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In the last decade, climate changes decreased precipitation and increased soil temperature. Global
warming increased fire frequency and severity in orchards bushfires. Mangoes are trees that drop leaves
once they have dried creating an ideal environment for rapid soil fire spreading. As wildfire eradication
schemes at farm level are a priority in our country, a sprinkler irrigation system was installed in an
experimental orchard. Water management produced more fruit and established grass within the trees
canopy. Automated valves were designed to water the orchard by using buried PVC pipes. The motorized
butterfly valve was opened by a starting pulse letting the water flow and was closed after receiving
another pulse when the irrigation period was over. Several valves worked together to provide the water
required for one hectare being the energy provided by a lithium ion battery charged with a micro turbine.
Optimum energy management during valve opening and closure can only be performed under minimum
friction. Wireless transmission turns off the pump to optimize this process. The sprinkler irrigation kept
moisture within the soil providing a wildfire protection system.
Keywords: Mango orchard; Wildfire eradication; Motorized butterfly valve; Smartphone application;
Wireless transmission

Introduction

						

In recent decades, the climate has been observed to change and these changes have led
to shifts in precipitation regimes and to temperatures fluctuations [1]. Changes in micro and
macro climates lead to droughts and ﬂoods, and to changes in seasonal weather patterns [2].
These are affecting agricultural systems and livelihoods in several regions around the world
where poverty is widespread [3-5]. From the experience of banana farmers, banana grows
at temperatures between 10 and 40 °C. Above 40 °C, the crop needs more irrigation, leaves
dry and trees fruit less having a direct impact on productivity [6]. Farmers have realized that
oranges ﬂower and ripen earlier, which has a negative impact on productivity and taste [7].
Farmers used to rely on traditional forecasting, by observing how nature behaves on local
trees, insects and movement of winds. For example, if the mango tree produces many fruits,
it means that there is going to be drought that same year [8]. Improved technologies for tree
plantation development, and reforestation, together with improvement of protection from
fires, insects and diseases should be implemented [9]. Global warming is likely to increase fire
frequency and severity [10,11].

The number of days above 35 °C is expected to increase by 20% in Western Australia by
2030 showing rainfall decline, intense droughts, and bush fires [12]. The maximum daily Forest
Fire Danger Index (FFDI) and Grassland Fire Danger Index (GFDI) are used to monitor fire
risk, schedule prescribed burning and declare Total Fire Ban days [13]. Soil moisture, drought
and fire danger indicators for present conditions are derived daily for fire risk assessments
[13]. Establishment of wildfire eradication schemes at national/farm levels are required to
reduce farming communities’ disasters [11]. In circumstances where agricultural burning is
absolutely necessary, best burning management practices should be followed [14]. The burn
heat in pasture lands and orchards depends on the amount of dry pasture plant material and
wind speed. Where plant material is sparse, cool to moderate burns occur. Pasture recovery
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after a bush fire is affected, to a major degree, by the heat of the fire
[15]. Bushfires result in heavy smoke damage and growers suffer
million losses from fires in adjoining national parks [13].

Mango trees have a very well spread, deep, and extensive root
system. The young and non-bearing orchards require light and
frequent irrigation to boost fast and vigorous growth of plants and
are usually irrigated at weekly interval, meanwhile the bearing
orchards are irrigated at regular intervals from 10 to 15 days [16].
Proper water management require of modern systems such as drip
[16-19], bubbler [19-21] and sprinkler [22-25] irrigation methods.
These systems are considered the most important practical and
efficient for mango irrigation water application compared to
traditional irrigation practices.
Mango orchards are prone to drop dry leaves providing excellent
dry matter as soil and tree nutrient if properly managed. If the soil is
very dry, the dry matter will not disintegrate becoming an excellent
material to start a bush fire. This research was done to create an
automated sprinkler system to irrigate one hundred mango trees
planted in one hectare. The watering periods are programmed with
a smartphone and a microcontroller acts as a timer to turn-on and
off energy efficient motorized butterfly valves. The grass growing
beneath the trees eradicates any bush fire possibility.

