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Abstract

Askari Y., Soltani A., Akhavan R., Tahmasebi Kohyani P. (2017): Assessment of root-shoot ratio biomass and
carbon storage of Quercus brantii Lindl. in the central Zagros forests of Iran. J. For. Sci., 63: 282-289.

Assessment of carbon storage build-up in tree stems is a difficult task due to the lack of information on their carbon
sequestration potential and allocation in different components. Similarly, high cost and complex methodology for
accurate belowground biomass estimation make it in particular problematic. To this end, 18 Persian oak (Quercus
brantii Lindley) trees from two growth forms in western Iran were destructively sampled to develop biomass and
carbon mass prediction. Sampling covered a range of ages (40—145-year-old), sizes (DBH 7-38 ¢m) and mean crown
diameter (1.9-8.55 m). We examined biomass proportion and carbon sequestration quantity at individual tree and
growth form levels, which were: coppice and high forest. One-way ANOVA was used to test the significant differences
in carbon concentration, biomass and carbon pools between the components of the two growth forms. Results showed
that there was a difference in average biomass and carbon sequestration of trees from the two growth forms. The bio-
mass distribution pattern was similar in the two growth forms. Amounts of stored biomass in trunk, stump, branch,
twig and foliage were 24.79, 6.01, 63.82, 2.53 and 2.93% of aboveground components for high forest and 16.4, 10.12,
65.83, 4.23 and 3.46% for corresponding coppice trees. The average biomass of the root-shoot ratio in high-forest and
coppice trees was determined 0.72 and 0.88, respectively. A general decline in these proportions was detected as the

size of trees increased. We recommend a root-shoot ratio of 0.80 to be adopted for Persian oak.
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Persian oak (Quercus brantii Lindley) comprises
more than 90% of the Zagrosian forests and simi-
larly a major part of its woody biomass storage,
however researches on the extent of its above- and
belowground biomass storage per tree are still
scarce. Assessment of carbon storage build-up in
tree stems is a difficult task due to the lack of in-
formation on their carbon sequestration potential
and allocation in different components. Similarly,
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high cost and complex methodology for accurate
belowground biomass estimation make it in par-
ticular problematic. Nevertheless, the understand-
ing of carbon turnover in forest ecosystems cannot
be achieved without having some quantification of
these main carbon pools (CAIRNS et al. 1997).

To resolve the problem, it has been demon-
strated that a steady allometric relation exists be-
tween above- and belowground biomass for each
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tree species, which can be used satisfactorily by a
range of ecological studies such as tree-based tro-
phic chains, biogeochemical cycles and even cli-
mate change (ENQuUIST, NIKLAS 2002; REICH 2002;
MOKANY et al. 2006). The above- and belowground
biomass relationship is commonly described as a
root-shoot ratio, where root or belowground bio-
mass is a dependent parameter (BRowN 2002; L1
et al. 2003).

As a result of the allometric growth differentia-
tion, the root-shoot ratio often decreases as tree
age or size increases. Then the highest values for
the ratio are found when seed radicle emergence
occurs (RUTHERFORD 1983; MOKANY et al. 2006).
This distinctive feature of the ratio makes it worth
to study at both the tree level and the stand level.
However, the model is more accurate at a tree lev-
el. Other well suited ratio applications are carbon
sequestration studies in afforestation projects and
even-aged stands which are highly dependent on
tree species composition, density, site topography,
climate and cohort class distribution (VUCETICH et
al. 2000; PUSSINEN et al. 2002).

In tree seedlings the ratio may typically aver-
age around 0.2 in fertile soils, and increase to 0.4
in infertile soils or after conditioning treatments
undertaken in the nursery (Roox 1971; NAMBIAR
1980; PaynN 1991). However, there are unexpected
reports, e.g. root-shoot ratios in Pinus radiata
D. Don fluctuated between 0.08 and 0.58 in older
trees (RITCHIE 1977).

An average root-shoot ratio of 0.32 was reported
for the genus Quercus sp. and other temperate de-
ciduous broadleaved trees in China forests (Luo
et al. 2012). MAcDiIcKEN (1977) concluded that a
coeflicient of 0.2 could be considered for the root-
shoot ratio at a stand level for agroforestry (farm
forestry) systems. The same value was reported for
Pinus taeda Linnaeus in the United States (BEETS
et al. 2007). In central Japan, changing root-shoot
values between 0.2 and 0.4 were reported for decid-
uous dicotyledonous trees (Cao, OHKUBO 1998).

