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The knowledge about the physical characteristics of seeds, whether coated or not, is essential for the
design of machines and equipment. Therefore, the objective of this work was to determine the physical
characteristics of colza (Brassica napus L.) seeds coated with bentonite, gypsum and kaolin, treated
with fungicide (carboxin + thiram) and aqueous extract of black pepper (Piper nigrum L.). The untreated
colza seeds were submitted to the coating process using bentonite, gypsum and kaolin as fillers, and
as treatment products were used as fungicide (carboxin + thiram) and an aqueous extract of black
pepper which were added to an aqueous solution of 30% PVA glue (cementing mixture). Then the
physical characteristics were determined: diameter, number of times increased, porosity, angle of
repose, resistance, classification in sieves and weight of one thousand seeds. The experiment was
organized in a completely randomized design and arranged in a factorial scheme. The means, when
necessary, were compared by the Scott-Knott test. The colza seeds coated with bentonite presented
greater diameter, number of times increased, porosity, angle of repose and weight of a thousand seeds,
followed by gypsum and kaolin. The treatment products had little influence on the physical
characteristics of the coated seeds.

Key words: Brassica napus L., diameter, resistance, weight of one thousand seeds.

INTRODUCTION

The colza seed (Brassica napus L.), or its improved
variety, the canola, (B. napus L. ssp. oleifera) is one of
the main oilseeds in the world. It has been used as green
fodder for animal feed, fertilizer for soil conditioning and

raw material for oil extraction, which has been used in
human food, lighting, industrial use and more recently for
the production of biofuel (Mori et al., 2014). However, its
seeds are small in size, making it difficult to use them in
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the mechanized planting, and if they are sown broadcast,
there is a risk of wind drift.

According to Duran and Retamal (1989), small and
irregular seeds hinder precision sowing, when under
certain circumstances the producer uses higher amounts
of seeds in the establishment of the production fields to
obtain the desired final stand.

In order to solve this problem, specialists have
suggested the study of techniques for seed coating,
where inlaying/pelletizing is indicated because of the use
of a dry, inert material of fine granulometry and a
cementing material (adhesive). This treatment allows the
seed to obtain a rounded form, increasing its size and
facilitating its distribution, be it manual or mechanical
(Mendonca et al., 2007).

Although the technique has been developed for several
years, information about the composition of the materials
used and the coverings preparation are little spread,
since this technique remains inaccessible along the seed
companies and the companies that process coated/
pelleted seeds (Silva et al., 2002). The materials used in
the coating/pelletizing process, including those of
covering, adhesives and finishing, have influence in the
final rigidity of the seed, in the water absorption and in
the gas exchange between the seed and the external
environment to the seeds; and all these aspects affect
directly the germination (Silva, 1997; Silva and
Nakagawa, 1998).

Additionally, there is the possibility of nutrients
incorporation, growth regulators and other agrochemicals
(insecticides and fungicides) during the coating/pelletizing
process, which may constitute improvements in the seed
health and in the seedling establishment (Silva et al.,
2002). The use of plants with bioactive potential, in the
form of extracts, oils and powders, against various
organisms has been increasingly encouraged. Several
researchers such as Cardoso et al. (2005), Bomtempo
(2007), Bong (2010), Abbasi et al. (2010) and Khan et al.
(2010) state that the piperine, main compound found in
the black pepper (Piper nigrum L.), has a recognized
cytotoxic, anti-inflammatory, antipyretic, analgesic,
antioxidant, antitumor, antifungal and bactericidal activity.

What was been exposed shows the importance of
studying filling and cementing materials that are easy to
obtain, as well as products that can be used as seed
treatment. Thus, the objective of this work was to
determine the diameter, number of times increased,
porosity, angle of repose, weight of one thousand seeds
and resistance of colza (Brassica napus L.) seeds coated
with bentonite, gypsum and kaolin and treated with
fungicide oraqueous extractof black pepper (P. nigrum L.).

MATERIALS AND METHODS

Location of the experiment

The experiment was realized at the Laboratory of Storage and

Processing of Agricultural Products (LAPPA), in the Federal
University of Campina Grande, Campus of Campina Grande,
Paraiba, Brazil.

Acquisition of the seeds

The seeds were purchased at the local trade of the city of Campina
Grande, Paraiba, Brazil. After acquisition, the seeds were taken to
the Laboratory for cleaning and removal of impurities that
accompanied the seeds.

Preparation of the plant extract

The black pepper fruits (P. nigrum L.) were acquired at the central
fair of the city of Campina Grande, Paraiba, Brazil. The aqueous
extract was obtained from the fruits powder, which were weighed,
dampened with distilled water, and left for maceration for 72 h, at
room temperature of 24.0 + 4.0°C in the absence of light and
shaken daily for five minutes. The amount of powder used
corresponded to 20% of the water volume. Subsequently, the
solutions were filtered on filter paper, and the extract stored in an
amber glass container with a capacity of 0.5 L (Almeida et al.,
2004).

Materials and seed coating process

Three filling materials were used: (1) bentonite, (2) gypsum and (3)
kaolin. As cementing material the PVA glue was used at the
percentage of 30% for each filling material. As treatment products it
was used as the aqueous extract of black pepper (Piper nigrum L.)
and the carboxin + thiram fungicide corresponding to 50% of the
mixture of each product, using 20% of distilled water to compose
100% of the mixture. The seed coating process occurred by the
alternated application of cementing material and filling material.
This process was repeated until all material destined to the process
has been fully utilized.

Physical characteristics of the coated and treated seeds
Seed diameter and number of times increased

To determine the diameter of the coated seeds it was used as
digital pachymeter with precision of 0.01 mm, using four repetitions
of 25 seeds for each treatment. The results were expressed in
millimeters (mm). The number of times increased was calculated by
the ratio of the diameter of the coated seed to the bare seed. For
statistical analysis, the mean of each 25 seeds was considered as
repetition.

Classification by size

For the classification of the coated seeds by size, four subsamples
of about 50 g were used per treatment. Each subsample was
subjected to analysis by overlapping screen sieves of 1.0, 1.5, 2.5
and 4.0 mm. The set of sieves was shaken for a minute. The sieved
fractions, including the portion that passed through the smaller
sieve, were weighed and the weights of the fractions were
expressed as a percentage of the total weight.

Porosity

The porosity was determined by the direct method, in which it was
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Figure 1. Equipment used to determine the angle of repose of colza (Brassica
napus L.) seeds coated with bentonite, gypsum or kaolin and treated with fungicide
or aqueous extract of black pepper (Piper nigrum L.).

obtained by adding a known volume of liquid sufficient to
complement the empty spaces of the seed mass, using a burette
and a measuring cylinder of 50 mL, in which one of them contained
soybean oil and the other contained colza seeds coated with one of
the combinations. As the oil was added to the measuring cylinder
with seeds, it filled the empty spaces. By the difference between the
amount of oil added to the measuring cylinder and the one
contained in the burette with oil, the porosity of the coated seed
mass was determined.

Angle of repose

In order to determine the angle of repose of the coated seeds it was
used as an equipment made from a board with dimensions of 22
cm x 38 cm and an acrylic sheet with dimensions of 21 cm x 30 cm.
These two pieces are joined by two hinges on one side. On the
opposite side there is a screw that when it is screwed, lifts up the
acrylic piece. On the same side of the hinges there is a protractor,
located at the vertex formed between the board and the acrylic
sheet. The moment when the seeds (2.0 g), which are located on
the upper face of the acrylic sheet, move fully down, the angle in
the protractor is measured (Figure 1).

Weight of one thousand seeds

To determine the weight of one thousand seeds, each combination
of filling material and treatment product in thousand seeds were
counted by replicate. After this, the seeds were weighed in a digital
scale of precision and the data expressed in grams.

Resistance

To determine the percentage of resistant seeds, four repetitions of
100 colza seeds coated with bentonite, gypsum and kaolin, and
treated with fungicide and aqueous extract of black pepper were
used. These seeds were thrown at a 1.5 m height over a metal
surface. This height was adopted because it is the average height
in which the seeds are discharged in the seed tanks of the
mechanized seeders. After that, the intact seeds out of the damaged

ones were counted and the values transformed in percentage of the
seeds that resisted the fall.

Experimental design and statistical analysis

The experiment was arranged in a completely randomized design.
For the variables resistance and quantity of times increased, the
factorial scheme 3 x 2 was used, as it did not require comparison
with the control (bare seed) and for the other variables the factorial
scheme 4 x 2 (filling materials x treatment products) was used.
Each treatment was repeated four times. The data were submitted
to Analysis of Variance (P < 0.05) and the means, when necessary,
were compared by the Scott-Knott test (P < 0.05). For the values of
the classification by size in the sieves, the means for each
combination of filing material and treatment were presented,
adding the standard error.

RESULTS

In Table 1, the mean squares values for seed diameter
(SD), number of times increased (NTI), porosity (P),
angle of repose (AR), weight of one thousand seeds
(WTS) and resistance (R) of colza seeds coated with
bentonite, gypsum and kaolin, and treated with fungicide
(carboxin + thiram) and aqueous black pepper extract are
organized. It was verified that there was an interaction
effect between the factors for all the variables studied,
except seed diameter (SD) and number of times
increased (NTI). For the other variables there was an
interaction effect between factors at 1 or 5% probability.

It is observed in Table 2 that there was no statistical
difference between the treatment products within each
filling material. There was also no statistical difference
between the filling materials within each treatment
product. On the other hand, for the means of the factor
"filling materials" a statistical difference was observed
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Table 1. Mean squares referring to seed diameter (SD), porosity (P), angle of repose (AR), weight of thousand seeds
(WTS), number of times increased (NTI) and resistance (R) of colza seeds (Brassica napus L.) coated with different
filling materials (FM) and treated with two treatment products (TP).

Mean Square Mean Square
SV DF DF
SD P AR WTS NTI R
FM 3 4,54 522.03** 205.78** 424.98** 2 0.53** 12558.87**
TP 1 0.04ns 0.78ns 1.53ns 1.50* 1 0.02ns 222.04*
FM x TP 3 0.01ns 6.11** 1.95* 1.56** 2 0.01ns 260.04**
Error 24 0.01 0.718 0.41 0.84 27 0.004 4.43

be) ) () gignificant at 1, 5% and not significant, respectively.

Table 2. Means of the diameter (mm) of the colza seeds (Brassica napus L.) coated with bentonite,
gypsum and kaolin, and treated with fungicide (carboxin+thiram) and aqueous extract of black pepper

(Piper nigrum L.).

Treatment products

Filling materials — Means
Fungicide Plant extract

Control 1.81 + 0.005 1.81 +0.005 1.81°

Bentonite 3.58 + 0.056 3.55 + 0.055 3.57°

Gypsum 3.16 £ 0.029 3.10 £ 0.065 3.13°

Kaolin 2.74 +0.004 2.54 +0.061 2.64°

Means 2.83°% 2752 2.81

*Means followed by the same lowercase letter in the column and row do not differ by the Scott-Knott test (P <

0.05). CV% = 3.59.

Table 3. Means of the number of times increased of the colza (Brassica napus L.) seeds coated with
bentonite, gypsum and kaolin, and treated with fungicide (carboxin+thiram) and aqueous extract of

black pepper (Piper nigrum L.).

Treatment products

Filling materials

Means

Fungicide Plant extract
Bentonite 1.98 + 0.027 1.96 + 0.031 1.97%
Gypsum 1.75 £ 0.016 1.71 £ 0.036 1.73°
Kaolin 1.51 + 0.005 1.41 + 0.034 1.46°
Means 1.75°2 1.70°2 1.73

*Means followed by the same lowercase letter in the column and row do not differ by the Scott-Knott test (P

<0.05). CV% = 3.63.

between the treatments, with lower seed diameter
recorded in the control (1.81 mm) and larger diameter
when the seeds were coated with bentonite (3.57 mm).
The other filling materials generated seeds with
intermediate diameters, which were statistically different
from each other (Table 2).

When comparing the treatment products within each
filling material, as well as the filling materials within each
treatment product, no statistical difference was observed
(Table 3). However, for the means of the factor "filling
materials", a statistical difference was observed, with the
highest seed increase when using bentonite (1.97 times)

and the lower when using kaolin (1.46 times). When
gypsum was used, there was an increase of 1.73 times in
relation to bare seed, which is an intermediate value, and
statistically different from the other two filling materials.

It can be seen at Table 4 that the use of the treatment
products had little influence on the seed classification.
When the seeds were coated with bentonite and treated
with fungicide or aqueous extract of black pepper,
approximately 80% of the seeds were retained in the 1.5
and 2.5 mm sieves. Regarding the use of gypsum,
approximately 65% of the seeds coated with this material
were retained in the 1.5 mm screen sieve. The other
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Table 4. Colza (Brassica napus L.) seeds coated with bentonite, gypsum and kaolin, and treated with fungicide
(carboxin+thiram) or aqueous extract of black pepper (Piper nigrum L.), retained (%) in screen sieves of 1.0; 1.5; 2.5 and

4.0 mm.

Classification (mm)

Combinations

1.0 15 2.5 4.0

Control 100.0 £ 0.00 0.0 £0.00 0.0 £0.00 0.0 £0.00
Bentonite + fungicide 15.6 £ 0.09 48.1£0.01 34.0+0.10 2.3+0.17
Bentonite + plant extract 13.0+0.28 55.5+0.26 29.9 £ 0.08 1.6 £0.06
Gypsum + fungicide 11.4 +£0.02 69.3+0.22 14.0 £ 0.09 5.2 +0.29

Gypsum + plant extract 11.7 £ 0.09 61.9+0.10 14.3+£0.13 12.0+£0.12
Kaolin + fungicide 25.5+0.19 69.0 £ 0.64 1.6 £0.30 3.9+0.53
Kaolin + plant extract 29.3+0.04 59.5 + 0.04 7.1+0.47 4.1+041

Table 5. Means of the porosity (%) of the colza (Brassica napus L.) seeds coated
with bentonite, gypsum and kaolin and treated with fungicide and aqueous extract

of black pepper (Piper nigrum L.).

Treatment products

Filling materials

Fungicide

Plant extract

Control
Bentonite
Gypsum
Kaolin

36.00 + 0.35%
52.75 + 0.41%®
51.50 + 0.25"
46.00 + 0.35%

36.00 + 0.35%
55.25 + 0.22%
52.00 + 0.35™"
44.25 + 0.54%®

*Means followed by the same lowercase letter in the column and uppercase in the row
do not differ by the Scott-Knott test (P < 0.05). CV% = 1.81.

sieves were responsible for retaining about 35% of the
seeds. Similar to the gypsum, when the kaolin was used,
most of the seeds were retained in the 1.5 mm sieve
(approximately 60%). The sieve of 1.0 mm was
responsible for retaining on average 30% of the seeds,
and the 2.5 and 4.0 mm sieves retained approximately
10% of the seeds.

When comparing the treatment products within each
filing material, it was observed for the control that the
mean porosity was of 36%, and for the gypsum the
porosity varied from 51.50 to 52.00%. For the bentonite, it
was observed that the highest porosity was verified when
using the aqueous extract of black pepper (55.25%) and
the lowest when using the fungicide (52.75%), differing
statistically from each other. Comparing the treatment
products within the kaolin, it was verified that the highest
porosity occurred when the fungicide was used (46%),
differing statistically from the use of aqueous extract of
black pepper (44.25%) (Table 5).

Comparing the filling materials within each treatment
product it can be verified that for the two treatment
products there was a statistical difference between the
filling materials, with higher porosity values when using
the bentonite (52.75-55.25%). On the other hand, the
lowest values of porosity were verified in the control
(36%). In relation to the seeds coated with gypsum, it

was verified that they exhibited the second highest
porosity among the materials, varying from 51.50 to
52.00%. Seeds coated with the kaolin had porosities
varying from 44.25 to 46.00%, presenting intermediate
values to the control and the gypsum (Table 5).

Comparing the treatment products within each filling
material, it has been found that the control had a mean
angle of repose of 16°. In relation to the bentonite there
was no statistical difference, with angles of repose
varying from 25.75 to 26.00°. In relation to the gypsum
and the kaolin, the highest angles of repose were
observed when using the aqueous extract of black
pepper (22.75 and 16.25° respectively), differing
statistically from the angles of repose when using the
fungicide (21.50 and 15.00°, respectively).

When comparing the filling materials within each
treatment product, it is verified that the control had an
angle of repose of 16°. For the fungicide, it was observed
that the lowest angle of repose was observed when the
kaolin was used (15.00°) and the highest when the
bentonite (26.50°) was used. The other filling materials
presented intermediate values for the angle of repose,
varying from 16.00 to 21.50°. In relation to the aqueous
extract of black pepper, it was verified that the lowest
angle of repose was obtained when the kaolin was used
(16.00°), being statistically equal to the control (16.00°).
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Table 6. Means of the angle of repose (°) of the colza (Brassica napus L.) seeds
coated with bentonite, gypsum and kaolin and treated with fungicide and aqueous

extract of black pepper (Piper nigrum L.).

Treatment products

Filling materials

Fungicide Plant extract
Control 16.00 £ 0.35 ** 16.00 £ 0.35 **
Bentonite 26.50 +0.25 25.75+0.22
Gypsum 21.50 + 0.25 B 22.75+0.22
Kaolin 15.00 + 0.35 *® 16.25 + 0.22

*Means followed by the same lowercase letter in the column and uppercase in the row
do not differ by the Scott-Knott test (P < 0.05). CV% = 3.27.

Table 7. Means of the weight of one thousand seeds (g) of colza (Brassica napus L.) coated with
bentonite, gypsum or kaolin and treated with fungicide or aqueous extract of black pepper (Piper nigrum

L.

Treatment products

Filling materials — Means
Fungicide Plant extract

Control 3.603 £ 0.053 3.603 £ 0.053 3.603 +0.038°

Bentonite 20.267 + 0.545 20.693 + 0.497 20.480+0.377 °

Gypsum 15.211 £ 0.575 13.591 + 0.374 14.401 + 0.447°

Kaolin 8.895 + 0.400 8.357 £ 0.296 8.625 + 0.266 ©

Means 11.9938 + 1.591 2 11.5605 + 1.596 * 11.7771

*Means followed by the same lowercase letter in the column and uppercase in the row do not differ by the Scott-

Knott test (P < 0.05). CV% = 7.81.

Table 8. Percentage of colza seeds (Brassica napus L.) coated with bentonite,
gypsum or kaolin and treated with fungicide or aqueous extract of black pepper
(Piper nigrum L.) resistant to mechanical damage.

Treatment products

Filling materials

Fungicide Plant extract
Bentonite 99.00 +0.50 99.50 +0.43
Gypsum 40.50 + 1.64 ** 21.25+1.29 "8
Kaolin 99.50 +0.43 100.00 + 0.00 **

*Means followed by the same lowercase letter in the column and uppercase in the row do
not differ by the Scott-Knott test (P < 0.05). CV% = 2.75.

On the other hand, the highest angle of repose was
observed when using the bentonite (25.75°) (Table 6).

In Table 7 show the mean values for the weight of one
thousand colza seeds coated with bentonite, gypsum and
kaolin and treated with fungicide and aqueous extract of
black pepper. When comparing the treatment products
within each filling material, as well as the filling materials
within each treatment product, it was verified that there
was no statistical difference, with the values of the weight
of one thousand seeds varying from 3.603 (control) to
20.693 (bentonite). However, by observing the means of
the filling materials factor, a statistical difference can be
verified, with the lower weight of one thousand seeds

being verified in the control (3.603 g) and the highest one
when using the bentonite (20.480 g). The other filling
materials presented intermediate weights ranging from
8.625 g (kaolin) to 14.401 g (gypsum).

When comparing the treatment products within each
filling material, it is found for the bentonite and the kaolin
that there was no statistical difference between the
treatment products, with resistances varying from 99.0 to
100.0%. However, when the gypsum was used for
coating the seeds, it was verified a higher resistance to
the fungicide (40.50%), differing statistically from the use
of the plant extract (21.25%) (Table 8).

By comparing the filling materials within each treatment



product in relation to the resistance, it was verified that
for the two treatment products there was no statistical
difference between the bentonite and the kaolin, with
values varying from 99.0 to 99.50% for the bentonite and
99.50 to 100.0% for the kaolin. These two filling materials
differed statistically from the gypsum, in which the
resistance values were of 40.5 and 21.25% for the
fungicide and the aqueous extract of black pepper,
respectively (Table 8).

DISCUSSION

It was noticed that the filling materials provided changes
in the physical characteristics of the colza seeds,
especially the bentonite, which stood out over the other
materials, presenting higher values for the seed diameter,
increasing on average 200% of the original diameter of
the seeds. The gypsum was also shown as a material
capable of increasing the seed diameter; however, it
increased the diameter by an average of 175%. In
general, the bentonite generated seeds with larger
diameter, followed by gypsum and kaolin.

In relation to the weight of one thousand seeds, all the
materials made possible the increase in the weight of the
seeds, however, the bentonite and the gypsum stood out
for increasing approximately 550 and 400%, respectively,
the weight of the seeds. The kaolin provided an average
increase of 220%. This is something important because
according to Miller and Sooter (1967), this increase in
size and weight translates into seed economy, reducing
or eliminating the thinning, thus presenting a uniform
stand. While Borderon (1989) and Sachs et al. (1982)
state that the increase in size and weight, enables
precision sowing. Roos and Moore 1l (1975) confirm the
previous observations, emphasizing the possibility of
mechanized sowing because the technique not only
standardizes size and weight but also shape.

In addition to the above, seeds coated with bentonite,
regardless of the treatment product used, were mostly
retained in the 1.5 and 2.5 mm screen sieves, which is
approximately 80% of the seeds. As for the seeds that
were coated with gypsum or kaolin, 60% of them were
retained in the 1.5 mm screen sieve. Again, this shows
the superiority of the bentonite as a filling material, being
able to add larger amount of material on the surface of
the seed.

In relation to the porosity, the bentonite was superior to
the other materials, increasing in 52% the porosity in
relation to the bare seeds. The gypsum and the kaolin
increased by an average of 38 and 22%, respectively, the
pore size. The knowledge of this physical characteristic is
important, especially in silos, where larger seeds,
consequently with greater porosity, allow greater
efficiency of the aeration and drying processes, due to
letting the air, whether warm or not, pass more efficiently
through the seeds. In addition, it reflects on fan sizing,
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drying and aeration systems and engine power (Silva and
Corréa, 2000). Thus, seeds coated with bentonite would
require less air flow and consequently less energy.

As for the angle of repose of the seeds, only the fillers
bentonite and gypsum modified the angle of the seeds,
having the bentonite increased an average of 10 degrees
and the gypsum increased 5 degrees the angle of repose
of the seeds. However, different angles of repose
between the materials are probably due to the
characteristics of the filing materials, which provide
coated seeds with different finish levels, consequently
with different roughness at the end of the process.

Regarding the resistance of the coated seeds, the
bentonite and the kaolin presented high resistances (up
to 100%) with any treatment product. However, the
gypsum exhibited low resistances, being the highest
when it was wused together with the fungicide
(approximately 40%). This characteristic, as well as its
size, is important when working with coated or pelleted
seeds because according to Silva and Nakagawa (1998),
the resistance is related to the maintenance of the
integrity of the coated seed during the processing,
transportation and handling operations. According to
these same authors, the difference between the materials
is due to the physical characteristics of the materials
themselves, which for bentonite and kaolin formed firm
structures with a certain plasticity, not breaking up after
the fall, whereas for the gypsum formed a rigid structure
without plasticity, causing the break of the coating with
the impact due to the fall of the seed.

In general, the bentonite was shown to be a viable
material for use in the colza seeds coating process, as it
increases them in size, weight and gives resistance to the
coating; all desirable characteristics in a coated seed.
According to Silva and Ferreira (2008) bentonite is
employed in the industry as a binding agent and binder.
These characteristics are probably responsible for
differentiating the bentonite from the other materials
when used in the incrustation of colza seeds. As a way of
validating the bentonite as a material capable of coating
seeds, germination and vigor tests are required, since
this material may retard/inhibit the germination.

