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Root morphology and development in rattans.
3. Root system development in Calamus thwaitesii Becc.
and Calamus rotang L. in relation to the physical properties
of a degraded lateritic soil
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Abstract—The suitability of any vegetation to a particular soil is greatly controlled by the estab-
lishment and proliferation of the root system in that soil, which in turn is decided by the nature and
properties of the soil. As part of an attempt to introduce Calamus from natural forests to degraded lat-
eritic soils of Kerala, this study was conducted to evaluate the root system development of two species
of Calamus, viz., Calamus thwaitesii and C. rotang, grown in a degraded lateritic soil at Palappilly
range in the Chalakkudy Forest Division of the State. Both species had been planted in plots of 90 m
£ 4.5 m size with a spacing of 1.5 m £ 1.5 m. For collecting soil samples, � ve 3-year-oldplants from
each species were selected from the central row of each plot. Root parameters such as root length,
rooting density, total root weight and � ne root weight were determined in soil core samples collected
from different depths (0–15 cm, 15–40 cm and 40–60 cm) and radial distances from the base of the
plant (0 cm, 10 cm and 30 cm) at three randomly selected sampling points around a single plant. Var-
ious physical properties of these soil samples were determined using standard procedures and their
relation with root parameters were determined. Results revealed that radial distance from the plant
inversely affected the root growth in both the species especially within a soil depth of 0–60 cm rather
than at different soil layers considered separately. Depth of soil also had an inverse relationship with
root growth in both the species. Among the different soil physical properties, soil moisture and gravel
were negatively correlated with all the root parameters while positive correlation was seen with sand.
No de� nite relationship was observed with the bulk density in both the species.
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INTRODUCTION

The rattan resources of Kerala State, India, are restricted to remote areas and
they are reduced at an alarming rate due to over-exploitation. This necessitates
effective measures to conserve and propagate this endangered resource. Ecosystem
conservation together with large-scale cultivation of rattans will guarantee enough
raw material for the industry, as well as the conservation of the species and genetic
diversity. Most of the forests of the State are degrading in nature and hence large
scale cultivation of rattan is possible only through their introduction from fertile
natural habitat to degraded edaphic environment.

The suitability of a new edaphic environment for a particular species is greatly
in� uenced by the establishment and proliferation of the species root system in that
soil which in turn is decided by the nature and properties of the soil. Root systems
are important for water and nutrient uptake, sources of endogenous hormones, and
ultimately have direct in� uence on seedling growth and development. Root systems
and root morphological components (tap roots, basal roots, adventitious roots and
lateral roots) although genetically controlled, are very variable in growth and devel-
opment even in optimum environments. Therefore, � uctuating soil environments
may have major impacts on root growth. Even though much information regard-
ing the development of root system in relation to the physical properties of soils
in various agricultural crops is available [1–3] no such information is available in
Calamus. Hence the present study mainly focus to � nd out the growth and develop-
ment of the root systems of two species of Calamus (C. rotang and C. thwaitesii) in
relation to the physical properties of a degraded lateritic soil.

STUDY AREA AND METHODS

The study area, species, and details of plots remain the same as detailed in the
previous two papers [2, 4]. For collecting soil samples, 5 plants of about three years
old from each species were selected from the central row of the plot. Soil samples
were collected using a 4-cm-diameter core from four different depths (0–15 cm,
15–30 cm, 30–45 cm and 40–60 cm) at 0, 10 and 30 cm away from the base of the
plant. There were three randomly selected sampling points around a single plant in
order to get fragments of the roots, which spread, in all directions. Thus, there was
a total of 28 samples from a single plant (12 at 10 cm from the base, 12 at 30 cm
away from the base and 4 at immediately below the base of the plant) and thus
140 samples from 5 plants for each species. Separate soil samples (28 per plant)
were also collected for estimating soil moisture.

