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The storage pool (Abbandan), as a system of rainwater catchment systems, has
many positive environmental effects and has been very important for the
agricultural life and natural resources of the northern regions of Iran. On the other
hand, soil is one of the important elements of natural ecosystems, which plays an
important role in the distribution of plants. This research was carried out to
investigate the characteristics of the soil and vegetation in the area of the storage
pool in the south of Langarud city and the heights overlooking it. Plant samples
were collected from storage pools, lowlands and plains around them, and forest
areas overlooking it during the growing season of 2022. Soil samples were also
taken from the surface horizon of different altitudes from -20 to 325 meters above
sea level (m.a.s.l.), and some of their physical and chemical properties were
measured. Of 250 plant samples collected, 146 taxa were identified, which belonged
to 60 families, 127 genera, and 146 plant species. Investigating the characteristics of
the soil and habitat of these plants shows the uniformity of the soil texture (medium
to light class) and the electrical conductivity (EC) is less than 1 dS m™. The lack of
salinity problem is due to the very humid climate and the occurrence of more than
1400 mm of annual rainfall in the region. In different altitude gradients, soil pH
ranged from neutral (6.78) to strongly acidic (4.03). The pH of the soil decreased
with the increase in altitude. The range of organic carbon was in the medium to
optimal class and the amount of N-P-K fertile elements was in the medium to rich
class. In this study, the homogeneity of many physical and chemical characteristics
of the soil, except for pH, was observed in different parts of the study area. In
general, it can be said that the soils in the study area have no restrictions for the
establishment of vegetation and the relatively high species diversity in this area
confirms this.
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EXTENDED ABSTRACT

Introduction: The storage pools (Abbandan) are small reservoirs for regulating and storing water, which play
an important role in compensating for the water shortage in parts of the paddy fields in the northern regions of
the country. In addition to being the main support of the water resources of the downstream rice fields, the
storage pools in the south of Langarud are also of considerable importance in collecting surface water and flood
reservoirs, fish farming, and also as a wetland ecosystem for tourism and the environment. ldentifying and
introducing the plants of a region has various advantages, including providing a list of plant species, increasing
information about plant geography, investigating the destructive factors on the vegetation of the region, the
effect of vegetation on preventing soil erosion, and also the wastage of running water and drains, and
maintaining soil nutrients and increasing underground water reserves. Altitude ranges, differences in humidity
and temperature along with changes in rainfall and soil conditions in different regions of the country have
caused diverse climatic conditions. The present study was conducted to identify plant species and examine their
relationship with the soil characteristics of the storage pools on the southern border of Langarud City.
Investigating the geographical distribution of plant species in this area and its relationship with soil
characteristics is necessary for a more accurate understanding of the power of the environment as well as the
management and protection of genetic resources.

Methodology: The study area is located in the south of Langarud city in Guilan province. The ombrothermic
diagram of the study area according to the 20-year statistics of the Lahijan synoptic weather station showed that,
except for the dry month of June, other months of the year are wet. The climate of the region was also
determined as very humid according to the modified Dumartin method. In this survey, the study area was
divided into four altitudinal ranges. Plant samples were collected during the growing season from early spring to
early autumn 2022 from -20 to 325 meters inside and around the storage pools, lowland and plain areas, and
mountainous forest areas. To measure the physical and chemical properties of the soil, at least one profile was
dug in each of the four elevation ranges. While recording the position and height of each profile, soil samples
were taken from the surface layer (horizon A) and were transferred to the laboratory to perform the necessary
physical and chemical tests.

