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Abstract. The proliferation and differentiation of rhizomes are crucial for the propaga-
tion of Cymbidium species. We systematically assessed the effects of different concen-
trations of 20 amino acids on the proliferation and differentiation of C. goeringii
rhizomes. Rhizome proliferation rates were significantly higher in media with 2.0
mmol·LL1 cysteine, 0.5 mmol·LL1 arginine, 0.2 mmol·LL1 asparagine, 1.0 mmol·LL1

proline, and 0.5 mmol·LL1 lysine compared with those in the control. Additionally, 1.0
mmol·LL1 tyrosine, 0.5 mmol·LL1 asparagine, and 0.2 mmol·LL1 aspartate were bene-
ficial for rhizome differentiation. Furthermore, two combinations of amino acids, 0.5
mmol·LL1 arginine + 1.0 mmol·LL1 proline and 0.5 mmol·LL1 arginine + 2.0 mmol·LL1

cysteine, resulted in proliferation rates of 3.05 and 3.01, respectively, after 60 days. The
highest differentiation rate (5.39 after 60 days) was observed in media with 0.5 mmol·LL1

asparagine + 0.2 mmol·LL1 aspartate. This study demonstrated that certain combina-
tions of amino acids can effectively promote the proliferation and differentiation of
rhizomes during the rapid propagation of C. goeringii.

Cymbidium goeringii is a famous orna-
mental flower in China and other Asian
countries that has commercially valued char-
acteristics. Recently, studies of C. goeringii
have focused mainly on the molecular mech-
anisms controlling flowering time (Huang
et al., 2012; Ren et al., 2020a; Yang et al.,
2019; Zhang et al., 2019), floral scent (Ramya
et al., 2019), floral organ development (Xiang
et al., 2018; Yang et al., 2017), and stress
physiology (Ren et al., 2020b). However, this
popular species is endangered due to illegal
collection and habitat destruction (Chung and
Nason, 2007). Currently, the most common
propagation method of C. goeringii is
through the separation of pseudobulbs; how-
ever, this is too inefficient for commercial
production. Tissue culture is a rapid and
efficient way to propagate C. goeringii. Dur-
ing propagation of C. goeringii, mature seeds
are often used as the material to obtain sterile
rhizomes for further proliferation and differ-
entiation. The rhizome stage is advantageous
for the propagation of C. goeringii (Roy and
Banerjee, 2002). However, the proliferation

and differentiation rates are slow, and some
rhizomes can turn brown, which limits further
growth (Paek and Kozai, 1998). Therefore,
the optimization of rhizome proliferation
and differentiation under culture condi-
tions can promote the rapid propagation of
C. goeringii.

Recently, some progress has been made in
the study of rhizome proliferation and differ-
entiation of Cymbidium. Activated charcoal
(AC) can effectively promote C. sinense
rhizome proliferation and prevent browning
(Gao et al., 2014; Lee et al., 2011). Addi-
tionally, 2,4-dichlorophenoxyacetic acid
(2,4-D) and naphthalene acetic acid (NAA)
can effectively induce rhizome proliferation
in Cymbidium (Park et al., 2018; Shimasaki
and Uemoto, 1990). Importantly, the combi-
nation of kiwifruit juice and sodium citrate
can effectively promote rhizome prolifera-
tion and prevent browning of the rhizome
during the micropropagation of C. goeringii
(Huang et al., 2017). In terms of rhizome
differentiation, supplementing 6-benzylami-
nopurine (6-BA) and NAA to the culture
medium can promote shoot induction from
the rhizome. Park et al. (2018) reported that
medium fortified with 20 mM 2,4-D, and
2 mM thidiazuron was most effective for
inducing adventitious buds. Cutting the rhi-
zome explants into 1-cm segments resulted in
massive shoot formation (Gao et al., 2014).
Moreover, a recent study revealed that YUC-
mediated auxin biogenesis is involved in
shoot regeneration from the rhizome in Cym-
bidium (Liu et al., 2017).