Materials and Methods

Experimental plantation and sprinkler installation
The study was conducted at the Loma Bonita, Guerrero, Mexico
(17°28’48”N, 101°11’19”W) from February to July 2018. In the
mango orchard there are 605 mango trees: 355 of varieties Kent
and 255 of variety Haden grown on clay loam soil that was analyzed
before and after irrigation. Trees had canopy radius between 4
to 5.5m and each tree was irrigated by four drippers (Figure 1a)
installed at a distance of about 0.5 to 0.6m from the trunk. Moisture
was observed within a radius of 2-3m and decreased towards the
outer sides of the tree canopy. Eighteen small rotating mini sprinkler
spray water kits (ISS576) were added per hectare [24], having each
an area coverage of 576m2. Each kit has four laterals spaced 6m and
with 4 sprinklers each (Figure 1a). Distance between kits is of 6m
so that all the surface is watered.
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The irrigation system used a Grundfos SPA10 pump powered
by a 1.5kW motor and discharging 2 liters per second [26]. As the
orchard is on a hilly mound, the flow required by kit was of 300lph
so all the kits could irrigate simultaneously. One and a half hour
of sprinkling provides the 112 liters that each 20-year old tree
requires for 115% of crop water requirement [24]. In order to
protect the pump, half of the water was applied daily from 7:00 to
8:30am and the rest from 9:00 to 10:30am. This operation was used
to test the operation of the butterfly valve.

Valve design and operation

A 2.54cm diameter butterfly valve (Figure 1b) was coupled
to a 3.2cm long gear motor (model GM25-375, Jiechuangsen
Technology Co., Ltd., China). The gear motor provided a speed and
torque of 24 RPM and 10kg cm, respectively. Ten 6-volt pulses of
150 milliseconds were supplied from a lithium-ion pack consisting
of two ICR18650 battery through a MOSFET transistor (IRF540,
Vishay, India) using a load current of 90mA. The 7.4V battery pack
provided 2200mAh, so the valve opened and closed 12 times. Each
of the two valves are connected at one end of the T connection and
a plastic turbine is placed at the entrance (Figure 1b). The turbine
that is an inverted fan has 7 blades and rotates freely when the
pumped water circulates through the pipeline; a voltage of 9V is
produced when the water flows at 2lps. This voltage is connected
through a charger to the battery pack and will maintain it ready for
use. A smartphone programs the NANO Arduino microcontroller
using a Bluetooth connector if the sprinkling periods have to be
modified.

Programming

Every day each valve is turned-on once and it is closed after
the sprinkler watering period of 90 minutes is over (Figure 2). The
routine carried out by the microcontroller starts by stopping the
pump and turning by 90° the first valve so that it lets the water
flow. In this moment, valve-2 should be closed. The pump is started
through a wireless system that activates remotely the starting
solenoid relay and remains working for 90 minutes. Once the pump
stops, valve-1 closes and valve-2 turns-on (Figure 2). The system
is ready to sprinkle again, and the pump is started remotely for 90
minutes.

Figure 1: One third-hectare orchard diagram with
(a) Irrigation kits,
(b) Valve block diagram and with lateral valve
output view.
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Figure 2: Flow diagram of sprinkler control with
two valves.
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Result and Discussion

Conclusion

A warming climate could well increase growth rates, pollen
viability and fruit set in mango orchards [12]. However, temperatures
above 45 °C will affect fruit development, particularly induction,
size and number of flowers. Growing areas will experience risks of
abnormal flowering and may cause poor fruit to set with reduced
quality and yield [27].

The sprinkler system used as floor management worked well as
a wildfire eradication schemes in mango orchards. The automated
valve was programmed via smartphone and a 1.5HP water pump
could be used for 4 hectares. The lithium batteries charged by the
turbine allows to have the necessary energy to open and close the
automated valves. Current saving was approached by using valves
without friction.

It is necessary to compare the different water management
techniques. Drip irrigation systems does not cover the entire
canopy hence plant remains stressed [16]. Plant growth of mango
trees irrigated without controlled watering methods was similar to,
but signs of leaf wilting stress were observed under drip irrigated
trees [16]. Micro-sprinkling irrigation [18] has the advantage that
it can effectively reduce water consumption, increase yields and
agronomic water use efficiency. Growers using drip irrigation
are changing to micro-sprinkler due to ease of field management
and reduced need for water filtration and treatment when using
sprinklers [23]. The results of our experience shows the vulnerability
of the orchard under scarce irrigation (Figure 3a) as soil becomes
very dry but after sprinkler irrigation (Figure 3b) the soil becomes
moist. The valve designed operated well and the current required
to open it with water circulating was of 170mA which was reduced
to 120mA without hydraulic charge. It was further reduced with the
pulsed power supply applied to the gear motor. With the turbine
working daily, the battery was always charged.
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