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Abstract

Background and Objectives

Although the opening of the silique is a valuable mechanism for the distribution of seeds in
nature, it is also a significant problem in oilseed rape cultivation. Seed shedding from siliques
at and after maturity is commonly referred to as pod shatter, and it reduces the grain yield of
oilseed rape (Brassica napus). This factor, also called dehiscence, can cause losses of up to 50%
of potential grain yield if harvesting is delayed and in adverse weather conditions. As a
general consideration, canola is susceptible to shattering, and there is little genetic diversity
associated with silique shattering tolerance in its commercial lines hence, increasing shatter
tolerance is an important breeding objective.

Materials and Methods
In the present study, eleven parents were used to generate 55 hybrids. The experiment was

carried out as a complete randomized block design with three replications at the seed and

& 2021 The Author(s). Publizhed by Shshid Chamran University of Ahlwvar Thiz iz an open-access article distributed
@ undar the terms of the Creative Commons Attribution Licenea (hitp://creativecommons. ofp/liceneseby/4. 00, which
By

permits ungestricted usa, diztribution, and reproduction in any medivm | provided the original wod iz properly cited.


http://plantproduction.scu.ac.ir/
https://dx.doi.org/10.22055/ppd.2019.28332.1714
https://orcid.org/0000-0003-4220-4880

Eidi Kohnaki et al.: Study of Silique Shattering ... 66

plant improvement institute. Silique Shattering Tolerance Index (SSTI) using Random
Impact Test (RIT) and other related traits were measured during 2018. Griffing's model I of
method II was used for the analysis of variance and the estimation of genetic parameters.
Correlation coefficients for the studied traits and other calculations were performed using the
SPSS software and Excel program.

Results

Analysis of variance of genotypes showed high genetic diversity for the studied traits.
Similarly, the general and specific combining ability variances were significant for most traits
such as grain yield and the silique shattering tolerance index. This indicates the contribution
of additive and non-additive effects in the genetic control of these traits. The general
heritability of the studied traits was observed in the range of 78.81% to 93.87%. Correlation
coefficients of traits showed a positive and significant correlation between silique shattering
tolerance index with grain yield and oil content. Moreover, Zarfam and ES Artist with a good
performance and silique shattering tolerance index are considered the best general combiners.
OkapixZarfam, NafisxES Artist, AhmadixNafis, AhmadixES Neptune, ZarfamxES Neptune,
NafisxES Natalie, and NimaxES Natalie are recommended as the best specific combinations

for mechanized oilseed rape harvest and improvement of the shattering tolerance trait.

Discussion

Low specific heritability of grain yield can be due to the more outstanding contribution of
non-additive effects than additive effects. Various research studied variable estimation for
general and specific combining ability and other parameters due to the difference in genetic

materials and different weather conditions.
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Table 1. Analysis of variance of randomized complete block design for traits in winter oilseed rape
Mean squares (MS) for studied traits

S.O.V. df Number of 1000-Seed  Length of Qil Grain  Silique shattering

seeds in silique weight silique contents yield tolerance index
Replication 2 49.39™ 0.70" 5.62™ 3.29™ 0.16* 0.03"
Genotype 65 24.20™ 0.81™ 1.03™ 28.13" 0.30™ 0.17™
Error 130 6.12 0.16 0.46 7.20 0.05 0.05

*, ** and ns, significant at the 0.05 and 0.01 levels, and Non-significant respectively.

Table 2. Analysis of variance of parental general and hybrid specific combinability for studied traits

in oilseed rape

Mean squares (MS) for studied traits

S.O.V. df Number of ~ 1000-Seed Length of oil Grain  Silique shattering
seeds in silique  weight silique contents yield tolerance index

GCA 10 12.41™ 0.52" 0.64™ 14.06™ 0.14™ 0.095™

SCA 55 7.28™ 0.22™ 0.29™ 8.52™ 0.09™ 0.049™

MS GCA/ MS SCA - 1.70m™ 2.31" 2.22" 1.65M™ 1.52m 1.94"

C.V. (%) - 10.07 12.76 10.52 12.76 6.55 36.43

*, ** and ns, significant at the 0.05 and 0.01 levels, and Non-significant respectively.
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Table 3. Estimation of genetic parameters, h%s and h?s for studied traits in oilseed rape

