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Figure 1. Modified chambers for increasing temperature and throughfall exclusion
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Table 1. Average monthly of the air temperature, air humidity, soil temperature and soil moisture
content in the study treatments
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Table 2. Decomposition rate (percentage of weight loss) of the two species of hornbeam and oak in
two 100-day stages of the study treatments
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Figure 3. Significant difference (p <0.05) of the remaining mass of hornbeam species (uppercase) and
oak (lowercase) in different months and seasons and in 25% (a) 50% (b) thermal treatment (c) and
control (d)
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Abstract

The rate of litter decomposition is influenced by various factors such as climatic conditions, litter
quality and population of decomposers. Changes in precipitation patterns and increasing temperatures
are the most important consequences of the climate change may change the decomposition rate of leaf
litter. Hence, the present study aimed to simulate the effect of throughfall exclusion and increasing
temperature on the process of hornbeam and oak leaf litter decomposition in the oak-hornbeam stand.
For this purpose, four treatments were considered including two combined treatments consist of 25
and 50% throughfall exclusion and increasing temperature, warming and the control treatment (natural
conditions). The hornbeam and oak leaf litter decomposition rate were studied using litter bags for 200
days. The average soil temperature of the treatments during the study period was 0.2-0.3 °C more than
the control treatment, which resulted in a decrease in soil moisture content 13%. The combine effect of
increasing temperature and decreasing soil water content cause a significant increase in the leaf litter
decomposition rate of hornbeam, especially in the treatments of 25 and 50% compared to the control.
The decomposition rate of the control treatment was decreased over time; while the decomposition
rate of oak increased in the treatment of 25%. The results showed that changing in the climate
conditions (i.e., increasing the temperature and decreasing the precipitation) will significantly change
the rate of litter decomposition of thermophilic species (oak). It will lead to increase the rate of
nutrient exchange in the forest soil ecosystem. Therefore, in forests with fertile soil, it is possible to
shorten the exploitation period.

Keywords: Soil temperature, Climate Manipulation, Soil moisture, Litter bag, Litter reduction rate.
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Table 1. Some genetic characteristics in the walnut population studied based on 20 SSR loci
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Figure 1. WGA202 primer band pattern on some walnut seedlings (The base pairs belong to the bands
derived from the 50 bp leader)
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Figure 3. The barplot drawn by Structure 2.3.1 software, based on data from 20 SSR loci, shows the
horizontal axis of the seedlings and the vertical axis the share of each individual belonging to each
group.
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Table 3. Expected Fst and heterozygosity values for each possible group in the studied walnut
population based on k=2

sl sy ge 558555 5 o e Fst L. s 035
Expected average heterozygosity Average of Fst Group
1.30 0.038 |
1.31 0.049 1
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Table 4. Membership share matrix (Q matrix) calculated by Structure 2.3.1 software for walnut
seedlings based on k=2

