
ANNAL I  DI  BOTANICAANNAL I  DI  BOTANICA
C O E N O L O G Y  A N D  P L A N T  E C O L O G YC O E N O L O G Y  A N D  P L A N T  E C O L O G Y

Dipartimento
 di Biologia Ambientale

ANNAL I  DI  BOTANICA

Vo l u m e  1 5 ,  2 0 2 5Vo l u m e  1 5 ,  2 0 2 5

Pietro Romualdo Pirotta, founder, 1884Pietro Romualdo Pirotta, founder, 1884

Publ i shed in  Rome ( I ta l y )Pub l i shed in  Rome ( I ta l y )

ISSN 0365 -0812  ISSN 0365 -0812  (pr in t )(pr in t )

ISSN  2239 -3 129ISSN  2239 -3 129 (on l i ne)(on l i ne)

Vo l u m e  1 5 ,  2 0 2 5Vo l u m e  1 5 ,  2 0 2 5
VV
oo
ll
uu
mm
ee

1515

22
00
22
55



Editor-in-Chief: Fabio Attorre (Rome, Italy)

Associate Editors: Cesare Manetti, (Rome, Italy), Donatella Magri (Rome, Italy), Fausto Manes (Rome, 
Italy), Giulia Capotorti (Rome, Italy), Giuseppina Falasca (Rome, Italy), Laura Sadori (Rome, Italy), 
Marcello Vitale (Rome, Italy), Michele De Sanctis, (Rome, Italy)

Assistant Editors: Andrea Bonito (Rome, Italy), Carlo Fratarcangeli (Rome, Italy) Clelia Palanza (Rome, 
Italy), Elisabetta Scio (Rome, Italy), Flavia Calò (Rome, Italy), Flavio Tarquini (Rome, Italy), Francesco 
Buttarazzi (Rome, Italy), Lorenzo Caucci (Rome, Italy), Vito Emanuele Cambria (Rome, Italy)

Editorial Board: A. Pignatti (Rome, Italy), A. Valletta (Rome, Italy), C. Blasi (Rome, Italy), C. Ricotta 
(Rome, Italy), C. Toniolo (Rome, Italy), C. Bonomi (Trento, Italy), D. De Vita (Rome, Italy), D. A. Walker 
(Fairbanks, United States), E. Salvatori (Rome, Italy), E. Bergmeier (Göttingen, Germany), F. Della 
Rovere (Rome, Italy), F. Selvi (Firenze, Italy), F. Bussotti (Firenze, Italy), F. Loreto (Rome, Italy), G. 
Lorenzini (Pisa, Italy), G. Bedini (Pisa, Italy), G. Zurlini (Lecce, Italy), G. Scarascia Mugnozza (Viterbo, 
Italy), I. Fusaro (Teramo, Italy), J. Ewald, Hochschule (Freising, Germany), L. Mucina (Perth, Australia), 
L. Malatesta, (Rome, Italy), P. Dimopoulos, (Patras, Greece), R. Venanzoni (Perugia, Italy), S. Fares 
(Rome, Italy), S. Mereu, (Sassari, Italy), W. Willner (Wien, Austria), Z. Botta-Dukát, (Vácrátót, Hungary)

Mission and scope

Annali di Botanica is an International Journal which dates back to 1884, when Pietro Romualdo Pirotta, 
Professor in Botany at the University of Rome, founded the Journal under the name “Annuario del 
Regio Istituto Botanico di Roma” (1885-1901), which was later changed in 1902 to its present name.
It is published by Sapienza University of Rome.
The Journal publishes original peer-reviewed papers and reviews on all aspects Agrobiodiversity and 
Agroecology, Archaeobotany, Biodiversity and Ecosystem services, Botanical Gardens, Ecological 
restoration and Nature based solutions, Ecophysiology, Ethnobotany, Flora and Vegetation, In and ex situ 
Biodiversity Conservation, Mycology, Plant communities, Plant Ecology, Phenology, Phylogeography, 
Phytogeography, Paleobotany and Paleoecology, Phytochemistry, Taxonomy.
In addition to original Research Articles, “Notes” are also encouraged. The Journal publishes also peer-
reviewed papers as proceedings of workshops and conferences. Special issues or issues dedicated to 
specific topics are also guest-edited. Please contact the Editors if you are interested in developing a 
special issue. There are no page charges.

Manuscripts should be submitted online through the Journal website: https://annalidibotanica.uniroma1.it
Support Contact: annalidibotanica@uniroma1.it
Journal online version: https://annalidibotanica.uniroma1.it
JCR Impact Factor 2024:  1.0

ANNAL I  DI  BOTANICA
Coenology and Plant Ecology



ANNAL I  DI  BOTANICAANNAL I  DI  BOTANICA
C O E N O L O G Y  A N D  P L A N T  E C O L O G YC O E N O L O G Y  A N D  P L A N T  E C O L O G Y

Dipartimento 
 di Biologia Ambientale

ANNAL I  DI  BOTANICA

Vo l u m e  1 5 ,  2 0 2 5Vo l u m e  1 5 ,  2 0 2 5

Pietro Romualdo Pirotta, founder, 1884Pietro Romualdo Pirotta, founder, 1884

Vo l u m e  1 5 ,  2 0 2 5Vo l u m e  1 5 ,  2 0 2 5

ISSN 0365 -0812   (print)
Autorizzazione 

del Tribunale Civile di Roma
n. 165 del 19.04.2010

ISSN 2239 -3 129   (online)
Autorizzazione 

del Tribunale Civile di Roma
n. 101 del 04.04.2011

Pubblicato con il contributo finanziario di Sapienza Università di Roma



Sapienza Università Editrice
Piazzale Aldo Moro 5 – 00185 Roma
www.editricesapienza.it 
e-mail: editrice.sapienza@uniroma1.it

Iscrizione Registro Operatori Comunicazione n. 11420 
Registry of Communication Workers registration n. 11420 

Annali di Botanica
Direttore responsabile  |  Editor-in-Chief : Fabio Attorre

Rivista di proprietà della Sapienza Università di Roma, pubblicata  
con il contributo dell’Ateneo  |  Journal owned by Sapienza Università  
di Roma, published with the contribution of the University

Autorizzazione del Tribunale Civile di Roma n. 101/2011 (online)  
e n. 165/2010 (print)  |  Authorization of the Civil Court of Rome  
n. 101/2011 (online) and n. 165/2010 (print)

e-issn 2239-3129 (online) 
issn 0365-0812 (print)

Pubblicata e stampata ad Dicembre 2025 da Sapienza Università Editrice 
Published and printed in December 2025 by Sapienza Università Editrice

https://rosa.uniroma1.it/

©	Il copyright degli articoli è detenuto dagli autori
	 The copyright of any article is retained by the Author(s)

Opera diffusa in modalità open access e sottoposta a licenza Creative
Commons Attribuzione – Non commerciale – Condividi allo stesso modo
4.0 Internazionale (CC BY-NC-SA 4.0)  |  Work published in open access form
and licensed under Creative Commons Attribution – NonCommercial – ShareAlike
4.0 International (CC BY-NC-SA 4.0)



Contents

Research articles

Nisa A, Surya M., Qadir A., Widajati E – Optimizing germination and determining physiological 
maturity of Rubus fraxinifolius seeds for standardized seed testing protocols........................................... 1-10

Çeliktaş V., Yasemin S., Otu Borlu H. – Stress responses and evaluation of phytoremediation 
potential in ornamental kale seedlings exposed to nickel ........................................................................ 11-24

Salerno G., Bécquer E. R., Attorre F. – Botanical and archaeological heritage in cuba: the cayo 
blanco-guasabacoa case study.................................................................................................................... 25-34

Contoli Amante L., Battisti C., Fanelli G. – On the time trend of aerobiotic and anthropic 
biomass: an approach to the unknown....................................................................................................... 35-42

Zohdi Aghdam M. – Evaluation of sunflower cultivars to drought stress in different stages 
of phenology............................................................................................................................................... 43-50





ANNALI DI BOTANICA
Ann. Bot. (Roma), 2025, 15: 1–10

doi: 10.13133/2239-3129/18535
4.0 INTERNATIONAL

Copyright © Author (s) 2025

annalidibotanica.uniroma1.it  |  e-issn 2239-3129  |  issn 0365-0812

Introduction

Commercial Rubus fruits, such as raspberries (Rubus 
idaeus), blackberries (Rubus sp.), and dwarf raspberries 
(Rubus pubescens), hold significant value in several 
countries, including the United States, Russia, China, and 
Japan. However, there is limited information regarding the 
cultivation and utilization of Rubus species in Indonesia. 
Despite their presence in various regions such as West Java, 
Kalimantan, and the mountainous forests of Sulawesi, the 
cultivation and commercialization of these fruits are not 
yet widespread (Normasiwi et al., 2021). In Cianjur, West 
Java, R. fraxinifolius is native species known locally as 
“arben”, has not only gained popularity but also become a 
part of the local community’s identity (Surya et al., 2018). 

This local recognition and acceptance of R. fraxinifolius 
present a promising opportunity for its domestication and 
commercialization as a commercial fruit crop (Normasiwi 
et al., 2021).
The reproductive biology of the species to be domesticated 
is crucial for comprehending the mode of pollination, the 
necessity for pollinators, fruit development and maturation 
patterns, and the requirements for seed germination (Fredes 
et al., 2016). Although cultivars of raspberries are propagated 
clonally, significant traits for improvement through breeding 
programs are present in wild germplasm, which is accessed 
from stored seeds of wild-collected plants (Wada & Reed, 
2011b). One of the challenges in Rubus breeding is the 
exceptionally slow and irregular germination of seeds and 
the limited number of seedlings obtained, as protocols for 
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Abstract - Rubus fraxinifolius, a species of Rubus found in Indonesia, is an edible plant with high value and significant potential for domestication 
as a fruit crop. The requirements for seed germination are integral to the domestication process and necessitate improvement and standardization 
for R. fraxinifolius to produce high-quality seeds for breeding programs. Seed quality reaches maximum physiological maturity and is characterized 
by seed germination, vigor, and moisture content. This study aimed to enhance germination tests and determine the quality of R. fraxinifolius seeds. 
Two experiments were conducted, comprising seed germination testing and determination of seed physiological maturity. R. fraxinifolius seed 
germination demonstrated optimal results when seeds were treated with 1000 ppm KNO3 using pleated paper, yielding a germination percentage of 
82.5%, vigor index of 27.5%, and speed of germination of 1.94%/day. Physiological maturity was attained 39-40 days after anthesis, from fully ripe 
fruits with a red color that readily detached from the pedicle, exhibiting a maximum seed dry weight of 0.194 g, germination percentage of 95.8%, 
and vigor index of 71.6%. These germination test protocols were subsequently employed to evaluate the quality of R. fraxinifolius seeds in the 
breeding program and overcome seeds dormancy, potentially resulting in improved germination outcomes.

Keywords: final count, first count, germination protocols, pleated paper, top of paper, wild-type raspberry.
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germination of wild species are not readily available (Wada 
& Reed, 2011b; Wada et al., 2011; Żurawicz et al., 2017).
Physiological maturity is a crucial element for the production 
of high-quality seeds, which is characterized by the highest 
seed dry weight because the accumulation of storage 
substances reaches its peak and vigor is at its highest, and 
the seed moisture content begins to decrease (Ilyas, 2012). 
During histodifferentiation and cell division, fresh weight 
and seed moisture content increase and then decrease in 
parallel with the increase in dry weight. Seed drying occurs 
during the ripening stage (Bewley & Black, 1994).  The 
seeds should be harvested at physiological maturity, as their 
viability and vigor will decrease if left in the field after this 
stage (Suharsi et al., 2015).  Fruit maturity is one of the 
methods that can be used to determine the physiological 
maturity of seeds (Aminah & Siregar, 2019). This involves 
assessing the fruit color, smell, hardness of the fruit or 
seed skin, fruit or seed loss, and fruit rupture (Rusmin & 
Darwati, 2018), which are all benchmarks associated with 
physiological seed quality in the seed germination test.
Rubus seed germination is constrained by physical, 
physiological, or both factors (Wada & Reed, 2011a). 
The raspberry seed germination problem was not only the 
scarification and stratification method, but also the varied 
response of seeds of different species to seed pre-treatment 
before sowing (Clark et al., 2007). According to Żurawicz et al. 
(2017), the best germinating raspberry seeds were treated with 
sulfuric acid for 30 min. Wada & Reed (2011b) recommended 
that Rubus seeds would be scarified with H2SO4 and stratified 
by treatment with 34 ppm GA3+KNO3. However, during seed 
treatment with acid chemical material, the seed coat can be 
damaged, as can the seed embryo (Żurawicz et al., 2017). 
However, since there were no protocols for germination 
and dormancy breaking of R. fraxinifolius, this study used 
modification of germination protocols for other Rubus species 
by Wada & Reed (2011b) and ISTA (2018). 
The main goals of this study were to establish criteria for 
seedlings, as well as to identify the optimal germination method 
and seed treatment for faster germination. These findings will 
be valuable in setting seed testing protocols because no such 
information is currently available for R. fraxinifolius seeds in 
the ISTA reference. These germination test protocols were then 
used to evaluate the physiological maturity of R. fraxinifolius 
seeds to produce high-quality seeds.

Materials and Methods

The experiment was undertaken at the Cibodas Botanical 
Garden and Seed Health Laboratory, Department of Agronomy 

and Horticulture, Faculty of Agriculture, IPB University 
between January and July 2023. The Cibodas Botanical 
Garden where R. fraxinifolius is cultivated is at an elevation 
of 1300 masl, with an average temperature of 24.43 ± 0.44 °C, 
an average humidity of 88.98 ± 1.69%, and a daily rainfall of 
20.48 mm (NASA, 2023).

Germination method and treatment soaking seeds 
determination 

The seeds were obtained from R. fraxinifolius fruits that 
were harvested at 40 days after anthesis (DAA) in January 
2023. These fruits were considered morphologically ripe 
due to their full red color and ability to detach easily from 
the pedicle (Perkins-Veazie & Nonnecke, 1992; Fuentes et 
al., 2019). The study was designed as a two-factor factorial 
experiment with a completely randomized design. The first 
factor consisted of two germination test methods: top of 
paper (TP) and pleated paper (PP). The second factor was a 
seed-soaking treatment, consisted of control, distilled water, 
30 ppm KNO3, 1000 ppm KNO3, 5 ppm GA3, 100 ppm GA3, 
and a mixture of 30 ppm KNO3 and 5 ppm GA3. Chemical 
KNO3 and GA3 used from Merck KGaA, Germany. There 
were 14 treatment combinations in total, and each was 
repeated four times with 50 seeds per replication. 
The seed extraction involved carefully separating the 
seeds from the fruit and rinsing them with clean tap 
water to eliminate any residual pulp. Subsequently, the 
seeds were desiccated at room temperature for five days 
to prevent mould growth and ensure optimal condition 
for storage or planting (Wada & Reed, 2011b). The seeds 
were subsequently immersed in a seed-soaking treatment 
solution for 24 h at an incubation temperature of 20 ± 
2°C before sowing. The top of paper (TP) method utilized 
three sheets of filter paper with a piece of tissue as the 
base, while the pleated paper (PP) method employed a 
folded filter paper with each fold measuring 2 cm in width. 
The filter paper that utilized was composed of cellulose 
cotton material with a thickness of 200 ± 10 µm and an 
ash content of 0.15%. Distilled water was meticulously 
applied to moisten the media. The germination process was 
conducted in a plastic container with dimensions of 8 cm 
× 8 cm × 5 cm, using a room germinator at a temperature 
of 20 ± 2°C. 
The daily counts of normal seedlings were recorded 
and formed into a curve to determine the initial and final 
germination counts. The frequency of normal seedlings 
increased progressively until they reached their peak, which 
served as the first count for the evaluation of germination. 
The germination percentage was determined based on 
the rapidity of the peaks. The final count was established 
when the graph of seedling accumulation exhibited a slope, 
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indicating that few or no seeds germinated. The inclusion 
of a small number of normal seedlings per day results in a 
sloping and stationary graph (Sadjad, 1994). The interaction 
of factors facilitating the germination of R. fraxinifolius was 
considered for the initial and final count determination with 
the R. fraxinifolius seed germination test, consisting of:

a.	 Germination percentage (GP) was carried out on normal 
seedlings

∑Normal Seedling in first count +
Normal Seedling in final count

GP (%) =  _______________________________   × 100%
number of seeds tested

b.	 Speed of germination (GS) was calculated based on the sum 
of normal seedlings every day during the testing period.

                     
n
     % Normal seedlings at day i

GS (%/day) = ∑      ________________________ 
                     i=1                         n

c.	 The vigor index (VI) was calculated based on the number 
of normal seedlings that appeared in the first count.

