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Abstract

This study determined the effect of three nutrient concentration level and inoculation of PGPR, AMF and consortium
PGPR+AMF on plant growth, yield, and nutrient uptake in hydroponic romaine lettuce. Data were recorded for changes in
plant growth, yield, nutrient uptake, and dynamics of microorganism population. The results showed that three level nutrient
concentration with inoculation of AMF and/or consortium PGPR+AMF greatly changed the leaf anatomical traits, linked to
increasing leaf thickness and leaf area that was positively correlated with increasing of plant fresh biomass. Three level
nutrient concentration with inoculation of AMF and/or consortium PGPR+AMF also increased root colonization, and macro-
nutrient uptake, but decreasing population of rhizospheric bacterial. That phenomenon was also has positively correlated with
increasing of plant fresh biomass. In crux, the result of this study showed that nutrient concentration with EC 0.9-1.8 dS m™
combined with inoculation of AMF and/or consortium PGPR+AMF may be recommended for production or cultivation of
romaine lettuce, particularly using hydroponic substrate culture systems. Though with the consequence that reducing 50%
nutrient concentration from EC value 1.8 to 0.9 dS m™ take 14 days more to achieve minimum harvest fresh weight. © 2019

Friends Science Publishers
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Introduction

Increasing plant production may be done through efficient
and environmentally-friendly cultivation techniques. The
technique of cultivation by hydroponics is one of the
alternative intensified efforts that may be implemented in
order to increase quality and quantity of plant products as
well as efficiency in the use of land, water, and nutrients
(Barbosa et al., 2015; Pamungkas and Yuliando, 2015).
Hydroponics is a soilless plant cultivation technique that
in principle supplies a solution of nutrients to plants
according to their needs in a regular manner (Susila and
Koerniawati, 2004).

Management of plant nutrition becomes the key factor
in the success of cultivation by hydroponics. The action
taken as part of this management is the regulation of nutrient
concentration. The right nutrient concentration will increase
the effectiveness and efficiency of nutrient absorption by
plants. In addition to the regulation of nutrient
concentration, inoculation of nutritive agents such as
Arbuscular Mycorrhizal Fungi (AMF) and Plant Growth
Promoting Rhizobacteria (PGPR) become an alternative
solution to increase efficiency of nutrient usage as well as

absorption of nutrients by plants. Inoculation of AMF and
PGPR is beneficial for the growth and developments of
plants. The positive effects of PGPR inoculation include the
provision and mobilization or facilitation of the absorption
of various nutrients in soil, synthesis and changing in
concentration of various growth-inducing phytohormones.
Application of PGPR also suppress of pathogenic activity
by the production of various compounds or metabolites such
as antibiotics and siderophores (Nadeem et al., 2014,
Katiyar et al., 2016; Hossain et al., 2017). Meanwhile, the
positive effects of AMF inoculation include production of
phytohormones and secondary metabolic products such as
vitamins, amino acids etc. In addition, AMF also increased
solubilization of minerals, increased absorption of macro
and micro-essential nutrients, increased water absorption
efficiency, thereby increasing resistance to environmental
stresses such as drought, salinity and contamination by
heavy metals; production of osmolytes; and improvement of
soil structure (Nadeem et al., 2017).

The aims of introducing or inoculating biological
agents into hydroponic cultivation (soilless culture) are to
increase plant resistance toward biotic and abiotic threats, as
well as to increase the absorption of macro- or micro-
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nutrients that affect plant growth and yields (Alsanius and
Gertsson, 2004; Alsanius et al., 2004; Deniel et al., 2006).
The aims of this research are to study the effects of nutrition
solution concentration and inoculation of biological agents
(AMF and PGPR) on a hydroponic substrate culture on
plant growth and vyields, and the absorption of primary
macro-nutrients (N, P and K) of romaine lettuce plants
(Lactuca sativa L. var. longifolia).

Materials and Methods
Experimental Location

The research was conducted at the Greenhouse
Agrotechnopark of Brawijaya University, Jatikerto Village,
Kromengan Sub-District, Malang Regency, at a height of
321 m above sea level with average yearly temperatures of
23.9°C, monthly rainfall of 133.75 mm, and relative
humidity of 81.67%. The research took place from May to
June of 2017. The romaine lettuce (Lactuca sativa L. var.
longifolia) seedlings used for the research were of Tiberius
variety. The seedlings were dispersed on rockwool medium
with a size of approximately 6.25 cm?® Transplantation was
performed 21 days after sowing, or when the seedlings had
developed at least 3—4 veined leaves. Polybags were filled
each with one seedling and planting medium composed of a
mixture of fine sand, charcoal husk, and compost; 3:1:1;
estimation EC value of planting medium by PourThru
Extraction is ~ 3.1 dS m™ and/or by Saturated Media
Extraction is = 2.2 dS m™ amounting to 4537.3 cm® or 80%
of the total polybag size (5671.625 cm®). The romaine
lettuce seedlings were cultivated using a hydroponic
substrate culture and watering with drip irrigation system
which have an average discharge of 3.6 L h™. The estimated
water needs for the plants were based on climatology data
from Karangkates Station from 2016, plant coefficient (Kc),
and actual evapotranspiration (ET,). The equation for the
calculation of ET, utilizes that of the Penmann-Monteith
method (Allen et al., 1998) and the scheduling of irrigation
duration is based on the Savva and Frenken (2012) equation.
The following are the results of estimation for plant water
needs and drip irrigation duration (Table 1).

The experimental design used in the research was a
Nested Design composed of two factors. The first factor
(main plot) was the concentration of nutrient solution,
composed of three levels: 100% ~ 1.8 dS m?, 75% ~ 1.4 dS
m™, and 50% =~ 0.9 dS m™. The second factor (sub-plot) is
the inoculation of biological agents, composed of four levels:
without inoculation/control, PGPR, AMF, and PGPR+AMF.