YUJST \Ujf Ldlg YUJK \UJST Ldlg YUJST \UJST Ldle
Q; Q Sample Q; Q1 Sample Q: Q Sample
0.04 0.96 W95 0.91 0.09 W48 0.97 0.03 w1
0.01 0.99 W96 0.87 0.13 W49 0.98 0.02 W2
0.02 0.98 W97 0.98 0.02 W50 0.84 0.16 W3
0.01 0.99 W98 0.91 0.09 W51 0.25 0.75 w4
0.16 0.84 W99 0.97 0.03 W52 0.92 0.08 W5
0.06 0.94 W100 0.99 0.01 W53 0.95 0.05 W6
0.12 0.88 W101 0.93 0.07 W54 0.97 0.03 W7
0.98 0.02 W102 0.93 0.07 W55 0.92 0.08 W8
0.97 0.03 W103 0.07 0.93 W56 0.64 0.36 W9
0.98 0.02 W104 0.57 0.43 W57 0.06 0.94 W10
0.91 0.09 W105 0.81 0.19 W58 0.96 0.04 W11
0.08 0.92 W106 0.02 0.98 W59 0.98 0.02 W12
0.97 0.03 W107 0.10 0.90 W60 0.93 0.07 W13
0.98 0.02 W108 0.86 0.14 W61 0.94 0.06 W14
0.26 0.74 W109 0.98 0.02 W62 0.98 0.02 W15
0.03 0.97 W110 0.94 0.06 W63 0.84 0.16 W16
0.97 0.03 W111 0.95 0.05 W64 0.62 0.38 W17
0.05 0.95 W112 0.96 0.04 W65 0.16 0.84 W18
0.06 0.94 W113 0.92 0.08 W66 0.13 0.87 W19
0.22 0.78 W114 0.22 0.78 W67 0.06 0.94 W20
0.02 0.98 W115 0.02 0.98 W68 0.10 0.90 W21
0.02 0.98 W116 0.02 0.98 W69 0.97 0.03 W22
0.05 0.95 W117 0.08 0.92 W70 0.94 0.06 W23
0.13 0.87 W118 0.91 0.09 W71 0.99 0.01 W24
0.04 0.96 W119 0.32 0.68 W72 0.98 0.02 W25
0.31 0.69 W120 0.17 0.82 W73 0.98 0.02 W26
0.02 0.98 W121 0.97 0.03 W74 0.96 0.04 W27
0.04 0.96 W122 0.19 0.81 W75 0.95 0.05 W28
0.03 0.97 W123 0.10 0.90 W76 0.85 0.15 W29
0.03 0.97 W124 0.40 0.60 W77 0.35 0.65 W30
0.05 0.95 W125 0.04 0.96 W78 0.97 0.03 W31
0.05 0.95 W126 0.04 0.96 W79 0.90 0.10 W32
0.54 0.46 W127 0.02 0.98 W80 0.97 0.03 W33
0.02 0.98 W128 0.05 0.95 w81 0.94 0.06 W34
0.05 0.95 W129 0.91 0.09 w82 0.18 0.82 W35
0.01 0.99 W130 0.74 0.26 W83 0.37 0.63 W36
0.08 0.92 W131 0.96 0.04 w4 0.73 0.27 W37
0.05 0.95 W132 0.96 0.04 W85 0.40 0.60 W38
0.01 0.99 W133 0.95 0.05 W86 0.03 0.97 W39
0.07 0.93 W134 0.18 0.82 w87 0.03 0.97 W40
0.01 0.99 W135 0.05 0.95 Wwas 0.39 0.61 W41
0.07 0.93 W136 0.24 0.76 W89 0.58 0.42 W42
0.02 0.98 W137 0.73 0.27 Wa0 0.99 0.01 W43
0.06 0.94 W138 0.90 0.10 Wa1l 0.98 0.02 W44
0.02 0.98 W139 0.60 0.40 W92 0.98 0.02 W45
0.04 0.96 W140 0.40 0.60 W93 0.95 0.05 W46

0.02 0.98 W94 0.06 0.94 W47

s e LE | Jlal laey S a5 b e Glad o b Jade e sl
The text numbers in the table show the coefficient of belonging of each person to the possible groups.
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Genetic diversity in Persian walnut (Juglans regia L.) seedlings using SSR markers
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Abstract

The first and basic step in identification, conservation, protection of gene resources, genetic research,
and breeding programs is determination of genetic diversity in plant material. Using of molecular
markers is one of the most important tools in this field. Therefore, the conservation and evaluation of
genetic diversity of native plants is necessary. In order to evaluate the genetic diversity of 140 Iranian
walnut seedlings, 20 SSR primer pairs were used. The used SSR loci generated 138 alleles. The
minimum and maximum number of alleles were for SSR loci WGA69, WGA71, JRHR211298 (five
alleles) and WGA202 (nine alleles), respectively. Loci JRHR211298 and loci JRHR217037 produced
the minimum and maximum number of effective alleles, respectively. The most value of observed
heterozygosity (Ho) generated by loci WGA69. All used SSR loci, showed deviation (P<0.001) from
Hardy—Weinberg. Neigbour-joining dendrogram divided 140 walnut seedlings into five main groups.
The study of population structure, with Structure 2.3.1 software, identified two possible groups (k=2).
The results of both were largely consistent. The data based on the individual membership share matrix
and the Fst rate showed that there was no significant difference between two possible groups.

Keywords: Cluster analyses, Hardy—Weinberg equilibrium, Observed heterozygosity.
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Table 1. Different forms of nursing identified in the study area
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Continued table 1.
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Table 2. Results of independent T-test and comparison of mean of regeneration (number per hectare)
in nurse and control treatments
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Figure 5. Coexistence of different forms of nursing with regeneration of target species
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Table 3. Spatial correlation of nurse species with target species
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Figure 6. Regeneration response of target species in multivariate analysis (RDA) to A.lycioides and
P.glabra nursing plants in the study area. Nurse plants (A.lycioides and P.glabra) are shown with a
triangle. The names of the target species are the first two letters of the scientific name of the genus and
the first two letters of the name of the species (table 1).
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Abstract

