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ABSTRACT
Orchid roots have vital functions for water absorption, nutrient uptake, a place of symbiosis with
mycorrhizal fungi, adaptation, and survival. The aim of the present study was to investigate root
traits in terms of root morphological, anatomical, and mycorrhizal features of a terrestrial orchid,
Peristylus goodyeroides in relation to an ecological significance of root traits in survival of seedlings,
juveniles, and adults of the orchid. Results showed that some morphological characters (root length
and depth), anatomical features (cortical cell size, xylem number and diameter), and mycorrhizal
features (peloton size and number) were significantly different between seedlings, juveniles, and
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adults. In relation to root functional traits, lowest root length, depth, xylem number and diameter,
peloton size and number in seedlings can be associated with low capacity in water and nutrient
acquisition that might explain low survival of seedlings relative to juveniles and adults. Present
study has implication for orchid conservation suggesting high attention in low survival rate of
seedlings related to specificity in some of their morphological, anatomical, and mycorrhizal features
which can be associated with low capacity in water and nutrient acquisition. It is vital to ensure
water availability for seedlings, particularly, during dry seasons to decrease high mortality of
seedlings as such high mortality can have adverse impacts on long-term survival of the orchid
population.

Keywords: Root; morphology; anatomy; mycorrhiza; orchid; life stage.
and phosphorous) from soil and to transfer a
portion of nutrients to the orchids [25,26,27,28].

1. INTRODUCTION
Orchidaceae is one of the largest plant families
containing over 25,000 species across the world,
and it is also one of the most threatened plant
families, with more than 50% of orchid species
that have been assessed are categorised as
threatened species under IUCN Red List [1,2,3].
The prominent figure of orchids in IUCN Red List
is related to many factors threatening orchid’s
survival
including
(i)
overcollection
for
commercialisation as orchids have a wide range
of uses as ornamental plants, herbal medicines,
food, etc. [4,5,6] (ii) deforestation, (iii) habitat
degradation, and (iv) ecological disturbance [7].
Orchid conservation is crucial to save the plant
family diversity, and understanding of the biology
and ecology of the orchids is essential in the
management of orchid conservation for the
success conservation of the orchids [8,9,10].
Roots are one of essential organs for plants
including orchids that possess vital functions for
water absorption, nutrient uptake, a place of
symbiotic association with mycorrhizal fungi,
adaptation, and survival [11,12,13]. Root traits in
terms of morphological, anatomical, and
mycorrhizal features are known to have
ecological significance for survival of plants
including orchids [12,13,14,15,16,17,18,19,20].
For example, morphological characters such as
long, deep roots are essential for deep water
acquisition to cope with drought for survival
[15,16,21]. Furthermore, root anatomical features
of plants, such as higher number and larger
diameter of root xylem commonly associated with
higher capacity in water acquisition are important
during water-deficit in dry seasons for survival
[14,21,22]. Moreover, mycorrhiza (formation of
symbiotic association between plant and
mycorrhizal fungi in roots) are essential to
increase nutrient acquisition [23,24]. Fine
structures of hyphae of mycorrhizal fungi have a
capacity to take up nutrients (carbon, nitrogen

Mycorrhiza in orchid roots is characterised by a
specific structure called pelotons (coiled hyphae
of mycorrhizal fungi colonising cortical cells of
orchid roots) that can be digested as nutrient
source for the orchids [29,30]. Many
chlorophyllous orchids that have photosynthetic
capability for nutrient acquisition are known to
form symbiotic association with mycorrhizal fungi
to
increase
nutrient
acquisition,
called
mixotrophic orchids combining dual nutrient
acquisition from photosynthesis and symbiotic
association with mycorrhizal fungi [31,32,33,34].
Understanding the ecological significance of root
traits in the survival of seedlings, juveniles, and
adults within orchid population is important in the
management of orchid conservation. Orchid
seedlings, that are one of valuable components
in the orchid population, are often rarely
observed in long-term population studies [35]
and appear to have low survival rate [36,37]. For
example, low survival rate (only 0.5 %) of
seedlings of a terrestrial orchid Cypripedium
reginae that survived for four years with highest
mortality occurring in 1- and 2- year old seedlings
[38]. High mortality of seedlings was also found
in a temperate Australian orchid (Caladenia
arenicola) with less than 1 % seeds producing
seedlings that survived the dry season [39]. Low
survival rate of seedlings was also found in
Tolumnia variegata with 32.8% of the seedlings
surviving for 1 year and 14.5% for 2 years
[36,40].
The low survival rate of seedlings of orchids are
similar to that of most plants [36,41,42]. It seems
common for most plants that mortality decline
with life stage, as mortality was the highest in
seedlings and decline in subsequent life stages
(juveniles and adults) [36,42]. Very little is known
about the ecological significance of root traits in

