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Abstract

This paper presents some experimental results to determine the incidence of mechanized sowing speed in the development and growth of
rice in El Espinal-Tolima. Using a completely randomized design and a seed density of 104.5 + 3.3 kg/ha, plots were sown in three replicates
at 3.31 + 0.05 km/h, 5.13 + 0.18 Km/h, and 6.98 + 0.24 km/h. Plant population, plant weight, dry matter, moisture content, and yield
showed statistically significant differences with respect to sowing speed. This research found that the sowing speed has a proportional
relationship with: a) the percentage of plants grouped in their roots, b) the number of non-productive tillers, c) the fuel consumed rate, d)
uncovered seed, e) effective field capacity. The sowing speed of 5.13 + 0.18 km/h was achieved by plants with a higher number of panicles
per m? and yield: this is optimal.

Keywords: Sowing speed; irrigated rice; rice profitability

Incidencia de la velocidad de siembra mecanizada en el arroz de riego

Resumen

Se determind la incidencia de la velocidad mecanizada de siembra en el desarrollo y crecimiento del arroz en El Espinal-Tolima. Utilizando
un disefio completamente al azar y una densidad de semilla de 104.5 + 3.3 kg/ha, se sembraron parcelas en tres repeticiones a 3.31 + 0.05
km/h, 5.13 £ 0.18 Km/h y 6.98 + 0.24 km/h. La poblacidn de las plantas, el peso de la planta, la materia seca, el contenido de humedad y
el rendimiento mostraron diferencias estadisticamente significativas con respecto a la velocidad de siembra. Se encontr6 que la velocidad
de siembra tiene una relaciéon proporcional con: a) el porcentaje de plantas agrupadas en sus raices, b) los tallos no productivos, c) el
combustible consumido, d) las semillas descubiertas, €) la capacidad de campo efectiva. La velocidad de siembra de 5.13 + 0.18 km/h logro
plantas con mayor niimero de paniculas por m? y rendimiento, lo cual es 6ptimo.

Palabras claves: Velocidad de siembra; arroz de riego; rentabilidad del arroz.

1. Introduction The effective mechanized planting of rice is achieved with

certified and treated seed, which is planted at the right date,

The adoption of mechanized practices means a decrease
in labor costs for the rice farmers; however, incorrect
machining activities limit profitability. It is important to be
able to compete in the international market and have access
to free trade agreements [1]. In 2030, a free trade agreement
will allow the United States to export rice to Colombia
without tariffs, which will have an impact on the regional
economy (Tolima) and the rural sector in Colombia.

Rice growers need to sow on a specific date and expand
the sown area with the same seeder. This leads to an increase
in the speed of planting rice without considering its impact.

has a regulated seed density, good water management, and
the proper machinery is used. The proper distribution of the
seeds by the seeder is important to avoid stress in the rice
during its development and growth. The seed that is exposed
or placed at an inadequate depth influences uniform
emergence, and in turn this means that not all plants develop
in the same way in terms of their state and thus the application
loses effectiveness.

The optimum speed of mechanized sowing increases the
yield for corn [2-9], sunflower [10], soy [11-13], and wheat
[14]. In references [4-9,12], yield has been favored with the
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lowest sowing speeds. In terms of rice sowing speed, El-
Khateeb and Khodeir [15] evaluated forward speed and
performance rice planting machines (mechanical drilling and
mechanical transplanting). They found that increasing the
forward speed for all rice planting machines tends to increase
the effective field capacity, fuel consumption rate, power
consumption, energy required, and slip ratio; it also decreases
field efficiency. Blanco and Morales [16] recommend not
exceeding 6 km/h. SOSBAI [17] recommend that the rice
seeder is used at the appropriate speed in order to distribute
seeds in a uniform manner in the line, which is varies
according to the characteristics of the area.

The purpose of this work was to find out the difference in
the effect of the mechanized sowing speed on the
development, growth and yield of irrigated rice in El Espinal,
Colombia. In this zone, rice irrigation is designed with small-
scale land leveling, and rice levees at level curve are
compacted with “Taipa” [18]. Rice levee acts like speed
bumps (or speed breakers) during rice sowing.

2. Materials and methods

The experiment was established using a completely
randomized design at the "La Granja" Agricultural Center,
Servicio Nacional de Aprendizaje (SENA), in El Espinal,
Tolima, located at 4 ° 9'56.89 "N and 74 ° 55'59.96" W. Nine
plots were established based on three sowing speeds with
three replicates. Each plot was 50 m long and 8.1 m wide. All
plots were site-specific with similar production potential
(“Sub-region of a field that expresses a relatively
homogeneous combination of yield limiting factors [19]™).
Site-specifications were determined according to references
[20-22] with normalized difference vegetation index maps,
soil characteristics, and the yields from the last two years.
The soil was of sandy texture (Table 1, Fig. 1). There was a
flat topography, which had a longitudinal and transverse
slope of 0.82% and 0.11%, respectively.

Land preparation was undertaken with two disc harrow
passes and a LandPlane pass. Irrigation was designed with
small-scale land leveling, and rice levees on a level curve that
was compacted with “taipa”. The demarcation of the
surrounding levees in the terrain was undertaken with laser
level (Laser Leica Rugby 830). Controls were directed to
broadleaf (Cucumis melo), cyperaceas (Cyperus rotundus),
and Echinochloa colona in post-early, and applications
focused on post-tardy.

