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Effect of Nitric Oxide Application on Some Morpho-Physiological
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Abstract

This study investigated the impact of sodium nitrosoprusside (SNP) application, a nitric oxide (NO)
releaser, on growth, physiological parameters, and macro- and micronutrient uptake in apple
rootstock M7 under hydroponic conditions in response to both direct and indirect (bicarbonate-
induced) iron deficiency. The experiment was conducted in a factorial arrangement using a
randomized complete block design with two factors: SNP at four levels (0, 50, 100, and 200 uM)
and iron treatment at five levels: control (90 uM FeNaEDTA, pH 6), direct iron deficiency (45 uM
FeNaEDTA, pH 6 and 2 uM FeNaEDTA, pH 6), and indirect iron deficiency induced by potassium
bicarbonate (90 uM FeNaEDTA+ pH 7 and 90 uM FeNaEDTA+ pH 8), with three replications.
Results indicated that direct and indirect iron deficiency significantly reduced shoot and root fresh
and dry weights, chlorophyll content, and increased leaf yellowing. SNP application at 200 uM
significantly enhanced chlorophyll content by 80.64%, 47.95%, 69.80%, and 97.85% in treatments
(Fe 2uM), (Fe 45uM), (Fe 90uM+ pH7), and (Fe 90uM+ pHS), respectively, compared to
corresponding treatments without SNP (SNP = 0), and were not significantly different from the
control treatment (Control, SNP = 0). Sodium nitrosoprusside significantly increased total iron
content in leaves and roots, with 200 pM SNP resulting in 3.2, 3.2, 1.7, and 1.9-fold increases in
total leaf iron content in treatments (Fe 2uM), (Fe 45uM), (Fe 90uM+ pH7), and (Fe 90uM+ pHS),
respectively, compared to corresponding treatments without SNP (SNP = 0). SNP enhanced
nitrogen, calcium, magnesium, zinc, and manganese concentrations in leaves and roots. These
findings demonstrate the beneficial role of SNPs in improving physiological indices and nutrient
uptake in apple rootstock M7 under iron deficiency stress.
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Table 1. Variance analysis of the effect of sodium nitroprusside on some morphological and physiological
characteristics of M7 apple rootstock at different levels of Fe

Mean squares

Source of Degree of Leaf fresh Leaf dry Root fresh Root dry SPAD Leaf
variation freedom weight weight weight weight chlorosis
Repeat 2 0.038" 0.011" 8.07 ™ 0.75™ 0.282 "™ 0.05M™
SNP 3 1.22™ 0.202 ™ 262.3™ 23.87™ 587.9 ™ 15.17 ™
Fe 4 0.46 ™ 0.08 ™ 128.7™ 2511 139.02 ™ 2.358 ™"
SNP x Fe 12 0.09 ™ 0.013™ 22.09™ 1.82™ 58.16 ™ 1.247™
Error 38 0.014 0.003 3.80 0.65 2.96 0.068
CV (%) 7.87 10.72 8.50 11.55 4.77 15.28
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Figurel. Means comparison of interaction effects of sodium nitroprusside and Fe on a) fresh weight of leaf

b) dry weight of leaf c) fresh weight of root d) dry weight of root in M7 apple rootstock (Non-similar letters
indicate significant difference at the 5% probability level using the Duncan’s test)
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Figure 2. Means comparison of interaction effects of sodium nitroprusside and Fe on a) SPAD b) Leaf

chlorosis in M7 apple rootstock
(Non-similar letters indicate significant difference at the 5% probability level using the Duncan’s test)
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Table 2. Variance analysis of the effect of sodium nitroprusside on some micronutrients in leaves and roots
of M7 apple rootstock at different levels of Fe

Mean

squares
Source of Degree of Leaf Root Leaf Root Leaf Root Leaf Root
variation freedom o3l Fe  total Fe Zn Zn Cu Cu Mn Mn
Repeat 2 57.8™ 133.9™ 0.87"m 215"™ 2.39m™ 3.73™ 11.31m 462"
SNP 3 3147™ 50421 46617 117.3™ 82.52™ 81.4™ 500.48™ 555.4™
Fe 4 346.6™ 16072 90.66 ™  445™ 100.05 ™ 9.85° 48218™ 1215™
SNP x Fe 12 269.4™ 2219™ 7777 3379 12.47™ 21.73™ 282.64™ 2749™
Error 38 51.7 503 0.946 3.18 2.43 2.64 33.6 7.99
CV (%) 14.55 16.73 14.58 9.62 9.91 8.44 18.78 13.98
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Table 3. Means comparison of interaction effects of sodium nitroprusside and Fe on micronutrients of
leaves and roots in M7 apple rootstock