143

Oktavia et al.; ARRB, 36(10): 142-154, 2021; Article no.ARRB.75281

relation to survival of orchids in different life
stages. The aims of the present study were to
investigate root traits in terms of morphological,
anatomical, and mycorrhizal features in a
terrestrial orchid, Peristylus goodyeroides
(D.Don) Lindl., in different life stages (seedlings,
juveniles, and adults) in relation to the ecological
significance of root traits in survival of seedlings,
juveniles, and adults of the orchid. Like other
orchids and most plants, seedlings of P.
goodyeroides are often rarely observed and
appears to have low survival relative to juveniles
and adults [36,43].
The present study is a part of programs to
support management of orchid conservation.
Data of the morphological, anatomical, and
mycorrhizal features of P. gooyeroides in relation
to the survival of seedlings, juveniles, and adults
of the orchid can increase our understanding
about factors limiting the survival of orchids in the
natural habitats and can be useful in the
formulation of prescription for the effective
management of orchid conservation.

2. MATERIALS AND METHODS
2.1 Study Species
The study site in the present study was located in
the natural habitat of Peristylus goodyeroides, in
Gajahrejo
woodland,
Purwodadi
District,
Pasuruan Regency, East Java, Indonesia. The
population of P. goodyeroides in Gajahrejo
woodland was composed by individuals at
different life stages (seedlings, juveniles, and
adults) with proportion of individuals increased
with life stage. Adults composed the highest
proportion, followed by juveniles and seedlings.
Seedlings composed the lowest proportion in
populations and appeared that seedlings had low
survival rate relative to juveniles and adults [43].

2.2 Investigation of root Morphological,
Anatomical, and Mycorrhizal Features
Roots of P. goodyeroides were collected in the
natural habitat in Gajahrejo woodland, Purwodadi
District, Pasuruan Regency, East Java,
Indonesia in April 2021 during rainy season. Root
traits in terms of root morphological, anatomical,
and mycorrhizal features of P. goodyerides were
investigated in different life stages of the orchid
(seedlings, juveniles, and adults). Three
individuals of each life stage were sampled for
investigation of morphological, anatomical, and
mycorrhizal features of each life stage. Root
morphological characters were investigated

through morphological characterisation by
measuring root number, length, depth, diameter,
tuber size (length and width) of each life stage of
the
orchid.
To
characterise
anatomical
characters of roots of each life stage of the
orchid, three roots from three individuals (one
root from one individual) of each life stage were
sampled. The roots were divided into three
segments (basal, middle, and apical). Transverse
sections of each root segment were made by
hand-sectioning [44] and the root anatomical and
mycorrhizal features were observed under
trinocular light microscope Olympus CX31.
Anatomical characters of epidermis, cortex,
endodermis, vascular bundles, and pith were
observed
under
microscope.
Epidermis
thickness, cell size and layer length of outer and
inner cortex, endodermis and stele diameter,
xylem number and diameter were measured
using a micrometer.
Mycorrhizal features of each life stage of P.
goodyeroides were investigated in terms of the
percentage of mycorrhizal fungi colonisation in
cortical cells of roots of each life stage of P.
goodyeroides and size of pelotons within cortical
cells.
Percentage
of
mycorrhizal
fungi
colonisation in root cortical cells was estimated
as percentage of cortical cells that were
colonised by mycorrhizal fungi (the presence of
pelotons). Length and width of pelotons and the
cortical cells were measured using a micrometer.

