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The Effect of Seed Source on the Leaf Morphology

of Acer velutinum (Boiss.) Seedlings

Masoud Tabari,”” Hamed Yosef-Zadeh,"
Kambiz Espahbodi,”  Gholam Ali Jalali”

[ Summary ]

An examination was carried out to study leaf morphology variability of Acer velutinum
(Boiss.) populations along the eastern part (with 3 populations), central part (with 4 populations),
and western part (with 4 populations) of the Caspian Forests (northern Iran). After collecting seed
from these populations and sowing them in a mountain nursery, the leaf area, leaf mass, leaf num-
ber, photosynthetic areas, and leaf mass/leaf area (LMA) of seedlings were determined in the first
growing season. Results indicated that leaf mass, photosynthetic area, leaf numbers, and leaf area
differed among the seed sources (populations), but the LMA did not significantly differ. The prog-
enies of eastern origins (Pasand 1 and 2) had lower leaf masses than those of western origins. The
largest leaf area was found from middle-elevation sources, especially Ladjim. Seed sources from
higher elevations (Sangdeh and Ashak) presented smaller photosynthetic areas and lower leaf num-
bers. Leaf morphology was significantly correlated with the seed source. It can be concluded that,
Ladjim is a better choice of a seed source, owing to superior values of morphological characteris-
tics of the leaf.
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INTRODUCTION

Acer velutinum (Boiss.) is a light-
demanding species which mainly grows as
individuals and occasionally as a group in
the Caspian Forests located in the plains and
mountains (up to 2000 m elevation) of south
of the Caspian Sea, northern Iran (Sabeti
1984). It usually appears as a dominant and
co-dominant in forests (Anonymous 2003).
Variations in morphological and genetic at-
tributes of this species have been found, due
to geographical varieties in different habitats.
Therefore, determining the genetic and ecolo-
gy variety using morphological characteristics
can be an effective way to improve its popu-
lations. One of the essential and significant
components in this regard is the leaf morphol-
ogy. Leaves have various and very important
functions in the life of a plant, photosynthesis
being the most important one. Growth of
leaves includes dry-mass accumulation that
is dependent of environmental factors, like
temperature, moisture content, minerals, and
radiation supply. The leaf area receives light
and absorbs carbon gas when the leaf is ex-
posed. Photosynthesis and dry matter increase
as the leaf area increases. Obviously, the
potential for growth is higher with a bigger
leaf area. Therefore, leaf area is an important

and effective character for evaluating plant
growth. In this connection, it should be noted
that increasing the biomass through physi-
ological improvement methods is one of the
most important functions of forest breeders.
Likewise, because of the close relationship
between photosynthesis and biomass, there is
much interest in increasing the photosynthetic
capacity using breeding methods.

Considerations in this study are focused
on direct measurements of photosynthetic
and leaf areas and other characteristics of
the leaf. In the case of many species, signifi-
cant genetic variations in leaf area and other
important leaf characteristics have been re-
ported (Ceulemans et al. 1984, Isebarands et
al. 1988, Barigah et al. 1994). For example,
the number of stomata in populations of
American poplar (Populus nigra) and Euro-
American poplar (P. tremula L. X P. tremuloi-
des Michx.) grown on various soil conditions
showed a significant genetic variety (Guzina
et al. 1995).

It seems that leaves have significant ef-
fects on wood production processes. Because
wood production is dependent on the absorp-
tion of water and minerals (induced by roots,
transmission in stems, and conversion in
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leaves), knowing the characteristics of this
organ and the effective factors for increasing
its biomass can be important references for
choosing seed sources in nurseries. In this re-
search, we studied the morphological charac-
teristics of A. velutinum leaves from 11 seed
sources (populations) in different geographi-
cal areas of the northern forests of Iran. In ad-
dition to the identifying superior genotypes,
the possibility of increased biomass produc-
tion in plantations is expected.

