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Table 1. Analysis of variance (Mean of squares) for the effects of copper doses and replacement intercropping ratios on
the concentration of copper, potassium, phosphorus and magnesium in the roots of common bean and redroot pigweed

é“’ .l}i Cu concentration K concentration P concentration Mg concentration
< e ) . . . . . . . .
S 5\7 ¢ df) Lyg! w9l Lagl w9l Legd w9l Lugl w9l
T Bean Pigweed Bean Pigweed Bean Pigweed Bean Pigweed
Cu dose 2 5300473.38"  36407786.61™  439552049.1"" 728587357  75552228.8""  361624285.7"" 7826118.86™ 51313951.3™
(Cu)
byl cons
sl 3 87529.28"" 740805.38"™" 4107993 12887426™ 486516.8" 1004981.3" 244204.24™ 234991.4™
Replacement
(R)
Lé\“ F’: 1 6 54380.56™ 348950.58™ 10284482.7"  18316796™  3398982.6™ 3840656.6™ 302399.05™ 888649.8™
ux
oL:.';.i‘;'
iales 24 724.99 2796.22 1731306.6 919017 279330.1 768062.9 13138.30 10369
Error
et
Slreeds 5.37 3.55 3.48 2.02 4.36 4.38 2.54 1.39
(32,3)
CV (%)

o)) Jloiol maw jo o e g o Sre il ‘..4:_‘.’):4;.1** 5NS
ns, and **: Not-significant and significant at 1% probability level, respectively
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Table 2. Mean comparisons for the effect of replacement intercropping ratios on the concentration of copper,
potassium, phosphorus and magnesium in the bean and pigweed roots under different copper doses
(Analyzed based on a completely randomized design)

s . . oo cdile oy cdile S il ko ke
oo il il glacm Cu concentration K concentration P concentration Mg concentration
Cu Replacement mg/g DW mg/g DW mg/g DW mg/g DW
?SE;; mterr(;rt?c;’)splng Leg! u_«s,éc“‘ Leg! gjskclﬁ' Leg! g_vs,éclf Lag! qskcu
Bean Pigweed Bean Pigweed Bean Pigweed Bean Pigweed

1 1B: OP 0.0312 - 45.902 - 15.832 - 5.552 -
0.75B: 0.25P 0.0282 0.0592 44,57 57.60? 14.982 27.102 5.31° 10.122
0.5B: 0.5P 0.025% 0.0512 43.08° 56.06% 14.0° 26.00%° 5.19% 9.75b
0.25B: 0.75P 0.0217 0.0462 42.77° 55.0b¢ 13.60° 25.66° 5.09¢ 9.40°
0B: 1P - 0.0412 - 53.69¢ - 24.65° - 9.03¢

25 1B: OP 0.252 - 35.20° - 11.0¢ - 4.12¢ -
0.75B: 0.25P 0.23% 1.202 36.30% 42.969 11.90° 18.21° 4.51° 6.32d
0.5B: 0.5P 0.19% 1.09° 37.90% 45.31° 12.7® 18.60° 4.65P 6.51¢
0.25B: 0.75P 0.17¢ 0.89¢ 38.712 47.17° 12.902 19.17% 4.882 7.05°
0B: 1P - 0.79¢ - 49.032 - 20.222 - 7377

50 1B: OP 1.56° - 29.41° - 8.50° - 3.17¢ -
0.75B: 0.25P 1.35° 4152 31.972 37.11¢ 9.432 14.05° 3.60° 5.02¢
0.5B:0.5P 1.15°¢ 3.78° 32912 39.10¢ 10.107 14.40° 3.912 5.32¢
0.25B:0.75P 0.97¢ 3.09¢ 33.857 41.01° 10.312 15.0920 4.018 5.70°
0B: 1P - 2.67¢ - 43.312 - 16.422 - 6.10%

b e o tre 0oyd B Jloixl mhaws ;8 LSD (5031 olil 5y caijlo 5 e By o a5 Sl naSilios cp IS oy 1 40 g s gk 5l plaS 2 o

Joada; ug el P oy B

At each copper level and each column, means with the same letters are not significantly different based on LSD test at 5% probability level.