The rapid propagation technology used
for C. goeringii (Park et al., 2018) and other

Cymbidium species (Gao et al., 2014; Guha
and Rao, 2012; Lee et al., 2011; Liu et al.,
2017) has received considerable attention
over the years, but little work has focused
specifically on the effects of amino acids in
tissue culture. As fundamental nutrients,
amino acids can be synthesized into many
important compounds (such as plant hor-
mones and secondary metabolites) (Krapp,
2015; Tegeder, 2012). Amino acids not only
have an important role in the plant nitrogen
balance but also control plant growth and
development, flowering, and seed yield
(Coruzzi and Bush, 2001). Experiments con-
firmed that amino acid alanine could promote
plant growth (Ichihashi et al., 2020). Gluta-
mate can promote rice growth at low con-
centrations and inhibit rice growth at high
concentrations (Kan et al., 2017). Addition-
ally, certain concentrations of amino acids,
such as lysine and arginine, can promote the
growth of rice plants and tiller bud elongation
(Lu et al., 2018; Wang et al., 2019).

It is unknown whether amino acids can
promote the growth of C. goeringii rhizomes.
This study demonstrated that certain combi-
nations of amino acids can effectively pro-
mote the proliferation and differentiation of
rhizomes in the rapid propagation of C.
goeringii via tissue culture. These findings
could provide a theoretical basis and techni-
cal support for improving the propagation
speed of Cymbidium.

Materials and Methods

In vitro seed germination and rhizome
development. Mature pods (150 d after pol-
lination) of C. goeringii were harvested from
a greenhouse at Guizhou University in
Guiyang, China. The pods were surface-
sterilized by dipping in 70% ethanol for 30
s, immersing in 0.1% (w/v) HgCl2 solution
for 10 min, and rinsing five times with sterile
distilled water. Then, the pods were cut with
a sterile blade, and the seeds were scraped
out with the blade for the next experiments.
The seed germination capacity was investi-
gated on Murashige and Skoog (MS) media
containing 0.5 mg·L–1 NAA, 30 g·L–1 su-
crose, 2 g·L–1 AC, and 100 mL·L–1 coconut
milk. The coconut milk was obtained from
6- to 7-month-old green coconuts and fil-
tered through filter paper. Seed germination
and rhizome development were investigated
after 90 d.

In vitro proliferation of rhizomes. Rhi-
zomes from immature seed were rinsed twice
in sterilized water to remove the culture
media. Then, 5-mm-long rhizome apical seg-
ments were placed on MS media containing
0.2, 0.5, 1.0, or 2.0 mmol·L–1 of nonpolar
amino acids (glycine, alanine, valine, leu-
cine, isoleucine, proline, phenylalanine, tryp-
tophan, or methionine), polar neutral amino
acids (serine, threonine, glutamine, tyrosine,
asparagine, or cysteine), polar acidic amino
acids (glutamate or aspartate), or polar basic
amino acids (histidine, arginine, or lysine).
Media were also supplemented with 5 mg·L–1

NAA, 1.5 mg·L–1 6-BA, 2 g·L–1 AC, and 30
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g·L–1 sucrose. Medium without amino acids
served as a control. After determining the
effects of individual amino acids on the
proliferation of rhizomes, different combina-
tions of the amino acids that promoted pro-
liferation were examined using the same
methods. There were three replicates of each
treatment, with 200 rhizomes per replicate.
The rhizome proliferation rate was calculated
as the rhizome fresh weight after 60 d of
culturing compared with the rhizomes before
culture.

Shoot differentiation from rhizomes. The
effects of amino acids on shoot differentia-
tion from rhizomes were investigated using
the same methods and treatments for amino
acids that were used in rhizome proliferation,
except 10-mm rhizome apical segments were
used. In addition to amino acids, media were
supplemented with 5 mg·L–1 6-BA, 0.2
mg·L–1 NAA, and 20 g·L–1 sucrose. Medium
without amino acids served as a control.
The rhizome differentiation rate was calcu-
lated as the average number of shoots per
rhizome after 60 d of culturing.

