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Abstract This dendroecological study used time series of
climate and radial growth and nut production of Juglans
regia to investigate the relationships between these parame-
ters. More than 200 trees growing at sites of diVerent alti-
tude, aspect, inclination and human impact intensity were
sampled in walnut-fruit forests of the Jalal Abad region in
Southern Kyrgyzstan. Tree rings were dated and ring
widths measured. Wide and narrow tree rings, so called
positive and negative pointer years, could be explained by
climatic events. The mean annual increment diVered sig-
niWcantly in diVerent regions and altitudes. The highest val-
ues could be found in plantations and at higher altitudes
(1,700–2,000 m a.s.l.). Analysing the relationships between
nut crop yields and annual increment, we found a signiW-
cantly positive correlation between nut crop of the current
year (x) and ring width of the previous year (x ¡ 1). This
relationship is inXuenced by climatic conditions, and may

change in the future if climatic conditions in the region will
change. Our study shows that Persian walnut (Juglans
regia L.) of South Kyrgyzstan can be used in dendrochro-
nological studies, and illustrates the inXuence of site condi-
tions and management practices on radial growth of this
tree species.

Keywords Dendroecology · Fruit production · 
Tree-ring width · Climate response · Walnut-fruit forests

Introduction

The unique walnut-fruit forests in the Southwest of
Kyrgyzstan represent the world’s largest naturally occur-
ring walnut forests and are characterised by a huge diver-
sity of trees and shrubs (Hemery and Popov 1998). Along
with the main tree species, i.e. Persian walnut (Juglans
regia L.), maple (Acer turkestanica Pax) and various wild
fruit-bearing species like apple (Malus siversii (Ledeb.)
Roem), plum (Prunus sogdiana Vass), pear (Pyrus sp.) and
hawthorn (Crataegus sp.), around 180 other woody species
are found (Gan 1992; Kolov 1997; Blaser et al. 1998; Sorg
et al. 2003). Presently the walnut-fruit forests cover
230,700 ha, with 25,600 ha of pure walnut stands (Blaser
et al. 1998), and grow at an altitude between 1,000 and
2,000 m a.s.l. They are a very important natural resource
for local communities and have a long history of human
utilisation. For several centuries these forests have been
used for nut and Wrewood collection, cattle grazing and hay
production (Schmidt 2005). However, since Kyrgyzstan
became independent in 1991, these forests have been
exploited in a more and more intensiWed manner (Blaser
et al. 1998; Gottschling et al. 2005; Schmidt 2005) leading
to some extent to their degradation.
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Because tree rings are an integral of all eVective growth
factors (Schweingruber 1983) dendrochronological studies
enable the reconstruction of tree growth history with an
annual resolution. Contrary to the results of Schweingruber
(1989), which showed that J. regia growing in Switzerland
is not useful for dendrochronological purposes, J. regia in
Southern Kyrgyzstan reacts simultaneously on climatic
impacts across larger areas (Friedrichs et al. 2006) and is
therefore suitable for understanding past responses of tree
growth to environmental conditions. However, although sev-
eral studies have been done concerning the general structure
of the walnut-fruit forest ecosystem (Sukacev 1949; Gan
1970, 1992; Maydell 1983) mainly before the breakup of
the Soviet Union in 1991, with some more focus on man-
agement questions since the independence of Kyrgyzstan
(Blaser et al. 1998; Zamoshnikov and Vienglovsky 2003;
Scheuber et al. 2000) only limited knowledge about walnut
tree-ring growth in Southern Kyrgyzstan is available (e.g.,
Friedrichs et al. 2006) and studies of the inXuence of climatic
conditions on tree growth and nut production in these
forests are still lacking.

Reproduction of fruit trees depends on endogenous
cycles, known as alternate bearing (Kozlowski and Pallardy
1997), and exogenous factors, mostly climatic. Several
studies have shown that climatic conditions at a certain
time of the vegetation season aVect Xower production and
Xower and fruit development (e.g., Owens 1995). Up to
now the inXuence of climatic variations on both biotic
responses, tree growth and reproduction of tree species
have been analysed by only a few investigators, e.g., for
Norway spruce (Picea abies (L.) Karst) by Selas et al.
(2002), for sub alpine Wr (Abies lasiocarpa (Hook.) Nutt.)
and mountain hemlock (Tsuga mertensiana (Bong.) Carr.)
by Woodward et al. (1994) and for beech (Fagus sylvatica
L.) by Gruber (2003). For J. regia comparable studies are
missing. It is not yet sure to what extent tree reproduction
processes are inXuencing the annual tree-ring growth and if

it should be considered within studies of the relationships
between tree rings and climatic eVects and/or reconstruc-
tions of climate variations using tree rings as proxies.