In this research, the effect of different forms of nursing on establishment of natural regeneration in the
forests of Vezg region in Boyer-Ahmad basin was investigated. For this purpose, an area of six
hectares was selected and the type of nurse species and forms, the type of target species (regeneration)
were measured. Overall, 14 woody species of nurse plants with a total of 423 individuals were
recorded in the research area, among them, two thorny species include Amygdalus lycioides and Pyrus
glabra with 195 and 77, respectively, have the highest number. Also, out of 912 regeneration
individuals (target species) under the canopy of nurse plants and rocks, the highest number belonged
to Daphne mucronata, Amygdalus lycioides, Prunus sp and Lonicera nummulariifolia. RDA analysis
also showed that the regeneration of target species is affected by A.lycioides and P.glabra nursing
plants. The results of this study showed that the regeneration of woody species in this area, with the
exception of A. lycioides, depends on conservation and nursing. This indicates the role of nurse species
in establishing regeneration in semi-arid forests of Zagros, which can be used as a model in forest
restoration programs in other parts of the Zagros forests.

Keywords: Forest Regeneration, Southern Zagros, Thorny woody species, Target plants.
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Figure 1. Overview of the study area
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Table 1. ANOVA results of vertical and radial changes in green moisture content and trunk basic
density of hornbeam trees

“b omp Je sk,
Basic density Green moisture content
’ F ! Qv:fi\:ﬁ s 7 F b u"i"L"‘ s le’: CM
s ; : ; S.0.V
Sl Slay ye 3l Sl e Slay 33l
F&p  ms  ar F&p MS df
value value
. " = lassly
51.32"* 00576 9 26.28" 00025 9 T SR
Tree individuals
9.06™* 0.0101 2 34.69% 0.0337 2 b e
Vertical section
5241°* 00588 2 709 0.0068 2 g
Radial section
677" 00076 18 1263 00122 18 b
Tree individualx Radial section
" b g x5 b
1055" 00118 18 0.39™ 00033 18 ST
Tree individualx Vertical section
l&j - -
0.44 00004 4 042 0.0039 4 e e
Vertical sectionx Radial section
i S x Jsb Cgr x sl
0.56" 0.0030 36 0.23" 0.0018 36 Vertical sectionx Radial sectionx Tree
individual
ot
- 0.001 180 - 0.001 180
Error
s s
- 5.73 - - 4.85 - TR
(Y

2050 Ko g 53 b gne i FF g as s s e 53 I e Sals T 0 s pm g ls e sl ns
" There is no significant difference, * significant difference at the 5% level and ** significant difference at the 1% level

om@u.whmﬁ‘ US55 s 350 o kb
L Sles a8 55 s Sosb)y SR il &S 0
5 Ao POAY o Sle boaw Sawy s
35 Aoy SONA ey e Cosby e o taS
A el Shewsn S o Lok as
Shos 4 3wl e e emes
S alS s iS5 Loy 04/0F Sldde 4 SO

A edalin Ao s OO/VO laked

A

5 e Zusky el s Ogell =k
R R e
= ol ool ¥ Jsd 3 s glaal (g ks
Woal emme s e Zusby &S Sl 0L
e by e gkl Dlib s e Ol
Shls Aoy 44 Jlasl a4 il o Saw s
Sl Sl gme o5l (P<0.001)
5al e SObe amlis Ol il
Slib 5 cals Sy glaazrs 53 s Cusb)
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Figure 3. Comparison test of the average green moisture content and basic density of wood in the radial section
(A) and vertical section (B). Common English letters on the chart indicate insignificance, and the letters are
calculated for each feature separately. P1, p2 and p3 are 5, 35 and 65% of the trunk length, respectively, and s1,

s2 and s3 are 10, 50 and 90% of the trunk cross-sectional radius, respectively. Green moisture content is
presented as a coefficient that is multiplied by 100 for the percentage of moisture.

Sy Dl 5 (k8 Gl 3 b g 5 e Sosb Lol 4 Y s
Table 4. Analysis of variance of green moisture content and basic density in diameter classes and decay

degrees
“l o e sk,
Basic density Green moisture content B
oSk ) oSk ) St e
Solssme 5 F 3l 4o Solssme 5 F B S.0.V
Sl e e e 3l
F & p value df F & p value i
11.63°° 0.1066 2 12.24° 0.0717 2 S
Class of diameter
Lo
1.2244 267 0.7626 267
Error
1.3310 269 0.8543 269 &
Total
11.58 =l jus5 o 0 8.43 =l x5 o b
Cv CVv
. o &;J:—»ﬁ o
5.03* 0.0118 2 13.52% 0.0780 2 )
Degree of decay
Lo
0.0004 267 0.7712 267
Error
0.0030 269 0.8493 269 5
Total
5.73 =l 5 s b 8.37 =l o5 o 2
Ccv CVv

