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SCREENING STUDY ON THE FORMULATION OF NUTRIENT SOLUTION
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The article presents the data of screening studies of the optimal composition of the nutrient medium for the hydroponic
cultivation of green lettuce leaves in rooms with piece light. With the rapid development of soilless cultivation and artificial
light plant lighting technology, the greenhouse and the plant factory with artificial light (PFAL) have become the main produc-
tion base of vegetables and played an important role in agricultural production. An PFAL is a completely closed agricultural
production mode that relies on artificial light, does not need soil and is not affected by climate. It can be built in urban centers,
underground, deserts, ruins, and even the universe and space, so as to realize annual uninterrupted, large-scale, industri-
alized and clean vegetable production and ensure high-quality and sufficient market supply in four seasons. It may become
the mainstream mode of productive urban agriculture in the future.

In order to screen the nutrient solution formula suitable for the large-scale hydroponic culture mode of green leaf lettuce
in PFALs, the effects of different water-soluble fertilizer nutrient solutions on its growth were studied through hydroponic
cultivation experiments. Arnon and Hoagland general formula were selected as treatment group 1 (T1), leaf vegetable A for-
mula from the Agrochemical Laboratory of South China Agricultural University as treatment group Il (T2), Yamazaki formula
(lettuce) as treatment group Il (T3), Japanese Garden test general formula as treatment group 1V (T4), and the commer-
cial water-soluble leaf vegetable fertilizer produced by Henan Xinlianxin enterprise as experimental control group (CK).
The experimental results showed that in terms of fresh mass of stems and leaves, fresh mass of roots, root to crown ratio,
plant height, stem thickness and number of leaves, both T2 and T4 could be used and followed by T3 for hydroponic green
leafy lettuce in PFALs. T3 was the best formula in terms of appearance. This paper provides a reference to large-scale
hydroponic production of green leaf lettuce in greenhouses and PFALSs.
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DOl https://doi.org/10.32845/agrobio.2022.2.2

Introduction. Hydroponics is a soilless culture (Sambo
etal., 2019; Son et al., 2021; Fussy et al., 2022), which has
developed rapidly in recent years, is widely used in plant
greenhouses (Khan, 2018; Koukounaras, 2020) and plant
factories with artificial light (PFALs). Its cultivation meth-
ods do not use soil or substrate to grow plants directly in
a nutrient solution (Wild, 1985; Peyvast et al., 2010; Khater
et al., 2021). Hydroponics has many advantages such as
short growth cycle, high yield, good quality, fewer pests
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and diseases, water and fertilizer saving, and automatic
management (Hyunjin et al., 2021), but without soil buffer
and microorganisms, the selection of nutrient solution for-
mulation becomes very important for crop growth and devel-
opment (Kilinc et al., 2007; Lele et al., 2020; Lu et al.,
2022). In production, the formulation of nutrient solutions for
hydroponic leafy vegetables is closely related to the water
source and water quality (Vandam et al., 2017; Jakobsen
et al., 2020). It can be said that the water source and water
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quality determine the nutrient solution formulation (Schwarz
et al., 2005; Dias et al., 2018; Elisa et al., 2020). Accord-
ing to the characteristics of water quality, selecting the best
nutrient solution formulation to achieve high yield and quality
of leafy vegetables is an urgent problem in leafy vegetable
hydroponic production.

Lettuce, also known as leaf lettuce, is a one- to two-
year-old herb in the Asteraceae family that is crisp, tender
and refreshing, and can be eaten raw (Martinez-Sanchez et
al., 2012), and is an indispensable leafy vegetable in peo-
ple’s daily lives (Sirsat et al., 2018). Green leaf lettuce is
very suitable for hydroponic lettuce varieties in PFALs, with
characteristics such as resistance to seedling, resistance
to dry heartburn, resistance to mildew and frost disease,
and firmness at the base of the leaf bulb, etc. (Saengtharatip
et al., 2018; Lee et al., 2019) It has a bright green appear-
ance like an open green rose. Therefore, it has ornamental,
edible, and commercial values at the same time.

