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Abstract
Background and objectives: Plants have many defense systems to overcome stresses,
especially heavy metals. Some heavy metals are part of pigments and enzyme compounds and
are also essential elements. In concentrations higher than plants' physiological needs, they are
toxic for plants, but some heavy metals such as cadmium and lead are even unnecessary. At low
concentrations, they harm plants, and for this reason, heavy metals are considered
stressors. Based on this, it is imperative to investigate these metals' effects on plant oxidizing
enzymes' activities.
Methodology: In this research, in order to investigate the reaction of oxidizing enzymes and
non-oxidizing factors against the stress caused by cadmium (Cd), the required artichoke after
being prepared from the mountains of Kurdistan in the presence of phosphate buffer, pH 7 and
PMSF 0.02 solution as Protease inhibitor was homogenized and after centrifugation at 3000 g
and 15000 g, the upper clear solution was used as a crude extract and for subsequent
measurements. In the performed tests, the effect of different concentrations of cadmium chloride
(CdCl) were measured on the content of proline (Pro), phenolic compounds (Ph.C) and the
activity of antioxidant enzymes such as phenyl-alanine-ammonialyse (PAL), catalase CAT),
superoxide dismutase (SOD), ascorbate peroxidase (APX), guaiacol peroxidase (GPX) and
polyphenol oxidase (PPO) of artichoke root. This project was carried out in the form of a
completely randomized design in three replications in vials containing three milliliters of
artichoke root extract with seven treatments, in which the first group was treated as a control in
the presence of distilled water only. The second group was exposed to 0.25 mM CdCl,, the
third, fourth, fifth, sixth, and seventh groups were exposed to 0.5, 1, 2, 5, and 10 mM CdCly,
respectively, for 10 minutes. The samples were treated at room temperature of 20 to 25 degrees
and 10 minutes of natural light. Then, the activity level of each antioxidant enzyme and the level
of Pro and Ph.C was measured separately. In this research, at first, the distribution diagram of
the data (enzyme or protein activity against different levels of Cd) was drawn, and then various
linear and non-linear regression equations were used to fit the data. In the next step, according
to the best type of equation and analysis of the response type of GPX, SOD, APX, protein, Pro
and Ph.C was used from nonlinear regression analysis (power, hyperbolic, asymptotic
exponential and asymptotic growth models) and to express the response of enzyme activity of
PPO, CAT and PAL to different levels of Cd were used from the beta model.
Results: All models indicated Cd's stimulating effect on the studied enzymes. The research
results showed that the activity of all SOD, APX, CAT, PPO, GPX, and PAL enzymes as well
as the content of Pro and Ph. C increased significantly after Cd treatment. Using five non-linear
regression models, the highest activity of APX enzyme at a concentration of 4.6 mM
(asymptotic exponential model), GPX enzyme at a concentration of 12.3 mM (asymptotic
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exponential and asymptotic growth models), SOD enzyme at 14.3 mM (asymptotic growth
model) was interpolated. In addition, the most production of Pro and Ph. C was obtained at
concentrations of 13.6 and 14.3 mM Cd using the asymptotic and asymptotic growth models,
respectively. The highest activity of the PPO enzyme was at 8 mM, CAT at 4.8 mM, and the
maximum activity of PAL was at 1.4 mM. The results showed that Cd, due to the induction of
oxidative stress and the increase in free radical production, leads to an increase in the content of
proline, phenolic compounds, and the activity of antioxidant enzymes in artichoke roots. Further
changes in the activity of these enzymes during growth indicate the presence of enzymatic
regulatory mechanisms in artichoke roots against heavy metals such as cadmium. Enzymatic
antioxidant defense systems, Pro and Ph. Cplaya crucial role in the response of
artichoke roots to heavy metal cadmium stress.

