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The goal of this work was to fit several mathematical models to the experimental data from the drying of
sorghum (Sorghum bicolor [L.] Moench) grains of the AS4620 cultivar, to determine and evaluate the
effective diffusion coefficient, to obtain the activation energy and to determine the thermodynamic
properties of the drying process at different temperatures and air speeds. The initial moisture content
of 0.228 ± 0.003 on a dry basis (d.b., decimal), were subjected to drying in an experimental dryer where
the drying air speed was kept at either 0.5 or 1.0 m s-1, and for each speed, the system was set to heat at
40, 50 and 60°C until the moisture contents reached 0.137 ± 0.004 (d.b.). The Page model was selected
to represent the drying phenomenon. The effective diffusion coefficient of the sorghum grains
increased as temperature and air speed increased, and the pattern can be described by the Arrhenius
equation, which provides activation energy values for liquid diffusion in the sorghum drying process of
27.12 and 42.05 kJ mol-1 for air speeds of 0.5 and 1.0 m s-1, respectively. When the drying temperature is
increased, enthalpy and entropy decrease, whereas Gibbs free energy increases.
Key words: Mathematical modeling, activation energy, enthalpy, entropy, Gibbs free energy, Sorghum bicolor
[L.] Moench, drying.

INTRODUCTION
Sorghum (Sorghum bicolor [L.] Moench) is a plant of
African origin and is one of the main crops in the world's
current agricultural scenario. Sorghum is the fifth most
cultivated cereal in the world, only behind wheat, rice,
corn and barley (EMBRAPA, 2011). Sorghum reaches
physiological maturity with high moisture contents, in the
25 to 35% range, which can lead to product damage at

the moment of drying. This challenge calls for studies of
methods that prevent such damage to the grain
(Vanderlip and Reeves, 1972)
Reducing the grain's moisture content after harvest
allows the product to be safely stored. The drying method
must be efficient while not affecting the grain's final
quality because damage caused by inadequate drying is
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Figure 1. Side view of the experimental dryer.

notorious during the storage period. Agricultural product
drying may be defined as a simultaneous process of heat
and mass transfer between the product and the drying
air, which consists of removing the excess moisture
contained inside the grain through evaporation, usually
promoted by forced convection of heated air, so that the
product quality is maintained during a long storage period
(Afonso Júnior and Corrêa, 1999).
The drying of hygroscopic products can be described
using theoretical, semi-theoretical and empirical methods.
In theoretical models, it is usual to take into consideration
both the external conditions under which the operation
takes place and the internal mechanisms of energy and
mass transfer and their effects (Sousa et al., 2011). In
semi-theoretical and empirical models, only the internal
resistance, the temperature and the drying air's relative
humidity are taken into consideration (Midilli et al., 2002).
Several authors have proposed that the main watertransport mechanism is liquid diffusion. This process is a
complex mechanism due to the diversity of chemical
composition and physical structure of grains. The data
available in the literature present values that vary not only
due to product diversity but also as a function of different
estimation methods, type of material, moisture content,
drying process and methodology used in obtaining the
data (Corrêa et al., 2006). Knowledge of thermodynamic
properties during the drying processes of agricultural
products allows one to design drying equipment, to
calculate the energy required in the process, to study the
adsorbed water's properties, to evaluate the food
microstructure and to study the physical phenomena that
take place on the food surface (Corrêa et al., 2010).
Because of the scarcity of studies in the literature that
provide information on changes in sorghum moisture
contents during drying, this work aimed to study the
mathematical modeling of sorghum grains of the AS4620
cultivar and to obtain the diffusion coefficient, activation
energy, enthalpy, entropy and Gibbs free energy under
several temperatures and air speed conditions.

Plant Products, Federal Institute of Education, Science and
Technology of Goiás - Rio Verde Campus, using sorghum grains of
the AS4620 cultivar originated from the Municipality of Rio Verde –
Goiás, Brazil. Drying took place in a fixed-bed dryer built with a #16
gauge sheet metal. The drying chamber had the following
dimensions: 0.60 x 0.60 x 0.60 m, for a total volume of 0.216 m3,
which contained a 25% perforation plate positioned at a 0.33 m
height. The fan was a centrifugal type, powered by a 1.5 HP threephase motor at 1,720 rpm, consisting of rotor, blades, volute and
support. The drying chamber was connected to the fan by a 0.64 m
long expansion element that transformed the fan's 0.20 x 0.20 m
outlet into 0.57 x 0.03 m at the entrance of the drying chamber
(Figure 1). Each drying unit was composed of 6 pendulum
temperature sensors and four 1,500-watt electrical resistors, for a
total of 6,000 watts. The sensors were positioned before and after
the resistors and inside each tray. Four removable trays with
perforated bottoms were placed inside the drying chamber, each
measuring 0.28 x 0.28 x 0.15 m. The system also had an
automated controller to manage the system and store the
generated data.
The sorghum grains were wrapped in voile fabric and spread on
the trays, forming a layer of approximately 0.06 m thickness. The
drying air speed was set to either 0.5 or 1.0 m s-1, and for each
speed, the system was set to heat at 40 ± 2.3, 50 ± 1.4 and 60 ±
1.5°C. The relative humidity values inside the dryers for the 0.5 m s1
air speed were 12.8, 8.3 and 5.3% at temperatures of 40, 50 and
60°C, respectively, whereas for the 1.0 m s-1 air speed, they were
15.0, 9.9 and 6.4% at temperatures of 40, 50 and 60°C,
respectively.
The initial moisture content of the grains was 0.228 ± 0.003 on a
dry basis (d.b., decimal). The drying process was only stopped
when the grains' moisture content reached 0.137 ± 0.004 (d.b.), as
assessed in a drying oven at 105 ± 1°C for 24 h, using three
replicates (Brasil, 2009). The reduction of the moisture content
throughout the drying process was monitored by the gravimetric
method (mass loss), because the product's initial moisture contents
were known, until the desired moisture contents were obtained,
using a scale with 0.01 g precision.
The temperature and relative humidity of the environment outside
the drying chamber were monitored using a psychrometer, using a
thermometer with dry bulb and another with wet bulb, and the
internal temperature was monitored using a thermometer installed
inside the dryer. The relative humidity inside the dryer was obtained
using basic psychrometric principles and the GRAPSI software. To
compute the moisture content ratios of sorghum grains during the
drying process, the following expression was used:

MATERIALS AND METHODS

RX 

Drying
The experiment was conducted in the Laboratory of Post-harvest

X  Xe
Xi  X e

(1)

Where RX: Moisture content ratio of the product, dimensionless; X:
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Table 1. Mathematical models used to predict the drying of agricultural products.

Model equation

Model name

RX  a  exp k  t   1 a  exp k  b  t 

Equation

Diffusion approximation

(2)

Two-term

(3)

RX  a  exp  k  t   1  a  exp  k  a  t 

Two-term exponential

(4)

RX  a  exp- k  t 

Henderson and Pabis

(5)

RX  a  exp k  t   c

Logarithmic

(6)

Midilli

(7)

Newton

(8)

Page

(9)

Thompson

(10)

Verma

(11)

Wang and Sing

(12)

RX  a  exp k o  t   b  exp k1  t 



RX  a  exp  k  t
RX  exp k  t 



RX  exp  k  t

n



n

 b  t




RX  exp  - a - a 2  4  b  t




0.5

 2  b





RX  a  exp k  t   1  a exp k 1  t 

RX  1 at  bt

2
-1

Where t: drying time, h; k, ko, k1: drying constants, h ; anda, b, c, n: model coefficients.

moisture content of the product (d.b., decimal); Xi: initial moisture
content of the product (d.b., decimal); and Xe: equilibrium ratio
content of the product (d.b., decimal).
To obtain the equilibrium moisture content of the sorghum grains
for each drying condition, four replicates with 15 g each were used,
each weighed until they reached a constant mass.

The experimental data from drying sorghum grains were fitted to the
mathematical models that are frequently used to represent the
drying of agricultural products, as shown in Table 1 giving Equation
(2) to (12). The mathematical models were fitted using the GaussNewton method for nonlinear regression analysis using a software
Statistica 7.0. The models were selected based on the magnitudes
of the coefficient of determination (R2), the chi-squared test (χ2), the
mean relative error (MRE) and the standard error of the estimate
(SEE). One of the criteria used in selecting the models was the
mean relative error value being below 10%, in accordance with
Mohapatra and Rao (2005).

Y  Ŷ
100

N
Y

2 



^

 Y  Y 


DF

(14)

2

(15)

Where Y: experimental value; Ŷ: value estimated by the model; N:
number of experimental observations; DF: degrees of freedom of

X  Xe
Xi  X e



6
π2

 n2  π 2 D  t 
exp


2
Re2
n 1 n






1

(16)

Where RX: Moisture content ratio of the product, dimensionless; t:
time, s; n: number of terms; π: pi, 3.14159; D: liquid diffusion
coefficient, m2 s-1; and Re: equivalent radius, m.
The equivalent radius is defined as the radius of a sphere of
volume equivalent to that of the grain. The volume of each grain
(Vg) was obtained by measuring the three orthogonal axes (length,
width and thickness) of fifteen grains, after drying, using a digital
caliper with 0.01 mm precision, according to the following
expression:

Vg 

 Y  Yˆ 
DF

RX 

(13)

2

SEE 

Drying kinetics
The liquid diffusion model for a spherical geometry, using an 8-term
approximation (Equation 16), was fitted to the experimental data for
sorghum grain drying using the following expression:

Mathematical modeling

MRE 

the model (number of experimental observations minus the number
of model coefficients).

π  A B  C
6

(17)

Where: Vg: grain volume, mm-3; A: length, mm; B: width, mm; and
C: thickness, mm.
The relationship between the effective diffusion coefficient and
the increase in drying air temperature was described using the
Arrhenius equation.

  Ea
D  D o  exp
 R  Tab






(18)
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Table 2. Moisture content ratio (RX, decimal) for sorghum grains (S. bicolor [L.] Moench), AS4620 cultivar, over the drying time (h) under two
air speed conditions (m s-1) and three temperature conditions (°C).

0.5 m s-1
50°C
Time
0.00
0.32
0.48
0.65
0.82
0.98
1.15
1.33
1.48
1.65

40°C
Time
0.00
0.32
0.48
0.65
0.82
0.98
1.15
1.33
1.48
1.65
1.90
2.15
2.40
2.65
2.90

RX
1.00
0.93
0.88
0.84
0.81
0.77
0.73
0.70
0.67
0.64
0.61
0.57
0.54
0.51
0.48

RX
1.00
0.91
0.84
0.77
0.73
0.67
0.62
0.58
0.54
0.51

60°C
Time
RX
0.00
1.00
0.32
0.89
0.48
0.81
0.65
0.77
0.82
0.68
0.98
0.61
1.15
0.55
1.33
0.52

Where: Do: pre-exponential factor; Ea: activation energy, kJ mol-1;
R: universal gas constant, 8.134 kJ kmol-1 K-1, and Tab: absolute
temperature, K.

Thermodynamic properties
The thermodynamic properties of the drying process of sorghum
grains were obtained using the method described by Jideani and
Mpotokwana (2009):

∆H  E a  R  T


k
∆S  R   ln k  ln B

hp


(19)


  ln Tab



∆G  ∆H  Tab  ∆S

(20)
(21)

Where: ∆H = enthalpy, J mol-1; ∆S = entropy, J mol-1; ∆G = Gibbs
free energy, J mol-1; kB = Boltzmann's constant, 1.38 x 10-23 J K-1;
and hp = Planck's constant, 6.626 x 10-34 J s-1.

RESULTS AND DISCUSSION
Mathematical modeling

Table 2 shows the mean moisture content ratios for
sorghum grains of the AS4620 cultivar dried under
different temperature and air speed conditions. The time
taken for the moisture content of the grains to reach
0.137 ± 0.004 (d.b., decimal) was 2.90, 1.65 and 1.33 h
for drying temperatures of 40, 50 and 60°C, respectively,

40°C
Time
0.00
0.17
0.33
0.50
0.67
0.92
1.07
1.23
1.40
1.57
1.90

RX
1.00
0.92
0.87
0.80
0.74
0.67
0.64
0.60
0.57
0.54
0.51

1.0 m s-1
50°C
Time
0.00
0.10
0.27
0.43
0.60
0.77
0.93

RX
1.00
0.88
0.80
0.71
0.64
0.57
0.52

60°C
Time
RX
0.00
1.00
0.10
0.86
0.27
0.77
0.43
0.65
0.57
0.59
0.67
0.56

and an air speed of 0.5 m s-1. For the air speed of 1.0 m
s-1, the time taken for the moisture content to reach the
same value was 1.90, 0.93 and 0.67 h at drying
temperatures of 40, 50 and 60°C, respectively.
The results show that increasing temperature and air
speed leads to reduced grain-drying time. Reductions in
drying time are related to larger differences between the
vapor pressures of the drying air and of the product due
to increased temperature and air speed, causing water to
be removed faster and more easily, a relation that has
been observed by several authors in countless products
(Babalis et al., 2006; Menges and Ertekin, 2006; Sousa
et al., 2011; Oliveira et al., 2012; Vega-Gálvez et al.,
2012).
Table 3 lists the values for the coefficient of
determination (R²) and mean relative error (MRE) of the
eleven models fitted to the drying of sorghum grains of
the AS4620 cultivar at the different temperatures and air
speeds.
According to Table 3, the values of the coefficients of
determination (R²) were higher than 97% for all of the
drying temperatures and air speeds in all of the models
under evaluation. This result is indicative of a satisfactory
representation of the studied phenomenon, according to
Kashaninejad et al. (2007). Furthermore, the mean
relative error (MRE) value was below 10% for all of the
models and all six of the testing conditions, which
indicates the models are adequate to represent the
drying phenomenon, according to Mohapatra and Rao
(2005). Table 4 shows the chi-squared (2) and estimated
mean error (SEE) values obtained for the various fitted
models and drying conditions for sorghum grains of the

Resende et al.
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Table 3. Coefficient of determination (R², %) and mean relative error (MRE, %) for the analyzed models during drying of sorghum (S. bicolor [L.]
Moench) grains of the AS4620 cultivar at two air speed conditions (m s-1) and three temperature conditions (°C).
-1

Models
2
3
4
5
6
7
8
9
10
11
12

40°C
R2
99.92
99.93
99.91
99.87
99.93
99.95
99.87
99.89
99.91
99.92
99.93

MRE
0.46
0.45
0.50
0.72
0.46
0.41
0.72
0.58
0.51
0.46
0.45

0.5 m s
50°C
R2
MRE
99.11
1.03
99.97
0.69
99.86
1.03
99.58
0.75
99.84
0.69
99.97
0.42
99.11
1.03
99.95
0.55
99.86
1.03
99.97
0.72
99.62
0.67

60°C
R2
MRE
99.39
1.65
98.87
1.90
99.60
1.36
98.87
1.90
99.43
1.64
99.73
0.96
98.43
2.29
99.63
1.29
98.43
2.29
99.68
1.12
99.39
1.65

40°C
R2
99.84
99.96
99.70
98.94
99.85
99.92
98.59
99.54
99.72
99.96
99.95

MRE
0.73
0.35
1.06
1.86
0.75
0.54
2.15
1.35
1.01
0.35
0.42

1.0 m s-1
50°C
R2
MRE
99.95
0.42
99.95
0.42
99.65
0.66
98.92
1.58
99.36
1.13
99.88
0.67
97.93
2.26
99.68
0.91
99.40
1.26
99.95
0.42
98.84
1.45

60°C
R2
MRE
98.84
0.97
99.71
0.97
97.13
2.75
98.19
2.24
99.14
1.28
99.63
1.11
97.13
2.75
99.54
1.00
99.34
1.17
99.71
0.97
98.72
1.47

Table 4. Values of the chi-squared test (2, decimal x10-4) and estimated mean error (decimal, SEE) computed for the ten models used in the
kinetic representation of the drying process of sorghum (S. bicolor [L.] Moench) grains of the AS 4620 cultivar.
-1

Models
2
3
4
5
6
7
8
9
10
11
12

40°C
2
SEE

0.0048 0.23
0.0046 0.22
0.0050 0.25
0.0060 0.36
0.0046 0.21
0.0040 0.16
0.0058 0.34
0.0055 0.31
0.0050 0.25
0.0048 0.23
0.0044 0.19

0.5 m s
50°C
SEE
2
0.0124
0.0088
0.0116
0.0090
0.0082
0.0045
0.0110
0.0065
0.0116
0.0090
0.0081

1.55
0.78
1.35
0.81
0.68
0.20
1.20
0.42
1.35
0.80
0.65

60°C
SEE
2
0.0155
2.41
0.0236
5.57
0.0115
1.32
0.0193
3.72
0.0151
2.27
0.0103
1.07
0.0210
4.43
0.0111
1.23
0.0227
5.17
0.0112
1.27
0.0142
2.00

AS4620 cultivar.
The eleven models analyzed herein yielded low
estimated mean error (SEE) values, which is relevant in
obtaining a good fit of the model to the experimental data.
Regarding chi-squared values, all of the models
displayed adequate values for representing the
phenomenon being studied. However, Günhan et al.
(2005) note that lower chi-squared values are associated
to better goodness-of-fit. The chi-squared values were
lower, in general, for the Midilli (7), Page (9) and Verma
(11) models.
The models analyzed herein provide a satisfactory
representation of the drying phenomenon for sorghum
grains of the AS4620 cultivar. Among the models showed
good fits to the experimental data, the Page model was
selected to represent the phenomenon of drying the

40°C
SEE
0.0073
0.0039
0.0096
0.0179
0.0071
0.0051
0.0196
0.0118
0.0092
0.0038
0.0039

2
0.53
0.16
0.92
3.20
0.51
0.26
3.83
1.38
0.84
0.15
0.15

1.0 m s-1
50°C
SEE
2
0.0047
0.22
0.0054
0.29
0.0111
1.24
0.0195
3.79
0.0168
2.81
0.0072
0.52
0.0246
6.05
0.0105
1.11
0.0145
2.11
0.0047
0.22
0.0202
4.07

60°C
SEE
0.0119
0.0145
0.0321
0.0255
0.0203
0.0133
0.0287
0.0129
0.0154
0.0119
0.0215

2
1.41
2.11
10.33
6.51
4.11
1.76
8.26
1.67
2.38
1.41
4.60

beans due to its simplicity of implementation and for
being traditionally recommended and applied to predict
the phenomenon of drying various agricultural products
(Afonso Júnior and Corrêa, 1999; Resende et al., 2011;
Siqueira et al., 2013).
Figure 2 shows the drying curves for sorghum grains of
the AS4620 cultivar under the studied conditions, plotting
Page model estimates over the experimental data. The
figure indicates that the model satisfactorily fits the
experimental values obtained throughout the drying of
sorghum grains. Menges and Ertekin (2006) ascertained
that the Midilli model satisfactorily represented apple
drying using prototype drying at 60, 70 and 80°C
temperatures and 1, 2 and 3 m s-1 air speeds. Table 5
shows the values for the “k” and “n” coefficients of the
Page model fitted to the experimental data for sorghum
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Figure 2. Drying curves, experimental values and Page model estimates for sorghum (S. bicolor
[L.] Moench) grains of the AS4620 cultivar under two air speed conditions (0.5 and 1.0 m s-1) and
three drying temperatures (40, 50 and 60°C).

grain-drying kinetics at different temperatures and air
speeds.
The magnitude of the Page model drying constant “k”,
which represents the effects of external drying conditions
and tends to increase with increasing drying air
temperature, increased as the drying temperature and air
speed increased. Siqueira et al. (2013) studied the drying
of fruits of Jatropha curcas L., found the same behavior.
Also, the Page model coefficient “n” increased as the air
temperature was increased at a speed of 0.5 m s-1, but it
decreased at a speed of 1.0 m s-1 (Table 3). According to
Corrêa et al. (2007), this coefficient represents the
internal resistance of the product to drying. Resende et
al. (2011), while studying the drying of Jatropha curcas L.
seeds, found that there was no well-defined trend for the
“n” coefficient, a behavior also observed in its relation to
the air speed of the drying process of sorghum grains.
Thus, the drying of sorghum grains of the AS4620 cultivar
can be estimated, within the temperature and air speed
ranges studied herein, using the following expressions:





(22)





(23)

RX0.5  exp   0.1631 0.0109T  t 0.53260.0112T 
RX1.0  exp   0.3058  0.0186T  t 1.08340.0057T

Where: T = drying temperature (°C), t = drying time (h).

Drying kinetics

Figure 3 shows the values for the effective diffusion
coefficient of sorghum grains as a function of the drying
air conditions.
The calculated equivalent radius was 1.69 x 10-3 m.
The effective diffusion coefficient increased linearly with
increasing drying temperature and air speed, and its
values were 0.638 x 10-11, 0.968 x 10-11 and 1.11 x 10-11
for the speed of 0.5 m s-1 at temperatures of 40, 50 and
60°C, respectively. For an air speed of 1.0 m s-1, the
effective diffusion coefficient values were 1.024 x 10-11,
1.859 x 10-11 and 2.355 x 10-11 m2 s-1 for temperatures of
40, 50 and 60°C, respectively, indicating greater intensity
in water transport from the grain's interior to its periphery,
as previously found by Sousa et al. (2011) and Resende
et al. (2009). Madamba et al. (1996) stressed that
effective diffusion coefficients have an order of magnitude
of 10-11 to 10-9 m² s-1.
Faria et al. (2012), in a study of the drying of crambe
(Crambe abyssinica) seeds, found values different to
those in the present work, on the order of 0.18 x 10-10 to
3.92 x 10-10 m2 s-1 for temperatures between 30 and
70°C. Moreover, Oliveira et al. (2012) found effective
diffusion coefficient values between 1.54 x 10-13 and 4.58
x 10-13 m2 s-1 for maize grains of the AG 7088 cultivar.
These differences in diffusivity may be due to the

Resende et al.
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Table 5. Coefficients of the Page model fitted for the various drying conditions of sorghum grains of the AS4620 cultivar.

k
n

40°C
0.26432**
0.97962**

0.5 m s-1
50°C
0.39832**
1.09422**

60°C
0.4822**
1.20357**

k = - 0.1631+0.0109T
n = 0.5326+0.0112T

98.27
99.98

k
n

40°C
0.41531**
0.8606**

1.0 m s-1
50°C
0.67531**
0.79327**

60°C
0.78812**
0.74743**

k = - 0.3058+0.0186T
n = 1.0834-0.0057T

95.06
98.81

Coefficients

Mean values

2
R (%)

**Significant at 1% based on a t-test.

Figure 3. Mean values for the effective diffusion coefficient (m2 s-1) obtained for the
drying of sorghum grains of the AS4620 cultivar under two air speed conditions (0.5 and
1.0 m s-1) and three drying temperatures (40, 50 and 60°C).

chemical composition because maize and sorghum crops
are rich in carbohydrates, while crambe is rich in lipids.
For the product to dry, the water inside the grain must go
through the layers of the various cellular tissues of which
it is composed, that is, depending on the chemical
composition of these layers, the product will display
different characteristics. The dependency of the effective
diffusion coefficient in sorghum grains of the AS4620
cultivar on the drying air temperature and speed was
represented using an Arrhenius expression, as depicted
in Figure 4.
Activation energy may be defined as the ease with
which water molecules overcome the energy barrier while
migrating from a product's interior to its exterior (Corrêa et

al., 2005). The activation energy values for liquid diffusion
in sorghum grains of the AS4620 cultivar were 27.12 and
42.05 kJ mol-1 at speeds of 0.5 and 1.0 m s-1,
respectively, for the temperature range from 40 to 60°C.
According to Zogzas et al. (1996), the activation energy
for agricultural products varies between 12.7 and 110
kJ.mol-1, and the values obtained in the present study are
within this range. Morais et al. (2013) found an activation
energy value of 27.16 kJ mol-1 for cowpea grains drying at
temperatures of 25, 35, 45 and 55°C, whereas Resende
et al. (2011) and Oliveira et al. (2012), while evaluating
the drying of J. curcas L. seeds and maize grains,
observed activation energy values of 15.781 and 19.09
kJ.mol-1, respectively.
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Figure 4. Arrhenius representation of the effective diffusion coefficient for the drying of
sorghum (S. bicolor [L.] Moench) grains of the AS4620 cultivar under two air speed
conditions (0.5 and 1.0 m s-1) and three drying temperatures (40, 50 and 60°C).

Table 6. Enthalpy (H, J mol-1), entropy (S, J mol-1 K-1) and Gibbs free energy (G, J mol-1) values for the various air-drying
conditions applied to sorghum (S. bicolor [L.] Moench) grains of the AS4620 cultivar.

Thermodynamic
properties
H
S
G

Temperature (°C)
40
24520.9
-256.4
104805.4

0.5 m s-1
50
24437.8
-253.2
106268.7

Thermodynamic properties

Comparing the various drying conditions, the enthalpy
and entropy decrease and Gibbs free energy increases
as the drying temperature is increased (Table 6). Further,
for sorghum grains of the AS4620 cultivar during
moisture removal, the enthalpy value decreased as the
drying temperature increased, showing that lower
temperatures require larger amounts of energy.
According to Goneli et al. (2010), entropy is a
thermodynamic property that can be associated with the
degree of disorder between the water and the product.
The results showed that entropy, in absolute scale,
decreased when the drying air temperature increased.
According to Corrêa et al. (2010), this behavior was
expected because a lower drying temperature means

60
24354.6
-251.9
108272.9

40
39450.4
-252.6
118558.4

1.0 m s-1
50
39367.2
-248.8
119779.8

60
39284.1
-247.8
121841.6

lower excitation of the water molecules in the product,
thus increasing the order in the water-product system.
The negative entropy values are related to the existence
of chemical adsorption and / or structural changes of the
adsorbent (Moreira et al., 2008).
Gibbs free energy is related to the work required to
make sorption sites available (Nkolo Meze’e et al., 2008).
This parameter can be positive for endogenous reactions,
which require energy to be added from the environment
in which the phenomenon takes place, or negative when
the phenomenon spontaneously occurs without energy
being added. The Gibbs free energy value for the
sorghum grains was positive and increased as the drying
temperature was increased. This behavior was also
observed by Corrêa et al. (2011) while studying the
thermodynamic properties of corn ears at temperatures of

Resende et al.

45, 55 and 65°C.

Conclusion

The models analyzed herein provide a satisfactory
representation of the drying of sorghum grains of the
AS4620 cultivar at the various temperature and air-speed
values assessed, and the Page model was selected from
the different models due to its simplicity. The effective
diffusion coefficient increases as the drying temperature
and air speed increase, and the pattern can be described
by the Arrhenius equation. The activation energy values
of sorghum grains of the AS4620 cultivar were 27.12 and
42.05 kJ.mol-1 for air speeds of 0.5 and 1.0 m s-1,
respectively. Enthalpy and entropy decrease as the
drying temperature is increased, and entropy was
negative at all of the temperatures studied. Gibbs free
energy values were positive at all of the temperatures
analyzed, and these values increased when the drying
temperature increased.

Conflict of Interest

The authors have not declared any conflict of interest.

ACKNOWLEDGMENTS

The authors acknowledge the financial support of CNPq,
CAPES, FINEP, FAPEG and IF Goiano.