The aim of this study is to determine the eVects of cli-
matic conditions on radial growth and annual nut produc-
tion of J. regia, while testing the following hypotheses:

1. J. regia does react considerably on exogenous changes
and is therefore a suited species within dendroecology.

2. J. regia is a thermophyllous species and will react with
increased growth rates on high temperatures during
vegetation season.

3. Due to more regular and wider spacing, and therefore
reduced competition within plantations, radial growth
is expected to show larger values in plantations than in
un-even aged forests.

4. On the other hand, there will be a competition for inter-
nal resources between radial growth and nut production
leading to reduced growth rates in consecutive years of
high nut production.

Materials and methods

Site description

The walnut-fruit forests are located in the Jalal Abad region
(41°–43°N, 72°–73°E) in the Fergana mountain range,
which is situated in the western part of the Tien Shan in
Southern Kyrgyzstan. The study areas are located in the
two geographically separated walnut-fruit forests of the
lezhoses (forest services) Arslanbob (including lezhose
Kyzyl Ungur) and Kara Alma (Fig. 1). In each region, plots
at lower and higher altitudes, on north and south facing
slopes were selected. Altogether the investigations were
conducted on 26 plots covering a maximum range of site
conditions and human impacts (Table 1).

Fig. 1 Location of Kyrgyzstan, 
the walnut-fruit forests, the 
study areas Arslanbob and Kara 
Alma and the meteorological 
stations (Academie Pédagogie 
Marseille 2009; modiWed)
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The climate is subtropical in the Fergana Valley, but the
walnut-fruit forests on the slopes beneWt from the predomi-
nantly westerly wind directions and the air masses ascend-
ing to the top of the Fergana Mountains. This leads to an
annual precipitation of 700 mm at lower elevation (1,000 m
a.s.l.) and of up to 1,200 mm at the highest (2,000 m a.s.l.)
(Ponomarenko and Kenzhekaraev 1992), with most precip-
itation in spring and autumn (Fig. 2).

During winter, the high mountain range of Tien Shan,
located in the northern part of the study area, protects the
forests from strong winds transporting cold air masses from
Siberia. The mean temperature of January in Ak Terek
(1,750 m a.s.l.) is ¡1.7°C (in the period 1983–2004).

All forests are used by local people, but with diVerent
intensities of cattle grazing, Wrewood and nut collection. The

results are, among others, browsing damages of diVerent
intensities, reduced natural regeneration and a loss of bio-
diversity caused by a selective, but intensive collection of
Wrewood (Gottschling et al. 2005). In order to include the
degree of human inXuence in the forests the ‘human impact
factor’ (HIF) was calculated. The HIF is the sum of values
characterising the intensity of wood extraction and cattle
grazing (1 = low; 2 = medium; 3 = strong) and the kind of
germination (1 = natural regeneration (from seeds); 2 = res-
prouting (coppice); 3 = plantation) (Table 1). The classes of
utilisation intensity have been recorded by qualitative
assessment in the Weld. Nut collection takes place in all
stands comparably and is not included in the calculation of
the HIF. Intercorrelation has been calculated between the
diVerent site variables (altitude, aspect, inclination and HIF).

Table 1 ClassiWcation of the study plots in the walnut-fruit-forest in autumn 2005

(A Arslanbob, K Kara Alma) 

Calculation of the human-impact-factor (HIF):

Germination: natural = 1; resprouting = 2; plantation = 3; Wood extraction: low = 1; medium = 2; strong = 3; Grazing: low = 1; medium = 2;
strong = 3

HIF = Sum (germination, wood extraction, grazing)

Region Forest type Altitude level 
(m a.s.l.)