Conclusion: In general, results showed that Cd, due to the induction of oxidative stress and the
increase in free radical production, leads to an increase in the content of proline, phenolic
compounds, and the activity of antioxidant enzymes in artichoke roots. Further changes in the
activity of these enzymes during growth indicate the presence of enzymatic regulatory
mechanisms in artichoke roots against heavy metals such as cadmium. Enzymatic antioxidant
defense systems and Pro and Ph. C are crucial in the response to heavy metal cadmium stress of
artichoke roots.
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Table 1. Power model coefficients in response of GPX, SOD, and APX enzymes activity and proline or
phenolics content of Gundelia tournefortii roots to different cadmium levels

Enzyme atse bxse Pmodel
GPX 3.49 £0.07 0.11 £0.011 0.001

SOD 3.65 £0.04 0.16 +£0.0006 0.001

APX 3.18 +£0.05 0.07 £0.007 0.001
Proline content 46.54 £1.39 0.2 £0.01 0.001
Phenolics content 46.76 £0.34 1.24 £0.15 0.001

GPX: Guaiacol peroxidase, SOD: Superoxide dismutase, APX: Ascorbate peroxidase; Y=aX"
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Table 2. Hyperbolic model coefficients in response of GPX, SOD, and APX enzymes activity and proline
or phenolics content of Gundelia tournefortii roots to different cadmium levels

Enzyme atse k*se Pmodel
GPX 5.45 +0.33 0.186 £0.09 0.001

SOD 3.24 £0.15 0.34 £0.109 0.001

APX 4.5 +0.317 0.11 +0.06 0.001
Proline content 79.26 £3.90 0.57 £0.12 0.001
Phenolics content 59.45 +4.44 0.16 £0.08 0.001

GPX: Guaiacol peroxidase, SOD: Superoxide dismutase, APX: Ascorbate peroxidase; Y=aX/(K+X)
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Table 3. Growth exponential curve model coefficients in response of GPX, SOD, and APX enzymes activity and
proline or phenolics content of Gundelia tournefortii roots to different cadmium levels

Enzyme akse btse ctse Prmodel
APX 4.46 +0.029 1.74 +0.05 0.72 +£0.02 0.001
GPX 4.56 +0.10 1.93 +0.15 0.55 +0.07 0.001
SOD 5.62 +0.13 3.09 +£0.16 0.69 +0.04 0.001

Proline 76.56 +£0.95 52.30 £1.34 0.65 +0.04 0.001

Phenolic content 61.45 +1.12 24.01 £1.43 0.72 £0.02 0.001

GPX: Guaiacol peroxidase, SOD: Superoxide dismutase, APX: Ascorbate peroxidase; Y=a-bc*

A wiy; J5 bS5 5 ol n slsme 5 APX 5 SOD GPX sl 55T colad iy 53 ibne Sl Joo 1o = Jsox

p o038’ iz 75k 4 (Gundelia tournefortii)

Table 4. Asymptotic exponential model coefficients in response of GPX, SOD, and APX enzymes activity and
proline or phenolics content of Gundelia tournefortii roots to different cadmium levels

Enzyme X0se atse kse Prmodel
APX -0.76 £0.06 4.46 +0.02 1.22 +0.09 0.001
GPX -1.47 £0.37 4,56 0.1 0.58 +0.12 0.001
SOD -1.62 £0.3 5.62 £0.13 0.36 £0.05 0.001

Proline -0.76 £0.06 76.56 £0.95 0.54 +£0.04 0.001

Phenolic content -2.24 £0.44 61.45 £1.12 0.41 £0.07 0.001

GPX: Guaiacol peroxidase, SOD: Superoxide dismutase, APX: Ascorbate peroxidase; Y=a[1-e*>?]
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Table 5. Beta model coefficients in response of PPO, CAT, and PAL enzymes activity and proline or
phenolics content of Gundelia tournefortii roots to different cadmium levels

Enzyme Deltatse Cetse CmaxEse Cotse Emaxzse Pmodel
PPO 0.22 £0.12 20.58 £1.00 8.00%£1.51 0.17 £0.05 2.68 £0.041 0.001
CAT 1.17 £0.2 27.51 £5.6 481 +0.4 0.15 *0.05 0.446 *£0.009 0.001
PAL 21*14 28.11 £2.80 4.09 £0.16 0.04 +£0.017 0.32 £0.004 0.001