Normal Seedling in first count
VI (%) =  ________________________________   × 100%

number of seeds tested

Physiological maturity determination of R. fraxinifolius 
seeds

Randomized complete block design (RCBD) with a single 
factor, comprising six different fruit harvesting times, 
consisted of 35, 36, 37, 38, 39, and 40 DAA fruits. Each 
treatment was divided into four groups, with each replicate 
containing 50 seeds. The experiment commenced with the 
labeling of flowers that had not fully reached anthesis. The 
fruit color was assessed using the RHS color chart (RHS, 
2015). The seed processing, germination method, and seed 
treatment were based on the optimal results obtained in the 
previous experiment. The collected seed was extracted and 
dried for five days at room temperature (Wada & Reed, 
2011b). The seeds were immersed in 1000 ppm KNO3 for 
24 h at an incubation temperature of 20 ± 2°C before sowed. 
The germination was conducted in a plastic box with pleated 
paper method, and incubated in a room germinator at a 
temperature of 20 ± 2°C.
The viability of R. fraxinifolius seeds was assessed based on 
two variables: germination percentage (GP) and maximum 
growth potential (MGP).  The physiological quality variables 
observed in R. fraxinifolius seed for physiological maturity 
determination were as follows:

a.	 Seed dry weight (g) was measured according to the 
procedures outlined in ISTA (2018) by weighing seeds in 
each replicate and drying them using the oven method at 
80°C for 24 h. The seeds were then placed in a desiccator 
and weighed.

b.	 Moisture content (%) was determined using the direct 
method (oven) at 103 ± 2 °C for 17 ± 1 h. The seed 
sample used was ± 0.25 g. After being oven dried, the 
seeds were placed in a desiccator for 30 minutes and 
weighed (ISTA, 2018).

c.	 Maximum growth potential (MGP) was determined 
based on the percentage of seedlings at the end of 
observation (Sadjad, 1994):

∑NS1 + NS2 + ANS1 + ANS2
MGP (%)  =  _____________________________   × 100%

number of seeds tested

NS1= normal seedlings in the first count; NS2= normal 
seedlings in the final count; ANS1= abnormal seedlings in 
the first count; ANS2= abnormal seedlings in the final count.

Data Analysis

Data were analyzed using ANOVA, and Duncan’s multiple 
range test (DMRT) (α = 0,05) was used for further statistical 
analysis if there was a significant difference. tests were 
carried out using the Agricolae package (de Mendiburu, 
2020) in R-Studio version 2022.02.3. Microsoft Excel 2019 
and CurveExpert version 1.3 was also used for statistical 
analysis and to construct the curve.    

Results

The structure of R. fraxinifolius seedlings are shown in Fig. 1.

 
Figure 1. Structure of R. fraxinifolius seedlings (a) Normal 
seedling; (b) Abnormal seedling. Scale= 1 cm

Cotyledon

Hypocotyl

Radicle
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A healthy radicle with a minimum length of 0.5 cm, a 
straight hypocotyl of at least 2 cm, and a detached seed coat 
from the cotyledon (a) were indicative of normal seedling 
development. Abnormal seedlings of raspberry seeds were 
characterized by structures that were unable to exhibit 
normal growth symptoms, including short radicles, damaged, 
rotten, or coiled hypocotyls, and a seed coat still attached to 
the cotyledon (b). 

Figure 2a and 2b illustrates the initial and final count 
determinations. The TP method, incorporating seed soaking 
treatment, achieved its peak at 57-59 days after planting 
(DAP). The application of 1000 ppm KNO3 as a soaking 
treatment in the TP method resulted in the most rapid peak 
of normal seedling emergence at 57 DAP (Figure 2a). 
The treatment involving 1000 ppm KNO3 immersion in the 
PP method can serve as a benchmark for determining the 

Table 1. Average seed quality variables of R. fraxinifolius based on germination method and seed soaking treatment.

Seed treatment Germination method
PP TP PP TP PP TP
-----GP (%)----- -----VI (%)----- ----GS (%/day)----

Control 60.5cB 71.0aA 2.0cA 0.5cB 1.09cA 1.23bA

Distilled Water 69.0abcA 75.5aA 13.0bA 1.5bcB 1.45bA 1.35abA

30 ppm KNO3 76.5abA 71.0aA 10.5bA 2.5bB 1.58bA 1.30bA

1000 ppm KNO3  82.5aA 77.5aA 27.5aA 6.5aB 1.94aA 1.51aB

5 ppm GA3 65.0bcA 78.2aA 20.0aA 0.0cB 1.46bA 1.41abA

100 ppm GA3  73.0abcA 68.5aA 9.0bA 1.0bcB 1.49bA 1.24bA

5 ppm GA3 + 30 ppm KNO3  73.0abcA 74.0aA 25.5aA 0.5cB 1.74abA 1.33abB

Numbers followed by the same letter within a column or row indicate no significant difference based on DMRT at α = 5%. 
Capital letters in each row for the variables GP, VI, and GS represent the effect of the germination method (PP and TP), while 
lowercase letters in each column indicate the effect of seed treatment. PP=pleated paper; TP=top of paper; GP=germination 
percentage; VI=vigor index; GS=speed of germination.

Figure 2a. Determination curve of R. fraxinifolius germination 
by soaking in 1000 ppm KNO3 under TP method.

Figure 2b. Determination curve of R. fraxinifolius germination 
by soaking in 1000 ppm KNO3 under PP method.
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initial and final counts. The increase in normal seedlings 
begins to decline, producing a sloping graph after 65 DAP, 
indicating that the final germination count can be established 
at 65 DAP (Fig. 2a). In contrast, the use of 1000 ppm KNO3 
in the PP method reached its peak at 39 DAP (Fig. 2b).

Germination method and pre-treatment soaking seeds 
determination 

The germination method of R. faxinifolius did not have 
a substantial influence on the GP variable, but did have a 
significant effect on the VI and GS variables. Additionally, 
the seed soaking treatment factor had a singular impact on 
all three germination evaluation variables. Furthermore, the 
factors of germination method and seed soaking treatment 
demonstrated a significant interaction in their effect on VI 
and GS (as shown in Table 1).
The influence of seed soaking and germination methods on 
seed viability and vigor is significant. Seed viability can be 
evaluated by GP and MPG, while seed vigor by GS and VI. 

In the same seed treatment (control), PP method resulted in 
a GP of 60.5%, while the TP method had a GP of 71.0%. 
The interaction between the PP method and seed soaking 
treatment with 1000 ppm KNO3 proved to be the most 
effective among the various combinations evaluated, as 
evidenced by the highest VI (27.5%) and GS (1.94%/day).

Physiological maturity determination of R. fraxinifolius seeds

The physiological maturity determination of R. fraxinifolius 
seeds was accomplished using an approach based on fruit 
maturity and harvest time. Fruits that were 25 DAA (Days After 
Anthesis) in age were still green and hard, and began to change 
color at 30 DAA (Table 2). There were visible changes occurred 
in both color and fruit hardness from 35 to 40 DAA, the fruit 
size increased until it detached from the torus. The physiological 
maturity of R. fraxinifolius seeds was determined at 35-40 DAA, 
with differences in fruit color being evident as shown in Table 2.
Two physical attributes of seeds as benchmarks for assessing 
physiological maturity are seed moisture content and seed 

Table 2. R. fraxinifolius fruit color at various harvest times.

Harvest time (DAA) Fruit color Color code (RHS) Figure of fruit

25 Green Group Strong Yellow Green 143 A

30 Yellow-Green Group Strong Yellow Green 144 A

35 Yellow-Green Group Strong Greenish Yellow 151 A

36 Orange Group Strong Orange N 25 B
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dry weight. According to Table 3, the moisture content of R. 
fraxinifolius seeds exhibited a significant decline between 
35 and 37 days after anthesis (DAA), followed by a gradual 
decrease that was not statistically significant until 40 DAA. 
This reduction in seed moisture content contrasted with the 
increase in seed dry weight (SDW) observed during seed 
maturation. The highest SDW value was recorded at 40 
DAA, reaching 0.194 g, and was significantly influenced by 
other harvest times. This finding indicates the attainment of 
maximum SDW in seeds harvested at 40 DAA.
Rubus fraxinifolius seeds were found to be capable of 
germination at any time of fruit harvesting, but there were 
differences in GP value. Fruit harvested at 40 DAA produced 
seeds with the highest GP at 95.8%, but this did not have a 
significant effect on the GP at 39 DAA, which was 94.5%. 
The MGP value of seeds harvested at 38 DAA was not 
significantly different from the seeds harvested at 39 and 40 

DAA, which was 93.8%. On the other hand, fruit harvested 
at 35 DAA had the lowest GP at 87.6%, and was significantly 
different compared to other fruit ages, in accordance 
with MGP value. The highest VI of R. fraxinifolius seeds 
was obtained at 40 DAA, but did not have a significantly 
difference compared to 39 DAA, about 71.6% (Table 4).

Discussion 

The criteria for defining normal R. fraxinifolius seedlings 
were established by assessing the key structures of the 
radicle, hypocotyl, and cotyledons. The emergence of 
normal R. fraxinifolius seedlings occurred between 21 
and 24 DAP. The first and final counts are essential for 

Harvest time (DAA) Fruit color Color code (RHS) Figure of fruit

37 Red Group Vivid Red 44 A

38 Red Group Vivid Red 45 A

39 Red Group Vivid Reddish Orange 43 A

40 Red Group Vivid Reddish Orange 43 A

DAA= Days After Anthesis; RHS = Royal Horticultural Society; Scale= 1 cm
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evaluating seed germination. The observation of the first 
count serves as a test of seed vigor, enabling the assessment 
of the germination rate. 

Germination method and pre-treatment soaking seeds 
determination 

The pleated paper germination method is a widely 
utilized technique for germinating small seeds. It has been 
observed that when using the top of paper method for the 
germination of Silphium perfoliatum L., fungal infection 
occurs. However, the pleated paper method, due to its folded 
structure, serves as a barrier that prevents the spread of fungi 
from one seed to another (Bareke, 2018). The paper medium 
used in this method should possess exceptional moisture 
absorption and retention capabilities, as well as display 

capillary rise potential, maintain a neutral pH, and be free 
from any phytotoxic effects (Santos et al., 2022).
The germination phase is significantly influenced by hormonal 
regulation, particularly abscisic acid (ABA) and gibberellin 
acid (GA3). ABA inhibits germination, while gibberellin 
supports it (De Wit et al., 2016). ABA accumulates in the 
embryo during seed maturation and plays a crucial role in 
primary dormancy, while GA3 induces embryo growth and 
increases nutrient availability in the seed (Gansberger et al., 
2017; Bareke, 2018). They promote growth by increasing 
cell wall plasticity, followed by the hydrolysis of starch into 
sugars that reduce cell potential pressure, allowing water 
to enter the cell for germination (Gupta & Chakrabarty, 
2013; Agurahe et al., 2019). Potassium nitrate (KNO3) is a 
nitrogen compound that promotes germination and breaks 
seed dormancy in various plants. The impact of KNO3 is 

Table 3. Moisture content and dry weight of R. fraxinifolius seeds based on different harvesting time

Harvest time  (DAA) Seed moisture content (%) Seed dry weight (g)

35 35.9a 0.181d

36 34.5b 0.184cd

37 33.5c 0.185bcd

38 33.3c 0.188bc

39 33.3c 0.189b

40 32.8c 0.194a

Numbers followed by the same letter in the same column indicate no significant effect in the DMRT test α = 5%. DAA= Days 
After Anthesis.  

Table 4. Viability of R. fraxinifolius seeds based on different harvesting time

Harvest time (DAA) Germination
percentage (%)

Maximum growth 
potential (%) Vigor index (%) Speed of germination 

(%/day)

35 87.6d 89.1d 42.1d 2.20e

36 91.0c 92.2c 49.4d 2.35d

37 92.2bc 92.9bc 59.5c 2.47c

38 93.0bc 93.8abc 63.1bc 2.52bc

39 94.5ab 95.2ab 67.9ab 2.62ab

40 95.8a 96.0a 71.6a 2.67a

Numbers followed by the same letter in the same column indicate no significant effect in the DMRT test α = 5%. DAA= Days 
After Anthesis.
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contingent upon the concentration utilized and the specific 
type of plant being tested (Bareke, 2018). 
The germination percentage below 80% suggests a state 
seed dormancy. Rubus seeds exhibit both physical and 
physiological dormancy, as reported by Wada & Reed 
(2011b). The seed coat of Rubus and other Rosaceae species 
is impermeable to both water and gas. Hydrogen cyanide 
(HCN) is formed when water uptake reaches inhibitory 
levels and remains until the seed coat and endosperm pellicle 
are either damaged or partially removed, as indicated by 
Wada et al. (2011b). The permeability of the seed coat to 
water is influenced by the seed coat’s phenolic content and 
its degree of oxidation, as stated by Marbach & Mayer 
(1974). It is crucial to administer a dormancy-breaking 
treatment to R. fraxinifolius seeds in order to eliminate any 
compounds that inhibit germination and improve the seed 
coat’s permeability.
The folds in the PP method prevent light from reaching 
smaller seeds, thereby inhibiting germination. Gansberger et 
al. (2017) found that the germination percentage of the PP 
method was similar to that of the TP method under minimal 
light conditions. Light is a regulator of plant growth and 
development, from the germination to the aging phase 
(Warpeha & Montgomery, 2016; Deepika et al., 2020). 
Hormones can replace the role of light by stimulating 
germination enzymes (Kołodziejek, 2017).
The vigor index signifies the proportion of seeds that 
germinate at first count and the PP method typically yields 
the highest VI. The TP method exhibits a low VI due to 
its extended peak of normal germination. This disparity is 
linked to the GS, reflecting that certain treatments in the PP 
method are more expeditious than TP method. The folds on 
PP method may possess better water-storing capabilities, 
maintaining the humidity of the germination environment, 
and sustaining germination over an extended period. In the 
study of Gundala et al. (2023), the small sized Sambiloto 
(Andrographis paniculata) seeds germinated twice as fast 
in the PP method, as they are enveloped by moist paper, 
resulting in a slower evaporation of water. ISTA (2018) 
also recommends pleated paper for small seeds, like R. 
fraxinifolius seed. The hard seed coat of R. fraxinifolius 
necessitates high humidity for germination. According to 
Baskin & Baskin (2004), light and substrate moisture serve 
as two essential dormancy-breaking factors that facilitate 
seed germination.
Determining the optimal combination of treatment and 
germination method is a challenging task when relying 
on the GP value, as the resulting value lacks significant 
practical implications. Based on the three germination 
variables examined, it is concluded that the combination of 
1000 ppm KNO3 soaking treatment with the PP method is 
the most effective treatment for R. fraxinifolius germination 
percentage. The application of KNO3 is known to involve 

hydrogen receptors such as nitrate, which play a role in the 
reoxidation process of NADPH, a coenzyme that facilitates 
the chemical reactions and respiration required for seed 
germination (Bareke, 2018).

