..-‘“‘-"""---\.
SEED
RESEARCH

Iranian Journal of Seed Research

L

Yasouj University

Homepage: https://yujs.yu.ac.ir/jisr
ISSN: 2383-1480 (On-Line): 2383-1251 (Print)

Multivariate Analysis of Germination and Early Growth in Damavand

Basil (Ocimum basilicum) under Sodium Carbonate Stress

Abohassan Farhang Sardrodi '™
Abdolahi Koshki '

, Maliheh Sadeghizadeh® . Ali Khatibi*
, and Alireza Jamali Kharenjani’'!

, Ghasemali

1. Corresponding author, Department of Horticultural Science, Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili, Ardabil, Iran. Email: a.farhang@uma.ac.ir

2. Department of Agricultural Engineering, Faculty of Agriculture, Technical and Vocational University (TVU), Damavand,
Iran. Email: sadeghizadeh.malihe@gmail.com; ghasemali.1813@gmail.com; jmaly2928@gmail.com

3. Department of Agricultural Extension and Education, Faculty of Agriculture, University of Tabriz, Tabriz, Iran. Email:

alikhatibi1981@gmail.com

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received 18 August 2025

Received in revised form 28 February
2026

Accepted 4 March 2026

Auvailable online 20 March 2026

Keywords:

Alkaline stress

Hormesis

Ocimum basilicum

Principal component analysis
Salt Tolerance Index

Seed vigor

Objective: This study aimed to distinguish early stimulatory effects from inhibitory
responses in basil seeds under alkaline stress (sodium carbonate).

Method: An experiment based on completely randomized design was conducted with four
Na,COs levels (0, 5, 15, and 30 mM) and three replications. Germination dynamics were
assessed via germination percentage (GP), germination rate (GR), and mean germination
time (MGT). Post-germination growth was evaluated using seed vigor index (SVI),
biomass allocation (fresh/dry weights), and total biomass index (TBI). Salt tolerance
indices (STI) were calculated, and multivariate analyses (correlation heatmap and PCA)
were performed.

Results: A clear hormetic response was observed. At 5 mM, TBI reached its maximum
(STLTBI = 2.28), indicating significant growth stimulation. Concentrations above 15 mM
caused a sharp decline in all indices. At 30 mM, germination capacity and early growth
were severely reduced, along with decreased germination rate and disrupted biomass
allocation. PCA explained 97.75% of total variance and clearly differentiated treatments.
The heatmap showed a strong correlation (r = 0.962) between germination rate and
seedling establishment.

Conclusions: A stimulatory threshold exists at 5 mM Na,CO;. The transition from
hormesis to toxicity occurs between 5 and 15 mM, reflecting a limited adaptability range
for Damavand basil. TBI and PCA-based clustering are reliable indicators for evaluating
salt tolerance. These findings emphasize the need for careful soil and water management

in alkaline environments.
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Highlights
o Mild sodium carbonate stress (5 mM) stimulated seedling growth in Damavand basil,
confirming a hormetic response.

o PCA effectively discriminated stress levels, explaining 97.8% of total variance.

o Total Biomass Index (TBI) was identified as the most reliable indicator of alkaline
stress tolerance.

o Severe stress (30 mM) impaired biomass allocation and germination Kinetics, leading
to poor seedling establishment.

Introduction

Alkaline stress induced by sodium carbonate (Na,COs3) poses a serious challenge to
medicinal plant production because it simultaneously causes osmotic stress, ionic toxicity,
and high pH-related disturbances (Guo et al., 2009; Li & Yang., 2023). Basil (Ocimum
basilicum L.), a valuable medicinal and aromatic plant, exhibits considerable sensitivity to
alkaline conditions, particularly during seed germination and early seedling growth (Camlica
& Yaldiz, 2017; Khomari et al., 2007). Although salinity is generally regarded as an
inhibitory factor, recent plant toxicology frameworks have demonstrated the occurrence of
biphasic (hormetic) responses, where low stress levels may stimulate growth while higher
levels become toxic (Calabrese & Baldwin, 2002). Therefore, the objective of this study was
to evaluate the physiological and early growth responses of basil seeds under alkaline stress in
order to distinguish early stimulatory effects from the sharp decline in germination and
growth at higher stress levels.

Method

Basil seeds of the Damavand landrace were exposed to four concentrations of sodium
carbonate (0, 5, 15, and 30 mM) in a completely randomized laboratory design with three
replications. Germination behavior was quantified by percentage, rate, and mean time of
germination. Early seedling performance was evaluated using the seed vigor index, biomass
partitioning (fresh and dry weights), and the total biomass index (TBI). Salt tolerance indices
(STI) were derived for selected traits. Multivariate techniques, including correlation heatmap
and principal component analysis (PCA), were employed to explore trait relationships.

