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Table 1. Chemical and physical characteristics of the natural soil and biochar used in the planting pits
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Figure 1. A view of the preparation of the field for plantation with C. arizonica
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Figure 2. On the right: seedling planted on natural soil, on the left: biochar applied to the foot of the seedling
(before raking and mixing with natural soil)
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Table 2. The results of two-way ANOVA of survival and height growth of C. arizonica seedlings
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Heigh h Survival -l
! eight growt — _ urviva — Treatment
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Irrigation
3.87m 1 2.10™ 1 Sl S

Soil x Irrigation
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Figure 3. Survival and monthly height growth (mean  sd) of C. arizonica seedlings under the soil and Irrigation
treatments, Capital letters indicate significance between irrigation and rainfed treatments, regardless

of soil treatment
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Table 3. Independent t-test results of measured variables between control soil and biochar (regardless of
irrigation treatment) in C. arizonica seedlings

P sig t e &) b o s S5 -ls S i
Soil treated with biochar Natural soil variable
0.01 2.85 1.94+ 0.3a 1.1%011b (el olis)] Alale s
Height growth (cm)
0.01 2.75 4.5+0.13a 4+0.11b # 8272 722 2 daesSee T
Photosynthesis(umol. m2s?)
0.00 3.19 0.04+ 0.01a 0.03+ 0.002 b (@ 2 gy S 2 Jgo) slaijs) ol
Stomatal conduction (mol. m2s™)
0.00 36 0.85+ 0.05a 0.59+ 0.06 b (b 2 e e 2 J5) 58
Transpiration (mmol m-2s?)
0.00 2.78 0.012+ 0.001a 0.01+ 0.001 b (@ 2 e e Jge) (Shedgie ulan
Mesophilic conductance (mol m2s1)
0.00 3.59 0.45+ 0.08a 0.29+ 0.07 b (05 3 p S k) 8 JedelS
Chlorophyll a (mg g%)
0.02 2.64 0.2+ 0.05a 0.13+0.03 b (5 52 p S ske) B Jebs l5
Chlorophyll b (mg g1)
0.00 3.29 0.65+ 0.05a 0.41+ 0.04 b (05 53 P k) IS Jds )5
Total chlorophyll (mg g%)
0.03 2.46 0.22+ 0.03a 0.14+0.02 b (£ 53 5 he) 3355
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Table 4. The effect of the studied treatments on gas exchanges of C. arizonica seedlings, using two-way ANOVA

wols S s J5| wals S s & sald S ; JUEjf vald S s JE
Control Biochar | Control Biochar Control Biochar | Control Biochar

Sr sl9, Calan Fgi o
Transpiration Stomatal conductance Photosynthesis Treatr"nent
F d.f. F d.f. F d.f.
S
15.23** 1 9.88** 1 7.84 ** 1 Soil
]
7.75%* 1 0.86 ™ 1 3.05m 1 o
Irrigation
Ll x Sk 5
0.02" 1 0.03 " 1 018" 1 Sl x S e
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Figure 4. Gas exchanges (mean * sd) of C. arizonica seedlings under soil and irrigation treatments. Capital
letters indicate significance between irrigation and rainfed treatments, regardless of soil treatment
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Table 5. The effect of the studied treatments on mesophyll conductance and relative water content of

C.

arizonica seedlings, using two-way ANOVA

e Sugby Sl

shdore Coloa

s
Relative water content Mesophyll conductance >
F d.f. F af Treatment
S
2.67M™ 1 8.75%* 1 :
Soil
LT
10.24 * 1 5.52% 1 sk
Irrigation
0.01™ 1 0.91" 1 Sl x S les

Soil x Irrigation
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A I
4o 0014 | — b B
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Figure 5. Mesophyll conductance and relative water content (mean + sd) of C. arizonica seedlings under soil and

irrigation treatments. Capital letters indicate significance between irrigation and rainfed treatments,

regardless of soil treatment
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Table 6. The effect of the studied treatments on the photosynthetic pigments of C. arizonica seedlings, using

two-way ANOVA
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Figure 6. Photosynthetic pigments (mean + sd) of C. arizonica seedlings under soil and irrigation treatments
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Abstract

Introduction: Biochar, a porous carbon-rich substance, is considered a soil amendment with the
ability to preserve food and water and increase drought tolerance in plants. The present study aimed to
investigate the effects of biochar (derived from hornbeam wood and produced at a pyrolysis
temperature of 450 °C) on the survival, growth, and physiological traits of Arizona cypress (Cupressus
arizonica Green) seedlings under rainfed and irrigation conditions in a mountainous degraded forest
(Do-Ab in Savadkouh region, north of Iran).

Materials and Methods: The experiment was conducted as a completely randomized design for five
months during the dry months of spring and summer. The treatment combinations included: 1) control
soil-irrigation, 2) control soil-rainfed, 3) soil treated with biochar-irrigation, and 4) soil treated with
biochar-rainfed. Two-way analysis of variance (AOVA) was used to determine the significant effect of
the treatments, and a paired t-test was used to compare the means.

Results: The results showed that, regardless of the effect of soil treatment, irrigated seedlings had
greater survival (90%) compared to rainfed seedlings (56%). However, under rainfed conditions, the
survival rate in the biochar treatment was 75%, almost twice that of the control soil. In both rainfed
and irrigation conditions, the seedlings grown with biochar had larger sizes than those in the control
soil. Regardless of the effect of soil treatment, the rates of photosynthesis and transpiration decreased
under rainfed conditions. Similar to the irrigation treatment, the biochar treatment caused an increase
in gas exchanges (20-60%) compared to those in the control soil. Mesophyll conductance, relative
water content, and photosynthetic pigments were higher in the irrigation treatment than in the rainfed
condition.

Conclusion: To restore the degraded forests of the semi-arid mountainous regions of northern Iran
with Arizona cypress seedlings, it is recommended that in the early years, the seedlings be managed by
irrigation without applying biochar. However, under rainfed conditions, it is recommended to use
biochar to enhance seedling survival and growth.

Keywords: Cupressus arizonica, Height growth, Photosynthetic pigments, Relative water content,
Survival.
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