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Abstract  Seedling survival and growth of two Rhododendron species viz., Rhododendron kenderickii and Rhododen-
dron grandewere studied along an altitudinal gradient in a temperate forest. Differences in survivality and relative growth 
responses of the two selected rhododendrons in terms of height, collar diameter and leaf number were monitored seasonally. 
High seedling mortality was recorded highest in winter season as well as in the higher altitude. Both the species attain 
maximum growth in terms of height, collar diameter and mean leaf number during rainy season while, minimum in winter 
season. Moreover, both the Rhododendron species exhibit variation in growth response with altitude and higher total growth 
was recorded in lower altitude. The result of the present study showed that the survival and growth of seedlings of both the 
selected Rhododendron species were greatly influenced by altitude as well as season. This variability may be due to the 
variation in light, temperature, moisture and edaphic factors in various seasons as well as at different altitudes, which results 
into development of an array of microclimatic conditions for differential growth behavior of different species. 
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1. Introduction 
Forest community structure and composition may be 

largely determined at early life history stages. The most 
reliable indicator of successful restoration of forest commu-
nities is likely to be the number and composition of the 
woody seedlings colonizing naturally[1]. The seedling stage 
represents a demographic bottleneck for most populations[2]. 
Plant populations usually go through major thinning during 
the seedling phase and the traits that affect seedling survival 
vary according to environmental conditions[3,4]. Survival 
and growth of tree seedlings are determined by the interac-
tive influence of biotic and abiotic factors of the forest en-
vironment[5]. High mortality at seedling stages further limit 
speciesdistributions[6-10]. Because species vary greatly in 
their sensitivities to mortality agents at early life history 
stages, spatially variable environments greatly affect com-
munity composition of seedlings[11-14]. Tree seedling dy-
namics is affected by various environmental factors[15,16]  
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such as soil moisture[17,18], micro-scale disturbances[19,20] , 
canopy cover[21,22] and thickness of leaf litter layer[23-25]. 

Light is the primary regulator of seedling performance on 
the forest floor[26], but the importance of nutrients and water 
to seedling survival below a forest canopy remain poorly 
defined[27]. Light is also a resource that limits tree seedling 
recruitment in many forest understories and canopy gaps can 
raise light levels, leading to increased seedling recruitment 
and higher levels of species diversity[28-30]. Spatial patterns 
of light availability are likely to influence the spatial ar-
rangement of plant species[31,32]. However, the indirect 
effects such as those mediated by soil and litter have also 
been proven to be important for seedling growth and survival 
in the understorey[33,34]. Litter is an important general 
factor determining the spatial variation in seedling recruit-
ment. Thick litter layer generally reduces the rates of ger-
mination and of seedling establishment. However, herba-
ceous cover, rather than litter, has an even more adverse 
effect on seedling emergence, survival and growth[35,36]. 
Seasonality also affects patterns of seed production, germi-
nation, survival and seedling development[37]. In 
broad-leaved temperate deciduous forest, the variation in 
understorey light conditions is produced not only by spatial 
variation of overstorey structure, but also by temporal 
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variation among species in timing of leaf emergence[38-40]. 
Enough light is usually available for the understorey plants 
prior to leaf emergence of canopy trees in early spring. The 
earlier leaf emergence in the tree seedlings, compared with 
canopy trees, is a crucial factor for their survival and 
growth[25,40,41]. 

Several studies have been conducted elsewhere on sur-
vival and growth of seedlings of various tree species in 
various natural as well as in experimental conditions, but did 
not relate to altitudinal gradient. A few studies have also 
been carried out on survival and growth of Rhododendron 
seedlings, but none of those studies were with respect to 
altitudinal gradient especially in Arunachal Pradesh. Hence, 
the present study has been carried out with an aim to analyse 
whether there is any significant effect of altitude and season 
on survival and growth of the seedlings of selected Rhodo-
dendronspecies. 