Results

A distinct hormetic response was observed in basil seeds exposed to alkaline stress. The
total biomass index (TBI) peaked at 5 mM Na,COg3, with a salt tolerance index of 2.28,
indicating significant growth stimulation. Conversely, Na,CO3 concentrations exceeding 15
mM led to a substantial reduction across all measured parameters. At the highest
concentration (30 mM), germination capacity and early seedling growth declined sharply,
accompanied by slower germination kinetics and altered biomass partitioning. Principal
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component analysis accounted for 97.75% of the total data variance and clearly separated the
four stress levels. Moreover, the correlation heatmap revealed a strong positive relationship (r
=0.962) between germination rate and successful seedling establishment.

Conclusions

The results demonstrate that sodium carbonate at 5 mM acts as a growth stimulant for
Damavand basil seeds, establishing a clear hormetic threshold. The shift from beneficial
stimulation to toxic suppression occurs within the narrow range of 5 to 15 mM, reflecting the
limited alkaline adaptability of this local landrace. Among all evaluated traits, total biomass
index (TBI) proved to be the most effective indicator for assessing salt tolerance, particularly
when combined with PCA-based clustering. These findings underscore the necessity of
precise soil and irrigation water management in alkaline-prone areas to avoid irreversible
damage during early growth stages.
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Table 1. Analysis of variance of the effects of different sodium carbonate levels on germination indices of basil

seeds.
(Means of Squares ) wlx wo (uSile
e sty JEEe . .
ao s ol ol - " & ddy, Fois P 039 P 039
a> 50 . raad w .
5 2 . sl o 5 >a3lw >
ot 2ilo ol S 34ilem il S i4ile LS a3l 55 < azdas)
S.0.v. " Germination M'ean . Germination  geedli Root-to- Total Shoot Root
df Percentage Germination Rate cedling Shoot Fresh Fresh Fresh
Time Vigor Length Weight Weight Weight
Index >
Ratio
S‘Slf’f“ty 497.222" 1.519™ 128239 499117  0.008" 20878  7.6267  3.358"
alinl
Uas
‘ 8 75 0.194 6.625 1.562 0.001 0.359 0.128 0.167
rror
() &l i g 2 0.64 0.28 0.19 0.39 0.64 0.39 0.10.6 0.3

CV (%)
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* and ** indicate significance at the 5% and 1% probability levels, respectively
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Table 1. Continued
(Means of Squares ) wlx yo (il
oo amj SO0k SESol 880 . Sl 39 oS Job Job Jsb
i Js azasle azady, I aaly s o azaile  azady,
P b N Total Seedling N
S.0.V dar Total Dry  Shoot Dry Root Dry Biomass Relative Root Length Shoot Root
o Weight Weight Weight Index Dry Wight Length Length
S 6.424" 2.514" 0.845™ 0.003" 0.006™ 129.932™  72.699™  10.051"
Salinity
s
8 0.148 0.032 0.048 0.001 0.004 0.236 0.372 0.081
Error
Y ol o 2
Bl cape 59 0.5 0.51 0.48 0.55 0.16 0.45 0.45
CV (%)
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ns, * and ** indicate non-significance, and significance at the 5% and 1% probability levels, respectively
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Table 2. Mean comparison of germination and early growth indices of basil seeds under different levels of
sodium carbonate.

oli,s ol ol o 5L t)’b - Aok Fois Aok
Silez wey  iiles 3l s _ Sleasd, ails ad,
et Germination Germinati axals Root-to- .
Mean Ination Total Shoot Root
NaCO; Percentage G inati Rate Seedling Shoot Fresh Fresh Fresh
(mM) erm.ma on Vigor Index Lenght re‘zs rfzs re‘zs
Time Ratio Weight Weight Weight
0 66.67" 3.15° 24.95% 9.16° 0.38° 477 2.7 2.07°
5 50.00™ 3.74% 15.09° 9.67° 027 782%  473° 3.09°
15 4333° 328" 14.75° 2.38° 0.34° 443° 243" 200"
30 36.67° 4.72° 9.23° 1.64° 037" 137 0.85° 0.52°
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Means followed by the same letter within each column are not significantly different according to Duncan’s multiple range
test at the 5% probability level.
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NaCO; Tota! Dry Shoo.t Dry Root. Dry B;l:)(:rt:;lss ]5: ;?tll)‘:; Seedling Shoot Root
(mM) ‘Weight ‘Weight ‘Weight Index Wight Length Length Length
0 265 1.55° 1.01° 0.04% 0.39° 13.75° 527 8.48°
5 4.49° 2.78* 1.71% 0.09° 0.38° 19.3 5.17° 14.13%
15 2.74° 1.68° 1.06° 0.07" 0.39° 7.6° 2.58° 5.02°
30 0.91° 0.54° 0.41° 0.02° 0.47° 459 1.65° 2.85¢
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Means followed by the same letter within each column are not significantly different according to Duncan’s multiple range

test at the 5% probability level.
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Figure 1. Salt Tolerance Index (STI) of various germination and growth traits in basil as affected by different

concentrations of Na,COs.