This paper aims to screen the most suitable nutrient
solution formula for hydroponic Lettuce in the greenhouse
and the PFAL. According to the local water quality and arti-
ficial light layer frame hydroponic culture model in Henan
Province, the effects of different water-soluble fertilizer
nutrient solutions on the growth of Hydroponic Lettuce were
studied with green leafy lettuce varieties as experimental
materials and the existing common nutrient solution formu-
las of leafy lettuce.

Materials and methods. Experiment site and over-
view. The experiment was conducted from July 2021 to
March 2022 in the PFAL Laboratory of the Henan Institute
of Science and Technology. The laboratory is located on
the campus of Henan Institute of Science and Technology,
Xinxiang City, Henan Province, and is built on the first floor
of a comprehensive teaching building with a building area
of about 200m? and a floor height of about 3.3 m. The lab-
oratory equipment includes air conditioner, dehumidifier,
water and fertilizer integrated irrigation system, intelligent
LED plant lighting system, fresh air system, intelligent envi-
ronmental monitoring system, water purification and treat-
ment equipment, nutrient solution disinfection and recycling
equipment, CO2 automatic control equipment, ultraviolet
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disinfection lamp, wireless Internet of things system, front
integrated control system, etc. These devices or systems
are mainly used for the regulation of the environment, illumi-
nation, fertilization, and irrigation required for plant growth.
During the light period, the ambient temperature of the grow-
ing room is maintained at around 23°C and the CO, concen-
tration at 800 ml/l. During the absence of light, the ambient
temperature of the growing room is maintained at around
18°C and the CO, concentration at 500 ml/l. The humidity
in the growing room is maintained at around 70%. The light
time is set at 14 hours.

Experiment materials. The trial was conducted using
hydroponics. Two three-tier cultivation racks were used.
The top of each tier is equipped with LED lights adjustable
by red-blue-white colors. The light quality, light intensity
and light period of each tier can be adjusted individually.
Each layer of the cultivation rack consists of a cultivation
tank, a fixing plate, a reservoir, a circulating and filling pump,
with automatic circulation of the nutrient solution on a sin-
gle layer. Each cultivation tank is 120 cm long, 80 cm wide
and 8 cm high with a capacity of 46 liters, allowing up to
96 leafy greens to be hydroponically grown in one layer
at a time. Each treatment was planted with 48 green leafy
lettuces and replicated three times, random arrangement.
The seedling age of green leaf lettuce was 3 leaves. The
hydroponic experiment of green leaf lettuce in PFAL labora-
tory is shown in Fig. 1.

Nutrient formulation and management. In the experi-
ment, Arnon and Hoagland general formula (Arnon), Hua-
nong a formula (Hunong A), Yamazaki formula (Yamazaki)
and Japanese garden experiment general formula (GE)
(Petropoulos et al., 2018), which are most conducive to
leaf vegetable cultivation, were used, and compared with
the water-soluble chemical fertilizer produced by commercial
enterprises. The general formula was used for the proportion
of microelements (Laland et al., 1955), and the commercial
water-soluble leaf vegetable fertilizer produced by Henan
Xinlianxin enterprise was used as the control. The formula
details are shown in Table 1. The water used for nutrient
solution preparation is purified water treated by reverse
osmosis purification equipment, with a pH of 7.1 to 7.3, no

Fig. 1. The hydroponic experiment of green leaf lettuce in PFAL laboratory
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fluoride, arsenic, selenium, copper, lead, cadmium, or zinc
detected in the water, chloride < 0.25mg-L"" in the water,
and an EC value of 0.25 to 0.4mS-m=. The nutrient solution
is intelligently prepared by water and fertilizer integrated irri-
gation equipment, and is fed by an oxygen pump to maintain
Dissolved Oxygen (DO) DO = 10mg/L, the EC value is

setat 1.8 ~2.mS-m™* 2 and the pH value is set at 6.0-6.9.
The nutrient solution is changed every 7 days.

