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Abstract. Plant phenology, through opportune observing and interpreting techniques 
can be useful to interpret the eventual plant vegetative and reproductive adaptation 
to climate changes. Some plants of Salix acutifolia Willd., S. smithiana Willd. and S. 
viminalis L. were considered in a phenological garden in central Italy for analysing 
their phenological growth stages according to the International gardens network indi-
cations during a 10-year period (2008-2017) which allowed us to realize some pre-
liminary trend analyses. The 3 Salix species showed different behaviours in the same 
cultivation area. S. acutifolia manifested no trend for spring and autumnal phases, S. 
viminalis presented low significant trends while S. Smithiana was that with the more 
evident tendencies for all the considered vegetative phases during the study period. 
The reproductive phase (BBCH 65) showed no significant trend for any Salix species 
during the study period not being influenced by the different meteorological variables 
and suggesting that photoperiod in this case may play an important role. The more 
evident phenological trends were represented for 2 Salix species by the advance of the 
leaf development during spring and by the progressive delay of the senescence during 
the last part of the summer, with the fallen leaves phase that was recorded averagely 2 
weeks later during the last years of the study period. 

Keywords: phenological stages, Salix species, climate.

INTRODUCTION

Phenological monitoring of the vegetative and reproductive plant devel-
opments recorded during the annual cycle of different species utilized as bio-
monitors in sampling campaigns allow to interpret the relationships between 
the principal environmental factors and biological response of spontaneous 
and agricultural plants (Menzel et al. 2006; Orlandi et al. 2007).

Plant phenology, which refers to the growth cycle of plant species in 
different regions, can be highly affected by climatic changes above all con-
sidering focal development stages such as the start and the end of the grow-
ing season or the flowering (Kramer 1994; Bergant et al. 2002; Schleip et al. 
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2008; Chuine et al. 2010; Gordo and Sanz 2010; Aguil-
era et al. 2014). In deciduous arboreal species, the flow-
ering and leafing dates at the end of winter-early spring 
are influenced by the chilling amounts for buds and the 
successive forcing temperature summations (after break 
dormancy) as an adaptation for preventing the begin-
ning of vegetative development once frosts during Feb-
ruary-march in Mediterranean area may be very danger-
ous (Larcher 2003).

The purpose of this study was to describe and 
interpret the phenological vegetative and reproductive 
growth stages of some clone plants of Salix spp in com-
parison to the climate characteristics recorded in a “Gar-
den” of central Italy included in the International Phe-
nological Gardens network (IPG) and consequently not 
subjected to invasive agronomic techniques. The garden 
located near Rieti, central Italy, and managed by person-
nel of the University of Perugia (UNIPG) contains from 
2005 to nowadays some indicator species, common to 
the IPG network (Schnelle and Volkert 1964; Orlandi et 
al. 2007) obtained from mother plants received from the 
German Weather Service, the European coordinator for 
the distribution of IPG clones.

Usually in these types of Gardens, the principal area 
is dedicated to the International section where plants 
common to the large part of the European phenological 
gardens are present. Other sections are the “National” 
and the “Local” ones where often plants of economic 
interest for the cultivation area are present. The principal 
aim of this study was to show the presence of eventual 
trends of the main meteorological variables and Willow 
plants vegetative and reproductive phenological dates 
during a 10-year period (from 2008 to 2017) monitoring 
also the current climatic changes and observing poten-
tial adaptations of the plants through morphological 
variations during the different growing seasons.

