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Article Info ABSTRACT
Avrticle type: Background and Objectives: Soil pollution with heavy metals and its
Full Length Research Paper  transfer to agricultural products is expanding as a global problem.
Cadmium is one of the heavy metals that increase its concentration in the
Article history: root_environment of the plant causes metab_olic disorders _in _the pla}nt.
Received: 08.16.2021 S_tudle_s haye shoyvn thgt the_ use of_mtercroppmg sys';ems while increasing
Revised: 10.04.2021 diversity, mcreasmg_yleld, improving resource eff|C|ency_, reducing weed
Accepted: 10.30.2021 damage, pests and diseases(such as Uromyces and Botrytis of faba bean),
increasing the stability of the system follows. This study investigates the
effect of different levels of cadmium on plant pigments as one of the

Keywords: effective factors in the process of photosynthesis, as well as the amounts of
Antioxidants, phenol and flavonoid compounds and antioxidant activity in legumes (faba
Cadmium, beans and garden pea) and potatoes in monoculture and intercropping.
Flavonoids,

Phenol,

Materials and Methods: The pot experiment was carried out as a factorial
based on a completely randomized design with 4 replications at Gaemshar
Agricultural Research Station, Mazandaran province during two agronomic
seasons 2018-2019. Treatments were included planting pattern at five
levels of monoculture potato, faba bean, garden pea and Intercropping
(potato+faba bean), (potato+ garden pea) and five cadmium concentrations
of 0 (control), 5, 10, 20 and 30 milligrams of cadmium per kilogram of soil
as cadmium nitrate was added to the soil. For this purpose, methanolic
extract was prepared from the dried leaves of the studied plants. Total
phenols and flavonoids were assayed by spectrophotometry and the
antioxidant activity of the extracts was evaluated by free radical
scavenging methods (DPPH). Statistical analysis was performed using SAS
software and comparison of means was performed by Duncan's multiple
range test at the level of one and five percent probability and graphs were
drawn using SigmaPlot and Excel software.

Pigment

Results: The results showed that different cadmium concentrations had a
significant effect on the amount of photosynthetic pigments (P<0.01). The
reduction trend of chlorophyll a, chlorophyll b and carotenoids was
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plinomial. With the application of the highest level of cadmium (30 mg of
cadmium in the soil), carotenoids, chlorophyll a and chlorophyll b were
significantly reduced. In concentration of 30 mg of cadmium in soil, the
amount of chlorophyll a in the faba bean reached 3.84 mg/kg soil. In other
words, with increasing the concentration of cadmium in the soil, the
amount of chlorophyll a decreased by 83.07%. The decrease in total
chlorophyll due to cadmium may be due to the inhibitory effect on the
activity of its molecules. Total chlorophyll of faba bean with increasing
concentrations of cadmium (from 5 to 30 mg soil) was a significant
decrease. The sensitive treatments to increasing cadmium concentration
were faba bean (7.66 mg/kg soil), potatoes (9.19 mg/kg soil) and garden
pea (9.28 mg/kg soil), respectively. Analysis of variance showed that the
effect of cadmium on flavonoid content, phenol and antioxidant capacity was
significant at the level of 1% probability. In this study, faba bean plant had
the highest mean of phenol (0.1643 mg que/g DW) and intercropping culture
(potato+ faba bean) had the highest flavonoids (0.00814 mg que/g DW) and
antioxidant (56.03%) obtained in the treatment of 30 mg of cadmium per kg
of soil. The highest amount of flavonoids among plants was (0.8008 mg
quercetin per gram of dry weight) of faba bean plant. In general, with
increasing cadmium concentration in all five treatments of the cultivation
pattern, including (monoculture potato, faba bean and garden pea and a
mixture of potato + faba bean and potato + garden pea) there is an increasing
trend in the amount of phenol, flavonoids and antioxidant capacity.