Mean squares (MS) for studied traits

S.0.V. Number of 1000-Seed Length of Oil Grain Silique shattering
seeds in silique weight silique contents yield tolerance index

o’ 0.79 0.05 0.05 0.85 0.008 0.007

o% 5.24 0.17 0.14 6.12 0.08 0.03

o% 2.03 0.05 0.15 2.40 0.02 0.01

o% 2.17 0.06 0.16 2.54 0.02 0.02
D.deg 3.64 2.76 2.24 3.79 451 3.61

h2ps 89.87 92.60 78.81 89.71 93.87 88.64

h2ns 11.79 19.26 22.50 10.96 8.41 15.57
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Table 4. Estimation of general combining ability effects for studied traits in winter oilseed rape

Crosses Length of Number of 1000-Seed Oil Grain Silique shattering
silique seeds in silique weight contents yield tolerance index

Okapi 0.09™ 0.82™ 0.35™ -2.13" -0.11™ -0.15™
Ahmadi 0.20™ 1.37™ 0.03™ -0.56"™ -0.04" -0.09"
Nafis 0.27" 1.55™ 0.30™ -0.28™ 0.0002™ -0.07m™
Nima 0.06" 0.54" 0.06" -0.29" 0.06" 0.03m™
SLMO046 0.02" -0.21™ -0.07™ -0.47" 0.0005" 0.05"
Talaye 0.39™ -1.08" -0.08™ 0.46" 0.03m™ -0.03"
Zarfam 0.27" 0.87" 0.04" 0.63™ 0.13x« 0.11™

ES Danube -0.18™ -1.44™ -0.13" 0.99" -0.15™ 0.01™

ES Neptune -0.19m -0.48" 0.19™ 1.02" 0.10" 0.05™

ES Natalie -0.23" -0.08™ 0.02" -0.86" 0.20™ -0.03™

ES Artist -0.15" -0.13™ -0.34™ 1.49™ 0.10" 0.12™

SE (gi) 0.10 0.37 0.06 0.41 0.03 0.03

SE (gi-gj) 0.15 0.56 0.08 0.60 0.05 0.04

*** and ns, significant at the 0.05 and 0.01 levels, and Non-significant respectively.
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Table 5. Estimation effect of specific combining ability (SCA) for studied traits in winter oilseed rape