-LDJJ “gl Cla..n BE )‘)@&a C)}Uj e

**Sjgnificant difference at the level of one percent
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Figure 6. Comparison of average basic density and green moisture content of trunk wood in different degrees of decay and

diameter classes. Green moisture content is presented as a coefficient that is multiplied by 100 for the percentage
of moisture.
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Table 5. ANOVA of radial and vertical changes in basic density and green moisture content with respect to
decay degrees and diameter classes

S sy 3 © kb olib
Degree of decay Class o’f diameter s
Sl o sF ol e i ghe P ot o 5.0.V
F & p value MS S e
F & p value MS
4l perp
Basic density
P e 3wl e
1.02™ 0.003 0.64™ 0.001 Basic density in vertical
section
ns ns Fld e 2wl perme
1.58 0.004 0.73 0.001
Basic density in radial section
e Sasb s
Green moisture content
S S 3 e by
2.59" 0.004 2.14% 0.003 Green moisture content in

vertical section
SFld Sz 50 e Zasb,
1.64™ 0.001 1.53™ 0.003 Green moisture content in
radial section

.M))Gl.échm)é 6)[)&&4)6)\3&&4 rJ..G ;.,.:Jj.?‘u_*}ns
" There is no significant difference, * significant difference at the 5% level and ** significant difference at the 1% level

S Ol Jsb 5 elad slinl) 53wl e 2 Glins oladl£) :Sbe =7 o
Table 6. Mean (z standard error) basic density in the radial and vertical directions of hornbeam tree trunks

éwy 4y S8 olib
Degree of decay Class of diameter e
oSl oty 4oaS OSls Gl aS )
Mean Max Min Mean Max  Min
jla_i sl
vertical section
Aoy Ve wb)sqgﬁrﬁ
0.552 + 0.03 0.63 0.36 0.58? + 0.02 0.63 0.51 Basic density in 10% of radial
section
Lo, 0 ol s 4l e
0.60% + 0.09 0.66 0.47 0.572 £ 0.07 0.63 0.51 Basic density in 50% of radial
section
Loy 4 ol js 4l T T
0.60% + 0.03 0.64 0.56 0572+001 063 041 Basic density in 90% of radial
section

el Lo s c]a..ﬂ 23 13 g OV el o kasOLIS st o alie By >
Similar letters in each column indicate no significant difference at the 5% level.

0



\ o)w‘Aﬂ}‘ﬁQW§5M5fwi£&le

£ J sl s
Continued table 6.
S hew sy 43 Sk il
Degree of decay Class of diameter e
oSl Wy €S oSSl Cly aS )
Mean Max Min Mean Max  Min
Sk st
vertical section
dos3 0 sl 3wl emmp
0.592 + 0.04 0.66 0.47 0.612 + 0.04 0.66 0.56 Basic density in 5% of vertical
section
Aos3 YO abols 3wl emmp
0.58% + 0.07 0.66 0.45 0.59% + 0.03 0.66  0.56 Basic density in 35% of vertical
section
doys 20 alold 53wl emp >
0.572 + 0.04 0.63 0.47 0.592 + 0.04 0.63 0.56 Basic density in 65% of vertical
section

el Loy C]a.d 53 b pme B pde s lias LIS st a5 bl s
Similar letters in each column indicate no significant difference at the 5% level.
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Table 7. Mean (z standard error) green moisture content in radial and vertical direction of hornbeam tree trunks

u—f-&wﬁ LEB s kb olib
Degree of decay Class of diameter e
oSl Loy woaS oSk Gon weS )
Mean Max Min Mean Max Min
s gl
vertical section
E S WA L
0.66° £ 0.04 0.73 0.60 0.66°+004 073  0.60 O B AR T
Moisture in 10% of radial section
Loy O kol L
0.64% £ 0.02 0.67 0.60 065°+005 075  0.59 ORE SR SRR T
Moisture in 50% of radial section
Lo s A dlols L
0.64% £ 0.03 0.68 0.58 0642005 072 057 o2 SRR e
Moisture in 90% of radial section
stl’ sl
vertical section
Loy O alols L
0.67% % 0.05 0.76 0.62 0.66°+006 076  0.60 TEPD IR S R s
Moisture in 5% of vertical section
M_}JY’OAL@G)J&:L; AT rf—
0.642 + 0.02 0.67 0.60 0.64% £ 0.03 0.67 0.57 Moisture in 35% of vertical
section
Lo y3 £0 dols s AJ_L; ol
0.62* + 0.04 0.72 0.57 0.63* + 0.03 0.72 0.57 Moisture in 65% of vertical
section

