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Evaluating the effect of plantlet age and Trichoderma spp. application
on acclimatization of Boehmeria nivea L. Gaud

Abstract. One of the crucial stages in the ramie plant (Boehmeria nivea L. Gaud) tissue culture is the
acclimatization phase, which transitions between the in vitro and ex-vitro environments. Determining
the appropriate age of plantlets and providing nutrients in the substrate play significant roles in the
success of acclimatization. This research is conducted to determine the most suitable age of plantlets for
acclimatization and assess the impact of providing nutrients through Trichoderma spp. application on
the growth of ramie seedlings during the acclimatization phase. The experiment was conducted
between January and March 2023 at the Screenhouse Bale Tatanen, Faculty of Agriculture, Universitas
Padjadjaran, Jatinangor, Sumedang. The experimental design used was a Randomized Complete Block
Design (RCBD) with two factors: plantlet age with three levels (4, 8, and 12 weeks old) and Trichoderma
spp. fertilizer application with two levels (without and with Trichoderma) with 4 replications. The results
showed that the 4-week-old plantlets exhibited the best height, root number, root length, and leaf
number growth. Additionally, the application of Trichoderma spp. increased the stem diameter of the
ramie seedlings during the acclimatization phase.
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Introduction

Ramie is one of the annual plants that produce
natural fibers. Its fibers have superior properties
to other plant fibers, such as high water
absorption, strong, long strands, good
compatibility, and luster (Novarini & Sukardan,
2015, Muryanto et al, 2018). Ramie can be
developed in Indonesia as an alternative fiber-
producing crop to cotton. Indonesia's demand for
cotton fiber is very high, at 700,000 tons or US$1
billion per year, mostly met by imports (Suparno,
2020).

The use of superior clones is essential in
producing high-quality ramie. One of Indonesia's
superior and high-yielding ramie is the Ramindo-
1 clone, with a productivity of 2-2.7 tons/ha/year
and adaptability to various altitudes (Suherman
et al., 2017). Ramie cultivation in Indonesia often
faces challenges because planting materials do
not meet seedling standards (Purwati &
Sudjindro, 2004).

Rhizomes used as planting materials require
a long time for production and have a short
storage life (Purwati, 2010; Mukherjee et al.,
2018). Compared to conventional plant
propagation methods like rhizomes, tissue
culture propagation can produce many uniforms,
virus-free seedlings rapidly (Alexopoulus &
Petropoulus, 2021). Among the stages in tissue
culture, the final step determining its success is
the acclimatization phase (Hiti-Bandaralage etal.,
2017). The success of in vitro seedling production
greatly depends on the plantlets' ability to adapt
and survive when transferred to the ex vitro
environment (Saptari et al., 2017; Bag et al., 2019).

Prausova et al. (2015) found that the initial
size of plantlets during the acclimatization
process affects their survival rate, biomass
increment, and leaf quantity. Older plantlets tend
to be larger with more developed organs.
However, a longer age does not necessarily make
the plantlets more ready for acclimatization.
Palee et al. (2012) discovered that 4 and 8-week-
old plantlets had higher survival rates compared
to 12-week-old plantlets in the case of Stemona
curtisii. The shorter the age at which the plantlets
can be acclimatized, the more efficient the in vitro
seedling production process becomes as the
production stages are shortened.

Fertilizer application during the
acclimatization phase is crucial. The application
of certain microbes, such as Trichoderma spp., can
be a suitable option as it is known as a plant
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growth-promoting fungi (PGPF) and a biocontrol
agent that enhances the survival rate and
supports the growth of vulnerable plantlets
(Sparta &  Emilda, 2020). Fertilization
significantly impacts plant growth during ex
vitro acclimatization, allowing for a shorter
period and making the plants ready to be
transferred to a greenhouse or field faster (Pirata
et al.,, 2022).

There is limited specific research discussing
the influence of plantlet age and Trichoderma spp.
application during the acclimatization stage,
especially concerning ramie plants. No
publications yet address the complete
acclimatization process, including the optimum
plantlet age for this stage. The present study
aimed to evaluate the effect of plantlet age and
Trichoderma spp. on the performance of ramie
plantlets. It allows us to determine the
appropriate plantlet age for acclimatization and
evaluate the necessity of Trichoderma application
during the acclimatization process.