2. Materials and Methods 
2.1. Study Site 

Arunachal Pradesh, the largest state in the northeastern 
region of India, located between 26°28'–29°30' N latitudes 
and 91° 30'–97° 30' E longitudes and covers a geographical 
area of 83,743 sq. km. The stateis bordered by China in the 
north and northeast, Bhutan in west, Myanmar in east and in 
south by the Indian states of Assam and Nagaland. The 
Eastern Himalayas constitute about 84% of the total geo-
graphical area of the state. The study was carried out in a 
temperate broad leaved forest at Mechuka in West Siang 
district of Arunachal Pradesh. The West Siang district lies 
between 27° 32'– 28° 59' N latitude and 93°58'– 94° 58' E 
longitude. The district is spread over 7,813 sq. km and con-
stitutes 9.33% of the total geographical area of the state. The 
topography of the district is mountainous and the northern 
part of it falls within higher mountain zone of Himalaya 
consist of a mass of tangle peaks and valleys. Various eco-
logical zones, viz. tropical, subtropical, temperate, subalpine 
and alpine are present in the district. The total forest cover of 
the district is 6,719 sq. km (86 % of the total geographical 
area),out of which very dense forest comprises of 2,478 sq. 
km, moderately dense forest 2,741 sq. km and open forest 
covers about 1,501 sq. km[42].  

Mechuka falls under the Himalayan range and is charac-
terized by rough topography with mountains, deeply incised 
valleys, escarpments and plateaus. Major areas of Mechuka 
are inaccessible and these areas are still covered with virgin 
forest. Moreover, until 2004 there was no motorable road 
connectivity to Mechuka. According to the climatic condi-
tion, four distinct seasons can be characterised in Mechuka. 
The period from December to February, maximum snowfall 
takes place when the temperature drop down below freezing 
point, represents winter. The period from March to May 
represents spring with little rain whereas, the period from 
June to September with maximum of the total annual rainfall 

represents rainy season (monsoon) and the period from Oc-
tober to November represents the autumn (post monsoon) 
with little shower. 

For the present study, the Rhododendron forest was di-
vided into three study stands along the altitudinal gradient 
viz, Shagong (1900–2100m), Hanuman camp (2100–2300m) 
and Yarlung (>2300m). The forest is in climax stage, very 
old aged and dominated by Rhododendron species. The 
precise age of the forest is not known due to non availability 
of the forest history with the local forest department. Thick 
spongy humus layer covers the forest floor. 

2.2. Methods 

2.2.1. Soil Physico-Chemical Properties 

Soils were collected from the three study stands and 
various physico-chemical properties were determined 
through standard procedures. The soil texture was deter-
mined by the hydrometer method, soil bulk density and 
porosity were determined by following the methodology 
given by Allen et al.[43]. Water holding capacity (WHC) 
was determined by Keen’s box method. Soil moisture con-
tent was determined gravimetrically; pH was determined 
electrometrically by a digital pH meter in 1:2.5 suspension of 
soil in deionized water[44]. Soil organic carbon was deter-
mined according to Walkley and Black’s rapid titration 
method[45]. Total kjeldahl nitrogen (TKN) was determined 
by following Allen et al.[43]. Available phosphorus was 
extracted from soil using the Bray and Kurtz No 1 procedure 
of Bray and Kurtz[46]. Exchangeable soil potassium[43] was 
determined by extraction of soils using 1M ammonium ace-
tate solution buffered to pH 7.0, followed by the measure-
ments of potash in the extracts on a flame photometer (Flame 
Photometer 130). Values for different soil physico-chemical 
variables of the three study stands are given in Table 1. 