Soil samples, brought directly from the � eld, were air dried in the shade for
4–5 days and were weighed. Root fragments were separated from each sample
and used for determining different root parameters such as root length, total root
weight, � ne root weight and rooting density. Soil was then sieved through a 2-mm
sieve and gravel content was measured. The 2-mm sieved soil samples were used
for laboratory analyses.
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Soil moisture was estimated using a gravimetric method. Important physical
properties such as texture (international pipette method) and bulk density (core
method) were estimated following the procedures described by Black et al. [3].
The root fragments separated from the soil samples were weighed to obtain total
root weight. They were then sieved through a 2-mm sieve to extract the � ne roots,
which were also weighed to obtain the � ne root weight.

Length of all the roots in the samples was estimated using Newman’s line
intersection method. For this a transparent plastic trough was placed over a 1 cm2

graph paper. Root fragments of each soil sample along with a certain amount of
water was then poured into the trough. These were then arranged in such a manner
that they did not touch one another. Since the lines of the graph paper are visible
through the transparent trough, the number of intersections of the root pieces with
the horizontal and vertical lines on the graph paper could be counted. Root length
was calculated using the formula R D 11=14N , where N comprises all intercepts of
roots with total length of vertical and horizontal grid lines. R is measured in terms
of grid units.

Rooting density in each soil sample was calculated from the root length using the
formula l=v, where l is the total root length in each sample and v is the volume of
the soil present in that core sample.

RESULTS AND DISCUSSION

Results of the study are presented and discussed in the following three sections.

² Root growth as in� uenced by variation in radial distance from the plant.

² Root growth as in� uenced by the variation in the depth of soil.

² Root growth as in� uenced by the physical properties of the soil.

The observations recorded under these three sections are shown in Tables 1–4. The
double asterisk denotes signi� cance at the 1% level.

Root growth as in� uenced by variation in radial distance from the plant

The mean values of various root parameters (Table 1), viz., root length, total root
weight, � ne root weight and rooting density at different radial distances from the
plant (0, 10 and 30 cm) revealed that C. rotang attained the maximum values for
these parameters at the base of the plant and only total root weight was decreasing
signi� cantly with increase in radial distance. When different soil layers were
considered separately, in the surface layer (0–15 cm) all the root parameters were
decreasing signi� cantly with increase in lateral distance. However, the soil at the
two depths (15–30 cm and 30–45 cm) showed maximum rooting density at 10 cm
away from the plant and minimum at the base of the plant.

In C. thwaitesii also, the maximum mean values of all the root parameters were
recorded at the base of the plant and most of them were decreasing signi� cantly
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Table 1.
Mean values of root parameters at different radial distances and depths from the base of the plant
(n D 5)

Root parameters RD Depth (cm)

(cm) C. rotang C. thwaitesii

0–15 15–30 30–45 45–60 0–60 0–15 15–30 30–45 45–60 0–60
Root length 0 127:0 18:7 16:2 11:9 43:5 189:4 76:1 7:1 14:8 71:8
(cm) 10 101:6 37:1 21:4 11:3 42:8 100:5 43:2 16:9 11:8 43:1

30 75:7 21:0 20:0 9:3 31:5 91:6 32:6 10:6 23:1 39:5
0–30 94:1 27:5 20:1 10:5 109:4 43:4 12:8 17:1

Total root weight 0 3:4 0:1 0:1 0:1 0:9 4:1 0:4 0:03 0:05 1:1
(g) 10 1:14 0:3 0:1 0:1 0:4 0:4 0:2 0:1 0:03 0:2

30 0:5 0:3 0:1 0:04 0:2 0:4 0:2 0:1 0:05 0:2
0–30 1:2 0:2 0:1 0:1 0:9 0:2 0:1 0:04

Fine root weight 0 0:2 0:04 0:02 0:03 0:1 0:4 0:1 0:01 0:03 0:1
(g) 10 0:2 0:04 0:03 0:01 0:1 0:2 0:1 0:03 0:03 0:1

