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Extended abstract

Introduction

Rye (Secale cereale L.) is a key cereal crop; recognized for.its historical significance and resilience. It
exhibits exceptional adaptability for cultivation in_arid, semi-arid, and marginal environments,
including acidic soils or those contaminated with-heavy metals, and functions effectively as a soil
improver. Salinity, a major abiotic stress, severely. compromises physiological and morphological traits
in plants, leading to ionic toxicity, nutrient imbalance, and the degradation of cellular and
photosynthetic structures. To mitigate the detrimental effects of salinity, the exogenous application of
biological and inorganic protectants, specifically arbuseular mycorrhizal fungi (AMF) and selenium (Se),
has emerged as a promising strategy forenhancingplant resilience and crop productivity. As a beneficial
trace element, selenium (Se) exerts hormone-like effects, enhancing growth, metabolism, and
environmental stress resistance when applied at optimal concentrations. Selenium also enhances the
nutritional qualityrof agricultural products by increasing their amino acid content. Similarly, AMF,
acting as‘symbioticorganisms, play a pivotal role in promoting plant growth under salinity stress. By
establishing specialized.intraradical structures, these fungi facilitate nutrient uptake and transport,
thereby enhancing host resilience to environmental stresses. Additionally, they alleviate salinity stress
by activating defense mechanisms, inducing secondary metabolite production, and improving soil
structure., Therefore, this study aimed to investigate the effects of AMF and Se on chlorophyll
fluorescence dynamics and physiological traits of rye under salinity stress.

Materials and methods

A factorial experiment, based on a randomized complete block design (RCBD) with three replications,
was conducted in 2024 at the research greenhouse of the Faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili. The experimental treatments consisted of three salinity levels (0, 65,
and 130 mM NaCl), two mycorrhizal inoculation levels (non-inoculated and inoculated with Glomus
mosseae), and four selenium (Se) foliar concentrations (0, 1.5, 3, and 4.5 mg L1). Seeds of a local rye
genotype native to Ardabil were sown at a density of 380 seeds m 2, corresponding to 61 seeds per pot.
AMF inoculum (Glomus mosseae) was obtained from Zist Fanavar Turan Co. and applied to the soil at
arate of 20 g m~2 (equivalent to 3.2 g per pot), according to the manufacturer’s instructions. Selenium
solutions were prepared by dissolving sodium selenate in deionized water using an ultrasonic bath (100
W, 40 kHz) to ensure complete dissolution. Foliar application of Se was performed during the stem
elongation stage. Electrical conductivity (EC) was measured using an EC meter (Model Mi 180 Bench
Meter, Milwaukee Instruments). The flag leaf chlorophyll index was assessed using a portable
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chlorophyll meter (SPAD-502, Minolta, Japan). Furthermore, chlorophyll fluorescence parameters (Fo,
Fv, Fm, F,/Fun) were recorded using a portable fluorometer (Optic Science-OS-30, USA). Soluble protein
content in flag leaf tissue was quantified at the flowering stage (BBCH 61) using the Bradford assay. At
maturity, five representative plants per pot were sampled to determine the mean grain yield per plant
for subsequent data analysis. The experimental data were analyzed using SAS (version 9.4), and
treatment means were compared using the LSD test at the 0.05 probability level.

Results and discussion

Results indicated that salinity stress significantly decreased chlorophyll fluorescence parameters,
including maximum fluorescence (Fm), variable fluorescence (Fv), and quantum yield (Fv/Fm), as well
as grain yield and chlorophyll and nitrogen indices; however, it increased minimum fluorescence (Fo).
Conversely, the application of mycorrhiza and selenium effectively mitigated the adverse effects of
salinity, as evidenced by significant reductions in electrical conductivity and Fo values. At the highest
salinity level, the combined application of selenium and mycorrhiza at flowering stage (86 days after
planting) significantly increased chlorophyll index (85.3%), nitrogen index«(57.2%), Fm (48.3%), Fv
(207%), Fv/Fm (44.2%), and grain yield per plant (75.3%) compared with untreated plants under the
same salinity conditions. Furthermore, across all sampling stages, the individual or combined
application of selenium and mycorrhiza consistently decreased electrical conduetivity and Fo (minimum
fluorescence).