Hydroponics

The formulation of hydroponic nutrients was based on the
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nutritional needs of the plants (Resh, 2013 with
modification). The needs for lettuce were (mg L™): NO;
(165); NH4 (25); P (50); K (210); Ca (200); Mg (40);
S (111); Fe (5); Mn (0.5); Cu (0.5); Zn (0.18); B (0.26); and
Mo (0.007). Calculation of chemical salt needs for nutrient
formulation was performed using the Hydrobuddy 1.50
software. Calculation of chemical salts are appropriate to the
needs of the plants: stock A mixture was 1074 ¢
5Ca(NOs),.NH;NO;.10H,0, 109 g KNO3, and 33 g Fe-
EDTA, while stock B mixture was 222 g KH,PO,, 271 g
K,SO4, 408 g MgSO,.7H,0, 68 g (NH4),SO,, and 29 g
Librel® BMX.

Application of the nutrient concentration treatment
was done by dissolving the nutrient formulations with clean
water (EC ~ 0.38 dS m™) to obtain (concentrated) nutrient
stock solutions, each with a volume of 5 liters. Dilution
was then carried out by adding water to each nutrient
stock solution until a dilution volume of 100 liters was
obtained. The estimation of the electrical conductivity
and needs for each hydroponic nutrient stock solution
used for each treatment refers to Genuncio et al. (2012) as
presented in Table 2.

Plant Growth Promoting Microorganisms

The biological agents used in this research were AMF and
PGPR. Their isolates belong to the collection of the
Laboratory for Plant Diseases, Department of Pests and
Plant Diseases, Faculty of Agriculture, Brawijaya
University. The utilized PGPR formulation is composed of a
consortium of several strains of non-phytopathogenic
Azotobacter  chroococcum,  Azospirillum  brasilense,
Pseudomonas flourescens, and Bacillus subtilis, bacteria as
well as non-phytopathogenic Aspergillus niger fungus. The
density or colony-forming unit (CFU) of each bacterial
isolate in the PGPR formulation is 108 CFU mL™ (optical
density (OD) was adjusted to = 0.6) (Roesti et al., 2006).
Meanwhile, the utilized AMF is an isolate of Glomus spp.
(Endomycorrhiza) and had a spore density of 5 spores g ™.
Inoculation of AMF was done once during the
transplanting by adding AMF granules as much as 10 g or +
50 AMF spores (Tahat et al., 2008). AMF was added near
the roots of the plant or in the planting hole (Musfal, 2010).
PGPR inoculation was done four times, during the
transplanting and 7, 14 and 21 (days after planting) DAP
(Khaeruni et al., 2016). Inoculation during the transplanting
was done by immersing the plant roots for 30 min (Pedraza
et al., 2009). While the application at 7, 14 and 21 DAP was
done by watering the planting medium with a suspended
PGPR solution which had been diluted with clean water to
create a suspended solution ready for inoculation with a
dose of 10 mL L™, Before watering (inoculation), a pit was
first created around the plant with a depth of + 3cmat a
distance of 3 cm from the plant (Amaria and Wardiana,
2014). And then the formulated PGPR solution was
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Table 1: Plant water needs and drip irrigation duration

Month Dates Phase Kc ETc Plant Water Needs Frequency of Application Duration of Irrigation
mm day™ ml plant™ appl. day™ minutes appl.™

May 11-20 Deve. 0.72 2.87 287 50 1

May 21-31 Deve. 0.81 3.16 347 6@ 1

June 1-10 Deve. 091 345 345 6@ 1

June 11-20 Mid. 0.97 361 361 6@ 1

June 21-23 Late 0.97 3.64 364 62 1

@ Frequency of drip irrigation application is continuous and of the same interval each day

@ Interval of 4 h & 48 min application™
© Interval of 4 h application™

Table 2: Estimation of electrical conductivity and needs for each hydroponic nutrient stock solution

Needs for Stok B (mL 100 L™

Treatment Needs for Stock A (mL 100 L™?)
K1 (100% ~ 1.8 dS m™) 500
K2 (75% ~ 1.4 dS m™) 375
K3 (50% = 0.9 dS m™) 250

500
375
250

poured amounting to 30 mL plant® (total bacterial
density in the suspension ~ 10® CFU mL™) (Kohler et al.,
2008; Gul et al., 2011).

Harvesting

Harvesting was done when the plant reached the minimum
fresh weight, i.e., 300-400 g plant’. The harvesting
procedure carried out in this research comprised removal of
the crown as well as the attached roots. The measured
observation parameters included total fresh weight, leaf
thickness with the fast approximation of leaf thickness
method (Perez-Harguindeguy et al., 2013), leaf area
estimation with the leaf area meter (LI-3100C Area Meter),
population density of rhizospheric bacteria, AMF spore
density, root infection by AMF, and absorption of the
nutrients N, P and K.

Observation of the population density of rhizospheric
bacteria was conducted using the plate count method (Olsen
and Bakken, 1987). While observation of the density of
mycorrhiza/AMF spores was conducted by a spore
extraction method (wet sieving and decanting) (Gerdemann
and Nicolson, 1963) and observation of root infection by
mycorrhiza/AMF was conducted by the root staining
method (Phillips and Hayman, 1970).