STI values greater than 1 represent enhanced tolerance and superior performance under saline conditions. The results indicate
that the 5 mM Na,CO; treatment led to the most significant increase in these indices—particularly for Total Biomass and
Total Fresh Weight—reflecting a promotive effect on basil growth under mild alkalinity (hormetic response). In contrast, the
30 mM concentration exerted a substantial inhibitory effect on all tolerance indicators.
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Figure 2. Pearson correlation heatmap between germination and early growth indices of basil.
The numerical values within the heatmap represent Pearson correlation coefficients (r). Dark red shades () signify a strong
positive correlation (r > 0.8), while dark blue shades () represent a strong negative correlation (r < -0.8).

[y @l sloasls (o jloline 9 568 Luly, (g
osls sode Liel 3l a5 0,5 ool woye ) mhaw o
2l oS>

5 il do s o a5 (668 s (Sivon
P<0.001 & = 0.962) _julyr ey ol
o ols las (P<O.001 & = -0.987) Sjals> obes
WS e w3 Py iYL Jdilex ae o b jed
(1) T 6 Slez 5 paie (655 &8 lalllas b oS
Sy L o wd anl a5 x50 59y 2
,FSs JaSe b asls ol

e 0355} 5 Ay slaals 850 o
=) als 5 59 9 TEW) JS 5 059 0w 698 sl
e @l b aillas b saslie (P<0.001 0.935
w35 pl )0 gyl GlalS ) n 0 (V000)
bl ol azalS 5 059 Slol adlge lgiea sl

3, Nakhzari Moghadam & Jahangiri

ol Olsie 4 1 Lals ol wgysd cilise paba
QL"'.'.) oL:f J.o:;u FEK) goeey) 6‘)‘.‘ U»L,...o 9 &5&
ikl Gzl ol Wlgiee &5 WS e Sy
5 Sdeid slacaml sdgaze I 1) (A, Sy ,50)
S5l pleie o Slae jrals

9o plals o alie slagi)lS L leasdl, o)l
25 ©olS o (Mentha spp.) gls asle 5o
Ui 3w ] o a5 (el gamens (Lactuca serriola)
A e NS (5)5d g Ay ST cge mdle (5,90
5 od)s) Sl oad g, o aSls Wl Lials
NARRT- AN PR RV 2% 7NN NN
(Heatmap) | ,> 4 g5 Jaloss

RO ¥ VS | P SUC ORI GOV S W)
Ot Sslsnied OMalad I lodazmn 4l sasplis
AU e sl adil aby g Sl sloasls

! Khurshid
2. Parida and Das



VP Y o Lol NY JLo [ /) ydo sloying 3

79

bals cou azalS szl ol (Soales oS (lx,
Syl Slgtran wwlls 0 ST s

(T ey, Job g a8lo & alty; S (o (Ao il
Ll o a8 Cal ol oaimoplis o = -0.422)
Solie ol Caglgl GlalS Cul (Ses ¢l alixe
Salatsed (Koot o il ) il 4208
ab) g ob plas a5 sl Jlsten pg)ls GlalS
) WS i e Lulyd b cos wig e
DLt 2l Sisad 5 i IS 5 4y (T D
Sidnid » iz Sl pun Sl A ol
oo b Sl Glaatly gw Sl Gl
O 09953 22355 500 (G959 3,10 (598 (6,55l
Ladl, (pl oS oo i bojlad 230 cod aBlu 5 ads
o Sl S ST LS 25 sl a5 wes e plis
&F 9 Ry M (Gl adr 4w » b
28,5 5k o lejen 1) eagiun

bt aalllas ol o (PCA) Lol slaailze Julow
YVAR § as,0 YOIAD <S5 & o Jgl ddlse g0 aS ols
(V Jguz) aisS oo oy |y Woools JS7 il jlg 51 ooy
Slas plee Dy 5l sy AYIVE goome (o oS
oy SV s g ol m o b, | s
2, PCA Jlos slazel collB § o115 condsps
@ra bles ple 5 (S oSl olulis
Shls iy 5 pler leadlie (rizren S 0 OS]
slalbas 5l (Bl o5 oy (dhie g SzsS )l polie
BB bl Ll 5l g e0g paaw Slawbre jo (go0e
it 53,5 LG o

