Lsﬁ} @SL >3 G.Lag;.noé@..&jﬁ

A Environmental Stresses In Crop Sciences
Vol. 14, No. 3, pp. 861-871
> Fall 2021
University of Birjand http://dx.doi.org/10.22077/escs.2020.3018.1779

Original article

Effect of putrescine foliar application on growth and tolerance of iberica dragon’s
head (Lallemantia iberica) to lead stress

A. Ansaril, B. Andalibi**, M. Zarei’, F. Shekari*

1. PhD student of Agronomy-Crop Physiology, Department of Plant Production and Genetics, Faculty of
Agriculture, University of Zanjan, Zanjan, Iran

2. Assistant Professor of Agronomy-Crop Physiology, Department of Plant Production and Genetics, Faculty of
Agriculture, University of Zanjan, Zanjan, Iran

3. Associate Professor of Soil Biology and Biotechnology, Department of Soil Science, School of Agriculture,
Shiraz University, Shiraz, Iran

4. Associate Professor of Agronomy-Crop Physiology, Department of Plant Production and Genetics, Faculty of
Agriculture, University of Zanjan, Zanjan, Iran

Received 18 December 2019; Accepted 2 February 2020

Extended abstract

Introduction

In the last two decades, soil contamination with heavy metals, including lead (Pb), has been increasing.
Pb is the most important heavy metal that has polluted the environment and caused symptoms of plant
toxicity such as limiting root and shoot growth, blackening of the root system and decreasing
photosynthesis and the quantity and quality of yield. In many agricultural areas of Iran, including Zanjan,
the presence of heavy metals, especially Pb, is always associated with the growth stages of plants,
including medicinal plants. Native medicinal plants of Iran, including Lallemantia iberica have an
important role in the treatment and prevention of diseases. The seeds of this plant are reconstituent,
stimulant, diuretic, and expectorant and have a high content of oil and omega-3 fatty acid alpha linolenic
acid. The use of polyamines such as putrescine (Put) is one of the new strategies to reduce the harmful
effects of environmental stresses such as heavy metals. Polyamines, as plant growth regulators, have a
protective role against membrane damage and lipid peroxidation and are involved in regulating
processes such as cell division, enzyme activity, vascular differentiation, flowering, fruit ripening, and
root growth. Due to the contamination of agricultural soils near the industrial areas with heavy metals
and the need for medicinal plants in the country, this study was conducted to investigate the effect of

Put spraying on the growth and tolerance of L. iberica to Pb stress.

Materials and methods

The experiment was conducted as a factorial based on a randomized complete block design with six
replications (three replications for grain yield and three replications for other traits) at the research
greenhouse of the Faculty of Agriculture, the University of Zanjan in February 2018. The experimental
factors were Pb stress in four levels (control, 300, 600 and 900 mg Pb/kg soil) from the source of
Pb(NO3), and Put in two levels (0, and 0.5 mM). The Pb amount in the test soil was measured at the
beginning of the experiment and considered as control. The Put spraying was performed before
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flowering begins (with the observation of the first flower bud) during 2 steps (half concentration at the
10-leaf stage and the other half 7 days later to prevent Put accumulation). Greenness index, proline
content, leaf area, leaf, stem, and capsule dry weight, total shoot dry weight, root length and dry weight,
and tolerance index at the flowering stage and grain yield at the harvest stage were measured. Analysis
of variance was done by using SAS (9.1) software. Mean comparison was performed by Duncan

multiple range test at 5% probability level.

Results

The main effects of Pb stress and Put spraying on all the traits were significant. The interaction effect
between them on greenness index, proline content, leaf, stem, and capsule dry weight, total shoot dry
weight, root length, tolerance index, and grain yield was significant while its effect on leaf area and root
dry weight was not. Pb stress, especially at 900 mg concentrations, decreased leaf area, greenness index,
leaf, stem, and capsule dry weight, total shoot dry weight, root length and dry weight, tolerance index,
and grain yield and increased proline content. The highest grain yield and tolerance index was obtained
in the non-added Pb. Within each four Pb levels, Put spraying had the maximum amount of measured
traits than the non-Put. Growth restriction and improper development of the root system under Pb stress
reduced water and nutrient uptake and subsequently affected chlorophyll and photosynthesis, thereby
reducing leaf area, shoot growth and plant yield, which the positive and significant correlation of root
length with total shoot dry weight, leaf area, and greenness index (r=0.87***, =0.61**, and r=0.9%***,
respectively) confirms the above content. The positive role of the Put can be due to its effect on
increasing cell division, which ultimately improves plant growth. Positive and high correlations of leaf
area with grain yield (r=0.69***) and greenness index with grain yield (r=0.87***) confirm that any
factor which increases leaf area enhances producing and storing assimilate in the plant, leading to

increased grain yield.

