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EXTENDED ABSTRACT

Introduction

Redroot pigweed (Amaranthus retroflexus) is an annual,
dicotyledonous weed with a C4 photosynthetic pathway
from the Amaranthaceae family, which is common in
many agricultural fields. This plant is the third most
common weed in the world and has been spread in 70
tropical and subtropical countries. Redroot pigweed
seeds last in the soil for six to 10 years. Due to its
aggressive growth, it competes with agricultural plants
for water, light, and nutrients. Due to increased
environmental pollution in recent decades and the
phenomenon of resistance in weed species,
environmental scientists emphasize the need to reduce
the untargeted consumption of chemical inputs in
agricultural ecosystems. The increase in environmental
pollution has encouraged the development of new
strategies such as nanotechnology for weed control.

Materials and Methods

This experiment was conducted in the spring of 2024 to
study the impact of Sunn hemp (Crotalaria juncea)
aqueous extract and the green synthesis of titanium
dioxide nanoparticles (TiO> NPs) using Sunn hemp
aqueous extract on the seed germination of Redroot
pigweed (Amaranthus retroflexus). This research was
conducted in the Seed Technology and Weed Science
laboratories of the Department of Plant Production and
Genetics, Faculty of Agriculture and Natural Resources
at Mohaghegh Ardabili University using a factorial
experiment based on a completely randomized design
with three replications. The treatments include Sunn
hemp aqueous extract at concentrations of 0, 10, 15, and
20 g/L!, and TiO> NPs synthesized with Sunn hemp
aqueous extract. Concentrations were TiO, NPs without
Sunn hemp aqueous extract (control), TiO, NPs with 10,
15, and 20 g/L"! of Sunn hemp aqueous extract. Redroot
pigweed (Amaranthus retroflexus) seeds were collected
from the Moghan region (31°39°N and 46°47°E) in the
summer of 2023. The vigor of the Redroot pigweed was
assessed, and 1500 mg/L"' gibberellic acid was used 24
hours to eliminate seed dormancy in dark conditions. 50
seeds of Redroot pigweed, after surface sterilization by
1% sodium hypochlorite, were randomly placed in 90mm
diameter Petri dishes. Ten ml of treatments were added
to each Petri dish for 14 days. Seeds with a radicle length
of 2mm were considered as germinated. Catalase enzyme
activity and lipid peroxidation were measured based on
the methods of Sudhakar et al. 2001 and Stewart and
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Bewley 1980 respectively.

Results and Discussion

The results of Fourier transform infrared spectroscopy
(FTIR) of TiO> NPs and TiO; synthesized with Sunn
hemp extract showed that the broad absorption peaks in
the region of 500-800 cm™ and 3200-3600 cm'!
correspond to the stretching vibrations of Ti-O-Ti, and O-
H groups. The X-ray diffraction analysis revealed
characteristic peaks at 25.5, 38, 48.2, 54.1, 55.3, 63, 69,
70.6, and 75.3°. These peaks correspond to crystal planes
(101), (004), (200), (105), (211), (204), (116), (220),
(215) of the anatase phase, and the peak at 27.8°
corresponds to the crystal plane (110) of rutile titanium
dioxide phase. Diffraction peaks correspond to the
tetragonal structure of TiO, and a combination of the
anatase phase with reference number 004-0477 and the
rutile phase with reference number 088-1173-01. The
results of thermal calorimetry analysis confirmed the
high thermal stability of TiO» NPs synthesized with Sunn
hemp extract. Treatment significantly interacted with
germination percentage, germination rate, mean
germination time, coefficient of germination velocity,
radicle, and plumule length (P<0.05). TiO, NPs
synthesized with Sunn hemp compared to Sunn hemp
aqueous extract at 10 and 15 g/L"! decreased germination
by 30.56 and 43.01%. This study indicated that the TiO»
NPs synthesized with Sunn hemp extract caused a 1.20
and 12.63 % increase in lipid peroxidation and decreased
catalase enzyme activity by 3.84% and 5.72% with 10
and 15 g/L! concentrations, compared to Sunn hemp
aqueous extract.

Conclusion

The results indicated that the aqueous extract of Sunn
hemp and TiO; synthesized with the Sunn hemp aqueous
extract decreased germination, radicle, and plumule
length as their concentration increased. Green synthesis
of TiO, NPs with Sunn hemp aqueous extract showed
greater inhibition than the Sunn hemp aqueous extract
alone. The TiO; synthesized with the Sunn hemp aqueous
extract significantly increased lipid peroxidation and
decreased the catalase enzyme activity in Redroot
pigweed seedlings compared to the Sunn hemp aqueous
extract. More researches are needed to determine the
effect of such treatments on other physiological traits of
the Redroot pigweed. However, this study emphasizes
the use of nanotechnology, and safe, and targeted
methods to reduce weed germination and establishment.
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Table 1- Experimental treatments

