Journal of Crop Breeding Vol. 16, Issue 4, 2024 p: 23-36

Sari Agriculture Sciences and Natural
Resources University

Research Paper

Stability Analysis of Dry Yield of Z. multiflora Boiss. under Drought Stress
and Mycorrhizal Fungi Symbiosis

Ashraf Aghababapoor Dehkordi!“, Sadollah Houshmand? and Shahram Mohammady?

1- Ph.D. Student of Genetics and Plant Race, Faculty of Agriculture, Shahrekord University, Shahrekord, Iran,
(Corresponding author: aghababapor@yahoo.com) o
2- Professor, Department of Plant Breeding andslﬁl%teckhn(c)jlogy, Faculty of Agriculture, Shahrekord University,
ahrekord, Iran

Received: 9 February, 2024 Accepted: 28 April, 2024

Extended Abstract

Background: In recent years, the use of medicinal plants has increased due to the side effects,
lower cost, patient compatibility to these drugs, and the harmful effects of chemical drugs on
human health. Zataria multiflora Boiss. is an important medicinal plant species in the
Lamiaceae family, native to Iran, Pakistan, and Afghanistan. The essential oil of this plant has
antioxidant, antifungal, and antimicrobial properties and is used as a preservative in the food
industry. Water scarcity is a significant limiting factor for crop growth and production. Reduced
efficiency of chemical fertilizer uptake under drought conditions and their negative
environmental effects necessitate using sustainable agricultural practices. Studies have shown
that using biofertilizers, including mycorrhiza fungi, can reduce the effect of drought stress. The
effect of mycorrhiza fungi inoculation with plants under drought stress is due to physical,
nutritional, physiological, and cellular effects. Considering the medicinal and nutritional value
of Z. multiflora, it is very important to identify ecotypes with high production to achieve high
economic productivity due to existing drought; this importance can only be investigated through
research on the genotype xenvironment interaction. The performance of ecotypes largely
depends on the genotype, environment, and the genotype x environment interaction. Due to the
time-consuming stability and compatibility tests, it is usually possible to obtain some fixed or
random effects of year and place from different agricultural managements, such as different
planting dates, to reduce the length of the evaluation period. This study aims to investigate the
mutual effect of Z. multiflora ecotypes under drought stress conditions and the use of
mycorrhizal fungi in three planting dates using different stability parameters. Each of the
stability parameters has strengths and weaknesses in identifying high-yielding and stable
ecotypes. In this study, therefore, the combined aforementioned methods were used to
determine the stability of Z. multiflora ecotypes.

Methods: This study was conducted on eight Z. multiflora ecotypes collected from Safashahr,
Neyriz, Khanekhore, and Fasa from Fars Province, Fooladshahr, Baharestan, and Kolahghazi
from Isfahan Province, and Qasreghand from Sistan and Baluchestan Province. The seeds of the
above-mentioned ecotypes were evaluated on three planting dates, including March 1, 2021,
March 24, 2021, and April 22, 2022. In this study, the combination of the three mentioned
planting dates, at two levels of non-stress and drought stress and two levels of application and
non-application of mycorrhiza were determined as 12 different environments, and plant dry
weights of the ecotypes were used for stability analysis. After examining the homogeneity of
test errors in the environment, data were subjected to the combined analysis of variance
(ANOVA) using SASqs software. The stability analysis parameters were measured using
SPSS,6, R, Minitabig, and Excel software.

