Silica nanoparticles increased drought resistance in green peas
(Pisum sativumL.)

LITHUANIAN LITHUANIAN

RESEARCH CENTR _ c e .. : n : . v o RESEARCH CENTR
FOR AGRICULTURE Ruta Sutuliené ', Lina Rageliené 2 Eimantas Andrikis?, Eimantas Kielius' and, Ausra Brazaityté FOR AGRICULTURE

AND FORESTRY AND FORESTRY
1 Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry, Kaunas str. 30, Babtai, LT-54333, Lithuania.
2 Vytautas Magnus University, Faculty of Natural Sciences, Vileikos str. 8, Kaunas LT1-44404, Lithuania.
* Correspondence: ruta.sutuliene@lammec.lt

> [Lammc] <

RESULTS

The results showed that treatment at a
concentration of 50 ppm SiO, NPs strongly

affected pea leaf area, shoot height, and >0 80
fresh biomass when plants were grown in 45 70
drought conditions. In addition, positive 40
effects on the activity of enzymatic (APX, - 60 _
CAT, GR, SOD) and ‘non-enzymatic (TPC, .. o x
DPPH, ABTS, FRAP) antioxidants in the pea 2 30 2
olant were found. The SiO, NPs reduced 5 25 40 B
nydrogen peroxide and lipid peroxidation in & ;g - =
drought-affected plant tissue. i o
20
Legumes, especially peas, are sensitive to water 10
shortages, which are becoming increasingly common 5 I | I 10
because of climate change. Peas are beneficial for soil Suspension of SiO2NPs 0 L= - W=
and crop rotation and as a source of protein in nutrition. Zeta potential ({; mV) 20.64 + 0,333 S 8 A 8 2 8 838 83 8 8 &8 &8 8 8
Therefore, discovering new agrotechnical tools and Polydispessity index (PI) 0.34 - o s s e m® e g g
maintaining plant resistance to environmental influences NPs size 1-100 nm in suspension, % -0 Nanoparticle size, nm

is essential. The aim of this study was to investigate the
effects of silica nanoparticles (SiO, NPS) on drought-
stressed peas (Pisum sativum L., ‘Respect’) via different

exposure routes: through foliar spraying and root Table 1. Properties of SiO, NPs suspension in DI water.  Figure 1. Size distribution of SiO, nanoparticles in DI water.

watering.
Table 2 The impact of SiO, NPs (12,5; 25, 50 ppm) on P, sativum L. grown in the substrate with sufficient (SM 80%) and insufficient (SM
30%) moisture is compared to the control (for SM 80% control means plants grown under SM 80% and NPs untreated; SM 30% controi
means drought affected but NPs untreated plants) in the heat map. Statistically, significant differences are marked in bold

The research was conducted in a greenhouse. Ten green SM 80% SM 30%

pea seeds (‘Respect’) were sown in 10 L vegetative pots

and were thinned up to 7 plants per pot after germination. Watered Sprayed Watered Sprayed
When the peas reached the 39 BBCH growth stage (had Treatment SiOz2 NPs, ppm 0 125 25 50 125 25 50 O 125 25 50 125 25 50
nine or more visibly extended internode), they were foliar

sprayed to full wetness (ca. 14+0.5 mL plant™)or Plants height, cm 28.4 30.1 326 345 295 294 292 260 320 312 308 281 289 307
watered (100+1 mL per pot) with suspensions containing ,

12.5. 25, and 50 ppm of Si0, NPs. Untreated NPs plants Leaf area, cm 36.1 363 376 47.1 388 393 415 33.1 332 366 372 37.0 39.0 43.1
were watered or sprayed with distilled water. During the Number of nodules 2 5 7 9 3 4 3 2 2 2 3 3 3 2
10-day drought period, low substrate moisture (30%) was

maintained for peas exposed to SiO, NPs, and other TPC, mgg 1 FW 219 1.83 211 211 172 169 194 167 1.94 198 206 201 209 218
lants (controls) were grown under regular substrate FRAP, umol g -1 FW 314 264 276 254 258 279 226 260 269 314 314 266 279 309
moisture (80%). At the end of the experiment, peas were

harvested to assess the impact of SiO, NPs and drought H,0,, umol g -1 FW 146 184 176 163 19.4 146 133 340 290 255 249 342 295 267
on plant growth indicators and enzymatic (SOD, GR, APX) MDA, nmol g -1 FW 447 516 467 40.8 46.6 453 427 556 47.1 455 449 539 504 484

and non-enzymatic (TPC, FRAP) antioxidants activity.
GR, umol NADPH mg™ protein min~* 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.3 0.2 0.2 0.3

e APX, umol AsA mg ~* protein min ~* 2.2 2.5 159 1.5 2.4 1.6 1.3 8.8 5.6 7.4 8.4 3.1 5.6 6.6

SOD, unit mg ~* protein min™ 71 107 103 105 101 105 105 105 111 139 144 112 125 130

Table 3 The impact of SiO, NPs (12,5; 25, 50 ppm) on P, sativum L. grown in the substrate with sufficient (SM 80%) and insufficient (SM
30%) moisture is expressed as a percentage change (%) compared to the control (for SM 80% control means plants grown under SM
80% and NPs untreated; SM 30% control means drought affected but NPs untreated plants) in the heat map. Statistically, significant
differences are marked in bold

SM 80% SM 30%
1 Picture: Vegetation pots in greenhouse.
Watered Sprayed W atered Sprayed
So16 Temperature, C° Humidity, % Treatment SiOz2 NPs, ppm 125 25 50 125 25 50 125 25 50 125 25 50
Day Night Day Night Plants height, cm 6 15 21 4 3 3 23 20 18 8 11 24
peforedrovgly A~ W4 WL Leaf area, cm? 0 11 13 12 18 10
During drought 26.2 17 50.1 73.2
After drought 267 16.6 52.8 73.5 Number of nodules 0 0 33 33 50 -

Table 1. Temperature and humidity in greenhouse during experiment. TPC, mgg ™ FW 16 18 23 20 2 30
FRAP, umol g ' FW 3 20 20 2 /7 19
H202, umol g =t FW -15 -25 -27 1 -13 -21
MDA, nmol g * FW 15 5 -9 4 1 -5 -15 -13
GR, umol NADPH mg™ protein min™ 2 2 -13 7 -11 -19 2 128
APX, umol AsA mg ~* protein min ~* 16 -12 -32 13 -24 -38 -37 -25
SiO, NPs protected green peas fromthe adverse SOD, unit mg ! protein min™: 6 15 21 A 3 3 23 24

effects of drought stress and maintained pea yield.
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