Aspect Plot no. Inclination No. of 
sampled 
trees

Germination Wood 
extraction

Grazing Human 
impact 
factor 
(HIF)

Component 
and loading 
without 
rotation

Component 
and loading 
with 
Varimax r

A Un-even aged 1,400–1,700 – 13 0 11 1 3 3 7 1/0.80 3/0.61

A Un-even aged 1,400–1,700 – 14 0 14 1 3 3 7 1/0.82 3/0.69

A Un-even aged 1,400–1,700 North 10 6 9 1 2 2 5 1/0.72 2/0.71

A Un-even aged 1,400–1,700 North 1 8 6 2 2 3 7 1/0.67 4/0.89

A Un-even aged 1,400–1,700 North 25 19 15 1 2 1 4 1/0.87 –

A Un-even aged 1,400–1,700 North 26 24 6 1 3 3 7 1/0.77 4/0.63

A Un-even aged 1,400-1,700 North 21 25 5 1 3 3 7 1/0.82 4/0.72

A Un-even aged 1,400–1,700 North 17 30 4 1 2 3 6 1/0.63 3/0.93

A Un-even aged 1,400–1,700 South 22 8 10 2 3 3 8 1/0.81 3/0.71

A Un-even aged 1,400–1,700 South 8 16 4 1 3 3 7 1/0.88 –

A Un-even aged 1,700–2,000 North 11 10 11 I 2 2 5 1/0.68 2/0.83

A Un-even aged 1,700–2,000 North 12 26 9 1 2 1 4 1/0.83 2/0.68

A Un-even aged 1,700–2,000 North 24 28 6 1 2 2 5 1/0.81 –

A Un-even aged 1,700–2,000 South 9 10 10 1 1 3 5 1/0.69 2/0.82

K Un-even aged 1,400–1,700 North 2 35 12 1 0 1 2 1/0.83 1/0.56

K Un-even aged 1,400–1,700 South 16 30 11 1 2 2 5 1/0.68 1/0.59

K Un-even aged 1,700–2,000 North 5 31 9 1 1 1 3 1/0.82 1/0.63

K Un-even aged 1,700–2,000 North 3 33 12 1 0 1 2 1/0.80 –

K Un-even aged 1,700–2,000 South 15 16 13 1 0 2 3 1/0.79 1/0.73

K Un-even aged 1,700–2,000 South 4 32 7 1 0 1 2 1/0.76 1/0.70

A Plantation 1,400–1,700 – 20 0 5 3 3 3 9 3/0.52 5/0.60

A Plantation 1,400–1,700 South 18 2 5 3 3 3 9 2/0.67 5/0.86

A Plantation 1,400–1,700 South 23 2 4 3 3 3 9 2/0.73 –

A Plantation 1,400–1,700 South 19 7 3 3 1 3 7 2/0.66 –

K Plantation 1,700–2,000 South 7 3 3 3 2 3 8 – –

K Plantation 1,700–2,000 South 6 14 11 3 2 2 7 2/0.71 –
123



534 Eur J Forest Res (2009) 128:531–542
Tree-ring series

For dendrochronological purposes, 10–70 trees (dominant,
co-dominant and suppressed) were sampled in each forest
type (same region, altitude, origin and aspect), taking one
or two increment cores (using a tree corer 0.5 cm in diame-
ter) from each tree at breast height (Table 1).

All sampled trees were older than 20 years, which corre-
sponds to the average age at which J. regia starts to repro-
duce. Reaction wood was excluded by avoiding sampling
up- or downhill. The samples were processed following
Pilcher (1990). Ring width was measured using the measur-
ing linear table Lintab (Rinn, Heidelberg, Germany) and the
software Time Series And Presentation Program (TSAP)
(Rinn 1996). The raw ring widths of the single curves were
plotted and the curves Wrst checked visually and then syn-
chronized by the “GleichläuWgkeit” and the Student’s t test
in the TSAP program. To remove any age trend the raw
crossdated series were standardised using the HUGERS-
HOFF equation within the Arstan software (Bräker 1981;
Cook and Holmes 1986). The single curves were combined
into mean tree and plot chronologies. After running the
Principal Component Analysis chronologies were built,
showing the mean growth of the plots loaded by one com-
ponent.

According to Schweingruber et al. (1990), an abrupt
growth change in annual tree growth occurs when the ring
width is at least 40% smaller or 160% wider than that of
the preceding 4 years. If at least 50% of the trees of one
plot show an abrupt growth change in the same year, this
year is known as a “pointer year”. We named “regional
pointer years” such years when more than 75% of the
trees show a synchronous pointer year in one of the two
regions Arslanbob and Kara Alma, whereas synchronous

pointer years in the two regions are named “inter-regional
pointer years”.

