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Table 2. Analysis of variance for the effect offelient levels of potassium on the studied traitsvaf durum wheat varieties under salinity stregsd@ons

Mean square Slay o 5 5ls
S f . 151 [ LT . T I S
df L : Stomatal : Relativewater Na' K* 2t 4 ol
Grain yield Biomass SPAD index . . )
conductance content concentrationconcentration K*/Na' ratio
Variety (V) o) 1 0.021 0.046° 23870 13.12 135.020 0.158 5.700° 1.290
Salinity (S) &9 5 0.2a1 1.620° 27969 100.7" 100.070 9.900° 46.730° 60.730°
VxS R ) 5 0.012 0.187° 1026 0.830° 1.320° 0.052° 2.460° 0.700°
Error SialesT sl 24 0.002 0.039 386 0.687 5.502 0.025 0.624 0.357
CV (%) (1) Olps cny - 6.1 8.1 7.5 1.6 2.7 4.6 9.5 18
™" and”: Not-significant and significant at 5% and 1% pabliity levels, respectively. TN 5T Jlozml gl y s sine 5 5 sien sl i g "
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Table 3. Effect of different levels of potassiumsmme physiological characteristics of two duruneathvarieties under salt stress conditions

w Ao )0) (o 8 .
SPAD =5l s e (Sis (59 05 2 ps5 seo) P 4 el S
. Relative water content . ; Nt ot
_ i SPAD index (%) Na'" concentration K'/Na’ ratio
Variety o) (mg.g" dry weight)
Behrang Xy 51.51b 78.88a 3.49b 3.09a
Yavaros _us,lsk 52.72a 75.01b 3.63a 3.47a
Salinity Sy
C 56.07a 82.16a 1.33e 9.60a
S 44.13c 69.63c 5.25a 0.96d
STK; 52.60b 77.91b 4.17b 1.65cd
STK; 53.45b 77.92b 3.66¢C 2.66b
SNK; 53.48b 77.66b 3.65c 1.83c
SNK, 52.95b 76.1b 3.31d 2.96b

WOl 70 Jlis! mlaw o LSD chjl L sl gme BMS ;g5 o (gl g w40 S ie Bgy> syl sl Sileo
Means followed by the same letters in each colunthfactor are not significantly different by LSDstet 5% probability level.
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Figure 1. Effect of different levels of nano-poiass and potassium sulfate on durum wheat undeisgaiss
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K*/Na" o
a2 slacdl lls s KINa" i ol
loaiss SESE Gl pe slaasls 5 (S plgre
Sl ool (3,155 (6550 ol 51 Joie

4 Sy el (Poustini and Siosemardeh, 2004

Joz ol pae (3905058 slo, g5k 51 (SG lsie
ikl o o (Baibordiet al., 2010 ¢35 4o
(Jolie jo a8l ralS wg)lgs o8, ;0 ohg 4 (5,90
o P50 yob dn mhaw Sz e 50 el 0 )8
Kl U gadaie 5 (V J3iz) o Connd ol Ll
Sl oy 4 ey Slaslesd p9d Zokaw 55 Sl
Fomb gob 5l i Sy 08 4 Cand wg)lgl o8
L aalie ;o (558 i Ll 8 )0 Sy 03,
a0 5 5omb Na 5 YL KT Glie lls os)lsy
YL slacbile s os KNG 5l 65V s
Olye L5 79,5 5 99,9 S5 L oS (5,90
coli L g ools alS 1) rwdbgiew og,0 Na" ckile
S5 ol 1 NATKT s KT (g cbale nilagSs
5 o=l 0dke (Francoiset al., 1986)s,ls
9 ad LSy o b g 2l 4 ey odb e
5 Alw oSy o KNG cos Lol 38l e qundS
Col) S Wl o K" G Galidl onl s Sgan g0 Al )
clid o wis slaplse o Na s K s e
(Epstein, 1966.:5 slx! slewdl

K" g cdale

Lo, ol as oo s Nat cdale s
72 ez S Kb clile e 0l e (LS
K™ gom odr b oot o Na' (g oo o5 50
LS o (598 S Ll b )0 g S e B
i (b sliy 22,15 090 g0 a0 KT g0 >
peolly SBBlE ol 8 o (gl sixe job 4 (5550
9 el Sllga o0 Zobaw ;o (il (pl 5 0l B
S o8 A e og)lgl 03 50 oy 4 wlusil
Dolds omliy jlos Jol haw j0 45" > y0 00 dn
Sl 292y ey bl a5l 63, 99 (s )lo e
(CY s