Determination items and methods. After 35D (Days)
planting, the number of green leaf lettuce leaves was counted
manually, root length, maximum leaf length and maximum leaf
width were measured using a straightedge, and the fresh weight
of individual green leaf lettuce and the fresh weight of the roots
were weighed by an electronic scale. For data processing
and analysis, Excel 2021 and SPSS 20.0 were used.

Results. Effect of different nutrient solution formulations
on leaf growth of green leaf lettuce. As can be seen from
Table 2, after 35D planting, the number of leaves was more
in T1 and T4, with no significant difference between them,
but the T4 treatment was significantly higher than the other
formulations and the controls. The maximum leaf length
was longer in T3 and the control, with no significant differ-
ence between them, but the T3 treatment was significantly
higher than the other formulations. The maximum leaf width
was wider in control and T3, with no significant difference
between them, but the control treatment was significantly
higher than the other formulations.

Effect of different nutrient solution formulations on root
growth of green leaf lettuce. As can be seen from Table 1,
after 35D planting, T2 was significantly higherthan T3 and T3
was significantly higher than the other treatments in terms
of maximum root length. The root weight of control and T2
was the largest with no significant difference between them,
but significantly higher than the other formulations.

Effect of different nutrient solution formulations on fresh
weight of green leaf lettuce. As can be seen from Table 1,
after 35D planting, the largest fresh weights were T4, con-
trol and T2 with no significant difference between the three
treatments, significantly higher than T1 and T3, while formu-
lation T1 fresh weight was significantly lower than T3.

Discussion. The production of vegetables using
the hydroponic model requires the screening of optimal
nutrient solution formulations for vegetable growth (Miller et
al., 2020). In this experiment, under the hydroponic mode
and management method of PFALs, comparing the four
nutrient liquid formulations with the commercial leafy vege-
table nutrient liquid fertiliser, the fresh weight of lettuce was
significantly higher in the T2 and T4 than the other formu-
lations, but not significantly different from the commercial
nutrient liquid fertiliser. The next best formula was the T3,
with a slightly lower fresh weight than the above three
formulations. Therefore, in terms of yield factors, the T2
and T4 can be used for hydroponic leafy lettuce in PFALs,
and the T3 is the second best. The maximum leaf length
and maximum leaf width are one of the most important fac-

Table 1

Specific formula of nutrient solution

macro-elements (mg/L)

formula -
A solution

B solution micro-elements (mg/L)

Calcium nitrate tetrahydrate 945
Potassium nitrate 506
Ammonium nitrate 80

Arnon and Hoagland (T1)

Potassium dihydrogen
phosphate 136
Magnesium sulfate 493
Iron salt solution 2.5

Formula A of Leafy Vegetables
in Agricultural Chemistry Room
of South China Agricultural
University (T2)

Calcium nitrate tetrahydrate 472
potassium nitrate 267
ammonium nitrate 53

Potassium dihydrogen
phosphate 100
potassium sulfate 116
magnesium sulfate
heptahydrate 264

Disodium EDTA 30
boric acid 2.8
Manganese sulfate 2.2

Japanese Yamazaki (lettuce) | Calcium nitrate tetrahydrate 472
(T3) potassium nitrate 267

zinc sulfate 0.22
copper sulphate 0.08

Ammonium dihydrogen nitrate
7 ammonium molybdate 0.02

magnesium sulfate

heptahydrate 246
Ammonium dihydrogen nitrate
Japanese Garden general Calcium nitrate tetrahydrate 945 153
formula (T4) potassium nitrate 809 magnesium sulfate
heptahydrate 493
Table 2
Indexes of green leaf lettuce with different nutrient solutions at harvest
Experimental group | Leaf number | leaf length /cm | leaf width /cm | root length /cm | Root weight/g | Fresh weight /g
T1 29ab 18.6d 12.3b 24.6¢ 6.2b 106.7¢
T2 27¢ 19.5¢ 13.7b 32.7a 8.6a 137.3ab
T3 27¢ 21.6a 13.8ab 27.9b 6.7b 128.8b
T4 30a 20.1bc 13.6b 23.5¢c 6.3b 139.6a
CK 28bc 21.3ab 14.3a 23.6¢ 8.9a 138.1ab

Note: No identical lowercase letters after the data in the same column indicate significant differences between groups (P<0.05).
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tors in measuring the appearance and quality of green leaf
lettuce. T3 has better maximum leaf length and width than
other experience group. Because hydroponic green leaf let-
tuce is mostly sold by individual plants, T3 is the best from
the perspective of ornamental quality factors.