Results: The results of ANOVA indicated a very significant effect of the environment, ecotype,
and the environment x ecotype interaction on plant dry weight. Drought stress reduced plant dry
weight in all environments. The yield increased with mycorrhiza application. Mean comparisons
showed significant differences among the ecotypes in each medium. The sowing date of 1
March 2021 was the best sowing date at a dry weight of 1.93 g. In this date, Safashahr ecotypes
produced the highest yield in all treatment combinations. In Eberhart & Russell's method,
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ecotype Khanekhore (b = -0.11) had the closest slope to one; besides, this ecotype had a low
regression deviation (S% = 1.80). Based on this parameter, it is considered the most stable
ecotype. The lowest rank mean belonged to the Fasa ecotype (R = 2.67), followed by the
Khanekhore ecotype (R = 3.50). The lowest standard deviation rank belonged to the Baharestan
and Fooladshahr ecotypes (0.28 and 0.50, respectively), indicating the stability of these
ecotypes based on these indicators. Baharestan (CV = 26.57) and Fooladshahr (CV = 43.43)
ecotypes were considered stable ecotypes based on the coefficient of variance. According to
environmental variance, Baharestan and Fooladshahr (Si?2 = 0.08 and Si? = 0.25, respectively)
were identified as stable ecotypes. Based on Wricke's ecovalence, Fasa (Wi? = 92.80) and
Kolahghazi (Wi? = 92.49) ecotypes were recognized as stable ecotypes. Based on Shukla's
stability variance, Fasa (ci® = 5.38), Kolahghazi (ci® = 5.34), Fooladshahr, (ci? = 5.65), and
Khanekhore (ci? = 5.93) were considered stable ecotypes.

Conclusion: According to the results of comparing the averages, the best planting date for Z.
multiflora was March 1. The results of the mean ranking, standard deviation, coefficient of
variation, environmental variance, Wricke's ecovalence method, and Shukla's stability variance
were similar in identifying stable ecotypes. As such, Safashahr and Neyriz ecotypes were
identified as unstable ecotypes, and the others showed moderate stability. Based on Eberhart &
Russell's method, Khanekhore was the most stable ecotype.

Keywords: Environmental Variance, Rank Means, Shukla's Stability Variance Standard
Deviation Rank, Wricke's Ecovalence
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Table 2. Combined analysis of variance for dry yield of Z. multiflora Boiss. ecotypes

Slaye (5:5ke ol sy RET
Mean square df Source of variation
29.41™ 11 Iir_]l,

0.08 24 Ri’ll n)!E;])\;J

90.76™ 7 Ecoggg ‘

7.58™ 77 Ec:;gixirz

0.07 168 Erruir

: significant at 1% probability level.
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Table 3. Means comparison of Z. multiflora Boiss. ecotypes dry yield in sowing dates under

drought stress and mycorrhiza fungi application
V) Catg)) ¥ Vo 2,08 ¥ AR olo il 1) sS]|
22 April 2022 _ 24 March 2021 _ 1 March 2021 _ Ecotype
5 Jloy k] 5 Jloy )l S Jloy 55l
Drought Stress Normal Irrigation Drought Stress Normal Irrigation Drought Stress Normal Irrigation
9§ Sis i 5SS e 9SS i
152,650 . . Jals 152,650 . 152950 5 152,650 . R Tasls
Suis 5255 S X sals S 52555 A
Dsrl?gggt Drough  Mycorriza CD?"O D;tc;ggsht Drough  “WPMZ  Control Dgtorggshl Drough ~ Mycorriza  Controlt
and t stress and t stress and t stress
Mycorriz Mycorri Mycorri
a za za
2.06b 0.9d 3.93a 2.66a 4.9a 0.49b 8.7b 2.9a 5.31a 2.11a 11.88a 3.24a Safashahr
seslas
4.34a 0.62bc 9.27a 2.3% 0.49d 0.33b 1.88d 0.4d 1.11c 1.62b 0.58g 2.63b Qasreghand
L8 puad
2.39b 1.85a 5.39¢ 0.57bc 1.37b 0.71ab 1.03e 1.15b 1.9b 0.35e 2.13c 1.03d Fooladshahr
Y b
1.11c 1.22b 1.22e 0.95b 1.04bc  0.75ab 1.32e 0.94bc 1.27c 1.19¢ 1.12e 0.56ef Baharestan
Ol
1.49¢ 0.65bc 1.31de 2.19% 4.74a 0.99a 9.28a 2.3a 5.53a 0.26e 8.75b 2.07c Neyriz
R
4.81la 0.34c 8.54b 0.26¢c 0.67cd 0.94a 2.99c 1.6%9a 0.3d 0.72d 1.01ef 0.28f Khanekhore
0)554}15
0.2d 0.58¢c 1.49de 0.59bc 0.3d 0.64ab 2.9¢c 0.69cd 0.33d 0.35e 0.71fg 0.71de Fasa
e
0.36d 0.33c 0.58f 0.58bc 1.25b 1.09a 1.02e 1.23b 0.19d 0.35e 1.67d 0.66e Kolahghazi
t;.éstéa%
Mean
0.26d 0.25¢ 1.89d 1.27bc 1.84b 0.74c 3.64a 1.41b 1.99b 0.87d 3.48a 1l.4c i Sk

