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Extended abstract

Introduction

Water deficit is as one of the most ominous abiotic factors that limits the growth and yield of crops and
reduced photosynthesis content (Askary et al., 2017). The common symptoms determined in plants after
encountering water deficit include a hindrance to growth, a reduction in the rate of photosynthesis, an
acceleration oxidative stress (Aalipour et al., 2020). A balanced nutrient concentration in the soil is
known as another essential element for plant growth regulation (Taghizadeh et al. 2019). This can be
supplied by the application of chemical fertilizers (nano iron chelate). Nano iron chelate fertilizer can
also protect plants against water deficit stresses and improves photosynthesis and assimilates
transportation to sinks and eventually amends grain yield and oil content (Moradbeygi et al., 2020). The
aim of this study was to investigate the response of Dragon head (Lalelemantia iberica) and Lady's
mantle (Lalelemantia royleana) to the application of nano-chelate fertilizer in different irrigation
regimes.

Materials and methods

The field trial was conducted at the Research Farm of the Agricultural Faculty of Shahed University,
Tehran, during the cropping season of 2018 and 2019. A split-factorial experiment was employed in a
randomized complete block design (RCBD) with three replications. The main plot consisted of three-
level of irrigation regime (30% (I30; without stress), 60% (Iso; mild stress), and 90% (Ioo; sever stress)
depletion of available water resource). The sub plots were factorial combination nano-iron chelate
(without fertilizer and nano-iron chelate) and plant species of Lallemantia (L.iberica and L. royleana).

Results and discussion

By increasing water deficit reduced, chlorophyll a and b, CAT and APXs enzyme activity, plant height,
root length, seed yield, content of mucilage and oil. The reduction of plant growth parameters and seed
yield of both species Lallemantia may be due to extended irrigation intervals which caused decline in
Chl concentration, stomata closure, and decreased CO- uptake for photosynthesis (Paravar et al., 2021).
Our results showed that the highest chlorophyll a and b, CAT and APXs enzyme activity, plant height,
root length, seed yield, content of mucilage and oil was obtained at 60% available water soil of depletion
(moderate drought stress). The application nano-iron chelate in all cases mitigated the negative effects
of water deficit stress on chlorophyll a and b, CAT and APXs enzyme activity, plant height, root length,
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seed yield, content of mucilage and oil. Increasing in growth parameters and seed yield under drought
stress of Lallemantia species under application of nano-iron chelate condition in drought stress may be
due to the role of iron the chlorophyll structure and plant photosynthesis system (Moradbeygi et al.,
2020). Indeed application of nano-iron chelate by photosynthesis improvement and material
production in the plant causes the increasing growth and yield. (Igbal and Umar, 2019). In addition, in
this study observed nano-iron chalet application played the important role on the increasing of CAT and
APXs enzyme activity under drought stress. It has been reported that micronutrients such as iron has a
structural role in some enzyme such as CAT and APXs (Moradbeygi et al., 2020). Higher seed yield and
seed oil L.iberica than L.royleana under application nano-iron chelate and different levels of irrigation
regimes may be due to the increasing chlorophyll a and b (Paravar et al., 2022). Compared with
L.iberica, the greater CAT and APXs enzyme activity in L.royleana is probably due to the mucilage
around roots of L.royleana that has caused the reduction of oxidative stress (Paravar et al., 2021).

Conclusion

Therefore, in general in this research, it can be concluded that under water deficit stress conditions, we
can reduce damages from water deficit stress in both species of Lallemantia with careful irrigation
management (using an irrigation regime of 60% available water soil of depletion) and application nano-
iro chelate.
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Table 1. Physico-chemical properties of soil for the 2018 - 2019 growing seasons.
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Fig. 1. Total rainfall and average monthly air temperature in the 2018 - 2019 growing seasons.
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Table 2. Irrigations number and amount of water applied per irrigation treatments to
Lallemantia species plots after starting water regimes
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5! Chlorophyll Chlorophyll YUU 3! slawasly
S.0.V lyedi gl g5 a b CAT APXS
Y Jle 1 0.000007175  0.0000135%  0.2420s 0.0230%
Block (Y) QW) Ssl 4 00001956 0.0000473 0.169 0.025
IR Sl w3y o 00077187 00013917  7.857" 5.518™
YIR Sl mixJle 5 0.0000049°5  0.0000003™  0.0056" 0.01ms
Block (YIR) (s mixJw) Ssl g 0.0000366  0.0000237 0.102 0.057
N oS el 6l | 0.0071826°  0.0028961"  17.454" 27.739"
PS ALS &5 | 0.0908283  0.0024823°  206.688"  73.791"
YxN M ool glxJle | 0.0000406™  0.0000051%  0.006" 0.01405
PSxY BLS 68 Jle | 0.0000073%  0.0000115™  0.024" 0.0006"
NxIR M oo gilxglel w3y o 0.0009377°  0.00079™ 0.884" 0.526"
PSxIR LS wgSx syl w3y 5 0.0025779°  0.0002982° 4601 2.038°
PxN PLS LS 2T 6l | 0.0095283"  0.0004085"  11.069" 0.075
PSxMxIR PLS WSS (o] glxg,)ll w3y o 0.0025876™  0.0004684 1.64" 0.261"
YxIRxN M 8T byl mixdle o 0.0000293™  0.00000787  0.001"s 0.0611
PSxIRxY PLS G5x s bl mixJle 5 0.0000387°  0.0000038™  0.016" 0.0217%
PSxNxY PLS LgFx oM ol gilixJle | 0.0000012%  0.00000887F  0.013" 0.007"
IRx Yx MxPS
R T SR T 0.0000005"  0.0000222*  0.023"* 0.006"
Error Ws 35 0.000093  0.000025 0.12 0.025
CV(%) oy g 5.53 11.26 3.21 1.82

