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Paclobutrazol (PBZ) is a plant growth regulator, increasing flowe ring and yield that is widely used in 
mango cultivation in the semi-arid northeastern Brazil. PBZ remains active in the soil for several years. 
However, it can severely affect the growth and development of subsequent crops, mainly by reducing 
vegetative vigor. The aim of this study was to investigate PBZ biodegradation in four samples of soil: P-
G (with PBZ application history and with addition of glycerol); NP-G (without PBZ application history 
and with addition of glycerol); P-NG (with PBZ application history and without addition of glycerol) and 
NP-NG (without PBZ application history and without addition of glycerol). The biodegradation 
experiments were carried out in 125 ml flasks containing 10 g soil, at room temperature for 63 days. 
Mathematical models to analyze the kinetics of degradation of PBZ were applied. PBZ residue was less 
than 1% in soils with a history, regardless the addition of glycerol. The three models (first-order kinetics, 
double first-order kinetics and logistic) were well adjusted in these cases (P-G and P-NG). On the other 
hand, PBZ biodegradation in soil NP-G and NP-NG was 64%, and followed the model of double kinetic. 
PBZ biodegradation in soil with history was successful, probably because the native microbial had 
adapted to local environmental conditions.  
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INTRODUCTION 
 
Paclobutrazol (PBZ), a derivative of the triazole group, is 
now commercially used in many tropical and subtropical 
fruit crops for regulation of growth, flowering and yield 
and commonly (Srivastav et al., 2010) used in mango 
cultivation in the semi-arid northeastern Brazil. However, 
PBZ remains active in soil for several years and can 
severely affect the growth and development of 

subsequent crops, mainly by reducing vegetative vigor 
(Jackson et al., 1996). Through biodegradation, chemical 
compounds may be removed or reduced in the soil, but 
the process is expensive. In this process, the introduction 
of additional nutrient sources enhances microbial 
degradation (China et al., 2004). 

Mathematical models can help measure high levels of
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toxic substances in the soil, or in the fruit of plants treated 
with pesticides, and may indicate when such substances 
should be systematically monitored. Mathematical 
models are available for various agricultural purposes, 
among which is the simulation of absorption of organic 
substances by plants (Fujisawa et al., 2002), as well as 
the behavior of organic substances in the soil (Gang et 
al., 2003; Milfont et al., 2008).  

The first-order kinetic model has been widely used to 
describe the kinetics of dissipation of various herbicides 
found in the soil under field conditions, or in the 
laboratory (Martins and Mermoud, 1998; López-Galindo 
et al., 2010). However, for many complex compounds, 
kinetics first order is not appropriate because the 
biodegradation of these compounds can occur at different 
rates throughout the process. In this case, the kinetic 
model results, using double first-order, have shown to 
work well, especially when the biodegradation occurs 
primarily in a fast reaction and then decays at a slow rate 
(López-Galindo et al., 2010). 

Vaz et al. (2012) made a study of PBZ biodegradation 
in saturated soil without the addition of microorganisms 
(or only with the participation of microorganisms naturally 
present in the ground). These authors achieved further 
adjustments in modeling of PBZ biodegradation using 
double first-order kinetics. 

The aim of the present study was the modeling of 
biodegradation of PBZ in unsaturated soil in the semi-arid 
Northeast of Brazil with and without history of application. 
 
 
MATERIALS AND METHODS 

 
Soil 

 

Soil samples used in this study were collected in January, 2012, 
from a farm located in Petrolina (PE), Brazil. The soil has a sandy 
texture and is classified as Quartzipsamments Neosoil. This region 
had been consecutively treated with PBZ for six years (once a year), 
with an average dose of 3.57 g of active ingredient per plant. The 
soil samples were collected 30 days after the last application. An 
average of 1.5 kg of soil at a depth of 15 and 30 cm was collected 

from four points around eight plants. These samples were stored in 
a refrigerator until the beginning of the biodegradation tests. The 
samples without PBZ application history were also taken from the 
same farm. 
 
 
Paclobutrazol 

 
PBZ used for quantification was obtained from Sigma Aldrich (St. 
Louis, MO, USA). The commercial product (Cultar 25 SC), 
containing 25% of the active compound, was used in 
biodegradation experiments. 
 