Conclusions

In view of the above, it can be concluded that: Colza
seeds coated with bentonite present greater diameter,
number of times increased, porosity, angle of repose and
weight of one thousand seeds, followed by gypsum and
kaolin. Seeds coated with bentonite and kaolin are more
resistant to the fall, whereas the ones coated with
gypsum are less resistant. Seeds coated with bentonite
are retained, for the most part, in 1.5 and 2.5 mm screen
sieves. The gypsum and the kaolin used in the coating
provide seeds that are mostly retained in 1.5 mm screen
sieves. The treatment products exert little influence on
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the physical characteristics of the coated seeds. The
combination of gypsum + fungicide increases the
resistance of the coating.
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The aim of the present study is to assess the effects of different irrigation blades on the growth and
yield of cauliflower cv. Verona CMS. The plants were cultivated in Red-yellow Latosol during the dry
period (winter-spring 2014 and 2015), in the Cerrado-Amazon transition region, Middle-Northern of Mato
Grasso State, Brazil. The reference evapotranspiration (ETo) was recorded through the Class A pan
method by using tank coefficient of (Kp) 0.7795. We assessed the blades of 40, 60, 80, 100 and 120%
evapotranspiration of the culture (ETc) by taking into account the cultivation coefficients (Kc) of 0.70
and 0.95 in the vegetative and reproductive phases. With regard to the morphometric variables of the
plants (height, stem diameter and number of leaves) there were no significant interactions between
assessment time (days after planting) and irrigation blades throughout the crop years. The hydric
response functions presented higher yield at repositions from 80% to 100% of ETc. Variations in the
irrigation blade did not influence the thermal demands for the inflorescence differentiation period or the
inflorescence shape. Increased irrigated blade reduced water use efficiency: 7.4 and 12.4 kg of fresh
mass per m3 of irrigated water.

Key words: Irrigation management, water response function, degree-days, evapotranspiration.

INTRODUCTION

The space distribution of vegetable production centers in Grosso State presents some obstacles for the offer of
Brazil depends on economic, logistical, social and vegetables due to the high transportation costs and
environmental factors (Garcia Filho et al., 2017). Mato quality losses on products to be consumed in-natura,
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mainly in the North of the State. The fast economic
growth in some counties (for instance, Sinop: 51.12 and
10.4% population and economic growth in the last
decade — IBGE, 2010) led to fast growth of local
demands for fruits and vegetables. However, along with
the distance from producing centers, knowledge about
the yield and physiological features of crops traditionally
cultivated in temperate climate regions or in high altitude
areas remains poor.

The vegetable production sector has great social
importance because of its high demand for man-power
and the generation of many direct and indirect job
positions in all production stages, including trading.
However, the sector faces high risks due to phytosanitary
issues, its high sensitivity to weather conditions, its high
vulnerability to offer and market seasonality, among
others (Zanuzo et al.,, 2013; Garcia Filho et al., 2017,
Ribeiro et al., 2017). The vegetable production sector
demands faster development of new technologies than
other production systems in order to comply with the
different regional conditions in Brazil. Such need results
from intrinsic peculiarities of product diversity, production
cycle duration, input features and demands, irrigation,
fertilization and culture traits.

The aforementioned scenario highlights that the
horticultural sector can also have strong environmental
impact caused by the use of agricultural pesticides,
chemical fertilizers and by the capture of irrigation water.
Therefore, the sector has been looking for sustainable
management procedures capable of preserving the
natural resources and of replacing the conventional
production systems (Souza et al., 2013). The absence of
appropriate water management is easily observed in
irrigated areas, and it results in excessive water and
energy use and waste, besides causing environment and
plant phytosanitary issues. On the other hand, irrigation
deficit impairs the development of culture because it
reduces irrigation development and makes the final
product unviable for trading and consumption. Therefore,
such deficit results in reduced yield and, consequently, in
losses to producers (Pereira et al.,, 2016; Dominguez et
al., 2017; Lellis et al., 2017; Koksal et al., 2017; Seidel et
al., 2017).

Thus, appropriate irrigation management practices help
to increase yield, improve the quality of horticulture
products, minimize water use and preserve the water
resources, mainly in tropical climate regions facing water
restriction periods. Irrigation management sets the time
for irrigation and the amount of water based on culture
demand, in order to get an efficient irrigation water
management. It is essential to know the water needs of
the culture in its different phenological phases, which are
given by the evapotranspiration potential and water
response functions (Sarkar et al., 2009; Souza et al.,
2011a, b; Yavuz et al.,, 2015). Overall, vegetables are
extremely dependent on appropriate water input, in all
development phases, for biomass production at

acceptable amounts and quality. This sector is one of the
most demanding in the agricultural sector due to its
irrigation water demand (Sousa et al., 2011; Tomassoni
et al., 2013; Silva et al., 2014; Léllis et al., 2017; Seidel et
al., 2017). Thus, the search for sustainable management
ways capable of allowing the preservation of natural
resources and the replacement of conventional
production systems is growing (Souza et al., 2013).

Among the many vegetables available in Brazil is
cauliflower (Brassica oleracea L. var botrytis L.)
belonging to Brassicas family; it is included in the group
of the most consumed ones, due to its high nutrition and
commercial value (May et al., 2007; Torres et al., 2015;
Garcia Filho et al.,, 2017). Light and temperature are
among the environmental factors mostly limiting
cauliflower cultivation in different times of the year and
locations. Vegetables present reduced cultivation cycle
when they are grown under temperature conditions
above the proper rates recommended for their growth.
Such feature reflects on their yield and quality (Puiatti
and Finger, 2009) indicating that the weather conditions
in some regions can limit their cauliflower production in a
part of the year. The ideal environment or time of year,
for cauliflower cultivation has been the main focus of
countless research (Zanuzo et al.,, 2013; Ribeiro et al.,
2017).

Cauliflower is sensitive to water deficit (Kochler et al.,
2007; May et al., 2007; Tomassoni et al., 2013; Pereira et
al., 2016). Its yield-response is influenced by irrigation
amount and frequency, water application method, culture
development stage, water physical and soil conditions,
and micro-climatic conditions in the region (Sahin et al.,
2009; Sarkar et al., 2009, 2010; Oliveira, 2015; Seidel et
al., 2017).

Accordingly, it is essential to know the water needs of
this culture and its water response functions in order to
achieve efficient irrigation water management (Souza et
al., 2011a). Thus, the aim of the present study is to
assess the agronomic development of cauliflower cv.
Verona CMS under different irrigations blades in Middle-
Northern Mato Grosso State, Brazil.

MATERIALS AND METHODS
Study site

The experiment was conducted in the Vegetal Production Sector of
UFMT, Sinop Campus (11.85°S and 55.38° W, altitude 371 m).
Plants were cultivated in dystrophic Red-yellow Latosol (EMBRAPA,
2013) in two different production cycles at the transition between
the dry and the rainy season (from June to November) in 2014 and
2015. The climate in the region was of the Aw type according to the
Kodppen classification (tropical warm and humid), with two well-
defined seasons: rainy (from October to April) and dry (from May to
September). These seasons, in their turn, have straight influence
on solar radiation transmissivity (Souza et al., 2016) and on other
meteorological elements (Table 1). The mean annual potential
rainfall and evapotranspiration recorded 1974.77 and 1327.29 mm,
respectively, and the mean monthly temperature varied from
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Table 1. Mean monthly behavior of the meteorological variables in Middle-Northern Mato Grosso State from 06/1972 to 06/2010.

Rainfall Insolation Maximum Average Minimum Rela_ti\_/e Wind CIou_diness Atmospheric

Months humidity speed time pressure

(mm) (hours) temp. (°C) temp. (°C) temp. (°C) (%) (m s‘l) (hours) (hPa)
January 310.85 124.98 31.53 24.89 20.74 85.54 131 5.45 967.09
February 348.39 117.77 31.62 24.90 20.61 85.34 1.27 5.43 968.56
March 288.19 138.50 32.09 25.13 20.68 84.37 1.20 5.24 967.67
April 120.75 181.79 32.68 2531 20.27 81.39 1.23 4.56 967.87
May 25.90 224.62 3241 24.49 18.57 77.01 1.34 3.86 969.70
June 7.99 248.88 32.62 23.20 15.99 72.68 141 2.48 970.65
July 4.88 263.22 33.06 22.96 15.26 67.98 1.45 2.01 971.66
August 9.50 229.44 34.43 24.12 16.42 65.99 1.43 2.30 969.86
September 60.21 154.08 34.35 25.43 18.90 71.18 131 3.80 968.71
October 182.23 160.98 33.47 25.76 20.52 78.31 1.39 5.16 967.68
November 271.04 128.58 32.30 25.28 20.64 83.45 1.30 5.50 966.60
December 344.54 120.09 31.46 24.93 20.69 85.04 1.32 5.50 966.64

The conventional meteorological station belonged to the National Meteorology Institute (INMET), the so-called “Gleba Celeste”, located at 12.29° S

and 55.29° W, altitude 415.0m.

23.2 to 28.8°C (Souza et al., 2013). Meteorological data were
collected by an automatic station through the CR 1000 data
acquisition system during the experimental period, and through
global solar radiation (piranometer CS300), wind speed and
direction (anemometer, 03002-L RM YOUNG) sensors, as well as
through a psychrometer with thermometer shelter (CS 215) and a
rain sensor (TE 525).

Experimental design

The two experiments were conducted in the same site; however,
millet (Pennisetum americanum L. cv. ANm 17) was pre-cultivated
(further cutting, fragmentation and incorporation to the soil through
harrowing) in order to improve the amount of organic matter in the
rainy season of the 2015 crop. A completely randomized block
design, with four repetitions (20 useful plants) and 5 daily irrigation-
blade treatments were adopted. The drip irrigation system with self-
compensating emitters, at flow rate of 7.0 L h® m™ and service
pressure of 10mca was employed.

The irrigation blades in 2014 (from July to November) were 60,
80, 100 and 120% of the evapotranspiration expected for the
culture (Tec); in 2015, the blade was adjusted to 40% of ETC. The
cultivation coefficients (kc) of 0.70 and 0.95 were used in the two
production cycles in the vegetative and reproductive phases,
respectively (Allen et al., 1998). The reference evapotranspiration
(ETo) was recorded through the Class A tank method by taking into
consideration the correction coefficients (kp) described by Souza et
al. (2015) and Pedrosa et al. (2017).

ETo=ECA *Kp (1)
ETc=ETo *Kc 2

where: ETy is the daily reference evapotranspiration (L m™); ETc is
the evapotranspiration of daily culture (L m?; ECA is the
evaporation of the daily class A pan (L m?; Kp is the pan
coefficient; Kc is the crop coefficient, which depends on the
development stage.

Agronomic practices

Verona CMS (the assessed hybrid) has a good commercial
acceptance and is recommended for cultivation in summer, since it
is resistant to black rot. It has a white color inflorescence from 1.2 to
1.5 kg, besides presenting an approximate 100-day cycle (May et
al., 2007; Zanuzzo et al., 2013;). The seedlings were produced in
trays (128 cells) under 50%-shade black polyester fabric and
capillary root zone irrigation. The transplantations were performed
when plants presented between 4 and 5 expanded leaves (at
August 1st, 2014 and July 11th, 2015) at spacing of 1.0 x 0.6 m
(between rows and between plants). The soil in the experimental
site presented 340, 170 and 495, 300, 188 and 512 g dm™ of sand,
silt and clay, at layers of 0-20 and 20-40 cm down the soil,
respectively. The observed chemical features in the two cultivation
years are shown in Table 2. In addition, values of 30.51 and 42.84
g dm™ of total organic matter in the soil were found at 0-20 and 20-
40 cm layers, respectively.

Cultivations were carried out under full sun light, without using
dead cover on soil surface. Based on Filgueira (2005), 80, 350 and
200 kg ha™ of N, P,Os and KO, respectively were applied in the
transplantation pit (base fertilization). Next, complementation with
150 kg ha® of N was conducted at 20, 40 and 60 days after
transplantation (DAT). The application of 2.4 kg ha™ of boron (borax
—at 11% boron concentration) was performed on soil surface, close
to the root system. Spontaneous vegetation control (weeds) was
conducted through mechanical fashion and constant manual
weeding in order to minimize competition with the culture. The
phytosanitary treatments were performed whenever necessary,
based on Figueira (2005) and May et al. (2007).

Crop observations

Non-destructive fortnight evaluations were conducted up to 120
DAT as a way to set plant height, stem diameter and number of
leaves. The equatorial and longitudinal diameters, leaf area, fresh
mass at inflorescence and shoot dry mass were obtained during the
harvest (Hortibrasil, 2018). The yield performance was assessed
through water use efficiency, by taking into account the water
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Table 2. Chemical features of the soil in the experimental site at the two assessed depths in two production cycles.

vear Depht of soil pH P K Ca Mg Al H S T \%
(cm) (H20) (mg/dms3) cmol/dm?3 (%)

2014 0-20 5.7 2.44 0.14 1.9 1.16 0 3.1 3.2 6.3 50.78
20-40 5.4 3.85 0.31 2.19 0.78 0.15 4.85 3.28 8.28 39.6

2015 0-20 6.1 2.09 0.06 1.97 0.78 0 3.63 2.81 6.44 43.63
20-40 5.5 1.18 0.05 0.62 0.31 0.1 4.03 0.99 5.12 19.27

S: sum of the bases; T: CTC at pH 7.0; V: saturation of the bases (%).

volume of the irrigation blade, the rainfall records in inflorescence
fresh mass production (EUAY) and the water volume applied
through irrigation (EUA?). The meteorological measurements were
collected every 5 min and stored, based on hourly and daily scales.
The minimum (T,) and maximum (TB) basal temperatures of 14 and
36°C (Nowbuth and Pearson, 1998) were applied in order to find
the thermal sums (accumulated degree-days) for cauliflower plants.
The proposal by Ometto (1981) was applied to cases suitable for it
which depends on the local weather conditions, according to Souza
et al. (2011b).

iyCase 1: Tm>Th; TB>TM
GDD = ((TM = TB)?)/2 + (Tm — Tb) 3)

ii)Case 2 Tm<Tb<TM; TB>TM
GDD = ((TM — TB)?/(2(TM-Tm)) 4

iii) Case 3: Tb<Tm; TB < TM
GDD =2[(TM Tm) (Tm =Tb)] + (TM = Tm)?) — (TM = TB)?) / (2(TM
—-Tm)) (5)

iv) Case 4: Tb>Tm; TB<TM
GDD =0.5[((TM = Th)2) — ((TM = TB)?)] / (TM — Tm) (6)

Where: TM and Tm = maximum and minimum daily temperatures
(°C). Tb and TB = minimum and maximum basal temperature

Statistical analysis

Data were subjected to analysis of variance; means were compared
through the Tukey test at 5% probability whenever they were
significant. Regressions were adjusted by taking into consideration
the irrigated blade as independent variable. The statistical package
Sisvar 5.5 Build 82 was used in the calculations.

RESULTS AND DISCUSSION
Meteorological dates

The climatic seasonality in the Sinop-MT region (Table 1)
showed that the time to conduct the experiment was
appropriate to assess the effect of irrigation blades,
regardless of the year. Accumulated rainfall recorded
424.6 and 88.0 mm in 2014 and 2015, respectively.
However, in 2014 only 50 mm was recorded up to 80
DAT (10/19”‘/14) (Figure 1). Such behavior was essential
to minimize soil humidity homogenization (due to rainfall),

mainly during culture vegetative development, which, in
turn, would have direct influence on the hydric deficit
effect over the productive components.

According to Santos et al. (2013), there are wider
thermal amplitudes in winter in Sinop-MT region, since
water steam has great potential to mitigate radiation in
the atmosphere. Thus, the differences between night and
daylight temperature in the rainy months was caused by
radiation transmissivity reduction (daylight cycle) and by
radiation incidence increase in long waves emitted by the
atmosphere (night cycle). There was mitigation of the
maximum temperature due to changes in the total of
direct and diffuse components, caused by cloudiness and
minimum temperature increase. This outcome resulted
from balance of night long-waves (Souza et al., 2016).
Accordingly, they recorded daily mean temperatures of
26.38, 27.32, 27.27 and 25.88°C between August and
November 2014, and 25.17, 26.49, 28.38, 27.92 and
26.52°C between July and November, 2015, respectively.

Another significant effect of rainfall could be observed
on the global radiation incidence (short waves) between
the 2 production cycles. In 2014, the daily means were
27.16, 19.82, 20.53 and 18.32 MJ m™ day' between
August and November, whereas in 2015 (lower
accumulated rainfall throughout the cultivation cycle), the
daily means were 21.15, 22.34, 21.35, 21.88 and 18.63
MJ m? day™ between July and November, respectively. If
one takes into consideration that global radiation is
formed by visible and infrared ultra-violet radiation, it was
possible indicating more availability of photosynthetically
active radiation in the winter of 2015, fact that led to
better yield performance at the same water-reposition
level. The daily thermal amplitudes varied from 14.7 to
20.0°C in August and from 4.94 to 14.4°C in November,
2014, whereas, in 2015, they varied from 15.1 to 21.5°C
in July and from 7.9 to 14.0°C in November.

Cauliflowers grown under Brazilian conditions were
recommended for typically temperate climate; however,
nowadays it has been gaining space in tropical climate
regions. The difficulty in producing winter cultivars in hot
weather regions was based on the need of mild
temperatures (14-20°C) to pass from the vegetative to
the reproductive stage (Filgueira, 2005). Genetic
enhancement made it possible to select cultivars capable
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Figure 1. Air temperature variations, relative air humidity, global radiation, rainfall and reference evapotranspiration in Sinop-MT,
from August to November, 2014 and 2015.
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of tolerating temperatures above 30°C (May et al., 2007)
and it enabled cultivating this vegetable in tropical climate
regions, as long as cultivars presenting wide adaptability
were selected. Such process allowed these cultivars to
be grown all year long (Claudio, 2013).

According to Filgueira (2005), there are cultivars with
different thermo-climatic demands in Brazil, which can be
gathered in two groups: the first one comprises cultivars
adapted to plantation in fall-winter and the second one
covers spring-summer cultivars, which do not demand
cold, as well as develop and produce under higher
temperatures. There are few open pollination cultivars in
the second group, and the current trend is to replace
them by hybrids (Cardoso and Silva, 2009). Zanuzo et al.
(2013) assessed 8 genetic materials from different
thermo-climatic demands in Sinop-Mt region. They
concluded that hybrids belonging to group Verona
present wide adaptability to regional conditions.
Accordingly, despite the wide thermal amplitude in winter,
due to rainfall, there was maximal temperature reduction
and minimal temperature increase, so that temperatures
within the ideal rate for the cultivation of hybrids
belonging to group Verona were reached. These species
were recommended for summer cultivation (Morais Junior
et al., 2012; Zanuzo et al., 2013).

Table 3 synthesizes information encompassed in the
monthly scale, total rainfall, evapotranspiration and the
blade applied throughout the 117 (1149 degrees-days
accumulated - GDA) and 119 (1396.4 GDA) cultivation
days in 2014 and 2015. Such periods-of-time
corresponded to the accumulation of 1449 and 1396.4
degrees-day, respectively. In Table 2, the effective rained
blade was only higher than ETo in October and
November 2014. Therefore, there was need of water
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reposition for 277.62 and 282 mm irrigation throughout
the productive cycles. These values were references for
the treatment with blade reposition of 100% ETc.

Rainfall changed the applied blade in the treatments
because the experiment was conducted under field
conditions. Thus, after irrigation (I) was added to the
effective rainfall (Ef Ra), it was possible to verify the
blades corresponding to 84.92 and 108% of ETc applied
to treatments T1, T2 and T4 in 2014; to 54, 70, 85 and
115% of ETc to treatments T1, T2, T3 and T5 in 2015.
However, all analyses linked to water use efficiency were
taken into account, based on the initial % of the applied
blade, since the differences between the two cultivation
cycles were lower than 5.0mm when the treatments were
defined.

The analysis of variance (ANOVA) did not show
significant interactions between evaluation time (DAT)
and the irrigation blade, regardless of the crop year.
Isolated factors presented significant differences, and the
effects throughout time (DAT) were assessed through
regression based on the thermal sum (GDA) (Figure 2).
The irrigation blades influenced plant height and the
number of leaves from the 103 DAT and after on, in the
2014 production cycle. However, plants presented from
22.4 to0 28.6 leaves between 89 h and 117 DAT (Table 4).
The decreased number of leaves recorded at the end of
the cycles resulted from the senescence of leaves closer
to the soil (first leaves emitted by the plants).

On the other hand, the irrigation blades had an
influence after the 109 DAT in the 2014 cycle. They led to
higher mean height, wider stem diameters and larger
number of leaves in the blades of 60 and 100% ETc
reposition treatments. There was reduced growth and
plant height in this production cycle, regardless of the
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Table 3. Total mean values of effective rainfall (Ef Ra), reference evapotranspiration (ETo) and total blade applied through irrigation +
effective rainfall (ETreal) during the evaluation periods, with treatment using 100% ETc reposition.

Efective rainfall Reference Applied wather

Year Més o ETreal (mm
(Ef Ra) (mm) evapotranspiration (mm) depth (mm) (mm)
July - - - -
August 0 161.2 80.6 80.6
2014 September 43.9 128.2 73.7 117.7
October 129.7 119.6 83.9 213.6
November 251.0 56.4 39.5 290.4
Total 424.6 465.4 277.7 702.3
July 0 99.4 49.7 49.7
August 0 167.9 84.0 84.0
2015 September 0 158.3 79.2 79.2
October 71.8 116.3 58.2 129.9
November 16.3 22.0 11.0 27.2
Total 88.0 563.9 282.0 370.0
30+ 30
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Figure 2. Estimates of the morphometric variables of cauliflower plants cv. Verona based on the accumulated thermal sum, by taking
into consideration the two cultivation cycles (2014 and 2015) in Sinop-MT, Brazil.
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Table 4. Morphometric variables of cauliflower plants cv. Verona under different irrigation blades and development phases, between August

21st and November 26th, 2014, in Sinop-MT, Brazil.

Plant height (cm)

Stem diameter (mm)

Number of leaves

DAT  GDA
L60* L8O*  L100* L120*  L60 L80  L100 L120 L60 L80 L100  L120

32 4269 7.1°% 6.6 2 38° 562 392 39% 373 32° 812 7.3° 6.7 2 6.9°2

39 507.6 96%*  80° 1187 11.4°% 42%  44® 41?%  40°? 8.4°2 8.32 852 8.62

47 616.2 100% 85°2 9.0° 8.3% 79% 74%® 75% 662 107%® 106% 11.0%® 97°

54 685.2 9.7% 8.8°% 952 89°? 100% 88°% 91°% 8.4°% 13.3% 12.8°% 132% 124°%°

61 766.1 11.7% 96% 112% 99?% 11.9% 11.7% 12.1* 108?% 1723 154% 162?% 142°%

77 931.0 125°¢ 94°% 116° 962 147% 127% 143% 121% 204%* 186° 175% 176°2

89  1076.0 19.3% 176% 189?% 172?% 236% 204°% 216% 19.2% 285% 2642 27.0% 24632

96 11718 19.7% 199%* 191%* 164°%* 269% 231% 251% 223% 256% 267% 284% 255°

103 12716 242% 208%® 231% 186" 2897 2687 279% 2372 2027 267 286% 242°
110 13579 243% 221% 226% 21.7% 363% 31.7% 342% 308°% 268% 262% 2482 258°
117 14490 235% 206% 184° 218%® 2062 2772 206% 251°% 263%® 27.0® 224" 269°

*L60, L80, L100 and L120 correspond to the evapotranspiration reposition rate (irrigated blade) of the culture (ETc). Means followed by the same letter
on the line (analysis of irrigation blade influence at the same evaluation day) did not differ from each other in the Tukey test at 5% probability.

morphometric variable or treatment, when values were
compared to that of 2014; however, such result did not
indicate yield decrease. Thus, such performance can be
explained by the significant increase in cloudiness and i
rainfall rates from October, 2014 and after. A significant
change in the number of leaves between 77 and 89 DAT
was observed. It is worth highlighting that solar radiation
incidence on the surface of Earth is the main energy
source for vegetal development, mainly for leaves, which
need PAR (photosynthetic active radiation — one of the
global radiation components) to make photosynthesis as
the primary metabolism process in plants.

