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Tablel. The comparison of mean viability and decline in different afforestation types

LA VEeE o)
Afforestation type
Sl bl =515 ek res el TSN F s,
Quercus brantii Amygdalus-_ Amygo!alus mixed F test
haussknechtii arabica
©) ol 4.2a 3.24¢ 3.62b 3.29¢ 42.16%
Viability (-)
(2o,0) SaSas
7.74c 14.08a 11.27b 14.41a 12.45**

Decline (Percent)

ol ls gre BB 0.5 Baumslis alie By, tas,e A9 Gl mhaw o )‘O‘SZJ.A**
** Significant at 99% level, same letters indicate no significant difference.

sals dilaie g el glacd )0 43 Glogarls (ke dnlie @l - Joaxr

Table 2. The results of the comparison of the mean indices of diversity in different types and control area

Sl bl 51 ploly S pe ol FTESW aals F skl

Q. brantii A.haussknechtii A. arabica mixed control F
Dominance 0.318 +£0.02 0.398 +0.03 0.42+0.04 0.392 +0.04 0.354 +0.03 1.26ns
Shannon 1.294 + 0.06 1.099 + 0.08 1.04+0.1 1.141+0.09 1.31+0.06 2.00ns
Simpson 0.681 £ 0.02 0.601 + 0.03 0.579 £ 0.04 0.607 £ 0.04 0.645 + 0.03 1.26ns
Evenness 0.808 + 0.03 0.762 + 0.03 0.813 £ 0.04 0.756 +0.04 0.679 + 0.03 2.05ns
Menhinick 0.521 + 0.04ab 0.455 + 0.03b 0.436 + 0.04b 0.475+0.03b  0.625 +0.04a 3.27*
Margalef 0.842 + 0.08ab 0.705 + 0.07b 0.631 +0.07b 0.794 + 0.06b 1.04 + 0.08a 4.13**
Fisher alpha  1.105+0.11ab 0.924 + 0.09b 0.842 + 0.09b 0.967 + 0.08b 1.38+0.11a 4.14%*
Berger-parker  0.429 +0.02 0.522 £ 0.03 0.545 + 0.05 0.512+0.05 0.513+0.03 1.09ns

M 09 Boimsylis dolie Bgym o cime WS 1505 NS tous,0 A0 liabsl o 40 o gime * 1o )0 A4 ylicedsl o o jlo ™™

el Sl pe

** Significant at 99% level, * Significant at 95% level and ns No significant difference. Same letters indicate no significant

difference.
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Table 3. Analysis of variance (mean of squares) of soil variables in different afforestation types and two soil depths

SE et
L R A L
variance df PH() (dsm2) ~ O.C(%) (0/%)' N %)  (mgkg-l)  (mgkg?)  Bd el
E.C (gr/cm3)
T(;:);r) 4 0027 0004 078 2128  0029°  8549® 2148" 006"
é?;ou&:) 10 0.003 0.22 1031 0018 50.48 2.804 0.036
Sgsth&k;) 053" 0054” 0.16™  188.12"  0004™ 43484 0.22rs 0.029™
D gests 4 0012 0002® 0222  2881™ 0005  87.54™ 123 0.046"
érBrz)lrJ(“;) 10 0.002 0278 3567 0001 26.95 491 0.033

Skl glages 5 6, Glaces b bLS,T o (S s slojisits jloas olttl £ (52800 dylie ¥ Joor
Table 4. Comparison of mean + standard error of different soil variables in relation to afforestation types and