 
Experiments of biodegradation 

 
Experiments of biodegradation were conducted with the collected 
soil samples. To each 10 g of soil with (P-G, P-NG) and without 
(NP-G, NP-NG) PBZ application history, 30 μg/g PBZ were added 
from a  solution  prepared  with  the  commercial product  (Cultar 25 
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SC). The experiments were carried out in 125 ml flasks at room 
temperature, without stirring for 63 days and in triplicate. Samples 
were withdrawn after 0, 7, 14, 21, 35, 49 and 63 days for the 
quantification of native microbial and residual PBZ. In experiments 
with the addition of glycerol (P-G, NP-G), the concentration of this 
compound in the soil was 150 μg/g. Micro-organisms were not 
added to the soil. 
 
 
Paclobutrazol quantification 
 

To each 10 g of soil, 10 ml of methanol (HPLC grade, Mallinckrodt 
Baker - Phillipsburg, NJ, USA) was added. This suspension was 
subjected to vacuum filtration, using a membrane of 0.45 µm. The 

filtrate was analyzed by high performance liquid chromatography 
(HPLC) using an Agilent chromatograph (HP 1100). The 
chromatographic conditions were: methanol/water (80/20), 0.4 
mL/min, 30°C, and C-18 column (Kinetex; Phenomenex). 
 
 
Growth quantification 
 

The native microbial was quantified by the method of counting 
viable cells. Samples of 1 g of soil were diluted in sterile water, and 
plated on Petri dishes with the Tryptone Soy Agar (TSA) culture 
medium, and incubated for 48 h at 30°C. The results were 
expressed as colony forming unit per milliliter (CFU/ml). 
 
 

Kinetic modeling 
 

Three mathematical models (Table 1) were applied to kinetic 
modeling of PBZ biodegradation: first-order kinetic equation, double 
first-order kinetics equation and logistic equation (Martins and 
Mermoud, 1998; Varela et al., 2002; Gang et al., 2003). The models 
were applied using Sigma Plot 11.0. Analysis of variance was 
performed using Microcal Origin 6.0 (Table 1). 
 
 

RESULTS AND DISCUSSION 
 

Figure 1 shows the PBZ biodegradation kinetics in soil 
without and with application history, with and without 
addition of glycerol. Experiments in P-G and P-NG soil 
showed a sustained reduction after the 14th day and only 
around 1% PBZ remained in the 63th day. This ability of 
the native microbiota to degrade paclobutrazol was 
probably due to the historical application. After repeated 
applications of some pesticides, the microorganisms of 
the soil can degrade these compounds as they become 
suited for agrochemical use as a source of carbon for 
energy production and growth. Although there are some 
other factors affecting the persistence of agrochemicals 
in the soil, such as temperature, pH of the soil, chemical 
hydrolysis and the water content of the soil, micro-
organisms seem to play an important role in the 
degradation of these compounds (Abdelrahman, 2004) 
(Figure 1). 

The residue PBZ in soil without application history of 
PBZ, containing glycerol (NP-G) or not (NP-NG), was 
approximately 64% with 14 days. The lower biode-
gradation rate in NP-G and NP-NG was due to microbial 
not being adapted to PBZ, since this soil had no history of 
application. This rate remained constant probably
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Table 1. Kinetic models for the biodegradation of substrates. 
 

Model  Equation Analytical solution 
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Nomenclature    

C(t) Paclobutrazol concentration at any time t (%) 

C0 Initial paclobutrazol concentration (%) 

t time 

k1 Fist order rate (1/t) 

f Fraction of the paclobutrazol decay attributed to rapid reactions (dimensionless) 

kf First order rate constant for rapid reactions (1/t) 

ks First order rate constant for slow reactions (1/t) 

K 
Final concentration asymptotic, concentration at which the 
biodegradation of the compound stabilizes and this is no longer degraded  

k First order Pseudo-constant and is therefore related to the degradation rate (1/t). 
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Figure 1. Time course of PBZ. 1, NP-NG; 2, NP-G; 3, P-NG; 4, P-G. 
 

 
 

because the native microbiota was not enough to 
continue the degradation, which was confirmed by lower 
growth than that obtained in P-G and P-NG (Figure 2). 

The biodegradation in NP-G or NP-NG soils were 
clearly lower than that in P-G or P-NG soils. 
Biodegradation were not significantly different up to 49 

days for experiments in NP-G and NP-NG soils (F = 2.42; 

=0.55). Similarly, in soil P-G and P-NG soils, the 
biodegradation were not significantly different up to 14 

days (F = 0.09; = 0.05). Maximum biodegradation 
occurred in soil with a PBZ application history with 63 
days,  regardless of  the  presence  of  glycerol.  Probably 
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Figure 2. Time course of native microbiota: 1, NP-NG; 2, NP-G; 3, 

P-NG; 4, P-G.  

