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Abstract 
Context: Several factors are limiting the behavior and dynamics of boron (B) in the soil. Few results on 
assimilable B contents in the soil and its relation to other chemical properties have been published. 
Objective: To determine the contents of assimilable B and the chemical properties that condition its 
availability in three of the main soil types where sugar cane is cultivated. 
Methods: The samples were taken at random from the surface (0-20 cm) of three of the main soil types where 
sugar cane is cultivated in Cuba. Soil assimilable B was determined by extraction with hot water. 
Classification of assimilable boron concentration relied on category ranges set up by Agrolab, (2005): low 
(˂0.5 mg kg-1), mid (0.5 a 2.0 mg kg-1), and high (˃2.0 mg kg-1). 
Results: The concentration of assimilable B varied according to the soil type, with a high dependence on 
chemical properties. 
Conclusions: The B contents was highly dependent on variables K2O, P2O5, Mg+ and Na+. The average B 
concentration was within mid-range values in vertisols and low in brown and ferralitic soils, with high 
variability. The contents of assimilable B should be further studied, along with the effect of limiting chemical, 
physical, and biological factors on the soil. 
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Introduction 
Boron (B) is very scarce on the surface of the earth, 
where it is not evenly distributed. It is considered the 
most motile element among microelements, and the 
soluble fraction is relatively low. The total boron 
contents in the soil vary between 2 and 200 mg kg-1; 
however, only a little fraction (3-5%) is available to 
crops. The assimilable boron is less than 5 mg kg-1 
(Arunkumar et al., 2018). 

Various authors have mentioned the importance of B 
to sugar cane, its influence on crop yields and sugar 
cane. It is a nutrient involved in sugar transport, 

synthesis of proteins, and structuring of cell walls, 
which can be seen in the quality of the final product, 
and therefore, in the efficiency of sugar conversion 
and the quality of juices (Kirkby & Römheld, 2007). 

B efficiency is directly associated with the actions it 
has, which is evidenced in fields with low stem 
quality (less diameter and lignification), short 
internodes, scarce plantlets, and low sugar conversion 
due to early yellowing of tops, and new leaves 
(Fageria Baligar & Clark, 2002). Among all 
micronutrients, B has been reported as one of the 
scarcest in the soils of most countries (Mellis, 
Quaggio & Junqueira, 2008; Sainz Rozas et al., 2013; 
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Torri, Urricariet & Lavado, 2015; Khadka et al., 
2018). 

Several factors limit the behavior and dynamics of 
this element in the soil, some of which include low 
native content, slightly acidic-basic reaction, high 
saturation of changeable cations, growing demand 
over the crop, and nutritional unbalance induced by 
the excessive utilization of fertilizers (Carmona, Díaz 
& Mira, 2007). 

In Cuba, little evidence of B contents in the soil and 
its association with other properties have been found. 
The existence of deficiencies in certain crops, and the 
types of soils have encouraged deeper analysis of 
availability and studies of this element, due to its 
importance for the nutritional balance of plants. The 
aim of this paper is to determine the content of 
assimilable B and chemical properties that condition 
its availability in three of the main soil types where 
sugar cane is cultivated. 

Materials and Methods 
The study was conducted at the Provincial Station of 
Sugar Cane Research, in Holguin, Cuba. The samples 
were taken at random from georeferenced sites, on 
the surface horizon of three of the main soil types 
where sugar cane is cultivated in Cuba: Ferralitic, 
Brown, and Vertisol (Hernández et al. (2015), with 
the evaluation of 42, 42, and 45 samples (0-20 cm). 

The samples were processed according to the 
Fertilizers and Amendments Recommendations 
Service (SERFE). The variables of the study were 
determined, pH in H2O and pH in KCl 
(potentiometric method, soil solution ratio 1:2,5), 
assimilable P2O5 and K2O (H2SO4 0.1 N), organic 
matter in the soil (DMS) using the Walkley-Black 
method, changeable cations (cmol kg-1), calcium, 
magnesium, sodium and potassium (Ca2+, Mg2+, Na+ 
y K+), and Cationic Exchange Capacity (CEC), 
extraction with ammonium acetate 1N, buffered 
pH=7, according to the standards set by INICA 
(1990). The assimilable B in the soil was determined 
by extraction with hot water at the Unit for 
Laboratory Projects (ULP), Center for Nickel 
Research (CEDINIQ)- Moa. The category ranges set 
by Agrolab, (2005) were used to classify the 
concentration of assimilable boron in the soil: low 
(˂0.5 mg kg-1), mid (0.5 a 2.0 mg kg-1), and high 
(˃2.0 mg kg-1). 

The data were standardized using Gaus’s Z value, 
considering all the data inside the population, with ± 
1.96 standard deviation. The means and standard 
errors were determined case by case. Analyses of 
variance were performed and the Tukey (p<0.5) test 
for multiple mean comparisons was applied. 
Statistical processing was done using STATISTICA 
8, StatSoft. 

Results and discussion 
Table 1 shows the statistical parameters of the 
chemical properties that characterize the Ferralitic, 
Brown, and Vertisol soils in the study. The ferralitic 
soils showed a slightly acidic pH, the average CEC 
was 18.22 cmol kg-1, the DMS contents were 
medium, and the interchangeable values of Ca were 
low. The pH of brown and vertisol soils were near 
neutral, CEC ˃ 50 cmol kg-1, DMS was found in the 
middle, and Ca2+ concentration was high in the 
change complex. 