REFERENCES
Afonso Júnior PC, Corrêa PC (1999). Comparação de modelos
matemáticos para descrição da cinética de secagem em camada fina
de sementes de feijão [Comparison of mathematical models for
description of the kinetics of thin-layer drying of bean seeds]. Revista
Brasileira de Engenharia Agrícola e Ambiental 3:349-353.
Babalis SJ, Papanicolaou E, Kyriakis N, Belessiotis VG (2006).
Evaluation of thin-layer drying models for describing drying kinetics of
figs
(Ficus
carica).
J.
Food
Eng.
75:205-214.
http://dx.doi.org/10.1016/j.jfoodeng.2005.04.008
Brasil (2009). Ministério da Agricultura e Reforma Agrária. Secretaria
Nacional de defesa Agropecuária [Ministry for Agricultural and
Agrarian Reform. National Secretariat for Agricultural and Cattle
Farming Defense]. Regras para Análise de Sementes [Rules for the
Analysis of Seeds]. Brasília, p. 395.
Corrêa PC, Resende O, Goneli ALD, Figueiredo Neto A (2005).
Modelagem da difusão líquida na secagem do arroz em casca
[Modeling of liquid diffusion in drying paddy rice]. In: BARBOSA, O.
A. Avances en ingeneria agrícola [Advances in Agricultural
Engineering]: 2003 - 2005. Villa De Merlo: CADIR, pp. 323-328.
Corrêa PC, Resende O, Goneli ALD, Botelho FM, Nogueira BL (2006).
Determinação do coeficiente de difusão líquida dos grãos de feijão
[Liquid diffusion coefficient determination of edible beans]. Revista
Brasileira de Produtos Agroindustriais 8:117-126.
Corrêa PC, Resende O, Martinazzo AP, Goneli ALD, Botelho FM
(2007). Modelagem matemática para a descrição do processo de
secagem do feijão (Phaseolus vulgaris L.) em camadas delgadas
[Mathematical modelling for describing the drying process of the

2461

edible bean (Phaseolus vulgaris L.) in thin layers]. Engenharia
http://dx.doi.org/10.1590/S0100Agrícola
27:501-510.
69162007000300020
Corrêa PC, Oliveira GHH, Botelho FM, Goneli ALD, Carvalho FM
(2010). Modelagem matemática e determinação das propriedades
termodinâmicas do café (Coffea arábica L.) durante o processo de
secagem
[Mathematical
modeling
and
determination
of
thermodynamic properties of coffee (Coffea arabica L.) during the
drying
process].
Revista
Ceres
57:595-601.
http://dx.doi.org/10.1590/S0034-737X2010000500005
Corrêa PC, Botellho FM, Oliveira GHH, Goneli ALD, Resende O,
Campos SC (2011). Mathematical modeling of the drying process of
corn ears. Acta Scientiarum Agron. 33:575-581.
Embrapa (2011). Cultivares de sorgo para o mercado brasileiro na safra
2011/2012 [Sorghum cultivars for the Brazilian market in the
2011/2012
harvest].
Available
from:
http://www.infoteca.cnptia.embrapa.br/bitstream/doc/908224/1/doc11
7.pdf. Accessed in: 12/30/2013. ISSN 1518-4277.
Faria RQ, Teixeira IR, Devilla IA, Ascheri DPR, Resende O (2012).
Cinética de secagem de sementes de crambe [Drying kinetics of
crambe seeds]. Revista Brasileira de Engenharia Agrícola e
Ambiental 16:573-583.
Goneli ALD, Corrêa PC, Oliveira GHH, Botelho FM (2010). Water
desorption and thermodynamic properties of okra seeds. Trans.
ASAE 53:191-197. http://dx.doi.org/10.13031/2013.29486
Günhan T, Demir V, Hancioglu E, Hepbasli A (2005). Mathematical
modelling of drying of bay leaves. Energy Convers. Manag. 46:16671679. http://dx.doi.org/10.1016/j.enconman.2004.10.001
Jideani VA, Mpotokwana SM (2009). Modeling of water absorption of
botswana bambara varieties using Peleg’s equation. J. Food Eng.
92:182-188. http://dx.doi.org/10.1016/j.jfoodeng.2008.10.040
Kashaninejad MA, Mortazavi A, Safekordi AG (2007). Thin layer drying
characteristics and modeling of pistachio nuts. J. Food Eng. 78:98108.
Madamba PS, Driscoll RH, Buckle KA (1996). Thin-layer drying
characteristics of garlic slices. J. Food Eng. 29:75-97.
http://dx.doi.org/10.1016/0260-8774(95)00062-3
Menges HO, Ertekin C (2006). Mathematical modeling of thin layer
drying of Golden apples. J. Food Eng. 77:119-125.
http://dx.doi.org/10.1016/j.jfoodeng.2005.06.049
Midilli A, Kucuk H, Yapar ZA (2002). A new model for single-layer
drying.
Drying
Technol.
20:1503-1513.
http://dx.doi.org/10.1081/DRT-120005864
Mohapatra D, Rao PS (2005). A thin layer drying model of parboiled
wheat.
J.
Food
Eng.
66:513-518.
http://dx.doi.org/10.1016/j.jfoodeng.2004.04.023
Morais SJS, Devilla IA, Ferreira DA, Teixeira IR (2013). Modelagem
matemática das curvas de secagem e coeficiente de difusão de
grãos de feijão-caupi (Vigna unguiculata (L.) Walp.) [Mathematical
modeling of the drying curves and diffusion coefficient of cowpea
grains (Vigna unguiculata (L.) Walp.)]. Revista Ciência Agronômica
44:455-463. http://dx.doi.org/10.1590/S1806-66902013000300006
Moreira R, Chenlo F, Torres MD, Vallejo N (2008). Thermodynamic
analysis of experimental sorption isotherms of loquat and quince
fruits.
J.
Food
Eng.
88:514-521.
http://dx.doi.org/10.1016/j.jfoodeng.2008.03.011
Nkolo Meze’e YN, Noah Ngamveng J, Bardet S (2008). Effect of
enthalpy–entropy compensation during sorption of water vapor in
tropical woods: The case of Bubinga (Guibourtia Tessmanii J.
L´Eonard; G. Pellegriniana J.L.). Thermochimica Acta 468:1–5.
http://dx.doi.org/10.1016/j.tca.2007.11.002
Oliveira DEC, Resende O, Smaniotto TAS, Campos RC, Chaves TH
(2012). Cinética de secagem dos grãos de milho [Drying kinetics of
maize grains]. Revista Brasileira de Milho e Sorgo 11:109-201.
Resende O, Arcanjo RV, Siqueira VC, Rodrigues S (2009). Modelagem
matemática para a secagem de clones de café (Coffea canephora
Pierre) em terreiro de concreto [Mathematical modelling for coffee
drying (Coffea canephora Pierre) in hybrid terrace and concrete
yard]. Acta Scientiarum 31:189-196.
Resende O, Ullmann R, Siqueira VC, Chaves TH, Ferreira LU (2011).
Modelagem matemática e difusividade efetiva das sementes de
pinhão-manso (Jatropha curcas L.) durante a secagem

2462

Afr. J. Agric. Res.

[Mathematical modeling and effective diffusion of jatropha (Jatropha
curcas L.) seeds during drying]. Engenharia Agrícola 31:1123-1135.
http://dx.doi.org/10.1590/S0100-69162011000600010
Siqueira VC, Resende O, Chaves TH (2013). Mathematical modelling of
the drying of jatropha fruit: An empirical comparison. Revista Ciência
http://dx.doi.org/10.1590/S1806Agronômica
44:278-285.
66902013000200009
Sousa KA, Resende O, Chaves TH, Costa LM (2011). Cinética de
secagem do nabo forrageiro (Raphanus sativus L.) [The drying
kinetics of forage turnips (Raphanus sativus L.)]. Revista Ciência
http://dx.doi.org/10.1590/S1806Agronômica
42:883-892.
66902011000400009

Vanderlip RL, Reeves HE (1972). Growth stages of sorghum (Sorghum
bicolor,
L.
Moench.).
Agron.
J.
64:13-16.
http://dx.doi.org/10.2134/agronj1972.00021962006400010005x
Vega-Gálvez A, Ah-Hen K, Chacana M, Vergara J, Martínez-Monzó J,
García-Segovia P, Lemus-Mondaca R, Scala KD (2012). Effect of
temperature and air velocity on drying kinetics, antioxidant capacity,
total phenolic content, colour, texture and microstructure of apple
(var.
Granny
Smith)
slices.
Food
Chem.
12:51-59.
http://dx.doi.org/10.1016/j.foodchem.2011.10.029
Zogzas NP, Maroulis ZB, Marinos-Kouris D (1996). Moisture diffusivity
data compilation in foodstuffs. Drying Technol. 14:2225-2253.
http://dx.doi.org/10.1080/07373939608917205

Vol. 9(32), pp. 2463-2474, 7 August, 2014
DOI: 10.5897/AJAR2013.8125
Article Number: AB7DCB746480
ISSN 1991-637X
Copyright ©2014
Author(s) retain the copyright of this article
http://www.academicjournals.org/AJAR

African Journal of Agricultural
Research

Full Length Research Paper

Tillage and rice-wheat cropping systems influences on
soil physical properties: Water balance and wheat yield
under irrigated conditions
R. K. Naresh1*, S. S. Dhaliwal2, D. Kumar3, S. S.Tomar1, A. K. Misra4, S. P. Singh5, P.Kumar1,
V. Kumar1 and R. K.Gupta6
1

Department of Agronomy, Sardar Vallabhbhai Patel University of Agriculture and Technology,
Meerut-250110 (U.P.), India.
5
Department of Soil Science, Sardar Vallabhbhai Patel University of Agriculture and Technology,
Meerut-250110 (U.P.), India.
2
Department of Soil Science, Punjab Agricultural University, Ludhiana (Pb.), India.
3
Department of Agronomy, Punjab Agricultural University, Ludhiana (Pb.), India.
4
K.V.K.Moradabad, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut-250110 (U.P.), India.
6
Research Station Developments, Borlaug Institute for South Asia, CIMMYT New Delhi, India.
Received 25 October, 2013; Accepted 16 June, 2014

Challenge of increasing food production in the next 20 years to match population growth is daunting
and warrants improvement in the quality of natural resources for growing more food from marginal and
degraded lands.Adopting a better tillage system does not only improve the soil health and crop
productivity but also improves the environment. A field experiment was conducted to investigate the
effects of tillage and irrigation management on wheat (Triticum aestivum L.) production in a post-rice
(Oryza sativa L.) management system on sandy loam soil for 2009 to 2010 and 2011 to 2012. Four
irrigation levels (I1:irrigation at crown root initiation (CRI); I2:irrigation at CRI+jointing; I3:irrigation at
CRI+ jointing+ flowering; I4:irrigation at CRI+ jointing+flowering+dough) stages and three tillage
systems (ZT: zero tillage;BPW:bed planted wheat and CT:conventional tillage) were tested. Zero tillage
compared to CT, resulted in higher bulk density (1.60 vs 1.49 Mg·m-3), lower total porosity (49.3 vs
53.7%), higher penetration resistance (1.50 vs 1.24 MPa), and lower steady state infiltration rate (0.18 vs
0.38 mm·h-1) in the surface 0 to 15 cm soil layer.Irrigation levels significantly affected crop water use,
wheat yield, and water use efficiency (WUE). Aggregates<25 mm ZT was significantly higher (4.4%),
than CT and BPW methods (3.2 and 3.4%, respectively. Grain yield declined by 20.5, 11.7 and 7.7% of I4
(4.57 Mg·ha-1) with I1,I2 and I3 treatments. Average values of WUE were 17.40, 15.97 kg·ha-1·mm-1and
14.88 m3·kg-1grain for the BPW, ZT and CT treatments and water storage efficiency were 21.9, 24.5 and
29.2%, for CT, ZT and BPW, respectively.
Key words: Conventional tillage, soil physical properties, water balance, water retention, zero tillage.
INTRODUCTION
Rice and wheat in sequence are cultivated in two
contrasting soil environments. Rice requires soft, puddled
and water-saturated soil conditions while wheat requires

well aggregated and well aerated soil with fine tilth.
Puddling (wet tillage) is the most common technique of
land preparation for rice in South Asian countries.

2464

Afr. J. Agric. Res.

Puddling creates soil conditions ideal for rice cultivation
but unsuitable for upland crops which follow rice (Sharma
et al., 2003).
After rice harvest and puddled soils upon drying shrink
become compact and hard, and develop surface cracks
of varying sizes and shapes. The draught power
requirement for tilling such soils is very high sometimes
beyond the reach of local ploughs and small tractors.
Nevertheless, when tilled, these soils often break into
larger clods, having high breaking energy (Naresh et al.,
2013).
In spite of spending significant time and energy, it is
often difficult to obtain seedbeds with the desired tilth for
sowing wheat. Wheat planted in seedbeds with coarse
tilth due mainly to poor seed-soil contact, results in poor
seedling emergence and unsatisfactory crop stands. This
lowers wheat productivity. Frequent stirring opens the
soil, breaks soil clods and aggregates. This enhances the
oxidation of soil organic matter (Lal, 2008; He et al.,
2009).The loose soils especially on sloping landscapes
and in high rainfall areas are excessively prone to soil
erosion. Thus, this system enhances land degradation
and results in a decline in soil quality. To achieve
satisfactory soil tilth, soils must be tilled at optimum
moisture content. The optimum water content range in
puddled soils is generally narrow (Naresh et al., 2013)
and many times difficult for farmers to observe. Further,
puddled soils may take from several weeks to months to
dry and reach a moisture content optimum for tillage. This
increases the lag time between rice harvest and wheat
planting. The delayed sowing of wheat is another cause
of low productivity in post-rice management. An estimate
suggests each day delay in planting after November 15,
lowers wheat yield by about 0.04 Mg·ha–1 (Regmi et al.,
2002).
Bread wheat (Triticum aestivum L.) is the most widely
grown and consumed food crop and is the staple food for
35% of the world population (Rajaram et al., 2007). The
irrigated wheat systems contribute over 40% of wheat
production in the developing world (Rajaram et al.,
2007).To meet the growing wheat demand, the global
production need an 1.6 to 2.6% annual growth rate,
which can be mainly achieved through improvement in
input use efficiency (Rajaram et al., 2007). However,
under the current production practices, crop productivity
and input use efficiency has decreased /stagnated. In the
Indo- Gangetic Plains (IGP), ground water is being
depleted 13 to 17 km3·year–1 (Rodell et al., 2009) coupled
with diminishing factor productivity (Ladha et al., 2003),an
accelerated growth in crop productivity needs an
enhanced resource use efficiency to meet the future
wheat demand in the region. The improvement of input
use efficiency in wheat cropping systems can be

achieved through two main strategies: by adopting
precise and more efficient crop management practices
and germplasm (Reynolds et al., 2004). Tillage plays a
key role in changing the hydro-physical properties.
Blanco-Canqui and Lal (2007) indicated that water
infiltration and runoff are closely related to the physical
condition of the upper layer of the soil profile. Shaver et
al. (2002) reported that physical properties such as bulk
density and porosity near the soil surface are most
important for dictating the infiltration characteristics of the
soil at the soil-water interface. Francis et al. (1987)
however, found that infiltration was more closely related
to pore continuity than to porosity. Field experiments with
zero tillage in wheat at several locations in the IndoGangetic plains have shown encouraging results (Jat et
al., 2005; Saharawat et al., 2010).
Farmers have found direct drilling of wheat into postrice systems without tillage feasible and beneficial at
several locations. Wheat yields with zero tillage are either
equal or even better than those obtained with
conventional tillage because of timely planting of wheat,
efficient use of fertilizers and weed control. In addition,
zero tillage is fuel and energy efficient but also reduces
greenhouse gas emissions (Hill et al., 1991). Zero tillage
systems conserve the land resource and are cost
effective and efficient. Moreover, this tillage system also
avoids challenges with clod formation.
Raised bed planting systems has been used since time
immemorial by farmers in many parts of the world
(Govaerts et al., 2007).Their application have traditionally
been associated with water management issues, to
reduce the adverse impact of excess water on crop
production or to irrigate crops in semi-arid and arid
regions (Sayre, 2004) where water productivity is
comparatively low. A widely used application of raised
beds in many semi-arid and arid areas is to plant crops
on the edges of beds or ridges that are formed between
furrows that carry irrigation water. With the lessons learnt
from Mexico (semi-arid and sub-topical highlands), the
raised bed planting system is being evaluated and
advocated for many crops including wheat in south Asia
(Saharawat et al., 2010).Conservation tillage has the
potential to reduce soil erosion and input costs (Hobbs,
2007; Wuest et al., 2006).
There is some concern, however, that conservation
tillage always improves soil properties for plant growth
and water retention (Guy and Lauver, 2007). Research is
needed therefore to understand the long-term impact of
tillage and rice-wheat cropping systems on soil physical
and hydraulic properties considered to be indicators of
soil quality and water conservation. The objectives of the
current study were to compare soil physical properties
under zero and conventional tillage systems for a rice-
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wheat cropping system and compare wheat yields, and
wheat water use efficiency (WUE) for zero and
conventional tillage systems.
MATERIALS AND METHODS
Experimental site
The experiment was conducted at the research farm (29° 4’ N,77°
46’E, 237 m above mean sea level) of the Sardar Vallabhbhai Patel
University
of
Agriculture
and
Technology,Meerut,Uttar
Pradesh,India, during 2009 to 2010 and 2011 to 2012. The climate
of the area is semi-arid subtropical, characterized by very hot
summers and cool winters. The hottest months are May and June,
when the maximum temperature reaches 45 to 46°C, whereas,
during December and January, the coldest months of the year, the
temperature often drops below 5°C.The average annual rainfall is
765 mm, 75 to 80% of which is received through the Northwest
monsoon during July to September. The experimental soil (0 to 15
cm) was sandy loam, with 165 g clay, 205 g silt and 620 g sand kg-1
that retained 18 and 7% water (mass basis) at 30 and 1500 kPa
water potential. Other soil characteristics include bulk density (0 to
15 cm) of 1.59 Mg m-3; pH, 8.2; organic C, 5.4 g kg-1; Olsen P, 10.5
mg kg-1and NH4OAc–extractable-K, 0.20 C mol kg-1.
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at 30-days after seeding from data on particle density and ρb, using
the following relationship:
ƒ = (1- ρb /ρs) x 100
Where, ƒ is the total porosity (%), ρb the bulk density (Mg·m–3) and
ρs the particle density (Mg·m–3).
Undisturbed soil cores were collected from the 3 replicates in
metal cores of 0.11 m length and 0.081 m diameter in the 0 to 0.15
m soil depth in zero-till, raised beds and conventionally-tilled plots
at crop harvest.
Infiltration measurements
Infiltration of water into the soil was determined by the double ring
in filtrometer (Bouwer, 1986),with a 21.5 cm inner diameter and 30
cm outer diameter cylinder inserted 14 cm into the soil (three
replicates).Water entering the soil was measured with a calibrated
Mariotte bottle. A constant water head of 15 mm was maintained in
both rings.
The measurements were done at the initial soil water content
corresponding to approximately field water capacity in all the
treatments. This allowed to minimise the effect of different water
content.The infiltration data were described according to Philip’s
(1969) model using the least squares method.

Treatment details

Soil penetration resistance or (cone index)

A field experiment was conducted in 2009 to 2010 and 2011 to
2012. Soil physical properties were measured for 2009 to 2010
year, and wheat yield and water use efficiency were also compared
for three cropping seasons from 2009 to 2011 for different
treatments. Three tillage systems (ZT:zero till-age; BPW:bed
planted wheat and CT: conventional tillage) and four irrigation
levels (I1:irrigation at crown root initiation (CRI); I2:irrigation at CRI+
jointing; I3:irrigation at CRI+ jointing+flowering; I4:irrigation at CRI+
jointing+flowering+dough) were tested. It is noted that each
irrigation of about 5 cm measured by using a water meter
(Dasmesh Co., India) was applied as surface flooding per
treatment. One pre-sowing irrigation was applied to all plots. The
total number of treatment combinations was twelve with three
replications for 36 total numbers of plots and the size of per plot (10
x 6.9 m). (72 m2 areas).The treatment effect was investigated for
wheat crop (PBW-343) and the experimental design was a
randomized complete block. Land preparation was done with the
help of a power tiller.

Soil penetrometer resistance (SPR) refers to the resistance offered
by the soil to a metal probe pushed into soil. The SPR at field
moisture content was determined in the 0 to 0.05; 0.05 to 0.15 and
0.15 to 0.30 m soil depths at tillering stage. A Proctor penetrometer
having a 0.18 m long probe with a flat tip of 6 mm diameter was
used for SPR determination. About five observations were made
per plot at each depth for computing the average SPR.After
recording the SPR value,soil samples from the layer of the same
depth thickness were collected with the help of a tube auger for
determining gravimetric moisture content.

Soil physical properties

Nutrient application

Particle size analysis of surface and sub-surface soil samples (0 to
0.15; 0.15 to 0.30 m) was done using the pipette method (Gee and
Or, 2002). Particle density of the soil was determined by the
pycnometer method (Flint and Fint, 2002).The soil textural class
was sandy loam and the particle density of the soil was 2.60 and
2.61 Mg·cm–3, respectively for 0 to 0.15; 0.15 to 0.30 m soil depths.
The soil bulk density (ρb) was determined before land preparation
and 30-days after sowing of wheat by the core sampler method
(Singh,1980),using metallic cores having 0.138 m length and 0.103
m internal diameter. Undisturbed soil cores were collected from the
0 to 0.60 m depth at 0.15 m depth intervals in all plots.Four soil
cores were removed at each depth and the moist mass was
recorded. Gravimetric moisture content was determined in a subsample of each soil core and was used to determine the dry mass
of soil in each core.
The total porosity (ƒ) of the 0 to 0.15 m soil layer was determined

Plant nutrients were applied as per the state recommendations for
wheat (N120+ P26 + K50). N60 + P26 + K50 through urea,di-ammonium
phosphate and muriate of potash respectively, were placed in band
in seed rows at the time of sowing using zero till cum raised beds
planter with enclined plate metering device. The remaining N was
broadcast with dry urea in two equal splits of 30 kg·N·ha–1, (N30) at
crown root initiation (CRI) and the flag leaf initiation (FLI) crop
growth stages.

Soil aggregate analysis
The air-dried soil sample (100 g) was placed on a 2 mm sieve and
submerged in water for 5 min to allow slaking (Klute, 1986).The
soils were then passed through a series of five sieves of >2, 2-1,10.5, 0.5 to 0.25 and <0.25 mm size (Gee and Or, 2002).

Sowing techniques
Wheat cultivar PBW-343 was sown on 20 November, 2009 using
100 kg·seed·ha–1flat/raised bed planting was done using zero till
cum raised beds planter with enclined plate metering device at a
row spacing of 20 cm. The bed: furrow width at top was kept at 107
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cm: 30 cm having six seed rows and the depth of the furrow was
kept at 12 cm. The plant population was maintained equal in flat as
well as raised bed planting.
Irrigation application and water productivity
Wheat was irrigated at the crown root initiation, tillering, flowering
and dough stages that corresponds to Z20, Z36, Z55 and Z83
(Zadoks et al., 1974).The total water use during the cropping was
calculated as m3·ha–1.The water productivity was calculated as
grain yield produced per unit of irrigation water applied during
cropping and was converted to kg·grain·m–3 water (Molden and
Shaktivadivel, 1999; Kijne et al., 2003).

Efficiency of soil management practice in terms of water
conservation
The soil management regime affects both the storage of
precipitation water and its use by the crops. Since precipitation is
the sole water supply in the irrigated area of the western Uttar
Pradesh. We expressed the efficiency of the soil management
practice in terms of precipitation storage efficiency (PSE) and
precipitation use efficiency (PUE).PSE (Tanaka and Anderson,
1997) was calculated as the change in soil water storage within the
0 to 120 cm depth soil profile during the fallow period divided by
precipitation during the fallow period. Runoff and erosion were also
assumed to be negligible because the experiment is located on
fairly level ground (<2% slope). The WUE was determined using the
following equation:

Soil water content

GY
WUE=

Soil water content was determined gravimetrically in the 0 to 0.60 m
profile at 0.15 m depth intervals at sowing, one-day before and after
each irrigation and at crop harvest. The mass wetness was
converted into volume wetness for each soil layer using the ρb of
each respective soil layer.
Soil water retention
Undisturbed soil core samples, 0.05 m long and 0.60 m diameter
were collected from each replication in the middle of the 0 to 0.075
m soil layer with metal cores at the flowering stage of wheat.
Moisture content at –33 and –1500 kPa matric potential was
determined with a pressure plate apparatus. Soil samples were
saturated for 24 h on the porous plate and then equilibrated to the
applied pressures. Plant-available water capacity (PAWC) was
determined for each treatment at flowering stage of wheat as
follows:
PAWC = FC – PWP
Where FC is the moisture retained at –33 kPa matric potential, and
PWP (permanent wilting point) is the moisture retained at –1500
kPa matric potential.
Soil water balance
The water balance in the rootzone over a given period ∆t is given
by
∆S = P + I - ET - R - D + Li – Lo
Where ∆S is the change in soil–water storage in the root zone (that
is between the soil surface and maximum rooting depth), P the
precipitation, I the applied irrigation water, ET the
evapotranspiration, R the surface runoff the capillary rise (if
negative) or drainage (if positive) at the maximum rooting depth,
and Li and Lo are the lateral inflow and outflow, respectively.All
components are expressed in units of length (mm). The results
shown by Cornelis et al. (2004) indicated that at the experimental
site the drainage component at 105 cm was negligible. Therefore,
the soil–water balance equation could be simplified as:
∆S = P - ET – R
Where soil–water storage S was calculated between the soil
surface and a depth of 120 cm using the trapeze rule, allowing to
compute the evolution of evapotranspiration with time for the
different treatments.

GSET

Where GY is grain yield (kg ha-1) and GSET (mm) is growing
season evapotranspiration.

RESULTS AND DISCUSSION
Soil penetration resistance
Soil penetration resistance (SPR) values, was
determined immediately before the application of
irrigation at the jointing stage of wheat in the 0.00 to 0.15
m soil layer are shown in Table 1. The SPR was
significantly affected by tillage but the effect of irrigation
treatments for the CT tillage system on SPR was nonsignificant.SPR values varied between 1.40 and 1.61
MPa with a mean value of 1.51 MPa under ZT; between
1.17 and 1.29 MPa with a mean value of 1.24 MPa under
BPW and between 1.31 and 1.35 MPa with a mean value
of 1.33 MPa under CT. The SPR was significantly higher
under ZT than CT and BPW for all irrigation levels. The
gravimetric soil moisture content was 16.6 to 18.3%
under ZT, 14.3 to 17.9% under BPW and 17.3 to 18.8%
under CT (Table 1). Soil penetration resistance (SPR)
values averaged over four irrigation levels, determined at
0 to 0.05 m; 0.05 to 0.15 m and 0.15 to 0.30 m soil
depths at crop harvest are shown in Table 2. The SPR at
field moisture content (9.3 to 12.2%) was higher in the ZT
system than the CT system with a magnitude of about 4
times in the 0 to 0.05 m layer about 2 times in the 0.05 to
0.15 m layer and about 2.5 times in 0.15 to 0.30 m layer
and lowest in BPW system with a magnitude of about 4.9
times in the 0 to 0.05 m layer about 2.9 times in the 0.05
to 0.15 m layer, and about 3.1 times in 0.15 to 0.30 m
layer. Higher SPR in the ZT plots were found due to the
higher soil ρb value (1.77 Mg·m-3) in ZT plots compared
to CT plots (1.74 Mg·m-3) and BPW plots (1.68 Mg m-3)
Table 2.
Soil water retention
Soil water retention characteristics were influenced by
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Table 1. Soil penetration resistance (SPR), and soil water content in the subsurface soil layer (0.00 to 0.15 m) at
tillering stage of wheat under different tillage and irrigation treatments measured during the 2009 to 2010 cropping
season.

Tillage treatment
ZT

Irrigation regime treatment
I1
I2
I3

BPW

CT

I4

Gravimetric soil water content (g/g %)
16.6de
16.9e
17.9bc
18.3c

SPR (MPa)
1.61a
1.55b
1.44c
1.40d

I1
I2
I3
I4

14.3c
15.6e
16.8ab
17.9c

1.29a
1.26ab
1.22c
1.17d

I1
I2
I3
I4

17.3bc
a
17.8
dc
18.1
18.8ab

1.35e
f
1.33
ef
1.32
1.31e

ZT=Zero tillage;BPW=Bed planted wheat;CT=Conventional tillage;I1=Irrigation at CRI stage; I2 = Irrigation at CRI+jointing
stage;I3=Irrigationat CRI+jointing+flowering stage;I4=Irrigation at CRI+jointing+flowering +dough stage Note:The SPR
values have been averaged over different irrigation treatments because of small differences in soil moisture content shows
tandard error for comparism in the table.

Table 2. Soil penetration resistance (SPR);soil water content for three soil depths ,and total porosity (%) in the zero tillage (ZT); bed
planted wheat (BPW) and conventionally-tilled (CT) treatments measured at crop harvest during the 2009-10 cropping season.

Tillage
ZT
BPW
CT

0 - 0.05 m soil depth
Water content
SPR
(g/g %)
(MPa)
12.2a†
5.16a
a
10.8
1.12b
b
11.9
1.28b

0.05 – 0.15 m soil depth
Water content
SPR
(g/g %)
(MPa)
10.9a
6.35
9.7b
2.16
11.6b
3.12

0.15 – 0.30 m soil depth
Water content
SPR
(g/g %)
(MPa)
9.3a
8.36a
b
7.2
2.69
11.4b
3.39b

Total porosity (%)

49.3a
66.8ab
53.7b

†

Means with different letters are significantly different at the 0.05 probability level.

tillage treatments as illustrated by the temporal variation
in soil water content following the infiltration of surface
water. Soil water content within about 36 h after
infiltration of surface water in wheat was identical for all
three tillage treatments. Water retention of the surface
0.075 m soil layer on a mass basis at –33 and –1500 kPa
soil water pressure was always higher in CT than
inZTplots.The differences however, narrowed with the
decrease in water potential.
Water content on a volume basis was higher in the
BPW than ZT system and lowest in the CT system at –33
and –1500 kPa pressure due to differences in ρb (Table
3). The plant available water capacity (PAWC) on a volume
basis was lower for the CT (7.5%) than BPW (7.6%) and
highest in ZT (7.9%) treatment (Table 3). Retention of
less water against the force of gravity in BPW treatment
does not collaborate previous findings that conservation
tillage promotes water retention (Hill et al., 1985) due to

improved soil structure and pore arrangement. Soil water
retention (0 to 0.75 m soil layer) at–33 and–1500 kPa
water pressures varied with tillage system. These
differences could be explained with differences in pore
size distribution since the water retention of soils
depends primarily on the number and size distribution of
soil pores and the specific surface area of soils. Pore size
distribution affects water retention mainly at higher water
potentials, such as those at saturation and field capacity,
where the water retention is a function of soil structure. At
lower water potentials, close to the permanent wilting
point, the water retention is a function of soil texture, and
also depends on the specific surface area of soil particles
(Sharma and De Datta, 1994).
Tillage modified the soil structure thereby affecting
water retention at -33 kPa water potential; however,
tillage did not affect soil texture, hence differences in
water retention betweenCT; ZT and BPW narrowed at–
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Table 3. Effect of tillage treatment on soil water retention at selected water potentials (0 to
0.075 m soil layer) for the 2009-10 cropping season.

Water potential (kPa)

ZT
36.5a
28.6a
7.9

-33
-1500
PAWC

Volume wetness, (m3/m3 %)
BPW
CT
41.8
33.5b
32.6
26.0b
7.6
7.5

†

Means with different letters are significantly different at the 0.05 probability level. The
comparisons were made between ZT; BPW and CT at respective pressures; Note: average bulk
-3
density values of soil cores were 1.34 and 1.23 Mg·m in ZT; BPW and CT plots, respectively;
ZT = Zero tillage; BPW = Bed planted wheat; CT = Conventional tillage; PAWC: plant available
water capacity.

Table 4. Effects of tillage and crop establishment methods on bulk density (3 years average, 2009–2010 to 2011–
2012) in a 3 years wheat crop.

Tillage treatment
ZT

BPW

CT

Irrigation regime treatment

0-5 cm

6-10cm
11-15 cm
Mg m−3
1.60
1.74a
1.61
1.75a
1.59
1.67b
1.57
1.66b

16-20 cm

I4

1.55cd§
1.58b
1.50bc
1.47d

I1
I2
I3
I4

1.36a
1.39a
1.44b
1.47b

1.42
1.46
1.49
1.53

1.55a
1.57a
1.60b
1.64b

1.61a
1.63a
1.67b
1.68b

I1
I2
I3
I4

1.48a
1.50a
1.53c
1.57d

1.58
1.59
1.61
1.64

1.67b
1.67b
1.71b
1.72a

1.71b
1.71b
1.73a
1.74a

I1
I2
I3

1.76a
1.77a
1.71b
1.70b

Within a column, means followed by the same letter are not different at the 0.05 level of probability.