different soil depths

SEpite Gl SB Ges Snl bk S plob el =515 el el
Soil soil depth Quercus Amygdalus mixed Amygdalus Control
variable cmy brantii arabica haussknechtii
0-5
0 i 515 74+0.11a 768+0.08a  7.45%0.07a 752 +0.1a 7.56 + 0.17a
. 55 oS 7.72+£004a  7.82+006a  7.83+0.06a 7.8 +0.05a 7.77 £ 0.04a
pH() = 756+£008  7.75+0.05a  7.64 +0.09 7.66 + 0.08a 7.67 +0.09a
Total mean
0-5
sSrsl colae 5-15 0.21 + 0.04a 0.15+0.02a  0.26 = 0.04a 0.19 + 0.01a 0.27 £ 0.07a
simd) 5 oS 0.14+0.02a  011+0.00a 0.13+0.0la 0.13 £ 0.01a 0.13 + 0.00a
EC o 0.17+0.02a  013+0.02a 0.19+0.03a 0.16 + 0.01a 0.2 + 0.04a
: Total mean
0-5
0 s 515 1.74+0.15b  245+007a 2.63+0.22a 2.83 +0.19a 2.99 + 0.28a
P 5 oS 2.01 + 0.52a 22+046a  2.75%0.22a 2.67 £0.17a 2.26 + 0.26a
0.C (%) o 1.88+0.24b  2.33+02lab  2.69 +0.14a 2.75 +0.12a 2.62 +0.23a
Total mean
. 0-5
elesl Cusb, 515 58.81 +2.66a 54.31+2.37a 63.56+257a  59.00£576a  57.03 + 4.43a
) 5 oS 52.73+1.74a 53.85+0.97a 5408+214a 50.34+288a  56.68 +0.74a
SP (%) o 55.77 + 1.96a  54.08 + 1.15a 58.82+259a  54.67 £3.47a  56.86 + 1.19a
Total mean
0-5
) cita i 5-15 0.18£0.03c  0.24+0.0lbc 029+0.02ab  028+002ab  0.34+0.03a
NU)O’/“‘ 5 oS 023+003a 023+003a 0.28+0.0la 0.26 + 0.01a 0.22 +0.01a
(%) =5 02+0020  023+00lab 028+00la  027+00la  0.28+0.03a
Total mean
L 0-5
N 515 264%427a) 2326+123 =278 3728+202a  38.68+3.18a
(Mgr-xkg™ 55 5k 2191+307a 274742668 1g,94 178, 2343%t48a  2483+432
K (Mg.kg O 2415+256a 2537+ 161a 5,0, 36y,  30.36%387a 3175+ 39la
h Total mean 40 T 3.028
oL 0-5
mg.Kg) aus 515 3.41 + 1.04b 34+150h  3.41+1.04b 7.29 + 0.82a 2.50 + 0.22b
¢ 55 oS 3.64 +1.2a 46+198a  1.82+045b 6.60 + 1.26a 2.05 + 0.78b
1 N 353+0.7lb  400+1.16b  2.39+0.49 6.94 + 0.69 2.27 +0.38b
P (mg.kg™) Total mean @
S 0-5
“’/::ms “”fb 515 128+0.08a  143+0.03a  1.49+0.03a 1.22 +0.22a 1.46 + 0.14a
@M » 55 oS 158 +0.04a  149+0.02a 157 +0.03a 1.30 + 0.11a 1.27 +0.13a
B. density = 143+008a  146+0.02a 153+0.02a 1.26 +0.11a 1.36 + 0.09a
o (gricmd) Total mean

ol Sl g WS 055 (Slaedy S it SoeS By > a2 00
Different lower-case letters (i.e. a, b) in the rows mean significant difference (P<0.05) amongst forest types.
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Table 5. Variance analysis (mean of squares) of different classes of soil aggregates in afforestation types and two

soil depths
o ¥ 3l i YOI S OF -+ /YO oYl S
Source of 5 sl s
variance W ol drs 2 mms Aol Socles ol
0.25-0.2 mm 0.053-0.25 mm 0.053 mm>
M s 4 20.36" 84.751™ 131.54™ 34.38"
Type(T)
@ > 10 11.12 36.78 54.61 12.41
Error(a)
D -
B) Ges 1 142.05" 14.28™ 60.247 344,01
Depth(D)
THD ac s 4 39.93 104.33™ 32.354m 25,41
® L 10 13.22 27.56 15.78 49.87
Error(B)
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Table 6. Comparison of mean + standard error of different classes of soil aggregates in relation to afforestation

