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Abstract

Background and objectives: The plantation of native and exotic tree species affects not
only the quantity of rainfall that passed through the leaves and branches and reached the
forest floor but also its quality significantly alters. Stemflow (SF), as the part of rainfall
that reaches the forest floor after hitting the tree canopy, plays a key role in supplying soil
moisture and nutrients. This study aimed to determine how reforestation with the exotic
loblolly pine (Pinus taeda L.) has changed the stemflow nutrient composition, compared to
natural stands of hornbeam (Carpinus betulus L.) in the western part of Hyrcanian region
in northern Iran.

Methodology: This study was conducted in Astara city, Iran, where the mean annual
precipitation is 1390 mm and the mean annual temperature is 15.7 °C. SF was sampled
during three rainfall events in the summer of 2022 from a natural C. betulus and a man-
made P. taeda stand. Rainfall was also collected. The pH and electrical conductivity (EC)
of the samples were measured, and concentrations of calcium (Ca**), magnesium (Mg*"),
potassium (K*), and sodium (Na*) were analyzed. The Kolmogorov-Smirnov (KS) test was
used to assess data normality, and a linear mixed-effects model was employed for statistical
analysis.

Results: The mixed-effects model showed that stand type had a significant effect on all
measured parameters (P < 0.05). The pH was lower in SF of P. taeda (5.4) than that of C.
betulus (6.9) and rainfall (7.1). The EC of SF was higher in both hornbeam (183 uS/cm, a
268% increase) and P. taeda (132 uS/cm, a 167% increase) compared to rainfall (50 pS/cm).
The Ca*™* concentration was higher in both C. betulus (17.8 mg/L, a 140% increase) and P.
taeda (13.9 mg/L, an 88% increase) than in rainfall (7.4 mg/L). The Mg"" concentration
showed a 26% increase in C. betulus (9.1 mg/L). The K* concentration was higher in SF of
C. betulus (30.8 mg/L, a 470% increase) than in that of P. taeda (19.8 mg/L, a 267% increase)
and rainfall (5.4 mg/L). The Na" concentration increased in the SF of both species (C. betulus:
16.8 mg/L, a 121% increase; P. taeda: 16.4 mg/L, a 116% increase) relative to rainfall. The
percentage of parameters showing significant changes compared to rainfall was 75-80% in
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the C. betulus stand and 65-70% in the P. taeda stand, whereas the difference between the
two stands was 80%.

Conclusion: Replacing natural C. betulus stands with P. taeda significantly altered SF
chemistry by increasing acidity and decreasing nutrient richness. This alteration may weaken
SF's crucial role in soil nutrition and the formation of moist, nutrient-rich islands around tree
bases. Consequently, these changes could potentially influence the biogeochemical cycle and
soil health within the Hyrcanian ecosystem.
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Table 1. A review of research studies on comparison of pH, EC, and nutrient elements of Ca*™, Mg™", K*, and Na* of stemflow compared with rainfall
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The sign 1 indicates a significant increase and | indicates a significant decrease (P < 0.05) in stemflow nutrient concentrations, pH, or EC relative to rainfall.
1 The name Cyclobalanopsis multinervis W.C.Cheng & T.Hong has been retained as reported in the cited source; it is currently treated as a synonym of Quercus hypargyrea (Seemen) C.C.Huang & Y.T.Chang.

