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Avrticle Info ABSTRACT

Article type: Background and Objectives: Under oxidative stress conditions, the
Full Length Research Paper  quantity of some biochemical traits, including antioxidants, increases in the
plant. Now this question is raised that incremental change in these traits
Article history: can always _in_crease drpught resistange '(higher biomass) in drqught-
Received: 12.04.2022 strgssed conditions? In this regard, confl'lctlng re.su.lts have been publlsheq,
Revised: 03.28.2023 which are mostly based on their correlation coefficient. The purpose of this
Accepted: 04.03.2023 study was a deeper contemplation into these complexities in quinoa; so, the
nonlinear, synergistic, and antagonistic relationships of several biochemical
traits with biomass were investigated, using multiple nonlinear regression

Keywords: based on stepwise selection. Finally, the resulting regression function was
Antagonism, maximized (optimized).

Optimization,

Quinoa,

Materials and Methods: The split-plot experiment based on a randomized
complete block design was carried out in three replications and two
locations (Damghan and Dibaj). Factors were deficit irrigation levels
[control (Supplying 100% of the plant's water requirements), moderate
deficit irrigation (70%), and severe deficit irrigation (40%)] in the main
plots, and sodium nitrophenolate spraying levels [the control (spraying tap
water on the plant), foliar spraying at the stem elongation stage and foliar
spraying at the flowering stage] in the subplots. The data of biomass
(dependent variable; Y or drought resistance) and several regressors
(superoxide dismutase, anthocyanin, soluble sugars, proline, carotenoid,
superoxide dismutase, ascorbate-peroxidase, and catalase; X or
independent variables), obtained under severe deficit irrigation conditions,
were used for the present analysis.

Regression,
Synergism

Results: The results of the regression analysis showed that the relation of
carotenoid, catalase, anthocyanin, and ascorbate peroxidase with drought
resistance was quadratic, however, the mentioned relationship was very
different. Over low concentrations (activities), the effect of catalase,
anthocyanin, and ascorbate peroxidase was statistically not significant
(with increasing concentration, drought resistance showed no change), but
over higher concentrations, their impact was decreasing; the effect of
ascorbate peroxidase appeared to be increasing just over its higher
concentrations. On the contrary, over both low and high concentrations, the
effect of carotenoid was positive; the positive effect of higher carotenoid
concentrations tended to be slightly stronger than that of low
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concentrations. Proline and catalase had the highest effect on drought
resistance when their increase was considered simultaneously (synergistic
relationship). The effect of soluble sugars was negative; particularly, the
simultaneous increase in soluble sugars and proline concentrations led to a
sharp decrease in drought resistance (antagonistic relationship); hence, it
seems that the simultaneous increase of these two traits should not be used
for breeding purposes.

Conclusion: The results regarding optimization (maximization) of the
regression function indicated that a combination of 600 Unit SOD.g™'FW
superoxide dismutase, 8.58 pmol ascorbate min™.mg'FW ascorbate
peroxidase, 2.28 pmol H,O,.min*FW catalase, 6.65 mg.g'FW soluble
sugars, 2.15 mg.g'FW anthocyanin, 6.79 mg.g'FW proline, and 18.8
mg.g"FW carotenoids could be led to an increase in biomass by 9% higher
than the maximum observed value of biomass.
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Table 2. Some of the statistical (descriptive) characteristics of the studied traits under severe deficit irrigation
conditions (providing 40% of the plant water requirement), as well as the optimized value of regressors after
maximizing the regression function based on the coefficients listed in Table 3.
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#: Percent (percentage of change) represents the result of dividing the maximum value by the minimum value; One
unit is deducted from the division result and expressed as a percentage
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Table 3. Analyzing the overall variance of the tested regressors and the effect of each of the regressors on
drought resistance (biomass) of quinoa.

