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ABSTRACT

Lettuce (Lactuca sativa L.) is one of the most popular and economically
critically leafy vegetable crops in the world. Nevertheless, the existing studies
offered information limited on the Azospirillum brasilense e ects in this
research system makes it necessary to verify the best method of inoculation for
these bacteria. Currently, a variety of techniques for producing Lettuce have
been investigated, including soilless aeroponic, hydroponic, and deep-water
culture systems. Therefore, this study aimed to verify the beneficial e ects of
inoculation methods of A. brasilense on plant growth and nutrition of two
lettuce cultivars grown in the hydroponic system. The study was conducted in
a greenhouse with 30% shading at Vietnam National University of Forestry —
Dong Nai campus, Trang Bom district, Dong Nai province. A randomized
block design with three replicates in a 4 x 2 factorial scheme was used. Four
A. brasilense inoculation methods (non-inoculated, foliar application, nutrient
solution, and nutrient solution + foliar application) and two lettuce cultivars
were evaluated. All inoculation methods improved plant height, shoot fresh
and dry mass, fresh leaf yield, and accumulation of potassium, calcium,
phosphorus, iron, manganese, and copper. Inoculation via nutrient solution +
foliar application of A. brasilense is the most suitable for hydroponic lettuce
GR-607 cultivation because it provides greater fresh leaf yield. All inoculation
methods increased leaf yield in hydroponic lettuce.

TOM TAT

Xa ldch la loai rau an ld trong phé bién trong hé thong thiy canh trén thé gioi.
Tuy nhién, rdt it thong tin vé anh hwong cia lodi vi khudn Azospirillum
brasilense téi sinh truong, ndng sudt ciia giong rau xa lach trong trong hé
théng nay. Do dé, muc dich cia nghién ciru ndy la nham xdac dinh nhitng dnh
huong c6 loi ciia phwong phdp xir 1y vi khudn A. brasilense t6i sinh trudng va
tich iy dinh dwdng cdy xa lach trong trong hé thong thiyy canh. Nghién cieu
nay thuwe hién trong diéu kién nha mang véi 70% dnh sdng tw nhién tai huyén
Trang Bom, tinh Pong Nai. Thi nghiém dwoc thiét ké theo khoi ngau nhién, 3
lan lap lai, 2 yéu té. Bon phwong phdp xir Iy gom: Khéng xir Iy, xir Iy bang
phuwong phap phun swong, xir ly thong qua hoa vao dung dich dinh dudng va
két hop giita phun swong va hoa vao dung dich dinh duéng. Hai giong xa lach
duoc sw dung cho thi nghiém nay. Két qua cho thdy tat ca phwong phap xir Iy
déu cai thién chiéu cao cay, trong lwong twoi va kho, nang suat ld, su tich liy
cdc chdt dinh dwéng nhw dam, lan, kali, canxi, magie, dong va sdt. Phiong
phdp xir Iy két hop gitta phun swong va hoa vao dung dich dinh duong cho két
qud 1ot nhat véi giong xa lach GR-607 trong trong hé thong thity canh.
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1. INTRODUCTION

Lettuce (Lactuca sativa L.) is one of the most
economically important leafy vegetable crops in
the world. In terms of nutrition, the value of
lettuce is determined by those properties that are
recognized as health-improving due to the high
content of vitamin C, polyphenols, and fiber [1]
. Iceberg lettuce is a minimally processed
vegetable that is increasingly in demand for
consumption in restaurants and fast foods [2]. It
has also been recognized as an important
functional food due to its high contents of
vitamins, minerals, and biologically active
compounds, such as photosynthetic pigments
and phenols [3]. Its cultivation in a hydroponic
system has obtained more attention for healthy
and quality production in a short duration [4],
using a nutrient solution and protected
environments to promote nutrient use efficiency
for greater plant growth, nutrient accumulation,
and even yield [5]. The higher concentration of
nutrients (electrical conductivity) and time of
exposure to the nutrient solution can increase
water use efficiency, yield, and precocity of
hydroponic lettuce [6].

The interaction of soil-plant-microorganisms
is an alternative strategy that could contribute to
soil-plant health and productivity [7]. The
PGPBs (Plant Growth Promoting Bacteria) has
the ability to fight for colonization site in above
and below soil parts of several crops and
synthesis of phytohormones [8-10].

