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Extended abstract

Introduction

One of the non-biological stresses for crop plants is drought and lack of water, which is the most
important factor limiting the growth of crop plants in arid and semi-arid areas, including Iran. Drought
impairs normal growth, disturbs water relations, and reduces water use efficiency in plants. Plants,
however, have a variety of physiological and biochemical responses at cellular and whole organism
levels, making it a more complex phenomenon. The rate of photosynthesis is reduced mainly by stomatal
closure, membrane damage, and disturbed activity of various enzymes, especially those involved in ATP
synthesis. Plants display a range of mechanisms to withstand drought, such as reduced water loss by
increased diffusive resistance, increased water uptake with prolific and deep root systems, and smaller
and succulent leaves to reduce transpirational loss. Therefore, the effects of drought stress and seed
nutritional priming on plants can play an important role in managing different irrigation regimes to deal
with adverse environmental conditions and improve crop yield management.

Materials and methods

Quinoa is one of the crops that has received special attention in recent years due to its high nutritional
value and resistance to dehydration. For this purpose, an experiment was conducted in the form of a
factorial split plot, with three rounds of irrigation of 7, 10 and 14 days as the main factor and seed
priming at two levels without prime as a control and Iron sulfate + zinc sulfate combination as the second
factor was applied on three genotypes (Q12, Q29 and Giza1) of quinoa as secondary factors, in the crop
year of 2021-2022 in the regions of Neishabour and Kashmar.

Results and discussion

Moisture stress decreased the relative water content and percentage of membrane stability. In Kashmir
region, the highest relative water content was observed in cultivars Q12 and Giza under the treatment of
irrigation once every 14 days. While in the Neishabur region, the highest value of the mentioned variable
was obtained in the treatment of irrigation once every 7 days and cultivar Q29. Slicing analysis of the
interaction effect of cultivar and irrigation treatments and the interaction effect of irrigation and priming
in Kashmir region showed that the 7 and 10 day irrigation treatment was significant on cell membrane
stability. Comparison of the average interaction effect of the three tested factors in Neishabur area
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showed that the variety Q12 (regardless of seed priming) along with applying 14 days of irrigation caused
a significant increase in membrane stability in Neishabur. Although the lowest level of membrane
stability was obtained in the priming treatment of Q12 and Giza cultivars with the application of 7 days
of irrigation once. It was observed that the priming treatment of Q29 and Giza cultivars with irrigation
every 10 and 7 days, respectively, showed the highest amount of total chlorophyll in the Kashmir region,
while in the Neishabur region, the highest amount of total chlorophyll was obtained in non-priming of
Giza cultivar with the application of 10 Irrigation once a day. The results of the experiment showed that
seed priming of Q12 and Q29 cultivars under irrigation once every 7 days caused a significant increase
in seed yield in Kashmir region. In Neishabur region, the highest amount of seed yield was obtained in
the non-priming cultivar Giza under irrigation once in 10 days.

Conclusion

In general, seed priming with zinc sulfate and iron sulfate can improve the physiological characteristics
of quinoa under water stress. Although in regarding the relative water content, the Q29 variety had a
dominant effect on the priming treatment in Neishabour region. According to the results of the Q29
variety in the Kashmar region and the Giza variety In the Neishabour region, it will help plant growth
by maintaining the chlorophyll content of the leaves under low irrigation conditions.
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Table 1. Meteorological data of the two regions of Kashmar and Neishabour in the crop year 2021-2022
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Table 2. The results of water and soil analysis of the test site
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Table 3. The results of mean square variance analysis of the effect of irrigation, cultivar type and priming on some
physiological traits and yield of quinoa plant in Kashmar region

oo ooz ol (e glgime gs, el Lis 55lml a Judg s
SOV EEE G e e CMS Chla
Replication IS 2 13.16™ 1.45m 6.17" 0.0068"
Irrigation (1) el 2 4298.64™ 1975.05™ 10229.28" 0.4432™
Errora shol slas 4 99.00™ 9.73™ 79.40m 0.0130m
Variety (V) IS J) 2 95.42™ 62.48™ 239.95" 1.2613™
Fpr)'m'”g Smly 1 541.94™ 367.24™ 1599.44™ 0.2535"
IxV pyx sl 4 180.50" 47.46™ 231.17 0.1651"
I«P Kol x (5 kel 2 268.94* 125.11™ 378.97" 0.4002™
VxP Sosos |y x o8 2 637.20™ 5.44m 113.98™ 0.8238™
IxVxP Koyl X o8y x 55k 4 51.78" 11.71" 82.70™ 0.4168™
Errorb Ehsks 30 60.16 10.12 54.98 0.0324
(CV%) Oy gy 11.95 8.80 12.36 21.78
Table 3. Continued alol.Y Jouo
SOV ok o @il az)s b Judg,ls IS Judg s gy, o ySlos
df Chlb Total Chl Carotenoid Yield
Replication NS5 2 0.002" 0.05" 0.002" 1200718.52™
Irrigation (1) 3l 2 0.118™ 0.10m™ 0.020" 16897096.30™
Errora ol gles 4 0.002"s 0.02"s 0.003" 302187.96™
Variety (V) w9 2 0.375™ 0.80™ 0.001™ 257874.07"
Priming (P) Kiges 1 0.690" 0.12"s 0.164" 4687557.41™"
Vixl w8y x 6Ll 4 0.105™ 0.25™ 0.086™ 736335.19™
Pxl Kigosyy x 6ol 2 0.395" 1.15™ 0.106™ 766229.63"
PxV Soaosly x o 2 0.324™ 0.54™ 0.067™ 89985.19™
PxVxl — Semlpxpdyx el 4 0.139™ 0.73" 0.102™ 181590.74"
Errorb Ehsks 30 0.008 0.04 0.003 51535.93
) CV%:( Oy gy 26.18 17.24 15.72 13.12

*, ** significant at P< 0.05 and P< 0.01 respectively

balyd ©ye Sl 6T sl 5 Codgenl mex (28l
aS oo Sluis RWC 51 iS5y slacdl jo ol sguas
(Gadallah and Ramadan, 1997; Gadallah, 2000)
g bglarasT il cullad o9 el (59, 00,5 amis jo
Lad 5)lnl 93 dgiar a5 S9d oo Clg 2SIl Cuts falS
o 2o RWC (il 4 e 5 ams e il )
lojloss (25 Ll ph o a; oo Sl 4y 050 o0 (SiS
ok Az 3 9 S O (o (s il b el

250,50l a) g g Lai> o Jokor (ol

Sgagr Sl (59) (S 4dai a5 s S ()15 (o

Ay lPl b oaxig po (Sad 4 Jeod g oy, 05
(Grewal and Williams, 2000) 545 0 RWC 4 as,,
sk caslis JyuS 4l Sy g ol Gy Lais
Gl oy S5y il 45 ol e Ll 5 eSS
«Steudle, 2002) sgi 0 2is Lyl o Jgame sli
959y 0).3)[5 c\ja...u‘ﬁl.s RWC o% ealf..\id u.!‘ )‘ qu‘).'L..'
Ol 09meS Ll b Jpame i 6,55k 4 e o2l
S5 Sgme 50 89y LB SO 4 59, 0l g oo
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Table 4. The results of mean square variance analysis of the effect of irrigation, cultivar type and priming on some
physiological traits and yield of quinoa plant in Neishabour region