30 0:1 0:04 0:02 0:02 0:05 0:2 0:1 0:03 0:02 0:1
0–30 0:2 0:04 0:02 0:02 0:23 0:1 0:03 0:02

Rooting density 0 0:7 0:1 0:1 0:1 0:2 1:0 0:4 0:04 0:1 0:4
(cm cm¡3) 10 0:5 0:2 0:1 0:1 0:2 0:5 0:2 0:1 0:1 0:2

30 0:4 0:1 0:1 0:05 0:2 0:5 0:1 0:1 0:1 0:2
0–30 0:5 0:2 0:1 0:1 0:6 0:2 0:1 0:1

RD, radial distance.

Table 2.
Correlation between soil physical properties and root parameters within a depth of 0–60 cm and up to
a radial distance of 30 cm

Soil Root parameters
pro-
perties

C. rotang C. thwaitesii

RL TRW FRW ROD RL TRW FRW ROD
Soil ¡0:3040¤¤ ¡0:2894¤¤ ¡0:3362¤¤ ¡0:3007¤¤ ¡0:2285¤¤ ¡0:1282 ¡0:1126 ¡0:2485¤¤

moisture
Bulk ¡0:0996 ¡0:1853¤ ¡0:1595 ¡0:1158 ¡0:1321 ¡0:1057 ¡0:1059 ¡0:1557
density
Gravel ¡0:3279¤¤ ¡0:2553¤¤ ¡0:3656¤¤ ¡0:3204¤¤ ¡0:5608¤¤ ¡0:2393¤¤ ¡0:3949¤¤ ¡0:5221¤¤

Sand 0.4530¤¤ 0.3931¤¤ ¡0:3383¤¤ 0.4446¤¤ 0.4450¤¤ 0.2497¤¤ 0.4886¤¤ 0.4217¤¤

Silt ¡0:1945¤ ¡0:2522¤¤ ¡0:1463 ¡0:1850¤ 0.2222¤¤ ¡0:1067 ¡0:2725¤¤ ¡0:2114¤

Clay ¡0:1369 ¡0:0187 ¡0:1097 ¡0:142 ¡0:0517 ¡0:0346 ¡0:0396 ¡0:048

RL, root length; TRW, total root weight; FRW, � ne root weight; ROD, rooting density.
* Signi� cant at 5%.
** Signi� cant at 1%.

with increase in the lateral distance. About 46% of rooting density was observed
at the basal region of the plant within 60 cm depth, 29% at 10 cm radial distance
and 25% at 30 cm radial distance (calculated from Table 1). A similar decrease of



Root morphology and development in rattans 3 85

Ta
bl

e
3.

C
or

re
la

ti
on

be
tw

ee
n

so
il

ph
ys

ic
al

pr
op

er
ti

es
an

d
ro

ot
pa

ra
m

et
er

s
at

di
ff

er
en

td
is

ta
nc

es
fr

om
th

e
ba

se
of

th
e

pl
an

t

D
is

ta
nc

e
fr

om
S

oi
l

R
oo

tp
ar

am
et

er
s

th
e

ba
se

of
th

e
ph

ys
ic

al
pl

an
t(

cm
)

pr
op

er
ti

es
C

.r
ot

an
g

C
.t

hw
ai

te
si

i

R
L

T
R

W
F

R
W

R
O

D
R

L
T

R
W

F
R

W
R

O
D

0
M

oi
st

ur
e

¡
0:

48
28

¤
¡

0:
49

26
¤

¡
0:

48
51

¤
¡

0:
48

34
¤

¡
0:

28
81

¡
0:

38
93

¡
0:

00
87

¡
0:

28
73

B
ul

k
de

ns
it

y
¡

0:
32

73
¡

0:
38

55
¡

0:
30

92
¡

0:
31

30
¡

0:
44

91
¤

¡
0:

16
01

¡
0:

15
24

¡
0:

44
81

G
ra

ve
l

¡
0:

57
90

¤¤
¡

0:
51

20
¤

¡
0:

56
74

¤¤
¡

0:
55

72
¤

¡
0:

61
68

¤¤
¡

0:
36

43
¡

0:
67

26
¤¤

¡
0:

61
73

S
an

d
0.