The irrigation blades led to significant differences in
plant height, stem diameter and number of leaves at 5%
probability (Table 5) in the 2015 crop, from the 73, 87 and
100 DAT and after, respectively. There was increase in
the number of leaves, up to the 87 DAT, and further
reduction (senescence) was noticed due to the beginning
of the reproductive phase. Such performance is inherent
to the cycle of this vegetable, which presents fast leaf-
surface growth in order to allow greater production of
photo-assimilates in the reproductive phases, and
subsequent decrease after this phase.

The stem can be considered as an essential partition
for plants, since it holds the conducting beams (xylem and
phloem) responsible for taking water from the root system
to the shoot, as well as for distributing the photo-
assimilates to the entire body of the plant, besides being
the support structure to the shoot. Thus, there was initial
growth up to the 109 DAT and subsequent reduction due
to wilting at the end of the plant cycle. The increase in
stem diameter, and in plant height, highlight the lack of
high plant densities; therefore, the adopted spacing, and
the association of the local micro-meteorological
conditions with the employed culture management, did
not favor the outspread of the main physiological

diseases and disorders such as hollow stalk and
tenderness.

Oliveira (2015) analyzed the irrigation blades and the N
fertilization for the cauliflower cultivar Barcelone and
found stronger irrigation blade effect than fertilization
effect. He recorded higher culture development indices
by using irrigation equivalent to 132.4% Tec in Minas
Gerais State. Similar results were recorded by Seidel et
al. (2017), who observed that the maintenance of the field
capacity until the end of the final formation of cabbage
head (Brassica oleracea L. var. Capitata) was favorable
to good culture yield; however, stress caused by water
deficit reduced the plant height and the size of the heads.
Results of both cultivation cycles showed that the initial
effects of possible water stress could be compensated by
plant adaptive responses to the cultivation environment.
Plants can have different responses to different water
deficits, since there are the tolerant ones, which
overcome stress by changing their morphological and
biochemical features, and the susceptible ones, which
develop symptoms resulting in lower yield (Chakraborty
et al., 2015).

Overall, when plants are exposed to water deficit
conditions, there are physiological responses that can
indirectly result in water conservation in the soil due to
decrease in the transpiration surface through senescence,
reduced expansion or leaf elongation, which in their turn,
depend on water turgescence and availability to the
plants. Bergamaschi and Bergonci (2017) state that low
water availability in the soil can cause leaf area reduction
and lead to decreased photosynthetic capacity and to
lower growth and vyield rates. The regressions were
adjusted based on thermal sums as independent
variables in order to assess the effect of cultivation cycle
duration (“time” as quantitative variable) (Figure 2). In this
case, regardless of the assessed morphological
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Table 5. Morphometric variables of cauliflower plants cv. Verona under different irrigation blades and development phases between July

11" and November. 07th, 2015, Sinop-MT, Brazil.

DAT GDA L40* L60* L80* L100* L120*
Plant height (cm)
32 427.2 7.7% 8.1° 75% 75% 7.7%
41 546.0 952 9.3% 8.6° 9.1° 9.6°
48 655.2 10.7 % 11.2° 9.8°% 11.2% 91°%
53 726.4 12.4° 11.6°2 12.0°2 11.0°2 11.9°2
62 818.1 122° 115°% 1152 12.4% 125%
73 972.5 12.2°2 12.9° 11.8° 135° 13.1°2
87 1105.2 13.7% 15.0° 13.7% 16.1° 14.8%
100 1225.1 13.1°2 15.9° 13.4° 16.4° 15.5°2
109 1288.9 12.0° 16,72 143 % 17.6° 16.6 2
119 1396.4 11.5° 1562 10.6° 17.0° 16.8°
Stem diameter (mm)
32 427.2 6.5°2 6.672%2 6.44 2 6.892 6.65%
41 546.0 8.3% 7.78 % 7.25% 7.81°% 8.05°2
48 655.2 9.6°2 9572 8.61°% 9.562 8.992
53 726.4 10.7 % 10.97° 11.18°% 9.21% 10.65?
62 818.1 12.2°2 11.6°2 10.852 12.262 11.33%
73 972.5 125°% 11.94% 12.04% 13.58% 12.212
87 1105.2 15.0°2 17.6°2 14.932 17.962 15.11°2
100 1225.1 14.2° 18.42° 16.37 % 17.17 % 15.86 2
109 1288.9 14.2° 19.2% 18.44% 18.75 % 15.33°
119 1396.4 11.7° 16.21° 10.65 © 16.58 2 14.66 2
Number of leaves
32 427.2 8.1°% 8.4°% 8.0°% 89°? 8.9°
41 546.0 11.3° 11.6°2 10.3° 12.2° 11.5°
48 655.2 12.0° 12.4% 11.3% 12.6° 129°
53 726.4 12.9° 15.6 2 14.7 2 12.5° 13.6°2
62 818.1 17.8% 186° 17.4% 18.0° 17.9%
73 972.5 17.0° 2152 18.0 % 205 % 182 %
87 1105.2 222% 24.0° 19.8° 223% 23.4%
100 1225.1 10.6° 15.9° 13.3% 15.02 136
109 1288.9 6.4° 12.0° 9.4% 11.72 10.52
119 1396.4 6.5° 13.0° 11.0® 10.5° 105"

*L40, L60, L80, L100 and L120 correspond to the evapotranspiration reposition rate (irrigated blade) of the culture (ETc). Means followed by the
same letter on the line (influence analysis of irrigation blades in a single development phase) did not differ from each other in the Tukey test at 5%

probability.

variables, the coefficients adjusted at the linear (Figure 2)
and quadratic (Figure 2) functions were significant at
1.0% probability; correlation coefficients (r) were higher
than 71.5%.

The cauliflower cv. Verona presented inflorescence
variation from 41 to 53 DAT under Sinop-MT weather
conditions, regardless of the applied irrigation
management. Inflorescences presented diametric ratios
(ratio between equatorial and longitudinal diameter)
varying from 1.01 and 1.0; thus, indicating flat shapes
(Table 6). There were significant differences in the

equatorial and longitudinal diameters of inflorescences
under the different irrigation blades, and it allowed
assuming that there was harvest point standardization.
Silva et al. (2014) found inflorescence diameter from
19.86+0.82 to 21.49+0.30 cm in cauliflowers cultivated
under the different irrigation systems. Similar results
were also recorded by Kudela et al.,, (2011), who
assessed the quality of cauliflower under 2 different
irrigation blades and found ID from 19.35 to 20.05 cm.
Overall, bigger inflorescences are more valorized in the
market, for they comply with the higher classes in the
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Table 6. Productive components of cauliflower plants cv. Verona under different irrigation blades and development phases, by taking into
consideration the two cultivation cycles (2014 and 2015) in Sinop-MT, Brazil.

Year Irrigation DINF DEq DLo IFM AF
blades (days) (cm) (cm) (9 plant'l) (cm?)
L40 46.3°2 20.6° 19.63° 488.75° 11041.4°
L60 46.9° 21.42 20.252 563.98 ° 12800.2 &
L8O 43.6°2 24.0°2 21.94% 730.66 2 11727.2°

2015 L100 49.9° 24.8% 22,752 871.51°% 14678.0 2
L120 41.3% 2272 2052 751.4°2 14733.7 2
DMS 15.2 5.0 5.18 157.4 3214.7
CV(%) 23.1 16.3 20.74 16.1 27.91
L60 50.0 * 205°% 20.202 43572 8368.12
L8O 46.02 20.82 20.29 2 470.1° 8763.3%

2014 L100 53.0°2 21.1° 20.42 2 514.32 774652
L120 440° 20.82 20.31°% 477.03° 7048.8 °
DMS 12.4 2.4 0.82 286.9 2638.5
CV(%) 20.4 5.4 1.91 28.8 25.57

normal Brazilian classifications for trading standards
(Hortibrasil, 2018). However, there is great variability in
this feature in the same cultivar (Monteiro et al., 2010;
Torres et al., 2015; Ribeiro et al., 2017).

The inflorescence fresh mass (IFM) presented
significant difference between irrigation blades in the
2015 cultivation cycle: variations higher than 380 g at
40% irrigated blade increase. This behavior highlights
that although there were no diametric differences, the
irrigated blade influenced the density of immature
inflorescences. Regardless of cultivation cycle and
irrigated blade, there were inflorescences presenting
white-milky color and formed cover (2 leaves tight to the
edges). These features are bond to the assessed
cultivar. Ribeiro et al. (2017) found that in tropical
conditions Verona CMS is more tolerant to high
temperature than cvs. Sarah and Sharon, exhibiting
more marketable products on postharvest by reducing
hollow stem and physiological disorder. It is also
possible to highlight the record of less than 5% severe
defects, such as the presence of leaves in the head (leaf
emergence in the internal part of the inflorescence),
hairiness (opened flowers in the head, similar to hair),
purple spots (pinkish spots resembling wine on the
inflorescence) and hollow stalk. Monteiro et al. (2010)
assessed the water performance of summer cauliflowers
and found IFM from 0.73 to 1.11 kg.

With regard to inflorescence commercial yield, there
was quadratic performance with the irrigated blades in
the 2 cultivation cycles. In 2014, the generated functions
were Prod = 2326.58 + 35615.3 LI — 17917.5 LI*; and in
2015 they were Prod = 2735.28 + 64257.7 LI — 29750.7
LI>. The determination coefficients (R?) were 0.86 and
0.88 (in this case, LI is the irrigated blade in decimals
L40, L60, L80, L100 and L120, which corresponded to

0.4, 0.6, 0.8, 1.0 and 1.2, respectively). The maximum
points for water reposition at 99.34 and 107.8% of ETc
were found by applying the derivative of these
polynomials, that is, irrigation management with daily
reposition close to the 100% ETc recommended by the
Class A tank method. Such values allow better yield
results for cauliflower cv. Verona (Table 7). It is also
possible to mention that the increased rainfall after 60
DAT in 2014 in comparison to 2015 enabled significant
reduction in water use efficiency (EUA), even when only
irrigation was taken into account. Air temperature
variations and global radiation (Figure 1) indicated that it
is possible to find positive correlation between
commercial yield and the micro-meteorological elements
in this genetic material, that is more stable thermal
amplitudes through the cycle tend to favor better
inflorescence development and, consequently, more
fresh weight (Zanuzo et al., 2013). The recorded vyields
are similar to that recorded by Monteiro et al. (2010):
mean vield between 14.56 and 23.76 t ha™ in different
genetic materials of the summer cycle. Zanuzo et al.,
(2013) found mean vyield of 18.9 and 18.7 t ha ™ for
hybrids Verona 184 and Verona 284 in the Sinop region.
Pereira et al. (2016) noted that desert hybrid (summer
cultivar, with a cycle varying between 80 and 90 days) is
promising for cultivation in the soil and climatic
conditions of the region Amazon; its productivity is 17.1 t
ha™, it has inflorescence fresh mass of 0.85 kg plant'l,
inflorescence diameter of 18 cm, and 38 kPa tension of
soil water content.

Conclusion

It is recommended to adopt daily water reposition
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Table 7. Mean yield and water use efficiency (kg m™) of caulifiower cv. Verona CMS, subjected to different irrigation

blades in Sinop-MT, Brazil.

Irrigation

Year o Productivity (kg ha™) Irrigation depth - 1 (mm) | +Pef EUAY EUAY
L40 19,550.0 112.8 200.8 17.33 9.74
L60 22,559.2 169.2 257.2 13.33 8.77

2015 L80 29,226.4 225.6 313.6 12.95 9.32
L100 34,860.4 282.0 370.0 12.36 9.42
L120 30,056.0 338.4 426.4 8.88 7.05
L60 17,428.0 166.7 591.5 10.45 2.95

2014 L80 18,804.0 222.2 647.0 8.46 2.91
L100 20,572.0 277.8 702.6 7.41 2.93
L120 19,081.2 333.3 758.1 5.72 2.52

EUA' and EUA’take into consideration the irrigation blade and the irrigation blade + effective rainfall, respectively.

between 80 and 100% of the evapotranspiration of the
culture in winter-fall cauliflower crops in Middle-Northern
Mato Grosso State. The irrigation blade variations did not
influence the duration and thermal demands of the
differentiation period of cauliflower cv. Verona CMS
inflorescences. Increased irrigated blades reduced water
use efficiency, regardless of cultivation cycle: it produced
from 7.4 to 12.4 kg of inflorescence fresh mass per m?3 of
irrigated water.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

ACKNOWLEDGMENT

The National Council for Scientific and Technological
Development (CNPq) for financial subsidy to research
scientific project (Process: 472140/2013-2).

REFERENCES

Allen RG, Pereira LS, Raes D, Smith M (1998). Crop evapotranspiration:
guidelines for computing crop water requirements. Rome, FAO
(Irrigation and Drainage Paper, 56). 300 p.

Bergamaschi H, Bergonci JI (2017). As plantas e o clima — principios e
aplicacdes. 1 ed. Agrolivros, 352p.

Cardoso All, Silva N (2009). Influéncia do cultivar e do tamanho das
sementes na producédo de couve-flor. Revista Ceres 56(6):777-782.
Chakraborty K, Singh, A, Kalariya KA, Goswami N, Zala PV.
Physiological responses of peanut (Arachis Hypogaea L.) cultivars to
water déficit stress: status of oxidative stress and antioxidante

enzyme activities. Chakraborty 74(1):123-142.

Claudio MTR (2013). Doses de fésforo no acimulo de nutrientes, na
produgdo e na qualidade de sementes de couve-flor. Dissertacao,
UNESP, Botucatu 66p.

Dominguez A, Martinez-Navaro A, Loépez-mata E, Tarjuelo JM,
Martinez-Romero A (2017). Real farm management depending on

the available volume of irrigation water (part I): Financial analysis.
Agricultural Water Management 192:71-84.

EMBRAPA (2013). Empresa Brasileira de Pesquisa Agropecuaria.
Centro Nacional de Pesquisa de solos. Sistema brasileiro de
classificacdo de solos. 3.ed. Rio de Janeiro: Embrapa, 353p.

Filgueira FAR (2005). Novo Manual de Olericultura. Vigosa: UFV, pp.
269-288.

Garcia Filho E, Nakatani JK, Pinto MJA, Neves MF, Caserta PG, Kalaki
RB, Gerbasi T (2017). Mapeamento e qualificacdo da cadeia
produtiva das hortalicas do Brasil. Confederagdo da Agricultura do
Brasil. Brasilia: CNA 79 p.

Hortibrasil (2018). Instituto Brasileiro de Qualidade em Horticultura.
Normas de Identidade, Padronizagdo e Classificagdo da Couve-flor.
2018. Disponivel em: <
http://www.hortibrasil.org.br/classificacao/couveflor/couveflor.html>.
Acessado em 20 de margo de 2018.

IBGE (2010). Instituto Brasileiro de Geografia e Estatistica, Censo
Demogréfico. Acesso: 11 dez. 2017. Disponivel em:
https://cidades.ibge.gov.br/painel/populacao.php?codmun=510790

Kochler M, Kage H, Stiitzel H (2007). Modelling the effects of soil water
limitations on transpiration and stomatal regulation of cauliflower.
European Journal of Agronomy 26:375-383.

Koksal S, Tasan M, Artik C, Gowda P (2017). Avaliagdo da eficiéncia
financeira da irrigagdo por gotejamento de pimenta vermelha com
vase na evapotranspiragdo calculada usando uma abordagem
interativa de orcamento de &agua no solo. Scientia Horticulturae
226:398-405.

Kudela M, Hnilicka F, Svozilova L, Martinkova J (2011). Cauliflower
qualities in two irrigation levels with the using of hydrophilic agent.
HortScience 38(2):81-85.

Léllis BC, Carvalho DF, Martinez-Romero A, Tarjuelo JM, Dominguez A
(2017). Effective management of irrigation water for carrot under
constant and optimized regualted déficit irrigation in Brazil. Water
Management 192:294-305.

May A, Tivelli SW, Vargas PF, Samra AG, Sacconi LV, Pinheiro MQ
(2007). A Cultura da Courve-Flor, Campinas: Instituto Agrondmico,
(Série Tecnologia APTA, Boletim Técnico IAC, n. 200), 36p.

Monteiro BCBA, Charlo HCO, Braz LT (2010). Desempenho de hibridos
de couve-flor de verdo em Jaboticabal. Horticultura Brasileira 28:115-
119.

Morais Junior OP, Cardoso AF, Ledo EF, Peixoto N (2012).
Performance of cultivars of cauliflower summer in Ipameri. Ciéncia
Rural 42(11):1923-1928.

Nowbuth RD, Pearson S (1998). The effect of temperature and shade
on curd initiation in temperate and tropical cauliflower. Acta
Horticulture 459:79-88.

Oliveira RM (2015). Produgdo das culturas do Brécolis e da Couve-Flor



1632 Afr. J. Agric. Res.

com diferentes laminas de irrigacdo e doses de nitrogénio.
Dissertacéo, UFV, Vicosa 74p.

Pedrosa TD, Ozima HT, Schneider RM, Souza AP, Andrade EA, Mattos
LV (2017). Phosphorus, copper and zinc leached in lysimeters with
red-yellow latosol subjected to diferente rates of reused swine water
na irrigation water. African Journal of Agricultural Research
12(39):2902-2909.

Pereira MEM, Lima Junior JA, Souza RORM, Gusméo SAL, Lima VM
(2016). Irrigation management influence and fertilizer doses with
boron on productive performance of cauliflower. Engenharia Agricola
36(5):811-821.

Puiatti M, Finger FL (2009). Fatores climaticos. In: Fontes PCR (Org.).
Olericultura: teoria e pratica. 1ed.Visconde do Rio Branco: Suprema
Grafica e Editora, v. Unico, pp. 17-30.

Ribeiro LMP, Zanuzo MR, Vieira CV, Seabra Junior S, Fernandes
Janior F (2017). Cauliflower quality and vyield under tropical
conditions are influenced by boron fertilization. African Journal of
Agricultural Research 12(12):1045-1053.

Sahin U, Kuslu Y, Tunc T, Kiziloglu FM (2009). Determining crop and
pan coefficicients for cauliflower and red cabbage crops under cool
season semiarid climatic conditions. Agricultural Sciences in China
8(2):167-171.

Santos RB, Souza AP, Silva AC, Almeida FT, Arantes KR, Siqueira JL
(2013). Planejamento da pulverizagdo de fungicidas em funcéo das
variaveis meteorolégicas na regiéo de Sinop-MT. Global Science and
Technology 6(1):72-88.

Sarkar S, Biswas M, Goswami SB, Bandyopadhyay PK (2010). Yield
and water use efficiency of cauliflower under varying irrigation
frequencies and water application methods in Lower Gangetic Plain
of India. Agricultural Water Management 97:1655-1662.

Sarkar S, Nanda MK, Biswas M, Mukherjee A, Kundu M (2009).
Different indices to characterize water use pattern of irrigated
cauliflower (Brassica oleracea L. var. botrytis) in a hot sub-humid
climate of India. Agricultural Water Management 96:1475-1482.

Seidel SJ, Werisch S, Schutze N, Laber H (2017). Impact of irrigation
on plant growth end development of White cabbage. Agricultural
Water Management 187:99-112.

Silva FL, Almeida ACS, Geisenhoff LO, Oliveira FC, Pusch M, Franga
SLS (2014). Produtividade da couve-flor sob diferentes sistemas de
irrigacdo. In:  Inovagri  International  Meeting, Il.  DOI:
http://dx.doi.org/10.12702/ii.inovagri.2014-a213

Sousa VF, Marouelli WA, Coelho EF, Pinto JM, Coelho Filho MA
(2011). Irrigacao e fertirrigacéo em fruteiras e hortalicas. Brasilia, DF:
Embrapa Informagéo Tecnol6gica 771 p.

Souza AP, Almeida FT, Arantes KR, Martim CC, Silva JO (2015).
Coefficients of Class A tank to estimate the daily reference
evapotranspiration in the Cerrado-Amazonian transition region.
Scientia Plena 11(05):01-11.

Souza AP, Mota LL, Zamadei T, Martim CC, Almeida FT, Paulino J
(2013). Climatic classification and climatological water balance in the
state of Mato Grosso. Nativa 1(1):34-43.

Souza AP, Pereira JBA, Silva LDB, Guerra JGM, Carvalho DF (2011a).
Evapotranspiragdo, coeficientes de cultivo e eficiéncia do uso da
agua da cultura do pimentdao em diferentes sistemas de cultivo. Acta
Scientiarum Agronomy 33(1):15-22.

Souza AP, Ramos CMC, Lima AD, Florentino HO, Escobedo JF
(2011b). Comparison of methodologies for degrre-day estimation
using numerical methods. Acta Scientiarum Agronomy 33(3): 91-400.

Souza AP, Zamadei T, Monteiro EB, Casavecchia BH (2016).
Transmissividade atmosférica da radicao global na regido amazonica
de Mato Grosso. Revista Brasileira de Meteorologia 31(4):639-648.

Tomassoni F, Santos RF, Rocha AA, Galdino TS, Nadaleti WC, Rossi
E, Carpinski M (2013). Sensibilidade da couve-flor ao excesso de
agua no solo. Acta Iguazu 2(4):1-6.

Torres JLR, Araljo AS, Barreto AC, Silva Neto OF, Silva VR, Vieira
DMS (2015). Desenvolvimento e produtividade de couve-flor e
repolho influenciados por tipos de cobertura do solo. Horticultura
Brasileira 33(4):510-514.

Yavuz D, Seymen M, Yavuz N, Turkmen O (2015). Effects of irrigation
interval and quantity on the yield and quality of confectionary
pumpkin grown under field conditions. Agricultural Water
Management 159:290-298.

Zanuzo MR, Ribeiro LM, Lange A, Machado RAF, Massaroto JA (2013).
Desempenho agrondmico de gendtipos de couve-flor nas condigbes
edafoclimaticas de Sinop. Horticultura Brasileira 31:332-337.


http://lattes.cnpq.br/7824421952837925

Vol. 13(32), pp. 1633-1640, 9 August, 2018
DOI: 10.5897/AJAR2018.13229 @ ACADEMIC

Arficle Number: 912884558019 (e RsEd
ISSN: 1991-637X . c

Copyright ©2018 African Journal of Agricultural
Author(s) retain the copyright of this article ResearCh

http://www.academicjournals.org/AJAR

Full Length Research Paper

Comparative analysis of antioxidant activities of
different varieties of mangos with some selected fruits

Abdul Ghani Dars?, Kai Hu!, Agqleem Abbas? Yashu Chen?, Ashfaque Ahmed Khaskheli?,
Qiudou Liu', Xiaopeng Li*, Mamoun A Homaida®, Allah Bakhsh Javaid Lakho?, Bijun Xie®
and Zhida Sun®

'College of Food Science and Technology, Huazhong Agricultural University, Wuhan, 430070, Hubei, China.
2Department of Plant Pathology, College of Plant Science and Technology, Huazhong Agricultural University,
Wuhan, China.

Received 6 May, 2018; Accepted 25 July, 2018

Natural antioxidants and secondary metabolites found in vegetables and fruits play significant role in
human health. The juices obtained from fruits and vegetables are more convenient to consume than
fresh vegetables and fruits. In the current study, the total phenolic, vitamin C, total carotene and B-
carotene content and antioxidant activity of fruits and vegetables juices were determined by 1,1-
diphenyl-2picryl hydrazyl (DPPH) scavenging, 2,2-azinobis3-ethylbenzothiazoline-6-sulfonic acid
(ABTS), and reducing power (RP) assays. Various fruits juices such as Chinese mango juice (Ao
mango, Ao flim package, Xiangya mango) and among (Apple, Orange, Tomato, Carrot) juices were
compared. Among the fruits, the highest amount of total phenolic (328.18 mg/100 g) and vitamin C (46.8
mg/100 g) content was found in orange juice among all the other fresh juices. Among different mango
juices, the highest amount of total phenolic (145.52 mg/100 g) and vitamin C (16.4 mg/100 g) content
was found in Xiangya mango as compared to Ao mango and Ao (flim package) mango. While Ao (flim
package) mango contained the highest amount of total carotene (2771 ug/100 g) and B-carotene (1.955
mg/100 g), as compared Ao mango and Xiangya mango. The highest amount of total carotene (6062
pMg/100 g) and B-carotene 5.398 mg/100 g was found in carrots as compared to the fruit and vegetable
juices. However, the lowest content of total phenolic 15.1 mg/100 g and vitamin C (1.87 mg/100 g) was
found in carrots as compared to other fruits and vegetable juices. The highest antioxidant activity was
recorded in Xiangya mangoes and oranges juice through DPPH, ABTS, and RP scavenging assays as
compared to other Juices. However, the lowest antioxidant activity was recorded in carrot juice. The
present study demonstrates the potential value of fruit juice as their placement of fresh fruit.

