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Article Info ABSTRACT

Article type: Background and Objectives: Tarragon is one of the most important
Full Length Research Paper  medicinal plants with various medicinal properties and is widely used as a
flavoring agent in the food industry. Drought stress affects a wide range of
morphological, physiological, and biochemical characteristics of medicinal

Avrticle history:

Received: 08.28.2023 plants. However, the exogenous application of osmotic active substances
Revised: 10.10.2023 such as polyamines is considered as a suitable alternative to deal with the
Accepted: 12.12.2023 adverse effects of various environmental stresses on plant yield.

Nevertheless, little is known about their mechanism to reduce drought
stress. The present study investigates the response of tarragon plants to

K : ) . . .
nglg?]:ds different concentrations of putrescine under drought stress conditions.
Environmental stresses, ) ) ] _ _
Medicinal plants, Materials and Methods: This study was carried out in a factorial
Polyamine, experiment based on a completely randomized design with 3 replications in
Tarragon a greenhouse as a pots experiment. After the growth of the plant in the soil

of the pot, three stages of foliar spraying with experimental treatments
were carried out in this research. Experimental treatments included drought
stress (50, 70, and 90% of field capacity) and putrescine foliar spraying
with zero (spraying with distilled water), 0.1 and 0.2 mM concentrations.
The evaluated parameters include morphological and physiological traits
(shoot dry weight, stem height, number of lateral stems, root length, stem
diameter, leaf area, leaf relative water content) and phytochemical
(chlorophyll a, chlorophyll b, total chlorophyll, electrolyte leakage, proline
and malondialdehyde content, antioxidant enzyme activity and essential oil
percentage). Data analysis was done using SAS software version 9.4.

Results: The results showed that putrescine foliar spraying increased the
shoot dry weight, the stem height, and the number of lateral stems. The
highest of these traits was obtained under 90% field capacity and no
difference was observed between the levels of putrescine at this level of
drought stress. Plants grown under 90% crop capacity had the highest stem
diameter (35.59 mm) and leaf area (62.89 cm?). Under 50% field capacity,
foliar spraying of 0.2 mM putrescine increased the content of chlorophyll a,
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b and total by 29.03, 11.76 and 22.91%, respectively, compared to the
control. The results also showed thatfoliar spraying of putrescine increased
the relative water content and decreased electrolyte leakage in stressed
plants. The content of proline and the activity of antioxidant enzymes also
improved under the influence of putrescine. 50% field capacity without
putrescine foliar spraying produced the highest percentage of essential oil
(2.58%) in tarragon plants.

Conclusion: In general, foliar spraying of putrescine (0.2 mM) through
increasing photosynthetic pigments and antioxidant properties can be a
useful and practical solution for improving biomass and dealing with
drought stress in the tarragon plants.

Cite this article: Soleimani, Amanollah, Sheikhi, Hossein, Sadat-Hosseini, Mohammad, Rasouli,
Mousa. 2024. The effect of spraying of putrescine on some growth, biochemical, and
physiological characteristics of tarragon (Artemisia dracunculus L.) under drought stress
conditions. Journal of Plant Production Research, 31 (3), 89-108.
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Fig. 1. Interaction effects of drought and putrescine on relative water content of Tarragon plant.
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Fig. 2. Interaction effects of drought and putrescine on electrolyte leakage of Tarragon plant.
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Fig. 3. Interaction effects of drought and putrescine on proline and malondialdehyde of Tarragon plant.

(3 - 8 m0zM @01lzM 002mM B 207 _ mOaM BOlaM D02sM
g = =
g - L g -
- & - b b b
I _{ .
= 1 ' 10 4
Fe _g oa b e e bd 1 g -
3 iIH H 5] “H
[=] 2 [a)
=] I
I =]
[*]
] e o 4
&0 0 S0 E] 0 90
0 s od b O el o s
FC (%) FC (%%)
({34 s : WoaM B0laM D02 aM
A s ]
I "
- o
ESr b
]
I c
787 ¢
4 g : e €
: I..
=1
n.
50 0 [}
0 A el
FC (2%}

0555 oS S ST sl 5T I S 5 (S il O S IS
Fig. 4. Interaction effects of drought and putrescine on the activity of antioxidant enzymes of Tarragon plant.
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Fig. 5. (a) Interaction effects of drought and putrescine on the essential oil content of Tarragon plant. (b) The
effect of drought stress on the essential oil yield of Tarragon plant.
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Table 1. Characteristics of the soil used in this study.