2.3 Data Analysis
Data of morphological characters (root number,
length, depth, diameter, tuber size (length and
width),
anatomical
characters
(epidermis
thickness, outer cortex and inner cortex cell size
and layer length, endodermis and stele diameter,
xylem number and diameter), and percentage of
mycorrhizal fungi colonisation in cortical cells of
roots of seedlings, juveniles, and adults of P.
goodyeroides were analysed using ANOVA
(Analysis of Variance) using Minitab 14.0.
Correlation between peloton size and the cortical
cell size (correlation between cortical cell length
and peloton length; and correlation between
cortical cell width and peloton width) was
analysed using Analysis of Regression using
Minitab 14.0.

3. RESULTS AND DISCUSSION
The present study showed root morphological,
anatomical, and mycorrhizal features of P.
goodyeroides in different life stages (seedlings,
juveniles, and adults).
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3.1 Morphological Characters of Roots of
P. goodyeroides in Different Life
Stages
Results showed root morphological characters
including root number, length, diameter, depth,
tuber size (tuber length and width) of P.
goodyeroides in different life stages. Seedlings,
juveniles, and adults had significantly different
root number (ANOVA, d.f. = 2, P = 0.001), root
length (ANOVA, d.f. = 2, P = 0.027), root depth
(ANOVA, d.f. = 2,P=0.011), root diameter
(ANOVA, d.f. = 2, P=0.028). All those
morphological characters increased with life
stage. Root number, length, depth, and diameter,
tuber length and width were the lowest in
seedlings and increasing in juveniles and adults
(Table 1). Root number of seedlings, juveniles,
and adults was 3.5 ± 0.5, 9.0 ± 0.0, and 12.5;
respectively. Root length of seedlings, juveniles,
and adults was 4.65 ± 0.35 cm, 4.85 ± 0.35 cm,
and 7.0 ± 0.3 cm; respectively. Root depth of
seedlings, juveniles, and adults was 4.5 ± 0.5
cm, 7.7 ± 0.7 cm, and 9.9 ± 0.1 cm; respectively.
Root diameter of seedlings, juveniles, and adults
was 1.00 ± 0.012 cm , 1.13 ± 0.017 cm, and 1.50
± 0.116 cm; respectively (Table 1).
Tubers of seedlings, juveniles, and adults of P.
goodyeroides were significantly different in length
(ANOVA, d.f. = 2, P=0.028) and width (ANOVA,
d.f. = 2, P=0.012). Tuber length of seedlings,
juveniles, and adults was 1.55 ± 0.15 cm, 2.65 ±
0.35 cm, and 3.85 ± 0.35 cm; respectively. Tuber
width of seedlings, juveniles, and adults was 0.5
± 0.00 cm, 1.25 ± 0.05 cm, and 2.9 ± 0.4 cm;
respectively (Table 1).

3.2 Anatomical Characters of Roots of
P.goodyeroides in Different Life
Stages
The anatomical organisation of roots of
seedlings, juveniles, and adults of Peristylus
goodyeroides was composed by components
forming roots including epidermis, cortex (outer
and inner cortex), endodermis, pericycle,
vascular bundles (xylems and phloems), and pith
(Table 2). There was no velamen. There were
specific characters (raphide bundles and
pelotons) in all life stages (seedlings, juveniles,
and adults) (Table 2).
Comparison of root anatomical characters in
different life stages of Peristylus goodyeroides
showed that there were similarity and differences
in anatomical characters between seedlings,
juveniles, and adults. The similarities of