Conclusion
In conclusion, the application of selenium and myeorrhiza enhances grain yield in rye under
salt stress, primarily by improving physiological attributes.

Keywords: Electrical Conductivity, Chlorophyll index, Grain:Yield, Leaf Soluble Protein, Quantum
yield
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Table 1. Analysis of variance (mean square) the effects of mycorrhiza and selenium on chlorophyll and nitrogen indices
flag leaf of rye under salinity stress.
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Table 1. Continued aldl Y Jguo
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SOV Nitrogen Index (Days after planting)
T df 62 66 70 74 78 82 86
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xSe
MIXS porbe (5550 3 0.000004™ 0.000016" 0.000043° 0.000)76™ 0.000045" 0.000025" 0.000052"
xSe
SP’I\}I' Sxm”S‘"ux‘s”‘“ 6 0.000088™ 0.000046" 0.000063™ 0.000017" 0.000018"™ 0.000038" 0.000025"
xMxSe
Error WLs 46 0.000013 0.000010 0.000012 0.000007 0.000011 0.000013  0.000009
CV(%) Ol i o yd 3.8 3.6 4.7 3.2 4.6 4.5 3.8

2 J8elS pamls iolBl s el G cod Al S
GlS yolie a5 a1y 15,00k 7,8 b (s jod 4

oy Syl Jlaisl mlaw )0 lo e 5 s Sae jf (S 5 4 sk g % NS
ns, * and ** are non-significant, significant at p<0.05 and p<0.01, respectively

ol5e g Sley S SeS (@) ) Jaloe
oS 59, p s o (Narimani et al., 2024)
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Table 2. Means comparison of effects of mycorrhiza and selenium on chlorophyll and nitrogen indices

flag leaf of rye under salinity stress.

W Loy Chlorophyll Index (Spad) (Day after planting) (cusls 31 w 395) Judg S oLl
Treatments 62 66 70 74 82 86
S1xM1xSeq 40.73 37.73 37.03 35.73 33.53 29.23
S1xMxSe, 47.13 52.20 52.07 46.63 45.03 39.03
S1xMgxSes 57.90 55.73 54.47 48.80 48.57 44.93
S1xM1*xSeq 59.33 56.70 55.57 53.10 49.27 49.60
S1xMgxSeq 49.63 47.63 46.53 37.03 36.50 37.03
S1xMyxSe; 60.43 51.20 49.40 51.97 45.77 45.80
S1xMpXSe3 62. 33 58.73 53.03 54.07 50.67 46.83
S1xMpXxSey 61.53 57.87 56.73 54.63 51.47 48.67
SoxM1xSey 35.77 30.80 29.57 29.47 24.57 22.97
SoxM1xSe; 44.57 35.63 32.97 33.30 30.20 28.20
S2xM1xSe3 46.23 41.90 43.17 39.87 41.07 35.67
SoxM1xSey 51.80 50.00 48.63 48.07 46.50 41.63
SoxMpxSey 38.97 34.77 34.63 34.33 34.60 31.87
SoxMyxSe; 43.23 43.13 38.47 44.97 38.30 33.10
SoxMyxSez 54.63 45.23 45.17 45.43 42.37 42.97
SoxMpXxSey 56.10 53.43 50.60 50.30 47.53 44.07
S3xM1xSey 33.43 29.70 28.63 27.47 23.13 21.73
S3xM1xSe; 34.43 33.57 321 28.43 27.60 24.23
S3xM1xSe3 40.03 39.03 33.63 38.30 29.13 30.53
S3xM1xSey 45.33 44.50 41.57 41.97 39.30 36.27
S3xMyxSey 37.13 31.97 30.47 30.63 26.40 25.70
S3xMyxSe; 37.70 36.03 39.93 31.33 28.23 27.23
S3xMyxSez 45.57 42.20 35.60 43.53 31.90 35.33
S3xMpXSeqs 53.37 48.80 47.47 40.93 44.27 40.27
LSD (0.05) 3.69 3.26 3.54 2.74 3.64 2.96