6ol 4y Ol (i slgicne g1 Sl Lis 55l a Judg,yls
SOV IREE T e “RWe e CMS Chla
Replication S5 2 105.44" 10.95™ 30.56" 0.025™
I'rrigation (1) &l 2 8333.48™ 1848.15™ 8047.02™ 3.081"
Errora ol slas 4 34.36™ 17.91" 45.60™ 0.027"
Variety (V) o5 2 1300.21 106.12" 811.34™ 0.708"
Priming (P) Ssosl 1 454.31" 169.63™ 795.72" 0.269*
Vil o3 x &kl 4 455.88" 176.75" 887.76™ 0.242"
Pxl Kool x (6] 2 341.86" 32.08" 255.24" 0.365"
PxV Kiposl X o3, 2 961.13™ 20.83" 61.64" 0.582"
PxVxl Scpos % By x (6 k] 4 936.20" 37.04™ 106.22" 0.267*
Errorb Ehels 30 28.04 7.14 23.61 0.011
CV% Ay 8 11.15 9.73 11.94 17.31
Table 4. Continued FPKIR PR
s gia ST 4 b Juds ts JS Jubs s e, l5 3 5kes
S.0.V df Chl b Total Chl Carotenoid Yield
Replication S 2 0.002" 0.024"™ 0.0079™ 940024.07
E,r )”ga“"” ol 2 0.066™ 3.530™ 0.0014" 7500690.74"
Error a Shol s 4 0.005" 0.051" 0.0015™ 52382.41"
Variety (V) oS, 2 0.050™ 1.103" 0.0005" 2458590.74™
E’Pr)'m'”g sl 1 0.114™ 0.032 0.0153" 161157.41™
IxV ohx sl 4 0.139" 0.483" 0.0043" 1174024.07™
IxP Ssoslyp x (6T 2 0.0001" 0.375" 0.0033" 661357.41"
VxP Simoslyy x pdy 2 0.555" 2.237™ 0.0038"™ 5291890.74™
IxVxP  Kamlpxedyxglel 4 0.345" 0.696™ 0.0001" 1639807.41"
Errorb sEp el 30 0.008 0.026 0.0026 12989.63
(CV%) Ay 8 19.95 15.32 14.67 7.17

il e oy gy 5 SO Jleisl mha jo (5508 Sxe 5 (5l sire jE Bixe o A %

*, ** significant at P< 0.05 and P< 0.01 respectively

595V 5V kel slaloss 50 500 Sl izeen (7
aibaie )3 lginS ol S Las gl lobine 2alS o )bSo
do iz i 5oSile amlie (A Jpiz) wa)S edlS
o3y 5 ol olts i dilis o alesl 0,50 55
390V Jlosl olran & Gy Kol 51 laics o) Q12
sl 5o L sl Jlobine al3dl el 5,1 LS
Szerl Lot )0 Lad (lul Olie (neS a4z )5 00 S
4 6kl JbSe 5, Y 0,8 olen 4 1555 Q12 8, 54,
(4 Jgux>) ol Cowsd
oilS adlaie 1 eabeails  slaools bl LT
5 Sy 5 08, «oslnl slojlend ool Sl as ols ol

9 ol g (Jolw slis gyl
s ool il 3l o adlaie 93 58 50 (Joho sliad sk
Jliie Sl az 58S 13 w3550 slojles it
Sl pedls adlaie )5 551 aw Jlite 5l g Siesly g 08,
@300 (F 9T Jglaz) cudlas 5953 yiie (5 loline
9 d)lﬁr’i bl 51 d)lﬁr’i 5 05 slles Jline )il
595 Ve 9 Y jlews aS ol lis jellS ddlaie jo Sl
Ol ls g Jlolias Joko slie g lul x.§)l¢-.’T LSS
L 59, V0 5 Vool slajles ;0 Q29 (8 a5 sl
et s o485 S i Jolins S o
Jg92) sl cews 4, Q12 43, 1o Joko slid (5 ,loub lade
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Sl b 595V F jles ol pen 4, Q12 (8 o (g s
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aS ol las b oS Je i ol Jlolae als
O (g Lol calisee sla g0 ;0 Q29 13, ,d sl
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Ay Steaalyy x 03 sled Jlie 5l 52a) o] Blize 51
osire IS oS jo Sgr i e 1 (oS a fliie
g by 5 bl JBlite 51 aoiip ;0 (F Jsuz) op
a5 ad asein yedlS adlate ;o Sisln g 5 kel blie
olime g cetd e 3kl JbSe g, VLo s
Al g 0 yxaS Q29 (3, as ols lis i (Y Jsuz) g
Jsom) wisls Las 1) Sgy et e oyt 155 5 Q12
Cuts @l Sl g olal blie 51 om0 b 50 .0
4S5 sy gy eulS adhie o Lid g )lul alie Sy
Cais e bS5 595V 0 9V bl sl jles o Sl
aibie jo (A Jsoz) ols ials (g)lobas jobas 1) Jg
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Table 5. The results of analysis of variance of slicing effect of mean square of different cultivars in each irrigation
level on relative water content, ion leakage and membrane stability of quinoa plant in Kashmar region.

a4 (Mean Square) wle yo (uibeo

&3l O (o (51gim0 Sy Sl Lat )l
S.0.V i o i RWC EC CMS
7 days once S 39, Y 2 22.70™ 120.76™ 381.76™
10 daysonce b 3959 2 51.84" 25.88™ 201.77"
14 daysonce ;LS 39,0F 2 376.89™ 10.76" 118.72™

sl o duoyd iy 5 SO Jleis ] e jo (6508 Sre g (610 cie pf Bire oS Ay %

* ** significant at P< 0.05 and P< 0.01 respectively

30 IgiaS ol 30 L (5l g (g s (O (o Glgime g oy x §5Lel ol ST (B0 by (eileo Ao F Jgu
bl aie

Table 6. Comparison of the average interaction effect of irrigation x variety on relative water content, ion
leakage and membrane stability in quinoa plant in Kashmar region

&kl ) Sl o Slgizmo SR Lus 5yl
Irrigation Variety RWC EC CMS
%

ey Q12 80.54? 28.42° 41.01°

JHN 99 G 83.822 24,792 33.58%®
7 days once Q29 79.772 19.49° 25,07
. oL 59.767 42.27° 73.73

SN 09 G 62.142 40.102 67.38%
10 days once Q29 65.60° 38.122 62.15b
oL 56.06° 43.54° 77.47

s 3)F G 54,53 42,912 75.442
14 days once Q29 41.63 45.48 83.95

il ged o e S Glyls woy0 B Jleiml mhan ;0 g LSD yge3] jo S yiie By S JBlas gl slan Silee 5t 2 50
In each column means with the same letter are not significantly different at 5% level of probability using LSD.

-l el mals Lo 4 Sas 15 ool poogdle
g i 9 (MDA) asallgo Ol lgize dalaus]
&9, 90,5 (Ghanepour et al., 2015) aas oo al38! 1,

g ile SlownST ST slags 3l cdled dg el
sels g POD) jlausty 5 (SOD) jbgemss oS!



G oS 39y A 0 Shes 5 (Sielen b Sleoga (B (59) H Sireln (o 1S wbe 5 (5 e3ls

S35 Dlddgu Soalyy duny oo Hla3 4 g cpnlil saslo olas
Sla IS, 0aiS Bis slogyyT s il b ool 5
Azl )0 1B o il ¥l usb ) yiid a1y LS Jeow ‘olﬂ
SalS T il s y0 g o axlge i sl pi b 5 5o oS

-del-f.@

b sl 51 Jolo slalis (g, ol ply 05 o0
Zago and ) 554l 5 o515 .05 oo clbiblne Sis 5 5
Sl b el g gy, pelic wo,S oLy (Oteiza, 2001
JRYRUE TP O FUC g VOV S RV W | P
Glaptarn jo lag] oo y55 BT 5 o1 sla JISGol, Jyoas
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Table 7. The results of analysis of variance of slicing effect of mean square of priming levels in each irrigation
level on relative water content, ion leakage and membrane stability of quinoa plant in Kashmar region.