MATERIALS AND METHODS

The phenological gardens

The first gardens in Italy were planted from’90 in 
accordance with the common indications established 
by the phenological gardens pioneers in central Europe 
some decades in advance (Orlandi et al. 2007, 2014). 
The first 2 gardens representing Italy in IPG network 
were those of S.Pietro Capofiume (near the city of Bolo-
gna) and Perugia (Umbria Region, central Italy) hosting 
national plants and some indicator species common to 
all IPGs in an area of Mediterranean climate with a sub-
continental influence. The Perugia garden is managed by 
the University of Perugia that during 2005 planted other 

3 gardens in Rieti area (Lazio Region) at different alti-
tudes (about 350m, 1100m and 1700m a.s.l.). The garden 
considered in the present investigation is that located in 
the Rieti plain (Lat: N 42°25’30”; Long: E 12°49’45’’; Alt. 
about 350m a.s.l.) in an area of about 2,000 m2.

In the cited garden, since first cultivation period, 
5 Willow trees of different Salix species (S. acutifolia 
Willd., S. smithiana Willd. and S. viminalis L.) were 
planted considering their importance as guide plants in 
north-central European gardens. 

Climate data

The meteorological data essential to realize con-
sistent statistical interpretation of biological respons-
es to environmental variables were available directly 
from a meteorological station located nearby the same 
garden. In the Rieti plain, the meteorological station 
was managed by the “Apennines Centre of Terminillo 
Mountain” of the University of Perugia (http://www.
cat.unipg.it). The variables considered were: Maximum 
and minimum Temperature (Tmax-Tmin in °C), Pre-
cipitation (Rain in mm), Relative Humidity (RH %), 
Solar Radiation (SR in cal/cm2). The daily data of the 
10-year considered period (2008-2017) were elaborated 
to obtain weekly summations to be used in the trend 
analysis. 

Phenological methodology

The international phenological key of interpreta-
tion (BBCH) was utilized to obtain comparable values 
from the observations made in the monitored garden 
(Chmielewski and Rötzer, 2001; Saska & Kuzovkina 
2010). The following phenological phases were con-
sidered for the vegetative cycle of the Salix species: 
BBCH02, beginning of bud swelling; BBCH11, first 
true leaf; BBCH95, the leaves are mostly fallen (50% 
of leaves fallen). Moreover, the flowering phase was 
observed monitoring the BBCH65 phase (full flower-
ing). In each garden, the observations were conducted 
on three individuals of the five present plants for each 
Salix species, to limit random variability and the mean 
date for the onset of each phenophase was calculated as 
an average considering contemporarily the three plants. 
Two principal periods “First leaf development-FLD” 
and “Leave presence period-LPP”, were calculated and 
evaluated during the study years in the two areas. FLD 
was calculated as the weeks number between BBCH 02 
and BBCH 11, while LPP as the weeks between BBCH 
11 and 95. 
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Relationships between meteorological requirements and the 
phenological phases

To evaluate the potential meteorological tendencies 
of the last decade in the study area, the weekly summa-
tions of the principal meteorological variables (Tmax, 
Tmin, Rain, RH, SR) were calculated year by year during 
the “FLD” and “LPP” periods. Statistical analyses were 
realized between the phenological periods and the mete-
orological variables amounts considering the 10 years of 
the study. 

A correlation analysis was realized considering the 
length of the two periods “FLD” and “LPP” and the 
amounts of the weekly values of the principal meteoro-
logical variables during the same periods. The more sig-
nificant correlated variables were considered to realize a 
multiple regression analysis between FLD-LPP periods 
as dependent variables and meteorological data as inde-
pendent variables. Moreover, a trend analysis was done 
using nonparametric Mann-Kendall tests, for mono-
tonic positive or negative trends. In particular, positive 
Z values demonstrate a trend for a delay in the biological 
data, while negative Z values indicate a trend for antici-
pation (earlier) of the historical series of each phase. To 
test the presence of meteorological tendencies, the weekly 
summations of TMax, Tmin, Rain, RH, SR, were calcu-
lated for three different periods determined on the base 
of the phenological phases recorded. The first period, 
precedent the beginning of bud swelling, from the 1st of 
January of each year to the mean date of BBCH 02 (cal-
culated during the 10-year period). The second period, 
between mean bud swelling date (BBCH02) and first true 
leaf (mean BBCH 11 date). The third period, between 
first true leaf and leaves fallen (from the mean dates of 
BBCH11 to the BBCH95) during the study period. Final-
ly, the trend analysis was also realized for the weekly 
summations of the meteorological variables (positive Z, 
increased; negative Z, decreased), for both of the pheno-
logical gardens. To estimate the true slope of an existing 
trend (as change per year), the Sen nonparametric meth-
od was used (Sirois 1998). For the significance levels, the 
following symbols are used: *, trend at p < 0.05; **, trend 
at p < 0.01; and ***, trend at p < 0.001. The Excel template 
application MAKESENS version 1.0 (Salmi et al. 2002) 
was used for the Mann-Kendall trend analysis.

