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Table 1- Characteristics of rapeseed cultivars

Loaisij oloid Giei) pb Liceo s EP g3l ¥ 09y &Y o

Genotype No. Genotype Origin Growth type Genotype /Line Oil Type
1 WRL-95-02 Iran Winter | DR FRVP V) Canola(00) bwgio
2 WRL-95-05 Iran Winter L ool u¥ Canola(00) buwgio
3 WRL-95-07 Iran Winter L ool p¥ Canola(00) oY)
4 WRL-95-08 Iran Winter L ool p¥ Canola(00) oY)
5 WRL-95-11 Iran Winter L smagl ¥ Canola(00) buwgio
6 WRL-95-12 Iran Winter | DR FRUPY IR Canola(00) oIpS
7 ‘WRL-95-33 Iran Winter | DR SRVP V) Canola(00) bwge
8 Falstaff American Winter G cigis Canola(00) o993
9 Claremore American Winter G iy Canola(00) o¥99)
10 SLMO046 Germany Winter G g Canola(00) w99

U;%Lo)"l oo S oleonds 5 (S0 508 Slasein =Y Joo
Table 2- Physical and chemical properties of soil of the test

Sl0 2 diged Gos GIo 2 Higed B Slasiine
Sampling depth  (30-60 cm) Sampling depth (0- 30 cm) Characteristic

EC (dS.m?) Sy psIl culan 1.45 1.24

pH 7.9 7.2

NM (%) owigis s dlge o yd 8.56 8.68
SCM (%)  gludl U5 cugby wo s 36 38

Organic C @) I c0ys 0.91 0.99

Total N ®0) S o590 0.09 0.07

Absorbable P (mgkg") i Sl yiud 14.7 15.8
Absorbable K (mgkg") iz b gty 197 155
Clay (%) wjy ooy 28 25

Silt (%) cduw w0y 47 49

Sand (%) RO JRWpK 25 26

Soil texture S <l Clay Lumi cog) o) Clay Lumi co¢) o)

Lo s 35 poe 5 (25 o Sl Sge 025 Ll 5o (25 4y Jood slaas Ll (il )l s —F Jgua
Table 3- Analysis of variance for stress tolerance indices under application of humic acid in
non-stress and cold stress conditions

&b 4y

Olpwis o7 TOL STI SSI HARM  GMP MP YS YP Y1 YSI
S.0.V. df

f{bﬁ 20003 00297 0012° 05057 04777 04377 0426 04577 0038  0.002°
ep.

"’*é”'j 9 0321 0.057"  0.023™  0.821" 0.832" 0853 0.613" 1258" 0.053" 0.004”

E Ws 18 0.026 0.001 0.003 0.015 0.013 0.012 0.017 0.019 0.001 0.001

Ol gt g i

. 6.51 4.17 5.71 2.85 2.54 234 3.8 2.36 3.78 43
CV. ()

TN 90 Jloizl gl 1o o sre g 0 Sme uf ol Sy sk g % NS

ns, * and **: no significant, significant at the 5% and 1% probability levels, respectively.
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Table 4- Analysis of variance for stress tolerance indices under non-application of humic acid in
non-stress and cold stress conditions

&b a4z yo

olwis ol TOL STI SSI  HARM  GMP MP Ys YP Y YsI

SOV.  df

;{"“" 2 0.140*  0.011**  0.005ns  0.120%%  0.132%*  0.152%*  0.068%* 0.304** 0.014%*  0.001™
ep.

*‘293 9 0202%%  0.042%*%  0.025%F  0.545%%  0.494%*x  0451%%  0437FF  0.563**  0.085**  0.008"

E s 18 0032  0.001 0.003 0008 0006  0.006 0.01 0019 0002 0.0l
NRTIO

s 6.79 48 537 2.88 3.38 2.18 429 28 431 6.33
CV. ¢

TN 90 Jloizl ghaw 1ol gixe 5 0 Sme juf G Sy i g 8
ns, * and **: no significant, significant at the 5% and 1% probability levels, respectively.