PO (Mean Square) wlx yo cuiileo

&ol3! O (o (slgizmo S ol Lt )l
S.0.v P df RWC EC CMS
7 days once BICCBITAS 1 927.82™ 521.63" 1587.39™
10 days once BT SSTTAR 1 5.10" 95.49™ 766.96™
14 days once JLS 59, VF 1 146.90" 0.33™ 3.00™

il e oy iy 5 SO Jleinl mha jo (55l Sxe 5 (510 gire jE Byxe o i Ay g % NS

*, ** significant at P< 0.05 and P< 0.01 respectively

2L gylul g (S s (o (o Slgiome p Sosesly x g bl biliio 1 (BOS p1 (aSilie A Lo A Jgu

yolS adlaio 50 lgus oLS

Table 8. Comparison of the mean of slicing interaction effect of irrigation x priming on relative water
content, ion leakage and membrane stability in quinoa plant in Kashmar region

&bl O (o (slgizmo So el Lt (55l
Irrigation  Priming Sl RWC EC CMS
%
5Ly 59, Priming Sl 88.55° 18.85° 23.83°
7 daysonce non-Priming Kowos |y pas 74.19° 29.62¢8 42,618
5Ly 39,V Priming Syl 61.97° 37.86° 61.23°
10 days once non-Priming Kwos | gy pas 63.032 42 478 74.282
HbSS 59,1F  Priming Sl 53.602 43.84? 78.542
14 days once non-Priming Kwos |y pas 47.882 44,128 79.362

Soigire B lls wo o O Jliml mlaw 10 g LSD (yge5l jo Syiie By S Plax slls glonSile (ysiw o 40

In each column means with the same letter are not significantly different at 5% level of probability using LSD.

pac Ly Cod 155 08, 0 @ Jud)lS jlade o yiies
S A samlice )Ly 35,V s skl g Sl
5 A8 ,0 Q12 o3, jo jeilS ddlais o8 by IS laie
it plB)l 5l il e jplis ashte jo 0 Jol>
G e LSS 59, VF kel g Svealy pae Lalyn
OV J592) 05 ajlard plo 4y s @ Judg)15 jlolins

s lig ) U 9 fdg U5
0@ Jdg IS jlade  LaygiS (coled Jlie g ool Sl
Ao (F 5 ¥ Jgloz) og jloline jelics eislS ddlaie 9o
oS ols s Sl % o8, x 5kl blie Sl (Sl
Q29 (3, jo yoilS ddlate ;o0 8 fdg)lS jlade iy
9 bSG 59, Vg Volel lph cod ol Sl
Sl 5 Sipmsly pas Ll s <o Q29 3, ) rizren
spliss alaie )0 oS Jloyo el Cews 4 LSy 55, V52
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Table 10. Comparison of the mean of slicing interaction
effect of cultivar x priming on relative water content in
quinoa plant in Kashmar region

) K O (o lgim
Variety Priming RWC (%)
Priming <ouwes !y, 65.562
Q12 non-Priming el pus 65.352
Priming uesly 66.202
G non-Priming  Suesly pus 67.462
5 Priming ey 72.362
Q29 NON-Priming  Kiweyl 5 pus 52.31b

osel o Syt B S Plas sl o Sl ogins 0 50

il e o e M glls wus 0 O Jleis! s 4o 5 LSD
In each column means with the same letter are not
significantly different at 5% level of probability using LSD

el Jlie 1 ROGhy byl ad @ A Jgu
O (o Glgime y ilisie Byl 50 Sigesly obaw layo
oS adlaio jo 1g0uS oS

Table 9. The results of analysis of variance of slicing
effect of mean square of priming levels in different
cultivars on the relative water content of quinoa plant in
Kashmar region.

ax>,5  (Mean Square) wlw wo ¢yl

S0V s 2 e slyizne
df RWC
BIESBITA 1 0.20™
7 days once
BITSVBTTAL 1 7.11m
10 days once
ST A 1809.03™
14 days once

Jleil zdan ;0 (5lo cixe g (50 Fme b B re o 4y % g Wk NS
il oo oy iy g SO
*, ** significant at P< 0.05 and P< 0.01 respectively
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Table 11. Comparison of the mean interaction effect of irrigation x priming x cultivar on relative water
content, ion leakage and membrane stability of quinoa plant in Neishabour region

Syl el o) O (i (slgizno BT L 5ol
Priming Irrigation  Variety RWC EC CMS
%
Q12 60.22° 11.93% 13.59
):5-1 39,Y G 79.85b 15.715 18.68"
7 days once Q29 g7.88 25 01 33.87¢f
_ Q12 45,57% 27.14f 37.38¢°
M'f BLESBITAY G 32 46 21.419hi 27.30
Priming 10 days once Q29 47.39¢ 24.69f 32.78¢f
Q12 28.549 44.64% 80.652
Ly 39,1
121 - 395 G 37.88¢f 33.01¢% 49.30¢
SN Qa9 33.69 27.48' 38.02¢
e an v Q12 81.69% 18.51Mi 22.879"
P AL D) h ij hi
G 23.86 17.23Y 20.83¢
7 days once 029 89.832 21 149hi 27 .56
) Q12 44.39¢% 32.22¢ 47549
Spealpgpae bS5y ) G 47.73° 27.041 37.19¢
non-Priming 10 days once Q29 46.09¢% 22.03% 28.31f
Q12 25.179" 46.96° 88.572
ljlle;f-r. ¥ G 11.81 40.59b¢ 68.59°
SO Q29 30.70'" 37.20 59.23°

Sosire B gl ao )0 8 Jlax>! mlaw ;0 s LSD 5031 jo S i By S JBla gl glop Silee i o 40

In each column means with the same letter are not significantly different at 5% level of probability using LSD.

Flaie Jlamls (F oV Joloz) clls (5 lolias 51 (gulins
ﬁxMS&h@)QJo‘oQLx%Iﬁxw_'é)ng)LJ
s 59, VF e bl bl e Q12 (o8, Sl

Flite g oole 1 a5 sls las laosls uibyly 5JUT

oolS ddlaie 90,0 00 L9 S Jlade oS oles
ailaie ;o Saly x sjlal blie 1 e jelas o
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5 S ((Jiang and Huang, 2001) ol o35y Juds IS
O pglas a8 s S L (Singh et al., 1985) .l ISan
J99)15 6 lwb (asls 3 S Ldo IS pals 4 e
PS50 JebolS i I Lagte L (5 5 05500

B2l o S0 kg s jlade jhalS oS e 6 S gl
(Massacci et al., 2008) 4y aoxjl alise ylals

Manivannan) .ls 51 (Jaleel et al., 2008) s 15
o955 (Mafakheri et al., 2010) sg55 4 (et al., 2007
Sonte ) Jed9 )l 3w (595 3,5 il ogdle el ons
el ortis o il s52 S (g5, 1 iy oo
Lo, (b Fwgm sl (S5 Jole SG 5 alise
9 S rNdsi (&g, «izen (Balashouri, 1995) el
4 yrie 45 WS o ol Ol 5 Coi ) sl S LSS
Ma et al., 2017; Cakmak, ) sgi oo yiimwgid (yiul33l
15 e gie olgs CAE 4y (g5, el 2 opdle (2000
ozl (350 Slge plo (39 (o ;0 9 Jdg IS i
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SR @l Ko By 510 o e J5se 5L
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Table 12. Comparison of the mean interaction effect of irrigation x priming x cultivar on the amount of
chlorophyll and carotenoids of quinoa plant in two regions of Kashmar and Neishabour
(Kashmar) ysls