Analysis of the N-plant content was done by the
Kjeldahl method (Kelley et al., 1946; Cavell, 1954), while
for the P-plant content used the method of wet digestion,
where the results of the plant sample destruction was
measured for the contents using a colorimeter (Kelley et
al., 1946; Cavell, 1954). Content of K-plant was analyzed
using the same method as for P, which was wet digestion
followed by measuring the plant sample destruction
results for its contents by using a flame photometer
(Cavell, 1954). Estimation of the absorption of nutrients
was calculated based on the results of analysis for N, P
and K contents by an equation taken from Adeli et al.
(2005).
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Statistical Analysis

Data were analyzed using analysis of variance (ANOVA;
Gomez and Gomez, 1984). Before performing ANOVA, the
data were tested for normality using Shapiro-Wilk test,
and homogeneity by the Bartlett test. Data, that were not
normally distributed, were transformed into a
logarithmic from (logy.1). When the combined ANOVA
showed a significant difference, the Tukey’s Honest
Significance Difference (HSD) test was applied at a rate of
5% (o= 0.05).

Results

Change in Plant Growth, Yield, Nutrient Uptake and
Microorganism Dynamics with Nutrient Concentration,
PGPR, and AMF

Growth and yield: Total fresh weight, leaf thickness, and
leaf area due to the treatments of nutrient concentrations
showed a significant difference for all observation periods.
Nutrient concentration with EC 1.8 and 1.4 dS m™ show the
same results for total fresh weight, leaf thickness, and leaf
area. In contrast, Nutrient concentration with EC 0.9 dS m™
significantly reduced total fresh weight, leaf thickness, and
leaf area. Inoculation of biological agents showed
significant differences on the variables of total fresh weight
and leaf thickness, but not for that of leaf area. Though there
was not a significant difference, inoculation of biological
agents was able to increase leaf area compared to the
treatment of without inoculation/control.

Inoculation of biological agents showed significant
differences on the variables of total fresh weight and leaf
thickness, but not for that of leaf area. Though there was not
a significant difference, inoculation of biological agents was
able to increase leaf area compared to the treatment of
without inoculation/control. Inoculation of PGPR, AMF,
and consortium of PGPR+AMF increased the total fresh
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Table 3: Effect of nutrient concentration and plant growth promoting microorganism on total fresh weight, leaf thickness, and leaf area

Treatments Total fresh weight (g plant™) Leaf thickness (um) Leaf area (cm’ plant™)

28 DAP 42 DAP 28 DAP 42 DAP 28 DAP 42 DAP
Nutrient concentration (K)
1,8dSm? 390.23+37.77b 428.79+31.35h 109.68+11.87b 120.13+13.10b 2655.47+169.71b 3482.96+113.26b
1,4dSm* 396.32+61.76b 429.52+55.07b 120.13+13.10b 131.18+24.14c 2600.53+253.93b 3300.08+222.28b
09dsm* 238.64+31.25a 311.02+25.02a 115.55+15.87b 87.06+9.65a 2071.10+236.60a 3077.52+181.10a
Plant growth promoting microorganisms (A)
Control 304.93+62.44a 358.00+£53.58a 91.87+12.25a 99.26+15.11a 2338.00+402.49 3239.53+178.68
PGPR 329.77+81.90ab 384.74+67.50ab 101.49+15.85ab  110.10+22.15ab 2477.11+366.92 3313.01+227.78
AMF 363.00+98.37b 406.27+76.48b 110.44+20.88b 121.70+31.85b 2479.54+313.01 3285.43+353.37
PGPR+AMF 369.23+95.72b 410.10£71.62b 111.00+18.47b 120.11+25.49b 2474.81+326.62 3309.44+204.47

Mean =+ standard deviation. Values sharing same letters differ non-significantly (P>0.05). DAP = days after planting

weight and leaf thickness compared to the treatment of
without inoculation. Meanwhile, total fresh weight and leaf
thickness for the treatment of PGPR inoculation showed
insignificant results compared to the treatment of without
inoculation/control (Table 3).
Microorganism dynamics: Inoculation of only PGPR as
well as inoculation of a consortium of PGPR+AMF at all
nutrient concentration levels significantly decreased the
population density of rhizospheric bacteria compared to
without inoculation/control. Nutrient concentration (EC 1.4
dS m™) with inoculation of consortium of PGPR+AMF
showed the lowest population density of rhizospheric
bacteria compared to all other treatments (Table 4).
Inoculation of only AMF as well as inoculation of a
consortium of PGPR+AMF at all nutrient concentration
levels significantly increased the density of AMF spores
compared to without inoculation/control.  Nutrient
concentration (EC 1.4 dS m™) with inoculation of only
AMF showed the highest density of AMF spores compared
to all other treatments (Table 5). Inoculation of AMF as well
as inoculation of consortium of PGPR+AMF also
significantly increased the density of AMF spores compared
to without inoculation. The application of different nutrient
concentrations did not show significant differences in AMF
root colonization (Table 6).
Nutrient uptake: Nutrient concentration (EC 1.4 dS m™)
with inoculation of AMF and application all nutrient
concentrations  with  inoculation of consortium of
PGPR+AMF significantly increased nitrogen (N) uptake
compared to without inoculation. The use of 1.4 dS m™
ECsoution With inoculation of AMF showed a highest N
uptake compared to other treatments (Table 7). Inoculation
of PGPR or AMF, and consortium of PGPR+AMF
significantly increased P uptake compared to without
inoculation. The application of different nutrient
concentrations did not show significant differences in P
uptake. Meanwhile, the application of different nutrient
concentrations and inoculation of biological agents did not
show significant differences in potassium uptake (Table 8).