2 The name Cyclobalanopsis oxyodon (Miq.) Oerst. has been retained as reported in the cited source; it is currently treated as a synonym of Quercus oxyodon Miq.
3 The name Cinnamomum camphora (L.) J.Pres] has been retained as reported in the cited source; it is currently treated as a synonym of Camphora officinarum Boerh. ex Fabr.
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Table 2. Climatic parameters of the study area based on data from Astara Meteorological Station (1992-2021)

Parameter Mean+SD Minimum (year) Maximum (year) Unit
Annual temperature 15.7+0.6 13.9 (1993) 17.2 (2012) °C
Annual precipitation 1390+180 872 (2007) 1939 (2000) mm

Annual relative humidity 79+3 - -
Rainy days per year 148+15 145 (1991) 154 (2011) Day
Snowy days per year 7£5 Zero (Some years) 24 (2011) Day
Annual snowfall 1620 Zero (Some years) 95 (2000) cm
Frost days per year 13£8 Zero (1998) 36 (2007) Day
Annual evaporation 873+100 - - mm
Annual sunshine hours 1871+£150 - - Hours
Prevailing wind speed 1.5+£0.5 - 35 (2000 and 2003) m/s
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Figure 2. The location of the study site in the Astara city, Gilan province, the Hyrcanian vegetation region, Iran
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Figure 3. Man-made stand of Pinus taeda L. (right) and natural stand of Carpinus betulus L. (left)
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Table 3. Characteristics of trees sampled for stemflow collection in C. betulus and P. taeda stands

Stands No. DBH (cm)
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Figure 4. Installation of the spiral type stemflow collection on trees at DBH
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Figure 6. Comparison of the mean Ca** (a) and Mg** (b) in stemflow of C. betulus and P. taeda stands with rainfall

measured in three precipitation events (July, August, and September 2022) in the west of Hyrcanian region (Astara)
Error bars show the standard deviation (SD) and dissimilar letters indicate statistically significant differences (Linear Mixed-Effects Model and
Tukey's HSD test, P < 0.05).
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Figure 7. Comparison of the mean K* (a) and Na* (b) in stemflow of C. befulus and P. taeda stands with rainfall

measured in three precipitation events (July, August, and September 2022) in the west of Hyrcanian region (Astara)
Error bars show the standard deviation (SD) and dissimilar letters indicate statistically significant differences (Linear Mixed-Effects Model and
Tukey's HSD test, P < 0.05).
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Table 4. Means of pH, EC and nutrient elements in stemflow of a natural stand of Carpinus betulus and a man-
made Pinus taeda plantation compared with rainfall using Linear Mixed-Effects Model

Parameter Rainfall (Rf)  C. betulus (Cb) P. taeda (Pt) F-value df p-value Tukey's HSD

pH 7.1+£02 6.9+0.2 54+0.1%%] F=185.32 2,45.1 <0.001 Pt<Rf=Cb

EC (uS/cm) 49.8 +25.1 183.2 £ 62.3**1  132.8 £59.4%*1 F=67.45 2,43.8 <0.001 Cb> Pt > Rf

Ca** (mg/L) 74+38 17.8 £5.9%*1 13.9 £7.5%*¢ F=28.91 2,423 <0.001 Cb =Pt>Rf
Mg** (mg/L)  7.2+48 9.1 +3.8%% 8.1+6.2 F=4.57 2,41.6 0.016 Cb > Rf

K* (mg/L) 54+32 30.8 £ 5.2*%*1 19.8 £ 7.1**1 F=142.67 2,442 <0.001 Cb >Pt>Rf

Na* (mg/L) 7.6+19 16.8 £4.3%*1 16.4 £ 6.9**1 F=35.82 2,43.1 <0.001 Cb =Pt>Rf

The red values indicate significant difference with those contained in rainfall. The sign 1 indicates a significant increase and | indicates a significant decrease (P<0.05) in
nutrient elements, pH, and EC of stemflow compared with rainfall.
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Figure 8. A graphical summary of significant changes in the chemical parameters of each stand's stemflow compared

to rainfall during three precipitation events in the summer of 2022
Red and yellow cells denote significant and non-significant changes in stemflow compared to rainfall, respectively.
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Figure 9. Graphical summary of significant differences in stemflow chemical parameters between the stands across

three rainfall events in the summer of 2022
Red and yellow cells denote significant and non-significant changes in stemflow of the two stands compared to each other, respectively.
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