Key words: Chinese mango, phenolic compounds, B-carotene, antioxidant activity.

INTRODUCTION

China is one of the leading mangoes exporting countries The climatic environment permits the cultivation of
in the world with potential local as well as internal markets. mangoes throughout the year by the use of stimulation
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techniques particular flower. It is believed that factors like
cultivar, agronomic conditions, post-harvest manipulation
and stage of ripeness significantly affect the antioxidant
properties of mangoes (Lemmens et al., 2013). Mango
(Mangifera indica L.) is regarded as the king of all fruits,
possessing rich dietary source, antioxidants, such as
vitamin C, vitamin E, as well as carotenoids and phenolic
compounds, which have shown various health effects on
the human body (Barbosa et al., 2017; Liu et al., 2014).
Recent study showed that the mango juice has possibility
as a functional food that is capable of reducing metabolic
risk for obesity associated with adiposity and
inflammation (Natal et al., 2017). Mango is considered as
one of the most popular and economically important fruits
due to its admirable sensorial characteristics (sweet
taste, bright color, and delicious flavor), as well as
nutritional composition (carbohydrate such as abundant
glucose, fructose and sucrose, vitamins, minerals, fiber,
and photochemical (Barbosa et al., 2017). Mangoes
provide excellent quantity of antioxidant activity and
bioactive compounds, playing a beneficial role in human
health. These bioactive compounds are helpful in
preventing different  pathological conditions like
cardiovascular disease and decreasing the risk of various
types of cancers and atherosclerosis (Nemec et al., 2017;
Ulla et al.,, 2017). The antioxidant potential of different
vegetable and fruits is associated with their carotenoids
composition, and/or total phenolic content (Liu et al.,
2014). Although, total phenolic compounds and
antioxidant activity of mangoes and other fruits have
been extensively studied; however, there is still lack of
information regarding composition and changes in these
phenolic compounds and their antioxidant potential
during the ripening period (Lee and Hwang, 2017). The
literature available on this reveals that these phenolic
compounds have varied antioxidant potential, depending
upon the number of hydroxyl groups and their distribution
in the structure (Heo et al., 2007). It is well known that
reactive oxygen species (ROS), like superoxide anion
radical, hydroxyl radical and hydrogen peroxide are
formed in the human body through enzymatic systems
during oxygen utilization (Ahmed et al., 2017). A small
guantity of these ROS is thought to be favorable for the
body performing different vital roles such as transfer of
neuro signal from one location to another (Afifa et al.,
2014) and also in growth regulator (Carlis et al., 2014).
Nevertheless, huge quantity of ROS are known to be
involved in causing different pathologic conditions in the
human bodies, such as cancer, cardio vascular diseases
(CVD), aging and neurodegenerative diseases (Lauricella
et al., 2016). Therefore, the firm capacity of exogenous
antioxidants is continually required to sustain a sufficient
amount of antioxidants in order to stabilize the ROS.
Similarly, mangoes have particularly rich source of
polyphenols, which are a various group of natural
micronutrients present in plants having specific health
benefits, that is, mangiferin is antioxidant compounds

which may encourage metabolism and scrap diabetes
and quercetin, which can decrease inflammation and
hypertension as well as reduce cancer growth (Nemec et
al., 2017). However, because of different mechanisms of
reaction characteristics occupied, one analysis is capable
of perfecting all the analysis of antioxidants in a
miscellaneous or complex system. Therefore, in order to
evaluate a full profile of the potential antioxidant, various
assays capacity of antioxidant may be compulsory. In this
context, different technique has been applied to
determine antioxidants in biological fluids, food materials,
nutraceuticals, and dietary supplements (Emoke et al.,
2010). Among these methods, reducing power, 2, 2-
azino- di-(3-ethylbenzothialozine-sulphonic acid) (ABTS
assay), 2, 2-diphenyl-1-picrylhydrazyl (DPPH assay), and
hydroxyl radical scavenger activity are the commonly
used antioxidant capacity assays. These methods are
different from everyone both in conditions of their
evaluation roles as well as experimental situation. The
main aim of this study is to evaluate the antioxidant
properties of different varieties of mangos and compare
them with some selected fruits.

MATERIALS AND METHODS
Chemicals and reagents

DPPH, ABTS, potassium peroxy-di-salfate (K.S,0s), ascorbic acid,
potassium ferricyanide, trichloroacetic acid, ferric chloride,
phosphate buffer solution (PBS), gallic acid, Folin-Ciocalteu’s,
ascorbic acid, methanol, acetone, methylene chloride and ethanol
were purchased from Sino Pharma-Chemical Reagents Co, Ltd.
(Shanghai, China). All the chemicals used were of analytical grade
and were used without further purification.

Preparation of fruit juices

Mangoes were purchased from Hainan province, and the other
fruits were purchased from the local supermarket of Huazhong
Agricultural University, Wuhan, Hubei province, China. Mangoes,
other selected fruits (apple, orange, tomato) and vegetable (carrot)
were washed with tap water and dried, followed by cutting into
small pieces separating pulp from peel. Afterward, pulp and fruit
juice were extracted by using juice extractor (AUX-PB953).

Determination of Brix, pH, and acidity

Brix was measured using WYT-80 hand refractometer (Quanzhou
Wander Experimental Instrument Co., Ltd., Quanzhou, China). The
pH was measured using a digital pH meter (Delta 320 pH meter,
Metller Toledo Instruments Co., Ltd., Shanghai, China), while
titratable acidity was measured according to the method suggested
by the “Association of Official Analytical Chemists” (AOAC, 2000).
The samples were titrated with N/10 NaOH solution using titration
kit, where phenolphthalein (3-5 drops) was used as an indicator.
The volume of alkali used was noted and calculation was made
using the following formula:

Titratable acidity (%) = Quantity of N/10 NaOH used x 0.009 /
Volume of sample taken
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Determination of total phenols content

To determine the total phenols content, 100 uL sample was mixed
with 0.4 mL distilled water (ddH.O) and 0.5 mL diluted Folin-
Ciocalteu reagent. The samples were incubated for 5 min and then
1 mL 7.5% sodium carbonate (w/v) was added. The absorbance
was measured at 765 nm using spectrophotometer. The results
were obtained as mg of gallic acid equivalents/100 g of fresh
sample (Musa et al., 2011).

Determination of vitamin C

Vitamin C content for the fruit juices were determined using protocol
of Dashman et al. (1996) with some modifications. About 20 pL of
sample was pipetted into a 100-mL volumetric flask. Then 2 mL
(10%) tetra-chloro-acetic acid solution was added. The solution was
diluted up to 100 mL with distilled water. The sample was poured
into a conical flask, swirled gently for 1 min and left to stand for 1
min, and filtered through a Whatman filter (No. 542). One milliliter of
the sample or standard solution (3 mg ascorbic acid in 1 mL distilled
water) was pipetted into a test tube, followed by the addition of 3
mL distilled water and 0.4 mL of Folin-Ciocalteu reagent. Afterward
the samples were incubated at room temperature for 10 min. The
absorbance was measured at 760 nm using the Unico™ UV-2100
spectrophotometer. The results were expressed as mg/100 g fresh
weight (FW).

Determination of total carotenoids

Total carotenoids were determined using the method of Ranganna
et al. (1999). Approximately, 5 g of sample was added to 20 ml of
acetone and maintained in the dark for 10 to 15 min. Afterwards,
the contents were filtered through a sintered funnel under suction.
About 20 ml of acetone was added twice and then 20 ml of hexane
was added to extract the pigment completely. The mixed solutions
were transferred to a separating funnel. After 5 min, the upper
aqueous layer was completely discarded. However, the lower
hexane layer was transferred to 250-ml volumetric flask. The
volume of flask was filled up to the mark with hexane. Slight amount
of anhydrous sodium sulfate was added and the absorbance was
measured at 450 nm against hexane as a blank. The carotenoid
content of each sample was estimated according to the following
equation:

Absorbance x 250 x 1000 x 100 / 250 x Weight of the sample.

The carotene was expressed as pg/100 mL.

Determination of B-carotene

HPLC method was used for determination of B-carotene according
to the method of Hymavathi et al. (2005). Sample (15 g) was added
to 30 mL acetone. The samples were sonicated for 30 min followed
by centrifugation at 9000 rpm at 4°C for 15 min. The procedure was
repeated twice to ensure the maximum extraction. The extracts
were collected and made up to final volume of 100 mL by adding
distilled water. After that, 50 mL of methanolic KOH (10%) was
added to the extracts for saponification at 45°C water-bath for 1 h.
Then, the extracts were transferred to 100 mL petroleum ether, and
the organic layer was dried by passing through an anhydrous
sodium sulphate column and evaporated to dryness. The dried
residue was dissolved in hexane and filtered through a 0.45 pm
membrane filter. The filtrate was analyzed with the RF-10AXL
HPLC system (Shimadzu Co., Ltd., Japan) carried out at 445 nm at
30°C. The analytical column was a Sunfire™ C18 (4.6x250 mm i.d.,
5 um particle size) from waters. The mobile phase was acetonitrile:
methanol: methylene chloride (6:2:2, v/v/v), with isocratic flow at a
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rate of 1.0 mL/min. The concentration was calculated using fB-
carotene as external standard and expressed as microgram -
carotene per 100 g of FW.

DPPH radical scavenging activity assay

The DPPH free radical scavenging activity was observed according
to the method described by Mendes et al. (2011). Briefly, 7 mg of
DPPH was dissolved in 100 mL ethanol (95%). Different
concentrations of each sample (mg/mL) were used from which 2 mL
was mixed with 2 mL DPPH solution. Control was prepared by
mixing 2 mL DPPH and 2 mL distilled water, whereas blank sample
was prepared by mixing 2 mL sample with 2 mL ethanol. Then,
samples were kept in the dark for 30 min. The absorption was
measured at 517 nm. The samples were taken in triplicate and the
results were expressed as means and standard deviation. The
results were calculated for ICs value.

ABTS radical scavenging activity

The ABTS free radical antioxidant activity was observed according
to the method described by Re et al. (1999) with some
modifications. Briefly, 6 mg ABTS and 2 mg potassium peroxi-di-
sulfate (K2S,0g) were dissolved in 1.47 and 2.86 mL distilled water,
respectively. Then 1 mL of each ABTS and potassium peroxi-di-
sulfate solutions were mixed together. The mixture was kept at dark
for 12 h. Then 2 mL of mature was dissolved in 80 mL of 95%
ethanol. From different concentrations of juice sample used
(mg/mL), 150 pL of sample was mixed with 2.85 mL mixture
solution. Control was prepared by mixing 150 pL distilled water and
2.85 mL mixture solution while blank mango by mixing 150 pL
sample and 2.85 mL ethanol. The mixture was kept at 25°C for 5
min to ensure maximum reaction. The absorbance of each sample
was measured at 734 nm. The samples were measured in triplicate
and the results were expressed as mean + standard deviation (SD).
The results were calculated for ICs, value.

Reducing power

The reducing power was observed according to the method
described by Lidia et al. (2011) with some modification. Different
concentrations of sample extracts (1 mL) were mixed with 2.5 mL of
200 mM/L sodium phosphate buffer (pH 6.6) and 2.5 mL of 1%
potassium ferricyanide. The mixture was incubated at 50°C for 20
min. The 2.5 mL of 10% trichloroacetic acid (w/v) was added and
the mixture was centrifuged at 1000 rpm for 8 min in a refrigerated
centrifuge (5805 AN 562248). Then 2.5 mL upper layer of each
sample was mixed with 2.5 mL of deionized water and 0.5 mL of
0.1% of ferric chloride. The absorbance was measured at 700 nm
by using Unico™ UV-2100 spectrophotometer.

Statistical analysis

The SPSS statistical package (IBM Statistics version 20) was used
to analyze the results and determining significant difference. The
results are presented as the mean value with the standard deviation

(Mean + SD). The significant difference was found using analysis of
variance (ANOVA).

RESULTS
Brix, pH, and acidity

Table 1 results shows that the brix, pH, and acidity of
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Table 1. pH, brix, titratable acidity, polyphenol, vitamin C, total carotene , B-carotene and lutenin content of mango and other fruits.

. . Titratable Total polyphenol Vitamin C Total carotene -carotene .

Name of fruits pH Brix acidity (%)  (mg GAE/T00 gFW)  (mg/100g) (Lg/100 g) Bmg/lOO g  Luteinmg/100g
Ao mango 4.86+0.02" 15.5+0.25° 0.18+0.01° 102.7 + 3.85° 15.8 +1.09° 578 + 14.4° 0.467+0.11° 0.111+0.03°
Ao mango (film package) ~ 4.78+0.01° 14.3+0.12°  0.18+0.01° 129.5 + 3.75° 15.8+ 1.02° 2771 +£25.18°  1.955+0.22° 0.816+0.13%
Xiang ya mango 472+0.01° 12.2+0.14° 0.18 + 0.01° 145.52 + 6.86° 16.4+ 0.97° 1050 +29.03°  0.672+0.15° 0.378+0.08°
Orange 3.54+0.03° 8.2 +0.08° 0.82+0.01°% 328.18 + 7.91° 46.8 £ 4.07% 75+ 9.01° 0.075+0.02° -

Apple 3.98+0.02° 10.1+0.12° 0.54+0.01° 137.45+ 11.9° 18.6 + 3.07° 39+ 6.40° 0.034+0.03' 0.005+0.01°
Tomato 453+0.01° 2.4+0.01° 0.36+0.01° 75.66 + 3.63 23.68+3.6" 247 + 18.4° 0.247+0.08° -

Carrot 6.8+0.03  4.1+0.02 0.09 +0.01° 15.1 + 0.19° 1.87 + 0.02° 6062+ 47.28°  5.398+0.37° 0.664+0.12°

*Each value represents the means + SEM. Triplicates in three independents experiments. Different letters within the column represents the significant difference (005).

“‘Ao” mango (15.5, 4.86 and 0.18), “AO” mango
film (14.3, 4.78 and 0.18), Xiang-Ya” mango (12.2,
4.72 and 0.18), orange (8.2, 3.54 and 0.82), apple
(10.1, 3.98 and 0.54), carrot (2.4, 4.53 and 0.36),
and tomato (4.1, 6.8 and 0.09). The results
indicated that “Ao” mango showed the highest brix
value in all the experimental samples.

Spectrophotometric analysis of antioxidants
compounds

Total polyphenol

Polyphenol compounds are very important fruit
constituents due to their antioxidant activities,
their chelation of redox-active metal ions, and
inactivation of lipid free radical chains and
prevention of hydroperoxide conversion into
reactive oxyradicals (Cabral et al., 2009). Phenolic
content can be used as an important indicator of
antioxidant capacity and can be used as a
preliminary screen for any product when intended
to be used as a natural source of antioxidants in
functional foods (Viuda et al, 2011). Total
phenolic contents of fruits and vegetables juices
are shown in Table 1. The highest quantity of

phenolic contents (328.18 mg/100 g) was found in
orange juice. However, carrots contain the lowest
qguantity of phenolic content (15.1 mg/100 g).
Among the mango juices, the highest amount of
polyphenol content (145.52 mg/100 g) was found
in xiangya mango juice as compared to Ao mango
and Ao (film package) mango juice.

Vitamin C

Vitamin C is a major antioxidant ingredient in must
melon (Hoyle and Santos, 2010). Mango
(Mangifera indica L.) being one of most consumed
tropic fruit is rich in dietary antioxidants such as
ascorbic acid, carotenoids and phenolic
compounds. These compounds are involved in
the protection of human against various diseases
(Ribeiro et al., 2007).

Vitamin C content was found to be variable
among the fruit and vegetable juices. Total vitamin
C contents of various fruit and vegetable juices
are shown in Table 1. The highest contents of
vitamin C contents were found in 46.8 mg/100 g in
fresh orange juice among all the test fruit and
vegetable juices. However, carrot juice contains
the lowest vitamin C content (1.87 mg/100 g) as

compared to other fruit and vegetable juices.
Vitamin C contents of mango juice of three
varieties were also found to be highly variable.
Among the mango varieties, the highest amount
of vitamin C (16.4 mg/100 g) was found in xiangya
mango when compared with the juices of Ao
mango and Ao (film package) mango varieties.

Quantification of carotenoids by
spectrophotometry and HPLC

Total carotene

Carotene specialized natural pigments and
delivers colors such as yellow, orange and red
(Perera and Yen, 2007). Apart from the
spectacular colors in fruits and vegetables, these
carotenoids in the diets are associated with the
reduction of the diseases. Recent studies showed
that diets high in carotenoids are important for
health of human. Among the carotenoids the diets
high in B-carotene and a-carotene are involved in
the reduction of reduction of the incidence of type
2 diabetes (Sluijs et al., 2015).

Total carotene content in fruit and vegetable
Juices are shown in Table 1. The highest of



carotene (6062 pg/100 g) was measured in carrot juices
among all the test fruit and vegetable juices. Lowest total
carotene content (75 pg/100 g) was measured in apple
juices. Surprisingly among the different mango varieties
juices, the highest amount of carotene contents (578
Mg/100 g) was measured in the fresh Ao (flim package)
mango as compared to Ao mango and xiangya mango
juice. B-carotene content was found to be highly variable
among the fruits and vegetable juices shown in Table 1.
The highest amount of B-carotene (6.062 mg/100 g) was
recorded in carrots whereas the lowest amount of B-
carotene (0.034 mg/100 g) was recorded in apple juice.
Among the mango verities juices, the highest amount of
B-carotene content (1.955 mg/100 g) was recorded in
fresh Ao (flim package) followed by Ao mango and
xiangya mango juice.

DPPH

DPPH method is a quick method to analyze the free
radical activity of natural compounds (Shahzor et al.,
2015). The antioxidant activity of a substance can be
expressed as its ability to scavenge the DPPH free
radical. The DPPH scavenging activity of fresh fruit and
vegetable juices is related to phenolic contents. With the
increasing ICsq value, the decreasing trend of antioxidant
activity was found in fruit and vegetable juices and vice-
versa (Figure 1). The highest I1Cs, value (0.440 mg/ml)
with the lowest antioxidant activity was found in fresh
carrot juice as compared to other fruits juices. However,
among the mango juices, the highest ICs, value (0.032
mg/ml) with the lowest antioxidant activity was recorded
in Ao mango juice when compared with the Ao mango
(flim package) and Xiangya mango juices.

ABTS

ABTS is a technique to determine the antioxidant activity
of hydrogen donating antioxidants and of chain breaking
antioxidants and commonly used to estimate the total
antioxidant power of single compounds and also in the
extracts of different plants (Leong et al., 2002). The
ABTS scavenging activity of fresh fruit and vegetable
juices are as shown in Figure 1. Among the fresh fruit
and vegetable juices, the highest ICsq value (0.114
mg/ml) with the Ilowest antioxidant activity was
determined in carrot juice. Among the different mango
varieties juices, the highest IC50 value (0.032 mg/ml)
with the lowest antioxidant activity was recorded in AO
mango juice followed by Ao mango (flim package) and
Xiangya mango juices.

Reducing power

The reducing power is an important indicator therefore to
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determine the potential antioxidant activity. The reducing
power of test samples and their actions are usually
monitored by the formation of Perl’s Prussian blue at 700
nm (Shahzor et al., 2015). The reducing power of fresh
fruit and vegetable juices are as shown in Figure 1. The
reducing power with the highest ECsy value (0.114
mg/ml) and lowest antioxidant activity was recorded in
carrot juices as compared to other fruit and vegetable
juices. Among the mango varieties juices, the reducing
power activity with the highest ECsqvalue (0.032 mg/ml)
and lowest antioxidant activity was found in AO mango as
compared to Ao mango (film package) and Xiangya
mango juice.

DISCUSSION

The attraction of consumers toward food materials have
recently increased due to their richness in natural
substances. These natural substances are major source
for human health (Micha et al., 2017). Antioxidants are
one of those natural substances which are involved in
inhibition of the oxidation of biomolecules such as lipids,
proteins and nucleic acids. Antioxidants have been
categorized into two major groups, that is, enzymatic and
on-enzymatic antioxidants. Free radical scavenging
enzymes such as superoxide dismutase and glutathione
reductase are enzymatic antioxidants whereas water
soluble compounds such as vitamin C and polyphenol
and lipid soluble compounds such as vitamin E and pre-
vitamin A are non-enzymatic antioxidants (Barbosa et al.,
2017). Numerous redoxactive antioxidants such as
polyphenol, tocopherols, carotenoids and ascorbic acids
are also found in food materials (Liu et al., 2014). These
antioxidants have numerous human health benefits such
as they protect from the neurodegeneratives disorders,
coronary diseases and cardiovascular diseases (Nemec
et al., 2017). High consumption of fruits has been linked
due to their refreshing tastes and presence of
antioxidants compounds. Apples are significant source of
phenolic compounds and are commonly consumed in
Europe and North American diets (Hua et al., 2016).
Remarkably high antioxidant capacity of guava fruit
(Psidium guajava) due to the presence of high level of
phenolic compounds, therefore occupies a distinct
position among tropical fruits (Verma et al., 2018). Musk
lime (Citrus microcarpa) is commonly used to flavor food
and beverages. Moreover, musk lime can also be eaten
as fresh fruit. Vitamin C is a major antioxidant ingredient
in must melon (Hoyle and Santos, 2010). Mango (M.
indica L.) being one of most consumed tropic fruit is rich
in dietary antioxidants such as ascorbic acid, carotenoids
and phenolic compounds. These compounds are
involved in the protection of human against various
diseases (Barbosa et al., 2017; Liu et al., 2014). Citrus
fruits contain wide variety of vitamins and nutrients. For
example oranges are rich in compounds such as
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Figure 1. Comparison of DPPH three mangoes (AO, film packaging, Xiangya) (A), Comparison of ABTS of three mangoes (AO, film
packaging, Xiangya) (B), Comparison of reducing power of three mangoes (AO, film packaging, Xiangya) (C), Comparison of DPPH of
orange, apple, carrot and tomato juices (D), Comparison of ABTS of orange, apple, carrot and tomato juices (E), Reducing power of
orange, apple, carrot and tomato juices (F).

limonoids which is bitter in taste and vitamins such as activity of orange Juices greatly depends on their
vitamin C. Moreover, oranges also supply carotenoids, phenolic compounds rather than their vitamin contents
folates and phenolic compounds. Since the mentioned (Chanalia et al., 2018). In food industries, fruit juices are
oranges are rich in vitamin C, however, the antioxidant subjected to evaporation to remove majority of the water



to provide better condition for storage. Transport and
preservation of liquid food materials with the lowest
handling cost is very important. In addition to evaporation,
heating also plays a significant role to increase the
phenolic contents through the extra extraction step.
Therefore, fruit juice concentrate or commercial fruit juice
that reconstitute from the concentrate was believed to be
good source of functional food which can easily replace
the carbonated soft-drink (Al-Juhaimi and Ghafoor,
2013). Shikmate and phenyl propanois pathways play an
important role in the production of phenolic compounds.
These phenolic compounds having aromatic ring and
bearing one or more hydroxyl groups consists of
significant amount of secondary metabolites (Barbosa
Gamez et al, 2017). In a previous research, high
correlation was found between the content of polyphenols
and antioxidant capacity of natural food (Liu et al., 2014).
Vitamins such as vitamins C, E and pro-vitamin A have
numerous health benefits, however long term clinical
studies have revealed that these vitamins cannot reduce
the risk of various stress related strokes and
cardiovascular diseases. As antioxidants, the phenolic
compounds have profound health benefits than vitamins
(Nemec et al., 2017). In the present research, the amount
of phenolic compounds of both fresh and commercial fruit
juices is considerably low, since the daily polyphenol
compounds of the diet was estimated to range between
150 mg and 1 g/day (Ribeiro et al., 2007). The daily
intake of 100 ml of commercial fruit juice (with 5% or 5 g
of fruit concentrate) only contributes to maximum 65 mg
of phenolic compounds (13 mg of phenolic compound in
1 g of mango juice). These results revealed that
dependence on either fruit or commercial fruit juices does
not reflect sufficient daily phenolic compounds intake. In
the present study, the fresh apple and guava were
blended because peel was previously found to contain
additional flavonoids which were not reported in the flesh
of fruits (Wolfe et al., 2003). Interesting, these blending
method, fail to preserve the antioxidant and phenolic
content of fresh apple juices. Among all the fresh fruits
the phenolic compounds of fresh apples were
comparatively the lowest as compared to all other tested
fresh fruit juices. Nevertheless, additional antioxidant
capacity may be achieved by keeping peel of the guava.
The reason is fresh guava contains the highest amount of
polyphenol content. Moreover, the polyphenol contents of
fresh guava have potential to inhibit DPPH scavenging
activity with the lowest inhibition concentration. Folin-
Ciocalteu test showed that the antioxidant activity of the
tested fruit juice in DPPH scavenging assay was
correlated with the phenolic compounds of fruit juices.
This result suggested that phenolic content plays an
important role in the antioxidant capacity of various fruits.
However, major vitamins (such as vitamin C, vitamin E
and pro vitamin A) are not playing significant role in the
antioxidant capacity of various fruits. Among the citrus
fruits, orange and lime were found to have high amounts
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of vitamin C contents and phenolic compounds. In the
present research the antioxidant capacity of both fresh
orange and lime juices were found to be similar in both
phenolic quantification and DPPH scavenging test. This
result suggested that both citrus fruits may contain similar
bioactive compounds which play role in their antioxidant
capacity. The decline in the antioxidant activity in
commercial fruit juice might be due to long term storage
of raw fruit or fruit concentrate before the production and
packaging of ready to drink fruit juice. Increase of oxygen,
pH and temperature during storage of fruits are involved
in the reduction of antioxidant activity of the fruit
concentrates (Moon et al., 2018). Moreover, short term
in-vivo consumption of orange juice lost the potential to
affect the oxidation stress that is related to cardiovascular
risk (Jae et al., 2014). The reason could be inadequate
amount of daily phenolic compounds intake since the
phenolic compounds concentration was significantly low.
The whitening effect of all of the freeze dried fruit juices is
also linked to antioxidant activity. The present research
clearly revealed the potential value of fruit juices which
are substitute for fresh fruit. The study further revealed
that among the various fruit tested each fruit has different
level of antioxidant capacity and total phenolic contents.
Commercially produced orange and mango juices contain
significant amount of phenolic content and antioxidant
capacity as compared to fresh mango and orange blend.
Therefore, fresh fruit juices can be considered a good
source of natural antioxidants besides fresh fruit.
However, fresh fruit still contain much higher phenolic
content and antioxidant capacity. From the present study,
it can be concluded that fruit juices though expensive
than the fresh fruits however should be considered as the
secondary choice of dietary fruits when fresh fruits are
not reachable.

