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Plant Growth Promoting Rhizobacteria: Effects on root
growth and yield of peanut (Arachis hypogaeaL.) crop
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ABSTRACT

Cérdoba province accounts for 88% of peanut (Arachis hypogea L.) grown area in Argentina.
The use of plant growth-promoting rhizobacteria (PGPR) is an alternative to reduce synthetic
supplies and improve crop yields. Pseudomonas and Bacillus are the main crop growth-
inducing genera when associated with the rhizosphere. The objective of this work was to
evaluate the impact of PGPR on some traits associated with growth, both under field and
chamber conditions. PGPR stimulated root growth, total biomass, and yield of peanut crops in
the field. Root growth was between +10 and +150% relative to the control. PGPR increased yield
between 26-44% over the control. The results suggest positive effects of PGPR on the peanut
crop.

Keywords: Bacillus; Pseudomonas; Peanut yield; Growth stimulation.

Rizobactérias promotoras do crescimento vegetal estimulam
0 crescimento das raizes e o rendimento da culturado
amendoim (Arachis hypogaealL.)

RESUMO
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A provincia de Cérdoba concentra 88% da area de cultivo de amendoim (Arachis hypogea L.)
na Argentina. O uso de rizobactérias promotoras de crescimento de plantas (PGPR) é uma
alternativa para reduzir os suprimentos sintéticos e melhorar o rendimento das colheitas.
Pseudomonas e Bacillus sdo os principais géneros que induzem o crescimento da cultura
quando associados a rizosfera. O objetivo deste trabalho foi avaliar o impacto do PGPR em
alguns tragos associados ao crescimento, tanto em condi¢cdes de campo como de cadmara. O
PGPR estimulava o crescimento das raizes, a biomassa total e o rendimento das culturas de
amendoim no campo. O crescimento radicular estava entre +10 e +150% em relagdo ao
controle. O PGPR aumentou o rendimento entre 26-44% em relacdo ao controle. Os resultados
sugerem efeitos positivos do PGPR sobre a cultura do amendoim.

Palavras-chave: Bacillus; Pseudomonas; Rendimento; Estimulacdo do crescimento.

RESUMEN

Cérdoba es la principal region productora de mani (Arachis hypogaea L.) en Argentina,
concentrando mas del 88% de la superficie sembrada. El uso de rhizobacterias promotoras del
crecimiento de plantas (PGPR) es una alternativa para reducir el uso de insumos sintéticos e
impulsar mejoras en el rendimiento. Pseudomonas y Bacillus son los principales géneros
inductivos del crecimiento del cultivo cuando se asocian a la rizdsfera. El objetivo de este
trabajo fue evaluar el impacto de la aplicacion de PGPR sobre algunos rasgos asociados al
crecimiento bajo condiciones de crecimiento a campo y en camara de cultivos. PGPR
estimularon el crecimiento de raices, la biomasa total y el rendimiento del cultivo de mani a
campo. El crecimiento radicular fue entre +10 y +150% respecto al control Las PGPR
incrementaron el rendimiento entre 26-44% respecto al control. Los resultados sugieren efectos
positivos de PGPR sobre el cultivo de mani.

Palabras clave: Bacillus; Pseudomonas; Rendimiento; Estimulacion del crecimiento.

Introduction

Cérdoba is the largest peanut producing province in Argentina, with
approximately 350,000 hectares and an average seed yield of 2.57 t.ha-1
(CAMARA ARGENTINA DEL MANI, 2021). Market trends force farmers to
modify their production systems. The use of plant growth-promoting
rhizobacteria (PGPR) is an alternative to reduce synthetic supplies and
improve crop yields (REHMAN et al., 2020).