RESULTS

In Fig. 1 the trend analysis of the weekly summa-
tions of the solar radiation calculated from 1 January to 
2 conventional dates of the year (13th and 39th week) are 
shown.

The 13th week summations practically corresponded 
to the average date of BBCH11 phase for all the Salix 
species in the study area while 39th week summation 
is just precedent to the average BBCH95 phase occur-
rence. In the 10-year series no trends have been shown 
by quite all the different meteorological variables. Only 
the SR summations to the 39th week evidenced a sig-
nificant negative trend (Test Z -2.50, Significance * p< 
0.01) indicating a temporary reduction of this variable 
amounts particularly over the summer periods in the 
study area. The calculation of the average value of the 
2 sub-periods 2008-2012 and 2013-2017 showed a solar 
radiation reduction of about 14% which determined the 
trend analysis result although the small size of the sam-
ple should do not lead to misleading interpretations.

Fig. 1. Trend analysis of the weekly summations of the solar radia-
tion (cal/cm2/day) calculated to 2 conventional dates (13th and 39th 
week of the year). In the chart the original data points of the time 
series, the Sen’s estimator for a linear trend, the lines for 99% confi-
dence intervals are shown.  
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In Table 1 the trend analyses (Mann-Kendall test Z 
coefficients) are reported for the considered phenologi-
cal phases that for the meteorological variable summa-
tions recorded to the same phases dates. S. acutifolia 
not presented significance for any phases so neither 
meteorological amounts were calculated to its develop-
ment dates.

On the other hand, both Salix smithiana that vimi-
nalis evidenced some valuable results although con-
ditioned by the low number of years considered in the 
trend analysis and therefore to validate with subsequent 
analyses.

However, S. smithiana presented significant trends 
during the study period for BBCH 02-11 and 95, also the 
two calculated periods “First leaf development-FLD” and 
“Leave presence period-LPP” showed high significance. 

In particular, the beginning of bud swelling (BBCH 
02) showed a low decreasing significant trend corre-
sponding to a progressive advance, such as the suc-
cessive phase, BBCH 11, even more evident (Z coeffi-
cient -2.68). The senescence phase, BBCH 95, showed 
an increasing trend related to a progressive delay of 
the phenological dates with the consequences that FLD 
trend was significantly decreasing while LPP even more 
significantly increasing.

Salix viminalis showed the same trends of S. smith-
iana even if with lowest significance values, while 
BBCH02 presented no trends.

In Table 1 is also possible to evidence that consid-
ering S. smithiana, Tmin and Rain weekly summations 
from the first of January to BBCH_11 dates not showed 
any trends, while Tmax, and above all RH and SR pre-
sented significant values. Moreover, RH, Rain and Tmin 
from 1st January to BBCH95 dates not evidenced any 
trend during the study period. As regard as Salix vimi-
nalis BBCH11, above all Tmin and Rain showed no 
trends but, in this case, also Tmax was not significant. 
Moreover, for this species the RH and Rain summations 
to BBCH95 dates showed no trends but also both the 
temperature variables showed not significant values.