The tree growth form has a notable effect on the
root-shoot ratio. Coppicing usually increases the
photosynthetic efficiency (TSCHAPLINSKI, BLAKE
1989) and trees may need fewer branches and
less foliage for maintenance. KRUGER and REICH
(1993) showed that the root-shoot ratio increased
in greenhouse-grown English oak seedlings under
coppicing treatment. Evidences on the effect of
coppicing on the root-shoot ratio are few, however
it appears that the subject is common in broad-
leaves (REicH 2002). No study on either large-root
biomass or root-shoot ratios for Zagrosian forests

J. FOR. SCL, 63, 2017 (6): 282289

of western Iran was found in the literature Based
on our knowledge, the potential of carbon storage
and root-shoot ratio of high forests and coppice
plantations have been examined in numerous stud-
ies, while not much on the amount of carbon stored
in the above- and belowground tree parts, particu-
larly in Zagrosian forests.

Persian oak covers most of the forests throughout
three countries of Iran, Iraq and Turkey. Its versa-
tile growth forms allow it to be seen in both high-
forest and coppice growth forms in a single site
(TALEBI et al. 2006). Zagrosian forests in the west
of Iran (approximately 3 million ha area) include
various oak species, which are mostly dominated
by Q. brantii, Quercus infectoria Olivier, and Quer-
cus libani Olivier (FATTAHI 1995). This phenotypic
plasticity gives in situ observers an opportunity to
compare the root-shoot ratio between two growth
forms of Persian oak, i.e. high forest with trees of
seed origin and coppice forest with trees of vegeta-
tive origin at different tree ages and sizes.

It is assumed that the young coppice trees are lat-
er affected by the stresses, therefore we expect that
the root-shoot ratio of small trees in both growth
forms would not be different; however, whether the
ratio similarity remains the same is the aim of the
present study.

MATERIAL AND METHODS

Study area. This study was carried out in the cen-
tral Zagros region in the west of Iran between the
coordinates 50°12'14" to 50°33'25"E and 31°35'05"
to 31°58'12"N (Fig. 1). The area mostly consists of
hills and mountains of gentle slope. The altitude
ranges from 580 to 3,000 m a.s.l. Mean annual tem-
perature and precipitation are 24°C and 694 mm,
respectively. The dominant tree species is Persian
oak (90%) along with hawthorn (Crataegus rhipido-
phylla Gandoger) and wild almond (Prunus dulcis
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Fig. 1. Location of the study area in the west of Iran
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Miller) (FATTAHI 1995). The area is covered by for-
est, shrub land, agriculture, settlements, villages,
riverbeds and water body. The forest density in
high and coppice forests is 66.88 and 62.88 tree per
hectare, respectively.

Three main orders of soil consist of Mollisols, En-
tisols, Inceptisols, and Alfisols can be found in the
study area (TorAHI, CHAND RA1 2011).

Methods. In the late spring of 2015, 18 Persian
oak trees at the identical altitude and aspect were
chosen based on stem size (DBH) and crown diam-
eter classes from high and coppice forest trees, re-
spectively (Fig. 2). All trees (n = 9) from the coppice
growth form produced the same number of shoots.
The reason of using crown diameter in coppice
trees in this study is that they do not have a single
main stem for measurement; therefore crown di-
ameter is used instead of stem diameter in this kind
of forests (ZOBEIRI 1994). Then the selected trees
were cut down and their trunk was detached.

Tree crowns were defoliated manually and trunks
and major branches were debarked. Small branches
with leaf scars (twigs) were also dissected. For root
measurement, the surface soil around the stump
and out to the sub-plot boundaries was excavated.
An excavation depth was typically around 6-8 m,
including all zones of surface root proliferation.
Sampling to the vertical projection of the crown
may be relevant. This could be simplified by sam-
pling to a radius equal to the average crown radius
(SNowDpoN et al. 2002). Stump and all attached
underground woody organs (roots) were exhumed
and cleaned.

Fresh weight of roots, foliage, twigs, branches,
stump and trunks was measured using a battery-
powered bascule in the field. An appropriate sam-
ple size from each above-mentioned tree compo-
nents was stored in a sealed container. The entire
tissue samples were collected from each part of the
trees and representative subsamples were removed
using a chainsaw and branch clipper to determine
water content. All tissues were dried to constant
weight at 80°C. The percentage of carbon in all
samples was determined using a combustion meth-
od. The combustion method was used to determine
carbon concentrations of different tissues (TSI, Inc.
2004). The moisture content percentages were then
used to calculate the biomass weight for each tree
part. A considerable portion from each tree part
was also moved to the lab and its total organic car-
bon was analysed using the combustion method
(MAcDICKEN 1977).

