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Table 1-The soil characteristics of experiment site

Specifications Result
o 0-30
Depth (cm)
e 7.3
pH
528U ol 1.42
EC (dS.m™)
<l o
Texture Clay-loam
o 21
Sand (%)
ol 37
Silt (%)
o 42
Clay (%)
0397 0.012
Nitrogen (%)
- 9.2

Phosphorus (mg.kg™)
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Fig. 1- Monthly temperature and precipitation during growing season of 2016-2017 at Urmia city
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Table 2- Analysis of variance for effect of foliar spray on physiological charachteristics of Lallemantia in rainfed and
supplemental irrigation conditions

) SO g 5 JS :
s e . £1. )
I - I
i zalio St iz Carotenoids Proline Glycine Total soluble Sy
Source of variations &3 e betaine carbohydrate RWC
df SPAD EXHNET
Mean of squers
ok 2 19" 0.00014™  0.0000002™ 0.056" 1.3" 71.6™
Block
e 1 162.7" 0.0006" 0.0021" 485" 2746 723.9”
Irrigation
Ll) s
bl s 2 5.1 0.00003 0.00003 0.062 27 142.8
rrigation)sBlock (
g 3 111.3" 0.007" 0.0032™ 26" 226.3" 99.1%
Foliar
sl X gl - . . - .
il 3 63.5 0.014 0.000096 0.75 85.2 102.9™
Foliarxlrrigation
el olzdl 12 75 0.00013 0.000008 0.4 3.2 537
Error
Oy 08 8.6 133 35 7.6 7.9 137

Coefficient of variation (%)

3bbge Mo )3 1 55 Jleis ] prlas ) ixe cadyits *F g F (b reyt NS
ns: non-significant, *: significant at P<0.05, **: significant at P<0.01, respectively.
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Continued Table 2- Analysis of variance (mean of squares) for effect of foliar spray on the seed yiled and yield components,
and mucilage of Lallemantia in rainfed and supplemental irrigation conditions

s, " .),Sl«.c
&%) 23 JgmsS Sl 50 &l Sl FUTIST) . ;
5 alie a o o . s 3, os Sejdlon Phowge
o &3 Plant Capstle JymusS «l> Seed yield Biological Mucilage
Source of Variation df height number ber Seed number 1000-seed yield
P per capsule weight
plant
= .
Blofk 2 0.66™ 0.07™ 94.8 0.0006™ 13.832" 25.240™ 0.18™
o 1 1017 481.5" 113577 0.00003® 814136  5489.573" 0.27"®
Irrigation
L) S5
(k) S 2 0.72 0.2004 83.0 0.002 4.439 20.387 0.98
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e 3 70.9™ 1357 1485 0.003™ 9777633 5660.005 11"
Foliar
5L X ¢yl wox *k * *
el Xl 3 1.4 38.3 8.7 0.002" 26.032 304.593 191"
FoliarxIrrigation
]ni ol
e o 12 0.03 0.14 234 0.001 6.501 71.660 3.01
Error
Ol gk o o> 1.4 0.94 41 0.03 3.7 338 303

Coefficient of variation (%)

255bge Mo )3 1 55 Jleis ] prlaws )b ixe casiyits FF g F b reyt NS
ns: non-significant, *: significant at P<0.05, **: significant at P<0.01, respectively.
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Continued Table 2- Analysis of variance for effect of foliar spray on leaf nutrients and seed oil (percentage and yield) of
Lallemantia in rainfed and supplemental irrigation conditions

e 1. )y = iz & . & s . .
35 qlio o Sy S 2 peliy S ojere gy deyd (g 28des
Source of Variation ‘sdf) Leaf phosphorus Leafe potassium Leafe nitrogen Qil Qil yield
<
* 2 0.016™ 0.24"™ 0.35™ 0.33™ 0.0081™
Block
e 1 3297 21.3" 13.6™ 214" 0.0061™
Irrigation
L) )85
(5 iy )_”s‘_ 2 0.0052 0.81 0.049 214 0.0061
Block (irrigation)
s 3 82" 0.23 11.2% 9.1" 0.023"
Foliar
Foliarxlrrigation b Jslxe X (g0l 3 6.9 7.9 8.1™ 8.9™ 0.0041™
lai ol
o 12 0.21 0.60 0.71 1.6 0.0018
Error
Sy 6.9 114 58 54 57

Coefficient of Variation (%)

255 ge 1o )3 1 55 Jleis ] prlas )b ixe casiyits FF g F b reyt NS
ns: non-significant, *: significant at P<0.05, **: significant at P<0.01, respectively.
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Table 3- Means comparison of mean Lallemantia traits under the influence of independent effects of foliar spray of osmotic
adjustments, and irrigation