51
23

¤
0.

45
70

¤
0.

34
55

0.
47

69
¤

0.
50

96
¤

0.
44

64
¤

0.
66

12
¤¤

0.
51

01
¤

S
il

t
¡

0:
35

97
¡

0:
34

44
¡

0:
25

99
¡

0:
32

56
0.

40
56

¡
0:

16
22

¡
0:

45
31

¤
¡

0:
40

64
C

la
y

0.
04

08
0.

06
81

0.
05

16
0.

02
59

0.
15

45
¡

0:
07

61
0.

00
65

0.
51

30
10

M
oi

st
ur

e
¡

0:
41

06
¤¤

¡
0:

38
94

¤¤
¡

0:
44

94
¤¤

¡
0:

40
99

¤¤
¡

0:
22

88
¡

0:
21

21
¡

0:
09

23
¡

0:
22

72
B

ul
k

de
ns

it
y

¡
0:

23
97

¡
0:

30
77

¤
¡

0:
27

94
¤

¡
0:

25
71

¤
¡

0:
02

54
¡

0:
08

10
¡

0:
09

97
¡

0:
03

10
G

ra
ve

l
¡

0:
44

06
¤¤

¡
0:

32
06

¤
¡

0:
47

71
¤¤

¡
0:

43
39

¤¤
¡

0:
52

77
¤¤

¡
0:

43
79

¤¤
¡

0:
48

20
¤¤

¡
0:

50
89

¤¤

S
an

d
0.

56
55

¤¤
0.

52
13

¤¤
0.

44
68

¤¤
0.

55
49

¤¤
0.

61
64

¤¤
0.

58
62

¤¤
0.

63
75

¤¤
0.

61
51

¤¤

S
il

t
¡

0:
21

55
¡

0:
26

05
¡

0:
13

43
¡

0:
21

50
¡

0:
22

35
¡

0:
09

05
¡

0:
25

63
¡

0:
20

91
C

la
y

¡
0:

16
97

¡
0:

08
30

¡
0:

17
68

¡
0:

16
23

¡
0:

01
56

¡
0:

15
03

0.
01

17
¡

0:
03

11
30

M
oi

st
ur

e
¡

0:
11

04
¡

0:
05

10
¡

0:
09

47
¡

0:
10

63
¡

0:
32

06
¤

¡
0:

04
34

¡
0:

27
74

¤
¡

0:
41

91
¤¤

B
ul

k
de

ns
it

y
0.

13
92

0.
06

89
0.

08
11

0.
10

63
¡

0:
07

69
¡

0:
17

38
¡

0:
09

63
¡

0:
13

74
G

ra
ve

l
¡

0:
14

98
¡

0:
18

65
¡

0:
18

69
¡

0:
14

41
¡

0:
66

07
¤¤

¡
0:

31
52

¤
¡

0:
27

59
¤

0.
54

65
¤¤

S
an

d
0.

32
97

¤
0.

40
69

¤¤
0.

23
09

0.
33

57
¤¤

0.
42

84
¤¤

0.
31

61
¤

0.
42

85
¤¤

0.
36

19
¤¤

S
il

t
0.

01
73

¡
0:

16
73

¤
0.

08
13

0.
02

92
¡

0:
10

06
¡

0:
14

16
¡

0:
22

51
0.

09
22

C
la

y
¡

0:
36

65
¤¤

¡
0:

21
63

¡
0:

37
82

¤¤
¡

0:
38

87
¤¤

¡
0:

31
08

¤
¡

0:
14

07
¡

0:
14

72
¡

0:
25

29

A
bb

re
vi

at
io

ns
as

in
Ta

bl
e

2.
*

Si
gn

i�
ca

nt
at

5%
.