types and soil depths

(o il S g ¢ ]
) JM“S‘J_ S Sl Lok ol el S plb sl sals
Aggregate size soil depth Quercus brantii Amygdalus Amygdalus mixed Control
cmy haussknechtii arabica
Vol i 05
g 545 2007 +257a  2641+233a  2164+20la  2837+503a 2422+ 118a
2 mm< 55 oSl 2302+486a  21.49 +096a 196 + 1.07a 196 + 1.07a 18.15+ 3.18a
aggregate Total mean 2154 +26a 2395+149  2062+112a  23.99+29a 21.19+ 1.94a
< IYO-Y 0-5
) 545 2355+179 3843+ 16a 3041+2420  2667+396b  27.74+2.16b
o P 3134+179%b 2885+327hc  3556+044a 3206+ 176bc  24.97+ 102
0.25-2 . 2744+188bc  3364+247a  3298+15ab  2936+225abc 2635+ 1.39c
Total mean
05
EACARALY 515 2365+144a  2146+05a  1619+352b  21.24+37a  10.07+098b
Jiade 5 S 4176+135c  2065+15la  1516+175bc  17.91 +0.92ab 11.84+09¢c
0.053-0.2 mm Total men 192+191ab  21.05+075a  1567+183b 1957 + 1.87ab 10.96+ 0.7¢
oOF 5 S 05
i 545 2522+071bc  3094+106a  29.25+038ab  25.88 + .2hc 22954 1.97¢
Focshe 5 sk 1765+228a  2276+29a  2076+17la  2076+085a  23.02+287a
0.053 mm> i 2143+18la  26.85+212a 25 + 1.66a 23.32 + 1.46a 2299+ 161a
aggregate Total mean
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Different lower-case letters (i.e. a, b) in the rows mean significant difference (P<0.05) amongst forest types
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Table 7. Variance analysis (mean of squares) of weighted mean, geometric mean, fractal dimension of soil
aggregates, and carbon segestration in afforestation types and two soil depths sampling

SOUMCE OF ,ois e olyl iy I 9 Ol A8 it eile Jis1 3 o G5 e
variance df (MM) Lalas (MM) lealas > fractal (Mg ha'ly
MWD(mm) GMD(mm) dimension carbon sequestration
(T) s e . o
T 4 1.02 0.321 1.04 2569.10m
Type(T)
(@) U 10 0.045 0.007 0.02 1530.1
Error(a)
D) 5o o - o
0.779 0.04m 0.171 68927.17
Depth(D)
T*D Gessteus 4 0.029ms 0.002ms 0.008™" 1053.23™
B) s
10 0.522 0.12 0.13 18176.41
Error(B)
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Table 8. Comparison of mean + standard error of weighted mean, geometric mean, fractal dimension of soil
aggregates, and carbon sequestration about afforestation types and soil depths