The FEDEARROZ 2000 variety germination test reached
91 percent germination. According to Guzman [23], more
than 75% of rice growers use a seed density equal to or
greater than 120 kg of seed per hectare. According to Pulver
[24], and Carmona and Dotto [25], densities between 60 and
100 kg/ha produce stronger plants, achieve a population
between 150 and 250 plants/m?, and there is a possibility of
600 and 800 panicles/m? as well as high yields. Therefore,
the seeder was calibrated with a seed density of close to 105
kg/ha.

Seeding was undertaken with a SEMEATO PD 17 seeder
(17 lines x 17 cm) with a seed density of 104.5 + 3.3 kg of
seed/ha. Eq. 1 defined seeding speeds. The 6145J John Deere
tractor engine speed, B1 at 1400 revolutions per minute (rpm),

Table 1.

Soil characteristics

* SA C T RD AD TP pH OM
1 58.4 18 FA 273 23 166 6.8 112
2 59 12.4 FA 291 20 309 72 068
3 63 11.6 FA 241 20 225 65 0.89
4 49.0 13.0 F 2.2 19 186 7.3 0.89

* Sampling point. SA= Sand (%). C= Clay (%). T = Texture. RD = Real
Density (gr/icm®). AD = Apparent Density (gr/cm3). TP = Total Porosity (%).
OM = Organic matter (%).

Source: The authors

V1 6.98+0.24 Km/h B3 a 2100 rpm
V2 5.13+0.18 Km/h B2 a 1900 rpm

B1a 1400 rpm

V3 3.31+0.05Km/h

italGlobe

243 m 243 m

50m

7 5 3 5 7 3 3 5 7
Velocity (Km/h)

Figure 1. Location and plots characteristics of the Agricultural Center “La
Granja".
Source: The authors, Google Earth, and Paint.

B2 at 1900 rpm, and B3 at 2100 rpm corresponded to
speeds of 3.31 + 0.05 km/h, 5.13 £ 0.18 km/h and 6.98 + 0.24
km/h, respectively. The document will discuss 3, 5, and 7
km/h. The theoretical field capacity (TC) is the result of
multiplying the average speed (km/h) when working width of
the seeder (m) by a conversion factor equal to 0.1.

v=(te B G- /w-D)se @

Where "V" is the seeder speed (Km/h), L is the length of
the plot (50m), "t" is the time spent to traverse the plot (s),
"n" is time taken by each sowing speed (treatment), and £ is
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the mean time.

Rice had intermittent irrigation in the dry season from
May to October 2016, where the maximum solar radiation
coincided with the reproductive and maturation rice phases.
According to CORPOICA-NATAIMA weather station,
which is to 6.7 km from the plots, in these phases the average
solar radiation was 427.47 * 84.79 Cal/cm?-day. The
irrigation sheet applied was 921 mm, and the total
precipitation was 350 mm. The distribution of the monthly
precipitation is bimodal, and there are abundant rains from
March to May and from October to November. Ambient
temperature in the vegetative phase oscillates between 21 and
36 °C, and between 20 and 38°C in the reproductive phase.
FEDEARROZ-2000 tolerates daytime temperatures of
between 29 to 37 °C, and does not tolerate night temperatures
outside the range of between 21 to 25 °C [26]. Over a short
period (10 days) in the reproductive stage, plots had a limited
availability of water, which caused stress in the rice and has
the ability to reduce yield [27].

Pyricularia control were undertaken with three
applications of fungicide during the reproductive phase.
FEDEARROZ 2000 has high susceptibility to diseases in
relative humidity greater than 80%. The maximum relative
humidity during rice development was 83%. Insecticide
was not applied. Considering the chemical analysis of the
soil, the nutritional requirements of FEDEARROZ 2000
[28], and the result of the FEDEARROZ Rice Fertilization
System (SIFA; [29]), soil fertilizations were fractions with
160 kg-N/ha, 33 P,0s-kg/ha and 119 K,O-kg/ha. When the
average of the field readings with the chlorophyllometer
SPAD 502 were between 34 + 1 SPAD, nitrogen (NH.) was
applied. Field monitoring with Chlorophyllometer was
undertaken according to Garcés and Castilla [30]. During
floral primordium, the third fertilization was applied.

Variables measured in the vegetative, reproductive and
maturation phases allowed the researchers to evaluate the
incidence of mechanized sowing speed on rice development
and growth. In the vegetative phase, eighteen days after
sowing, and nine days after rice emergence (d. a. r. e), seed
depth (SD) in thirty seedlings per plot were randomly
selected and measured. Plant population per m? (P/m?) was
measured ten d. a. r. e with three replications per plot. Frame
(1 m?) was located at random.

The spacing between plants was determined ten d. a. r. e.,
and the distance between plants (Xi) was then measured
within a frame (1 m?) three replicates in each plot. The spaces
between the plants were analyzed by the classification
proposed by ISO 7256/1 [31], which determines the
percentage of spacing corresponding to normal, multiples,
and fault classes.

For a seed density of 104 kg/ha, there are 62 seeds per
linear meter; i.e. reference spacing (Xrr) of 1.6 cm. Normal
class (NC) had X; between 0.8 and 2.4 cm (0.5 Xer <X <1.5
Xrer), multiple class (MC) had X; less than 0.8 cm (X; <0.5 m.
Xref), and fail class (FCS) had X; greater than 2.4 cm. For the
analysis were calculated the coefficient of variation (CV) and
the precision index (PI) plant distribution (eq. 2 - 3).

o
CV =-=.100 2
< @

o

PI = —.100 3)

ref

Where o is the standard deviation of spacing between
seedlings (cm), and X is the mean of all plant spacing (cm).

