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Abstract

The research objective was to investigate effetidimate variability on monthly growth of
Aglaia odoratissima andHydnocarpus ilicifolia which are the dominant tree species in lower ct
dry evergreen forest and generally found at thea&ak Environmental Research Station (SERS),
northeastern Thailand. For one year of the invattig, monthly data of tree leaf phenology, indidek
diameter (IBD) and outside bark diameter (OBD) éments were examined. These data were related to
soil moisture content and climatic data of monttainfall, temperature and relative humidity. Theulés
showed that leaf phenology &f odoratissima andH. ilicifolia illustrated leaf maturation throughout the
year, while young leaves were abundant in the r&egson and leaf abscission was rarely found
throughout the year. The IBD increments of theseciss on transverse surfaces could be detected
throughout the year and the most rapid incremergsewletected in the rainy season, while OBD
increments of both species shrank in the dry seaadnswelled in the rainy season. Using path aisalys
(PA), climate variability was found to be signifitdy related to leaf phenology @ odoratissima and
IBD increments of. ilicifolia; and it was also significantly related to OBD iecrents of both species.

Keywords: Leaf phenology / Outside bark diameter/ Path aisljinside bark diameter

1. Introduction

Forests are extremely responsive tothis paper, we investigated monthly growth of two
climate change and variability; it has been showrevergreen species within distinct annual ring
by observations from past research, experimentdbrmation, namely Aglaia odoratissma and
studies, and simulation models (Andreu et al.Hydnocarpus ilicifolia, in order to understand the
2007; Nitschke and Innes, 2008; Polgar anckffects of climate variability on their growth ihet
Primack, 2011). Tree-ring analysis (calledlower canopy. The study can be applied to confirm
dendrochronology) is widely and successfullythe principle of dendrochronology in tree selection
used to explain long-term climatic effects of treefor climate-growth relationship and climatic
growth especially in the temperate and boreateconstruction analysis. Additionally, in forest
regions (Garcia-Suarez et al., 2009; Trouet et almanagement, the study illustrates the benefit of
2013). The dendrochronologists attempted tdhe emergent and upper forest canopy in local
extend their research to the tropical andclimatic stabilization which is suitable for tree
subtropical regions due to increasing demand for apecies in the lower canopy growing throughout
better understanding of global climate dynamicshe year.
associated with the gap of the paleoclimatic
information in the tropics (Buckley et al., 1995; 2. Methodology
Pumijumnong et al., 1995; D'Arrigo et al., 1997; 2.1 The Study Ste
Pumijumnong and Wanyaphet, 2006; The study site was located at the dry
Pumijumnong and Eckstein, 2011). However, thesvergreen forest of the Sakaerat Environmental
study of climate-growth response using theResearch Station (SERS) in Udomsap Sub-district,
technique of tree-ring analysis is still limiteddan Wang Nam Khiao District, Nakhon Ratchasima
the question of which tree species form annuaProvince, northeastern Thailand (Figure 1). The
rings and respond to climate are not yet solvedSERS occupies an area of 80 km2 on the edge of
Additionally, the one criterion of tree selectimr f the Khorat Plateau, at longitude 101° 51 E and
climate-growth studies is focused on dominantiatitude 14° 30 N. It rises from 250 m above mean
trees with non-suppression by the nearest treesea level to 762 m at the top of its highest
(Fritts, 1976). This traditional procedure in tree-mountain. The dry evergreen forest has a dense
ring analysis is suitable for distinct annual ringand three-storey canopy which is dominated by
species with the upper canopy but is notthe upper canopy species ranging from 23-38 m
appropriate for indistinct and non-distinct annualhigh such as Hopea ferrea, Lagerstroemia
ring species with the lower canopy. Therefore, induppereana, Irvingia oliveri and Shorea
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henryana. The majority of the lower canopy Randia wittii (Thompson and Landsberg, 1975;
species ranging from 16-22 m high includelLamotte et al., 1998).