Physiological maturity determination of R. fraxinifolius 
seeds

Wet or fleshy fruit, such as those of R. fraxinifolius, does 
not experience a sharp decline in moisture content like dry 
fruit (Marcos-Filho, 2016). R. fraxinifolius seeds belong to 
the orthodox seed group, characterized by a rapid increase 
in seed moisture content during the embryogenesis phase, 
where cell division and food reserves accumulation occur 
(Bonner, 1996). The decrease in moisture content is due to 
the release of water from cells as food reserves accumulate 
(Bradford, 1994). The increase in seed dry weight (SDW) 
of R. fraxinifolius with longer harvest time was observed. 
The end of seed development is reached when seeds 
physiological mature (Marcos-Filho, 2016). 
The maximum growth potential of seeds refers to their 
ability to germinate both normally and abnormally. The 
higher the level of fruit ripeness, the greater the MGP 
value. The MGP value of seeds harvested at 38 DAA was 
not significantly different from the seeds harvested at 39 
and 40 DAA. This suggests that seeds at 38 DAA had high 
viability, whereas at 35 DAA, the MGP value was low and 
significantly different from other harvest times. According 
to Kartika & Ilyas (1994), Jogo nut seeds do not germinate 
well at the beginning of the seed development stage due to 
insufficient food reserves to support germination. Copeland 
& McDonald (2001) state that seeds at physiological maturity 
have sufficient food reserves to support germination. 
The vigor index, which represents the percentage of normal 
seedlings in the initial count, serves as an indicator of the 
swiftness with which seeds germinate (Sadjad et al., 1999). 
This research revealed that the highest VI of R. fraxinifolius 
seeds was obtained at 40 DAA, but did not demonstrate a 
significant difference compared to 39 DAA. Based on these 
results, it can be inferred that maximum vigor has been 
achieved 39 DAA. Additionally, the speed of germination 
(GS) variable is another measure of seed vigor. The 
highest GS value was observed in 40 DAA seeds, but not 
significantly different compared to 39 DAA seeds, about 
2.67%/day. Seeds with high vigor are likely to grow faster 
than those with low vigor (Rori et al., 2018). 
The values of GP, MGP, VI, and GS have reached their 
peak at 39 DAA during the germination of seeds, while 
seed dry weight only attained its maximum at 40 DAA. 
Therefore, the time of physiological maturity of seeds can be 
estimated to be around 39 and 40 DAA. It is recommended 
that seed harvesting be carried out shortly after the seeds 
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reach physiological maturity and the moisture content has 
decreased. The optimal time for harvesting R. fraxinifolius 
seeds is at 40 DAA, when the physiological quality variables 
and dry weight have attained their maximum, and the 
moisture content has begun to decline. After 40 DAA, R. 
fraxinifolius fruit will fall by itself from the pedicle, so it 
cannot be detected which the fruit has recently or a long time 
fallen. Although determining physiological maturity by the 
level of fruit ripeness is a straightforward and simple method, 
it is subject to the influence of environmental factors that can 
affect the period of physiological maturity. High humidity 
and rainfall can cause flower and fruit development to be 
delayed, resulting in a shift in the physiological maturity 
of seeds (Normasiwi et al., 2021; Wlodarczyk et al., 2023). 
Another approach that can be employed to obtain measurable 
and objective results in determining physiological maturity 
is to quantify fruit color or calculate the accumulation of heat 
units in the fruit of R. fraxinifolius or other Rubus species.

Conclusions

Germination of R. fraxinifolius seeds can be initiated through 
treatment involving immersion in 1000 ppm KNO3 for 24 
hours, followed by germination using the pleated paper 
method on filter paper media. Incubation was conducted at 
a temperature of 25 ± 2°C, with the first count performed 
at 39 days after plant (DAP) and the final count at 65 DAP. 
Seeds harvested at 39-40 days after anthesis (DAA) exhibited 
optimal quality, including maximum dry weight, viability, and 
vigor. These seeds were physiologically mature, characterized 
by fully ripened fruits displaying complete red coloration and 
facile detachment from the pedicle. These findings can serve 
as preliminary information for developing methods to enhance 
germination and overcome dormancy in R. fraxinifolius seeds, 
potentially resulting in improved germination outcomes.
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Introduction

Plants are exposed to biotic (bacteria, fungi, viruses) and 
abiotic (drought, salinity, extreme temperatures, heavy metal 
pollution) stress factors in natural environments. These stress 
factors can impact plant growth and yield (Nabi et al., 2019). 
Heavy metal pollution is a significant abiotic stressor, caused 
by the release of metallic elements and metalloids from 
various sources, including industrial waste, secondary metal 
production, energy production, natural sources like volcanic 
eruptions and dust or forest fires, fertilizer use, and automobiles 
(Ghori et al., 2019). Heavy metals are defined as metallic 

chemical elements and metalloids, with densities greater than 
5 g/cm3, including toxic elements such as chromium (Cr), 
cobalt (Co), nickel (Ni), cadmium (Cd), and lead (Pb) (Briffa 
et al., 2020). Ni is a heavy metal with its 8.9 g/cm3 density 
that is widely present in the environment (22nd most abundant 
element) and is indispensable for plants from germination to 
yield (Sreekanth et al., 2013; Shahzad et al., 2018; Zhang et al., 
2020). Plants need Ni between 0.01 and 5.0 μg/g dry weight 
(Seregin & Kozhevnikova, 2006; Rizwan et al., 2017; Zaid et 
al., 2019). Nickel participates in several biological functions 
and enzymes (Shahzad et al., 2018). Plants display symptoms 
of Ni deficiency when the Ni levels in their leaves are below 1 
mg/kg, according to Rue et al. (2020) and Dotaniya et al. (2022). 
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Abstract - Phytoremediation is an environmental friendly and cost-effective approach that uses plants to remove hazardous chemicals from 
contaminated soil, air, and water. The effects of nickel (Ni) concentration on Kamome Red, Kamome White and Kamome Pink cultivars of ornamental 
kale were evaluated in this study. For this purpose, seeds of cultivars were grown in perlite and were irrigated with 0 (control), 25, 50, 100 ppm 
Ni solution including Hoagland nutrient solution for 40 days. Results showed that the germination percentage was more than 70% in all cultivars 
and applications. At a Ni concentration of 25 ppm, it had positive effects on seedling growth parameters with 76.1 mm root length, 73.1 mm shoot 
length, 6.7 g shoot fresh weight, 0.97 g shoot dry weight. However, high Ni concentrations negatively impacted shoot and root lengths, seedling 
fresh and dry weights. Seedling water content decreased as Ni concentration increased. Proline content increased significantly in response to high Ni 
concentrations in Kamome Red and Kamome White cultivars. The Ni concentrations of the cultivars were also affected, with the highest Ni content 
being obtained from 100 ppm Kamome White (89.32 mg/kg). These findings indicate that Ni concentration has an important effect on the growth 
of ornamental kale cultivars and K. White showed significant Ni accumulation at 100 ppm. Although Ni uptake occurred, the significant biomass 
reduction at higher doses limited the phytoremediation potential of the cultivars in the seedling stage. It is recommended to evaluate different Ni 
concentrations at various growth stages to better assess phytoremediation potential in the future studies.

Keywords: heavy metal, nickel, tolerance index, ornamental kale, phytoremediation
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can exhibit characteristics of hyperaccumulation, accumulation, 
and exclusion of heavy metals (Rocha et al., 2022). It is 
preferred to use non-edible plant species for phytoremediation 
purposes. For example, Cosmos bipinnatus has been identified 
as a cadmium hyperaccumulator (Huang et al., 2017), 
while Euphorbia milli has been recognized as a chromium 
accumulator (Ramana et al., 2015) and Acacia pycnantha as a 
lead excluder (Khan et al., 2021; Nirola et al., 2016). Because 
it is not preferred to accumulate heavy metals in edible plant 
species, ornamental kale has potential for phytoremediation 
as they are not consumed as food or feed. Ornamental kale 
(Brassica oleracea var. acephala) is a cultivated ornamental 
plant that has high commercial value and is widely grown 
due to its colorful lace-like leaves. It is commonly used as a 
horticultural decoration due to its biennial growth habit and 
long-lasting foliage. The leaves of the plant have distinctive 
shapes and margins that can be lobed, serrated, or entire, with 
attractive colors (Ari et al., 2021; Chen et al., 2019; Karagöz 
& Dursun, 2021; Ren et al., 2019). Planting ornamental kale 
during the autumn and winter months is optimal for growth. 
Ornamental kale belongs to the Brassicaceae family and is 
considered one of the oldest vegetable forms, with a long 
history of cultivation in Europe (Dixon, 2017). Brassica plants 
can accumulate heavy metals (da Mota Gonçalves et al., 2022; 
Vannucchi et al., 2021). Research has indicated that ornamental 
kale can be used as hyperaccumulator plants for Cd, Pb, Zn, 
and Cu in soils (Haghighi et al., 2016; Nasiri et al., 2022). 
Brassica oleracea var. acephala, a subspecies of Brassica 
oleracea and considered an ornamental plant, was found to 
be a potential hyperaccumulator plant for the improvement of 
boron-contaminated areas (Gökseven et al., 2021). 
The present study had two main objectives: (1) to examine 
the impact of Ni stress on the germination (germination rate, 
germination index and mean germination time), growth 
(weight, length and water content), and physiological 
parameters (proline and Ni content) of ornamental Brassica 
oleracea seedlings during the vegetative stage; (2) to assess 
the phytoremediation potential of ornamental kale.

Materials and Methods

Plant material

Ornamental Kale (Brassica oleracea L. var. acephala) 
Kamome Pink (K.Pink), Kamome White (K.White), 
and Kamome Red (K.Red) cultivars were utilized as the 
plant material in this study. The seeds were sourced from 
a local seed distributor (Tasaco Farm, Antalya, Turkey) 
and underwent disinfection with commercial bleach for 

However, high concentrations of Ni can have negative impacts 
on plant anatomy and physiology (Shahzad et al., 2018), 
such as seed germination, shoot and root growth inhibition 
(Rahman et al., 2005), iron (Fe) deficiency and chlorosis 
(Ewais, 1997; Kirkby & Römheld, 2004), photosynthesis and 
transpiration deterioration (Sheoran et al., 1990; Ahmad et al., 
2011). High concentrations of Ni in plant tissues also reduce 
nutrient uptake and other metabolic processes, cause oxidative 
damage, alter to membrane stability and change to antioxidant 
enzyme activities (Borah et al., 2023; Gajewska et al., 2006; 
Nawaz et al., 2022; Shahzad et al., 2018; Tipu et al., 2021; 
Yusuf et al., 2011). Nickel contamination is one of the leading 
sources of heavy metal pollution, coming from industrial 
discharge, metallurgical and electroplating industries, the use 
of pesticides, industrial and municipal waste, coal combustion, 
solid and liquid fuel usage (Borah et al., 2023; Briffa et al., 
2020; Chen et al., 2019; Genchi et al., 2020; Ghori et al., 
2019; Nabi et al., 2019). Although Ni exist naturally in soil 
and water, its level is typically lower than 100 mg/kg in soil 
and 0.005 mg/L in water (Alloway, 2013; Hassan et al., 2019; 
Shahzad et al., 2018). 
Phytoremediation is an eco-friendly and cost-effective 
approach that uses plants to remove hazardous chemicals 
from contaminated soil, air, and water (Salt et al., 1998). It 
exploits the natural ability of some plant species, known as 
hyperaccumulators, to concentrate pollutants in their tissues 
(Pilon-Smits, 2005). Phytoremediation has been successfully 
used worldwide to eliminate contaminants like heavy metals, 
pesticides, solvents, explosives, and crude oil (Genchi et al., 
2020). Phytoremediation employs two main techniques: 
phytoextraction and phytostabilization (McGrath & Zhao, 
2003). Phytoextraction includes removing contaminants 
with plants from soil, plants absorb and accumulate them 
in their tissues and are then removed along with harvesting 
(Pilon-Smits, 2005). Phytostabilization is immobilizing 
the contaminants through absorption, adsorption in soil, or 
precipitation in the rhizosphere via plants (Korzeniowska & 
Stanislawska-Glubiak, 2019). 
Phytoremediation potential of plants can be assessed with 
different parameters, including translocation factor (TF) 
and tolerance index (TI), as noted by Usman et al. (2019). 
The TF indicates the ability of the plant to transport heavy 
metals from the roots to the aerial parts of a plant (Pilon-
Smits, 2005). When the TF value is greater than one, it 
suggests that the plant has an efficient metal transport 
system, resulting in effective metals translocation from the 
roots to the aerial parts. However, when the TF value is less 
than one, it indicates that the plant has an ineffective metal 
transfer process, leading to metal accumulation in the roots 
instead of the aerial parts (Korzeniowska & Stanislawska-
Glubiak, 2019; Samreen et al., 2021; Yoon et al., 2006).
Ornamental plants can play a role in phytoremediation as they 
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1 minute (Taghizadeh et al., 2018) prior to being sown in 
plastic pots filled with perlite. Each pot was treated with a 
solution containing one of the four nickel concentrations (0 
(Control), 25, 50, and 100 ppm), prepared from Ni(NO3)2, 
alongside the standard Hoagland nutrient solution. Each 
pot contained five seeds, and the experiment was initiated 
on December 30, 2021, in a controlled climate room with 
a day/night temperature of 22/15 °C, humidity of 55-65%, 
photosynthetically active radiation of 300 μmol m−2 s−1, and 
a day/night photoperiod of 14/10 (Pathirana et al., 2017). 
Plants were irrigated at two-day intervals with 50 ml of 
the solution. The experiment was conducted at the Suluova 
Vocational School of Amasya University in Turkey and was 
terminated on 27 January 2022.

Germination parameters

Seed germination was assessed on the fourth day of 
the experiment by counting the number of seeds that 
had germinated. The germination rate, index, and mean 
germination time were calculated using the following 
formulas which described by (Çarpıcı et al., 2009) and 
(Sadeghi et al., 2011):
Germination rate (%) = (Number of germinated seeds / 
Number of total seeds) *100                                                                          (1)

Germination index = ∑(Gt / Tt)                                         (2) 
(Gt represents the number of seeds germinated on a given 
day; Tt is the number of days from the beginning of the 
experiment until that day.)

Mean germination time (days) = ΣDn / Σn                        (3) 
(n represents the germinated seeds number on day D; D is 
the days number which counted from first germination)

Seedling growth parameters

Three randomly selected seedlings from each pot were 
harvested for plant part analysis 40 days after sowing. Shoot 
and root length were measured with a ruler. The shoot and 
root sections were separated and their total fresh weight and 
length (shoot height) were measured. 
The water content of the seedlings was calculated using the 
following formula (Fradera-Soler et al., 2021): 
Seedling Water Content (%) = (Seedling fresh weight - 
seedling dry weight) / Seedling fresh weight *100           (4)

Tolerance index

By subtracting the biomass content of the control plants 
from that of the treated plants, the tolerance index (TI) can 
be determined. If the TI values are greater than 1 or less than 

1, it indicates an increase or decrease in biomass content, 
respectively, for the plant cultivars in question. The equation 
used to calculate TI is provided in Eq. 5, as described by 
Wilkins (1978) and Borah et al. (2023):
TI (tolerance index) = Biomass of the treated plants (g) / 
Biomass of the control plants (g)                                       (5)

Proline content

The proline content of the plant material was determined using 
a modified method of Bates et al. (1973). For this, 100 mg 
of dried plant material was homogenized with 10 ml of 3% 
sulfosalicylic acid and filtered through a blue band filter paper. 
Then, 2 ml of the filtrate was added to a glass tube and mixed 
with 2 ml of ninhydrin solution (which contains ninhydrin, 
orthophosphoric acid, and acetic acid) and 2 ml of acetic acid. 
The mixture was vortexed and then incubated in a 100 °C 
water bath for one hour, followed by being transferred to an ice 
bath. Finally, 4 ml of toluene was added to the samples, which 
were then vortexed and analyzed spectrophotometrically at 
520 nm. The proline content was calculated using commercial 
L-proline as a reference standard.

Nickel concentration

Dried plant shoots (0.2 g) were taken and burned in the 
muffle furnace at 550 °C for 5 hours, 2 ml of HCl (37%) was 
added and slowly heated on a hot plate. After the acid was 
removed from the medium 2 ml of 1/3 HCl was added and 
filtered through a blue band filter paper. The filtrates were 
made up of 40 ml of distilled water. Prepared samples were 
analyzed by ICP OES, and the results were given as mg/kg 
(Miller, 1997; Pequerul et al., 1993).

