Iranian Journal of Field Crop Science Aol elyy LS
Vol 52, No 4, Winter 2022 (101-114) olal =13 ool psle

DOI: 10.22059/1JFCS.2020.305604.654733 O NV-NY ) Ve Gl oF 5)Lels Y 890
PAS (059799590 9 (R399 0 S T 39 Py pewly SN 96 Joko Wb
:.'. + “J.;.*.J - -

T Suile 4l (6903 (S0 M ¢ (Sl Wil T 10l iy Tl Dt T Slhowl Lo gl ! T 9 190
(s Gz o5 il S 09 8 sl 5 5Lls skl ¢ ALS (655 5w el s 5S4 0 58 5 )
ol G oRils DL Pl 5 ) 0p B Slkils 5 5555 g gmils N 5 Y
OYR/A/0 15 pdy )b — VFRA/E/Y0 10l )0 o ,b)

o>

&ﬂjléUg}uQ|ﬁ|6haMJL€»J}?jCvibelzf/‘;?\?-‘su&.)wJ:&‘ﬁﬂWb*Asdlqdijl
S s 5o o xS (K58 5 SNISnrd b Shs o p ey OISSE SU s sl 4 Sl o
SIS s SIS 2SS 4 LSS an b Bolar SLlS al b B s by sSU e 4 bl (S
g a3 (S5 15 Jgl 55U Jold s 3500 slas S B S |l sl Gloee o8l (6555028 0aSisl
p18) ety NS 56 Joldh p s 5 56 5 (1 sSlE 5 de ) ok B g3 5538 (b o 5 £ (s poml Jemile
IS Sl by b (Ko 5 5 ly OS5 (2L om0 (2 3 p 8 (e 10 5 70 caly OIS 46 5 )18
S g0d wbﬁuﬁwj.u‘dwt;,,@Qaﬁqgjﬁ@uudd’fﬁ Sl 4 Obojen jsbay\ere
Jo NS 5l (g 55 (sla SIS e SRl o g ey IS BB BL e .23 S plonil (g 5le 5 el
Sl G ge S 5 s Sy s Al 5y S 035 o) 5 2l s® sl plasl tw,u‘,.,:st,s;;u.hﬁﬁ
e 5 ady ) d b oS 5 b o Kle Jsb ile I b 0o 5 IS JSoAS 5D @ by A5 alis o on g5l o8 5 Shas
i S A e (S Fmlin STy o sSlE o andllas 390 U1 oy ol le S5 5 5 05y SalS g
S sk el (S S 4 o (o35 ol e Jes ekin LI S ol UL el OIS G 3L sk o
B Sl gy (S P Qg Ol B cmae s p 8 e YO Sl sl O 5L s 18
3 B olS s s 3t g2 gt oS (U5 Gl 5l I G se 5 edd g RS eI
ey S S0 (OB S (el 5l (g s (slae 1S5, ( (Sa i i SlsT (SlvoSlg
Effect of nano —chelated potassium solution on some physiological and
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ABSTRACT

Since potassium plays an important role in the vital activities of the plant and is one of the inhibitors of the
destructive effects of drought stress. In order to investigate the effect of ﬁotassium nano-chelated on some
physiological and morphological characteristics of wheat in drought stress conditions, a factorial
experiment in the form of a completely randomized basic design with three replications was performed in
potted culture in the greenhouse of Mohaghegh Ardabili University. The factors include the first factor of
drought stress at three levels of osmotic potential (0, -4 and -8 Bar), the second factor of wheat cultivars
(Rasad and Gascogng and the third factor including nano-chelated potassium (non-application of nano-
chelated potassium, 35 and 65 mg /litr). Foliar application of nano-chelated potassium and drought stress
with po!}/ethylene glycol 6000 was applied simultaneously to plants in three to five leaves stage for five
days and then samples were taken from control and treated samples. Foliar application of nano-chelated
potassium increased the amount of photosynthetic pigments, leaf chlorophyll index, quantum yield, height
of aerial and terrestrial or?ans, dry and wet weight of stems and roots. Drought stress reduced maximum
fluorescence, quantum yield, chlorophyll a, chlorophyll b and total chlorophyll and the average stem length,
internode length, leaf length, root length and also reduced wet and dry stem weight. Among the studied
cultivars, the ighest amount of measured physiological and morphological traits under drought condition
was related to Gascogn cultivar. In other words, this cultivar showed a better response to drought stress
under foliar application of potassium nano-chelated, which indicates greater tolerance of this cultivar to
drought stress. In general, the application of nano-chelated potassium at a concentration of 35 mg / |
moderated the damaging effects of drought stress and increased plant defense mechanisms, especially
improving the plant's photosynthetic system.