Among the diazotrophic bacteria, we can
mention the most important
Arthrobacter,
Burkholderia, Clostridium, Gluconacetobacter,
Herbaspirillum, Pseudomonas, and
Azospirillum [11, 12]. The use of 4. brasilense
is an emerging technology to improve nutrient
acquisition in vegetable plants. Inoculation with
A. brasilense promotes plant growth by
increasing the production of plant hormones, in
addition to performing biological nitrogen
fixation [13].

groups

Azobacter, Bacillus,

Therefore, the current study aimed to verify
the benefcial e ects of inoculation methods on
plant growth and nutrition of A. brasilense on
Lettuce in a hydroponic system at Vietnam
National University of Forestry — Southern
Campus.

2. RESEARCH METHODOLOGY
2.1. Plantlet production and growth
conditions

The Yellow 1611 and GR-607 Lettuce
varieties used in this study are strong growing
plants, highly uniform, resistant to pests and
diseases, have bright yellow green leaves, and
have good quality. The seedlings were produced
in phenolic foam for 15 days and then
transplanted into permanent benches of the NTF
(Nutrient Film Technique) system, where they
remained for 31 days until harvest.

2.2. Experiment conditions

The experiment on hydroponic Lettuce with
nutrient film technique (NFT) cultivation was
conducted between June 18 and July 19, 2022,
conducted under a protected environment
with 30% shading in the greenhouse (with 4m
in height) at the Vietnam National University of
Forestry — Southern Campus. This is an
ecological zone of tropical forest, with mean
annual rainfall of 202 mm and relative humidity
of 82% (Statistical yearbook of Dong Nai
province, 2022). The area has a dry season from
November to April and a rainy season from May
to October. Mean annual temperature is 27°C,
with the highest temperatures occurring toward
the end of April.

The experimental units in the NFT system
were installed on individual benches six meters
long and 10% slope. The cultivation channels
were made of PVC with a rectangular
section of 8 cm wide and 4 cm high and upper
perforations to accommodate plants at every 25
cm. Each bench consisted of six cultivation
channels apart 20 cm with an individual
pumping system and reservoir of 310 L with a

ow rate of 1 L min™! and continuous ow.
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Figure 1. Experimental design

The nutrient solution, composed of
concentrated Hidrogood Fert fertilizers, was
used at a dose of 0.666 g L' indicated for all
stages of crop development, with the following
nutrient concentrations (w/v): 10% N, 9% P,
28% K, 4.3% S, 3.3% Mg, 0.06% B, 0.01% Cu,
0.05% Mn, 0.07% Mo, and 0.02% Zn. Calcium
nitrate (15.5% of N and 26.5% of Ca) at 0.495
g L' was used. Also, Hidrogood Fert Ferro
EDDHA (6% Fe) was used at 0.020 g L.
Measurement and correction of conductivity
and pH were performed daily in the morning.
On this occasion, the EC was readjusted to the
value determined for each cultivation bench
with the replacement of fertilizers if necessary.
The pH was kept between 5.5 and 6.5;
phosphoric acid was used when the pH was
above 6.5, and sodium hydroxide when the pH
was below 5.5.

2.3. Experiment design

The experimental design was randomized
blocks in a 4 x 2 factorial scheme with three
replications. The experimental unit was
represented by eight plants. The first factor
comprised A. brasilense inoculation methods: (1)
leaf inoculation (LI) at a dose of 300 mL ha™! of
inoculant and a spray volume of 250 L ha™! (a
backpack sprayer was used for the
applications); (2) inoculation via nutrient
solution (NSI) at a dose of 0.1 mL L, (3)
inoculation via nutrient solution + leaf
inoculation (NSI+LI); (4) noninoculation (NI).

The second factor comprised two lettuce
cultivars: Yellow 1611 and GR-607
2.4. Measurement of plant
characteristics and seed tuber yield

The harvest was conducted 31 days after
transplanting. Fresh matter and length of shoot
were evaluated. Eight plants were placed on a
table, and the shoot was separated; then the
length of the shoot was measured, followed by
weighing each part, obtaining the fresh matter.
Leaves per plant were counted manually. Then,
the material was sent for drying in an air-forced
circulation oven at 60°C for 72 hours to obtain the
dry matter of shoot, and total dry matter. Fresh
leaf yield was calculated based on Eq. 1 [14].

LY =LFM x PP

growth

where,

LY - fresh leaf yield (kg m™);

LFM - leaf fresh matter (kg plant™);

And PP - plant population (plant m™).

After drying, weighing, and grinding plant
materials in a Wiley-type mill, the contents of
N, P, K, Ca, Mg, Cu, and Fe in the Lettuce shoot
were determined according to the methodology
of Malavolta ef al. (1997). The accumulation of
nutrients in the shoot and root of plants was
estimated based on Eq. 2.