The normality of the data was explored by the
Kolmogorov-Smirnov test. Percentage values were
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Fig. 2. Differences between the two growth forms of Persian
oak. Having several shoots or trunks (T,—T, in this case)
and existence of a major root crown are the characteristic
features of a coppice tree (left), and standing on a single
trunk (T) as well as a prominent tap root are associated
with a high-forest tree
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transformed by an arcsin function to normal distri-
bution. One-way ANOVA was used to test signifi-
cant differences in carbon concentration, biomass
and carbon pools between the two growth forms
as well as in biomass and carbon concentration be-
tween different tree parts.

RESULTS

As the size of the trees increased, plant tissues
were partitioned differently in high and coppice
trees. In the high-forest growth form, weight of
both trunks and branches remained constant at mid
DBH and beyond. Even the weight of foliage com-
paratively decreased in trees of high DBH classes
(Fig. 3a). The proportional distribution of biomass
at the aboveground tree scale was as follows: trunk
24.79%, branch 63.82%, twig 2.53%, foliage 2.93%.
In high-forest oak trees, the relationship between
tree DBH (as independent variable) and biomass
storage in all components (as dependent variables)
was evaluated. R?> measures were maximal in the
branch and the lowest in the foliage component
(Fig. 3a).

Table 1 shows the average of dry to fresh weight
ratio (DW/FW) as well as the ratio of carbon se-
questration in different organs of the high-forest
and coppice trees. In fact, the amount of available
water in various organs of the tree can be presented
according to this ratio. The highest part of the water
exists in the leaves, while the lowest in the trunk.
Small organs store a large amount of water, while
the large organs keep little water. In addition, the
evaluation of the potential carbon sequestration
requires the exact consideration of carbon amount
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Fig. 3. Biomass production and partitioning in Persian oak trees with high-forest (a), coppice (b) growth form

in tree tissues, which was considered as 50% of
tree biomass in most studies (THOMAS, MARTIN
2012). Our results showed that carbon sequestra-
tion was variable in different tissues of trees. The
average carbon sequestration in different organs of
the coppice trees showed no significant differences
compared to high-forest trees. However, in this
vegetation form, the value of DW was higher than
FW compares to the high-forest form. This change
was perfectly clear in twigs, however, the rate of the
change was not so sensible in the other parts.

Fig. 3b shows the values of aboveground and root
biomass at different crown diameters of coppice
oak trees. Unlike the high-forest trees, the coppice
biomass amount was not in an uptrend. Finally,
the total mean aboveground and root biomass was
calculated as 217 and 191 kg, respectively. In cop-
pice oak trees, the relationship between tree mean
crown diameter and biomass storage in all compo-
nents was evaluated. R?> measures were maximal in
the root component (Fig. 3b).

Since the classification of these two vegetation
forms was accomplished in different ways, there
was no possibility for pair comparison; however,
the comparison of the average amount of carbon
storage at the same organs in both vegetation
forms was performed using an independent ¢-test.
Results showed that there were no statistical dif-
ferences between the same various parts in terms
of biomass and carbon sequestration amounts

(P <0.05) (Fig.4). However, the carbon and bio-
mass root-shoot ratio was higher in coppice trees
(0.88) followed by high trees (0.72). Branches had
the highest amount while foliage and twigs had the
lowest amount of biomass and carbon storage.

In other words, the root amount of coppices was
higher than that of high forests, while the amount
of carbon allocation and shoot biomass in coppices
was lower than that of high forests (Fig. 5). This is
due to a continuous pruning of coppice trees in re-
sponse to feeding animals and other consumptions
by forest dwellers and villagers in the studied area.

The overall (both on land and roots) averages of
carbon balance were approximately close to each
other in both vegetation forms (i.e. 200 and 213 kg
for coppice and high forest, respectively).
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Fig. 4. Carbon storage in different tree components of the
two forms of Persian oak

ABG - aboveground biomass

Table 1. Mean dry to fresh weight ratio (DW/FW) and carbon concentration + standard deviation in different parts

of the high-forest and coppice trees

High forest Coppice
Component - -
mean (DW/FW) carbon concentration (%) mean (DW/FW) carbon concentration (%)

Trunk 0.68 + 1.03* 48.83 + 1.0* 0.67 + 0.942 48.75 + 1.052
Stump 0.68 + 0.942 49.01 +1.12 0.68 £ 0.91? 48.97 + 0.902
Branches 0.62 + 0.67° 49.10 + 0.95° 0.63 + 0.85° 49.00 + 0.81*
Twig 0.57 + 0.92¢ 48.50 + 1.22 0.61 + 0.99? 4842 +1.12