Keywords: Drought stress, fluorescence, photosynthetic pigments, nano-chelated potassium, wheat bread.

* Corresponding author E-mail: a_ghasemian@uma.ac.ir


mailto:a_ghasemian@uma.ac.ir

o Sele 8 o Shg (F i p peely OHL ol 36 1] San 5 55 VoY

Jedo S clale Ll Ses a4 blS coglis
cols g bppl @lodld oS 0 oSS
el a5 SlalS o o)l loves i lapsig
@ by, Slld w)ls 32y (I jladea
Wns 9 5k el SR8 Ol 4 39 oo S
Lol ly ety Olyz 4 DS by,
30 Code 5l cel el clale jlade yol5dl
il yiw Cash dnais) olas Gal8l gt
b kS 55 ials3l NADPH 4 (ATP) Sl (6 5
15 bails 4 a3l Slge Jisl e ye Lialidl o b g
.(Zheng et al., 2008) 55,5 o <&

G RS ety losgSl | oslic
4z Fe 5 Slgiee pliésolie gilesls]
ey banze b5l 5 jll (65,5le8 4 (pletws
olal jo 1,3 ogSesl (Vattani et al., 2012) ol
Sl jo g 08,5 ol3T 1) (gdae olge 45 akiwd iagil
bl 5l (Solanki et al., 2015) wwas oo )8 oLS
S IRISRCPIUR IS P SRR S A
o oo Simlan 5 Gelaie olS e Lo b ol
0351 2l olge Jlade oy iy Cd> 4y ;08 oS 1Y
38bes ole gl (palS ed am o g
55 55518 65 50 b oo Gl 35 Jpano
Ol s (plood ladgS gm¥ge 3 (03,5 Ay yo
(il Grae Juals alex 5l (3,50 slasgliws 4
CMase 3l 6 S ol 50yl Glaanje )5 57 adyo
(Tavan etal., 2014) ol b Jaeocons s

Sy b ) lodes Cond el 4y axgi
SIpS G By 50 5 035 S g0 lnl piS
Seislnid 5 Sieledise Dluesd gy p )l I8
Sgedet yoliteds iS00 552 (eSS 4 gly o o8
Sloiy Cuonl 5l (Sid S pln 50 GlalS Cueglie
el pais Al 4 a2 b Grigren el 1995
9 ol Fge (Sis A plp po )l pelass o
S0l lyed ogS il 00,15 12 )08 g9
St )3 (leord Slge Srae a5 Sy o
or o onl 5l Sas 1wl ot 75hae (el
SIS TS50 b S e Sl s

957 Jbo o e hea Y (Sl bangte b 0
(Emam, 2013) &l ole> 4 Sis 3ble
oS wdy ol 0gmaS 5 lgn slos (1l L lojen
055 Jamily 31 5 4285 5 St 45 5 o
YU & > 4>, .Joudi et al., 2014) 55 oo auls
soanlp 5l ol » Gl B 5T
Smogid Collad 093 dygi 4y aS o)l (S5lg 5
Djanaguiraman et al., ) 5,138 o b pasS olS
sl e s ST odgt sy a8 25 (2018
Ll oS 5 lelaSs, o5 o sk sl o
S5 ot o b 5 95500 85 b by 1S
ogall o Slae 135 w o baails jod 5 (gal> 0 4o
Slge god pilivs a5 3)ls s s y5e 4 (i
(Pgter et al., 2005) cowl ladils o (5 5cuwgd