B: bean, P: redroot pigweed
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Table 3. Analysis of variance (Mean of squares) for the effects of copper doses and replacement intercropping ratios on
the concentration of copper, potassium, phosphorus and magnesium in the leaf of common bean and redroot pigweed

. o il iy L o e L
Ol s’ 2bo ’:T Cu concentration K concentration P concentration Mg concentration
ol . . . . . . . .
S.O.V. ¢ o f) Lug! REYegd Lug! w9l Lug! o9l Lug! el
Bean Pigweed Bean Pigweed Bean Pigweed Bean Pigweed
Cuﬁﬁu) 2 5656.60"™  106648.3™  126219897.7"" 2268921825  21303501.48™  70585483.1"  3363293.10™  18927512.22""
byl s
Sl 3 197.13" 2421.59™ 1195289.4" 2890495.6" 405366.44" 494924 9" 26087.96" 100893.20™
Replacement
(R
Lz I
gu N ‘F; 6 47.74™ 944.76™ 2901123" 4768382.3™ 846536.59™" 1161090.5™ 191495.86** 209730**
I;Lr—rg‘r 24 12.55 103.33 1099560.9 630610.9 208686.17 175869.9 14807.60 15554.23
Oy gy
(22,9) 10.68 9.33 3.68 1.94 4.88 3.33 291 2.25
CV (%)

o) 5 ooy Jleil sl (o s cre gl sixepd i 5y FF 5 * NS
ns,* and **: Not-significant and significant at 5% and 1% probability levels, respectively
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Table 4. Mean comparisons of the effect of replacement intercropping ratios on the concentration of copper,
potassium, phosphorus and magnesium in the bean and pigweed leaves under different copper doses
(Analyzed based on a completely randomized design)

e Tk Al slodind Cu concentration K concentration P concentration Mg concentration
Cudose ~ |eplacement (mg/g DW) (mg/g DW) (mg/g DW) (mg/g DW)
(M) mterrt;l;ci)cf)spmg Lagl w95l Lag! w95l Lag! w95l Lag! 95Tl
Bean Pigweed Bean Pigweed Bean Pigweed Bean Pigweed
1 1B:0P 0.0132 - 32.69% - 11.00% - 5.012 -
0.75B.0.25P 0.0132 0.0192 32.00% 46.21° 10.71% 15.70% 4.822 7.032
0.5B:0.5P 0.0112 0.0182 31.48® 45.80? 10.31% 15.40° 4.61° 6.99%
0.25B :0.75P 0.0112 0.0182 30.88° 45,01% 10.11° 15.01% 4.47° 6.80°
0B: 1P - 0.0162 - 44.20° - 14.60° — 6.60°
25 1B: 0P 0.0372 - 27.35° - 9.00.5B - 3.90° -
0.75B: 0.25P 0.035% 0.1162 28.00% 39.31° 9.41% 11.52¢ 4,00° 5.11¢
0.5B:0.5P 0.030% 0.1082® 28.61%® 40.20° 9.902 12.00% 4.26% 5.30°
0.25B:0.75P 0.028°¢ 0.099%° 29.342 41,07% 10.00% 12.40% 4.352 5.40°
0B: 1P - 0.088° - 42.15% - 12.80% - 5.702
50 1B: 0P 0.065% - 24.11° - 7.20° - 3.44¢ -
0.75B:0.25P 0.060% 0.242 24,98 38.312 7.68% 9.73¢ 3.60° 4.11°
0.5B:0.5P 0.050° 0.205B 25.50% 37.02% 8.23%® 10.75% 3.79% 4.20%
0.25B:0.75P 0.045° 0.19¢ 26.532 36.01% 8.50? 10.54% 3.86% 4.41°
0B: 1P - 0.16¢ - 35.12¢ - 11.20° - 4722

3ay3ai ) eyl P dog B asl e o dine 9o ps b Jlaisl gxlaw 50 LSD 5051 ool 3l S e g, 4 olaySilin oy M (g5t 58 50 3 o zglans 5l IS 5o o
At each copper level and each column, means with the same letters are not significantly different based on LSD test at 5% probability level. B: bean, P: redroot
pigweed
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Fig. 1. Dry weight of bean (left) and pigweed (right) under copper doses and substitute intercropping ratios of bean

and redroot pigweed
At each copper level, means with the same letters are not significantly different based on LSD test at 5% probability level. B: bean, P: redroot pigweed
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Table 5. Analysis of variance (Mean of squares) for the effects of copper doses and replacement intercropping ratios on
the translocation factor of common bean and redroot pigweed (Analyzed based on a 3 x 4 factorial layout)

TF
S.0.V. df Bean Pigweed
oo il 2 1.23" 1.57"
Cu dose (Cu)
il bglses cus 3 0.001" 0.005"
Replacement (R)
Jlize 3l 6 0.0002m 0.002ns
CuxR
byl eleal 24 0.00085 0.001
Error
(30,0) Sy g o 8.54 11.89
CV (%) ' '

aoyo) 500,00 Jlatal zaka 4o s fxe 5 40 cxe ol ganFE g * NS
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively
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Fig. 2. Copper translocation factor of pigweed under copper doses (top) and replacement

intercropping ratios of bean and pigweed (down)
Means with the same letters are not significantly different based on LSD test at 5% probability level.
B: bean, P: redroot pigweed
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Introduction

