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Abstract

Background and objectives: Fire is considered an ecological factor that affects most terrestrial
ecosystems. The disturbances caused by fire vary depending on the ecosystem type and fire
severity. Understanding how species respond to fire in forest ecosystems is essential for
identifying ecosystem recovery processes. Therefore, the main objective of this research was to
examine the response of Persian oak (Quercus brantii Lindl.), specifically, the characteristics of
post-fire sprouts and their diameter and height increments, to different levels of burn severity over
time following fire events.

Methodology: Three burned sites in the Zagros forests of Kermanshah Province, Iran, were
selected, each representing a different time since the last fire: 2, 3, and 5 years (treatments 2AF,
3AF, and 5AF, respectively). In each site, three continuous transects were established: one on
each margin and one through the central part of the stand, aligned with the dominant slope and
accounting for a 20-meter marginal effect. For each tree whose trunk or crown intersected a
transect, the following were recorded: species name, collar diameter, number of sprouts before
the fire, burn severity (classified as low, moderate, or high), number of post-fire sprouts, and the
diameter and height of the dominant sprouts (i.e., the thickest and tallest shoots). Burn severity
was visually assessed and categorized into three classes. To calculate the average annual diameter
and height increments, the measurements of dominant sprouts were divided by the number of
years since the fire.

Results: The results indicated that Persian oak responds to fire through resprouting, and the extent
of this response is influenced by the diameter of the burned stump and the burn severity.
Specifically, as stump diameter increases, the number of post-fire sprouts decreases. In contrast,
smaller-diameter stumps produce a greater number of sprouts. Moreover, the number of post-fire
sprouts increased with burn severity, with the highest sprouting observed under moderate and
high severity conditions. The greatest mean annual diameter increment (ranging from 9.1 to 10.2
mm/year) was found in larger stumps (diameter classes 11 and 13 cm) subjected to moderate and
high burn intensity across all areas. The median annual height increments of post-fire sprouts,
regardless of stump diameter or burn severity, were 34, 32, and 35 cm/year in 2AF, 3AF, and
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5AF, respectively. The highest median annual height increments—47, 38, and 42 cm/year in the
2AF, 3AF, and 5AF sites, respectively—were associated with high burn severity. Spearman’s
correlation test showed a weak but significant negative correlation between the number of post-
fire sprouts and the diameter of the pre-fire stump. A weak but significant positive correlation
was also found between the number of post-fire sprouts and the number of pre-fire sprouts on the
same stump.

Conclusion: The results of this study showed that Q. brantii resprouts in response to fire, and
that the number of post-fire sprouts is influenced by the diameter of the pre-fire stump and the
severity of the burn. The highest number of sprouts and the greatest height increments were
observed in areas affected by high burn severity.
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Table 1. Main characteristics of the studied treatments

Conventional ~ Firetime  Time elapsed since . . . .
Treatment - . Companion species Dominant species Aspect
territory name (year) last fire (year)
Acer monspessulanum L.-
Crataegus Spp. G Northeast
2AF Resani 2019 2 Prunus lycioides (Spach) QuerI(_:iuns dt|>rant||
C.K.Schneid - Daphne '
mucronate Royle
Prunus lycioides (Spach) Quercus brantii
3AF Beryekhani 2018 3 C.K.Schneid - Pistacia Lindl Northwest
atlantica Desf. '
5AF Totshami 2016 5 Quercus infectoria Oliv. Querﬁl;r?dt;rantu North
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Figure 1. Location of Kermanshah province in Iran (A), location of Dalahu county centre in Kermanshah
province (B), and location of the study areas (C)
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Table 2. Summary statistics of the number of post-fire sprouts in each burned stump

o Mean diameter ~ Median of Minimum Maximum  Mean diameter Mean height of
8 Number of of burned number of number of number of of dominant dominant
5 burned stumps  stump + S.E. sprouts per sprouts per sprouts per sprout+ S.E.  sprout+ S.E.
= (S.D), cm stump stump stump (cm) (cm)
2AF 178 12.6+0.2 (3.1) 45 0 325 2.9+0.2 65.9+3.6
3AF 221 13.3+0.2 (3.4) 26 0 88 4.5+0.1 103.6+3.8
5AF 214 12.74£0.2 (3.7) 15 0 64 8.0+0.2 147.3+4.3
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Figure 2. Distribution of the number of post-fire sprouts of the Quercus brantii species by diameter classes

60
5 m2AF m3AF ©5AF
=% A
3 £ 50
\ X 8
% & 40
a "'5 a
3‘ 3 g 30 B
A .,g 20 C
4,
2 L
9 8 10
o [}
>
< 0
2AF 3AF 5AF
Sl
Treatment

53 05m51 31 eslind U (65 s T 51 g o 3l 0ls e amss —¥ S
(P<e /4 0) aid b Kbe Lls sme SN suzesplis oY Csline s >

Figure 3. Results Post hoc Duncan test comparing the number of post-fire sprouts
Different letters indicate a significant difference between means (P<0.05).
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Table 3. Results Kruskal-Wallis test comparing the number of post-fire sprouts in different burn intensity classes

Test statistic 5AF 3AF 2AF
x2 48.497 60.573 62.264
df 2 2 2
P-value <0.01 <0.01 <0.01
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Figure 4. Results Dunn test comparing the number of post-fire sprouts by burn severity classes
Different lowercase letters (a, b, ¢) indicate significant differences (p < 0.05) among treatments, while different
uppercase letters (A, B, C) represent significant differences (p < 0.05) among burn severity levels.
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Table 4. Post hoc Dunn test comparing the number of post-fire sprouts in classes of burn intensity

Study area Test statistic High-Low Moderate-Low Moderate-High
z 67.5 59.757 7.743
2AF
P-value <0.01 <0.01 0.333
z 69.962 88.297 -18.335
3AF
P-value <0.01 <0.01 0.72
z 65.533 9.755 55.779
5AF

P-value <0.01 0.458 <0.01
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Figure 5. Median diameter and height increment of the post-fire sprouts in diameter classes of the stump by
different burn severity in treatments 2AF (2 years after fire), 3AF (3 years after fire) and SAF (5 years after fire)
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Table 5. Post hoc Dunn test for comparing diameter and height increment of post-fire sprouts in the burn severity classes

Burn severity

_|
@
Index & . .
:;: Low-moderate High-low High-moderate
= (Z(p-value)) (Z(p-value)) (Z(p-value))
2AF -5. . -2. . -2. .
Diameter increament 58 (p <0.01) 245 (p<0.05) 223 (p<0.05)
(mmiyear) 3AF -5.8 (p=0.053) -8.77 (p <0.01) -2.97 (p=0.302)
y 5AF -6.37 (p <0.05) -9.33 (p <0.01) -2.97 (p=0.33)
2AF -5.3 (p=0.175 -8.7 (p <0.01 -3.4 (p=0.593
Height increment P ) (b ) ® )
(cmiyear) 3AF -6.27 (p <0.05) -7.3 (p <0.01) -1.02 (p=0.714)
4 5AF non-significant non-significant non-significant
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Table 6. Correlation between pre-fire and post-fire characteristics of burnt trees in the studied treatments

Collar diameter of burned stump (cm)

Number of pre-fire sprouts per burned stump

Number of post- 2AF 3AF 2AF 3AF 5AF
fire sprouts -0.138"™ -0.275™ -0.382"" 0.293™ 0.406™ 0.370™
n=178 n=221 n=178 n=221 n=214

**: Significant at p<0.01; ns: non-significant
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