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Abstract

This study examined how strip cutting, clear-cutting, and no cutting as a control affected vegetation, natural
regeneration, biodiversity, and rangeland health in old Haloxylon aphyllum (Minkw.) Iljin stands south of
Neishabur in Razavi Khorasan. Cutting was done in 2006, and sampling took place 11 years later in 2017
using a randomized complete block design with 15 replicates per treatment. Indicators measured included
canopy and understory cover, forage yield, regeneration and mother plant density, litter percentage,
biodiversity indices (Simpson, Shannon-Wiener, Margalef), species count, and rangeland condition via the
Parker method. Results showed strip cutting had the best ecological outcomes—248 seedlings per hectare,
66% understory cover, 48.67 kg forage per hectare, and a good rangeland condition score of 44. Clear-
cutting resulted in the highest species richness with 11 species, mostly annual opportunistic ones of low
conservation value. Complete removal of H. aphyllum dramatically reduced regeneration to 92 seedlings per
hectare and lowered rangeland condition to a poor score of 25, due to increased wind erosion and
microclimate damage. The control had poor regeneration (146 seedlings per hectare) because of intense
competition among old plants, leading to a moderate condition score of 39. The Shannon-Wiener index was
highest in strip cutting at 1.91, while no significant differences were found for the Simpson index, suggesting
management impacts mainly affected less dominant species. Rangeland health showed positive trends across
all treatments. Overall, strip cutting proved most effective for restoring old H. aphyllum stands by preserving
windbreaks, stabilizing microclimate, ensuring seed sources, reducing competition, and maintaining
protective canopy cover.
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Extended Abstract

Introduction

Desertification threatens Iran's arid ecosystems by reducing vegetation, degrading soil, and increasing
wind erosion (9). Haloxylon aphyllum (Minkw.) lljin is extensively used in desertification control due to
its resilience to harsh conditions like salinity, drought, and low organic matter (21). This species helps
stabilize shifting sands, moderate microclimates, and serve as habitat for understory plants. Over 30
years, these plantations have matured into late-successional stages, showing issues such as limited
natural regeneration, declining vigor, and heightened intraspecific competition, requiring management
actions like cutting (22). The aging stands highlight the urgent need for scientific evaluation of
management strategies to sustain ecological functions over time. Studies indicate that different cutting
techniques influence ecological parameters variably. In Sabzevar, thinning old stands while conserving
seed-producing plants enhanced regeneration (1). In Isfahan, lack of intervention led to poor
regeneration and understory decline due to intense competition (22). Conversely, some research
suggests that opening shrub canopies can boost understory growth and improve soil health (27). Long-
term effects of Haloxylon plantations on soil and biodiversity are closely tied to maintaining shrub
cover; removing it may cause sustained soil degradation (15). However, few studies in Iran have
comprehensively compared long-term impacts of various cutting methods on ecological indicators in
these plantations. This research aims to assess the effects of strip cutting, clear-cutting, and no
intervention on vegetation, regeneration, biodiversity, and rangeland health in H. aphyllum stands south
of Neishabur.

Materials and Methods

The study area is situated in the Miyanjolgeh region south of Neishabur, with geographic coordinates
between 58°35'07" and 58°35'55" E, and 35°04'21" to 35°04'34" N. It features an arid climate, with an
average annual rainfall of 204.2 mm and an average temperature of 18°C (7). The soil is mainly light sandy
loam, low in organic matter, and prone to wind erosion. Research was carried out using a completely
randomized block design with three treatments and 15 replicates per treatment. Cutting was performed in
2006, and sampling occurred in 2017, eleven years later. Before cutting, the area was checked for
homogeneity in slope, soil texture, initial vegetation, and distance from waterways. Treatments included strip
cutting (alternating 50m cut and preserved strips), clear-cutting (complete removal in 100x100m plots), and
a control with no intervention. Indicators measured were canopy cover of H. aphyllum and understory
species, dry forage yield, density of natural regeneration and mother plants, litter percentage, diversity
indices (Simpson and Shannon-Wiener), Margalef richness index, total species count, and rangeland
condition and trend evaluated by the Parker method (20) and the trend-balance method (2). Data normality
and variance homogeneity were tested with Kolmogorov-Smirnov and Levene's tests. One-way ANOVA and
Duncan's test were carried out using SPSS.