Walsura trichostenon, Memecylon caeruleum, The climatic condition at SERS is
Hydnocarpus ilicifolia, and Aglaia spp  tropical with no occurrence of frost. The winter is
The lowest layer is 4-14 m high tree species suchool and dry, while the summer is hot and humid.
as Memecylon ovatum, Ixora ebarbata, and
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Figure 1: The study site at Sakaerat Environmental Resetation (SERS)

Mean maximum temperature is 35 °C, and mear2009 till September 2010 using visual estimates
minimum temperature is 16 °C. The wet seasomvith binoculars (O'Brien et al., 2008; Vitasse et

generally occurs from May to mid-October, with al., 2009). The observer scored 0 for a bare crown,
rainfall peaks in May and September. The averagé for > 0—20 percent, 2 for > 20-40 percent, 3 for
annual precipitation is 1,200 mm. Climatic data> 40-60 percent, 4 for > 60-80 percent and 5 for >
during the investigated periods derived from80 percent of the crown cover occupied by each
SERS are shown in Figure 2. Gray band in Figurelass.

2a indicated dry period in November 2009- Outside and inside bark diameter
February 2010. increments  were other periodic growth
2.2 Methods investigations. Outside bark diameter increment

Two dominant species of the lower (OBD) at breast height (130 cm) was recorded
canopy, namelyA. odoratissima (code AOO01- using a modified manual band dendrometer with a
AOO06) andH. ilicifolia (code HIO1-HIO6) were 0.1 mm accurate vernier scale (Figure 3a). The
selected. Six trees of each species which wereneasurements of OBD were taken for a year;
healthy, located on good drained area, and hadoincided with the studies of leaf phenology.
symmetrical crowns and straight trunks werelnside bark diameter increments (IBD) were
studied. Each tree location was marked usingtudied using the techniques of cambial wounded
Global Positioning System (GPS). Leaf phenologymarking (Figure 3b). Once a month, cambial
including leaf flushing (LF), mature light green zones of the selected trees were injured in oaer t
leaves (MLL), mature dark green leaves (MDL)mark and investigate the boundaries of monthly
and leaf abscission (LA),was routinely growth zone and cell differentiation. A Year Later
investigated once a month for a year in Septemberhen  the  markings were  completed,
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Figure 2. Meteorological data in August 2009 - August 20IRainfall and temperature data
(a); Relative humdity and tempera data (b)

all marked points were extracted and woundediccuracy. Leaf phenological data and monthly
blocks were carefully polished using severalwood increments of OBD and IBD were then
grades of abrasive papers to obtain clean andorrelated with monthly climatic data of rainfall,

smooth wood surfaces until marked wounds weréemperature, relative humidity and soil moisture
prominently visible. The distances from the contents using the multiple linear regression
baseline (first marked point) to each monthlytechnique, namely path analysis (PA), to explain
marked point was measured and calculated fothe effect of climate variability on tree growth in

monthly and total wood increments the lower canopy with multi-collinearity removal

(Siripatanadilok, 1983) wusing the Velmex (Hu and Bentler, 1999; O'Brien, 2007).

measuring system to the nearest 0.001 mm

e " o & T Amk

Figure 3: Manual band dendrometer installation (a) and ¢ahviounded marking (b)
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3. Results
In case of 6 maturédydnocarpus ilicifolia, LF

During the investigation period of one was not found during the investigated period. The
year, leaf phenology of 6 maturédglaia  small amounts of MLL were commonly found in
odoratissima showed leaf flushing (LF) in August May to August, while MDL were abundantly
to November. Mature light green leaf (MLL) was found in every month, especially in rainy season
commonly found associated with LF and abundangas similar asA. odoratissma. Small amounts of
in April and May, which was the beginning of the LA were commonly found throughout the
rainy season. Mature dark green leaf (MDL) wasnvestigation periods (Figure 4b).
abundantly found in every month, except in April Outside bark diameter (OBD) at breast
and May which MLL abundantly found instead of height (130 cm) of all selected. odoratissima
other leaf pheno-phases. Leaf abscission (LA) waand H. ilicifolia were monthly measured at the
commonly found in dry period of December to same time as leaf phenological investigation.
March (Figure 4a). In case of 6 mature (Figure

4a)
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Figure 4: Leaf phenology oA. odoratissima (a) and H. ilicifolia (b)