S| k! oy Adedels D gy U5 Judgls adebgyls o Shes
Priming Irrigation  Variety Chl a Chlb Total Chl  Carotenoid  Yield
--------------------- mg.gt FW —-emmmeeeeeeeee kg.ha'*

Q12 0.98¢de 0.35% 1.34bcd 0.37¢f 33832

BIEVETIAS G 1.38% 0.37¢ 1.75% 0.50°¢ 2923°

7 days once Q29 0.599n 0.26% 0.86°f 0.289n 34372
B Q12 1.03¢ 0.21¢ 1.25¢0€ 0.289n 1707¢

m:}’; S 39,1+ G 0.80%0¢ 0170  098% 047 23370
10daysonce Q29  1.56* 0.4«  1.80% 0.26"  1720°
Q12  0.4ghik 0189  0.67% 0.22i 9879
J4Ss 39, IF G 055 0150 .71 0.26" 650"
l4daysonce Q29  0.656h 021  0.86°1 0.330h 10779
Q12 028 0229 0519 0200 2620°
Sy 39,V G 070" 0.13¢  0.83% 0.39%" 1453
7daysonce Q29 153 044 108 061> 2633
_ Q12 036k  080°  1.17¢% 03" 1307
A S G 0629 023% 085 039% 1443
non-Priming be cd bed fgh f
10daysonce Q29  1.11 0.25 1.37 0.330h 1310
Q12 019 128 147 0.872 653"
JSs 59, 1F G 003 (240 1 1gde 0.35fh 757
14 daysonce Q29 1.06%  0.56* 1.622¢ 0.45¢e 740"
Table 12. Continued wldl Y Joue
(Neishabour) yeslius
Sy &kl o) a s ls b g ls S Judgyls adgig,ls 8 Sdos
Priming Irrigation Variety Chl a Chl b Total Chl Carotenoid Yield
_____________________ mg.gt FW —— oo - kg.hat
_ Q12 09349 0.83b 1.77° 0.38° 2647
Sl 9,V G 1286 018" 147 038  2207¢
Tdaysonce o 11009 .12 1.22¢d 0.362 1830¢
e k. QL2 0981% 047 145° 0.36 2180°
Bl 4N 39 G 0.661¢  0.23%  0.89¢ 0.38° 1340¢f
Priming  10daysonce 559  (gggefs  (74% 133 0.38 2000¢
s e Q2 04920 0200 078 0.29° 1183¢
S2 59y G 0.047"  0.41%  0.469 0.39° 693
l4daysonce o9 gos2h 041 0.479 0.35 710
ik .y Q2 0695 0295 098 0.35° 1483°%
4N 39 G 1157 077 192 0.29° 2873
Tdaysonce vy i 0340 0.500 0.30° 7579
e sy Q12 058 0350 094 0352  1117¢f
TP SN I3 G 1.587¢  1.10° 2.69° 0.33 4013?
non-priming 10daysonce  yyg  ggs4e  Qo7fN  Q72¢f 035 1090
s e Q12 0074 0387 0458 0.32 690"
S1 595 G 0073" 041  0.489 0.35° 730"
l4daysonce o9 Q79"  0.62¢ 0701 0348 10530

il ged o sire S gl)ls duoy0 B Jleiml mlaws ;0 g LSD g0l jo S yiie By S JBlaz gl sla Sl 5t p2 40
In each column means with the same letter are not significantly different at 5% level of probability using LSD.



4 oS 39y A 0 Shes 5 (Sielen b Sleoga (B (59) H Sireln (o 1S wbe 5 (5 e3ls

S LS 55, V0 s ,bG 59, VgLl oyl s

QOF Jgaz) aalas ails o Slae jo K05 L g,ls sxo
asl o (Babaeian et al., 2011) Koo 5 ,LsLL
St 9 S p e (28I 5 odle canslial (5l oo oS
oLl 03,5 o b 3 ,Skes (e (20l s dagsl 05055
losgS 38 5l (86 o Shee AalEl p aST el
St olS 5 (S Gl I ST o B raneS
) yolie nl o )5 cod gloslans jo o, LS oSy
3,5 aS Wols lis laaze plo uioren 50,5 5158
Ao, VT L pas ol o ], wls o Slae (g9, 9 oy

(Monjezi etal., 2013) ols 0!8l

e 5 A
IS oS Sl 58 Sloogas it DIl AT i
W38 Slao ol 5Kl jo o ge rals cely g cuils
95 5 ool BraseS lié polie b Simly rizes
Jley bl o L oIk 5 b3l (slsiome g s
288 il bl plgiee mls @ azgi b aes,S 5
e Slge Gl ge s il b g edle (5 Ll
) S s doy0 g 08 L Joud BB o jo 1) O
spbis adbie gl mlo @ azgi b uizmen ol rals
b g ol pl8,1 Q29 (o8 1odlS dilate slp g 155 oF,

Afsahi, K., Nazari, M., Omidi, H., Shekari, F.,
Bostani, A. A., 2020. The effects of different
methods of zinc application on canola seed
yield and oil content. Journal of Plant Nutrition.
43, 1-20.
https://doi.org/10.1080/01904167.2020.17242
99

Aghighi Shahverdi, M., Omidi, H., Tabatabaei,
SJ.,, 2017. Effect of nutri-priming on
germination  indices and  physiological
characteristics of stevia seedling under salinity
stress. Journal of Seed Science. 39, 353-362.
https://doi.org/10.1590/2317-
1545v39n4172539

Ahmed, |., Mabood Qazi, I., Jamal, S., 2016.
Developments in  osmotic  dehydration
technique for the preservation of fruits and
vegetables. Innovative Food Science and

o5 aS 8,8 sl wies (RU et al, 2018) ) ,Ken
PS50 Judg IS (lgime (ialidl cel 655 5 o Glojp
5 odx b a8 aries SwS slbailacs, laadss IS .0l
Flae jo L8 s 5l eos cbles pas b Jlal
Eldahshan and Singab, ) w,ls 1, 5,5 gemlowns]
S50 gl 4y ol ( Sas 5 il A slanST a0
apd oo lid (Sis BS plp 0]y g Jed g 0oy
9 ases IS e al38l (Nematollahi et al., 2013)
(S i bl 50 0,8 pB1 s Lg IS e Srals
ol oldte ple g
.(Mohammadkhani and Heidari, 2007)

Wl & Kloc
),.JL o (6,0 gre Hebay il g0y o wils 5 ,Slee
) Simsly g 08, «s)lel oyl bl § eoles il

5 1 Jshaz) <855 )18 (etls )0 Sl pxed) bl 5
A Sl o5 05 o il Gralejl ) ol b (F
o LSS 59, Vo sylel yls o Q29 3 Q12 L)
50 008 il adhis jo wls o Sles o g ilél
poe slasd o) )0 ails o Slas jlade o flinn jplins ablaie
el s a0 LSy 59, Ve kel s 155 08, Sl
J’“‘:’K adhie calize PG)‘ )" )""’d)‘o o Lf‘*’*"")“ poe

&l
Emerging  Technologies. 34, 29-43.
https://doi.org/10.1016/j.ifset.2016.01.003

Ajouri, A., Asgedom, H., Becker, M., 2004. Seed
priming enhances germination and seedling
growth of barley under conditions of P and Zn
deficiency. Journal of Plant Nutrition and Soil
Science. 167, 630-636.
https://doi.org/10.1002/jpIn.200420425