Discussion

Trejo-Tellez and Gomez-Merino (2012) stated that nutrient
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Table 4: Effect of nutrient concentration and plant growth
promoting microorganisms on rhizospheric bacteria population
density

Treatments  Rhizospheric bacterial population density (10’ CFU g™*) ©)
1.8dSm? 14dSm? 0.9dSm?
Control 1.39+0.08c C 0.74+0.07b A 1.07+0.08c B
PGPR 0.38+0.05b A 0.97+0.08c C 0.49+0.06b B
PGPR+CMA 0.13+0.02a A 0.09+0.02a A 0.38+0.05a B

Mean + standard deviation. Values sharing same small letter in each
column and same capital letter in each row differ non-significantly
(P>0.05). ®) Data were transformed into log (x+1) for analysis

Table 5: Effect of nutrient concentration and plant growth
promoting microorganisms on AMF spore density

Treatments AMF spores density (spores 20 g7)
1.8dSm* 1.4dSm* 0.9dSm*
Control 11.00+£2.20a A 12.00+2.40a A 10.00+2.00a A
AMF 29.00+5.80c A 33.00+6.60c B 28.00+5.60b A
PGPR+AMF  21.00+4.200 A 29.00+5.80b B  26.00+5.20b B

Mean + standard deviation. VValues sharing same small letter in each column
and same capital letter in each row differ non-significantly (P>0.05)

Table 6: Effect of nutrient concentration and plant growth
promoting microorganisms on AMF root colonization

Treatments AMEF root colonization (%)
Nutrient concentration (K)

1,8dsm* 38.33+19.44

1,4dSm* 43.33+19.75

0,9ds m* 41.67+23.23

Plant growth promoting microorganism (A)

Control 16.67+3.84a

AMF 60.00+11.28¢c
PGPR+AMF 46.67+8.47b

Mean + standard deviation. Values sharing same letters differ non-
significantly (P>0.05)

concentration level are closely related with total amount of
dissolved and EC. The Nutrient concentration with EC 1.8
dS m* and 1.4 dS m™ proven to accelerate harvest time
compared to 0.9 dS m™. This can be seen from the total
fresh weight data which showed that upon observation at 28
DAP, the total fresh weight of romaine lettuce plants given
the treatment nutrient concentration with EC 1.8 dS m*
(390.23 g plant™®) and 1.4 dS m™ (396.32 g plant™) have
achieved the minimum harvest fresh weight criteria, which
is between 300-400 g plant™. Meanwhile the total fresh
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Table 7: Effect of nutrient concentration and plant growth
promoting microorganisms on nitrogen uptake

Treatments Nitrogen uptake (mg plant™)

1.8dSm? 14dSm? 09dsm™
Control 61.19417.01a A 69.36+28.73a A  54.84+18.49a A
PGPR 89.63+28.53ab A 80.46+14.60a A  80.09+33.75ab A
AMF 87.00£23.76ab A 131.74+48.04bB  78.87+37.42ab A

PGPR+AMF 104.43+35.25b A 117.49+28.16b A 91.29+27.79b A

Mean + standard deviation. Values sharing same small letter in each
column and same capital letter in each row differ non-significantly
(P>0.05)

Table 8: Effect of nutrient concentration and plant growth
promoting microorganism on phosphorus and potassium uptake

Treatments  Phosphorus uptake (mg plant™) Potassium uptake (mg plant™)

Nutrient concentration (K)

18dSm? 32774522 146.81+41.04
1,4dSm™  33.4416.96 152.55+50.17
09dSm*  29.12+7.38 119.09+43.75
Plant growth promoting microorganisms (A)

Control 24.87+4.75a 117.38+38.01
PGPR 32.67+4.82b 132.86+39.38
AMF 35.16+6.93b 167.78+54.71
PGPR+AMF 34.4145.10b 139.32+43.36

Mean + standard deviation. Values sharing same letters differ non-
significantly (P>0.05)

Table 9: Pearson correlation coefficient between each observation
variable

Variable sD RC N-Upt.  P-Upt. TFW

28 DAP 42 DAP
SD 1
RC 0,951%* 1
N-Upt. 0,779** 0,708** 1
P-Upt. 0,855** 0,798** 0,880** 1
TFW-28 DAP 0,424** 0,307  0,694** 0,692** 1
TFW-42 DAP 0,463** 0,337* 0,704** 0,745** 0,988** 1
LT-28 DAP  0,605** 0,487** 0,826** 0,818** 0,962** 0,971**
LT-42DAP  0554** 0,420* 0,790** 0,772** 0,969** 0,967**
LA-28DAP 0,329 0,232  0,599** 0,615** 0,947** 0,921**
LA-42 DAP  0,382* 0,278  0,597** 0,652** 0,944** 0,943**

*** Significant correlation at P < 0,05 and 0,01, respectively. N = 36; SD
= AMF spores density; RC = AMF root colonization; N-Upt. = Nitrogen
uptake; P-Upt. = Phosporus uptake; TFW = Total fresh weight; LT = Leaf
thickness; LA = Leaf area; DAP = Days after planting

weight of romaine lettuce plants given a 0.9 dS m™ (311.02
g plant?) nutrient concentration achieved the minimum
harvest fresh weight criteria upon observation at 42 DAP.
Result of this study indicated that three levels nutrient
concentration may be recommended for production or
cultivation of romaine lettuce using the hydroponic
technique, though with the consequence that reducing
nutrient concentration with EC 1.8 to 0.9 dS m™ takes 14
days more to achieve minimum harvest fresh weight. In
contrast, Karimaei et al. (2004), Cresswell (1991) stated that
22 dS m' and 20 dS m? were optimal EC for
hydroponically grown lettuce.

Longstreth and Nobel (1980) stated that nutrient levels
had an effect on several leaf properties, e.g., cotton
(Gossypium hirsutum L. var. Acala SJ-2) leaves from plants
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developing under nutrient stress were thinner than those
developing under normal concentrations. Also, lower
photochemistry or biochemistry of photosynthesis was
leading under low nutrient treatments. Several leaves
properties were had positively related with total plant
biomass (fresh weight), especially leaf mass growth; where
the leaf mass growth is the sum of mass increase for leaf
area growth and leaf thickening (Weraduwage et al., 2015).
Thick leaves would have substantially greater
photosynthesis than thin leaves (Yun and Taylor, 1986),
while leaf area contributes for canopy development. As the
leaf area increases, a greater photosynthetic active surface
area becomes available and increased growth (Kang and
lersel, 2004; Al-Tahir, 2014). Based on the result, leaf
thickness and leaf area show positively correlations with
total fresh weight for all observation periods, each
correlation coefficient are r = 0.962 and r = 0.947 (28
DAP); r = 0.967 and r = 0.943 (42 DAP) (Table 9). If the
increase in leaf thickness and leaf area goes parallel with
the increase in total fresh weight, so every 1% (1 pm)
leaf thickness increment would have leads to increase
2.42-4.02% of total fresh weight, while 1% (1 cm? plant™)
increment of leaf area would have leads to increase
0.05-0.09% of total fresh weight (Fig. 1).

