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Effect of biostimulants on dry matter accumulation and 
gas exchange in plantain plants (Musa AAB)

Efecto de bioestimulantes sobre la acumulación de materia seca 
e intercambio de gases en plantas de plátano (Musa AAB)
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‘Hartón’ plantain plants in greenhouse, 
Granada (Colombia). 
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ABSTRACT
Biostimulants can potentially improve plant growth and development, modifying physiological processes. 
This study evaluated the effect of four biostimulants on the growth of ‘Hartón’ plantain plants and the leaf 
gas exchange during the vegetative phase. This experiment was developed on a plantain farm’s nursery in 
Fuente de Oro (Colombia) with a randomized complete block design with four replicates. The treatments 
were the biostimulants: Bactox WP®: Bacillus subtilis (Bs); Baliente®: Bacillus amyloliquefaciens (Ba); Tierra 
Diatomeas®: silicon dioxide (Si); Re-Leaf®: salicylic acid (SA) and the control (water). All products had a 
positive effect on the accumulation of total dry matter (DM) (between 58.4 and 21.9%) and on the photosyn-
thetic activity (a maximum of 110 and 24.3% in first and second evaluation), as compared to the control, 
while no differences were found (P>0.05) for the foliar emission rate and chlorophyll content between the 
treatments. The plants treated with Bs had the greatest DM accumulation at the end of the study and a 
constant, high photosynthetic activity. All the while Bs, Ba and Si managed to stimulate greater early pho-
tosynthetic activity. According to the results, the use of these biostimulants during the vegetative phase had 
an effect on the physiological processes that enhance DM accumulation in plantain plants, which could be 
potentially useful for the transplanting stage and increase the reserves used during their establishment and 
development in the field. 

Additional key words: photoassimilate distribution; ‘Hartón’ plantain; plant growth 
promoting rhizobacteria (PGPR); Bacillus; silicon; salicylic acid.
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Biotic and abiotic factors affect crop production 
around the world. The presence of any of these can 
alter growth and development or completely inter-
rupt the productive cycle, affecting physiological pro-
cesses; for this reason, currently, strategies are being 
sought to prevent and minimize the risk of loss in 
production systems with a low investment, with-
out affecting safety or quality (Halpern et al., 2015; 
Posmyk and Szafrańska, 2016). Several biostimulants 
have been evaluated and recommended as an alter-
native that prevents damage from these limitations, 
optimizing the growth of plants through different 
mechanisms (Saa et al., 2015; Wang et al., 2016; Mag-
alhães et al., 2016), promoting quality and indirectly 
decreasing the use of agrochemicals (Yakhin et al., 
2017).

According to du Jardin (2015), a plant biostimulant 
is any substance or microorganism applied to plants 
with the aim to enhance nutrition efficiency, abiotic 
stress tolerance and/or crop quality traits, regard-
less of its nutrients content. These substances can 
regulate physiological processes and perform direct-
ly on the metabolism, affecting development and 

productivity (Bulgari et al., 2015; Yakhin et al., 2017). 
Different categories of biostimulants have been pro-
posed (Calvo et al., 2014); these include products 
containing hormones (Kauffman et al., 2007), inor-
ganic compounds (such as Se y Si), and bacteria (mu-
tualistic endosymbiont and plant growth-promoting 
rhizobacteria -PGPR-) (du Jardin, 2015), etc. Positive 
results have been found for different conditions and 
crops uses. Thus, silicon applications have been re-
ported that improve plant growth and development 
under stress (Kurabachew and Wydra, 2014; Aucique-
Pérez et al., 2017; Helaly et al., 2017) and non-stress 
conditions (Lavinsky et al., 2016). Likewise, PGPR ap-
plications have been shown to impact plant growth 
(Lavakush et al., 2014; Calvo et al., 2017), photosyn-
thetic activity (Stefan et al., 2013), accumulation of 
dry matter, quality and yield of the final product 
(Mena-Violante and Olalde-Portugal, 2007; Ul Has-
san and Bano, 2015). 