Conclusions

Overall, measured traits affected by increasing Pb concentration in the soil, however, Put spraying had
improvement effects on these traits and with an increasing root length, greenness index and leaf dry
weight led to an increase in the tolerance index of L. iberica under Pb stress. Also, the highest grain
yield was found in Put spraying under control. Therefore, given the crisis of the increasing concentration
of heavy metals, especially Pb in the agricultural soils, Put application can be suggested to increase Pb
tolerance in L. iberica and to use this plant in Pb-contaminated areas to restore lost vegetation.
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Table 1. Analysis of variance for Pb stress and putrescine spraying on leaf area, greenness index,
proline content, leaf, capsule, and stem dry weight, total shoot dry weight, root length and dry
weight, grain yield and tolerance index of Lallemantia iberica

Jﬁ@h.w

Greenness Proline Leaf Dry Stem Dry
S.0.V d.f Leaf Area Index Content Weight Weight
Block 2 94.93"s 19.14" 5.29™ 0.000489"*  0.00068"
Pb 3 295.5" 124.6™ 8.78™ 0.00366™ 0.00443*
Putrescine (Pu) 1 345.5° 160.6™ 8.61™ 0.00386™ 0.0057*
Pbx Pu 3 17.62" 15.5" 1.11" 0.00021" 0.000384"
Error 14 63.14 4.52 0.3172 0.0000575  0.000106
C.V7. 26.8 5.4 13.9 8.2 12
Table 1. Continued
df Capsule Total Shoot Root Root Dry Grain Tolerance
S.0.vV Dry Weight  Dry Weight Length Weight Yield Index
Block 2 0.00425™ 0.01258*  (0.0867™ 0.0000055™ 0.002357* 68.719"
Pb 3 0.00599"" 0.04152#  51.978* 0.001987* 0.016648* 2716.2**
fl;‘lgescm‘* I 0.01311"  0.06358+  54.602*> 0.002155* 0.01979* 4105.8*
Pbx Pu 3 0.000613" 0.002837+ 3.122*  0.0007414" 0.001433*=  186.8*
Error 14 0.000183 0.000593 0.9138  0.00040403 0.0001003  26.873
1C.V 11.6 8.3 52 19.2 6.4 6.9

ns, *, **; non-significant and significant at 5% and 1% probability levels, respectively

Table 2. Effect of putrescine spraying on greenness index, proline content, leaf, capsule, and stem dry weight, Total
Shoot Dry Weight, root length, grain yield and tolerance index of Lallemantia iberica at different levels of Pb

Pb Putrescine  Greenness Index  Proline Content  Leaf Dry Weight  Stem Dry Weight
mg Pb/ Kg soil mM uM g plant™!
0 0 44.178* 2.34 0.1203° 0.1204°
0 0.5 44.989* 2.9% 0.1338* 0.1285%
300 0 39.244¢ 3.28¢ 0.0702¢% 0.0652¢¢
300 0.5 43.967 3.81% 0.112° 0.0974°
600 0 32.989¢ 3.52¢ 0.0682¢% 0.0513¢%
600 0.5 40.277% 5.9% 0.0916°¢ 0.096°
9200 0 30.678¢ 4.66° 0.0592¢ 0.0431¢
900 0.5 38.552¢ 5.96° 0.0821¢ 0.0814b¢
Table 2. Continued
Capsule Dry Total Shoot Dry Root Tolerance
Pb Putrescine Weight Weight Length Grain Yield Index
mg Pb/ Kg soil mM g plant™- cm g. plant™! %
0 0 0.15% 0.3912% 21.7% 0.2169° 100°
0 0.5 0.168° 0.4303° 23.12 0.2394° 109.79°
300 0 0.08324 0.2186° 17.15% 0.1155¢ 55.82f
300 0.5 0.146% 0.3557% 20.35% 0.2133 90.75¢
600 0 0.0829¢ 0.2025¢ 16.1° 0.0961¢ 51.59f
600 0.5 0.132b¢ 0.3201¢ 18.7¢ 0.1503¢ 81.63¢
900 0 0.055¢ 0.1575F 12.98f 0.0839¢ 40.29¢
900 0.5 0.112° 0.2754¢ 17.85% 0.1392¢ 70.17¢

In each column, means with similar letters are not significantly different from each other based on Duncan's test at the 5%

probability level
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Table 3. Correlation coefficients of studied traits in Lallemantia iberica under the influence of putrescine spraying and
Pb application

Trait 1 2 3 4 5 6 7 8 9 10 11
1  Leaf dry weight 1
2 Stem dry weight 0.93"* 1
3 Capsule dry weight 0.91"" 0.92"* 1
4  Total shoot dry weight 0.96™ 0.98"" 0.98"* 1
5  Greenness index 0.79"* 0.82"* 0.77°*" 0.81"" 1
6 Leafarea 0.6™ 0.56™ 0.49° 0.56™ 0.73™" 1
7  Root dry weight 0.64™ 0.61"™ 0.57" 0.62™ 045" 0.33™ 1
8 Root length 0.88™" 0.88™" 0.81"" 0.87"™ 0.9 0.61" 0.56™ 1
9  Grain yield 0.87"" 0.83"" 0.73"" 0.82"" 0.87"*" 0.69"" 0.6™ 0.9™" 1
10 Tolerance index 0.95"" 0.96"" 0.91™" 0.96™" 0.84™" 0.58"™ 0.66™" 0.93"" 0.89™" 1
11 Proline content -0.37% -0.22" -0.24" -0.27" -0.24"™ -0.25" -0.23" -0.37™ -0.25" -(0.28" 1

ns, *, ¥* ***: non-significant and significant at 5%, 1%, and 0.1% probability levels, respectively.
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Fig. 1. Simple effects of Pb (a) and putrescine (b) on leaf area and root dry weight of Lallemantia iberica