Not only direct values of OBD, but vernier scales of all installed band dendrometers
standardized values of OBD increments were alsavere not changed for 5 months in September 2009
calculated using z-score which was the value ofo January 2010,excepA. odoratissima coded
the element (X) minus by the population me&p ( AO01 which OBD mildly increased by 0.07 mm.
and divided by the standard deviation (SD). If a z- The OBD of A. odoratissma rapidly
score was positive or negative, it could interpretshrank in February 2010 and gently increased in
that the direct value was above (greater than) oMarch - April 2010, unchanged in May-June
below (less than) the mean, respectively. The z2010, and gently increased in July-September

score formula was shown as below. 2010. The cumulative diameters of al.
B odoratissma were averaged, and the average
z =X (1) increment was 0.024 cm/year.
SD Based on the cumulative OBD of gtk

ilicifolia, as shown in Figure 6a and 6b, both
The cumulative OBD and standardizeddirect value and standardized increment data
z-score profile of si¥. odoratissima from August  exhibited dormant growth from September 2009
2009 - September 2010 are shown in Figure 5a
and 5b. During the investigated periods, the
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Figure 5: Outside (OBD) and inside bark diameter (IBD) imoests ofA. odoratissima

till January 2010 as similar a&. odoratissma. 2009. Wood increment gradually declined and
The OBD rapidly in May 2010 and gently fluctuated from 0.03 till 0.09 mm in January till
increased until September 2010. However, thaddune 2010. Total wood increment in these six
cumulative OBD ofH. ilicifolia at the end of the months was 0.39 mm (24.89% of overall
investigation period was lower than the baselingncrement). In July till September 2010, wood
data recorded in August 2009 of 0.045 cm. increment rapidly increased to 0.87 mm (55.97%).
Inside bark diameter (IBD) increment of Although wood increment could be detected in
A. odoratissma increased in August 2009 till every month during the investigated periods, the
September 2010; it averaged 1.56 mm (Figure 5cpatterns of wood increments in all trees were not
The dormant period where monthly wood similar. It might be assumed that wood increments
increment did not change was found to be inof A. odoratissma were not dependent on factors
September 2009 after the cambial markingsaffecting tree growth, especially climatic factors.
However, it was difficult to identify this periodsa Wood increments continuously increased as
a stop in growth or dormant period ok  shown in Figure 5c and 5d, which showed the
odoratissima due to the continuous occurrences offluctuation of directly measured and relative

wood increment in September 2010. monthly wood increments ofA. odoratissma
Wood increment stopped in Septemberduring investigation periods.
2009 and was re-stimulated in October 2009, During September 2009 till the

averaging 0.03 mm (1.34% of total wood September 2010, the OBD increment bf.
increment) and continuously increased to 0.13 mnilicifolia decreased (Figure 6a and 6b), while the
(8.46%) in both of November and DecemberIBD increment increased to 1.03 mm (Figure 6¢
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and 6d). After cambial marking at the beginningwood increment continuously increased. Figure 6¢
of September 2009, monthly IBD did not changeand 6d illustrate the variations of direct and
for 3 months in September — November 2009relative monthly wood increments #f. ilicifolia
except a tree coded HIO5 whose wood incremenduring investigation periods.

in November 2009 was 0.06 mm (4.31% from In order to calculate effects of climate
total growth of HI105). Unchanged wood variability on tree growth, climatic (rainfall,
increment in these 3 months seemed to be th&émax, Tmean, Tmin, RH) and soil moisture (SM)
document period oH. ilicifolia at SERS. The variables were converted to 2 components of
average of wood increments Hf ilicifolia trees, climatic data based on the criteria of Eigen values
which started in December 2009 and continuously 1.

grew until February 2010, was 0.07 nf559% of Based on varimax rotation of principle
total growth). In April to June 2010, wood component analysis (Kaiser, 1958), the rotated
increment was 0.06 mm (5.29%lt could be component matrix of 2 non-significantly
stated that, after dormant periods, wood incremerftorrelated components was observed. The first
in December 2009 till June 2010 was very slow. Incomponent was related to relative humidity,
July to September 2020, wood growth rapidlyrainfall and soil moisture contents in all soil
increased to 0.89 mm (88.49%) and the rate of ~ depths and was re-named as “Moisture”.
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The second factor was related to Tmax,Approximation (RMSEA) = 0.00 and Comparative
Tmin and Tmean and was re-named as “Temperit Index (CFI) = 1.00).

