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Table 1- Biochemical characteristics of soil

Analysis parameters
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Non-saline control
. 0.91 1.20 2.07 6.93 0.19
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Saline soil
5 S5 6.70 1.56 2.69 9.83 0.21
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Table2- Analysis of variance (mean of squares) of the measured traits of Lallemantia iniberica affected by soil salinity and
different nitrogen resources

a4 2

¥ e G Swd Spop Slegy o eop 0 Sl
Source of variation 3 Stem Leaf Stem Flower Root Sy
length weight weight weight weight Seed Leaf area
df yield
S
2 48.01™ 766.68™ 175.60" 0.16" 236.58™ 0.09" 12.15"
Block
‘5.”.& 1 7700.58""  8238.66™ 1377.40™ 7.64™ 145.29" 1.05" 132.22™
Salinity
o )los - - - - . -
3 3075.71 7063.45 9907.26 7.87 1232.70 27.61 9.56"
Treatments
Lolesi X 559 3 914.09* 280.26" 1047.07% 2.78" 17498  25.23% 877"
Salinityx Treatments
ks 14 181.81 294.88 915.31 0.52 223.68 2.14 3.64
Error
u‘ﬁngﬁ % 7.95 14.39 21.01 25.54 24.80 22.86 18.10

oyl gy 9 S Jlein pdaw j3 )b ize g )b dxe pE Gy sk kOIS
ns are non-significant, * and **: significant at the 5 and 1% probability level.
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Table2 (Cont.)- Analysis of variance (mean of squares) of the measured traits of Lallemantia iniberica affected by soil
salinity and different nitrogen resources

- &, _ .. _
i @be ” Sy b o Slgme o le Sy 059 o Thw S Q19
Source of variation '3/ Leaf Sy o S b SLA Sy Sy
df perimeter RWC LAI LAR LWR
Sl . -
2 24.07 0.5 0.84 1940741.28™ 36234.49" 5.72m
Block
et ! 8.82m 370.00** 1.55" 282868.24" 2689.05" 4,007
Salinity (dS/m)
o Loy - - - "
3 17.30™ 180.00 0.38" 4608485.18 118009.44 119.91
Treatments
losles (553 3 0.48" 29.00" 0.25m 580020.48" 48834.21" 18.997s
Salinityx Treatments
ks 14 5.49 10.00 0.19 588845.73 19100.76 11.45
Erorr
ubﬂ; ward % 8.98 4.86 22.81 24.67 26.47 19.49
v.
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ns are non-significant, * and **: significant at the 5 and 1% probability level.
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Table 2 (Cont.)- Analysis of variance (mean of squares) of the measured traits of Lallemantia iniberica affected by soil
salinity and different nitrogen resources

PO L %) & 3 o
o a0 e i) & oo 9) Sl 25t iy " = e
o @il : Y5 . oy -t
. &l Biomass . ] Ay
Source of variation Biomass 2 i |
1 | - <R N
CGR CGR2 wls? Kroot Na a
df 1 K shoot root
shoot
Soh
Block 2 0.13™ 0.31ms 15.10m 34.11m 2.20m 91.00" 0.01™ 0.02m
oc
Sf'”i 1 2.69" 5.23" 296.95" 577.36" 16.91" 0.06™ 3.09" 3.17"
alinity
Lo - - - - x - -
Treatment 3 4.01 10.42 44243 1149.71 3.98 285.46 0.25 0.17™
reatments
Sali L:’\“’”;“S’i‘s . 3 1.51 4.55" 166.56" 501.93" 0.48™ 103.86" 0.07™ 0.06™
alini y>< reatments
ELB 14 0.39 1.04 43.27 115.32 1.24 28.44 0.03 0.05
rorr
u"*cuvw’” % 16.74 17.68 16.73 17.68 27.81 15.16 14.75 18.67

COR il lgp (150 (yjg Jobs Las o3gicuns; 45 (Jailyd )3) Jpase M) oo oo daoy gy 9 o Jlainl s )3 )30 g )l a0 3 oy st o
(Biomass 2 aiy, s wluisl b g Biomass 1 adyy 55 ol 91) (S5dsm 3,5 ((CGR 2 il adyy 5 lod (350 ()3 geome 0355Cum ) 4l o 1
ns are non-significant, * and **: significant at the 5 and 1% probability level. Crop growth rate (if the biomass contains only the
weight of the aerial part, CGR1, and if the biomass is the total weight of the aerial part and the root, CGR 2), Biological yield ( if
the biomass contains only the weight of the aerial part, Biomass 1, and if the biomass is the total weight of the aerial part and the
root, Biomass 2).
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Table2 (Cont.)- Analysis of variance (mean of squares) of the measured traits of Lallemantia iniberica affected by soil
salinity and different nitrogen resources