Inoculation of AMF or consortium PGPR+AMF as
well as proper use of EC solution resulted more thicker
leaves compared with control treatment, where this
phenomenon also goes parallel with total fresh weight
increment. Many research suggested that plant growth
promoting (PGP) effect on several plant species. That
caused by inoculation of AMF or consortium PGPR+AMF
such as Stevia rebaudiana (Vafadar et al., 2013); Fragaria
vesca (Roger et al., 2013); wheat (Pérez de Luque et al.,
2017); Solanum lycopersicum var. cerasiforme (Candido et
al., 2013); and many more. Developed and well-
differentiated vascular tissues (transport tissues or other
tissues) are more efficient on plants inoculated with only
AMF. Moreover, consortium of PGPR+AMF increases of
synthesis of growth-promoting plant hormones, especially
cytokinin. Cytokinin is one class of plant hormones, which
has the function of enhancing leaf growth. More developed
and well-differentiated vascular tissues also improve the
translocation and uptake of nutrients, which helps to
increase plant growth and yields (Yaseen et al., 2018).
Increasing of nutrient uptake would also increase plant
growth and yield. Positive correlation coefficients between
nutrient uptake (N and P) with leaf thickness and total fresh
weight are shown in Table 9.

Inoculation PGPR or consortium PGPR+AMF
significantly reduces the density of rhizosphere bacteria
population. This maybe indicates the temporary antagonistic
effects of each inoculant or their consortium to the
population of indigenous rhizosphere bacteria, both
pathogenic and non-pathogenic ones. The negative
phenomenon of the reduction/decrease of the population
of indigenous rhizosphere bacteria indicates the
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Fig. 1: Total fresh weight as a function of leaf thickness (1A-1B) and leaf area (1C-1D); symbols are measurements for each PGPR,
AMF, and consortium; lines are quadratic regression of total fresh weight against leaf thickness and leaf area; for observation periods,

separatel

instability of biological agent inoculants when applied
on the field (Ramos et al., 2003; Garcia et al., 2004).
However, a modification in the bacterial community
structure caused by a temporary disturbance, such as a
PGPR or consortium PGPR+AMF treatment, could be
buffered by ecosystem resilience, which is driven by the
level of diversity and interactions of the agroecosystem. The
loss of certain bacterial species may also not change the
functioning of the system, as different bacterial species can
carry out the same function, a phenomenon defined as the
bacterial redundancy. In line with Roesti et al. (2006),
who stated even if the equilibrium of the bacterial
community had been modified, the yield and grain
quality remained unaffected. As suggested by Ciccillo et
al. (2002), this result could mean that the negative effect
caused by a modification of the bacterial community
equilibrium was overcome by the beneficial effects of the
bio-inoculants. This is also in line with the research results
of Barriuso et al. (2008) where it was found that the
inoculation of Arthrobacter sp. BB1 bacteria decreased
the diversity of rhizospheric microorganisms, but also
increased the performance of mycorrhiza and triggered the
growth of Pinus pinea plants. In addition, Probanza et al.
(2001) stated that the combined inoculation of the B.
licheniformis CECT 5106 and B. pumitus CECT 5105

bacteria with the Pisolithus tinctorus fungus decreased the
diversity of rhizospheric bacteria, yet positively triggered
the growth of P. pinea seedlings.

The rhizosphere microbial communities can be
affected by a wide range of factors including plant type,
plant age, distance from the soil to the root, soil
characteristics, agronomic practices (e.g. intensive use of
fertilizers), and mycorrhizal infection (Roesti et al.,
2006; Candido et al., 2013). Nutrient concentrations also
affect the efficacy and efficiency of biological agent
inoculants; Shakori and Sharifi (2016) stated that the
efficiency of inoculation with PGPR will increase when it
will be combined with the 75% recommended dose of
synthetic P fertilizer.

Nutrient level and inoculation of AMF and/or
consortium PGPR+AMF increased the AMF activity and N
and P uptake. Efficiency of the AMF inoculation increased
as the level of nutrient concentration decreases, even more
as the P level decreased. The level of P in the utilized
nutrient solutions are 50 mg L™ (100%), 37.5 mg L™ (75%),
and 25 mg L™ (50%), in order. In a similar study,
Richardson et al. (2011) found that the highest efficacy of
AMF in general was found for soil/planting medium with
low P content; in addition, Grant et al. (2005) stated that
AMF activity is very much affected by the availability and
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solubility of the P. AMF activity increased when the
nutrient concentration was decreased to the 75% level,
where at this level the concentration has a P content of 37.5
mg L™, but AMF activity decreased when the nutrient
concentration was increased to the EC 1.8 dS m™ (50 mg L™
P) or decreased to the 0.9 dS m™ (25 mg L™ P) level.
Inoculation of AMF and/or consortium PGPR+AMF also
affected on AMF colonization. Constantino et al. (2008)
also found that inoculation with only AMF increased the
root colonization/infection compared to inoculation of a
mixture of AMF with A. brasilense or A. chrococcum.