NA =DM x NC

where,

NA - nutrient accumulation (g m™ or mg m?);

DM - dry matter (kg m);

and NC - nutrient content (g kg! or mg kg™).
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2.5. Data analysis

Data was analysed by analysis of variance
(ANOVA), followed by the Ducan test using
SAS software 9.1. Treatment differences were
regarded as significant at p<0.05 or p<0.01.

3. RESULTS AND DISCUSSION
3.1. Nutrient accumulation

Experimental results showed that there was
an increase in the accumulation of nitrogen (N)
in the shoot of Lettuce plants; values were
higher than in non-inoculated plants in all A.
brasilense inoculation methods (Table 1).

The research results show that the higher N
accumulation in the shoot of the GR-607
cultivar than the Yellow 1611 cultivar was
observed in all inoculation methods. The
combination of foliar inoculation with
inoculation via nutrient solution provided the
highest N accumulation in the shoot of Lettuce.
In all inoculation methods, there was higher N
accumulation in the root of the GR-607 cultivar
than in the Yellow 1611 cultivar. The increase
in N accumulation in GR-607 and Yellow 1611
cultivar with the A. brasilense inoculation via
foliar and nutrient solution may occur due to the
increase in the efficiency of absorption and use
of fertilizers, as well as the occurrence of
biological N fixation. The A. brasilense used in
the study has similar nif and fix genes that
confer their ability to fix atmospheric nitrogen
[13], which in symbiosis with plants increase
the available nitrogen for plants to absorb and
use in addition to reducing nitrogen fertilization
costs [15].

Recent studies illustrated that growth-
promoting and diazotrophic bacteria have
improved N acquisition by plants through
biological N fixation and by increasing root hair
growth through physiological changes in plants
that have increased the production of plant
growth hormones such as indole-3-acetic acid,
cytokinins, gibberellins and ethylene, which
could influence the ability of plant roots to
penetrate into the soil for greater water and
nutrient absorption [16].

The accumulation of P, K, Ca, Mg, Cu, and

Fe in the shoot was significantly influenced by
the interaction between the leafy vegetable
species and A. brasilense inoculation methods
(p £0.05) (Table 1).

There was a higher accumulation of
phosphorus (P), potassium (K), calcium (Ca),
and magnesium (Mg) in the shoots of GR-607
and Yellow 1611 cultivars under all inoculation
methods than in non-inoculation. A higher
accumulation of P in the NSI and NSI+LI in the
GR-607 cultivar than in the Yellow 1611
cultivar was found (Yellow 1611: 2.1 and 3.8 g
m2; GR-607: 4.0 and 4.5 g m). There was a
higher accumulation of K in all inoculation
methods in the GR-607 cultivar than in the
Yellow 1611 cultivar. It was verified higher
accumulation of Ca in the Yellow 1611 cultivar
than in the GR-607 cultivar under foliar
inoculation. However, there was a greater
accumulation of Ca in the GR-607 cultivar than
in the Yellow 1611 cultivar with NSI and
NSI+LI. A greater accumulation of Mg in the
shoot of the GR-607 cultivar was observed
concerning the Yellow 1611 under NSI and
NSI+LI. There was no di erence in the
accumulation of Mg for the LI between the
cultivars.

The results from the current study showed
that A. brasilense inoculation also increased P
and protein concentration in tomato seedling
shoots [17]. A. brasilense treatment sprayed on
leaves and seeds of wheat plants improved plant
nutrition, increasing the ability to absorb and
metabolize Ca and Mg and thus increasing the
concentration of these nutrients in shoots [18].
A. brasilense is a bacterial species that has the
ability to bring about greater efficiency in
fertilizer use, improve plant nutrition and thus
improve photosynthetic function. The rate of
CO;, accumulation in photosynthesis depends
on adequate K and Mg nutrients, increasing
intracellular CO2 concentration and
photosynthetic activity of leaves [19]. All A.
brasilense inoculation methods provided
greater accumulation of copper (Cu) and iron
(Fe) in the shoot of two Lettuce cultivars. The
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highest accumulation of Cu was observed in the
shoot of the lettuce at the LI method.
Furthermore, the highest accumulation of Fe in

the shoot of the lettuce was observed in all
treatments.