Akram, N.A., Igbal, M., Muhammad, A., Ashraf,
M., AlQurainy, F., Shafig, S., 2018.
Aminolevulinic acid and nitric oxide regulate
oxidative defense and secondary metabolisms
in canola (Brassica napus L.) under drought
stress. Protoplasma. 255, 163-174.
https://doi.org/10.1007/s00709-017-1140-x

Alvarez-Fernandez, A., Garcia-Lavina, P.,
Fidalgo, C., Abadia, J., Abadia A., 2004. Foliar
fertilization to control iron chlorosis in pear


https://doi.org/10.1080/01904167.2020.1724299
https://doi.org/10.1080/01904167.2020.1724299
https://doi.org/10.1590/2317-1545v39n4172539
https://doi.org/10.1590/2317-1545v39n4172539
https://doi.org/10.1016/j.ifset.2016.01.003
https://doi.org/10.1002/jpln.200420425
https://doi.org/10.1007/s00709-017-1140-x

VE-Y bl OV sl el pole 5o dame (slo 2

(Pyrus communis L.) trees. Plant and Soil. 263,
5-15.
https://doi.org/10.1023/B:PLS0.0000047717.
97167.d4

Anjum, S.A., Tanveer, M., Ashraf, U., Hussain,
S., Shahzad, B., Khan, I., Wang, L., 2016.
Effect of progressive drought stress on growth,
leaf gas exchange, and antioxidant production
in two maize cultivars. Environmental Science
and Pollution Research. 23, 17132-17141.
https://doi.org/10.1007/511356-016-6894-8

Arabshahi, M., Mobasser, H.R., 2017. Effect of
drought stress on carotenoid and chlorophyll
contents and osmolyte accumulation. Chemisty
Research Journal. 2, 193-197

Arnon, AN., 1967. Method of extraction of
chlorophyll in the plants. Agronomy Journal.
23, 112-121.

Azimi, S.M., Eisvand, H.R., Ismaili, A., Akbari,
N., 2022. Effect of gibberellin, nano-nutrition
with titanium, zinc and iron on yield and some
physiological and qualitative traits of white
beans. Notulae Botanicae Horti Agrobotanici
Cluj-Napoca. 50, 12538.
https://doi.org/0.15835/nbha50112538

Babaeian, M., Piri, |, Tavassoli, A,
Esmaeilianand, Y., Gholami, H., 2011. Effect
of water stress and micronutrients (Fe, Zn and
Mn) on chlorophyll fluorescence, leaf
chlorophyll content and sunflower nutrient
uptake in sistan region. African Journal of
Agricultural ~ Research. 6,  3526-3531.
https://doi.org/10.5897/AJAR10.1142

Babaeian, M., Heidari, M., Ghanbari, A., 2010.
Effect of water stress and foliar micronutrient
application on physiological characterstics and
nutrient uptake in sunflower (Helianthus
annuus L.). Iranian Journal Of Crop Sciences.
12, 311-391. [In Persian].

Bagci, S.A., Ekiz, H., Yilmaz, A., Cakmak, I.,
2007. Effect of zinc deficiency and drought on
grain yield of field-grown wheat cultivars in
Central Anatolia. Journal of Agronomy and
Crop Science. 193, 198-206.
https://doi.org/10.1111/j.1439-
037X.2007.00256.x

Bajjii, M., Kinet, J.M., Lutts, S., 2002. The use of
the electrolyte leakage method for assessing
cell membrane stability as a water stress
tolerance test in durum wheat. Plant Growth
Regulation. 36, 61-70.
https://doi.org/10.1023/A:1014732714549

fY-

Balashouri, P., 1995. Effect of zinc on
germination, growth, pigment content and
phytomass of Vigna radiata and Sorghum
bicolor. Journal of Ecobiology. 7, 109-114.

Broadley, MR., White, PJ., Hammond, JP.,
Zelko, 1., Lux, A., 2007. Zinc in plants. New
Phytologist. 173, 677-702.
https://doi.org/10.1111/j.1469-
8137.2007.01996.x

Burguieres, E., Mccue, P., Kwon, Y1., Shetty, K.,
2007. Effect of vitamin C and folic acid on seed
vigour  response and  phenolic-linked
antioxidant activity. Bioresource Technology.
98, 1393-1404.
https://doi.org/10.1016/j.biortech.2006.05.046

Cakmak, 1., 2000. Tansley Review No. 111-
possible roles of zinc in protecting plant cells
from damage by reactive oxygen species. New
Phytologist. 146, 185-205.
https://doi.org/10.1046/j.1469-
8137.2000.00630.x

Cakmak, 1., 2008. Enrichment of cereal grains

with  zinc:  agronomic  or  genetic
biofortification? Plant Soil. 302, 1-17.
https://doi.org/10.1007/s11104-007-9466-3

Ceccato, D.V., Bertero, H.D., Batlla, D., 2011.
Environmental control of dormancy in quinoa
(Chenopodium quinoa) seeds: two potential
genetic resources for pre-harvest sprouting
tolerance. Seed Science Research. 21, 133-
141. https://doi.org/10.1017/S09602585
1100002X

Chattha, M.U., Hassan, M.U., Khan, I., Chattha,
M.B., Mahmood, A., Chattha, M.U., Nawaz,
M., Subhani, M.N., Kharal, M., Khan, S., 2017.
Biofortification of Wheat Cultivars to Combat
Zinc Deficiency. Frontiers in Plant Science. 8,
281. https://doi.org/10.3389/fpls.2017.00281

Chen, W., Yang, X., He, Z,, Feng Y., Hu, F.,
2007. Differential changing photosynthetic
capacity, 77K chlorophyll fluorescence in
chloroplast ultra-structure between
Zincefficient and Zinc inefficient rice
genotypes (Oryza sativa L.) under low Zinc
stress. Journal of Plant Physiology. 132, 89-
101. https://doi.org/10.1111/j.1399-
3054.2007.00992.x

Cocozza, C., Pulvento, C., Lavini, A., Riccardi,
M., d’Andria, R., Tognetti, R., 2012. Effects of
increasing salinity stress and decreasing water
availability on ecophysiological traits of quinoa
(Chenopodium quinoa Willd.) grown in a
mediterranean type-agroecosystem. Journal of


https://doi.org/10.1023/B:PLSO.0000047717.97167.d4
https://doi.org/10.1023/B:PLSO.0000047717.97167.d4
https://doi.org/10.1007/s11356-016-6894-8
https://doi.org/0.15835/nbha50112538
https://doi.org/10.5897/AJAR10.1142
https://doi.org/10.1111/j.1439-037X.2007.00256.x
https://doi.org/10.1111/j.1439-037X.2007.00256.x
https://doi.org/10.1023/A:1014732714549
https://doi.org/10.1111/j.1469-8137.2007.01996.x
https://doi.org/10.1111/j.1469-8137.2007.01996.x
https://doi.org/10.1016/j.biortech.2006.05.046
https://doi.org/10.1046/j.1469-8137.2000.00630.x
https://doi.org/10.1046/j.1469-8137.2000.00630.x
https://doi.org/10.1007/s11104-007-9466-3
https://doi.org/10.1017/S09602585%201100002X
https://doi.org/10.1017/S09602585%201100002X
https://doi.org/10.3389/fpls.2017.00281
https://doi.org/10.1111/j.1399-3054.2007.00992.x
https://doi.org/10.1111/j.1399-3054.2007.00992.x

M oS 39y A 0 Shes 5 (Sielen b Sleoga (B (59) H Sireln (o 1S wbe 5 (5 e3ls

Agronomy and Crop Science. 199, 229-240.
https://doi.org/10.1111/jac.12012

De Silva, J., Naylor, A., Krammer, P., 1979.
Some ultra structural and enzymatic effects of
water stress in cotton leaves. Paper presented at
the Proceedings of National Academy Science,
USA. 71,3243-7.
https://doi.org/10.1073/pnas.71.8.3243

Dhir, B., Sharmila, P., Pardha, S.P., Sharma, S.,
Kumar, R., Mehta, D., 2011. Heavy metal
induced physiological alterations in Salvinia
natans. Ecotoxicology and Environmental
Safety. 74, 1678-1684.
https://doi.org/10.1016/j.ecoenv.2011.05.009

Eldahshan, 0O.A., Singab, A.B., 2013.
Carotenoids. Journal of Pharmacognosy and
Phytochemistry. 2, 225-234.