Lyls o ol Jlgs slacsl KT clile uals
ool ol IS 5 s Sl 3 geh S
a5 poodle aLS sleaiss (Wei et al., 2003
55 sl 5 KT ez 5 i Bld jING (5
AN e e (S5 g5 oS )5k 4 Wil
Na"™ sl g oo cdds o g8, KN Cis 5 cuie
b Sy 03y 5598 i Lo 50 Camsd Jitao K g
als o Shoe mgylsh @) & o it KT gens
Gls oz 45 Cadl ol 5 (Sl a5 cusls g 5V
Gopd A Camd LS 0 ey gezs YL Ul
(Rascioet al., 2000 e 5 oo



69 G5 bl o pg )90 paS Sujslin b g o2ly) Dlho  pesliy S1igISeR 5 e sl \AF

(b p oo sy Jgo (ko) (sl

(Q2,0) (o ol Slgizme

Relative water content (%)

(055 205 o) ol cdale

% a U Behrangss . b L Behrangss .
E B Yavaros s st B Yavaros_.s,lL
]

g 18

] QJ c
(&)
=] [alNa)

o < <
g o o
o [723N7)]

8
©
e
=] ; . .

A T T T

C S STK1 STK2 SNK1 SNK2 C S STK1 STK2 SNK1 SNK2
Lo, Lo ) loss
Treatments Treatments

Ol (0514539, Zlan @ g9 a5 Lyl o 990 S 2 assliy Slilgus g sy 936 iliseo oo 8L Y IS
Figure 2. Effect of different levels of nano-poiass and potassium sulfate on durum wheat undesstaiss
conditions, (a) stomatal conductance, (b) SPADx;nttedicator bars are standard error of the esgmat

D Behrang s ». 0 Behrangs .

B Yavaros .\t B Yavaros ,.,lsb

(55 25 o) o clale
Na* concentratio (mg.g™)

C S STK1 STK2 SNK1 SNK2 C S STK1 STK2 SNK1 SNK2
o)l L-‘”)L"-.‘:;
Treatments Treatments

[ Behrangss .

12 d I Behrangs 4.
—~ -
S B Yavaros, s,lst H Yavaros ps,lsk
g % 10 A
= 3 9
S I8 g
g bio
e 7 P 6
g -
c gx X 4 4
8 P
+
NS S N NiS BN WS BE N
C S STK1 STK2 SNK1 SNK2 c S STK1 STK2 SNK1 SNK2
o los [F-3{ P
Treatments Treatments

Sl (B o ST (Sl @i y90 G235 Ll o5 S 9,90 S s slty Slidges 5 oy il alie zglaw 3T Y IS
Figure3. Effect of different levels of nano-potassium gadassium sulfate on durum wheat under salt stress

conditions, (a) relative water content, (b)'Nancentration, (c) Kconcentration, (d) KNa' ratio. Indicator
bars are standard error of the estimates.



YA

\va¥ QLMU /rngo o)Lo..fC: /w::.u 0,99 Jode Slagass

by 5 by 9l sladsS o Sloaz Sglis g mgd
L5 4 oy e 5l 4 9500l 5l s osaline Jgesne
wlanl Bpme ol polie wlgo cpl (golazl o
51 oolal yo el L 5 oS o5 asSs sl S
5 olie ol Condg 5l B el pue s o
Sl Gl cadlw 5 o138 olge CoaS ;) Lare
9300 59 018 ;5388 (o) 2 Sl SCE e &S
o 890 s Al ey polie o5 098 e Sleiiny

2S5 18

Si0s 8 9 (goby Slagwl 4 az g b ggazme )

2 YL s 4 ez )l Sy o) iz (]
L ooy Sy e a5 A 390 ()10l 08 b vl
ol Sy oo cppies oz sllasl BT als
5 slaey Calas Ghalidl s s ST glgime
i o J89 5 lgime ol ) (6505 5L
e Gk cnl 3l g ead (558 15 Ll )0 pgis
poS plEyasls o, Slae 1y (g5 i LT hals
95§ Shee Sloogas Hlai 51 a5 (pl 4 az g5 b ogd oo

References

Alizadeh, A. 2011.Effect of potassium on biomass content, carbohgdaad grain filling period in
two wheat cultivars Triticum aestivum L.) in Ahwaz conditions. M. Sc. Dissertation, Siah
Chamran University of Ahvaz, Iran. (In Persian).

Arzani, A. 2008. Improving salinity tolerance in crop plants: Bicteological view.In Vitro
Cellular and Developmental Biology-Plant44: 373-383.