T In each environment (column), the means with at least one common letter are not significantly difference in

LSDa-0.05-

1 The means of environment with at least one common letter are not significantly difference in LSDy-0s.
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Table 4. Stability of Z. multiflora Boiss dry yield based on non-parametric methods

Sl oy 3Skes adls Coms ) Jloro Sl ol 4) el 5]
Coefficient of Variance (CV) Yield index ratio (YIR) Standard deviation rank (SDR) Rank mean (R) Ecotype
Safashahr
75.67 245.42 3.56 7.00 i
Qasreghand
80.21 91.70 141 4.50 A8
43.43 60.06 05 4.25 Fooladshahr
A5
Baharestan
26.57 54.98 0.28 4.25 cbose
79.68 216.69 331 6.25 Neyriz
Pt
86.12 48.46 0.8 350 Khanekhore
9)9:4:
99.84 37.10 071 267 Fasa
65.20 45.60 057 358 Kolahghazi
JEN
5
2
45 Safashahr
4 e Neyriz
3.5
3 3
=
2 25 H T i,
g 2 | Group2 Qasreghand '''''' Group3
[ J
1.5 Fooladshahr
Baharestan Khanekhore
1 ° e
) ® ®
b Fasa
05 Kolahghazi
0
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Figure 1. CV plot of dry yield of Z. multiflora Boiss. under twelve environment (lines shows the mean of axes)
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Table 5. Analysis of variance by Eberhart and Russell method of Z. multiflora Boiss. ecotypes dry yield in twelve

environments.

(df) ooll 4y (Mean square) laye (:55ke

(Source of variation) s ale

7 0.70**
16 0.06™
1 0.006"
7 #0.12
8 0.01

1 0.002"
1 0.0258"
1 0.0186"™
1 0.0393™
1 ons

1 0.0023"
1 0.001"™
1 0.0254"
48 7.23

Ecotype
sS]
Environment + (ecotype x environment)
Environment (linear)
(k) baea
(h3) baes X 58]
Ecotype x environment (linear)
S yo Sl
Combined deviation
Safashahr
Scdlao
Qasreghand
N
Fooladshahr
B3V 58
Baharestan
Olle
Neyriz