el do 3 = cb.ﬂ)s)lsd;’u It pAe skaasOlis Ot o s wlie iy >
Similar letters in each column indicate no significant difference at the 5% level.
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Table 8. Pearson and Spearman correlation between green moisture content and trunk basic density of hornbeam

trees and studied variables

| M

Spearman correlation

Pearson correlation

Sz D o Jb o gl 3
Degrees of decay Length of tree DBH

-0.866" 0.3137™ 0.1455" ol ~+> BE «b s
Radial basic density

-0.866" 0.2241" 0.4765" s o ML e
Vertical basic density

0.9045™ -0.5618" -0.4138™ f S 52 - b,

Radial green moisture content
0.9467"™ -0.4365" -0.4131" S S 5o e by

Vertical green moisture content

.M))A_g.:)@c]a.djédj\:&m;d)\)wr.l&;.».:.7]34.3;&)’? ¢

¥ NS

"s There is no significant difference, * significant difference at the 5% level and ** significant difference at the 1% level
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Trend of changes in basic density and green moisture content in the vertical and radial
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Abstract

The aim of this study was to investigate the trend of changes in basic density and green moisture
content of hornbeam trees in the vertical and radial direction of trunk wood. Therefore, a complete
disk was prepared from 10 fallen trees in 20-40, 40-60 and 60-80 diameter classes and different decay
degrees (grades 1, 2 and 3). The disks were prepared at intervals of 5, 35 and 65% of the vertical
sections of the trunk. Then, the sample pieces with a fixed volume of 2x 2x 2 cm?® were fragmented at
a ratio of 10, 50 and 90% of the radial sections of the disks and were obtained their basic density and
green moisture content. The results showed that the green moisture content and trunk basic density of
hornbeam trees in different diameter classes with the degree of decay had a significant difference with
a probability of 99% (P <0.001). The highest mean basic density values were observed in the distance
of 5% in the vertical direction and 90% in the radial direction of the trunk wood with 0.59 and 0.60 g /
cm3, respectively. The highest mean values of green moisture content were observed in 90% in the
radial direction of 0.65 and the distance of 5% in the vertical direction of 0.66. Of course, green
moisture content in vertical sections showed a significant difference with changing the degree of decay
(P> 0.05), but no significant difference was observed in radial sections. The results of correlation
showed that basic density has the highest significance correlation with diameter equal to the breast and
the lowest significance correlation with the coefficient of moisture.

Keywords: Basic density, Degree of decay, Green moisture content, Biomass, Diameter classes.
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Tablel- Media containing different hormonal compositions used in Paulownia tissue culture study
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%&a4: Reduction to half than twice the entire contents of the medium and reduction to a quarter of the macronutrients in the
MS medium.

AJ2 :Reduction to half of macronutrients in the MS medium.

1/2 :Reduction to half the entire MS medium content.
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Figure 1. Callus growth rate (CGR) in terms of centimeters in diameter per day for 91 days in
Paulownia fortune, Paulownia elongata and Paulownia shantung in eight different culture media.
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Figure 2 - This figure shows the number of embryos of each study species. The highest number of
embryos was observed in Paulownia shantung (a). With the reduction of macronutrients in the culture
medium, especially nitrate, the number of embryos on the culture medium increased (culture medium
number four, six, seven and eight).
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Table 2 - Components of environmental variance, genotypic, phenotypic, heritability and Genetic gain callus induction traits for all three species studied