rature. These 2 Components (Figure 7) were then Path CoefﬁCientS, which are illustrated in

used as independent factors in regression analygisdure 9 Avner? staps?cally significant (P<0.];.05)- |
and could explain all selected climatic data climatic factors were not significantly
(90.83%) related to leaf phenology dfi. ilicifolia, while
’ As show in Figure 8, using path analysis.IBD detected by cambial marked _techmqug
with statistically significant p<0.05, temperature'ncrealsed due to the fluctuation of moisture (r =
and moisture were the major climatic factors™ "/ Moisture could exolain wood increment
directly influencing mature dark green leaf (MDL) f H. ilicifolia (34% Thp OBD d d b
of A odoratissima (r = -0.56) and leaf abscission ©f_H.:_ilicifolia (34%). The O etected by
(LA) (r = -0.58) manual band dendrometers directly changed due
T to monthly wood increment (r = -0.45).
The occurrences of MDL and LA could .
be explained by the fluctuation of temperature and_ . Notdonly monthly Wc|>od c;ncrelmen]:[IS, bUtd
moisture for 31% and 34%, respectively. moisture and temperature also directly influence
Outside bark diameter increment detecte ood increment (r = 0.50 and -0.78, respectively).
by manual band dendrometers was induced b oisture also had an indirect effect on OB?
temperature (r = -0.74) and moisture (r = 0.40). OCE%Tem through monthly wood increment (r =
The association of temperature and <~/ ,
moisture could explain the fluctuation of outside. M0|stu|{je, teTperar\]turftle and r_nontr]lly wo%d
bark diameter of 71%. All climatic and g]crkemg_nt could explain the u?tuaggn OOOUtS' "e
phenological factors were not significantly related ar |ameterh increment 0 7f %. f\f/era} '
to monthly wood increment @, odoratissima. moisture was the most important factor affecting
The testing of climate inducing leaf monthly wood increment (r = 0.58). The OBD
phenology and tree growth of. ilicifolia using increment was mainly mduged by temperature (r =
path analysis indicated that the model was fit an ?.Z%)Zfz)llowed by IBD (r = -0.45) and moisture
passed the overall model fit examinatioff € Tt
0.04, df = 2, p = 0.98; Root Mean Square Error of
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4. Discussion cambial marking studies were found throughout
Based on leaf phenologg, odoratissima  the year as similar as leaf phenology. Growth rates
and H. ilicifolia produced abundant leaf crowns of these species rapidly increased and maximized
throughout the year, especially in the rainy seasoi the rainy season. Several authors claimed that
(Gutierrez-Soto, 2008). Young leaves werelower rainfall during the winter strongly reduced
abundantly found in rainy season and leafwood increment, while wet condition during the
abscission rarely found throughout the year. Xiagainy season induced wood increment in both of
et al. (2006) suggested that leaf pheno-phases bfoad leaf and long leaf trees (Lisi et al., 2008,
evergreen trees in the tropics were not related thlarcati et al., 2006 and 2008; Singh and
the seasonality of rainfall. Instead, the fluctoati Venugopal, 2011). There were few investigations
of leaf phenology may be forced by solar radiationron wood formation in evergreen tree species such
availability. Williams et al. (2008) studied leaf as Sass et al. (1995) who found a continuous
phenology of A. odorata and A. spectabilis process in wood formation oDryobalanops
growing in western Thailand and also found thesumatrensis and Shorea leprosula, which was not
evergreen and leaf flushed characteristics at theglated to seasonality in rainfall and phenology.