Plantains and bananas are fruits crop with critical 
importance to global food security. The estimated 
annual global production exceeds 147 million t (FAO-
STAT, 2016). However, these species are considered 

RESUMEN 
Los bioestimulantes son productos que potencialmente pueden mejorar el crecimiento y desarrollo de las plantas 
al modificar procesos fisiológicos. En este estudio se evaluó la influencia de cuatro bioestimulantes en el crecimien-
to de plantas de plátano ‘Hartón’ e intercambio de gases en un periodo de la fase vegetativa. El experimento se 
desarrolló en el vivero de una finca productora de plátano en Fuente de Oro (Colombia), en un diseño de bloques 
completos al azar generalizados con cuatro repeticiones. Los tratamientos correspondieron a los bioestimulantes 
Bactox WP®: Bacillus subtilis (Bs); Baliente®: Bacillus amyloliquefaciens (Ba); Tierras de diatomeas®: dióxido de silicio 
(Si); Re-Leaf®: ácido salicílico (As) y el control (agua). Todos los productos mostraron tener un efecto positivo en la 
acumulación de materia seca (MS) total (entre 58,4 y 21,9%) y en la actividad fotosintética (en un máximo de 110 
y 24,3% en primera y segunda evaluación) respecto al control, mientras que en ritmo de emisión foliar y contenido 
de clorofila no se encontraron diferencias (P>0,05) entre tratamientos. Plantas tratadas con Bs tuvieron la mayor 
acumulación de MS al finalizar el estudio y una alta actividad fotosintética constante. Mientras que Bs, Ba y Si 
lograron estimular una mayor actividad fotosintética temprana. De acuerdo con los resultados el uso de estos bioes-
timulantes durante esta fase vegetativa tiene efecto sobre procesos fisiológicos que mejoran la acumulación de MS 
en plantas de plátano, lo que podría capacitarlo para enfrentar la etapa de trasplante y aumentar las reservas para 
ser utilizadas durante su establecimiento y desarrollo en campo.

Palabras clave adicionales: distribución de fotoasimilados; plátano ‘Hartón’; rizobacterias 
promotoras de crecimiento (PGPR); Bacillus; silicio; ácido salicílico. 
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crops with high demand for agricultural inputs in or-
der to obtain outstanding production and minimize 
risk from external factors, which in addition to being 
expensive may have an impact on the environment 
(Mia et al., 2010a). Biostimulants based on PGPR have 
been shown to enhance banana plant growth and nu-
trient uptake. Applications in a nursery can influence 
subsequent physiological stages, as well as in the fi-
nal production, showing potential for use as an alter-
native in integrated management and cost reduction 
(Kavino et al., 2010; Mia et al., 2010a, 2010b). These 
reports indicate that the application of biostimulants 
(PGPR or another source) in the nursery phase could 
be useful for obtaining a greater accumulation of dry 
biomass for the critical stages of the species. 

In this study, four biostimulants were evaluated: 
two PGPRs (Bacillus subtilis (Bs), Bacillus amyloliquefa-
ciens (Ba)), silicon dioxide (Si) and salicylic acid (As). 
The objective was to determinate their influence on 
growth variables and gas exchange in ‘Hartón’ plan-
tain plants in the nursery phase. In this case, it was 
found that the use of these products promoted a 
greater accumulation of dry matter; furthermore, Bs 
and Si stimulated an early and higher photosynthetic 
rate, improving it significantly.

MATERIALS AND METHODS

This study was conducted in an outdoor nursery on 
a plantain production farm in Fuente de Oro, Meta 
(Colombia, 2017-2018) (3°25’39” N and 73°37’12” W, 
altitude 307 m a.s.l.) from November to February. 
The climate of the region was tropical humid with 
an annual average rainfall of 2,621 mm (in a mono-
modal pattern) and a mean temperature of 25.6°C. 
Plantain corms from cv. ‘Hartón’ (Musa AAB) were 
used from a farm with ICA registration to obtain the 
plant material. The whole corm technique was used 
for macropropagation (Njukwe et al., 2007; Buah and 
Tachie-Menson, 2015), which were established in 
wooden propagators for a month and a half. Then, 
shoots were carefully excised from the corm and 
transplanted as individual plantlets in 1.0 × 7.0 m 
propagators containing rice husk. Each nursery bed 
was irrigated to maintain a 23±3% substrate mois-
ture content; the plants were fertilized biweekly 
with a mixture of diammonium phosphate, urea, 
potassium chloride and micronutrients. This ex-
periment was established in a randomized complete 
block design (simple factorial), with four repetitions 
and six plants per treatment. The treatments were 