Field sampling was undertaken at maximum tillering (30
d.a.r.e.), flowering (99 d. a. r. e.), and maturation (127 d. a.
r. e.). Each plot was divided into three parts, and in each of
the parts a W path was taken, extracting two or more plants
per point from the root. At a sampling point, roots grouped
some plants. The percentage of plants grouped by their roots
in each plot was determined (Plants grouped number/total
number of plants * 100). In thirty rice plants selected per plot
(70 plants in total) in the laboratory, plant length (PL), root
length (RL), tillers length (TL), plant weight (PW), root
weight (RW), and tillers weight (TW) were measured. Then,
dry plant weight (DW), the percentage of dry matter (DM;
eg. 4), and plant moisture (%P; eq. 5) were obtained. Drying
was carried out at 60 ° C in a Memmert oven.

DM (%) = %* 100 @)

PM (%) = 100 — %DM (5)

In the reproduction (99 d. a. r. e.) and maturation phases
(127 d. a. r. e.), three frames of 0.25 m? were randomly
located in each plot. During flowering and maturation, the
number of tillers (T/m?) and panicles per m? (PA/m?) were
calculated. During maturation, 25 panicles were randomly
collected within each plot. Filled grain per panicle (#G/PA:
Number of filled spikelets panicle™®), 1000 grain weight
(1000GW), percentage of sterile spikelet (% SS), length of
the panicle (PAL), and panicles weight per plant (PAW/P)
were then characterized.

Variance analysis of the information collected in the
statistical software “InfoStat” was performed, using the
Duncan test with a 5% significance to compare means.

Fuel, seed, and yield with respect to mechanized sowing
speed were then determined. The work team then estimated
fuel consumed with volumetric containers, recharge of the
tank after sowing the plot, and sowing area. The average fuel
consumption rate (FC (Gallons/ha)) was then obtained by
sowing speed. With six replications per plot, the percentage
of uncovered seed (% US) per unit area was calculated as the
average of the ratio between the number of seeds exposed in
1 m? and the seeds deposited in a 1 m? area by the seeder. In
three samples of 0.25 m? per plot, the paddy yield using a
manual grain harvest with 20.6% moisture was estimated.

3. Results and discussion

Table 2 presents the results from the variables measured
in the three rice phases based on sowing speed. Sowing plots
at 7 km/h allowed half the time required for planting with 3
km/h, and demanded 2.2 times more fuel than at a speed of 3
km/h.

The sowing speed of 5 km/h approached a seed depth for
which the seeder was calibrated (3 cm) although there are no
significant differences with the other speeds. Uncovered seed
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was less than 1% at all speeds used. The sowing speed of 7
km/h obtained the highest percentage of uncovered seed.
Sowing speed was proportional to the quantity of uncovered
seed, which is in agreement with Mahl et al. [7] for corn. The
plant population obtained in the plots was superior to the 150
plants/m? recommended by Pulver [24] in order to obtain
good yields. According to FEDEARROZ [32], the plots sown
at 5 and 7 km/h were in the range of 300 to 350 plants/m.
There were significant differences in spacing in terms of
multiples and faults classes. Seedlings in the plots sown at 7
km/h were closer to each other and had the highest percentage
of multiple and normal spacing (Table 2). Plants were quite
far apart (more than 2.4 cm) in the plots that were sown at 5
km/h. There were no differences in the normal spacing
percentages. The authors observed that the multiple class had
the lowest percentage spacing with a sowing speed of 3 km/h.
The variability in seed distribution, expressed by the
coefficient of variation (CV), was high for all three speeds.

In terms of the seed's longitudinal distribution, the optimum
result would be a percentage of normal spacing that is close
to 100%. However, both soil and machinery factors influence
the distribution of irregular plants [25]. The seeder delivers
seeds in a continuous flow.

In the three phases, the plots sown at 7 km/h had a higher
percentage of plants grouped by root (Figs. 2-3). Sowing at
high speeds does not evenly distribute the seed [2], which
favors nutrient, light, and water competition in nearby plants
and consequently affects production [33].

The weight of the plant presented statistically significant
differences in the vegetative and maturation phases; the
higher weight were sowing speed of 5 km/h. Therefore, the
percentage of dry matter and moisture content varies
throughout the different phases. The plots sown at 7 km/h had
the lowest percentage of moisture (Fig. 4). Water stress and
temperatures below 35 °C influence moisture content in the
reproductive phase. During this phase, plots sown at 3 km/h
had a higher moisture content (plots with lower plants
population). Temperatures may affect pollen formation, grain
fertility [34], and decrease potential yields by up to 50% [35].

