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Abstract. Agroforestry systems play a vital role in mitigating climate change impacts,
especially in vulnerable regions like southeastern Romania, where drought significantly challenges young
forest stands. In 2023, twenty 24m x 24m plots were established in HortiNova Nursery, located in Carcea,
near Craiova, Dolj County, combining forest species and agricultural crops. In two of these plots the
combination between white poplar (Populus alba L.) and strawberry was introduced. This study aimed to
assess the survival rate of the planted white poplar seedlings and their growth in heigh and collar
diameter in the first year after planting. Additionally, climatic data (temperature, relative humidity, and
precipitation) were collected using six HoBo sensors (Onset Computer Corporation) and one iIMETOS
3.3 data logger. Soil analyses were conducted by the Dolj Office of Pedological and Agrochemical
Studies. Out of the 144 white poplar seedlings, only 3 failed to survive, resulting in a survival rate of
97.9%. The shortest young tree measured 1.42 m, whereas the tallest one reached 3.34 m. The smallest
collar diameter was 0.72 cm, while the largest was 6.12 cm. These findings indicate that the young white
poplar trees exhibited strong growth and adaptability, contributing to their success in an environment
with poor soil quality and minimal rainfall. In the face of rising temperatures and decreasing rainfall,
white poplar remains a viable option for establishing both traditional forestry cultures and innovative
agroforestry systems, especially in regions with poor forest land, such as Dolj County.
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INTRODUCTION

Agroforestry systems are receiving growing global attention due to their various
benefits for both landowners and the environment (BUDAU et al., 2023; ENESCU & CARADAICA,
2023; KALA, 2024), protective forest shelterbelts being one of the most common agroforestry
systems worldwide and especially in Romania (ENEScuU, 2024). These systems have been
utilized for a long time, with the traditional concept and knowledge of integrating trees into
farming being passed down through generations (PAUDEL & SHRESTHA, 2022).

Various tree species have been incorporated into agroforestry systems, with only a
few examples involving poplars. One such example highlights the benefits of combining poplar
(Populus nigra 62/154 clone) with alfalfa (Medicago sativa L.), particularly due to alfalfa's
importance as livestock feed. Furthermore, mixed cropping is valued for its ability to increase
productivity, provide a primary source of income for farmers, and improve soil fertility,
positioning it as a promising strategy for agroforestry (HENAREH et al., 2025).

Black poplar (Populus nigra L.) and white poplar (Populus alba L.) are among the
most widely planted tree species worldwide due to their exceptional adaptability. In Hungary,
for instance, poplars (Populus sp.) and black locust (Robinia pseudoacacia L.) are key species
in reforestation and afforestation projects (MULYANA et al., 2024). In Italy, since the early
2000s, numerous forestation initiatives have been undertaken in the floodplains of the Po River
to restore abandoned or damaged riverbanks and establish natural populations of black poplar
for species conservation and future seed collection (CANTAMESSA et al., 2024). In Ukraine,

white poplar stands hold significant ecological and economic value (VYSOTSKA et al., 2021). In
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Egypt, poplars have shown promise as woody trees suitable for cultivation on desert soils
under arid conditions, with good quality wood production confirmed (HASSAN et al., 2021).
Additionally, several afforestation projects in China have focused on loess soils (JIANG et al.,
2019) and ecological restoration efforts (Wu et al., 2021).

Romania has significant experience in using poplar species for afforestation and
ecological restoration of forest ecosystems impacted by various factors, including landslides
(CONSTANDACHE et al., 2019). Additionally, poplars have been employed in the afforestation
of sandy soils in the southern part of the Oltenia Region (ENEScU, 2019).