1500 kPa water potential.The water retention on a
volume basis at–33 and–1500 kPa pressure was higher
under BPW than ZT and lowest under CT (Table 3).This
occurred in part because of the higher ρb under ZT than
CT and lowest in BPW. Although differences in PAWC
between ZT and CT than BPW were not very large, the
soil water retention under BPW was slightly better than
under ZT and CT treatment.
Soil bulk density (ρb)
Bulk density (ρb) is considered to be a measure of soil
quality because of its impact on other soil properties such
as porosity, soil water content, and hydraulic conductivity.
Tillage and cropping systems can influence ρb, but any
change in ρb as a result of changing management practices is likely to be detected nearer the soil surface (Dam

et al., 2005; Wuest et al., 2006). Numerous studies have
investigated the effect of tillage practices on ρb. Fausey et
al. (1994) found ρb was 7% lower for no-tillage versus
conventional tillage in continuous corn-oat-meadow
rotations. Fausey et al. (1994) concluded after 28 years
that ρb was lowest in no-tillage due to the retention of
more crop residue on the soil surface than in
conventional tillage. Wuest et al. (2006) reported a
temporal decline in soil strength or ρb with adoption of no
tillage. The ρb was about 8.9% higher in ZT compared to
CT plots (Table 4). In addition, no-tillage and reduced
tillage systems generally result in higher bulk densities
and smaller soil porosities (Dam et al., 2005).
Loch and Coughlan (1984) reported higher deep
drainage under ZT than CT due to the presence of
continuous macropores under ZT.Others have also found
that no-tillage results in a higher ρb near the soil surface
than intensive tillage (Kay and Vanden Bygaart,
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Table 5. Soil aggregation status at wheat harvest as affected by tillage practices.

‡

Tillage
treatment

Irrigation
regime
treatment

0.512a
0.556ab
0.561a
0.614a

Size distribution of aggregates, mm
2-1
1-0.5
0.5-0.25
g aggregate g-1 dry soil
0.508ab
0.421ab
0.266ab
a
a
0.514
0.498
0.311ab
a
a
0.527
0.519
0.326ab
0.590a
0.566a
0.358a

ZT

I1
I2
I3
I4

0.120ab
0.122a
0.132a
0.152a

BPW

I1
I2
I3
I4

0.363a
0.392a
0.417a
0.427a

0.128b
0.166b
0.169b
0.213d

0.116a
0.123a
0.166b
0.157b

0.110b
0.114b‡
0.138b
0.150b‡

0.038c
0.059bc
0.066a
0.088a

CT

I1
I2
I3
I4

0.222b
0.332cd
0.442bc
0.444a

0.196b
0.218b
0.297a
0.360a

0.183b
0.191b
0.230ab
0.244b

0.173a
0.192a
0.208a
0.214a

0.091a
0.100abc
0.104a
0.144a

>2

<0.25

Values followed by a similar letter within an aggregate size fraction are not significantly different at P < 0.05 level of significance.

2002). Tillage largely influences pore size distribution.
Soils under conventional tillage (CT) generally have lower
bulk density and associated higher total porosity within
the plough layer than under no tillage (ZT).The changes
in total porosity are related with alterations in pore size
distribution. This relation can be different depending on
soil type.
Schjønning and Rasmussen (2000) reported that under
the same site conditions, ZT compared to CT resulted in
lower volume of macro-pores (>30 μm) on sandy soil and
silty loam, whereas the opposite effect was found on
sandy loam. The bulk density did varied significantly due
to planting techniques and it was significantly reduced
under raised bed planting compared to flat sowing. This
was attributed mainly due to more pore spaces created in
the beds through modified land configuration by
accumulations of the topsoil. Bed planting provides
natural opportunity to reduce compaction by confining
traffic to the furrow bottoms (Govaerts et al., 2006).
Liebig et al. (2004) and Wuest et al. (2006) concluded
that soil properties as affected by tillage and cropping
systems were largely limited to the surface 0.075 m (2.95
in) of the soil profile.
Size distribution of aggregates
Aggregate size distributions were significantly (P>0:05)
influenced by tillage treatments (Table 5). The results are
presented as these four groups. Generally, the quantity of
fine aggregates (<0.25 mm) was much higher than
coarse aggregates (>0.25 mm). About 5% of the
aggregates were larger than 2 mm,7% between 1 and 2

mm,13% between 1 and 0.5 mm, about 20% were in the
range of 0.5-0.25 mm, and almost 65% of the aggregates
had the size smaller than 0.25 mm. Aggregate size
distributions were significantly (P>0:05) influenced by
tillage treatments. Aggregates<25 mm in the zero tillage
category was significantly higher (4.4%), than
conventional tillage (CT) and beds planted wheat (BPW)
methods (3.2 and 3.4%, respectively).
The zero till methods also had the highest amount of 1
to 2 mm aggregates (5.9%) while the beds planted
method contained the lowest amount of this size of
aggregates (4.5%).The percentage of the aggregates
with other sizes (1 to 0.5, 0.5 to 0.25 and <0.25 mm)
were similarly influenced (P>0:05) by different tillage
practices.
Some studies generally indicate that no-tillage and
reduced tillage systems have positive impacts on
conserving soil and water resources by reducing soil
erosion, retaining more water in the soil profile,
increasing water infiltration and enhancing soil
aggregation and stability (Dam et al. 2005).Aggregates in
the range >2, 2 to 1,1 to 0.5, and 0.5 to 0.25 mm were all
significantly (P > 0:05) higher in the zero till method
compared to other treatments. Generally, soil organic
carbon is a basic factor affecting aggregation (Elliott,
1986). Bear et al. (1994) reported that aggregates
ranging from 2 to 0.25 mm in size need to be protected
by organic carbon binding agents otherwise, under heavy
and intensive cultivation, the aggregates would be
disrupted.
Angers and Mehuys (1989) also reported that in a clay
soil of a humid region applying a no-till system resulted in
in conserving a higher amount of organic carbon and
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Table 6. Effects of tillage and crop establishment methods on steady-state infiltration rate in a 3
years wheat crop.

Tillage treatment
ZT

BPW

CT

¶

I1
I2
I3
I4

0.20ab
0.18c
0.14c
0.12c

2010-2011
cm h-1
0.23c
0.20c
0.16d
0.13d

I1
I2
I3
I4

0.46a
0.35b
0.32b
0.31b

0.48a
0.35b
0.32b
0.33b

0.44a
0.43a
0.39ab
0.34bc

I1
I2
I3
I4

0.34b
0.32c
0.32b
0.28b

0.31b
0.30b
0.29b
0.25a

0.27ab
0.26abc
0.24abc¶
0.21bc

Irrigation regime treatment

2009-2010

2011-2012
0.27b
0.23a
0.14c
0.13c

Within a column, means followed by the same letter are not different at the 0.05 level of probability

more stable aggregates compared to other tillage
treatments.
Infiltration
The steady state infiltration rate at wheat harvest had
differences in treatments and with time (Table 6). It was
consistently highest with an overall average of 0.37 cm
h−1 in (raised bed), lowest at 0.18 cm h−1 in zero till and
intermediate (0.27 to 0.30 cm h−1) in conventional till
treatment. The time trend showed a decline (0.02 to 0.03 cm
h-1 year-1) in infiltration rate in T1 and T2, and an increase
(0.01 to 0.03 cm h-1 year-1) in T3 and T4 (Table 6).
Infiltration decreased with time in conventional tillage,
probably because of progressive destruction in soil
structure and an increase in subsoil compaction.
Infiltration after ZT and raised beds increased with time,
indicating improvement in soil structure, as also
supported by soil aggregation. Savabi et al. (2007)
reported that ZT in medium textured soils (silty loam and
silty clay loam) enhanced infiltration rates with time.
Arshad et al. (2004) found average infiltration was 30%
lower under conventional tillage as compared with notillage in western Canada. No-tillage practices have been
reported to maintain and sometimes enhance soil
aggregation (Liebig et al., 2004), increase soil porosity
(Dam et al. 2005), and produce more root channels
(Kennedy and Schillinger 2006).Tillage-based cropping
systems, like the BPW treatment in this study, may cause
more surface sealing or a shear plane at the depth of
tillage (tillage pan) and therefore impede water infiltration.
Tillage also mechanically breaks pore continuity and

hinders biopore formation which reduces infiltration in
CT.Infiltration rate is the functions of pore size
distribution. Both of these processes increase with an
increase in soil macro porosity.
Raised beds caused loosening of the surface soil layer
thereby increasing the macroporosity and hence
increasing the infiltration rate. Higher values of infiltration
under CT than ZT were also reported by (Barzegar et al.,
2004). The situation however, may be different under
continuous zero till systems than in rice-wheat system. A
soil continuously under zero till management especially
when crop residues are left on the soil surface may show
higher infiltration rates values due to root channels
formed in soil and enhanced earthworm activity as was
observed by (Barnes and Ellis, 1979).Several other
workers reported higher infiltration rate under ZT system
due to the formation of continuous soil bio-pores (Ehlers,
1975; Unger and Cassel, 1991).
The changes in pore characteristics induced by tillage,
had a substantial effect on cumulative infiltration.BPW
with I4 treatment of irrigation scheduling had the highest
infiltration throughout the time of water application. The
differences in initial infiltration and reduction of infiltration
rate with time among tillage treatments imply higher
capability of BPW pore system to increase amount of
water infiltrating before filling macro-pores and reaching
steady state.
This can be supported by higher contribution of large
pores (Table 5) and flow-active porosity throughout the
profile in BPW than in the remaining treatments. Our
infiltration data contrast with results showing that pores in
ZT can be more effective in transmitting water than in CT
(Kay, 1990; McGarry et al., 2000).
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Table 7.Yield and PUE for the different tillage practices in a 3 year wheat crop under study.

Tillage practice
I1
I2
I3
I4

PSE (%)
21.9
23.8
27.3
24.9

Yield (kg ha-1)
3485bc (62)
3800ab (100)
3928c (142)
4270ab (190)

PUE (kg m-3)
0.38
0.54
0.66
0.57

BPW

I1
I2
I3
I4

23.0
20.8
39.2
33.7

3609ab (116)
3975b (235)
4249c (366)
4569bc (472)

0.53
0.62
0.75
0.71

CT

I1
I2
I3
I4

20.5
19.9
24.4
22.7

3789ab (85)
4323bc (97)
4468cd (168)
4857 d (88)

0.83
0.84
0.64
0.67

Tillage treatment
ZT

Values between brackets indicate standard error. Average values in the same column followed by the same letter are not significantly
different according to Student–Newman–Keuls test (ά = 0.05).

Greater infiltration of soil under BPW (CA) than ZT and
CT in our study can be due to relatively low susceptibility
to sealing that could stop the entry of water to the high
interaggregate flow-active porosity in BPW.It is worthy to
note that the pore structure under BPW allowing the
improved infiltration, persisted until the end of growing
season when the measurements were conducted. It
indicates that soil in BPW did not show a characteristic
trend for BPW soil to become less porous with time
(Horn, 2004).Delayed densification of the BPW soil in our
study could be associated with stable aggregate structure
and optimum moisture conditions during tillage.
Favourable effect of tillage at the optimum moisture on
the stability of soil structure has been reported earlier by
Vez (1979) for a similar soil type. Shaver et al. (2002)
reported that physical properties such as bulk density and
porosity near the soil surface are most important for
dictating the infiltration characteristics of the soil at the
soil-water interface.

Effect of tillage on water
precipitation use efficiency

conservation

and

The effectiveness of the tillage practices in storing
rainwater relative to the amount of rainfall during the
fallow period, expressed in terms of PSE, in yield and use
of effective rainfall, expressed as PUE is summarised in
Table 7.Tillage practices significantly influenced PSE.It
was greatest for BPW and ZT, followed by CT.The water
storage efficiency were 21.9, 24.5 and 29.2%,for CT,ZT
and BPW, respectively.
Soil water profile data indicated that on average ZT
stored the most water in the 0 to 30 cm zone and this

was significantly so when compared to CT.Below this
zone,ZT stored the least amount of water and this was
significantly so in the 30 to120 cm zone. The BPW stored
less water than CT and ZT in the 0 to 30 cm zone but
stored the highest in the 30 to 120 cm zone.
It was shown that the effect of conservation tillage
compared to conventional tillage was most pronounced
during the driest and normal years. During those years,
BPW was the best practice in terms of conservation of
water and crop yield. It showed the highest increase in
water storage during the fallow period, and the highest
yields, and precipitation use efficiencies (PUE). ZT also
showed relatively good results, followed by CT.
Water use efficiency
Tillage treatments showed a significant effect on water
use efficiency (WUE) during the 2009 to 2010 cropping
year (Table 8). Numerically, the highest WUE of 15.47
kg·ha-1·mm-1 was found under BPW treatment and the
lowest of 13.38 kg·ha-1·mm-1 under CT.Conversely, the
amount of water used (m3) to produce 1 kg of wheat grain
varied between 2.03 m3·kg–1 in ZT and 2.51 m3·kg–1 in
CT treatments. Similar to grain yield data, the WUE for
2010 to 2011 and 2011 to 2012 cropping seasons were
different. During 2010 to 2011, the highest WUE (18.25
kg·ha–1·mm–1) was obtained with BPW and the lowest
(16.87 kg·ha–1·mm–1) with the CT and ZT treatment (Table 8).

Conclusions
Water is the most limiting factor for crop production in
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Table 8. Tillage effects on change in soil water storage, soil water depletion and water use efficiency
under wheat crop during 2009 to 2010 to 2011 to 2012.

Tillage
mm 305 mm−1 soil depth
Water storage
ZT
BPW
CT
Water depletion
ZT
BPW
CT
kg ha−1 mm−1 soil depth
Water use efficiency
ZT
BPW
CT

2009-2010

2010-2011

2011-2012

137.73
a
161.29
150.43a

a

171.56ab
186.82a
183.13a

160.02a
191.71a
188.92a

174.63a
a
189.48
197.87a

192.47a
215.90a
225.17a

210.88a
216.41a
228.03a

14.13a
a
15.47
ab
13.38

17.86a
18.25ab
16.87a

15.91a
18.48a
14.40a

irrigated farming in the western Uttar Pradesh. This study
showed that from a water conserving perspective,
conservation tillage (ZT and BPW) could be an
ecologically sound approach in the irrigated areas in the
western Uttar Pradesh.BPW practices significantly
increased the precipitation storage efficiency and the
water use efficiency. Over our study period (2009 to
2012) BPW was the most suitable conservation tillage.
Although in general, ZT had a positive effect on yield
which may be an indication that in the longer term, it may
be as good an alternative as BPW.
The irrigation treatments did not affect soil physical
properties but tillage systems did affect these properties.
The ρb and SPR values of BPW plots were 8.2 and 13%,
respectively, lower compared to ZT plots which increased
the porosity (8.9%) and the steady infiltration rate (4.5
times) under BPW plots. The rice crop management, rice
crop was grown previous to the wheat crop, created
adverse soil conditions which partially caused the lower
values of infiltration rate in wheat plots which followed
rice. When comparing tillage systems, the soil was
loosened with a plough for BPW which decreased the ρb,
increased soil porosity as well as the steady infiltration
rate compared to zero-tilled wheat at the time of crop
harvest.
The improved soil properties under BPW systems
improved the wheat yield; however the yield differences
were significant between tillage treatments during the all
three cropping year. Zero-till wheat provided better soil
physical conditions, namely soil ρb, SPR, infiltration, and
soil distribution of aggregates for R–W system
productivity through physical manipulation of soil as well
as changes in SOC content.
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Eastern India, which is one of the major contributors in total food production of the country, is facing
uncertainties of weather events during the recent years and farmers are encountering agricultural
drought like situation, leading to reduction in major food grain production and productivity. To minimize
the adverse effect of weather variability on the yield reduction of the major field crops of this area, the
referred study was conducted with peanut crop, an alternate cash crop, to evaluate the optimum
combination of sowing time and phosphorus fertilization strategy on the potential yield enhancement.
Two field experiments were conducted during 2012 and 2013 at Indian Institute of Technology
Kharagpur, India. Four sowing dates (14th January, 29th January, 14th February and 28th February) in main
plot and four fertilization levels (0 kg P2O5 ha-1, 40 kg P2O5 ha-1, 60 kg P2O5 ha-1 and 80 kg P2O5 ha-1) in the
sub plots were assigned in split-plot design with three replications. The reported study shows that
sowing dates in combination with the phosphorus fertilization have less impact on peanut crop, in terms
of pod yield, harvest index, shelling percent etc. In this study, higher peanut pod yield (2305.00 and
2285.33 kg ha-1) and shelling percent (73.77 and 83.76) in 2012 and 2013, respectively were obtained
during mid to end of February sowing date with application of 40 and 60 kg P2O5 ha-1 in the sub-humid
climate of Eastern India.
Key words: Peanut, weather variability, sowing date, phosphorus fertilizer, pod yield, harvest index, shelling
percent, pods per plant

INTRODUCTION
Peanut (Arachis hypogaea L.) is an important legume
cash crop worldwide, due to the high nutritive value of its
seeds which is considered to be rich in protein and fats in
addition to other vital components. Peanut is an important
source of edible oil and protein. It may supplement other

protein deficiency in lysine such as cereals, and hence
their usage together is fruitful in creating human-food
balance especially in developing countries. Moreover,
green leafy organs of peanut contain more than 10%
protein, which is another important feature of the crop as
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a good fodder for livestock. In India, peanut is grown on
5.31 M ha area with a production of 6.93 m MT, with an
average productivity of 1.30 MT ha-1, during post rainy
season (Agricultural Statistics at a Glance, 2012).
In India, rice (Oryza sativa) is the major kharif (rainy
season) crop and rice based cropping sequence is
predominant, mainly in the eastern part of the country.
For growing rice, plenty of water, huge amount of
chemical fertilizers and pesticides are applied to increase
the crop yield, which is causing over-exploitation of
groundwater resources and deterioration of soil health.
Therefore, appropriate management of natural resources,
alternate cropping system or multiple cropping
sequences are considered to be the best management
practice to restore the resources. Peanut can replace the
potential rice cultivated areas and can improve the soil
health by adding atmospheric nitrogen through its
nodulation. It also requires lesser irrigation, thereby
resulting in water saving. Growing of peanut as summer
crop (end of January to April) or as monsoon (Kharif)
crop (June to October) in place of rice can change the
present scenario and simultaneously can improve the
economy of the country. In South India, November is
considered as the best sowing time of the rabi peanut on
residual soil moisture, and sowing between December to
end of January is most suitable sowing time to get higher
yield of irrigated peanut crops. Different sowing dates in
summer season significantly influence the peanut dry pod
yield, shelling percentage and test weight. The highest
dry pod yield was recorded with 16th January sown crop
(2694 kg ha-1) as compared to 1st January (2537 kg ha-1)
and 31st January sowing (2340 kg ha-1). On contrary, the
shelling percent and test weight was significantly higher
in 1st January sowing (65.70% and 34.60 g, respectively),
than that of 16th January sowing (64.40% and 34.30 g)
and 31st January sowing (61.80% and 32.70 g),
respectively (Attarde et al., 2001a).
Though phosphorus is considered as second major
nutrient after nitrogen (Gervey, 1987) in plant essential
nutrients list, it plays an important role in crop growth and
development and ensures good yield (Sharma and
Yaday, 1997). According to Balasubramanian et al.
(1980), application of phosphorus fertilizer results in
better nodulation and seed yield of legumes. Prihar and
Tripathi (1989) reported that application of nitrogen and
phosphorus fertilizers can increase total dry matter
accumulation by enhancing growth attributing characters
(viz. root growth, leaf area, shoot growth, branching).
Deshmukh et al. (1993), Nasr-Alla et al. (1998) and ElHabbasha et al. (2005) reported that, increase of
phosphorus and potassium fertilization independently or
combination can increase the yield and yield attributes of
peanut. Bhatol et al. (1994) also found that nitrogen
fertilizer decreased the oil content of groundnut, while
phosphorus fertilizers can increase the yield and quality
significantly with the increasing rate of 30 to 60 kg P2O5
ha-1 (Gobarah et al., 2006).

Keeping these facts in mind, the present study was
conducted to assess the effect of planting time and
different levels of fertilization on performance of peanut
crop in the Eastern Indian condition, and to determine the
appropriate combination of planting time and phosphorus
fertilization levels to acquire maximum yield of peanut.
MATERIALS AND METHODS
Experimental site
Field experiments were conducted during two consecutive summer
seasons (January to April), in 2012 and 2013 at the Department of
Experimental Farm of Agricultural and Food Engineering, Indian
Institute of Technology Kharagpur, India, (22.19° N latitude and
87.19° E longitude, altitude 48 m above the mean sea level) to
investigate the response of the selected peanut variety (TMV-2) to
different combinations of planting dates and phosphorus fertilization
levels.

Climatic condition
The experiment site is sub-humid, subtropical with hot and humid
summer (April and May), rainy during June to September,
moderately hot and dry in autumn (October and November), cool
and dry in winter (December and January) and moderate is spring
(February and March). The site receives an average annual rainfall
of 1200 mm, out of which 70 to 75% occurs in the monsoon
seasons of June to October. The average temperature varies
between 21 and 32°C. During the 2012 cropping season (2nd week
of January to 2nd week of May), a total amount of 166.57 mm rainfall
was recorded in the Automatic Weather Station, installed at the
experimental site, whereas, during the 2013 cropping season, a
total of 103.8 mm rainfall was received. During the 2012 crop
growing season, the maximum and minimum temperatures varied
between 24.5 to 40.1°C and 14.7 to 24.4°C, respectively with mean
temperature varying from 19.6 to 32.2°C. Whereas during the 2013
crop growing season, it varied between 24.2 to 33.4°C, 12.8 to
28.7°C and 18.6 to 30.3°C, respectively (Figure 1). The average
relative humidity (%) during peanut growing period that is, Av RHI
(morning time) and Av RHII (evening time) varied between 49.82 to
70.71% and 34.54 to 53.33% in the year 2012. During 2013
cropping period, the RH values (RHI and RHII) varied between
65.54 to 78.75% and 38.30 to 63.21%.
Soil character
The study area is situated in red and laterite zone of West Bengal
with sandy loam textured soil, which is taxonomically grouped
under the group ‘Alfisol’. The physical properties are presented in
Table 1.

Description of cultivar
Peanut
TMV-2, a Spanish variety evolved at Tindivanum, Tamil Nadu, India
by mass selection from local cultivar Gudiatham was used as the
experimental crop. It is a bunch and non-dormant variety with crop
growing period of 105 to 110 days. Its yield potential is 3000 kg ha-1
under irrigated conditions with a shelling percent of 76.7 and oil
content of 46.0%.

Temperature max and min (°C)
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Rainfall (mm)
Rainfall (mm)

(a)

Tmax (°C)
Tmin (°C)
Mean
temperature (°C)

Month
Temperature max and min (°C)

Rainfall (mm)
Rainfall (mm)

(b)

Tmax (°C)
Tmin (°C)
Mean
temperature (°C)

Month
Figure 1. Weather parameters during Peanut cropping period (January to May) of (a) 2012 and (b) 2013.

Table 1. Physical properties of different soil profiles of the experimental crop field used for experimental
crops.

Soil depth
(cm)
0 - 15
15 - 30
30 - 45
45 - 60
60 - 90

Particle size distribution (%)
Clay
Silt
Sand
14.3
26.2
59.5
21.0
19.3
59.7
27.3
20.2
52.5
28.6
19.2
52.2
29.7
24.7
45.6

Bulk density
(g/cm)

Saturated hydraulic
conductivity (cm/day)

1.69
1.56
1.59
1.63
1.69

9.84
6.72
0.89
0.74
0.34

Source: Kashyap (2001).

Experimental details
Treatment details
The treatment details are depicted as follows:
Factor I (Sowing dates): (i) p1: 14th January; (ii) p2: 29th January; (iii)
p3: 13th February and (iv) p4: 28th February.
Factor II (Fertilization level, kg ha-1): (i) q1: Control (N: P205 : K2O::
0:0:0); (ii) q2: N: P205: K2O:: 20: 40: 40; (iii) q3: N: P205: K2O:: 20: 60:
40 and (iv) q4: N: P205: K2O:: 20: 80: 40.
Experiment design
Field experiments were laid out in the split-plot design, with three

replications and a total of 48 plots. The experiment consisted of 16
combinations of treatments viz. 4 planting dates and 4 levels of
phosphorus fertilizer. Planting dates were considered in the main
plot as the first factor and fertilization levels in the sub-plot as the
second factor. The individual plot size was 5.0 × 4.0 m, each plots
were separated by 60 cm border strip, and the row to row and plant
to plant distance considered was 30 × 20 cm.

Cultural operation
Land preparation
The experimental field ploughed 3 to 4 times followed by harrowing,
just to get good tilt. Well-rotted farm yard manure (FYM) at 10 t ha-1
was applied and mixed with the soil at the time of final land
preparation.
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Fertilizer application

Statistical analysis

Nitrogen (N), phosphorus (P) and potassium (K) fertilizers were
applied in the form of urea (46% N), single super phosphate (16%
P2O5) and Muraite of potash (60% K2O), respectively. Half of each
recommended level of urea and entire quantity of recommended
levels of phosphorus and potassium fertilizer (20:40:40, 20:60:40
and 20:80:40) were applied at the time of sowing. Remaining 3/4th
of urea fertilizer was applied in two splits, once after 30 days after
sowing (DAS) and another at 45 DAS.

The effects of the different factors (4 planting dates and 4 levels of
phosphorus fertilizers) and their interactions were studied in one
experiment with same precision by dividing each block into a
number of plots equal to the number of treatment combinations in
these plots. The significance of different sources of variation was
tested by “error mean square” by Fisher and Snedecors F-test at 5%
level of significance (P = 0.05). Comparison of F-tables and
computation of critical differences (CD) at P = 0.05 were made using
the Fisher and Yates table. Statistical analysis and interpretation of
results were made by calculating values of standard error means
(SEM) and CD at 5% level of significance. The SEM, and the value of
CD used to compare the difference between means is presented in
each of the table (Tables 2 and 3) of results.

Seed treatment and after care
Before sowing, the seeds were treated with Rhizibium culture at 25
gm kg-1 seeds and were sown in shallow furrows at 5 cm depth with
30 × 20 cm spacing. All the regular agricultural management
practices were followed during the 2 years of crop experiments. For
control of late leaf spot and leaf rust the crop was sprayed with
carbendazim (50% WP) at 0.5 g lit-1 and Mancozeb (75% WP) at 45
and 60 DAS, respectively.

RESULTS
Effect of sowing dates, phosphorus fertilization
levels and their interactions on growth parameters of
peanut

Irrigation

Effect of sowing dates
Irrigation scheduling was done based on the available soil moisture
level using time demain reflectometer (TDR) (Martin et al., 1990)
and Gravimetric methods. Field capacity moisture percentage was
maintained through out the crop growing period.

Harvesting
The crop was harvested at physiological maturity (100 DAS). Entire
population of plants in 1 m2 area were uprooted from the net plot
area of each treatment separately and spread in the field for drying.
The pods were plucked from the plants. All dirt, soil impurities, and
immature pods were removed and developed pods were completely
sun-dried for a period of 1 week.

Data collection
Growth and yield parameters
The growth and yield parameters of plants namely: plant height
(cm), number of branches/plant, above ground dry matter
(ADM)/plant, number of pods/plant, pod yield m-2 and leaf area
index (LAI) were measured at 25, 50 and 75 DAS. During harvest,
16 plant samples from 1 m2 area of each treatment and each
replication were taken to determine the plant charecteristics by
averaging the above mentioned paramenters, in addition to the final
dry pod yield (kg ha-1), harvest index (HI), shelling percent and test
weight.
The shelling percentage of the graded pods was calculated by
using the following formula:

Weight of graded pods (g) – weight of husk
Shelling percentage =

× 100
Total weight of graded pods (100 g)

Harvest index was calculated using the following formula:

Economic yield (g/m2)
Harvest index =
Biological yield (g/m2)

The growth parameters viz. plant height, number of
branches per plant, LAI and ADM were measured at 25,
50 and 75 DAS during 2012 and 2013 crop growing
season. During both the crop growing season almost
similar trend was noticed in the growth parameters
(Tables 2 and 3). Significant differences among all growth
parameters were found in all the four sowing dates,
except LAI. During both the crop seasons p2 (28th
January), p3 (14th February) and p4 (28th February) were
mostly found to have large deviation with the shifting of
sowing dates. Highest LAI (1.97) was recorded with p1
and p4 (14th January and 28th February) date of sowing at
75 DAS during 2012, however, the highest ADM (16.5 g
m-2) was obtained with p3 (14th February) sowing dates at
75 DAS. During 2013, the highest LAI (2.46) and ADM
(38.45 g m-2) were found at 75 DAS with p4 (28th
February) date of sowing.
Effect of phosphorus fertilization
There was no significant effect of phosphorus fertilization
on growth parameters of peanut during 2012. Only plant
height and ADM varied significantly due to the variation in
levels of phosphorus fertilizer at 75 DAS (Table 3). On
the other hand, during 2013, all the growth parameters
exhibited significant variations due to variation in
phosphorus fertilization level. Highest plant height (34.83
cm), number of branches (21.10), LAI (2.45) and ADM
(33.62 g m-2) were recorded by q4 (80 kg P2O5 ha-1)
fertilization level at 75 DAS (Table 3). The results reveal
that all these parameters were the principal constituents
which control the biomass accumulation. Moreover,
increase in phosphorus fertilization levels (q3: 60 kg ha-1
and q4: 80 kg ha-1) also plays a significant role in
improvement of all the growth parameters.
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Table 2. Effect of sowing dates, phosphorus fertilization levels and their interaction on plant height, number of branches, Leaf Area Index (LAI) and above ground dry matter
(ADM) of peanut for 2012 season.