Culture conditions and statistical analysis.
The media were adjusted to pH 5.4 before
autoclaving at 121 �C for 20min at 1.06 kg·cm–2.
All cultures were incubated in a controlled
environment growth room at 25 ± 2 �C with
a 16-h photoperiod under cool white light
(40–50 mmol·m–2·s–1). All experiments were
set according to a completely random design.
The data were analyzed using one-way ana-
lyses of variance and Duncan’s multiple
range tests at the 5% level.

Results

Effects of nonpolar amino acids on C.
goeringii rhizome proliferation and differentia-
tion. Proline at 1.0 mmol·L–1 and isoleucine at
0.2 mmol·L–1 significantly increased the pro-
liferation of C. goeringii rhizomes compared
with the control (Fig. 1A and B). Prolifera-
tion rates reached 2.24 and 1.81 under these
two treatments, respectively. Although some
concentrations of glycine, alanine, valine,
and tryptophan resulted in higher prolifera-
tion rates compared with the control, the
differences were not statistically significant
(Table 1). Under these treatments, rhizomes
grew well and were light green. Phenylala-
nine and methionine resulted in prolifera-
tion rates similar to those of the control
(Table 1). Higher concentrations of leucine
inhibited rhizome growth (Table 1). Fur-
thermore, high concentrations of isoleucine
and all concentrations of phenylalanine resulted
in browning of rhizomes during proliferation
(Table 1).

Valine at 0.5 mmol·L–1, leucine at 0.5
mmol·L–1, isoleucine at 0.2 mmol·L–1, tryp-
tophan at 0.2 mmol·L–1, and tryptophan at 1.0
mmol·L–1 had no effect on the differentiation
of rhizomes compared with the control
(Fig. 1A). All concentrations of glycine,
alanine, proline, phenylalanine, and methio-
nine inhibited rhizome differentiation
(Table 1). The addition of nonpolar amino
acids caused widespread browning during

differentiation. The highest level of inhibi-
tion occurred under methionine at 2.0
mmol·L–1, but no browning occurred in this
treatment (Fig. 2B). In summary, no nonpolar
amino acids promoted the differentiation of
rhizomes.

Effects of polar neutral amino acids on C.
goeringii rhizome proliferation and differen-
tiation. As shown in Table 2 and Fig. 1,
cysteine at 2.0 mmol·L–1 (Fig. 1C) and
asparagine at 0.2 mmol·L–1 (Fig. 1D) sig-
nificantly increased rhizome proliferation
rates of C. goeringii compared with the
control, with proliferation rates of 2.35 and
2.33, respectively. Higher concentrations
of asparagine inhibited rhizome growth
(Table 2). Cysteine at 0.5 and 1.0 mmol·L–1

also resulted in significantly higher rhizome
proliferation compared with the control
(Table 2). Different concentrations of serine
had no effect on rhizome proliferation
(Table 2). However, threonine 0.2 mmol·L–1

and tyrosine 1.0 mmol·L–1 significantly pro-
moted the proliferation of rhizomes com-
pared with the control (Table 2). Glutamine
was not beneficial to rhizome proliferation
(Table 2). Rhizome browning was not ob-
served under any polar neutral amino acid
treatments.

The differentiation of rhizomes was sig-
nificantly promoted under asparagine at 0.5
mmol·L–1 (Fig. 2C), which resulted in four
buds per rhizome (Table 2). Tyrosine (at 0.2,
0.5, 1.0, or 2.0 mmol·L–1), asparagine (at 1.0
or 2.0 mmol·L–1), and cysteine (at 0.5
mmol·L–1) also significantly promoted rhi-
zome differentiation compared with the con-
trol, resulting in more than three buds per

rhizome (Table 2). Different concentrations
of serine and threonine significantly inhibited
the differentiation of rhizome compared with
the control (Table 2). Glutamine had no
effect on rhizome differentiation compared
with the control (Table 2). All concentra-
tions of serine and threonine significantly
inhibited rhizome differentiation compared
with the control, resulting in fewer than
two buds per rhizome (Table 2). The addi-
tion of nonpolar amino acids caused brown-
ing during differentiation, but not during
proliferation.