anatomical characters between seedlings,
juveniles, and adults were in epidermis layer
number (1 layer), epidermis cell shape
(polygonal), epidermis cell thickening ∩, cortex
consisted of outer cortex and inner cortex, outer
cortex layer number (2-3 layers), rounded to
polygonal-shaped cells of inner cortex and outer
cortex, the presence of raphides and pelotons,
endodermis layer number (1 layer) with cell wall
thickening O, and pith was parenchymatous
(Table 2).
The differences of the anatomical characters
between seedlings, juveniles, and adults were in
the number of inner cortex layer and vascular
bundle archs. The number of inner cortex layer
and vascular bundle archs increased with life
stage (seedlings-juveniles-adults) (Table 1).
Number of inner cortex layer was the lowest in
seedlings (3-5 layers), and increased in juveniles
(4-6 layers), and adults (5-7 layers). The number
of vascular bundle archs also increased with life
stage, with the lowest in seedlings (7-9 archs)
increased in juveniles (9-11 archs) and adults
(12-18 archs) (Table 2).
Moreover, seedlings, juveniles, and adults had
significant differences in epidermis thickness
(ANOVA, d.f.=2, P=0.000), length of outer
cortical cells (ANOVA, d.f.=2, P=0.002), width of
outer cortical cells (ANOVA, d.f.=2, P=0.004),
length of outer cortex layer (ANOVA, d.f.=2,
P=0.000), width of inner cortical cells (ANOVA,
d.f.=2,P=0.019), length of inner cortex layer
(ANOVA, d.f.=2, P=0.000), length of total cortex
layer (ANOVA, d.f.=2, P=0.000), endodermis
diameter
(ANOVA,
d.f.=2,P=0.001),
stele
diameter (ANOVA, d.f.=2,P=0.003), xylem
diameter (ANOVA, d.f.=2, P= 0.034), and xylem
number (ANOVA, d.f.=2,P=0.006) (Table 3).
Length of inner cortical cells was marginally
significant different between seedlings, juveniles,
and adults (ANOVA, d.f.=2,P=0.062) (Table 3).
All those anatomical characters increased with
life stage, with the lowest in seedlings, increased
in juveniles, and the highest in adults (Table 3).
Epidermis thickness of seedlings, juveniles, and
adults was 21.62±0.41 µm, 33.98±1.66 µm, and
45.94±1.65 µm; respectively. Outer cortex cell
length of seedlings, juveniles, and adults was
38.68±2.23 µm, 54.96±3.06 µm, 57.73±0.80 µm;
respectively. Outer cortex cell width of seedlings,
juveniles, and adults was 31.60±2.50 µm,
44.62±1.58 µm, 45.74±1.68 µm; respectively.
Outer cortex layer length of seedlings, juveniles,
and adults was 49.95±3.2 µm, 62.52±2.44 µm,
and 93.19±2.09 µm; respectively.
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Table 1. Morphological characters of seedlings, juveniles, and adults of Peristylus
goodyeroides
Morphological characters
Root number
Root length (cm)
Root depth (cm)
Root diameter (mm)
Tuber length (cm)
Tuber width (cm)

Seedlings
3.5 ± 0.5 (a)
4.65 ± 0.35 (a)
4.5 ± 0.5 (a)
1.00 ± 0.012 (a)
1.55 ± 0.15 (a)
0.5 ± 0.00 (a)

Juveniles
9.0 ± 0.0 (b)
4.85 ± 0.35 (b)
7.7 ± 0.7 (b)
1.13 ± 0.017 (b)
2.65 ± 0.35 (b)
1.25± 0.05 (b)

Adults
12.5 ±0.5 (c)
7.0 ± 0.3 (c)
9.9 ± 0.1 (c)
1.50 ±0.116 (c)
3.85 ± 0.35 (c)
2.9 ± 0.4 (c)

Table 2. Comparison of root anatomical characters of seedlings, juveniles, and adults of
Peristylus goodyeroides
Anatomical characters
Epidermis
Epidermis layer number
Epidermis cell shape
Epidermis cell thickening
Cortex
Outer cortex
Outer cortex layer number
Outer cortex cell shape
Inner cortex
Inner cortex layer number
Inner cortex cell shape
Total cortex layer number
Specific characters
Raphides
Pelotons
Endodermis
Endodermis layer number
Endodermis cell thickening
Pericycle
Vascular bundle
Vascular bundle archs
Pith
Pith cell type
Pith cell shape

Seedlings

Juveniles

adults

1 layer
polygonal
∩

1 layer
polygonal
∩

1 layer
polygonal
∩

2-3 layers
rounded to polygonal

2-3 layers
rounded to polygonal

2-3 layers
rounded to polygonal

3-5 layers
rounded to polygonal
5-8 layers

4-6 layers
rounded to polygonal
6-9 layers

5-7 layers
rounded to polygonal
7-10 layers

yes
yes

yes
yes

yes
yes

1 layer
O
1 layer

1 layer
O
1 layer

1 layer
O
1 layer

7-9

9-11

12-18

Parenchymatous
Rounded to polygonal

Parenchymatous
Rounded to polygonal

Parenchymatous
Rounded to polygonal

Table 3. measurement of anatomical characters of seedlings, juveniles, and adults of
Peristylus goodyeroides
Anatomical characters
Transverse section
Transverse section length
Transverse section width
Epidermis
Epidermis thickness
Outer cortex
Length of outer cortical cell
Width of outer cortical cell
Length of outer cortex layer
Inner cortex
Length of inner cortical cell
Width of inner cortical cell
Length of inner cortex layer
Length of total cortex layer
Endodermis
Endodermis diameter
Stele
Stele diameter