Foliage 0.53 + 0.60¢ 47.15 +1.3° 0.53 +0.72> 47.05 + 1.05°
Roots 0.63 + 0.57° 48.97 + 1.0* 0.66 + 0.772 48.90 + 0.96*

values in the same row followed by the same letter are not significantly different (P < 0.05)
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Fig. 5. Proportions of carbon allocation in different com-
ponents of a tree

Figs 6a, b show relationships between root-shoot
ratios by DBH and mean crown diameter at cop-
pice and high-forest forms. This amount has a de-
scending status from small to large diameters in
high-forest trees. However, in coppice trees, it is
first ascending and then comes to uniform.

DISCUSSION

An average coppice oak tree in this study had a
significantly higher mean root-shoot ratio (0.88)
than high-forest trees (0.72). In fact, root-shoot
ratios for both growth forms were higher than the
range of 0.20—0.30 ratios found in most temperate
forest trees, even when high forests trees are ex-
cluded (RoDIN, BAZILEVICH 1967; SANTANTONIO
etal. 1977; Luo et al. 2012).

The root-shoot ratio in both high-forest and cop-
pice forms had a nearly descending trend from
small to large diameter classes, so that it reached its
maximum amount in the small diameter classes and
minimum amount in the larger ones (Figs 6a, b).
This changing pattern is seen in all trees and shrubs
of the regions with suitable precipitation for cre-
ation a forest (AsSMANN 1970; PReTZSCH 2010).
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Nevertheless, a sudden reduction in the rate of
biomass accumulation in both aboveground and
belowground parts of both high-forest and coppice
forms of Q. brantii trees could mean a full compat-
ibility of this tree to the harsh and stressful condi-
tions of central Zagros forests.

High root-shoot ratios had been previously
achieved for Quercus sp., Fraxinus angustifolia
Vahl and Castanea sativa Miller (Ruiz-PEINADO
et al. 2012). Different values reported in the lit-
erature suggest that root-shoot ratios may not be
static relationships; and it may depend on tree age
(PeicHL, ARAIN 2007), species, i.e. hardwood or
softwood (Kurz et al. 1996) as described in this
study; or surrounding abiotic factors (CAIRNS et al.
1997). For these reasons, more data from different
sites and developmental stages would be needed to
support the values presented here. Our findings are
in contradiction to the results of Ruiz-PEINADO et
al. (2012), who measured the root-shoot ratio for
Quercus canariensis Willdenow, Quercus faginea
Lamarck, Quercus ilex Linnaeus, Quercus pyre-
naica Willdenow, and Quercus suber Linnaeus as
much as 0.490, 0.357, 0.323, 0.353 and 0.31 respec-
tively, in a forest stand in Spain.

One reason for the higher root-shoot biomass
ratios for coppice trees in our study is the consid-
eration of the multi-stemmed structure of the tree,
since trees are commonly considered as discrete
units (originated from seeds) in most root-shoot
reports. Mean root-shoot ratios of other clonal
Quercus Linnaeus tree species were high when the
whole root system of multi-stemmed trees was ex-
cavated: 1.2 and 0.91 for Q. ilex (CANADELL, RoDA
1991; SERRADA et al. 1992), 3.5 for Quercus coccifera
Linnaues (CANELLAS REY DE VINAS, SAN MIGUEL
Ayanz 2000), and 2.2 for Quercus aquifolioides Re-
hder (ZHu et al. 2012). Another reason explaining
high ratios of these studies and of Q. brantii here is
the resprouting nature of the species. Resprouters

11 14 18 21

DBH (cm)

27 32 35 38

Fig. 6. The relationships between the root-shoot ratio and mean crown diameter in coppice trees (a), DBH in high-forest

trees (b)
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allocate more biomass into roots than seeders un-
der similar growing conditions (BoND, MIDGLEY
2001; CLARKE et al. 2013).

The difference in root-shoot ratios between high-
forest and coppice trees in this study may probably
arise from frequent wood harvest in the coppice
trees. On the other hand, shortage in water avail-
ability in companion with poor soil content would
significantly drop raw supply for the photosynthetic
demand on a crown level (BRAY 1963; WHITTAKER,
MARKS 1975; HIROSE, KITAJIMA 1986).

