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Abstract

Background and Objectives: Pigweed (Amaranthus retroflexus L.) is one of the most
widespread weeds in the world, and regarding the amount of damage caused to crops, it is the
third dominant dicotyledonous weed in the world. It is recommended to reduce the use of
chemical herbicides through the replacement of non-chemical methods in sustainable
agricultural management, and the use of plants' allelopathic effects is one of these methods. On
the other hand, plants in different growth stages have different allelopathy sensitivity.
Methodology: To evaluate the allelopathic effect of aqueous and alcoholic extracts of
eucalyptus (Eucalyptus camaldulensis Dehnh) on Pigweed (Amaranthus retroflexus) growth
stages, an experiment was carried out as a factorial based on a randomized complete block
design with three replications in the greenhouse of Kashan Barij Essential Company, Iran.
Treatments included aqueous and alcoholic extracts of eucalyptus (50, 75, and 100 %),
controlled (0.002 concentration of 2,4-Dichlorophenoxyacetic acid, Ethanol 70%, distilled
water), and three growth stages (five-leaf stage, seven-leaf stage, and stem elongation). The
studied traits were measured in all three growth stages one week after treatments. To measure
traits, ten plants were randomly selected from each pot. The studied traits included leaf length
and width, total leaf wet weight, total leaf dry weight, stem wet weight, stem dry weight, stem
length, root length, root wet weight, root dry weight, total plant weight, and shoot/root ratio. A
ruler was used to determine the length and width of the leaf, the length of the root, and the
length of the stem. Analysis of the variance of the data was done by MSTAC software. If the
experimental factor was significant, the LSD test was used to compare the means.
Results: Leaf width, total leaf fresh weight, total leaf dry weight, stem fresh and dry weight,
stem length, root length, root fresh and dry weight, total plant weight, and shoot/root ratio were
affected by the growth stage where the extracts were used. The effect of the concentration of
aqueous and ethanol extracts of eucalyptus on leaf length and width, total leaf fresh weight, total
leaf dry weight, stem fresh weight, stem dry weight, stem length, root length, root fresh weight,
root dry weight, total dry plant weight, and shoot/root ratio was significant. Spraying at the stem
and 5-leaf stages had the highest and lowest leaf width, stem length, and root dry weight,
respectively. The extract application at the stem elongation and five-leaf stage had the highest
and lowest leaf width, stem length, and root dry weight, respectively. The application of
distilled water in the stem elongation phase produced the maximum leaf length (3.06 cm), total
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fresh and dry weight of plant leaf (1.00 and 0.2764 gr), stem fresh and dry weight (1.35 and
0.393 gr), and total fresh and dry plant weight (2.80 and 0.801 gr), respectively. The application
of 75% concentration of eucalyptus ethanol extract at the 5-leaf stage produced the lowest total
fresh and dry weight of plant leaf (0.188 and 0.0521 gr), stem fresh and dry weight (0.303 and
0.046 gr) and total fresh and dry plant weight (0.633 and 0.1157 gr), respectively.

Conclusion: The agueous and alcoholic extracts significantly decreased Pigweed growth
indices, and its inhibitory effect was not significantly different in most traits with 2-4-D
herbicide. The inhibitory effect of alcoholic extract on pigweed growth was greater than
aqueous extract. Given that almost all eucalyptus extracts, either alcoholic or aqueous,
significantly reduced Pigweed growth, it may be possible to reduce the pressure of this weed on
crops by combining and using them as a bio-herbicide.
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Table 1. ANOVA of Amaranthus retroflexus growth traits affected by different concentrations and application phases of Eucalyptus camaldulensis aqueous and ethanol

extracts
Total Total
Leaf Leaf Leaf Leaf Stem Stem Stem dry Root Root Root plant plant Shoot /
S.0.V. d.f. . fresh dry fresh - fresh dry .
lenght width - . lenght : weight lenght - . fresh dry Root ratio
weight weight weight weight weight - .
weight weight
Replication 2 0.04 0.01 0.02 0.00 32.21 0.15 0.01 0.21 0.00 0.00 0.24 0.00 2.46
Growght stage (A) 2 003® 1.96™ 093" 009"  160.90" = 4.18™ 0421 38645 030"  0.04"  1262" 152"  43.17"

Extract concentration (B) g 0.18™ 0.08™ 0.10™ 0.01™ 10.75™ 0.18™ 0.02" 10.01" 0.02m 0.00™ 0.60™ 0.05™ 5.50™