Fageria, N. K., 2016. The Use of Nutrients in
Crop Plants. Boca Raton CRC Press, 448P.

FAO., 2013. International Year of Quinoa IYQ-
2013. https://www.rlc.fao.org/en/about-
fao/iyq-2012/ (accessed 11 March 2013;
verified 11 March 2013). Food and Agriculture
Organization of the United Nations.

Gadallah, M.A.A., 2000. Effects of indole-3-
acetic acid and zinc on growth, osmotic
potential and soluble carbon and nitrogen
components of soybean plants growing under
water deficit. Journal of Arid Environments.
44, 451-467.
https://doi.org/10.1006/jare.1999.0610

Gadallah, M.A.A., Ramadan, T., 1997. Effects of
zinc and salinity on growth and anatomical
structure of Carthamus tinctorius L. Biologia
Plantarum. 39, 411-418.
https://doi.org/10.1023/A:1001036411413

Ghanepour, S., Shakiba, M.R., Toorchi, M.,
QOustan, S., 2015. Role of Zn nutrition in
membrane stability, leaf hydration status, and
growth of common bean grown under soil
moisture stress. Journal of Biodiversity and
Environmental Science. 6, 9-20.
https://doi.org/10.3390/agriculture10090396

Ghasemian, V., Ghalavand, A., Soroosh Zadeh,
A., Pirzad, A., 2010. The effect of iron, zinc
and manganese on quality and quantity of
soybean seed. Journal of Phytology. 2, 73-9.

Gibson, RS., 2006. Zinc: the missing link in
combating micronutrient malnutrition in
developing countries. Proceedings of The
Nutrition Society. 65, 51-60.
https://doi.org/10.1079/PNS2005474

Gonzalez, J.A., Gallardo, M., Mirna Hilal, M.,
Rosa, M., Prado, F.E., 2009. Physiological
responses of quinoa (Chenopodium quinoa
Willd.) to drought and waterlogging stresses:
dry matter partitioning. Botanical Studies. 50,
35-42.

Gorzi, A., Omidi, H., Bostani, A., 2020. Effect of
Stevia (Stevia rebaudiana) Seed priming
treatments with salicylic acid, iron, and zinc on
some germination traits and photosynthetic
pigments under drought stress. Iranian Journal
of Seed Research. 6(2), 125-135. [In Persian
with English Summary]

Grewal, H.S., Williams, R., 2000. Zinc nutrition
affects alfalfa responses to water stress and
excessive moisture. Journal of Plant Nutrition.
23, 949-962.
https://doi.org/10.1080/01904160009382073

Guerinot, MA., Yi, Y., 1994. Iron: nutritious,
noxious, and not readily available. Plant
Physiology. 104, 815-820.
https://doi.org/10.1104/pp.104.3.815

Hafeez, B., Khanif, YM, Saleem, M., 2013. Role
of zinc in plant nutrition - a review. American
journal of Experimental Agriculture. 50, 374—
391.

Hera, M.H.R., Hossain, M., Paul, A.K., 2018.
Effect of foliar zinc spray on growth and yield
of heat tolerant wheat under water stress.
International Journal of Biological and
Environmental Engineering. 1, 10-16.

Hussain, H.A., Hussain, S., Khalig, A., Ashraf,
U., Anjum, S.A., Men, S., Wang, L., 2018.
Chilling and Drought Stresses in Crop Plants:
Implications, Cross Talk, and Potential
Management Opportunities. Frontiers in Plant
Science. 9, 393.
https://doi.org/10.3389/fpls.2018.00393

Hussain, M., Farooqg, M., Lee, DJ., 2017.
‘Evaluating the role of seed priming in
improving drought tolerance of pigmented and
non-pigmented rice'. Journal of Agronomy and
Crop Science. 203, 269-276.
https://doi.org/10.1111/jac.12195

Hussain, S., Hussain, S., Qadir, T., Khalig, A.,
Ashraf, U., Parveen, A., Sagib, M., Rafig, M.,
2019. Drought stress in plants: An overview on
implications, tolerance mechanisms and
agronomic mitigation strategies. Plant Science
Today. 6, 389-402.
https://doi.org/10.14719/pst.2019.6.4.578

Ibrahim, EA., 2016. Seed priming to alleviate
salinity stress in germinating seeds. Journal of


https://doi.org/10.1111/jac.12012
https://doi.org/10.1073/pnas.71.8.3243
https://doi.org/10.1016/j.ecoenv.2011.05.009
https://www.rlc.fao.org/en/about-fao/iyq-2012/
https://www.rlc.fao.org/en/about-fao/iyq-2012/
https://doi.org/10.1006/jare.1999.0610
https://doi.org/10.1023/A:1001036411413
https://doi.org/10.3390/agriculture10090396
https://doi.org/10.1079/PNS2005474
https://doi.org/10.1080/01904160009382073
https://doi.org/10.1104/pp.104.3.815
https://doi.org/10.3389/fpls.2018.00393
https://doi.org/10.1111/jac.12195
https://doi.org/10.14719/pst.2019.6.4.578

VE-Y bl OV sl el pole 5o dame (slo 2

Plant Physiology. 192, 38-46.
https://doi.org/10.1016/j.jplph.2015.12.011

Jacobsen, S.E., 2006. The worldwide potential
for quinoa (Chenopodium quinoa Willd.). Food
Reviews International. 19, 167-177.
https://doi.org/10.1081/FRI-120018883

Jaleel, C.A., Manivannan, P., Lakshmanan,
G.M.A,, Gomathinayagam, M.,
Panneerselvam, R., 2008. Alterations in
morphological parameters and photosynthetic
pigment responses of Catharanthus roseus
under soil water deficits. Colloids and Surfaces
B: Biointerfaces. 61, 298-300.
https://doi.org/10.1016/j.colsurfb.2007.09.008

Jiang, X., Li, H., Song, X., 2016. 'Seed priming
with melatonin effects on seed germination and
seedling growth in maize under salinity stress'.
Pakistan Journal of Botany. 48, 1345-1352.

Jiang, Y., Huang, B., 2001. Drought and heat
injury to two cool-season turf grasses in
relation to antioxidant metabolism and lipid
peroxidation. Crop Science. 41, 436-442.
https://doi.org/10.2135/cropsci2001.412436x

Karam, F., Lahoud, R., Masaad., R., Kabalan, R.,
Breidi, J., Chalita, C., Rouphael, Y., 2007.
Evaporation, seed vyield and water use
efficiency of drip irrigated sunflower under full
and deficit irrigation conditions. Agricultural
Water Management. 90, 213-223.
https://doi.org/10.1016/j.agwat.2007.03.009

Kiani, S., 2012. Effects of iron on efficiency and
map of photosystem Il photochemical yield of
rose flower using chlorophyll fluorescence
imaging. Journal of Science and Technology of
Greemhouse Culture. 2, 25-33. [In Persian].