Conclusion

Fresh produced orange and mango juices contain
significant amount of phenolic content and antioxidant
capacity as compared to fresh mango and orange blend.
Therefore, fresh fruit juices can be considered a good
source of natural antioxidants besides fresh fruit.
However, fresh fruit still contain much higher phenolic
content and antioxidant capacity. From the present study,
it can be concluded that fruit juices though expensive
than the fresh fruits however should be considered as the
secondary choice of dietary fruits when fresh fruits are
not reachable.
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Experiments were conducted at Sokoine University of Agriculture in Morogoro, Tanzania to assess the
growth performance and grain yield of ten maize cultivars under well-watered and water stressed
conditions. The ten cultivars (CML 444, CML395, CML539, WE 4107, WE 2112, WE 3102, WE 4112 and
WE 4116) obtained from Water Efficiency Maize for Africa (WEMA) project and two local market cultivars
(‘STAHA’ and ‘TMV1’) were grown in a Randomized Complete Block design with a 10x3 factorial
treatment arrangement and three replications. The three drought stress treatments were 50, 75 or 100%
of field capacity with 10 kpa (equivalent to field capacity) and 30 kpa (drought) using tensiometers.
Drought stress was initiated at vegetative stage (three weeks after emergence) for thirty days and
flowering stage (one week before to two weeks after flowering). Plant height, stem diameter, leaf length,
leaf width and chlorophyll content were measured at weekly intervals from two weeks after planting to
maturity. Days to anthesis and silking were used to calculate Anthesis-Silking Interval (ASI) and kernel
dry mass were recorded at harvest. Vegetative growth responses were not affected by water stress, but
plant height and leaf chlorophyll content tended to decrease, while ASI ranging from 5.2 to 11.1 days
and kernel dry mass decreased with increased drought stress. Dry kernel weight was significantly
greater among five of the cultivars designated drought tolerant and the lowest in the two drought
susceptible cultivars. Drought tolerant genes were expressed at different levels and only a few cultivars
expressed all three genes at the vegetative and flowering stages. Thus, vegetative response of maize to
drought stress varied based on cultivars. However, it appears that drought stress exerted more impacts
on reproductive processes compared to vegetative.

Key words: Cultivars, drought, genotypes, grain yield, growth performance, hybrids.

INTRODUCTION

Maize (Zea mays L.) is commonly grown worldwide and main staple as well as cash crop and is produced on
used as food (animals and humans) and as transportation approximately 4.0 million ha in almost all of the four
fuel in developed countries. In Tanzania, maize is the official agro ecological zones by small or limited resource
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farmers compared to rice, wheat, millet and sorghum and
is their main source of income (DTMA, 2014). Maize
contributes about 60 and 30% of dietary and utilizable
protein, respectively (DMTA, 2014; Lyimo, et al., 2001).

Despite the increase in land acreage, production is still
very low averaging 1.37 t ha™ grain yield due to limited
moisture, while 5 t ha™ are required to satisfy the food
demand (DTMA, 2014). Due to a fast growing population,
it is estimated that maize production must increase by 3.0
to 3.5% annually to satisfy demand, which exceeded the
2.0% growth rate over the past two decades (Lyimo et al.,
2001).

Climate change has caused a disruption in rainfall
patterns and thus no longer a reliable source of moisture
especially at flowering, pollination and embryo
development stages to produce a harvestable crop. For
example, most of the agro ecological regions (Magehema
et al., 2014), that receive rains twice per year are now
either receiving it once or only for short periods despite
high maize production. Maize requires high amounts of
moisture to produce a complete crop especially at
tasseling, silking and blister kernel stages (Xu et al.,
2014). The southern highlands receive the highest
percent distribution in terms of area and amount of maize
production of 26%, followed by Lake, Eastern, Northern,
Western, Southern and Central zones of 25, 13, 12, 10, 8
and 6%, respectively (DMTA, 2014).

Drought is the most limiting factor for maize production
especially if deficit occurs at grain filling and dough
stages and is first among the criteria considered by
farmers when selecting varieties (Lyimo et al., 2001). In
maize production, moisture requirements fluctuate based
on growth stages with greatest requirements. There are
few drought tolerant maize varieties in the country that
were developed through other on-going projects. These
varieties have been used in some ecological zones
although their genetic diversity is not well known.

Drought stress greatly reduces net photosynthesis
rates in plants (Mafakheri et al., 2010), and as the
intensity of drought stress increases, the photosynthetic
rate decreases even further, eventually reducing vyield
(Liu et al., 2012). The synthesis of chlorophyll a and b is
inhibited as well as a reduction in the content of
chlorophyll a and b binding proteins, leading to a decline
in the light-harvesting pigment proteins associated with
photosystem Il (Farooq et al., 2009). Plants under water
deficit reduce transpirational water losses by reducing
stomatal conductance causing partial or complete closure
(Ghannoum, 2008). Stomata closure reduces CO, uptake
thus reducing photosynthetic rates, transpirational cooling,
water and nutrient uptake (Lu et al., 2011).

Kamara et al. (2003) revealed that water deficit imposed

*Corresponding author. E-mail: dmortley@tuskegee.edu.

at various developmental stages of maize reduced total
biomass accumulation at silking by 37%, at grain filling by
34% and at maturity by 21%. Therefore, moisture stress
can cause delay in silk emergence, hence increasing the
anthesis-silking interval (ASI; the time in days between
pollen shed and silk emergence) (Aylor et al., 2003) or
silks may desiccate and become non-receptive to pollen
germination.

Delay in silk emergence is connected to a delay in silk
elongation, a process, which takes place through cell
division and expansion. Water deficit affects cell
expansion, which minimizes silk elongation rates,
sometimes to zero, which in turn affects ASI (Monneveux
et al., 2006). Longer ASI causes asynchronies in maize
flowering that result in incomplete pollination and kernel
set, hence vyielding losses. The first two weeks after
silking are most critical for fertilization and embryo
development both of which require high amounts of
moisture. Water stress at this stage causes embryo
abortion which in turn affects final grain yield (Hayano-
Kanashiro et al., 2009; Wei et al., 2009), reduces silk
length, inhibits embryo development after pollination and
reduces ear size and number of kernels to be fertilized
(Farooq et al., 2009).

There are a set of drought tolerant genes that are
known to control physiological and biochemical processes
of plants during water stress and breeding practices such
as inbreeding or breeding open pollinated varieties
(OPVs) reduce genetic diversity among plant materials.
Current research shows that most of maize varieties
developed in Africa are OPVs and the genetic features of
most of them are not known.

The objectives of this study were (1) to compare water
use, grain yield and growth responses of ten maize
cultivars under well-watered and water stressed
conditions and (2) to assess the expression of drought
tolerant genes at both vegetative and flowering stage to
identify tolerance or susceptibility.

MATERIALS AND METHODS

Greenhouse experiments were conducted in a Randomized
Complete Block Design with a 10x3 factorial treatment arrangement
and three replications at Sokoine University of Agriculture (SUA) in
Morogoro, Tanzania. The treatment combinations were moisture at
100 (equivalent to field capacity), 75 and 50%, respectively, of field
capacity and ten maize hybrid varieties eight of which (‘CML444’,
‘CML395’, ‘CML539’, ‘WE4107’, ‘WE2112’, ‘WE3102’, ‘WE4112’ and
WE 4116) were obtained from the Water Efficiency Maize for Africa
(WEMA) project located at the llonga Agricultural Research
Institute-Morogoro, Tanzania and are classified as being drought
tolerant. The remaining two hybrid maize hybrid varieties, STAHA
and TMV1, are regularly grown by local farmers and are classified
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as being drought susceptible.

Planting and treatment initiation

The oven dry weight method was used to determine percent soil
moisture that approximates field capacity, beginning with
determining the gravimetric moisture content (Gardner, 1986). A
1000 ml graduated cylinder with a hole drilled in the bottom, to
allow air to escape when water was added was filled with a random
subsample of air-dried soil, which was leveled to a similar
consistency. The surface of the soil was covered with paper towel
and 100 ml of water were poured slowly onto the surface to obtain
an even distribution through the column. The cylinder was covered
to avoid evaporation and allowed to equilibrate stand for 24 h
following which there was a sharp line where the water stopped
moving in the soil column. Triplicate soil samples were collected
from the cylinder about 5 cm above the wetting front and dried at
100°C to a constant weight after which dry weight was recorded
and gravimetric moisture fraction was determined using the fresh to
dry weight ratio. This information was used to determine the
amount of oven-dry soil per pot, and watering to field capacity (1 L)
was done by weighing the pots.

Ten liters pots were filled with 10 kg of air-dried soil into which
diammonium phosphate ((NH4).HPO,; 18-46-0) fertilizer was
thoroughly incorporated based on soil test recommendations for the
Morogoro region. The drought stress treatments of 100 (field
capacity), 75 and 50% of field capacity were initiated at vegetative
stage (three weeks after emergence) for thirty days watered again
for one week, and then imposed one week before flowering stage to
two weeks after. Field capacity moisture (well-watered) was kept at
10 kpa and drought stress kept at 30 kpa using tensiometers.

Phenological measurements taken included plant height, stem
diameter, leaf length, width and chlorophyll content. Leaf
chlorophyll content was measured for fully expanded leaves using
an Apogee CCM 200+ chlorophyll content meter (Apogee
Instruments, Logan UT, USA) beginning one week after emergence
to harvest, while leaf length and width were assessed on one leaf
per plant up to maximum growth (no further increases in either
length or width), corresponding to about six to eight weeks after
emergence.

Gene expression profiling

Mature disease free maize leaves were collected at the early
vegetative and flowering stages of plant development from all ten
genotypes cleaned with RNAlater and stored at -80°C. RNA was
isolated according to the CTAB method (Hilario and MacKay,
2007). A 0.3 g leaf sample was ground manually using a mortar and
pestle in 300 pl of buffer followed by an additional 700 pl and further
ground and then centrifuged at 12000 g for 5 min at 4°C. The
supernatant was transferred to new Eppendorf tubes, containing
200 pl of acid water to which extracted chloroform was added and
shaken vigorously for 15 s and incubated at room temperature for 3
min. The sample was centrifuged at 12000 g for 15 min at 4°C, and
the upper aqueous phase transferred to a new tube followed by the
addition of 0.5 ml of isopropanol, mixed, and incubated at room
temperature for 10 min, and centrifuged at 12000 g for 10 min at
4°C. The supernatant was discarded and 1.5 ml of 75% ethanol
was added to the pellet, vortexed briefly and centrifuged at 12000 g
for 5 min at 4°C. The supernatant was discarded and the pellets
allowed to dry after which they were dissolved in 20 pl of RNase
free water, briefly centrifuged and then transferred to a new tube.
The quality and quantity of total RNA was checked using Nano drop
and native 1% agarose gel in TBE.
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Riverse transcriptase polymerase chain reaction (RT-PCR) and
real time PCR (QPCR)

Total cDNA was synthesized from total RNA utilizing Notl-OligodT
bifunctional primer with Access Quick RT-PCR system (Promega
Corp., Fitchburg WI) as per the manufacture’s guidelines. Total
cDNA was utilized in downstream quantitative expression profilings
in RT-PCR with SYBR-Green. Primers utilized for expression
profiling included ProDH, UBQ7, Ubiquitin, P5CS, P5CR and Maize
actin (internal reference). The conditions for amplifications were an
initial denaturation at 95°C for 2 min, a final denaturation at 95°Cfor
30 s, annealing at 53°C for 30 s for (ProDH) and 50°C for other
primers, extension at 72°C for 30 s, a final extension at 72°C for 5
min and a 4°C hold. Of the five primers, only ProDH, UBQ7 and
Ubiquitin showed good amplification bands and therefore they were
used for further gPCR analysis. Quantitative qPCR was performed
using a Thermo scientific maxima SYBR Green/Fluorescein gPCR
master mix (2x) as per the manufacturer’s instructions.

RESULTS AND DISCUSSION
Biomass production

The analysis of variance to cultivar, drought stress, and
the cultivarxdrought stress interactions for plant height,
stem diameter, leaf length and width, chlorophyll content,
anthesis-silking interval (ASI) and dry seed weight of the
ten maize varieties are shown in Table 1. Drought stress
had no significant impact on plant height or stem
diameter, but enhanced chlorophyll content, ASI and
weight of dry kernels, while cultivar significantly influenced
all variables.

While the main effect of drought stress on plant height
was not significant, certain trends were evident. Plant
height and leaf chlorophyll content tended to decrease
with increased water stress while ASI and dry seed
weight decreased significantly with increased drought
stress (Table 2).

For cultivar main effects, hybrids ‘TMV1’ and ‘STAHA’
responded differently to drought stress as compared to
the drought tolerant hybrids (Table 3). ‘STAHA’ had
bigger stems than all other cultivars studied and leaf
chlorophyll concentration was similar for ‘STAHA’,
‘TMV1’, ‘WE4116’, ‘WE4107’ and ‘WE210’.

‘TMV1’ and ‘STAHA', the regular hybrids on the market
were decidedly taller than the other cultivars while the
other eight cultivars had similar heights (Table 3). The
ASI ranged from 5.2 days to 11.1 days, with ‘CML444’
and ‘WE4107’ having the shortest while, “‘WE4116’ and
‘WE4107’ had the longest but similar to that of ‘CML539’,
‘WE3102', ‘WE4112’, ‘TMV1 and ‘STAHA’. Dry seed
weight was significantly greater among five of the
cultivars designated drought tolerant and the lowest in
the two drought susceptible cultivars.

Gene expression profiling

For expression levels determined at the vegetative stage
(Figure 1), ProDH gene was expressed significantly in all
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Table 1. Statistical significance from analysis of variance (ANOVA) of cultivar, drought, time (weeks) and their respective interactions for plant
height, stem diameter, chlorophyll content and dry seed weight of maize (Zea mays L.).

Source of Plant diameter  Stem diameter Chlorophyll content Anthesis silking Dry seed
L df ) . ;
variation (cm) (cm) (umolm™) interval (days) weight
Drought (DR) 2 NS NS * ok *
CU|tlvar 9 *%k%k *kk *%k% *%k%k *
Cultivar*DR 18 NS NS NS NS *

All biomass and phenological data are the mean of three replications of one plant each. Plant height and stem diameter are expressed in centimeters
(cm), chlorophyll content as micro mole per square meter per second, and dry seed weight as grams per plant. Anthesis silking interval is the number
of days between the appearance of the tassel and the emergence of the silk ans is expressed in days. **,**** Significant at 0.05, 0.01, and 0.001
levels of probability, respectively.

Table 2. The main effect of drought stress on plant height, chlorophyll content, anthesis-silking interval (ASI), plant height and dry seed
weight of ten maize cultivars. ?

Drought plant stress . Chlorophyll content  Anthesis silking interval Dry seed weight
%) Plant height (cm) (umol m?) (days) (g plant™)
50 76.8° 19.9% 11.4° 13.3°
75 78.6° 19.6° 9.2° 13.3°
100 80.7% 21.1% 6.7° 29.5°

All biomass and phenological data are the mean of three replications of one plant each. Plant height and stem diameter are expressed in centimeters
(cm), chlorophyll content as micro mole per square meter per second, and dry seed weight as grams per plant. Anthesis silking interval is the number
of days between the appearance of the tassel and the emergence of the silk ans is expressed in days. “Means within a column followed by the same
letter are not significantly different (LSD P<0.05).

Table 3. The main effect of cultivar on plant height, stem diameter, anthesis silking interval (ASI), chlorophyll content and total seed
weight of ten maize cultivars subjected to drought stress. *

Cultivar _Plant _ Height A_nthesis-silking Chlorophyll gzontent Dry kernel vyleight
height (cm) diameter (cm) interval (days) (umolm™) (g plant™)

CML 444" 75.1% 3.8 5.2° 19.6°%¢ 24.2%
CML 395 68.7% 4.3 7.3 20.1> 26.2°
CML 539 58.9° 3.2° 8.4%° 18.4% 17.3°
WE 4107 82.5" 3.8 11.1° 21.1%° 29.6°
WE 2112 78.8% 3.7 8.0 21.3%° 27.5°
WE 3102 74.6% 3.8 8.3%¢ 18.8%%¢ 27.2°
WE 4112 77.1% 3.4% 10.2% 17.5° 3.9°
WE 4116 81.3" 4.2 11.1° 20.8%% 26.6°
TMV1 91.9% 4.6° 10.9% 21.4% 4.8°
STAHA 98.3% 5.2° 10.7% 23.1° 6.8°

*All biomass and phenological data are the mean of three replications of one plant each. Plant height and stem diameter are expressed in
centimeters (cm), chlorophyll content as micro mole per square meter per second, and dry seed weight as grams per plant. Anthesis silking
interval is the number of days between the appearance of the tassel and the emergence of the silk ans is expressed in days. “Means within
a column followed by the same letter are not significantly different (LSD P<0.05).

cultivars except in ‘STAHA’ (J). The highest expression and ‘WE2112" (E), while the lowest expression was
was observed in ‘CML395’ (B) and ‘CML444’ (A) and the iN"'WE3102’ (F). The Ubiquitin gene was highly expressed
lowest in ‘TMV1' (I). The UBQ7 gene was expressed in ‘WE3102’ (F) and lower in ‘CML395’.

practically in all cultivars except in ‘STAHA’. The highest At flowering, UBQ7 expression was significantly higher
UBQ7 gene expression was observed in ‘WE4116’ (H) in all cultivars except in ‘STAHA (J) that had no
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Figure 1. Differential expression of ubqg7, ubiquitin and prodh genes in ten maize varieties
sampled at vegetative (V6) stage. The relative quantification of gene expression is based on 2°
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Figure 2. Differential expression of ubq7, ubiquitin and prodh genes on ten maize varieties
sampled at flowering stage. The relative quantification of gene expression is based on 24CT
method using maize actin as a reference gene. *A-H represents cultivars ‘CML444’, ‘CML395’,

‘CML539", ‘WE4107°, ‘WE2112',
respectively.

‘WE3102',

significant expression of any gene (Figure 2). Ubiquitin
was not expressed in cultivars ‘CML444’ (A), ‘WE4112’
(G), TMVT’ () or ‘'STAHA’ (J), respectively. ProDH was
also expressed in few cultivars, the highest expression
being in ‘WE3102’ (F) with a fold change of 2.5. All three
genes were significantly expressed in cultivars
‘CML539'(C), ‘WE4107’ (D), ‘WE2112’ (E), and WE3102
(F), while cultivars ‘CML395’ (B) and ‘WE4116’ (H)
expressed Ubiquitin and UBQ7, ‘CML444’ (A) expressed
UBQ7 and ProDH, ‘WE4112° (G) and ‘TMV1 (I)
expressed UBQ7 only.

These results showed that the response of maize
genotypes to drought is cultivar dependent. Water stress
reduced plant height and leaf width as plants under well-
watered conditions were decidedly taller with broader
leaves than water stressed plants and the plant height

‘WE4112’,

‘WE 4116, "STAHA’ and ‘TMV1?’,

decreased with the increase in water stress. Lack of
adequate moisture reduces growth in the meristematic
tissue hence a slow rate of plant elongation (Hussain et
al., 2008). The reduction in leaf width can also impact
photosynthetic activity as a reduction in leaf area means
that there is less surface area to trap light for
photosynthesis. The opposite was true for stem diameter
(stem expansion) as with a higher rate of water stress,
plant expansion was not significantly affected, as was
leaf length. Chlorophyll content varied with cultivar and
tended to be higher under reduced drought stress.
Hybrids cultivars ‘TMV1* and ‘STAHA’ responded
differently to drought stress as compared to the drought
tolerant hybrids.

Drought stress did not reduce any of the traits studied
at the vegetative stage since less moisture is required at
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this stage but more variation was observed among
cultivars rather than among the levels of stress. Drought
stress caused an increase ASI in that a shorter ASI was
observed with well-watered plants and a longer ASI at
50% drought stress. The average grain yield for drought
tolerant genotypes was higher despite the longer ASI of
some cultivars than the regular hybrids, which are
drought susceptible.

Stress during the pollination and silking period often
reduces yield potential of maize and ASI is one of the
best indicators. According to Avan et al. (2008), silk
development consists of four phases: (1) cell division and
tissue expansion occurred together uniformly all along
the silk; (2) cell division progressively ceases from tip to
base, while expansion remains spatially uniform including
during the phase, (3) after the cessation of cell division,
and (4) as the silk emerges from the husks, expansion
ceases in the emerged portion, probably because of
direct evaporative demand, while the relative growth rate
progressively decreased in the enclosed part. They
indicated that water deficits can reduce the rate of tissue
expansion and cell division resulting in delayed silk
emergence. This could partly explain the longer ASI
observed under drought stress in our study, especially in
phase 3 of development, the duration of the time between
the end of cell division and the arrest of cell growth in silk
apex, corresponded to the anthesis-silking interval used
by breeders to characterize the response of cultivars to
stress.