olas Judss ol 5l Jeols (F i) Biplot jloged
0als (GP) )4 Siailez as o emmen Slao as ol
5L (TDW) 5 St 35 (SVI) a7l ass
(PLM) LS Jsb oSila 5 (TBI) JS aspc
g wold jlows Wleo,S Ll o jlewd pled ;o ot il
bty 53 (65589 s SloyS Yga s O les
Ll (Ko (nyti g w85 )13 ol adlie Cuie
WS el o Sl gaige ol sl i jsShe Slis
Slio 3 Slee pall cge LiSa 590 ol zobw
czge dlge (Fpye &b wais Sl g sud,
Oleie b aS glowsay i el ool 55 oyl guge

2 (0=0.850) 558 5 Cuto (Stmon oMl 4 0l
S 059 9 TDW (o /0 + ) 5l 2S5 lobine
2555 e ) 5 s oS STy el e
et ol glaatdly o Coenl Jlo S

T=0) S 5 ooy g 8l 4 ady; ol b (Ao
Glisen 6o Loy 45 a3 oo i 551 il sl (0.603
0O uns) )9 0978 O i wge e Dl
L Vet olS 5V (glocdale 10 a5 (5 eb 4 taslods
ooly Cuglgl aBlis 4y o 1) aiyy Ay (5,5 5l Ban
ST 68 2l g s laml diul) fren 45 Can
4 30,5 555 b, oS sy98 (S Bl oy
2 Ll oo Jrols azadle ol (25wl (I8
W) e dIS Ve o VO U ho (5 08 shaw
Tobe o wizpe el ails a8l g, azads,
el b g azals; o) (Ve ke 104) (5
oSl b al opl sl oad dzlse cagad
o Sn s bl 0 LS iy
S50 Gprie Gl (Ko Jolod o)l Sloesn
ol 1) baspe lasall gl (hdpa 3525 caslllas
Gy BB s b lodusy Sujele 8 Sl 5l as ol
9 e (Ko 5l g0 gme (Fiailsz b3l )
s MGT) ialer by (eSbe olo 558 Sl
s o plis (1 = -0.916) il Cepu -l
bl H 08 oS gleace (a3l 9o (pl &S
ool b s glasgSay wojlas (6 ),S8 conle g wiS o
Sl aalS il e Gl sl oY ol
Slood ety Olallae b (Sonon 555U 0l il o0
ol sboadlse 51 (o 1) Siailem it Sy aS o)l
Sy azalS 39e Ll )0 ke ele g )00 )08
ol g ondl (YeYY ol en s Tay,) Wles,S
1) azalS J5' Jsb g azadle Job (o Cote (Saron
Al 50 Sjiegn Susler oxmoslis (= 0.794
@i b oadl ol ol ezl Al glai

oS L_,’_i)'dj‘}? uL..oW R O Y+ 0) \“st

!, Enteshari & Hajbagheri
2 Reed
3, Hasani



ol Ol 5 (6090 s iy | kigloo by sl iy g Hjdils (smiz Sl

d»n.]}o L) tS‘M Q2,0 g OMW wb)‘s Qo0 aoj,.;'s )L.LQ.A El.al 6[.274.1]}@ J“LZ’ é.:l.u -y J’A?
Table 3. Results of Principal Component Analysis (PCA): Eigenvalues, percentage of explained variance, and
cumulative variance for each component.
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Principal Component Eigenvalue  Variance C“m‘.llat“'e
(%) Variance
° (%)
PCL ) ailse 3.79 75.85 75.85
PC2 g0 ailge 1.09 21.89 97.75
PC3 s ailge 0.11 2.25 100.00
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This table summarizes the results of the Principal Component Analysis (PCA). Based on the eigenvalues, the first and second
principal components (PC1 and PC2) explain 75.85% and 21.89% of the total variance, respectively. Collectively, these two
components account for 97.75% of the total variation in the data.
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Figure 3. PCA Biplot illustrating the effects of sodium carbonate (Na,CO;) salinity on germination and growth

traits of basil.

The Biplot displays the distribution of treatments (Control, 5, 15, and 30 mM Na,CO;) based on the first two principal
components. Arrows represent key traits with high loadings, which have the greatest influence on treatment differentiation.
The Control and 5 mM treatments are clustered towards positive growth traits, such as Germination Percentage (GP), Total
Dry Weight (TDW), and Total Biomass Index (TBI). Conversely, the 30 mM treatment shows the greatest distance from
these traits, indicating a significant inhibitory impact on growth and germination.
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