the biostimulants (Bactox WP®: Bacillus subtilis (Bs); 
Baliente®: Bacillus amyloliquefaciens (Ba); Tierra Di-
atomeas®: silicon dioxide (Si); Re-Leaf®: salicylic acid 
(SA)) and control (current volume of water). The 
products were applied based on the recommended 
doses: 5 g L-1, 2.5 and 1.25 cc L-1, and 4 g L-1 every 21 
d from 0 to 12th week. First, two biostimulants were 
applied as a substrate drench, SA by spraying the leaf 
tissue and by drenching and foliar spraying in the last 
two. 

‘Hartón’ plantain plantlet growth

The pseudostem length was determined with a mea-
suring tape, from the ground level to the insertion 
of the last leaf (youngest leaf); basal diameter was 
recorded with a Vernier caliper, and measured at 2 cm 
above the surface of the substrate. The foliar emission 
rate (FER) was determined by counting the number 
of fully expanded leaves emerged on each plant (Ga-
lán-Saúco and Robinson, 2013). These measurements 
were carried out in three plants per experiment unit 
every 15 d.

At the end of the experiment, plants were care-
fully removed from the propagators, detached and 
weighed for the different organs (leaves, pseudostem, 
corm and roots). A sample of each one was taken to 
estimate the dry matter (DM) content. Likewise, the 
maximum root-length was measured with a tape 
measure. The collected plant samples were dried for 
72 h in an oven at 65°C, then the dry biomass was 
recorded.

Gas exchange and SPAD units

The leaf gas exchange were measured using a LI-
6400XT portable photosynthesis system (LICOR, 
Inc., Lincoln, NE), equipped with a LED light source 
(6400-02B). The assessments were taken between 
9:00 and 11:30 am at a photosynthetic photon flux 
density of 300 μmol m-2 s-1 with a previous light 
saturation curve, while the CO2 concentration was 
adjusted to 400 μmol m-2 s-1; the data were recorded 
when the coefficient of variation was less than 5%. 
Parameters such as net photosynthesis rate (A), tran-
spiration rate (Tr), stomatal conductance (Gs) and 
intercellular CO2 concentration (Ci) were evaluated. 
The instantaneous carboxylation efficiency was cal-
culated as ratio of A to Ci (A/Ci). A portable chloro-
phyll meter (SPAD 502, Konica Minolta, Tokyo) was 
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used to determinate the chlorophyll content based 
on the SPAD index. Data were collected from eight 
plants per treatment in the last four weeks, corre-
sponding to 10th through 12th week; the third young-
est fully expanded leaf (from the top) was measured 
for each plant (Galán-Saúco and Robinson, 2013).

Statistical analysis

A variance analysis followed by Tukey’s multiple 
comparison test was carried out using statistical soft-
ware R. Statistical significance at P≤0.05 was used to 
determine significant differences between the treat-
ments. The data for length, diameter of pseudostem 
and number of emitted leaves were analyzed in a 
design with repeated measurements where time was 
considered the intra-subject factor. The means were 
determined with 12 plants per treatment in these 
variables.

RESULTS 

The ‘Hartón’ plantain plantlets were treated with 
four commercial biostimulants for 12 weeks to iden-
tify their effect on physiological variables.