Laity, JH., Lee, BM., Wright, PE., 2001. Zinc
finger proteins: new insights into structural and
functional diversity. Current Opinion in
Structural Biology. 11, 39-  46.
https://doi.org/10.1016/s0959-440x(00)00167-
6

Lutts, S., Kinet, J.M., Bouharmont, J., 1996.
NaCl-induced senescence in leaves of rice
(Oryza sativa L.) cultivars differing in salinity
resistance. Annals of Botany. 78, 389-398.
https://doi.org/10.1006/anb0.1996.0134

Ma, D., Sun, D., Wang, C., Ding, H., Qin, H.,
Hou, J., Huang, X., Xie, Y., Guo, T., 2017.
Physiological responses and yield of wheat
plants in zinc-mediated alleviation of drought
stress. Frontiers in Plant Science. 8, 860.
https://doi.org/10.3389/fpls.2017.00860

Yy

Mabhaudhi, T., Chimonyo, VGP., Hlahla, S.,
Massawe, F., Mayes, S., Nhamo, L., Modi,
AT., 2019. 'Prospects of orphan crops in
climate change'. Planta. 1-14,
https://doi.org/10.1007/s00425-019-03129-y

Mafakheri, A., Siosemardeh, A., Bahramnejad,
B., Struik, P.C., Sohrabi, Y., 2010. Effect of
drought stress on yield, proline and chlorophyll
contents in three chickpea cultivars. Australian
Journal of Crop Science. 4, 580-585.

Malakoti, M., Tehrani, M., 2000. The Role of
Micronutrients on Yield and Qualify Increasing
of Crops. Tabiat Modares University Press.
300p. [In Persian].

Manivannan, P., Jaleel, C.A., Sankar, B.,
Kishorekumar, A., Somasundaram, R., Alagu
Lakshmanan, G.M., Panneerselvam, R., 2007.
Growth, biochemical modifications and proline
metabolism in Helianthus annuus L. as induced
by drought stress. Colloids and Surfaces B:
Biointerfaces. 59, 141-149.
https://doi.org/10.1016/j.colsurfb.2007.05.002

Marenco, RA., Lopes, NF., 2009. Fisiologia
Vegetal: Fotossintese, respiracdo, relagdes
hidricas e nutricdo mineral, 3rd edn. Marenco
RA, Lopes NF (eds), Publisher: Editora
Universidade Federal de Vigosa, pp 267-297.

Marthandan, V., Geetha, R., Kumutha, K.,

Renganathan, V. G., Karthikeyan, A,
Ramalingam, J., 2020. Seed priming: a feasible
strategy to enhance drought tolerance in crop
plants. International Journal of Molecular
Sciences. 21, 8258.
https://doi.org/10.3390/ijms21218258

Massacci, A., Nabiev, S. M., Pietrosanti, L.,
Nematov, S. K., Chernikova, T. N., Thor, K.,
Leipner, J., 2008. Response of the
photosynthetic apparatus of cotton (Gossypium
hirsutum) to the onset of drought stress under
field conditions studied by gas-exchange
analysis and chlorophyll fluorescence imaging.
Plant Physiology and Biochemistry. 46, 189-
195.
https://doi.org/10.1016/j.plaphy.2007.10.006

Mohammadkhani, N., R. Heidari., 2007. Effects
of water stress on respiration, photosynthetic
pigments and water content in two maize
cultivars. Pakistan Journal of Biological
Sciences. 10, 4022-4028.
https://doi.org/10.3923/pjbs.2007.4022.4028

Monjezi, F., Vazin, F., Hassanzadehdelouei, M.,
2013. Effects of iron and zinc spray on yield
and vyield components of wheat (Triticum


https://doi.org/10.1016/j.jplph.2015.12.011
https://doi.org/10.1081/FRI-120018883
https://doi.org/10.1016/j.colsurfb.2007.09.008
https://doi.org/10.2135/cropsci2001.412436x
https://doi.org/10.1016/j.agwat.2007.03.009
https://doi.org/10.1016/s0959-440x(00)00167-6
https://doi.org/10.1016/s0959-440x(00)00167-6
https://doi.org/10.1006/anbo.1996.0134
https://doi.org/10.3389/fpls.2017.00860
https://doi.org/10.1007/s00425-019-03129-y
https://doi.org/10.1016/j.colsurfb.2007.05.002
https://doi.org/10.3390/ijms21218258
https://doi.org/10.1016/j.plaphy.2007.10.006
https://doi.org/10.3923/pjbs.2007.4022.4028

fry oS 39y A 0 Shes 5 (Sielen b Sleoga (B (59) H Sireln (o 1S wbe 5 (5 e3ls

Aestivum L.) in drought stress. Cercetari
Agronomice in Moldova. Vol. XLVI, No. 1.

Morrissey, J., Guerinot, ML., 2009. Iron uptake
and transport in plants: the good, the bad, and
the ionome. Chemical Reviews. 109, 4553-
4567. https://doi.org/10.1021/cr900112r

Nematollahi, E., A. Jafari., A. Bagheri., 2013.
Effect of drought stress and salicylic acid on
photosynthesis pigments and macronutrients
absorption in two sunflower (Helianthus
annuus L. cultivars. Journal of Plant
Ecophysiology. 12, 37-51. [In Persian with
English abstract].

Nowak, V., Du, J., Charrondiere, UR., 2016.
Assessment of the nutritional composition of
quinoa (Chenopodium quinoa Willd.). Food
Chemistry. 193, 47-54,
https://doi.org/10.1016/j.foodchem.2015.02.11
1

Popov, V., Orlova, 1., Kipaikina, N.,
Serebriiskaya, T., Merkulova, N., Nosov,
Trunova, T. I., Tsydendambaev, V. D., Los, D.
A., 2005. The effect of tobacco plant
transformation with a gene for acyl-lipid 49-
desaturase from synechococcus vulcanus on
plant chilling tolerance. Russian Journal of
Plant Physiology. 52, 664-667.
https://doi.org/10.1007/s11183-005-0098-2

Prasad, M. N. V., 2004. Heavy metal stress in
plants. From biomolecules to ecosystems'.
Berlin, Heidelberg, Springer-Verlag 2nd Ed,
Pp: 462.

Ravi, S., Channal, H.T., Hebsur, N.S., Patil, B.N.,
Dharmatti, P.R., 2008. Effect of sulphur, zinc
and iron nutrition on growth, yield, nutrient
uptake and quality of safflower (Carthamus
tinctorius L.). Karnataka Journal Agriculture
Science. 21, 382-385.

Razzaghi, F., Plauborg, F., Jacobsen, S-E.
Jensen, C.R., Andersen, M.N., 2012. Effect of
nitrogen and water availability of three soil
types on vyield, radiation use efficiency and
evapotranspiration in field-grown quinoa.
Agricultural Water Management. 109, 20-29.
https://doi.org/10.1016/j.agwat.2012.02.002

Razzaq, M., Akram, N.A., Ashraf, M., Naz, H.,
Al-Qurainy, F., 2017. Interactive effect of
drought and nitrogen on growth, some key
physiological attributes and oxidative defense
system in carrot (Daucus carota L.) plants.
Scientia  Horticulturae. 225, 373-379.
https://doi.org/10.1016/j.scienta.2017.06.055

Repo-Carrasco-Valencia, RA., Serna, LA., 2011.
Quinoa (Chenopodium quinoa, Willd.) as a
source of dietary fiber and other functional
components. Food Science and Technology.
31, 225-30. https://doi.org/10.1590/S0101-
20612011000100035

Ritchie, S. W., Nguyen, H. T., 1990. Leaf water
content and gas exchange parameters of two
wheat genotypes differing in drought
resistance. Crop science. 30, 105-111.
https://doi.org/10.2135/cropsci1990.0011183X
003000010025x

Ru, K., HI, S., Kunjadia, B., 2018. Effect of zinc
and iron application on leaf chlorophyll,
carotenoid, grain yield and quality of wheat in
calcareous soil of Saurashtra region.
International Journal of Chemical Studies. 6,
2092-2096.