Table 2.
Relationship of sowing speed with different variables
Sowing Vegetative phase - seedling
\Y TC FC FCS NC MC CcvVv
0, 2
(Km/h) (Harh) (Glha) 7o US SDem)  P/m (%) (%) (%) (%) Pl
3 0.96 2,55 0.86 3.14a 189b 25.63b 37.61a 36.76a 123.59 30
5 1.48 375 0.4 3.06a 331a 29.38a 34.90a 35720 120.83 29.4
7 2.02 5.62 0.17 3.17a 355a 12.11b 45.62a 42.27b 875 28.1
Vegetative phase - tillering Reproductive phase - flowering
Vv PL PW RL
DM (% PM (% PL(cm PW %DM %PM T/m? PA/m?
(Km/h) (cm) ) (%) (%) (cm) @ (cm)
3 27.30a 2.29b 19.37b 80.63a 91.77a 132.33a 27.14b 72.86a 20.78b 544a 299a
5 28.11a 3.09a 17.53b 82.47a 90.25a 133.00a 32.82a 67.18b 20.51b 637a 370a
7 27.83a  2.68ab 22.37a 77.63b 92.04a 112.44a 31.28a 68.72b 22.58a 736a 385a
F value 0.78 6 7.58 7.58 1.23 2.26 13.98 13.98 4.3 0.95 0.84
Pvalue 0458 00028 00006  0.006 02936 01065 <0001 02 oome7 04007 04500
Ccv 15.86 57.26 42.58 10.48 8.7 58.02 23.27 10.24 23.72 37.35 35.91
Maturation phase Yield components
Vv LP PW 1000GW PAL PAW/P Y
DM (% PM (% #G/PA PA/M? %SS
Kmh)  m) @ 06 PME0) © (cm) © (Ton/ha)
3 88.0la  70.09c 27.81c 72.19a 23.73a 19.72b 7.60b 93a 451a 22.40a 5.83a
5 83102 00 2081b 7019 23.77a 19780 1049 ga  497a  1970a  5.9%
7 89.59a 91.03b 31.97a 68.03c 23.47a 21.15a 11.66a 93a 405a 22.03a 4.37b
F value 1.39 10.55 10.97 10.97 0.01 131 8.4 0.86 2.14 0.08 8.76
P value 0.251 <(())'J(-)O <0.0001 <0.0001 0.9964 <0.0001 0.0003 0.4677 0.1468 0.9281 0.0166
Ccv 7.67 51.71 19.16 8.18 20.04 10 67.22 13.06 20.92 43.16 9.54

Means with the same letter are not significantly different from each other. Duncan (p<0.05). P value is the significance level

Source: The authors
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% plants grouped by their roots

3 5 7
Sowing speed (km/h)

m Vegetative phase - tillering

1 Reproductive phase - Flowering
Maturation phase

= = = Lineal (Vegetative phase - tillering)

= « = Lineal (Reproductive phase - Flowering)

--------- Lineal (Maturation phase)

Figure 3. Plants grouped in the root. a-b) Three and two plants in
competition; ¢) Plant with good development.

Figure 2. Percentage of grouping with respect to sowing speed and rice  Source: The authors

phase.
Source: The authors

85

No significant differences were found for plant length. .
However, after maximum tillers elongation, plants sown at 7 @ 80
km/h were the largest, both in the aerial part and in the root. §
There are significant differences in terms of root length. The o 5
plots sown at 5 km/h had the shortest root length. As 2
mentioned by Yoshida et al. [36], plants with the highest 55
tillering ability tend to have a shorter root system due to % 70
competition for the assimilation of supplements, which is
activated by the tillering process. Genetic factors, climatic 65
conditions and agronomic management determined plant 3 5
length [37]. Competing plants seek to grow by using light and Sowing speed (km/h)
water. Therefore, the competition between plants for light mm—Vegetative phase - tillering
and water identified in plots sown at 7 km/h may explain the — :f;':’r:;':::fa':*‘e " Flowering
additional growth. The plant resources that are invested in the sesssese Lineal (Vegetative phase - tillering)
further elongation of the internode (sink and future source) . Lineal (Reproductive phase - Flowering)

-+ Lineal (Maturation phase)

affect the growth of the panicle (sink). In the reproductive-
flowering phase, the number of tillers that did not produce Figure 4. Percentage of moisture in the rice plant for the three phases.
panicle was higher as the sowing speed increased (Fig. 5). Source: The authors

There were no significant differences in the number of
panicles per m?, filled grain per panicle, 1000-grain weight,
and percentage of sterile spikelet with respect to the sowing 800 -
speed. Fig. 6 shows a principal component analysis. The & Tillers/m2
number of panicles per m2, 1000-grain weight, and yield were W—ranicles/mZ———
higher for the 5 km/h sowing speed, followed by 3 km/h 890 e
(Figs. 7-8). The weight and length of the panicles per plant 500
was higher in the 7 km/h plots planted. 400

The results of the components yield were compared with the
work by Petro et al. ([38]; Zone benchmark, Figs. 7-8), where
R1 and R2 represent the FEDEARROZ 2000 sowing campaigns 200
in April and December 2013, respectively in Saldafia Tolima. 100

300

Between Saldafia and EI Espinal, there is a distance of 29.8 Km. 0

The minimum temperature (Tmin) varied less than 1°C in the 3 5 7
experiment (22.07 £1.14 °C) and R1, as well as for R1 Sowi d (km/h
(23.05+1.10 °C) and R2 (23.07+0.89 °C: Fig. 9). The solar owing speed (km/h)

radiation in R1 (446.09 +94.33 cal.cm-2.dia-1) and R2 (448.86  Figure 5. Tillers/m? vs. Panicles/m? for flowering rice.
+102.78 cal.cm-2.dia-1) were greater than the solar radiation  Source: The authors
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Figure 8. 1000-grain weight in experimental and reference plots
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Figure 9. Distribution of the minimum temperature during rice growth in
experimental and reference plots.
Source: The authors

in the experiment (424.5 + 83.66 Cal/cm?-day). The results
from plots sowing at 5 km/h are higher than the results of R2,
the average of R1 and R2 (R12: Fig. 7). Therefore, the yield
falls within the range of the yields in the area.