Ga H ECV GCV PCV Vp Vg MSe MSm on 2SS i e _
Studied species Culture media
0 0 0 0 0 0 0 0 0 Paulownia shantung
0 0 0 0 0 0 0 0 0 Paulownia fortuna 1
0 0 0 0 0 0 0 0 0 Paulownia elongata
81.37 0.88 39.03 110.27 116.97 1976 1756 220 9000 Paulownia shantung
0 0 0 0 0 0 0 0 0 Paulownia fortune 2
0.20 0.01 33.79 4.30 34.06 37.6 0.6 37 40 Paulownia elongata
81.89 0.89 20.20 59.93 63.24 1960 1760 200 9000 Paulownia shantung
11.28 0.51 1290.9 129.09 182.57 120 60 60 360 Paulownia fortunei 3
0.67 0.08 18.50 5.61 19.33 14.96 1.26 13.7 20 Paulownia elongata
46.32 081 14.42 30.36 33.61 760 620 140 3240 Paulownia shantung
23.32 0.69 34.40 52.17 62.49 264 184 80 1000 Paulownia fortunei 4
2.33 0.10 31.25 10.82 3307 112 12 100 160 Paulownia elongata
37.31 0.86 16.83 42.37 45.60 440 380 60 1960 Paulownia shantung
4.60 0.25 193.64 111.80 223.60 80 20 60 160 Paulownia fortunei 5
0.20 0.01 33.79 4.30 34.30 37.6 0.6 37 40 Paulownia elongata
17.36 0.41 38.40 32.57 50.36 405.8 169.8 236 1085 Paulownia shantung
0.89 0.11 17.32 6.32 18.43 13.6 1.6 12.6 20 Paulownia fortunei 6
3.1 0.41 7.85 6.57 10.24 13.6 5.6 8 36 Paulownia elongata
11.28 0.5 10.46 10.46 14.80 120 60 60 360 Paulownia shantung
11.28 0.5 22.78 22.78 32.21 120 60 60 360 Paulownia fortunei 7
2.33 0.1 20.83 7.21 22.04 112 12 100 160 Paulownia elongata
19.54 0.75 12.16 21.06 24.32 160 120 40 640 Paulownia shantung
1431 0.46 27.38 25.49 37.41 224 104 120 640 Paulownia fortunei 8
3.05 0.36 3.39 2.59 4.27 16.16 5.96 10.2 40 Paulownia elongata

4



\ O)M‘Aﬂ?‘ﬁé AMQJSMS)JSQJ.C;ALM

MS+0.3mg/l 2.4-D+2mg/l TDZ

0.25
A/2 MS+0.3mg/l 2.4-D + 2 mg/l TDZ
= -0.30
= 0309 QN g
= = -0.35 =
= ES z
= -0.35- = = =
= = g EY
S e N\ |- ] S -0.40-| =
S s = )
* 0.40 g £ g
D=-0.062 B 0.45 2
P value=<0.0001 o i
0.45 T T 0.50
L '
S 2
<& S
v 2°
0 b
> B
1/2MS+0.3mg/l 2.4-D + 0.5mg/l Kin
0.25 0 1 0.05
- - = -0.45-] =
0.30 g = -0.45 | 000 &
—_ =] = =
=3 = = =
k= ES = ES
< -0.35- = S -0.50 =
= = =] [--0.05 =
=] 3 2 <
g . & 1 H
3 -0.40 2 -0.55 l--0.10 &
P value <0.0001
-0. 0.60 T T T
& & &
<& VS N
o (& d
c > > S
MS+0.3 mg/l 2.4-D+ 2 mg/l Kin + 4 mg/l BAP + 0.30 mg/l GA3 A/2MS+0.3 mg/l 2.4-D+ 2 mg/l Kin + 4 mg/l BAP + 0.30 mg/l GA3
-0.25 ]
-0.409 i II
-0.30] = ] o =
. 0.30 s = 4.8 D L s o T
< =] =3 4 S
s ES = E ES
= -0.35- ES = -0.45 ° ES
=] = = 1 Sy =
=3 E) s q ° =
g s g ] F-005 &
& -0.40—{ p=_0.062 2 a Foo AN . 1 g
P value <0.0001 -0.50- D=-0.062 L g
4 P value <0.0001 hd
T T T
& MR
< S
v > &
o O
> > & f

1/2 & Al4 MS +0.3 mg/l 2.4-D+ 2 mg/l Kin + 4 mg/l BAP + 0.30 mg/l GA3

-0.4 0.1
05 100 =
= ) 3
g 3
2 0.6 L-01 ;
= =3
§ -0.7 -0.2 §
< 2
L . 2
-0.84 --03 @
D=-0274 M
P value <0.0001
-0. T T T
& Q.
& &
s R
s s &
o B & h

o Ol LS a1 pa JFIs e sSae 5 slade s 503 Paulownia shantung s Paulownia fortunei €longata
L;J”S‘ﬂ LJ‘JB 6“4.142.: ] CM:.S\_} r&h_}@.ﬁs@upH J‘*—’LSJ*"‘" Jt"“"’t‘.’. LS}:§°)U”\ bﬂ)))bw@u