Seedlings (µm)

Juveniles (µm)

Adults (µm)

1039.67±48.28 (a)
1006.95±35.23 (a)

1074.58±17.56 (ab)
1048.79±18.40 (ab)

1628.96±76.66 (b)
1540.43±85.99 (b)

21.62±0.41 (a)

33.98±1.66 (b)

45.94±1.65 (c)

38.68±2.23 (a)
31.60±2.50 (a)
49.95±3.22 (a)

54.96±3.06 (ab)
44.62±1.58 (ab)
62.52±2.44 (b)

57.73±0.80 (b)
45.74±1.68 (b)
93.19±2.09 (c)

99.36±7.35 (a)
78.38±3.66 (a)
232.03±15.11 (a)
311.25±6.78 (a)

100.02±1.72 (a)
93.25±3.60 (ab)
244.5±10.18 (ab)
331.44±11.09 (ab)

117.89±3.90 (b)
103.55±5.62 (b)
358.34±16.28 (b)
476.61±12.10 (b)

275.69±22.56 (a)

291.52±19.94 (ab)

579.88±52.37 (b)

197.96±1.27 (a)

249.60±26.80 (ab)

467.28±53.19 (b)
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Anatomical characters
Vascular bundles
Xylem diameter
Xylem number

Seedlings (µm)

Juveniles (µm)

Adults (µm)

20.78±3.41 (a)
7.78±0.62 (a)

22.23±2.64 (ab)
9.89 ± 0.44 (ab)

32.43±0.85 (b)
15.33±1.64 (b)

Fig. 1. Root anatomical characters of seedlings of P. goodyeroides. A. epidermis (ep) outer
cortex (oc), inner cortex (ic), root hair (rh) B. fungal hyphae in epidermal cell (arrow), peloton
in cortical cell (arrow head) C. Peloton in cortical cell (arrow head), fungal hyphae in cortical
cell (arrow). D. endodermis (en), raphides (r), pith (p), vascular bundles consisted of xylem and
phloem (vb). E. Endodermis (en), xylem (x), phloem (phl)
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Fig. 2. Root anatomical characters of juveniles of P. Goodyeroides.. A. epidermis (ep) outer
cortex (oc), inner cortex (ic), root hair (rh) B. fungal hyphae in epidermal cell (arrow),
(arrow), peloton
in cortical cell (arrow head) C. Peloton in cortical cell (arrow head), fungal hyphae in cortical
cell (arrow) and raphides (r). D. endodermis (en), pith (p), vascular bundles consisted of xylem
and phloem (vb). E. Endodermis (en), xylem (x),
(x phloem (phl)
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Fig. 3. Root anatomical characters of adults of P. Goodyeroides. epidermis (ep) outer cortex
(oc), inner cortex (ic), root hair (rh) and raphides (r) B. fungal hyphae in epidermal cell (arrow),
peloton in cortical cell (arrow head) C. Peloton in cortical cell (arrow head), fungal hyphae in
cortical cell (arrow). D. endodermis (en), pith (p), vascular bundles consisted of xylem and
phloem (vb). E. Endodermis (en), xylem (x), phloem (phl)
Length of inner cortical cell of seedlings,
juveniles, and adults was 99.36±7.35 µm,
100.02±1.72 µm, and 117.89±3.90 µm;