Meng et al. (2015) found that a single or dual
inoculation of Bradyrhizobium japonicum bacteria
SH212 and Glomus mossae fungus increased N
absorption in a polyculture of corn with soybeans. The
presence of AMF facilitates absorption of the N through
plant transport activation; in particular N in the form of
ammonium (NH,"). This may become a new paradigm,
considering that the presence of the mycorrhiza (AMF)
fungus is able to increase the efficiency of N absorption.
Kavatagi and Lakshman (2014) found that the
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inoculation of only the G. fasciculatum fungus, or the
inoculation of a mixture of the G. fasciculatum fungus
with A. chrococcum and P. fluorescens bacteria
significantly increased P absorption compared to the control
treatment for tomato plants.

Based on the result, AMF activity showed positive
correlations with N and P uptake (Table 9). Each correlation
coefficient are r = 0.779 (spores density vs. N uptake); r =
0,855 (spores density vs. P uptake); r 0.708 (root
colonization vs. N uptake) and r = 0.798 (root colonization
vs. P uptake). If an increase in AMF activity goes parallel
with an increase in macro-nutrient uptake, every 1% (1 spore
20 g™) increase in spores density would have increased
78,27% N uptake and 77,62% of P uptake, while 1%
increment of root colonization would have leads to increase
84.00% of N uptake and 81.78% of P uptake (Fig. 2 and 3).

Conclusion

Nutrient concentration with EC 0.9-1.8 dS m™ combined
with AMF and/or PGPR+AMF consortium can be used



Aini et al. / Intl. J. Agric.

for growing romaine lettuce. Particularly using
hydroponic substrate culture systems, though with the
consequence that reducing 50% nutrient concentration with
EC 1.8 to 0.9 dS m™, it takes 14 more days to achieve
minimum fresh weight. Nutrient concentration level
combined with inoculation of AMF and/or consortium
PGPR+AMF substantially improving romaine lettuce
productivity, through indirect mechanism which are
changes of leaf anatomical traits by increasing leaf
thickness and leaf area, also increasing root colonization
and macro-nutrient uptake. But, in other hand decrease
the rhizospheric bacterial population.

Acknowledgements

The Authors extend appreciation to Deanship of Agriculture
Faculty University of Brawijaya by funding this work
through the research project (no : 5234/UN10.F04.06/
PN/2017).

References

Adeli, A., K.R. Sistani, D.E. Rowe and H. Tewolde, 2005. Effects of broiler
litter on soybean production and soil nitrogen and phosphorus
concentrations. Agron. J., 97: 314-321

Allen, R.G., L.S. Pereira, D. Raes and M. Smith, 1998. FAOQ Irrigation and
Drainage Paper No. 56, pp: 97-156. Food and Agriculture
Organization of the United Nations 56, Rome, Italy

Alsanius, B.W. and U.E. Gertsson. 2004. Plant response of hydroponically
grown tomato to bacterization. Acta Hortic., 644: 583-588

Alsanius, B.W., S. Lundgyvist, E. Persson, K.A. Gustafsson, M. Olsson and
S. Khalil, 2004. Yield and fruit quality of tomato grown in a closed
hydroponic greenhouse system as affected by Pythium ultimum
attack and biological control agents. Acta Hortic., 644: 575-582

Al-Tahir, F.M.M., 2014. Flag leaf characteristics and relationship with grain
yield and grain protein percentage for three cereals. J. Med. Plants
Stud., 2: 1-7

Amaria, W. and E. Wardiana, 2014. The effect of application time and
Trichoderma types on white root disease in rubber seedlings. J. Ind.
Bev. Crops Res., 1: 79-86

Barbosa, G.L., F.D.A. Gadelha, N. Kublik, A. Proctor, L. Reichelm, E.
Weissinger, G.M. Wohlleb and R.U. Halden, 2015. Comparison of
land, water, and energy requirements of lettuce grown using
hydroponic vs. conventional agricultural methods. Intl. J. Environ.
Res. Public Health, 12: 6879-6891

Barriuso, J., B.R. Solano, C. Santamaria, A. Daza and F.J.G. Mafiero, 2008.
Effect of inoculation with putative plant growth-promoting
rhizobacteria isolated from Pinus spp. on Pinus pinea growth,
mycorrhization and rhizosphere microbial communities. J. Appl.
Microbiol., 105: 1298-1309

Candido, V., G. Campanelli, T. D’ Addabbo, D. Castronuovo, M. Renco and
I. Camele, 2013. Growth and yield promoting effect of artificial
mycorrhization combined with different fertiliser rates on field-
grown tomato. Ital. J. Agron., 8: €22

Cavell, AJ.,1954. Arapid method for the determination of nitrogen, phosphorus
and potassium in plant materials. J. Sci. Food Agric., 5: 195-200

Ciccillo, F., A. Fiore, A. Bevivino, C. Dalmastri, S. Tabacchioni and L.
Chiarini, 2002. Effects of two different application methods of
Burkholderia ambifaria MCI 7 on plant growth and rhizospheric
bacterial diversity. Environ. Microbiol., 4: 238-245

Constantino, M., R. Gomez-Alvarez, J.D. Alvarez-Solis, V. Geissen, E.
Huerta and E. Barba, 2008. Effect of inoculation with rhizobacteria
and arbuscular mycorrhizal fungi on growth and yield of Capsicum
chinense Jacquin. J. Agric. Rural Dev. Trop. Subtrop., 109: 169-180

182

Biol., Vol. 21, No. 1, 2019

Cresswell, G.C., 1991. Effect of lowering nutrient solution concentration at
night on leaf calcium levels and the incidence of tipburn in lettuce
(var. Gloria). J. Plant Nutr., 14: 913-924

Deniel, F., D. Renault, Y. Tirilly, G. Barbier and P. Rey, 2006. A dynamic
biofilter to remove pathogens during tomato soilless culture. Agron.
Sustain. Dev., 26: 185-193