**
S

ig
ni

�
ca

nt
at

1%
.



86 V. K. Jayasree et al.

root growth with increase in radial distance was seen in both surface (0–15 cm) and
subsurface (15–30 cm) layers.

The study in general reveals that root growth in both the species had an inverse
relationship with the radial distance especially within a soil depth of 0–60 cm and
0–15 cm.

Root growth as in� uenced by the variation in the depth of soil

In C. rotang, at all the lateral distances, maximum mean values for all the root
parameters were recorded (Table 1) at the surface layer (0–15 cm) of the soil
and they were decreasing signi� cantly with increase in depth of soil. Similar
observations were recorded in C. thwaitesii also. Thus, in both the species soil
depth had an inverse effect on root growth.

Root growth as in� uenced by physical properties of the soil

Soil moisture. In general, the content of soil moisture varied from 6.03 to 7.9%
in soil around C. rotang within a depth of 0–60 cm and up to a radial distance
of 30 cm. In this volume of soil highly signi� cant and negative relation of soil
moisture with root parameters such as root length (r D ¡0:3040¤¤), total root
weight (r D ¡0:2894¤¤), � ne root weight (r D ¡0:3362¤¤) and rooting density
(r D ¡0:3007¤¤) were observed. In soil around C. thwaitesii, moisture was found to
have a highly signi� cant and negative correlation with root length (r D ¡0:2285¤¤)
and rooting density (r D ¡0:2485¤¤) (Table 2).

When different lateral distances were considered separately, the in� uence of soil
moisture on root growth was negative and highly signi� cant at the base of the plant
and also at 10 cm away in C. rotang (Table 3). But in C. thwaitesii signi� cant and
negative correlation of root growth with soil moisture was observed only at a radial
distance of 30 cm.

Among the different depths, signi� cant relation of soil moisture on root growth
was more pronounced at 45–60 cm depth in C. rotang and at 15–30 cm depth in
C. thwaitesii. Soil moisture shows a highly signi� cant negative correlation with
root parameters in both species of Calamus. Hence a higher root growth occurs
in Calamus at regions where soil moisture is comparatively less. This could be
well explained since root growth in both these species is found to be more at
the surface layer where moisture is comparatively less. Even though both the
species were grown in the same area with uniform climate and soil conditions,
soil moisture values with respect to C. thwaitesii were found to be signi� cantly
higher than C. rotang. This indicates that water consumption is comparatively less
in C. thwaitesii and hence would be a better species in areas of water shortage. In
this study, C. rotang has lesser root length compared to that of C. thwaitesii. Soil
moisture stress can be suggested as a reason for this. C. thwaitesii, which does not
require much moisture overcomes this without having an inverse effect on the root
length. This is in fact supported by the work of Korikanthmath [5]. They have noted
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that soil moisture stress imposed on cardamom seedlings resulted in reduced root
length.

Gravel. Results revealed a relatively higher content of gravel in soil around
both C. thwaitesii (32.2–41.7%) and C. rotang (24.6–39.8%) within a depth of
0–60 cm and up to a radial distance of 30 cm. In this volume of soil highly
signi� cant and negative relation of gravel with root length (r D ¡0:3279¤¤), total
root weight (r D ¡0:2553¤¤), � ne root weight (r D ¡0:3656¤¤) and rooting density
(r D ¡0:3204¤¤) was observed in C. rotang. Similar relation with all the root
parameters viz., root length (r D ¡0:5608¤¤), total root weight (r D ¡0:2393¤¤),
� ne root weight (r D ¡0:3949¤¤) and rooting density (r D ¡0:5221¤¤) was
observed in C. thwaitesii also (Table 2).

At all lateral distances in both the species, gravel showed signi� cant and negative
relationship with root growth. On considering different soil depths, in surface
and subsurface layers, root growth of C. thwaitesii had signi� cant and negative
relationship with gravel.