Crosses Lep_gth of Numbel_' pf 1000_-Seed Oil G!'ain Silique shaytering
silique seeds in silique weight contents yield tolerance index
OPxAH -1.25™ -2.75" 0.04"s 1.77% 0.18™ 0.09™
OPxNF -0.71m™ -1.63™ -0.86™ -2.52" -0.06" -0.28"
OPxNI 0.44 3.75" -0.04"s 4.75™ -0.33" -0.01m
OPxSL 0.87" -1.07™ -0.02" 2.34" 0.01m 0.04m
OPXTL 0.72m -1.70" 0.51" -0.07™ -0.19m 0.13™
OPxZF 0.86" 8.43™ 0.28" -0.04"s 0.47™ 0.36™
OPxXEDN 0.00m 2.23™ -0.15™ -2.89" 0.48™ -0.01m
OPXENP 0.42" -0.60" -0.65™ -3.10" 0.08m™ 0.05"
OPXENT -0.17m -1.30" 0.53" -2.44" -0.24" 0.07m
OPXEAT 0.33™ -1.09" 0.23" -4.72™ -0.12" -0.06"
AHXNF -0.01™ -1.58"™ 0.07ms 0.19™ -0.07m 0.48™
AHXNI -0.97™ -1.81"™ -0.42" -3.82" 0.31™ -0.44™
AHXSL 0.62" -0.26™ -0.48" -2.80™ 0.14" -0.09m
AHXTL 0.19"™ -0.41" -0.67" -4.65™ -0.11" -0.38™
AHXZF 0.43"™ 0.27m 0.21" -2.54" -0.34™ 0.18m
AHXEDN 0.30" 1.21m -0.69™ 2.97" -0.42™ -0.05"
AHXENP 0.22" -0.12" 1.20™ 5.26™ -0.11m 0.36™
AHXENT 0.23™ -0.85™ 0.81" 1.32" -0.16" 0.15"™
AHXEAT 0.80" 5.63™ -0.31" 4.65™ 0.80™ 0.07m
NFxNI -0.99™ 5.22"" -0.16™ 0.18™ -0.23™ -0.05m™
NFxSL 0.17m 1.03™ -0.34" -0.51" -0.15" -0.49™
NFXTL 0.04" 3.20" 0.93" 2.49™ -0.18™ 0.13™
NFxZF 0.43™ -1.07™ 0.38"™ 553" -0.23™ 0.06"™
NFXEDN -0.85™ 1.30" 0.63™ -1.47% -0.10™ -0.04"
NFxENP 0.04"s -1.77m 0.11m 3.57" 0.37" 0.01m
NFXENT 0.63"™ -1.86™ -0.31™ -4.07" -0.09m 0.39™
NFXEAT 0.40" 1.22" 0.38"™ 2.21™ 0.32™ 0.28"
NIxSL 0.60"™ 1.81m™ 0.001" 3.86™ -0.10m™ 0.23"
NIXTL 0.44" -2.42"™ 0.78™ 0.94m -0.47" -0.09"
NIxZF -0.42" -1.39™ 0.16™ 1.54m 0.86™ -0.20m™
NIXEDN -0.09"™ -3.09" 0.05™ -1.48™ 0.10m 0.10m
NIXENP 0.04"s 0.84"s -0.36™ 0.73™ 0.39™ -0.05™
NIXENT 0.32m -2.02"™ -0.36™ -0.93™ 0.19m 0.33"
NIXEAT -0.06™ 1.53" -0.36™ 4.07™ -0.66™ 0.03™
SLxTL -0.50m 0.63" 0.38"™ -0.79" 0.03m™ 0.21m
SLxZF 0.25™ 1.12" -0.19" 0.36™ 0.07™ 0.16™
SLXEDN -0.08™ 0.76" 0.05" -0.81"™ 0.44™ 0.003"
SLXENP -0.21m -1.10" -0.63™ 3.56™ -0.35™ 0.17m™
SLXENT 0.69" 417 0.76™ 3.28" -0.19" 0.23m™
SLXEAT -0.27m -0.96" 0.42" -2.67™ 0.14" -0.09m
TLxZF -0.26™ 0.46" -0.55" -0.29" 0.07m -0.10"
TLXEDN 0.40" -1.97m 0.10m 1.10m™ -0.07™ -0.05™
TLXENP 0.22" -1.44" -0.40" 0.99m 0.09m 0.01m
TLXENT 0.08"™ 2.07m -0.64™ -0.09™ 0.46™ 0.14"
TLXEAT -0.22" 3.35" -0.36™ 0.99m -0.07™ 0.01m
ZFxEDN 0.16™ 1.15" -0.48" 1.25™ -0.04" -0.17m
ZFXENP -0.50m -2.04"s -0.41" 0.34m -0.31" -0.29"
ZFXENT -0.16™ 1.33™ 0.05" 1.42m -0.05m 0.25"
ZFXEAT -0.38™ -2.56" -0.26™ -1.41™ 0.01m -0.07™
EDNxENP -0.33™ -1.11m 0.09m 2.80" 0.22"m 0.02m
EDNXENT -0.46™ -2.60" 0.09ms 0.19™ -0.13™ -0.18™
EDNXEAT 0.08™ -1.03™ -0.21" -3.68" 0.60™ -0.10"
ENPXENT -0.21m 8.37" -0.03™ 0.80™ -0.30" -0.51*
ENPxEAT -0.66™ -3.36" 0.54" 0.22"m -0.24" -0.20"
ENTXEAT 0.06" 0.55" -0.38"™ 1.17% 0.14" -0.04"
SE (Sij) 0.36 1.32 0.21 1.43 0.12 0.17
SE (Sij-Skl) 0.51 1.85 0.29 2.01 0.16 0.16

*, **and ns, significant at the 0.05 and 0.01 levels, and Non-significant respectively.
OP: Okapi, AH: Ahmadi, NF: Nafis, NI: Nima, SL: SLMO046, TL: Talaye, ZF: Zarfam, EDN: ES Danube, ENP: ES Neptune, ENT:
ES Natalie, EAT: ES Artist
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Table 6. Estimates of Correlation coefficients for studied traits in winter oilseed rape