Materials and Methods

Study sites and plant resources. The
acclimatization experiment was conducted at the
Screen House Bale Tatanen, Faculty of
Agriculture, Universitas Padjadjaran, from
February to March 2023. The preparation of
planting materials, which included plantlets from
tissue culture, was carried out at the Tissue
Culture and Seed Technology Laboratory,
Faculty of Agriculture, Universitas Padjadjaran.

Materials. The materials used were ramie
plantlets of the Ramindo-1 clone obtained from
tissue cultures 4, 8, and 12 weeks old. Soil
medium was used with the ratiol:1:1 of soil,
compost, and vermiculite, Trichoderma spp.
fertilizer (GM Trichoderma), and distilled water.
Equipment used in this experiment included
culture bottles, spatulas, forceps, 10 cm diameter
pots, plastic pots, buckets, calipers, meters,
writing tools, planting tables, Thermo-
hygrometers, chlorophyll meters (MC-—100,
Apogee Instruments, Inc.)), measuring cups,
cameras, and photo boxes.

Method. The experimental design used was
an RCBD with a factorial arrangement of two
factors: plantlet age (A) and Trichoderma spp.
application (T). Plantlet age had three levels: 4
weeks (al), 8 weeks (a2), and 12 weeks (a3); and
Trichoderma spp. application had two levels:
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without Trichoderma application (t0) and with
Trichoderma application (t1). There was a total of
six treatment combinations, each replicated four
times.

The plantlets used were obtained from the
second subculture of axillary bud explants
conducted at the Tissue Culture and Seed
Technology Laboratory, Faculty of Agriculture,
Universitas  Padjadjaran. The  Trichoderma
fertilizer used was GMN Trichoderma fertilizer
(PT. Trubus Prima) with registration number
03.03.2022.426. The media used were compost,
soil, and vermiculite, which were sterilized by
steam. The fertilizer application was conducted at
a recommended dosage of 100 g per 25 kg of
compost, which was then mixed with the
modified media according to the study by
Mukherjee et al. (2018), which was a 1:1:1 mixture
of soil, compost, and vermiculite. In this study, 4
g of Trichoderma spp. fertilizer was mixed into 1
kg of compost. Trichoderma spp. was applied to
the media one week before the acclimation
experiment.

Plantlets with different age treatments were
carefully removed from the bottles and rinsed
with running water to remove any remaining
media and prevent pathogen growth (Teixeira da
Silva et al., 2017). They were then planted in pots
containing media based on the Trichoderma spp.
application treatment. During the first week of
acclimatization, plastic covers were used to
gradually adapt the plantlets to the ex-vitro
temperature and humidity. On the fourth
acclimatization day, the plastic cover was
partially removed to expose the plantlets to lower
humidity. The plants are maintained by watering
daily according to the water capacity of the
media.

Parameters and analysis. The parameters
observed in this experiment were increment of
plant height, stem diameter, leaf number, root
quantity, root length, and leaf chlorophyll
content index (CCI) of the acclimatized ramie
seedlings for 4 weeks. CCI was measured using
CCM-200 plus Chlorophyll Content Meter (Opti-
Sciences Inc). The data obtained were analyzed
using analysis of variance (ANOVA) and further
analyzed using the least significant difference
(LSD) at 5% probability.

Results and Discussion
The result in Table 1 indicates no
interaction between plantlet age and Trichoderma
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spp. fertilizer application. However, each factor
independently  significantly influences all
vegetative growth parameters of the plantlets.
The increase in plant height is only influenced by
the plantlet age. The initial plant height varies
according to age, with average heights of 4, 8, and
12 weeks of age being 4.03, 10.65, and 16.14 cm,
respectively. This is consistent with the study by
Lommen (2023), which found that older in vitro
plantlets had longer stems when transplanted
than younger plantlets. They also had more main
stem nodes, higher total dry weight, greater leaf
area, and higher shoot and root weights.

The 4-week-old plantlets (al) showed the
best height increase compared to the other two
older ages. This is because the 4-week-old
plantlets still have young tissues, grow more
actively, and have good vigor. A similar case
occurred in the study by Sinta & Amanah (2019)
that the stevia plantlets reached 10 cm in height
but had low vigor, leading to difficulty standing
upright when transplanted to multi-trays during
hardening.