Translocation factor (TF)
Translocation factor (TF) was determined for 25 ppm Ni 
application by the following equation (Korzeniowska & 
Stanislawska-Glubiak, 2019):
TF = metal concentration in shoots (mg/kg) / metal 
concentration in roots (mg/kg)                                           (6)

Statistical analysis

The study was conducted using a completely randomized 
design with two factors (cultivar and Ni concentration). 
The treatments had four replications with five plants per 
replication. The homogeneity of the data was verified 
using the Levene’s test. The quantitative data, expressed 
as percentages, were transformed using the arcsine 
transformation. To analyze the data, two-way Analysis of 
Variance (ANOVA) was used, and the Least Significant 
Difference (LSD) multiple range test at a significance level 
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of p≤0.05 was used to compare the means. The coefficient of 
variation (CV) was determined for determining reliability. 
Statistical analyses were performed using JMP Software 
(Version 14.3, SAS Institute Inc., Cary, NC, 1989-2021). 
Correlation analysis with heatmap and principal component 
analysis were performed with Python 3.11.0. GraphPad-
Prism 8.3.0 was used to design graphics. 

Results

Germination parameters

The interaction between Ni and cultivar significantly affected 
the germination parameters, as shown by statistical analysis 
(Table 1). Overall, the germination percentage was found 
to be up to 70%. The highest germination percentage was 
found in the interactions of 0 ppm Ni + K.Pink, 25 ppm Ni 
+ K.Red, and 0 ppm Ni + K.White. The K.Pink cultivar had 
the longest germination time in the 50 ppm Ni application. 
On the other hand, Ni shortened the germination time in 
K.Red and K.White. The germination index was lowest in 
K.Pink +50 ppm (2.96) and K.Red + 0 ppm (3.63).

Plant Growth Parameters

In the present study, the impact of cultivars on ornamental 
kale’s shoot length and seedling dry weights was significant, 
statistically, but not for root length and seedling fresh weight 
(as shown in Table 2). 
The shoot length was the highest in the K.Red cultivar (49.8 
mm). On the other hand, the seedling dry weight was the 
lowest in the K.Pink cultivar (0.35 g).
The effect of Ni stress on the Ni concentrations, shoot and 
root length, seedling fresh and dry weights was statistically 
significant (Fig. 1). 
Shoot length (Fig. 1A), root length (Fig. 1B), seedling 
fresh weight (Fig. 1C), and seedling dry weight (Fig. 1D) 
increased under 25 ppm Ni treatment. These seedling growth 
parameters dramatically decreased under 50 and 100 ppm Ni 
treatments. 
The results of the study revealed that the interaction between 
cultivar and Ni concentration had a significant impact on the 
seedling growth parameters of Kamome cultivars (K. Pink, 
K.Red, and K.White), with the exception of shoot fresh 
weight (Table 3). 
The longest shoot length was found in the 0 ppm Ni and 
K.Red cultivar (84.2 mm). A 25 ppm concentration of Ni 
resulted in an increase in the shoot length of both K.Pink 
(76.3 mm) and K.White (67.0 mm). The highest root length 

(90.4 mm) was found in K. Red and 25 ppm interaction. 
In all cultivars, 25 ppm induced the root length under 25 
ppm Ni. As Ni content increased root length decreased in 
all cultivars. Seedling dry weight was higher in K.White 
cultivar under 25 ppm Ni (1.11 g).  

Seedling water, proline and nickel Content 

The results indicated a significant difference (p < 0.05) 
between cultivars in terms of seedling water,, proline and 
nickel content was significant (Table 4). 
Seedling water (79%) and proline content (0.245) were 
lower in the K.White cultivar. Proline content was the 
highest in K.Pink (0.245). Additionally, Ni content was 
highest in K.White (30.69), followed by K.Pink (18.38) and 
K.Red (15.11), respectively.
The effect of Ni stress on the seedling water, proline and Ni 
content was important and statistically significant (Fig. 2). 
Seedling water content decreased with increasing Ni 
concentration (Fig. 2A). On the other hand, the proline 
content increased in response to Ni treatment (Fig. 2B). 
Results showed that there was slightly Ni uptake with 25 
ppm Ni treatment (1.44 mg/kg). When the Ni concentration 
was 50 and 100 ppm, the Ni concentrations in the seedling 
also increased, with the highest Ni concentrations observed 
in the 100 ppm Ni treatment (60.20 mg/kg) (Fig. 2C).
When considering cultivar and Ni interactions, the highest 
seedling water content was recorded for the combination of 
0 ppm Ni and K.Red cultivar (91%) (Table 5). 
The lowest water content was noted for 100 ppm Ni 
and K.White cultivar (69%). The highest proline value 
was found in the combination of 100 ppm Ni and K.Red 
cultivar (0.37 mM), while the lowest value was observed 
in both 0 ppm Ni and K.White cultivar and K.Red cultivar 
(0.02 mM). The increasing percentage of proline was high 
in K.Red and K.White under Ni treatments, but it was low 
in K.Pink. 
Roots and shoots of the Kamome cultivars couldn’t grow 
well under 50 and 100 ppm Ni treatments, at least, we could 
not have enough samples separately as root and shoot, to 
perform Ni analysis. For this reason, plantlets could not 
divided into roots and shoots in these concentrations. 
The Ni concentration of the roots and shoots belongs to 
Kamome cultivars under 0 and 25 ppm was shown in Fig. 
3A. The K.Red and K.White accumulated low amount of 
Ni in the roots but not in the shoots. When considering 
all Ni concentrations for all Kamome cultivars, the impact 
of Ni treatments on the Ni content of the cultivars was 
found to be statistically significant (Fig. 3B). The Ni 
content increased with Ni applications, with the highest 
Ni concentrations found in the 100 ppm K.White cultivar 
(89.32 mg/kg). 
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Table 1. Effects of Ni and cultivar interaction on germination parameters of K.Pink, K.Red and K.White.

Kamome Cultivars Ni (ppm) Germination (%) Germination time Germination index

K.Pink

0 100 (90)±0a 2.66±0.1cde 8.33±1.0ab

25 95 (83) ±10ab 2.77±0.1c 7.02±1.3abc

50 70 (57) ±12c 3.19±0.2a 2.96±0.7d

100 95 (83) ±10ab 2.69±0.2cde 7.81±2.0abc

K.Red

0 70 (57) ±11.5c 2.95±0.1b 3.63±1.1d

25 100 (90) ±0a 2.75±0.1cd 7.54±0.6abc

50 95 (83) ±10ab 2.79±0.1bc 6.40±1.1bc

100 75 (60) ±10c 2.73±0.2cde 5.94±1.7c

K.White

0 100 (90) ±0a 2.71±0.2cde 8.17±2.1abc

25 95 (83) ±10ab 2.57±0.1de 9.27±2.3a

50 80 (70) ±23bc 2.55±0.1e 7.83±2.5abc

100 95 (83) ±10ab 2.56±0.1e 9.06±1.4a

LSD 16.266*** 0.182*** 2.303**

CV (%) 12.1 4.6 22

**p<0.01,	***p<0.001, CV: coefficient of variation.

Values in parenthesis were transformed with arcsine. Measurements are presented as mean ± standard deviation. The differences between the averages 
were indicated by separate letters.

Table 2. Effects of cultivars on seedling growth parameters.

Cultivars Shoot Length (mm) Root length (mm) Seedling Fresh Weight (g) Seedling Dry Weight (g)

K.Pink 41,6b 36,7 2,81 0,35b

K.Red 49,8a 41,5 2,91 0,44a

K.White 41,0b 37,6 3,17 0,49a

LSD 2.527*** ---NS ---NS 0.049***

CV (%) 10 20 23 13,9

***p<0.001, ---NS: nonsignificant, CV: coefficient of variation, Measurements are presented as mean. The differences between the averages were 
indicated by separate letters.

Figure 1. Effects of Ni concentrations on seedling growth parameters. The differences between the averages were indicated by separate letters.
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Tolerance Index and Translocation Factor

Tolerance index and translocation factor were evaluated by 
heatmap graphics. Tolerance index was higher in 25 ppm Ni 
than 50 and 100 ppm Ni. Tolerance index was >1 in 25 ppm 
Ni in three cultivars and <1 under 50 and 100 ppm Ni (Fig. 
4A). While translocation factor of K.White was calculated as 
0.00048, it was 0.00045 for K.Red (Fig. 4B). Translocation 
factor was less than 1 in these cultivars, meanly they could 
not transfer the Ni from roots to the shoots under 25 ppm Ni 
concentration.

Heatmap correlation and principal component analysis

Correlation coefficients-heatmap analysis of germination 
parameters, seedling growth parameters, Ni and proline 
results  in response to different cultivar and Ni applications 
are shown in Fig. 5A. Positive correlation was determined 
between the germination percentage and germination index. 
Germination time had negative correlation with them. 
Additionally, the seedling water content was positively 
correlated with the seedling growth parameters and tolerance 
index. On the other hand, there were significant negative 
correlations between seedling water content and Ni and 
proline content. There was not significant correlation between 
Ni content and the germination parameters. Ni and the 
seedling growth parameters had negative correlation, while 
Ni and proline content had positive correlation. Positive and 
negative correlations between parameters was also showed 
with the principal component analysis (Fig. 5B).

Discussion

Nickel is a vital microelement for growth and is essential in 
enzyme synthesis in plants. Ni is beneficial to plants at low 
concentrations, but high concentrations can be toxic  (Das 
et al., 1978; Hassan et al., 2019). Ni toxicity can reduce 
the metabolic processes, cell division, cell wall elasticity, 
and protein synthesis. It can also decrease the activities of 
essential enzymes such as α-amylase, protease, and nuclease 
which are important for germination and growth (Ashraf et 
al., 2011; Bishnoi et al., 1993; Hassan et al., 2019; Seregin 
& Kozhevnikova, 2006; Sethy & Ghosh, 2013; Walker et 
al.,1985). In this study, Ni treatment decreased germination 
time in K.Red and K.White, while germination percentage 
increased with low Ni levels in K.Red. K.White’s germination 
percentage slightly decreased, but Ni extended the germination 
time and reduced the germination in K.Pink. Lower level Ni 
promoted germination rate and seedling growth but high 
levels inhibited them in rice (Das et al., 1978). Sunflower 
cultivars showed a significant decrease in their germination 
rates with the addition of inorganic Ni, except for control 
seedlings that had the highest germination rate (Zhang et al., 
2020). Increasing concentrations of Ni also decreased the 
germination percentage and rate in rice and lentil seeds (Khan 
et al., 2020; Shaukat et al., 2021). Barley seeds have also been 
negatively affected by Ni toxicity (Vasić et al., 2020).
The impact of Ni on plant growth varies depending on the 
species and level of soil contamination. Korzeniowska & 
Stanislawska-Glubiak, (2019) found that Ni reduced the 

Table 3. Effects of Ni and cultivar interaction on seedling growth parameters. 

Cultivars Ni (ppm) SL (mm) RL (mm) SFW (g) SDW (g)

K.Pink

0 63.0±7.3cd 56.2±8.8d 4,03±0.84 0,35±0.12d

25 76.3±6.1b 72.2±7.4b 6,55±0.47 0,85±0.09b

50 13.3±2.6g 13.3±6.8e 0,31±0.18 0,09±0.05e

100 13.6±2.2g 5.0±1.2e 0,34±0.04 0,10±0.01e

K.Red

0 84.2±4.9a 58.0±9.8cd 4,42±0.86 0,63±0.05c

25 76.0±6.2b 90.4±16.9a 6,42±0.80 0,95±0.06b

50 20.8±1.3e 11.5±2.3e 0,55±0.06 0,11±0.01e

100 18.3±2.6efg 6.0±1.3e 0,25±0.07 0,07±0.02e

K.White

0 61.5±6.9d 65.2±8.5bcd 5,07±0.60 0,68±0.08c

25 67.0±2.4c 65.7±10.2bc 7,03±1.75 1,11±0.02a

50 20.2±0.9ef 12.5±0.8e 0,38±0.19 0,09±0.04e

100 15.3±0.8fg 7.0±2.4e 0,19±0.04 0,06±0.01e

LSD 5.053*** 9.076*** ---NS 0.099***

***p<0.001 ---NS: nonsignificant, Measurements are presented as mean ± standard deviation. The differences between the averages were indicated 
by separate letters.
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biomass of both aboveground and root parts in plants. In our 
study, we found that 25 ppm Ni stimulated seedling growth, 
while 50 and 100 ppm Ni inhibited growth drastically. 
However, Ni at lower concentrations can stimulate growth 
but inhibit it at higher concentrations, as observed in rice 
(Das et al., 1978). Additionally, Ni contamination in soil 
can reduce both aboveground and root growth, except 
for S. viminalis (Korzeniowska & Stanislawska-Glubiak, 
2019). The effect of Ni on sunflower cultivars showed that 
it had a pronounced effect on seedling shoot and root fresh 
and dry weights and the highest weights were recorded in 
the control group followed by lower concentrations of Ni 
(Ashraf et al., 2011). Ni stress can reduce vital processes 
like the breakdown of starch into sugars and protein 
synthesis required for germinating seeds to initiate growth 
and development (Ashraf et al., 2011). Excessive amounts 
of Ni is negatively affect the plant growth, photosynthesis, 
and membrane functions (Maheshwari & Dubey, 2007; 
Sresty & Rao, 2000). Sresty & Rao (2000) found that two 
pigeonpea cultivars (Cajanus cajan (L.) Millspaugh) were 
studied for the accumulation of Zn and Ni in their seedlings 
under different concentrations. Both Zn and Ni applications 
reduced the above and underground parts growth, as well as 
the relative growth indices of the two cultivars. Plant parts 
lengths and biomass of rice seedlings (Oryza sativa L. cv. 
Pant-12) reduced, due to Ni (200 and 400 μM NiSO4). The 
Ni level was higher in the roots compared to aerial parts 
(Maheshwari & Dubey, 2009). Studies have also reported 

negative effects of boron (another heavy metal) on kale 
growth, specifically in root-shoot fresh and dry weights 
(Gökseven et al., 2021). Similar results were seen in the case 
of Calendula tripterocarpa, where high Ni concentrations 
reduced plant growth, including germination and fresh and 

Table 5. Effects of Ni and cultivar interaction on seedling water content 
(SWC) and proline.

Cultivars Ni (ppm) SWC (%) Proline (mM)

K.Pink

0 91±1.5a 0,23±0.001c

25 87±2.12b 0,24±0.006c

50 75±3.10d 0,23±0.003c

100 70±1.06e 0,28±0.003b

K.Red

0 86±1.87b 0,02±0.001d

25 85±0.92b 0,26±0.025bc

50 79±1.18c 0,24±0.034c

100 74±0.64d 0,37±0.007a

K.White

0 87±0.93b 0,02±0.001d

25 84±3.45b 0,02±0.003d

50 75±2.59d 0,27±0.002b

100 69±2.37e 0,36±0.036a

LSD 1.958*** 0.027***

***p<0.001 Measurements are presented as mean ± standard 
deviation. The differences between the averages were indicated by 
separate letters.

Table 4. Effects of cultivars on seedling water content (SWC), proline and Ni content.

Cultivars SWC (%) Proline (mM) Ni (mg/kg)

K.Pink 81a 0,245a 18,38b

K.Red 81a 0,220b 15,11c

K.White 79b 0,166c 30,69a

LSD 1.696** 0.014*** 0.272***

CV (%) 2,5 7,7 1,5

**p<0.01, ***p<0.001, CV: coefficient of variation. Measurements are presented as mean. The differences between the averages were indicated 
by separate letters.

