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Abstract

Introduction

Among various non-biological stresses, drought stress is the most important factor that has limited production
in the agricultural sector of the country (Akhzari and Pessarakli, 2016). Today, the supply of oilseeds for the
extraction of vegetable oils needed for various industrial, edible, medicinal and cosmetic uses is one of the basic
needs of the current population growth (Beynam, 2015). Balangu (Lallemantia iberica L.) is an annual,
herbaceous and drought-resistant plant belonging to the mint family (Lamiaceae). With medicinal-oil
properties, it is considered a multi-purpose plant in agriculture (Hendawy et al., 2015). In order to check and
predict the phenological stages of the planted plants in an area, the relationship between the phenological stages
and the thermal factor should be considered. For this purpose, thermal units of growth degree days (GDD) are
used to check the amount of heat needed to pass each growth stage of plants (Kumari et al., 2020). In plants
under drought stress, where the absorption of nutrients through the root faces a problem due to the decrease
in soil water volume, the absorption of micronutrients such as iron and zinc can be effective through foliar
spraying. (Rafique et al., 2015). In the conditions of lack of water resources, like what is happening in our
country, it is necessary to change the agricultural pattern towards planting plants adapted to dry land, as well
as ways to increase yield per unit area. Therefore, the purpose of this research was to investigate the
development of Balangu planting and the role of foliar application of iron and zinc micronutrients on
phenology and the adjustment of stress effects.
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Materials and Methods

This research was conducted in the research farm of Razi University of Agriculture and Natural Resources,
Kermanshah during two consecutive years (2017-2018 and 2018-2019) as a split-plot-factorial experiment in
the form of a basic randomized complete block design with three replications. The experimental treatments
include: irrigation (Water deficit after flowering and Normal) in the main plots, foliar spray factors (zero, four
and eight per thousand concentrations of iron and zinc sulfate) and foliar application time (at the beginning
of the vegetative and reproductive growth stage) were factorially placed in sub-plots. The seeds (native
population of Songhor region of Kermanshah province) were planted manually at a depth of two centimeters
and with a density of 400 plants per square meter in a row at the first appropriate time in late March of 2017
and 2018. Application of nitrogen, phosphorus and potash fertilizers was based on need. Dehydration stress
was applied by stopping irrigation from the time of full flowering (opening of 50% of flowers).

Results and Discussion

The results showed that, with the application of water stress, the seed yield and oil yield decreased by 24% and
17%, respectively, and the oil percentage increased by 8% compared to the treatment without water stress. Also,
water deficit stress reduced the number of days and heat requirement to maturity by 10 days and 275 growth
days degree, respectively. The greatest increase in oil yield compared to the treatment without foliar spraying
(control) was related to the 4 and 8 per thousand zinc foliar treatments in reproductive stage and under stress
conditions, which increased these traits from 339 and 283 respectively in conditions Lack of stress and water
deficit stress increased to 539 and 513 kg/ha. The greatest effect of iron and zinc foliar application treatments
on increasing plant height and the number of days and heat requirement to maturity stage was related to 4 and
8 per thousand iron and zinc foliar application in the vegetative growth stage.

Conclusion

In the present study, it can be concluded that the Balangu having adaptability, suitable production, relatively
short growth period and matching the length of the growth period with the rainfall of the study area, and it
can be considered as a common plant for rotation in this region. Foliar application of iron and zinc
micronutrient elements should be used by farmers to moderate the effects of water deficit stress, taking into
account its small and economical amounts.
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Table 1. Physico-chemical properties of the experimental soil

Soildepth Mn Zn Fe Cu K P

N OC Clay Silt Sand

(cm) (mgkg™)

%) Texture pH

0-30 14 048 45 18 360 18

009 099 454 439 107

Silty clay 7.9

OC: Organic carbon.
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Figure 1. Distribution of mean monthly rainfall and temperature in two years of the experiment (2017- 2018)
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Table 2. The combined analysis of variance for the effect of year, post anthesis water deficit, foliar application

time and foliar application Fe and Zn on seed yield, plant height, oil content and oil yield in Lallemantia iberica