Results and Discussion: Among 250 plant samples collected, 146 plant taxa belonging to 60 families, 127
genera, and 146 plant species were identified. The study of the life forms of the collected plant species based on
the Raunkiaer system showed that therophytes, hemicryptophytes, geophytes, phanerophytes, hydrophytes,
climbers, holo- and semi-parasitic life forms occur in the area. In the altitudinal ranges from -20 to 325 m.a.s.1.,
soil texture, salinity, and soil lime content are uniform. The soil pH ranged from neutral (6.78) to strongly acidic
(4.03). As the altitude increases, the pH of the soil decreases. The soil texture was in medium to light class, and
electrical conductivity was less than 1 dS m™. The small size of the study area (about 900 hectares) and the
presence of common plant species in different altitudinal ranges indicate the absence of significant differences
in soil characteristics.
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Conclusion: Correlation investigation between soil characteristics and plant indices showed that plants with
hemiparasite and floating hydrophyte (HF) life forms are associated with soil depth at 5% level and with soil
saturation percentage at 1% level. Hydrophyte plants will have optimal growth conditions in a soil moisture
saturation environment. Also, the liana life form is correlated to the amount of soil phosphorus at the level of
5%. Regarding phytogeography, a significant correlation was recognized between cosmopolitan (COS) and
pluri-regional (PL) elements with soil phosphorus content at the 5% level. Moreover, endemic (EN) plants had a
positive significant correlation with attitude and a negative significant correlation with soil pH at the 5% level.
Examining the results shows that altitude and acidity are the most important factors in the establishment of these
species, especially endemic species. The touristic nature of the region the economic exploitations and the higher
level of human interference in the downstream can be the reason for the limitation of plant species.
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Figure 1- The location of the study area in Iran, Guilan province and Langarud city
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Table 1- Geographical location of profile drilling sites and physical and chemical characteristics of soil samples in
four altitude ranges of the study area
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Table 2- Summary soil characteristics in four altitude ranges
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Table 3- The amount of organic carbon, total nitrogen and C:N ratio in four altitude ranges of the study area

s JS o3ss I oS &b piges gl el s
CN (%) (%) (%) (%)
12.3 0.2 2.46 318 200-325
13.7 0.1 1.37 120 100-200
14.0 0.1 1.4 37 10-100
12.1 0.2 2.42 -14

11.9 0.2 2.38 6 -20-10
9.6 0.4 3.82 3
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Table 4- Frequency of geographical distribution and biological forms of the species plants by soil sampling areas

GR GT He Hemiparasite Holoparasite HF HR Th Ph Liana COS EN IT ES PL SCOS E?T:; code
0 0 4 0 0 0 0 3.6 125 0 48 50 0 45 38 4 318 M3
212 0 26 0 0 0 0 7.3 583 25 238 50 0 364 189 12 120 M2
212 0 22 0 100 0 286 182 125 0 9.5 0 0 227 151 32 37 M1
364 100 30 0 0 0 143 419 125 50 381 0 50 136 414 32 -14 P
106 O 9 50 0 50 286 145 % 125 119 0 25 114 104 10 6 Al
106 O 9 50 0 50 286 145 % 125 119 0 25 114 104 10 3 A2
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Figure 6- Zoning of soil pH in the study area Figure 5- Zoning of soil organic carbon in the study area
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Table 5- Normality of data distribution using Kolmogorov-Smirnov and Shapiro-Wilk tests
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_ Kolmogorov-Smirnov? Shapiro-Wilk

et ko PTOPEMY g atistic Df Sig. Statistic df Sig.
e (Shs elisl Alt 0.295 6 0.113 0.772 6 0.033
SB o Depth 0.121 6 0.200" 0.983 6 0.964
<Y dop Silt 0.269 6 0.199 0.918 6 0.489
O o yd Sand 0.194 6 0.200" 0.944 6 0.691
ooy ey Clay 0.137 6 0.200" 0.986 6 0.979
elsl oy SP 0.324 6 0.048 0.843 6 0.139
Sk Slaogas S 4l pH soil 0.194 6 0.200" 0.968 6 0.880
SB 98 EC 0.377 6 0.008 0.784 6 0.042
S osS oC 0.254 6 0.200" 0.866 6 0.212
JS @)l aop N 0.333 6 0.036 0.814 6 0.078
yhund P 0.240 6 0.200" 0.885 6 0.294
oly K 0.333 6 0.036 0.814 6 0.078
Ppei) Cudss GR 0.194 6 0.200" 0.952 6 0.758
shad cudg; GT 0.492 6 0.000 0.496 6 0.000
Cudgin S on He 0.263 6 0.200" 0.897 6 0.356
Sl Hemipa 0.407 6 0.002 0.640 6 0.001
Qe ) S Sileles Holopa 0.492 6 0.000 0.496 6 0.000
PGl ey, cdgun HR 0.302 6 0.094 0.775 6 0.035
y9ld Casdgyius HF 0.407 6 0.002 0.640 6 0.001
Cudy s Th 0.279 6 0.160 0.854 6 0.170
0L59,Yl Liana 0.254 6 0.200" 0.866 6 0.212
Cadg il Ph 0.415 6 0.002 0.684 6 0.004
by ke COSs 0.332 6 0.038 0.842 6 0.135
Kol EN 0.407 6 0.002 0.640 6 0.001
bl STy Sy gyl IT 0.293 6 0.117 0.822 6 0.091
T P Y ES 0.277 6 0.167 0.890 6 0.316
sl PL 0.278 6 0.162 0.845 6 0.142
by Gl des SCOS 0.316 6 0.062 0.800 6 0.059