Figure 3. Osmatic potential of culture medium, pH dimension and when subculture culture media in
all three studied species Paulownia elongata, Paulownia fortunei and Paulownia shantung. The bar
and inverted diagrams inside the diagrams show the difference between the culture medium in the two
stages of measuring the osmotic potential after the pH of the culture medium and subculture. The red
dots indicate the scatter and the difference in the mean osmotic potential of each culture medium.
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Figure 4 - Chlorophyll and anthocyanin levels for Paulownia shantung in different media. Non-
common Latin letters on the median line of culture media indicate a significant difference between
different culture media. Red points are the difference in the mean dispersion of the culture media.
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Figure 5 - The relationship between linear regression of osmotic potential and the studied traits.
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Abstract

Paulownia is a fast-growing, industrial and ornamental tree with medicinal properties. The present
study was performed to investigate the osmotic potential of MS basal culture medium under the effect
of macronutrients and micronutrients. Also, the effect of osmotic potential on callus induction, somatic
embryo, regeneration, antioxidant activity and somaclonal variation were investigated. The present
experiment was carried out factorial in a completely randomized design with two factors, explants
(leaves and petioles) and eight types of culture media containing different combinations of culture
medium elements with different combinations of plant growth regulators (PGR). The results showed
that the highest level of callus induction, somatic embryogenesis and regeneration were observed in
media with one-half and one-quarter times the macronutrients of MS culture medium. Anthocyanin
activity, chlorophyll content, embryo number and osmotic potential increased with decreasing
macronutrients, especially nitrate sources in culture medium. However, callus growth rate and
somaclonal variation decreased. In culture medium, calluses and embryogenic calluses without burns,
transparent, regenerated seedlings were more vibrant and the most pigments were observed in the
leaves of seedlings. In complete MS media, callus induction, somatic embryo, osmotic potential,
anthocyanin, chlorophyll decreased. While callus growth rate and somaclonal variation increased.

Keywords: Anthocyanin, Callus induction, Somatic embryo, Somaclonal variation, Osmotic potential.
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Table 1. Mean (x standard error) of quantitative characteristics in related with studied stands
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Figure 1. Relationship between diameter at breast height and Slenderness coefficient in studied stands
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Table 2. Results of Kruskal-Wallis test for investigated qualitative characteristics
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Figure 2. Percentage of trees in forest stands in terms of qualitative characteristics
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Table 3. Results of one-way ANOVA for different litter and soil characteristics in different natural

stands
- l#J . /.LA Lh .o
Sig. F Slar e Nk df TS KT 6. w
Mean square Characteristics
Z L\y .
0.001" 14.90 75.52 2 O e lwf
C of Litter
i< ;‘y a e
0.000™ 20.18 0.81 2 S Y Qo
N of Litter
& ;sy Son e . " .
0.000™ 54.75 43.29 2 A OS85 4 S S
CIN of Litter
0.285M™ 1.39 0.001 2 (s
Bulk density (g/cm3)
Sk s
0.000™ 30.59 0.364 2 Sl
pH
Sk ¢ :
0.149™ 2.23 4/91 2 (o)) Sb by (6 yime
Soil water content (%)
doys) Sk T
0.007™ 7.66 0.260 2 ( J”_ Sos
Organic carbon (%)
Ao ys) S D59y
0.001™ 13.02 0.007 2 (Ao)3) Sb= S 055,
Total soil nitrogen (%)
0.000™ 15.32 17.053 2 055575 4 525 S
C/N ratio
- e LG(. < P
0.164 2.11 0.206 2 S ) Sl LB SAS e S
P available (mg/kg)
L 3 o)) S - 5
0.010™ 6.88 218.017 2 Ol L3 ) S S o3
Soil C sequestration (t/ha)
La s o5) St 05 20 5
0.002" 11.72 1.943 2 Ol 53 09) S 83550 o 5

Soil N sequestration (t/ha)
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*and ™" indicate significant difference at 0.05 and 0.01 levels and "™ shows no significant difference.
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Table 4. Mean (+standard error) of litter and soil characteristics in different natural stands

sl oAl 5 ae oA AL Slio
Mixed Pure Carpinus Pure Fagus Characteristics
SN -
26.760+0.541b 26.140+0.721b 33.160+0.821a T _U‘JS
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S ;Y PR
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g 5N O g ns - . .
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(oS oSl 0 5) St 5 ol o poasin p
Bulk density (g/cm3)

Sl S|
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p
Ao ys) S o “
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Soil water content (%)
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PRI
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Total soil nitrogen (%)
0335/ 4 (S S
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Figure 3. PCA in studied stands (BD: bulk density, PS: soil phosphorus, SeqC: soil carbon
sequestration, CL: litter carbon, CS: soil carbon, CNS: soil carbon to nitrogen ratio, CNL: litter carbon
to nitrogen ratio, NL: litter nitrogen, SeqN: Soil Nitrogen Sequestration, NS: Soil Nitrogen, pH: Soil