Table 2. Continued aolol Y Jous

W Lo Nitrogen Index (Day after planting) (cubls 31 w 39,) 039y paslis
Treatments 62 66 70 74 82 86
S1xM1xSey 0.084 0.079 0.078 0.076 0.072 0.065
S1xM1xSe; 0.094 0.102 0.102 0.093 0.091 0.081
S1XM1xSe3 0.112 0.108 0.106 0.097 0.097 0.091
S1XM1xSeq 0.114 0.110 0.108 0.104 0.098 0.098
S1XM2xSey 0.098 0.095 0.093 0.078 0.077 0.078
S1XM2xSep 0.116 0.101 0.098 0.102 0.092 0.092
S1XM2xSes 0.119 0.113 0.104 0.105 0.100 0.094
S1XM2xSeq 0.118 0.112 0.110 0.106 0.101 0.097
S2xM1xSeq 0.076 0.068 0.065 0.065 0.057 0.055
S2xM1xSe; 0.090 0.075 0.071 0.072 0.067 0.063
S2xM1xSe3 0.093 0.086 0.088 0.082 0.084 0.075
S2xM1xSeq 0.102 0.092 0.097 0.09 0.093 0.085
SpxM2xSey 0.081 0.074 0.074 0.073 0.074 0.069
SpxM2xSep 0.088 0.088 0.080 0.091 0.080 0.071
S2xM2xSe3 0.106 0.091 0.091 0.091 0.086 0.087
SpXM2x%Seq 0.109 0.104 0.099 0.099 0.095 0.089
S3xM1xSeq 0.072 0.066 0.064 0.062 0.055 0.053
S3xM1xSe; 0.073 0.072 0.070 0.064 0.062 0.057
S3xM1xSe3 0.083 0.081 0.072 0.080 0.065 0.067
S3xMixSeq 0.091 0.090 0.085 0.086 0.081 0.076
SaxM2xSey 0.078 0.069 0.067 0.067 0.060 0.059
S3xM2xSep 0.079 0.076 0.082 0.068 0.063 0.062
S3xM2xSe3 0.092 0.086 0.075 0.088 0.069 0.075
S3XM2xSeq 0.104 0.097 0.095 0.084 0.089 0.083
LSD (0.05) 0.006 0.005 0.006 0.004 0.006 0.005

S€2 Se1 15,550k 3,55 L g e i 4 M2 g M. Voo Lo W 570 (5,58 9 (5,08 Jlosl pas i )5 4 S3 452 St

posib i 00,8 Lo 10 o ¥ /0 @il Jaloes dali Glyieas O b 250 Jslne oo 5 4 Sea 4 Ses
S1, Sz and Ss are no salinity, 65 and130 mM salinity. Ma and Mz are without and with application of mycorrhiza.
Ses, Sez, Sesand Ses are foliar application with water as control andfoliar application 1.5, 3 and 4.5 mg. L™ of
selenium.

S T i Jloglr vy Siip (S 2SI ol s gids g 13 595ale Sl (Slagpo (aSlie) il sly 325 ¥ Jgur
Table 3. Analysis of variance (mean square) of effects of mycorrhiza and selenium on the electrical conductivity flag
leaf of rye under salinity stress.

i 2l Electrical Conductivity (Day after planting) (cusls 31 gw 355) 5 oSl Colon
S.0.V df 62 66 70 74 78 82 86
Block Ssh 2 150.27™ 1117.20™ 54569  292.14™ 1474.20™ 1263.42™ 1096.34™
oc
N ) 582.98™ 3173.17" 4560.48™ 6765.39™ 5206.04™ 6449.89™ 15056.78"
Salinity(S)

. Pt 1 112.72™ 784.08™ 1587.66™ 1030.58" 1201.32™ 1091.22™ 1788.02""
Mycorrhiza (M)

. ol 3 405.57™ 2648.13"™ 3092.72" 5339.21™ 3922.83"™ 4492,93™ 9731.14™
Selenium (Se)

SxM agalXsss 9.85" 122.90%  59.09  84.93 2.84n 26,57  251.12"
X
SxSe porleXsigh g 14.18™ 121,71 133.06™ 184.98™  89.44™ 16519  204.18
VXS porbeXnygile 5 10.53" 64.45™  29.53n 51.36"  184.36"  22.70" 95.16"
xXoe
pobuxliyeloxgyed g 1.64% 2260  87.48" 6742  9577°  00.60°  102.54"
SxMxSe
Error s 46 3.40 6.85 20.21 17.08 41.38 48.13 63.79
CV(%)  Olpdi s i - 5.1 42 6.2 47 6.7 6 5.9

oy S gty Jlaisl mlaw )0 lo gime g lo Sre ué oS 5 4y i 9w NS
ns, * and ** are non-significant, significant at p<0.05 and p<0.01, respectively.