PPO, polyphenol oxidase; CAT, Catalase; PAL, phenylalanine amonialyase

33 (CV) &lasd 5 (D) Gism S 5 s (@) T 5 (28 «(R?) trasd s (RMSE) Uas Silay o o ilos L =5 Jsos
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Table 6. Root mean square error (RMSE), coefficient of determination (R?), intercept (a), regression slope (b),
and coefficient of variation (CV) in Beta model based on PPO, CAT, and PAL activity results of Gundelia
tournefortii roots under different cadmium levels

Enzyme a+Se b+Se R? RMSE cv Puaiue
PPO 0.34£0.17 0.83%0.08™ 0.83 0.18 8.95 0.0001
CAT 0.029+0.01 0.95+0.095™ 0.94 0.02 9.4 0.0001
PAL 0.07£0.03 0.87+0.15™ 0.87 0.03 14.30 0.003

**: significant at 1% probability level; PPO: Polyphenol oxidase, CAT: Catalase, PAL: Phenylalanine amonialyase
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Table 7. Root mean square error (RMSE), Coefficients of determination (R?), Intercept (a), Regression slope (b),
Correlation coefficient (r) and Coefficient variation (CV) in Hyperbolic, Power, Asymptotic growth curve and
asymptotic exponential models in according to results of activity of GPX, SOD or APX and content of proline or

phenolics of Gunnera to different cadmium levels

Enzyme Models a%Se b+Se RMSE R? CV  Puaw AlCc A

Hyperbolic -1.93+0.88™ 1.43+0.23 089 63 2655 0.0001 414 2456

GPX Power -2.1+0.84" 1.47£0.22" 0.38 67 2523 0.0001 3.70 25.0
Asymptotic growth curve 0.31+0.25* 0.91+0.06™ 0.25 89 6.9 0.0001 -20.86 0.0
Asymptotic exponential 0.31+0.25 0.91+0.06™ 0.25 89 6.9 0.0001 -20.86 0.0

Hyperbolic -1.49+0.55" 1.31+0.13™ 0.78 81 2062 0.0001 178 20.82

SOD Power -1.45+0.50™ 1.28+0.11" 0.25 84 18.87 0.0001 0.39 19.43
Asymptotic growth curve 0.25+0.19 0.93+0.04™ 0.27 95 6.74  0.0001 -19.04 0.0

Asymptotic exponential 1.88+0.17* 0.49+0.04™ 0.24 89 6.29 0.0001 -0.56 18.48

Hyperbolic -4.12+0.87 1.98+0.22" 069 78 1933 0.0001 371 4768

APX Power -3.13+0.78 1.56+0.19™ 4.86 73  23.04 0.0001 7.73 51.70

Asymptotic growth curve -0.07+0.39 0.92+0.09" 0.30 80 8.75 0.0001 -8.74 3522
Asymptotic exponential -0.01+0.11 1.0£0.02* 0.09 98 230 0.0001 -43.96 0.0

Hyperbolic -15.42+4.43™ 1.22+0.07™ 7.69 92 1552 0.001 5130 25.98

Proline Power -10.31+5.47 1.1340.09™ 2.75 86 19.05 0.001 5255 27.05
Asymptotic growth curve -0.98+1.39 0.98+0.02** 4241 99 454  0.0001 25.05 0.0

Asymptotic exponential -0.03+1.40 0.99+0.02* 244 99 464 0.0000 2513 0.08

Hyperbolic -33.36%12.46"  1.58+0.24™ 1146 65 2529 0.0001 58.05 31.49

Phenolic Power -37.55+11.36 1.66+0.22*" 4.86 71 2117 0.0001 57.50 30.49
content Asymptotic growth curve 4.70+2.81 0.92+0.05™ 2.59 92 511 0.0001 28.55 1.99
Asymptotic exponential 2.17+2.79 0.94+0.05 2.56 93 521 0.0001 26.56 0.0