L.
Cycle length GDD
S.OV df Sf:ed oil 9il Pl'flnt Sowing  Sowing Sowing to Sowing  Sowing Sowing
yield content vyield Height to to to to to
. maturity . .
emergence Flowering emergence Flowering maturity
Year (Y) 1 1527192* 76.9* 273044* 1363** 122** 121* 529" 281* 1432™ 17125™
BlockxY 4 163623 8.38 51581 11.5 0.033 1.01 16.9 3.72 2389 4375
Irrigati . . "
(;)“ga 1) 4442035 86.1™ 370402% 61.6™  0.008™ 313 3224 0.792"  0.320™ 2261482
YxI 1 124095% 2.29™ 21690* 7.38™ 0.008™ 1.04" 5.63" 0.792m 0.161™ 1727
Errora 4 12000 5.458 5101 16.9 0.383 7.962 4.88 30.2 3305 1193
Foliar ti .
(;)‘ar e 159166*  3.61% 13343™ 647¢  0.008™  0.002" 120 0475"  0972%  741%
YxT 1 298" 0.003™  109™  391m™ 0.008™ 0.023m 0.0001" 4.66" 0.243 0.609™
IxT 1 4167 221 1259™  3.62™ 0.075™ 0.046™ 0.033™ 7.98" 13.6™ 12.2"
YxIxT 1 1170  0.019™ 91.2™ 1.56™ 0.075™ 0.049™ 0.833m 7.99ns 25.6" 521"
Foliar
application 4 186061** 81.7** 55947** 13.1™ 0.050™ 0.078™ 0.112m 3.37™ 16.9" 76.6"™
(F)
YxF 4 2066™  0.863™  210™  7.59" 0.050™ 0.178™ 0.388™ 8.33" 16.6™ 248™
IxF 4 37350* 16.9%% 13027*% 3.28" 0.092™ 0.270™ 0.346™ 9.25" 28.3" 235m
YxIxF 4 3573 0.204™  1693™ 2.71™ 0.092m 0.065™ 0.071™ 9.25" 20.9" 43.4"
TxF 4 9971"s 9.66*%  4439"  11.3" 0.050™ 0.133™ 0.096™ 3.12m 14.4" 63.9"
YxTxF 4 27020 1.03" 515"  9,18™ 0.050™ 0.071™ 0.271™ 8.41™ 19.3" 167™
IxTxF 4 33422* 11.6* 8357** 4.88" 0.075™ 0.102™ 0.179™ 8.17" 19.27™ 117
YxIXTxF 4 2558™  0.412™  263™ 1.21™ 0.075™ 0.097™ 0.604™ 8.18" 241" 381"
Errorb 72 11504 3.36 1757 8.71 0.181 3.81 0.526 15.8 1461 336
C.V% 9.09 5.49 10.6 6.87 473 2.61 0.60 5.62 4.44 1.00
*, **: Significant at the 5%, 1% probability levels, respectively, and ns; non-significant.
BNormal BEWater deficit BNormal BEWater deficit
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Figure 2. Effect of year and irrigation interaction (YxI) on seed yield, oil yield and oil content

in Lallemantia iberica L. Water deficit: no irrigation after flowering; Means followed by similar letter

are not significantly different at 5% probability level by the Duncan’s Multiple Range test.
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Table 3. Effects of post anthesis water deficit, foliar application time, foliar application

Fe and Zn Interaction (IxTxF) on seed yield, oil content and oil yield in Lallemantia

iberica L.

Treatment
Irricati Foliar Foliar application Seed yield Oil Content Oil Yield
rrigation
8 application PP (kg ha') (%) (kgha)
time
Control 1155 % 29.3¢ 340
Fe4 1418° 34.8¢ 493 be
Vegetative Fe8 1456 34,0 498 ¢
stage
7n4 1313¢ 32.6°¢ 4301
Normal 7n8 1304 ¢ 32.4¢ 4244
Fe4 1451 31.9¢ 465 ¢
Reproductive  Fe8 1456 32.2¢ 471°¢
stage Zn4 15112 34,9 b 5292
7n$ 1487 34.4° 513
Control 8781 32.0¢ 283]
Fed 938 hi 34,09 320 M
Vegetative ; ;
Fe8 894 33.1d 2967
stage
7n4 1010 & 37.2° 376 <
Water 7n8 1060 36.7° 389 ¢
deficit
Fe4 1068 ©f 33149 3541
Reproductive  Fe8 984 shi 32,9 324 ehi
stage 7n4 1098 def 36.1® 398 de
7n8 1039 & 36.1° 376 <