Jlaz| ebas F i L 63051 4y S b

P F MS SS df S.0.V

<0.01 18616.7 0.02326 0.27908 12 Regressors s 5. 5
0.00000125 0.00005122 41 Error >
0.27913 53 Corrected total .. Ol Js
sl _
oa . [ Eace 2550 S ¢ #
F ol 5,1k s S5
Jbez~| Sl e Regressor
F Standard effect Regressors
P SS
error

0.01 7.28 6E-9.1 0.833 2.249 Intercept e 5 5 =
<0.01 5161 5E-6.45 0.274 1.967 Carotenoid . 55 5,18
<0.01 7.38  BE-9.22 1.434 -3.897 Proline ,J, .
<0.01 1517  5E-1.9 0.422 -1.645 Soluble sugars Jsl=s slas
<0.01 252.03 4E-3.2 0.605 -9.607 Carotenoid-Soluble sugars .3 .3 55 5,18
<0.01 3588 5E-45 15.241 91.230 Proline-Catalse ;YU -5
<0.01 39.23  5E-4.9 12.695 -79.509 Proline-Soluble sugars J sl slads -5
<0.01 13.18 5E-1.8 1.890 -7.024 Proline-Superoxide dismutase ;U secus4eSl 5 g = o »
<0.01 13.38 5E-1.7 1.976 7.226 Soluble sugars_Superoxide diSMULESse ;U sem s S » o — L3
<0.01 21468 4E-2.7 0.301 4.405 Carotenoid? " 5,1
<0.01 7689  4E-9.6 0.0556 -1.546 Anthocyanin® " il
<0.01 3435 5E-4.3 8.030 -47.063 Catalase® ";Yuls
<0.01 4981 5E-6.2 6.262 44.196 Ascorbate proxidase® "5l , b, S

(XZ)J; 9\}4{J}Mﬁ)}v\ajl{f}}w;)é(ﬁéuﬁ) skl jla by (X)S\ié)l}?q)}w;) Jbo g L Q}.:Mjf))z #
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#: In polynomial regression, the regressor to the power of one (Xg is related to the effect of low concentrations
(values) of the regressor, and the regressor to the power of two (X©) is related to the effect of high concentrations
(values) of the regressor on biomass. Figure 1 and related equations can help to explain this issue
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Fig. 1. The state of low (or not significant) positive effect of low regressor values (X coefficient in the equation) and
high (significant) positive effect of high regressor values (X? coefficient in the equation) on biomass (A), and the state
of low (or non-significant) effect of low regressor values (X coefficient in the equation) and high (significant) negative

effect of high regressor values (X? coefficient in the equation) on biomass, (B). It is worth mentioning that for
comparison purposes, the square root of X? coefficient should be compared with the coefficient X.
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Table 4. Mean comparison of the studied traits under severe irrigation conditions (providing 40% of the water
required by the plant), medium (70%o), and full irrigation (control; 100%) and sodium nitrophenolate foliar
spraying in two stages of plant development (Control: tap water spraying).

c :
T > 3 - & g
- 3 E & = 4, ©
4 g8 z &  RE 1 g E
iz 9 T8 2 E 3 o 2 3 & w8 :
D \%) = 2 K 1S = 5 =] _ 2 dLiﬂ
- 5 o ) S 3 o - o —. =
> 2 2 E g x 2 e A = E .
j«xg’ﬁ PO 5 8 B BRI %z 3 g Location
c T a8 = 3 g 3 258 €2 g
§_ ° «n 17}
S £
2
45%¢ 165 296" 499 PEFS Bl
Control
5L
42° 1.49° 3.15M 472 EF6 ety 100%
Stemming
43¢ 1537 2.76° 548 PEF ead
Flowering
dals
5.11 PFF 1.84 CPEFG 6.30"° 967 ®
Control
5L Sl
5.26 CPE 1.9 BODEF 6.91E 10747 0 70% o
Stemming Damghan
5.03 1.81 PEFO 711°F 930 ° 2
Flowering
L
6.21 @ 2347 8.07° 602° »
Control
5L
6.2%8 2344 8.27 B¢ 574 O 0 40%
Stemming
5.8 BCD 2,19 ABCD 8.06 ¢ 536 DEFG u'“g}f
Flowering
4,59 ¢ 173 3,21 o 461 L
Control
5L
429° 1.62 €6 3426 436 ° el 100%
Stemming
4.82 EF6 1.8 DEFG 3.08%H 461 ¢ u‘“g}f
Flowering
L
5.5 A8 2.24 %8¢ 7.68° 794 ¢ »
Control
5L L
6.58 4 2487 9.06 4 820°¢ et 70% T
Stemming Dibaj
5.14 DEF 1.94 BCDE 7590 871 ¢ TN
Flowering
L
6.34 78 2394 8.25 5 589 ° .
Control
5L
6.61° 2494 8.824 538 DEF et 40%
Stemming
6.06 ~2 2.20 48 8.42°® 512 DEFS o2
Flowering

YA



15 3 s Lo [ o Slho 5 9 8 Lk ofjen (008 (o)

—§ Jgd> aslsl

Continue Table 4.