Nut crop series

Annual nut crop in tons of the whole walnut forest area in
South Kyrgyzstan during the period 1932–1990 and sepa-
rately for each regional forest service (1979–2002) was
recorded by the State Forest Service of the Kyrgyz Repub-
lic. The correlation between the yearly sums of the two
series for the common period 1979–1990 is very high
(r = 0.98) with the values of the time series for whole South
Kyrgyzstan being on average 28% higher than the sum of
the separated series of the State Forest Service (CV = 0.24),
due to an incomplete list of the regional forest services. For
the period 1991–2002 the values of the summarized series
of the State Forest Service were multiplied by 1.28 and then
combined with the values of the other series to generate one
series based upon both values for the period from 1932 to
2002.

Climatic series

The climatic data used consisted of monthly values of pre-
cipitation (sum) and temperature (mean) from the meteoro-
logical station at Jalal Abad (971 m a.s.l.) for the years
1947 to 2000, and decadal values of air temperature (maxi-
mum and minimum) and precipitation (sum) (1983–2004)
from the only meteorological station located between the
walnut-fruit forests at Ak Terek (1,750 m a.s.l.) (see
Fig. 1). For the period 1983–2000 there was, despite the
large diVerence of altitude, a high mean correlation
between monthly temperature and precipitation values of
the two meteorological stations (r = 0.7).

Fig. 2 Mean monthly precipita-
tion (mm) (grey columns) and 
temperature (°C) (black line) at 
Ak Terek (1,750 m a.s.l) (1983–
2004)
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Statistical analyses

Response function analyses were used to study the relation-
ships between nut production, tree growth and climatic
variables. The Precon5-program (Fritts and Shaskin 1995)
running the bootstrap method (Guiot 1991) with 100 repli-
cation steps was applied for the analyses. The response
functions for tree growth were calculated from May of the
previous year to October of the current year, considering
3 years’ prior growth for a 53-year-period (1948–2000).
The response functions for nut crop considered a 41-year-
period (1960–2000) from January of the previous year to
December of the current year, taking also a 3-year lag of
prior nut crop into account. Both the tree growth and the
nut crop series were also compared with the occurrence of
late frost during the Xowering season at the end of April
and the beginning of May for the period from 1983 to 2004,
deWning any temperature lower than 0°C as frost.

To group the study plots to classes of similar growth pat-
terns, the Principal Component Analysis (PCA) (SPSS 13.0
for Windows 2004) was conducted. For this purpose the
plot chronologies with the values of annual radial growth
were analysed with the PCA for the period 1960–2005, Wrst
without rotating the data, later with Varimax rotation. Com-
ponents fulWlling the Kaiser criterion (Eigenvalues >1) and
showing values larger than 0.5 for the loading of the vari-
ables (plot chronologies) in the component matrix were
used for further calculations. The plots loaded by the same
component were grouped and mean growth chronologies
were built and described in xy-Plots.

To investigate the relationships between annual nut crop
and radial increment the series were checked on their correla-
tion using SPSS. The correlation was Wrst calculated between
the nut crop of South Kyrgyzstan and the growth chronology
(mean growth of all sampled trees). Later the annual nut crop
was compared in detail with the growth chronologies of the
diVerent component loadings. In all analyses the correlation
was calculated between the nut crop (x) and the growth of the
same year (x), the growth of the previous year (x ¡ 1) and the
growth of the three following years (x+…). In order to
exclude the climatic inXuence in the series of nut crop and
growth, the residuals of the climatic investigations in Precon
were used for the comparison. The level of signiWcance (P)
for all statistical readings is deWned as P < 0.05 (*).

Results

Tree-ring series

The forest stands of the investigated plots diVer consider-
ably in their age structure. In the un-even aged stands

mean tree age is 107 years, and the oldest tree is 291 years
old, whereas in plantations the mean age is 54 years, with
a maximum age of 69 years. The older trees were found
mainly on north facing slopes. Although the distances
between the plots are large (up to 50 km), the mean “Gle-
ichläuWgkeit” (GLK) between the 26 mean ring-width
series is remarkably high (average GLK = 71) (Fig. 3).
All the mean ring-width site chronologies for un-even
aged walnut forests are characterized by a positive lag-
one autocorrelation (between r = 0.13 and r = 0.35). For
plantations the lag-one autocorrelation is neglectable or
even negative.