Row Parents 1 2 3 4 5 6
1 Length of silique 1 0.227* 0.182 0.015 0.079 0.027
2 Number of seeds in silique - 1 0.091  -0.006 0.027  -0.051
3 1000-Seed weight - - 1 -0.099 0.413** 0.032
4 Oil contents - - - 1 0.164 0.313*
5 Grain yield - - - - 1 0.449%*
6 Silique shattering tolerance index - - - - 1
e 5 a5 Ol s O pean Sl - b S )53 5 pme Slaodish S 5 oy g Ol sioa VL
S ah g p s 5L 2-03-03-003-940082 o )l AhmadixNafis NafisxES ~ Artist .OkapixZarfam
i gy ety i3 = oS Sl ZarfamxES  Neptune AhmadixES  Neptune
o iule T S s dlg g s POlol Dlads o~ Ol g4 NimaxES Natalie 5 NafisxES Natalie
i r 555t N e 383 )l 5 S5 5 0L Lty ol o s Lokl 5SS
3 pmomed (5587 (6555LiST wkige 5 5 Slidios o § s S e Jesd Sdo 35 5 1S
Wﬂ“ uﬂu‘_.g.n Ql._i‘.;T) a)‘j.:l; u.-w\_.@./a V.;\> )K]w J);@
3 b 53 48T (S8 e oz eilign 5 S5l S ol

238 oo S5 5 ok L3 gl (55K IS plonil ol o 5 Jsh st 5 (6 5> Ay J) g gieten 3l e
References

Akbar, M., Tahira, B. M. A., & Hussain, M. (2008). Combining ability studies in Brassica napus. International
Journal of Agriculture and Biology, 10(2), 205-208.

Amiri Oghan, H., Moghaddam, M., Ahmadi, M. R., & Davari, S. J. (2003). Determination of gene action and
heritability of drought stress resistance indices in rapeseed. Journal of Iran Agriculture Science, 35(1), 73-83.
[In Farsi]

Azizinia, S. (2011). Combining ability analysis for yield component parameters in winter rapeseed genotypes
(Brassica napus L.). Journal of Oilseed Brassica, 2(2), 67-75.

Braatz, J., Harloff, H. J., & Jung, C. (2018). EMS-induced point mutations in ALCATRAZ homoeologs increase
silique shatter resistance of oilseed rape (Brassica napus). Euphytica, 214(2), 1-9.

Cardoza, V., & Stewart, C. N. (2004). Brassica Biotechnology: Progress in cellular and molecular biology. In
Vitro Cellular and Developmental Biology-Plant, 40(6), 542-551.

Cavalieri, A., Harker, K. N., Hall, L. M., & Gulden, R. H. (2016). Evaluation of the causes of on-farm harvest
losses in canola in the Northern Great Plains. Crop Science, 56(4), 2005-2015.

Child, R. D., Summers, J. E., Babij, J., Farrent, J. W., & Bruce, D. M. (2003). Increased resistance to pod shatter
is associated with changes in the vascular structure in pods of a resynthesized Brassica napus line. Journal of
Experimental Botany, 54(389), 1919-1930.

Griffing, B. (1956). A generalized treatment of the use of diallel crosses in quantitative inheritance. Heredity,
10(1), 31-50.

Gulden, R. H., Cavalieri, A., Syrovy, L. D., & Shirtliffe, S. J. (2017). Pod drop in Brassica napus is linked to
weight-adjusted pod-retention resistance. Field Crops Research, 205(2017), 34-44.

Gulden, R. H., Shirtliffe, S. J., & Thomas, A. G. (2003). Harvest losses of canola (Brassica napus) cause large
seed bank inputs. Weed Science, 51(1), 83-86.

Hashemi, A. S., Nematzadeh, G. A., Babaeian Jelodar N., & Ghasemi, O. (2008). Study of gene effects for
quantitative traits in rapeseed via diallel analysis. Journal of Agricultural Science and Natural Resources,



15(4), 81-96. [In Farsi]

Hossain, S., Kadkol, G. P., Raman, R., Salisbury, P. A., & Raman, H. (2012). Breeding Brassica napus for
shatter resistance. Plant Breeding, 14(1), 313-332.