5P 2 ,Ses 555508 NER ol 551 e V5 sl WS s
(kg ha™) (mg g* FW) (mg g* FW) (mg g FW) Sodium deficit Location
Biological yield Carotenoid Proline Anthocyanin Nitrophenolate irrigation
(4
13490 A 202 O 5.15© 115 »
Control
3l
12690 % 25.4° 56 1. OFF g 100%
Stemming
13470~ 24,88 4996 1F i
Flowering
L
9057 © 19.8 % 6.41 50 14 »
Control
3l Olxe!
8951 ¢ 22,1 €P 5.96 OFF 1.3 C0E gl 70% o
Stemming Damghan
8808 ¢ 21.3° 6.1 14 ead
Flowering
L
5741 PE 17.2F¢ 7.01°8 234 »
Control
5L
6667 ° 17.3F¢ 6.99 A8 2247 e 40%
Stemming
6302 O 185 FF 6.88 A&C 2247 2
Flowering
L
13120 A 2478 5.29 " 112 FF »
Control
5L
11700 ® 2548 5.18¢ 1,23 COEF e 100%
Stemming
117408 284 4.94° 112°FF 2
Flowering
L
8302 ° 202 O 6.16 °°F 163° »
Control
L L
8188 °¢ 215 6.11 O 1638 e 70% T
Stemming Dibaj
8136 ¢ 238 8¢ 5.65 £FC 143°%¢ 2
Flowering
Jals
5219 F 14,71 7174 2354
Control
am
6118 O 15.9 o 7.03 48 2354 et 40%
Stemming
5619 DE 17 FeH 7.1 78 23A TN
Flowering
2 SR R Sl e SV 20 L 2 L leles kld s Sk
(bl g ol ) e iSan 5 4 by o oy 5 5doms b Jglee (E Jgu) 54 SoleleS s ks

\AS



VLY Y a)h».fs Y 092 cuhl; ..\.3,’94 ‘_gl.hu.mhe).t 4.1).“.'

Ll d 52 g bwg edd e Sldan S
(b s ye Cnslie) (Glaiss, 8 5 SI555 S gdome
Ll et opl 3L Ko A 5l AL
5 odsn DLl SRRl AU e b b
S ol S50l S wl Jyle slans
2 Jskme sland S lackle s diles
YL slachle Jl g5y ekals ot 4 Coglio
2 ST 5550 93l 0T 2 05380 2E s O
S0 S e gl S Cwslis
(e sde lae L05) LOT Olly Saals
PRI TE G G VNN W N [ -
AN ALe) <MY Wl e
clle (e S b i 2 ol
s Sl el 5035 25 2 e Ske VA
f Seglie S 4 e CBE o e Olge
chle e dialy s s ds alls S
5033 05 RSk V0L il s slaus
OLes 5 gy Sosp osn 03 el Ceda
LS 31 (ol 534S Sl sl asiine (Y410)
adls (s 4 Caglia > (S G s S
Oan sk lalad) Dlhdas S Liles rol
A Ll @S 5lie olS (sl Lidsd 55 Ll e
EEISCISE 6)@(»5 S I N P L
il et b g sl sladd clile O
(& Jga) sl OLis
(LS 5L doss Vo) law g (o5llS Ll 3
ses dSlp g o5l Cld O 52 s
SoleleS 5 (Aoys Vor) lalS ol Lol 5 51 5V
ol o3 Jsde) el csw (oys £0) s
Ny b ke Olals 55lleS Lal 3
el b I el gl a e s i
ol gles 2 S el J sl (s S 5SS