Plantain plantlet growth 

There were no significant differences (P>0.05) 
caused by the interaction (treatment and time) or 

treatments in the length, pseudostem diameter or 
number of emitted leaves, although there was effect 
of time from fourth week (Fig. 1). Despite the ab-
sence of differences caused by the treatments, there 
was a slight reduction in the increase of pseudostem 
length and diameter starting with the sixth week, 
mainly in the treatments Ba, Bs and Si; however, the 
trend was to increase (Fig. 1A and 1B). At the end 
of the experiment, the average length was 53.3 cm, 
the pseudostem diameter was 4.23 cm and the num-
ber of emitted leaves was 12.73 (Fig. 1C). The mean 
FER was between 0.60 and 0.77, with no differences 
between the treatments (Tab. 1).

All the plants submitted to treatment with biostim-
ulants had a higher total DM accumulation than the 
control at 12 weeks after initiation of treatments 
(Tab. 1) although significant differences were found 
with Bs. The highest accumulation in the leaves, 
pseudostem, corm and root were stimulated with Bs 
while the control treatment maintained the lowest 
accumulation in the leaves, pseudostem and root. 
The maximum root length was achieved with the 
application of Bs and Si while As and Ba resulted in 
the lowest values. In general, the results suggested a 
positive effect from the biostimulants on the plan-
tain plant growth.

Dry matter distribution between the plant organs; 
leaves had the greatest DM accumulation (percent-
age) during the vegetative phase in all treatments, 
followed by the pseudostem, corm and roots (Fig. 2).

Figure 1.  Pseudostem length (A) and diameter (B); number of leaves (C) emitted in ‘Hartón’ plantain seedlings treated with bio-
stimulant (Bs: B. subtilis, Si: silicon dioxide, SA: salicylic acid, C: control, Ba: B. amyloliquefaciens) in biweekly sam-
plings from corm independence. Bars correspond to the standard error considering intra-subject variables (n=12).
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Table 1.  Influence of biostimulants on accumulation of dry matter, maximum root length and foliar emission rate (FER) of 
‘Hartón’ plantain plants 12 weeks after detachment from the corms.

Treatments
Dry matter (g) Root length 

(cm) FER
Leaves Pseudostem Corm Root Total

Bs 27.30 b 18.92 b 12.23 b 6.26 b 64.71 b 50.05 b 0.66 a

SA 20.83 ab 13.01 ab  9.85 ab 6.23 b 49.91 a 43.06 a 0.77 a

Ba 20.58 ab 17.57 a 8.90 a 4.88 ab 51.92 ab 42.48 a 0.67 a

Si 20.01 ab 18.04 a 9.59 ab 6.14 ab 53.78 ab 50.99 b 0.60 a

C 17.23 a 9.69 a 9.30 a 4.74 a 40.95 a  44.69 ab 0.72 a

Means with different letters indicate significant differences after the Tukey test (P≤0.05) (n=12). Bs, B. subtilis; As, salicylic acid; Ba, B. amyloliquefaciens; Si, 
silicon dioxide; C, control. 

Figure 2. Dry matter distribution in ‘Hartón’ plantain plants 
12 weeks after being independent from the corm. 
Bs: B. subtilis, Si: silicon dioxide, SA: salicylic 
acid, C: control (water), Ba: B. amyloliquefaciens.
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Photosynthetic activity

Gas exchange variables were measured to validate 
the biostimulant effect on photosynthetic activ-
ity. The assessments were carried out at the 10th 
and 12th week (Fig. 3). The differences between the 
treatments were significant (P≤0.05) for A, Tr and 
carboxylation efficiency (Fig. 3). Three of the four 
biostimulants increased the net CO2 assimilation rate 
(A), as compared to the control: Bs, Ba and Si, while 
SA was in the same data range as the control plants. 
These three treatments had 110, 81 and 63% higher 
photosynthetic performance than the control in first 
evaluation. The results obtained with Gs and Tr had 
a similar trend. Bs induced the highest values at the 
first sampling (10th week) in A and Tr, resulting in a 
2-fold increase as compared to the control plants. For 
the subsequent evaluation (12th week), the difference 
between the non-treated, SA treated plants and the 

remaining treatments was reduced. Silicon dioxide 
reached the values of Bs in A and A/Ci; these two 
treatments had the highest values for the measured 
parameters, with a significant difference in A/Ci. 