Effects of polar acidic amino acids on C.
goeringii rhizome proliferation and differentia-
tion. Low concentrations of glutamate (0.2
mmol·L–1 and 0.5 mmol·L–1) significantly pro-
moted rhizome proliferation of C. goeringii
compared with the control (Table 3). The
proliferation rate was 1.82 when glutamate
was added at 0.2 mmol·L–1. Under this treat-
ment, rhizome growth was normal and the
rhizome was green. The proliferation rate
decreased under increasing glutamate concen-
trations, with inhibition under 1.0 mmol·L–1

and increasing inhibition under higher con-
centrations (Table 3). Aspartate did not in-
crease rhizome proliferation, and higher
concentrations of aspartate inhibited rhizome
growth and resulted in rhizome browning
(Fig. 1E).

Low concentrations of aspartate (0.2
mmol·L–1) significantly increased rhizome
differentiation compared with the control,
resulting in more than four buds per rhizome
(Table 3). Glutamate resulted in lower rhi-
zome differentiation rates compared with the
control (Table 3). Both polar acidic amino

Fig. 1. Effects of different amino acid treatments on Cymbidium goeringii rhizome proliferation. (A)
Control. (B) Proline at 1.0 mmol·L–1. (C) Cysteine at 2.0 mmol·L–1. (D) Asparagine at 0.2 mmol·L–1.
(E) Aspartate at 2.0 mmol·L–1. (F) Arginine at 0.5 mmol·L–1. (G) Lysine at 0.5 mmol·L–1. (H) Arginine
at 0.5 mmol·L–1 + cysteine at 2.0 mmol·L–1. (I) Arginine at 0.5 mmol·L–1 + proline at 1.0 mmol·L–1.
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acids caused severe browning during rhizome
differentiation.

Effects of polar basic amino acids on C.
goeringii rhizome proliferation and differentia-
tion. Rhizome proliferation under histidine
treatments did not differ significantly from that
under the control, except for at 2.0 mmol·L–1,
when proliferation was significantly lower
compared with that under the control of C.
goeringii (Table 4). The addition of arginine at

0.5 mmol·L–1 significantly increased prolifera-
tion rates compared with the control, resulting
in a proliferation rate of 2.32 (Fig. 1F). Prolif-
eration rates decreased with increasing arginine
concentrations, and rhizome browning oc-
curred. Lysine at 0.5 mmol·L–1 also resulted
in higher rhizome proliferation compared with
the control, with a proliferation rate of 2.21
(Fig. 1G). No rhizome browning occurred un-
der lysine treatments.

All concentrations of histidine and lysine
significantly inhibited rhizome differentia-
tion (Table 4). Low concentrations (0.2
mmol·L–1) of arginine had no significant
effect on rhizome differentiation compared
with the control; however, with increasing
arginine concentrations, the inhibition of
rhizome differentiation became obvious
(Table 4). All polar basic amino acids except
arginine at 0.5 mmol·L–1 caused widespread
browning during differentiation.

Effects of amino acid combinations on C.
goeringii rhizome proliferation and differen-
tiation. Arginine at 0.5 mmol·L–1 + proline at
1.0 mmol·L–1 (Fig. 1I) and arginine at 0.5
mmol·L–1 + cysteine at 2.0mmol·L–1 (Fig. 1H)
obviously promoted the growth of rhizomes
more than other treatments, resulting in pro-
liferation rates of 3.05 and 3.01, respectively.
Other combinations also promoted the prolif-
eration of rhizomes, and browning was only
observed under the amino acid combinations
of cysteine + threonine and cysteine + gluta-
mate (Table 5).

Asparagine at 0.5 mmol·L–1 + tyrosine at
1.0 mmol·L–1 (Fig. 2D) and asparagine at 0.5
mmol·L–1 + aspartate at 0.2 mmol·L–1

(Fig. 2E) resulted in significantly higher rhi-
zome differentiation rates compared with the
other combinations tested, with differentia-
tion rates of 5.34 and 5.39, respectively
(Table 6). All the combinations of amino
acids caused a certain degree of browning.