U sess ST g 355 B3l iLd e b

A+

GL ol alie Ol s b Ol e
bl e g el L S sl S,
A @ by 9123 =955) b 555
St Caglie 5 LS 5 oy Obly
oS ol syie b Sl S5 ooble sl s
Gl Sae S, Jde 5l 5 A s ose VLS
o d) WU s slie 36 s cpl bosas S
i 5 ekals (600 (Kom 4 caslie 5 O
ol Bl Loy (—3147.06 = —6.86) Lo
3 Oan Olgea Sl &t e iy o)lse
b plerd Gy Dlio o g Olpe 4 VUK
5 Q\chvul Sl Wly e Sis 4 Cuglis b
Wil WO O 02,5 JF oy
LS sl it Sy (53108) s i (5550
Sl Sla 4 { (YA (EVA<A/00)}
Dolee WGBS il Gl s S, a0
s 3 35 Y/YA umol H,0, mint mg™* FW
aar Caed B VO WS oas S8 e
>l Ll ol L Ot sty
s (V) O 5 Ll buyg cwrss
sl s Shas o mp 02 ()l edd 518
V) el sdal sty e Steas VLIS
e IS Sk gl 5o ods s 0
(L ekl of o> ax)3 RIS I
JRH N P P Py SRUS VIS RP RN S-A RS FYEER
sn oS Sl S cE U5 bl ees
Sl ol Saxoa cuglie e )

Gas 4 by Ol lpl 5l Bb e

by sde 53 oy ol 51 osles l85s (sla iSlan =)
J‘flj'f %ls Cdl v"{""‘ ol JLA‘)J sde 9 u-l' ‘ML:&;A ol
F3) e e o3 KT sl ol )l
S8 0Ll el s 8 S5 sl (Candly 4 Sy

.MJ&;A



15 3 s Lo [ o Slho 5 9 8 Lk ofjen (008 (o)

Loy LS O5sde Sty Il lapsSt
() 358 o a0 o w0 VB
A B bl 4 s LTS il s
oSSy Dl ST T el OIS s
i (b dsin) ss Gle e ossa) VL
Sl 55 LS 5SSl Sl w3l G S
JgU) O35 Sute oDl &S A by fms pgd a3
Sox e ask a5 01 CaeS (Rl eyl
S Olge asin 3 (V44.196 = 6.65) <l
e S Tl VU C b e3sdoe 55 S
Al JE e SR b 4 slast i
BNV U CHTP YW R R P NEUY
bonlr eosomss i Jdsem Cex 0
A& A/6A pmol ascorbate min? mg' FW
(i i el s ST ol Sl el
Jols Oiasdes ASly 055 ol poesde
V) Aol o gt 5 S IS (6 5 lables
SIS 5 s 05,5 S Jold il 53T
S b LAS gL el 51 T s il
5 35 b baoses 5 OLLS K5 Jstne Bites
33,5 ot o WSl n e bt s 53
33 A 3 @ij(.s sl Sl 4 (YY)
ot sba b sl Bl e ol O
cble o soghhs (8 Jsas) sls Ol )5
a Zeglie it Jpam Cer 0 okl
F O e s e Seke N0 L Dol 25
Aot A 05 e S Sk ) S Ll g
L;)Lg(.s Lyl s s edd edalis Jllie op 50S
AU oA e pde (T Jsdr) el ad
e Ol sl 5 el ol oS glackls
el B OT VL slaclale 31 guel sy
oAV e gl OF 5l 350 clale 0y oS
WSS gy ol gl S 158 5 SKis 4 Cuslas