G o Siagth eisSogama Jolse 5l S
ladslo (bl 1y scasl baaijg, (ol iy o (S25
Loy pials o)l S of jlade 4 oy, ladlrs
Jolse 952 5 Srmgd lrerSS, e ABgS
kel 5l Fmgts el Fiagid oaiiS sgue
3 M 033 1 4 el Sdsilie glaoyl b o 5
Slyme 5 ol iiagts Collss byl 558
Loy 5 b pasf (555l e (slo sl by i
Khanetal., ) aiiws oni) e gl i Juloe plo g
(2013

b ojluiss 3B ) plals o5 plapucille (o) 2
Cou |y gliad) g anS g (il (Sas s b

polie pl] Sl )0 Wil oo ailes Lt Ll o
S des 9 Si bl ;o 2t glp (Sas 4
wan S Suis s (Shetabi, 2016) oS SLS
ol o leige 5 Sl K JUil 5 S 31 olals
Colas g 035 Lipns (23 4 Cwglie (balS
(Shabala & Cuin, 2008) 5% o oualice (5 yion
» 8 Gk sl Qe ol (oges el
ol cxrge Wlg oo el ol wB) slaan )
Baghai & Maleki Farahani, ) 55,5 o5 5 ,Slee
5 3590 Sl o ines 3l e ety (2014
29 Moo o Sieml 5 ple o il olS



Ve Vo Gl oF 5,leds DY 6,50 ¢l pl £ly5 LS pole

Asprr s J5° L3915 9 b J39)15° @ Judg IS
e ud? A;y‘-;//\ 9 )...Ayl.‘ FEYIY Toe Jﬁ.‘d o uJ:>

2251k 65, ks e SIS Ll cou
sl 48l anags LIS 5 ¥ Bolas jboas et
A 9 SBl (o AV - cela by alblé yo) oLS
SRy ryate Go S lawgs (S, adS Y
Jls) Fo Jols 5y Jubs IS uilysls sle
S5e) Fat S5 L 00 55l 5 ) il
Lt g Il S ool Sl om STae il 5l
oobessld) Fyos (0,6 4 oald S5k oS (5,
Salis il a8 Sob L sad S5l Sy 5l ek
e G R R L B T
CS 5 0S30p Jow) Jeda,lS uilesysls olSis
O3 g Jlosl 5l atny 5 o8 (Kol sl 2
59 sk 2 Sl Jolsd o (SiS S g el
s Sileas b Fu/Fv g sl (5 0slal LSS
.(Kheirizadeh Arough et al., 2016)

Wlo Job 1 S3elgd 900 Slio (S (550l
5 5 o s Jsb 5 S Jsb oS Jsb
S5 ol S bt b cutS iy 5l bazaliS (o908
5wl lax olee slaplasl 5l laacy ) LG Ho s
JEzmd 595l Lawgs aililaz jsbas S 5o (5
Sl FA Gaedy (9500 sbaplail s 050 5 S
AJM&WDO‘;GQLA A?)QV& 6L‘°'>)‘>5Q5] O9°
WS 59 )5 e <33 b Jluzms 65315 b e 9
5 SAS 9.1 15l oy SaS b baosls Julos g a5
s 33 LSD (ygejl 5l onliiul b lagyoSolos dunlie
Jsdla s 5l ool b 55 L loged musy g 70 Jlozs!
d,5 plxl Excel

Jlize sl 31 ols Gl il ly a3 Jgoor gl
Slp (S 55 % aaly SIS x o, Jole dn
D9 o gire do 0wy Jleisl mhw o b L8y IS
aely Ol x (Sl L5 Al (izees
P ey A S B35 s a Ldg)ls Dlas