Zhang (Zhang, 2005) used 1/4 concentration of Hoglan-
Anon formulation, Yamamoto Yamazaki lettuce formulation
and South China Agricultural University leafy lettuce formula-
tion to test growing 2 to 17 leaf age American fast-growing let-
tuce. The results showed that 1/4 concentration of the Hoglan-
Anon formulation had the best yield. Li (Li et al., 2019) used
the Japanese garden test formula and the Hoagland for-
mula to grow ltalian lettuce tolerant to drawl, and the results
showed that the Japanese garden test formula was supe-
rior to the Hoagland formula in terms of yield, plant height
and leaf width. Ding (Ding et al., 2012) compared Hogeland,
Japanese Garden test, Japanese Yamazaki and South China
Agricultural University leaf lettuce formulations for planting
Italian lettuce under 8 leaves old, and the results showed that
the South China Agricultural University leaf lettuce formula-
tion produced the highest yield.

Soilless vegetable cultivation is a complex reaction sys-
tem. Environmental factors, cultivation methods and nutrient
supply are the main factors affecting soilless cultivation (Bal-
liu et al., 2021). In hydroponic management, nutrient solu-

tion temperature, dissolved oxygen, pH and EC values are
all key factors in root growth and nutrient absorption, and all
these influencing factors need further in-depth study (Suy-
antohadi et al., 2010). Therefore, in planting and production,
suitable nutrient solution formulations should be screened
according to vegetable variety, fertility period, cultivation
pattern, water quality and other factors.

Conclusions. Through experimental research, it can
be concluded that in terms of fresh mass of stem and leaf,
fresh mass of root, ratio of root to crown, plant height, stem
diameter and number of leaves, both the Japanese Gar-
den Trial General and the A formula from the Agrochemical
Laboratory of South China Agricultural University could be
used for hydroponics of green leafy lettuce in artificial light
factory, followed by the Japanese Yamazaki formula; from
the appearance, the Yamazaki formula is the best formula.
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Yxao Mindpy, npoghecop, I[Hcmumym Hayku i mexHiku XeHaHb, M. XeHaHb, KHP

CKpuHiHz2o8i docnioxeHHs1 cknady MOXUeHO20 PO3YUHY OJsi 2i0PONOHHO20 8UPOLULYEaHHSI 3€/1eH020 JlUcms
canamy e menuusix 3i wmyyHum ceimmiom

Y cmammi HagedeHO 0aHi CKpuHiHa08UX O0CIOXEHb OMMUMasbHO20 CKnady NOXUBHO20 PO3YUHY Onsi 2iOpONOHHO20
8UPOLYy8aHHS 3e/1eH020 fiuCms canamy 8 NPUMILLEHHSIX 3 Wmy4YHUM ceimom. 3aedsiku WeudKoMy po3gumKy mexHonoai
6e3rpyHmMo8020 8UPOLLY8aHHS i 8rMposadXeHHAM WMYYHO20 OC8IMIeHHS POCAUH mennuyi i ghabpuku Mo eupowiy8aHHo
POCNUH 3i wmy4HUM ocgimneHHaM (PFAL) cmarnu ocHo8HOH 8UpobHUYOIo 623010 8UPOLWY8aHHS 0804i8 i 8idiepanu cymmesy
porib Y CinbCbKo20Cro0apcbkoMy 8upobHuumsi. PFAL — ue nosHicmio 3akpumull PexuM CinbCbKo20CrnodapcbKo2o
8UPOGHUUMEa, sIKut 6asyembCsi Ha Wmy4yHOMY 0C8ImIieHHi, He mompebye rpyHmy ma He nid0aembCsi 81Uy KiiMamuyHuUX
¢bakmopis. Mo2o moxHa b6ydysamu 8 MiCbKUX UeHmpax, nid 3emnero, y nycmersx, Ha nycmupsx i Haeimb y ececeimi
ma kocmoci, w06 peanizyeamu wiopiyHe besnepebiliHe, macwimabHe, MPOMUCII08e Ma eKOI02iYHO Yyucme 8upobHULME0
08oyig ma 3abesnedumu sikicHe U AocmamHe nocmadyaHHs iX Ha PUHOK yrpodoex ycix nepiodig poky. Y malibymHboMy ue
MOXe cmamu OCHOBHUM criocobom MpodyKmueHO20 MiCbKO20 CiflbCbK020 2ocriodapcmea.

