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Table 1. Meteorological data during 2014-2016 cropping seasons in Zanjan region

ol 1F40-1FaE Ay rar
Month 2015-2016 2014-2015
Gradk) Sl ke (o sl 4 53) bos Kol Gode) SL Kok (o1 Kol aom33) Lo, Sle

Mean precipitation (mm)

Mean temperature (°C)

Mean precipitation (mm) Mean temperature (°C)

sE 0.4 11.4
23 Sep-22 Oct

oLt 232 7
22 Oct-22 Nov

AT 58.9 62
22 Nov-21 Dec

<2 40 -5
21 Des-20 Jon

Eas 243 1
21 Jan-20 Feb

. 14.4 2.1
20 Feb-20 Mar

RISIY 12.5 2
20 Mar -20 Apr

s 10.5 11
21 Apr-21 May

s 22 20
22 May-21 Jun

0.6 13
235 8
63.6 5.1
6.7 -3
29.7 3
37 33
253 4.8
50.8 15
14 23

o Y oS amsls Sl oaals b Y
i b Lsy Oladl o3 3T 5 b
by s ol gldle o b Y ol Sl w
sl ol ST s 1S asl5 w0
Sl wolisle S colen ¢z S Gble s
b oY e s Oledel 5 b s
abie jy cals Gl Sl S g

a¢

Lys éa.w b e YWY CLBJ\ L 2Ll ,a
Sde il owlid] oo ST B RPN ) rl?u"
4}:).3\'/? Q)‘j" 4> 4> _19..,«»)1& G‘U.ib.ld).}
ek YAF/D Fh L Kk 551 5 sl
50 VEY OT Ol (glajgy sl Lo g
}%)TLSL‘“LSJQMP@@‘-M\{‘;‘
uﬁwgﬂﬁ&b‘\*ﬁ‘&“’}"&‘ﬁ



%jj,wlf'@,udfpbox,:

;la.l:&uc,..i'\f'c:)\:?' 3 1S onlaal 55 50 (lges 55 Sladein Y Jgd>

Table 2. Characteristics of the rapeseed genotypes used in three different planting dates

G, 555l wil jolas] o« oKl -
No. Genotype name Code Origin Type
Ny olesles 8 sl3T
1 Opera Gl
Sweden Open-pollinated
R olesles S 5137
2 Ahmadi G2
Iran Open-pollinated
ol oldles S 5137
3 KR4 G3
Iran Open-pollinated
ol ! oLzl es S 5157
4 GA096 x Zarfam (1)(2) G4
Iran Open-pollinated
ol ! oLzl es $ 5157
5 Okapi x GA096 (2)(5) G5
Iran Open-pollinated
R olesles 8 sl3T
6 Orient x Modena (2)(4) G6
Iran Open-pollinated
R oladles $ sl3T
7 Orient x Modena (5)(4) G7
Iran Open-pollinated
R Olesles £ 15T
8 Okapi x GA096 (2)(2) G8
Iran Open-pollinated
R olesles 8 sl3T
9 Okapi x GA096 (5)(2) G9
Iran Open-pollinated
R olesles 8 sl3T
10 GA096 x Zarfam (5)(1) G10
Iran Open-pollinated

s 0L 1 s ol Y 8l plasl IO ol 51y s sl

The numbers in parentheses indicate the number for each crossing of the promising line.
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Table 3. Analysis of variance for seed yield of rapeseed genotypes during 2014-2016 cropping seasons

S lin 3137 455 als s Sles
S.0.V df Seed yield
Jl ! N
Year (Y)
Y1 3259°
Y2 3500°
LSDg s 69.53
Sl b ) o
Planting date (S)
S1 4547°?
S2 3474°
S3 2118 ¢
LSDy 05 266.65
<S55 9 ok
Genotype (G)
Gl 3406 ™
G2 2870 ¢
G3 3647 ©
G4 3214
G5 3450 ¢
G6 3081 %
G7 36747
G8 3125 ¢
G9 3654 ©
G10 3678 °
LSDg s 251.08
Y xS 2 o
Y xG 9 ok
SxG 18 **
Y*xSxG 18 ns

(Le33) D i o 2
CV (%)

- 11.24

Sl Jls gaa N 570 JL;::-!CJM);%.;J?@**}*

*and** are significant at 5 % and 1 % probability levels, respectively.
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Table 4. Percentage of variances explained by each principal component

é.p‘&ﬂya‘)w Q\a.’jntjw &EJ‘}C}“—?“M)Q
Component no. Sum of squares Percentage of total variance
1 1720.997 63
2 1191.869 30
3 539.856 6

N sl 4 S ol ol 4l 55 bl T o bl 35 ST ) 0 55 e el B Ul
Table 5. Relative importance of the genotypes, planting dates and their interaction based on two first
components of biplot analysis