Treatment

Plant height
(cm)

25 DAS
Number of
branches

LAI

ADM
(g/m2)

Plant height
(cm)

50 DAS
Number of
branches

LAI

ADM
(g/m2)

Plant height
(cm)

75 DAS
Number of
LAI
branches

ADM
(g/m2)

Sowing dates (p)
p1 (14th January)
p2 (29th January)
p3 (14th February)
p4 (28th February)
SEM
CD (P = 0.05)

11.65
13.58
8.34
10.79
0.35
1.22

6.00
5.90
6.80
6.80
0.18
0.64

0.20
0.23
0.17
0.15
0.06
NS

0.77
0.60
2.32
1.80
0.08
0.28

18.67
17.63
42.72
34.70
0.63
2.17

7.00
8.00
13.50
14.50
0.19
0.65

0.45
0.54
1.67
0.83
0.04
0.15

1.10
1.10
8.10
8.60
0.18
0.64

33.4
48.2
59.0
58.6
1.86
6.43

12.3
16.8
21.0
21.8
0.59
2.04

1.97
1.66
1.74
1.97
0.13
NS

11.4
11.3
16.5
12.1
0.40
1.40

Phosphorus fertilizer (q)
q1 (P2O5 = 0 kg/ha)
q2 (P2O5 = 40 kg/ha)
q3 (P2O5 = 60 kg/ha)
q4 (P2O5 = 80 kg/ha)
SEM
CD (P = 0.05)

10.73
10.7
11.38
11.51
0.27
NS

6.30
6.30
6.50
6.50
0.11
NS

0.18
0.20
0.18
0.19
0.01
NS

1.36
1.36
1.24
1.52
0.10
NS

27.36
28.41
28.71
29.24
0.78
NS

10.75
10.92
10.50
10.83
0.26
NS

0.82
0.86
0.92
0.90
0.04
NS

4.60
4.40
5.10
4.70
1.94
NS

48.90
48.00
49.70
52.60
0.80
2.23

17.9
17.8
17.8
18.3
0.30
NS

1.39
1.78
1.98
2.19
0.06
NS

11.1
12.3
13.4
14.4
0.32
0.95

Interactions (p × q)
p1q1
p1q2
p1q3
p1q4
p2q1
p2q2
p2q3
p2q4
p3q1
p3q2
p3q3
p3q4
p4q1
p4q2
p4q3
p4q4

11.33
11.60
11.59
12.07
13.40
13.30
14.03
13.6
8.00
7.70
8.17
9.50
10.17
10.40
11.73
10.87

6.0
6.0
6.0
6.0
5.7
6.0
6.0
6.0
7.0
6.3
7.0
7.0
6.3
7.0
7.0
7.0

0.19
0.20
0.21
0.19
0.23
0.23
0.23
0.24
0.15
0.16
0.17
0.19
0.16
0.20
0.13
0.13

0.93
0.86
0.50
0.76
0.56
0.64
0.49
0.66
1.92
2.34
2.29
2.72
2.02
1.57
1.68
1.96

18.10
17.63
18.93
20.00
17.50
17.13
17.70
18.20
39.33
42.00
43.37
46.17
34.50
36.87
34.83
32.60

7.33
6.67
7.33
6.67
8.00
8.33
7.67
8.00
13.33
13.33
13.00
14.33
14.33
10.92
10.50
10.83

0.44
0.38
0.47
0.49
0.47
0.48
0.57
0.64
1.59
1.79
1.77
1.51
0.78
0.77
0.85
0.94

1.10
1.10
1.40
1.00
1.00
1.00
1.10
1.10
6.70
7.70
9.40
8.50
9.50
8.00
8.70
8.40

31.0
34.3
33.7
34.6
45.7
42.7
47.1
57.5
59.3
57.3
58.8
60.5
59.5
57.5
59.3
57.8

11.0
12.7
12.0
13.7
17.0
17.0
16.0
17.0
21.0
20.7
21.0
21.3
22.7
21.0
22.0
21.3

1.46
2.03
2.23
2.16
1.28
1.25
1.58
2.52
1.37
1.80
1.89
1.90
1.46
2.03
2.23
2.16

7.60
12.2
13.2
12.5
11.4
10.2
9.70
13.7
14.3
14.9
18.2
18.7
11.0
11.7
12.7
13.1
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SEM
CD (P = 0.05)

0.52
NS

0.24
NS

0.02
NS

0.17
NS

1.28
NS

0.40
NS

0.08
NS

1.94
NS

1.22
3.66

0.72
NS

0.16
0.51

0.61
1.93

Table 3. Effect of sowing dates, phosphorus fertilization levels and their interaction on plant height, number of branches, leaf area index (LAI) and above ground dry matter
(ADM) of peanut for 2013 season.

25 DAS
Treatment

50 DAS
LAI

ADM
(g/m2)

Plant height
(cm)

Number of
branches

7.00
6.90
8.20
9.10
0.10
0.37

0.17
0.13
0.13
0.19
0.03
NS

0.38
0.92
1.20
2.02
0.29
1.00

13.03
14.25
15.31
23.23
0.57
1.95

5.14
5.77
6.14
7.17
0.19
0.56

7.50
7.80
7.80
8.10
0.11
0.33

0.17
0.17
0.13
0.14
0.01
NS

1.51
1.81
1.95
2.23
0.08
0.25

4.67
4.60
4.67
6.17
6.00
6.50
7.00
8.17
4.73
6.13
6.40

7.00
7.00
7.00
7.00
6.70
7.00
7.00
7.00
8.00
8.00
8.30

0.14
0.17
0.19
0.19
0.16
0.13
0.10
0.13
0.17
0.13
0.09

0.32
0.37
0.39
0.43
0.83
0.98
0.93
0.92
2.52
3.81
5.25

Plant height
(cm)

Number of
branches

Sowing dates (p)
p1 (14th January)
p2 (29th January)
p3 (14th February)
p4 (28th February)
SEM
CD (P = 0.05)

5.03
6.92
5.90
6.38
0.21
0.75

Phosphorus fertilizer (q)
q1 (P2O5 = 0 kg/ha1)
q2 (P2O5 = 40kg/ha)
q3 (P2O5 = 60kg/ha)
q4 (P2O5 = 80kg/ha)
SEM
CD (P = 0.05)
Interactions (p × q)
p1q1
p1q2
p1q3
p1q4
p2q1
p2q2
p2q3
p2q4
p3q1
p3q2
p3q3

75 DAS
LAI

ADM
(g/m2)

Plant height
(cm)

Number of
branches

LAI

ADM
(g/m2)

11.80
10.30
13.80
15.80
0.18
0.63

0.83
0.82
2.31
0.95
0.14
0.49

3.12
8.11
26.61
12.62
2.83
9.80

21.73
26.98
30.42
39.08
1.62
5.61

18.20
20.10
18.60
18.00
1.05
NS

1.18
2.42
1.74
2.42
0.24
0.82

16.25
21.81
23.96
38.45
3.33
11.54

13.23
15.67
17.37
19.55
0.38
1.12

11.40
12.40
13.90
13.80
0.19
0.57

1.20
1.32
1.26
1.13
0.12
NS

11.31
12.32
12.73
14.10
0.44
1.28

24.50
28.27
30.61
34.83
0.79
2.31

16.90
18.30
18.50
21.10
0.41
1.22

1.57
1.70
2.05
2.45
0.38
1.19

18.63
21.93
26.29
33.62
0.77
2.25

10.47
12.30
14.50
14.83
10.70
14.30
15.63
16.37
14.17
14.40
15.50

9.00
10.30
13.30
14.30
8.30
9.30
12.30
11.00
13.30
14.00
14.00

0.77
0.95
0.94
0.67
0.60
0.71
1.10
0.88
2.34
2.27
2.14

2.99
2.48
3.54
3.49
7.95
8.59
7.90
8.00
23.83
24.43
27.04

17.50
23.13
21.27
25.00
22.83
24.27
27.17
32.67
25.33
28.33
32.00

15.00
19.30
17.30
21.00
17.00
19.00
19.30
25.00
18.30
17.00
19.30

1.33
1.03
0.73
1.64
1.26
1.38
3.03
4.02
1.37
1.80
1.89

13.04
13.50
17.93
20.55
13.61
23.16
26.39
24.09
15.95
15.60
18.94
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p3q4
p4q1
p4q2
p4q3
p4q4
SEM
CD (P = 0.05)

6.33
5.17
5.83
6.50
8.00
0.35
NS

8.30
8.30
9.00
9.00
10.00
0.92
NS

0.12
0.23
0.26
0.12
0.14
0.03
NS

Interaction
All the growth parameters were influenced by the
combination of sowing dates and phosphorus
fertilization level during both the years of
experimentation. During first year of experiment
(2012), highest plant height (60.5 cm) and ADM
(18.7 gm-2) was obtained with the interaction of
p3q4 treatment and branch number (22.7) and LAI
(2.52) were also recorded at 75 DAS with p4q1
and p2q4 treatment combination (Table 2).
However, during second year (2013), the
highest value of ADM (45.34 g m-2) was obtained
for the p3q4 combined treatment. The maximum
number of branches (25.0) was obtained with p2q4
treatment combination, whereas, maximum LAI
(4.02) was found at 75 DAS with p4q4 and p2q4
treatment combination, respectively (Table 3).
Effect
of
sowing
dates,
phosphorus
fertilization levels and their interaction on
yield parameters of peanut crop
Effect of sowing dates
The effect of sowing dates on the yield
parameters viz. pods per plant, pod yield, harvest
index, shelling percent and test weight of peanut
during experiment are presented in Figure 2a to e.
Significant difference was found in pods per plant,

5.23
2.38
2.10
1.23
2.36
0.32
1.06

17.17
17.60
21.67
23.83
23.83
0.78
2.50

14.00
15.00
16.00
16.00
16.00
0.33
1.02

2.03
1.09
0.91
0.87
0.94
0.23
NS

31.12
10.48
13.78
12.43
13.78
2.90
9.97

pod yield, shelling percent and test weight during
2012 and 2013 crop growing season (Figure 2b, d
and e). From Figure 2a, it can be revealed that
during 2012 the number of pods per plant was
higher than 2013 but followed almost the same
trend during both the cropping season. For pod
yield (Figure 2b), the slightly highest yield (2305
kg ha-1) was found during 2012 with p2 (29th
January). The average pod yield of the two year
experiment shows that, in the second year yield
reduction was 1.50% from the first season due to
the unavailability of rainfall at the early stage of
crop growth during the second year experiment.
On the other hand, a considerable difference was
found for shelling percent and test weight (g)
among the four sowing dates as shown in Figure
2d and e during both the crop growing season.
From figure 2d, it can be seen that during 2013
crop experiment, the shelling percent was higher
than 2012 crop experiment with the shifting of
sowing dates from p2 to p4, with the highest
shelling percent of 74.45%. In case of test weight,
the value was higher during 2012 than 2013 for
first three sowing dates, with the highest value of
37.61 for p2 (29th January) sowing date.

Effect of phosphorus fertilization levels
The effect of different phosphorus fertilization

36.00
32.33
37.33
41.00
45.67
1.97
NS

19.70
17.30
18.00
18.00
18.70
1.20
4.02

1.90
2.33
2.58
2.54
2.25
0.38
1.19

45.34
31.92
35.48
41.92
44.50
3.51
11.96

levels on peanut yield parameters are presented
in Figure 3a to e. It can be revealed from the
Figure 3a that during 2012 cropping season, the
pods per plant increased with the increase in
phosphorus fertilization level up to q3 (60 kg P2O5
ha-1), whereas during 2013 cropping season, pods
per plant has increased up to q4 fertilization level.
The slow increase of pod per plants may be
because of the use of slow releasing phosphorus
fertilizer (coated granular phosphorus) which
showed late response in crop yield. Moreover, a
significant difference can be seen between both
the cropping seasons due to the variation in the
levels of phosphorus fertilization. It was also found
that the pod yield, harvest index and test weight
did not show any difference during both the
cropping period and followed the same trend with
the increase in phosphorus fertilization levels.

Interaction
Figure 4a to e shows the combined effect of both
sowing dates and phosphorus fertilization levels
during 2012 and 2013 crop growing seasons. The
sowing dates and phosphorus fertilization levels
together have no significant effect on yield and
yield attributes during 2012 and 2013 crop
growing period. Highest pods per plant (53.7)
recorded with p3q3 treatment combination in the
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(a)

(b)

(c)

(d)

Date of sowing

(e)

Figure 2. Effect of sowing dates on yield parameters (a) Pods per plant; (b) Pod yield
(kg/ha); (c) Harvest Index (d) Shelling per cent and (e) Test weight (g) of Peanut
during 2012 and 2013.
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(a)

(b)

Phosphorus Fertilization levels

(c)
(c)

(d)

Phosphorus Fertilization levels (e)
(e)

Figure 3. Effect of Phosphorus fertilization levels on yield parameters (a) Number
of pods per plant; (b) Pod yield (kg/ha); (c) Harvest Index (d) Shelling per cent and
(e) Test weight (g) of Peanut during 2012 and 2013.
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Treatments

(a)(a)

Treatments

(b)
(b)

Treatments

(c)
(c)

Treatments

(d)
(d)

Treatments

(e)
(e)

Figure 4. Interaction effect of sowing dates and Phosphorus fertilization levels on yield
parameters (a) Number of pods per plant; (b) Pod yield (kg/ha); (c) Harvest Index (d)
Shelling per cent and (e) Test weight (g) of Peanut during 2012 and 2013.
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year 2012, against (39.04) with p3q4 combination of 2013
(Figure 4a). With different level of phosphorus fertilizer
and shifting of sowing dates beyond 29th January, shelling
percentage decreased during both years experiments
(Figure 4d). No significant difference was found in test
weight during 2012 and 2013, however, highest test
weight (38.34 g) recorded with p2q1 combination during
2012 (Figure 4e).
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fertilization level from 30 to 60 kg P2O5 ha-1
simultaneously increased vegetative growth, and yield
parameters of peanut crop.

Effect of sowing dates, Phosphorus fertilization
levels on yield parameters
Sowing dates

The results of the study reveal that shifting of sowing
dates has significant effect on the growth, yield and yield
parameters of peanut. The sowing dates had effect
especially on the date emergence, flowering, formation of
primary and secondary branches, the maturity dates and
yield. The above described study revealed that sowing on
14th and 28th February (p3 and p4) did not help in
increased in the vegetative growth and development.
Late planting exposes plants to warmer weather and
longer photoperiods. According to Muldoon (2002), late
planted crop has shorter time period for the vegetative
growth and formation of pods. This simultaneously
reduces the growth rate and the rate of pod formation.
At the same time, soil temperature is also an important
parameter for the germination and vegetative growth of
crop. Temperature of around 10°C is suitable for the
germination of peanut, while the optimum temperature for
emergence is between 25 to 30°C (Awal and Ikeda,
2002; Prasad et al., 2006). The soil temperature during
the study period was very close to the required minimum
temperature which helped in good germination and better
vegetative growth of peanut crop during both the
seasons.

The study revealed that shifting of sowing dates up to
mid-February helps in increasing yield. Attarde et al.
(2001a) had also reported that during summer season
shifting of sowing dates from 1st January to 16th and 31st
January increases the pod yield. The dry pod yield was
the highest for 16th January sown crop (2694 kg ha-1) as
compared to 1st January (2537 kg ha-1) and 31st January
sown (2340 kg ha-1). Whereas, shelling percent and test
weight were significantly higher for 1st January sowing
(65.70% and 34.60 g, respectively), as compared to 16th
January sowing (64.40% and 34.30 g) and 31st January
sowing (61.80% and 32.70 g), respectively. Similar
results were also reported by Pathi (1994) and Karanjikar
et al. (2004). It was reported that, November is the best
period for sowing rabi peanut in Southern part of India,
whereas, December to end of January is the best period
to obtain highest yield in irrigated summer peanut crop. In
another study, Ravishankar et al. (2010) reported that
early sowing (24th December) gives higher shelling
percent. However, delay in sowing beyond 7th January
registered a significantly lower shelling percent. Similar
finding was reported by Kathirvelan and Kalaiselvan
(2007).
The timely sowing also has a significant effect on the
pod yield, haulm yield and harvest index. A higher pod
yield along with higher haulm yield and harvest index was
reported by Ravishankar et al. (2010) in his study.
Virender and Kandhola (2007) reported that late sowing
lowers the yield due to lower crop water use efficiency in
summer peanut.

Effect of phosphorus fertilization levels

Phosphorus fertilization levels

Phosphorus fertilizer offers the main nutrient element for
the development of root system for legume crop.
Balasubramanian et al. (1980) and Sharma and Yaday
(1997) reported that phosphorus promotes extensive root
development, thereby ensuring a good yield. Phosphorus
fertilizer also enhances the supply of other nutrients and
water to the growing parts of the plants, resulting in an
increased LAI and more dry matter accumulation (Prihar
and Tripathi, 1989).
The above described results show that LAI and
biomass accumulation increased with increase in the
phosphorus fertilization levels (60 to 80 kg P2O5 ha-1).
This result is supported by the findings of Gobarah et al.
(2006) who reported that increased phosphorus

The current study revealed that the pod yield is positively
influences by the level of phosphorus fertilization. The
pod yield of peanut increased with the increase in level of
phosphorus fertilizations. The effect of phosphorus
fertilization on peanut yield was investigated by several
researchers who recommended varied doses of P2O5 kg
ha-1 for raising yield and its attributes, that is, 33 kg
(Kumar and Ray, 1997), 40 kg (Dwivedi and Gautam,
1992), 50 kg (Patel et al., 1995), 60 kg (Yakadri et al.,
1992) and 114 kg (El-Far and Ramadan, 2000). Similar
findings were reported by Kulkarni et al. (1986), Singh et
al. (1994), and Thorave and Dhonde (2007).
The reported study also shows that the phosphorus
fertilization produces the highest HI (0.18) with 0, 40 and

DISCUSSION
Effect of sowing dates, phosphorus fertilization
levels on growth parameters
Effect of sowing dates
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80 kg P2O5 ha-1. This result has been supported by
various past studies which show that phosphorus
fertilization at 20 kg P2O5 ha-1 has significant effect on
harvest index followed by phosphorus fertilization at 60
kg P2O5 ha-1 (Nwokwu, 2011).
In case of test weight during 2012, the highest value
was obtained for the control treatment (0 kg P2O5 ha-1).
During 2013, the test weight increased with the
increasing level of phosphorus fertilization and produced
highest yield with 80 kg P2O5 ha-1. On the contrary,
Nwokwu (2011) reported that the highest test weight of
peanut was found for 20 kg P2O5 ha-1 followed by 40 kg
P2O5 ha-1, while the least was obtained for 0 kg P2O5 ha-1.
So far the number of pods per plant was concerned,
the magnitude increased with the increase in fertilization
level during 2012 and 2013, respectively. The highest
pods per plant was obtained during 2012 was 46.58
respectively with 80 and 40 kg P2O5 ha-1, whereas, for
2013 the highest magnitudes of pods per plant was 35.52
with 80 kg P2O5 ha-1. The above mentioned study is
supported by a study of Mehta and Ram (1996), in which
they registered a significantly higher test weight and
higher number of pods per plant with the application of 50
kg P2O5 ha-1. An increasing trend in pods yield can also
be seen with the increasing fertilization level up to 75 kg
P2O5 ha-1. Similar investigations have been conducted
with application of 60 kg P2O5 by Intodia et al. (1998)
where significant increase in the number of pods per
plant, shelling percentage, pod yield and harvest index of
peanut were obtained. In another study conducted by
Bhatol et al. (1994) concluded that application of 25 kg
P2O5 ha-1 markedly increased the pod yield. However, the
highest yield was obtained for a level of 50 kg P2O5 ha-1.

reduction in pod yield.
The combined effect of sowing dates and phosphorus
fertilization has no significant effect on the harvested
yield and other parameters. All the growth and yield
parameters gave the higher yield with shifting of planting
time from 14th January up to 14th February.

Conclusion
Appropriate nutrient management as well as sowing time
is necessary for attaining good economic return. From
the present experiment it is clear that, combination of
different sowing dates and phosphorus fertilization have
less impact on peanut performance, in terms of pod yield,
harvest index, shelling percent, because the soil is rich in
phosphorus. So, it may be concluded that, higher peanut
yield can be achieved during 2nd fortnight of January to 1st
fortnight February sowing date with 40 and 80 kg P2O5
ha-1 in the sub-humid climate of Eastern India.
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Interaction of sowing date and phosphorus
fertilization levels on crop growth and yield
parameters of peanut
The combined effect of sowing dates and phosphorus
fertilization levels did not have much effect on crop
growth and yield parameters (Tables 2 to 3 and Figures 2
to 4). The pod yield during 2012 and 2013 increased with
shifting of sowing dates (up to 14th February) and
increased fertilization level. Various studies have
reported that delay in planting dates reduces vegetative
and reproductive growth period and the availability of
suitable weather parameters (Canavar and Kaynak,
2010) in term of temperature (maximum and minimum),
solar radiation, rainfall etc. during the critical growth
period. However, in the reported study, the reduction in
yield due to delayed sowing was compensated by the
higher level of phosphorus fertilization, as phosphorus is
required for better seed development and oil quantity. A
similar finding was reported by Canavar and Kaynak
(2010) that during late sowing the peanut varieties get
stressed because of the short growth cycle and
unsuitable growing conditions and ultimately leads to
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The canola constitutes an excellent option for cultivation in winter in Brazil, besides being an
alternative for the production of biodiesel. The aim of this study was to evaluate the phenological
characteristics of hybrid canola sown at different dates in Viçosa, MG. The experiment was conducted
in the experimental area of Horta Velha, belonging to the Federal University of Viçosa (UFV). Seeds of
four hybrids of canola: Hyola 432, 433, 401 and 61 were used. From 26 May, 2009 was held the first
sowing date and the other every 15 days, a total of four sowing dates. Seedling emergence (%), duration
of the vegetative phase (days), duration of flowering stage (days), number of days to the end of
flowering, number of days from emergence to maturity (total cycle), bedding plants (%) and disease
reaction (%) were evaluated. The experimental design was a randomized block in factorial arrangement
with four replications. Data were subjected to analysis of variance and means were compared by Tukey
test (p<0.01). The results showed that Viçosa (MG) have promising characteristics for growing canola.
The most suitable time for sowing canola corresponds to the month of May. Hyola 61 is the hybrid that,
presents faster seedling emergence and uniform, is the material that showed greater adaptation to the
region of Viçosa, based on all traits, regardless of sowing dates. The delay of sowing decreased the
duration of the vegetative and reproductive phases, the days to the end of flowering and duration of
emergence to maturity (total cycle) for all hybrids. Variables lodging and disease reaction of canola
plants were not affected by local conditions and factors considered in this experiment.
Key words: Brassica napus L., development cycle, phenology, management, tropicalization, adaptability,
Viçosa (MG).

INTRODUCTION
The canola crop (Brassica napus L. var. Oleifera
Moench.) in Brazil has been assuming a role for
importance of its products, mainly for human

consumption and agro-energetic purposes, due to its oil
quality, and high levels of protein in bran and its
derivatives. Brazilian research on this crop beginning in
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1974 with varieties obtained from the breeding of
rapeseed (Marchiori et al., 2002; Figueiredo et al., 2003).
The commercial cultivation of canola in the world is
concentrated in regions with temperate latitudes between
35 to 55°; it is a plant adapted to cold regions (Tomm et
al., 2008; Mcclinchey and Kott, 2008). In Brazil, these
thermal conditions are found mostly in the south during
the fall, winter and early spring, corresponding to the
period of the year when canola is grown in these regions
(Dalmago et al., 2010). However, there are several
studies reporting that this culture has the potential for
your tropicalization, or for growing in warmer climates,
such as Brazilian Northeast, for both diversification and
crop rotation (Souza et al., 2008, 2010).
In regions with tropical or subtropical climate,
environmental factors have a great influence on the
phenological development of plants, mainly due to the
availability of solar radiation. Phenology can be defined
as the study of periodic events of the plant cycle
depending on their response to environmental conditions
such as light, temperature, humidity and other (De Fina
and Ravelo, 1973). Through knowledge of phenological
stages, we can obtain more details of the development
cycle of plants, since many times the elapsed time
between two distinct phases can be quite variable
depending
on
the
environmental
conditions
(Bergamaschi, 2012).
Among the applications of phenology, are the
possibility of subdividing the cycle, determining
requirements
eco-climatic
and
critical
periods,
classification of precocious cultivars, the development of
agricultural zoning and proper management of crops,
such as the determination of irrigation and in other
cultural practices, such as in pest management and
fertilizer applications (Bergamaschi, 2012). Furthermore,
the prediction of the growth stages of the
plants helps in the planning of the most suitable sowing
times in studies of adaptation of new materials under
different environments (Matzenauer, 1997), providing
better choice, planning and development of crops.
Studies indicate that the best sowing times for crop
canola in southern RS is between May 15 and June 15
and between August 15 and September 15 (Dias, 1992),
and the north between April 14 and 20 June (Tomm,
2007). However, canola has a higher potential yield when
sown in mid-April, where your income potential
decreases each day of delay in sowing after this season
(Tomm, 2007).
The air temperature is one of the most important
environmental variables in regulating the growth and
development of canola (Thomas, 2003; Light et al.,
2012), as there is a minimum temperature below which
plants interrupt their physiological activities, a track
satisfactory temperature suitable for its development and an
effective maximum temperature above which the respiratory
rate exceeds the production of photo-assimilates (Barbano

et al., 2001). For canola, the optimal temperature for its
full development is about 20°C, with extreme limits
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between 12 and 30°C (Robertson et al., 2002; Thomas,
2003).
Studies report that for their growth and development,
canola requires cold weather, high brightness and at
least 500 mm of water during itself cycle (Tomm, 2006).
Also, it can be grown in various soil types, except in
waterlogged soils, but its best development occurs on
loamy soils, medium and high fertility and well drained
(Tomm, 2000).
The genetic and physiological quality of the seeds of
canola hybrids available for planting also has great
importance for the improvement and adaptation of culture
in new regions. The seeds of canola hybrids available in
the Brazilian market are certified and mostly imported, so,
with high yield, they are produced under management
and provide favorable conditions for disease-free seed,
avoiding the introduction of pathogen inoculum, beyond
its high physiological quality, which avoids the need to resow crops and delay the next crop, but also enables an
emergency vigorous and uniform, reducing the losses
caused by desuniform maturation (Tomm, 2007).
The canola due to these features shows with great
potential to become an option for the Zona da Mata of
Minas Gerais and other regions. In this context, in order
to generate information to support the choice of hybrid
canola that most adapted the conditions of Viçosa, the
aim of this work was to define the phenological periods of
four hybrids of canola sown at different dates, in addition
to quantifying and establishing parameters to help in the
management of the cultivation of this crop under the
environmental conditions of Viçosa.
MATERIALS AND METHODS
This research was accomplished in the year 2009 in the
experimental area of Horta Velha, belonging to the Federal
University of Viçosa (UFV), located in Viçosa, MG. Viçosa is located
at latitude 20°75'S, longitude 42°85'W and with an elevation of 690
m (INMET, 2012). Climatic data daily precipitation and maximum
temperature, average and minimum daily, for the duration of the
test, were collected daily with the help of a weather station located
at a distance of 10 m from the experiment (Figure 1).
The soil of the experimental area was prepared with plowing,
disking and rotary hoe operation, to reduce the presence of lumps
and impediments to emergency. For chemical analysis, soil was
collected from seven points (single sample) to form the composite
sample in advance of 30 days of culture. The basic fertilizer
coverage was performed according to the chemical analysis of the
soil and the technical recommendations for culture, performing the
correct levels of the nutrients nitrogen (N), phosphorus (P),
potassium (K) and sulfur (S) at the base, and also placed 120 kg of
nitrogen in the form of urea, when the canola plants had four leaves
(Tomm, 2007).
The seeds were sown in four seasons spaced from 15 to 15
days, and the first season sown on 05/26/2009 and the other on
06/10/2009, 06/25/2009 and 07/10/2009 of the same year. Around
50% more seeds amount were used than that indicated by the
literature, seeking suitable seedling establishment. Two weeks after
seedling emergence, thinning was carried out for the establishment
of a population of 40 plants m-2 (Tomm, 2007).
The experiment consisted of sixteen treatments involving two
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A

Months/2009
Precipitation

Maximum temperature

Minimum temperature

35

Average temperature
350

Temperature (°C)

300

25

250

20

200

15

150

10

100

5

50

0

0

Precipitation (mm.mon-1)

B

30

Months/2009
Precipitation

Maximum temperature

Minimum temperature

Average temperature

Figure 1. Data about precipitation and maximum temperature, average and minimum climatological
normal of Viçosa (A) and a meteorological station located in the area experience the Horta Velha (B)
in Viçosa-MG in 2009.

factors: Factor A - 4 sowing dates (05/26/2009, 06/10/2009,
06/25/2009 and 07/10/2009) and factor B - 4 commercial hybrids
canola (Hyola 432, Hyola 433, Hyola 401 and Hyola 61). The
experimental design was a randomized block factorial (4x4), with
four replications. Each plot consisted of 17 rows, 3 m long and 2.89
m wide, spaced at 17 cm between rows, with two lines serving each
end of edging.
Cultivation techniques and pest control were carried out
according to the recommendation for the crop (Tomm, 2007).
Applications of the insecticide Decis 25 EC (Deltamethrin pyrethroid group) at doses of 160 and 300 ml ha-1, were used for
controlling kitty (Diabrotica speciosa), after emergence, and green
peach aphid (Myzus persicae) in early flowering, respectively.
Weeds that emerged during the development of culture were
controlled by hand weeding. Sprinkler irrigations were performed
whenever necessary throughout the development of culture.
Phenological observations were made based on criteria adopted
in Canada and Australia (Tomm et al., 2007), according to the
following definitions:
Emergence of seedlings: Period (days) required for 50% of the
seedlings plot that emerged.
Length of the vegetative phase:

Period

(days)

between

emergence and one in which 50% of plants showing at least one
flower.
Duration of flowering stage (flowering): Period (days) between
the onset of flowering until no more flowers remained, except in
atypical plants.
Days to the end of flowering: Period (days) obtained by the sum
of the duration of the vegetative phase to the reproductive.
Cycle total: Period (days) between seedling emergence and
harvest, which was performed when at least 50% of pods located in
the middle third of the main raceme plants had seeds with darkbrown characterizing its physiological maturity (MF).
Lodging: was determined by assigning a scale to all plants in each
plot, ranging from 1 to 9, considering the fractional parts as
described below: 1 = 100% of lodged plants and 9 = 100% of plants
erect; and.
Reaction to disease: was determined by assigning a rating scale
to all plants in each plot, ranging from 1 to 9, whereas the fractional
parts as described below: 1 = 100% dead plants and 9 = 100%
disease free plants.