respectively. Width of inner cortical cell of
seedlings, juveniles, and adults was 78.38±3.66
µm, 93.25±3.60 µm, and 103.55±5.62 µm;
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respectively. Length of inner cortex layer of
seedlings,
juveniles,
and
adults
was
232.03±15.11 µm, 244.5±10.18 µm, and
358.34±16.28 µm; respectively. Length of total
cortex layer was 311.25±6.78 µm, 331.44±11.09
µm, and 476.61±12.10 µm; respectively.
Endodermis diameter of seedlings, juveniles, and
adults was 275.69±22.56 µm, 291.52±19.94 µm,
and 579.88±52.37 µm; respectively. Stele
diameter of seedlings, juveniles, and adults was
197.96±1.27 µm, 249.60±26.80 µm, and
467.28±53.19 µm; respectively. Xylem diameter
of seedlings, juveniles, and adults was
20.78±3.41 µm, 22.23±2.64 µm, and 32.43±0.85
µm; respectively. Xylem number of seedlings,
juveniles, and adults was 7.78±0.62, 9.89 ± 0.44,
and 15.33±1.64; respectively. (Table 3)

3.3 Mycorrhizal
Features
of
P.
goodyeroides in Different Life Stages
Roots of P. goodyeroides in different life stages
were mycorrhizal containing pelotons in the
cortical cells with various extent of mycorrhizal
fungi colonisation. Percentage of mycorrhizal
fungi colonisation in seedlings, juveniles, and

adults in basal, middle, and apical root sections
was not significantly different (ANOVA,
d.f.=8,P=0.651). Percentage of mycorrhizal fungi
colonisation in cortical cells of seedlings (in
basal, middle, and apical parts of the roots was
50.00±20.21, 48.33±19.22, and 56.67±20.28,
respectively),
while
the
percentage
of
mycorrhizal fungi colonisation in cortical cells of
juveniles (in basal, middle, and apical parts of the
roots was 43.33±24.04, 38.33±18.78, and
65.00±22.55; respectively). The percentage of
mycorrhizal fungi colonisation in cortical cells of
adults (in basal, middle, and apical parts of the
roots was 75.00±2.89, 70.00±17.56, and
85.00±2.89; respectively) (Table 4).
Analysis of regression between cortical cell size
and peloton size showed positive correlation
between cortical cell size and peloton size
indicating that peloton size increased with the
increase of cortical cell size. Peloton length was
positively correlated with cortical cell length
(P=0.003; R=0.68). Peloton width was also
positively correlated with cortical cell width
(P=0.024; R=0.55) (Fig. 4).

Table 4. Extent of mycorrhizal colonisation in different life stages of orchids
Orchid life stage
Seedling

Juvenile

Adult

Root segments
Basal
Middle
Apical
Basal
Middle
Apical
Basal
Middle
Apical

Percentage of mycorrhizal fungi colonisation (%)
50.00±20.21 (a)
48.33±19.22 (a)
56.67±20.28 (a)
43.33±24.04 (a)
38.33±18.78 (a)
65.00±22.55(a)
75.00±2.89 (a)
70.00±17.56 (a)
85.00±2.89 (a)

Fig. 4. Regression of peloton length and cortical cell length (left), regression of peloton width
and cortical cell width (right)
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3.4 Discussion
Present study demonstrated root traits in terms
of morphological, anatomical, and mycorrhizal
features in different life stages (seedlings,
juveniles, and adults) of P. goodyeroides in
relation to the ecological significance of root traits
in survival of seedlings, juveniles, and adults of
the orchid. Morphological characters in root
number, length, depth, and diameter of P.
goodyeroides increased with life stage, with the
lowest in seedlings, and increased in juveniles
and adults. Some root morphological characters
(root number, length, depth, and diameter) are
known to associate with root capacity in water
and nutrient acquisition [15,16,21]. Large number
of roots may function to enhance water uptake
efficiency [45], while long, deep roots are
essential for deep water acquisition to escape
drought for survival [15,16,21]. Furthermore,
large root diameter is known to be a strategy to
tolerate drought as thicker roots can support
faster nutrient acquisition [46].
In the present study, adults had characters of the
highest values in root number, length, depth, and
diameter relative to juveniles and seedlings; and
presumably had the highest capacity in water
and nutrient acquisition compared to juveniles
and seedlings in relation to their root functional
traits. In contrast, seedlings had the lowest
values in root number, length, depth, and
diameter and probably had low capacity in water
and nutrient acquisition that might explain the low
survival rate of seedlings relative to juveniles and
adults, particularly during dry season. Moreover,
tuber essential as nutrient reserve to survive
drought was also the smallest in seedlings that
might be another factor explaining low survival of
seedlings relative to juveniles and adults.
The anatomical differences between seedlings,
juveniles, and adults can be seen in some
anatomical characters, such as, number of inner
cortex layer and vascular bundle archs that
increased with life stage. Relative to juveniles
and adults, seedlings had the smallest number of
inner cortex layer and vascular bundle archs.
Cortex and vascular bundles (xylem and phloem)
are known as essential parts in roots that have
vital function in nutrient and water acquisition.
Cortex is known to associate with nutrient
acquisition as cortex is the place of formation of
pelotons (coiled hyphae of mycorrhizal fungi
colonising cortical cells) that can be digested as
nutrient source. This facilitates mycotrophy in
orchids (obtaining nutrients from symbiotic