i (e sile) Sl bk wa‘)‘ et S pez Pl wied] sals
variable sm(l;i:gﬁh Q. brantii haussknechtii A. arabica mixed Control
59 CuSilee §
ot ;:’ e oo 0.73+016b  127+0la  05:013p  137+0lla 0.65 + 0.07b
JS oeSilee 0.35 £ 0.04b 1.02 £ 0.06a 0.38 £ 0.11b 0.95 +0.05a 0.42 £ 0.04b
(mm) Tot |~ i 0.54 £0.1b 1.15+0.07a 0.44 £ 0.08b 1.16 + 0.09a 0.53 + 0.05b
MWD(mm) otal mean
KT <{ 00N -
o J[:; oo 058+005b 098+005a  05+005b  0.84+0.05a 0.52 + 0.05b
U5 oSils 0.48 £ 0.02b 0.83 + 0.06a 0.6 £ 0.03b 0.81 + 0.03a 0.39 + 0.02c
(mm) Tot |~ ) 0.53 £ 0.03b 0.91 + 0.04a 0.55 + 0.03b 0.83 + 0.02a 0.45 +0.3b
GMD(mm) otal mean
JusT,8 as 50__155 2.8 £ 0.04a 2.38 £ 0.05b 2,57 +£0.01b 2.29 £ 0.04b 2.78 £ 0.04a
fractal U5 oSilee 2.96 + 0.08a 2.47 + 0.05c 2.62 £ 0.02b 2.36 £ 0.03c 2.85 + 0.03a
dimension Total "me'én 2.88 = 0.04a 2.43 = 0.03c 2.6 £0.01b 2.32 £ 0.03c 2.82 £ 0.02a
S s 05 255+136b  *11.67ab * 5. Sab * 50dab
(Mg C ha'ly 5-15 *19.17a 5168 +19.33 +32.79% 68.61 % 23.15a
Carbon U5 Sl 116.83 158.4 + 41.3a 122.7 191,61 133.8 + 36.32a
arbon - +22.15a + 30.56a . ’ 101.2 £ 24.15a
sequestration Total mean 7116 105.08 t82201315a tlgi.gga
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Different lower-case letters (i.e. a, b) in the rows mean significant difference (P<0.05) amongst forest types
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Abstract

Introduction: Afforestation is one of the most commonly used techniques to prevent soil degradation and
restore the ecological integrity of disturbed ecosystems. Tree species affect the availability of nutrients and
biochemical composition of organic matter inputs to soil and have different effects on its aggregation. The
current study assesses the effects of pure and mixed afforestation types on the quantity and quality of vegetation,
soil carbon sequestration, aggregate stability, and some other soil properties on Bar Asman, Ilam.

Material and Methods: In this, research a split-plot experiment based on completely randomized design with
three replications was used. Afforestation types included Quercus brantii Lindl, Amygdalus arabica Olivier.,
Amygdalus Haussknech Bornm., mixed afforestation type, and control region. Plots (30*20 m) were set up to
conduct tree inventory, and four (1*1 m) plots were conducted in each plot to record herbaceous plant species,
and sampling of soil was done from the depths of 0-5 and 5-15 cm to measure soil properties. Plant richness and
diversity were measured with Shannon H, Simpson 1-D, Fisher alpha, Margalef, and Menhinick indices. The
ratio of aggregate size, the mean weight diameter (MWD) of aggregates, the geometric mean diameter (GMD) of
aggregates, the fractal dimension, and carbon sequestration were compared among afforestation types and soil
depths. LSD's test did multiple comparisons among afforestation types.

Results: Our results revealed that the Q. brantii afforestation type had a significantly higher viability, Margalef,
Menhinick, Shannon H, Simpson 1-D, Fisher alpha, and the lowest percent of decline (p<0.05). Based on the
results, the afforestation types factor produced significant effects on soil organic carbon, nitrogen, and
phosphorous. On the other hand, the soil depth factor affected soil EC, pH, SP, and potassium. The results also
showed the highest amount of 0.25-2, 0.053-0.25 and < 0.035 mm aggregates in the Zagros almond type, and the
lowest in this regard was found in the control area. The highest amount of soil aggregate regarding MWD, GMD,
fractal dimension, and carbon sequestration were documented at Zagros almond and mixed afforestation types.
Conclusion: In general, it can be expressed Q. brantii has been more successful than other species in terms of
qualitative and quantitative traits and the impacts on vegetation diversity of habitats. The greater concentration
of MWD, and GMD in Zagros almond and mixed types than other types may originate from greater amounts of
organic carbon accumulation and aggregate size in these types. Our results showed the positive and substantial
effects of afforestation with Q.brantii in terms of herbaceous layer and Zagros almond on the soil SOC and
aggregative size. It can be confirmed that this species had great potential in improving aggregate stability and
enhancing soil structure. Overall, afforestation with two species of Persian oak and Zagros almond as pure and
mixed types is suggested based on the findings of this study.

Keywords: Afforestation, Geometric mean of diameter of soil aggregate, Litter, Weighted mean of diameter of
soil aggregate, Vegetation.
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