Table 1. Effects of different nonpolar amino acid treatments on C. goeringii rhizome proliferation and differentiation.

Amino acids (mmol·L–1) Proliferation rate Browning status during proliferation Differentiation rate Browning status during differentiation

CK 1.35 ± 0.13 defghijk Slight 2.73 ± 0.17 a Slight
Glycine 0.2 1.01 ± 0.17 jkl No 2.07 ± 0.10 bcd Moderate
Glycine 0.5 1.67 ± 0.38 bcde No 1.43 ± 0.09 fghi Slight
Glycine 1.0 1.43 ± 0.20 bcdefgh No 1.44 ± 0.09 fghi Moderate
Glycine 2.0 1.36 ± 0.36 defghijkl No 1.41 ± 0.15 fghi Moderate
Alanine 0.2 1.48 ± 0.45 bcdefgh No 1.88 ± 0.16 cdef No
Alanine 0.5 1.65 ± 0.52 bcde No 1.98 ± 0.15 bcd Moderate
Alanine 1.0 1.32 ± 0.13 defghijkl No 2.18 ± 0.15 bcd Moderate
Alanine 2.0 1.19 ± 0.04 hijkl No 1.92 ± 0.17 bcd Moderate
Valine 0.2 1.23 ± 0.14 hijkl No 2.16 ± 0.15 bcd Slight
Valine 0.5 1.32 ± 0.10 defghijkl No 2.41 ± 0.13 ab Slight
Valine 1.0 1.64 ± 0.09 bcdef No 1.87 ± 0.16 cdef Slight
Valine 2.0 1.47 ± 0.07 bcdefghi No 1.77 ± 0.12 defg Slight
Leucine 0.2 1.37 ± 0.30 defghijk No 2.22 ± 0.12 bc Moderate
Leucine 0.5 1.53 ± 0.35 bcdefgh No 2.80 ± 0.24 a Slight
Leucine 1.0 1.14 ± 0.13 ijkl No 1.72 ± 0.16 defg Slight
Leucine 2.0 1.09 ± 0.69 jkl No 1.69 ± 0.18 defg Slight
Isoleucine 0.2 1.81 ± 0.11 b No 3.05 ± 0.20 a Moderate
Isoleucine 0.5 1.35 ± 0.18 defghijk No 2.28 ± 0.11 bc Slight
Isoleucine 1.0 1.18 ± 0.31 hijkl Slight 2.24 ± 0.15 bc Slight
Isoleucine 2.0 1.15 ± 0.24 hijkl Slight 2.20 ± 0.14 bc Slight
Proline 0.2 1.43 ± 0.16 cdefghij Severe 2.23 ± 0.15 bc Slight
Proline 0.5 1.54 ± 0.24 bcdefgh Slight 2.12 ± 0.16 bcd Slight
Proline 1.0 2.24 ± 0.54 a No 1.73 ± 0.13 defg Slight
Proline 2.0 1.52 ± 0.23 bcdefgh No 1.69 ± 0.15 defg Slight
Phenylalanine 0.2 1.26 ± 0.08 ghijk Severe 1.73 ± 0.08 defg Moderate
Phenylalanine 0.5 1.31 ± 0.21 efghijkl Severe 1.51 ± 0.14 efghi Severe
Phenylalanine 1.0 1.38 ± 0.19 defghijk Severe 2.0 ± 0.15 bcd Moderate
Phenylalanine 2.0 1.15 ± 0.08 ijkl Severe 1.65 ± 0.14 efg Moderate
Tryptophan 0.2 1.24 ± 0.25 ghijk Slight 2.94 ± 0.11 a Severe
Tryptophan 0.5 1.35 ± 0.26 defghijk Slight 2.01 ± 0.10 bcd Moderate
Tryptophan 1.0 1.64 ± 0.18 bcdef No 2.5 ± 0.12 ab Moderate
Tryptophan 2.0 1.50 ± 0.37 bcdefgh No 2.12 ±± 0.15 bcd Moderate
Methionine 0.2 0.97 ± 0.23 jkl Slight 2.18 ± 0.15 bcd Moderate
Methionine 0.5 1.28 ± 0.38 ghijk Slight 1.19 ± 0.10 hij No
Methionine 1.0 1.19 ± 0.22 ijkl Slight 0.86 ± 0.08 ij No
Methionine 2.0 1.14 ± 0.22 ijkl Slight 0.81 ± 0.12 ij No