MATERIALS AND METHODS

In this research, seeds were collected
from different geographical populations of
A. velutinum in the Caspian Forests located
in Mazandaran Province (northern Iran). The
details of the geographical locations (collec-
tion sites) of various sources of A. velutinum
are given in Table 1. In October 2003 at each
sampling location (11 habitats), seeds were
collected from the middle part of the crown
(Merwin et al. 1995) in 10 phenotypically su-
perior trees, depending upon the availability
of the ideotypes (a healthy individual with
a straight bole, lower branch numbers, and
a smaller crown) (Cornelius et al. 1995). In
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December 2003 after cleaning the vegetation,
the seeds were sown in a mountain nursery
(Orimelk, 1550 m elevation) in 1-m’ plots in
a randomized complete-block design replicat-
ed 3 times. In each plot, 50 seeds were sown.
The distance between plots was 50 cm, while
blocks were separated by 100 cm. Following
sowing of the seeds the trial plot was irrigated
when required, and weeding was carried out
4 times during the period. Leaf samples from
each seed origin were randomly taken in mid-
summer and placed in an oven. The heating
and weighting were repeated for 2-h periods
at 70°C until a constant weight was obtained
(Browning 1967). All leaves of 3 progenies
(seedlings) from each seed source were mea-
sured by LI 3000 leaf portable area meter to
record leaf area. The photosynthetic area (PA)
was determined by the formula:
PA=SnXLnXLA;
where Sn is the number of the surviving
seedlings originating from each region (seed
source), Ln is the total leaf number of each
seedling, and LA is thee average leaf area.
All data were subjected to statistical
analysis to determine the mean values, analy-
sis of variance (ANOVA), simple correla-
tions, and significantly different treatments.

Table 1. Geographical description of seed collection sites

Region Seed source Elevation (m) Latitude Longitude
West Park Noor 20 36°30°52” 52°3°11”
Djourband 700 36°27°18” 52°8°2”
Deeiz 1000 36°22°12” 52°3°35”
Shahnazar 1200 36°22°26” 52°3°45”
Center Ladjim 400 36°15°40” 53°8°21”
Lamzer 1000 36°9°40” 53°6°11”
Sangdeh 1600 36°3°36” 53°15°15”
Ashak 2200 36°7°26” 53°20°35”
East Pasand 1 400 36°11°17” 53°36°20”
Pasand 2 800 36°11°27” 53°36°32”
Pasand 3 1200 36°11°47” 53°36°33”
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Duncan’s multiple range test was used for
grouping the parameter means (Steel and Tor-
rie 1980). An ordinal ranking scheme was
instituted to show the provenance score for
each parameter to indicate the overall prov-
enance performance. The analyses were con-
ducted with SPSS software, vers. 12.5 (SPSS,
Chicago, IL, USA). The average Linkage
program was used to compute cluster group-
ings of A. velutinum seed sources, according
to leaf morphology characteristics using the
JMP program, vers. 3.1.2 (SAS, Cary, NC,
USA). The average linkage distance is the av-
erage distance between pairs of points in each
cluster (Oleksyn et al. 2001).

RESULTS

Results indicated that there was a sig-
nificant negative correlation between the
leaf number and geographical characteristics
(latitude, longitude, and elevation) of the
seed source. Likewise, a significant negative
correlation was observed between the photo-
synthetic area and latitude of the seed source.
A positive correlation was found between the

LMA and the longitude of the seed source and
between the photosynthetic area and the lon-
gitude of the seed source, but generally, these
correlations were not significant (Table 2).
A comparison of the means showed the sig-
nificant effects of the seed source on the leaf
area, leaf number, leaf mass, and photosyn-
thetic area. In contrast, no significant effect
was detected on LMA (Table 3). The Ladjim
seed source had the largest leaf area, great-
est leaf number, and largest photosynthetic
area among the seed sources (Table 4). The
Shahnazar seed source had the heaviest, while
the Pasand 1 and 2 seed sources had the light-
est leaf dry masses. Seed sources from higher
elevations (Sangdeh and Ashak) had smaller
photosynthetic areas and leaf numbers in
comparison with other seed sources. The re-
sults of the average linkage clustering method
used to determine the group provenances are
summarized in a dendrogram (Fig. 1). The
results obtained by this method revealed that
populations of Park Noor, Pasand 1, Shahna-
zar and Pasand 3 were placed in group 1,
populations of Ladjim, Djourband, Deeiz, and
Lamzer in group 2, and populations of Pasand

Table 2. Correlation coefficients among investigated parameters with geographical

characteristics

Geo grapl.lic.al Leaf mass Leaf number Leaf area leaf mass/leaf Photosynthetic
characteristic area (LMA) area
Latitude -0.09 -0.65" -0.33 -0.47 -0.63"
Longitude -0.035 -0.64" -0.17 0.24 0.25
Elevation (m) -0.11 -0.82" -0.11 -0.42 -0.53

Y p<0.05.

Table 3. F value and its probability for the investigated parameters

Parameters Leaf area Leaf number LMA Leaf mass Photosynthetic area
F 2.56" 4.6” 0.79™ 537 8.527
Pr. 0.03 <0.001 0.63 <0.001 <0.001

Y p<0.05.

