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Extended abstract

Introduction

canola (Brassica napus L.) is one of the most important oilseed plants that has been ranked third in the
oil production after soybeans and oil palm. Drought is seriously the most important factor limiting the
growth and production of canola in Iran. By foliar application of micronutrients, plant growth condition
can be improved under stress. Salicylic(SA) acid plays an important role in abiotic stress tolerance, and
more interests have been focused on SA due to its ability to induce a protective effect on plants under
adverse environmental conditions. It is necessary to know the traits related to drought tolerance and
their relationship with seed yield. due to the important role of roots in the absorption and conduction of
water and nutrients, recognition the root system and how it is distributed in the soil is special
importance. therefore, the purpose of the present study was to investigate the Effect of foliar application
of some micronutrients and salicylic acid on root characteristics and seed yield of canola (Brassica
napus L.) under water deficit stress.

Materials and methods

the experiment was conducted as split factorial in a randomized complete block design with three
replications in Lorestan University, Iran, in two cropping seasons (2016-2018). water deficit was
considered as the main factor in levels irrigation at 80 (control) and 30% of field capacity, and the
combination of foliar application of micronutrient fertilizer (non-consumption and spraying at a
concentration of 0.2%) and salicylic acid concentration of 0, 0.5, 1 and 1.5 mM were considered in sub-
plots. the time of water deficit stress coincided with the stage of the beginning of regrowth (BBCH32).
foliar application of micronutrient fertilizer in rosette stage (BBCH29) and foliar application of salicylic
acid in two stage of flowering beginning (BBCH60) and pod filling (BBCH72). the measured traits
included root dry weight, root volume, root area, seed yield, oil percentage, and water use efficiency. the
data was analyzed by statistical analysis system (SAS version: 9.1). the means were analyzed using the
Duncan test at P=0.05.
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Results and discussion

the results of analysis of variance showed the effect of year on seed yield, effect of salicylic acid on seed
yield and oil percentage, double interaction of micronutrient fertilizer in salicylic acid on root volume
and triple interaction of stress in micronutrient fertilizer and salicylic acid on root weight, root volume
and water use efficiency were significant. the results of comparative analysis of the mean data showed
that the highest percentage of oil was obtained from concentration of 1 to 1.5 mM of salicylic acid.the
highest root volume (49.90 cm3) was obtained from the treatment composition (foliar application of 1.5
mM salicylic acid and concentration of 2 per thousand micronutrient fertilizers). the highest root dry
weight (28.95 gr), root area (4360 cmz2) and water use efficiency (1.26 kg m=3) from the treatment
composition (no stress + 1.5 mM salicylic acid spraying and concentration of 2 per thousand fertilizers
Micronutrients) was obtained. the highest seed yield (4955.7 kg hat) was obtained from foliar
application 1.5 mM of salicylic acid, In the first year, the highest seed yield (4427.7 kg ha!) from the
combination (no stress + foliar spraying of 1.5 mM salicylic acid and a concentration of 2 per thousand
micronutrient fertilizers) and in the second year of the combination (no stress + foliar spraying of 1 mM
salicylic acid) and a concentration of 2 per thousand micronutrient fertilizers with an average (4955.7
kg hat) was obtained.

Conclusion

therefore, a triple micronutrient fertilizer (iron+zinc+ manganese) with a concentration of 0.2% is
recommended along with a concentration of 1.5 mM of salicylic acid to reduce the negative effects of
water deficit stress and achieving acceptable seed yield.

Keywords: Root area, Root dry weight, Root volume, Seed yield, Water use efficiency
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Table 1. Weather statistics of Khorramabad city during the experimental period (2016-2018).

Lo bwgio

Fai,b Ll wlelw

Precip}iti;ﬁ (mm) Mean of airutemperature Tot‘:i hours of seli::l:ine

sk Month First year  Second year First year Second year Ei;ls: Second year
o October 0 0 19.8 20.4 277.1 302.4
o4 November 8.6 2.8 15.5 15.7 220 219.9
1 December 66.2 36.6 7.3 7.5 204 194.1
&> January 82.6 50.1 6.9 7.6 157.6 205.2
o4 February 101 68.7 4.2 8.3 184 154.5
siawl March 443 62.7 9.4 11.7 226.2 207.3
2939y April 80.8 103.7 14.0 15.2 198.3 222.7

Sl o, May 32.8 151 20.1 17.2 274.9 194
slo,>  June 0 12 24.5 24.6 382.9 318.6
Total 416.3 487.6

il Yo U jho o 50 Gilojl Joxo S (rlons 9 (50508 Sl ¥ Jou
Table 2. Physical and chemical properties of soil experimental site (0-30 cm)

year S oS a0y b el bl P gsy om SBamaml Saslcols
Organic carbon P K Mn Zn Cu PH EC
% ppm dS m’
First year 0.67 7.5 258 3.8 044 0.85 7.7 0.64
Second year 0.78 7.4 262 4.8 3.8 048 0.8l 7.6 0.64

aod YYIV. elyy cad )b g VIFY S (5,0l osase ()9 d(Cdow a0 Y8 g 08 0o y0 YA () 00 )0 YO) ) pod S Ly
Soil texture clay loam(Clay 35%, Silt 36%, Sand39%), Bulk density 1.57 and Fc 23.70
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Table 3. critical limit of nutrients in soils under canola cultivation (Khademi et al., 2001).
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Table 4. The amount of water consumed and number of irrigations