AxB 16  0.10™ 0.03"™ 0.04" 0.00™ 3.32" 0.09™ 0.01™ 7.84° 0.01" 0.00™ 0.20° 0.02* 2.81"
Experimental error 52 0.02 0.02 0.00 0.00 4.46 0.04 0.00 2.96 0.00 0.00 0.19 0.01 2.01
C.V. (%) - 8.60 10.90 9.40 16.80 13.60 22.80 18.13 11.11 13.90 5.27 14.9 15.26 21.70

ns, *, and **: non-significant, significant at 5%, and 1% probability levels, respectively
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Table 2. Means comparison of different concentrations and application phases of Eucalyptus camaldulensis aqueous and alcoholic extracts simple effects on
Amaranthus retroflexus growth traits

Root Total plant  Total plant
Leaf length  Leaf width  Leaf fresh Leaf dry Stem length  Stem fresh Stem dry Root dry Shoot /
Treatment length fresh dry weight
(cm) (cm) weight (g) weight (g) (cm) weight (g)  weight (g) weight (g) Root ratio
(cm) weight (g) (9)

Distilld water 2,972 1.842 0.742 0.20% 16.342 1.00? 0.278 20.022 0.10% 2.012 0.478 4.97°
2,4-D (0.2%) 2.50%¢ 1.58° 0.40% 0.12% 13.13%¢ 0.74%¢ 0.17% 16.9° 0.06% 1.33° 0.28° 4.74b
Ethanol (70%) 2.52bc 1.64% 0.40b¢ 0.12b¢ 15.53% 0.80° 0.23% 16.7° 0.06% 1.37° 0.35° 6.212

A 2.69° 1.60% 0.40% 0.11k 13.29% 0.56% 0.15¢ 17.8 0.05° 1.18° 0.28° 4.06°
B 2.520¢ 1.49° 0.32¢ 0.08¢ 13.430¢ 0.61¢%¢ 0.15¢ 17.2° 0.06% 1.05P 0.27° 4.420
C 2.430 1.47° 0.31° 0.08¢ 12.15¢ 0.514 0.14°¢ 16.7° 0.05° 1.01° 0.245 4.19°
D 2.57b¢ 1.62° 0.51° 0.13° 13.61%¢ 0.61 0.17b¢ 18.5% 0.072 1.35° 0.28° 5.00°
E 2.374 1.52° 0.46b¢ 0.12b¢ 12.79¢ 0.59¢« 0.15¢ 18.6% 0.06% 1.23b 0.23° 5.10°
F 2.31¢ 1.50° 0.39% 0.10% 12.59¢ 0.55¢ 0.14¢ 18.6% 0.06% 1.09b 0.22b 4.41°
Growth stage
G 2.502 1.45° 0.28° 0.07¢ 11.47¢ 0.34¢ 0.07¢ 14.0° 0.02° 0.68°¢ 0.14¢ 5.60°
H 2.522 1.51° 0.492 0.13° 13.04° 0.69° 0.19° 19.92 0.08? 1.40P 0.32° 4.20°
| 2.592 1.918 0.532 0.152 15.772 0.962 0.252 19.82 0.08? 1.802 0404 5.07°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
A, B, and C: 50, 75, and 100% ethanol extracts; D, E, and F: 50, 75, and 100% aqueous extracts; G, H, and I: Five-leaf, Seven-leaf, and Stem elongation growght stages, respectively
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Table 3. Means comparison of different concentrations and application phases of Eucalyptus camaldulensis aqueous and ethanol extracts interactions on
Amaranthus retroflexus growth traits

