the residuals of the dependent variables 
were plotted as a function of the independent 
variable as can be observed in Fig. 4. The figure 
shows that the assumptions are satisfactorily  
met for all treatments in all partitions of 
precipitation. 
 
The graphical distribution of the residuals is 
satisfied when the points on the graph are 
distributed randomly around the line. This 
characteristic corresponds to zero residue. 
Graphically there is the formation of uniform 
width without distinction of any pattern. 
  

4. DISCUSSION 
 
4.1 Distribution of Incident Precipitation, 

Throughfall, Stemflow, Canopy 
Interception 

 
The precipitation over twelve months was 2050 
mm, representing 7% above the historical 

average that is 1916 mm according to Alvarez et 
al [21]. These values can still be considered on 
average. The throughfall was 95.3 and 91.7% for 
T1 and T2, respectively. 
 

Monitoring at different ages has been conducted 
in Eucalyptus dunnii stands in Alegrete 
municipality in southern Brazil. With the 
advancement of the stand age, there is a 
percentage reduction in the throughfall. Corrêa 
[15] found 91.6% of throughfall as function to the 
incident precipitation between 1.4 and 2.4 years 
of age. Between 4 and 6 years of age, Dick et al 
[16] found an average throughfall of 91.3%. In 
the same stand, between 7 and 8 years of age 
Momolli et al [11] show that the throughfall was 
smaller when compared to the other studies, 
being only 90.3%. These results can be 
explained by the maturity of the stand. With the 
growth in diameter occurs the closure of the 
canopy, intercepting greater amount of rain 
through its leaves and branches. 
 

The throughfall is associated with the leaf area 
index, for this reason there was no statistical 
difference between the treatments for most of the 
evaluated months. As described in the 
methodology, the increase in the amount of 
leaves was only 34% in the treatment 2. 
 
The stemflow represented 1.3 and 3.2% for 
treatments 1 and 2 respectively. Statistical 
difference    was   significant. T2 was on average  

 
Table 3. Partition incident precipitation over 12 months in Eucalyptus urophylla stand under 

different managements fertilization 
 
Months P Tf T1 Tf T2 Sf T1 Sf T2 Ci T1 Ci T2 

(mm) (%) 
apr 378,4 A* 366,7 A** 361,4 A** 0,8 B 3,3 A 2,9 3,6 
may 331,7 B 302,8 A 289,9 A 5,5 B 13,4 A 7,0 8,5 
jun 111,8 F 102,0 A 106,8 A 2,3 A 4,0 A 6,8 0,9 
jul 4,7 J 4,1 A 3,7 A 0,1 A 0,1 A 9,1 17,6 
aug 230,9 E 223,6 A 220,0 A 3,3 A  9,7 A 1,7 0,5 
sep 150,6 F 146,5 A 143,4 A 3,7 A 5,3 A 0,2 1,2 
oct 105,4 G 103,0 A 90,7 B 1,4 B 4,1 A 1,0 10,1 
nov 82,6 H 75,3 A 71,7 A 1,1 B 2,4 A 7,5 10,2 
dec 75,3 H 67,8 A 69,5 A 1,1 B 2,0 A 8,6 5,1 
jan 282,2 C 277,3 A 250,0 A 3,7 B 10,9 A 0,4 7,5 
feb 34,9 I 33,1 A 32,4 A 0,5 A 0,9 A 3,8 4,4 
mar 261,4 D 250,9 A 240,1 B 3,9 B 10,2 A 2,5 4,2 
Total 2049,8 1953,2 A 1879,6 A 27,5 B 66,5 A - - 
% 100,0 95,3 91,7 1,3 3,2 4,3 6,2 

* Different letters in the column of incident precipitation (P) statistically differ to (P = .05) in the Tukey test.  
** Different letters in the line between the treatments in the throughfall (Tf) and between treatments in the 

stemflow (Sf), statistically differ to (P = .05) in the Tukey test 
 



 
Fig. 3. Regression analysis for the different treatments in the throughfall, stemflow and canopy 

interception in Eucalyptus urophylla
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3. Regression analysis for the different treatments in the throughfall, stemflow and canopy 
Eucalyptus urophylla stands, as a function of the incident precipitation
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3. Regression analysis for the different treatments in the throughfall, stemflow and canopy 
n of the incident precipitation 
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Fig. 4. Distribution of linear regression residuals for throughfall, stemflow and canopy 
interception in the different treatments in Eucalyptus urophylla stands 

 

59.4% higher than T1. As discussed previously, 
T2 shows an increase in the order of 57.9% in 
tree biomass when compared to T1. 
 
For Corrêa [15], Dick et al [16] and Momolli et al 
[11] values were 1.5, 1.1 and 0.8%, respectively. 
Comparing the results with other studies shows 
that as age increases, the percentages of 
stemflow tend to decrease. The explanation for 
the fact is that the calculation of the quantification 
in millimeters. For the stemflow is considered the 
relation of the basal area of the tree with the 
volume in liters. 
 