Fe SNP Leaf Root Leaf Root Leaf Root Leaf Root
Treatment total Fe  total Fe Zn Zn Cu Cu Mn Mn
(Hm) (Mm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Control 0 54.1¢¢ 160.5°P 3.21k 16.29 i 14.304h 18.34¢f 26.32¢9 11.09°¢f

50 54.2¢%¢ 177.7° 5.23M
100 58.3 ¢ 182.3° 7.01%9
200 59.2b¢ 250.4° 6.64 N

Fe 2uM 0 21.91 505f  8.76°

50 32.3M 67.49F 7.30¢f
100 52.9¢¢ 101.4 12.49°
200 70.3%® 173.8° 16.562

Fe 45um 0 241 84.3¢f 6.03

50 35.3¢" 63.3°f 6.34¢h
100 381" 110.6° 5.99
200 77.1%2 265.5°? 8.05 ¢

Fe 90um+ 0 4230 g8p.4¢f 5.15M
pH7

50 42.5¢h 99.9¢¢ 5.69 91
100 48.9¢f 184.7° 5.10M
200 70.6% 189.9° 7.94 ¢

Fe 90um+ 0 376  68.9¢f 1.70%
pH8

50 48.8¢f 70.5 ¢ 4.261
100  46.8%9  102.2¢ 4.091
200 72.62 196.2° 5.92h

16.8991 15.614f  18.25¢f 44.67° 36.75°
16.9291 13.53 17.85°¢f 28.77°%9 13.43¢
22.17°%¢ 12.8791 19.36% 29.609¢ 14.85¢%

20.06 & 24.63° 27.48° 31.40¢f 14.54 %
18.40¢h 19.11°%¢ 18.15¢f 28.07°¢ 14.67%
19.69 ¢ 16.26 % 13.93¢ 24.97°%9 27.72¢
23.07° 13.02¢ 13.869 66.542 32.73"°
16.87 ¢ 15.42%9 22.64 ¢ 24.331 14.09 %
15.431 16.73% 19.91¢% 34.49¢%¢ 12.66°¢
16.18 M 15.82¢f 16.36 40.51%¢ 18.58¢
30.662 12.29M 17.81°¢f 38.64 04 45.182
16.01M 14.06°"  20.02¢¢ 28.76%9 11.61°¢f
20.99 b 12.46M 20.73 29.01°¢ 26.5°¢
21.81bd 11.15° 19.824 27.88°%9 25.28°¢
17.55" 11.13" 19.56 % 28.16°9 24.11°
11.25% 23.55¢2 24.21° 13.09" 7.857
13.98 20.45° 19.72¢% 20.379" 13.81¢

17.58f 16.06 ¢f 19.27¢% 21.91fh 23.93°¢
18.94 4N 16.33% 18.25¢f 29.68 949 159

il ce 5SS ge3T b b uSilie (r 5o duo 0 O Jlail gmlaw 48 lo ime M 059 saimsLis gt 18 48 i pué g >
Non-identical letters in each column indicate a significant difference between the means at the 5% probability level with the Duncan’s

test.
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Table 4. Variance analysis of the effect of sodium nitroprusside on some macronutrients in leaves and roots
of M7 apple rootstock at different levels of Fe

Mean

squares
Source of  Degree Leaf Root Leaf Root Leaf Root Leaf Root Leaf Root
variation of N N P P K K Ca Ca Mg Mg