Results

Analysis of variance indicated that cutting methods significantly affected most variables, except the Simpson
index. Canopy cover of *H. aphyllum* averaged 21% in clear-cut areas, which was significantly lower than
in strip cutting (41.07%) and control (42%); the latter two showed no difference. Understory cover was
significantly higher in strip cutting (66%) compared to clear-cut (43%) and control (44%). Forage production
reached a maximum in strip cutting (48.67 kg ha™'), followed by clear-cutting (28 kg ha™') and control (14 kg
ha™'). Natural regeneration was highest in strip cutting (248 seedlings ha™'), intermediate in control (146
seedlings ha™'), and lowest in clear-cut (92 seedlings ha™'). Mother plant density was significantly lower in
clear-cut (654.5 plants ha™) than in strip cutting (1480) and control (1388). The Shannon-Wiener index was
higher in strip cutting (1.91) versus clear-cut (1.75) and control (1.67). The Margalef richness index was
greatest in clear-cut (2.40), moderate in strip cutting (1.73), and lowest in control (1.12). Litter percentage
was highest in control (9%), then clear-cut (6.8%), and lowest in strip cutting (3.93%). The most species
were found in clear-cut (11 species), followed by strip cutting (9), and control (6). Rangeland condition was
rated good (44) in strip cutting, moderate (39) in control, and poor (25) in clear-cut. All treatments showed a
positive trend in rangeland condition.
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Discussion and Conclusion

Strip cutting proved to be the most effective management technique for old-aged H. aphyllum stands.
This approach maintained a protective canopy, moderated microclimate, ensured seed supply from
parent plants, reduced competition among plants, and promoted understory vegetation, forage
production, and natural regeneration. Preserving strips provided windbreak functions, decreasing wind
speed and increasing humidity—conditions favorable for seedling growth. This supports the nurse-plant
concept in desert ecosystems, where parent plants help understory species survive by regulating
microclimate and reducing evaporation (10). Research on Haloxylon plantations confirms these shrubs
create fertile islands under their canopies, enhancing soil moisture and organic matter, which leads to
increased understory coverage over time (8). In clear-cutting, removing all protective cover created open
spaces but failed to sustain stable understory cover because of higher evaporation, hotter soil surfaces,
and wind erosion. The species that established were mainly annuals and ephemeral plants. The rise in
species richness in clear-cut areas does not indicate ecological success but signals environmental
disturbance and colonization by transient species with limited long-term ecological value. This pattern
matches findings from degraded zones in Kuwait (4) and the Aral Sea region (5). In the control
treatment, non-intervention also proved ineffective for natural regeneration, due to intense competition
in old stands—highlighting that simply not intervening does not solve the regeneration challenge. The
highest Shannon-Wiener diversity index was observed with strip cutting, reflecting a good balance
between dominant and understory species. The absence of notable differences in the Simpson index
suggests dominance patterns remained stable across treatments, implying that in harsh climates,
environmental pressures outweigh management effects (24). Accordingly, strip cutting with width
customized to local wind intensity and terrain is recommended for sustainable management of these
desert ecosystems. Future research should explore how different strip widths impact microclimate and
soil long-term changes to optimize management strategies.

Keywords: Understory cover, Seedling establishment, Biodiversity indices, Desert ecosystem, Planted forest
management.

Fig 1. Overview of the study area. A: Sampling understory vegetation;
B: Establishing transects (clear-cutting treatment)
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Table 1. Analysis of variance of the studied factors

Sum of Squares  df  Mean Square F Sig.