Hu, Z., Hua, W., Huang, S., Yang, H., Zhan, G., Wang, X,, Liu, G., & Wang, H. (2012). Discovery of pod
shatter-resistant associated SNPs by deep sequencing of a representative library followed by bulk segregant
analysis in rapeseed. PL0S One, 7(4), e34253.

Jia, L., Mei, D. S,, Li, Y. C,, Cui, J. C., Hui, W., Peng, P. F., & Qiong, H. (2013). Combining ability and
breeding potential of rapeseed elite lines for pod shatter resistance. Journal of Integrative Agriculture, 12(3),
552-555.

Jorgensen, T., Hauser, T. P., & Jorgensen, R. B. (2007). Adventitious presence of other varieties in oilseed rape
(Brassica napus) from seed banks and certified seed. Seed Science Research, 17(2), 115-125.

Liu, J., Wang, J., Wang, H., Wang, W., Zhou, R., Mei, D., & Hu, Q. (2016). Multigenic control of pod shattering
resistance in Chinese rapeseed germplasm revealed by genome-wide association and linkage analyses.
Frontiers in Plant Science, 7(2016), €1058.

Malekshahi, F., Dehghani, H., & Alizadeh, B. (2012). Biplot trait analysis of some of canola (Brassica napus L.)
genotypes in irrigation and drought stress conditions. Plant Productions, 35(3), 1-16. [In Farsi]

Morgan, C. L., Bruce, D. M., Child, R., Ladbrooke, Z. L., & Arthur, A. E. (1998). Genetic variation for pod
shatter resistance among lines of oilseed rape developed from synthetic B. napus. Field Crops Research,
58(2), 153-165.

Morgan, C. L., Ladbrooke, Z. L., Bruce, D. M., Child, R., & Arthur, A. E. (2000). Breeding oilseed rape for pod
shattering resistance. Journal of Agricultural Science, Cambridge, 135(4), 347-359.

Nassimi, A. W., Sardar, A., Hassan, G., & Naushad, A. (2006). Combining ability analysis for maturity and
other traits in rapeseed (Brassica napus L.). Journal of Agronomy, 5(3), 523-526.

Peng, P., Li, Y., Mei, D., Liu, D., Fu, L., Wang, H., Sang, S., Chen, Y., & Hu, Q. (2013). Optimization and
experiment of assessment method for pod shatter resistance in Brassica napus L. Transactions of the Chinese
Society of Agricultural Engineering, 29(21), 19-25.

Price, J. S., Neale, M. A., Hobson, R. N., & Bruce, D. M. (1996). Seed losses in commercial harvesting of
oilseed rape. Journal of Agricultural Engineering Research, 65(3), 183-191.

Rameah, V., Rezai, A., & Saeidi, G. (2003). Estimation of genetic parameters for yield, yield components and
glucosinolate in rapeseed (Brassica napus L.). Journal of Agricultural Science and Technology, 5(1), 143-
151.

Roberts, J. A., Elliott, K. A., & Gonzalez-Carranza, Z. H. (2002). Abscission, dehiscence, and other cell
separation processes. Annual review of Plant Biology, 53(1), 131-158.

Singh, M., Singh, L., & Srivastava, S. B. L. (2016). Combining ability analysis in Indian mustard (B. juncea L.
Czern and Coss). Journal of Oilseed Brassica, 1(1), 23-27.

Squires, T. M., Gruwel, M. L. H., Zhow, R., Sokhansanj, S., Abrams, S. R., & Cutler, A. J. (2003). Dehydration
and dehiscence in siliques of Brassica napus and Brassica rapa. Canadian Journal of Botany, 81(3), 248-
254,

Wang, R., Ripley, V. L., & Rakow, G. (2007). Pod shatter resistance evaluation in cultivars and breeding lines of
Brassica napus, Brassica juncea and Sinapis alba. Plant Breeding, 126(6), 588-595.

Yousefi, F., Hassibi, P., Roshanfekr, H., & Meskarbashee, M. (2015). Study of drought and salinity stress effect
on some physiological characters of two canola (Brassica napus L.) varieties in Ahvaz. Plant Productions,
38(4), 25-34 [In Farsi]


http://www.intechopen.com/books/plantbreeding/breeding-brassica-napus-for-shatterresistance.%20pp.%20313-332