beginning of the rainy season. Based on the occurrences and abundances
The increments of OBD in A.  of leaf phenology, monthly wood increments of
odoratissma and H. ilicifolia continuously these evergreen species was not significantly

declined from the installed period in the secondelated to the occurrences of their leaves, results
half of the rainy season to the end of the drysimilar to those of the study of O'Brien et al.
season (September 2009 - February 2010). In th@008).
rainy season, OBD rapidly increased from March All climatic data did not showed the
2010 until the end of the investigated period insignificant correlation with the monthly wood
September 2010A. odoratissima andH. ilicifolia  increment ofA. odoratissima but moisture was
showed fast increment at the beginning of thesignificantly related to wood increment d.
rainy season but illustrated the unchanged OBD dticifolia. Lamotte et al. (1998) and Marod et al.
the end of the rainy season and the dry seasofR003) explained thatH. ilicifolia were co-
The extreme shrinkage of OBD occurred for onedominant tree species amd odoratissma were
month in February before rainfall in March. Thethe lower layers of crown covers and were
OBD showed extreme shrinkage in Februarysuppressed by other trees. Microclimatic factors
before diameter increment gently increased irvaried vertically within the forest stand and
March. Therefore, the suitable period of bandinduced plant water status changing vertically.
dendrometer installation for tree growth Response to increased air temperature, higher leaf
measurement at SERS should be during théemperature in the upper canopy caused a steeper
transition of dry and wet periods at the end ofgradient of vapor pressure from the leaf to the air
February. Pelissier and Pascal (2000) stated thgreater than the observation from the shaded
OBD variations originated from hydrostatic force understory and ground vegetation (Thompson and
inducing stem flexibility which depended on the Hinckley, 1977). Therefore, the fluctuation of
degree of turgidity or water stress of the tree. Iclimate could directly affect these dominant and
was similar to the study of radial stem variationsco-dominant tree species and explained the
of several tree species relating water statu#hsignificant correlation or the lower effects twet
including precipitation and vapor pressure deficitsuppressed or understory trees. However, Borchert
(Brauning and Burchardt, 2005; Lisi et al., 2008;(1999) explained that seasonal rainfall drove leaf
Oberhuber and Gruber, 2010; Volland-Voigt et al. phenology, cambial growth and wood increment
2011). in deciduous trees, but were progressively
As dendrometer bands were installeduncoupled in evergreen trees. Lisi et al. (2008)
over bark in order to continue the measurement oflso found trunk increment dynamics of many tree
tree growth, changes in phloem differentiation andspices in a seasonal semi-deciduous forest of
bark width relating to total OBD increment was Brazil corresponded to seasonal changes in
important to understand. Several authorgprecipitation.
suggested that the swelling and the shrinkage in Increments ofA. odoratissma and H.
stems mostly occurred in bark, phloem and thélicifolia OBD did not show the positive
zone of cambium, while variation in xylem zone relationship with IBD increments. Depending on
was insignificantly related (Brough et al., 1986;the stem shrink and swelling, increased or
Daudet et al., 2005; Dobbs and Scott, 1971; Molzlecreased temperature, respectively, induced
and Klepper, 1973; Zweifel et al., 2000). Theshrinkage or swelling of OBD and moisture
OBD variation in Eucalyptus nitens, Showed direct and positive effects on OBD
approximately 40%, had been attributed toincrements. Several studies explained OBD
shrinkage of phloem and bark (Downes et al.jncrements in rainy or wet season related to new
1999). This information must be taken in tocell formation and development, while swelling
consideration, when analyzing and interpreting theéind  shrinkage in dormant period probably
OBD data depended on the water content in bark, rather than
Monthly wood increments of A. changes in wood increment (Bréuning and
odoratissima and H. ilicifolia derived from Burchardt, 2005; Brauning et al., 2008;
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Deslauriers et al., 2003; Gruber et al., 2009;Kkleziphotosynthesis, tree growth, and phenological

et al., 2007). However, to avoid the effect of barkchanges (Basler and Korner, 2014; Jackson,

swelling and shrinkage, several studies2009). Its relationship with tree growth shall he i

recommended the cambial wounding technique taepth studies in the next step. Other tree spéties

investigate the seasonal rhythms of xylem growttthe lower canopy shall also be applied to analyze

instead of dendrometer bands (Kuroda andlimate-growth relationship and the weather

Kiyono, 1997; Makinen et al., 2008). station shall be installed to collect the local
The study of IBD increments for one year climatic data in each selected forest stand.

was design to measure exact wood increment

responding to monthly and seasonal climates. Acknowledgements
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