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Extended Abstract

Background: Flooding is one of the most significant abiotic stresses and a major limiting factor
for agricultural production worldwide, adversely affecting the growth, development, and final
yield of crop plants. Since the Brassica genus, including rapeseed (Brassica napus L.), is one of
the most important sources of vegetable oil globally, it is essential to identify tolerant genotypes
to flooding stress. The development and enhancement of flooding-tolerant and stress-adapted
rapeseed cultivars are important for a sustainable increase in oil production. Accordingly, the
present study was conducted to evaluate the response of Brassica genotypes under flooding stress
by examining morphophysiological traits.

Methods: This study was conducted as a factorial experiment based on a randomized complete
block design (RCBD) with three replications under greenhouse conditions during the 2022—2023
growing season. The experiment examined three durations of flooding stress (0, 8, and 16 days)
across 20 genotypes of Brassica spp. Flooding stress was applied at the four-leaf stage (BBCH =
14). The measured various morphological and physiological traits were stem and root lengths,
stem diameter (SD), the number of green and yellow leaves (NGL and NYL), leaves, stem and
root fresh and dry weights (LFW, SFW, RFW, LDW, SDW, and RDW), leaf area (LA), chlorophyll
content (Chl), relative water content (RWC), and electrolyte leakage (EL). Additionally, analysis
of variance (ANOVA), cluster analysis, and biplot (GGE) analysis were performed to evaluate the
relationships among the morphological and physiological traits and to determine the relative
importance of these traits in contributing to the performance of the studied genotypes.

Results: Varying levels of flooding stress negatively affected the examined traits. Furthermore,
different genotypes markedly varied under different flooding conditions. Cluster analysis
categorized the genotypes into two clusters under control (non-flooded) and severe flooding
conditions, and into three clusters under moderate flooding. Under non-flooded conditions, Group
II, which included the genotypes Liberdona, Burgundy, and Barossa, demonstrated significantly
better performance than Group I. Under moderate flooding, Group IlI, including Liberdona and
Burgundy, exhibited the best performance. Under severe flooding, Group I, which comprised
Burgundy and Liberdona, was identified as the superior group. Discriminant function analysis
confirmed the accuracy of genotype grouping at all stress levels, achieving a 100% correct
classification rate across all three levels. The Wilks' Lambda values were statistically significant
for the first functions. Biplot analysis corroborated these findings, indicating that the Burgundy
and Liberdona genotypes performed best across all three flooding levels and were closest to the
ideal genotype. In contrast, the Topas and PGR genotypes consistently exhibited the weakest
performance under all conditions. Mean comparisons of traits among groups in the control
condition revealed significant differences in SD, LA, and DW. Under moderate flooding, the
groups exhibited significant differences in LA, DW, and plant height (PH). In severe flooding
conditions, SD, LA, and DW also contributed to significant differences among the groups.
Correlation analysis revealed a significant positive correlation between LDW and SD, LA, and
RDW. GGE biplot analysis under control conditions indicated that the first and second principal
components explained 35.49% and 21.11% of the total variance, respectively, accounting for a
cumulative total of 56.60% of the variation. Under moderate flooding, the two components
explained 35.99% and 15.31% of the total variance, respectively, resulting in a cumulative total
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of 51.30%. Under severe flooding conditions, the first and second components accounted for
29.57% and 20.03% of the total variance, respectively, cumulatively explaining 49.78% of the
total variation.

Conclusion: Based on the graphical GGE biplot analysis, LDW, RDW, and LA were identified
as key morphophysiological indicators for selecting flooding-tolerant genotypes. Since both yield
and stability traits are essential for identifying superior genotypes across various environments,
Burgundy and Liberdona were classified as tolerant genotypes, while Topas and PGR were
identified as sensitive genotypes. In general, the mentioned genotypes are recommended for
further studies.

Keywords: Brassica, Cluster analysis, Flooding Stress, GGE biplot, Morphological and
physiological traits
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Table 3. The analysis of variance (mean squares) for the effects of genotypes and flooding stress on morpho-
physiological traits in different Brassica genotypes
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ns, * and ** Non-significant and significant at the 5% and 1% probability levels, respectively.
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Figure 1. The dendrogram obtained from the clusters of Brassica genotypes under non-flooded conditions using
Ward's minimum variance method (cophenetic coefficient = 0.79).
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Table 4. The discriminant function test for Brassica genotypes under non-flooded conditions using Wilks' lambda.
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Table 5. Mean comparisons between groups for morphological and vegetative traits of different Brassica genotypes

under non-flooded conditions

g 9 S yee i
Morphological and Vegetative Traits
(92 )3 P hee) S5 (g - = FEE o ol S s
Dry weight (mg per plant) ) > = Jif ){V@G:‘L (yose) * &Lj (6552 5 1lg) ooy S
‘_ . Root (melo)  (aee yracsle) o (el eaf s
Ady) 4ls Sx volume  Root length Leaf area diameter Plant number Groups
Root Stem Leaf (cm) (cm?) (mm) height (cm) (per plant)
220° 60° 76° 2.659 13.515 38.405° 2.675° 27.576 5.485 I
304° 78 96* 2.546 13.907 56.162° 2.952¢ 28.389 5.519 I
% £ £ ns ns i £ ns ns (Sig.) syl size
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Physiological Traits
Syl 5 g P R
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%
34.674 82.499 36.029° 0.734° 1.459 3.505° I
41.295 85.06 37.431* 0.939 1.28 3.862° I
ns ns # # ns # (Sig.) Lyl size

Lopd ) 90 Jlaisl golaw 3 ) gxe 5 )5 xS a4y w3 g % DS

ns, * and ** Non-significant and significant at the 5% and 1% probability levels, respectively.
I HSoaSs b (gl gime gl o pd S Jlain] i ;3 LSD g0l (bl y oS yiitio g b B> ghyly slaySileo gt 2y
The same letter(s) in each column indicate non-significant differences according to the LSD test at 5% of probability.