Figure 2. Effects of Ni concentrations on Seedling Water Content (A), proline content (B) and Ni content (C). The differences between the averages 
were indicated by separate letters.
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dry weights (Heidari et al., 2020). According to Sreekanth et 
al., (2013) and Valivand et al., (2019), root cell membrane 
structure changed, water and mineral uptake reduced, and 
physiological activity affected negatively with high Ni 
doses. Lešková et al., (2020) also reported that high Ni 
concentrations reduced auxin transport in roots, damaged the 
composition of microtubules, affected cell division and, in 
turn, decreased root growth. Various parameters, including 
the bioaccumulation factor (BAF), translocation factor (TF), 
tolerance index (TI), and metal removal efficiency (%), can 
be used to assess the phytoremediation potential of the plants 
(Borah et al., 2023; Samreen et al., 2021). Tolerance index 
was >1 in K.Pink (1.62), K.Red (1.45) and K.White (1.39) 

under 25 ppm Ni treatment. When Ni concentration were 50 
and 100 ppm, TI decreased. Borah et al., (2023) reported that, 
to assess phyto-tolerance, TI was calculated for Jatropha 
curcas and Pongamia pinnata in different soil combinations. 
Pongamia in PMT25 (municipal landfill 25% : control soil 
75%) showed the highest TI value (1.67), indicating greater 
tolerance than other treatments. Jatropha had TI values above 
1 (1.02, 7.55, and 1.09 in PT50 [papermill contaminated soil 
50% : control soil 50%], PT25 [papermill contaminated soil 
25% : control soil 75%], and MT50 (municipal landfill 50%: 
control soil 50%), respectively), suggesting a robust defense 
system, which are heavy metal stress tolerance mechanisms. 
They supposed that lower TI values at high contaminated 

Figure 3. A) Root-Shoot Ni content of three different cultivars under control and 25 ppm Ni B) Effects of Ni and cultivar interaction on Ni content. 
The differences between the averages were indicated by separate letters.

Figure 4. A) Tolerance index of the cultivars under different Ni concentrations, B) Translocation factor of cultivars under control and 25 ppm Ni.
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area shows lower Ni and Zn tolerance. 
The level of proline accumulation in plants indicates of their 
heavy metals tolerance. Heavy metals caused to increase the 
content of proline importantly than the control, indicating 
their metal tolerance capacity in Jatropha curcas and 
Pongamia pinnata (Borah et al., 2023). Proline, a common 
metabolic compound, was found in plant tissues in response 
to stress conditions (Gajewska et al., 2006). The K.Red and 
K.White cultivars showed an important increase in proline 
content under high Ni concentrations, as indicated in Table 
3. Proline was described as a protective compound against 
various stress, with some properties such as osmoprotectant, 
a membrane stabilizer, and a scavenger of reactive oxygen 
species (Bandurska, 2001; Hartzendorf & Rolletschek, 
2001; Matysik et al., 2002; Gajewska et al., 2006). Schat et 
al. (1997) emphasized that metal-induced proline production 
was a response of metal-induced water deficit in the Silene 
vulgaris leaf tissues. Similarly, in our study the decrease in 
water content of kale seedlings and proline accumulation 
under Ni presence, may reflect this response. Heavy metals 
can disrupt water transport in plants, leading to shoot 
dehydration. Transition metals can affect water uptake, 
movement, and stomatal function at multiple stages of the 
process (Yusuf et al., 2011).
Ni moves from roots to shoots and leaves via xylem’s 
transpiration stream, facilitated by cation ATPases, ion 
channels, and cation-proton antiport. In addition, Ni 
is moved from older leaves, buds, fruits, and seeds to 

meristematic parts through the phloem, which is regulated 
by metal-ligand complexes and specific proteins that bind Ni 
(Colpas & Hausinger, 2000; Yang et al., 2005). In our own 
study, we found that the Ni content in K.Pink, K.Red, and 
K.White ornamental kale seedlings increased with high Ni 
content, with K.Red and K.White accumulating the most in 
their roots when exposed to 25 ppm Ni. Similarly, the roots 
of Zea mays contained significantly more Ni compared to 
shoots, with the plant showing a high ability to accumulate 
Ni in the roots, as found by Korzeniowska and Stanislawska-
Glubiak (2019). In maize, lettuce and field bean plants also 
showed a much higher Ni accumulation rate in the roots than 
in the stems as discovered by Antonkiewicz et al. (2016). 
Additionally, studies have shown that exogenous application 
of Ni leads to an increase in Ni accumulation in various 
sunflower tissues (Ahmad et al., 2009; Ashraf et al., 2011). 
Nonetheless, increasing Ni level in the nutrient solution may 
have impeded the uptake of essential minerals.

Conclusions

In conclusion, this study evaluated the effect of varying 
Ni concentrations on the growth parameters of three 
kale cultivars: K.Pink, K.Red, and K.White. The results 
indicated that 25 ppm Ni significantly enhanced seedling 

Figure 5. Heatmap showing the levels of on seedling vegetative parameters, proline and Ni content G (%): germination, G.Index: Germination 
Index, GT (days): Germination time, SFW (g): Shoot fresh weight, SDW (g): Shoot dry weight, SWC (%): Seedling water content, RL (mm): Root 
Length, SL: Shoot Length, Ni (mg/kg): Ni content, Pro (mM): proline.
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growth but high Ni levels had a detrimental effect on the 
growth characteristics of the kale seedlings, including shoot 
and root length, fresh and dry weight, and water content. 
Furthermore, the K.Red and K.White cultivars showed a 
remarkable increase in proline levels in response to high 
Ni concentrations, suggesting it as a protective mechanism 
against stress. Additionally, the study observed a statistically 
significant accumulation of Ni in the seedlings, with the 
highest concentration found in the 100 ppm K.White cultivar. 
On the other hand, the 25 ppm K.Pink cultivar exhibited no 
significant change in Ni content. This study highlights the 
importance of understanding species-specific responses 
to nickel stress, which could inform better management 
practices in cultivating ornamental kale and other plants in 
contaminated environments.
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Introduction

Cuba’s island, rich in historical and natural heritage, is 
currently implementing policies strongly oriented toward 
sustainable development, beginning with urban recovery 
and regeneration programs. “Archeo-Cuba” is a project 
aimed at promoting the definition, implementation, and 
revitalization of territorial public policies in Cuba. These 
policies focus on identifying, protecting, and enhancing the 
stratified historical-cultural landscape, alongside the natural 
environment, moving toward a comprehensive and cross-
disciplinary vision of “heritage” in its broadest sense.
The city of Havana, particularly regarding its historic 
center, had already adopted the “Plan Especial de Desarrollo 
Integral” (PEDI), a framework comprising essential tools 

for guiding spatial planning and the integrated development 
of the historic center. This plan considers culture as a driver 
of development and places human beings at the center of 
rehabilitation efforts. It balances the need to valorize and 
manage cultural and environmental heritage by leveraging 
the territory’s intrinsic resources and renewable energy 
sources. Moreover, Cuba has recently adopted National Law 
155/2023, “Ley General de Protección al Patrimonio Cultural 
y al Patrimonio Natural”, which coordinates the protection 
of both cultural and natural heritage, explicitly recognizing 
the interrelationship between these two dimensions.
Additionally, several pre-existing planning instruments in 
Havana must be considered: the Environmental Strategy 
for the Urban Conservation Priority Zone (ZPC) of Havana 
(2013–2020), which outlines priorities for protecting natural 
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resources, strengthening climate change mitigation in territorial 
planning, and applying environmental policy and management 
tools; the Management Plan for the Cultural Landscape of 
Havana Bay and surrounding areas; and the state plan Tarea 
Vida, which addresses climate change impacts through five 
strategic actions and eleven targeted measures aimed at 
mitigating the effects of climate change on vulnerable areas.
Due to its geographical position, Cuba is particularly exposed 
to extreme weather events. According to the most recent 
studies conducted in 2017 by the Cuban Ministry of Science, 
Technology, and Environment and the National Meteorological 
Institute, the climate is changing rapidly. Projections for 2100 
suggest an increase of at least 4.5°C in average temperature 
and a sea-level rise of 85 cm, potentially resulting in the loss of 
approximately 5.5% of Cuba’s land area.
The intervention strategy also draws upon international 
frameworks and guidelines, such as those of ICOMOS 
and UNESCO, addressing the connections and potential 
strategies to mitigate the effects of climate change on 
cultural heritage. It also aligns with the objectives of the 
2030 Agenda for Sustainable Development, particularly 
SDG 11 (Sustainable Cities and Communities) and SDG 13 
(Climate Action) (Ricciardi & Salerno, 2024).
In this context, the project Archeo-Cuba, Archaeology and 
Environmental Sustainability, was launched with the aim 
of recognizing the historical and natural values of selected 
target sites that are strongly representative of Cuba’s history 
and evolution. The project also seeks to highlight the 
potential negative effects of climate change on these values, 
while developing mitigation strategies.
Focusing specifically on the botanical component, the 
project builds on experience gained in Italy in areas of both 
historical-archaeological and naturalistic interest, such as 
the Appian Way Regional Park in Rome, the site of “San 
Vincenzo al Volturno” (Cicinelli et al., 2017), and the 
site of “Abellinum”. In these locations, efforts have been 
made to identify botanical elements of biogeographical 
and conservation interest, both for their appropriate long-
term management and preservation, and for their cultural 
valorization. Attention has also been paid to identifying 
threats, such as invasive alien species. However, the most 
innovative approach of the Archeo-Cuba project lies in the 
use of vegetation as a tool for interpreting the “historical 
stratigraphy” of the sites themselves.
This contribution focuses on one of the five target sites of 
the Archeo-Cuba project: the area of Cayo Blanco, located 
in the Bay of Havana with its name derived from the white 
hue of this characteristic rock. This area displays key 
characteristics of landscape and historical stratification, and, 
thanks to a multidisciplinary approach involving scholars 
and experts, may serve as a pilot site for testing sustainable 
actions and interventions.

Materials and Methods

Study area

The site under study is located on a small peninsula to the 
southwest of Havana Bay. An analysis of historical maps 
(Fig. 1) reveals that this land extension was not always 
connected to the coastal strip of the bay. It originally 
appeared as a small island, surrounded by flooded zones, 
most likely dominated by mangrove ecosystems. 
Within this site, at the end of the 18th century, the Polvorín 
San Antonio was constructed (Fig. 2). 
This was a colonial-era arsenal comprising a simple 
rectangular masonry structure, fortified and enclosed by 
a perimeter wall, which served as a storage facility for 
weapons and ammunition. It was only in the 1970s, through 
underwater archaeological investigations, that two indigenous 
archaeological sites, Guasabacoa I and Guasabacoa II, 
were identified nearby (Roura Alvarez, 2025). According 
to the Management Plan for the Archaeological Heritage 
of Old Havana, this site is designated as a Priority Area for 
Conservation and categorized within the Archaeological 
Risk Zone I granting it the highest level of protection in 
terms of archaeological significance. Situated in the lower 
part of Havana Bay, near the mouth of the Luyanó River, the 
site’s exposure to bay currents is particularly pronounced. 
Over time, sediment accumulation around the former islet 
has led to its permanent connection to the mainland (Fig. 1). 
Furthermore, industrial development and urban expansion 
have resulted in the construction of large platforms 
supporting shipyard and industrial facilities serving both 
Havana and the neighboring municipality of Regla to the 
southeast. These interconnected zones have been infilled 
with reclaimed material.
Marine currents also carry substantial amounts of waste, 
especially plastic debris, into the lower-lying areas of Cayo 
Blanco, where it accumulates heavily along surfaces reached 
by storm surges and tidal action (Fig. 3).

Sampling

Following years of near-total abandonment, dense vegetation 
has colonized both naturally accumulated sediments and 
areas filled with reclaimed materials, as well as modern and 
historical structures. Today, the vegetative cover represents 
a defining landscape element of the site, including in zones 
of archaeological interest such as the Polvorín San Antonio 
itself. In relation to the coexistence of anthropogenic and 
natural elements, Norwegian architect Christian Norberg-
Schulz wrote in Genius Loci: “We must nonetheless repeat 
that a place means more than just a location. Within the 
landscape, there are both subordinate places and natural 
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Figure 1. 1909 Map of Havana Showing the Location of the Cayo Blanco Site. In the map on the right, the outline of the Polvorín is clearly 
visible, along with the accumulation of fill material that led to the connection of the small island to the mainland.

Figure 2. Current Satellite Image from Google Earth with Overlay of the Former Islet of Cayo Blanco. The image also shows the Luyanó River 
and the adjacent industrial area extending toward the municipality of Regla.
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things” (Norberg-Schulz, 1992). Building on this reflection, 
one may argue that in any site, even those characterized 
primarily by historical and archaeological features, 
vegetation can also be a defining component of the “spirit 
of place,” or Genius loci. This intangible quality contributes 
to what makes a site unique and distinguishable from all 
others. In this sense, the plant component, often comprising 
well-defined phytocoenoses of ecological interest, should 
be considered part of the site’s botanical heritage. Beyond 
its role in narrating the site’s ecological and historical 
evolution, this component may include valuable species 
that deserve to be preserved and appreciated on par with 
historical and archaeological elements. These considerations 
underpin the multidisciplinary methodological framework 
adopted by the Archeo-Cuba project since its inception. 
Thus, alongside the collection of historical and archival 
data, and the study and cataloging of material evidence and 
findings from the target sites, the research phase also focused 
on the botanical elements present within the project areas. 
These elements were analyzed not only for their potential to 
support the interpretation of the site’s historical stratigraphy 
but also to ensure their proper conservation and to explore 

their potential as cultural and tourist attractors, serving 
the broader functions and objectives of archaeologically 
significant areas. To achieve these aims, it was essential first 
to document the local flora and vegetation. In the specific 
case of Cayo Blanco, where no prior floristic or vegetation 
studies existed, field surveys were carried out with the 
support of local botanists to identify plant species. A floristic 
inventory was compiled and subsequently analyzed to 
distinguish native from exotic species, identify invasive taxa 
(Oviedo & González-Oliva, 2015), and highlight species of 
conservation interest, with reference to national protection 
lists (González-Torres et al., 2016).

Results and Discussion

Floristic-vegetation analysis of the Cayo Blanco area

1.	 The floristic-vegetation survey of the area identified 
six main environmental contexts and corresponding 
vegetation formations:

2.	 Ruderal and exotic tree-shrub formations, mostly 
surrounding the Polvorín San Antonio and landfilled 
zones.

3.	 Relict patches of black mangrove (Avicennia germinans), 
occupying surfaces periodically submerged by tidal 
activity.

4.	 Sclerophyllous-dominated tree-shrub formations, 
growing on calcarenite outcrops near the tip of Cayo 
Blanco.

5.	 Pioneer native vegetation, including Ficus citrifolia 
and F. crocata, which has colonized built structures, 
including the Polvorín San Antonio.