* and **: significant at 5 and 1% probability levels, respectively; AlCc:Corrected AIC coefficient ; A;: Difference between AICs of models



ol LS W S 518 (YY) o, 5 Eskandari
03,8 1oy el 3l ol 55 ol et ol o smenlS e
A8 el ool ol i ) cnl @l b es
2 ded oSl baanl pos Sl b pselS
G b 3 e silie S sl 5 g s slaelid
SaSly o5 pll s (a5l s o 55 i
53 58laeS] 25 s 4 e 5 el Sl Jske 5o )
(Amani & Alizad-Salteh, 2020) s 5 s oS
53 il alad s cilowe ) lade Sl esliad s
alin WS GPX 51 el jSlis sl ] ol
LK oo 0o YU slbre ol Jae s el oy
e Sl 4wl el pad Koy cs e oles
027 )8% £33 1 53 GPX s o iy Ko 255
Colles &-’-;& bw;) 4 2 c\-u GOV RV
sgme 5l celSs 55 Glg das elel  APX sy 5
ki leﬂ-w L p—.’.jﬂ b o G S5 daly 00
pe.;j el il 3l adgl cas &S g, sba s r#*‘s
S S pamslS chle Gl ol Blie 55 APX
45 2l GPX 5 SOD 51 (sl st olbpsss Jls
4 APX 5T S adyl Comlis 5l il 5550 o
s 2l s GPX &4 s Lame 3 rﬁﬂﬁ\s Bre-T
5 GPX 5l b o iy 4 3l ol 5 Jdda Jos
2wl e e h pas Koy cs e olea
SOD 5 GPX w5l 53 4 o el o5 Jie il
TYUE UL { IV IS R RPN
095 it AE o0 353 o gelm Lame o p5eadS ) g2
« pd..)ﬂ VL el (oo L &l oo e ol
4 SOD el mhae funly o)y ] Sy sl
S ol ol Gl e b paedlS aile Gilis Sk

S APX w51 55 4 o 5l c e nl 5l adsl s

Yoooles Fe sl ol lome 5 posls LS Ol anldas

il oS sl ijh S 3,050 3 Olidss s
DRSS oo 53 s lem o 535 B8 O)p0 50
sy S Sl o 3l slacdls  ant L Soslul o
o= =0 Oz S5 455 3 ool ey ol sl aals
Rezaei & Soltani, ) cuul o gm £ 4525 (olal » S
oles ble Wl (rs, cnl 5 sl )00 5 (1998
bl A e aie hle sy ) SIS S 5
B R R T
sl Aoy s b S Gl -l dal) £
Ll i 5 e =Y 5 5@ bl ) Ol 5 ool &
G o) s (Soltani, 2006) ¢ sew S5 452 5 ssliza
3 3T b aasls 281, sl sl s 5
Al Gl s ) f}k"’\S iz C:JM Jlas 5o
szl s 2y s g S5 S ¥olas g1l 51 sl
23 alal RS Ol 4 g b g r\f BEIRES
@-%e.jﬂ Sl el 75 Judoina 2 ol (e
s ) S slame s osn GPX APX SOD
il 25 i 5 sl Sl e e S
éupe.ﬁ Sl el o5 oo 6l s (il a2, 5
by Jue 5l pspeslS Ciliie - 5k 4 PPO , PAL CAT
e eslaza
p ol SaSS v J1 5 ulSs s e o
S i el 5 g e 3,00 bl s
s AMENT @l | gl 55 Aty 3 oS pars
olad liime & cu g (YeY-) Alizade-Salteh
S5 Moa p ol onsa RCCOMICH FIFRU EI P
o] ‘_;SM oS Lwﬁ Cdx 5 S s ol @\Jy )
che > SSdars cbanld s Slaw 4 b
(Khatamipour et al., 2011) s,z JoSse 5 Jslo