freedom
Repeat 2 0.12* 0.008"™ 0.0003™ 0.0001™ 0.014"™ 0.02" 0.004" 0.003™ 0.000"™ 0.0004 "
SNP 3 075™ 029™ 0.001™ 0.0006" 1.008™ 044" 014™ 0.04™ 003" 0.017™
Fe 4 043™ 013™ 0.001™ 0.018™ 123™ 047" 005" 0.06™ 002" 0.022™
SNP x Fe 12 011™ 0.06" 0.0001"™ 0.0005" 0.095™ 0.03™ 0.014™ 0.006™ 0.009™ 0.003™
Error 38 0.03 0.03 0.0001 0.0002 0.01 0.007 0.004 0.003 0.001 0.0007
CV (%) 6.13 9.51 8.28 5.61 4.38 7.4 4.45 4.06 11.83 10.66
aoy0 ) Jlexsl o 5o s sre g 00,0 B Jlatol gl 50 jls e o e BB 3525 pas saimylis cud 3 4 FF 5 S
s *and ™: non-significant, significant at 5% level and significant at 1% level, respectively
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Table 5. Means comparison of interaction effects of sodium nitroprusside and Fe on macronutrients of
leaves and roots in M7 apple rootstock

Fe SNP Leaf Root Leaf Root Leaf Root Leaf Root Leaf Root
Treatment N N P P K K Ca Ca Mg Mg
(um) (um) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Control 0 2.269M 1.40¢ 0.149 b 0.177¢9  2.16°%9 1.05d 1.4169f 1.4419h 0.285¢ 0.261¢°®
50 2.48¢%9 1.37¢ 0.143°f 0.193 ¢¢ 1.93N 0.86™  1.434¢¢ 1.563 2 0.285¢ 0.335®
100 2.80¢ 1.87%® 0.146 2 0.194¢¢ 1.89 N 0.8091 1.546 2 1.5802 0.342b 0.3692
200 2.82bd 177 0.1450F 0.196°® 1.711 0.74M 1.475054d 1.548%¢ 0.330bc 0.303bc
Fe 2uM 0 2.59¢f 1.49¢ce 0.170@ 0.274% 2.78° 1.28b¢ 1.185" 1.255% 0.1121 0.216 %
50 2.75¢%¢ 1680 0.170@ 0.2792 2.52¢ 1.17¢ 1.2439n 1.456°¢9 0.155N 0.241¢9
100 3.08° 1.68bd 0.1552 0.2822 2.320 1.16¢ 1.5592b 1.496 4 0.318%¢ 0.262¢¢
200 3.392 1.962 0.153a¢ 0.247° 2.18¢9 1.06 % 1.2779 1.354 ™M 0.244 9 0.293 b
Fe 45um 0 2.45T 1.43 ¢k 0.1602 0.246° 2.23¢f 1.17¢c 1.309 1.299 1k 0.1739 0.182 hi
50 2.43T 1.40¢ 0.1542 0.243° 1.871 1.14¢ 1.30¢ 1.301 ik 0.248% 0.184™Ni
100 2.614f 1.40¢ 0.147bf 0.244° 2.12 0.99¢f 1.5992 1.4154h 0.4122 0.230¢9
200 2.89 be 1.962 0.1425f 0.248° 1.94Ni 0.897 1.342¢9 1.366 91 0.3550 0.316°
Fe 90um+ 0 2.15h 1.68bd  0.146°0F 0.236° 2.77°b 1.40° 1.316 T 1.407 90 0.250¢% 0.216%h
pH7
50 2.614F 168bd  (0.148b 0.215°¢ 2.43¢ 0.92 1.421 % 1.404 90 0.251¢% 0.251¢f
100 3.08° 1.71%¢  0.133¢9f 0.214°¢ 2.069" 0.96¢f 1.4189f 1.486%*¢ 0.243 4 0.232¢9
200 2.77¢ 1,772 0.133¢f 0.193 ¢ 2.14 T 0.711 1.411¢9f 1.474°bF 0.260% 0.260¢f
Fe 90um+ 0 2.99be 1,772 0.127f 0.171¢9 3.443 1.722 1.345¢%9 1.390% 0.228¢f 0.170'
pH8
50 2.96bc 1,772 0.128¢f 0.175f¢ 2.45¢ 1.40° 1.428 % 1.396¢1 0.213¢9 0.1651
100 2.89¢bc 1.873a 0.152d 0.177¢9 2.53¢ 1.28bc 1.5523ab 1.457°¢9 0.197fh 0.207 9
200 2.99bc 1.843b 0.15872 0.172°9 2.47¢ 1.16¢ 1.531%¢ 1.45090 0.2504% 0.261°®

il ce 5SS ae3T b o Silee (50 duo 0 O Jleisl gl 4o lo e BB 55 g soipo i (gt ja 40 aliie d By >

Non-identical letters in each column indicate a significant difference between the means at the 5% probability level with the Duncan’s

test.