The mechanized sowing speed showed incidence in the
development, growth, and yield of irrigated rice. The results
manifested that the 7 km/h sowing speed is closely associated
with the percentage of uncovered seed and plant competition
(Figs. 2-7). If seeds have distribution problems when they are
sown, plants develop and grow in direct competition, which
limits their yield potential. This occurred in plots sown at 7
km/h, for which the yield decreased by 25 percent compared
to other plots (Fig. 8).

Rice yield was affected by competition between plants as
they formed during the three rice phases [39-40]. Plant
competition affected carbohydrate, nitrogen, and water
reserves in plants. In the vegetative phase, leaves and tillers
are the source of assimilates that are to be used for the growth
of the panicles and for the filling of the grain. Rice plants save
68 percent of the carbohydrates until flowering, and 26
percent invest in the grain filling. Thus, flowering reserves
can increase yields from one to two ton/ha [41]. The grain
weight is determined in the maturation phase, in which the
carbon and nitrogen balance of the entire plant are very
important [40]. Furthermore, the rice plant is very sensitive
to drought from the initiation stage of the panicle to the spike;
this can reduce yield and increase the sterility of the spikelet
[27].

Frizzell et al. [42] found that reducing seed density to an
optimal point is favorable for the yield. Reducing planting
density involves fewer seeds per linear meter in each line. If
the seeds are well calibrated and the seeder has an optimum
sowing speed, it is possible to increase the normal spaces
between plants and reduce direct competition. A high plant
population and distribution have an effect on the tillering. In
rice transplants (20cm by 20cm), one plant reaches 30 tillers
(750 tillers/m?), while at densities of 80-100kg/ha in
mechanized sowing, 2 or 3 tillers per plant are obtained (1000
tillers/m?: [40]). Frizzell et al. [42] also found that the change
in spacing between 6 in (15.2) and 10 in (25.4 cm) sowing
lines was not favorable for the yield. Therefore, optimum
distribution of the seed should be sought in each specific site
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with similar production potential in order to obtain the
highest yield. In “El Espinal”, Tolima, the 5.13 + 0.18 km/h
sowing speed achieved a greater yield, and it used resources
appropriate that were favorable for the profitability of the
crop. The previously mentioned sowing speed is close to the
5.1 km/h sowing speed that favored the wheat yield [14].

Furthermore, based on secondary information, it can be
affirmed that the wear rate of the tool increases with sowing
speed, which in turn affects costs. Operational factors that
affect the wear of tillage tools are the working speed, depth,
and type of soil [43]. In the experiment, work team
qualitatively identified that the tractor-seeder assembly
supports greater stresses in direct relation to the sowing speed
since rice levee act like speed bumps (or speed breakers)
during rice sowing. An increase in sowing speed affects
bearings, hoses, and discs (discs open slots for fertilizer and
seed placement). Archard and Hirst [44] developed a
relationship for sliding wear, where wear rate (W) is
proportional to applied normal load (F) and relative velocity
(v). A 0.5 m/s increase in working speed increases draft by
about one Newton for sandy soil [43]. This relationship was
modified to Graff, L. [44], equation 6, when the constant of
proportionality (k) and weighting constants (b and c) were
added.

W = kFbv¢ (6)

Experimentally, the researchers have demonstrated the
wear that tillage implements have on function of speed. For
a chisel plow, tools was founded that the increase in working
speed affects weight loss of the tool on equal soils (clay loam
and silty loam) [46]. The wear rate of rotary plow blades was
tested with 141, 177, and 251 rpm, which led to an average
mass losses of 0.67 g, 1.35 g, and 2.33 g, respectively [47].
Therefore, the discs wear rate increases with sowing speed,
which in turn affects costs.

4. Conclusions

This research provides an antecedent to the effects of the
increase in the mechanized sowing speed of rice.

The number of plants, plant weight in the three rice
phases, dry matter, moisture, and yield presented statistically
significant differences with respect to the sowing speed.
There is a proportional relationship between the sowing
speed and percentage of plants that are grouped in their roots
(direct competition between plants for nutrients, water, and
light), and number of non-productive tillers. The rate of fuel
consumed, the uncovered seed, and the work field capacity
all have a proportional relation to the sowing speed. The
optimal sowing speed for the proper development and growth
of the rice was 5 km/h, which better locates and distributes
the seed and leads to plants with a greater number of
panicles/m? and a better yield. In addition, a 5 km/h sowing
speed had an acceptable field capacity and consumption of
inputs.

The yield is the result of the interaction between various
factors relating to physiology, genetics, climate, and
management. A difference of 25 percent was found between
yields and sowing supplies; therefore, the way of sowing

seeds has an influence on the profitability of rice.
Acknowledgments

This project was partially funded by SENNOVA and
COLCIENCIAS. The authors would like to give special
thanks to Alvaro Montilla, Milton Alarcon, Marcolini
Serrano, Ricardo Cervera, Querubin Godoy, Daniel Bricefio,
Jose Eduardo Mora, Nilson Alfonso Ibarra (FEDEARROZ
EL Espinal), Marlon Stivel Cruz Ladino (Apprentice),
Alvaro Arley Castafio (CORPOICA-Nataima), and the
Technology in  Agrobiotechnology, Technology in
Agricultural Mechanization, and Technology in Agricultural
Production apprentices. The experiments necessary for the
development of this research were undertaken at "La Granja"
Agricultural Center, “Servicio Nacional de Aprendizaje
(SENA)” [National Apprenticeship Service], EI Espinal,
Tolima.