LlJo6 nidibpamu onmumanbHul cknad noxueHo20 cepedosuiya, Kull 6u mie 8idrnosidamu sumozam WupoKomacuimabHo20
2I0pONOHHO20 8UPOULYBaHHS 3e/1EH020 fiucms carmamy 8 PFAL, sugdumu 8r11ug pi3HUX MOXUHUX 8000PO3YUHHUX PO34UHI8
0obpus Ha 36inbuweHHs 020 8UPobHUYmMea byro nposedeHo G0CIOKEHHS 8 yMoBax 2i0pOMoHHO20 8UPOLYY8aHHS.

3azanbHa popmyna posduHie ApHoHa i XoyenaHda byna essima dnsi 06pobku y akocmi epynu | (T1), hopmyna posduHy
0ns nucmosux 08o4ie A 3 azpoximiyHoi nabopamopii FOxHo-KumaticbKo20 Cinbcbko20crnodapchbko2o yHisepcumemy byna
obpaHa 8 sikocmi epynu Il (T2), chopmyna posyuHy Sima3aku (camam) 6yna obpaHa & sikocmi epynu Ill (T3), sinoHcbKa

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty 15

Cepis «ArpoHomist i Gionorisi», Bunyck 2 (48), 2022



3aeanbHa hopmyna 06pobku cady e skocmi epynu IV (T4) i komepuitiHe 8000p034UHHE yO0OPEeHHSs 07151 IUCMOBUX 08048
supobHuumea nionpuemcms XeHaHs Xinlianxin e skocmi ekcriepumeHmarnsHoi KoHmporbsHoi epynu (CK).

Pesynbmamu 0ocnidxeHb Moka3anu, fpu 8upow,ysaHHi 2i0pOrnoHHUX POCUH 3eneHonucmozo camdamy 6 PFAL 3a
roKasHUKaMu Ceixoi Macu cmeber i IUCMKI8, C8KOi Macu KOPEeH!, CriegiOHOWeHHSI Mid3eMHOI ma Had3eMHOI YacmuH
POCIIUH, 8UCOMU POCIIUH, MOBWUHU cmebia ma KinbKocmi fucmkie binbw ehekmueHUM € 8UKOPUCMAaHHS MOXUBHUX
cepedosux T2 i T4, dewjo meHwa ecpekmusHicmp byna y T3. Cnid 3a3Ha4umu, Wo Ha eapiaHmi i3 3acmocy8aHHAM hopMyriu
T3 pocnuHu canamy manu Kpaujuti 308HilWHIU 8u2na0 y NOPIGHSIHHI i3 iHWUMU 8apiaHmy 00CTIOKEHHSI.

Knroyoei cnoea: 6e3rpyHmose 8UpoLLy8aHHs, MEenIuys, IPOMUCIIO8E 8UPOLLYBaHHS CillbCbK020Cn00apChKUX Kybmyp,
¢babpuka i3 308HiwHiM ocgimneHHam (PFAL), 3eneHe nucms canamy.
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