J5onl e o )l sine (a8 ol gy o
Fe) sl jo Sp 358K 5 ala) 55, a5 Sy
Control, ) aals 4 cows (O0uM+ pH8+ SNP=0
355 oyl s slie b a5 wmlie (SNP = 0
Shahabi ) e pl8,l )5 4 (Karimi & Salimi, 2021)
s YL pH s 4 codlls o sualine (et al., 2005
el (HCO3) ol S o s H G pme uiomons
el S o g S 0 wyiws BB el clale ialS
2815 sl U5 PH 3l el saty, 5o
st otledle pdiee ool (Sifslnsed colld
97 Nyl Bk 5l Wlgioe olS ot D> 0l S

OA

05 Ol oo gl ogeS AT el oad 518
FRO4 slagys ol (il 3l & e COPT2 5 Gd
Cai et ) u,lo i o iz )0 4S5 040 50 FROS 4
etle alions calos s 4 55, 5 ool (@l 2021
b ol JU slacesn 5 Lo b sb 99 slagssls
dg0S (Sinclair & Kramer, 2012) wi)ls Joles o2
José Correia ) 54 o0 IRTL Lo ial38l 4 i (a0l
S yeolS Lo galauly Wiy oo a5 (et al., 2018
Tao ) 0gi pgmodls b cdlS 1Ko (g9, duile K0

(& Lu, 2022



) e bale caizmen crisle (Aal38l (6 )lo Gne yoboas
(Kong et al., 2016) wols ials ais ;) s S, o
‘Golden ‘Red Delicious’ cuw s, slaJlgs ,o
- Ty Uiyl ‘Golab-e-Kohanz® 4 Delicious’
Hd g ey (Ojg s cbale gl cel oly S
SgmaS Al oo juie Cdale gl el Lol s Sy o
ol Sl S o sl iiSly ams o a5 el
—eod ) b JsSdgecid ;o JlSle g 059 paed il
59 oty (g Bl a5 5oy camd g 8 5l
SlagiaSly jo JES 5 (a5 £8)) as, Gials Jule
—o oSty wboe SRl 03 Slplie
B 098 o0 18 1 50 peaslly geS 4 yoxie Dl S
2 olS o i b 4 Glge 1) miee Ol
Lo olS (2l9a laplusl 4 o) JEl g o jaie 32
Ol asllas opl o (Shahabi et al., 2005) cuusls
PH=8 L wly,S o 25 o obls Sy s i
32 yad |yl dald 4 cod (g lo pime ralS
Jslels SYLPH b glalame o a5 coul LS 5
S8 HllS oo 10 O-F PH oogame [0 5 S
¥y (G4, o (Shah et al., 2023) o .5
O9d Hlewd slp e olae (Poncirus trifoliata)
(Fe(IN-EDDHA) ol Y505,Se S Lo 5 o0
José Correia ) og ool Voeq,Soe Fo o 5l ition
i bady, ey ol a5 LK (et al, 2018
o ol atsls Jols (Pi) Slawsd L wilgi oo s oo
Hanikenne ) o¢ laasLs 4 Ll Jas! jzals 4 e
Lylys o MO o il o simgs o (Bt AL, 2021

8l el any, eedS cbale pl 5gS
3,5 ol imgh o (Valentinuzzi et al., 2019)

9 S 2 Olsres whle Gl el wolug g idm o
oS, D o gladlas 0wl M7 4l as,
QS TG 5 4o dgaaS sl 13 4o ‘Qingzhen D1’
slasp ;0 IS 09 Olie IB Sl S50
Jlowd gl (saalllas o (Liuetal, 2022) o s>
Al S dale 2158l el culig g dpan
—aon Lo a5 aizman 5 CO% (5 3limgan SIS 11