? p<0.001. LMA = leaf mass/leaf area.
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Table 4. Mean = SE for leaf characteristics of Acer velutinum (Boiss.) seedlings from 11 seed
sources

Seed source Elevation Leaf mass Leaf azrea LMA2 Leaf Photosynthzetic
(m) (mg) (cm”) (mg/cm”) number area (cm”)
Park noor 20 1/6+0/1°  62/3+12/3¢ 2744 21/7+£5/4" 1173 +440%
Pasand 1 400 1/4+0/2°  63/6+£22/6° 2349 19/3+1/2" 3204544
Ladjim 400 2/7+0/6™ 100/4413° 2743 22/5+6/1° 1252 +358"
Djourband 700 1/9+0/2"  85/3+17" 2042 21/34+5/4" 1146 +333%
Pasand 2 800 1/4£0/2°  76/6+£34/6™ 24+7"  16/3+1/2% 725 +242¢
Deeiz 900 2/4+0/3"  98/7+26/1"  23+£2°  17/1+2/3° 793 +233%
Lamzer 1000 2/3+0/4" 96/8+17/8"°  24+8"  18/3+1/4" 940+ 176"
Shahnazar 1100 3/1£0/5"  66/8+16/9™  26+4"  17/71+3/8% 8194223
Pasand 3 1200 2/7£1/0"  62/7£10° 2244 19/6+1/26™  1062+314
Sangdeh 1600 2/3+0/6™ 88/5+26/4™ 28+9"  13/8%+1/6° 519+ 109°
Ashak 2200 2/0+0/2"  61/6+5/9° 29+5° 1442/9° 436+ 154°

Different letters in the same column indicate a statistical difference at the a = 5% significance level.
LMA = leaf mass/leaf area.

First group <— Park Noor

-
Second group 4—‘6‘ nd \ —————————

Sangdeh

Third group <— oo

Fig. 1. Dendrogram of cluster groupings of seed sources of Acer velutinum based on the
characteristics studied (average linkage clustering method).

-An asterisk indicates a difference of variances among groups, and the vertical line (cut off
level) separates the groups.

2, Sangedeh, and Ashak in group 3. It should tions of each group. Other clustering methods
be noted that in reality, there were similarities (Ward’s minimum variance method, single
in characteristics measured among popula- linkage, and centroid) showed similar results.
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DISCUSSION

The results of this research revealed that
the progenies of eastern origins had greater
leaf areas than those of western origins. This
implies that warmer origins compared to
cooler origins benefit from higher leaf water
contents and consequently lower leaf dry
masses. Generally, high values of LMA are
related to a high intensity of light (Osunkoya
and Ash 1991, Mulkey et al. 1993, Kitajima,
1994, Muraoka et al. 1997) which induces an
increased thickness of the leaf tissue (Hanson
1917), especially the palisade parenchyma
(Fretz and Dunham 1972). LMA increased
linearly with an increase in the relative ir-
radiance. Therefore, this may be considered
a species-specific estimate of long-term light
conditions (Niinemets 1997). A diminished
water supply can contribute to a reduction in
the LMA in some cases (Groom and Lamont
1997), while in others no difference was ob-
served (Mulkey et al. 1993).

In this study, leaf area and photosynthetic
area differed among populations. Differences
in photosynthetic area, environmental condi-
tions of the site, and interactions between
environmental characteristics and genotypes
were the reasons for differences in leaf area
among the different populations (Orlovic
1993, Orlovic et al. 1994). Leaves are an im-
portant interface with environmental factors.
Some morphological characters of leaf, e.g.,
area and thickness, are strongly modified by
ecological conditions (Coelho et al. 2002).
Changes in the features of leaves can be a
part of the adaptive responses in the face of
these factors, for example, light intensity and
water supply (Groom and Lamont 1997).

Among the 11 populations studied in
this paper, the large area and high photosyn-
thetic area of leaves from Ladjim could be
the results of particular climatic conditions.

In addition, the Ladjim population due to a
higher photosynthetic area can exchange a
higher quantity of gas during the photosyn-
thesis process and subsequently obtain greater
plant growth and biomass. It is important to
highlight the population differences observed
here for A. velutinum, considering the high
intrapopulational diversity of this species.
Generally, it was deduced that populations
of Ladjim, Djourband, Deeiz, and Lamzer
could be placed within the same group, due to
the closer values of measured characteristics
compared to other populations. However, due
to the main role of leaf morphological charac-
teristics in producing wood, the seed source
at Ladjim is an important choice for this pur-
pose. According to this study, A. velutinum is
well adapted to different environmental con-
ditions and its wood is valuable, so we can
use this species in afforestation projects with
low risk.
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