The Principal Component Analyses reduces the growth
chronologies from 1960 to 2005 to eight main components
with Eigenvalues >1. But only three components show
values >0.5 in the component matrix and Wve components
fulWl the criteria after the Varimax rotation (see Table 1).
Without rotating the data the Wrst three components can
explain 75% of the variance. Component 1 is loaded by all
growth chronologies of trees of un-even aged forests and
Component 2 and 3 are loaded by chronologies produced
from trees of walnut plantations. The mean annual growth
(1960–2005) of the plantations is 2.5 mm/year, which is
much higher than of those of un-even aged forests (1.7 mm/
year). This growth diVerence is however reduced after 1990
(Fig. 4).

The Varimax Rotation Components 1–5 explain 76% of
the variance. Figure 5 shows that the Wve components are
characterized by a diVerent growth level, especially in the
time period until 1990. After this year, the curves become
more alike and variance is reduced. All the plots loaded by
one rotated component belong to the same study area
(either Arslanbob or Kara Alma) and to a similar altitude,
whereas the principal component analysis does not sepa-
rate plots from north- and south-facing slopes or of diVer-
ent inclinations. Component 1 is loaded by plots of the
study area Kara Alma, mostly at higher altitudes (1,700–
2,000 m a.s.l.), with diVerent aspect, slope inclination, ori-
gin and human impact. The plots show the highest mean
growth (2.1 mm/year) among the sites in un-even aged
forests. Component 2 is loaded by plots of the study area
Arslanbob at higher altitudes with diVerent aspect, slope
inclination, origin and human impact (1.5 mm/year). The
plots of lowest growth (1.3 mm/year) in Arslanbob load
Component 3. The sites are characterised by a strong
human impact and are located at a lower altitude. North
facing plots in un-even aged forests at lower elevations of
Arslanbob (1.9 mm/year) load Component 4 and the plan-
tations in Xat terrain at lower elevation of Arslanbob,
which show the highest mean annual increment of the
sampled trees (2.7 mm/year) load Component 5 (see
Table 1).
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Climate–growth relationships

In the region Kara Alma two positive regional pointer years
could be found (1919, 2000). The year 2000 is classiWed as
positive inter-regional pointer year, having been found also
by Friedrichs et al. (2006) in their dendrochronological
study of J. regia in Kyrgyzstan. Five negative regional
pointer years occur in the Arslanbob region (1887, 1917,
1952, 1979, 1998), whereas only the negative pointer year
1998 could be found in the Kara Alma region. Thus 1998 is
an inter-regional negative pointer year (Table 2). Tree-ring

analyses of Juniperus sp. in Kyrgyzstan and Pakistan made
by Esper et al. (2001) also determined 1917 to be a year of
remarkably poor growth.

Tree-ring width of un-even aged stands was signiWcantly
positively correlated with precipitation during the previous
summer (July and August) and previous winter (November
and December). In contrast, tree growth showed a negative
correlation to precipitation during the current spring (April/
May). Annual growth was, partly signiWcantly, negatively
correlated with September and October temperatures of the
previous year but showed a signiWcant positive relationship
to the temperature in May of the current year (Fig. 6).
Although showing similar results, walnut trees of planta-
tions showed generally less correlations to climatic data
than those of the un-even aged stands. On plantations only
a signiWcant negative relationship between tree-ring growth
and precipitation in May was found. By using the Precon-
software approximately 50% of the growth could be
explained by climatic events and 25% by prior growth. On
the south facing slopes a lower percentage of growth could
be explained by climatic inXuence. Late frost events have
no signiWcant eVect on tree growth, regardless of aspect.

Nut-crop series

During the recorded period an increase in the amount of nut
crop was recorded. The mean annual nut crop of the Wrst
recorded 20 years (1932–1951) was 490 tons, while the

Fig. 3 Tree-ring chronologies of un-even aged forests on the north (black lines) and south facing slopes (grey lines) in Arslanbob and Kara Alma
(closed circle positive pointer years, closed triangle negative pointer years)

Fig. 4 Mean annual growth arranged in groups of diVerent component
loadings (Principal component analysis without rotation). Component
1 corresponds to growth of Juglans regia in un-even aged stands (grey
line); Component 2 + 3 correspond to growth of Juglans regia in plan-
tations (black line)
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mean crop during the period 1983–2002 was 780 tons
(Fig. 7). The nut crop chronology is characterized by a
signiWcant negative lag-one autocorrelation (r = ¡0.3).

