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Abstract

Development of precision agriculture for vegetable and aquatic plant

production in greenhouse with increasing fertilizer use efficiency

The research project has two parts including, development of vegetable
production system in greenhouse with increasing fertilizer use efficiency (part 1) and
development of aquatic plant production system in greenhouse with increasing fertilizer
use efficiency (part 2). The experiment in part 1 was conducted in greenhouse at
farmer's farm in Nakorn Ratchasima province and part 2 was conducted in greenhouse at
the faculty of Agricultural Technology, King Mongut's Institute of Technology Ladkrabang,
Bangkok. According to the research at Nakorn Ratchasima and Bangkok, both aim to
utilize the fertilizer and water in term of nutrient solution that recycles in each
hydroponic system by reuse for growing plants in the other system in sequential. Base
on the appropriate and precision management, rarely nutrient solution is waste because
it is utilized and making productivity without loss, moreover this research supports the

environmental friendly agriculture by least waste drain out.

Part 1: This study consists of two procedures, the 1" procedure is studied on the

production system that supports the efficiency use of water and fertilizer with precision
management, growth parameters and nutrient utilization in each growing system will be
considered and compared between using ordinary nutrient solution and used nutrient
solution, then the data will be applied to the 2 procedure for developing the growing
system that utilized the used nutrient solution in sequential and testing the integrated
system for practical management.

By the 1™ procedure the results show that used nutrient solution of lettuce
grown in nutrient film technique (NFT) that regularly drained out could be totally reused
for growing Chinese Kale in dynamic root floating technique (DRFT). Because Chinese
Kale needs the higher concentration of nutrient solution than lettuce (Chinese kale: EC~
3.0-3.5 mS/cm, lettuce EC~1.6-1.8 mS/cm), the management of used nutrient solution
(UNS) from lettuce for growing Chinese kale was basically done by refilled the UNS with
fertilizer stock solution to increase the concentration of UNS suitable for Chinese kale.
Using UNS for Chinese kale grown in NFT was not significantly in growth compared with
using new nutrient solution (NNS) that newly prepared (control) and could save water
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and fertilizer consumption up to 80-100% and 60%, respectively. The UNS of Chinese
kale grown in DRFT was re-collected after harvesting the plant and tried to grow melon
in substrate culture. Since, UNS continuously used twice for lettuce and Chinese kale
production, the concentration of UNS rather high (EC~4-6 mS/cm), therefore this UNS
needed to be diluted then recharged before using. Base on the analytical data of
essential elements remaining in the UNS, the solution must be 5 folds diluted with tap
water (1:5) and recharged by refilled with the modified- fertilizer stock solution, which
calculated relied on the remaining of essential elements and compensate for melon
requirement by NutriCal software, to EC 2.5 mS/cm. According to precision calculated and
management, the growth and production of melon was not significantly difference
compared with using NNS, beside around 20% of water and 30% of fertilizer by weight
could be saved from this study. The last sequent using UNS, the nutrient solution around
5-10% that drained out from substrate grown melon was stored and applied to the field
that grown sweet red-corn. It was found that the growth and yield similarly to that grown
by conventional planting, which ordinary watering and fertilizing, but using UNS neither
addition water nor fertilizer was needed. In this category, water and fertilizer absolutely
used and returned benefit to plant productivity without loss.

Testing of the " procedure on the integrated growing system for vegetable
production using sequential nutrient solution in continuously confirmed that the feasible
systems should begin from low concentration of nutrient solution, thus the UNS from
the first system could be additional refilled with fertilizer stock solution to increase the
concentration adequate for growing plant in the following system. In practicable the UNS
from NFT grown lettuce that generally drained out every 2 weeks (EC=1.8 mS/cm) still
useful and could be reused for growing Chinese kale that need high EC level (3-5
mS/cm) by manual refill of fertilizer stock solution. Consequently, the nutrient solution
of lettuce in solution tank was continuously feed to substrate culture grown melon by
either automatic watering time clock or moisture sensor. This UNS was also automatically
mixed with modified-fertilizer stock solution by Dosatrons, the fertilizer injection device,
before applied to melon. Although melons were grown by UNS, they received the water
and fertilizer exactly to their requirement because the modified-fertilizer stock solution
was already calculated base on the remaining minerals in the UNS and compensate to
the normal level of requirement that mention earlier. Lastly UNS storage from DRFT

grown Chinese kale and that drained out from substrate grown melon was final used for
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field grown sweet red-corn. This category showed the precision management for
increasing fertilizer use efficiency relied on plant yield and the practical application for

farmer farm.

Part 2: This study proposes the idea for aquatic plant production in sequencing

system with absolutely used of nutrient solution without additional fertilizing. Thus it
aims to cultivate without waste nutrient and least drain out to the environment. Because
of no additional fertilizing is a concept of this study, it should begin with high
concentration of nutrient solution at first and find out the suitable plant and growing
system that can used the rest of nutrient from the former system. There are 4
experiments in this study; 1) the study on mineral content of used nutrient solution
grown high feeding aquatic plant 2) testing on the growing system and type of aquatic
plants suitable for production using 1" round waste nutrient from Amazon type
cultivation 3) study on submerge hydroponics growing system suitable for using "
round waste nutrient solution 4) study on using 3 round waste nutrient solution to
reform leaf of aquatic plant from terrestrial type to submerge type. According to these
experiments, the nearly zero waste production system with increasing fertilizer use
efficiency will be proposed.

In this study, high feeding aquatic plant such as Amazon type (Echinodorus spp.)
was grown in deep flow technique (DFT), it utilized the nutrient solution from the
beginning that EC level around 2.0 mS/cm to 1.6 mS/cm at the end of planting. Then
UNS from the 1" experiment was collected to reuse for growing Anubias sp. and
Cryptocoryne sp. in the " experiment by DFT and sand culture. The results found that
using the UNS by replacing every 2 weeks along the cultivation was not affected on the
growth of both aquatic plants; in addition no more cost of fertilizer was needed for this
production. The UNS from 2" experiment was stored and used for growing Barclaya
longifolia and Vallisneria spiralis in the 3" experiment. In this experiment, the UNS that
already used twice was replaced to the ordinary nutrient at 1 month after used. The
system employed in this experiment were 2 types of submerge hydroponic systems, the
conventional one and newly developed. The results showed that using 2" round UNS
for cultivated those aquatic plants could be possible and growing by newly developed
system also returned income quickly due to much amount of plant production. At the
end of experiment, the UNS from submerged growing system was stored, hence it was

reused twice (used 3 times) without fertilizer refilled, the EC level reduced to 1.4 mS/cm.
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Finally the UNS was lastly reused in the experiment 4 as a media conditioner to do
nursery of Rotala rotundifolia, Hygrophila polysperma and Lobelia cardinalis for
reforming leaf shape. The final using of UNS could make a value added of aquatic plant
and also retreated the nutrient solution before drain out. From this study nutrient
solution was repeated utilize resulted in decreasing EC level from 2.0 to 1.6, 1.4 and 0.4
mS/cm at the beginning to 1" round, 2" round and 3" round of reused, respectively.
Not only benefit for aquatic plant production was found but be friendly to the

environment as well.
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