Between Groups 4222.711 2 2111.356 57.473 .000
H. aphyllum canopy cover% Within Groups 1542.933 42 36.737

Total 5765.644 44

Between Groups 5070.000 2 2535.000 57.739 .000
Understory canopy cover% Within Groups 1844.000 42 43.905

Total 6914.000 44

Between Groups 188280.000 2 94140.000 2121.180 .000
Regeneration Within Groups 1864.000 42 44381

Total 190144.000 44

Between Groups 193.644 2 96.822 49.705 .000
Litter cover% Within Groups 81.813 42 1.948

Total 275.458 44

Between Groups 9124.444 2 4562.222 102.613 .000
Yield Within Groups 1867.333 42 44.460

Total 10991.778 44

Between Groups 6139682.500 2 3069841.250 77.069 .000
Number of mother plants Within Groups 1672963.500 42 39832.464

Total 7812646.000 44

Between Groups 071 2 .035 .684 510
Simpson's Diversity Index Within Groups 2.170 42 .052

Total 2.241 44

Between Groups 475 2 .238 12.174 .000
Shannon-Wiener diversity index Within Groups .819 42 .020

Total 1.295 44

Between Groups 12.283 2 6.142 142.219 .000
Margalef's richness index Within Groups 1.814 42 .043

Total 14.097 44

Table 2. Comparison of how various cutting methods impact vegetation cover indices and rangeland yield.

Management Treatment

H. aphyllum canopy cover%

Understory canopy cover%  Forage production (kg/ha)  Litter cover%

Clear-cutting
Strip cutting
Control

21.00+4.84a 43.00+6.67a 28.00+£6.50b 6.80+1.01b
41.07£6.67b 66.00 £6.50 b 48.67 +6.71c 3.93+0.83a
42.00+£7.28b 44.00+8.68 a 14.00+2.24a 9.00+2.04c

Mean + standard deviation of the studied factors. Letters indicate statistical groups (means were compared using Duncan's test at the

5% probability level).
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Fig 2. Canopy cover percentage of H. aphyllum and understory plants across various treatments.
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Fig 4. Count of H. aphyllum mother plants and natural regeneration across various treatments.

Table 3. Comparing how various cutting methods impact regeneration and biodiversity indices

Management H. aphyllum Mother plants per Simpson's Shannon-Wiener Margalef's
Treatment regeneration hectare Diversity Index diversity index richness index
Clear-cutting 92.00+4.72a 654.50+8.92 a 0.79+0.17 a 1.75+0.11a 240+0.26 ¢
Strip cutting 248.00 £127.64c  1480.00 +154.60 b 0.76 £0.24 a 1.91+£0.09 b 1.73+£0.17b
Control 146.00 £5.59 b 1388.00 £281.61 b 0.69+0.26 a 1.67+£0.20a 1.12+0.18a

Mean + standard deviation of the studied factors. Letters indicate statistical groups (means were compared using Duncan's test at the
5% probability level).

Table 4. List of understory plant species across the studied treatments

Clear-cutting Strip cutting Control
Peganum harmala Peganum harmala Peganum harmala
Ceratocarpus arenarius Ceratocarpus arenarius Ceratocarpus arenarius
Poa bulbosa Poa bulbosa Aeluropus litoralis
Bromus tectorum Bromus tectorum Artemisia sieberi
Malcolmia strigosa Malcolmia strigosa Ziziphora tenuior
Aeluropus litoralis Artemisia sieberi Capparis spinosa
Aegilops tauschii Ziziphora tenuior
Eremopyrum bonaepartis Stipa parviflora
Anabasis annua Teucrium polium

Chenopodium spp.
Lactuca serriola

Table 5. Indices for rangeland management across various H. aphyllum cutting treatments

Treatment Rangeland condition (score) Rangeland trend
Clear-cutting Poor (25) Positive
Strip cutting Good (44) Positive

Control Moderate (39) Positive
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Peganum harmala
Ceratocarpus arenarius
Aeluropus litoralis
Artemisia sieberi
Ziziphora tenuior
Capparis spinosa

Poa bulbosa

Peganum harmala
Ceratocarpus arenarius

Bromus tectorum
Malcolmia strigosa
Artemisia sieberi
Ziziphora tenuior
Stipa parviflora
Teucrium polium

Peganum harmala
Ceratocarpus arenarius
Poa bulbosa

Bromus tectorum
Malcolmia strigosa
Aeluropus litoralis
Aegilops tauschii
Eremopyrum bonaepartis
Anabasis annua
Chenopodium spp.
Lactuca serriola
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