Sdere 13, Sl 5 38 he sbedale )3 el
REIg

L gy 9 olge

g peliy W9l (LBL Jolone Sl o) jslaiens

2 dsSE Oygo chbl eais o (Sas s
g Al jo 1SS an b dolas DS #,b 4l
ooyl Bime olKisls (63,9liS eaSiisls olKiules]
Jol 556 Jelds (g 9550 sl ol | 2]
3 ~Feh) o ity o 4 3 25 25
((R5SwlS 5 00) ()b pasS a8l g0 ,5iSE o(JL Hao
S pae) pely IMSL Juld pgu 9551
3 Gl 5 o Slee 0 5 YO ey SIS
2o U s alo e 3 elty Sl b 3l Jlons
(S i il & 4zl o sl,) i Jlac 5
Josls ol (Sas s Jleel
5 ~Fh) g yoms] Jpilty gl 4w ,5 (PEG6000)
SIS 43 5 905 o wlSea Jolxe 10 (L ao
e U aw d> o 0 bazalS ol 00438l Jiulesl
5 S G 5l o Glojan 3, O Doy (5
4 0L (5)l0 pdiges o g w85 )15 (b Joloee
Slaaigas g 05 plosl (a5 (29 plail) JolS” S
S Slho (B p owyn ez e g vals
SIS oS (il az o A slos Cod g )58 0

Mok Sislgsd Slio S nToil]
Arnon g, 3l ookl b aSes IS Sy g IS
2 ela Y e Y Ly, sb g ad ixew (1976)
cw> p JS S35 g ba b ks cbale e
o 5 O 2l ojlas Sl dee e Sl
Ao S 5 (39 05 2 S ke con p @S
KW
Chla=12.25 x Agss2 - 2.79 X Asss.s \ alal,
Chlb=21.21 x Asses - 5.1 X Agea2 Y akl,
ChIT=Chla+Chlb Y alal,
CX=(1000A470-1.82Ca-85.02Ch)\198 :f alal,

clale o5 54 ChIT 4 Chlb Chla 568 Jge,8 0



o Sele 8 o Shg (F i p peely OHL ol 36 1] San 5 55 Vot

YMfoy)\QWM)OGJj&Ju"‘CJG‘J
A Sl uiluysls o i Sas 5 x o3,

O Jga) casls s g

o, las 5 Sl Blas uile,gls Clas 5 Sis G g puly Ol calites Folaw Jil il )lg a5 =V Jgu

oS 50 (S Fmgid sloopSs) (B g (o9lsS
Table 1. Variance analysis of the effects of different levels of potassium nano chelates and drought stress
on minimum and maximum fluorescences and quantum yield and some photosynthetic pigments in wheat

SOV Df Means of square (MS)
Chlorophyll  Chlorophyll Total Carotenoid primary High quantum
a b Chlorophyll fluorescence  fluorescence yield
cultivar 1 143.44™ 1345~ 287.45"™ 1482 0.030 ™ 99.80 ™ 0.060 "
stress 2 0.861 "™ 0.272™ 6.704 ™ 0325~ 0.272™ 96.90 ™ 0.045"
nano —chelated 2 2.40™ 0.129 ™ 2.151 "™ 0.090 ™ 0.193 ™ 12.42 " 0.018 ™
cultivarx stress 2 0.329 "™ 0.313™ 6.837 ™ 0.016 ™ 0.044 107.35" 0.024 ™
cultivar x nano — ns * ns ns ns ns ns
chelated 2 5.633 0.352 16.88 0.040 0.217 3.54 0.002
S”ecsﬁefa?:go - 2 o465 0.128"™ 18.231" 0.024 0.648 ™ 19.86™  0.008"™
Trilateral effects 4 1441 0.355 " 4.656 ™ 0.031"™ 0.359 ™ 4711m™ 0.003 ™
Error 36 3.066 0.103 7.769 0.063 0.487 32.44 0.015
cv% - 16.1 16.3 18.4 14.7 14.9 14.7 13.8
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ns, ** and *: non significant and significant at 1% and 5% of probability levels, respectively.
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Figure 1. Interaction effects of cultivar x drought stress on changes of chlorophyll a content. Different