Table 1.  Physico-chemical Properties of Soil in the Three Study Stands 

 
Variables 

Study stands 

Shagong Hanuman 
Camp Yarlung 

Bulk density (g cm -3) 0.83 0.99 1.01 
Porosity (%) 68.60 62.60 62.06 
WHC (%) 63.87 64.68 65.05 
Texture Sandy 

clay loam 
Sandy 

clay loam 
Sandy 

clay loam 
pH 4.71 4.41 4.08 

Moisture content (%) 50.4 51.6 56.8 
Organic carbon (%) 4.87 5.34 6.89 
Total nitrogen (%) 0.15 0.20 0.25 

Available phosphorus (%) 0.010 0.011 0.007 
Exchangeable potassium 0.42 0.43 0.37 

2.2.2. Seedling Survival and Growth 

To study the survival and growth of seedlings, two Rho-
dodendron species viz., Rhododendron kenderickii and 
Rhododendron grandewere selected from the three study 
stands (viz. Shagong, Hanuman Camp and Yarlung). Both 
the species occurs in the three study stands. R. kenderickii is 
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the main dominant species in Shagong, while, it occurs as a 
co-dominant species in Yarlung. R. grandedominates the 
study stand at Hanuman Camp.  

At each study stand, fifty healthy and uniform seedlings of 
each of the two selected Rhododendron species were ran-
domly selected and tagged. Survival of seedlings was 
monitored seasonally at four months interval for a period of 
two years (November, 2008 to July, 2010). Another 25 
healthy seedlings (< 50 cm height) without any damage and 
of uniform sizes of each of the above mentioned selected 
Rhododendron tree species were randomly selected at all 
study stands. Selected seedlings were tagged with an indi-
vidual numbered aluminum tag. Seedling growth was 
monitored seasonally for a period of one year (November, 
2009 to November, 2010) at four months interval. Stem 
height, collar diameter and number of leaves of all the tagged 
seedlings were recorded in November (t0), March (t1), July 
(t2) and November (t3). The periods from t0 to t1, t1 to t2 and t2 
to t3 represents winter, summer and rainy seasons respec-
tively. Non–destructive method was used for measuring 
seedling height, collar diameter and leaf numbers. Seedling 
height and collar diameter were recorded by using measuring 
scale and digital verniercaliper respectively. The growth rate 
in terms of height and collar diameter was calculated simply 
by subtracting the succeeding recorded values by the pre-
ceding one while, the growth in terms of number of leaves 
was simply counted at each sampling time. 

Seasonal as well as altitudinal variation of growth rate in 
terms of height, collar diameter and leaf numbers of the 
selected species were analysed by one-way ANOVA using 
STATISTICA 6. 

 
Figure 1.  Seedlings survival of the two Rhododendron species in the three 
study stands 

3. Results 
3.1. Seedling Survival 

High seedling mortality of both the selected Rhododen-
dron species was recorded during the period of November to 
March, which experienced the cold and dry season (Figure 1). 
Moreover, mortality of all seedlings was recorded highest in 
Yarlung, which may be due to very low temperature during 
the winter. Seedlings survival of Rhododendron kender-
ickiiwas recorded better both in Shagong as well as in Ha-
numan Camp while, R. grandeshows similar trend of sur-
vivorship in all the study stands which might be due to 
availability of uniform favourable conditions during growing 
season. 

 
Figure 2.  Seasonal growth rate of seedlings of the two Rhododendron 
species in terms of height in the three study stands 

3.2. Seedling Growth 

Tagged seedlings of the selected Rhododendronspecies 
recorded highest relative growth rate in terms of height 
(Figure 2), collar diameter (Figure 3) as well as mean leaf 
number during the rainy season and minimum in the winter. 
Moreover, both the selected species showed significant 
variations in growth rate among the study stands as well as in 
seasons (F = 7.6 and 39.3 respectively, p< 0.001). R. 
kenderickii exhibits significant seasonal (F= 68.6, P< 0.001) 
as well as altitudinal (F= 7.7, P< 0.001) variation of relative 
growth rate in terms of height. However, variation of growth 
rate in terms of collar diameter was found significant only in 
seasons (F= 36.3, P< 0.001). Moreover, mean leaf number of 
R. kenderickii (Figure 4) shows significant variation in dif-
ferent sampling periods as well as study stands (F= 11.48 and 
10.40 respectively, P< 0.001). R. kenderickii recorded 
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highest total growth in terms of height and collar diameter in 
Shagong while, minimum in Yarlung (Figure 5). On the 
other hand, R. grande shows significant seasonal as well as 
altitudinal variation of growth rate in terms of height (F= 
27.5. P< 0.001 and F= 3.9, P< 0.05 respectively) and collar 
diameter (F= 29.7 and 7.1 respectively, P< 0.001) and 
highest growth in total height as well as in collar diameter 
was recorded in Hanuman Camp while, minimum in Yarlung 
(Figure 5). It also shows variation in mean leaf number 
(Figure 4) in different sampling period as well as study 
stands (F= 29.67 and 15.45 respectively, P< 0.001). 