M

B g N i
Soslree 53 (Js 2l Jlsa (S 4 e glis
Gl Bl 51 (Ol s 3 Jsls slans
BT I N S S
Sy S Ol 4 s S (V7.226 = 2.69)
OMS F A bl Rl Jsloe gladd chile o
G B 3 OSIAT sl ol el
S8 Gl 4 i w Caglae o 305
Cte Ul Ol s o Ay i Jl-cal b
o 3 (G 15 sy 4y LG 1, Ol g
(©) Al o ((SO) 3580 Spgo 4 Jslone
el Cowsas s s U sanss LSl SO
S s sk 4 (V) 53 nl OLTs 3 () 5
el Sl e e e S5
@ sl S Jgam 6l p 50 senns ST, 5
Lsb e T /Y Unit SOD g FW L i,y i
ol o sdalie Lawgze Jlade 31 VL Sl &S
N Fm bl bl w8 (Y Jsis)
ol b SRl e e ss S 018 e,
Olge 4 syl Calles S 4 Coglie VJ“J"T
Laged SoslS (V00d) Oaa 5 ksl o sel
6L“¢ajj s VU gl 55 Co an s S
2B Jy 55 e 3L VB 5 50 sees nS] e
L ST ol Bl > Ladghos dilons
2 pkS 5 Shee 5 Usass Sl )
o5 Os Il s o s wcate gladal, RS Lal
Sl 55 03 (V) Cledd 3158 e slabayl
s 3 Slas b sl ol cdl Sases S
03,5 Calr (YA) Cl sl 155 Jls sme 5 Cute
S Ok ASly 4 O bS5 O
b s O5ohn AemSly ol w3l cal sla i
Sy 06 S Sl Sl Sl (slan 5



VLY Y a)h».fs Y 092 cuhl; ..\.3,’94 ‘_gl.hu.mhs).t Ag‘)m

A s (sl S 4 sl 3 (e
5 ekals 3 b sl VB VL slac bl
A Sy Sl Sal L glachle
o2 oS slackle U s (Llie 53 s eyl
a oy eyl WSl SV sleckls b
Lo lS VL slackle e SISyl ple2l
5 odsn A J[.sﬁsugm;f\j\;d:ﬁ Sl
Sl Sis 4 caslie 1 36 o 5V 5V
b s obelg Ll Jnlpl S bod 4 sl
ol sty i Jghoe ladd I A 4B S
A b Jsbome Slakd Sl 5 I3l 6 nl o5 sa
s S S @ Ceglis Lds JialS 4 e
e Ll g3l R e e R 4 00l
SLCBl Sl LS5 e 25 1 O Sl
o6 Sl Sl a LS (F dsd) JTslpe !
Aos & Rl 4 e L ol S S
ol edalie Jlde 1 SVL 4 Sl o3 Sl
solie aen S il S OLLE s S e gl
Sialesl s edd edalin wuls 3 layeu S wg
S 2 WSl hus Als e Ll

.>J:.<.3)\J,3 eslatal 3550 S5 (65K

1.Lin, P. H & Chao, Y. Y. (2021).
Different drought-tolerant mechanisms in
quinoa (Chenopodium guinoa Willd) and
djulis (Chenopodium formosanum
Koidz.) based on physiological analysis.
Plants, 10, 2279-2292.

2.Hinojosa, L., Gonzélez, J. A., Barrios-
Masias, F. H., Fuentes, F. & Murphy,
K. M. (2018). Quinoa abiotic stress
responses: a review. Plants, 7, 106-117.

3.Reguera, M., Conesa, C. M., Gil-Gomez,
A., Haros, C. M., Pérez-Casas, M. A,
Briones-Labarca, L., Bolafios, L., Bonilla,
I, Alvarez, R. & Pinto K. (2018). The

AY

5 S5 il RSy DAL s sme b gy e 5
PNV PR SEN P I I WP RS AR E
L N K WA PP RGO U | Y 0 TSV
Ll Ko w Coglie esle cpl bl 20580 5
58 55 el pl YU Sl chle 4 by
(158 slaan by (&2 55 olS O3p 303 4 fleze)
S osb a AL sed 5 D5 e Sl 5o o se
() sl sugens e O osle pl wlS s
oy 4 Aot LA 5 Jlie > olS bl
s bl &) 1S slaan s & s S0y
Gk 3 S B S (9 5 bl e sl
omb dals 4 e 5 adss, So588 L

V) 4555 oS5 03,51

S (G5 Ao
abat, & sl Ol ke Jsba
9 )‘J.:.WS\J.}' QL’))&»:T JYU\S LJ\::}«:})LS

55 s gladaly Sis 4 Caslie b gl sl
oo bl ool JU sl ool Jcnl by
SV e 1 golel Blod Sl aS g sb 4 ails
chle 5 eSSl Sl s b sl
wkls LIE L) sus e oS sla(elei)

impact of different agroecological
conditions on the nutritional composition
of quinoa seeds. Peer Journal, 19, 1-22.