e pale ayd Aud Sy yhud 1 5 bdsg 5 JS Judg IS i IS
Source of variation 6=M iy e il il Total ©3°) .
/ i i a Chlorophyll Chlorophyll » Carotenoid
df P root P shoot Chlorophyll
‘59L~ 2 0.09115 0.63115 0.26115 0.05115 0.23115 0.55115
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Table3-Means comparison of measured traits of Lallemantia iniberica affected by salinity and various sources of nitrogen

fertilizer
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Table 3 (Cont.) -Means comparison of measured traits of Lallemantia iniberica affected by salinity and various sources of
nitrogen fertilizer
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Fig. 2- Means comparison of seed yield (A), stem length (B) and flower weight (C) of Lallemantia iniberica affected by
“SalinityxSalinity moderators”
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Introduction

The medicinal plant Dragon's head (Lallemantia iberica, Lamiaceae family), is more
commonly known as “Gara Zayrah” in most parts of Iran, particularly in Azarbaijan region. It
is one of the most important spring herbaceous plants in rainy and dryland farming areas
cultivated in most parts of Azerbaijan. The ever-expanding soil salinity under the influence of
human activities restricts crop production worldwide, especially in arid and semiarid regions.
One of the strategies to enhance the crop yield is increasing in off-farm inputs like application
of fertilizers. Managing or adding fertilizer can severely affect crop production in saline
conditions. Therefore, nutrient addition can increase or decrease plant resistance to salinity or
it may not be affected by salinity at all. Accordingly, due to the importance of Dragon's head
as a climate-adapted medicinal plant in Iran, this study aimed to evaluate the effect of nitrogen
fertilizer sources (urea and Azotobacter) on the morphological characteristics of Lallemantia
under salinity conditions.

Materials and Methods

An experiment was conducted as factorial layout based on randomized complete block
design with three replications in 2018 at Urmia University (latitude 44° 58' East, latitude 37 °
39' North and altitude 1363 m above sea level). Treatments consisted of four levels of nitrogen
fertilizer (urea fertilizer, 50 kg.ha™), Azotobacter as a foliar spraying and Azotobacter as a seeds
inoculant (population of 10° per g) and no-fertilizer as control), and two soil salinity (saline was
6.70 and non-saline was 0.91 dS.m™). The seed yield, biological yield, leaf relative water
content, leaf area, leaf perimeter, leaf area index, sodium, potassium and phosphorus content in
root and shoot, glycine betaine, osmolytes (osmotic regulators), leaf chlorophyll and
carotenoids of Dragon's head were measured. The analysis of variance (ANOVA) was
performed using GLM procedure (SAS 9.1.3, SAS Institute Inc., Cary, NC, USA), with the
means compared by LSD at P<0.05.

Result and Discussion

The results showed that in non-saline conditions, the biological yield (regardless of root, as
well as root included) treated by Azotobacter seed inoculant were decreased compared with
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control, while the biological yield of untreated control plants were identical with the application
of other nitrogen treatments. However, biological yield increased by Azotobacter seed inoculant
in saline soil. In contrast to the decrease in stem length in saline soils, especially with the
Azotobacter foliar application, the flower weight gain was significantly higher with urea
fertilizer even under saline conditions. The highest crop growth rate (regardless of root, as well
as root included) was related to plants grown in saline soils without fertilizer application. In
other words, except for seed treatment, Azotobacter had no significant effect on crop growth
rate under salinity. Moreover, the greatest amount of root potassium was obtained from plants
in non-saline conditions with urea fertilizer. Despite the decrease in aerial phosphorus under
salinity stress, root phosphorus was not affected by salinity, whereas urea increased shoot and
root phosphorus. The plants had the highest concentration of total chlorophyll and carotenoids
under salinity and foliar application of Azotobacter. The highest reduction of carotenoid was
observed in saline soils in control plants, urea and Azotobacter seed treatments, respectively.
Despite increasing proline concentration in plants grown in saline soil, urea and seed
inoculation lead to decreasing the leaf proline. Other osmotic regulators, glycinebeta and water-
soluble carbohydrates were not affected by soil salinity and nitrogen fertilizer sources. Shoot
and root sodium were increased in saline soils, and applying urea fertilizer caused more
increases. Root potassium was not changed in saline soils, but potassium content of aerial parts
was decreased. This resulted in a decrease in the potassium to sodium ratio of both aerial parts
and the root.
Conclusion

In general, despite some minor changes, salinity caused decreasing the level of
morphological and physiological responses related to the yield of Dragon's head plant.
However, applying nitrogen fertilizers reduced salinity damages by seed inoculation of
Azotobacter and urea, respectively. Azotobacter foliar application showed no advantage over
saline and non-saline conditions over control treatment (without receiving fertilizer).
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