Stem Root Total plant
Leaf length Leaf fresh weight Leaf dry Stem dry Root fresh P . Total plant dry Shoot /
Treatment (cm) © weight (g) fresh weight (g) length — eight (g TS weight weight (g) Root ratio
’ TP weight@ Y (em) o © oo
A 2.25%" 0.261" 0.0791 0.04+r 0.07+ 13.50%° 0.09" 0.73 0.17n 7.210-
B 2.27¢h 0.19" 0.057 0.25% 0.05K 13.16™ 0.06k 0.50mn 0.12" 7.170¢
C 2.4200 0.21mn 0.06Mi 0.26° 0.050k 13.48"° 0.08 0.56mn 0.13'm 3.94¢
Five-leaf ) ) ) ) )
stage D 2.4550 0.24kn 0.06" 0.32+ 0.07+ 14.691° 0.109% 0.67i" 0.16/" 5.55¢%
E 2.46"" 0.23mn 0.06" 0.33%p 0.07+ 14,170 0.08k 0.64kn 0.15km 7.913¢
F 2.64%9 0.27in 0.0791 0.37ip 0.089% 13.27m° 0.92h 0.73+" 0.18" 7.06"¢
2,4-D (0.2%) 2.69%9 0.319" 0.06Mi 0.399° 0.05K 12.27m° 0.06k 0.77Mn 0.12mn 5.38¢%
Distilld water 2.97% 0.42d-m 0.10%1 0.63¢P 0.13%k 16.79Fm 0.158 1.05b09 0.269" 7.07°¢
Ethanol (70%) 2.53h 0.309M 0.05¥ 0.39"° 0.09%k 14,28k 0.99Mk 0.78™" 0.19"" 7.16¢
A 2.76%¢ 0.63b¢ 0.16°f 0.69 ¢m 0.194h 22.09% 0.28b¢ 1.6109 0.4459 4.75%¢
Seven-leaf : : )
stage 2.59%0 0.51¢ 0.14¢h 0.644° 0.17¢% 21.452d 0.275f 1.44%9 0.40¢! 4.45%
C 2.410h 0.42¢-n 0.11¢i 0.53¢P 0.15¢% 21.97abc 0.250-f 1.21¢ 0.34¢" 5.98b
D 2.75%¢ 0.51¢i 0.13¢1 0.76%i 0.220-¢ 19.26°9 0.23%1 1.50¢9 0.430-9 5.71bc
E 2.37¢h 0.408" 0.10%1 0.69¢m 0.19¢h 19.23b9 0.20% 1.309¢ 0.365¢ 5.420-d
F 2.12%n 0.28+" 0.08f 0.49%p 0.13¢%% 19.08b9 0.22¢1 0.99¢" 0.28fn 4.87%¢
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Continued Table 3. ...

Stem Root Root Total plant
Treatment Lea(fclri?gth bvi?frf:is? Leaf dry weight (g) fresh V?/(tjn;]td(ry) length fresh fresh weight To\t/seliplhatn(t <)jry ShO?;:iEOOt
g weight () g (cm)  weight (g) ) o

2,4-D (0.2%) 2.37¢h 0.41¢n 0.10%1 0.66°" 0.15¢« 18.64%  0.20°k 1.28%k 0.31Fn 5.380¢
|e8a?‘\§?2§;e Distilld water 2.88% 0.81% 0.22% 1.03% 0.31%¢ 198 036® 2.21° 0.65% 5.10°¢
Ethanol (70%) 2.45¢ 0.40%" 0.12¢1 0.76%1 0.220 17.27¢1  0.16° 1.32¢4 0.39¢1 7.27"
A 2,745 0.66° 0.170¢ 0.77¢ 0.210¢ 19.99>F  0.290¢ 1.73% 0.43>9 4.99cde
2.70%9 0.68"¢ 0.170 0.81¢f 0.23" 21.36+¢  0.37°f 1.76¢ 0.48"9 5,520
C 2.470h 0.56°" 0.15°9 0.73% 0.220 20.46%F  0.23>h 1.52¢0 0.4 5.91¢c¢
D 2.55%N 0.45¢" 0.14¢ 0.76%1 0.220 19.60°F  0.19¢k 1.39¢h 0.43h 6.37c¢

Stem ) ) .
elongation E 2.29% 0.35% 0.0957 0.74°1 0.210 18.3405  0.14% 1.23%k 0.36! 8.43

stage

F 2.18h 0.37¢n 0.11% 0.79¢ 0.230¢ 17.77% 0.4 1.30% 0.39% 8.92
2,4-D (0.2%) 2.36°" 0.50¢" 0.19% 0.87¢ 0.31% 19.79>F  0.307% 1.97% 0.61%¢ 11.09°
Distilld water 3.06° 1.00 0.2842 1.358 0.3942 24.18° 0.4542 2.80° 0.806° 5.26
E(%h(ﬁ,ﬂf)" 2.220" 0.50° 0.16>f 1.27% 0.38° 187451 0.2489 2.01% 0.627¢ 7.99%

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
A, B, and C: 50, 75, and 100% ethanol extracts; D, E, and F: 50, 75, and 100% aqueous extracts; G, H, and |: Five-leaf, Seven-leaf, and Stem elongation growght stages, respectively
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