 
 
 
this was due to the low concentration of glycerol added. 
Growth was similar; regardless the addition of glycerol, 
comparing NP-G with NP-NG soils and P-G- with P-NG 
soils (Figure 2). However, with respect to the soil with 
and without history, there was higher growth to soil with 
history (P-G and P-NG). 

The PBZ biodegradation kinetics modeling in the 
experiments without history, and without (NP-NG) and 
with (NP-G) glycerol are showed in Figure 3a and b, 
respectively. Constants and kinetic parameters of three 
models (first-order, double first-order kinetic and logistic 
equation) are found in Table 2. The highest fit for NP-NG 
followed a double first-order kinetic (R = 0.89) and logistic 
equation (R = 0.88). On the other hand, only the model of 
double first-order kinetics was reasonably fitted to the 
NP-G (R = 0.81). The PBZ biodegradation kinetics 
modeling in the experiments with history, and without (P-
NG) and with (P-G) glycerol are showed in Figure 4a and 
b, respectively. The three models were well fitted to P-NG 

and P-G soils (R 0.93).  
Adjustment of the first-order kinetic model indicates that 

a single microbial system is involved in biodegradation. 
On the other hand, when the biodegradation first occurs 
at a fast reaction and then decays at a slow rate, the 
double first-order kinetic model is more suitable. As  both 
models were well adjusted at P-NG and P-G soils, the 
constants of first-order models (k1) were equal to those of 
the fast reaction of double first-order kinetic model (kf): k1 
(P-NG) = 0.057; k1 (P-G) = 0.054; kf  (P-NG) = 0.057; kf 
(P-G) = 0.054 (Table 2).  

Due to the excellent fit of the first-order kinetic model 
for P-NG and P-G soils, the constants of the slow 
reaction were equal to those of the fast reaction of double 
first-order kinetic model (k1 =kf = ks). The first-order kinetic 
model could not be adjusted for NP-NG or NP-G soils, 
since that the stabilization of the biodegradation occurred  
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Figure 3. Modeling kinetics of soil NP-NG (a) and NP-G (b). 
 

 
 

in 64%. On the other hand, logistic equation could not be 
adjusted for only NP-G, since that K was 5.00.10

-04
 and 

the concentration at which the biodegradation stabilized 
in this soil was 64%.  

PBZ has been shown to be efficient in treating mango 
trees in semi-arid conditions (Mouco and Albuquerque, 
2005). Because it needs to be applied into the soil, it is 
inconvenient since it remains and effects future planting. 
Further, it is difficult to determine the dosage for each 
future use when only empirical methods are used, as 
there remains residue from the previous cycle of 
application (Rademacher et al., 2006). No quantification 
is done nor is it always taken into consideration when 
deciding the dose. Thus, the applied amount of PBZ in 
the soil is not always appropriate and the risks of using 
doses above the recommended are great. 

The inflorescences on trees treated with high doses 
have been very compact (Mouco and Albuquerque, 2005), 
creating suitable conditions for the incidence of diseases 
and pests (Winston, 1992), whose control is also 
hampered by the format of the panicles. Besides the 
phytosanitary problems, excessive doses of PBZ can
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Table 2. Constants and kinetic parameters of three models applied at biodegradation. 
 

Soils C0 (%) 
First order  Double first order  Logistics 

K R  f kf ks R  K k R 

NP-NG 100 0.013 0.62  0.42 0.089 7.12.10
-11

 0.89  57.6 5.84.10
-02

 0.88 

NP-G 100 0.009 0.51  0.32 0.103 2.69.10
-11

 0.81  5.00.10
-04

 6.09.10
-08

 0.60 

P-NG 100 0.057 0.99  1.60 0.057 0.057 0.99  9.00.10
-04

 9.44.10
-07

 0.95 

P-G 100 0.054 0.98  1.00 0.054 0.054 0.98  3.77.10
-05

 3.72.10
-08

 0.93 
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Figure 4. Modeling kinetics of soil P-NG (a) and P-G (b). 

 
 

 

inhibit vegetative and floral sprouting longer than 
desirable, requiring nitrate sprays to stimulate flowering. 
Thus, in addition to increasing the cost of crop production, 

for all the reasons that have been mentioned, there is 
accumulation of chemicals in the ground without knowing 
the long-term consequences for the production system. 



 
 
 
 
Conclusion 
 
Biodegradation of PBZ in unsaturated soils was more 
efficient when soil samples with a history of application of 
PBZ were used. We concluded that this soil bacterium is 
better adapted for the degradation of the compound. 
Mathematical models can help to identify high levels of 
toxic substances in soil treated with pesticides and 
indicate that such substances should be systematically 
monitored. 
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