association with mycorrhizal fungi) [30,31]. In
relation to functional traits of cortex, the lowest
number of cortex layer in seedlings as shown in
the present study can be associated with low
nutrient acquisition.
Furthermore, vascular bundles (xylems and
phloems) are known to have functional traits in
water and nutrient transport and absorption. In
relation the functional traits of vascular bundles,
the lowest number of vascular bundle archs in
seedlings as shown in the pesent study can be
associated with low capacity in water and
nutrient acquisition.This might be another factor
explaining the low rate of survival of seedlings,
particularly during water deficit in dry season.
Other anatomical differences between seedlings,
juveniles, and adults also can be seen from
characters of epidermis thickness, cell size and
layer length of outer cortex and inner cortex,
endodermis and stele diameter, and xylem
number and diameter. All those characters
increased with life stage, with the highest values
in adults and the lowest ones in seedlings. The
prominent anatomical characters associating with
survival are outer cortex and inner cortex in
relation to the functional traits of cortex for
nutrient acquisition, and xylem for water
acquisition. Cell size and layer length of outer
cortex and inner cortex, and xylem number and
diameter that were lowest in seedlings might also
explain low survival of seedlings relative to
juveniles and adults.
In the present study, some mycorrhizal features,
such as percentage of mycorrhizal fungi
colonisation between seedlings, juveniles, and
adults in basal, middle and apical of root
segments were not significantly different.
However, there were differences in the
mycorrhizal features of the peloton size and
number between seedlings, juveniles, and adults
and the trend was to increase with life stage.
Peloton size was positively correlated with
cortical cell size. Another study also reported the
positive correlation between peloton size and
cortical cell size of other orchids [47]. The largest
cortical cells in adults can accommodate the
largest peloton size, while the smallest cortical
cells in seedlings can accomodate the smallest
peloton size. This might also explain low survival
of seedlings relative to juveniles and adults.
Furthermore, seedlings had the lowest number of
cortex layers that can accommodate least
pelotons in the cortical cells compared to
juveniles and adults. This might be another factor
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explaining low survival rate of seedlings relative
to juveniles and adults.

3.

4. CONCLUSION
The present study showed that morphological,
anatomical, and mycorrhizal features had
ecological significance in survival of seedlings,
juveniles, and adults of P. goodyeroides in
relation to the capability in water and nutrient
acquisition. In relation to root functional traits,
lowest root length, depth and diameter, xylem
number and diameter, peloton size and number
in seedlings can be associated with low
capability in water and nutrient acquisition that
might explain low survival rate of seedlings
relative to juveniles and adults.

4.

5.

6.

5. IMPLICATION FOR CONSERVATION
The present study has implication in orchid
conservation suggesting high attention in low
survival of seedlings of P. goodyeroides, as well
as other orchids, as low seedling survival is a
common feature in orchids, similar to most
plants. Low survival of seedlings appears to be
related to the morphological, anatomical, and
mycorrhizal features of seedlings that can be
associated with low capacity in water and
nutrient acquisition. It is vital to ensure water
availability for seedlings, particularly, during dry
seasons to decrease high mortality of seedlings.
Watering of seedlings is known to be able to
reduce seedling mortality [11] and can increase
survival of seedlings that will have positive
impacts on long-term survival of the orchid
population.
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