Soil contamination with heavy metals is one of the most serious problems in the agricultural
environments. Due to excessive injudicious and unregulated use of agrochemicals such as pesticides,
bactericides and fungicides, which contain Cu as an active component, contamination of agricultural soils
with Cu is often occurred. In many plant species, excess copper (Cu) toxicity is an important disorder that
limits uptake and accumulation of mineral nutrients. The root system of crops in contact with the roots of
neighbor plants (crop or weed) has different characteristics in terms of heavy metals adsorption compared to
the pure stand of crops. The position of the roots of heavy metal accumulator weeds may affect the
absorption of such metals by adjacent crops in infected conditions. The heavy metal accumulator weeds by
reducing or evacuating metals from the rhizosphere of the adjacent plants, cause the plants to be immune to
the toxicity of metals. Biomass reduction is a dominant effect of copper toxicity in plants. Application of
high copper doses (50 and 75 pM) in nutrient solution, decreased the dry weight of common bean plants in
comparison with control. Contamination of soil can affect ecological interactions between plants such as the
weed-crop competition. Positive plant-plant interactions are expected to be especially beneficial under high
abiotic stresses and therefore, the facilitation effects could be enhanced by increasing stress intensity. Weeds
possess the ability to accumulate heavy metal and nutrients, in comparison with crops. The role of nurse
plants in facilitating plant community has been applied in severe conditions. Metal hyper-accumulator plants
have a positive effect on co-occurring species in met al-rich soils. Redroot pigweed (Amaranthus retroflexus
L.) is a serious weed, which affects common bean production. Amaranthus retroflexus and Amaranthus
spinosus are known as metal accumulators. We hypothesized that in contaminated fields, the effects of heavy
metals on crop growth may be modified by the presence of a metal accumulator weed such as redroot
pigweed.

Materials and Methods

To investigate copper uptake and accumulation of mineral nutrients by common bean in association with
redroot pigweed under excessive copper conditions, a factorial experiment based on a completely
randomized design with four replications was carried out in a research greenhouse of Bu-Ali Sina University
in 2016. Experimental factors were three Cu doses of 1 (control), 25 and 50uM CuSO, and five replacement
intercropping ratios of bean (B) and redroot pigweed (P) (1B: OP, 0.75B: 0.25P, 0.5B: 0.5P, 0.25B: 0.75P,
0B:1P). The experiment was carried out in a hydroponic condition. 15 days after seedling establishment, the
seedlings of both plants were transferred to the hydroponic conditions with a Hoagland solution, and Cu
doses were applied in the Hoagland solution. 30 days after growing the plants in above condition, biomass
dry weight and concentration of Cu, K, P and Mg in the leaves and roots of both plants as well as copper
translocation factor were determined.
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Results and Discussion

The results showed that under three doses of copper, the highest concentration of copper in bean was
obtained in sole crops, and with increasing replacement intercropping ratios of pigweed, the copper
concentration was decreased in bean. In pigweed, the highest concentration of copper was observed in
0.75B: 0.25P proportion. At 1uM CuSQs,, potassium concentration in the roots and the leaves of bean in
0.25B: 0.75P proportion, was decreased by 7 percentage in comparison with that of the sole crops, and at 25
UM CuSQq, by 10 percentage and at 50 uM CuSQs, by 15 percentage were increased compared to the sole
crops, respectively. At 25 uM CuSO., phosphorus and magnesium concentration in the roots of bean in
0.25B: 0.75P proportion was increased by 17 and 18 percentage, and at 50 uM CuSQ,, by 21 and 26
percentage, respectively in comparison with the sole crops, respectively. Association of pigweed to the bean,
decreased Cu pollution in bean plants, which could be related to the balance of nutrient elements uptake by
bean under excessive copper conditions. Under excessive copper conditions, the higher copper uptake by
pigweed, improved the growth of bean.

Conclusion

The results of this study showed the facilitative effects of pigweed plant in decreasing the Cu toxicity
stress effects to the bean and indicated that pigweed could be as a potential Cu accumulator to improve bean
plant growth under the Cu stress. Here we showed that the presence of some heavy met al accumulator plants
such as pigweed in common bean farms, might be a useful practice in contaminated soils. In addition, these
facilitation effects of such weeds, emphasize ecological management of weeds rather than weed eradication.
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