Slows Syt (oo Wy gl Of9y oy %9y 35es
Treatment RWC (%) Plant height (cm) Qil (%) QOil yield (g.m?)
eSS el 48.0° 3532 22.9°

Supplemental irrigation
> 58.9° 34.1° 24.7°
Rainfed
oligloe
Foliar
) )]““ <! 33.1° : 0.66°
Distilled water
3L 36.3° : 0.79°
Sucrose
09_”*’ 32.9° : 0. 74°
Proline
0 e 365° . 0.78°

Glycine betaine

2l oo S (905l b do )3 B Jlaisl g 53 5 re e glis (Sl cygiw yo )3 aliio g™
*The same letters in each column show non-significant differences based on Duncan’s Multiple Range test (P< 0.05).
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Introduction

Lallemantia as an annual plant, with scientific name Lallemantia iberica L. belonged to the Lamiaceae
family. The seeds contain oil and mucilage, which are used in the textile and pharmaceutical industries.
Lallemantia grows well in arid regions; therefore it can be used as an alternative of the common crops in these
areas. The reason for the adaptation to drought is due to the existence of drought-tolerant genes. Crop yield and
growth are affected by environmental factors such as water deficit stress due to abnormal processes of
physiological processes under stress. Due to the fact that plants synthesize different osmotic compounds under
stress conditions, they may respond to their exogenous application against stress conditions. The aim of this
study was to evaluate the response of the yield and physiological characteristics of Lallemantia to the application
of osmolytes under rainfed and one supplemental irrigation procedure.

Materials and Methods

This split-plot experiment was conducted at Research Farm of Urmia University (Latitude 45° 10' East,
latitude 37° 44' North and altitude 1338 m above sea level) based on a randomized complete block design with
three replications during the growing season of 2016-2017. Non-irrigation (rainfed) and one-time irrigation as
the main plot, and the foliar application of Osmolytes (proline, glycine betaine, sucrose and distilled water as
control) were considered as a sub-plot. The foliar application was performed twice at sunset time. Sampling was
done for physiological traits at 80% flowering, and yield was measured at the end of the growing season. The

measured traits included leaf Relative Water Content (RWC), chlorophyll index (SPAD), proline, total soluble
carbohydrate, glycine betaine, nutrients, plant height, number of capsules per plant, seed number per capsule,
1000-seed weight, biological yield, oil percentage and yield, and mucilage percentage.

Results and Discussion

The results of analysis of variance showed that the irrigation effect on leaf relative water content, plant
height, and oil percentage, and the effect of foliar application of osmolytes on the oil yield were significant at 1%
probability level, but 1000-seed weight, seed mucilage percentage, and leaf nitrogen percentage was not affected
by irrigation and osmolytes. The interaction between irrigation and osmolytes was significant on the chlorophyll,
carotenoid, proline, glycine betaine, total soluble carbohydrates, number of capsules per plant, number of seeds
per capsule at 1% probability level, and significant effect on the grain yield, biological yield, phosphorus and
potassium at 5% probability level. In both rainfed and supplemental irrigation, the use of proline showed higher
chlorophyll index. Proline in both rainfed and supplemental irrigation systems reduced the leaf proline to a
minimum concentration. The use of glycine betaine reduced the amount of gI;/cine betaine and total soluble
carbohydrates in rainfed and irrigated plants. The highest grain yield (79.56 g.m™ for rainfed and 85.94 g.m? for
supplemental irrigation) and biological yield (250.25 g.m? for rainfed and 492.65 g.m? for supplemental
irrigation) belonged to sucrose spraying. Maximum plant height (36 cm) was related to glycine betaine foliar
spraying as well as the sucrose application of irrigated plants, while the shortest plant (33 c¢cm) belonged to
rainfed plants. Seed weight, as one of the important yield-related factors that currently represents the length and
condition of the reproductive period. Though, foliar spray of proline and glycine betaine increased biological
yield and grain yield in comparison with control treatment. Leaf potassium decreased in irrigated plants by foliar
application of osmolytes, but this is was non-significant in rainfed cultivation. In spite of a little variation of leaf
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carotenoid in rainfed plants in response to osmolytes, it decreased significantly in supplemental irrigation by
proline and glycyline betaine.

Conclusion

According to the results, exogenous application of osmolytes including proline, glycine betaine and sucrose,
and or one-time supplemental irrigation, compensated the drought-induced yield loss due to prevent complete
discharge of soil moisture. Therefore, the application of foliar spraying and supplemental irrigation is
recommended as a viable and cost-effective broad-based solution to increase the yield and yield components of
Lallemantia iberica.
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