4 Vega-Galvez, A., Miranda, M., Vergara,
J., Uribe, E., Puente, L. & Martinez, E.A.
(2010). Nutrition facts and functional
potential of quinoa (Chenopodium quinoa
Willd.), an ancient Andean grain: a
review. Journal of the Science of Food
and Agriculture, 90, 2541-2547.

5.Soares, A. M. S., Souza, T. F., Jacinto, T.
& Machado, O. L. T. (2010). Effect of
methyl jasmonate on antioxidative
enzyme activities and on the contents of



15 3 s Lo [ o Slho 5 9 8 Lk ofjen (008 (o)

ROS and H,0, in Ricinus communis
leaves. Brazilian Journal of Plant
Physiology, 22, 151-158.
6.Tabarzad, A., Ayoubi, B., Riasat, M.,
Moucheshi, A. S. & Pessarakli, M.
(2017). Perusing biochemical antioxidant
enzymes as selection criteria under
drought stress in wheat varieties. Journal
of Plant Nutrition, 40, 2413-2420.
7.Hoseini, S. S., Cheniany, M., Lahouti, M.
& Ganjeali, A. (2016). Evaluation of
resistance to drought stress in seedlings of
two lines of triticale (Triticosecale x
Wittmack) with emphasis on some
enzymatic and non-enzymatic antioxidants.
Journal of Plant Biology, 30, 27-42.
[In Persian]
8.Snider, J. L., Oosterhuis, D. M., Skulman,
B. W. & Kawakami, E. M. (2009). Heat
stress-induced limitations to reproductive
success in Gossypium  hirsutum.
Physiologia Plantarum, 137, 125-138.
9.Rahimi, J., Rashidi, V., Shahbazi, H.,
Moghaddam-Vahed, M. & Khalilvand-
Behrouzyar, E. (2021). Evaluation of
activity of antioxidant enzymes and grain
yield in barley (Hordeum vulgare L.)
cultivars under salinity stress.
Environmental Stresses in Crop Sciences,
14, 783-791. [In Persian]
10.Jabari, F., Ahmadi, A., Poustini, K. &

Alizadeh, H. (2016). Relationship
between some antioxidant enzymes
activities and cell membrane and

chlorophyll stability in drought-tolerant
and succeptible wheat cultivars. Journal
of Agricultural Science, 37, 307-316.
[In Persian]

11.Espanani, S., Majidi, M. M., Alaei, H.,
Saeidi, G. & Farhadi, F. (2020).
Physiological changes in flowering stage
due to drought stress in F4 lines derived
from inter-specific hybridization of
safflower. Journal of Plant Process and
Function, 9, 125-147. [In Persian]

12.Ahmadi, K. & Omidi, H. (2019).
Evaluation of morphological properties,
yield components and catalase enzyme
in  Lallemantia royleana  Benth.
populations under drought stress. J.
Agric. Ecol. 2, 757-774. [In Persian]

AY

13.Soleimani-Fard, A. & Naseri, R. (2020).
Evaluation of relationships between
grain yield and agro-physiological traits
of bread wheat genotypes under rainfed
conditions. Environmental Stresses in
Crop Sciences, 13, 701-714. [In Persian]

14.Mhamdi, A., Queval, G., Chaouch, S.,
Vanderauwera, S., Breusegem, F. V. &
Noctor, G. (2010). Catalase function in
plants: a focus on arabidopsis mutants as
stress-mimic  models.  Journal  of
Experimental Botany, 61, 4197-4220.

15.Pan, Y., Wu, L. J. & Yu, Z. L. (2006).
Effect of salt and drought stress on
antioxidant enzymes activities and SOD
isoenzymes of liquorice (Glycyrrhiza
uralensis  Fisch).  Plant  Growth
Regulation, 49, 157-165.

16.Beauchamp, C. & Fridovich, M. (1971).
Superoxide dismutase: improved assays
and assay applicable to acrylamide gels.
Analytical Biochemistry, 44, 276-287.