In Table 2 the multiple regression analysis between 
phenological phases and LPP periods which previously 
showed significant trend, as dependent variables and 
meteorological data as independent ones for the Salix 
species were reported. The BBCH11 phase for both the 
species was better related with Tmin and RH, S. smithi-
ana presented also Rain as important independent vari-
able while S. viminalis SR. The BBCH95 phase and LPP 
period showed Tmax and RH as the more important 
variables to explain their variance during the study year.

Tab. 1. Trend analysis of the phenological phases/periods and meteorological variable amounts for two Salix species during the 10-year 
study period (2008–2017).

Mann-Kendall test Z coefficient

Salix smithiana Salix viminalis

  Test Z Signific.   Test Z Signific.

BBCH_02 -1.73 +
BBCH_11 -2.68 ** BBCH_11 -2.08 *
BBCH_95 2.11 * BBCH_95 1.70 +

FLD -2.02 * FLD -1.67 +
LPP 3.26 ** LPP 1.86 +

BBCH11_Tmax -1.79 + BBCH11_Tmax -1.35
BBCH11_Tmin -0.18 BBCH11_Tmin 0.18
BBCH11_Rain -0.89 BBCH11_Rain -0.89
BBCH11_RH -2.15 * BBCH11_RH -1.55 +
BBCH11_SR -2.50 * BBCH11_SR -2.68 **

BBCH95_Tmax 2.33 * BBCH95_Tmax 0.89
BBCH95_Tmin 0.89 BBCH95_Tmin 0.18
BBCH95_Rain -0.36 BBCH95_Rain -0.36
BBCH95_RH 0.18 BBCH95_RH 0.00
BBCH95_SR -1.79 + BBCH95_SR -1.79 +

+ p< 0.05; * p< 0.01; ** p< 0.001
w1-w7 = period precedent the beginning of bud swelling
w8-w14 = period between bud swelling and first true leaf 
w15-w43 = period between first true leaf and leaves fallen
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In Fig. 2 and 3, trend analysis of the BBCH11, 
BBCH95 and LPP during the 10-year study period for 
Salix smithiana and viminalis have been presented. If 
the BBCH11 dates are similar for the two Salix species, 
BBCH95 dates showed some differences with S. viminalis 
in advance of about 2 weeks.   

DISCUSSION AND CONCLUSION 

The 3 Salix species showed different behaviours in 
the same cultivation area. S. acutifolia manifested no 
trend for spring and autumnal phases, S. viminalis pre-
sented low significant trends while S. Smithiana was that 
with the more evident tendencies for all the considered 
vegetative phases during the study period. 

The reproductive phase (BBCH 65, data not pub-
lished) showed no significant trend for any Salix species 
during the study period not being also influenced by the 
different meteorological variables. This result validated 
the hypothesis according to which photoperiod is one 
of the principals forcing variable to regulate the timing 
of growth cessation in temperate and boreal regions at 
the end of the summer and the flower structure matu-

ration when the first leaves have been developed during 
spring (Johansson and Staiger 2015; Orlandi et al. 2005). 
The photoperiodic signal controlling seasonal growth in 
trees appears to be perceived in the leaves even if other 
environmental variables mostly winter and spring tem-
peratures interact with it determining complex species-
specific interactions making difficult to correctly inter-
pret the phenomena (Singh et al. 2017). 

In this sense, the photoperiod, mainly determined 
by a function of latitude and time of year, is insensitive 
to the climate change, except under very cloudy condi-
tions, not allowing to flowering phenomena to manifest 
significant tendencies.

Moreover, the graphic interpretation of the trend 
analysis suggested as the trend of BBCH11 evidenced 
a narrower 99% confidence interval evidencing less 
uncertainty about the results in comparison to that of 
BBCH 95. 

In particular, on the base of the obtained results, the 
shortening trend of the FLD period for the Salix species 
may be attributed to the significant progressive advance 
during the years of the first true leaf dates (BBCH 11) 
and to the substantial unchanging (or lowest changing) 
of the bud swelling beginning (BBCH 02). 