Fig. 2. Effects of different amino acid treatments on Cymbidium goeringii rhizome differentiation. (A)
Control. (B) Methionine at 2.0 mmol·L–1. (C) Asparagine at 0.5 mmol·L–1. (D) Asparagine at 0.5
mmol·L–1 + tyrosine at 1.0 mmol·L–1. (E) Asparagine at 0.5 mmol·L–1 + aspartate at 0.2 mmol·L–1. (F)
Shoots developed from the tips of the rhizomes in Huabao medium supplemented with activated
charcoal (AC) and naphthalene acetic acid (NAA) after 2 months.
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Table 2. Effects of different polar neutral amino acid treatments on C. goeringii rhizome proliferation and differentiation.

Amino acids (mmol·L–1) Proliferation rate Browning status during proliferation Differentiation rate Browning status during differentiation

Control 1.36 ± 0.13 defgh Slight 2.73 ± 0.17 c Slight
Serine 0.2 1.26 ± 0.21 efgh No 1.8 ± 0.08 efg Moderate
Serine 0.5 1.63 ± 0.29 bcde No 1.79 ± 0.10 efg Moderate
Serine 1.0 1.33 ± 0.24 defgh No 1.84 ± 0.09 efg Moderate
Serine 2.0 1.18 ± 0.09 fgh No 1.75 ± 0.12 efg Moderate
Threonine 0.2 1.86 ± 0.33 bc No 1.6 ± 0.17 fg Severe
Threonine 0.5 1.75 ± 0.34 bcd No 1.74 ± 0.14 efg Severe
Threonine 1.0 1.69 ± 0.33 bcd No 1.29 ± 0.08 gh Moderate
Threonine 2.0 1.57 ± 0.28 bcdef No 1.22 ± 0.12 gh Moderate
Glutamine 0.2 1.35 ± 0.40 cdefgh No 2.18 ± 0.19 cd Slight
Glutamine 0.5 1.38 ± 0.43 defgh No 2.79 ± 0.17 c Slight
Glutamine 1.0 1.08 ± 0.11 h No 2.74 ± 0.22 c Moderate
Glutamine 2.0 1.12 ± 0.14 gh No 2.69 ± 0.18 c Moderate
Tyrosine 0.2 1.55 ± 0.53 bcdef No 3.12 ± 0.23 b Slight
Tyrosine 0.5 1.72 ± 0.45 bcd No 3.02 ± 0.18 b Moderate
Tyrosine 1.0 1.81 ± 0.32 b No 4.34 ± 0.15 ab Severe
Tyrosine 2.0 1.55 ± 0.42 bcdefg No 3.79 ± 0.18 b Severe
Asparagine 0.2 2.33 ± 0.14 a No 2.96 ± 0.14 c Moderate
Asparagine 0.5 1.84 ± 0.06 b No 4.66 ± 0.24 a Severe
Asparagine 1.0 1.62 ± 0.05 bcde No 4.44 ± 0.24 ab Moderate
Asparagine 2.0 1.52 ± 0.15 bcdefg No 3.89 ± 0.18 b Moderate
Cysteine 0.2 1.67 ± 0.36 bcd No 2.76 ± 0.26 c Moderate
Cysteine 0.5 1.84 ± 0.39 b No 3.24 ± 0.35 b Slight
Cysteine 1.0 1.90 ± 0.33 b No 2.67 ± 0.31 c Slight
Cysteine 2.0 2.35 ± 0.16 a No 2.11 ± 0.27 cd Slight

Table 3. Effects of different polar acidic amino acid treatments on C. goeringii rhizome proliferation and differentiation.