Ola o ¢ gorea JS Dlar g gome & Lo A
Sum of squares (SS) Percentage of total SS
(cals @)U) .]a.;u
. . 29638733.6 86
Environment (planting date)
2 2307078.2 7
Genotype
8 Rl s PSS bl I

@ T S 2366747.7 7
GXxE interaction

< 34312559.5 100

Total
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Fig 1. GGE biplot analysis and display of which-won-where pattern based on seed yield of ten
rapeseed genotypes in three different planting dates (D1: October 7; D2: October 22; D3: November 6)
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Fig 2. Ranking of all genotypes for the first planting date (D1: October 7)
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Fig 3. Ranking of all genotypes for the second planting date (D2: October 22)
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Fig 4. Ranking of all genotypes for the third planting date (D3: November 6)
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Fig 5. Average environment coordination (AEC) of seed yield stability in rapeseed genotypes using
GGE biplot analysis in three different planting dates
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Introduction:

The average yield of rapeseed in each country depends on climatic conditions,
production methods and cultivar types. Proper planting dates provide adequate
growth and development for crops and minimize the damage caused by stresses
(Shirani-Rad et al., 2015).

In the analysis of data collected from on-farm trials, environment can be defined
as any management practices such as planting date, plant density, and fertilizer
application that are recommended for crop producers (Balali¢ et al., 2012). Several
methods have been proposed to analyze the genotype-by-environment interaction
and to determine stable cultivars in different environments. However, each of these
methods are based on certain statistical procedures and has their own advantages
and disadvantages. In experiments, which are used to determine the interaction
between genotype and environment, it is often difficult to establish the response
patterns for the genotype-by-environment interaction without the aid of graphical
representation of the data. The objective of this study was to use GGE biplot
graphical analysis and its efficiency to (1) determine the most suitable planting
date for rapeseed 2) to determine the most stable genotype in the normal and
delayed planting dates among the rapeseed cultivars and promising lines in the

Email address of the corresponding author: h.zeinalzadeh@areeo.ac.ir
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studied region.

Materials and Methods: The experiment was conducted over two cropping seasons
(2014-2016) at the experimental farm of Hassan Abdali village, southwest of
Zanjan, Iran (48°32°E, 36°37°N, altitude 1770 m). Each experimental plot consisted
of four 6 m-long rows spaced 30 cm apart with 5 cm distance between plants on
the rows. The experiment was arranged in split-plot based on a random complete
block design with planting dates (D1: Oct. 7 as normal planting date, D2: Oct. 22
as semi-late planting date, D3: Nov. 6 as late planting date) in the main plots and
genotypes G1 to G10 in the sub-plots with three replications. After eliminating the
marginal effect, seed yield of each plot was estimated and finally seed yield/ha was
determined. The outlier data detection and normality test of data were done before
variance analysis using Grubbs’ test and Shapiro-Wilk test, respectively. Then
the data were subjected to analysis of variance (ANOVA) using SAS software.
GGE biplot analysis was performed on the seed yield in order to determine the
proper planting date and stable genotype among the cultivars and promising lines
of rapeseed.

Results and Discussion: The results revealed that there were significant differences
between genotype, planting date and their interaction (P<0.01). Seed yield of the
investigated genotypes was declined from the highest yield of 4547 kg ha™! in the
first planting date (Oct. 7) to the lowest yield of 2118 kg ha! in the third planting
date (Nov. 6). These results were similar with those of Singh et al. (2017) and
Shirani-Rad et al. (2015). GGE biplot analysis indicated that first two components
explained 93 % of the total variation in seed yield in the three different planting
dates. Based on which-won-where pattern, genotype G9 had the maximum seed
yield (5437 kg ha') in the first planting date (Oct. 7) and genotype G7 had the
maximum seed yield (2608 kg ha'') in the second (Oct. 22) and the third (Nov. 6)
planting dates.

Based on vector view, the interaction of three different planting dates revealed
that the first planting date (Oct. 7) with longer vector length and having more
angle than the two subsequent planting dates had a greater effect on the genotypic
distinction in terms of seed yield of the studied genotypes. On the other hand, the
second and third planting dates had a smaller angle, indicating a positive and high
correlation with each other.

Conclusion: Havinganunderstanding of visual patterns is very importantin analyzing
agricultural data as compared to numerical results and numerous statistical tables.
The GGE biplot software, with a user-friendly graphical interface, can analyze
various types of two-way data and provide a quick and complete understanding
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of the relationships between genotypes, environments, and their interactions. It
can be concluded that GGE biplot was a good method in identifying the suitable
planting date and stable genotype in normal and late planting dates.

Keywords: Stability, planting date, seed yield, GGE biplot
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