White poplar is highly valued for its rapid growth, broad genetic diversity, and ability
to produce coppice, making it suitable for various uses (KINDIE & BEKELE, 2024), including
the international efforts of carbon sequestration (SOHRABI et al., 2015). Native to riparian
steppe and coastal forest ecosystems in central and southern Europe, it spans a wide
distribution range, from North Africa to Poland and from the Iberian Peninsula to western
Siberia and Central Asia (CAUDULLO & DE RIGO, 2016). In some regions, its wood is
effectively used as firewood (GRIU & LUNGULEASA, 2016). White poplar is resilient to both
abiotic and biotic stress, making it well-suited for afforestation efforts in response to shifting
climatic and environmental conditions (UzAN EKEN et al., 2024) or for afforestation of salty
soils (BERITOGNOLO et al., 2007). Its litter positively influenced soil properties related to the
nitrogen cycle, even in trace element-contaminated soils, highlighting the importance of litter
in forest ecosystems. It was reported that its litter increased the availability of Cd and Zn in
acidic soils but had minimal impact on neutral soils (CIADAMIDARO et al., 2014). Additionally,
white poplar leaf extracts have therapeutic properties (ABO-ELMAATY et al., 2024). In
Romania, recent studies have identified primarily polyphenolic compounds, such as phenolic
acids and flavonoids, secondary metabolites known for their antioxidant properties, which are
particularly beneficial in combating oxidative stress disorders (GALATANU et al., 2025). Its
presence in Romania is further emphasized by the names of over 30 localities derived from the
Romanian word "plop," meaning poplar in English (SiMON et al., 2018).

The aim of this study was to assess the survival rate and the increment of white poplar
seedlings in an agroforestry system established in HortiNova Nursery.

MATERIAL AND METHODS

The experimental plot is in Carcea, near Craiova (Dolj County; 44°16'53.6"N,
23°55'37.7"E), within the HortiNova nursery, a private company (Figure 1). The total area of
1.15 hectares was divided into 20 square plots with sides of 24 m, each containing a unique
combination, as follows: plot no. 1 — tiny forest, with a combination of more than 15 tree and
shrub species, plot no. 2 — pedunculate oak (Quercus robur L.), red oak (Q. rubra L.), Turkey
oak (Q. cerris L.) and sessile oak [Q. petraea (Matt.) Liebl.], plot no. 3 — raspberry (Rubus
idaeus L.), plot no. 4 — vegetables, plot no. 5 — Turkey oak, plot no. 6 — vegetables, plot no. 7 —
white poplar with strawberry (Fragaria spp.), plot no. 8 — blackberry (Rubus fruticosus L.),
plot no. 9 — white poplar with strawberry, plot no. 10 — red oak with Siberian elm (Ulmus
pumila L.), plot no. 11 — oaks with wild privet (Ligustrum vulgare L.), plot no. 12 — red oak,
plot no. 13 — sessile oak with field maple (Acer campestre L.) and honey locust (Gleditsia
triacanthos L.), plot no. 14 — red oak and dogwood (Cornus sanguinea L.), plot no. 15 — oaks
with Sycamore maple (Acer pseudoplatanus L.), plot no. 16 — maize (Zea mays L.), plot no. 17
— red oak and green ash (Fraxinus pennsylvanica Marsh.), plot no. 18 — oaks and mulberry
(Morus alba L.), plot no. 19 — maize and plot no. 20 —linden (Tilia cordata Mill.), rose hip
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(Rosa canina L.) and oak. So, two plots were dedicated to the combination of white poplar and
strawberries. The seedlings were locally grown and planted on November 26, 2023 (Figure 2a).
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Figure 1. The 20 experimental plots established in HortiNova Nursery (Source: Google Earth)

Each of the two plots consisted of 6 rows of white poplar, with 24 seedlings per row,
spaced 4 meters apart between rows and 1 meter between seedlings within a row. Strawberries
were planted between the white poplar rows on the same day, with a spacing of 50 cm between
each plant. Additionally, in plot no.7, an irrigation system was installed on July 6, 2024, on
row no. 2 and on 4 out 5 rows with strawberries, and a quantity of 36 cubic meters of water
was distributed on each row until the end of August 2024 (Figure 2b).

igure 2. Da ofplantlng a nd day when the |rr|gion stem Ws installed (b)
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Climatic data was collected using six HoBo sensors and iMETOS 3.3 data logger.
HoBo 1 was installed in plot no. 1, HoBo 2 in plot no. 3, HoBo 3 in plot no. 6, HoBo 4 in plot
no. 9, HoBo 5 along the irrigation system, located in the proximity of the experimental plots,
and HoBo 6 near plot no. 7.