Ashraf, M. and Bhatti, S. A. 1998.Nutritional imbalance in wheat genotypes growtlseait water
stressPlant Physiology20: 307-310.

Baibordi, A., Seidtabtabai, S. J. and Ahmadof, A. @10. NaCl salinity effect on qualitative,
quantitative and physiological attributes of wint@anola Brassica napus L.) cultivars.Journal of
Water and Soil 24: 334-346. (In Persian).

Degl'Innocenti, E., Hafsi, C., Guidi, L. and Navarilzzo, F. 2009.The effect of salinity on
photosynthetic activity in potassium-deficient legrlspecies.Journal of Plant Physiology
166: 1968-1981.

Epstein, E. 1966Dual pattern of ion absorption by plant cells dgglants Nature 212: 1324-1327.

Evans, J. R. 1983Nitrogen and photosynthesis in the flag leaf obat{Triticum aestivumL.). Plant
Physiology72 (2): 297-302.

Francois, L. E., Maas, E. V., Donovan, T. J. and Yimgs, V. L. 1986.Effect of salinity on grain
yield and quality, vegetative growth and germinatid semi-dwarf and durum whedtgronomy
Journal 78: 1053-1058.

Hamada, A. M. and EL-Enany, A. E. 1994 Effect of NaCl salinity on growth, pigment and mial
element contents, and gas exchange of broad belgmearplantsBiologia Plantarum 36: 75-81.

Hernandez, J. A., Olmos, E., Corpas, F. J., Sevilld&=. and DelRio, L. A. 1995. Salt induced
oxidative stress in chloroplast of pea plaRisint Sciencel05: 151-167.

Husain, S., Munns, R. and Condon, A. G. 200FEffect of sodium exclusion trait on chlorophyll
retention and growth of durum wheat in saline guiistralian Journal of Agricultural Research
54: 589-597.

Husain, S., Von Caemmerer, S. and Munns, R. 200€ontrol of salt transport from roots to shoots
of wheat in saline soiFunctional Plant Biology 31: 1115-1126.

James, R. A., Caemmerer, S. A.,, Condon, A. G., ZwgeA. B. and Munns, R. 2008.Genetic
variation in tolerance to the osmotic stress compbnof salinity stress in durum wheat.
Functional Plant Biology 35: 111-123.

James, R. A., Davenport, R. J. andMunns, R. 2006.Physiological characterization of two genes
for Na" exclusion in durum wheatjax1l andNax2. Plant Physiology142: 1537-1547.

James, R. A., Rivelli, A. R., Munns, R. and Caemmer, S. V. 2002.Factors affecting CO
assimilation, leaf injury and growth in salt-stredsdurum wheat-unctional Plant Biology 29:
1393-1403.

Kaya, C., Kirnak, H. and Higgs, D. 2001 Enhancement of growth and normal growth paramditers
foliar application of potassium and phosphorusommato cultivars grown at high (NaCl) salinity.
Journal of Plant Nutrition 24 (2): 357-367.



Sy S Ll pl o 09590 S S5elg 58 g (ol)) Slao p el S0, 5 e (sole VA?

Maser, P., Gierth, M. and Schroeder, I. J. 2002Molecular mechanisms of potassium and sodium
uptake in plantPlant and Soil247: 43-54.

Mokhamed, A. M., Raldugina, G. N., Kholodova V. P.and Kuznetsov, VILV. 2006.0smolyte
accumulation in different rape genotypes underwsudihloride salinityRussian Journal of Plant
Physiology53: 649-655.

Munns, R. 2002.Comparative physiology of salt and water strédant, Cell and Environment
25: 239-250.

Munns, R., James, R. A. and Lauchli, A. 2006Approaches to increasing the salt tolerance ofatvhe
and other cerealdournal of Experimental Botany 57: 1025-1043.

Netondo, G. W., Onyango, J. C. and Beck, E. 2008orghum and salinity: |. Response of growth,
water relations, and ion accumulation to NaCl siglif€rop Science44: 797-805.

Poustini, K. and Siosemardeh, A. 2004lon distribution in wheat cultivars in responsestdinity
stressField Crops Research85: 125-133.

Rahnama, A., James, R. A., Poustini, Kand Munns, R. 2010.Stomatal conductance as a screen for
osmotic stress tolerance in durum wheat growingsatine soil. Functional Plant Biology
37: 255-269.

Rascio, A., Russo, M ., Mazzucco, L., Platani, ONicastro, G. and DiFonzo, N . 2001Enhanced
osmotolerance of a wheat mutant selected for patassccumulation.Plant Science 160:
441-448.