No significant differences were found in Ci between 
the treatments, while the instantaneous carboxyl-
ation efficiency had the same tendency as the pho-
tosynthetic rate, with significant differences. There 
were no differences in the chlorophyll content (SPAD 
index) between the treatments (P>0.05); the average 
content was between 38.88 and 43.88 SPAD units in 
both the first and second evaluation (Fig. 3).

DISCUSSION

The use of biostimulants has been shown to promote 
growth in different plant species (Gemin et al., 2019; 
Saia et al., 2019; Agarwal et al., 2019). Musaceas such 
as plantains and banana plants require a high and 
fast dry matter accumulation and distribution to 
produce high-quality bunches (Turner, 1998; Chaves 
et al., 2009). Because these plants have a determinate 
growth, the development of the root system and 
leaves occurs during the vegetative phase and ceases 
with floral differentiation (Turner, 1998; Chaves et 
al., 2009). In this stage, the leaves, being the main 
source of assimilates, allocate part of the dry mat-
ter to form a strong pseudostem, while the corm is 
the main storage organ (Turner, 1998; Martínez and 
Cayón, 2011). Since stored photoassimilates can be 
remobilized in the next phases, an adequate dry mat-
ter accumulation at this phase could improve the 
source-sink relationship. The results revealed that 
the Bs, Si, Ba and SA applications increased the to-
tal dry matter accumulation in the ‘Hartón’ plantain 
plants, with values of 58.3, 31.3, 26.8 and 21.9%, 
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respectively, as compared with the control plants 
during the vegetative phase. Although this improve-
ment occurred through different modes of action, the 
results indicated that these mechanisms directly or 
indirectly improved the photosynthetic activity, as 
can be observed with Bs, Ba and Si (Fig. 3).

B. subtilis was the treatment (Bs) that induced 
the highest response of biomass production and 

photosynthetic activity in the vegetative period. This 
PGPR has been reported as promoting DM accumu-
lation through direct mechanisms: phytohormone 
production such as auxins and gibberellins (involved 
in processes such as cell elongation and division) and 
enhancing plant nutrient absorption (Mohamed and 
Gomaa, 2012; Ahmad et al., 2017; Jang et al., 2018). 
In addition, Bs has been shown to increase photo-
synthetic efficiency, chlorophyll content and sugar 
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accumulation in several studies (Zhang et al., 2008; 
Ul Hassan and Bano, 2015). According to Zhang et al. 
(2008), Bs can repress hexokinase-dependent glucose 
signaling (HXK), which limits the photosynthetic in-
hibition induced by the end-product and stimulates 
photosynthetic activity. The high activity found in 
this experiment was accompanied by an increase in 
Gs at the 10th week (Fig. 3), which coincided with the 
reports of Zhang et al. (2008) and Mahomed and Go-
maa (2012), who stated that Bs mediates the reduc-
tion of abscisic acid levels, the hormone involved in 
stomatal closure. Bs could promote an increase in en-
dogenous hormones, improving the efficiency of nu-
trient acquisition, with better root growth evidenced 
in DM accumulation (Tab. 1) and an increase in the 
photosynthetic rate (Fig. 3), which would explain the 
outstanding feature.

The plants treated with B. amyloliquefaciens (Ba) 
showed an intermediate behavior in both A and DM 
accumulation. In comparison with Bs (also a PGPR), 
Ba stimulated leaf and pseudostem growth more 
than root growth although the pseudostem length 
and diameter (Fig. 1) were similar, suggesting its ef-
fect as a growth promoter, which could be related to 
its action on the hormonal balance as reported by 
Asari et al. (2017). That promotion was also observed 
in the evaluation of the photosynthetic activity. The 
treatments did not show differences in the chloro-
phyll content (SPAD index); the data were similar to 
reports for Musaceae (Hooks et al., 2008; Anusuya, 
2014).