Amino acids (mmol·L–1) Proliferation rate Browning status during proliferation Differentiation rate Browning status during differentiation

CK 1.36 ± 0.13 bc Slight 2.73 ± 0.17 b Slight
Glutamate 0.2 1.82 ± 0.38 a No 2.26 ± 0.11 c Severe
Glutamate 0.5 1.57 ± 0.22 ab No 2.33 ± 0.11 bc Severe
Glutamate 1.0 1.31 ± 0.05 bc No 2.25 ± 0.12 c Severe
Glutamate 2.0 1.06 ± 0.08 c No 2.15 ± 0.12 c Severe
Aspartate 0.2 1.38 ± 0.19 bc No 4.19 ± 0.17 a Severe
Aspartate 0.5 1.35 ± 0.21 bc No 2.62 ± 0.17 bc Moderate
Aspartate 1.0 1.62 ± 0.24 b No 2.48 ± 0.13 bc Severe
Aspartate 2.0 0.88 ± 0.10 d Severe 2.24 ± 0.12 c Severe

Table 4. Effects of different polar basic amino acid treatments on C. goeringii rhizome proliferation and differentiation.

Amino acids (mmol·L–1) Proliferation rate Browning status during proliferation Differentiation rate Browning status during differentiation

CK 1.36 ± 0.13 efg Slight 2.733 ± 0.17 a Slight
Histidine 0.2 1.15 ± 0.11 fgh No 2.28 ± 0.11 b Moderate
Histidine 0.5 1.19 ± 0.22 gh No 1.91 ± 0.09 bcd Slight
Histidine 1.0 1.15 ± 0.28 gh No 2.14 ± 0.11 bc Moderate
Histidine 2.0 1.03 ± 0.16 h No 2.01 ± 0.12 bc Moderate
Arginine 0.2 1.42 ± 0.16 def No 2.93 ± 0.21 a Slight
Arginine 0.5 2.32 ± 0.16 a No 1.41 ± 0.10 e No
Arginine 1.0 1.59 ± 0.10 d Slight 1.74 ± 0.15 cde Slight
Arginine 2.0 1.31 ± 0.07 efg Severe 1.70 ± 0.12 cde Slight
Lysine 0.2 1.63 ± 0.07 cd No 2.04 ± 0.11 bc Slight
Lysine 0.5 2.21 ± 0.15 a No 2.05 ± 0.12 bc Slight
Lysine 1.0 1.97 ± 0.18 b No 1.58 ± 0.10 de Moderate
Lysine 2.0 1.48 ± 0.08 de No 1.51 ± 0.15 de Moderate

Table 5. Effects of amino acid combination treatments on C. goeringii rhizome proliferation.

Amino acids (mmol·L–1) Proliferation rate
Browning status

during proliferation Amino acids (mmol·L–1) Proliferation rate
Browning status

during proliferation

Cysteine 2.0 + proline 1.0 2.61 ± 0.19 c No Arginine 0.5 + proline 1.0 3.05 ± 0.43 a No
Cysteine 2.0 + isoleucine 0.2 2.69 ± 0.24 c No Arginine 0.5 + isoleucine 0.2 2.29 ± 0.22 cd No
Cysteine 2.0 + asparagine 0.2 2.53 ± 0.22 cd No Arginine 0.5 + asparagine 0.2 2.66 ± 0.36 bc No
Cysteine 2.0 + threonine 0.2 2.32 ± 0.26 d Severe Arginine 0.5 + threonine 0.2 2.50 ± 0.28 bc No
Cysteine 2.0 + glutamate 0.2 2.38 ± 0.26 d Slight Arginine 0.5 + glutamate 0.2 2.42 ± 0.27 c No
Cysteine 2.0 + arginine 0.5 3.01 ± 0.27 a No Arginine 0.5 + cysteine 2.0 3.01 ± 0.27 a No
Cysteine 2.0 + lysine 0.5 2.83 ± 0.29 ab No Arginine 0.5 + lysine 0.5 2.91 ± 0.26 ab No
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After treatment with amino acids, the differ-
entiated buds can grow into seedlings suit-
able for transplanting out of bottles (Fig. 2F).