s Sl gla S5 s Sl gla Sis
Value Soil characteristics Value Soil characteristics
L LG sl Tosla
652.16 P B ey 6.02 e
Exchangeable Potassium (ppm) Organic matter (g/kg)
2 el
396.34 S 6.9 e
Calcium (ppm) Acidity (pH)
25.02 o 2.16 S
Sand (%) EC (ds/m)
45.01 o 0.09 D5
Clay (%) Total nitrogen (%)
- - L; A &
29.97 = 112.02 B A
Silt (%) Available Phosphorus (ppm)

5
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Table 2. Analysis of variance (Mean squares) effect of drought stress and putrescine on morphological and
photosynthetic pigments traits of Tarragon.
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v, e o @ = ® 5
Z
0.566™  0.1557  0.128"™ 1054.3" 16.25" 494.7" 10961.9” 2156.3" 0.312" 2 R
Drought
0.012”  0.002” 0.004” 885" 103" 135" 3467 1048 0.022” 2 oA
Putrescine
0.001” 0.0004” 0.001" 393" 025 1.44™ 2397 618 0.004” 4 S
Putrescine x Drought
Ut
0.0001  0.00004 0.00004  26.8 007 506 5874 196 0.0007 18
Error
I
1.60 2.01 1.39 9.73 918  8.07 7.61 981 566 - S

Coefficient of variation

ns EE

ngb;‘”c.,\;jwpﬁ‘Mﬁodaﬁﬂﬁd)b&u»ﬁlﬁg_ﬂ;;g 5 <

*,** and ™ indicate significance at 5%, 1% and non-significance, respectively
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Table 3. Analysis of variance (Mean squares) effect of drought stress and putrescine on physiological,
biochemical, enzyme activity and essential oil traits of Tarragon.

o 7 1 3 ) 2,
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3 33 X< 2 O 5 = N 22 150: =2 S.0V
bg e 1 i JE 5 0
LIU] 2 Y 2 2
| o w
0.540™ 0.379" 10.45 115 7.65" 1845.6" 8.38 2416.4™ 1863.9 2 <
Drought
3.662® 0.193® 2877 1518”7 910" 387" 2607 13217 497.77 2 o 7
Putrescine
0.695™ 0.305°  0.69" 8.64° 132" 2144° 080" 355" 14077 4 X e
Putrescine x Drought
o
2.693 0.07 0.23 2.40 036 704 0.005 10.4 40.21 18
Error
s .
19.02 1550 2012 1481 2239 2360  4.10 5.05 9.03 - TR e

Coefficient of variation

S wE %

Lg;\;_;';ur»}w):\‘Jﬁp);ockﬂ):d)l:@mﬁlﬁ%j@n} ¢
* ** and ™ indicate significance at 5%, 1% and non-significance, respectively
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Table 4. Interaction effects of drought and putrescine on morphological traits and photosynthetic pigments of
Tarragon plant.

bl sliss b b s S8 05 N sl es b
Number of lateral stems Stem height (cm) Shoot dry weight (g/plant) Putrescine (mM) FC (%)
1.0° 27.3°¢ 0.24° 0
1.3¢ 27.8° 0.32° 0.1 50
2.0° 29.4° 0.40°¢ 0.2
3.0° 436° 0.41°¢ 0
3.3° 437° 0.48° 0.1 70
4.0° 58.6° 0.53° 0.2
40°% 57.7% 0.68° 0
4.0° 58.7¢ 0.70¢ 0.1 90
4.0° 59.1° 0.69° 0.2
JS Jes S Gl e b Js S sl soms 8 Jobs IS sl e e A s ok
Total chlorophyll (mg/g FW)  Chlorophyll b (mg/g FW) Chlorophyll a (mg/g FW) Putrescine (mM) FC (%)
0.48" 0.17° 0.31°¢ 0
0.53¢ 0.18°¢ 035" 0.1 50
0.59f 0.19f 0.40° 0.2
0.74° 0.29° 0.46 ° 0
0.81¢ 0.33¢ 0.48°¢ 0.1 70
0.84° 0.35°¢ 0.49°¢ 0.2
1.03° 0.43° 0.60® 0
1.04%® 0.45° 0.59° 0.1 90
1.05% 0.45° 0.60° 0.2

Lesl a5l e M (511 Ao p3 0 Sz alaws 53 LSD 0gal iy Ot 3 S e g (sl (slaSibee
Means with same letters in each column do not have significant differences based on the LSD test at the 5% probability level
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Table 5. Main effect of drought stress on some morphological traits of Tarragon plant.

S g I iy b Floses b
Leaf area (cm?) Stem diameter (mm) Root length (mm) FC (%)
4152° 20.80°¢ 133.40° 50
55.17° 27.17° 104.65 " 70
62.89 3559 63.95° 90
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Means with same letters in each column do not have significant differences based on the LSD test at the 5% probability level
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