Reaction, EC: Electrical Conductivity, WC: Soil Moisture Content(
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Table 5. Extracted variance from most important axis
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Abstract

This research investigated some physical and chemical characteristics of soil as well as quantitative
and qualitative characteristics of trees in three stands of pure beech, pure hornbeam and beech-
hornbeam mixture. In each stand, 25 plots of 400 m? were selected by systematic-random method. In
each plot, quantitative and qualitative characteristics were recorded. Also, litter and soil samples (up to
10 cm depth) were collected from each stand. According to the results, maximum DBH (54.47 cm),
total height (22.31 m), basal area per hectare (82.03 m?) and volume per hectare (991.43 m3) were
observed in pure beech while having the lowest number per hectare (314 tree per hectare). The highest
C and C/N ratio of litter in pure beech were 33.16% and 13.52, respectively. Also, the highest quantity
of N in litter was determined in two species of pure hornbeam (3.22%) and mixed beech-hornbeam
(3.06%). In terms of soil characteristics, pure hornbeam stand showed the highest amounts of soil
reaction (7.09), N (0.33%) and soil N sequestration (5.49 tons per hectare) compared to the other
stands. However, the highest amounts of C (2.63%), C/N ratio (10.27) and soil C sequestration (77.16
t / ha) were observed in pure beech. The results showed that pure beech stand in terms of quantitative
and qualitative characteristics and pure hornbeam stand in terms of soil fertility are in a more
favorable condition.

Keywords: Symmetric of crown, carbon sequestration. Hyrcanian forest, litter characteristics, C/N.
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Table 1. Results of Two-way ANOVA for survival and growth parameters in different treatment
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Figure 1. Comparison of survival, diameter growth, height growth and crown growth between
different species and different irrigation periods. The data represent the mean + the standard error and
letters above the columns represent significance level at 0.05 using Tukey test.
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Table 2. Results of Two-way ANOVA for physiological parameters in different treatment
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Irrigation x Species Irrigation Species Phvsiological ;
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Stomatal conductance
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Transpiration
(I [y
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Water use efficiency
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" Indicates significant correlation at 0.05 levels, ™ indicates significant correlation at 0.01 levels and ™ shows no significant

correlation.
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Figure 2. Comparison of photosynthesis, stomatal conductance, transpiration and water use efficiency

between different species and different irrigation periods. The data represent the mean = the standard
error and letters above the columns represent significance level at 0.05 using Tukey test.
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Table 3. Results of Two-way ANOVA for total chlorophyll and proline in different treatment

Lix s LI PR
) 6). oS . %S) o JS R
Irrigation x Species Irrigation Species Biochemical ;
P F P E P F lochemical parameters
0.958 " 0.439 0.000” 65384 0.733™  0.502 Proline ;5 »
0.386" 1.095 0.000” 57544 0.000"  23.448 Total chlorophyll s 35S
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Figure 3. Comparison of total chlorophyll and proline between different species and different
irrigation periods. The data represent the mean + the standard error and letters above the columns
represent significance level at 0.05 using Tukey test.
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Abstract

In this research, morphological, physiological and biochemical of 6 tree species in industrial Foolad
Mobarakeh of Isfahan region at different irrigation intervals (seven, 14, 21 and 28 days) were studied
in a completely randomized design and factorial in 2019. Survival, height, diameter, crown
characteristics, photosynthesis, transpiration, stomatal conductance, water use efficiency, proline, and
whole leaf chlorophyll were evaluated. The results of comparing the means showed that with the
prolongation of irrigation cycles from once every seven days to once every 28 days, the survival rate
of species and morphological traits such as height, diameter, and crown of the species decreased.
Physiological and biochemical characteristics under the influence of species did not differ statistically
significantly, while increasing the irrigation period from seven days to 28 days showed dramatic
changes in these characteristics. Photosynthesis, stomatal conductance, transpiration, water use
efficiency and total leaf chlorophyll were highest in irrigation cycle once every seven days and
minimum once every 28 days, while leaf proline content had the opposite trend so that the lowest
amount in the irrigation cycle once every seven days and its maximum amount was observed in the
irrigation cycle once in 28 days. There was no difference between species in terms of physiological
parameters. Generally, the results showed that the species Caucasian nettle tree, chinaberry and black
locust have good performance in irrigation periods. Although it has been determined that the best
irrigation treatment is once every 7 days, but 14 and 21 days also have high survival rate and can be
used to reduce water consumption.

Keywords: Chlorophyll, Gas exchanges, Water deficit stress, Proline.
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