17.Mita, S., Murano, N., Akaike, M. &
Nakamura, K. (1997). Mutants of
Arabidopsis thaliana with pleiotropic
effects on the expression of the gene for
beta-amylase and on the accumulation of
anthocyanin that is inducible by sugars.
Plant Journal, 11, 841-851.

18.Irigoyen, J. J., Emerich, D. W. &
Sanchez-Dias, M. (1992). Water stress
induced changes in concentrations of
proline and total soluble sugars in
nodulated alfalfa (Medicago Sativa)
plants. Plant Physiology, 84, 55-60.

19.Bates, L. S., Waldren, R. P. & Teare,
I. D. (1973). Rapid determination of free
proline for water-stress studies. Plant
Soil, 39, 205-207.

20.Hiscox, J. D. & lsraelstam, G. F. (1979).
A method for the extraction of
chlorophyll from leaf tissue without
maceration. Canadian Journal of
Botany, 57, 1332-1334.

21.Giannopolitis, C. N. and Ries, S. K.
(1977).  Superoxide dismutases |.
occurrence in higher plants. Plant
Physiology, 59, 309-314.

22.Nakano, Y. & Asada, K. (1981).
Hydrogen peroxide is scavenged by
ascorbate-specific peroxidase in spinach
chloroplasts. Plant Cell Physiology,
22, 867-880.


https://escs.birjand.ac.ir/?_action=article&au=17600&_au=Rahim++Naseri&lang=en

VLY Y a)h».fs Y 092 cuhl; ..\.3,’94 ‘_gl.hu.mhsf Ag‘)m

23.Havir, E. A. & Mchale, N. A. (1987).
Biochemical and developmental
characterization of multiple forms of
catalase in tobacco leaves. Plant
Physiology, 84, 450-455.

24.Sarker, U. & Oba, S. (2018). Catalase,
superoxide dismutase and ascorbate-
glutathione cycle enzymes confer
drought tolerance of Amaranthus
tricolor. Scientific Reports, 8, 1-12.

25.Franco, A. C., Matsubara, S. & Orthen,
B. (2007). Photoinhibition, carotenoid
composition and the co-regulation of
photochemical and non-photochemical
guenching in neotropical Savanna trees.
Tree Physiol. 27: 717-725.

26.Thomas, C. E., Morehouse, L. A. & Aust,
S. D. (1985). Ferritin and superoxide-
dependent lipid peroxidation. Journal of
Biological Chemistry, 260, 3275-3280.

27.Poli, Y., Nallamothu, V., Balakrishnan,
D., Ramesh, P., Desiraju, S.,
Mangrauthia, S. K., Voleti, S. R. &
Neelamraju, S. (2018). Increased
catalase activity and maintenance of
photosystem 1l distinguishes high-yield
mutants from low-yield mutants of rice

var. Nagina22 under low-phosphorus
stress. Frontiers in Plant Science,
9, 1543-1556.

A

28.Sofo, A., Scopa, A., Nuzzaci, M. &
Vitti, A. (2015). Ascorbate peroxidase
and catalase activities and their genetic
gegulation in plants subjected to drought
and salinity stresses. International
Journal of  Molecular  Sciences,
9, 13561-13578.

29.Bharti, K., Pandey, N., Shankhdhar, D.,
Srivastava, P. C. & Shankhdhar, S. C.
(2014). Effect of different zinc levels on
activity of superoxide dismutases and
acid phosphatases and organic acid
exudation on  wheat genotypes.
Physiology and Molecular Biology of
Plants, 20, 41-48.

30.Bartwal, A., Mall, R., Lohani, P.,
Guru, S. K. & Arora, S. (2013). Role
of  secondary metabolites and
brassinosteroids in plant defense against
environmental stresses. Journal of Plant
Growth Regulation, 32, 216-232.

31.Parihar, P., Singh, S., Singh, R., Singh,
V. P. & Prasad, S. M. (2015). Effect of
salinity stress on plants and its tolerance
strategies: a review. Environmental
Science and Pollution  Research,
22, 4056-4075.

32.Cirillo, V., D’Amelia, V., Esposito, M.,
Amitrano, C., Carillo, P., Carputo, D. &
Maggio, A. (2021). Anthocyanins are
key regulators of drought stress tolerance
in tobacco. Biology, 10, 139-151.