 
Figure 3.  Seasonal growth rate of seedlings of the two Rhododendron 
species in terms of Collar diameter in the three study stands 

 
Figure 4.  Growth of seedlings of the selected Rhododendron species in 
terms of number of leaves in the three study stands 

 
Figure 5.  Total growth of seedlings of the selected Rhododendron species 
in terms of collar diameter and height in the three study stands 

4. Discussion 
The seedlings of both the selected Rhododendron species 

show high mortality during the period of November to 
March while, mortality rate is low during March to July. It 
may be due to cold and dry climatic conditions prevailing 
during the winter season. Paul[47] also reported high mor-
tality of seedlings of Rhododendron arboreum, R. arboreum 
var. delavayi, R. barbatum and R. kesangiae during the dry 
period from temperate broad leaved forest of western 
Arunachal Pradesh. Similar seasonal mortality was also 
reported by various workers from both natural[48-50] as well 
as from experimental conditions[51,52]. Moreover, seedling 
mortality of both the selected Rhododendron species was 
recorded highest in Yarlung. This may be attributed to very 
low temperature and accumulation of ice crystals at night on 
the forest floor during winter and causing injury to the 
seedlings due to freezing desiccation and as a result affect 
survival[50]. Such damage occurs when the upper soil layer 
is frozen causing reduction of available soil mois-
ture[53,54].Moreover, very young and smaller seedlings are 
more prone to such damage due to low temperature. During 
winter the seedlings also experienced moisture stress and as 
a result mortality increases. The detrimental effect of soil 
moisture stress on the survival of tree seedlings has been 
reported by several workers[55-57].  

McLaren and McDonald[58] reported that seedling mor-
tality was high during the early period of the dry season 
which experienced an immediate reduction in rainfall, but 

Nov-Mar Mar-Jul Jul-Nov
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Co
lla

r d
iam

ete
r (m

m)

Month

Rhododendron kenderickii
 

 Shagong
 Hanuman Camp
 Yarlung

Rhododendron grande

Nov Mar Jul Nov
0

2

4

6

8

10

12

14
0

2

4

6

8

10

12

14

Num
ber

 of 
leav

es

Month

Rhododendron kenderickii

 

 

 Shagong
 Hanuman Camp
 Yarlung

Rhododendron grande

Rhododendron kenderickii Rhododendron grande
0

1

2

3

4

5

6

7

Co
lla

r d
ia

m
et

er
 (m

m
)

Species

0

1

2

3

4

5

6

7
 Shagong  Hanuman Camp  Yarlung

He
ig

ht
 (c

m
)



  International Journal of Plant Research. 2012; 2(1): 39-46 43 
  

 

seedling survival stabilized at the start of the wet season. 
Moreover, the forest canopy plays a major role on seedlings 
establishment and survival on the forest floor with changes 
in the availability of light and water[59-62]. The change in 
the ground condition created due to the formation of natural 
gaps in the canopy of the forest might be potentially fa-
vourable for the survival of tree seedlings as also observed 
by Brokaw[63]. Moreover, successful regeneration of any 
type of species can only occur if the right amount of growing 
space becomes available for the establishment and subse-
quent growth of seedlings[64]. Mason et al.[65] reported that 
the highest seedling survival was found under the widest 
spacing and declined with closer spacing and lower light 
intensity in conifer forest.During the study, it was observed 
that very few Rhododendron seedlings were found beneath 
the canopy, but they are abundant in open places like steep 
slopes, forest margins and bank of streams. This may be 
because of the reason that in these particular sites, seeds 
received the desired buffered moisture and temperature 
conditions and light levels suitable for germination and ef-
fective recruitment. Cross[66] also reported similar findings 
for Rhododendron ponticum from SW Ireland. Light is an 
absolute requirement for germination of Rhododendron-
seeds[67-69]. Kameyama et al.[70] reported that seedlings of 
Rhododendron metternichiiSieb. etzucc var. hondoenseNa-
kai were highly dependent on ground conditions and canopy 
cover in Mt. Kamakuraji of Hiroshima Prefecture, Japan.  