Slaasl 1 g3 e U5

Cer 0 ol s mlpl s PAL 3l el

PAL 15 ol am s BB 55 J lgma 0305 2] 3
b ) S eop duslsn S e S5ED Glsea
« (Phenylalanine Deamination) - oY1 ks ¢ geeslisels
4 =~ (Trans Cinamic Acid) sl Sl il 5
b8 n paredlS L anlsn 5o 8 (slsime o )31
o sl 5l (S pose S s 1) s i
Sl e wle, plxl 4 oS 0 sl e
L axlse 53 55 GPX 5 SOD 5 CAT wsle jlaS] sl
e 331 SIS, Gds L b wly il 31 5 seeolS
L il oS 5 aims plndl 1 olS 51 gl a2l 5 a5
S S i |y Jole polans) (i YL assly
S SS wlsie oS sbasy, bug ppmslS Gix
Saie ol e 1 oale, Jilis 4 e bl
5SOD GPX wile a5l el o )30 s,
Sl sl sbglansl sl 8 515 APX
LROS Ss8 m olsieas Lad s 5 Js 35 S5 5 ol
ol pgpenlS ] ol 4 oS b sty s
5o Ol >, s (Solanki & Dhankhar, 2011)
w3l Cdl Bl s Sl slaas il 5l eyl
Amir Gilaki & ) 5. )8 LS s wals 4 e GPX
by 5 o R ale e (Mahmoodzade, 2016
(Y-\+) o,& 5 Behtash 5 (Y-\)) o,\Saa 5 Chen
oS 3 S b s Sodae ol s S
slaedle s 5 sl el o ol ol s
ol 3wl ol 5 WS (S5 dsm 5 (S5 s
cdas 2l 5l gan b Jas 8 Joe 08 5 oS
e b ol s S5y e s S s s
S5 pstie 5 el al o Coanl (45 508

¢3S (Yin et al, 2003) cul ol o ) g2

ol YL el samsglas ) 5 eay iy GPX
Al 58 Flhe Jae oo ol pseesS e pé.)j
Dg miw APX 5 GPX 4 cos SOD oW
gty ‘f”’s 4 SOD iy cunlas o5,000)
crmar il wals o0 L wl el ana
52 SOD 51 b aipiy s 555 1 goas Sl
SLml 5l e il iy 5 il ol Jae 5
55 GPX 5 APX
2 550D il el iShas 4 pas Sisy s e
et a3 Jol= GPX 5 APX 5 i ol Jae 4l
& S SOD 5l el s w pad S5 S
w3 o) e adsl (o 3 5m s L GPX 5 APX 5T 55
S Gl Soly dilgige saial 3l 55 & Cod
aiy e 5o clle )3l 2 gl 4 SOD 5
Olyea oS 53 s s B Glsme haw 2l ) sl
Sl LS s gheSisl el el
poredlS a3l O L anlse s glas) T
a5 bl s Goslpan 5okt 4 olS ) LS,
s Sl 5l S Gl oSl Jle
G5 3l 51635 8 e s AL Gl aes
Jilis a1 ol Gl byl 8 de pslned]
Srole banlse 5o J6 glsme (3ol ale
2 el Blis bl 5l S e selS asle
Jde g 0 S S L 2 B s bt
ElF 4 Cad o Mg Gl Al ces 8 Gl
ol 0ol B Gl ol k) 5 il oS
o eSS azy; olas ) p5eedlS 55 58 S
el 4 iy 0 8 b (g 5 e 1)
Sl adsl ol 5o bS5 ol M5 ol (Sl e

S it b w3 SeaS s K s ealsn



Yyy

5 =l LG, K oleea wlsn bosls el sl
Sl s 4 Jols 2 Sl s (el
LS 5 sae g SeeS) GGl o bard s
silaeSl Gbownl 315wl Blas 4

w5l it Sl Jde e A8 LS Sl
Jae sl el a5 Gilme ol Jue 55 GPX

("i)j Sl b ws, Jae Joe o e SOD

S olde o L b il ol Jue 50 APX

RS T RN VWY oals LRl Jae R Q\}I&A.: Ai

s Sl ol Jae g a o slael ) olis &S
35 Sl s 0lSe w5 sl e s,

RTRCTTR IR te S JC SO P O NN g
FLY RYRPY g_,ubu ALy 9 g_,uLz.A v.:Lu J.o\.n 92 LbJA.A

el ol W g 5 ol mb eansayl

23 peeS il v...._<..~ e el 4 Gujjj.p
sl Jdsa ¢ seedlS WSl ce) asy, wd, b

b e L1 Il wdy Gl Bl s sslansl
3 LS'LJ g5\-hw.§j ‘U’J}J" 6\}.” U\J‘"‘ w_,\Js\
..njfdn J<S Ao o\.‘\*...S\u_:JT 6“(""}'1 el

References

- Amani, M. and Alizade-Salteh, S., 2020. Effect of
heavy metal stress (cademium) on morphological
and physiological chatacteristics of various
medicinal plants. Journal of Biological safety, 11(4):
49-76.