AR

9 Sy cadbgl PH g 0gd Jite S p o @
- (Cartmill etal., 2008) aas iol38! ) pudly g
Fol e85 g boaty, bug gy, iz gl ol S
(Roosta et al., 2016) sgi oo lspplal 4 aiy,
ws rals ) ads ) bl Jaily wlgs co Grizmen
ol 5 L0b ] (Ko Sy K cdale  als
Shahabi et al., ) ol baiy, lwg o] Gix S
S0 eSS il ol sasllas 4o (2005
L ool ogs” A8 4 1) o b Jood il
D) )0 Sy dgap S g aduy el cdale gl
Fe-EDTA Ygos, 5o 1+ ool clale o 0, Jl> 4o
0y (Yses,See) v +) SNP L sud e LS
Gl 5o yse ol ailin] o NOg wizils apls
o2l 3900 @Dle g 05w, slp ) @) plalS
5 o (Graziano et al., 2002) sl ualS
Sless (o] vgeS 25 cos ‘Qingzhen D17 43,
~S3,8) FCR  ay ! ol (100 pmol LYy SNP
Ol oSy o 1) Jslono ol (5 5 (LS 90,0018
Ol eonlpogdle s Ll g)ls s jsbay ol
Oeimen s POFRO4 5 PBFRO2 .ol Gis sl
315 Gaal531 1, POIRTL ol Jsil b bas e slasys ol
S g yws NO K069l (Liu et al., 2022)
—o b —disrisise SeoaSheS JSis b, ool
- S92 «ONIC s MNIC o5 5a) (ol 95
o2l o miee 1zl 5 S laeSleaS cal i
2 el a s JSeel Sl it s bl
g slas Gl 5l (Sl a4 Wlgse g Cenl s
Sb Jite plewdyslie JU S bawy L oS
ks DNIC .,=se (Simontacchi et al., 2012)
> Bl b aty, 5l (Ysb Jolgs o ]y el oS >
Vaninetal., ) auS oo Jugs ol 0908 bl i 5o
Gl s SNP 5, S« imsh ol 4o (2004
9 S R0 e Ol y0 SR8l 5 35 5 59, ke
o2l g lll cod Jpeplol o ol al,
0) «0 puM FeNaEDTA +50 pM SNP) sla L5
0 uM) L (UM FeNaEDTA +100 pM SNP
ady, 1y g9, cdale (FeNaEDTA +250 pM SNP

1- Labile iron pool (LIP)



A8 M7 s iy )0 Ay 5 S )0 Hhed 5 pelly
goaiSall plyieds wylug g ybimans 5l ool
(sady slagasls Rl cel 0SS S
iy spoeelS 0395 S5 02T ( Siagee el
9,5 4z Al )0 wl Al 5 S 3Kl 5 G,
o 2 )01 Al 5 S e g p0d erliy (S
s (0 ol melS el seeS S )l 0 M7
Voo cdle o pgaza) 0SS op)ls
— oo ada) Guyb l Brae Oys0 4 GNP Yges S
GBI L Ly ol 05aS (A5 4 o Ay Jood Wl
Syt Joko 6)luly sla Shy il 5 el bl
bLis 5 gud; Glagasls Sone 4 (izren wiSy

A S olE ol o (gdseslae Joles

Sy S e S5 1, G (sl il 5 e JUS s
—oeyd w3 5l CaZt us o] S e el wpnS]
ICE joee el (658 S e (lsiear 5 ot (Jobo
21y Jossiem Car clile 505 5 o0 lowdlslid
Sokolovski & Blatt, ) was o iulidl s Lol b

(2006

5 S A
5 e G904 4> ol 89S Ll (IS sl
Dol el (pumliy Bl S’ o 5l (50) eodiiene ot 4
o2l (SPAD) (SKijew Lasls (s, sla asls
(e yo (Jgadate) 5 S 0 muie 5 peelS (S
(59 e oS 1 (G,lS) (69,5 4y liEl o



References

Amooaghaie R., and Roohollahi S. 2017. Effect of sodium nitroprusside on responses of Melissa
officinalis to bicarbonate exposure and direct Fe deficiency stress. Photosynthetica, 55: 153-163.

Ashtari S., Dadpour M.R., Oustan S., and Zaree Nahandi F. 2018. Endurance evaluation of apple
rootstocks for fe deficiency induced chlorosis through iron hunger and bicarbonate stress.
Environmental Sciences, 15 (2): 181-198. (In Persian)

Cai Y., LiY., and Liang G. 2021. FIT and bHLH Ib transcription factors modulate iron and copper
crosstalk in Arabidopsis. Plant, Cell and Environment, 44 (5): 1679 -1691.