Climate–nut crop relationships

The nut-crop series showed a partly signiWcant negative
correlation with precipitation of May and September of the
previous year, and of January and August of the current
year, and a positive correlation to precipitation in spring
(February–April). Nut crop was signiWcantly negatively
correlated with temperature in October and November of
the previous year. A signiWcant positive correlation was

found also with temperature in May and June of the previ-
ous year and with that of January of the current year
(Fig. 8). Climatic eVects explain 55% and prior nut crop
13% of the variance in nut production. Comparing the nut
crop with the occurrence of late frost (1983–2000), every
late frost leads to a dramatic reduction in nut crop, but not
every bad nut crop could be explained by late frost (see
Fig. 7).

Tree growth–nut crop relationships

During the period from 1932 until 2002 a weak positive
correlation between nut crop and tree growth of the same

Fig. 5 Mean annual growth 
arranged in groups of diVerent 
component loadings. (Principal 
component analysis with 
Varimax rotation)

Table 2 Pointer years within tree ring chronologies of Juglans regia of Southern Kyrgyzstan and corresponding climatic events (mean monthly
values 1947–2000 in parenthesis)

Pointer year Extraordinary climate conditions

1887 Regional negative pointer year in Arslanbob No data available

1917 Regional negative pointer year in Arslanbob No data available

1919 Regional positive pointer year in Kara Alma No data available

1952 Regional negative pointer year in Arslanbob (High temperature in September 21.0°C (20.1°C) in 1951 
and August 25.8°C (24.6°C) in 1952)

1979 Regional negative pointer year in Arslanbob Little precipitation in February 37,6 mm (56.5 mm) 
and March 31.4 mm (79.8 mm)

Coldest May of data record 16.3°C (19.1°C)

1998 Interregional negative pointer year 
in Arslanbob & Kara Alma

Low temperature in May 16.8°C (19.1°C) 
and June 21.2°C (23.7°C)

High temperature in September 21.5°C (20.1°C) 
and October 17.1°C (13.0°C) in 1997

2000 Regional positive pointer year in Kara Alma Very high temperature during vegetation period 
(April–September) 23.3°C (21.3°C)
123



538 Eur J Forest Res (2009) 128:531–542
year (x) was found (r = 0.163). The growth of the following
year (x + 1) shows only a negligible negative correlation
with nut crop of the current year (x) (r = ¡0.054) as well as
of the following years (x + 2; x + 3). We found a signiWcant
correlation (r = 0.322) between tree growth of the previous
year (x ¡ 1) and nut crop of the current year. Tree growth
and nut crop, when excluding climatic inXuences, show no
signiWcant correlations other than similar trend patterns.

Discussion

Tree-ring series

The tree-ring series show a high mean “GleichläuWgkeit”.
This indicates the presence of a common signal, possibly
climatic, in all the tree-ring series, i.e. that tree growth is
strongly inXuenced by external factors. This veriWes our
Wrst hypothesis and justiWes the use of tree rings of J. regia
in this region for dendrochronological purposes.

In most cases the trees sampled on the north facing
slopes were remarkably older than those on the south facing
slopes. This might be strongly inXuenced by the intensity of
human activities that diVers due to topographical diVer-
ences of the studied slopes. The forest stands sampled on
south-facing slopes are mostly situated at Xat sites and thus
are more intensively inXuenced by human activity than
those on north-facing slopes. This observation can be
conWrmed by the strong negative correlation (r = ¡0.8)
between slope inclination and HIF.

The strongest inXuences on tree growth, apart from the
large-scale climatic conditions, seem to be micro site condi-
tions. Interpreting the data of the PCA, neither the aspect
nor the slope inclination seem to have a more important
eVect than the diVerent conditions within the regions
Arslanbob and Kara Alma or their sub regions. The various
micro reliefs, the micro climate and diVerent soil character-
istics create conditions that promote or inhibit growth.
Higher altitudes show more favourable conditions for tree
growth in comparison to lower altitudes. At the end of the

Fig. 6 InXuencing climatic 
eVects (temperature and 
precipitation) on radial growth 
of Juglans regia in un-even aged 
forests of Southern Kyrgyzstan 
illustrated in a response function 
graph

Fig. 7 Walnut chronology of 
the walnut-fruit forests in South-
ern Kyrgyzstan (1932–2002). 
Annual nut crop (solid line) and 
trend (dotted line) in comparison 
to late frost (circle)
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1980s all the growth curves classiWed by the PCA with
rotation become more alike and the variance is reduced (see
Fig. 5). The special growth conditions aVecting tree growth
in the single plots seem to be suppressed by an external fac-
tor inXuencing all trees in a similar way. A possible expla-
nation might be changing climate conditions. A proof of
this assumption would however go beyond the scope of this
study and needs further investigations.