- Amir Gilaki, M. and Mahmoodzade, H., 2016.
Assesment of cademium effects on growth indexes,
photosyentetics pigments and some biochemical
parameters of Safflower. Journal of Plant
environmental Physiological, 11(44): 33-43.

- Bates, L.S., Waldren, R.P. and Teare, 1.D., 1973. Rapid
determination of free proline for water-stressstudies.
Plant and Soil, 39: 205-207.

- Behtash, F., Tabatabai, S., Malakooti, M., Sorouredin,
M. and Ustan, S., 2010. Effect of cadmium and
silisium on growth and physiological characters of

Yoooles Fe sl ol lome 5 posls LS Ol anldas

T ISy a5 a5 selanadl (i Wl sy
5 M SS s os s lae ol 1B 4 e
2 3 S S8 atyy el sl bl el
Wiy Jsb 5o Ll ol el olie Olas bl
aday O k;«e.)ﬂ b sl sem s samspla
R T P PN o Sl i e &S
I P RN PN | g RV 8> e
S s @;154&9.) oS c-\-’ 00 SIS i sazad 55

S a2l alS S
O S5 sladae &S e Wl IS 6 Sams ol sea

Jedowiga s sla gy el 5l S e
o) @bl s sl s e, Gln
2l pe.jj cdls Sl b Jboss b 5l sdew
L 5e rwé\s AL C;Jﬂw 23 o e S S
Sl G5 K a3 o Bty cal 3 il

Sl 5l Jalse (23 5 Sl m1 slag 5]

asey oolas 55 JB Gl 5 oy b sl e
S dels e Sl s 2l bS5l ;5
S S 35 p eSSl e iz Jolge 5 Ol 5
Sl 51 o 05038 5 53 oS 038 15 (o me o

VOO Oy T W JPS W VO

Beta vulgaris. Journal of Agricultural Knowledge,
2(1): 53-67.

- Bradford, M.M., 1976. A rapid sensitive method for the
quantitation ~ of  microgram  quantities  of
proteinutilizing the principle of protein-dye binding.
Analytical Biochemistry, 72: 248-254.

- Cakmak, I., Strboe, D. and Marschner, H., 1993.
Activities of hydrogen peroxide scavenging enzymes
in germinating wheat seeds. Journal of Experimental
Botany, 44: 127-132.

- Chen, X., Wang, J., Shi, Y., Zhao, M.Q. and Chi, G.Y.,
2011. Effects of cadmium on growth and
photosynthetic activities in pakchoi and mustard.
Botanical Studies, 52: 41-46.

- Eskandari, S., Yadegari, M. and lIranipour, R., 2017.
Assesment of accumulation amount of cademium
and Pb in medicinal plant: Alis calendula officials.



Slaasl 1 g3 e U5 YYY

Journal of Plant environmental Physiological, - Polle, A., Eiblmeier, M., Sheppard, L. and Murray, M.,
12(47): 76-92. 1997. Responses of antioxidative enzymes to

- Giannopolitis, C.N. and Ries, S.K., 1997. Superoxid elevated Co2 in leaves of Beech (Fagus Sylvatica L.)
dismutase. 1. occurrence in higher plants. Plant seedlings grown under a range of nutrient regimes.
Physiol, 59: 309-314. Plant Cell & Environment, 20: 1317-1321.

- Gill, S.S., 2010. Reactive oxygen species and - Rezaei, A. and Soltani, A., 1998. An Introduction on
antioxidant machinery in abiotic stress tolerance in Applied Regression. Industrial Isfahan university
crop plants. Plant Physiology and Biochemistry, 48: press, 294p.