S el

Treatments Concentration

0 concentration (distilled water)

wobST;)Lap,‘._J):(afh cble
G20l (0T oslae 10 g/L! concentration of Sunn hemp aqueous extract

Sunn hemp aqueous extract a20le (T oslas 2 550 810 clle
15 g/L! concentration of Sunn hemp aqueous extract

20l T ojlas 2 5 p S Y0 Chle

20 g/L-! concentration of Sunn hemp aqueous extract

Gealbe (T o5lae Ot pssls AnSTligs D)3 4L
TiO2 NPs without Sunn hemp aqueous extract
wouggwﬁj);c;h Clle b odd i p iy S liss D34k
Synthesized TiO2 NPs with a 10 g/L-! concentration of Sunn

o0l T o5las Lo ot p sl dnSTl3 3 ik hemp aqueous extract
Titanium dioxide nanoparticles (TiO2 NPs) synthesized with 20l T ojlas 2d )3 p 510 CBIE Lo i psles AnSTiss S350
Sunn hemp aqueous extract Synthesized TiO2 NPs with a 15 g/L"! concentration of Sunn

hemp aqueous extract
20l T ojlas 2d )3 p 8 Y0 CBlE Lot jw psles AnSTliss S350

Synthesized TiO2 NPs with a 20 g/L! concentration of Sunn
hemp aqueous extract
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Table 2- Some characteristics of the experimental soil

e BB el
_ _ _ 467
Absorbable potassium PSS e S
o 6 i
P B A me/ke 10.51
Absorbable phosphorus
(o) 1S 0555 25
)0 00 0.05
Total nitrogen (Kjeldal)
T o0
u’. a5 . 0.6
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r..‘JS Sl
: - 31.2
Calcium carbonate
Sl sl
i ’ - Clay
Soil texture
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Clay
- - 30
Silt %)
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Sand
EC AS/m) ey uinss (> 4.7
pH - 7.8
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Table 3- Bioassay of Redroot pigweed seeds under the influenced by treatments and its concentrations

o 3sm Dlae Yl el
Traits under investigation Equation Reference
ol
R GP=3x 100 Scott et al., 1984
Germination percentage T
il
T Gs=x*% Maguire, 1962
Germination rate
e ey Gt
. el \J‘r = L CVG = Z— Baiyeri et al., 2011
Coefficient of velocity of germination 2GT X Tt
5 g Olej S0 le
8L O e MGT =209 Ellis, 1992
Mean germination time In
1S Lo —
il > PR = &=y x 100 Ahmadnia et al., 2023,

Percentage reduction

O3 53 035 6l 5k sl KN ¢ 30l o [SoL GS g (slayds J8 sl Kol T con 3l g sl sl KL S ¢ 4l dops KoL GP Ll ol o
ajs 53 Gt (sl blae 0les S Tt 51t 555 3 03580 slasdy shind Kb Gt ¢ 561 o a5 SO CVG (G341 3,5 51 m slasss sl St dt
S 53 el S X gy 3050 Slhoo 2l doys Sl PR ) sl Sikd Gy d s eajals Lk slas Sk 3(0d) ¢ 561 0l oSk S MGT
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In these equations, GP stands for germination percentage, S is the number of germinated seeds, T is the total number of seeds in the
sample, GS represents the germination rate, n is the number of seeds germinated at time t, t indicates the number of days after the
start of germination, CVG is the coefficient of velocity of germination, Gt is the number of seeds germinated on day t, and Tt is the
corresponding time in days for Gt. MGT denotes mean germination time, ) (nd) indicates the total number of seeds germinated over

d days, where d is the number of days. PR reflects the percentage reduction of the studied traits, X shows the results in the control
treatment, and Y represents the results for the desired trait in the treatments or concentrations.
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Figure 1- Fourier Transform Infrared Spectroscopy (a and b), X-ray Diffraction (¢ and d) and
Thermogravimetric (e and f)
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Figure 2- Scanning Electron Microscope of TiO2 NPs without Sunn hemp extract (a); TiO; synthesized with a
concentration of 10 g/L of Sunn hemp aqueous extract (b); TiO synthesized with a concentration of 15 g/L of Sunn
hemp aqueous extract (c); and TiO» synthesized with a concentration of 20 g/L of Sunn hemp aqueous extract (d)
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Table 4- The analysis of variance of Sunn hemp aqueous extract and TiO» NPs synthesized with Sunn hemp aqueous
extract on the Redroot pigweed seed germination indices
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Coeff Var (%)

** and * are significantly differences at 1% and 5%, respectively.
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Table 5- The mean comparing of the treatments and concentrations on Redroot pigweed seed germination indices
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The means with same letters do not have a statistically significant difference with each other in the LSDsv, test.
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Table 6- The analysis of variance of the interaction effect of treatments and concentrations on the catalase enzyme
activity and lipid peroxidation of Redroot pigweed seedlings
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** and * are significantly differences at 1% and 5%, respectively.
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