Water deficit: no irrigation after flowering; Vegetative stage: beginning of stem elongation;
Reproductive stage: 50% of flowers open; Control: no foliar application; Fe, Zn 4, 8: Iron and zinc
sulfate 4, 8 per thousand, respectively; *Means in each column followed by similar letter(s) are not
significantly different at 5% probability level by the Duncan’s Multiple Range test.
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Figure 3. Effects of year (Y), and Foliar application time (T), on plant height in Lallemantia iberica L.
Vegetative: beginning of stem elongation; Reproduction: Full flowering: 50% of flowers open; Means in each
column followed by similar letter are not significantly different at 5% probability level by the Duncan’s Multiple

Range test.

Table 4. Main Effects of year (Y) and post anthesis water deficit (I) on Cycle length and GDD of Sowing to

maturity in Lallemantia iberica L.

Treatments Cycle length (days) GDD (°C day)
Sowing to Sowing to . , Sowing to Sowing to
Year - Sowing to maturity .
emergence flowering emergence maturity
2018 10.00° 75.95° 122.4% 72.21° 1847.8*
2019 7.98° 73.94" 118.2° 69.14° 1823.9°
Irrigation
Normal 8.98% 74.92° 125.4* 70.76 1973.1%
Water deficit 9.00° 74.98° 115.1° 70.67 ° 1698.6°

*Means in each column followed by similar letter are not significantly different at 5% probability level by the Duncan’s

Multiple Range test.
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Figure 4. Main Effect of foliar application time (T), and post anthesis water deficit and foliar application Fe and
Zn interaction (IXF) on growth period and GDD of sowing to maturity in Lallemantia iberica L. Water deficit: No
irrigation after flowering; Vegetative stage: beginning of stem elongation; Reproductive stage: Full flowering: 50% of flowers
open; Control: No foliar application; Fe, Zn 4, 8: Iron and zinc sulfate 4, 8 per thousand, respectively; Means followed by similar

letter are not significantly different at 5% probability level by the Duncan’s Multiple Range test.

Table 5. Pearson correlation coefficients between measured traits at Normal (left) and post anthesis water
deficit stress (right) based on 2-year averages (2018-2019)

Y OC OY PH SE SF SM GSE GSF GSM

Y OC OY PH SE SF SM GSE GSFGSM

Y 1 Y 1

OoC 08" 1 0OC 066" 1

QY 098" 0917 1 OY 096" 084" 1

PH 062" -026 -0.54° 1 PH 0717 -021-0.59" 1

SE 074" 040 0677-0.77" 1 SE 068" 028 0.60"-0.78" 1

SF 058" 029 052 -0.6270.80" 1 SF 0.37 0.09 0.30 -0.550.65" 1

SM 050" 0.63" 057" -0.33 0.40 0.41 1 SM 030 -0.19 0.14 -0.30 0.44 0.19 1

GSE 0.56" 026 0.50°-0.6070.8470.54 0.18 1 GSE 036 0.02 027 -0.410.707 032 046 1
GSF -0.06 -0.04 -0.06 0.03 0.05 0.39 0.19 -0.21 1 GSF 0.8 0.08 015 -0.16 0.26 0.777 0.02 0.15 1

GSM 027 054" 0.37 -0.08 0.08 0.140.94" -0.06 0.15 1 GSM 0.06 -0.33 -0.07 -0.03 0.12 -0.040.93" 0.30 -0.07 1

Y, Yield; OC, Oil content; OY, Oil yield; PH, Plant height; SE, Sowing to emergence; SF, Sowing to flowering; SM, Sowing to
maturity; GSE, GDD from sowing to emergence; GSF, GDD from sowing to flowering; GSM, GDD from sowing to maturity.
*Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01 level.
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