a. Lilliefors Significance Correction

*. This is a lower bound of the true significance.
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Table 6- Pearson's correlation coefficient between soil characteristics and plant indices

Property Alt Depth Sand Silt Clay SP pHsoil EC OC N P K ~GR GT Hemipa He Holopa HF HR Th ph liana COS EN IT ES PL SCOS
Alt 1
Depth -.769 1
Sand -.508 .509 1
Silt 346 -.380 -.982" 1
Clay 795 -725 -916" .825" 1
SP -367 .832" 431 -.382 -.485 1
pHsoil ~ -915° .690 .764 -.653 -.909" .396 1
EC -.256 .761 .025 .043 -167 .778 111 1
oC -159 451 .834" -882" -630 .616 .468 .289 1
-218 423 875" -917™ -677 .603 547 .149 970" 1
P -389 -.073 484 -440 -520 -478 448 -546 .013 .054 1
K 854" -676 -.052 -.127 .429 -349 -613 -338 .243 .167 -.054 1
GR -607 .072 .115 -.004 -.341 -484 480 -.291 -.334 -322 .783 -.454 1
GT -357 .076  .308 -269 -.353 -.369 .373 -.080 .108 .000 .702 .000 .773 1
Hemipa -451 .837° .613 -559 -.655 .965™ 523 .632 .686 .707 -.268 -.354 -.393 -.316 1
He -438 -144 -077 175 -.142 -652 .276 -.466 -555 -512 .762 -.393 .952™ 611 -.556 1
Holopa -160 -151 -535 580 .374 -199 .034 -.133 -.542 -.447 -315 -447 183 -.200 -.316 .244 1
HF -451 837" 613 -559 -.655 .965™ 523 .632 .686 .707 -.268 -.354 -.393 -.316 1.000” -556 -.316 1
HR -.755 .785 328 -.217 -524 696 .732 520 .315 .371 -251 -743 .060 -.083 .657 -.127  .415 .657 1
Th -662 .329 .350 -.259 -503 -.165 .638 .050 .103 .041 .609 -.356 .839" .913" -126 .640 .067 -.126 .303 1
ph .25 -544 -324 327 278 -.644 -389 -.633 -.654 -574 434 087 .261 -101 -529 519 -101 -529 -.682 -.271 1
liana -.455 164 439 -368 -537 -316 426 -.159 .059 .000 .893" -.121 .803 .868" -171 704 -434 -171 -180 .765 .236 1
COos -440 049 299 -224 -424 -463 378 -.268 -.115 -156 .907" -.162 .892" .871°  -330 .829° -.269 -.330 -.208 .784 .324 .979" 1
EN 860" -777 -434 313 639 -516 -.845" -.464 -343 -354 -038 .707 -362 -316  -500 -.121 -.316 -.500 -.919™ -.649 .689 -.171 -.146 1
IT -642 605 696 -.622 -.768 .241 .704 .320 .542 .447 533 -224 524 .800 316 .260 -.400 .316 .332 .834" -.436 .759 .662 -.632 1
ES -178 -243 -276 .356 .070 -.466 -.025 -527 -725 -581 .414 -404 456 -137 -354 .674 253 -.354 -219 -.089 .856° .196 .317 .263 -.361 1
PL -528 .087 241 -155 -395 -454 459 -218 -.138 -.180 .826" -.263 .954™ .922™  -362 .855° -.043 -.362 -.033 .908" .150 .913" .960" -.333 .693 .234 1
SCOS -557 .041 -109 .207 -.112 -409 .437 -.182 -378 -360 .406 -510 .847" .617 -424 776 617 -.424 323 .798 -.064 .422 554 -551 .349 .249 .751 1
2033 D s 33 3 sine (Siusad™ 2oy ) s 53 3 ine (Simen®*
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