909-930. - Shahid, M., Pourrut, B., Dumat, C., Nadeem, M.,

- Guo, T.G., Zhang, M., Zhou, F., Wu, Z. and Chen, J., Aslam, M. and Pinelli, E., 2014. Heavy-metal
2004. Effects of aluminum and cadmium toxicity on induced reactive oxygen species: phytotoxicity and
growth and antioxidant enzyme activities of two physicochemical changes in plants. Reviews of
barley genotypes with different Al resistance. Plant Environmental Contamination and Toxicology, 232:
Soil, 258: 241-248. 1-44,

- Hayat, S., Hayat, Q., Alyemeni, M.N., Wani, A.S,, - Solanki, R. and Dhankhar, R., 2011. Biochemical
Pichtel, J. and Ahmad, A., 2012. Role of proline changes and adaptive strategies of plants under heavy
under changing environments. Plant Signaling and metal stress. Biologia, 66(2): 195-204.

Behavior, 7(11): 1456-1466. - Soltani, A., 2006. Revision On Application Of

- Hsu,Y.T. and Kao, C.H., 2007. Heat shock-mediated Statistical Methods In Agricultural Researches. JDM
H202 accumulation and protection against Cd press, 74p.
toxicity in rice seedlings. Plant Soil, 300: 137-147. - Soltani, A., 2009. Mathematical Modeling Of Crop.

- Khaliliagdam, N., 2019. Prediction of phenology, JDM press, 175p.
phyllochron and leaf area of wheat. Journal of plant - Unyayar, S., Kele, Y. and Cekic, F.O., 2005. The
production, 26(2): 89-99. antioxidative response of two tomato species with

- Khaliliagdam, N. and Talebzade, S.J., 2022. Prediction different drought tolerances as a result of drought
of rate of leaf appearance, leaf area index and growth and cadmium stress combinations. Plant Soil
stages in corn and sunflower. Crop Production, Environment, 51(2): 57-64.

15(1): 205-228. - Vassilev, A., Tsonev, T. and Yordanov, I., 1998.

- Khan, N., Samiullah, A., Singh, S. and Nazar, R., 2007. Physiological response of barley plants to cadmium
Activities of antioxidative enzymes, sulphur contamination in  soil  during  ontogenesis.
assimilation, photosynthetic activity and growth of Environmental Pollution, 103: 287-293.
wheat (Triticum aestivum) cultivars differing in yield - Velioglu, Y.S., Mazza, G., Gao, L. and Oomah, B.D.,
potential under cadmium stress. Journal of 1998. Antioxidant activity and total phenolics in
Agronomy and Crop Science, 193: 435-444, selected fruits, vegetables, and grain products.

- Khatamipour, M., Piri, E., Esaeilian, Y. and Tavassoli, Journal of Agricultural and Food Chemistry, 46:
A., 2011. The toxic effects of cademium on 4113-4117.
germination, seddling growth and prolin content of - Wang, Y., Wisniewski, M., Meilan, R., Uratsu, R.L.,
milk thistle. Scholars research library Annals Cui, M.G., Dandekar, A. and Fuchigami, L., 2007.
Biology Research, 2(25): 527-532. Ectopic expression of Mn-SOD in Lycopersicon

- Nagajyoti, P.C., Lee, K.D. and Sreekanth, T.V.M., esculentum leads to enhanced tolerance to salt and
2010. Heavy metals occurrence and toxicity for oxidative stress. Journal of Applied Horticulture, 9:
plants: a review. Environmental Chemistry Letters, 3-8.

8:189-216. - Yin, X., Goudriaan, J., Lantinga, E.A., Vos, J. and

- Nakano, Y. and Asada, K., 1992. Purification of Spiertz, H.J., 2003. Annals Botany, 91: 361-371.

ascorbate peroxidase in spinach chloroplast: in
inactivation in ascorbate-depleted medium and
reactivation by monodehydroascorbate radical. Plant
Cell Physiology, 28: 131-140.


https://www.springer.com/journal/10311