The positive lag-one autocorrelation, which explains
30% of the growth in un-even aged forests, is a phenome-
non commonly observed in tree-growth studies. Tree
growth in the current year is inXuenced by the growth con-
ditions of the previous years, mainly through the amount of
starch which could be stored in the stem (Woodward et al.
1994).

During the Weldwork in the walnut-fruit forests in 2005 a
large number of egg depositions and dead imagines of
gypsy moth (Lymantria dispar L.) were found on the stems.
Since the early 1980s the annual gypsy moth outbreak area

has ranged from 10,000 to 52,000 ha in Kyrgyzstan leading
to defoliation and a signiWcant decrease in walnut nut har-
vest and large economic losses (Orozumbekov et al. 2003).
Because information was not available on the outbreak
history record of gypsy moth, no statement can be made of
possible eVects on radial growth. A decrease in growth in
years of defoliation is however probable, considering
studies of the impact of L. dispar on other deciduous tree
species in diVerent regions (Naidoo and Lechowicz 2001).

As assumed in the hypotheses, overall tree-ring growth
was remarkably higher in plantations than in un-even aged
stands. Well organized thinning might minimize the nega-
tive eVect of competition for nutrients, water and light.
Moreover, plantations are situated in mostly Xat areas,
while the un-even aged forests are growing on slopes with a
grade of up to 40°. The diVerences in growth patterns
become obvious in the results of the principal component
analysis, where the plantations loaded signiWcantly other
components than the plots situated in the un-even aged

Fig. 8 InXuencing climatic 
eVects (temperature and precipi-
tation) on nut production of 
Juglans regia of Southern 
Kyrgyzstan illustrated in a 
response function graph
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forests. These results show the potential of increasing
growth rates through well organized thinning in the walnut-
fruit forests. Currently, the increasing demand for wood
and the uncontrolled fellings lead to a decrease in biodiver-
sity, a decline in forest cover and an overall degradation of
these forests. The consequences are a decline in the protec-
tive functions of the forest and a reduced productivity
(Schmidt 2005). A proper forest management scheme is
needed and would increase wood production.

Climate–tree growth relationships

Most of the pointer years could be explained by extraordi-
nary climatic events in the preceding or current year (see
Table 2). Juglans regia is a thermophyllous species (e.g.,
Friedrich and Schuricht 1998). The positive inter-regional
pointer year 2000 is a result of above-average warm tem-
perature during the period of vegetative growth, especially
in May. The tree ring formed in 1979, a regional negative
pointer year in Arslanbob, was by contrast induced by
exceptionally cool temperatures in spring and early sum-
mer. J. regia is demanding of special climatic conditions
to promote optimal conditions for growth and nut produc-
tion (Fig. 9). The signiWcantly negative correlation
between temperature in autumn of the previous year and
tree growth and nut production may be due to the frost
hardening process and the preparation for winter dor-
mancy. In years with earlier frost (low temperatures after
leaf fall in autumn), a higher level of resources stored as
starch in the wood should be expected. These reserves
could then be used for growth and reproduction in the next

growing season (Selas et al. 2002). If there is no risk for a
following late frost, J. regia proWts from warm tempera-
ture as assumed in the hypotheses. A warm spring and
early summer enables full-rate photosynthesis activity,
leading to improved growth rates and nut development
because of increased carbohydrate storage (Mathews
1963). Lack of precipitation in summer seems to be the
limiting factor for tree growth. Frequently, there is no rain-
fall during the summer months (Gottschling et al. 2005).
Water stress leads to lower tree vitality and growth in the
following year. Important after such a dry period is the
replenishment of the soil water storage in autumn and
winter (November, December). Untypical for Central Asian
conditions is a negative correlation between tree growth
and precipitation as occurs in the walnut forests in spring.
The plantations in Xat terrain and on loamy soil in particu-
lar seem to have problems with very wet soils and proba-
bly reduced oxygen supply. J. regia is dependant on good
soil aeration (e.g., Friedrich and Schuricht 1998). At the
same time, permanent cattle grazing during the wet spring
season leads to destruction of Wne roots in the upper
ground and therefore a less eYcient transport of nutrients
and water during the following summer (Gottschling et al.
2005). The negative correlation between tree growth and
precipitation in early spring is, however, inXuenced by the
high correlation between high temperature and low precip-
itation, which is common for May and June. The mean
amount of precipitation in May of the 12 years with
coldest temperatures (1947–2000) is 90 mm, while the
12 years with the highest temperatures in May show a
mean precipitation value of only 30 mm.