Jobi () Jol 09,5 292 iy & 9V Ve Jold sy
-5 s\c\“\/yh ‘A~Y%Lm ‘\c'\\jyl.tb cJ.Jllw‘ L;mey}
Jobi (IT) pg3 09,5 (poligi cloj ST eolins 61l sangS
FY) Bgalpd slacassss Jols (1) 09,55 )l g oioi
S g9 9559 O (> ll sl gl

(¥ JSs) wdg

buwgle B8 (UG 3 1315 0B, (ganseg,S
copo b) oy cutin OBy paw )3 slades 4 o8 @l
H3)S el 09,5 dw & ) g (PN SuuidS
paeds @b 4355 polol » Jol & slp by sl
J952) (+/ V) sl e g @b sl g (¢ ++) sl sine sl
Jols sloog S g doyd Ver a0y S Cors 5 (P

Dendrogram using Ward Linkage

d Di Cluster C
0 5 10 15 20 25
| 1 1 1 1
Emerald 3 J I
Hyola401 14 |
HyolaS0 13 5 :
Hyolad20 15 J 1
Ag-comet 5 1 I
Zafar 16| i
Maltab 19 —I I
Okapi 10 :
Zaman 13 I
‘ Topas 1 1
PGR17644 12 H1
Librad 2 !
R-33 9 —I :
Barossa 3] J T
Pampa 11 - 1 11X
RGS003 20 |
Derby 4 J :
Delgan 17, |
Borgonde 6 l 1
Heading 7 1

3y ol oo st )S gy 4 bamgio S8 i Ll 3 15 Glises 5| Slaiss a5 | Jols ¢S50 Y S5

(158 St a)
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Table 6. The discriminant function test for Brassica genotypes under moderate flooding using Wilks' lambda
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Table7. Mean comparisons between groups for morphological and vegetative traits of different Brassica genotypes
under moderate flooding
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160° 55° 62° 2.425 12.467 28.715° 2.566 26.45° 4.933 1
143¢ 58° 58° 2.583 13 32.105° 2.59 51.667* 5.333 11
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Significance
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39.65° 78.069* 35.233° 0.696 1.258° 3.338* 1
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ns, * and ** Non-significant and significant at the 5% and 1% probability levels, respectively.
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The same letter(s) in each column indicate non-significant differences according to the LSD test at 5% of probability.
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Figure 3. The dendrogram obtained from the clusters of Brassica genotypes under severe flooding using Ward's
minimum variance method (cophenetic coefficient = 0.75).
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Table 8. The discriminant function test for Brassica genotypes under severe flooding using Wilks' lambda
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Table 9. Mean comparisons between groups for morphological and vegetative traits of different Brassica genotypes
under severe flooding

sy 9 Sjgledyee lao
Morphological and Vegetative Traits
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aday sl Sy volume Root length Leaf area diameter _Plant Leaf number Groups
Root Stem Leaf (cm) (cm?) (mm) height (cm) (per plant)
249° 72° 857 2.375 13 47.138% 2.728% 23.667° 4.967 I
123° 54° 53° 2.342 12.1 17.456° 2.431° 28.733° 4.833 I
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(22p) value Carotenoid (pg/mL) b a
%
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ns e ns * ns #® (Sig.) syl gze

Lopd ) 90 Jlaisl galaw 3 I gxe 5 5 gxe e a4y w g % DS

ns, * and ** Non-significant, Significant at the 5% and 1% probability levels, respectively.
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The same letter(s) in each column indicate non-significant differences according to the LSD test at 5% of probability.
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Figure 5. The moderate flooding stress biplot (A-B). Traits include EL: Electrolyte Leakage, RWC: Relative Water
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Weight, SDW: Stem Dry Weight, RL: Root Length, RV: Root Volume, LA: Leaf Area, SPAD: Chlorophyll Meter

Reading, Chla: Chlorophyll a, Chlb: Chlorophyll b, Car: Carotenoid.
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Table 10. Correlation coefficients between leaf dry weight and some morphophysiological traits of canola under

different flooding levels (n = 20)
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Severe flooding Moderate flooding No Flooding Parameter
0.51" 0.72" 0.59" (Stem diameter) «8lo ka3
027 0.49° 043 (Root length) 4y, Jsb
0.23 0.20 0.29 (Root volume) 4y, poe>
0.16 -0.12 0.11 (Plant height) &g, glis,|
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0.55" 0.65™ 0.55" (Stem dry weight) «8ls s 54
0.73" 0.71" 0.53" (Root dry weight) ady, s 3
0.58" 0.50" 0.44 (Leaf area) 5 p paws
-0.14 0.36" 0.12 (SPAD reading) suuwl sas
0.11 0.48" 0.28 (Chlorophyll a)a g,
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0.30 0.40° 0.31 (Relative water content) ol (s (slge
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ns, * and ** Non-significant and significant at the 5% and 1% probability levels, respectively.
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