References

[1]  Chica,J., Tirado, Y.C.y Barreto, J.M., Indicadores de competitividad
del cultivo del arroz en Colombia y Estados Unidos. Revista de
Ciencias  Agricolas, 33(2), pp. 16-31, 2016. DOL:
10.22267/rcia.163302.49

[2]  Staggenborg, S.A., Taylor, R.K. and Maddux, L.D., Effect of planter
speed and seed firmers on corn stand establishment. Applied
Engineering in Agriculture, 20(5), pp. 573-580, 2004. DOI:
10.13031/2013.17457

[3] Nielsen, R.L., Planting speed effects on stand establishment and grain
yield of corn. Journal of Production Agriculture, 8(3), pp. 391-393,
1995. DOI: 10.2134/jpa1995.0391

[4]  Liu, W., Tollenaar, M., Stewart, G. and Deen, W., Impact of planter
type, planting speed, and tillage on stand uniformity and yield of corn.
Agronomy journal, 96(6), pp. 1668-1672, 2004. DOI:
10.2134/agronj2004.1668

[5] Bragachini, M., Méndez, A., Scaramuzza, F., Vélez, J. y Villarroel,
D., Impacto de la velocidad y la profundidad de siembra sobre
uniformidad en la emergencia y distribucion de plantas en maiz,
Congreso de valor agregado en origen, Cordoba, Argentina, 2012.
[online].  [Accessed:  April 14, 2015]. Available at:
http://inta.gob.ar/mwg-

[6] Mello, AJ.R., Furlani, C.E.A., Silva, R.P., Lopes, A. and Borsatto,
E.A., Produtividade de hibridos de milho em funcéo da velocidade de
semeadura. Eng. Agric., Jaboticabal, 27(2), pp.479-486, 2007. DOI:
10.1590/S0100-69162007000300017.

[71 Mahl, D., Desempenho operacional de semeadora em fungédo de
mecanismos de corte, velocidade e solos, no sistema plantio direto do
milho, PhD Dissertation, Universidade Estadual Paulista “Julio de
Mesquita Filho”, Brasil, 2006. [online]. [Accessed: January 14 of
2017]. Available at: http://hdl.handle.net/11449/101735

[8] Duarth, M., Tavares, C.A., Foralosso, A.A., Vigano, J.P., Primo,
M.A., Bitencourt, R., Ferreira, R. and de Lima, S., Andlise da
distribuicdo de sementes no rendimento da cultura do milho em
funcéo da velocidade de deslocamento da semeadora. Cascavel, 2(1),
pp.71-79, 2011.

[9] Trogello, E., Modolo, A.J., Scarsi, M., Silva, C.L., Adami, P.F. and

Dallacort, R., Manejos de cobertura vegetal e velocidades de operagado

em condicbes de semeadura e produtividade de milho. Revista

Brasileira de Engenharia Agricola e Ambiental, 17(7), pp. 796-802,

2013. DOI: 10.1590/51415-43662013000700015

Celik, I.A. and Ozturk, T.R., Effects of various planters on emergence

and seed distribution uniformity of sunflower. Way Applied

Engineering in Agriculture, 23(1), pp. 57-61, 2007. DOI:

10.13031/2013.22331

Tourn, M., Soza, E., Hidalgo, R. y Di Marco, R., Emergencia de soya

de segunda sobre trigo en siembra directa: Efecto de la velocidad de

avance. Agrotecnia, 11, pp. 30-36, 2003.

[10]

(11]

107


http://dx.doi.org/10.1061/(ASCE)0733-9429(1988)114:8(829)
http://dx.doi.org/10.1590/S0100-69162007000300017

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Gonzélez-Betancourt et al / Revista DYNA, 84(203), pp. 101-109, December, 2017.

Castela, M.A., Carvalho, T., Netto, Z., Marinho, E. and Soares, D.,
Influéncia da velocidade da semeadora na semeadura direta da soja.
Enciclopédia biosfera, Conhecer, [online]. 10(19), pp. 1199, 2014.
[Accessed: Avpril 21, 2015]. Available at:
http://www.conhecer.org.br/enciclop/2014b/AGRARIAS/influencia
%20da%20velocidade.pdf.

Soza, E., Agnes, D., Quiros, P. y Longinotti, M., Uniformidad de
implantacion de una sembradora experimental, desempefiandose a
tres velocidades de avance. Revista de la Facultad de Agronomia y
Ciencias Agroalimentarias, 4 (7), pp. 13-26, 2013.

Klein, V.A., Massing, J.P., Junior, 1.J.B., Marcolin, C.D. and Vieira,
M.L., Velocidade de semeadura de trigo sob sistema plantio direto.
Revista de Ciéncias Agroveterinarias, 7(2), pp.150-156, 2008.
El-Khateeb H. and Khodeir M., Relation between different sowing
methods and rice varieties on yield and water requirements. Farm
machinery and power. J. Ag. Eng., 26(3), pp. 1092-1103, 2009.
Blanco R.X. y Morales-Montafia, H., Siembra y establecimiento del
cultivo de arroz, en: Memorias del curso internacional sobre el manejo
del cultivo de arroz (ler, 2014, Ibagué, Colombia). [online].
[Accessed: January 21, 2015]. Available at: http:/flar.org/ii-curso-
internacional/memorias-curso-internacional/

Sociedade Sul-Brasileira de Arroz Irrigado SOSBAI. Recomendaces
Técnicas da Pesquisa para o Sul do Brasil (XXXI, 2016, Bento
Gongalves, Brasil). Reunido técnica da cultura do arroz irrigado.
Bento Gongalves, Brasil, agosto, 2016.