The effects of exogenous applications of SA on the 
physiological processes of plants, on the other hand, 
are controversial. Some studies have reported better 
growth, photosynthetic activity and photosynthetic 
pigment contents with its use in stressed plants (Ja-
lal et al., 2012; Nazar et al., 2015; Cao et al., 2015; 
Elhakem, 2019), while other research results have in-
dicated a negative effect on these parameters (Man-
cheva et al., 1996). Therefore, these assays suggest 
that there is a species-specific response and a relation-
ship with the applied proportion (Janda et al., 2014). 
In this study, the SA application enhanced the dry 
matter accumulation of the ‘Hartón’ plantain plants 
in comparison with the control plants (although 
without statistical differences) by a different mecha-
nism that increased photosynthetic activity (Fig. 3). 

Silicon has been the subject of multiple studies. Its 
main positive effect has been found in alleviating bi-
otic or abiotic stress (Zanetti et al., 2016; Maghsoudi 

et al., 2016a). However, under the non-stress condi-
tions of the present study, the results showed that 
Si induced a higher photosynthetic rate than the 
control plants on the two evaluation dates although 
there was a statistical difference. Similar results were 
reported for wheat, corn, and rice by Maghsoudi et al. 
(2016b), Xie et al. (2014), and Detmann et al. (2012), 
respectively. The stimulated photosynthetic activity 
could be related to the stability in the Tr values be-
cause, despite increases in Gs between the first and 
second evaluation, the Tr rates remained constant 
and the water use efficiency improved (data not 
shown). This response could be related to Si deposi-
tion mainly in epidermal cells, which would main-
tain transpiration and plant water potential, as has 
been reported for rice and corn (Agarie et al., 1998; 
Gao et al., 2006). The carboxylation efficiency was 
greater in the Si treated plants than in the control, 
suggesting a higher CO2 fixation as a result of the 
increase in Gs; the total DM accumulation was also 
superior to the control plants, especially at the leaf 
and pseudostem level. In addition, according to Xu 
et al. (2016), an increase in photosynthesis without 
differences in Ci (between the first and second evalu-
ation) could suggest that Si has an effect on stoma-
tal and non-stomatal factors, as has been reported in 
rice plants subjected to stress, in which an Si applica-
tion increased the transcription of genes involved in 
photosystem efficiency and electron transport chain 
(Song et al., 2014). 

In banana, Mia et al. (2010b) reported than PGPR 
applications, in combination with fertilizer-N (after 
transplant to hydroponic system), significantly in-
creased root growth, total biomass, photosynthetic 
rate and bunch yield. Similarly, the use of bio-formu-
lations containing PGPR in different stages of the pro-
ductive cycle improved plant biometric parameters 
and had a cumulative effect on yield and fruit quality 
attributes (Kavino et al., 2010). On the other hand, 
the effect of hormones and inorganic compounds 
(such as SA and Si) on musaceas plants has been re-
searched mainly with a phytopathological approach.

According to the background and results obtained in 
the vegetative phase, it could be expected that the 
use of the evaluated biostimulants (Bs and Si) has a 
potential effect on subsequent phases of the produc-
tive cycle since they improved growth (DM accu-
mulation) through various mechanisms. Therefore, 
these products could be an important technological 
alternative in integrated plantain management. Ad-
ditionally, their active ingredients have been reported 
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to reduce the disease symptoms caused by Ralstonia 
solanacearum in different species. Since it is one of 
the most important production-limiting diseases in 
the plantain crop system throughout the domestic 
production area, it would be important to determine 
their influence on disease progression.

CONCLUSIONS

All biostimulants applied in the evaluated vegetative 
phase stimulated a greater DM accumulation than 
in the control through different mechanisms (in a 
range between 58.3 and 21.9%) although only the 
Bs treatment had a significant difference. This DM 
was assigned mainly to the leaves and pseudostem, 
indicating the formation of a strong structure that 
will physically support production and will serve as 
storage for the reproductive and productive phases. 
On the other hand, Bs, Ba and Si stood out because of 
their outstanding action on the early photosynthetic 
activity and DM accumulation, showing potential 
for evaluation under field conditions.
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