Panozzo et al.
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Table 1. Number of days to seedling emergence due to canola hybrids
and sowing dates. Viçosa / MG, UFV (2009).

Hybrids
Hyola 432
Hyola 433
Hyola 401
Hyola 61
C.V. (%) 1.0

Sowing dates
06/10/2009
06/25/2009
6Ba
7Aa
Ba
6
7Aa
Ba
6
7Aa
Ab
5
5Ab

05/26/2009
6Ba
6Ba
6Ba
5Ab

07/10/2009
7Aa
7Aa
7Aa
5Ab

Means with the same uppercase letter in the same row and lowercase letter in
the column do not differ significantly by Tukey test (p ≤ 0.01).

Table 2. Duration (days) of the vegetative phase of canola plants due
to hybrids and sowing dates. Viçosa / MG, UFV (2009).

Hybrids
Hyola 432
Hyola 433
Hyola 401
Hyola 61
C.V. (%) 1.6

05/26/2009
55Bc
51Ab
59Aa
59Ba

Sowing dates
06/10/2009
06/25/2009
Ab
60
48Cb
Bc
49
47Cb
Bc
48
45Cc
Aa
65
56Ca

07/10/2009
54Bb
52Ac
49Bd
60Ba

Means with the same uppercase letter in the same row and lowercase
letter in the column do not differ significantly by Tukey test (p ≤ 0.01).

Statistical design
Data were subjected to analysis of variance and the means when
significant, were compared by Tukey test at 1% probability. Data
processing was performed with SAS software (Delwiche and
Slaughter, 2003).

RESULTS AND DISCUSSION
There was significant interaction between hybrids and
planting dates for variable seedling emergence in the
field (Table 1). It can be observed that for all times of
sowing, seedlings of the hybrid Hyola 61 emerged in five
days after sowing, resulting in an emergency faster than
the other genotypes.
In comparing each hybrid between sowing times, it was
noted that for the first two seasons (05/26/2009 and
06/10/2009), the emergence for all hybrids was faster
than the past two seasons (06/25/2009 and 07/10/2009)
(Table 1). Similar results were found for different
genotypes of canola in Rio Grande do Sul (RS), where
the interaction of sowing dates with genotypes resulted in
emergency 7-day average (Tomm et al., 2003). These
authors reported that the emergency time is not a factor
of agronomic relevance, due to the small variation among
genotypes. However, it is noteworthy that this small
variation occurs when using lots with similar levels of
force. This variable can be considered an indicator

of seed vigor, because, in general, vigorous seeds for
other crops, have greater capacity remobilizing reserves
for the embryo, enabling faster emergency and greater
initial seedling growth (Schuch et al., 1999, 2000;
Argenta et al., 2001; Vanzolini and Carvalho, 2002; Hofs
et al., 2004; Scheeren et al., 2010), which can result in
greater leaf area, dry matter accumulation (Schuch et al.,
2009) and productivity (Panozzo et al., 2009).
For variable duration of the vegetative phase of hybrid
canola, significant interaction was observed among
treatments (Table 2). For all hybrids, there was a
reduction in the duration of the vegetative stage when the
seeds were sown in the third season (06/25/2009). With
delay in sowing, it is found that the hybrid Hyola 401
showed a decrease of 12 days in the duration of the
vegetative stage for the last three seasons (06/10/2009,
06/25/2009 and 07/10/2009) compared to the first sowing
date (05/26). This fact may be explained as the fact that it
is the most sensitive to high temperatures compared to
other hybrids (Figure 1 and Table 2). The greater
availability of thermal conditions influences directly the
canola crop cycle, where local or warmer periods
accelerate its development due to thermal (Kerber et al.,
2009; Light et al., 2012), because the materials canola
grown in Brazil has low sensitivity to photoperiod and
greater response to air temperature (thermal) (Kerber et
al., 2009). In this regard, Light et al. (2012) concluded
that there is a negative linear relationship between the air
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Table 3. Duration of reproductive stage (flowering, days) of canola
plants due to hybrids and sowing dates. Viçosa/MG, UFV (2009).

Hybrids
Hyola 432
Hyola 433
Hyola 401
Hyola 61
C.V. (%) 1.0

05/26/2009
36Ab
36Ab
37Aa
36Ab

Sowing dates
06/10/2009
06/25/2009
26Cd
26Cb
Ba
34
26Db
Bb
33
27Da
Cc
28
27Da

07/10/2009
27Bb
27Cb
29Ca
29Ba

Means with the same uppercase letter in the same row and lowercase
letter in the column do not differ significantly by Tukey test (p ≤ 0.01).

Table 4. Days to the end of flowering in canola plants due to hybrids
and sowing dates. Viçosa / MG, UFV (2009).

Hybrids
Hyola 432
Hyola 433
Hyola 401
Hyola 61
C.V. (%) 2.53

05/26/2009
91Ab
87Ac
96Aa
95Aa

Sowing dates
06/10/2009 06/25/2009
86Bb
74Db
Bc
83
72Dc
Bd
81
72Dc
Ba
93
83Da

07/10/2009
81Cb
79Cc
78Cc
89Ca

Means with the same uppercase letter in the same row and lowercase
letter in the column do not differ significantly by Tukey test (p ≤ 0.01).

temperature and duration of phenological phases for
hybrid canola Hyola 61 and 433.
When comparing hybrids within each sowing date, it
appears there was longer vegetative stage to Hyola 61,
regardless of sowing date (Table 2). In general, for the
last three seasons (06/10/2009, 06/25/2009 and
07/10/2009) sowing, hybrids Hyola 433 and 401 had the
lowest durations vegetative phase within each sowing
date. The vegetative growth stage of the plants ranged
from 65 to 45 days, an amplitude corresponding to 20
days, however, changes in plant development due to this
amplitude was not observed. In the same way, Tomm et
al. (2008) reported that these same hybrids when planted
in the Brazilian Northeast presented a variation of the
vegetative cycle 37 and 55 days, range 18 days; this
period was considered sufficient for proper plant
development before the reproductive stage.
The duration of the reproductive phase (flowering)
plants was significantly affected by canola hybrids and by
the different sowing dates (Table 3). It can be observed
that the delay of sowing decreases the time of flowering
from eight days to an average of the last three times in
relation to the first, regardless of the sown hybrid. It was
observed that for the first sowing date (05/26/2009) the
duration of the reproductive stage (flowering period) was
on average 36 days, varying only one day among the
genotypes tested. This same period was also observed in

a study with 15 genotypes of canola in the state of
Paraná (Tomm et al., 2003).
In general, for all seeding seasons Hyola 401 hybrid
had the highest duration of reproductive stage compared
to the other materials (Table 3). The hybrid Hyola 432
was the material with the lowest reproductive period
length and the material most affected especially in the
second sowing date (06/10/2009) compared to the
others. Moreover, some plants that suffer heat stress for
some period of time showed an increase in the rate of
flowering, besides a prolongation of the flowering period
(Cross et al., 2003).
A significant interaction between hybrids and planting
dates for variable end of flowering canola plants was
observed (Table 4). Similar to what happened with the
variable duration of the flowering period, the delay of
sowing interfered in decreasing the total time to the end
of flowering from emergence. For all hybrids, it can be
seen that there was an effect of the treatments where the
average of the last three sowing dates (06/10/2009,
06/25/2009 and 07/10/2009) was a decrease of 11 days
for this variable, comparing with the first sowing date
(05/26/2009) (Table 4).
The hybrid Hyola 61 again showed lower treatment
effect compared to other hybrids, because it got a lower
range for this variable between sowing dates, 7 days
difference between the first season and the average of
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Table 5. Cycle of the crop of canola due to hybrids and sowing dates.
Viçosa / MG, UFV (2009).
Hybrids

05/26/2009
Hyola 432
110Aa
Hyola 433
104Ab
Hyola 401
109Aa
Hyola 61
109Aa
C.V. (%) 1.93

Sowing dates
06/10/2009 06/25/2009
107Bb
95Dc
Ac
104
96Dbc
Bc
104
97Cb
Aa
110
106Ba

07/10/2009
101Cb
99Bc
95Dd
107Ba

Means with the same uppercase letter in the same row and lowercase
letter in the column do not differ significantly by Tukey test (p ≤ 0.01).

the other seasons (Table 4). This same material showed
significantly higher values for the variable, days to the
end of flowering, in all sowing dates. In general, hybrids
433 and 401 for all sowing dates had lower durations of
this variable. As had happened with the duration of the
cycle (Table 2), the material Hyola 401 was the hybrid
with the highest reduction of the first sowing date
compared to other seasons.
The cycle of the crop of canola showed significant
interaction between different hybrids tested sowing dates
(Table 5). Comparing the sowing dates for all hybrids in
general, it was observed that there was a reduction of the
cycle in the last two seasons (06/25/2009 and
07/10/2009) compared to the first two (05/26/2009,
06/10/2009), giving an average difference of around 8
days. In general, smaller cycles were observed for hybrid
Hyola 433 and 401. Similar results were found for these
two same hybrids in a study conducted in the state of
Paraíba, where development cycles of 92 and 90 days,
were observed respectively (Tomm et al., 2008). In the
same vein, studies have concluded that delay in sowing
causes significant reduction in total cycle of hybrid canola
Hyola 433 and 61, as both materials experienced
decrease in cycle from 162 to 100 days (Light et al.,
2012).
As for all other variables, the Hyola 61 was the hybrid
that had the less influence by sowing time, presenting a
range of variation in the cycle, a maximum of four days
between the second and third sowing date may be
considered, therefore, as the material with greater
genetic stability.
There was no significant difference between treatments
in bedding plants and in the reaction of plants to
diseases. The absence of bedding plants can be
explained by the nutritional status of the plants and
suitability for local weather conditions, where there was
no incidence of high winds. It was found that practically
no disease incidence was observed in the plants of all
tested hybrids, which can be explained by the fact that it
is the first crop, rapeseed in place. Important though, was
the presence of other cultures of the same genus
(Brassica spp.) where the experiment was conducted.
Therefore, even if there may be some initial inoculum

source of diseases, it can be seen that the hybrid canola
tested had adequate tolerance to potential pathogens
from the environment. Tomm et al. (2008) did not
observe the occurrence of diseases in farming with hybrid
canola in the northeast region of the country, claiming
that there were unfavorable climatic conditions to the
development of pathogens.

Conclusions
The results showed that Viçosa (MG) have promising
characteristics for growing canola. The most suitable time
for sowing canola corresponds to the month of May.
Hyola 61 is the hybrid that presents faster seedling
emergence and uniform, and it is the material that
showed greater adaptation to the region of Viçosa, based
on all traits evaluated, regardless of sowing dates. The
delay in sowing decreased the duration of the vegetative
and reproductive phases, days to the end of flowering
and duration of emergence to maturity (full cycle) for all
hybrids. Variables lodging and reaction to disease canola
plants were not affected by local conditions and factors
considered in this experiment.
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The objective of this study was to evaluate the effects of glyphosate on soil microbial activity under
appropriate and water deficit conditions. The factors consisted of four treatments with different
Roundup Ready® soybean cultivars, two herbicidal treatments [glyphosate (1.080 and 1.800 g a.e. ha-1) +
control] and two soil moisture treatments (appropriate and water deficit conditions), plus two soybean
conventional varieties subject only to the soil moisture treatments. It was evaluated total organic
carbon (TOC), basal respiration rate (CO2), microbial carbon biomass (MCB), metabolic quotient (qCO2),
microbial quotient (qmic), nodule number (NN), and dry weight of nodules per plant (DWNP). Except for
TOC, all other microbiological parameters were significantly influenced by the application of
glyphosate, and the effects are more evident at a 1.800 g a.e. ha-1 dose in Roundup Ready® soybean
cultivars associated to water deficit condition. The soil microbiota stability was favored by the absence
of glyphosate application and water deficit condition on soil. MCB and qCO2 showed to be quite
sensitive to changes resulting from the use of glyphosate. In general, in conventional cultivars there
was lesser effect of water deficit conditions on the microbiological attributes, when compared to
treatments with glyphosate application under the same conditions.
Key words: Glycine max (L.) Merrill, inhibitors of the enzyme 5-enolpyruvylshikimate-3-phosphate synthase
(EPSPs), microbiota, Roundup Ready® soybean seed.

INTRODUCTION
Due to the release and expansion of the cultivated area
with genetically modified crops, especially those with
Roundup Ready® soybean technology, the intensity of
glyphosate use, which was already high, because of its
use in desiccation management, has become even
higher with the possibility of post-emergence use of crops

(Petter et al., 2007).In sensitive plants, glyphosate acts
by inhibiting the key enzyme, 5-enolpyruvylshikimate-3phosphate synthase (EPSPs), activity in the synthetic
process of the aromatic amino acids tryptophan,
phenylalanine, and tyrosine. In turn, in crops resistant to
this herbicide, plants present a EPSPs enzyme
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insensitive to this molecule, which is not metabolized
(Santos et al., 2004), and, therefore, it is released on soil
under its original form or under the form of
aminomethylphosphonic acid (AMPA) (Monquero et al.,
2004).
These two forms under which glyphosate is excreted
through the root system can interfere with the microbial
activity on soil, affecting the N2-fixing bacteria associated
to the root system of the Bradyrhizobium genus soybean,
since these microorganisms present enzymatic
sensitivity, and thus there can be interference with
symbiotic interaction (Santos et al., 2007). Another effect
of glyphosate may be associated to a possible effect on
the activity of other edaphic microorganisms, such as, for
instance, those involved in redox reactions on soil, or
even in the enzymatic activity (phosphatases, ureases,
and β-glucosidase). Such hypothesis is supported by
studies showing that the use of glyphosate changes the
soil microbial activity (Andréa et al., 2003; Arantes et al.,
2007; Zobiole et al., 2010a).
The possible effect of glyphosate on soil microbial
activity may influence the plants growth, and this effect
can indirectly manifest itself through lower nutrient
absorption by plants. The reduction of nutrient absorption
by plants may be associated to decreased activity of Nfixing bacteria, formation of complexes with metal ions
(Fe, Cu, Mn and Zn) by excretion of glyphosate through
the root system, or also through decrease activity of the
microbiota involved in redox reactions, thus affecting the
availability of N, Fe, Cu, Zn and Mn.
However, some studies (Santos et al., 2007; Serra et
al., 2011) demonstrate the deleterious effect of
glyphosate on the microbial activity, especially in N2-fixing
bacteria, there are other ones (Figueiredo et al., 2011)
which present controversial data, thus demonstrating the
need for further studies aimed at explaining this herbicide
behavior in the microbial activity. These effects can
manifest themselves in a more intense manner under
water deficit conditions, since the availability of ions and
the microbial activity in soil are highly influenced by soil
moisture, because they involve biological processes
(Bekku et al., 2003; Pavinato and Ceretta, 2004). What
technicians and producers often observe at field sites is a
lower agronomic performance of Roundup Ready®
soybean cultivars when compared to conventional
soybean cultivars under water deficit conditions (periods
without rain), and such an effect may be associated to
the glyphosate effect on soil microbial activity.
This way, in addition to the clearly highlighted divergent
results with regard to the glyphosate effect on
microorganisms, in the Cerrado region (e.g. Cerrado
region of Brazilian State of Piaui), there is also the
aggravating usual occurrence of periods without rain
throughout the crop cycle, something which may favor
the deleterious effect of glyphosate.
Therefore, this study aimed to evaluate the possible
effects of this herbicide on soil microbial activity and on
soybean nodulation under appropriate and water deficit

conditions in the Cerrado region of Brazilian State of
Piaui.
MATERIALS AND METHODS
The experiment was conducted in a greenhouse at the
experimental area in the campus of Federal University of Piaui
(UFPI) in the city of Bom Jesus, Brazilian State of Piaui, within the
crop season 2011/2012 at 09º04’28” South latitude, 44º21’31” West
longitude, and 277 m average altitude.
The climate in the region is Aw, according to the Köppen global
climate classification, with two well-defined seasons, that is, a dry
season from May to September and a rainy season from October to
April. Climatic data were collected at the weather bureau of the
National Institute of Meteorology (INMET), about 200 m far from the
experimental site, and they are displayed in Figure 1.
The soil used in the experiment was classified as dystrophic
yellow latosol. The soil had the following granulometric constitution:
640, 80, and 280 g kg-1 of sand, silt, and clay, respectively. The
chemical composition of soil in the experimental area is displayed in
Table 1.
The experimental design adopted consisted of randomized
blocks under a factorial scheme 4 × (3 × 2) + (2 × 2), with the
factors consisting of four treatments with different Roundup Ready®
soybean varieties (P98Y12, P98Y51, M9144, and M9056), two
herbicidal treatments [glyphosate (1.080 and 1.800 g e.a. ha-1) and
control] and two soil moisture conditions (adequate moisture and
water deficit) forming twenty-four treatments, in addition to two
further conventional soybean varieties (M-soy 9350 and UFUSMilionaria), which were subjected only to soil moisture treatments,
totaling twenty-eight treatments with 4 replications. Glyphosate was
not applied to the soil in the treatments with conventional cultivars
due to the absence of high sorption desorption of glyphosate.
The experiment did not aim to compare the cultivars with each
other, since each one has intrinsic characteristics which may
interfere with the results. This way, the experiment was analyzed as
a double factorial (glyphosate × moisture condition), aiming to verify
the glyphosate effect and the soil moisture conditions, as well as
the behavior of various cultivars with regard to the treatments.
The seeds were treated with pyraclostrobin + thiophanate methyl
+ fipronil at a 2 ml p.c. kg-1 dose of seed, and inoculated with
Bradyrhizobium japonicum, at the dose of 3 ml pc kg-1 of seed. The
fertilization conducted was 2 g of formulaic N-P2O5-K2O 04-24-12
per pot, what is equivalent to 500 kg ha-1 of the fertilization.
Sowing was conducted on 20 December, 2011, in pots with an 8
dm-3 capacity and at a 2 to 3 cm sowing depth, placing five seeds
per pot, with subsequent thinning, leaving only the most vigorous
plant.
The application of glyphosate was conducted at 25 days after
emergence (DAE) of crop, using a pressurized backpack sprayer
with CO2, connected to the bar with four XR 110.02 spraying
nozzles at a constant 2 kgf cm-2 pressure, applying a spray volume
equivalent to 125 L ha-1. The environmental conditions at the time
of treatment application were: 28°C average temperature, 78%
relative humidity and wind speed ranging from 3 to 8 km h-1.
Soil moisture control was determined as follows: a) the weight of
pots in field capacity (FC) was measured using a methodology
adapted from Bonfim-Silva et al. (2011), where the pots were
saturated with water, left at rest for 12 h, in order to drain the
excess water and weight determined; b) then, with the FC value,
the appropriate moisture condition (80% of FC), and the soil water
deficit (30% of FC) was calculated. In all treatments the soil was
kept with an 80% moisture of FC up to 25 DAE. After this treatment
period, the water deficit treatments were applied which lasted until
55 DAE. During this period, the plants were monitored to keep
moisture around 30% of FC and avoid they entered a permanent
wilting point at the onset of pod formation (R3), soil samples were
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Figure 1. Relative moisture and average air temperature in the city of Bom Jesus. Brazilian
State of Piaui (crop season 2011/2012). during the conduction of experiment (data from
INMET - Bom Jesus weather bureau).

Table 1. Chemical composition of the soil layer (0-0.20 m) collected from the experimental area prior to the installation of the experiment in
the city of Bom Jesus, Brazilian State of Piaui (crop season 2011/2012).

pH CaCl2
4.6
1

P (Mehlich)
K
(mg dm-3)
47.0
74.0
2

Ca

Mg
Al
(cmolc dm-3)
1.0
1.1

2.1

H + Al
3.1

O.M.1 (g dm-3)

V2 (%)

15

51.49

CEC3
(cmolcdm-3)
6.39

Fe
88.7

B

Mn Zn
(mg dm-3)
0.24 7.3 2.5

Cu

S

0.2

2.8

3

O.M.: organic matter; V%: base saturation; CEC: cation-exchange capacity at pH 7.

collected from each pot for microbial evaluations. Subsequently, the
soil samples were transported to the laboratory, sieved in a 2 mm
sieve, and stored in a refrigerator at 4°C until the evaluation time at
the Soils Laboratory of the UFPI.
The basal respiration (CO2) of soil was evaluated (Alef and
Nannipieri, 1995), the microbial carbon biomass (MCB), estimated
through the extraction-irradiation method (Mendonça and Matos,
2005) and the soil total organic carbon (TOC) determined through
colorimetry according to Quaggio et al. (1987). The microbial
quotient was calculated through the soil MCB/TOC ratio (Sparling,
1992), and the metabolic quotient (qCO2) was determined through
the ratio between the soil CO2 rate per MCB unit (Anderson and
Domsch, 1993). For determining the soil CO2, the samples moisture
were adjusted to 70% of FC, then, the evolved CO2 was determined
from 20 g of soil incubated for 72 h with a NaOH 0.05 mol L-1
solution and titered with HCl 0.05 mol L-1 (Alef and Nannipieri,
1995). The number of nodules per plant (NN) and dry weight of
nodules per plant (DWNP) were also determined in the root system
After collecting and tabulating data, the variance analysis was
performed, and the averages of significant variables were grouped
according to the Tukey test at a 5% significance level (p > 0.05),
using the statistical software Sisvar 4.1.

RESULTS AND DISCUSSION
Except for TOC and regardless of the Roundup Ready®
cultivar evaluated, it was found out that the glyphosate

doses significantly influenced the soil microbiological
parameters: basal respiration (CO2), MCB, microbial
quotient (qmic), metabolic quotient (qCO2), and total
DWNP (Table 2). These results corroborate those
obtained by Ratcliff et al. (2006) for CO2, Haney et al.
(2002) for MCB, Bohm et al. (2007) for qmic, Santos et
al. (2005) for qCO2, Oliveira Júnior et al. (2008) for NN,
and Dvoranen et al. (2008) for DWNP. In turn, for the soil
moisture conditions, it was found out a differentiated
behavior of cultivars with regard to the evaluated
parameters. There was a significant interaction between
the factors glyphosate doses and moisture conditions for
the parameters CO2 and qmic in the cultivar P98Y12RR,
CO2, qCO2 in the cultivars P98Y51RR and M9144RR,
and MCB and qmic in the cultivar M9056RR. In turn, for
NN and DWNP there was a significant interaction for all
Roundup Ready® cultivars.
The differentiated behavior of the metabolic activity
under appropriate moisture and soil water deficit
conditions and in the presence of glyphosate in cultivars
may be associated to intrinsic characteristics (genetic) of
each material, among them tolerance to water deficit and,
hence, the maintenance of cellular metabolism at the root
system level, something which directly influences on the
microbial activity, as this is influenced by root exudates of
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Table 2. Variance analysis (F-values) for total organic carbon (TOC), basal respiration (CO2), microbial biomass carbon,
microbial quotient (qmic), metabolic quotient (qCO2), number of nodules per plant (NN), dry weight of nodules per plant
(DWNP) in treatments with Roundup Ready® soybean cultivars and conventional soybean cultivars subject to glyphosate
application under different soil moisture conditions in the city of Bom Jesus, Brazilian State of Piaui (crop season 2011/2012).

Dose (D)
Condition (C)
D×C
CV

------------------------------------------------- Cultivar P98Y12RR -------------------------------------------TOC
CO2
MBC
qmic
qCO2
NN
DWNP
ns
0.61
56.50**
6.67**
5.83*
34.68**
168.33**
51.54**
0.33ns
2.52*
0.69ns
2.42ns
0.06ns
217.18**
261.35**
1.23ns
11.47**
2.19ns
5.86*
2.95 ns
79.38**
11.86**
15.00
16.84
21.07
17.86
29.38
19.22
23.18

Source variation
Dose (D)
Condition (C)
D×C
CV
Source variation
Dose (D)
Condition (C)
D×C
CV

------------------------------------------------- Cultivar P98Y51RR --------------------------------------------0.44ns
69.87**
17.51**
13.13**
0.48**
37.45**
225.04**
0.14ns
2.68*
21.38**
31.11**
9.16**
112.62**
373.04**
0.41ns
1.86**
0.61ns
0.03ns
25.68**
6.06*
65.64**
17.79
16.37
19.31
17.14
20.87
22.51
14.34
------------------------------------------------- Cultivar M9144RR ----------------------------------------------0.32ns
69.69**
27.16**
8.06**
19.58**
43.78**
74.01**
0.37ns
11.89**
4.38ns
2.76ns
1.83*
163.92**
399.00**
2.97ns
4.13**
0.10ns
0.59ns
31.50**
10.03**
10.06**
16.69
14.23
16.68
33.18
22.25
20.39
14.67

Source variation
Dose (D)
Condition (C)
D×C
CV

------------------------------------------------- Cultivar M9056RR ----------------------------------------------0.47ns
12.21**
32.57**
24.25**
4.74**
35.74**
87.29**
3.74ns
0.96ns
60.94**
36.18**
17.74**
171.77**
403.05**
0.30ns
0.42ns
6.84**
5.62*
0.10 ns
7.21**
22.32**
13.39
15.52
18.55
13.84
29.24
23.63
15.26

Source variation
Condition (C)
CV

---------------------------------------------- Cultivar M-Soy 9350***-------------------------------------------1.44ns
13.37*
0.64ns
1.41ns
16.48*
153.50**
352.33**
14.85
20.12
13.65
24.60
29.80
18.85
4.91

Source variation
Condition (C)
CV

------------------------------------------ Cultivar UFUS-Milionária*** -----------------------------------------0.92ns
19.60*
14.07*
5.00ns
3.98ns
39.24**
244.44**
22.22
10.47
18.17
21.89
10.95
22.57
11.03

Source variation

ns

**and*: significant at 1 and 5%. respectively; : non-significant; *** conventional soybean not subject to glyphosate application; CV coefficient of variation.

the crop´s root system. According to Peña et al. (2005),
the plant exudates stimulate the microbial activity
associated to the rhizosphere, besides being more
readily available than plant remains.
Regardless of the Roundup Ready® cultivar, the basal
respiration rate (CO2) was higher in treatments which
received the highest glyphosate dose (1.800 g e.a. ha-1)
(Figure 2). However, analyzing the application of
glyphosate doses under the various soil moisture
conditions, the effect of moisture only in the M9144RR
cultivar was observed, although there is a tendency to
decrease CO2 in all cultivars. The lowest respiration rates
were found in the absence of glyphosate and under the
low water content condition on soil (30% of FC). These
data are similar to those obtained by Gimsing et al.

(2004), who also observed a CO2 increase due to the
application of glyphosate.
These results show that the microorganisms are able to
use glyphosate as a carbon source and that soil moisture
determines the magnitude of this response. According to
Haney et al. (2002), a higher CO2 release is usual in the
presence of glyphosate, a fact which, according to the
authors, may be associated to ease of the glyphosate
molecule metabolism by soil microorganisms. According
to Gimsing et al. (2004), glyphosate mineralization is
directly related to the heterotrophic bacteria population.
In turn, differences in CO2 rates between cultivars are
probably due to the metabolism ability of the molecule in
the plant, which interfered with the amount of glyphosate
excreted through the root system and the way how this
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Figure 2. Basal respiration (CO2 - μg g-1 h-1) on soils with Roundup Ready® soybean cultivars subject to glyphosate application under
appropriate and water deficit conditions. and conventional soybean cultivars subject only to water conditions the city of Bom Jesus.
Brazilian State of Piaui (crop season 2011/2012). Average values followed by the same letters capitalized under the same water
condition and lowercase letter at the same dosage do not significantly differ from each other using the Tukey test at 5%. *Conventional
soybean cultivars did not receive glyphosate applications.

compound is exudated (AMPA or intact molecule). As
reported by Reddy et al. (2004), this feature is highly
dependent on the genotype and the edaphic and climatic
conditions during cultivation.
The MCB values were significantly decreased due to
glyphosate application, indeed, more evident at the 1.800
g e.a. ha-1 dose (Figure 3). Under water deficit conditions,
the lowest MCB values were observed for the
P98Y51RR, M9056RR, and UFUS-Milionaria cultivars.
These results corroborate those obtained by Santos et al.
(2007) and Bohm et al. (2007), who also found a
decrease in MCB with glyphosate application in Roundup
Ready® soybean.
The lower MCB values indicate that, despite an
increase in microbial activity (CO2) (Figure 2), there is no

MCB increase, that is, the microorganisms incorporate
minor carbon amounts to their structures in the presence
of glyphosate, especially under water deficit conditions.
For Bekku et al. (2003), the soil microbial activity is
strongly regulated by soil water content, since it is an
indispensable cell protoplasm component, helping to
regulate soil gas exchanges, and also to determine the
solubility and availability of nutrients.
Active microorganisms, such as bacteria and fungi, are
the main organic matter decomposers present on soil and
water, and incorporation of chemical compounds in these
environments, acts as a nutrient source, especially
carbon, nitrogen, and phosphorus (Dallman et al., 2010).
However, according to Kremer and Means (2009), and as
observed in this study, glyphosate exudation by Roundup
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Figure 3. Microbial carbon biomass (MCB) (μg g-1) on soils with Roundup Ready® soybean cultivars subject to glyphosate application
under appropriate and water deficit conditions; and conventional soybean cultivars subject only to water conditions the city of Bom
Jesus, Brazilian State of Piaui (crop season 2011/2012). Average values followed by the same letters capitalized under the same water
condition and lowercase letter at the same dosage do not significantly differ from each other using the Tukey test at 5%. *Conventional
soybean cultivars didn’t receive glyphosate applications.