In this survey, temperature (°C) and relative humidity (%) data, recorded every 30
minutes by the HoBo 6 sensor, were compiled from April 1 to September 15, 2024, using
Microsoft Office Excel. Each HoBo sensor (model U23-001A Data Logger U23 Pro v2
Temperature/Relative Humidity) was positioned 1.5 meters above the soil surface.

The IMETOS 3.3 data logger was positioned near the experimental plots, 10 meters
from plot no. 3.

Soil analyses were carried out in plots no. 2 and 5 by the Dolj Office of Pedological
and Agrochemical Studies, measuring pH (soil reaction), humus content (%), total nitrogen
(%), as well as phosphorus (P) and potassium (K) levels (ppm).

On March 6, 2025, the height and collar diameter of the seedlings in plot no. 7 were
measured. The height (H, m) was recorded using a telescopic measuring rod (Figure 3a), while
the collar diameter (D, cm) was measured with a digital caliper (Figure 3b). The mean,
minimum, maximum values, standard deviations, and coefficient of variation were calculated
using Microsoft Excel.

For half of the seedlings the artificial pruning was performed in order to monitor the
potential growth of the young trees in 2025 growing season, in comparison with the trees that
were not pruned (Figure 3c).
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Figue 3. Measuring the height (a), the coIIa diameter (b) a performing artificial runlng (c)

RESULTS AND DISCUSSIONS
Of the 144 white poplar seedlings, only 3 did not survive (marked with x in Table 1),
resulting in a survival rate of 97.9%. Table 1 provides the recorded values for the height (in
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cm) and collar diameter (in mm) of each young tree. The shortest young tree measured 1.42 m,
whereas the tallest one reached 3.34 m. The smallest collar diameter was 0.72 cm, while the

largest was 6.12 cm (Table 1).

Height (H) and collar diameter (D) of the 144 planted seedlings ravte
2 Row 1 Row 2 Row 3 Row 4 Row 5 Row 6

= H D H D H D H D H D H D
(m | (em) | (m) | (cm) | (m) | (cm) | (m) | (cm) | (m) | (cm) | (m) | (cm)