Drought tolerant genes are expressed to enable
metabolic activities of the plant in order to complete its
life cycle when there is water stress. Maize requires more
water at flowering through the grain filling stage than at
any other growth stage (Kranz et al., 2008). Drought
stress in this study was imposed at vegetative (V6) stage
and at flowering (tasseling to silking stage). At flowering,
the UBQ7 gene was up regulated in cultivars ‘CML395’,
‘WE2112’, ‘WE3102, ‘WE4112’ and ‘STAHA', ubiquitin
gene was up regulated in cultivars ‘CML395 and
‘WE4107’, while ProDH gene was up regulated in
cultivars ‘WE2112’ and ‘WE3102’. Therefore, cultivars
with genes up regulated at flowering may be considered
to have higher tolerance levels as compared to those that
were down regulated although this inference would have
to be confirmed in further studies, in which a greater
number of drought tolerant genes may be considered and
in which plants may be subjected to greater levels of
stress.

At vegetative stage, all genes studied were highly
expressed although expression varied with cultivars.
Gene expression at flowering showed a down regulation
of some genes that were highly expressed at the
vegetative stage. The down regulation of drought tolerant
genes probably affects photosynthesis (Photosystems |
and Il) and on energy metabolism processes both at
vegetative and reproductive stages (Batlang et al., 2014).

Of the ten cultivars, only in three, namely ‘WE4107’,
‘WE3102’ and ‘WE2112’, was expression of these genes

high both at vegetative and flowering stages. This
suggests that these cultivars may be considered more
drought tolerant than others in this study.

Genetic diversity determinations showed that cultivars
‘WE4107° and ‘WE2112’ were quite similar with a
similarity coefficient of 1, while ‘WE3102’ was marginally
different from the other two with a similarity coefficient of
0.91 on both cultivars.

Conclusion

Drought tolerant and susceptible maize cultivars were
used to assess growth, development and grain yield,
drought gene expression level and genetic diversity.
Drought had no significant effect on vegetative growth but
exerted significant impacts on ASI and grain vyield.
Drought tolerant genes were expressed at different levels
and only a few cultivars expressed all three genes at the
vegetative and flowering stages. These genes were
mostly down regulated at flowering than at the vegetative
stage. Therefore, based on a short ASI, high dry mass of
kernels and drought gene expression at both vegetative
and flowering stages, cultivars ‘WE2112’, ‘WE3102’ and
‘WE4107’ appeared to be tolerant of the drought stress
levels evaluated in this study. Thus, these cultivars which
have shown a degree of drought tolerance, could be
tested again through on-farm field trials in regions of the
country where drought is severe, followed by differential
gene expression using many other drought tolerant
genes which were not involved in this study, and could
form the basis for developing other drought tolerant
varieties.
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Plant leucine-rich repeat (LRR) proteins play an important role in cell adhesion and signaling, neuronal
development, disease resistance response and pathogen recognition. Therefore, the origin and
evolution of the LRR genes had been studied deeply. However, there were no evidence of generating
new LRR genes. In this study, the genomic and amino acid sequences of the LRR genes or proteins
were aligned based on Maize GDB and NCBI databases. The result showed that the part sequences of
GRMZM5G851515 and part sequences of GRMZM2G167560 were consistent with parts of
GRMZM2G343449. It was indicated that GRMZM2G343449 generated from GRMZM5G851515,
GRMZM2G167560 and other genes. Evolution analysis also supported that GRMZM2G343449 and
homologous genes were newborn. Meanwhile, they existed in only angiosperm that is closely related to
human life, suggesting that they might be retained through the artificial selection. GRMZM2G343449
and its homologous genes in Poales were an independent branch of evolution which might be related
with environment adaptability because there were more diseases and insect pests in the growth and
development of crops than those of other species. The results indicated that GRMZM2G343449 and its
homologous genes generated from stress resistance. This study provided key information for finding
new generated LRR, which might be a clue for searching newborn genes from maize and other species
in the big data era currently.

Key words: Leucine-rich repeat, evolution, generation, maize

INTRODUCTION

Protein containing leucine-rich repeat (LRR) domain
(PLRR) existed in all life forms, from viruses to
eukaryotes (Bella et al., 2008). Cell adhesion and
signaling (Hohenester et al., 2006; Kresse and Schonherr,
2001), neuronal development (Chen et al., 2006), disease

*Corresponding author. E-mail: ninuokui@163.com.

resistance response and pathogen recognition in plants
(Gay and Gangloff, 2007; Martinon and Tschopp, 2005;
West et al., 2006) are very important for the plant life.
Currently, three typical PLRRs are plant receptors, FLS2
(Gomez-Gomez and Boller, 2000), EFR (Zipfel et al.,
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2006) and Xa21 (Song et al., 1995) which showed that
PLRR is important for plant life, especially for disease
resistance.

PLRR had different types based on the other different
conversed domains (Bella et al., 2008). PLRRs contained
tandems of two or more LRRs forming the continuously
expanding LRR superfamily (Buchanan and Gay, 1996).
For example, there were six PLRR types, such as LRR-
Transmembrane (T)-Protein kinase (PK) (LRR-T-PK),
LRR-PK, NB-LRR, LRR-T, LRR, and ATPases (A)-LRR
(A-LRR) in maize (Li et al., 2016). More than 200 PLRR
were distributed on the whole chromosomes of maize (Li
et al., 2016). LRR domain was an essential part of PLRR.
It was one of the six prolific types of protein which was a
widespread structural motif (Andrade et al., 2001). The
solvent-exposed amino acid residues of LRR in some
PLRRs were involved in recognizing pathogens
(Bergelson et al., 2001). Therefore, the study of
evolutionary dynamics of PLRR is important for plant
disease resistance.

In the evolution of LRR, The LRR existed in Eubacteria,
Archaebacteria, Protista, Fungi, Plantae and Animalia
(Yue et al.,, 2012). The number of LRR in Eubacteria,
Archaebacteria and Fungi was far less than that in
Plantae and Aminalia (Yue et al., 2012). It indicated that
the evolution tendency of the LRR was similar to the
tendency of evolving organisms and the evolution
analysis of the LRR was important for the whole kingdom.

Previous studies showed that LRR and NBS domains
existed before the split of prokaryotes and eukaryotes
and the fusion of LRR and NBS domain was observed
only in land plant lineages (Yue et al., 2012). However,
there were no evidences to explain how to generate a
new PLRR currently. In this study, we used three maize
proteins for explaining the generation of a new PLRR
gene, although the evidences were not integrated.
Meanwhile, we analyzed the elevation of the new
generated PLRR. This study aims to provide a clue for
other research on generating new genes in the era of big
data currently.

METHODOLOGY
Obtaining data

The genomic sequences and amino acid sequences were
downloaded from the MaizeGDB (http://www.maizegdb.org/)
(Lawrence et al., 2004) and NCBI database
(http://www.ncbi.nlm.nih.gov/guide/) (Gene-duplication events of
LRR genes (Li et al., 2016)).

Data analysis

SMART protein motif analysis (http://smart.embl-heidelberg.de/)
(Letunic et al., 2012; Schultz et al., 1998) was used. The sequence
alignment was carried out using DNAman Version 6.0. (Higgins and
Sharp, 1989).
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Data sampling

For each species, protein entries matching the LRR domain of
GRMZM2G343449 in the NCBI database
(http://www.ncbi.nlm.nih.gov/guide/) were identified as LRR-
encoding protein using the blastp search with an E-value cut-off of
10™ (Eddy, 1998; Yue et al., 2012). For all LRR-encoding proteins
in our data set, the amino acid sequences were aligned and
constructed as a phylogenetic trees using MEGA6 with the
bootstrap of 1000 replicates (Tamura et al., 2013).

RESULTS

New born for one PLRR based on the DNA and
protein sequences

On the basis of gene-duplication events of LRR genes (Li
et al.,, 2016), we only found that GRMZM2G343449 on
chromosome 4 and GRMZM5G851515 on chromosome
2, their amino acid sequences of N-terminals were
identical among the duplication LRR genes. The identical
region consisted of 295 amino acids (Figure 1). The
percentages of identical continuous amino acids were
89.9 and 741% in GRMZM2G343449 and
GRMZM5G851515, respectively. GRMZM2G343449
possessing 328 amino acids was on bin4.06, whereas
GRMZM5G851515 possessing 398 amino acids was on
bin 2.04 (Table 1). Both of them had four introns and
belonged to the LRR-type (Figure 2A and 2B). Identical
amino acids were not equal to identical DNA sequence.
Therefore, the nucleic  acid sequences  of
GRMZM2G343449 and GRMZM5G851515 were
subsequently aligned. The result showed that there were
1298bp identical nucleic acids between
GRMZM2G343449 and GRMZM5G851515 at the 3'-
terminal except for six SNPs. Meanwhile, most different
regions of the two proteins were in the first exon (Figure
3), suggesting that the first exon of GRMZM2G343449 or
GRMZM5G851515 might derived from another encoded
protein or or other unknown fragment on Chromosomes.

Looking for origins of generating one PLRR

To detect which gene was the origin, we blasted the DNA
sequences of the two genes in NBCI and MaizeGDB
databases, respectively. The references were the default
values. On the basis of the about 13Gb genome from
MaizeGDB that consist of four types of bases (A, T, C
and G), more than 17 continuous DNAs might be a new
gene using the power method of math. To a certain
extent, continuous 170bp DNAs stand for a new gene in
maize. There were no genes that had more than 170 bp
identical DNAs to GRMZM5G851515. However,
GRMZM2G167560 (NCBI accession number: EU972243)
had 200 bp identical DNAs to 851th bp-1050th bp of
GRMZM2G343449  (Figure 4), suggesting that
GRMZM2G343449 might consist of GRMZM2G167560,
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Figure 1. The amino acid sequence alignment of GRMZM2G343449 and GRMZM5G851515. The amino acids in Black

background mean same amino acids between the two proteins.

Table 1. The details of GRMZM2G343449_T01 and GRMZM5G851515_TO01 on chromosomes.

Maize DGB ID (Ensembl) Chromosome

Bin  Number of amino acid

GRMZM2G343449_T01
GRMZM5G851515_T01

Chr4:162859562..162862618 4.06 328
Chr2:65851212..65855212

2.04 398

A

GRMZM2GIMe Tor [

amM3Ges1sas Tor PN —

1 00 by j

B

miron

rear
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=

GRMZMEGREISLS
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Figure 2. The structures of genes and proteins of GRMZM2G343449 and GRMZM5G851515. A, The structure of
genes GRMZM2G343449 and GRMZM5G851515. B, The structure of proteins GRMZM2G343449 and

GRMZM5G851515.

parts of GRMZM5G851515 and other DNA sequences
with unknown origins (Figure 5). It is indicated that
GRMZM2G167560 and GRMZM5G851515 existed
before generating GRMZM2G343449. It was a clue for
analyzing how new LRR or other genes were created in
the period of big data.

The evolution analysis of the new generated PLRR

On the basis of an E-value cut-off of 10'4, 23
homologous genes of GRMZM2G343449 were from 22

species in angiosperm except for GRMZM2G343449 in
maize, whereas were not from gymnosperm, bryophyte,
fungi and animals (Figure 6). It indicated the
GRMZM2G343449 and its homologous were new-born
and angiosperm-specific. The 23 species were closely
related to human life. Among these species, most of them
were edible. Though monocotyledon was not separated
from dicotyledon completely based on clustering result,
the species in Poales were clustered into together, which
were distinguish from other orders (Figure 6). It indicated
that the GRMZM2G343449 and its homologous genes in
Poales were relatively independent in the process of
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Figure 4. The genomic alignment of GRMZM2G343449 and GRMZM2G167560 at the 5’ terminal. Black bases mean same bases between

the two genes.
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Figure 5. The mimetic diagram of generating
GRMZM2G343449. ? Means unknown genes or
fragments on chromosomes.

evolution.

DISCUSSION

LRR domain exists before the split of prokaryotes and
eukaryotes (Yue et al., 2012). However, the LRR protein
GRMZM2G343449 might be born in modern times which
might be born after GRMZM2G167560, part of
GRMZM5G851515. It might result from the help of
transposons because transposons usually contributed
into the generation of new genes. There was a large
number of transposons in maize, such as Helitron
transposons (Li and Dooner, 2009), Ac/Ds (Lazarow et al.,
2013) and Mutator (Walbot et al., 1988). They might
result into the generation of GRMZM2G343449.

In plant, LRR domains of several R-proteins is the
major determinants of recognizing the specificity of Avr
factors (Jones and Jones, 1997; Ellis et al., 2000; Leister

and Katagiri, 2000). Amino acids in the LRR might also
influence the interaction with host factors (Banerjee et al.,
2001). Adaptive divergence among LRR proteins had
been investigated in tomato (Parniske et al., 1997), rice
(Wang et al., 1998) and Arabidopsis (Botella et al., 1998;
McDowell et al., 1998; Noel et al., 1999). The LRR region
often evolved at fast rates unusually (Bergelson et al.,
2001). However, there were no direct evidences of
evolution for LRR protein. In this study, the generation of
GRMZM2G343449 provided the clue of evolution for LRR
protein. It is a clue on how to born new LRR or other
genes based on current big data.

Adaptive divergence and allelic polymorphism were the
two types of evolutionary dynamics (Bergelson et al.,
2001). The adaptive variants coexist with other alleles
(Bergelson et al., 2001). R-proteins possessing LRR
domains were usually associated with recognize
pathogens (Bergelson et al., 2001). The generation of
GRMZM2G343449 might result from the interaction of
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Figure 6. The phylogenetic tree of GRMZM2G343449 and its homologous genes. The NCBI ID of
homologous gene from Setaria italic is XP_004982915.1, from Sorghum bicolor is KXG38364.1, from
Oryza brachyantha is XP_006662430.2, from Oryza sativa Japonica Group is XP_015612820.1, from
Oryza sativa Indica Group is EAY78879.1, from Aegilops tauschii is EMT14287.1, from Hordeum vulgare
subsp. Vulgare is BAJ94896.1, from Triticum urartu is EMS46943.1, from Brachypodium distachyon is
XP_003574034.1, from Aegilops tauschii is EMT33856.1, from Musa acuminata subsp. malaccensis is
XP_009390803.1, from Phoenix dactylifera is XP_008801287.1, from Theobroma cacao is
XP_007029633.1, from Ziziphus jujube is XP_015895303.1, from Nelumbo nucifera is XP_010249615.1,
from Solanum tuberosum is XP_015163330.1, from Setaria italic is XP_004961982.1, from Nelumbo
nucifera is XP_010241269.1, from Phoenix dactylifera is XP_008801288.1, from Vitis vinifera is
XP_010646797.1, from Morus notabilis is XP_010106115.1, from Glycine soja is KHN31501.1, from
Jatropha curcas is KDP35941.1, from Elaeis guineensis is XP_010910731.1, from Gossypium raimondii is
XP_012470043.1, from Cynara cardunculus var. scolymus is KVI00715.1, from Elaeis guineensis is

XP_010908122.1, and from Citrus sinensis is XP_015387143.1.

maize and pathogen. It indicated that GRMZM2G343449
might be associated with pathogen resistance of maize.

GRMZM2G343449 and its homologous genes existed
in only 23 species of angiosperm, which does not exis
extensively in angiosperm. These species were closely
related to human life. It suggests that not only
GRMZM2G343449 and its homologous genes might be
new-born, but also they might be retained
through the artificial selection. The homologous genes of
GRMZM2G343449 in Poales were independent branch of
evolution, it might be related with environment adaptability
because there are more diseases and insect pests in the
production of crops than in other species. It further
indicated that GRMZM2G343449 and its homologous
genes might be associated with stress resistance.

Conclusion

The current study revealed that GRMZM2G343449 might

be generated from GRMZM5G851515,
GRMZM2G167560 and other genes. Evolution analysis
also supported that GRMZM2G343449 as an
homologous genes might be newborn and retained
through the artificial selection. GRMZM2G343449 and its
homologous genes in Poales being an independent
branch of evolution indicated that GRMZM2G343449 and
its homologous genes generated from stress resistance.
This study provided a clue for searching newborn genes
from maize and other species
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The objective of this study was to evaluate the efficiency of different methods of exotic grass control in a
degraded area in the urban area of Diamantina, state of Minas Gerais, Brazil. The experiment was carried
out in a randomized block design, with the following methods of control of invasive grasses: T1)
manual; T2) mechanical; T3) chemical; and T4) chemical + mechanical. After one hundred days,
regenerants of alien invasive species biomass were sampled for the quantification of fresh biomass and
dry biomass. The results found fresh biomass vary among the control methods, with higher values from
mechanical control, followed by the combination of mechanical + chemical control. Chemical and manual
methods had the lowest fresh biomass production, indicating that they were more effective in controlling
the invasive grasses. The production of dry matter did not differ significantly among the methods of exotic

grass control, on Tukey test, at 5% significance.

Key words: Urochloa decumbes, Melinis minutiflora, biomass, restauration.

INTRODUCTION

Brazil is one of the most biodiverse countries on the
planet (Forzza et al., 2012). However, with the
introduction of alien invasive weeds and the lack of
effective prevention and control policies, biological
invasion has become the major agent of global change
(Early et al., 2016). The establishment, adaptation and
dispersion of these species cause great changes in the
functioning of natural ecosystems due to their
aggressiveness and high invasiveness (D'Antonio and
Vitousek, 1992; Rodovalho and Nardoto, 2014; Martins et
al., 2017) as well as cause changes in abundance,
population size, composition genetics, and community

*Corresponding author. E-mail: leopalhares.cc@hotmail.com.

structure (Byers et al., 2002).

The invasive species are present in Brazilian soils since
the colonial period, being verified in much of the Brazilian
territory, their dispersion threatens to biodiversity, being
the Cerrado one of the most affected Biomes (Xavier et
al., 2017).

Species of African origin as Urochloa decumbes (Stapf)
RD, Wabster, Brachiaria decumbens Staf. and Melinis
minutifliora P. Beauv., were introduced for commercial
purposes and/or by accident and began to occupy large
tracts displacing native species due to their
aggressiveness and competitive power. Such invasions
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have contributed to the de-characterization of natural
areas and changes to the original vegetation composition
(Weber, 2017).

In this sense, the control of these species is of extreme
importance. Efforts have involved the implementation of
soil and cultural management practices and/or preventive
mechanical, biological and chemical means for
decreasing the competitive advantage of invasive species
with the purpose of the resurgence and reestablishment
of local endemic and native species (Vivian et al., 2008).
Consideration of cost analysis and control strategies is
necessary to support decision-making by ensuring
natural ecosystem management when benefits exceed
the costs (King et al., 1998; Born et al., 2005).

This paper aims to evaluate the effectiveness of
different types of grass control (manual, mechanical and
chemical) in a degraded area.

METHODOLOGY

The study was performed from July 2015 to March 2016 in an area
of approximately 1.0 ha located a 18° 12' 18.85"S, 43° 34' 9.12" W,
on Universidade Federal dos Vales do Jequitinhonha and Mucuri-
Campus JK, in the Espinhagco Mountain Range, in the southeast
portion of the municipality of Diamantina, Minas Gerais, Brazil.

The average altitude is 1,296 m and the climate is mesothermic,
with rainy summers and dry winters. The mean annual temperature
varies between 17.4 and 19.8°C (INMET, 2016) and the annual
precipitation is around 1,400 mm and occurs among the rainy
season (November to January), the dry season (May to September)
and the months of transition. Averages for temperature during the
experimental period were 24°C in August and September and 27°C
in October and November. Average for precipitation of 241 mm was
recorded, with 81 mm in August, September and October, and 160
mm in November 2015 based on data from the Instituto Nacional de
Meteorologia (INMET, 2016). The predominant soil class of the
study site is Entisols, whose main characteristics are sandy texture
with simple grain structure, which gives it high macro-porosity,
resulting in low saturation capacity and low retention of water
available for plants.

The typical vegetal covers of this pedoenvironment are rupestrian
cerrado and field formations, ecotypes adapted to seasonal water
deficit, since most of the species have a root system adapted to
absorb water at great depths (Machado et al., 2013).

The site functioned for solid waste disposal in the urban area of
Diamantina, Minas Gerais, and finished in 2002. Currently, it is in
the process of recovery. After decommissioning as a controlled
landfill, there were concerns about re-vegetating and erosion
control due to the exposure of the substrate. Initially random
seedlings were introduced in an attempt to form vegetation nuclei
besides exotic grass species: U. decumbes (Stapf) RD, Wabster
and M. minutiflora P. Beauv., with the intention of promoting rapid
substrate coverage (Machado et al., 2013). At present, the
experimental area have predominance of these exotic grasses
besides, in their vicinity, some vegetation nuclei with the presence
of ruderal tree species (Psidium guajava L., Ricinus communis L.
and Vernonia polysphaera Baker), and some native species
Eremanthus incanus (Less.) Less, Dalbergia miscolobium Benth,
Stryphnodendron adstringens (Mart.) Coville and Tabebuia
ochracea (Cham.) Standl.

Due to these features, intervention by means of control was
necessary since these grasses prevented the development of the
seed bank and were in direct competition with the tree species

established there, making it difficult to interconnect fragments, thus
hampering the recovery processes.

The experiment was performed in a randomized block design,
four blocks with dimensions of 16 m x 40 m (640 m?) as shown in
Figure 1. The treatments were constituted by the following methods
of invasive grass control: T1) manual; T2) mechanical, T3)
chemical; and T4) chemical + mechanical. All of the blocks had a
predominance of individuals of U. decumbes and M. minutiflora.
Each block had distinct characteristics, but was internally
homogeneous. In each one, 16 plots with dimensions of 4m x 10 m
(40 m2) were allocated, which were randomly treated by the
different methods, with four replications each, in an attempt to
control the grasses.

The chemical method used pressurized CO, and a 20l model
Jacto-PJH sprayer with capacity for glyphosate herbicide
application. Roundup Original®, containing 36% glyphosate, was
applied using the recommended dosage of 4.0 I/ha with a volume of
solution of approximately 7.5 L per block (120 I/ha). The herbicide
was applied to the locally established grasses that were about 1 m
tall in August 2015. The mechanical method used a KAWASHIMA
TEKNA AL330TH gasoline powered motorized trimmer. The
manual method used a hoe.

The amount of time spent for each plot treatment was recorded
and averages calculated for each control method. The labour
required for the application of the treatments involved two people
for the manual and mechanical methods and a technician for the
herbicide application of the chemical method. The elimination of
individuals of U. decumbes and M. minutiflora began in August
2015. For manual method was performed, all individuals of the
mentioned species were removed, leaving the substrate totally
exposed. In the experimental units where the mechanical and/or
chemical methods were adopted, the eliminated individuals were
maintained in loco in order not to expose the substrate.

The regenerate grasses were sampled one hundred days after
the application of the control method treatments. In each
experimental unit, 12 points were randomly distributed for the
collection of regenerated grasses with the aid of 1.0m-square iron
frame, totaling 48 units per treatment. The grasses were cut close
to the substrate with scissors and other species were kept in place.
After collection, the fresh material was packed in paper bags,
weighed and then subjected to a forced-air circulation oven at 65° C
for 72 hours to obtain the dry weight.

The proposed transformation by Box and Cox (1964), was
applied only to dry biomass data, expressed in kg/ha, in order to
meet the normality assumptions according to the Shapiro-Wilk
homogeneity of variances by Bartlett, independence of waste by
Durbin-Watson and the additivity by Tukey. The value of the
lambda transform parameter (A) of Box-Cox was 0.48.

The fresh biomass and dry biomass data were submitted for
analysis of variance (F test) and the means were compared by the
Tukey test, both at 5% significance. All statistical analyses were
compiled and compared with the aid of R © Version.3.2.3.