Ready® soybean cultivar roots can promote a negative
effect on microorganisms associated to the rhizosphere,
interfering with the metabolic activity.
It is clearly evident that the microorganisms, in the
presence of glyphosate, present higher respiration rates
(CO2), possibly due to the degradation activity of this
molecule. However, by degrading glyphosate, the
microorganisms decrease the activity in organic matter
on soil, which is the organic fraction that would result in
incorporation of carbon to the microbial biomass, since
the glyphosate molecule does not provide carbon in large
amounts. This situation is further enhanced by decrease
in the microbial quotient (qmic) (Table 3).
The qmic is the ratio expressing how much TOC is

immobilized on soil in the microbial biomass. In face of
this, one observed a lesser effectiveness of
microorganisms in TOC immobilization in treatments with
glyphosate application (Table 3), especially when
associated to lower soil water content (30% of FC). This
is possible to verify that the glyphosate effect
predominates in this parameter, since by analyzing data
in the conventional cultivars one does not observe an
effect of water deficit on qmic. Therefore, this is possible
to highlight that glyphosate potentiates the deleterious
effect of water deficit on cultivars which received the
application. These results are similar to those found by
Liphadzi et al. (2005), who also report decrease in qmic
due to glyphosate application in the Roundup Ready®
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Table 3. Microbial quotient (qmic) of soil in treatments with Roundup Ready® soybean cultivars subject to different glyphosate
doses under appropriate and water deficit conditions and conventional soybean cultivars subject only to water conditions the
city of Bom Jesus. Brazilian State of Piaui (crop season 2011/2012).

qmic (%)
Glyphosate
-1

0 g e.a. ha
1080 g e.a. ha-1
1800 g e.a. ha-1
Media

Glyphosate
-1

0 g e.a. ha
1080 g e.a. ha-1
1800 g e.a. ha-1
Media

Glyphosate
0 g e.a. ha-1

P98Y12RR
Without deficit With deficit
1.05Aa
0.71Ab
0.71Ba
0.83Aa
Ba
0.66
0.63Aa
a
0.81
0.72a

Average
0.88A
0.77AB
0.65B
0.76

Without deficit
1.03Aa
0.88ABa
0.72Ba
0.88a

P98Y51RR
With deficit
0.75Ab
0.61ABb
0.41Bb
0.59b

Average
0.89A
0.75A
0.56B
0.73

M9144RR
With deficit
0.79Aa
0.53Aa
Aa
0.47
0.59a

Average
0.92A
0.62B
B
0.48
0.67

Without deficit
0.82Aa
0.67Aa
Ba
0.32
0.61a

M9056RR
With deficit
0.43Ab
0.39Ab
Aa
0.26
0.36b

Average
0.63A
0.53A
B
0.29
0.48

Average
0.72

UFUS-Milionária*
Without deficit With deficit
0.72a
0.50a

Without deficit
1.05Aa
0.71Aa
Aa
0.49
a
0.75

M-Soy 9350*
Without deficit With deficit
0.80a
0.65a

Average
0.61

Average values followed by the same letters capitalized in columns and lowercase in the line do not significantly differ from each other
using the Tukey test at 5%. *Conventional soybean cultivars did not receive glyphosate applications.

soybean crop.
The lower qmic values are directly related to the
decrease in the MCB values, that is, it may also be
regarded as indicative of microbial stress, since the
incorporation of carbon derived from the glyphosate
molecule in microbial biomass is low. However,
respiratory activity is kept or increased. This effect leads
to decrease in the carbon present in microbial biomass,
thus indicating that the herbicide and water deficit
condition present an inhibiting effect on soil microorganism populations, as reported by Bohm et al. (2007).
At worth stressing that, in general, despite the increase
in microbial respiration (CO2), there was a decrease in
MCB. The microbial activity (CO2) measures the intensity
with which the biochemical processes take place in the
ecosystem, and the interpretation of these results should
be performed with discretion, since high rates of C-CO2
release on soil not always indicate favorable conditions
(Islam and Weil, 2000), as found out in this study. Thus,
the evaluation of the CO2/MCB ratio which constitutes
qCO2 has shown to be more appropriate, since this
component infers on the metabolic effectiveness and not
only the metabolic activity of microorganisms.
Overall, regardless of the Roundup Ready® cultivars,
there was an increase tendency in the metabolic quotient
(qCO2) (Table 4) with glyphosate application. These
results corroborate those found by Bohm and Rombaldi
(2010), which also report increased qCO2 due to the
application of different glyphosate doses. In turn, the
lowest qCO2 values and the highest qmic values (Table

3) were obtained in treatments without glyphosate
application, showing that this treatment provides the
microbiota stability maintenance.
The highest qCO2 values indicate increased
microorganism activity on soil, since it is a consequence
of increased CO2 release per MCB unit, which, as
previously reported, reflects a microbiota stress condition.
Such a fact confirms the presence of an easy degrading
substrate (glyphosate), however, low assimilation,
because the effect of higher basal respiration came along
with the decreased MCB and it consequently resulted in a
lower metabolic effectiveness of microorganisms.
Therefore, the lowest qCO2 values observed in
treatments without glyphosate application, when
compared to treatments receiving the application of this
herbicide, reflect an economic condition in energy use,
indicating that this system may be adjusting to a new
balance state as reported by Tótola and Chaer (2002).
These results allow one to state that qCO2 significantly
detected changes due to the various soil moisture
conditions and the presence or absence of glyphosate,
thus highlighting, as a good indicator of soil quality and
very sensitive to human interventions, according to what
is documented in the literature (Islam and Weil, 2000;
Baretta et al., 2005).
Regardless of the Roundup Ready® cultivar, there were
decreased in NN and DWNP with glyphosate application,
and considering that this is the most noticeable effect at a
1.800 g e.a. ha-1 dose (Figures 4 and 5) and, especially
when associated to lower water content on soil. These
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Table 4. Metabolic quotient (qCO2) of soil in treatments with Roundup Ready® soybean cultivars subject to different glyphosate
doses under appropriate and water deficit conditions. and conventional soybean cultivars subject only to water conditions the city of
Bom Jesus. Brazilian State of Piaui (crop season 2011/2012).
2 -1
-1
qCO2 (g C-CO g MBC dia )

Glyphosate
-1

0 g e.a. ha
1080 g e.a. ha-1
1800 g e.a. ha-1
Média
Glyphosate
-1

0 g e.a. ha
1080 g e.a. ha-1
-1
1800 g e.a. ha
Média
Glyphosate
0 g e.a. ha-1

Without deficit
0.20Ba
0.51Ba
1.09Aa
0.60a

P98Y12RR
With deficit
0.42Ba
0.41Ba
0.91Aa
0.58a

Average
0.31B
0.46B
1.00A
0.59

Without deficit
0.49Ba
0.50Bb
0.99Aa
0.74b

P98Y51RR
With deficit
0.53Ba
0.94Aa
1.11Aa
0.86a

Average
0.51A
0.72A
0.96A
0.80

Without deficit
0.43Ba
0.67Ba
1.25Aa
0.78a

M9144RR
With deficit
0.45Ba
0.46Bb
1.17Aa
a
0.69

Average
0.44B
0.56A
1.21A
0.73

Without deficit
0.72Ba
0.98ABa
1.20Aa
a
0.97

M9056RR
With deficit
0.39Aa
0.55Ab
0.79Ab
b
0.58

Average
0.56B
0.76AB
1.00A
0.77

Average
0.70

UFUS-Milionária*
Without deficit
With deficit
0.53a
0.62a

M-Soy 9350*
Without deficit
With deficit
0.40b
1.00a

Average
0.57

Average values followed by the same letters capitalized in columns and lowercase in the line do not significantly differ from each other
using the Tukey test at 5%. *Conventional soybean cultivars did not receive glyphosate applications.

Figure 4. Number of nodules per plant (NN) in Roundup Ready® soybean cultivars subject to glyphosate
application under appropriate and water deficit conditions, and conventional soybean cultivars subject only to water
conditions the city of Bom Jesus. Brazilian State of Piaui (crop season 2011/2012). Average values followed by the
same letters capitalized under the same water condition and lowercase letter at the same dosage do not
significantly differ from each other using the Tukey test at 5%. *Conventional soybean cultivars did not receive
glyphosate applications.
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Figure 5. Dry weight of nodules per plant (DWNP) in Roundup Ready® soybean cultivars subject to glyphosate application under
appropriate and water deficit conditions; and conventional soybean cultivars subject only to water conditions the city of Bom Jesus,
Brazilian State of Piaui (crop season 2011/2012). Average values followed by the same letters capitalized under the same water
condition and lowercase letter at the same dosage do not significantly differ from each other using the Tukey test at 5%.
*Conventional soybean cultivars didn’t receive glyphosate applications.

data corroborate those obtained by Santos et al. (2004),
Oliveira Júnior et al. (2008), and Zobiole et al. (2010b),
who also found out decrease in NN and DWNP caused
by glyphosate application. The results clearly showed the
phytotoxic effect of glyphosate on nodulation. This fact is
related to N2-fixing bacteria associated to the soybean
root system of the B. japonicum genus, which has an

EPSPs enzyme sensitive to glyphosate, which may occur
this way, the accumulation of shikimic, hydroxybenzoic,
and protocatechuic acids, and, hence, inhibit the
synthesis of aromatic amino acids, interfering with
symbiotic interaction or directly acting on microorganisms
(Bellalloui et al., 2006; Santos et al., 2007).
For the condition of soil moisture, the results showed
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decrease in NN and DWNP when subject to water deficit.
This fact is related to the sensitivity of biological nitrogen
fixation (BNF) to water deficit (Serraj et al., 2001). The
basis of this sensitivity is associated to the transportation
of ureides (allantoic and allantoin acid) through xylem to
the leaves, from the nodules, whose metabolism is
affected by water deficit. With this, a new transportation
through phloem and accumulation in nodules, something
which inhibits BNF as a result of a retro-inhibiting effect,
which can cause a decrease in vigor, respiration, and the
water flow reaching the nodules (Kron et al., 2008). The
interruption of ureides transportation through xylem is a
result of stomatal closure under of water deficit conditions
(30% of FC).
The results clearly show the effect of glyphosate on the
soil microbiota, affecting the soil bioindicators in a
negative way, and this effect is most noticeable under
water deficit conditions. Comparing the microbial activity
in conventional cultivars to Roundup Ready® cultivars,
this activity is much less affected under water deficit
conditions, thus reinforcing the hypothesis of higher effect
of this herbicide on the soil microbiota stability under
water deficit conditions.
The MCB and the metabolic quotient showed to be
quite sensitive to changes resulting from the application
of glyphosate, presenting a great potential for soil quality
studies under these conditions.
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We report the insecticidal efficacy of Jatropha curcas seed oil against two bruchid beetle species,
Callosobruchus maculatus Fab and Bruchidius atrolineatus Pic, devastating stored cowpea seeds
(Vigna unguiculata). J. curcas oil concentrations ranging from 0.0, 0.25, 0.5, 1.5, 2.5, 5.0 and 7.5 ml were
mixed with 200 g of cowpea seeds before introduction of 10 pairs (5 males and 5 females) of C.
maculatus or B. atrolineatus as the case may be. Mortality, fecundity and rate of emergence were
observed and compared with untreated control and a standard (Deltamethrin). J. curcas oil reduced
adult survival in both species, B. atrolineatus being more sensitive than C. maculatus. Oviposition was
also reduced by 85 to 90% in the females of both species after exposure to 2.5 ml of J. curcas oil
solution. Only 9% of C. maculatus nymphs emerged as adults in seeds treated with 2.5 ml of oil. In B.
atrolineatus, emergence was reduced to 12% in seeds treated with 1.5 ml of oil.
Key words: Natural insecticide, Jatropha curcas oil, pea beetle, cowpea seed.

INTRODUCTION
Cowpea (Vigna unguiculata L. Walp.) is among the
principal world food leguminous plants (Pasquet and
Baudoin, 1997). In Africa, it is appreciated for its green
leaves, pods and seeds, which can be consumed (ISRA,
ITA, CIRAD, 2005). In Niger, it is one of the principal
cultivated crops, and has an important place in the rural
population’s food (Ibro and Bokar, 2001).

Cowpea seeds are attacked severally during storage by a
variety of insect pests (Douma et al., 2002). In a study
comparing the susceptibility of twenty varieties of cowpea
to insect infestations in Niger, Douma et al. (2002)
concluded that all varieties were subject to infestations by
two Bruchid beetles, Bruchidius atrolineatus and
Callosobruchus maculatus (Coleoptera: Bruchidae).
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During the period of cowpea storage, losses associated
with insect damages in stored cowpea could reach 30 to
100% (Singh and Allen, 1979).
The insecticidal effect of many locally harvested plants
has been evaluated as protestants of stored cowpea
seeds before the advent of synthetic insecticides. More
than 2000 vegetable species have been prospected
(Ngamo and Hance, 2007; Benayad, 2008). Jatropha
curcas, locally named pourghère, has been the center of
recent researches as its oil has been demonstrated to
have insecticidal effect (Ratnadas et al., 1997; Abdoul
Habou et al., 2011; Katoune et al., 2011). The seed oil of
J. curcas has been shown to contain toxic substances
called phorbol esters which exhibit insecticidal effects
(Makkar and Becker, 1997; Solsoloy and Solsoloy 1997;
Adebowale and Adedire, 2006). Boateng and Kusi (2008)
and Abdoul Habou et al. (2011) have variously shown the
effectiveness of J. curcas oil in controlling insects of
cotton, rice and cowpea.
This study evaluates the insecticidal activity of J.
curcas oil on two Bruchidae beetles C. maculatus
Fabricius and B. atrolineatus Pic (Coleoptera: Bruchidae)
on stored cowpea.
MATERIALS AND METHODS
Cowpea seeds
TN5-78 cowpea seeds, a variety susceptible to bruchid
infestations, were conserved in the freezer for one week, in order to
disinfest the seeds.
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The number of dead insects was estimated, within one week of the
experiment, in each box. The average mortality of the beetles (M0)
was expressed as a corrected mortality (Mc), taking into account
the natural mortality observed on the control (Mt) according to
Abbott’s formula (Abott, 1925):

Mc 

M0 - Mt
x100
100 - Mt

To calculate LC 50, a binary logistic regression analysis was used:

ln (

pi
)  β
1 pi

0

 β 1X

i

Where: pi = probability; β0 and β1 = predictors, and Xi = doses
(Duyme and Claustriaux, 2006).

Statistical analysis
The data collected were subjected to analysis of variance and the
means separated using Fisher’s least significant differences.

Adult bruchid emergence
In another set of experiments, we evaluated the potential effect of J.
curcas oil on adult emergence. Twenty couples of C. maculatus or
B. atrolineatus adults, aged 48 h, were introduced in small boxes
containing 50 treated cowpea seeds. The same doses of J. curcas
oil as presented above were applied. Each treatment was evaluated
5 times per bruchid specie. Five days after, corresponding to the
maximum period of egg laying (Sanon, 1997) adult insects (alive or
dead) were removed. Seeds with eggs were transferred into Petri
dishes and placed in an incubator at 30°C. After 10 days, the rate of
emergence was evaluated.

Breeding of the beetles
C. maculatus and B. atrolineatus were reared separately, but
following the same procedure. 200 g of cowpea seeds were placed
in large boxes (11.5 × 14 cm) and 20 beetle couples, previously
collected from the field, introduced into them. After four days, the
insects were removed and the seeds were left at 30°C for 21 days
until adult emergence.

Evaluation of the insecticidal activity of J. curcas oil
An emulsifying concentrate (EC) was prepared using 50% of J.
curcas oil, 30% of ethanol as a stabiliser and 20% arabic gum as an
adjuvant in order to fix active molecules on the plant. Different
dilutions of the EC were prepared in order to have seven solutions
containing respectively 0.25, 0.5 1.5, 2.5, 5.0 and 7.5 ml of J.
curcas oil solution. 200 g of treated cowpea seeds were then
introduced inside small boxes (4.6 cm high with 4 cm of superior
diameter and 3 cm of inferior diameter) before introducing twenty
insects aged 24 h. In each box, 13.5 g of one of the seven abovementioned solutions of J. curcas oil were applied, corresponding to
the following doses: 0.25, 0.5, 1.5, 2.5, 5.0 and 7.5 ml per 200 g of
seeds. A control box was also set up with 13.5 g of EC prepared
without J. curcas oil (50% distilled water, 20% arabic gum and 30%
ethanol). For each treatment, 5 boxes were set up as replicates. All
boxes were placed in an incubator (30°C and 70% relative humidity.
As a reference, deltamethrin (Decis 25 EC) treated seeds were also
evaluated.

RESULTS
Effect of J. curcas oil on adult bruchids’ survival
The percent mortality of C. maculatus and B. atrolineatus
adults in cowpea grains with different concentrations of J.
curcas’ seed oil is presented in Table 1. The oil was
highly toxic to both C. maculatus and B. atrolineatus after
7 days. For each concentration tested, a significant death
rate was observed (p ≤ 0.05), being higher in presence of
high concentration of oil. Treatments with 10 and 15%
(5.0 and 7.5 ml/200 g) J. curcas oil concentrations
caused significant mortality on adult C. maculatus (42.0
and 48% respectively) after 72 h. This result was not
different after 7 days of the introduction. Similarly, these
treatments induced 65 and 84% mortality, respectively on
B. atrolineatus after 3 days. The mortality rose to 95 and
98% respectively, after 7 days.

Effect of J. curcas oil on adult bruchid emergence
The oil of J. curcas seeds has an inhibitory effect on
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Table 1. Effect of J. curcas oil concentrations on mean mortality of C. maculatus and B. atrolineatus.

J. curcas
oil (ml)
0
0.25
0.5
1.5
2.5
5.0
7.5
Decis

1 days*
0±0.0f
8±0de
14±0.8cd
cd
19±1.3
27±1.8c
bc
30±1.5
32±1.3bc
a
92±0.8

2 days
0±0.0f
13±1.1ef
17±1.3ef
25±1.5de
33±1.5cd
35±1.8c
38±1.8c
93±1.1a

C. maculatus (time of observation)
3 days* 4 days*
5 days*
6 days*
0±0.0f
0±0.0e
0±0.0f
0±0.0f
ef
d
e
18±0.5
29±1.0
37±0.5
48±1.5e
e
d
de
25±1.2
33±1.3
46±1.7
62±1.8d
33±0.8de 41±1.3d
58±2.6cd 72±1.8cd
41±2.3bc 59±1.7c
73±0.8bc 82±1.1bc
48±2.3bc 60±1.0c
74±1.6b 85±0.7bc
cd
c
53±1.7
61±3.1
75±2.0b 84±1.4bc
a
a
99±0.4
100±0.0
100±0.0a 100±0.0a

7 days*
0±0.0d
63±3.8c
72±2.5bc
84±0.8ab
85±1.4ab
87±0.8ab
88±0.0ab
100±0.0a

1 day*
0±0.0e
17±0.8de
27±1.3cd
26±1.0cd
51±2.1c
43±4.2cd
67±3.2b
95±1.0a

2 days*
0±0.0e
19±1.4de
37±2.1cd
36±1.6cd
53±3.7cd
56±4.4bc
74±2.0ab
96±1.3a

B. atrolineatus (time of observation)
3 days*
4 days*
5 days*
6 days*
0±0.0e
0±0.0e
0±0.0e
0±0.0e
d
d
d
23±1.6
32±2.1
45±1.4
66±0.4d
cd
cd
cd
42±1.6
50±2.4
58±2.6
74±1.7c
47±3.6cd 61±4.1bc
74±2.9bc
83±2.6bc
55±3.0c
65±2.7bc 79±2.5abc
87±1.9abc
65±4.3bc 80±2.4ab
88±2.3ab
94±1.6ab
ab
a
ab
84±2.3
91±2.6
92±2.6
96±1.3ab
a
a
a
99±0.4
100±0.0
100±0.0
100±0.0a

7 days*
0±0.0e
75±3.0d
81±0.8c
86±1.7bc
95±1.4ab
98±0.8ab
100±0.0a
100±0.0a

The averages which have the same letter are appreciably not different. Turkey test, α=5%.

oviposition and subsequent emergence of adult C.
maculatus and B. atrolineatus. The average
number of eggs laid by C. maculatus in the control
was 64.8±13.9 eggs. Under exposure to J. curcas
oil, the oviposition rate reduced as indicated in
Table 2. Oviposition was significantly inhibited in
both insect species with concentrations of 5.0 and
7.5 ml of J. curcas oil solution, after four days
infestation.
In the control, the rates of emergence of C.
maculatus and B. atrolineatus were 76.2 and
76.1%, respectively, indicating that exposure to J.
curcas oil drastically reduced adult emergence in
the two insect species as stated in Table 2.
The lethal concentration of J. curcas oil that
effected 50% mortality of C. maculatus at the end
of the 1st, 2nd and 3rd days were, respectively,
3.75, 3.10 and 2.75 ml. For B. atrolineatus, they
were, 2.90, 2.45 and 2.25 ml, respectively (Table 3).

DISCUSSION
J. curcas oil contains phorbol esters with activate
the protein kinase C (PKC) (Makkar et al., 1997).
This phenomenon endues a cellular proliferation
or apoptosis (Blumberg et al., 1987). The toxicity

of phorbol esters are demonstrated by many
studies on insects pest species (Solsoloy and
Solsoloy; Ratnadas et al. 1997; Abdoul Habou et
al., 2011). This study compared the sensitivity of
two beetles pea bruchid
In this study, we have demonstrated the toxic
effect of J. curcas oil on C. maculatus and B
atrolineatus adult’s survival and emergence. J.
curcas oil reduced adult survival in both species,
B. atrolineatus being more sensitive than C.
maculatus. Oviposition is also reduced in the
females of both species, reaching up to 85 and
90% fewer eggs deposited after exposure to a 2.5
ml of J. curcas oil solution. Only 9% of C.
maculatus nymphs emerged to adults in the
presence of a 5% solution of oil. In B. atrolineatus,
emergence was reduced to 12% with the use of a
1.5 ml of oil solution. Similar result was found by
Ravindra and Kshirsagar (2010) on the
development of C. maculatus. In their work, these
authors showed that the eggs of C. maculatus
were the most susceptible at the developmental
stage to J. curcas oil. Our results are comparable
to those obtained by Udo (2011) and Singh et al.
(1978) who used pure oil. Udo (2011) showed that
palm oil has a significant effect on progeny
development of C. maculatus as Singh et al.

(1979) demonstrated that groundnut oil at 5 ml/kg
completely protected cowpea seeds in storage for
the same insect for up to 180 days. The oil
treatment prevented emergence of progeny rather
than affecting oviposition or mortality of the adult
weevils.
Adebowale and Adedire (2006) conducted a
similar experiment in the laboratory on C.
maculatus Fabr devastating insects of cowpea in
Nigeria. They observed a significant reduction in
laying for all tested concentrations and a total
inhibition of eggs and larvae. The number of eggs
laid by C. maculatus females was also reduced.
They also observed that the emergence rate of
the adults is null for all the concentrations applied.
These authors observed that the seeds are thus
protected during 12 weeks and advance that the
insecticidal effect could originate in sterols and
terpenes alcool contained in J. curcas seeds’ oil.
Boateng and Kusi, 2008 highlighted the
insecticidal effect of J. curcas oil on C. maculatus
(Coleoptera: Bruchidae) and its parasitoid
Dinarmus basalis (Hymenoptera: Pteromalidae).
The adults of the two species have the same
sensibility for the toxic effect of J. curcas oil. C.
maculatus’ eggs are more sensible than those of
D. basalis because they are protected by the
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Table 2. Effect of J. curcas oil concentrations on oviposition and rate of emergence of C. maculatus and B. atrolineatus.

J. curcas oil
(ml)
0
0.25
0.5
1.5
2.5
5.0
7.5
Delthametrin

number of
eggs*
64.8±13.8a
40.8±10.2b
b
38.6±6.4
36.6±12.0b
c
9.6±3.0
0±0.0c
c
0±0.0
0±0.0c

C. maculatus
number of adults
emergent’s*
48.8±8.7a
25.8±10.5b
11.6±8.9b
7.8±5.1b
1.0±1.2c
0±0.0c
0±0.0c
0±0.0c

rate of
emergent*
76.2±0.1a
63.4±0.1b
29.1±0.1b
19.1±0.1b
11.6±0.0c
0±0.0c
0±0.0c
0±0.0c

number of
eggs*
75.4±11.5a
59.6±8.5b
47.2±4.3b
18.8±7.0c
8.2±4.3c
0±0.0c
0±0.0c
0±0.0c

B. atrolineatus
Number of adults
emergent’s*
57±1.9a
16.8±6.3a
6.6±8.0b
2.6±7.6c
0±0.0c
0±0.0c
0±0.0c
0±0.0c

rate of
emergent*
76.1±1a
27±01b
13.2±0.1b
11.3±0.1b
0±0.0c
0±0.0c
0±0.0c
0±0.0c

Averages which have the same letter are not different, Turkey test α= 5%.

Table 3. Regression coefficients estimated by logistic binary analysis.

Parameter
Probability
Cstant (β0)
Coef β1
DL 50 (ml)

observation time
C. maculatus
B. atrolineatus
1 day
2 days
3 days
1 day
2 days
3 days
P<0.001
P<0.001
P<0.001
P<0.001
P<0.001
P<0.001
-2.51
-2.19
-1.65
-2.13
-1.86
1.62
0.033
0.033
0.029
0.036
0.047
0.049
3.75
3.10
2.75
2.90
2.45
2.25

seeds. Solsoloy and Solsoloy (1997) also showed the
effectiveness of J. curcas seeds oil on Sitophilus zeamais
Motschulsky and Callosobruchus chinensis L. insects
devastating seeds of maize and Phaseolus vulgaris L.
Ogunleye et al. (2010) tested the properties of seed oil
of three botanicals namely J. curcas, Heliathus
annus (sunflower) and Cocos nucifera (coconut) on
maize weevil, Sitophilus zeamais Mots. The results of
insects treated with all dosage rates of C.
nucifera showed a significantly higher mortality when
compared with the control. The least rate of application
of J. curcas produced 70% mortality after 24 h, while the
dosage of 0.3 ml and 0.4 ml produced 80% mortality after
24 h. The control experiment remained at 0% level
throughout the period of the experiments.
J. curcas seeds’ oil has a toxic effect on the adults of C.
maculatus and B. atrolineatus. This toxicity increases
with the concentration. A reduction of laying of the
females of these two species is observed for weak
concentrations. The emergence rate of adults is more
significant to B. atrolineatus than C. maculatus. In Niger,
the peasants’ cans used 7.5 ml/200g to detruded 100%
of beetle’s pea contained in the grains which will be
preserving after 24 h. Germination test performed on
treated seeds showed germination rate above 80%. J.
curcas oil does not affect the germination of seeds.
Conflict of Interest
The authors have not declared any conflict of interest.

REFERENCES
Abbot WS (1925). A method of computing the effectiveness of an
insecticide. J. Econ. Entomol. 18:265-267.
Abdoul Habou Z, Haougui A, Mergeai G, Haubruge E, Adam T,
Verheggen FJ (2011). Insecticidal effect of Jatropha curcas oil on the
aphid Aphis fabae (Hemiptera: Aphididae) and on the main insect
pests associated with cowpeas (Vigna unguiculata) in Niger.
Tropicultura 29:225-229.
Adebowale KO, Adedire CO (2006). Chemical composition and
insecticidal properties of the underutilized Jatropha curcas seed oil.
Afr. J. Biotechnol. 5:901-906.
Benayad N (2008). Les huiles essentielles extraites des plantes
médicinales marocaines : moyen efficace de lutte contre les
ravageurs des denrées alimentaires stockées. Rapport d’étude.
Université Mohammed V–Agdal. Maroc, P. 61.
Boateng BA, Kusi F (2008). Toxicity of Jatropha Seed Oil to
Callosobruchus maculatus (Coleoptera: Bruchidae) and its
Parasitoid. Dinarmus basalis (Hymenoptera: Pteromalidae). J. Appl.
Sci. Res. 4(8):945-951.
Blumberg PM, Nakadate T, Warren B, Dell Aquila M, Sako T, Pasti G,
Sharkey NAB (1987). Phorbol esters as probes of the modulatory site
on protein kinase C. an overview. Botanical J. linean Soc. 94(12):283-292.
Duyme F, Claustriaux JJ (2006). La régression logistique binaire. Notes
statistique et d’informatique. Gembloux Agro-bio- Tech, Belgique, P.
24.
Douma A, Abbas IL, Adam T, Alzouma I (2002). Comportement de vingt
variétés de niébé (Vigna unguiculata (L.) Walp.) vis-à-vis
de Bruchidius atrolineatus (Pic.) etCallosobruchus maculatus (F.)
(Coleoptera: Bruchidae. Cahiers Agricultures 15:187-193.
Ibro G, Bokar M (2001). Transfert de nouvelles technologies dans les
systèmes de production des paysans au Niger, étude de cas:
adoption des variétés améliorées et de nouvelles techniques de
protection de la culture du niébé. Rapport du projet PRONAF, P. 17.
ISRA, ITA, CIRAD (2005). Bilan de la recherche agricole et
agroalimentaire au Sénégal, rapport, P. 520.
Katoune HI, Malam Lafia D, Salha H, Doumma A, Yaye DA, Pasternak

2510

Afr. J. Agric. Res.

D, Ratnadass A (2011). Physic nut (Jatropha curcas) oil as a
protectant against field insect pests of cowpea in Sudano-Sahelian
cropping systems. J. Sat Agric. Res. 9:1-6.
Makkar HPS, Becker K, Sporer F, Wink M (1997). Studies on nutritive
potential and toxic constituents of different provenances of Jatropha
curcas
L.
J.
Agric.
Food
Chem.
45:3152-3157.
http://dx.doi.org/10.1021/jf970036j
Ngamo LST, Hance TH (2007). Diversité des ravageurs des denrées et
méthodes alternatives de lutte en milieu tropical. Tropicultura 25:215220.
Ogunleye RF, Ogunkoya MO, Abulude FO (2010). Effect of the seed oil
of three botanicals, Jatropha curcas, Helianthus annus and Cocos
nucifera on the maize weevil, Sitophilus zeamais (Mots). Plant
Product Res. J.14:14-18.
Pasquet RS, Baudoin JP (1997). Le niébé In Charrier A., Jacquot M.,
Hammon S. biotechnology research network. Proceedings of the
Second International Scientific Meeting, 7–10 Sept. 1993, CIAT (Cali,
Colombia), pp. 69-75.
Ratnadas A, Cissé B, Diarra A, Mengual L, Taneja SL, Thiéro CAT
(1997). Perspectives de gestion bio intensive des foreurs des tiges
de sorgho en Afrique de l'Ouest. Insect Sci. 17:227-233.
Ravindra V, Kshirsagar (2010). Insecticidal activity of Jatropha seed oil
against Callosobruchus maculatus (Fabricius) infesting Phaseolus
aconitifoliusJacq. Bioscan 5:415-418.