The seasonal variability in growth response is an impor-
tant parameter to determine the growth of tree species in 
natural forest. There were increases in growth rate in height 
and collar diameter of all selected species attaining a peak 
during the rainy season. However, peaked increase in mean 
leaf numbers by all selected species was shown during 
March to July before the rainy season. Paul[47]) also re-
ported marked increase in leaf number of Rhododendron 
arboreum, R. arboreum var. delavayi, R. barbatum and R. 
kesangiae during the wet period from temperate forest of 
Arunachal Pradesh. Jones et al.[41] and Seiwa[25,40] re-
ported that early leaf development of seedlings promotes 
biomass gain through height and radial growth and enhances 
survival rates in temperate broad-leaved forests. Seedlings of 
all the species showed low growth during the months of 
November to March, which may be due to cold and dry 
winter season with high soil moisture stress. The role of soil 
moisture in influencing growth of seedlings has been studied 
by many workers[71]. The peak seedling growth during wet 
period could be attributed to the increased availability of 
nutrients due to rapid decomposition of litter on the forest 
floor and also to the higher moisture content of the soil. 
Farnsworth and Ellison[72] reported that seedling and sap-
ling photosynthetic rates were significantly depressed in 
winter, while, photosynthetic rates in leaves of mature trees 
did not differ between winter and summer. 

Differences in growth among the species are caused by 
morphological parameters, while, temporal changes are 
caused by physiological parameters[73]. Variation in height 
growth, collar diameter and mean leaf number of the seed-

lings of selected species in the three study stands may be 
partly responsible for the difference in growth behavior 
under a given set of environmental conditions. The higher 
growth of seedlings of R. kenderickiiand R. grande in 
Shagong and Hanuman Camp respectively could be attrib-
uted to the availability of optimum growth conditions like 
light, temperature, moisture and edaphic factors which is 
required by these two species. The poor growth in Yarlung 
may be due to comparatively low temperature as compared 
to the other two study stands. Variation in micro environ-
mental conditions in forest understorey plays important role 
in differential growth behavior of seedlings. Among these 
light is the most important factor for growth of seedlings via 
photosynthesis in forest understorey. Growth rates in low 
light have been often linked with seedling survival by many 
workers[74,75]. Moreover, temperature also plays major role 
which affects the growth rate of seedlings. It is one of the 
chief determinants controlling the length of the growing 
season. In comparison with the tropics, the temperate and 
boreal zones have low mean annual temperatures which 
result in slow growth of the seedlings, saplings and trees 
growing there. Within a certain range, the growth rate in-
creases with the increase of temperature[76]. Very high 
temperatures do not facilitate but retard the growth rate[77]. 
Apart from light and temperature, some other environmental 
factors also play vital role in the growth of trees such as 
water, nutrition[78], ambient CO2 level[79], wind[80] etc. 
Moreover, the ontogenetic status of seedlings also affects the 
shoots extension growth[81], biomass partitioning[82] and 
shoots size and number[83,84].  

5. Conclusions 
In conclusion, it may be stated that the survival and 

growth of seedlings of the two selected Rhododendron spe-
cies were greatly influenced by altitude as well as season. 
High seedling mortality was recorded at the altitude 
of >2300 m, as well as during the dry season. Growth rate of 
all selected species were found highest during wet period of 
the year while, the total growth varies among the species at 
different study stands along the altitudinal gradient. This 
variability may be due to the variation in light, temperature, 
moisture and edaphic factors which results into development 
of an array of microclimatic conditions for differential 
growth behavior of different species. 
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