In our study, the crown biomass proportion for
Persian oaks was similar (more than 40%) to Medi-
terranean species like Q. ilex, Q. suber, Ceratonia
siliqua Linnaeus and Q. canariensis as well as it
was higher than 35% of Eurosiberian species like
Alnus glutinosa Linnaeus and Fagus sylvatica Lin-
naeus (Luo et al. 2012). The value was also higher
than corresponding measurements in softwood
tree species like Pinus halepensis Miller or Pinus
uncinata De Candolle (Ruiz-PEINADO et al. 2012).
The highest root-shoot ratio reported for European
oak seedlings was less than 0.4 (NORBY et al. 1986;
CASTELL et al. 1994).

For other species, in the case of F. sylvatica (a
value of 0.163 according to the results of this study)
LEBAUBE et al. (2000) found a very similar value
(0.15) in France. In the same way, the value found for
Q. ilex (0.357) was similar to the value reported by
CANADELL, RoDpA (1991) in Catalufa, northeastern
Spain (0.41). In other cases, the results vary slight-
ly from other studies, such as the case of poplar in
which FEDERICI et al. (2008) reported a value of 0.21
in Italy. MOKANY et al. (2006) presented root-shoot
ratios according to vegetation categories, including
oak forests where a value of 0.295 was found. More-
over, others like CAIRNS et al. (1997) and MOKANY
et al. (2006) did not find any differences between
mixtures of (softwood and hardwood) species; when
Spanish species are concerned, the differences be-
tween groups are substantial: a mean value of 0.466
for hardwoods (from 13 species in the Iberian pen-
insula) and a mean value of 0.265 for softwood spe-
cies found by Ruiz-PEINADO et al. (2012).

The root-shoot ratio often decreases with in-
creasing plant age or size as a result of differences in
the allometric growth of roots and shoots (RUTH-
ERFORD 1983; MOKANY et al. 2006), when we de-
tected such a trend in high-forest and coppice oaks.

Moreover, on a more general scale, the process
of carbon sequestration was different in vegetation
forms of high and coppice forest of oaks at a stem
level over time (HOCHBICHLER 1993; BRUCKMAN
et al. 2011).

J. FOR. SCL, 63, 2017 (6): 282289

Carbon concentrations differ by tree forms and
components. Carbon content of tree components
varies (Table 1). The average carbon concentration
including all tree parts was higher in high forest
followed by coppice. The mean carbon concentra-
tion was found very close to 50% of biomass often
used to estimate carbon storage from dry biomass.
KrRAENZEL et al. (2003) reported the range of 45.2
to 50.4% of carbon storage in different tree compo-
nents, which was confirmed by the present study.

SMIT et al. (1996) considered the lack of macro-
nutrients, especially nitrogen and sulphur for Cas-
tanea pumila Miller and low water for Combretum
erythrophyllum Sonder coppices, as the cause of
this reaction, if any coppice competition existed.
Similar results were reported for a sharp drop in
growth due to food shortages in the coppice for-
ests of Quercus petraea (von Mattuschka) Lieblein
(ANDRE, PONETTE 2003), lack of symmetric in-
crease in crown diameter (which is synonymous
with an increase in the number of shoots) and in-
crease in biomass accumulation in shoots and roots
of coppice trees.

This recent reason means that the rapid growth
in coppice trees likely causes the rapid accumula-
tion of tissues in need of food, especially in twigs
and small branches; which in the case, the photo-
synthetic leaves would not have the ability of feed-
ing the new tissue mass. Therefore, the basis of
methods for mass thinning of coppice oak is prin-
cipally an adjustment of the ratio of trees crown to
their height in the Mediterranean region (MONTES
et al. 2004).

CONCLUSIONS

In this study, biomass and carbon storage as well
as the ratio of root biomass to the aboveground
components of oak trees were evaluated in a part
of Zagrosian forests in the west of Iran. In fact, oak
trees are found in two vegetation forms of high for-
est and coppice in the studied area.

While root-shoot ratios varied markedly among
the studies reviewed in this paper, these variations
were predominantly due to sampling and method-
ological limitations. We recommend a root-shoot
ratio of 0.80 to be adopted for Persian oak.

We assume that the warm and dry climate is a
limiting factor in the study region; hence coppicing
has the advantage of a fully functional root system
after harvesting, facilitating rapid resprouting even
under conditions of low precipitation and drying
topsoil.
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The reason for a high value of this ratio for young
Persian oak trees may be due to their almost con-
stant exposure to exploitation stress for firewood.
Resprouters allocate more biomass into roots than
seeders under similar growing conditions.

It is important to consider different carbon stor-
age patterns among the growth forms of trees.
Some species store more carbon in the soil while
the others store more carbon in their living tissues.
Each species, due to the characteristics of physiol-
ogy, phenology and morphology, may need to be
managed in different ways.
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