6.	 Halophilic vegetation, found on open surfaces affected 
by wave action.

7.	 Ruderal herbaceous and weedy commensal vegetation, 
within remnants of agricultural land.

Understanding the species that compose these communities, 
their ecological roles, and biogeographic significance has 
enabled an initial reconstruction of the site’s historical 
evolution. For instance, the ruderal communities rich in exotic 
species surrounding the Polvorín San Antonio and those in 
areas associated with industrial development indicate that these 
soils are primarily recent and anthropogenic in origin. Such 
substrates, formed largely by landfilling, are highly favorable 
to ruderal and invasive exotic species, which outcompete 
native flora, an interpretation also corroborated by historical 
cartography (Fig. 2). Among the many invasive species now 
established in Cuba, several have found ideal conditions for 

Figure 3. Seedlings of Avicennia germinans (black mangrove) among 
debris carried by storm surges.
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growth and spread in the Cayo Blanco area. One of the most 
widespread and problematic is Leucaena leucocephala (Fig. 
4), a species native to Mexico and Central America, recognized 
by the IUCN’s Invasive Species Specialist Group as one of the 
world’s 100 most invasive species. 
This plant is abundant in the study area, along with 
other invasive exotics such as Albizia lebbeck, Vachellia 
farnesiana, Ricinus communis, Mimosa pigra, and Schinus 
terebinthifolius. These findings underscore how vegetation 
analysis can contribute to reconstructing the “historical 
stratigraphy” of a site. In this sense, the botanical elements 
present at Cayo Blanco should also be integrated into 
interpretive frameworks, enhancing the site’s value as a 
cultural and touristic destination, alongside its archaeological, 
historical, and landscape features. In contrast, the portion 
of Cayo Blanco corresponding to the former island (Fig. 
2) hosts sclerophyll-dominated vegetation, a relict plant 
community of significant documentary and conservation 
interest. Native to the site and now disappeared from the rest 
of Havana Bay, this community suggests that the area has 
been less disturbed and retains elements of Cuba’s original 
flora. This vegetation is closely linked to the calcarenite 
substrate, which gives the site its name, Cayo Blanco. 
The species making up this phytocoenosis are all native, 
including Ateleia cubensis, Exostema caribaeum, Opuntia 
stricta, Bourreria succulenta, Stigmaphyllon sagranum, 
Smilax havanensis, Crossopetalum aquifolium, and Agave 
offoyana (Fig. 5) (García-Beltrán, 2024). 
Exotic species are nearly absent here, in stark contrast to 
the other areas previously described. This provides insight 
into the typical zonal environments and the potential natural 

vegetation of this part of Havana Bay and is essential for 
defining the plant species to be used in future environmental 
restoration projects in the area. This aligns with the goals 
of the “Plan Perspectivo de Desarrollo de la Bahía de La 
Habana”, which includes reclaiming a substantial portion 
of the bay for public use, progressively shifting it away from 
industrial exploitation.
Another important plant community identified in the Cayo 
Blanco area is found in open surfaces subject to wave action 
and constant exposure to marine aerosol. These soils are 
characterized by high sodium chloride (NaCl) concentrations, 
selecting for halotolerant or halophytic species, which store 
water in their leaves. Notable examples include Heliotropium 
curassavicum and Borrichia × cubana. The latter species was 
previously only known from the northern coast of Havana, 
and Cayo Blanco now represents the first documented 
occurrence in this southern sector. 
In front of the tip of Cayo Blanco lies a wetland area 
dominated by black mangrove (Avicennia germinans) 
(Fig. 6), forming a valuable mangrove stand. While such 
formations were likely common in Havana Bay historically, 
they have now been reduced to a few relict patches, making 

Figure 5. Agave offoyana, a native plant species occurring the Cayo 
Blanco area

Figure 4. Leucaena leucocephala a species native to Mexico and 
Central America, recognized by the IUCN’s Invasive Species 
Specialist Group as one of the world’s 100 most invasive species.
Figure 5. Agave offoyana, a native plant species occurring the Cayo 
Blanco area
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this remnant ecologically and historically significant. 
Mangroves, encompassing species of Avicennia, Rhizophora, 
and Laguncularia, are tropical and subtropical coastal trees. 
They are adapted to saline or brackish waters, tidal currents, 
strong winds, and muddy anoxic soils. Their survival in such 
extreme environments is facilitated by specialized structures 
such as pneumatophores: vertical aerial roots that emerge 
from the soil and absorb atmospheric oxygen to support 
respiration in oxygen-poor substrates (Fig. 6). 
Mangroves also play a critical role in mitigating the effects 
of climate change. These dense coastal forests protect 
shorelines from wave erosion by stabilizing sediments with 
their trunks and root systems, encouraging the deposition 
of mud and sand. Additionally, organic matter from the 
mangroves, fallen leaves and dead branches, accumulates 
and helps form new landmasses. In the context of rising 
sea levels, this ecosystem service is especially crucial, 
as many coastal areas and small islands are increasingly 
vulnerable to submersion. For these reasons, there are now 
global efforts to restore and expand mangrove forests in 
high-risk coastal zones. Mangrove forests also function 

as biodiversity hotspots, serving as habitat and nurseries 
for a wide range of animal species (Guzmán Menéndez & 
Menéndez Carrera, 2006). Given this ecological and cultural 
importance, the mangrove fragment at Cayo Blanco should 
be prioritized for conservation and enhancement, including 
serving as a source of propagative material for establishing 
new mangrove stands within Havana Bay. Such efforts will 
require the development of a waste removal plan, as the 
area is currently inundated with debris. This cleanup must 
be carefully executed, as many viable Avicennia germinans 
seedlings are found among the refuse and deserve to be 
preserved and cultivated (Fig. 3). These seedlings, along 
with seeds and propagules of other native species such as 
Thespesia populnea, could form the basis for a pilot native 
plant nursery, supporting future restoration initiatives across 
the bay. Given the proximity of Polvorín San Antonio and 
the pre-Columbian sites of Guasabacoa I and II, both now 
threatened by sea-level rise, the expansion of the mangrove 
belt could also serve as a natural coastal buffer to protect 
these valuable archaeological assets. Such intervention 
would be a practical example of a Nature-Based Solution 
(NBS) within the Havana Bay area, directly aligned with 
one of the primary objectives of the Archeo-Cuba project: 
to identify and implement strategies to mitigate the adverse 
impacts of climate change on cultural heritage. Due to the 
site’s low elevation, it is particularly vulnerable to sea-level 
rise, which exacerbates erosive processes, especially in the 
absence of natural barriers like mangroves. 
As part of the planning for a proposed Archaeological Park 
at Cayo Blanco, this NBS example should be accompanied 
by other ecological remediation strategies. Key among them 
is the reduction of the pollution coming from the nearby Río 
Luyanó, which empties near the tip of Cayo Blanco, and soil 
contamination throughout the bay, both legacies of industrial 
activity. These issues can also be addressed through targeted 
NBS approaches such as phytoremediation and constructed 
wetlands for wastewater treatment. A suitable wetland 
site for a future phytotreatment facility has already been 
identified on the opposite side of the river. 

Botanical attractors: conservation and valorization

The floristic survey of the Cayo Blanco area has made it 
possible to identify plant species of greatest biogeographical 
and conservation interest, particularly those endemic to Cuba, 
as well as rare species (at local, regional, or national levels) 
and those included in national lists of protected plants, such 
as the Red Lists (González-Torres et al., 2016). By comparing 
the results of these investigations in Cuba with numerous 
scientific studies conducted at archaeological sites in Italy—
especially within the Roman area—it becomes evident that 
the presence of a wide variety of plant species of conservation Figure 6. Mangrove stand of Avicennia germinans
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interest (Ceschin et al., 2006; Ceschin et al., 2012) is often 
a shared characteristic of places where traces of the past are 
preserved. This suggests that, beyond scientific relevance, 
the highlighting of rare, endemic, or protected plant species 
can also serve tourism development, turning these species 
into genuine cultural attractors. In addition, the study of the 
area’s plant elements was extended to explore the compelling 
relationship between botany and cultural anthropology through 
the lens of ethnobotany. Traditional uses of the plant species 
identified at Cayo Blanco were investigated in the context 
of Cuban communities. These include medicinal, culinary, 
domestic, artisanal, apicultural, recreational, ritual-religious, 
and magical uses—knowledge documented in ethnobotanical 
research conducted across the island by Cabrera (1954), Roig 
(1974), Fuentes Fiallo (1999; 2001; 2002a; 2002b; 2003; 
2004–2005; 2011–2012), Fuentes Fiallo and Castro (2000), 
Velázquez D. et al. (2014) and Carlomagno et al. (2015). A 
review of this rich bibliography reveals that many of the plant 
species recorded in the Cayo Blanco area are still in use today 
by the Cuban population. For instance, Guazuma ulmifolia, 
known locally as “guasima” (Roig, 2014), is used for its 
timber; others serve culinary purposes, such as Portulaca 
oleracea and Phyllostylon rhamnoides; but it is especially in 
the medicinal realm that ethnobotanical knowledge is most 
richly represented. Medicinal plants include Koanophyllon 
villosum, Cynophalla flexuosa, Turnera ulmifolia, Varronia 
globosa (known as yerba de la sangre), Turnera ulmifolia 
(marilope), and Morinda royoc (raíz de indio). A significant 
number of species recorded in the study area have recognized 
ethnomedicinal applications (Roig, 1974), and a full list is 
provided in Table 1. 

Table 1 - Species with ethnomedicine uses recorded in Cayo Blanco.

Agave offoyana Jacobi 

Avicennia germinans (L.) L.

Cecropia schreberiana subsp. antillarum (Snethl.) C. C. Berg & P. Franco

Cynophalla flexuosa (L.) J. Presl 

Exostema caribaeum (Jacq.) Roem. & Schult. 

Guazuma ulmifolia Lam. 

Heliotropium angiospermum Murray 

Koanophyllon villosum (Sw.) R. M. King & H. Rob. 

Lantana aculeata L. 

Leucaena leucocephala (Lam.) de Wit 

Morinda royoc L. 

Petiveria alliacea L. 

Thespesia populnea (L.) Sol. ex Corrêa 

Turnera ulmifolia L. 

Vachellia farnesiana (L.) Wight & Arn. 

Varronia globosa Jacq. 

Viguiera dentata (Cav.) Spreng. 

In light of these findings, the Cayo Blanco–Guasabacoa area 
emerges as a compelling model of interdisciplinary integration, 
where elements of historical and archaeological heritage 
are closely interwoven with botanical and ethnobotanical 
components, contributing to the creation of a richer, more 
layered cultural and educational offering. This setting serves 
as an exemplary case of how history, archaeology, nature, and 
plant knowledge can be effectively combined, enhancing the 
site’s cultural value and broadening its potential as a resource 
for education, tourism, and community engagement.

Management Plan for the Cayo Blanco Area

The results of the floristic–vegetational and ethnobotanical 
studies, combined with the historical and archaeological 
knowledge gained largely through the investigations carried 
out under the Archeo-Cuba Project, were fundamental to the 
development of a Management Plan for the Cayo Blanco 
area, aimed primarily at the appropriate conservation and 
valorization of the site. The Plan, developed collaboratively 

Figure 7. Ficus citrifolia along the walls of the Polvorín San Antonio
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with archaeologists from the Oficina del Historiador de la 
Ciudad de La Habana and planners from the Ministerio de 
la Construcción also included the reuse and reinterpretation 
of residual or abandoned structural elements onsite, such 
as reinforced concrete blocks, iron beams, and sheet 
metal. This approach is emblematic of the Archeo-Cuba 
methodology, which seeks to valorize even these modern 
remnants as part of the site’s recent historical narrative. 
The Plan further incorporates the enhancement of the site’s 
agricultural landscape, especially the section near the 
entrance bordered on the left by the Luyanó River. This 
area is currently used for the cultivation of edible plants 
such as banana (Musa × paradisiaca), Cuban oregano 
(Plectranthus amboinicus), cassava (Manihot esculenta), 
and sweet potato (Ipomoea batatas). This zone lies on 
an alluvial substrate, deeper, moist, and fertile, making 
it particularly suitable for agriculture. From a design 
standpoint, and in light of the educational potential of the 
Cayo Blanco site, it is essential to preserve, expand, and 
enhance this cultivated strip, not only to familiarize visitors 
with local crops but also to emphasize the importance of 
agrobiodiversity conservation in Cuba, and to highlight the 
relevance of self-production practices, especially critical in 
a context heavily burdened by the economic embargo. With 
respect to the native pioneer vegetation, particularly Ficus 
citrifolia and F. crocata, which have colonized the masonry 
of the Polvorín San Antonio (Fig. 7), a site of great historical 
and archaeological interest, management decisions must 
balance conservation needs and ecological realities. 
While these plants may represent a threat to the structural integrity 
of the architecture, complete removal is not recommended, 
particularly for mature individuals, for two main reasons: 
Structural concern: Simply cutting back large specimens 
would not prevent regrowth. Effective removal would 
require chemical herbicides such as glyphosate or triclopyr. 
However, the subsequent decomposition of the embedded 
root biomass could destabilize the masonry, posing a serious 
risk to the structural conservation of the building.
Cultural–ecological value: In line with the “conservative 
approach” adopted by the Archeo-Cuba Project, the natural 
evolution of vegetation is considered part of the site’s 
history and spirit. Even recent plant colonization processes 
can serve as indicators of the genius loci, contributing to a 
layered reading of the site over time.

Conclusions

The Archeo-Cuba Project has offered a valuable opportunity 
for international collaboration and capacity-building focused 

on the relationship between cultural heritage and sustainable 
intervention strategies in areas vulnerable to climate change. 
Italian expertise, widely recognized for its integrated 
approach to cultural heritage, from natural landscapes to 
anthropized environments, has supported interdisciplinary 
exchange, particularly through the educational program and 
on-site workshops carried out with Cuban professionals. 
Specifically, the floristic–vegetational and ethnobotanical 
studies conducted in the Cayo Blanco area, along with the 
historical and archaeological findings largely derived from the 
same project, have contributed not only to enriching the site’s 
cultural offering but also to addressing key environmental and 
management challenges. These studies were essential in the 
drafting of the Cayo Blanco Management Plan, whose primary 
goal is the proper stewardship and enhancement of the site. 
An important final output of the project will be the definition 
of guidelines for replicating the Archeo-Cuba model, already 
considered a best practice with the potential to be scaled and 
adapted to other Cuban heritage sites. The results of these 
georeferenced surveys have been integrated into a Web-GIS 
platform (https://webgis.archeocuba.com/), developed as 
a technological hub for project information and content—
open-access and consultable, supporting further research, 
monitoring, and decision-making.
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Introduction

Biodiversity—albeit in a symbolic and ante litteram form—
has been admired and respected since the dawn of human 
history. From its veneration in Eastern spiritual traditions 
(e.g., Hinduism, Buddhism), to the first conceptual 
frameworks proposed by Aristotle, to the vivid allegories of 
Lucretius and the mystical interpretations of St. Francis of 
Assisi; from the early formal naming systems (e.g., Cesi, 
1651), to Linnaeus’s foundational taxonomic system (1758), 
and the evolutionary insights of Darwin (long before the 
official publication in 1859) and Wallace (1858); through the 
quantitative formulations influenced by thermodynamics and 
information theory—Gini (1912), Shannon (1948), Wiener 
(1948), Simpson (1949), Margalef (1957), Hill (1973), 

Whittaker (1972, 1977), and Patil and colleagues (Patil & 
Taillie, 1976; Grassle et al., 1992); to the unconventional 
but constructive critiques of Hurlbert (1971); the qualitative-
quantitative approaches of May (1975); and finally, its 
establishment as a distinct scientific discipline, notably with 
Wilson (1992) and many others (e.g., Alatalo, 1981; Barbault 
et al., 1991; Colwell, 1979; Ganis, 1991; Magurran, 2004; 
Odum, 1973; Pielou, 1975; AA.VV., 2000).
Biodiversity has since been embraced—though often more in 
rhetoric than in practice, and not without risks of conceptual 
distortion (Battisti & Contoli, 2011)—by international 
political discourse (e.g., Barton, 1992).
The current crisis of biodiversity in the biosphere has 
long been highlighted at various levels, especially at the 
taxonomic level (e.g., Wilson, 1992; Gaston & Mound, 
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1993). However, given the current, ongoing uncertainty 
about the numerousness of taxa (in particular, species) and 
the respective abundance of individuals, complete knowledge 
of the biodiversity in the biosphere remains unknown (e.g., 
Mora et al., 2011; Caley et al., 2014; Hortal et al., 2015; 
Guedes et al., 2025). An approach to ‘complex biodiversity’, 
that is, an extended concept of biological diversity that 
simultaneously takes into account the various conceptual 
components (abundance, richness, diversity etc.), seems 
easier by examining biomass, large eco-environmental units 
and their respective dominant and characterizing taxa, as 
they are at the core of the functional relationships within 
and among ecosystems (Daly et al., 2018). This could allow 
a more realistic approach than the strictly taxonomic one, 
from an energetic and eco-functional point of view (see 
Barnes et al., 2018; Allen et al., 2002).
It is important to distinguish between the concepts of 
ecosystem and biome. An ecosystem is linked to a territorially 
continuous biotope and characterized by a specific biotic 
composition. A biome, by contrast, is defined primarily by 
abiotic factors—such as macroclimate—which allows it to 
include ecologically similar but geographically distant and 
disconnected ecosystems (Clapham, 1973).
This broader view supports those (e.g., Ellis & Ramankutty, 
2007) who define biomes as including human-modified 
areas, where a single species—Homo sapiens—profoundly 
alters biogeochemical cycles: from soil potential and 
food production at all trophic levels to consumption, 
elimination of trophic competitors, and the exploitation of 
local biotic and abiotic resources. This leads to the concept 
of the Anthrobiome (Couvet, 2019). The biomass from 
Anthrobiomes, together with that from natural biomes, forms 
an extended biomass, which can be studied in a diachronic 
perspective across millennia.
Furthermore, the anthropogenic impact—recognized as 
a major driver of ecological change—must be integrated 
into analyses. This impact differs qualitatively between 
the halobios (marine organisms), where human influence 
is still mainly through extraction and pollution, and the 
aerobios (terrestrial organisms), where humans have long 
replaced natural ecosystems with anthroposystems based on 
agriculture, livestock, and settlement (Machlis et al., 1997; 
Likhacheva et al., 2019). In terrestrial systems, humans have 
become a dominant ecological force and a major threat to 
biodiversity (Battisti et al., 2016).
Such an analysis can now rely on robust time-resolved data 
concerning human population trends since the Holocene, 
the characteristics of major aerobios biomes, and the 
distribution of biomass across biological organisms—
including Homo sapiens—despite the need for substantial 
numerical approximations in these estimates (Wilkes et al., 
2025). Accordingly, we propose to examine biodiversity 

through the lens of biomass distribution within the aerobios, 
using diversity indices calculated on the biomass frequency 
of eco-taxo-physiognomic groups within each biome, rather 
than on individual abundance. In this framework, eco-
taxo-physiognomic groups are defined by dominant plant 
physiognomies (e.g., conifers, deciduous broadleaf trees, 
evergreen broadleaf trees, etc.).
Although this approach shows some weaknesses due to the 
high degree of approximation related to the coarse-grained 
method, we think that the general patterns may be objectively 
credible. We think also that this type of analyses is urgent 
due to the strong impact of Homo sapiens in the biosphere.