RESULTS

The time spent executing the different control methods
varied. The manual method had a mean time of 120 min,
followed by the mechanical and chemical methods, with
mean times of 4 and 2 min, respectively. After the
execution of the different control methods (manual,
chemical and mechanical), plants were allowed to
emerge freely, without the interference of any cultural
practice, addition of fertilizer or irrigation, in order not to
influence their development and survival.
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Figure 1. Location of Diamantina in the state of Minas Gerais and Satellite Image Digital Globe (2015) of the part of the JK
Campus of the Federal University of Vales do Jequitinhonha and Mucuri where the 4 experimental blocks were located. The
colours of the circles define the type of method performed in each plot: yellow (chemical + mechanical methods); red (mechanical

method); blue (manual method) and white (chemical method).

Table 1. Analysis of variance summary for fresh biomass and dry biomass (transformed data) using F-test

statistic.
S.V. D.F , M.S. ,
Fresh biomass Dry biomass
Blocks 3 929670.0 854.0
Treatments 3 2528982.0* 845.7*
Residue 9 338975.0 468.2
CVexp (%) - 24.40 15.50

SV: Source of variant; D.F: degrees of freedom; M.S: middle square; *significant at 5% probability by the test F.

CVexp: Coefficient of experimental variation

The manual method exposed the substrate, which
favours the development of seed banks and seedlings.
During the entire experiment, 241 mm of precipitation
was recorded, of which 160 mm was in November 2015.
Due to the low precipitation in the period between
September and October, no seedling development was
observed. With the increase of precipitation in November,
the seedlings could not compete with the grasses and
eventually died.

In the plots where the mechanical and chemical control
methods were implemented, the resulting material was
kept in the areas to cover the substrate, thereby avoiding
its exposure, which could contribute to the degradation of
the already fragile area. The presence of this material
does not permit sunlight from reaching the surface, which
prevented the development of seedlings from the seed

bank, as had occurred in the plots of the manual method.

The assumptions of normality, homogeneity of
variances, residue independence and additivity were met.
The coefficients of variation were less than 25%,
relatively low for field experiments. Analysis of variance
with the F test indicated a statistically significant
difference between treatments (p < 0.05) both for the
production of fresh biomass and that of dry biomass.
Methods for the control of invasive grasses influenced
biomass production 100 days after experimental
installation (Table 1).

Figure 2 summarizes the data evaluated for (i) the
production of fresh biomass (fb), as measured by initial
weight after harvesting at 100 days and (ii) dry biomass
(db), as measured by the weighing of post-dried material,
obtained for the different control methods. The
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Figure 2. Quantification of fresh and dry biomass of Urochloa decumbes and Melinis
minutiflora with different types of invasive control methods after 100 days. Means followed by
the same letter do not differ by the Tukey test at 5% significance.

comparison of the means by the Tukey test showed a
lower production of fresh biomass of invasive grasses
when the manual and chemical control methods were
used. These two methods and the combination of
chemical and mechanical control promoted lower
production of dry biomass of grasses (Figure 2).

DISCUSSION

The seed banks in the area are composed mostly of
invasive herbaceous species and no shrub-tree species
(Machado et al.,, 2013). Therefore, the increase in
precipitation in November produced suitable conditions
for the development of the seed bank, with a
predominance of exotic grasses, thereby hindering the
process of ecological succession of the study area.

The chemical method had lower biomass production
and greater control of exotic grasses after 100 days,

whereas the mechanical method had the opposite
extreme. Thus, it is clear that the chemical method is the
most effective at controlling invasive grasses since it
produced less biomass over the period of 100 days than
did the other types of methods. In addition, the chemical
method required less manpower and time for its
implementation.

Each herbicide has its particularity, the mode of action,
either in the plants or the applied environment, being
glyphosate (systemic) one of the most used herbicides,
due to its versatility and effective control (Silva et al.,
2013; Timossi et al., 2016). Generally, after the effect of
the herbicide, the dead and dried plant materials provide
soil cover and thus conditions conducive to the
germination of plants in the seed bank. The use of action
herbicides other than glyphosate, such as paraquat
(contact), which only acts via contact with plants, can
compromise the control of invasive grasses.

Several works have had success using the chemical



method and they are widely used and recommended for
large open areas, which generally have greater potential
for re-infestation of grass (Mantoani et al., 2016).
According to them, the cost of chemical control is 34.1%
lower than mechanical treatment. The chemical control
employed in the present study, when done successively,
provides a reduction in infestation and a consequent
decrease of cost due to the smaller amount of herbicide
used. This is why reforestation companies do prefer
chemical treatments.

On the other hand, chemical control can become costly
and requires caution since the use of herbicides in the
same area over continuous periods may favour the
establishment of resistant weed species (Heap, 2014). In
areas close to fragments of vegetation, cover crops are
better than herbicide application. The planting of species
of fast initial growth and high production of biomass will
serve to shade the area and consequently the weeds,
thus leading to their death (Gomes and Christoffoleti,
2008).

The other types of control methods used in the present
study (mechanical and manual) allow close cutting or
complete removal of the vegetative material, which can
lead to intense exposure of the substrate and lead to
intensification of erosion. An alternative would be the use
of manual control in small areas under the early stages of
invasive species development. The results of a study
showed that the control of weeds in the period of 30 and
40 days after emergence provided a reduction of 45.1
and 84.0% of dry matter accumulation of the invasive
species as compared to a control area lacking a control
method (Galon et al., 2008; Noce et al., 2010). Such
action reduces the amount of biomass and labour costs.

The mechanical and mechanical + chemical methods
both generated an accumulation of dead vegetation in the
plots. This material can influence, in an antagonistic way,
the development of the seed bank, and lead to increased
humidity and decreased surface temperature. However,
on the other hand, this material can function as a physical
barrier, mechanical damages, erosion and release of
substances with allelopathic properties. These factors
prevent the development of other species as well as
obstruction of passage from light to the soil/substrate
(Costa et al., 2018). The presence of this dead vegetation
may have other negative consequences for deactivated
controlled landfill areas, such as the area of the present
study, such as risk of fire due to the significant
concentrations of methane gas released into the
environment due to the intense decomposition of the
various types of solid wastes.

These observations can contribute to taking decisions
on the control of invasive species, specifically, the use of
the mechanical method must coincide with the flowering
of the weed species because it is the period that the
weeds reserves are converted to the production of seeds,
and thus possess limits resources for regrowth.
Therefore, it is necessary to know the period when the
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target species is at its apex of growth, thus reducing its
infestation and, in some cases, reducing or dispensing
with the need of employing cultural practices. With the
control of invasive species, it is necessary simultaneously
introduce native species with the potential for
revegetation, which is a gradual process of re-
establishing local biodiversity, including genetic diversity.
A study in mining areas degraded (about 1 km from the
study area) indicates that the remaining vegetation is still
having low floristic richness when compared with other
studies carried out in the region (Pereira et al., 2015).
The authors found species such as Eremanthus
erythropappus, E. incanus, Tibouchina candolleana and
Tremble Yacf. parviflora that even exist in the area of this
study. They will contribute to the shading of the area,
avoiding the accentuated proliferation of exotic grasses.

Therefore, in the study area continuous evaluation and
the use of measures to control invasive grasses are
necessary in order to minimize direct competition with
native species. Furthermore, because it is a small area,
the manual method is the best option due to the complete
removal of the material, despite requiring a greater effort
and time. The insertion of pioneer species could be
beneficial by controlling invasive grasses in the medium
term.

In the search for the most efficient methods of invasive
grass control, further detailed studies of other methods of
control are indispensable. Several factors can influence
the response of these invasive species to control,
especially in areas of solid waste deposits that present a
huge variation due to the different deposited materials
and stages of decomposition, which interfere directly with
the properties of the substrate. This fact may affect
directly the resilience of the environment, making the site
unsuitable for development of any species and making it
difficult to recompose the vegetation in these places.

Conclusion

Among the distinct types of methods used to control
exotic grasses, the most practical and effective for the
degraded area analysed in this study was the chemical
method, resulting in less regenerated biomass. On the
other hand, the mechanical method was the least
effective, as evidenced by the greater production of
biomass.
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The study analyzed energy input-output of irrigated rice production at the Jere Bowl Borno State,
Nigeria. One hundred and thirty farms were sampled through multistage sampling procedure. The data
collected were analyzed using descriptive statistics and energy equations. The result showed that total
of 36,397.85 MJ/ha of energy was consumed in the irrigated rice production with the highest energy
input taken up by irrigation water (48.51%) and fuel (23.58%). The forms of energy estimated showed
that direct energy contributed much to rice production (76.21%) than the indirect energy with 23.77%;
similarly, renewable energy constituted higher energy (59.98%) to the production system, while non-
renewable energy constituted only 39.99% of energy to the production system. The results on energy
indices of rice production indicated energy ratio of 2.47, specific energy of 31.38 MJ/kg, energy
productivity of 0.147 kg/MJ, water productivity of 0.103 kg/M3 and net energy of 53,598.71 Mj/ha. The
lower values of energy indices indicate inefficient use of energy. The study recommended that farmers
should adopt efficient and cost effective irrigation system which will ensure efficient utilization of
energy.

Key words: Input-output, energy, direct energy, indirect energy, renewable energy, indices, water productivity.

INTRODUCTION

Rice is a very important food crop in the world because it
is the second largest cereal consumed after wheat which
provides staple food for more than half of the world’s
population with about 80% of its food calorie
requirements (Inuwa et al., 2011). Rice is cultivated and
consumed in all parts of Nigeria. Rice production
produces and consumes energy in form of bio-energy.
The resource inputs used in rice production are
composed of energy. This energy is called bio-energy or
energy input. The ability of the input to function in the

production of rice is as result of the energy input. The
production of rice in a system with high vyield targets
cannot be achieved without energy inputs such as energy
in seed, fertilizer, pesticides and labour to the system.
This energy is further categorized into direct, indirect,
renewable and non-renewable energy. Direct energy is
the energy consumed directly in the rice production e.g.
human labour, animal labour, fossil fuels, and electricity.
The sources of these energy are human, animal, petrol,
diesel and water required to perform different tasks in the
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crop production processes such as field preparation,
cultural practices, irrigation, harvesting, threshing and
transportation. However, the energy that is used in
manufacturing, packaging and transportation of different
farm inputs such as seed, fertilizers, farmyard manure,
pesticides and other chemicals and machineries are
called indirect energy. The energy that come from human
in form of labor, from animal in form of power, from seed
and farmyard manure are classified as renewable energy,
however, the non-renewable energy sources are petrol,
diesel, electricity, chemicals and machinery. On the other
hand, the petrol, diesel and electricity falls under the
category of commercial energy but the human, animal
and farmyard manure fall under the category of non-
commercial energy (Singh et al., 2007). Effective
planning for the use of the energy in the process of rice
production is imperative to attain efficient performance of
rice with less environmental pollution. The extent to which
irrigated rice production in Jere Bowl Borno State
consumed energy is unknown. This study seeks to
unravel this information.

Objectives of the study
The objectives of the study were to:

(1) examine the level of energy consumption in rice
production in the study area;

(2) identify the forms of energy used in rice production in
the study area; and

(3) estimate the energy indices of rice production in the
study area.

METHODOLOGY
Study area and data collection

The study was conducted in Jere Bowl Borno State, Nigeria. It lies
between latitudes 11° 40" and 12° 05'N and longitudes 13° 05' and
12° 20' E with a projected population of 277, 913 persons in 2017
based on 2.8% population growth rate (National Population
Census, 2006). Jere Bowl has a cultivable land area of about
22,000 ha, out of which a gross area of 15,850 ha was identified as
suitable for irrigated agriculture (Jibirin, 2010). The climate of the
area is dry and hot for most part of the year with minimum
temperature ranging from 15 to 20°C and maximum range of 37 to
45°C. The annual rainfall ranges from 500 to 700 mm characterized
by high variability and intensity. The rainy season usually last from
May to September with a relatively low humidity (Nigerian
Metrological Agency (NMA), 2008). This is followed by a long dry
season. The major river in the area is the Ngadda River which flows
through Alau Dam where overbank flows occur. This resulted in the
formation of the Jere Bowl (Nyanganji, 1994), which is generally
referred to as Fadamas in Hausa language, meaning lowland,
floodplain, and valley-bottom around a river.

Both primary and secondary data was used for this study. The
primary data were collected with the aid of well-structured
questionnaire which was administered to the respondents. The
questionnaire contains information on the rice farm inputs (such as
seed, fertilizer, labour, water, pesticides and fuel) and farm output

(rice grain and straw). A total of 130 farmers were selected from
four purposively selected communities using multi-stage sampling
procedure. The sampling frame was rice farmers associations of
Jere Bowl Borno State. The sample equation was used to
determine the number of respondents from each of the community
and was expressed as follows:

N

n=——-
N+1(x)2

@

where n = Sample size, N = Population, and a = Confidence
interval.

Analytical techniques

The energy equivalents in Table 1 were used with Equations 1, 2
and 3 to convert the physical amount of inputs and outputs to
energy forms expressed in Mj/ha.

Following Gevao et al. (2007), Karale et al. (2008) and Ann
(2011), the equations are given as.

(1) Labour energy: The energy of labour in the production was
estimated using the following equation:

ib.T. L
Lab, = = T-2f )

2

where Lab = Energy of labour (mj/ha), Lb = Number of working
labourers (No), T = Operating time (h), Lf = equivalent energy of
labour (mj/h), and a = Area covered (ha).

(2) Energy of water: The energy of water used during irrigation in
rice production, was determined using the following equation:

_DC.T.F.Eqf

a

EW (3

where EW = Energy of water (MJ/ha), DC = Discharge capacity of
the water pump (m%min), T = Time of water application
(Min/application), F = Frequency of application (Number of time),
Eqf = Energy Equivalent for water (MJ/M?), and a = Area applied
(ha).

(3) Energy per unit area for other production inputs such as

fertilizer, fuel, pesticides and seed as well as the energy output was
expressed as:

EID = RATE . MATENF (4)

where EID = Energy inputs (Mj/ha), RATE = Application rate of
Input (unit/ha), and MATENF = Energy equivalent of input (Mj/unit).

Energy indices

To estimate the energy indices in rice production (such as energy
ratio, energy productivity, specific energy and net energy),
Equations 4, 5, 6 and 7 were used to satisfy objective iii of the
study. Following Mohammadi et al. (2008) the energy indices was
determined using the following equation:

Energy ratio = Energy output (MJ/ha) / Energy input (MJ/ha) 5)
Energy productivity = Rice output (kg/ha) / Energy input (MJ/ha) (6)

Specific Energy = Total Energy output (MJ/ha)/Grainyield (kg/ha) (7)



Table 1. Equivalent energy conversion factors.
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Energy use Energy coefficient (MJ/unit) Sources

Human Labour (h) 1.96 MJ/h Gundogmus (2006)
Seed 17.5 MJ/kg Singh et al. (2007)
Fertilizer (kg)

Nitrogen 60.60 MJ/kg Gundogmus (2006)
Phosphorus 11.10 MJ/kg Gundogmus (2006)
Potassium 6.70 MJ/kg Gundogmus (2006)
Pesticide (kg)

Insecticide 199 MJ/kg Gundogmus (2006)
Fungicide 92 MJ/kg Gundogmus (2006)
Herbicide 238 MJ/kg Gundogmus (2006)
Paddy (kg)

Grain 14.57 MJ/kg Igbal (2007)

Straw 12.50 MJ/ kg Igbal (2007)

Water (M%) 0.63 MI/M? Gundogmus (2006)
Fuel (L)

Petrol 37 MJ/L Kaltsas et al. (2007)
Diesel 56.31 MJ/kg Gundogmus (2006), Cherati et al. (2011) and Erdal et al. (2007)

Water Productivity = Grain Yield (Kg/ha) / Amount of Water Applied
(M%/ha) (8)

Net Energy = Energy output (MJ/ha) - Energy input (MJ/ha) 9)

It is assumed that if the value of energy ratio >1, it means production
system is gaining energy, <1; it means production system is losing
energy. Similarly, if the energy/water productivity >1, it means
higher productivity and if <1 it means lower productivity (Falaye,
2013; Ibrahim and Ibrahim, 2012).

RESULTS AND DISCUSSION
Level of energy consumption in rice production

Amounts of inputs used and output produced in rice pro-
duction for each item as well as their energy components
per hectare are shown in Table 2. The result revealed
that 766.59 h of human labour, 153 kg of seed, 82.07 kg
of nitrogen, 15.18 kg of phosphorus, 15.18 kg of
potassium, 2.71 L of pesticide, 29,817.76 m® of irrigation
water and 232.09 L of fuel, per hectare were used for the
production of rice in the study area. These are equivalent
to, 1502.51, 2677.5, 4973.40, 168.51, 101.71, 732.27,
17654.54 and 8581.42 MJ/ha of energy for labour, seed,
nitrogen, phosphorus, potassium, pesticide, irrigation
water and fuel, respectively. The output gives an average
yield of 2867.73 kg/ha of paddy equivalentto 53253.77

MJ of energy was obtained.

Level of energy consumption in rice production which is
the total average energy used in various farm operations
during rice production in the area was found to be
36,397.85 MJ/ha (Table 2). This is higher than the
23,358.75 MJ/ha reported by Igbal (2007) in Bangladesh
and 12906.8 MJ/ha reported by Ibrahim and Ibrahim
(2012) in Nasarawa State in Nigeria. This might be due to
the fact that most of the rice farmers were not efficient in
their resource used in Jere Bowl (Malah, 2015). Of the
total energy inputs consumed, 4.13% was from human
labour, 7.36% seed, 14.41% fertilizers (the share of
Nitrogen, Phosphorus and Potassium having 13.67, 0.46
and 0.28%, respectively), 2.06% pesticide (the share of
insecticides and herbicides having 0.25 and 1.78%,
respectively), and 48.51% irrigation water and 23.58%
fuel (petrol energy was mainly consumed for irrigation
water application) inputs. This indicates that the highest
energy inputs were taken up by water and fuel. This is
because irrigation operation consumed the maximum
energy on the rice farm due to the higher water
requirement of rice crop. Rice crop under irrigation was
mostly grown with water from tube well and canal water.
While the fuel (petrol) energy is mainly utilized by water
pumps to run irrigation pump set. This shows the needs
for efficient and cost effective irrigation system that will
minimize the use of water resulting in less energy
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Table 2. Level of energy consumption in rice production.

Input/Output Quantity per unit area (Unit/ha) Total energy equivalent (MJ/ha) %
Human labour (h) 766.59 1502.51 4.13
Seed (kg) 153.00 2677.50 7.36
Fertilizer (kg)

Nitrogen 82.07 4973.40 13.67
Phosphorus 15.18 168.51 0.46
Potassium 15.18 101.71 0.28
Agrochemical (L)

Herbicide 2.28 646.55 1.78
Insecticide 0.43 85.72 0.24
Water for irrigation (M3) 27817.76 17654.54 48.51
Fuel (L) 232.09 8581.42 23.58
Paddy (kg)

Grain 2867.73 53253.77 -
Straw 2939.42 36742.80 -
Total Energy Input (Mj/ha) - 36397.85 -
Total Energy output (Mj/ha) - 89996.57 -

Source: Field Survey (2017)

Table 3. Forms of energy in rice production in Jere Bowl.

Energy forms Measure (MJ/Ha) Percentage
Direct energy 27738.48 76.21
Indirect Energy 8653.39 23.77
Renewable Energy 21834.55 59.98
Non-renewable energy 14557.31 39.99

Source: Field Survey (2017).

requirement.

Forms of energy in rice production

The different forms of energy according to direct, indirect,
renewable and non-renewable energy are shown in Table
3. This table revealed that the ratio of direct energy
(76.21%) to indirect energy (23.77%) is higher. This
indicates that direct energy contribute much to rice
production than the indirect energy. This is because water
for irrigation and fuel are component of direct energy and
both consumed high energy in the production. The table
also showed that renewable energy constituted the
higher energy (59.98%) while non-renewable constituted
only 39.99% of energy to the production system. This
implies that rice production system in the area causes
less environmental pollution with minimum (39.99%) of
non-renewable energy. This finding differs from that of

Cherati et al. (2012) in the study of energy and economic
analysis of three varieties of rice production in North Iran
who reported higher non-renewable energy. This is
because fertilizer and agrochemicals which are the major
sources of non-renewable energy were not being used
adequately by the farmers in Jere Bowl due to its cost
and affordability by the farmers.

Energy indices of rice production

The energy indices of rice production estimated in this
study were energy ratio, specific energy, energy
productivity, water productivity, and net energy.

Energy ratio

Energy ratio is the ratio of total average energy input to



Table 4. Energy Indices of Rice Production in Jere Bowl.

Wakil et al.

Indices Unit Amount
Energy ratio - 2.473
Specific energy Mj/kg 31.383
Energy productivity kg/Mj 0.147
Water productivity kg/m® 0.103
Net energy Mj/Ha 53598.710

1665

Source: Field Survey (2017)

total average energy output. Table 3 revealed that the
energy ratio in Jere Bowl agro-ecosystems was 2.47.
This implies that the farmers in Jere Bowl earn in terms of
energy at least 2.47 times of what they put into the
production process. This index is lower and could be as a
result of inefficient use of some energy inputs due to
inefficient irrigation system. This finding compares closely
to Alipour et al. (2012) that rice energy ratio in Guilan
province of Iran was 2.19 lower than 6.7 rice energy ratio
index estimated in Australia by Khan et al. (2010). As rice
farm practices in Jere Bowl in Nigeria and Guilan
province in Iran are considerably not modernized and
efficient as in Australia.

Specific energy

Specific energy is an index which shows how much
energy was used to produce one unit of disposable/
marketable yield (rice grain). The lower the index the
more efficient is the use of energy in the production
system. The result revealed an index of 31.38 MJ/kg
(Table 3), indicating that about 31.38 MJ of energy is
required to produce only a kilogram of paddy. This
implies that there was low grain output in respect to
energy inputs used in the production process due to
inefficient energy inputs used. This might be due to the
inefficient practices of the rice farmers in their production
in Jere Bowl as reported by Malah (2015).

Energy productivity

Energy productivity is the yield of marketable product,
that is, rice grain per unit of energy consumed. The
higher the value (>1), the more energy efficient is the
production system. Table 4 shows that energy productivity
of rice production in Jere Bowl was 0.147 kg/Mj indicating
lower energy productivity. This implies that one Mj of
energy used by the farmers produced only 0.147 kg of
paddy rice. The lower energy relevance in the area could
justify lower productivity on energy consumption in the
area. This compares closely to the findings of Asmat
(2009) that the rice energy productivity for small, medium
and large farmers in Thailand were 0.32, 0.28 and 0.24

kg/Mj, respectively.

Water productivity

Water productivity is the ratio of rice grain yield to
irrigation water consumed. The higher the value (>1) the
more water productive is the production. Table 4 shows
that the water productivity index in Jere Bowl was 0.103
kg/M? indicating that water productivity in the Jere Bowi
was low. This is apparently because of inefficient
irrigation system and ineffective water management. This
index was much lower as compared to studies by Khan et
al. (2009) in Pakistan with 0.33 kg/m3 for rice crop.

Net energy

The amount of net energy calculated in the Jere Rice
Bowl agro-ecosystems was approximately 53,598.71
Mj/ha (Table 4) which was considerably lower than the
net energy of 86,050 MJ/ha reported in Bangladesh by
Igbal (2007). This observation could be argued by the
statement that overusing of inputs caused increment in
consumed energy and lower yield of rice in this region
compared to other areas in the world. This is because of
inappropriate  management practices, planting of low
yielding indigenous varieties and perhaps decreasing
return to scale could clarify the low yield of rice in this
area as well.

All the energy indices measured in Table 4, indicated
inefficient use of all the energy inputs. This might affect
the sustainability of irrigated rice production in the area
because a step towards achieving sustainable production
(that is, efficient use of energy inputs).