Pineda. D., Aplicacion de la tecnologia para manejo eficiente de agua
para riego. Arroz. 58(485), pp. 22-32, 2010.

Adhikari, K., Carre, F., Toth, G. and Montanarella, L., Site specific
land management: General concepts and applications. EUR, 23978,
pp. 1-60, 2009. DOI: 10.2788/32619

Castilla A., Morales F., Ramirez O. y Mayorga Z., Manejo
agronémico por ambiente rumbo a una agricultura de precision en el
cultivo de arroz. Arroz, 63(519), pp. 38-43, 2015.

Cérdoba, M.A., Herramientas estadisticas para el monitoreo y uso de
la variabilidad espacial del rendimiento y propiedades de suelo
intralote. Tesis de Doctorado. Universidad Nacional de Cérdoba,
Argentina, 2014.

Cérdoba, M., Bruno, C., Aguate, F., Tablada, M. y Balzarini, M.,
Andlisis de la variabilidad espacial en los lotes agricolas. Manual de
buenas préacticas agricolas. Ed. Balzarini M. Eudecor, Cérdoba,
Argentina, 2014

Guzman, P., AMTEC: 3 afios continuos. Crecimiento hacia la
competitividad arrocera. Arroz, 63, pp. 4-8, 2015.

Pulver, E.L., Manejo estratégico y produccion competitiva del arroz
con riego en América Latina. Produccion eco-eficiente del arroz en
América Latina, Ed. CIAT, 350 P., 2010.

Carmona, L. y Dotto, G., Programa de agronomia del FLAR, en
Memorias del curso internacional sobre el manejo del cultivo de arroz.
ler, 2014, lbagué, Colombia. [online]. [Accessed: January 21, 2015].
Available at: http://flar.org/ii-curso-internacional/memorias-curso-
internacional/

FEDEARROZ. Presentacion del proyecto AMTEC de la Federacién
Nacional de Arroceros de Colombia (FEDEARROZ), 2014. [online].
[Accessed: January 21, 2015]. Available at:
http://es.slideshare.net/cgiarclimate/fe-39197270

Chaudhary, R.C., Nanda, J.S. y Tran. D.V., Guia para identificar las
limitaciones de campo en la produccién de arroz. FAO, Roma, 2003.
Medina, R.J.H., Extraccién de nutrientes de la variedad Fedearroz
2000 bajo el ambiente de La Gloria, Cesar. Arroz, 61(504), pp. 4-12,
2013.

Castilla, L.y Florez, E., SIFA: Sistema de fertilizacién en el cultivo
de arroz a través de la web. Arroz, 62(509), pp. 4-15, 2014.

Garcés, G. y Castilla, L., Uso del clorofilometro (indice de verdor)
como estrategia en la fertilizacién nitrogenada en el cultivo. Arroz,
63(517), pp. 34-43, 2015.

International  Organization for Standardization-1SO. Sowing
equipment — Test Methods - Part 1: Precision drills for sowing in
lines. 7256/1, 1984.

Federacion Nacional de Arroceros (FEDEARROZ). Manejo
integrado del cultivo de arroz. Bogotd: PRODUMEDIQOS, 2004.
Elmore, R., How does planter speed affect plant spacing?. Published
by lowa State University, 2002. [online]. [Accessed: January 14,

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

2017].  Awvailable at:  http://crops.extension.iastate.edu/corn/
production/management/planting/planter.html

Rang, Z.W., Jagadish, S.V.K., Zhou, Q.M., Craufurd, P.Q. and Heuer,
S., Effect of high temperature and water stress on pollen germination
and spikelet fertility in rice. Environmental and Experimental Botany,
70(1), pp. 58-65, 2011. DOI: 10.1016/j.envexpbot.2010.08.009
Jagadish, S.V.K., Murty, M.V.R. and Quick, W.P., Rice responses to
rising temperatures—challenges, perspectives and future directions.
Plant, Cell & Environment, 38(9), pp. 1686-1698, 2015. DOI:
10.1111/pce.12430

Yoshida, S. and Hasegawa, S., The rice root system: Its development
and function. Drought resistance in crops with emphasis on rice.
International Rice Research Institute, Manila. Philippines, 1982.
Cavichioli, F.A., Velocidade de semeadura e profundidade da haste
em sistema plantio direto de milho e soja. PhD Dissertation,
Universidade Estadual Paulista, Brasil, 2014.

Petro-Paez, E.E., Cuasquer, J.B., Garces, G. y Rebolledo, M.C.,
Identificacion de las caracteristicas morfoldgicas relacionadas con la
estabilidad del rendimiento de arroz en dos regiones de Colombia, en
la Conferéncia Internacional do Arroz para América Latina e Caribe
XIl, febrero 23-26, 2015, Porto Alegre, RS, Brasil. [online].
[Accessed: January 14, 2017]. Available at: http://ciat-
library.ciat.cgiar.org/Articulos_Ciat/biblioteca

Riveros, G. and Rodriguez, N., Produccion eco-eficiente del arroz en
América Latina, La fisiologia de la planta y la productividad del
cultivo. Ed. CIAT, 2014, pp. 100-113.