Methods

Data base

Biomass data, expressed in gigatonnes of carbon (Gt C), 
were sourced from Bar-On et al. (2018). The time span 
analyzed extends over the past 10,000 years—starting 
from the onset of a more stable macroclimate and the rise 
of agriculture and livestock, which triggered the ongoing 
expansion of Homo sapiens. The projection extends 55 
years into the future (UN, 2019), with a forecasted global 
population of approximately 10 billion individuals (1010). 
For clarity in graphical representation, time is expressed as 
Log(12,060 – years), spanning from 12,060 BCE to 2,060 
CE. The analysis focuses on several major biomes for which 
consistent and reliable data are available (Lieth, 1975; Loidi 
et al, 2022).
The following parameters have been considered over time: 
the number of individuals of Homo sapiens; its average 
individual biomass, assumed as 50 kg per capita, with 
approximation (Walpole et al., 2012); the current biomass of 
the main eco-taxo-physiognomic groups, i.e., the main plant 
physiognomies (Bar-On et al., 2018; Trost, 2022).
We obtained the numerical proportions of biomass between 
the aforementioned groups from Lieth (1975) and the human 
biomass or “anthrobiome” as the product of the population 
in a given year and the weight of a single individual of Homo 
sapiens (Groombridge, 1992). We proposed an indicative 
evaluation of biodiversity across different biomes, based on 
the biomass of eco-taxo-physiognomic groups. Given the 
impossibility of quantifying the biomass of every taxonomic 
component within each biome, we focused on identifying 
the dominant taxa in terms of biomass, considering only 
tree species. A total of 104 species was selected as a 
reference: specifically, 104 species for tropical rainforest, 
103 for seasonal rainforest, 102 for temperate, seasonal, 
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and evergreen sclerophyllous scrub, and 101 for Taiga. 
In addition, we included herbaceous plants sensu lato in 
the “prairie” biome (104 species), lichen symbioses in the 
Tundra (101 species), and various plant species that occur 
predominantly in isolated, scattered, and individual forms 
in the “semi-desert” biome (101 species), following the 
approach outlined in the seminal work by Cazzolla Gatti 
et al. (2022). Finally, we obtained the Taxonomic diversity 
(TAX D; Cazzolla Gatti et al. 2022).
Before 1975 and after 2018, the values ​​were tentatively 
estimated to the dates 10,000 (approximately, the beginning of 

agriculture and livestock farming), 7,000, 5,000, 3,000 B. C. and 
1500 (end of the Middle Ages), 1800 (“industrial revolution”), 
1950 (“green revolution”) B. C., as well as to 2055 (Homo 
sapiens with 1010 presumed individuals; UN, 2019). 
Starting from the data of Bar-On et al. (2018), we calculated 
(i) the biomass and the relative frequencies of the various 
biomes and (ii) biomass of ‘anthrobioma’. From these biomass 
values, we obtained: the total biomass for aerobios (including 
anthrobioma; BIOM; from Bar-On et al., 2018); the fraction 
of Homo sapiens biomass (on the total aerobios biomass; 
H BIO; calculated as the number of individual humans 

Table 1. Data of biomass and diversity along the time span considered. Biomass is expressed in gigatonnes of Carbon (GT of C). Time considered, 
log-transformed, started from the present up to ten millennia ago. The biomes considered are from Lieth (1975). Acronyms: BIOM: total biomass 
for aerobios (Bar-On et al., 2018); H BIO: Fraction of Homo sapiens Biomass (calculated as the number of individual humans multiplied by 50 
kg: Walpole et al., 2012); TAX D: Taxonomic diversity (Cazzolla Gatti et al. 2022); BIO D: Biomic diversity (Magurran, 2004). Biome acronyms: 
ANT: Anthrobioma; PLU: pluvial/tropical forests; PLU S: seasonal pluvial/tropical forests; TEM: temperate sensu lato; TEM S: seasonal 
temperate; SCL: sclerophilous forests; TAI: taiga; PRA: prairies; TUN: tundra; DES: semi-desertic biome.

Year 10000 B.C. 7000 B.C. 5000 B.C. 3000 B.C. 1500 A.D. 1800 A.D. 1950 A.D. 1975 A.D. 2018 A.D. 2055 A.D.

LOG Y 5.919 6.043 6.151 6.296 7.252 7.585 7.921 8.022 8.377 9.3

BIOM 589 588 587 586 585 584 577 567 541 474

H BIO 0.0006 0.0006 0.0006 0.0006 0.0006 0.0061 0.0071 0.0151 0.0043 0.022

TAX D 0.999 0.999 0.999 0.999 0.999 0.994 0.993 0.985 0.997 0.978

BIO D 0.681 0.681 0.681 0.674 0.674 0.695 0.707 0.721 0.36 0

PLU 312 312 312 312 312 288 279 267 231 163

PLU S 72 72 72 72 72 71 70 68 66 48

TEM 33 32 31 30 29 28 27 26 25 23

TEM S 37 37 37 37 37 37 37 36 35 33

SCL 5 5 5 5 5 5 5 5 5 5

TAI 43 43 43 43 43 43 43 42 41 39

PRA 101 101 101 101 101 101 100 98 95 84

TUN 5 5 5 5 5 5 5 5 5 5

DES 5 5 5 5 5 5 5 5 5 5
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multiplied by 50 kg: Walpole et al., 2012). Moreover, from 
the biomass values for each biome (including anthrobiome), 
we obtained the relative frequency (fr) of biomass for each 
biome. After, we calculated the Simpson diversity index as 
D=1-Σfr2 (Magurran, 2004; see also Patil & Taillie, 1976; 
Ganis, 1991; Contoli Amante & Luiselli, 2015). The Simpson 
index has also been calculated on the biomass of the biomes 
(included the anthrobiome) divided by the number of species, 
obtaining an estimate of the average biomass per species of 
the arboreal layer (or more in general of the dominant species; 
Bar-On et al, 2018; biomic diversity: BIO D; Magurran, 
2004). The trend over time of the overall aerobic biomass and 
of diversity index was therefore verified. 
We correlated BIOM, H BIO, TAX D, and BIO D to the 
range studied (log y=log years after 12.060 B.C, performing 
equations of polynomial regression, order 2 and using the 
PAST 4.01 software (Hammer et al. 2001). Alpha was set 
to 0.05 level.

Results and Discussion

Trend in all the values of biomass (including anthropic 
biomass or ‘anthrobiome’) and of the Simpson diversity 
index have been reported in Table 1 and Fig. 1.
We observed a progressive decline of the total biomass (Fig. 
1A) largely due to the decline in biomass of the aerobios, 
while anthropic biomass increased progressively (Fig 1B). 
The taxonomic biodiversity (i.e., the numerousness of species, 
Fig. 1C) has always been very high in the temporal range 
considered (approximately 107 species). However, over time, 
the biodiversity shows, after an initial stability, a progressive 
decline, due to the growing role of the biome dominated by a 
single species (Homo sapiens) towards the others.
The biomic biodiversity (Fig 1D) after a very slight initial 
decline, shows an increase, as expected, given the growing 
weight of the anthrobiome, initially quantitatively negligible 

Figure 1. Trends along the time range studied (log y=log years after 12.060 B.C.; see Methods for details) with equations of polynomial 
regression, order 2. A: total biomass for aerobios (including anthrobioma; BIOM); B: Fraction of Homo sapiens Biomass (on the total aerobios 
Biomass; H BIO); C: Taxonomic diversity (TAX D); D: Biomic diversity (BIO D).



39ON THE TIME TREND OF AEROBIOTIC AND ANTHROPIC BIOMASS

and today tendentially hegemonic over the others. The future 
forecast (2055) is that of a rapid collapse, if the current 
trends were to be confirmed. Our data support evidence yet 
provided by other authors (Pereira et al., 2010, Segan et 
al., 2016) with implication for cascade effects also on our 
species (Undheim & Ahmad, 2024).
Our preliminary data indicate a decline in total biomass, 
which appears to contrast with the progressive increase 
in anthropic biomass. This reflects a clear anthropogenic 
pressure on the aerobios—and thus on the biosphere as a 
whole. The onset of this decline seems to coincide with the 
historical phase spanning from the discovery of the Americas 
to the beginning of the Euro-Western Industrial Revolution
This preliminary work aims to emphasize the need to study, 
interpret, and apply the concept of biodiversity critically 
and without preconceptions—as an essential tool for 
understanding biological reality. While our analysis is based 
on certain assumptions and approximate parameters subject 
to a degree of uncertainty (see Ladle, 2009), we consider this 
exploratory approach necessary given the alarming global 
decline in biodiversity.
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Introduction

Environmental stresses are considered one of the most 
important factors reducing the yield and production of crops, 
and combating or reducing the effects of stresses has been 
considered as a useful strategy to increase the yield of these 
crops. Drought stress is one of the major challenges for the 
successful production of crops, and in this regard, breeding 
advanced and tolerant varieties for arid and semi-arid regions 
seems essential. Sunflower is one of the main sources of 
vegetable oil in the world and Iran. Water deficit during the 
growing season of sunflower can reduce net photosynthesis 
by reducing leaf area, closing stomata, and reducing the 
efficiency of carbon dioxide absorption. Water deficit stress 
during the growing season reduces the dry weight of leaves, 

stems, and roots, and also increases the root to aerial ratio 
due to deeper roots. Despite relative drought tolerance, 
water shortage is one of the most important factors limiting 
sunflower cultivation in Iran and the world. expanding the 
area under cultivation and increasing the production of 
sunflowers requires the introduction of cultivars adapted to 
dry and semi-arid conditions (Zareei Siahbidi et al, 2020). 
Sunflower hybrid varieties have very desirable characteristics 
in terms of uniformity, disease resistance, and yield.   to their 
genetic homogeneity, they are very sensitive to changes in the 
growing environment. In contrast, open-pollinated varieties 
are less sensitive to changes in environmental conditions 
due to their heterogeneous genetic makeup and show good 
adaptability in different conditions. In addition, open-
pollinated varieties are a very suitable option for cultivation 
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Abstract - In order to evaluate sunflower cultivars under drought stress, an experiment was conducted in 2024 on four sunflower cultivars in split 
plots in a randomized complete block design with 3 replications at the West Azerbaijan Research Center, Khoy. Drought stress treatment was applied 
at four levels in the main plots including: no water stress, stress at tillering stage, stress at flowering stage, stress at grain filling stage, and hybrids, 
Euroflor, Azargol and open-pollinated cultivars Master and Lakomka were considered in subplots. The results showed that the effect of main and 
sub-factors on agronomic traits and also The interaction effect of drought stress × cultivar on grain yield, biological yield, and harvest index was 
significant at the (P ≤ 0.01), As the Azargol variety, in the presence of stress in head formation, reduces its yield by 9.68%, while the Euroflor variety 
shows a 18.24% decrease. Alsot the Azargol cultivar, in the presence of flowering stress, reduces its yield by 28.57%, while the Euroflor cultivar 
shows a reduction of 37.17%. Finally, the Azargol cultivar reduces its yield by 18.86% in the presence of grain filling stress, while the Lakumka 
cultivar showed a 25.64% reduction. Also, in the presence of stress, the Master cultivar showed the lowest reduction in harvest index at the stage of 
head formation and grain filling (7.08% and 5.25%, respectively) compared to the Euroflor cultivar (10.94%) and (8.31%), and the Lakomka cultivar 
showed the lowest reduction of 5.18% at the flowering stage under stress conditions compared to the Master (8.45%), Azargol (7.33%), and Euroflor 
(9.8%). In the results obtained from biological performance, the Azargol cultivar showed the lowest reduction in all three stages of head formation, 
flowering, and grain filling, respectively, by 3.05%, 18.19%, and 4.07%, compared to the Master cultivar (22.84%), (26.95%), and (20.16%).

Keywords: sunflower, stress, yield, azargol
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in dryland areas and areas with agricultural restrictions. In 
all cross-pollinated plants, hybrid varieties have high yields 
due to the heterosis phenomenon, and single-cross hybrids 
are more performance  compared to other types of hybrids. 
Commercial varieties are low yielding and uneven, such as 
Record, Armavirskiy and Chernyanka. Hybrid varieties such 
as Azargol, Eurflor, lakomka and Master are high yielding 
and more uniform (Ghaffari et al., 2021). In this research, 
Euroflor and Azargol cultivars were considered as single-
cross hybrids, and Lakomka and Master cultivars were 
considered as open-pollinated cultivars. The Azargol hybrid 
was of Iranian origin and the rest were Iranian-Russian. 
All four cultivars had a growth period of 110 to 120 days 
and were resistant to plasmospora disease. This plant has 
received increasing attention over the past few decades 
due to its beneficial fatty acids. Evaluation of various 
characteristics, especially the performance of genotypes 
under normal and moisture stress conditions, allows the 
identification of tolerant genotypes (Tarig et al., 2021). 
introducing tolerant genotypes into breeding programs, an 
effective step can be taken to reduce the adverse effects of 
drought stress and human food security (Gholamhoseini 
et al., 2013). In order to evaluate and identify tolerant and 
sensitive genotypes, several methods have been proposed by 
researchers in this field, one of which is the use of stress 
tolerance and sensitivity indices (Nawar et al, 2020; Darbani 
et al, 2020). In this Research, given that the cultivars 
considered for cultivation had acceptable yields, it was 
decided to examine these cultivars under stress conditions 
and at different phenological stages to see which cultivars 
gave acceptable yields at different times of stress.