Plant Growth-Promoting Rhizobacteria (PGPR) are edaphic
microorganisms that interact with the plant rhizosphere and could enhance
growth through direct or indirect mechanisms (KUMAR et al., 2019;
REHMAN et al., 2020; BASU et al., 2021). The direct mechanisms are
related to the crop bio-stimulation and the indirect effects lie in the control of
phytopathogens. Pseudomonas and Bacillus are PGPR genera that increase
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meristematic activity at the root level and crop growth improving the yield
(KUMAR et al., 2019). However, their effects on peanut crops need further
investigation specially under field conditions. The objective of this work was
to determine the PGPR effects on root growth, biomass production, and yield

of peanut crops.
Material and Methods

Microorganisms in Field and Pot Trials

Field and Pot trials were performed to evaluate the effects of PGPR
strains on peanuts (Arachis hypogaea). The cultivar ‘Granoleico’ was used,
and the treatments were: (i) Bacillus sp. (RI3), (ii) Bacillus sp. (SC6),
(iif) Pseudomonas sp. (PSE10), (iv) control without PGPR application, and
(v) Bradyrhizobium spp. as a traditional peanut biofertilizer. All strains were
adjusted to 1x10° CFU.mL"! (colony forming unit) and were obtained in the

exponential growth phase in tryptic soy broth.

Field experiments (Expn) were conducted during two seasons at
INTA Manfredi, Argentina. The sowing dates were 10/05/2019 (Expi1) and
10/15/2020 (Exp2) using a stand density of 14 plants m? at 0.70 m. row
spacing. For each treatment, 100 g of seeds were treated with a combination
of Thiabendazole (15 g.L™?), Fludioxonil (2.5 g.L!), and Methalaxil-M (2 g.L™1).

After, seeds were pelleted with a PGPR at a concentration of 1x10°
CFU.mL™. To verify an apparent concentration of 8-9 x 10° CFU.seed™, 10 g
of the treated seeds were resuspended in Peptone Water, and serial dilutions
were released for bacterial plate count on Tryptic Soy Agar medium
for Bacillus sp., King F medium for Pseudomonas sp., and nitrogen-free

medium for Bradyrhizobium spp.

At seeding, an application of 190 L.ha' of PGPR was made at the
bottom of each furrow. The apparent concentration of inoculant was 1x10°
CFU.mL™. At the beginning of pod (R3), PGPR was sprayed in each row at
the same rate and contraction used at sowing. In both years, the layout of the

experiment was a complete randomized block design with three replications.
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Each plot had a total surface of 36 m?. At R3, root biomass was determined
according to the procedures of FRASIER et al. (2016). Total (TB) and
reproductive (RB) biomass were determined at the beginning of seed filling
(R5) and maturity harvest (R8).

Furthermore, pod and seed yield were quantified at R8. At each
sampling date, plantsin 1 m2 were harvested from the two central rows. In
controlled conditions trials, pots of 3L were filled with sterilized mixed soil (1:1
V/IV) (silty loam Typic Haplustoll soil and sand). Fifteen pots were used per
treatment. Seeds were surface-sterilized following the process described by
CAMILETTI et al. (2018) and then inoculated as described above (ii-v

treatment).

An additional application of 80 pL.seed? of PGPR was made at the
bottom of the seed socket (3cm depth) to complete the doses performed for
the field trials. Peanut seedlings were grown at 28°C in a chamber with a
16:8 (light/dark) hours of photoperiod, and the soil had maintained at field
capacity. Fifteen days after emergence, grow parameters were determined:

root length, plant height, and aerial and root biomass.
Results and Discussion
Root growth

An increased range (10%-150%) of root biomass was measured into
the first 20 cm of soil under field conditions (Figure 1a), with a similar
behavoir under pot trial (7%-66%) (Figure 1b and figure 2). In addition, root
growth under PGPR was higher than Bradyrhizobium spp., showing, on
average, an increment around 67% and 32% in field and pot trials,
respectively. These responses were similar to those previously reported by
BASU et al. (2021).
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Figure 1. Root biomass (%) related to the Control treatment in (a) field and
(b) pot trials. Black and gray bars (a) correspond to Exp:i and Exp2,
respectively.