Rebolledo, C., Morfologia y crecimiento del arroz, fisiologia del
rendimiento, cambio climatico y modelos de simulacion, en
Memorias del curso internacional sobre el manejo del cultivo de arroz.
ler, 2014, Ibagué, Colombia. [online]. [Accessed: January 21, 2015].
Available at: http://flar.org/ii-curso-internacional/memorias-curso-
internacional/

Cock, J.H. and Yoshida, S., Accumulation of 14 C-labelled
carbohydrate before flowering and its subsequent redistribution and
respiration in the rice plant. Japanese Journal of Crop Science, 41(2),
pp. 226-234, 1972. DOI: 10.1626/jcs.41.226

Frizzell, D.L., Wilson Jr, C.E., Norman, R.J., Slaton, N.A., Richards,
A.L., Hill, J.L. and Runsick, S.K., Influence of row spacing and
seeding rate on rice grain yield. BR Wells Rice Research Studies,
AAES Research Series 550, pp. 270-275, 2006.

Srivastava, A.K, Goering, C.E., Rohrbach, R.P. and Buckmaster,
D.R., Soil tillage. In Engineering Principles of Agricultural Machines,
2nd Ed. ed. P. McCann, 2006, pp. 169-229.

Archard, J.F. and Hirst, W., The wear of metals under unlubricated
conditions. Proceedings of the Royal Society of London. Series A,
Mathematical and Physical Sciences. 236(1206), pp. 397-410, 1956.
Graff, L., Discrete element method simulation of wear due to soil-tool
interaction, Doctoral dissertation, University of Saskatchewan.
Saskatoon, Canada, 2010.

Gonzéalez-Sanchez, H.A., Desarrollo de un modelo para
determinacion de abrasividad de suelos con caracteristicas vérticas,
Doctoral dissertation, Universidad Nacional de Colombia, Sede
Medellin, Colombia, 2012.

Pérez, W., Gonzélez, H. y Toro, A., Desgaste abrasivo de cuchillas de
arado rotativo en un suelo franco arenoso. DYNA, 77(162), pp. 105-
114, 2010.

M. Gonzalez-Betancourt, was awarded his BSc. in Agricultural Eng.
jointly from the Universidad Nacional de Colombia (Palmira campus) and
the Universidad del Valle, Cali, Colombia in 2008. He received his PhD in
Engineering with an emphasis on Hydraulic Resources in 2014 from the
Universidad Nacional de Colombia, Medellin, Colombia. Between 2008 and
2010, he worked at the Hydraulics Laboratory at the Universidad del Valle.
Since 2009 he has been associated with the Posgrado en Aprovechamiento
de Recursos Hidraulicos research group (Postgraduate program in the use of
Hydraulic Resources) at the Universidad Nacional de Colombia. From 2014
to 2017, he has worked as a Colombia-based researcher subject to the terms

of the

joint agreement between the Organizacion de Estados

Iberoamericanos (Organization of lbero-American States), the Servicio

Nacional

108

de Aprendizaje (National Apprenticeship Service) and


http://flar.org/ii-curso-internacional/memorias-curso-internacional/
http://flar.org/ii-curso-internacional/memorias-curso-internacional/
http://es.slideshare.net/cgiarclimate/fe-39197270%20pp.12
http://ciat-library.ciat.cgiar.org/Articulos_Ciat/biblioteca
http://ciat-library.ciat.cgiar.org/Articulos_Ciat/biblioteca
http://flar.org/ii-curso-internacional/memorias-curso-internacional/
http://flar.org/ii-curso-internacional/memorias-curso-internacional/

Gonzélez-Betancourt et al / Revista DYNA, 84(203), pp. 101-109, December, 2017.

COLCIENCIAS (Administrative Department of Science, Technology and
Innovation). Currently, he is a Faculty in Tecnologico de Antioquia.
ORCID: 0000-0001-5485-8043

A.M. Alonso-Fernandez, was awarded her BSc. in Biology from the
Universidad del Tolima, Ibague, Colombia in 2008. She received her MSc.
in Management and Conservation of Tropical Forests and Biodiversity in
2013 from the Centro Agronémico Tropical de Investigacion y Ensefianza
(CATIE), Turrialba, Costa Rica. From 2007 to 2009 she was a student-
researcher in the Human Identification and Immunogenetics, research group
at the Universidad Nacional de Colombia, Bogota, Colombia. Between 2010
and 2011, she worked at the Genetics laboratory at the Universidad del
Tolima. In 2013 she worked as a consultant at the German Corporation for
International Cooperation for Ecuador. From 2014 to date she has worked as
a researcher at the Servicio Nacional de Aprendizaje (SENA) and has an
association with the SENAGROTIC research group.

ORCID: 0000-0001-9430-8775

Z.L. Mayorga-Ruiz, was awarded her BSc. in Agronomic Engineering from
the Universidad del Tolima, Ibague, Colombia. Between 2014 and 2016, she
worked at FEDEARROZ (National Rice Growers Federation) as technical
assistant in Ibague, Colombia. Since 2016, she has worked as a researcher at
the Servicio Nacional de Aprendizaje (SENA) and has an association with
the SENAGROTIC research group.

ORCID: 0000-0003-0403-0082

SEDE MEDELLIN
FACULTAD DE MINAS

Area Curricular de Medio Ambiente
Oferta de Posgrados

Especializacion en Aprovechamiento de
Recursos Hidréulicos
Especializacion en Gestion Ambiental
Maestria en Ingenieria Recursos Hidraulicos
Maestria en Medio Ambiente y Desarrollo
Doctorado en Ingenieria - Recursos Hidraulicos
Doctorado Interinstitucional en Ciencias del Mar

Mayor informacion:

E-mail: acma_med@unal.edu.co
Teléfono: (57-4) 425 5105

109