Sanon A (1997). Contribution à l’étude du contrôle biologique des
populations de Bruchidae ravageurs des graines de niébé (Vigna
unguiculata L. Walp) au cours de leur stockage au Burkina-Faso.
Thèse de Doctorat, Université de Ouagadougou, P. 162.
Singh SR, Luse RA, Leuschner K, Nangju D. (1979). Groundnut oil
treatment for the control of Callosobruchus maculatus (F.) during
cowpea
storage.
J.
Stored
Prod.
Res.
14(2-3):77-80.
http://dx.doi.org/10.1016/0022-474X(78)90001-2
Singh SR, Allen DJ (1979). Les insectes et les maladies du niébé. IITA
Ibadan, Nigeria, P. 113.
Solsoloy AD, Solsoloy TS (1997). Pesticidal efficacy of formulated
product Jatropha curcas oil on pests of selected field crops, pp. 216226 in: Gubitz G.M. Mithelbach M et TrabiM. Symposium on Biofuel
and Industrial Products from Jatropha curcus and other Tropical Oil
Seed Plants, February 23-27, Managua. Nicaragua,
Udo IO (2011). Protectant effect of plant oils against cowpea weevil
(Callosobruchus maculatus) on stored cowpea (Vigna unguiculata.)
ARPN J. Agric. Boil. Sci. 6(20):1-4.

Vol. 9(32), pp. 2511-2519, 7 August, 2014
DOI: 10.5897/AJAR2013.7862
Article Number: 5BDDF7846496
ISSN 1991-637X
Copyright © 2014
Author(s) retain the copyright of this article
http://www.academicjournals.org/AJAR

African Journal of Agricultural
Research

Full Length Research Paper

Spring-summer tomato yield as a function of potassium
fertilization in field and protected crops
Glaucio C. Genuncio*, Edvar S. Silva, Elisamara C. Nascimento, Everaldo Zonta and
Adelson P. Araújo
Department of Soils, Federal Rural University of Rio de Janeiro (UFRRJ), Rodovia BR 465, Km 7, Rio de Janeiro, Brazil.
Received 29 August, 2013; Accepted 26 June, 2014

Off-season tomatoes produced in Southeast Brazil in Spring-Summer crops are highly valued, but crop
yield is limited by high rainfall and temperatures. To overcome this situation and make off-season
tomato crops more profitable, they can be grown under controlled conditions in protected cultivation
systems. In addition, tomato yield and quality can be improved by adequate levels of potassium (K)
fertilization. The present study evaluated the off-season (Spring-Summer) yield of tomato crops grown
in the field or in protected systems (hydroponics and fertigation) using different levels of K application.
Tomato plants (hybrid Saladinha) were simultaneously grown under the 3 systems from September
2005 to February 2006 (2005 off-season) and from July to November 2006 (2006 off-season) in
Seropédica, RJ, Brazil. In 2005, four nitrogen:potassium (N:K) ratios were tested, and in 2006 two levels
of K supply were evaluated. In 2005, marketable fruit yield was lower in the field and similar in the
hydroponics and fertigation systems, without consistent effects of N:K ratios on tomato yield. In 2006,
when a higher level of fruit yield was achieved, the hydroponic system yielded more marketable
tomatoes than fertigation and field systems. In 2006, the higher K level stimulated the shoot growth in
the three systems and increased by 11% the marketable fruit yield in the average of the three systems,
indicating that increased K supplies are required to improve tomato growth and yield in protected
crops.
Key words: Solanum lycopersicum, protected cultivation, fruit quality, fertilization.

INTRODUCTION
In the Southeast and South Regions of Brazil, market
prices of tomatoes usually increase during summer owing
to reduced cultivation in farming areas. Off-season
Spring-Summer field tomato cropping in these regions is
limited by high temperatures, sunlight exposure and
rainfall rates, which promote physiological disturbances,

pest attacks and diseases, thereby reducing fruit yield
and quality (Peixoto et al., 1999). High temperatures in
particular decrease respiration rates and net
photosynthesis of tomato plants, reduce pollination rate
and cause flower abortion (Antoniolli and Castro, 2008).
They also compromise fruit growth rate and ripening
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homogeneity (Adams et al., 2001).
Tomato growth under protected cropping systems, in
turn, allows the control of environmental factors (solar
radiation, rainfall, wind and relative air humidity), pests
and diseases (Caliman et al., 2005). Therefore, this
technique improves tomato yield when local or seasonal
conditions are unfavorable. Protected cropping may also
increase tomato yield to two crops a year, yielding fruits
with high market value in off-season periods (Valandro et
al., 2007). Protected cropping systems such as
hydroponics and fertigation can provide important
benefits to crops. The efficient fertilizer application
promoted by these systems minimizes crop losses and
ensures adequate nutrient balance at each stage of plant
development (Fernandes et al., 2002; Hebbar et al.,
2004; Fontes et al., 2005; Soares et al., 2005).
Potassium (K) is the main nutrient absorbed by tomato
plants, in both field and protected crops (Fayad et al.,
2002), particularly during plant reproduction and fruit
development (Fontes et al., 2000b; Kanai et al., 2007).
Since K limits photosynthesis and the transport of
photoassimilates to fruits, its deficiency reduces their
number and size due to an imbalance in the source-sink
relationship (Kanai et al., 2007).
An adequate K supply also attenuates the severity of
plant diseases because it plays an important role in plant
resistance (Walters and Bingham, 2007), metabolism
regulation by enzyme activation and processes such as
stoma regulation, carbohydrate transport and respiration
(Shimazaki et al., 2007; Soetan et al., 2010; Montoya et
al., 2012). Potassium can be provided as a function of N
supply and plant stage (N:K ratio of 1:1 for plant growth,
1:2 in blooming and 1:3 in fruit development) to improve
tomato quality (Fernandes et al., 2002; Alvarenga et al.,
2004; Soares et al., 2005; Passam et al., 2007).
Given the role of K in plant development, an adequate
supply of this nutrient can maintain adequate
photosynthesis rates under high-temperature conditions,
enhancing off-season production of high-quality fruits.
Accordingly, the present study evaluated the growth and
yield of tomato plants cropped under field, hydroponic
and fertigation systems combined with crop fertilization at
different N:K ratios during the Spring-Summer, in Rio de
Janeiro state.
MATERIALS AND METHODS
Growth conditions
Experiments on tomato growth under field, hydroponic and
fertigation systems were carried out simultaneously from
September 2005 to February 2006 (2005 off-season) and between
July and November 2006 (2006 off-season), at the Federal Rural
University of Rio de Janeiro, Seropédica, (22°45’ S, 43°41’ W), in
the Lowland Metropolitan region of the Rio de Janeiro State, Brazil.
Climate in the area corresponds to Köppen classification Aw, with
hot and rainy summers and dry winters.

The tomato hybrid tested was Saladinha F1, from the Sakata
Seeds Company (Sakata Seeds, Brazil). It exhibits a determinate
growth habit, 110-day cycle, and produces fruits with 200 g fresh
matter. Seeds were germinated in a dark chamber and seedlings
were grown in a foam tray under greenhouse conditions and
supplied with Hoagland solution (Hoagland and Arnon, 1950)
diluted to ¼ until 15 days after planting. At 35 days after sowing, the
seedlings were transplanted to the respective crop systems. The
greenhouse used for seedling production and protected cropping
was arch-shaped, with 3.5 m headroom and 4.7 m span. Its ceiling
and walls were covered with plastic film and anti-aphid screen.

Hydroponic system
In the hydroponic cropping system, 4 fertilization treatments were
tested in the 2005 off-season, combining two levels of Hoagland’s
solution (50 and 75% ionic strength) and two N:K ratios (1:1.5 and
1:2) in a random block design with 3 replicates. In the 2006 offseason, treatments consisted of two N:K ratios (1:1.5 and 1:2) and
Hoagland’s solution at 50% ionic strength, with 4 replicates. The
N:K ratios tested were achieved by adjusting calcium nitrate,
potassium nitrate, calcium chloride and potassium chloride levels.
The nutrient film technique (NFT) hydroponic system was used.
To that end, 12 propylene gullies (75 mm wide and 10 m long) were
used, and double planting rows arranged 0.6 m apart, 0.5 m
between plants, 1.0 m inter-double rows, 16 plants per line and 4%
slope. The nutritive solutions were applied at 15 min intervals, at a
4 L/min flow in each gully. The nutritive solutions were monitored
every 15 days by electrical conductivity and pH measurement and
then renewed.

Fertigation system
In the fertigation system set up in the 2005 off-season, four N:K
ratios were tested (200:300, 200:400, 300:450 and 300:600 kg/ha)
in a randomized block design with 3 replicates. In the 2006 offseason, two N:K levels (200:300 and 200:400 kg/ha) were tested
with 3 replicates. The fertigation technique was used to apply an
amount equivalent to 100 kg P, 1,500 kg Ca and 175 kg Mg per
hectare. The nutrient levels (in kg/ha) were calculated per plant,
considering the plant density in the greenhouse. Micronutrient
fertilization consisted of a stock solution containing 1.92 mg
manganese sulfate, 0.23 zinc sulfate, 2.94 boric acid, 0.15 copper
sulfate, 0.03 sodium molybdate and 10.50 FeEDDHA (6%) per liter
(Alvarenga et al., 2004).
The plants were placed in 8 L polypropylene pots filled with
coconut fiber and watered by drip irrigation according to Carrijo et
al. (2002). Twelve crop lines were planted in double rows 0.6 m
apart, 0.5 m between the pots and 1.0 m inter-double rows. The
nutrients were distributed weekly by fertigation, and irrigation was
controlled by tensiometers. The N:K fertilization applied (in percent
value) was 20:25 at 10 DAT (days after transplanting), 25:25 at 40
DAT, 30:30 at 45 DAT and 25:20 at 70 DAT, according to
Alvarenga et al. (2004).
In the 2006 off-season, a stock solution with twice the normal
amount of boron, that is, 5.88 mg/L of boric acid, was applied. This
was provided because of the high occurrence of open holes
(locules) in the 2005 off-season in both hydroponic and fertigation
systems.

Field system
In the field system, four N:K ratios (100:150, 100:200, 150:200 and
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150:250 kg/ha) were tested in the 2005 off-season in a randomized
block design with three replicates. In the 2006 off-season, two N:K
levels (150: 225 and 150: 300 kg/ha) were tested in experimental
plots in a randomized block design with four replicates. The crop
field area was covered by Argissolo Vermelho Amarelo (Typic
Ultisol). The chemical characteristics of soil were determined in
samples collected in the 0-20 cm layer, according to Embrapa
(1997). Before the experimental treatments, the soil exhibited water
pH 5.3 and contained 2.4 cmolc/dm3 of Ca, 1.5 cmolc/dm3 of Mg, 0.2
cmolc/dm3 of Al, 2.3 mg/kg of available P and 92 mg/kg of available
K. In the 2005 off-season, soil received 2.2 tons/ha of dolomite lime
to increase Ca+Mg levels to 6.0 cmolc/dm3. This was performed to
homogenize the study area, which contained 5.6 cmolc/dm3 of
Ca+Mg. In the 2005 and 2006 off-seasons, 15 tons/ha of aged
cattle manure (0.9% of N, 0.3% of P and 0.8% of K) were applied in
the total area along with 50 kg/ha of P as simple superphosphate, 5
kg/ha of zinc sulfate, 10 kg/ha of borax, 10 kg/ha of copper sulfate
and 0.25 kg/ha of sodium molybdate, as recommended by Almeida
et al. (1988). The N and K levels, in the form of urea and potassium
chloride, were equally divided into three applications, the first at
planting and then at 35 and 70 DAT.
The experimental plots measured 3 × 1.2 m in 2005 and 6 × 1.2
m in 2006, with 0.6 m between plots, 0.5 m between rows and 0.5
m between plants. In the 2005 off-season, each plot contained 8
plants and in 2006 each plot held 36 plants. Plant density was
increased in 2006 in order to evaluate dry matter accumulation
throughout the crop cycle. Irrigation was performed by dripping,
with water potential kept near -0.03 MPa.

Tomato plant growth
In all cultivation systems, tomato plants were staked to maintain
upright growth and axillary buds were trimmed weekly. No more
than 7 bunches were maintained in each plant. When necessary,
the pests Frankliniella schulzei, Liriomyza huidobrensis, Bemisia
spp., Aculops lycopersici, Myzus persicae, Neoleucinodes
elegantalis and Hecoverpa zea, and of the pathogens Alternaria
solani, Septoria lycopersici, Cladosporium fulvum, Phytopthora
infestans and Pectobacterium spp. were chemically controlled, as
recommended by Feitosa and Cruz (2003). Temperature and
relative air humidity in protected and field systems were recorded
daily at 9:00 and 15:00 h, using a maximum/minimum analog
thermometer and thermo-hygrometer. In the 2005 off-season, the
average maximum temperatures were 33.3°C in the greenhouse
and 34.7°C in the field. However, during the hottest experimental
period between 84 and 113 DAT, the difference between the
environments were wider, with maximum temperatures 3.0°C
higher in the field. Average minimum temperatures reached 22.4°C
in the protected environment and 21.8°C in the field. Average
relative air humidity was 74% in the greenhouse and 67% in the
field. In the 2006 off-season, average maximum temperature was
35.1°C in the greenhouse and 32.2°C in the field, but these higher
maximum temperatures in protected system occurred mainly during
the initial growth season in cooler months. The average minimum
temperature was 19.5 in the greenhouse and 19.3°C in the field.
Average air humidity in 2006 was 66% in the greenhouse and 72%
in the field.

Tomato sampling and analysis
In the 2005 and 2006 off-seasons, fruits that were physiologically
mature (Cá et al., 2006) were harvested weekly from the 8 plants
located in the middle of each plot. They were used for fresh matter
determination and measurement of the transversal diameter. They
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were also used to detect the occurrence of lesions caused by biotic
and abiotic agents, which were indicators of non-commercial fruits
(cull). Six fruits from the second and third bunches were sampled
for determination of total soluble solids (oBrix) and titratable acidity
of the pulp (Fontes et al., 2000a).
Only in the 2006 off-season 2 tomato plants were collected in
each plot at different ages to evaluate dry matter accumulation
throughout crop development. As such, plants were sampled 15,
30, 45, 60, 75 and 90 days after transplant (DAT) in all the systems.
Because biotic and abiotic factors in hydroponics and fertigation
allowed longer plant development, plants in these systems were
also collected at 105 DAT. The plants collected were cut close to
the ground and their shoots separated into leaves (petiole + leaf
blade), stem, inflorescence and fruits. Each plant part was dried in
an air circulation oven at 70°C for 72 h to determine dry matter
mass.
Absolute growth rate was estimated in the 2006 off-season, using
the functional approach for plant growth analysis (Hunt, 1982). The
Gompertz model was fitted to raw shoot dry matter data by the
Marquadt algorithm, which is an iterative technique (SAEG
package, Artur Bernardes Foundation, Federal University of
Viçosa). This asymptoptic model (Hunt, 1982) describes the
development of tomato plants that do not exhibit significant
senescence throughout the crop cycle. Absolute growth rate was
obtained from the first derivative of the Gompertz function,
according to the following equations (Hunt, 1982):
and

AGR  a bce  c T e  be

W  ae be

 cT

;

 cT

. The first equation represents the

Gompertz model and the second equation the absolute growth rate;
a, b and c are coefficients adjusted for regression, and T is time in
DAT.

Data analysis
Data on tomato yield and quality obtained in 2005 and 2006 were
evaluated by a single factor analysis of variance (ANOVA), which
was applied to each crop system and season in order to evaluate
the effects of different fertilization levels. The three crop systems
were also compared in each off-season, consisting of a bifactorial
ANOVA combination between the systems and fertilization levels
(considered as subplots). Means of the treatments and systems
were compared using the Duncan test at a significance level of
0.05. Since the variance of shoot dry data matter obtained in 2006
was very heterogeneous between the plant ages, data were lntransformed before being subjected to ANOVA. Thus, the ANOVA
was conducted in each crop system, considering a factorial scheme
between K levels and plant age, to detect the effect of K levels on
plant growth (Araújo, 2003).

RESULTS
In the 2005 off-season, total yield of the tomato hybrid
Saladinha was higher in protected crops (hydroponics
and fertigation) than in the field (Table 1), with the highest
yield of marketable fruits obtained with fertigation. In the
field, fewer fruits (marketable fruits + cull) were produced,
but the marketable fruits showed a higher fresh matter
content per unit.
In the 2006 off-season, total and marketable fruit yield
and total number of fruits were higher in the hydroponic
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Table 1. Mean production and quality of tomatoes under hydroponic, fertigation and field systems in 2005 and 2006 off-seasons.

Parameter
-1

Marketable yield (g plant )
Cull yield (g plant-1)
Total yield (g plant-1)
Marketable number (fruit plant-1)
Cull number (fruit plant-1)
Total number (fruit plant-1)
Marketable diameter (mm)
Marketable fresh matter (g fruit-1)
Total soluble solids (oBrix)
Titratable acidity (%)

2005 off-season
Hydroponics Fertigation
607 b
923 a
a
1417
1104 a
a
2024
2026 a
a
12.3
15.2 a
a
22.3
20.5 a
a
34.5
35.6 a
a
50 a
47
c
50
61 b
a
5.9
5.1 b
b
0.21
0.26 a

Field
744 ab
657 b
1344 b
7.6 b
5.4 b
12.4 b
51 a
101 a
5.2 b
0.21 b

2006 off-season
Hydroponics Fertigation
3038 a
978 c
b
628
347 c
a
3665
1325 c
a
23.8
11.2 b
ab
5.3
5.1 b
a
29.1
16.2 b
b
60
52 c
b
130
87 c
ab
4.7
4.9 a
b
0.30
0.37 a

Field
1657 b
1065 a
2723 b
10.1 b
7.8 a
17.9 b
67 a
160 a
4.5 b
0.37 a

For the 2005 season, means corresponded to 4 treatments combining different N:K ratios (N=3); for the 2006 season, they
corresponded to 2 N:K ratios (N=4). Values followed by a same superscript in a row and relative to a same year are not statistically
different (Duncan test, P<0.05).

system, whereas plants under fertigation produced a
lower number of total and marketable fruits. Marketable
fruits from the field system exhibited the highest diameter
and fresh matter content per unit (Table 1)
In the 2005 off-season, the content of total soluble
solids (oBrix) in the fruits was higher in the hydroponic
system, and titratable acidity was higher in plants under
fertigation (Table 1). In 2006, the lowest levels of total
soluble solids were detected in fruits grown in the field,
and the lowest titratable acidity was found in fruits from
the hydroponic system (Table 1). Shoot dry matter of
tomato plants, evaluated only in the 2006 off-season, was
affected by the interaction between K levels and
transplant age in hydroponic and field systems and by K
levels in the fertigation system (as indicated by ANOVA
of ln-transformed data, P<0.05). In the hydroponic
system, plants receiving a N:K ratio of 1:2 exhibited
higher dry matter production and absolute growth rate in
the last development stages (Figure 1). In the fertigation
system, higher shoot dry matter production and absolute
growth rate throughout the cycle was obtained using a K
level of 400 kg/ha (Figure 1). In the field, shoot dry matter
at 60 and 90 DAT was higher in treatments receiving 300
kg/ha of K than in those receiving 225 kg/ha, resulting in
a higher growth rate of the former in the last development
stages (Figure 1). Therefore, tomato plant growth was
higher in treatments using the highest K levels,
irrespective of the crop system (Figure 1). In addition,
shoot growth was higher in the hydroponic system,
intermediary in the field and lower in the fertigation
system (Figure 1).
In the 2005 off-season, marketable fruit yield was lower
in the hydroponic system using a 1:2 N:K ratio, with both
50% and 75% ionic strength, but the levels of fertilization
did not affect the average diameter of marketable fruits

(Table 2). In fertigation, the highest yield of marketable
fruits was obtained using N:K levels of 200:300 and
200:400 kg/ha. In the field crop, the highest diameter of
marketable fruit was obtained using 100 kg/ha of N and
200 kg/ha of K, with no significant effect of fertilization
treatments on the production of marketable fruits (Table
2). In the 2006 off-season, marketable fruit yield was not
affected by K levels in each of the three cultivation
system (Table 2). However, considering the average of
the three cropping system, the production of marketable
fruits treated with the higher K level was 11% greater
than those treated with the lower K level (Table 2). The
occurrence of “open holes” was very high in 2005 (Figure
2), and culled fruits accounted for 64% of total fruits in
hydroponics, 56% in fertigation and 42% in the field
system (Figure 2). In the fertigation system, 22% of fruits
exhibited blossom-end rot in both off-seasons (Figure 2
and Table 1). In both off-season crops, culled fruits were
produced primarily by fruit borer (Neoleucinodes
elegantalis) attack (Figure 2). In 2006, other defects such
as cracks and sunscald occurred in 9% of the fruits
cropped in the field (Figure 2). In the protected cropping
systems, maximum temperatures were kept at adequate
levels and fruit borer control was higher than in the field
system (Figure 2).

DISCUSSION
Maximum temperatures in the 2005 and 2006 offseasons were quite elevated, an usual pattern during
Spring-Summer in Southeast region of Brazil. High
temperatures may compromise tomato production,
especially in the last maturation stages (Adams et al.,
2001), as observed in the 2005 off-season particularly in
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Figure 1. Shoot dry matter and absolute growth rate of tomato plants in the 2006 off-season, under hydroponic,
fertigation and field systems. Two N:K ratios were evaluated in the hydroponic system and two K levels in fertigation
and field systems. Squares represent experimental means, and lines correspond to the Gompertz model fitted to raw
data.

2515

2516

Afr. J. Agric. Res.

Table 2. Marketable tomato yield and diameter under hydroponic, fertigation and field cultivation systems
in 2005 and 2006 off-seasons, at different levels of N and K supplies.

Cropping systems and fertilization
2005 off-season
Hydroponics
50% ionic strength, 1:1.5 N:K ratio
50% ionic strength, 1:2 N:K
75% ionic strength, 1:1.5 N:K ratio
75% ionic strength, 1:2 N:K ratio

Yield (g/plant)

Diameter (mm)

701 a
525 ab
754 a
448 b

50 a
46 a
46 a
46 a

Fertigation
200:300 N:K (in kg/ha)
200:400 N:K (in kg/ha)
300:450 N:K (in kg/ha)
300:600 N:K (in kg/ha)

1132 a
1110 a
873 ab
575 b

51 a
51 a
49 a
50 a

Field
100:150 N:K (in kg/ha)
100:200 N:K (in kg/ha)
150:200 N:K (in kg/ha)
150:250 N:K (in kg/ha)

955
683 a
658 a
681 a

2006 off-season
Hydroponics
50% ionic strength, 1:1.5 N:K ratio
50% ionic strength, 1:2 N:K ratio

2912
3164 a

Fertigation
200:300 N:K (in kg/ha)
200:400 N:K (in kg/ha)

898
1059 a

51 a
53 a

Field
150:225 N:K (in kg/ha)
150:300 N:K (in kg/ha)

1569
1746 a

a

66 a
68 a

Mean of the three systems
Lowest K level
Highest K level

1793 b
a
1990

59 a
60 a

a

a

a

40 b
59 a
49 ab
55 ab

61 a
59 a

Values followed by a same superscript in a column and within a cropping system are not statistically different
(Duncan test, P<0.05).

the field. However, in 2006 the high temperatures
recorded in the protected crop during cooler months at
the beginning of the experiment are likely to contribute for
increasing yields in hydroponic and fertigation systems as
compared to the field (Table 1). These results indicate
that tomato off-season crops in protected environments in
Southeast Brazil must be planted by the end of winter,
with an early summer harvest to avoid fruit maturation
during the hottest period.

We did not find a specific N:K ratio that could improve
consistently marketable tomato yield under field,
hydroponic or fertigation systems in 2005 or 2006 offseasons (Table 2). However, in 2006 off-season the
higher K level increased the shoot growth of tomato
plants in the three cropping systems (Figure 1) and the
yield of marketable fruits by 11% in the average of the
three cropping systems (Table 2), denoting that
increased K supplies are required to improve tomato

Genuncio et al.

2006

2005

2517

Other defects

100

Sunscald
Fruit borer

80

Open role
Blossom-end rot

60

Marketable fruits

40
20
0
Hydroponic

Fertigation

Field

Hydroponic Fertigation

Field

Figure 2. Proportion of marketable fruits and culls with biotic and abiotic defects produced in hydroponic,
fertigation and field systems in the 2005 and 2006 off-seasons.

growth and yield in protected crops particularly at a
higher level of productivity such as in 2006.
In the field in 2005, fruits with higher diameter were
obtained using 100:200 N:K (in kg/ha), similar to that
reported by Fontes et al. (2000b) for Santa Clara tomato
variety. These authors tested K levels from 0 to 400
kg/ha and identified cumulative responses of the
variables studied, with maximum commercial production
of 73 tons/ha obtained with a K level of 194 kg/ha,
applied by fertigation to a field crop. However,
Papadopoulos and Khosla (1993) found no effects of
different N:K ratios applied by fertigation on the yield and
quality of tomatoes grown in the field. In the present
study we found that the highest yield of marketable fruits
in the fertigation system was obtained up to 400 kg/ha of
K (Table 2), indicating that very high levels of fertilization,
nearly 300 kg/ha of N and above 400 kg/ha of K, can
damage tomato plants in this system.
Physiological disturbances related to blossom-end rot
and open holes in tomatoes are related to calcium (Ca)
and boron (B) deficiency, respectively (Antoniolli and
Castro, 2008). The mobilization of Ca and B in crops may
be impeded by high temperatures (Antoniolli and Castro,
2008). This could explain the high incidence of these
defects in the 2005 off-season, under high temperatures
during late growth stages. In 2005, open holes were
found in 59% of hydroponically-grown fruits and 30% of
those grown under fertigation (Figure 2), indicating that B
content in Hoagland’s solution should be modified. As
such, B levels were doubled in the nutritive stock solution
applied in 2006, which likely contributed to reducing open
holes prevalence and increasing hydroponic tomato
production (Table 1).
With respect to Ca deficiency, fruits produced using
fertigation exhibited high occurrence of blossom-end rot.
Loos et al. (2008) reported that this defect accounted for

the highest losses in marketable tomato yield in a
protected cropping system. In fertigation, nutrient
availability and balance can be modified by the cation
exchange capacity of coconut fiber, which likely reduced
Ca availability. Furthermore, lower water content is
available to plants grown in artificial substrate (in pots)
than to those grown in soil (Valandro et al., 2007), and
with reduced transpiration rate, the former can exhibit low
Ca
flow
in
xylem.
Therefore,
fertilization
recommendations for tomatoes grown in coconut fiber
substrate and under a fertigation system should be
adapted, especially in relation to Ca levels. Another
aspect to be further studied concerns the portion of
fertilizer to apply to the substrate via fertigation in each
growth stage, since inadequate levels can compromise
commercial fruit production (Alvarenga et al., 2004).
Fruit borer occurrence in the field crop was lower in
2006 (Figure 2), probably because of chemical control
during the blooming period. In the protected crops, the
incidence of this pest was prevented by the anti-aphid
screen covering the greenhouse. Fruit borers must be
intensively controlled in tomato crops since they are
known to attack different varieties, such as Débora Plus
and Santa Clara (Loos et al., 2008), in both protected and
field crops (Caliman et al., 2005). The effects of applying
different K levels on total soluble solids and titatrable
acidity were not consistent (data not shown). Fontes et al.
(2000a) found no effects of K levels ranging from 0 to 400
kg/ha on vitamin C, soluble solids or lycopene levels in
tomatoes, although pH decreased in fruits grown under
the highest K levels. The levels of total soluble solid and
titratrable acidity measured in the two off-seasons (Table
1) are slightly below the values reported for tomatoes
cropped in the field and in different substrate types in
protected cropping (Fontes et al., 2004) and for different
tomato hybrids cropped in the field (Carvalho et al.,
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2005), respectively.

Conclusions
The results obtained indicate that protected tomato crops
grown under hydroponics produce higher marketable fruit
yield during the off-season (Spring-Summer) than crops
grown under fertigation and field conditions. Protected
tomato crops in Southeast Brazil must be planted by the
end of winter, with an early summer harvest to avoid fruit
maturation during the hottest period. With respect to
fertilizer management, higher K levels applied stimulate
shoot growth and increased the yield of marketable fruits
in the three cultivation systems, particularly at a higher
level of fruit productivity, indicating that increased K
supplies are required to improve tomato growth and yield
in protected crops.

Conflict of Interest
The authors have not declared any conflict of interest.