Materials and methods

In order to evaluate sunflower cultivars under the influence of 
water shortage stress, an experiment was conducted on four 
sunflower cultivars in the form of a split plot in the form of a 
basic randomized complete block design in 3 replications at 
the research farm of Khoy Agricultural Research Station in 
2024. Stress treatment was carried out at four levels including: 
no water stress, stress during tillering, stress at the flowering 
stage, stress at the seed filling stage in the main plots and 
cultivars at four levels including Master, Lakomka and Euroflor 

and Azargol hybrids in the secondary plots. The seeds were 
obtained from the Karaj Seedling and Seed Institute, and the 
goal was to breed these varieties under stress conditions and 
adapt to the Azerbaijani climate. The project implementation 
site has a semi-arid climate and is located at 58˚44´ north 
latitude and 33˚48´ east latitude, and its altitude is 1142m above 
sea level. Planting was done on land that had been fallow the 
previous year. Bed preparation operations included plowing, 
spring discing, and leveling. A period of 120 days passed from 
planting to harvest. In order to determine some physical and 
chemical characteristics related to the soil of the test site before 
implementing the project, a sample of the soil composite was 
prepared from an average depth of 30 cm and sent to the soil 
science laboratory of the Soil and Water Research Department 
of the Agriculture and Natural Resources Research Center of 
West Azerbaijan (Table 1).
Simultaneously with the land preparation operation, 150 
kg.ha-1 of diammonium phosphate fertilizer and 100 kg 
of potassium sulfate were applied to the land. Also, 100 
kg.ha-1 of urea fertilizer was evenly distributed in three 
stages: at planting, at the 5-leaf stage, and at the beginning 
of flowering in the experimental units. In this experiment, 
each sub-plot had 4 planting lines at 60 cm intervals, 
5 m long, and an area of 12 m2. After planting, initial 
irrigation was performed every 5 days until the plants were 
established and then until the end of the season based on 
80 mm of evaporation from the class A evaporation pan. In 
stress treatments, depending on the stress stage, irrigation 
was performed when the evaporation rate from the class A 
evaporation pan reached 110 mm, and subsequent irrigations 
were performed according to normal conditions (irrigation 
after 80 mm from the class A evaporation pan). Stress 
treatments were applied at four levels including: no water 
stress, stress at pod formation, stress at flowering stage, 
stress at seed filling stage and irrigation time including 
irrigation at 80 (control), 100, 110 and 120 mm evaporation 
from class A pan as main factors. Also, Master, Lakomka 
and Euroflor and Azergol hybrids were placed in subplots. 
At harvest time, traits such as number of grain per head, 
head diameter, 1000 grain weight, biological yield, harvest 
index, and sunflower seed yield were measured as follows. 
For thousand seed weight measurement, three 100-seed 
samples from each plot were counted and weighed after 
drying in an oven. Finally, the average weight obtained was 
multiplied by 10 and recorded as thousand seed weight. For 
biological yield, the whole plant was placed in an oven at 

Table 1. Physico-chemical properties of soil experimental location

OCTotal NFe avalable
(ppm)

K available 
(ppm)

P available 
(ppm)

Soil 
saturationpHClaySiltsand

0.870.084.93619.4467.8463618
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75°C for 48 hours and weighed. Then, by taking a sample 
of the obtained seeds, one thousand seeds were counted 
and then the weight of 1000 grain weight  was measured 
using a precision balance (accuracy 0.01 g). To calculate the 
harvest index, the number of seven harvested samples after 
separating the seeds from the pod and drying in an oven (48 
hours at 72°C) was weighed and the following formula was 
used: Harvest index = yield / (biological yield) × 100 

Statistical analysis

The resulting data were statistically analyzed with Minitab 
14 software and the averages of main and interaction 
effects were compared with the LSD test at the five percent 
probability level.

Results and Discussion

Grain yield 

The results of the analysis of variance of the data showed 
that there was a significant difference in grain yield at the 
level (P ≤ 0.01) between different levels of stress as the 
main plot, cultivars in the subplot and their interaction 
effects (Table 2).  Azargol variety, in the presence of stress 
in head formation, reduces its yield by 9.68%, while the 
Euroflor variety shows a 18.24% decrease. Alsot the Azargol 
cultivar, in the presence of flowering stress, reduces its yield 
by 28.57%, while the Euroflor cultivar shows a reduction 
of 37.17%. Finally, the Azargol cultivar reduces its yield 
by 18.86% in the presence of grain filling stress, while the 
Lakumka cultivar showed a 25.64% reduction. Also, the 
results of the interaction effects showed that the Azargol 
cultivar had the highest yield in non-stressed conditions with 
3084 kg, and the Master cultivar had the lowest grain yield 
in the grain formation stage with 2654 kg (Table 4). Azargol 
cultivar has better yield than other cultivars under stress and 
non-stress conditions, and also stress at the grain formation 
stage until the end of the growth period, considering that the 
plant is exposed to drought stress for a longer period, has 
the greatest effect on yield components. Duca & Domenco 
(2022) also reported that the occurrence of severe water 
deficit stress during flowering, pollination, and grain setting 
stages causes a severe reduction in sunflower seed yield. 
Jocković et al. (2024) stated that an unfavorable irrigation 
regime, while reducing the surface area of leaves and their 
premature aging, causes a decrease in seed yield.

Harvest index

The results showed that the harvest index was also affected 
by stress × cultivar. (Table 2), in the presence of stress, the 
Master cultivar showed the lowest reduction in harvest 
index at the stage of head formation and grain filling (7.08% 
and 5.25%, respectively) compared to the Euroflor cultivar 
(10.94%) and (8.31%), and the Lakomka cultivar showed 
the lowest reduction of 5.18% at the flowering stage under 
stress conditions compared to the Master (8.45%), Azargol 
(7.33%), and Euroflor (9.8%). The highest harvest index in 
non-stress conditions was for the Euroflor variety with 25.27% 
at the grain filling stage and the lowest was for the Lakumka 
variety with 23.16% at the grain filling stage (Table 4). Ali 
et al. (2024) reported that due to the decrease in grain yield 
and biological yield due to low irrigation, the yield index of 
hybrids increased, so that under mild stress conditions, the 
yield index of the Farrokh, Shams, Ghasem and Barzegar 
hybrids increased by 18, 4, 15 and 3 %, respectively, and this 
increase under severe stress conditions was equal to 5, 21, 5 
and 7 %, respectively. Increasing harvest index in the studied 
hybrids under both limited irrigation conditions resulted in a 
more severe decrease in biological yield compared to grain 
yield. The results of Sandoval et al., (2024) also showed that 
mild drought stress increases the harvest index. In the study 
of Saylak et al. (2024), no significant changes in the harvest 
index of the studied genotypes were observed due to drought 
stress. Giannini et al. (2024) reported that the reduction in 
harvest index was not large compared to the reduction in 
grain yield, indicating that the rate of grain yield reduction 
was only slightly higher than the rate of plant dry matter 
reduction. However, in several other studies, drought stress 
caused a significant reduction in harvest index (Masumi et 
al., 2021; Umar & Siddiqui., 2020). The reduction in harvest 
index resulted in a decrease in the number of grains per 
head, a decrease in head diameter, and an increase in grain 
porosity (Hussein et al., 2018). This indicates that drought 
stress leads to a decrease in the biological yield of plants and 
an increase in the harvest index of the treatments, which is 
consistent with the results of this study.

Biological yield 

Biological yield showed significant differences between 
different levels of stress, cultivar and their interactions at the 
(P ≤ 0.01) (Table 1). In the results obtained from biological 
performance, the Azargol cultivar showed the lowest reduction 
in all three stages of head formation, flowering, and grain 
filling, respectively, by 3.05%, 18.19%, and 4.07%, compared 
to the Master cultivar (22.84%), (26.95%), and (20.16%), 
Also, the Azargol cultivar had the highest biological yield 
in non-stressed conditions with 15,500 kg, and the Master 
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cultivar had the lowest biological yield in the seed formation 
stage with 12,350 kg (Tables 2 and 4). In the experiment 
(Joseph et al, 2025), it was found that mild and severe drought 
stress reduced the biological yield of sunflower by 43 and 
69%, respectively. The reduction in biological yield due to 
drought stress can be due to the reduction in leaf area and the 
reduction in plant growth rate (Mendes et al., 2025; Avetisyan 
& Cvetanova (2022). In the study of Önemli et al. (2023), 
biological yield also decreased under stress conditions at the 
flowering stage, and this decrease caused a decrease in leaf 
area index and crop growth rate. They also reported that the 
rate of decrease in dry matter in plants under drought stress 
was greater than the rate of decrease in grain yield.

1000 grain weight 

The 1000 grain weight for different stress levels and cultivars 
was significant at the (P ≤ 0.01) (Table 2) Azargol variety, in 
the presence of stress in head formation, reduces its weight 
1000 grain by 10.14%, while the Euroflor variety shows a 
17.03% decrease. Alsot the Master cultivar, in the presence 
of flowering stress, reduces its yield by 9.18%, while the 
lakomka cultivar shows a reduction of 21.02%. Finally, the 
Azargol cultivar reduces its weight 1000 grain by 5.7% in 
the presence of grain filling stress, while the master cultivar 
showed  9.28% reduction., Also, the Azargol cultivar had the 
highest 1000 grain weight  in non-stressed conditions with 
78.65gr, and the Master cultivar had the lowest 1000 grain 
weight  in the filling formation stage with 76.73 gr  (Table 3). 
Centorame et al., (2024) showed that the effect of drought 
stress on the physical characteristics of sunflower seeds, 
including length, width, and diameter, was negative, and the 
reason for this was due to the reduction in the production 
of photosynthetic materials required for seed filling, which 
ultimately caused the seeds to shrink and reduce the 1000 
grain weight. In the experiment (Smaeili et al., 2022; Tariq 
et al., 2021), it was reported that by stopping irrigation from 
the flowering stage in sunflower, the number of seeds per 
plant decreased and the competition for photosynthetic 
materials decreased, and the weight of seeds increased. It 
seems that moisture stress, through a decrease in leaf area, 
caused a decrease in seed weight and the number of seeds 
per plant. The competition between fertile florets and seeds 
on the surface for the absorption of photosynthetic materials 
was not intense in the Lakomka cultivar, which ultimately 
led to an increase in the seed weight of this cultivar.

The number of grain in head

Given that there was no significant difference in the number 
of grains between different stress levels, it seems that the 
1000 grain weight is the most effective factor in the difference 

in performance at different stress levels. For the number of 
grains per head, there was no significant difference between 
different levels of moisture stress and the interaction effects 
of stress × cultivar However, cultivars had a significant effect 
on this trait at the (P ≤ 0.01) .(Table 2), Euroflor variety, in the 
presence of stress in head formation, reduces its The number 
of grain in head by 5.16%, while the Lakomka variety shows 
a 18.45% decrease. Also the Azargol cultivar, in the presence 
of flowering stress, reduces its The number of grain in head 
by 7.46%, while the lakomka cultivar shows a reduction of 
21.59%. Finally, the Azargol cultivar reduces its The number 
of grain in head by 9.4% in the presence of grain filling stress, 
while the master cultivar showed  24.68% reduction, Also, 
the Euroflor cultivar had the highest The number of grain in 
head  in non-stressed conditions with 794, and the Lakomka 
cultivar had the lowest The number of grain in head  in the 
filling formation stage with 620.

Head diameter 

There was a highly significant difference between different 
levels of stress and cultivars in terms of head diameter (P 
≤ 0.01). Azargol variety, in the presence of stress in head 
formation, reduces its head diameter  by 19.95%, while the 
Master variety shows a 29.55% decrease. Also the Azargol 
cultivar, in the presence of flowering stress, reduces its head 
diameter by 11.26%, while the lakomka cultivar shows a 
reduction of 25.10%. Finally, the Azargol cultivar reduces its 
head diameter by 17.19% in the presence of grain filling stress, 
while the Master cultivar showed  24.27% reduction, but their 
intersept effects did not show a significant difference (Table 2). 
Also, the Lakomka cultivar had the highest head diameter   
in non-stressed conditions with 22.8cm, and the Euroflor 
cultivar had the lowest head diameter in the filling formation 
stage with 20.2cm. (Table 2).(Akhtar et al., 2024; Sah et al., 
2020) showed that the maximum stem diameter of 17.2 cm 
and the maximum yield of 5124 kg.ha-1 belonged to the 
treatment of 70-70-70 mm evaporation from the surface of 
the pan, class A evaporation, respectively, from the stage 
of plant establishment to the appearance of the head, to 
physiological maturity., and the two cultivars of Record and 
High Sun 33 showed better grain yield. The occurrence of 
drought stress during the vegetative period causes a decrease 
in the number of leaves and finally the leaf surface, and as 
a result, the total photosynthetic materials produced for 
proper growth and high yield are reduced. The continuation 
of the low water stress process in the stage of emergence 
until pollination causes a decrease in the diameter of the 
stalk due to the decrease in the transfer of photosynthetic 
materials, and finally, the occurrence of drought stress in the 
reproductive stage can have a significant effect on the head 
diameter. Other tests have also been reported by (Tariq et 
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al, 2018). Head diameter is one of the most basic traits that 
decreases under the influence of moisture stress and has a 
negative effect on yield components such as the number of 
seeds per head (Khoufi et al, 2013) observed that drought 
stress always has a negative effect on head diameter and one 
of the goals Sunflower breeding is the selection of genotypes 
with a larger diameter. The results (Janzen et al., 2023)  

showed that the rate of decrease of dry matter in the plant 
due to drought stress was higher than the rate of decrease 
of grain yield. In the study of Abassi et al. (2021) it has also 
been pointed out that the weight of aerial organs is severely 
reduced due to stress. Kaya et al.(2016) reported a 22-50% 
reduction in the weight of aerial organs due to drought stress. 
Sometimes the results presented in this regard are different, 

Table 2. Results of analysis of variance of some traits affected by drought stress in different sunflower cultivars

s.o.v df Grain yield biological 
yield

harvest
index

1000 grain 
weight

Head
diameter

No. of grain
in head

Replication 2 0.421ns 60.80 43.813 1.071 0.813 9162.25

Stress levels A 3 13.461** 323.624** 30.996* 317.17** 156.08** 122592.7ns

Error A 6 1.346 28.073 7.085 3.217 11.951 112602.9

Cultivars 3 1.334** 52.224** 29.897** 418.565** 4.46* 76399.2**

Culti-
vars*stress 9 0.646** 4.673** 12.803** 6.202ns 2.65ns 10648.2ns

Error B 24 0.206 1.384 4.425 2.745 1.167 4791.93

CV % 14.97 9.22 10.28 2.79 5.98 9.72

*and** are significant at the five and one percent probability levels, respectively

Table 3. Comparison of the mean of some traits affected by drought stress (main plot) in different cultivars (subplot)

No.of grain
in head

Grain
yield

biological
yield

harvest
index

1000grain
weight

Head
diameter

Experimental 
factors

814a3084  a19946 a15.46b78.85a23aNon stress

586.7a1215  c7106 c17.09ab64.03d14.3cStress stage 
formation head

769a2119 b12222 b17.33a69.25c17.5bStress in the 
flowering stage

677.6a2314b  12696b18.22a71.35b17.4bGrain filling stage 
stress

671.9b1867b10536b17.72ab66.7c17.7 amaster

620.7b2189a12523ab17.47a80.24a17.6 aLakomka

760.6a2061a15667a13.15c72.20b18.9aAzargol

794.5a1891a13243ab14.27bc64.4d18.1 aEuroflor
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so that in the study of Mohammadi Alagoz et al., (2023), 
the decrease in grain yield was greater than the decrease in 
biological yield (Ahmed et al., 2024).
Averages with common letters in each column have no 
significant difference at the five percent probability level 
with Duncan’s test

Conclusions

Given that most countries, including Iran, will face water 
crises in the future, genetic improvement and introduction of 
drought-resistant cultivars are essential. In this study, hybrid 

and open-pollinated sunflower cultivars were evaluated 
under drought stress conditions and at different phenological 
stages, and among them, the Azargol cultivar is introduced as 
the superior cultivar due to the least reduction in grain yield 
under water deficit conditions, which is probably due to the 
less reduction in photosynthesis, enzymatic activity, and re-
transfer of storage materials from other organs to seeds, and 
as a result, less reduction in the weight of filled seeds.
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Table 4. Comparison of the average interaction effects of some traits affected by drought stress in different cultivars

harvest indexGrain yieldbiological yieldExperimental factors

non
Stress

def	 16.142688bc16651cMaster
def	 15.993096 b19354bLakomka
ef	 15.153732 a24624aAzargol
f	 14.282736 bc19150bEuroflor

Stress stage formation head

16.76cdef	1032h6154iMaster
a	 20.831500gh7199ihLakomka
ef	 15.621308gh8372chAzargol 
ef	 15.131014h6698hiEuroflor

Stress in the flowering stage

18.98abc	1872ef9860fgMaster

16.15cdef	1740 efg10769fLakomka
17.28 bcde	2580 bcd14926cAzargol
16.96 bcde	2262 cde13336de Euroflor

Grain filling stage stress

19.81ab1878ef9477fgMaster
16.02a2040 bcd12733eLakomka

14.52ef2142 de14747dAzargol
18.71 abcd2580 bcd13787deEuroflor
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