Ruiz, K. B., Biondi, S., Oses, R., Acufa-
Rodriguez, I. S., Antognoni, F., Martinez-
Mosqueira, E. A., Coulibaly, A., Canahua-
Murillo, A., Pinto, M., Zurita-Silva, A., Bazile,
D., Jacobsen, S.E., Molina-Montenegro, M.A.,
2014. Quinoa biodiversity and sustainability
for food security under climate change. A
review. Agronomy for Sustainable
Development. 34, 349-359.
https://doi.org/10.1007/s13593-013-0195-0

Sarlach, RS., Sharma, A., Bains, NS., 2013. Seed
priming in wheat: effect on seed germination,
yield parameters and grain yield. International
Journal of Agricultural Research. 8, 109-112.
https://doi.org/10.3923/ijar.2006.259.264

Sharma, AD., Rathore, SVS., Srinivasan, K.,
Tyagi. RK., 2014. Comparison of various seed
priming methods for seed germination,
seedling vigour and fruit yield in okra
(Abelmoschus esculentus L. Moench). Scientia
Horticulturae. 165, 75-81.
https://doi.org/10.1016/j.scienta.2013.10.044

Sheteiwy, M., Shen, H., Xu, J., Guan, Y., Song,
W., Hu, J., 2017. Seed polyamines metabolism
induced by seed priming with spermidine and
5- aminolevulinic acid for chilling tolerance
improvement in rice (Oryza sativa L.)
seedlings. Environmental and Experimental
Botany. 137, 58-72. https://doi.org/10.1016/
j.envexpbot.2017.02.007

Singh, K., Verma, HD., Singh, PP., Jasmini, DK,
1985. Effect of sowing dates and nitrogen on
growth and yield of some new wheat varieties.
Indian Journal of Agronomy. 30, 72-74.


https://doi.org/10.1021/cr900112r
https://doi.org/10.1016/j.foodchem.2015.02.111
https://doi.org/10.1016/j.foodchem.2015.02.111
https://doi.org/10.1007/s11183-005-0098-2
https://doi.org/10.1016/j.agwat.2012.02.002
https://doi.org/10.1016/j.scienta.2017.06.055
https://doi.org/10.1590/S0101-20612011000100035
https://doi.org/10.1590/S0101-20612011000100035
https://doi.org/10.2135/cropsci1990.0011183X003000010025x
https://doi.org/10.2135/cropsci1990.0011183X003000010025x
https://doi.org/10.1007/s13593-013-0195-0
https://doi.org/10.3923/ijar.2006.259.264
https://doi.org/10.1016/j.scienta.2013.10.044
https://doi.org/10.1016/%20j.envexpbot.2017.02.007
https://doi.org/10.1016/%20j.envexpbot.2017.02.007

VE-Y bl OV sl el pole 5o dame (slo 2

Singh, SP., Keller, B., Gruissem, W., Bhullar,
NK., 2017. Rice NICOTIANAMINE
SYNTHASE 2 expression improves dietary
iron and zinc levels in wheat. Theoretical and
Applied Genetics.130, 283-292.
https://doi.org/10.1007/s00122-016-2808-x

Steudle, E. 2002. Transport of water in plants.
Environment Control in Biology. 40,1, 29-37.
https://doi.org/10.2525/ech1963.40.29

Sultana, S., Naser, H.M., Shil, N.C., Akhter, S.,
Begum, R.A., 2016. Effect of foliar application
of zinc on yield of wheat grown by avoiding

irrigation at  different growth stages.
Bangladesh Journal of Agricultural Research.
41, 323-334.

https://doi.org/10.3329/bjar.v41i2.28234

Tabassum, T., Farooq, M., Ahmad, R., Zohaib,
A., Wahid, A., 2017. Seed priming and
transgenerational drought memory improves
tolerance against salt stress in bread wheat.
Plant Physiology and Biochemistry. 118, 362-
369.
https://doi.org/10.1016/j.plaphy.2017.07.007

Talebnejad, R., Sepaskhah, A., 2016. Quinoa: a
new crop for plant diversification under water
and salinity stress conditions in Iran. In
International Symposium on the Role of Plant
Genetic Resources in Reclaiming Lands and
Environment Deteriorated by Human. 1190,
101-106.
https://doi.org/10.17660/ActaHortic.2018.119
0.10

Tessari, P., Lante, A., Mosca, G., 2016. Essential
amino acids: master regulators of nutrition and
environmental footprint? Scientific Reports. 6,
260-74. https://doi.org/10.1038/srep26074

Ulfat, A., Majid, SA., Hameed, A., 2017.
Hormonal seed priming improves wheat
(Triticum aestivum L.) field performance under

FYY

drought and non-stress conditions. Pakistan
Journal of Botany. 49, 1239-1253.

Vallee, BL., Falchuk, KH., 1993. The
biochemical basis of zinc physiology.
Physiology Review. 73, 79-118.

https://doi.org/10.1152/physrev.1993.73.1.79

Velu, G., Ortiz-Monasterio, |., Cakmak, I., Hao,
Y., Singh, RP., 2013. Biofortification strategies
to increase grain zinc and iron concentrations in
wheat. Journal of Cereal Science. 59, 365-372.
https://doi.org/10.1016/j.jcs.2013.09.001

Welch, RM., Graham, RD., 2004. Breeding for
micronutrients in staple food crops from a
human nutrition perspective. Journal of
Experimental Botany. 55, 353- 364.
https://doi.org/10.1016/j.tplants.2005.10.001

White, PJ., Broadley, MR., 2005. Biofortifying
crops with essential mineral elements. Trends
Plant Science. 10, 586-593.
https://doi.org/10.1016/j.tplants.2005.10.001

Zago, M. P., Oteiza, P. ., 2001. The antioxidant
properties of zinc: Interactions with iron and
antioxidants. Free Radical Biology and
Medicin. 31, 266-274.
https://doi.org/10.1016/s0891-5849(01)00583-
4

Zhang, C., 2014. Essential functions of iron-
requiring proteins in DNA replication, repair
and cell cycle control. Protein Cell. 5, 750-760.
https://doi.org/10.1007/s13238-014-0083-7

Zheng, M., Tao, Y., Hussain, S., Jiang, Q., Peng,
S., Huang, J., Cui, K., Nie, L. 2016. Seed
priming in dry direct-seeded  rice:
Consequences for emergence, seedling growth
and associated metabolic events under drought
stress. Plant Growth Regulation. 78, 167-178.
https://doi.org/10.1007/s10725-015-0083-5


https://doi.org/10.1007/s00122-016-2808-x
https://doi.org/10.2525/ecb1963.40.29
https://doi.org/10.3329/bjar.v41i2.28234
https://doi.org/10.1016/j.plaphy.2017.07.007
https://doi.org/10.17660/ActaHortic.2018.1190.10
https://doi.org/10.17660/ActaHortic.2018.1190.10
https://doi.org/10.1038/srep26074
https://doi.org/10.1152/physrev.1993.73.1.79
https://doi.org/10.1016/j.jcs.2013.09.001
https://doi.org/10.1016/j.tplants.2005.10.001
https://doi.org/10.1016/j.tplants.2005.10.001
https://doi.org/10.1016/s0891-5849(01)00583-4
https://doi.org/10.1016/s0891-5849(01)00583-4
https://doi.org/10.1007/s13238-014-0083-7
https://doi.org/10.1007/s10725-015-0083-5