1| 242 3.82 3.02 6.12 2.20 4.62 2.32 4.53 2.62 3.92 2.32 3.82

5| 213 | 392 | 212 | 342 | 232 | 502 | 224 | 321 | 203 | 274 | 212 | 322

3 | 254 4.22 2.24 3.54 242 3.92 2.05 3.02 1.83 1.63 1.93 3.65

4| 234 | 464 | 289 | 432 | 234 | 342 | 245 | 331 | 225 | 321 | 205 | 282

5 | 1.67 0.72 2.53 4.92 2.18 3.52 2.42 4.93 2.32 412 1.62 2.43

6| 208 | 310 | 214 | 322 | 226 | 342 | 192 | 432 | 252 | 424 | 203 | 283

2| 203 | 162 | 226 | 362 | 230 | 322 | 232 | 436 | 2.64 | 423 | 205 | 353

g | 230 2.83 1.62 0.83 244 3.74 2.84 3.82 2.55 3.32 2.04 2.34

9| 242 | 360 | 242 | 552 | 222 | 334 | 273 | 3.94 X X 211 | 284
10 | 254 4.32 2.35 3.92 1.94 1.82 2.22 3.52 1.92 2.84 1.94 3.03
11 | 252 | 222 | 240 | 470 | 242 | 414 | 172 | 142 | 1.84 | 315 | 192 | 234
12 | 2.58 4.62 2.32 2.92 244 3.22 2.06 3.62 2.73 2.23 1.94 2.54
13 | 260 4.08 2.74 4.02 2.32 2.92 2.03 3.84 243 3.54 1.82 1.93
14 | 269 | 412 | 294 | 404 | 272 | 432 | 223 | 412 | 218 | 285 | 222 | 3.03
15 | 262 3.84 2.78 5.05 2.52 3.44 2.32 3.63 321 5.32 2.32 3.73
16 | 230 | 403 | 242 | 493 X X 284 | 394 | 3.06 | 457 | 214 | 4.03
17 | 1.68 3.08 3.32 4.48 254 4.22 2.14 3.45 3.04 3.82 212 3.74
18 | 230 | 204 | 334 | 522 | 302 | 412 | 283 | 395 | 242 | 413 | 283 | 413
19 | 194 | 472 X X 320 | 525 | 254 | 357 | 1.72 | 332 | 213 | 3.94
20 | 182 212 2.74 4.24 3.05 5.02 2.12 2.94 2.30 4.07 2.64 3.75
21 | 220 | 152 | 244 | 352 | 254 | 364 | 252 | 336 | 212 | 263 | 203 | 321
20 | 2.34 5.22 2.52 3.64 2.62 4.62 2.03 1.93 1.96 2.52 2.04 2.94
23| 208 | 354 | 246 | 362 | 254 | 327 | 212 | 234 | 214 | 273 | 143 | 142
oq | 194 | 172 | 186 | 170 | 212 | 183 | 142 | 072 | 165 | 153 | 145 | 1.23
Mean | 225 | 332 | 252 | 3.98 | 246 | 3.83 | 227 | 341 | 233 | 333 | 205 | 302
Min | 167 | 072 | 162 | 083 | 1.94 | 182 | 142 | 072 | 165 | 153 | 143 | 1.23
Max | 269 5.22 3.34 6.12 3.20 5.25 2.84 4.93 321 5.32 2.83 4.13
sp | 0.30 121 0.42 1.17 0.30 0.80 0.35 0.98 0.43 0.94 0.31 0.80
(C(VZ; 132 | aeaz | 150 | 2049 | 2% | 2002 | 153 | 2m76 | 13° | 2800 | 130 | 2638
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The maximum mean values for both height and collar diameter were recorded for the
seedlings from row no. 2, where the irrigation system was installed. The mean values were
2.25 min height and 3.98 cm in collar diameter, respectively.

In 2024, the total recorded precipitation amounted to 238.8 mm. Almost half of the
total rainfall occurred in the last three months of the year. During the specified period,
temperatures ranged from 1.65°C to 39.13°C, with an average of 21.89 + 7.23°C. As for
relative humidity (RH), it fluctuated between 17.95% and 88.53%, with an average of 54.50 =
17.47%.

Soil analysis results are presented in Table 2.

Table 2
Soil analysis results
Humus o
Plot pH %) N (%) P (ppm) K (ppm)
2 5.83 3.16 0.16 66 242
5 5.75 2.76 0.14 20.8 246

These results indicate poor soil quality, as the ideal pH range is between 6.0 and 7.5.
According to the Romanian Methodology for Soil Studies (FLOREA et al., 1987), the humus
content is low, the nitrogen (N) content is moderate, and the phosphorus (P) and potassium (K)
contents are moderate to high.

CONCLUSIONS

These findings suggest that the white poplar young trees demonstrated robust growth
and adaptability, which contributed to their success in an environment marked by poor soil
quality and a very low amount of rainfall.

The growth in both height and collar diameter was greater in the irrigated cases
compared to those where no irrigation was applied.

In the current climate, characterized by rising temperatures and decreasing rainfall,
white poplar continues to be a viable option for establishing both traditional forestry cultures
and innovative agroforestry systems, particularly in areas with poor forest land, such as Dolj
County.

Agroforestry focusing on white poplar could be beneficial in the southern part of
Oltenia region prone to high soil erosion and desertification, particularly given the
effectiveness of its cover management in reducing erosion rates.
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