Control Brady spp. RI3 SCé PSE10

Figure 2. Root determination in the pot trial.
Biomass production and Yield

Contrasting biomass production between seasons (2019>2020)
reflected variability of environmental conditions (data not shown). However,
interestingly, the highest values of TB were found in Expz. At R5, there were
no differences between treatments in both seasons. At R8, positive effects of
PGPR on reproductive biomass were evident. Pod yield of PGPR treatments
were higher than control in both field experiments, with Pseudomonas sp.
(PSE10) showing the highest values (34-31%), followed by Bacillus sp. (RI3)
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(23-41%), Bacillus sp. (SC6) (20-26%), and Bradyrhizobium spp. (13-15%) in
Exp1 and Expz, respectively (Table 1). Seed yield of PGPR treatments were
higher than control in both experiments. Pseudomonas sp. (PSE10) (32-
19%) and Bacillussp. (SC6) (22-44%) obtained higher values
than Bradyrhizobium spp. (16-29%) and Bacillus sp. (RI3) (10-11%).
Recently, similar PGPR effects were reported in peanuts and other crops
(IPEK et al., 2014; SOOD et al., 2017; BIGATTON et al., 2020).

SAS, 2(edespl): e21126, 2021




21126

6°99% ¥ 0v9S 8'09L F8'TVLL 0L8 FT'TLVET S'9ET F6'SP6 gves¥e'egs  0°0C (93s) *ds snjpoog
b’9L ¥ 8°€65S £T0Z FThSL 6°L26 FS9STZT TT'8YTF SS9 TLISFvepes  6T0C (935) *ds snjjioog
VLLEF6'80E9  9'9ey +6'8018 '€06 F9'LOLYT S'9ET F5°Z8L TELTFg'seg9  0T0C (€19) "ds snjjrong
80y T6'L06S  g'z0S ¥ 06vL L'0S. F5°8Z8CT S'TTE FS'VSLT T19s Fz0860T  6T0C (€rd) “ds snyjrong
ceL8TIL8Y 9 TPIT F'SE99 1°SOL ¥ €90ET T'Z0S F6'STIT TLSLFe6Ts8 020 "dss winiqozjyiApo.g
6°CLZFSCOES g GTETSPEY 9'0LL F8'V8LTT 9°00T ¥ Z'66.2 T'8€eS ¥i'8eg0r 610 “dss wniqoziyifpnig
€096 F9'9SSS ¢ 0gZT F6L0TL  9'LITI F¥'S6ZET 8'85Z ¥ 5°000T 9oyZIT¥6'56€8  0C0C (01354) "ds spuowopnasd
T'68Z TEEIEI ¢ o19 751818 T'9ET F5°799%1 £'€0Z F8'S8€T €T F8'7688 610 (0135d) *ds spuowopnasd
S'BELFV'ILEY  /T00TF9'ISLS  6°€E6 FT'BETLIT TITF6'LT6 v’LL0TFoe8L  0T0C |0J3u0)
€098 FSVI8Y  g'y86F8'€609 'T0S ¥ 9660T S'SHT ¥8'9892 T°'€0ZT ¥8'9TT0T  6T0C |os3u0)
(r-ey3y) (r-ey3y) (r-ey3y) (r-ey3y) (r-ey°3y) 1eap sjuawgeal]
PI2IA PR2S PIRIA pod ssewolg |eloL ssewolg anlppnpoiday ssewolg |ejoL
8y Sy

"uoneInap prepuels

pue abeiane Juasaldal saneA ‘PIBIA PESS pue pPod Se aleulwlalep pey ssewolg aAnonpolday ‘gY 1V ‘Siuswiean
dd9d Japun buimoib doio 1nuead Jo sabels 84 pue Gy 1e (gy) ssewolq aAnonpoldal pue (gl1) ssewolq [elol T a|qel

SAS, 2(edespl): e21126, 2021




21126

Conclusions

The PGPR stimulated the root growth, increased the total biomass
and yield (seed and pod). This behavior was consistent in all experiments
and levels of analysis. These results provided evidence that PGPR promotes

peanut growth.
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