R
Khanekhore
a)9'>d.3l'>

Fasa

(e

Kolahghazi
U.o'léa)'{f

S yo ol
Combined error

"sand ™ are non-significant and significant at 1% respectively

7N Jlois] gdaws )3 I3 xo g 5 xepé ud s ** g ™

Sl agl Glacuiss] g S e sl ok syl =5 Jga

Table 6. Stability parameters for Z. multiflora Boiss dry yield

05 J) Sl OmerS) cuys par d')‘—\e.b, oy Sy Vg b (bl Szd 3 Sles ss]
S bt Styalﬂgscsetzzgéli;ty Wricke's ecovalence (Wi) @g’r'i;%rgg?g%l Dry yield Ecotype
1.80™ 16.217 184.39 1583.60 12.70 4.7 eslaw Safashahr
1.74™ 20.3™ 13.05 156.71 2.01 1.75 13,5 Qasreghand
1.76™ 9.22™ 5.65 95.11 0.25 1.15 ey Fooladshahr
1.70™ -14.13™ 6.57 102.75 0.08 1.05 ok o Baharestan
1.81™ -9.43™ 46.86 438.52 10.97 4.15 30 Neyriz
1.80"™ -0.11m™ 5.93 97.43 0.65 0.92 o) Khanekhore
1.80" -7.73" 5.38 92.80 0.51 0.71 L.s Fasa
1.74™ -6.31 5.34 92.49 0.33 0.87 23 Kolahghazi

7 Jlin adaws 3 Ho Di=) (6,8 (sl t oyg0)) does T ) Jlain] gaws )3 I3 me g 5 repsd i ias™ o™
"sand ™ are non-significant and significant at 1% respectively, 1 Result of t test for the hypothesis HO: bi = 1, at 5% probability level.



¥y

Sdoxo plindds 5 Miaudod dlilirw (60,5 )ybblﬁl <8yl

VY /¥ oles el Sl /el ol Mol aslings,

9 Retlho B yab (slacisS].Cunl S & S35 o
9 S9 3 PVL Jlaigine cud )l 5 09)5 S ) joeaVe
R309)5 )3 52y5 9 (2L dlad (Gl (SlacuisS]
S dyS G, B  ale )b o me 5l g

S (59 ke il lacwsSl )5l jlages

VIS 3 el o o by gme S il g S
«,_,3951 4SS el U] )i’l_u Jg_w ! DA_.{.); (ot 5
s 5 sl 4B 1,5 05,8 Sy 3 laey 0,55l

25 /=
20 Qasreghand @ Safashah:@
. ‘

Fooladshahr
10

Khanekhore

b G Sy o po
o

Linear regression coefficient

:‘ 2 3 ................ 4

-5 Fag ®Kolahghaz — ™ 9
. Baharestan Neyriz
I e
o L e

Dry Yiela(gr)
Ay S 49

Joly g el (sl yel)b) (has (9 )5y iy 9 WSS (g ke olly LGS (ST, -V S
Figure 2. Scatter plot of dry yield mean and linear regression coefficient (first parameter) of Eberhart and Russell.
(Vertical line shows the dry yield mean)
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Figure 3. Scatter plot of Wricke's ecovalence and dry yield mean (vertical line shows the dry yield mean)
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Figure 4. Scatter plot of Shukla's stability variance and dry yield mean (vertical line shows the dry yield mean)

seadlye & @25 il ok e e el ¢l
a9 ol Wb eolin] (Siuwed s plo wlol p Lol
Eonzxa 3 ol dilha 93 45 3l L5 Lol (slmailge 4
A e g |y Laodly e D93 90 IS €95 51 7 AD/Y
|y Uaodls ey oyt 5 Z50) ool 4ifge gl Y Jgio)
)y (e Wiy SS9 adlge (pl 3 9 WS (0 any

o)l &S epl der 515 oblie (oiel)b e o by,

.))9.&: ).) (_5_'*0)'9 ‘J_l.b.)u.c uL.mLS 1) U)J dth.)l.) )l U.u:l)
Bl 9y 9 o3&l ‘JJ)L\B )L:a o oliie )ibLS.o &9
Huehn, ) cewl plol Lagl 3 Lacws 5l (oS sl
Uil lp ) sy, cpl Qs (S ol b (1990
aallles ol o (Zali et al, 2011) S, 0,84 gyl



Yy

(Shoxo plyad g Jiaubgn dllim (63,583 e LLBT L3 il

O bLs) 0 JS—5 (A gV Jslis) anles oo i3S
ol 4o slooylol 4 bgiye pl)SL> ool o Wyl
Al e oaisST la Sy 9 ojlel (Situren ogas
Syl 0,5 o )8 olaiwl 550 lauisST (535 40 oS
3 % il 3 baolel ol g liwly S > gs S