Discussion

Amino acids are important physiological
active substances in plants that have an im-
portant role in regulating growth. We sys-
tematically investigated the effects of 20
amino acids on the proliferation and differ-
entiation of C. goeringii rhizomes formed by
aseptic seeding. Our results indicate that
different types and concentrations of amino
acids vary in their effects on the growth of C.
goeringii rhizomes. The addition of cysteine,
arginine, asparagine, proline, and lysine sig-
nificantly promoted the proliferation of C.
goeringii rhizomes without browning. Fur-
thermore, arginine combined with cysteine or
proline resulted in the highest proliferation
rates of C. goeringii rhizomes. Conversely,
the addition of amino acids during differen-
tiation often caused browning. However, ty-
rosine, asparagine, and aspartate increased
the differentiation rate of rhizomes, and as-
paragine combined with aspartate resulted in
the highest differentiation rate.

Amino acids can promote the growth and
development of plants, but excess concentra-
tions inhibit growth (Chen et al., 2017). We
found that the effects of many amino acids on
the growth of rhizomes were in accordance
with this rule. Increasing the content of cys-
teine in vivo can help improve the ability of
plants to resist oxidative and environmental
stress (Domínguez-Solís et al., 2004). This
experiment showed that cysteine, alone or
together with other amino acids, could pro-
mote rhizome growth. The reason for this
may be that cysteine, as an antioxidant, can
effectively inhibit the activities of catalase
and polyphenol oxidase, thereby inhibiting
browning and promoting rhizome growth. Lu
et al. (2018) showed that arginine and lysine
could promote rice growth and tillering bud
elongation. During this experiment, arginine
and lysine, alone or in combination, could
promote rhizome proliferation. The reason
may be that lysine can increase the activities
of glutamic-oxaloacetic transaminase and
alanine transaminase in plants and change
the nitrogen metabolism of plants.

Plants mitigate stress by controlling the
absorption, synthesis, and degradation of
amino acids (Bottari and Festa, 1996). We
found that asparagine can also alleviate rhi-
zome browning during the proliferation stage
and promote rhizome proliferation and dif-
ferentiation. Proline can increase the adapt-
ability of plants to external stresses, enhance
or stabilize the activity of detoxifying en-
zymes, and stimulate the accumulation of

stress response proteins (Matysik et al.,
2002). During this experiment, proline alle-
viated rhizome browning and promoted rhi-
zome proliferation.

Many amino acids, including phenylala-
nine, resulted in C. goeringii rhizome brown-
ing and inhibited rhizome growth. It has been
reported that phenylalanine can inhibit Arab-
idopsis seed germination and seedling growth
(Voll et al., 2004), and high concentrations of
phenylalanine inhibit rice growth (Lu et al.,
2018). Therefore, our results are consistent
with those of other studies. Tyrosine is an
essential aromatic amino acid required for
synthesis of proteins and diverse natural
products (Schenck and Maeda, 2018). We
found that tyrosine promotes rhizome differ-
entiation, which has not been observed be-
fore.

In conclusion, arginine, lysine, proline,
and cysteine, which mainly belong to polar
basic amino acids (arginine and lysine) and
neutral amino acids (proline and cysteine),
are suitable for rhizome proliferation of
Cymbidium goeringii. However, only polar
neutral amino acids (asparagine or tyrosine)
and polar acidic amino acid (aspartate) are
suitable for rhizome differentiation of Cym-
bidium goeringii. In our study, one or two
amino acids were investigated in each treat-
ment. Therefore, it is unclear whether the
addition of three or more amino acids to-
gether could further promote rhizome differ-
entiation and proliferation. Future studies
should investigate the effects of more amino
acid combinations and other additives.
Whether different amino acids can promote
the seedling rooting of C. goeringii also
needs to be investigated.
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