Conclusion: The results of the present study indicate a significant
difference between the different treatments in terms of the total amount of
phenolic and flavonoid compounds that the existence of such diversity can
indicate the role of plants and genetics in the production of these
compounds. With increasing the concentration of cadmium, the amount of
chlorophyll a and chlorophyll b pigments was significantly reduced. In
general, from the findings of this study, it can be concluded that these
plants, cadmium toxicity in all three plants led to the induction of phenolic
compounds.
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Fig. 2. Regression relationship of Chlorophyll b in
response to increasing soil cadmium concentration.

Fig. 1. Regression relationship of Chlorophyll a in
response to increasing soil cadmium concentration.
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Fig. 4. Regression relationship of Carotenoid in
response to increasing soil cadmium concentration.
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Table 2. Combined analysis variance of phytochemical properties of potato, faba bean and garden pea plant in

monoculture and intercropping under different levels of cadmium.

Sl o Sk
Mean Square
= s
K1 RO P ; e
o Saiish JSUs SaisS JSgis buss agils sl Sy
) 5? Total Total Total Total Chlorophyll  Chlorophyll DF
Antioxidant flavonoid phenole  carotenoid  Chlorophyll b a
activity
- o * . * . . L
4772 0.00646 4.303 0.532 3.305 71.579 30.414 1 J
Year (Y)
Lo 1 S5
2.284 0.000001 0.688 0.041 0.688 0.957 0.862 6 Jels
Replication x Y
Hk ok ok * sk ok P csls 6)<H
5.155 0.000018 9.486 0.146 9.487 3.851 3.5646 4 .
Planting Pattern
ok ok . ok * ok s
4.850 0.000026 38.521 0.045 " 38.522 2.0273 16.427 4 = .
Cadmium
eedlS X 238 58
3.362" 0000025 8425  0.098" 8.425” 1.798" 2615" 16 planting Pattern x
Cd
Jl x cusls k;}(ﬂ
8.284 0.000011"  6.353 0.058" 6.353 0.627" 3.198 4 Year x Planting
Pattern
- - - " - " wx L s
4529 0.000039"  26.160 0.221 26.160 1.998 11.914 4 T s
Year x Cadmium
X cusls 6)<“
3.166" 0.000026"  6.182" 0.072"™ 6.183" 1.649" 1.7711"” 16 Jle X sl8
Planting Pattern x
CdxY
- oLl
0.0001 0.000006 1.268 0.067 1.268 0.647 0.678 199 ’
Error
13) S kS o o
2.28 1.02 10.26 23.36 10.41 21.42 13.85 (22) Sl o

CV%

* ** and ™ respectively significant at 5%, 1% level of probability and not significant respectively
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to increasing soil cadmium concentration.
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Table 3. Mean comparison of Chlorophyll a, Chlorophyll b, Total Chlorophyll, Total carotenoid,

Total Phenol, Total Flavonoids, Antioxidant Activity of potato, faba bean and garden pea plant
in monoculture and intercropping under different levels of cadmium.