Conclusion

A quantitative energy input-output analysis of irrigated
rice production in Jere Bowl Borno State, Nigeria was
studied based on the level of energy consumption, forms
of energy and some energy indices such as energy ratio,
specific energy, energy productivity, water productivity
and net energy. On an average, total energy input was
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estimated as 36,397.85 MJ/ha. The highest energy inputs
were taken by water (17654.54 MJ/ha) and fuel use
(petrol) (8581.42 MJ/ha). This is because irrigation
operation consumed the maximum energy on rice farm
due to the higher water requirement of rice crop while the
fuel energy is mainly utilized by water pumps to run
irrigation pump set. The results on energy indices of rice
production indicated 2.47, 31.38 MJ/kg, 0.147 kg/MJ,
0.103 kg/M®> and 53,598.71 Mij/ha for energy ratio,
specific energy, energy productivity, water productivity
and net energy, respectively indicating lower values of
energy indices due to inefficient use of energy inputs.
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The study was conducted to screen local and improved bean varieties for resistance to halo blight
disease caused by Pseudomonas syringae pv. phaseolicola. A total of eight improved (Sokoine
University of Agriculture (SUA) 90, Rojo, Zawadi, Mshindi) and local (Mwasipenjele, Masusu, Kabhaya,
Mabula) bean varieties were collected from breeders at SUA and farmers at lleje district in Songwe
region. Isolation of P. syringae pv phaseolicola from bean seeds was conducted using Liquid Assay
method. Results indicated that, bacterial isolate L1 from local bean variety Mwikala produced similar
characteristics as those obtained from reference strain of P. syringae pv phaseolicola in the
biochemical and pathogenicity tests on host plants. Using bacterial isolate L1, there was significance
difference (P < 0.05) on incidence and severity of halo blight disease. The highest disease incidence
had (89%) was on local bean variety Mabula, while the lowest had (67%) was on improved varieties
Zawadi and Mshindi. Disease severity of improved varieties zawadi and mshindi when compared with
other varieties were at low severity (disease score 4). It was concluded that the Zawadi and Mshindi
were less susceptible to halo blight disease. This study needs to be repeated if same results were
obtained aside these two improved varieties (Zawadi and Mshindi) of bean which could be
recommended to farmers.

Key words: Assay, incidence, inoculum, isolate, Pseudomonas syringae pv. phaseolicola, disease severity.

INTRODUCTION

Common bean (Phaseolus vulgaris L.) is an important
leguminous crop and native to America (Gepts and
Dpbouk, 1991). It is an important source of minerals,
protein content (~22%) and vitamins for many developing
countries where they cannot afford meat (Moraghan and
Grafton, 2001; Hillocks et al., 2006; Graham et al,
2007;). Common bean complements cereals and other
carbohydrate rich foods in providing near perfect nutrition
to people of all ages and helps to lower cholesterol and
cancer risks (Singh, 1999). The major producers of

E-mail: andekeliliem@gmail.com. Tel: +255766541287.

common bean worldwide are Brazil, Mexico, United
State, Ethiopia, Turkey, Indonesia, Tanzania, Uganda
and Angola (Beebe et al., 2013). In Africa, bean
production is concentrated in densely populated Eastern
and Southern Highlands of the continent (Beebe et al.,
2000). In Tanzania, bean is grown in cool regions,
particularly the Southern Highlands (Iringa, Songwe,
Mbeya, Rukwa, Katavi, Njombe and Ruvuma regions),
Northern Highlands (Arusha, Tanga, Kilimanjaro and
Manyara), Western Highlands (Kagera and Kigoma)
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and in Central Morogoro especially in areas surrounding
Uluguru Mountains (Mabagala et al., 2000). Over 75% of
rural households in Tanzania depend on common beans
for daily sustenance (CIAT, 2008). Consumption of
common bean is high because it is relatively inexpensive
as compared to meat (Pachico, 1989; Fivawo and Msolla,
2011). However, its production is constrained by a
number of factors including diseases especially halo
blight caused by Pseudomonas syringae pv phaseolicola
(Tock et al., 2017). Halo blight is a bacterial disease
caused by P. syringae pv phaseolicola. It is a serious
seed-borne disease of common bean worldwide (Popovi
et al.,, 2012; Boersma et al., 2014; Chatterton et al.,
2016). Halo blight disease of beans cause low yield of
about 37% in many places of the world especially in the
developing countries (Taylor et al., 1996a, b; Gondwe,
1998; Chataika et al., 2011; Duncan et al., 2014). Halo
blight is difficult to control. Pathogen free seeds can be
used to control the spreading of the disease however; it
does not guarantee disease control as other inoculum
sources exist (Fourie, 2011). The disease can be
controlled by using new improved resistant varieties
(Tock et al., 2017). Cultural practices such as removing,
destroying or deep ploughing of debris, effective weed
control, crop rotation and minimizing movement within
fields when foliage is wet, may reduce the disease
(Mbega et al., 2012). However, these cultural practices
do not eliminate the disease especially when
environmental conditions are favourable for disease
development. Chemical control is considered effective
but most chemicals fail to treat disease due to resistant
strains and improper application by farmers which may
cause environmental pollution (Mbega et al., 2012). Host
plant resistance is considered the most effective control
strategy for halo blight (Fourie, 2011). Therefore, this
study aimed to evaluate improved and local bean
varieties for resistance to halo blight under greenhouse
condition. The results can be used for breeding purposes
against this disease in Morogoro, Tanzania.

MATERIALS AND METHODS
Location of the study area

The research was conducted at the AfSHC Laboratory at SUA in
2016/2017. The university is located at 3 km from the Centre of
Morogoro Municipality, which is about 200 km west of Dar es
Salaam. It has an altitude of 526 m and lays at latitude 6°19’'S and
longitude 37°40°E.

Survey and seed collection

The survey was conducted in Morogoro and Songwe regions.
Improved bean seed sample varieties (Mshindi, Zawadi, SUA 90
and Rojo) were obtained from plant breeders at SUA in Morogoro
region. Four local bean sample varieties (Masusu, Mwasipenjele,
Kabhaya and Mwasipenjele) were collected from randomly selected
farmers at lleje-Songwe. Seed samples (1 kg) were packed in

paper bags and labelled appropriately: collection date, date of
harvest, name of collector, variety and location. The samples were
transported to the AfSHC Laboratory for further analysis.

Working seed samples

The working seed samples were obtained by the following
International Seed Testing Association rules (ISTA, 2005). The
conical divider was cleaned with compressed air before seeds were
divided. The seed sample was poured over the hopper then valve
was released and locked. In this procedure, the sample was divided
into two halves and was collected in the two collecting pans. The
seeds were removed from one of the pans into a container and
poured back into the original seed bag and the seeds from the other
pan were poured again into the hopper and the procedure was
repeated until a working sample (700 g) was obtained as described
by Mathur and Kongsdal (2003).

Determination of moisture content and seed

germination

purity,

Purity analysis

The purity of seed samples was determined using ISTA rules (ISTA,
2005). Each sub sample was analysed into the following categories:
pure seed, inert matter and seed of the other crops and the results
were expressed in percentages.

Determination of moisture content (MC)

The lower constant temperature oven method was used to
determine the moisture content of bean seeds (Anonymous, 1999).
In this method, 10 g of seed was randomly picked from the original
submitted sample and were evenly distributed over the surface of
8.5 cm diameter container (Petri dish). The container and its cover
were weighed before and after filling it with the seeds. The
containers were placed in an oven set at 103+2°C and dried for 17
h. The moisture content determination was carried out using two
independently drawn working samples. After drying the seed in the
oven, the container was covered and cooled for 30 to 40 min. The
moisture content percentage was calculated using the formula:
MC= (M2-Ms) x 100/M,-Ms; where M; was weight in grams of the
container with its cover; M, was weight in grams of the container,
cover and the content before drying. M3 was weight in grams of the
container, cover and the content after drying.

Isolation of bacteria from bean seed samples

Liquid assay was used to detect P. syringae pv. phaseolicola from
bean samples. About 300 g of bean were tested using procedures
described by Mortensen (2005). Seeds were washed three times in
sterile distilled water put in transparent plastic bags containing 620
ml of sterile distilled water based on the formula (1.9 x weight of the
seeds) + 50 described by Mortensen (2005). The samples were
incubated at room temperature for 3 h. The 1 ml of the suspension
was drawn from the sample and serially diluted to 107°. The
samples were plated on Nutrient Agar (NA) plates at 28°C for 24 to
48 h. The colonies with morphology similar to P. syringae pv.
phaseolicola reference strains were purified on NA and further
tested as described under biological test.

Biochemical tests

The isolates from bean samples were tested for Gram reaction



using Potassium Hydroxide solution as described by Mortensen
(2005). Only Gram-negative isolates that had colony morphology
and colour similar to the reference bacterial strain of P. syringae pv.
phaseolicola were selected for further tests as described under
pathogenicity test.

Pathogenicity tests

Gram-negative isolates as previously described were tested for
their pathogenicity on host bean variety Kabhaya. Pathogenicity
test was conducted as described by Mortensen (2005). Bean
seedlings grown in plastic pots (16 cm diameter x 13 cm height)
containing forest soil at 2 leaf stage were spray-inoculated with a
bacterial suspension of ca.ca. 10® cfu/ml from bacterial isolates and
reference bacteria strain (P. syringae pv. phaseolicola). Plants
sprayed with sterile distilled water alone served as a negative
control. Isolates which produced water-soaked symptoms as those
produced on plants sprayed with a P. syringae pv. phaseolicola
were selected for further tests.

Screening bean varieties for resistance to halo blight
Seed inoculation with bacteria

Eighteen seeds from each bean variety previously described were
pre-germinated using between paper method (ISTA, 2005) and
after three days, the germinating seedlings were inoculated by
stabbing the cotyledons with a needle smeared with bacteria
suspension of ca. 10® cfu/mL isolated from variety Mwikala
collected from lleje, Songwe. In addition, seeds inoculated with a
reference bacterial strain P. syringae pv. phaseolicola (obtained
from the AfSHC) and sterile distilled water were used as controls
(Mortensen, 2005). The seedlings were further evaluated as
described under greenhouse experiment.

Greenhouse experiment

Complete randomized design (CRD) with three replications was
used in the greenhouse to test eight bean varieties for their
resistance to Halo blight disease. Three seedlings previously
inoculated with the bacteria and controls (in three replications) were
planted in sterile forest soil in a screen house at 25 to 28°C with
relative humidity of 70 to 80% for 56 days. Data were recorded in
one week interval for six weeks.

Determination of disease incidence

The disease incidence was calculated by dividing total number of
infected plants by total number bean plants by 100%.

Disease severity

Halo blight disease was evaluated by visual observation using a 1
to 9 scale (Schoonhoven and Pastor-Corrales, 1987), where 1= no
disease symptoms, >1- 3= slightly disease symptoms, >3-6=
moderate disease symptoms and >6- 9= severe symptoms to death
of plants.

Data analysis

The data was analysed at the significance level of 5% using GEN
START-software. The significance difference between bean

Mwamahonje 1669

varieties was computed using Analysis of Variance (ANOVA) and
the difference between means was established using Duncan’s
Multiple Range Test (Kothari, 2004).

RESULTS
Purity of bean seed samples used in this study

The results for purity analysis indicated that bean seed
sample number 3 variety Rojo collected from SUA had
the highest (99.98%) proportion of pure seed followed by
sample number 2 (99.97%), 1 (99.93%), 6 (99.90%), 4
(99.89%), 7 (99.67%), and 5 (99.16%) (Table 1). Bean
seed sample number 8 variety Mabula had the lowest
(96.37%) proportion of pure seed.

Moisture content of bean seed samples used in this
study

The results showed that the moisture content determined
using lower constant temperature oven method of bean
seed samples ranged from 10 to 14.5% (Table 1). Bean
variety Kabhaya collected from lleje had the highest
moisture content (14.5%). The lowest moisture content
(10%) was obtained from bean variety Mwasipenjele
collected from lleje, Songwe (Table 1).

Seed germination

The results of germination test conducted using blotter
paper method indicated that all seed samples had 100%
of germination (Table 1). Such results demonstrated that,
bean seed samples whether local or improved used in
this study had a good germination.

Bacterial isolates obtained from bean seed samples

Using liquid assays to isolate bacteria from bean seed
samples, a total of three isolates (Table 2) with similar
morphological characteristics like the reference P.
syringae pv. phaseolicola were obtained from variety
Mwikala. No bacterial isolates resembling the reference
strain (P. syringae pv. phaseolicola) was obtained from
other bean seed samples used in this study.

Gram reaction of the isolates

The gram reaction test using 3% potassium hydroxide
solution showed that, all three isolates resembled the
colon colour and morphology of reference bacterial strain
of P. syringae pv. phaseolicola were Gram-negative
(Table 2). The results of pathogenicity on host bean
plants as described by Mortensen (2005) indicated that
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Table 1. Purity, moisture content and germination of bean seeds used in this study.

Sample No. Variety SG Location PS IS OSC MC (%) GM (%)
1 SUA 90 Improved SUA 0.01 0.01 0 12.5 100
2 Mshindi Improved SUA 99.97 0.01 0 13 100
3 Rojo Improved SUA 99.98 0.03 0 14 100
4 Zawadi Improved SUA 99.89 0.01 0.03 115 100
5 Mwikala Local lleje 99.16 0.4 0 12.4 100
6 Kabhaya Local lleje 99.9 0.9 0 145 100
7 Mwasipenjele Local lleje 99.67 0.03 0 10 100
8 Mabula Local lleje 96.37 3.34 0 12 100

SG: Seed grade, PS: pure seed, IS: inert seed, OSC: other seed, MC: moisture content, GM: germination.

Table 2. Gram reaction and pathogenicity of bacteria isolates obtained from variety Mwikala.

Isolate Bean variety Gram reaction Pathogenicity tests of isolates on variety Kabhaya
L1 Mwikala -ve +

L2 Mwikala -ve +

L3 Mwikala -ve +

P.s.pv. phaseolicola AfSHC -ve +

Steriledistilled water  N/A N/A N/A

N/A: Not applicable, -ve Gram negative reaction, + reaction for pathogenicity test and - negative reaction for pathogenicity test.

bean seedlings sprayed with the Gram negative bacterial
isolated from bean sample variety Mwikala caused water-
soaked symptoms as those produced in seedlings
sprayed with the reference bacteria strain (P. syringae
pv. phaseolicola) (Table 2). Thus, since these isolates
were obtained from one bean seed sample, only one
isolate (isolate L1) was selected and used in the
screening of bean varieties for their resistance to halo
blight.

Halo blight disease incidence on bean cotyledons
and leaves inoculated with bacteria

In the greenhouse experiment, the results showed that
bean cotyledon inoculated with bacterial isolate L1 and
the reference bacterial strain P. syringae pv. phaseolicola
produced disease symptoms and had higher disease
incidence than bean cotyledons inoculated with sterile
distiled water (Table 3). Disease symptoms were not
observed in bean cotyledons inoculated with sterile
distiled water control. Using isolate L1, bean sample
number 8 (variety Mabula) collected from lleje had the
highest (89%) disease incidence on cotyledon when
compared with other bean samples (Table 3). Bean
sample numbers 4 (variety Zawadi) and 7 (variety
Mwasipenjele) had the lowest (67%) disease incidence
(Table 3). The disease incidence of other samples
inoculated with the bacteria cultures is shown in Table 3.

These results indicated that these two bean varieties
were less susceptible to halo blight disease than other
bean varieties screened. Such results also demonstrated
that bean cultivars Zawadi and Mwasipenjele were
resistant to halo blight disease compared with other bean
samples screened.

Disease severity on cotyledons and leaves of bean
inoculated with bacterial isolates

Using a scale of 1 to 9 to determine the severity of halo
blight on bean cotyledon and leaves, the results showed
that, there was significance difference (P<0.05) among
bean varieties assessed. Bean samples inoculated with
isolate L1 and the reference strain P. syringae pv.
phaseolicola had high disease severity of 4 up to 7 in
different varieties (Table 4). All plants inoculated with
sterile distilled water had a disease score of 1, indicating
no disease (Table 4). Of the plant tested, bean sample
variety Mabula together with bean varieties SUA 90, Rojo
and Mwikala had the highest (disease score of 7) disease
severity both in the test isolate L1 and reference strain P.
syringae pv. phaseolicola. Bean varieties Zawadi and
Mshindi had the lowest (disease score of 4) on
cotyledons inoculated with either isolate L1 or reference
strain P. syringae pv. phaseolicola (Table 4). These
results demonstrated that, bean cultivars Zawadi and
Mshindi were less susceptible to halo blight when
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Incidence of halo blight

Bean variety

Cotyledons (%)

Incidence of halo blight

Bean variety

Leaves (%)

SDW SDW
L1 P.s.pv.p L1 P.s.pv.p
Zawadi 672 65% 12 Zawadi 12 0? 12
Mshindi 67% 73%® 12 Mshindi 12 0? 12
Mwasipenjele 67° 76%° 12 Mwasipenjele 12 0? 12
Kabhaya 78% 74% 12 Kabhaya 12 0? 12
Mwikala 78% 77% 18 Mwikala 18 0® 18
Rojo 78% 78% 12 Rojo 12 3 12
SUA 90 782 83’ 18 Mabula 3% 12° 18
Mabula 89° 91° 18 SUA 90 3% 13° 18

L1: Bacterial isolated from bean variety Mwikala, P.s.pv.p: Pseudomonas syringae pv phaseolicola, SDW: sterile distilled water. Means followed

by the same letters in a column are not significantly different.

Table 4. Halo blight disease (1-9 scale) severity of cotyledons and leaves of bean varieties.

Severity of halo blight on

Bean variety

Cotyledons (%)

Bean variety

Severity of halo blight

Leaves (%)

SDW SDW
L1 P.s.pv.p L1 P.s.pv.p
Zawadi 42 42 18 Kabhaya 18 12 12
Mshindi 42 42 12 Mshindi 12 12 12
Mwasipenjele 42 42 18 Mwasipenjele 18 12 12
Kabhaya 7% 7% 12 Zawadi 12 12 12
Mwikala 7% 7% 12 Mwikala 12 12 12
Rojo 7% 7% 12 Rojo 12 12 12
SUA 90 7% 7 12 SUA 90 3 3® 12
Mabula 7% 7 1° Mabula 3* 3 1°

L1: Bacterial isolated from bean variety Mwikala, P.s.pv.p: Pseudomonas syringae pv phaseolicola, SDW: sterile distilled water. Means

followed by the same letters in a column are not significantly different.

compared with other bean varieties used in this study
(Table 4).

DISCUSSION

Based on the results of this study the low proportion of
pure seed was attributed to by contamination by inert
matter as indicated by the proportion of as high as 3.34%
(Table 1). Presence of high proportion of inert matter in
bean samples may be caused by poor threshing and
winnowing which lower the quality of seed. Purity of bean
seed samples show that these bean samples had purity
that met minimum requirements (98%) recommended by
Food and Agriculture Organization (FAO) (FAO, 2011).
On the other hand, variation in moisture contents of the
seeds observed is accelerated by improper drying of the
seed and/or poor storage rooms (Nahar et al., 2009). The
results indicated significance differences of disease
incidence and severity among bean varieties tested
which is in agreement with previous studies which report

different races of halo blight affecting common bean
(Félix-Gastélum et al., 2016; Tock et al.,, 2017). The
resistance common bean varieties for race 6 are
available in East Africa. Resistance varieties may be
introgressed into susceptible varieties using marker
assisted backcrossing for production of new resistance
varieties (Chataika et al., 2011). The absence of disease
severity on plants inoculated with sterile distilled water
was due to unavailability of causal pathogen (P. syringae
pv. phaseolicola). For effective screening for resistance
to halo blight, P. syringae pv. phaseolicola isolates
should be originated from one among varieties tested,
this improve effectiveness of screening and correct
selection of resistance varieties to halo blight (Murillo et
al., 2010). Application of bio-control concentration of P.
syringae pv. phaseolicola isolates show variation of
susceptibility to common bean varieties, this is an
important approach for resistance common bean to the
disease (Eman and Afafa, 2014). High disease incidence
and severity on cotyledons for varieties (SUA 90, Rojo,
Kabhaya, Mabula) and leaves for varieties (SUA 90, Rojo
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and Mabula) to halo blight could be influenced by poor
genetic resistance of beans to halo blight races. Similar
results were reported by Asensio et al. (2010) who
conducted field evaluations under inoculated conditions
and identified two accessions (BGE 002189 and BGE
029592) out of 199 from a Spanish core collection that
had immune reaction to two races of P syringae pv.
phaseolicola (races 6 and 7). Previous study by Kuguk et
al. (2016) reported the same trend of common bean
susceptibility to halo blight disease. Nevertheless, field
evaluation is recommended to confirm greenhouse
results. Legume species have been infected by at least
nine races of halo blight of which the races number 1, 2
and 6 are common worldwide (Taylor et al., 1996a, b),
while races number 3, 4, 5 and 8 are common in the
Eastern and Southern of Africa. Furthermore, races 5 and
8 are dominant in Africa (Teverson and Taylor, 1994). Up
to 43% reductions in total yield have been reported and
further losses occur owing to the poor quality and high
incidence and severity of halo blight which infected pods,
seeds and leaves (Dawn et al., 2010). In Tanzania,
races 1 (45%), 2 (52%) and 3 (3%) have been reported,
therefore, Tanzania is among the African countries which
are affected by the disease; this correspond to our results
of which most varieties were susceptible to the disease
(Mabagala and Saettler, 1992). The varieties Zawadi and
Mshindi which were resistant to halo blight probably could
have genes cv or Quantitative Trait Loci (QTLS)
associated with gene cv. QTLs have significance
contribution to the expression of target trait under
phenotypic evaluation. Therefore, QTL mapping for halo
blight resistance in common bean is essential to identify
the superior varieties (Gonzalez et al.,, 2017). Red
Mexican which is resistant to race 1 and Pl 150414 for
races 1 and 2 that have been useful in breeding for halo
blight resistance (Hillocks et al., 2006). Lines with I-gene
were also reported to be highly resistant to race 3 of halo
blight in Burundi (Schmit, 1994). Our results indicated
variation of bean varieties for susceptibility to halo blight
where Zawadi and Mshindi had the lowest compared to
other bean varieties. Previous study by Fivawo and
Msolla (2011) has reported comparable results of which
variation of susceptibility of halo blight disease on bean
varieties accounted to exist. The variation of susceptibility
can be influenced by several factors such as gene
sequence, strength of leaves to resist and source of
origin. By introducing new genes with resistance to a
wide range of halo blight races infecting legumes will
contribute to enhance high production of beans (Fourie,
2011). Based on our study, the varieties which showed
high susceptibility to halo blight would be infected by the
races which have been reported before. The genes
sequence for resistance need be identified by sequencing
technology for breeding improvement programmes
(Fourie et al., 2004; Teverson, 1991; Taylor et al., 1996b).
The varieties with less susceptible to halo blight
therefore, is important in plant breeding and should be

promoted to farmers for cultivation (Allen et al., 1998;
Fourie, 2011).

Conclusion

It was concluded from this study that, bacterial isolate (LI)
obtained from local bean variety Mwikala produced
similar characteristics as those obtained with the
reference strain of P. syringae pv. phaseolicola on the
biochemical and pathogenicity tests on host plants. Such
results indicated that his bean sample was infected by P.
syringae pv. phaseolicola. By inoculating bacterial isolate
L1 on different bean samples used in this study, the
incidence of halo blight disease was the highest (89%) on
the cotyledons of local bean variety Mabula collected
from lleje, Songwe followed by Mwikala (78%), SUA 90
(78%), Rojo (78%), Kabhaya (78%), Zawadi (67%) and
Mshindi (67%). Disease symptoms were not observed in
bean seedlings inoculated sterile distilled water. Such
results indicated, the improved varieties Zawadi and
Mshindi were less susceptible to halo blight disease as
compared to other bean varieties used in this study.
Further evaluation of disease severity indicated low
severity (disease score of 4) on improved varieties
Zawadi and Mshindi when compared with other bean
varieties. Therefore, further evaluation was
recommended (using large number of samples and in
different environmental conditions) of bean varieties
Zawadi and Mshindi so that if similar results will be
obtained, then the two varieties can be promoted to
farmers in Morogoro and Songwe regions as well as the
source of breeding materials for improvement of bean in
Tanzania.
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