Cartmill A.D., Valdez-Aguilar L.A., Bryan D.L., and Alarcon A. 2008. Arbuscular mycorrhizal
fungi enhance tolerance of vinca to high alkalinity in irrigation water. Scientia Horticulturae,
115 (3):275-84.

Ciura J., and Kruk J. 2018. Phytohormones as targets for improving plant productivity and stress
tolerance. Journal of plant physiology, 229: 32- 40.

Covarrubias J.I., and Rombola A.D. 2013. Physiological and biochemical responses of the iron
chlorosis tolerant grapevine rootstock 140 Ruggeri to iron deficiency and bicarbonate. Plant
Soil, 370: 305-315.

Dobbels A.A., and Lorenz A.J. 2019. Soybean iron defciency chlorosis high throughput
phenotyping using an unmanned aircraft system. Plant Methods, 15:97.

Graziano M., Beligni M.V., and Lamattina L. 2002. Nitric oxide improves internal iron availability
in plants. Plant Physiology, 130(4): 1852-1859.

Hanikenne M., Esteves S.M., Fanara S., and Rouached H. 2021. Coordinated homeostasis of
essential mineral nutrients: a focus on iron. Journal of experimental botany, 72(6): 2136-2153.

Hoagland D.R., and Arnon D.l. 1950. The water-culture method for growing plants without
soil. Circular. California agricultural experiment station, 347(2"Ed.).

José Correia P., de Varennes A., Gama F., Saavedra T., and Pestana M. 2018. Changes in nutritional
homeostasis of Poncirus trifoliata and Ceratonia siliqua as a response to different iron levels in
nutrient solution. Journal of Plant Nutrition, 41(16): 2103-2115.

Karimi R., Koulivand M., and Ollat N. 2019. Soluble sugars, phenolic acids and antioxidant capacity of
grape berries as affected by iron and nitrogen. Acta Physiologiae Plantarum, 41 (7): 117.

Karimi R., and Salimi F. 2021. Iron-chlorosis tolerance screening of 12 commercial grapevines
(vitis  vinifera  L.)  cultivars based on  phytochemical indices. Scientia
Horticulturae, 283:110111.

Kaya C., Akram N.A., and Ashraf M. 2019. Influence of exogenously applied nitric oxide on
strawberry (Fragariax ananassa) plants grown under iron deficiency and/or saline
stress. Physiologia plantarum, 165(2), 247-263.

Khan M., Ali S., Al Azzawi T.N.l., and Yun B.W. 2023. Nitric oxide acts as a key signaling
molecule in Plant development under stressful conditions. International Journal of Molecular
Sciences, 24(5): 4782.

Kong J., Dong Y., Song Y., Bai X., Tian X., Xu L., Liu S., and He Z. 2016. Role of exogenous
nitric oxide in alleviating iron deficiency stress of peanut seedlings (Arachis hypogaea
L.). Journal of plant growth regulation, 35: 31-43.

LiuJ., Wang J., Wang Z., Li M., Liang C., Yang Y., Li D., and Wang R. 2022. Alleviation of iron
deficiency in pear by ammonium nitrate and nitric oxide. BMC Plant Biology, 22(1): 1-11.

Mizukoshi K., Nishiwaki T., Ohtake N., Minagawa R., Kobayashi K., Ikarashi T., and Ohyama T.
1994. Determination of tungstate concentration in plant materials by HNO3-HCIO4 digestion
and colorimetric method using thiocyanate. Plant Analysis and Methods, 46:51-6.

Ohyama T., Ito M., Kobayashi K., Araki S., Yasuyoshi S., Sasaki O., Yamazaki T., Soyama K.,
Tanemura R., Mizuno Y., and Ikarashi T. 1991. Analytical procedures of N, P, K contents in
plant and manure materials using H.SO.-H,O. Kjeldahl digestion method. Bulletin of the
Faculty of Agriculture, Niigata University, Japan, 43: 111-120.

Pirmoradian M., Naseri L., Abdollahi H., and Shahabi A.A. 2017. Ferric chelate reductase activity
as screening index for selecting iron chlorosis resistance of apple rootstocks. Iranian Journal of
Horticultural Science, 48(3): 655-668. (In Persian)

4


https://www.cabidigitallibrary.org/authored-by/Ikarashi/T

Roosta H.R., Tavakkoli M.M., and Hamidpour M. 2016. Comparison of different soilless media for
growing gerbera under alkalinity stress condition. Journal of Plant Nutrition, 39 (8):1063-73.