Table 1. Effect of innoculation method and Lettuce cultivar on nutrient accumulation

in the shoot of Lettuce
Parameter Cultivar Inoculation method
NI LI NSI NSI+LI
Yellow 1611 8.0 9.0 8.5 11.2
(gljn_z) GR-607 10.3 11.0 18.0 19.5
CV% = 6.5; P<0.05
p Yellow 1611 1.8 2.4 2.1 3.8
(g m?) GR-607 2.0 2.2 4.0 4.5
CV% =1.9; P<0.05
K Yellow 1611 13.0 19.3 14.2 19.5
(@m?) GR-607 13.2 26.2 27.3 39.0
CV%-=9.15; P<0.05
Ca Yellow 1611 3.7 5.7 4.5 5.2
(g m?) GR-607 32 4.6 5.1 6.3
CV%-=12.4; P<0.05
Yellow 1611 1.1 1.7 1.4 1.8
(gl\ffz) GR-607 1.3 1.7 1.6 2.2
CV%=8.0; P<0.05
Cu Yellow 1611 5.2 10.8 6.2 6.3
(mg m?) GR-607 3.1 8.0 3.8 3.7
CV%=38.9; P<0.05
Fe Yellow 1611 15,0 28.0 40.8 41.2
5 GR-607 20,8 343 41.0 60.0
(mg m™)

CV%-=8.7; P<0.05

3.2. Yield components and yield

There was a significant interaction between
Lettuce cultivars and A. brasilense inoculation
methods on shoot fresh matter, shoot dry matter,
shoot length, number of leaves, and fresh leaf
yield (p < 0.05) (Table 2).

The highest shoot length, number of leaves,
shoot fresh matter and fresh leaf yield were
observed in the GR-607 cultivar concerning
Yellow 1611 in all treatments (Table 2). On the
other
hand, shoot dry matter was higher in Yellow
1611 than GR-607 in all treatments. All
inoculation methods provided a higher number
of leaves, shoot fresh matter, shoot dry matter,
and fresh leaf yield of lettuce cultivars than non
inoculation treatment. The number of leaves,
shoot dry and fresh matter, and fresh leaf yield

were higher when inoculated with 4. brasilense
via foliar and nutrient solution alone and
together for two lettuce cultivars. The shoot
length of the GR-607 cultivar was greater under
any inoculation method compared to the NI, but
only the NSI + LI provided a higher shoot
length than all other treatments. Inoculation of
A. brasilense via foliar inoculation in lettuce
hydroponic increases leaf chlorophyll index
[14]; it results in higher photosynthetic
efficiency and favors greater plant growth and
matter accumulation in plant tissues [20],
significantly affecting the height growth, leaves
growth, leaves area growth, the average number
of tubers plant! and potato seed minituber yield
[21], as observed in arugula hydroponic under
foliar inoculation with A. brasilense [22]. The
balance between the plant and A. brasilense
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contributes to better plant growth and
development since plant-associated microbial
communities play a signifcant role in plant

growth, plant nutrition, and the carbon and/or
nitrogen cycles [23].

Table 2. Effect of innoculation method and lettuce cultivar on growth and yield of Lettuce

Inoculation method

Parameter Cultivar

NI LI NSI NSIHLI
Shoot lonath Yellow 1611 22.0 225 232 22.8
O?Cnf)ngt GR-607 413 452 43.0 46.3
CV% = 5.7 P<0.05
Leaf ot Yellow 1611 12.0 12.5 13.0 12.9
cat number GR-607 13.4 15.8 15.6 16.0
(Number per plant)
CV% = 6.3; P<0.05
Shoot froch matrer_YEUOW 1611 83.0 845 86.0 85.6
oot Iresh matter GR-607 823 90.5 91.2 93.0
(g per plant)
CV%=5.9; P<0.05
Shoot drv matt Yellow 1611 95 12.3 11.3 12.4
(°° errylz’;‘t)er GR-607 85 9.1 98 10.9
gperp CV%-=5.9: P<0.05
Viold frosh mattey_YeUOW 1611 1.8 1.9 2.0 23
1ei¢ TTESh TMATer ™ GR607 2.1 2.7 28 3.1
(kg m™)

CV%=5.7; P<0.05

Overall, the study focused on the effect of
innoculation method and lettuce cultivar on
nutrient accumulation in the shoot, growth and
yield of Lettuce in a controlled greenhouse. The
results have determined that all 4. brasilense
inoculation techniques in lettuce increased
shoot growth, as well as in crop yield, in shoot
accumulation of N, P, K, S, Ca, Mg, Fe, and Cu.
However, inoculation via nutrient solution is
easier than the foliar application, allowing labor
allocation to other services within the farms.

4. CONCLUSIONS

The results of this study revealed all
inoculation methods of A. brasilense are
indicated for the hydroponic lettuce crop.
Inoculation via foliar + nutrient solution is the
most suitable for the hydroponic GR-607
cultivar to increase the fresh leaves yield of the
plants. Inoculation with 4. brasilense increases
the growth, yield, and nutrient accumulation of
lettuce.

These findings will be the basis for building
a Lettuce cultivation process in hydroponic
systems, enhancing nutrient accumulation and

absorption, minimizing chemical inputs, and
approaching circular agriculture.
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