o Js BRI
BRI et e e . .
g T U bdas adss S
s Total sl S
Flavonoids Phenol Total Chlorophyll  Chlorophyll Cd
(4252) (mg que/ (mg Total Chlorophyll b a Planting Pattern Concentration
Antioxidant %3\,) 9 oAEjg caotenoid  (uggDW)  (uggDW)  (ug/gDW) (mg kg™)
activity (%) DW) (ng/g DW)
) ) ) e 2SS
31.10°¢ 0.00742%  0.1579 % 0.960 *© 10.62 1 3.68 % 6.02 4" eI
Monoculture Potato
ML S SS
b-¢ -h b -
37.77%¢ 0.00757 © 0.1564 ™ 1.116° 13.352 4972 7.03 ¢ Monoculture
FabaBean
38525 000754°"  0.1502°°  0.745% 13.78° 452% 7470 Hp S
Monoculture Garden Pea 0
ML+ s s b gl
32.60 °* 0.00749 " 0.1590 ¢f 1.013%® 12.09 4.34°%9 7.07% T -
. . . . : . : Inter cropping
(Potato+FabaBean)
S0t e je bl
35.42 ¢ 0.00741"™  0.1585 9 0.964 *© 12.36 % 3.78¢ 7.23% T -
. : ' : : ' ' Inter cropping
(Potato+ Garden Pea)
; ; ; s s S ST
31.60 *¢ 0.00771°  0.1586 *9 0.793 ¢ 10.23 %1 3.35" 5.96 ° IS
Monoculture Potato
Wik, 2SS
b- X b - d-f b-f d-h
39,52 ¢ 0.00766 “°  0.1549 0.694 *¢ 11.38 414 6.08 Monoculture
FabaBean
4283%  0.00744% 015819  0.508°* 12.63" 488 6.81 Hp S
Monoculture Garden Pea 5
DI A
38.14%  0.00753%"  0.1587%¢  0.793%*¢ 12.01% 4.26°%¢ 6.43 1 T -
' : : ' ' : ’ Inter cropping
(Potato+FabaBean)
F e bl
39.67 >¢ 0.00746 " 0.15717™ 0.729 ¢ 11.402 ¢ 3.76 1 6.64 "¢ S
Inter cropping
(Potato+ Garden Pea)
) ; . s S ST
36.80 ™¢ 0.00759°%  0.1549" 0.676 *© 10.23 %i 3.36 5.82 T
Monoculture Potato
Wb, 2SS
b- d - » ’ . £
38.12 ¢ 0.00770 © 0.1569 '™ 0.656 *¢ 10.74 &9 4.01°9 5.84 Monoculture
FabaBean
41.63% 0007311  0.1503% 0452 % 10.48% 3.80 " 597 ¢ Fpa S
Monoculture Garden Pea 10
Wl + e s Lo gl
4394%  000753%"  0.1568%™  0.753%*¢ 11.72°¢ 3.80°" 6.27 9 S -
. : . : . . : Inter cropping
(Potato+FabaBean)
+ e bl
38.82 ¢ 0.00758 " 0.1566 ™ 0.579 ¢ 10.74 % 3.50° 5.76 S o g

Inter cropping
(Potato+ Garden Pea)
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Continue Table 3.

s Js Js s
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s TEEE T R s g e
Flavg:%i i Phenol &5 Total Chlorophyll  Chlorophyll S S cd
(4s3) (mg que/ (mg Total_ Chlorophyll b a Planting Pattern Concentration
Antioxidant D0 GAElg  CaONOid  (ug/gDW)  (uggDW)  (ug/aDW) (mg kg?)
activity (%) DW) (ng/g DW)
j i i ; s Y G ST
45.28 °* 0.00755°"  0.1576 " 0.469 * 10.07 ¢ 3.07 M 5.77 M I
Monoculture Potato
Wb 2iS S
4055 *° 000792° 015819  0.615"° 10.50 378" 5.45 " Monoculture
FabaBean
4530%  0.00757°"  0.1586%¢  0.416% 10.36 ¢ 3.269 5.61 o R S S
Monoculture Garden Pea 20
) ) ) ML+ e g b gle
47.14%°  0.00745"  01599%  0.710*° 10.26 9 374 5.42 " Inter cropping
(Potato+FabaBean)
+ e byle
47.07 0.00765°"  0.1591 ¢ 0.396 % 9.88 ¢ 3.45¢ 5.42 S e g
Inter cropping
(Potato+ Garden Pea)
; ; s s S ST
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S+ e s bl
u N y w "
56.03 2 0.00814°%  0.15744' 0.626 ¢ 9.85 9 3.68 %1 5.13 Inter cropping
(Potato+FabaBean)
+ et bl
42.40 % 0.00768 “°  0.1575 ™ 0.241° 9.86 9" 3429 5.38 " JESPEIPES
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Means with at least one similar letter have no significant difference at 5% of probability level based on Duncan's multiple

range test
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