Lo o oS pAE g i Cod Sl Sogudr 00,187 Lol i 0 s 4y oo slo i oSl auglie -0 Jgus
Table 5- Means comparison for stress tolerance indices under humic acid application in non-stress
and cold stress conditions

Genotype  YI  TOL __ STI SSI HARM  GMP _ MP Ys YP  vsI
1 1.09c 1.92d 06lcd  082d  444cd  454de  464de  3.68bc  5.60c  0.66a
2 100d  233bc  056d  097bc  423d  437e  453¢  337d 569  0.59b
3 122a 30la 086a  1.00bc  520a  5.40a 56la  410a  7.12a 0.58bc
4 097d 2952 060cd  1.12a  429d  45lde  475¢d 327 622b  0.53d
5 1.03cd 2526 062  099bc  443cd  459d 476ed  350cd  6.02b  0.58bc
6 1.12b  248bc 069  0.94c 471b  486b 5026  3.78b  626b  0.60b
7 1.09%c 253  067b  097bc  4.62bc  4.78bc  4.94bc  3.68bc  620b  0.59b
8 0.85c 220c 043c  1.03abc  3.68c  3.83f  3.99f 2388  5.09d 0'5déb'
9 0.82¢ 24lbc 042  l.lla 360c  378F 397f  276e  5.17d  0.53d
10 0.83c 227bc 042  106ab  3.6le  3.78f 395  28le  5.08d °~5dSb'

il o 2o yd O Jloil mhans 10 (5 Lol o e glds Sa2g 0aimO LS (gt B 10 S e By
Non-common letters in each column indicate a statistically significant difference at the 5% level.

Lo s i o g i ot Sl Sengud 00,5 pae Lol i o a4y Jood glo pls Kl dslio —F Jgu
Table 6- Means comparison for stress tolerance indices under non-application of humic acid in
non-stress and cold stress conditions

Genotype Y1 TOL  STI SSI HARM _ GMP _ MP __ YS YP  vsI
1 1.06c  233de  04c  092de 3.9  338c 35d 24lc  474c 051
2 0.84c 288  03d  1I2 2724 3.02d  33e  190¢ 479%  0.40e
3 134  25lce 072  084e 3.93 410  43a 304 555 055
4 097d 313 04c  1.09 302 343c  37c  221d 534 04lde
5 089  2.65b-d 04d  1.06¢ 283d 3084 33e  2.03¢  4.68c 0'4e3°'
6 122b  2.69c  06b  092de  3.65b  387b  40b  275b 544 051
7 106c  2.68bc  05c  09%cd  327c  350c  37c  24lc 509 047be
g 09lc 228  03d  097cd  279d 298  32¢  2.06de 434d 0.48bc
9 083  266bc  03d  1.09 267d  294d  32¢  189% 456d 04lde
10 083 227c-e 04d 106b-d  361b 378  39¢  281b  5.08b O'SdSb'

Al 2o yd O Jleil gmhans 10 (5 Lol lo e glas a2 0aimO LS (gt B 30 S e pd By
Non-common letters in each column indicate a statistically significant difference at the 5% level.



0 VY s PO oleds omois als o csl; ol (5505 5ed65T ke a5 I

Lo yus LS pie g i ot Sl Sngudd 0,05 pie Lol i 0 a4 Jood glo psls  Siiad 45525 - Y Jgos
Table 7- Correlation analysis of tolerance indices in the absence of humic acid application
under non-stress and cold stress conditions

YP YS MP GMP HARM SSI STI  TOL YI YSI
YP 1 869" 977" 959" 937" 02" 964”7137 872" 0.2™
YS 752" 1 955" 974 987" -652" 9657 02" 9927 656"
MP 947" 924” 1 9977 990" -4017 9977 546" 9577 406

GMP 893" 968" 990" 1 998" -4657 9977 484" 975" 470™

HARM  .838" 990 969" 994" 1 =523 993" 424’ 988" 527"
SSI  -025™  -820" -S540 L6537 732" 1 -435" 544 647" -998"
STI 8907 .968™ 988" 998 992" 652" 1 508" 967" 4417
TOL 558"  -0.13™ 0.2™ 0.12™  0.01™ 6637 0.12™ 1 0279  -536"
YI 7547 9917 925" 969 990"  -8197 968" -0.13™ 1 6517
YSI 023" 8117 528" 6407 7207 -998 6397 -675" 809" 1

Lo oo (il pie g (i o8 Sl Sngud 03,15 pae Ll jo 4y Joow slo ol Lol sleddlge 45 4y 50 —A Jgu
Table 8- Principal component analysis of tolerance indices under non-application of humic acid
in non-stress and cold stress conditions