VEYF ojlouds ol Jlo / 2ly; LS 2ol 4ol yingss

Sty Vg1 3 Shae il Cad iy By
I Cepanl (s iy 5 W53 5l ol
Jsir) 23l e o ol ) (VL (Sorod Sl o5 25
(A
Iy Loosly oy 39290 95 51 V5 Lol adlie (puogd
e bVl 5 o (Siuad alfe ol 5 25 o a5
@ a2y b o) Ol copl g gme)S) 5l Sl Cleje
u_’\jl_’ )_:I o u.’llbc)‘.oi dLu.A)J ul?w‘ gJ91 d.o.]}o ml

il pagl sloceisST ) ol (soailze 4 458 -V Jgan

Table 5. Analysis of principal components in Z. multiflora Boiss. ecotypes

Jols 0js (1) o2 i)l (%) s Jole ojlos
PC weight Cumulative Variance % Variance % PC number
6.90 69.1 69.1 1
1.60 85.1 16 2
0.95 94.7 9.6 3
0.35 98.3 3.6 4
0.16 100 1.7 5
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Table 8. Component of the first three PC for each of the stability analysis statistics in the Z. multiflora Boiss.

ecotypes
PC3 PC2 PC1 (Parameter) jl,,
Dry Yield
-0.132 0.073 0.373 &yi“& o
Rank mean
-0.068 0.27 0.350 5y Sl
Standard deviation rank
-0.114 -0.066 0.372 4 slna Bl
Yield index ratio
-0.132 0.073 0.373 3,Sket il s
Regression coefficient
0.916 0.035 0.15 y " . D’aw’ff o
. . ean square of Linear regression deviation
0.110 0.600 0.212 L g T:’”I age i""m”
Wricke's ecovalence
0.148 0.106 0.349 Sy oeilgs]
Shukla’s stability variance
0.148 0.106 0.349 5 5l ol g
Environmental Variance
-0.182 0 0.374 e il
0.136 0.727 0.105 Coefficient of Variance
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*
2
1
* R
= wiz *
z . /y/’":avm Yield
=, . sz
a0 U
=
L]
A ]
L
2 .
3 2 A 0 1 2 3 4 5 6

PC1 (69.1%)

pe> 5 Jol 4dlse bl (63l 455 ol oy g (65l (ptng] (slacassST (saineg S —0 SIS
Figure 5. Grouping Z. multiflora ecotypes and vector of sustainability statistics based on the first and second
components
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Table 9. Spearman's rank correlations among the different statistics parameters

Si o’ Wi S bi cv YIR SDR R Sal,b
R
1 0.56 SDR
1 0.61 0.97™ YIR
1 -0.23 0.52 0.34 cv
1 0.19 0.38 0.42 0.29 by
1 0.02 0.57 0.24 0.67 0.12 Sy
1 0.30 0.21 -0.02 0.90™ 0.69 0.86” Wi
1 0.99™ 0.30 0.21 -0.02 0.90™ 0.69 0.86~ oi
1 0.69 0.69 0.67 0.42 0.52 0.61 0.99” 0.56 Sit

**: Significant at 1%

SN JL«»\ o ) Iy gxe **

WiZ 1Sy uiVlgg ST8% 1 had oSy 3l Blyouil it yams,S ) copd CV ig55 cops VIR D Slas sl Cous SDR 145 jlae Bl R :as) x5k

Si2 skaore il lg o2 M9 (gl byl

rank means: R, standard deviation rank: SDR, yield index ratio: YIR, coefficient of variance: CV, regression coefficient: bj, linear regression deviation:
S?%, wricke's ecovalence; Wi, shukla's stability variance: oi® environmental variance: Si2.
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