Thus, in general a high negative correlation of gravel with root growth was
observed in both species of Calamus. Presence of gravel in the soil usually cause
hindrance to the growth of roots. The results of the present study also support the
above statement.

Soil texture. Among the soil separates, sand was found to have a highly
signi� cant and positive relation with all the root parameters such as as root length
(r D 0:4530¤¤ , 0:4450¤¤), total root weight (r D 0:3931¤¤, 0:2497¤¤), � ne root
weight (r D 0:3383¤¤, 0:4886¤¤) and rooting density (r D 0:4446¤¤, 0:4217¤¤) in
both C. rotang and C. thwaitesii, respectively. Silt was found to exert signi� cant and
negative impact on root length (r D ¡0:1945¤), total root weight (r D ¡0:2522¤¤)
and rooting density (r D ¡0:1850¤¤) in C. rotang, while in C. thwaitesii its
in� uence was noticed on root length (r D ¡0:2222¤¤), � ne root weight (r D
¡0:2725¤¤) and rooting density (r D ¡0:2114¤) (Table 2). Among different lateral
distances, sand had more pronounced in� uence on root growth at 10 cm away from
the plant in both the species (Table 3).

The correlation coef� cient between root parameters and soil properties at different
soil depths revealed a signi� cant and negative relationship for sand with � ne root
weight (r D ¡0:3814¤) at 15–30 cm depth in C. rotang, while highly signi� cant
and positive relationship for sand with total root weight (r D 0:4335¤¤) and � ne
root weight (r D 0:5400¤¤) at 30–45 cm depth was found in C. thwaitesii (Table 4).

Thus, in general sand shows a highly signi� cant positive correlation with root
growth in both species of Calamus. It increases porosity of the soil thereby
enhancing root growth as is seen in the present study. In the case of silt, it is
highly and negatively signi� cant at 10 cm radial distance in C. rotang, while in
C. thwaitesii it shows high negative correlation with root growth at the base of the
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plant and also at 10 cm radial distance. Lower porosity is suggested as one of the
reasons for inhibition of root growth [6] and is applicable in the case of silt.

Bulk density. The signi� cant and negative in� uence of bulk density on root
growth was observed only in the case of total root weight (r D ¡0:1853¤) in
C. rotang and no signi� cant relation was observed with any of the root parameters
in the case of C. thwaitesii (Table 2). At a lateral distance of 10 cm also root growth
was signi� cantly and negatively in� uenced by bulk density in C. rotang (Table 3).

Bulk density in this study is not correlating with any of the root parameters in
C. rotang. This might be due to the fact that the seedlings of Calamus have not
grown to produce roots to such an extent as to � nd any correlation with the bulk
density of the soil. However, bulk density is found to show an increase with soil
depth as well as lateral distance from the plant. Studies by Petcu et al. [7], Nune
and Bisbal [8], Lav–Bhushan et al. [9], Goodman and Ennos [10] and Imhoff et
al. [6] support the above statement.

The above results in general reveal that any species will have its own root
architecture which is genetically controlled. If there is no much hindrance in the
soil, the same architecture will be expressed by the plant. In the present study,
there was no hindrance in the soil and hence the plant could express its own root
architecture [2]. The results, thus, show that more root growth occurs closer to the
base of the plant at a depth of 0–15 cm. In the given soil, each property of soil
has its own trend already. Thus, both inherent root architecture and variation of soil
properties at different depths have an over all effect on the rooting pattern.

CONCLUSIONS

Results revealed that the root growth in both the species was inversely correlated
with radial distance from the plant especially within a soil depth of 0–60 cm rather
than at different soil layers considered separately. Root growth in both the species
also had an inverse relationship with the depth of soil. Among the different soil
physical properties, soil moisture and gravel were negatively correlated with root
growth while positive correlation was seen with sand. Results also suggest that it
is advisable to grow C. rotang and C. thwaitesii on degraded lateritic soil, provided
there is no much physical hindrance to root growth as seen in the present study.
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