Tab. 2. Multiple regression analysis between Phenological phases, FLD-LPP periods as dependent variables and meteorological data as inde-
pendent variables for the Salix species.

F R2 Adj. R2 Variable Coeff. t Sig.

Phenological Phases
BBCH11 S. smithiana 84.84 0.977 0.965 Constant -2.183 -2.184 0.072

Tmin -0.017 -2.947 0.026
RH 0.017 15.545 0.000

      Rain -0.005 -3.524 0.012
BBCH95 S. smithiana 33.86 0.9063 0.880 Constant 8.204 1.815 0.091

Tmax 0.035 7.855 0.000
      RH 0.004 4.452 0.003

BBCH11 S. viminalis 52.9 0.964 0.945 Constant 2.600 2.126 0.078
Tmin -0.014 -2.531 0.045
RH 0.009 5.978 0.001

      SR 0.000 3.688 0.010
BBCH95 S. viminalis 26.83 0.885 0.852 Constant 10.562 2.375 0.049

Tmax 0.025 5.974 0.001
      RH 0.003 3.770 0.007

Phenological Periods
LPP S. smithiana 91.54 0.963 0.953 Constant -6.014 -2.052 0.079

Tmax 0.035 8.397 0.000
      RH 0.005 5.469 0.001

LPP S. viminalis 50.82 0.936 0.917 Constant -7.417 -1.985 0.087
Tmax 0.036 8.720 0.000

      RH 0.005 4.168 0.004
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Fig. 2. Trend analysis of the BBCH11, BBCH95 and LPP during the 
10-year study period for Salix smithiana. In the chart the original 
data points of the time series, the Sen’s estimator for a linear trend, 
the lines for 99% confidence intervals are shown.

BBCH11

LPP

BBCH95

Fig. 3. Trend analysis of the BBCH11, BBCH95 and LPP during the 
10-year study period for Salix viminalis. In the chart the original 
data points of the time series, the Sen’s estimator for a linear trend, 
the lines for 99% confidence intervals are shown.
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The trend analyses realized for the meteorological 
variable summations recorded until the BBCH11 showed 
for S. smithiana Tmin and Rain as the variables without 
a significant trend. Moreover, RH, Rain and Tmin sum-
mations to BBCH95 not evidenced any trend. 

In this case, we assumed that the no “trendy” 
meteo-variables for phenological phases with significant 
trends, were those which recorded “similar” summations 
year by year and so which more “regularly” influenced 
the plant development not being affected by the advance 
or delay of the same dates. In particular, BBCH11 of S. 
smithiana and viminalis was more influenced by “simi-
lar” chilling (Tmin) sums during the first weeks of the 
year, while BBCH95 by RH amounts.

Practically, the influence of Tmin but also of RH, 
Rain and SR permitted to the young leaves to develop in 
shorter periods reaching in advance a complete develop-
ment.

On the other hand, the trends of the LPP periods 
in both the areas were influenced by the simultane-
ous BBCH11 and 95 dates variation. In this sense, the 
lengthening of LPP may be related also to the progres-
sive delay of the senescence phase during the years, 
with the BBCH95 that were recorded averagely 2 weeks 
later during the last years of the study period. The senes-
cence delay of both S. smithiana and viminalis can be 
related to the high significant decreasing trend of SR 
summations to 39th week, furthermore considering that 
SR manifested negative trend even if calculated to the 
BBCH95 dates themselves in progressive delay during 
the study years. In general, solar radiation have a limited 
impact on spring phenology compared with temperature 
and precipitation and its influence is mainly concentrat-
ed in August and September. Precedent investigations 
carried out as insolation sums also influence the phe-
nological process in autumn, although their effects were 
largely biome dependent (Liu et al. 2016). The decline 
of August solar radiation may contribute to vegetation 
activities and accumulation of non-structural carbohy-
drate (Fu et al., 2014) in such a way that solar radiation 
reduction can postpone autumn senescence phenological 
phases.
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