Garcia, J.A.L., J. Domenech, C. Santamaria, M. Camacho, A. Daza and F.J.
Gutierrez Manero, 2004. Growth of forest plants (pine and holm-
oak) inoculated with rhizobacteria: relationship with microbial
community structure and biological activity of its rhizosphere.
Environ. Exp. Bot., 52: 239-251

Genuncio, G.D.C., M. Gomes, A.C. Ferrari, N. Majerowicz and E. Zonta,
2012. Hydroponic lettuce production in different concentrations and
flow rates of nutrient solution. Hortic. Bras., 30: 526-530

Gerdemann, JW. and T.H. Nicolson, 1963. Spores of mycorrhizal
endogone species extracted from soil by wet sieving and decanting.
Trans. Brit. Mycol. Soc., 46: 235-244

Gomez, KA. and AA. Gomez, 1984. Statistical Procedures for
Agricultural Research, 2 edition, p: 680. John Wiley & Sons, New
York, USA

Grant, C., S. Bittman, M. Montreal, C. Plenchette and C. Morel, 2005. Soil
and fertilizer phosphorus: Effects on plant P supply and mycorrhizal
development. Can. J. Plant Sci., 85: 3-14

Gul, A., H. Ozaktan, L. Yolageldi, B. Cakir, M. Sahin and S. Akat, 2011.
Effect of rhizobacteria on yield of hydroponically grown tomato
plants. Acta Hortic., 952: 777-784

Hossain, M.M., F. Sultana and S. Islam, 2017. Plant growth-promoting
fungi (PGPF): phytostimulation and induced systemic resistance. In:
Plant-Microbe Interactions in Agro-Ecological Perspectives:
Microbial Interactions and Agro-Ecological Impacts, 2™ editorn, pp:
135-191. Singh, D.P., H.B. Singh and R. Prabha (eds.). Springer
Nature Singapore Pte Ltd., Singapore

Kang, J.G. and M.W.V. lersel, 2004. Nutrient solution concentration affects
shoot : root ratio, leaf area ratio, and growth of subirrigated salvia
(Salvia splendens). Hortic. Sci., 39: 49-54

Karimaei, M.S., S. Massiha and M. Mogaddam, 2004. Comparison of two
nutrient solutions’ effect on growth and nutrient levels of lettuce
(Lactuca sativa L.) cultivars. Acta Hortic., 644: 69-76

Katiyar, D., A. Hemantaranjan and B. Singh, 2016. Plant growth promoting
rhizobacteria-an efficient tool for agriculture promotion. Adv. Intl.
Plants Agric. Res., 4: 00163

Kavatagi, P.K. and H.C. Lakshman, 2014. Interaction between AMF and
plant growth-promoting rhizobacteria on two varieties of Solanum
lycopersicum L. World Appl. Sci. J., 32: 2054-2062

Kelley, O.J., A.S. Hunter and A.J. Sterges, 1946. Determination of nitrogen,
phosphorus, potassium, calcium, and magnesium in plant tissue:
semimicro wet-digestion method for large numbers of samples. Ind.
Eng. Chem. Anal. Ed., 18: 319-322

Khaeruni, A., A. Wahab, M. Taufik and G.AK. Sutariati, 2016. The
effectiveness of application time of indigenous rhizobacteria
formulation to control fusarium wilt and enhance of tomato yield in
ultisol sail., J. Hortic., 23: 365-371

Kohler, J., J.A. Hernandez, F. Caravaca and A. Roldan, 2008. Plant-growth-
promoting rhizobacteria and arbuscular mycorrhizal fungi modify
alleviation biochemical mechanisms in water-stressed plants. Funct.
Plant Biol., 35: 141-151

Longstreth, D.J. and P.S. Nobel, 1980. Nutrient influences on leaf
photosynthesis: effects of nitrogen, phosphorus, and potassium for
Gossypium hirsutum L. Plant Physiol., 65: 541-543

Meng, L., A. Zhang, F. Wang, X. Han, D. Wang and S. Li, 2015.
Arbuscular mycorrhizal fungi and rhizobium facilitate nitrogen
uptake and transfer in soybean/maize intercropping system. Front.
Plant Sci., 6: 339-348

Musfal, 2010. Potential of vesicular arbuscular mycorrhiza in increasing
maize yield. Indonesian J. Agric. Sci., 29: 154-158

Nadeem, S.M., M. Ahmad, Z.A. Zahir, A. Javaid and M. Ashraf, 2014. The
role of mycorrhizae and plant growth promoting rhizobacteria
(PGPR) in improving crop productivity under stressful
environments. Biotechnol. Adv., 32: 429448



Improving Hydroponic Lettuce with Nutrient Management, PGPR and AMF / Intl. J. Agric. Biol., Vol. 21, No. 1, 2019

Nadeem, S.M., M.Y. Khan, M.R. Wagas, R. Binyamin, S. Akhtar and Z.A.
Zahir, 2017. Arbuscular mycorrhizas: an overview. In: Arbuscular
Mycorrhizas and Stress Tolerance of Plants, pp: 1-24, Wu, Q.S.
(ed.). Springer Nature Singapore Pte Ltd., Singapore

Olsen, R.A. and L.R. Bakken, 1987. Viability of soil bacteria: optimization
of plate-counting technique and comparison between total counts and
plate counts within different size groups. Microb. Ecol., 13: 59-74

Pamungkas, A.P. and H. Yuliando, 2015. Soilless culture system to support
water use efficiency and product quality: a review. Agric. Sci. Proc.,
3:283-288

Pedraza R.J., Motok, S. Salazar, A. Ragout, M. Mentel, M. Totora, M.
Guerrero, B. Winik and J. Dias, 2009. Growth-promotion of
strawberry plants inoculated with Azospirillum brasilense. World J.
Microbiol. Biotechnol., 26: 265-272