The interception by the canopy was higher in 
treatment 2. This treatment received the largest 
amounts of fertilizers and presented the largest 
stocks of biomass of leaves, branches, stem and 
bark. In this sense, we can conclude that larger 
biomass above ground increase the intercept by 

the canopy, mainly as a function of the leaf area. 
Other studies indicate that the leaf area is 
directly related to the interception, as is the case 
of the work developed by Holder & Gibbes [27] 
that evaluated the canopy characteristics and the 
leaf area in several tree species. 
 

Studies with different forest formations converge 
with the results found. Comparing interception by 
canopy in native forests and plantations with 
exotic species of Pinus and Eucalyptus in Chile, 
Soto-Schönherr and Iroumé [28] show that native 
forests intercept up to 50% more rainwater than 
plantations, considering the same basal area. 
The explanation is due to their lower canopy 
structure and closure degree of the plantations. 
In a native forest there are several stratifications 
while in a plantation there is only one stratum. 
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Older forest stands have greater interceptions by 
the canopy. The mean interceptions by the 
canopy of Eucalyptus dunnii were 6.9; 7,5 and 
8,9% [15,16,11]. For other authors the intercept 
by the canopy is more related to the height and 
basal area of the trees of the stand [29]. For 
Laclau [30] evaluating the precipitation partition 
in Eucalyptus sp. from 6 to 9 years of age in 
Congo, the season of the year is the main factor 
that determines the interception by the canopy. 
During the wet season the interception values 
were only 3.9%, and during the dry season these 
values increased to 22.8%. 
 

Studying the incident precipitation partition in a 
31-year Japanese cypressstand in central Japan, 
Sun et al. [31] show that the throughfall and 
stemflow represented 64.2; 10.6% of the 
precipitation incident. The canopy interception 
was 25.2%. These results differ from those found 
in our study. According to the authors, the 
density was 2198 trees per hectare, representing 
a basal area of 50.4 m² ha

-1
. In addition, mean 

height and DBH were 16 m and 19.1 cm, 
respectively. Considering these facts, it is evident 
that the greater density of trees as well as 
greater dendrometric characteristics increased 
the values of the stemflow and canopy 
interception, reducing the throughfall. 
 

4.2 Regression Analysis 
 
The regression analysis for the dependent 
variables, throughfall, stemflow and canopy 
interception had excellent linear adjustments: 
0.99; 0.96 and 0.85 for treatment 1 and 0.99; 
0.97 and 0.89 for treatment 2. Similar results 
were reported by Sun et al. [31]. The authors 
present R² of 0.99; 0.99 and 0.97. 
 

Balieiro et al. [32] studied the partition of 
precipitation in Eucalyptus grandis stands at 5 
years of age in the southeastern region of Brazil. 
The linear regression analysis showed 
adjustments of 0.99 and 0.93 for the throughfall 
and stemflow. Momolli et al. [11] also performed 
regression adjustments and found values of 0.99; 
0.90 and 0.60 for throughfall, stemflow and 
canopy interception, respectively. 
 

A study with the same species Eucalyptus 
urophylla, at the age of 30, in the southeast 
region of Brazil was developed by Arcova et al. 
[33]. Over 3 years of monitoring, the researchers 
showed that the canopy interception was 5.6%, 
stemflow of 5.4% and throughfall of 89%. 
Regression analysis shows linear adjustments of 
R² 0.99 and 0.70 for throughfall and stemflow. 

The throughfall was evaluated in Semidecidual 
forest, Eucalyptus cloeziana and Pinus sp. and 
according to Gasparoto et al. [34] the values 
found were 76; 85 and 84% of the incident 
precipitation. Linear regressions showed 
adjustments of R² 0.74; 0.90 and 0.90, 
respectively. 
 
For a study developed by Shinzato et al. [35] 
evaluating a stand of Eucalyptus cloeziana at 15 
years, throughfall represented values similar to 
the present study: 0.98%. Based on linear 
regression the authors found adjustments of R² 
0.71. 
 

5. CONCLUSION 
 
In a arenizaded area, the fertilization 
management described for Treatment 2 results in 
a greater interception of rainfall due to the higher 
amount of biomass of the canopy. This canopy 
interception reduces the amount of rainfall that 
reaches the ground and protects the surface of 
the same against the direct impact of rainfall. 
 

There was no significant statistical difference 
between the throughfall of the two treatments. 
Stemflow of Treatment 2 was significantly higher 
than Treatment 1, possibly due to a 58% 
increase in the number of branches. 
 

The adjustments of the linear regression, the 
coefficients of determination for throughfall, 
stemflow and canopy interception were 0.99; 
0.96 and 0.85 for Treatment 1 and 0.99; 0.97 and 
0.89 for Treatment 2. The graphical analysis of 
the residues presented distribution with zero 
mean, constant variance and independence of 
the residues, and there was no evidence of 
violation of the assumptions. 
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