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Abstract

Background and objectives

The germination and establishment of plants resistant to drought is one of the most important
and effective aspects of rangeland improvement. Investigating changes in rangeland species'
morphological and physiological characteristics under different pretreatments under laboratory,
greenhouse, and field conditions is necessary. As a result, elite and promising species can be
selected, and improvement efforts can be evaluated favorably.

Methodology

This study investigated the effect of different pretreatments on the germination and
establishment of Sanguisorba minor and Elymus hispidus under drought stress. In this regard,
the effect of priming treatments with distilled water, polyethylene glycol, potassium nitrate, and
silver nanoparticles was studied to improve germination characteristics and establishment of
species under agricultural capacity. The experiment was conducted as a factorial in a
randomized complete block design in four replications. To conduct the research, 168 pots were
used, and ten seeds were planted in each pot. The measured attributes included the percentage
and velocity of seedling appearance from the soil, establishment and survival, length and weight
of root and stem, vigor, proline, carotenoid, soluble sugar, total chlorophyll, catalase, and
superoxide dismutase enzymes. After sampling the studied traits in the greenhouse and
obtaining the results in the laboratory, variance and data analysis in SPSS software. A
comparison of mean data with Duncan's multiple range tests at a 5% level for the studied traits
was performed on both species.

Results

The results showed that drought stress significantly differs in characteristics, such as the dry
weight of aerial parts or the length of plant roots. The mutual effects of priming and stress were
significant on the traits of emergence from the soil, speed of emergence, establishment, survival,
and dry weight of aerial parts. Still, it affected several other traits as well. The application of
silver nanoparticles had positive or negative effects on seeds' vegetative characteristics, and
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seedlings grown from the seeds of the studied plants did not show significant changes to
characteristics such as plant root length under different priming treatments at a specific moisture
level. Some characteristics, including ability, had significant changes due to humidity levels
varying up to 20 percent. The positive effects of polyethylene treatment and the negative effects
of high nanoparticle concentration were evident. Applying polyethylene glycol and potassium
nitrate in E. hispidus and polyethylene glycol and silver nanoparticles at a concentration of 30
mg/l in S. minor showed the highest positive effects on plant resistance under drought stress.
Application of silver nanoparticles at concentrations of 60 and 90 mg/L showed negative effects
on the vegetative and physiological characteristics of the two studied species.

Conclusion

drought stress caused negative effects on the structural characteristics of the studied species,
and using hydropriming treatments, potassium nitrate, polyethylene glycol, and silver
nanoparticles (with a concentration of 30 mg/liter) reduced stress adverse effects. The reason for
this is mainly the changes in the physiological factors, such as the amount of proline, catalase,
and superoxide dismutase enzymes, and the application of various pretreatments causes positive
changes in pretreatment factors and increases the species' drought resistance. The results related
to the effect of different pretreatments on the germination of the mentioned species under
laboratory and field conditions also confirm this issue.

Keywords: Rangeland ecosystems, Biological operation of rangeland improvement, Elite and
promising species, Agricultural capacity.
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Figure 1- X-ray diffraction pattern and electron image of silver nanoparticles used
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Figure 2- Image of selected plants grown in the pot
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Table 1- Variance analysis of the effect of priming and drought stress on the traits studied in E. hispidus

Mean squares

Degrees  Emergence The speed Establishment . . X
Source of ) Aerial height  Dry weight of Plant
of from the of and survival ; length .
changes . (cm) aerial parts (gr) ability
freedom soil (%) emergence (%) (cm)
Block 3 1.21m 18.32" 6.85" 0.46" 2.21m 0.34" 0.73"
Priming 6 134.3* 154.7* 11.3" 9.32m 0.74" 9.42" 11.3"
Drought stress 2 175.2" 36.2" 18.2" 121.2* 0.12" 14.2" 107"
Priming* . . . .
12 5.86 27.3 4.1 6.22" 8.1 8.5m™ 0.71m
Drought stress
Error 63 2.85 18.5 7.3 16.6 18.2 385 62.5
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Table 2- Classification of studied traits in E. hispidus species under priming and drought stress treatments