Their stem diameter also influenced the
inability of some plantlets to stand upright. Older
plantlets generally have larger stem diameters.
After acclimatization, it was observed that the 4-
week-old plantlets showed a greater increase in
diameter compared to the 8-week-old plantlets,
resulting in a larger diameter. Sulaiman et al.
(2005) found higher survival rates in stem
cuttings with larger diameters due to the
influence of diameter on root number. This was
evident in this experiment, where a greater
increase in root quantity was observed in the 4-
week-old plantlets, which also had a greater
increase in diameter by the end of
acclimatization. However, the 12-week-old
plantlets still had the highest number of roots
compared to the other age treatments. This was
consistent with the study of Sinta & Amanah
(2019), where the highest number and length of
roots were found in the oldest plantlets. Besides
the rooting induction media, some factors
affecting root development are shoot age and
size; younger shoots with stem diameters less
than 0.4 cm produce roots more slowly (Karyanti
et al., 2021; Lakho et al., 2023).

The longest root length was obtained from
the 12-week-old plantlets, but the greatest
increase in length was observed in the 4-week-old
plantlets. Rooting is a critical factor in
acclimatization, especially in nutrient uptake.
Roots growing in agar-based media typically
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show fragility, often experience dysfunction, and
lack root hairs. At the same time, transplanting is
a vulnerable stage that leads to root and plantlet
mortality after transfer to soil media (Erst et al.,
2018). This occurred in the 8-week-old plantlets
with underdeveloped roots, resulting in a lower
survival rate.

In addition to root development, leaf
number also plays a role in survival during
acclimatization. The 4-week-old plantlets also
showed the best growth parameters regarding
stem diameter increase, leaf number, root
number, and root length. The number of leaves
for each plantlet age before acclimatization was
the same, with 5 leaves for 4-week-old plantlets,
7 for 8-week-old plantlets, and 9 for 12-week-old
plantlets. Based on the observations in Table 1,
the highest increase in leaf number occurred in
the 4-week-old plantlets, with an increase almost
twice as large as the other two age treatments.
This could be due to younger plantlets
experiencing faster growth as young tissues are
more active in cell division, and their cell walls
are less complex than older plantlets (Duaja et al.,
2020).

Palee et al. (2012) found that after being
transplanted to the soil for 8 weeks, new leaves
and roots formed in the surviving plantlets, but
the in vitro-formed leaves became wilted or
necrotic. This was also observed in this study,
where older plantlets only experienced growth in
the upper leaves, while the in vitro-formed lower
leaves did not increase leaf area and tended to
curl (Figure 1).

The treatment of Trichoderma spp. the three
plantlet ages did not significantly affect the
parameters of height increment, root quantity,
root length, and leaf number (Table 1). Plant
height, with or without Trichoderma spp., did not
differ significantly among the ages. This is likely
because Trichoderma spp. plays a role in organic
matter decomposition and does not directly
contribute to nutrient absorption for plant
growth and development (Handini et al., 2020).

Regarding the parameters of leaf number
increment and root quantity, the application of
Trichoderma spp. fertilizer did not show a
significant difference, but it still tended to
increase both parameters. Similar results were
obtained in the study by Syamsiyah et al. (2023),
where adding Trichoderma biofertilizer combined
with NPK fertilizer did not significantly affect the
number of leaves in corn plants but tended to
increase leaf number. Trichoderma can produce
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gibberellic acid (GA3), indoleacetic acid (IAA),
and benzyl aminopurine (BAP) that can stimulate
growth, such as leaf numbers when used in
appropriate amounts (Sudantha & Suwardji,

2022).

Figure 1. Visual appearance of ramie seedlings
during acclimatization in each treatment: (a) alt0;
(b) alt1; (c) a2t0; (d) a2tl; (e) a3t0; (f) a3t1.

The non-significant increase in leaf number
could also be influenced by suboptimal root
performance. Roots absorb nutrients from the
media and transport them to other parts of the
plant, including the leaves. In this study, it was
observed that with Trichoderma spp. application,
the root length tended to be lower than the
control. A similar phenomenon was reported in
Nieto-Jacobo et al. (2017), where Arabidopsis
inoculated with Trichoderma in vitro showed a
decrease of 13-25% in primary root length and an
increase of 64-90% in secondary root quantity. It
was found that the decrease in primary root
length is a common phenomenon during
Trichoderma-Arabidopsis interactions, potentially
caused by reduced expression or localization of
the auxin receptor PIN (PIN-FORMED Protein),
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which may be responsible for the reduction in
root length (Nieto-Jacobo et al., 2017).