REFERENCES
Adams SR, Cockshull KE, Cave CRJ (2001). Effect of temperature on
the growth and development of tomato fruits. Ann Bot-London
88:869-877.http://dx.doi.org/10.1006/anbo.2001.1524
Almeida DL, De-Polli H, Santos GA, Cunha LH, Freire LR, Sobrinho
NMBA, Pereira NNC, Eira PA, Bloise RM, Salek RC (1988). Manual
de Adubação para o Estado do Rio de Janeiro. Coleção
Universidade Rural, Série Ciências Agrárias, UFRRJ, Seropédica.
Alvarenga MAR, Lima LA, Faquin V (2004). Fertirrigação. In: Alvarenga
MAR, ed. Tomate: produção em campo, em casa-de-vegetação e em
hidroponia. UFLA, Lavras. pp. 121-158.
Antoniolli LR, Castro PRC (2008). Tomateiro. In: Castro PRC, Kluge
RA, Sestari I, eds. Manual de fisiologia vegetal: fisiologia dos
cultivos. Agronômica Ceres, Piracicaba. pp. 747-762.
Araújo AP (2003). Analysis of variance of primary data on plant growth
analysis.
Pesq.
Agropec.
Bras.
38:1-10.
http://dx.doi.org/10.1590/S0100-204X2003000100001
Cá JA, Maluf WR, Gomes LAA, Nascimento IR, Faria MV, Licursi V,
Moretto P (2006). Híbridos de tomateiro longa-vida com frutos de
maior intensidade de coloração. Pesq. Agropec. Bras. 41:1377-1384.
http://dx.doi.org/10.1590/S0100-204X2006000900005
Caliman FRB, da Silva DJH, Fontes PCR, Stringheta PC, Moreira GRM,
Cardoso AA (2005). Avaliação de genótipos de tomateiro cultivados
em ambiente protegido e em campo nas condições edafoclimáticas
de Viçosa. Hortic. Bras. 23:255-259. http://dx.doi.org/10.1590/S010205362005000200018
Carrijo OA, Liz RS, Makishima N (2002). Fibra da casca do coco verde
como
substrato
agrícola.
Hortic.
Bras.
20:533-535.
http://dx.doi.org/10.1590/S0102-05362002000400003
Carvalho LA, Neto JT, Arruda MC, Jacomino AP, Melo PCT (2005).
Caracterização físico-química de híbridos de tomate de crescimento
indeterminado em função do espaçamento e número de ramos por
planta. Rev. Bras. Agrocienc. 11:295-298.
EMBRAPA – Empresa Brasileira de Pesquisa Agropecuária (1997).
Manual de Métodos de Análise de Solos. Centro Nacional de
Pesquisa de Solos Rio de Janeiro, Embrapa, Rio de Janeiro.
Fayad JA, Fontes PCR, Cardoso AA, Finger FL, Ferreira FA (2002).

Absorção de nutrientes pelo tomateiro cultivado sobcondições de
campo e de ambiente protegido. Hortic. Bras. 20:90-94.
http://dx.doi.org/10.1590/S0102-05362002000100017
Feitosa FAA, Cruz GF (2003). Controle de pragas e doenças de flores e
hortaliças. Instituto Frutal, Fortaleza.
Fernandes AA, Martinez HEP, Fontes PCR (2002). Produtividade,
qualidade dos frutos e estado nutricional do tomateiro tipo longa vida
conduzido com um cacho, em cultivo hidropônico, em função das
fontes
de
nutrientes.
Hortic.
Bras.
20:564-570.
http://dx.doi.org/10.1590/S0102-05362002000400012,
Fontes PCR, Dias EM, Graça RN (2005). Acúmulo de nutrientes e
método para estimar doses de nitrogênio e de potássio na
fertirrigação
do
pimentão.
Hortic.
Bras.
23:275-280.
http://dx.doi.org/10.1590/S0102-05362005000200022
Fontes PCR, Sampaio RA, Finger FL (2000a). Fruit size, mineral
composition and quality of trickle-irrigated tomatoes as affected by
potassium
rates.
Pesq.
Agrop.
Bras.
35:21-25.
http://dx.doi.org/10.1590/S0100-204X2000000100003
Fontes PCR, Sampaio RA, Mantovani EC (2000b). Tomato yield and
potassium concentrations in soil and in plant petioles are affected by
potassium
fertirrigation.
Pesq.
Agrop.
Bras.
35:575-580.
http://dx.doi.org/10.1590/S0100-204X2000000300013
Fontes PCR, Loures JL, Galvão JC, Cardoso AA, Mantovani EC (2004).
Produção e qualidade do tomate produzido em substrato, no campo
e
em
ambiente
protegido.
Hortic.
Bras.
22:614-619.
http://dx.doi.org/10.1590/S0102-05362004000300023
Hebbar SS, Ramachandrappa BK, Nanjappa HV, Prabhakar M (2004).
Studies on NPK drip fertigation in field grown tomato (Lycopersicon
esculentum
Mill.).
Eur.
J.
Agron.
21:117-127.
http://dx.doi.org/10.1016/S1161-0301(03)00091-1
Hoagland DR, Arnon DI (1950). The water-culture method for growing
plants without soil. College of Agriculture, University of California,
Berkeley.
Hunt R (1982). Plant growth curves: The functional approach to plant
growth analysis. Edward Arnold, London.
Kanai S, Ohkura K, Adu-Gyamfi JJ, Mohapatra PK, Nguyen NT,
Saneoka H, Fujita K (2007). Depression of sink activity precedes the
inhibition of biomass production in tomato plants subjected to
potassium deficiency stress. J. Exp. Bot. 58: 2917-2928.
http://dx.doi.org/10.1093/jxb/erm149
Loos RA, Silva DJH, Fontes PCR, Picanço MC (2008). Identificação e
quantificação dos componentes de perdas de produção do tomateiro
em
ambiente
protegido.
Hortic.
Bras.
26:281-286.
http://dx.doi.org/10.1590/S0102-05362008000200031
Montoya RB, Spinola AG, García OS, Paredes DG (2002). Demanda de
potasio del tomate tipo sadette. Terra. 20:391-399.
Papadopoulos AP, Khosla S (1993). Limitations of the K:N ratio in the
nutrient feed of drip-irrigated greenhouse tomatoes as a cropmanagement
tool.
Can.
J.
Plant
Sci.
732:289-296.
http://dx.doi.org/10.4141/cjps93-044
Passam HC, Karapanos IC, Bebeli PJ, Savvas D (2007). A review of
recent research on tomato nutrition, breeding and post-harvest
technology with reference to fruit quality. Eur. J. Plant Sci. Biotech.
1:1-21.
Peixoto JR, Silva RP, Rodrigues FA, Juliatti FC, Cecílio-Filho AB
(1999). Avaliação de genótipos de tomateiro tipo Santa Cruz no
período de verão, em Araguari, MG. Pesq. Agrop. Bras. 34:22532257. http://dx.doi.org/10.1590/S0100-204X1999001200012,
Shimazaki KI, Doi M, Asmann SM, Kinoshita T (2007). Light regulation
of stomatal movement. Ann. Rev. Plant Biol. 58:219-247.
http://dx.doi.org/10.1146/annurev.arplant.57.032905.105434,
PMid:17209798
Soares I, Souza VS, Crisóstomo LA, Silva LA (2005). Efeito do volume
de solução nutritiva na produção e nutrição do tomateiro tipo cereja
cultivado em substrato. Rev. Ciênc. Agron. 36:152-157.
Soetan KO, Olaiya CO, Oyewole OE (2010). The importance of mineral
elements for humans, domestic animals and plants: a review paper.
Afr. J. Food Sci. 4:200-222.
Valandro J, Buriol GA, Andriolo JL, Heldwein AB (2007). Transpiração
do tomateiro cultivado fora do solo em estufa plástica e sua relação

Genuncio et al.

com os elementos meteorológicos. Cienc. Rural. 37:15931600.http://dx.doi.org/10.1590/S0103-84782007000600014
Walters DR, Bingham IJ (2007). Influence of nutrition on disease
development caused by fungal pathogens: Implications for plant
disease
control.
Ann.
Appl.
Biol.
151:307-324.
http://dx.doi.org/10.1111/j.1744-7348.2007.00176.x

2519

Vol. 9(32), pp. 2520-2527, 7 August, 2014
DOI: 10.5897/AJAR2013.8727
Article Number: 868FD9346498
ISSN 1991-637X
Copyright © 2014
Author(s) retain the copyright of this article
http://www.academicjournals.org/AJAR

African Journal of Agricultural
Research

Full Length Research Paper

Phenology, biomass and yield of cowpea in terms of
climate and trellis type
Patricio Apáez Barrios1*, J. Alberto S. Escalante Estrada1, Ma. Teresa Rodríguez González1,
Maricela Apáez Barrios1 and Víctor M. Olalde Gutiérrez2
1

Colegio de Postgraduados-Campus Montecillo. Km 36.5 carretera México-Texcoco 56230. Montecillo,
Texcoco. Edo. de México.
2
Centro de Estudios Profesionales-Colegio Superior Agropecuario del Estado de Guerrero,
Km. 14.5 carretera Iguala-Cocula. 40000. Iguala, Guerrero, México.
Received 30 March, 2014; Accepted 26 June, 2014

Cowpea (Vigna unguiculata (L.) Walp) is a considerable protein, carbohydrates, vitamins, minerals and
fiber source. Indeterminate habit cultivars require trellis to achieve higher development. This practice
increases production cost. Alternatively, crops like maize (Zea mays L.) and sunflower (Helianthus
annuus L.) can be used to reduce expenses and provide physical support. Growth and yield of cowpea
was evaluated using conventional and live trellis, under summer rain conditions in 2012. Experiments
were setup in warm (Cocula, Guerrero, México) and temperate climate (Montecillo, Edo. Méx.). One
indeterminate growth variety of cowpea was used to measure yield and total biomass. Additionally,
harvest index, water use efficiency and profitability for each trellis setup (conventional (CC), maize (CM)
and sunflower (CS)). Maximum and minimum temperatures, rain quantity and evaporation were
recorded. Warm climate grown cowpea had higher water use efficiency, which translated into higher
grain yield (68 g m-2) and total biomass (253 g m-2). Cowpea grown with maize trellis had higher yield by
13% compared to the one grown with sunflower. Net income was higher with maize trellis, followed by
sunflower and conventional trellises. Live trellis is an alternative for cowpea production.
Key words: Vigna unguiculata, conventional trellis, economic analysis, live trellis.

INTRODUCTION
Cowpea (Vigna unguiculata (L.) Walp.) has high social
and economic values, as well cultural, nutritional and
medicinal importance. Moreover, it is an important source
of protein, carbohydrates, vitamins and minerals. Its high
fiber content permits its use in obesity control treatments;
obesity is a major problem of the Mexican population
(Valencia and Román, 2004).
Vigna grain world production for 2008 is estimated

around 4.5 million tons (FAOSTAT, 2012). Producing
states in Mexico are Tamaulipas, Baja California Sur,
Northern Sinaloa and Southern Sonora. Most of the
production comes from traditional cropping systems, and
it is destined for self-consumption (Murillo et al., 2000).
The State of Mexico does not report cowpea sowing. It is
sowed in the Tierra Caliente and Northern regions of the
state of Guerrero. Cowpea cropping surface has decreased
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due to the high investment for trellis, and trellises are
required for physical support of the plant.
Cowpea sowing with conventional trellis, wooden
sticks, increases production costs by up to 30%. This
practice causes ecological damage due to woody species
deforestation (Angulo and Obando, 1994). Farmers, thus
resort to using an associated species to act as live trellis.
In Mexico, 30% of common bean production
(Phaseolus vulgaris L.) is associated, mainly to maize, in
small plots. Under this system, maize becomes a live
trellis, and labor provided by the owner's family is
important to keep up with the crop requirements (Francis,
1986). Yield under association decreases, yet total
associated production increases when compared to one
crop. Interspecific competition occurs between the crop
and the trellis (Kruk and Satorre, 2003). In binary crop
systems resource availability plays an important role in
crop behavior. Resources not used by one species could
be used by the other; this complementation explains the
advantages derived of this cropping system (Morales et
al., 2006).
Maize and sunflower, because of their particular
morphology (tall and erect), can serve as cowpea support
while providing potential benefits like erosion control and
soil organic matter structure and content improvement.
The Mexican population bases its diet on maize,
particularly among popular classes. Per capita
consumption is 127 kg year-1, and it provides 70% daily
caloric and 50% daily protein intakes (Guerra and Osorio,
2002). Sunflower is economically important in the world.
Its main product is seed (botanically, it is the fruit) oil for
human consumption, chemical industry and chicken feed.
Muleba and Mwanke (1991) mention that cowpea
adapts easily to diverse agricultural and climatic
conditions; however, most studies in Mexico and other
parts of the world have been carried out under warm
weather conditions; temperate climate studies are scarce.
Thus, this study determines the influence of trellis type
and climate conditions over phenology, biomass, yield
and cowpea components; and evaluates the profitability
of this agricultural system in warm and temperate
climates.
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temperate climate. Sowing density was 6.2 plants m-2 (40 × 80 cm).
For each climate, experiments were designed into completely
random blocks with four repetitions. The experimental unit was 5.0
by 2.4 m.
The crop was fertilized with 100-100-100 kg ha-1 of nitrogen (N),
phosphorus (P) and potassium (K), by applying all the P, K and half
of N 15 days after sowing (DAS) and the remaining N 45 DAS.
During the experiment, maximum temperature (Tmax, °C),
minimum temperature (Tmin, °C), evaporation (Ev., mm) and daily
precipitation (PP, mm) were recorded. Phenological stages were
also recorded for cowpea: days to emergence (E), days to anthesis
(R6) and days to physiological maturity (R9) (Escalante and
Kohashi, 1993). For each phenological stage, heat unit
accumulation for the crop (HU, °C) was registered by the residual
method. The following equation describes this method:

Where, Tmax = maximum daily temperature (°C), Tmin = minimum
daily temperature (°C) and TB = base temperature of 10°C for
cowpea (Barrios and López, 2009). Crop evapotranspiration (ETc,
mm) was calculated from evaporation from tank type "A", using 0.75
(Ke) as evapometer coefficient, and Kc values based on crop
development percentage, using the following equation (Allen et al.,
2006).

At harvest, based on the criteria proposed by Escalante and
Kohashi (1993), total aerial biomass (dry matter TB, g m-2), harvest
index (HI = GY / TB, %), grain yield (GY, grain weight at 10%
humidity, g m-2), normal grain number per m2 (GN), hundred grains
weight (100GW), normal pod number per m2 (PN), grains per pod
(GP). Water use efficiency (WUE) for total biomass and grain yield
(g m-2 mm-1) were calculated using the equation:
WUE = TB or GY / ETc (Escalante, 1995).
The recorded variables were analyzed using combined ANOVA
with model climate * trellis (C*E). Treatment differences were tested
using Tukey at 5% probability. Additionally, a discrete economic
analysis was applied to grain yield variables in cowpea, maize and
sunflower to calculate greater net income, using the equation:
NI = YPy - (∑XiPi + FC)
Where NI = net income, Y = yield (kg ha-1), Py = price per grain kg,
∑XiPi = sum of variable costs, FC = fixed cost (Volke, 1982).

MATERIALS AND METHODS

RESULTS AND DISCUSSION

The experiment was set up in the Summer of 2012 under seasonal
rain conditions in Cocula, Guerrero, México (18° 19´ N, 99° 39´ O
and 640 m), under a warm climate (Aw0) with Summer rains in a
clay-like texture soil, with pH 7.1, electric conductivity of 0.23 dS m-1
and organic matter of 1.7%; and at Colegio de Postgraduados in
Montecillo, Edo. De Méx., Mexico (19° 29´ N; 98° 54´ O and 2250
m), under temperate climate (Cw1), with Summer rains (García,
2005) in a clay-like texture soil, with pH 8.0, electric conductive of
0.7 dS m-1 and organic matter of 0.9%.
In each location, indeterminate growth habit cowpea was sowed
with three trellis systems, conventional (wooden posts and plastic
mesh, CC), H-516 maize (warm climate) and H-34 maize
(temperate climate) (CM); and sunflower cv. "Victoria" (CS). Sowing
happened on June 8th in the warm climate and on June 15th in the

Climate elements
In warm climate, average Tmax and Tmin during crop
development was 35 and 20°C respectively. Highest
temperature was recorded twenty days after emergence,
and it decreased as crop physiological maturity (PM)
arrived. Accumulated rainfall (PP) from sowing to PM was
810 mm. Highest PP occurred between flowering and
grain filling (57%). In temperate climate for the whole
crop cycle, average Tmax and Tmin were 25 and 11°C
respectively, and it decreased as the crop achieved PM.
Total accumulated PP was 611 and 199 mm less than in
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Figure 1. Rainfall distribution (ten days sum), maximum and minimum temperature (ten days average) during
crop growth in warm and temperate climate. Summer, 2012. S = sowing, E = emergence, R6 = start of
flowering, R9 = physiological maturity.

warm climate. Figure 1 shows that cowpea in temperate
climate was exposed to water deficit for longer periods
during the reproductive stage, which could have limited
greater growth. These differences in climate elements
were determined in growth and crop grain production.

Phenology
Growth cycle for cowpea was shorter in warm climate
than in the temperate climate (125 and 150 days
respectively). In warm climate, the period from sowing to
emergence (E, 5 days), flowering initiation (R6, 50 days)
and PM (R9, 125 days) decreased 2, 45 and 25 days
respectively, with respect to temperate climate (7, 95 and
150 days at E, R6 and R9 respectively). The greater
length of the crop cycle in temperate climate compared to
warm climate can be attributed to lower seasonal
temperatures, which were, in average, 10 and 9°C lower
for Tmax and Tmin respectively (Figure 1). Ávila et al.
(2006) mention that in cowpea cv. "Sesenteño" under
semi-arid climate, flowering (R6) happened at 75 days
and PM at 105 days. This short crop period is attributed
to high temperatures during the crop growth season.
González et al. (2008) evaluated common bean sowing in
two seasons and found crop cycle decreased by 11 days
per increases by 4°C in mean ambient temperature.

Heat units
Heat units (HU) accumulation in cowpea was similar

among trellis types. However, they differed in terms of
climate. In warm climate, HU for vegetative (VS),
reproductive (RS) and the complete crop cycle (CC)
stages was 905, 1303 and 2208°C respectively (Figure
2). In temperate climate, the cropping cycle was longer
with lower accumulated HU's; VS was 788, RS was 360
and CC was 1148°C, respectively. Guanyao et al. (2006)
mentioned that in Mediterranean climate, cowpea of
different growth habit had HU of 1500°C for all the
cropping cycle (using a 10°C base temperature). The
highest accumulated HU in warm climate (with shorter
cropping cycle compared to temperate climate) was
determined by the highest Tmax and Tmin in the region
(35 and 20°C in warm climate; 25 and 11°C in temperate
climate). This suggests that as temperature increase, the
cropping cycle shortens when thermal requirements are
met. HU can be estimated using the equations HU =
17.47 DAS, R2 = 0.99** and HU = 8.03 DAS, R2 = 0.99**
for warm and temperate climates respectively (Figure 2).

Crop evapotranspiration
Cowpea evapotranspiration (ETc) was similar among
trellis types, but it was different in terms of climate. In
warm climate, total ETc was 441 mm, and it distributed
into 183 mm for VS and 258 mm for RS (Figure 2). In
temperate climate, ETc was lower in the RS and CC
stages (130 and 377 mm respectively), but it was higher
in VS (247 mm), possibly due to VS extension. In warm
climate, accumulated ETc at VS was lower by 64 mm
compared to temperate climate. Meanwhile, for RS and
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Figure 2. Heat units (A) and accumulated evapotranspiration (B) during cowpea
growth in warm and temperate climates (Summer, 2012). S = sowing, E =
emergence, R6 = start of flowering, R9 = physiological maturity.

CC, it was superior by 129 and 65 mm respectively. The
higher ETc in warm climate during these stages could be
associated to higher than usual rainfall and temperature
in this region. Labarca et al. (1999) found similar ETc
values (436 mm) for this species. Cowpea ETc can be
estimated by the equations ETc = 3.76 DAS, R2 = 0.99**
and ETc = 2.71 DAS, R2 = 0.99**, for warm and
temperate climate, respectively. This indicates that wind
evaporation demand is higher in warm climate (Figure 2).

Grain and component yields
Grain yield (GY), grain number per m2 (GN), weight of
hundred grains (100GW), pod number per m2 (PN) and
grains per pod (GP) showed significant changes due to
climate effect (C). Differences were only observed in GY,

GN and PN when trellis type is considered. For the
interaction climate * trellis type (C * E) only GY and GN
showed significant statistical differences (Table 1). In
warm climate, GY, GN, 100GW, PN and GP, were
superior by 98, 92, 57, 75 and 53% compared to the
temperate climate results respectively. Low GY in
temperate climate could be attributed to delayed
flowering and short reproductive cycle, as consequences
of lower temperature and lower rainfall (Galindo and
Clavijo, 2009).
In terms of trellis type, higher GY, GN and PN was
found at CC; it improved at CM by 51, 53 and 64% and at
CS by 57, 61 and 64% respectively. Similar tendencies
were found by Olowe et al. (2006) with soybean (Glycine
max (L.) Merr) and sunflower-associated cowpea in
southern Nigeria. Cowpea yields for the single crop were
93 and 39 g m-2 when associated to sunflower.
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Table 1. Grain yield, yield components, total biomass, harvest index, water use efficiency for the grain and biomass for cowpea under warm and temperate climates and different
trellis types (Summer, 2012).

GY (g m-2)

Climate

Trellis type

Warm

CC
CM
CS

68
34b
29c

Temperate

CC
CM
CS

Climate

Trellis type

HI
%
27c
31a
28b

WUEG
g m-2 mm-1
0.154a
0.085b
0.074c

WUEB
g m-2 mm-1
0.57a
0.27c
0.27c

8bc
0.4c
1c

9b
8b
9b

154b
70f
78e

2d
0.5e
0.7e

0.007d
0.001e
0.002e

0.41b
0.20e
0.23d

21a
9b

12a
3b

17a
8b

156a
101b

29a
1b

0.104a
0.003b

0.4a
0.3b

186a
88b
72b

15a
15a
15a

14a
5b
5b

13a
12a
13a

204a
90b
91b

14b
16a
14b

0.081a
0.043b
0.038c

0.49a
0.24c
0.25b

115
**(99)
* (71)
* (135)

15
** (2)
NS (2)
NS (3)

8
** (5)
** (5)
NS (9)

13
** (2)
NS (1)
NS (3)

128
** (2.7)
** (2.3)
** (4.1)

15
** (0.4)
** (0.2)
** (0.5)

0.05
** (0.003)
** (0.002)
** (0.004)

0.32
** (0.006)
** (0.006)
** (0.01)

100GW g

PN

GP

a¶

329a
172b
139b

20a
21a
21a

19a
10b
8bc

3
0.3e
1e

d

43bc
4d
5cd

9b
9b
10b

Warm
Temperate

44a
1b

214a
17b

CC
CM
CS

35
17b
15c

a

22
** (1)
** (1)
** (2)

Overall mean
Prob F (MSD)

17a
17a
17a

TB
g m-2
253a
109c
104d

GN

Climate
Trellis
Climate*Trellis

¶

Means with the same letter within each column are statistically equal, Tukey (α = 0.05) *’** = P ≤ 0.01 and 0.05, respectively. NS = not significant. MSD = minimum significant difference at
-2
2
2
-2
5% error probability. GY = grain yield (g m ), GN = grain number per m , 100GW = hundred grains weight (g), PN = pod number per m , GP = grains per pod, TB = total biomass (g m ), HI =
-2
-1
-2
-1
harvest index (%), WUEG = water use efficiency for grain (g m mm ) and WUEB = water use efficiency for biomass (g m mm ). CC = cowpea in conventional trellis, CM = cowpea in maize
trellis and CS = cowpea in sunflower trellis.

Jana et al. (2000) studied the efficiency of
maize - bean association and found lower GY (25
g m-2) when associated, than when sowed
individually (76 g m-2). This indicates there are
differences in competition degrees among species
used as live trellis, and those differences are
related to foliage size (Apáez et al., 2011).
Analysis of the interaction climate * trellis type
shows that CC in warm climate has greater GY,

GN, 100GW, PN and GP, improving over the
temperate climate by 96, 87, 55, 58 and 47%
respectively. The CM-material sowed in warm
climate followed with increments, compared to the
temperate climate, of 98, 98, 57, 96 and 53%
respectively. The lowest treatment was CS, which
improved the values of the temperate climate by
97, 96, 52, 88 and 47% respectively (Table 1).
Even though low cowpea yield in temperate

climate was obtained, getting any yield under an
environment not appropriate for its growth
suggests varieties adapted to these environmental
conditions can be generated.

Total biomass
Total biomass (TB) showed significant differences

Barrios et al.

due to climate (C), trellis type and the climate* trellis (C *
E) (Table 1). Highest TB was found under warm climate
and the lowest under temperate climate. CC produced
the highest TB, followed by CS and CM; the latter two are
significantly equal.
In terms of the interaction climate* trellis, the highest
TB was obtained under warm climate with CC, followed
by warm climate CC. Under warm climate, CM was
higher than CS. The lowest TB was found under
temperate climate with CS and CM. Lower TB of cowpea
with live trellis is the result of competition from the trellis
for space, water, light and nutrients (Sarandón and
Chamorro, 2003). Morales and Escalante (2004) point
out that competition of sunflower on “Canario 107” bean
caused lower dry matter production. Higher TB under
warm climate suggests this is the most favorable climate
for this species growth, as the greater than 25°C
requirement indicates (Benacchio, 1982). Cowpea
biomass estimation is important, since it is highly
appreciated as fresh forage in herding and as preserved
bails (Castillo et al., 2009).

Harvest index
Harvest index (HI) showed significant changes due to
climate (C), trellis type (E), and the interaction climate *
trellis type (C * E) (Table 1). Under warm climate, HI was
greater than temperate climate. CM had the highest HI,
superior by 2% to CC and CS. In the climate * trellis
interaction, the highest HI was found under warm climate
with CM, followed by CS and CC. Under warm climate,
CC surpassed CM and CS with 1.5 and 1.3% increments
respectively. HI differences between warm and temperate
climates are related to differences in GY. According to
Andriani et al. (1991), the highest cowpea HI found in live
trellis and warm climate indicates a greater distribution of
dry matter to the grain. However, Morales et al. (2006)
found that bean cv. “Michoacán” HI in single cropping
system and in association with sunflower was similar
(22%); Vélez et al. (2007) point out an HI reduction of
bean associated with maize compared to a single
cropping system, which could be caused by lower
photosynthate demand due to lower number of pods
(Escalante and Rodríguez, 2010).
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and CS. De Lacerda et al. (2006) indicate that in
conventional trellis with cowpea WUEG was 0.3 g m-2
mm-1 and WUEB was 0.8 g m-2 mm-1; these values are
slightly higher than those found in this study. In the C * E
interaction, the highest WUEG and WUEB was found
under warm climate with CC, followed by CM. For WUEB,
the highest value was for the system under temperate
climate with CC. The lowest efficiency was found under
temperate climate with CM (Table 1). The higher value of
WUE of cowpea under warm climate is due to higher
water availability and more appropriate temperature
conditions for its growth. Temperature for cowpea growth
should be higher to 25°C (Benacchio, 1982).

Economic analysis based on trellis type
Under warm climate, CM generated higher net income
(NI) ($4592) followed by CS ($3721) and CC (-$19910)
(Table 2). In warm climate, production income was lower
to investment. Even though corn and sunflower yield in
temperate climate was higher than in warm climate,
cowpea yield was much lower, causing lower net income
(Table 2). Conventional trellis usage contributes to
uncontrolled logging of slow-regeneration woody species
to be used as guides, causing a big environmental
problem. Additionally, it is not profitable due to the high
cost of trellis management; using live trellis carries lower
costs, aside from production from the associated species.

General considerations
Cowpea under warm climate and conventional trellis had
the highest GY (68 g m-2) and TB (253 g m-2) compared
to temperate climate (3 and 154 g m-2 for GY and TB
respectively). The temperature and water availability
conditions, due to higher rainfall, are more appropriate for
cowpea development (Benacchio, 1982). Higher growth
and yield in conventional trellis was due to null nutrients
and solar radiation competition for growth, compared to
combined
cowpea-maize
and
cowpea-sunflower
systems. However, with live trellis, two products are
obtained on the same surface, reducing production costs
compared to live trellis; therefore, greater profitability is
obtained.

Water use efficiency
Conclusions
Cowpea water use efficiency for total biomass (WUEB)
and grain yield (WUEG) showed significant changes for
climate (C), trellis type (E) and C * E interaction (Table 1).
Under warm climate, it was found that WUEG and WUEB
were higher; while under temperate climate both were
only 0.003 and 0.3 g m-2 mm-1 respectively. In average in
both climates, CC showed the highest WUEG and
WUEB, improving by 0.038 and 0.25 g m-2 mm-1 to CM

Cowpea yield was determined by trellis type and climate.
Under warm climate, cowpea shows a shorter growth
cycle and higher evapotranspiration, heat accumulation,
biomass, yield and water use efficiency. Higher grain
yield, biomass and water use efficiency can be achieved
using CC. When using live trellis, the system cowpeamaize exceeds the cowpea-sunflower system. Greater
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Table 2. Yield, total income, fixed, variable and total costs, and net income for three agricultural systems under warm and temperate
climates (Summer, 2012).

Grain yield
(kg ha-1)

Total income

Fixed cost

Warm

CC
CM
CS

682z
z
339
289z

13,633
6,771
5,780

Temperate

CC
CM
CS

26
3.4z
z
5.8

Warm

CM
CS

Temperate

CM
CS

Climate

z

Total cost

Net income

3,158
1,579
1,579

variable cost
$MXN
30,385
600
480

33,543
2,179
2,059

-19,910
4,592
3,721

520
68
116

3,158
1,579
1,579

30,385
120
120

33,543
1,699
1,699

-33,023
-1,631
-1,583

3,435y
1,398y

22,563
11,801

3,158
3,158

1,560
1,200

4,718
4,358

17,845
7,443

3,438y
y
2,071

17,587
11,328

3,158
3,158

1,560
1,440

4,718
4,598

12,869
6,730

z

y

= grain yield only cowpea, = grain yield cowpea + trellis type. Total income = grain yield * cowpea grain prices ($ 20.00 per kilogram), maize grain
($ 5.10 per kilogram) and sunflower grain ($ 5.43 per kilogram). Fixed cost = includes cost of land preparation, weeding, pest and disease control
and fertilization. Variable costs = include the cost of the mesh, poles, accommodation guide, cowpea harvest, maize and sunflower. Total cost =
fixed cost + variable cost. Net income = total income - total cost. CC = cowpea in conventional trellis, CM = cowpea in maize trellis and CS = cowpea
in sunflower trellis.

profitability can be achieved with CM, followed by CS.
Lower net income is obtained with CC.
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