letters in each drought stress level show significant difference at 5% level.
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Figure 2. Interaction effects of nano-chelate x stress x cultivar on changes of chlorophyll b content.
Different letters in each drought stress level show significant difference at 5% level.
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Figure 3. Interaction effects of drought stress x nano-chelate on changes total chlorophyll content.
Different letters in each drought stress level show significant difference at 5% level.
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Figure 4. Changes in carotenoids content in wheat cultivars and drought stress. Different letters in the
same graph represent a significant difference at the 5% level.
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Table 2. Variance analysis of the effects of potassium nano chelate solution foliar application and drought
stress on stem, internode, leaf and root lengths and wet and dry weight of wheat stem and root.

SOV Degree of Means of square (MS)
freedom Stem height . Leaf Root Stem fresh ~ Stem dry Root fresh Root dry
internode | - - - -
ength length weight weight weight weight
cultivar 1 48.167 0.375™ 275987  699.84 185" 971" 27.64™ 0.008 ™
stress 2 0.542" 0.253 ™ 27947 14.90 ™ 40.02™ 242m™ 21.68™ 459"
nano —chelated 2 0.597 ™ 0.152" 0.008 "™ 35.18" 40.23™ 140" 2.21m 2976 ™
cultivarx stress 2 0.347 ™ 0.042 ™ 1.69 " 22.83" 2438~ 1.16"™ 2.148 ™ 0.731 ™
cultivar x nano —chelated 2 0.292" 0.089 " 431" 14.45 "™ 8.89™ 5.88 "™ 3.69™ 4.26 "
Stress x nano —chelated 2 0.910 ™ 0.073"™ 8.17m™ 12.08 ™ 8.20™ 6.93" 12.22™ 2.026 ™
Trilateral effects 4 161" 0.096 ™ 26.24" 14.09 ™ 276" 259" 9.67" 4.06 ™
Error 36 0.500 0.047 7.71 6.72 4.96 2.30 6.46 2.65
cv% - 11.3 18.3 13.4 14.9 12.7 26.4 23.3 24.1
Y o L O e e R e S L R S
ns, ** and *: non significant and significant at 1% and 5% of probability levels, respectively.
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Figure 7. Interaction effect of hano-chelates x drought stress on stem height changes in Rasad (A) and
Gascogn (B) cultivars. Different letters in the same graph represent a significant difference at 5% level.
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same graph represent significant difference at 5% level.

b o yitin ueliy OS2 0 05 L £O
Solesd oS 5 (N JS) ol plas aBle 5 (59 0 1,
- Jslome 45 ol i ply Sl 5 (K2 5
OS50 iy, OIS 65U ) e )5 L YO 2L
U8 ols gl 1) bl St 30 oy ok it

(\Y

ablw Sl 9 4 039
08, 5o a8 ol Hlas adlan ol Sl Sl a e
Lol o aBles 5 )59 LidlS corge Sl il o,
ke YF ) cn i 0l 059 2ol Gl Sl 6 S sl
Bl 359 slade (0,5 Juo VIPIF) (3 ieS 5 (p)5



o Sele 8 o Shg (F i p peely OHL ol 36 1] San 5 55 K

W0 035 @65
a b b

Stem weight feresh
(mg)

0 4 -8
Drought stress (Bar)

Gascogn

500 0 035 m65 Rasad

Stem weight feresh

-4
Drought stress (Bar)

WSl e oy g mhaw jo (g hle cixe BT snimsjlis jloses jo
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Figure 12. Interaction effect of nano-chelates x drought stress on stem dry weight changes. Different
letters in the same graph represent significant difference at the 5% level.
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