Salhi K., Hajlaoui H., and Krouma A. 2022. Genotypic differences in response of durum wheat
(Triticum durum Desf.) to lime-induced iron chlorosis. Plant Direct, 6(1): e377.

Sami F., Siddiqui H., and Hayat S. 2021. Nitric oxide-mediated enhancement in photosynthetic
efficiency, ion uptake and carbohydrate metabolism that boosts overall photosynthetic
machinery in mustard plants. Journal of Plant Growth Regulation, 40: 1088-1110.

Shahabi A., Malakouti M.J., and Fallahi E. 2005. Effects of bicarbonate content of irrigation water
on nutritional disorders of some apple varieties. Journal of plant nutrition, 28(9): 1663-1678.

Shah S.H., Parrey Z.A., and Mohammad F. 2023. Nutrients homeostasis and nitric oxide in plants.
In: Nitric Oxide in Developing Plant Stress Resilience. Academic Press, pp. 201-215.

Simontacchi M., Buet A., Lamattina L., and Puntarulo S. 2012. Exposure to nitric oxide increases
the nitrosyl-iron complexes content in sorghum embryonic axes. Plant science, 183: 159-166.

Sinclair S.A., and Kramer U. 2012. The zinc homeostasis network of land plants. Biochimica et
Biophysica Acta, 1823(9):1553-67.

Sokolovski S.G., and Blatt M.R. 2006. Nitric oxide and plant ion channel control. In: Nitric Oxide
in Plant Growth, Development and Stress Physiology. Eds. L. Lamattina and J. C. Polacco.
Berlin, Heidelberg: Springer, pp. 153-171.

Tao J., and Lu L. 2022. Advances in genes-encoding transporters for cadmium uptake,
translocation, and accumulation in plants. Toxics, 10: 411.

Tewari R.K., Horemans N., and Watanabe M. 2021. Evidence for a role of nitric oxide in iron
homeostasis in plants. Journal of Experimental Botany, 72(4): 990-1006.

Tong H., Madison I., Long T.A., and Williams C.M. 2020. Computational solutions for modeling
and controlling plant response to abiotic stresses: a review with focus on iron deficiency.
Current Opinion in Plant Biology, 57: 8—15.

Valentinuzzi F., Venuti S., Pii Y., Marroni F., Cesco S., Hartmann F., Mimmo T., Morgante M.,
Pinton R., Tomasi N., and Zanin L. 2019. Common and specific responses to iron and
phosphorus deficiencies in roots of apple tree (Malusx domestica). Plant molecular
biology, 101: 129-148.

Vanin A.F., Svistunenko D.A., Mikoyan V.D., Serezhenkov V.A., Fryer M.J., Baker N.R., and
Cooper C.E. 2004. Endogenous superoxide production and the nitrite/nitrate ratio control the
concentration of bioavailable free nitric oxide in leaves. Journal of Biological Chemistry, 279
(23): 24100-24107.

Vert G., Grotz N., Dédaldéchamp F., Gaymard F., Guerinot M.L., Briat J.F., and Curie C. 2021.
Correction: IRT1, an Arabidopsis transporter essential for iron uptake from the soil and for plant
growth. Plant Cell, 33: 439-440.

Yue Ao T., Chaney R.L., Korcak R.F., Fan F., and Faust M. 1987. Influence of soil moisture level
on apple iron chlorosis development in a calcareous soil. Plant and Soil, 104: 85-92.

Zhang J.C., Wang X.F., Wang X.N., Wang F.P., Jia X.L., An J.P., Yang K., Zhao Q., You C.X,,
and Hao Y.J. 2020.Abscisic acid alleviates iron deficiency by regulating iron distribution in
roots and shoots of apple. Scientia Horticulturae, 262: 109018.

Zheng X., Chen H., Su Q., Wang C., Sha G., Ma C., Sun Z., Yang X., Li X,, and Tian Y. 2021.
Resveratrol improves the iron deficiency adaptation of Malus baccata seedlings by regulating
iron absorption. BMC Plant Biology, 21: 1-13.

Y