Sogad . Hlado doyd YP YS MP GMP HARM SSI STI ~ TOL YI YSI
- s O
: R o i cl c2 c3 c4 c5 c6 c7 c8 c9 clo
SulS 1 752 075 075 034 038 34 033 0.39 -0.17 036 018 036 0.18
2 2 2.45 0.24 0.99 021 -0.08 0.09 0.05 0.01 0.55 0.07 056 -0.08 -0.54
pue 1 794  0.79 079 029 035 034 036 035 -029 033 -002 038 029
o yls 2 204 020 099 038 -003 0.19 0.11 0.04 038 010 069 -003 -0.39

Al Soged 5 015 Loyl 5 50 LS 12 10 09290 slacS gy i 4 Jess sloaslis Kk -4 Jeua
Table 9- Average stress tolerance indices of cultivars in each cluster under humic acid

application
grawiiy YP YS MP GMP HARM SSI STI TOL YI YSI
1 6.00 3.55 4.77 4.61 4.45 0.97 0.62 2.45 1.05 0.59
2 7.12 4.10 5.61 5.40 5.20 1.00 0.86 3.01 1.22 0.58
3 5.11 2.82 3.97 3.80 3.63 1.07 0.42 2.29 0.83 0.55

Sl Soogap 325 o Ll 50 LS e 40 S92 90 lacads) 5 & Jeod slaat s (:Sile -V Jgux
Table 10- Average stress tolerance indices of cultivars in each cluster in the absence of humic

acid
grom iy YP YS MP GMP HARM SSI STI TOL YI YSI
1 5.06 2.34 3.70 3.44 3.20 1.00 1.00 2.71 1.03 0.46
5.49 2.90 4.20 3.99 3.79 0.88 0.88 2.60 1.28 0.53

3 4.56 1.98 3.27 3.00 2.76 1.05 1.05 2.57 0.87 0.44
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Figure 1- Average metrological parameters in growing season in two years
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Figure 2- Two-dimensional diagram of rapeseed cultivars based on the first and second
principal components under the application of humic acid in non-stress and cold stress

conditions
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Figure 3- Two-dimensional diagram of rapeseed cultivars based on the first and second

principal components under the non-application of humic acid in non-stress and cold stress
conditions
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Figure 4- Dendrogram of rapeseed cultivars grouped based on the first and second principal
components under humic acid application in non-stress and cold stress conditions
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Figure 5- Dendrogram of rapeseed cultivars grouped based on the first and second principal

components in the absence of humic acid application under non-stress and cold stress
conditions
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Abstract

In order to identify cold tolerant cultivars of rapeseed (Brassica napus L.)
using stress tolerance indices under the influence of humic acid application, an
experiment was conducted as factorial split plot based on randomized complete
block design with three replications in 2017 and 2018 at Seed and Plant
Improvement Research Institute, Karaj, Iran. Factorial combination of cold stress
as planting date factor in two levels including 20 October and 20 November, and
humic acid factor in two levels including non-application (foliar spraying with
pure water) and application (foliar spraying with a concentration of 1.5 per mil at
4-6-leaf stage) were assigned to the main plots and the cultivars were allocated to
the sup-plots. The results showed that rapeseed cultivars differed significantly.
Based on the results of means comparison, the cultivar WRL-95-07 showed
higher yield in both stress and non-stress environments as well as the application
and non-application of humic acid than the other cultivars. The correlation of
drought tolerance indices with grain yield under stress and non-stress conditions
was used to determine the most suitable indices. Arithmetic mean productivity
(MP), geometric mean productivity (GMP), harmonic mean (HARM) and stress
tolerance index (STI) had the highest significant correlation with yield under
normal and stress conditions. Principal component analysis differentiated indices
introducing tolerant cultivars and indices introducing susceptible cultivars, and
on this basis, the 10 rapeseed cultivars were divided into three groups using
cluster analysis. Finally, WRL-95-07 cultivar performed well under stress and
non-stress conditions with the use of humic acid, followed by WRL-95-12
cultivar which displayed better performance than the other cultivars under stress
conditions when treated with humic acid.

Key words: Cluster analysis, Crop yield, Environmental stress, Principal
component analysis.
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