Rao, G. G. and Rao, G. R. 198IPigment composition and chlorophyllase activitypigeon pea
(Cajanus indicus spreng) and Gingelley $esamum indicum L.) under NaCl salinity.Indian
Journal of Experimental Biology 19: 768-770.

Ritchie, S. W., Nguyen, H. T. and Haloday, A. S. P@. Leaf water content and gas exchange
parameters of two wheat genotypes differing in ghduesistanceCrop Science30: 105-111.

Rivelli, A. R., James, R. A., Munns, R. and CondonA. G. 2002. Effect of salinity on water
relations and growth of wheat genotypes with cating sodium uptakeFunctional Plant
Biology 29: 1065-1074.

Sairam, R. K. and Srivastava, G. C. 2002Changes in antioxidant activity in sub-cellulaadtions
of tolerant and susceptible wheat genotypes inomespto long term salt strefdant Sciencel62:
897-904.

Sangakkara, U. R., Frehner, M. and Nosberger, J. ZD. Effect of soil moisture and potassium
fertilizer on shoot water potential, photosynthesigl partitioning of carbon in mung bean and
cowpeaJournal of Agronomy and Crop Sciencel85: 201-207.

Schonfield, M. P., Richard, J. C., Carver, B. P. ath Mornhi, N. W. 1988. Water relations in winter
wheat as drought resistance indicat@op Science28: 526-531.

Shabala, S. and Cuin, T. A. 2008Potassium transport and plant salt tolerarielBysiologia
Plantarum 133: 651-669.

Shen, W., Nada, K. and Tachibana, S. 200thvolvement of polyamines in the chilling toleranof
cucumber cultivarRlant Physiology124: 431-439.

Subbarao, G. V., Chauhan, Y. S. and Johansen, C. @D Patterns of osmotic adjustment in pigeon
pea: It's importance as a mechanism of droughsteesie.European Journal of Agronomy
12: 239-249.

Wei, W., Bilsborrow, P. E., Hooley, P., Fincham, D.Lombi, A. E. and Forster, B. P. 2003.
Salinity induced differences in growth, ion distriton and partitioning in barley between the
cultivar Maythorpe and its derived mutant Goldearfise.Plant and Soil 250: 183-191.



187 Cereal Research, Vol. 5, NdS@nmer 2015 (177-187)

Effects of type and rate of potassium fertilizer oragronomic and
physiological traits of two durum wheat varieties under salt stress

Seyed Mohammad Alavi Matirt, Afrasyab Rahnama and Mousa Meskarbashi

1, 2 and 3. M. Sc. Student, Assist. Prof. and AsBaaf., respectively, Dept. of Agronomy and Plant
Breeding, Shahid Chamran University of Ahvaz, Iran

(Received: October 4, 2014- Accepted: May 25, 2015)

Abstract

To evaluate the role of potassium on salt toleravfcevo durum wheat varieties, Behrang and
Yavaros, a pot experiment was carried out as fedtexperiment based on completely randomized
design with three replications in College of Agttave, Shahid Chamran University of Ahvaz, in
2013-2014. The experimental treatments were cqnitaCl 150 mM, NaCl 150 mM together with
two levels of 300 and 450 mg of potassium sulfate kg soil and two levels of 30 and 45 mg of
potassium nano chelate 27% per 1 kg soil. Reshtie/ed that salinity stress lead to decreasing 68%,
51%, 58%, 22%, 15% and 61% of the grain yield,dgadal yield, stomatal conductance, greenness
index, relative water content and Koncentration, respectively, and increasing 318 & the Na
concentration of flag leaf compared with contr@atiment. In contrast, the application of different
types of potassium under salinity condition alléztbthe negative effects of salt stress on grigilaly
biological yield, stomatal conductance, greennadsx, relative water content and Koncentration
(25, 27, 22, 36, 7 and 35%, respectively), and vassed the lower Naaccumulation (2.8 fold)
compared with control. The variety responses ttecght levels of potassium were different, so that
the second levels of potassium sulfate and narespiim in Behrang variety caused to decrease the
grain yield, while the grain yield of Yavaros vdyiavas not affected. Results showed that Behrang
variety was more tolerant than Yavaros in respoosalinity Generally, the application of potassium
under salinity conditions was caused to maintaimt@éynthesis by adjusting the osmotic potential and
relative water content and increasing the stonw@atiuctance as well as preventing loss chlorophyll,
hereby reduces the salinity effects on yield penforce of the durum wheat.

Keywords: Chlorophyll content, Grain yield, Relative watentent, Salinity stress, Sodium chloride,
Stomatal conductance
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