Unlike other growth parameters, the diameter
increments of the stem showed a significant effect of
Trichoderma spp. in increasing the stem diameter of
the ramie seedlings (Table 1). The tendency of
increased growth in ramie seedlings due to the
application of Trichoderma spp. may contribute to
the increased diameter. Similar results were
observed in the study by Syamsiyah et al. (2023),
where adding Trichoderma to NPK base fertilizer
resulted in a larger stem diameter in corn plants
compared to the control.

The age of the plantlet and the application of
Trichoderma spp. show an interaction effect on the
chlorophyll content index (CCI) parameter (Table
2). The chlorophyll content index increases with the
age of the plantlets used. According to Tian et al.
(2015), plants with hyperhydricity exhibit lower
total chlorophyll content than non-hyperhydric
shoots, which may be caused by the harmful effects
of ROS (reactive oxygen species). Additionally, this
condition can lead to changes in cellular redox
homeostasis and chloroplast damage. This is also
observed in this study, where younger plantlets
experience hyperhydricity, resulting in lower
chlorophyll content. According to Andrzejak &
Janowska (2022), the decrease in chlorophyll index
could be due to the application of Trichoderma spp.,
which leads to a decrease in leaf nitrogen balance
index as a result of increased flavonoid content in
the epidermis and a decrease in chlorophyll
content, caused by a shift from primary to
secondary metabolism. Despite the decrease in CCI
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in plantlets with Trichoderma spp. application, their
growth is not disturbed. According to Liu et al.
(2013), a reduction in pigments may not affect
photosynthesis capacity; for example, ramie treated
with gibberellin has lower chlorophyll a, b, and total
content, even lower than those treated with
drought, but it can produce higher fiber, stem
length, and stem diameter. It was consistent with
this study when 4-week-old plants with the lowest
chlorophyll content can grow better than other ages.

Table 2. Interaction effect of Plantlet Age and
Trichoderma spp. Application on leaf chlorophyll
index

Chlorophyll content index (CCI)

Plantlet Trichoderma spp. application
ages to 51
a 31250 C 2.6000 C
a b

a 41250 B 3.8625 B
a b

a3 51500 A 44250 A
a b

Explanation: The average values followed by the same
letter are not significantly different according to the
Least Significant Difference (LSD) test at the 0.05
significance level. Capital letters are read vertically to
compare plantlet factors' age with the same
Trichoderma spp. application. Small letters are read in
the horizontal direction to compare the Trichoderma
spp. application factors at the same plantlet age. al: 4-
week-old plantlets, a2: 8-week-old plantlets, a3: 12-
week-old plantlets; t0: without Trichoderma spp.
fertilizer application, t1: with Trichoderma spp. fertilizer
application.

Table 1. Independent effect of plantlet age and Trichoderina spp. application on growth parameters.

T Plant Height Stem Diameter =~ Roots Number Root Length Leaf
reatments Increment Number
Increment (cm)  Increment (mm) Increment
(cm) Increment
Plantlet ages(A)
ai 1.82 a 033 a 371 a 6.47 a 3.69 a
ap 112 b 014 b 188 b 437 b 175 b
as 171 a 035 a 219 b 5.69 ab 188 b
LSD 5% 0.28 0.06 0.88 1.59 0.66
Trichoderma spp.
Application (T)
to 1.66 a 023 b 251 a 564 a 242 a
t 144 a 032 a 267 a 538 a 246 a
LSD 5% 0.35 0.08 1.08 1.94 0.81

Explanation: The values with the same letter notation do not show significant differences according to the Least
Significant Difference (LSD) post-hoc test at the 5% significance level. al: 4-week-old plantlets, a2: 8-week-old
plantlets, a3: 12-week-old plantlets; t0: without Trichoderma spp. fertilizer application, t1: with Trichoderma spp.

fertilizer application.
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Conclusions

Based on the conducted research, the following

conclusions can be drawn:

1. The 4-week-old plantlets showed the best
growth during the acclimatization period of
ramie seedlings, as evidenced by the
significant increase in the height, the number
of roots, the length of roots, and the number
of leaves.

2. Applying Trichoderma spp. during the
acclimatization period significantly increased
the stem diameter of ramie seedlings, while
other traits were not significantly affected by
Trichoderma spp. application.
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