oy iy 5 Sy Jlosml s )0l S g g o S GO A LS g e o
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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Fig. 2. The effect of irrigation regimes and nano-iron chelate on chlorophyll a (A) and chlorophyll b (B) of L.iberica and
L.royleana. Means followed by similar letters in each column are not significantly different at a= 5% probability level,

The bars indicate the standard error of the means.
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Fig. 3. The effect of irrigation regime and nano-iron chelate on CAT (a) and APXSs (b) enzyme activity of L.iberica
and L.royleana. Means followed by similar letters in each column are not significantly different at a=5% probability

level, The bars indicate the standard error of the means.
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Table 4. Analysis of variance of L.iberica and L.royleana to the application of nano-iron chelate in different irrigation

regimes
" “gr gl o Plewge
ol ady, Job Plant 1o 0 ySlos Seed SRS
S.0.V Olypdi @le gf  Root length height Seed yield mucilage Seed oil
Y Jw 0.023n.s 0.020n.s 974.207n.s 0.003n.s 0.466n.s
Block (Y) ) seb 4 0.017 12.012 10790.99 2.074 0.572
IR Skl w23y 2 29.694**  505.345%* 1561856.263** 667.452**  13.807*
YxIR ‘5)L,9,T mixdJ o 0.0095n.s 0.083n.s 24.454n.s 0.0085n.s 0.144n.s
Block (YXIR) (sl paiyxJw) Saby 8 0.007 28.399 5388.151 0.398 0.494
N NS oyl gl 1 259.491**  6601.452%*  274133.718** 4162.749** 2691.334**
PS VOt O] 29.585* 102.507**  3070801.641**  72.812%* 146.918*
YxN oW ol glix Jlw | 0.013n.s 0.146n.s 24.669n.s 0.051n.s 0.236n.s
PSxY B ASx e 0.02n.s 0.051n.s 46.714n.s 0.155n.s 0.193n.s
NxIR WS ol ilx gkl w23y 2 0.452%* 76.67%* 168316.551%*  384.988** 2.914*
PSxIR SBALS agSx 6 kel o33 2 6.589%* 9.79%* 615929.866%* 5.383%* 2.642%
PxN PLS AgSxedls ol 5l 1.551%%* 30.148%* 30354.221%* 134.986* 78.459%*
PSxMxIR
o - - 7.235%%* 94.511%* 79320.374** 2.063* 1.406%*
BLS A ol glixg)lel w3y 2
2T 936 x5kl 25 Jlw
YxIRxN ol B i 0.013n.s 0.031n.s 14.854n.s 0.0In.s 0.109n.s
oSS’
PSxIRxY P 4g8x 6 )Ll w5 x Jlw 0.028n.s 0.004n.s 58.522n.s 0.037n.s 0.058n.s
PSxNxY
o - 0.0002n.s 0.0048n.s 3.253n.s 0.315n.s 0.112n.s
BLS AgSx oW (al glixJlw
IRx Yx MxPS
L - - 0.0103n.s 0.0289n.s 73.463n.s 0.067n.s 0.047n.s
BLS 4eSx WS (ol lix gl iy xJo 5
Error s 34 0.03 9.33 8947.34 0.454 0.306
CV(%) Oyt g b 173 4.01 10.22 5.75 2.22

ao s w9 S Jleixl pdaw )0 jlo pixe né g o ge IS4 NS g %

ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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Fig. 4. The effect of irrigation regimes and nano-iron chelate on root length (A) and plant height (B) of L.iberica and

L.royleana. Means followed by similar letters in each column are not significantly different at a= 5% probability level,
The bars indicate the standard error of the means.
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Fig. S. The effect of irrigation regime and nano-iron chelate on seed yield of L.iberica and L.royleana. Means
followed by similar letters in each column are not significantly different at = 5% probability level, The bars
indicate the standard error of the means.
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Fig. 6. The effect of irrigation regime and nano-iron chelate on seed mucilage (a) and seed oil (b) enzyme activity of
L.iberica and L.royleana. Means followed by similar letters in each column are not significantly different at a= 5%
probability level, The bars indicate the standard error of the means.
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