Treatment
Traits under study Drought stress Polyethylene Potassium Silver nanoparticles (mg per liter)
Control Hydropriming
glycol nitrate 30 60 90
100FC 24.8+6 2 28.7+2.4 2 26.6+£5.5 2 26.4+5.3 % 25.4+7.1% 23.4+59° 23.1+£7.9°
Aerial height (cm)
70FC 20.8+6.4 ® 22.2+4.5M 21.1+8.2 % 2424754 22.7+6.2 % 21.5+9 @ 19.746.2°
30FC 16.446.1 @ 19.5+4.32 16+5.2 18.3+4.6 2 16.4+4.6 % 141420 13.4+4.7°
100FC 13.5+3.72 13.5+4.22 14.1+3.72 14.7+6.2 2 13.8+3.12 13.746.4 2 13.2+4.3%
Root length (cm) 70FC 12.8+5.32 14.1+8.3" 13.5+6.3 2 13.6+4.7 @ 13.6+3.4% 12.7+25% 1254422
30FC 12.4+3.2 % 14.7+2.3 % 13.2+4 .43 13.1+4.2¢ 1244222 9.3+1.2° 8.2+1°
100FC 54.4+112 46.5+9.1° 54.4+8.2 2 54.3+9.4 52.4+12.2° 56.3+5.6 @ 56.2+7. 42
Root to stem length ratio 70FC 60.3+13.4 ba 63.3£12.4 2 62.4+112 56.4+13.2° 59.4+11.2 % 60.8+12.1 % 57.8+12.5P
30FC 66.3£12.8 2 66.2£11.5 % 72.3£12.32 65+8 2 66.1+9.1 % 56+12.1° 53.2£115°
100FC 31.8+7.3% 37.4+4.8% 35.2+8.32 37.7¢4.2 8 34.3+4.1% 30.2£8.4 % 28.1+4.5°
Ability 70FC 25.8£7.3% 31.6+7.9¢ 27.4£7.4% 31.149.54 27.6+4.9¢ 24462 23.2+5.50P
30FC 21.2+3.5%® 26.2+6.3 2 23.44+5.43 244465 21.2+8 @ 15.445.7 b 12.1+4.5°
100FC 1.1+0.12 1.2+0.42 1.2+0.02 @ 1+0.08 @ 1+0.12 1+0.12 1+0.18
Root dry weight (gr) 70FC 1+0.2 @ 1.240.12 1+0.2 % 1402 % 1+0.1% 0.8+0.2° 0.8+0.1°
30FC 0.6+0.12 0.7+0.4 2 0.7£0.32 0.6+0.2 @ 0.6+0.2 2 0.5£0.2° 0.5+0.1°
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Figure 3- Changes in the amount of proline, carotenoid, catalase and superoxide dismutase of the aerial organs
of E. hispidus species under various priming and drought stress
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Table 3- Variance analysis of the effect of priming and drought stress on the traits studied in S. minor

Mean squares/ ol e n35ke

Source of Degrees  Emergence  The speed Establishment Aerial height  Dry weight of Root Plant
changes of from the of and survival (cm) aerial parts (gr) length abilit
freedom soil (%) emergence (%) P g (cm) Y
Block 3 5.4" 12.4 4.7 12.8™ 4.4m 3.1m 1.8"
Priming 6 123.4" 75.5™ 12.2" 11.4" 2.4m 14.8"™ 13.3
Drought stress 2 122.4* 324" 14.5™ 75.7" 51" 14.7" 88.1"™
Priming* * " * -
12 6.5 35.6 8.2 7.4 7.4 12.2m 3.4n
Drought stress
Error 63 13.9 16.7 14.3 16.1 19.1 413 61.2
Coefficient of . 133 12.8 17.1 10.1 16.3 174 181
variation (%)
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Table 4- Classification of studied traits in S. minor species under priming and drought stress treatments

Treatment
Traits under Drought - - - -
Polyethylene o Potassium Silver nanoparticles (mg per liter)
study stress Control Hydropriming .
glycol nitrate 30 60 90
) ) 100FC 6.2+0.72 6.7+0.52 6.3+1.17 6.4+0.4? 6.5+0.4% 6.2+0.4? 6.1+12
Aerial height
() 70FC 5.8+0.62 6.2+0.72 5.7+0.52 5.9+0.22 6+0.52 5.5+1.22 5.5+12
cm
30FC 5.1+0.42 5.5+0.42 5.1+0.62 5.2+0.5? 5.5+0.42 5+0.42 4+0.7°
100FC 5.8+0.6° 6.7+0.8? 6+0.72 6+0.72 6.1+0.42 5.7+0.2b 5.6+1.3°
Root length (cm) 70FC 5.5+0.82 5.6+0.42 5.5+0.42 5.6+0.5? 5.6+0.42 5.2+0.52 5.2+0.6%
30FC 5+0.42 5.2+0.42 4.8+0.52 5+0.72 5.3+0.42 4.8+0.22 4.8+0.5?
R 100FC 93.4+17.28  91.5+12.8° 95.4+14.32 94.4+16° 94+13.28 83+15.6>  87.4+£11.4°
oot to stem
lenath rati 70FC 60.1+3.42 63.1+3.42 62.1+4.12 56.1+4.1° 59.1+4.2®  60.148.1*  56.1+8.5°
ength ratio
J 30FC 98.2+0.12 94.1+0.12 94.1+6.52 96.1+0.12  96.2£0.12  96.1+1.4*  96.1+0.5°
100FC 10+2.4% 12.1+3.32 11.146.32 10+5.4% 11.1+3.42 9+5.4° 9.1+5.5°
Ability 70FC 9+1.42 10+2.72 9+2.62 9+3.72 10+1.52 7+4.4° 8+0.5°
30FC 7+0.2% 8+.92 7.1x0.7% 8.1+22 8+2.42 5+1.6° 5+2.5P
100FC 0.9+0.1% 1.1+0.22 1+0.072 0.9+0.08% 1+0.12 0.8+0.1° 0.7+0.2b
Root dry weight
70FC 0.9+0.08? 1+0.12 0.9+0.22 0.8+0.2®  0.9+0.07¢  0.8£0.05®  0.6+0.1°
(9r)
30FC 0.5+0.1% 0.6+0.12 0.5+0.04% 0.6+0.22 0.6+0.22 0.5+0.1%  0.440.03°
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Figure 4- Changes in the amount of proline, carotenoid, catalase and superoxide dismutase of the aerial organs
of S. minor species under various priming and drought stress
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