Pérez de Luque, A., S. Tille, I. Johnson, D.P. Pardo, J. Ton and D.D.
Cameron, 2017. The interactive effects of arbuscular mycorrhiza and
plant growth-promoting rhizobacteria synergistically enhance host
plant defences against pathogens. Sci. Rep., 7: 16409

Perez-Harguindeguy, N., S. Diaz, E. Garnier, S. Lavorel, H. Poorter, P.
Jaureguiberry, M.S. Bret-Harte, W.K. Cornwell, J.M. Craine, D.E.
Gurvich, C. Urcelay, E.J. Veneklaas, P.B. Reich, L. Poorter, IJ.
Wright, P. Ray, L. Enrico, J.G. Pausas, A.C. de Vos, N. Buchmann,
G. Funes, F. Quétier, J.G. Hodgson, K. Thompson, H.D. Morgan, H.
ter Steege, M.G.A. van der Heijden, L. Sack, B. Blonder, P.
Poschlod, M.V. Vaieretti, G. Conti, A.C. Staver, S. Aquino and
JH.C. Cornelissen, 2013. New handbook for standardised
measurement of plant functional traits worldwide. Aust. J. Bot., 61:
167-234

Phillips, J.M. and D.S. Hayman, 1970. Improved procedures for clearing
roots and staining parasitic and vesicular-arbuscular mycorrhizal
fungi for rapid assessment of infection. Trans. Brit. Mycol. Soc., 55:
158-161

Probanza, A., J.L. Mateos, J.A. Lucas, B. Ramos, M.R. de Felipe and F.J.
Gutierrez Manero, 2001. Effects of inoculation with PGPR Bacillus
and Pisolitus tinctorius on Pinus pinea L. growth, bacterial
rhizosphere colonization and mycorrhizal infection. Microb. Ecol.,
41:140-148

Ramos, B., JA.L. Garcia, A. Probanza, J. Domenech and F.J. Gutierrez
Manero, 2003. Influence of an indigenous European alder (Alnus
glutinosa L. Gaertn) rhizobacterium (Bacillus pumilus) on the
growth of alder and its rhizosphere microbial community structure in
two soils. New For., 25: 149-159

Resh, H.M., 2013. Hydroponic Food Production: A Definitive Guidebook
for the Advanced Home Gardener and the Commercial Hydroponic
Grower. CRC Press, Boca Raton, Florida, USA

183

Richardson, A.E., J.P. Lynch, P.R. Ryan, E. Delhaize, F.A. Smith, S.E.
Smith, P.R. Harvey, M.H. Ryan, E.J. Veneklaas, H. Lambers, A.
Oberson, R.A. Culvenor and R.J. Simpson, 2011. Plant and
microbial strategies to improve the phosphorus efficiency of
agriculture. Plant Soil, 349: 121-156

Roesti, D., R. Gaur, B.N. Johri, G. Imfeld, S. Sharma, K. Kawaljeet and M.
Aragno, 2006. Plant growth stage, fertiliser management and bio-
inoculation of arbuscular mycorrhizal fungi and plant growth
promoting rhizobacteria affect the rhizobacterial community
structure in rain-fed wheat fields. Soil Biol. Biochem., 38: 1111-1120

Roger, A., M. Getaz, S. Rasmann and |.R. Sanders, 2013. Identity and
combinations of arbuscular mycorrhizal fungal isolates influence
plant resistance and insect preference. Ecol. Entomol., 38: 330-338

Savva, P.A. and K. Frenken, 2002. Irrigation Manual Module 9, Localized
Irrigation System: Planning, Design, Operation and Maintenance.
Food and Agriculture Organization of the United Nation (FAO), Sub-
Regional Office for Eastand Southern Africa, Harare, Zimbabwe

Shakori, S. and P. Sharifi, 2016. Effect of phosphorus biofertilizer and
chemical phosphorus on growth and yield of Vicia faba L. Electro. J.
Biol., S1: 47-52

Susila, A.D. and Y. Koerniawati, 2004. The effect of volume and source of
growth media on lettuce growth and yield (Lactuca sativa L.) in deep
pool growing system. Bull. Agron., 32: 16-21

Tahat, M.M., S. Kamaruzaman, O. Radziah, J. Kadir and H.N. Masdek,
2008. Response of (Lycopersicum esculentum Mill.) to different
arbuscular mycorrhizal fungi species. Asian J. Plant Sci., 7: 479-484

Trejo-Tellez, L.I. and F.C. Gomez-Merino, 2012. In: Hydroponics-a
Standard Methodology for Plant Biological Researches, pp: 1-22.
Asao, T. (ed.). InTech, Croatia

Vafadar, F., R. Amooaghaie and M. Otroshy, 2013. Effects of plant-growth
promoting rhizobacteria and arbuscular mycorrhizal fungus on plant
growth, stevioside, NPK, and chlorophyll content of Stevia
rebaudiana. J. Plant Interact., 9: 128-136

Weraduwage, S.M., J. Chen, F.C. Anozie, A. Morales, S.E. Weise and T.D.
Sharkey, 2015. The relationship between leaf area growth and
biomass accumulation in Arabidopsis thaliana. Front. Plant Sci., 6:
167

Yaseen, M., T. Abbas, M.Z. Aziz, A. Wakeel, H. Yasmeen, W. Ahmed, A.
Ullah and M. Naveed, 2018. Microbial assisted foliar feeding of
micronutrients enhance growth, yield and biofortification of wheat.
Intl. J. Agric. Biol., 20: 353-360

Yun, J.I. and S.E. Taylor, 1986. Adaptive implications of leaf thickness for
sun- and shade-grown Abutilon theophrasti. Ecology, 67: 1314-1318

(Received 26 May 2018; Accepted 22 August 2018)