The Na+ concentration was normal in ferralitic and 
brown soils, whereas it was 3.79-fold higher than K+ 
in vertisols. The assimilable P2O2 was significantly 
abundant, with a great variability in the three types. 
The ferralitic soils ranked mid-high, and the brown 
and vertisols were high to very high, according to the 
indexes set up by SERFE. 

Table 1. Descriptive statistics of the chemical properties 
of ferralitic, brown and vertisol soils with sugar cane 

 

n: number of cases; X: mean value; Sx: standard error; VC: 
variation coefficient. 

The mean contents of assimilable B (Table 2) shows 
the following assimilation sequence: Verstisol > 
ferralitic > brown soils, respectively. These 
concentrations characterize vertisols as mid-supplied, 
and differ significantly from ferralitic and brown 
soils, which are near the critical limit of availability, 
according to Agrolab (2005), and they have no 
statistical differences. Low availability results of B 
were observed by Sainz Rozas et al. (2013) and 
Khadka et al. (2016). Khadka et al. (2018) reported 
low assimilable B contents, with mean values of 0.21 
mg kg-1. 

Table 2. Concentration of assimilable B in 
ferralitic, brown and vertisol soils with sugar cane 
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Soil type Boron (mg kg-1) 
Ferralitic 0.48b 
Sialitic brown 0.41b 
Vertisol 0.88a 
ESx 0.27 
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Note: superscript values with unequal letters indicate significant 
differences for p< 0.05. 

However, in the conditions of the soils studied, B was 
not a limiting nutrient, at least in vertisol. Khadka et 
al. (2015) found assimilable B values inside the mean 
range of availability in soils with the pH between 
7.11 and 8.3. Although the brown soils have similar 
properties to vertisol, the low tenors of B in the 
former are associated to better draining conditions 
which can easily wash away B from the surface. 
According to Torri et al. (2015) with the pH around 
7, the predominant form in the soil is H3BO3, and it 
washes out easily. 

The content of B in the soil was very variable (Table 
1). The VC of the three types swung between 78.43% 
and 82.63 %, the highest value found in ferralitic and 
vertisol soils. This behavior is strongly influenced by 
the type of parental material, remains of meteorites, 
physical and chemical properties, and environmental 
factors that originated them. B concentrations at high 
variability have been found by Khadka, et al. 
(2017a), Khadka et al. (2017b), and Khadka et al. 
(2018), with VC of 123.27% and 120.40%, 
respectively. Other authors, like Hernández & 
Francisco, (2017) reported VC of 53%, particularly, 
in soils with the pH between neutral and alkaline. 

The soil properties show a high influence on the 
concentration of B (Table 3). The pH is closely 
associated to the availability of micronutrients, and 
their concentrations decreased with higher pH. 
However, the concentration of molybdenum is 
increased at pH neutral or alkaline. The availability 
of B is not largely affected by the pH of the soil, 
because it is soluble in most forms. However, its 
concentration in the solution of the soil was slightly 
greater at acidic or neutral pH (Torri et al., 2015). 
Generally, the correlation of B with the pH was 
weak, and the soil types did not undergo any 
significant changes after the reaction with the soil. 

Table 3. Concentration ratio of assimilable B to 
soil properties 

All Ferralitic Brown Vertisol
Variables 

     Correlation coefficient 
B & pH(KCl)   0.22* - 0.03 0.11 - 0.09 
B & pH(H2O)   0.26* - 0.46* 0.22 - 0.02 
B & P2O5   0.35** - 0.01 0.06   0.29 
B & K2O   0.52**   0.53* 0.41*   0.50**
B & DMS - 0.23* - 0.04 0.08 - 0.35 
B & Ca2+   0.24*   0.01 0.19 - 0.06 
B & Mg2+   0.37** - 0.01 0.14   0.01 
B & Na+   0.53**   0.29 0.49**   0.37* 
B & K+ - 0.08   0.14 0.39* - 0.48**
B & CEC   0.36**   0.10 0.27   0.05 
**highly significant p<0.01, *significant p<0.05 

In the brown and vertisol soils, B has a highly 
significant positive correlation with monovalent ions. 
The synergic or antagonist interaction with most 
nutrients (N, P, K, Ca, and Mg) may have an 
influence on the regulation of B in the soil, and the 

availability to plants (Arunkumar et al., 2018). Sainz 
Rozas et al. (2013) found significant correlations with 
the pH, CEC, and DMS in Argentinian soils.  

The K2O had a positive correlation with B in the 
three soil types. The content of B in vertisol might be 
linked to high concentrations of K2O found in them, 
compared to the values found in ferralitic and brown 
soils. Yamada, (2004) said that the absorption of 
potassium is increased with the presence of boron, 
and in many cases, the deficiency of potassium may 
be caused by the boron deficiencies. The positive and 
significant correlation of B with Na+ in brown and 
vertisol soils is linked to a flat topography, generally 
low, associated to hydromorphic processes and risk 
of salinization due to the proximity of the water table. 
Gupta et al. (1985) considered that B, like Na, is 
soluble, and accumulates where salts are deposited, 
which explains why saline and sodium soils are 
frequently rich in B. The antagonist association of B 
with interchangeable K found in vertisol soils may be 
caused by an excess of K in the absorbing complex 
that leads to unbalances in the absorption of B.  

Conclusions 
The contents of B were highly dependent on variables 
K2O, P2O5, Mg+, and Na+. The average concentration 
of B was within mid-range values in vertisols, and 
low in brown and ferralitic soils, with a high 
variability. The contents of assimilable B should be 
further studied, along with the effects of limiting 
chemical, physical, and biological factors on the soil. 
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