Fig. 9 Speculative inXuence of climatic conditions on physiological processes of tree-ring growth and nut production of Juglans regia
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Nut-crop series

All the forests in Kyrgyzstan are property of the state and
managed within lezhoses (forest services). The increasing
trend in the amount of nut crop during the period 1932–
2002 is certainly the result of past aVorestation eVorts.
Between 1948 and 1966, 30,000 ha of walnut plantations
were established in the forest (Blaser et al. 1998), enhanc-
ing the annual nut crop. In Southern Kyrgyzstan nut-crop
series of walnut were characterized by a negative lag-one
autocorrelation. The extent of current nut crop seems to
inXuence the size of bud initiation and therefore the amount
of next year’s nut crop. As in other tree species, years of
large seed production in J. regia are hardly found in two
successive years (see Fig. 7). Within a 4-year time period,
two nut crops tend to be on average, one above and one
below average (Schaarschmidt 1999).

Climate–nut crop relationships

A high amount of rain in early summer, both in the Xower
induction and in the Xowering year, appeared to have a nega-
tive eVect on nut production (see Fig. 8). Probably a small
drought during early summer in the year prior to nut crop
stimulates Xoral induction, while dry weather in the nut pro-
duction year favours pollen dispersion by wind and then posi-
tively inXuences the fertilisation of female Xowers (Selas et al.
2002). Late frost can destroy Xowers and young shoots of
walnut trees. New shoots are rebuilt immediately but without
a possibility of fruit breeding, which leads to a total absence
of nut production in this year (Friedrich and Schuricht 1998).

Tree growth–nut crop relationships

The reproduction physiology of J. regia follows an endoge-
nous cycle called alternate bearing (Crawley and Long
1995; Kozlowski and Pallardy 1997). Without external dis-
turbances, such as late frost events or infestation by L. dis-
par, trees will build Xower buds and nuts every year. Aside
from the only weak positive correlation between nut crop
and growth in the same year, no competition is apparent
between the two physiological processes. Also, our results
studying J. regia of Kyrgyzstan do not support the assump-
tion of Powell (1977), that vegetative and reproductive
growth share the same resources and that one occurs at the
expense of the other. By this Wnding, our fourth hypothesis
was disproved. The impact of nut crop on the following
year’s growth is negligible. Climatic conditions that posi-
tively aVect radial growth stimulate the initiation of Xower
buds or further development of nuts (see Fig. 9). Juglans
regia of Southern Kyrgyzstan shows no signiWcant inXu-
ence of nut production on radial growth, when excluding
climatic factors. Analysing the relationships between cli-

mate, tree growth and seed production for a period longer
than 24 months, as limited by the Precon programme,
would improve the quality of tree growth–nut crop investi-
gations. Climatic inXuences, nut production and auto cor-
relative eVects cannot explain the whole variation in annual
growth. Including the magnitude of disturbance through
defoliation by Lymantria dispar in further studies may
improve the validity for the investigated aspects.

Conclusions

The high mean “GleichläuWgkeit” of the tree ring series
indicates the presence of a common signal, i.e. that tree
growth is strongly inXuenced by external factors and justi-
Wes the use of tree rings of Juglans regia in this region for
dendrochronological purposes.

The plantations in the walnut-fruit forests show, com-
pared to the un-even aged forests, signiWcantly higher
growth rates revealing the potential of increasing growth
through well organized thinning in the walnut-fruit forests.
A proper forest management scheme could help to mitigate
the negative impacts of the increasing wood demand that
leads to a current decrease in biodiversity, a decline in
forest cover and an overall degradation.

Excluding the climatic inXuence on the time series of
radial growth and reproduction showed no signiWcant
correlation between the two parameters. These results
might be strongly inXuenced by the large catchment area
for the data sampling of the nut crops. Therefore, the inXu-
ence of reproduction processes on radial growth of Juglans
regia shall be considered in further studies with higher spa-
tial diVerentiation (e.g. stand level) of nut crop.
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