First year Second year
B pao ui Ol 0 tﬁ)"ﬂ‘?i Slowy B pan uT Ol ‘5)Lﬁi Slaxi
The amount of  Number of The amount of Number of
water consumed irrigations water consumed  irrigations
m? ha’! m? ha'!
Irrigation in 80%FC  Fc uojs A )5 5,0 3674 5 3716 3
Irrigation in 30%FC  Fc oo ¥+ 55 5,0 3302 2 3499

amount of water consumed = irrigation water + effective rainfall
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Fig. 1. Mean comparison of Two way intraction Micronutrient and Salicylic acid on root volume.
Bi: no consumption of micronutrients and Bz: foliar spraying of micronutrients with a ratio of 2
per thousand and salicylic acid at four levels (Ci: zero, Cz: 0.5, C3: 1 and Cs: 1.5 mM).
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Table 6. analysis of variance for measured traits of Rapeseed.
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S.0.V o Root dry Root  pootarea seed yield oil water use

df weight volume percentage efficiency
Year(Y) el 279317 44406 1426997 11749453 0.2 0.85693"
Replication Sy 443" 1663 8848.9™ 75120 0.59%  0.00046™
Water stress(A) GE1 1628.80°  4074.6™ 28502062° 27496895%  473.79  1.15501™
T s 0.56™ 11875 156306™ 1614964 627"  0.07426™
Exror @) Aty 14.39 738 35179 44280.60  1.64 0.00325
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Table 7. Means comparison of three way intraction stress in micronutrient in salicylic acid on

the measured traits of Rapeseed

Hlows Al y SUS (39 Al y o Sl dpan o)
Treatment Root dry weight Root area water use efficiency
ar Cm? kg ha’!
A1B1C1 25.25%b¢ 3392.4¢ 0.892h
A1B1C2 26.012b¢ 3557.9° 0.97df
A1B1C3 28.15% 3875.0° 1.04¢
A1B1C4 24.32b 3405.3¢ 0.99cde
Al1B2C1 22.32¢d 3347.3¢ 0.974def
A1B2C2 28.76 3942.20 1.06°
A1B2C3 27.39% 4041.8° 1.13°
A1B2C4 28.95¢% 4346.02 1.262
A2B1C1 15.28¢ 2196.0¢ 0.64¢
A2B1C2 16.40° 2431.4f 0.70%
A2B1C3 18.24¢ 2623.8°f 0.761
A2B1C4 18.78d% 2719.8¢ 0.83M
A2B2C1 17.18¢ 2524.9¢ 0.78
A2B2C2 17.63¢ 2651.0¢°f 0.91f%
A2B2C3 22.37¢d 3078.94 0.93fe
A2B2C4 19.40% 2963.94 1.01¢

o A 50 o)l A ses 0o )0 0wl j0 o e BB W3 ygiw 40 S i By, lyls slaesls

PV Cani b gdreg, polie il Jsloe Br g gdsey, polic s poe Bi Fe awo o Yo o g,luT A2 5 Fe

(Yoo sheo VIO :Ca gV C3 /D o o ya0 C1) mhaw Hlgz ;0 Sl aiil g 150
Means in each column and for each treatment, followed by similar letter(s) are not significantly different at 5
Percent of probability level, using Duncan’s Multiple Range Test. A1 irrigation at 80% Fc and A»: irrigation at
30% Fc, Bi: no consumption of micronutrients and Ba: foliar spraying of micronutrients with a ratio of 2 per
thousand and salicylic acid at four levels (Ci: zero, Ca: 0.5, C3: 1 and Ca: 1.5 mM).
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Table 8. Means comparison of three way intraction stress
in micronutrient in salicylic acid on seed yield of
Rapeseed

Hlowd Seed yield  &l> 3 Sl
Treatment First year Second year
kg ha™!

A1B1C1 3143.2f 3520.4f
A1B1C2 3414.5¢ 3824.3df
A1B1C3 3679.5¢ 3917.2¢de
A1B1C4 3497.5% 4121.04
A1B2C1 3429 .99 3841.5%
A1B2C2 3760.3° 4211.6%
A1B2C3 4002.6° 495572
A1B2C4 442477 4482.9°
A2BIC1 1829.8! 2580.0%
A2B1C2 1990.4¢ 2806.4
A2B1C3 2163.4% 3050.41
A2B1C4 2376.0% 3350.1¢h
A2B2C1 2217.1 3126.1M
A2B2C2 2597.6" 3662.65F
A2B2C3 2645.00 3729.4¢f
A2B2C4 2894.7¢8 4081.6%

O o )3 by xe MBI WBL ygie b > Syihs gy (gl)hy slrodly
Bi Fo ao ¥ )bl Ar gFe aodAe 5 (o)l AT s 2oy

PV Sl gdion) polis (b slone Br g diofy) polie brao pic
VB :Ca g ) :Cs /0 02 o 1Cr) o Hloa 50 Sihowdlos duwl g yl50

(Yo ke
Means in each column and for each treatment, followed by
similar letter(s) are not significantly different at 5 Percent of
probability level, using Duncan’s Multiple Range Test. Ai:
irrigation at 80% Fc and Ax: irrigation at 30% Fc, Bi: no
consumption of micronutrients and Ba: foliar spraying of
micronutrients with a ratio of 2 per thousand and salicylic
acid at four levels (Ci: zero, C2: 0.5, C3: 1 and Cs: 1.5 mM).
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Fig. 2. Mean comparison of simple effect of Salicylic acid
acid on oil percentage. Salicylic acid at four levels (Ci:
zero, Cz: 0.5, C3: 1 and Cq4: 1.5 mM).
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