=) pote ) (e sla i

S5 pas o (600 zohe ple 4 e (S S
(F Jogoz) v beoassS bows

slad luly L b 1560k 0,5 awy oo Hlaiay
Colaa alS ed dacody nSl el Sl (6 gl g (Jobes
J9)AS 0 55 5l 5y 5l (AL Sl ST Joass g (S Sl
2olie g 00,5 (Sl egulys oSles ialS
denge 1, NPQ 5 FV/Fm' .l syingd sla asls
(Narimani et al., 2024; Wu et al., 2016) sisy
L Jolss g (2l polie o 156 L Sl oo 5 pgatles
Joko (Sdalo sloaiyld o ((olewdly slig) LoJlowdly
S nddsh o LS slaJshe ;o bags mexd il (ped
Jolss @y g ools i e (H 2 sln |y @lewdly slis
Code Olpens Koo Slo 4 a8 S ok o gy
@SS g P Sl L b wlg e peeile ) (SB0
Lé o Jool slacewl 5l dske slad sl

Ameen ) sgi S iShcolon alS 4y e g (5,5 sl
as o5 o558 (Dadnia, 2018) Lssls (et al., 2024

‘5]9L~‘ o)|9.1¢ )‘ OF S ‘_’»JJDLY o r:ﬁ.aulw )‘ sokasul
sy bl ks s ih 55 Lyl o sai oL

Sy g aSsim ad askalaslad 5l Wilgy o pguidey oS
}‘ (omiS "\"")3 Jﬂbédjwujoo;égk‘_}w

GRSl Soysl calaa a8l o (el slas oo 5
(Seppénén.etal., 20155

aoad il 515
ol ol 2 (s )lo g il geilang 5 5ol es )90 Zolans
30 (0 Jemnasls gyl paigad J>l e soled [0 aiweS
2 gysh GRIBL LG paise e (oole
poek gl ys80ke 35 L g Ll Bl il )l
IO LrolpeanlngeSile 5,5 (F Jgoz) cdl ualS
2 s Jlesl pas Lulyl o poiles i 0 08 e
Bloz Guilijsld (530S 5l e b paiges Jolie (oles
(F Jg0z) 05050505 5 6 )lesd oS 5 500 4 Lo
oemsgid 0 Slas 03154 (5 3imgtd sloan b (5 9
Sl 5l (S aej ol 59 5 9,58 o siko il ]
sl (FO) aaS il 5 PSIT LIS bl sl ot
Golul el saims lis 5,08 i cos FO O iols8l
He ) cosl D1 ks solS sl ipuiis y 4 o] 5 PSII
Hen 5 SBT alie _zagy o et al, 2023

OeSan Sl Rl Az 0 5 S n G595 (e
ol Jdg IS jasls (ialidl (izren o (1) JSC2) S
0 ls o 698 Al 092y S0 Sl 4 (7 Jgo) o
s g0 (Moenirad et al., 2021) 59,5 9 Judg IS
e pasls @Yh olis b oyles olaS 5 oS cal
S ailolyen YL (V J5o92) k3, asls L Vgene
L by ol slampl Ol Wlgie poile (350
5 oolinad LS 5 eols il ) oy3esme pealssbio
5 el (S 3l ol 2B gt 1) AL 53 5955
45 il i SLblS 5 jbiiaipsligls 42 & )b
LS 5 4y Gaxe 59yt B g s S Al B
ailp ol SVgante I s, colizal BB I
S a8 Joe ol b b LS (lgrea w0
s 5309 00905 malili 1) GlaLS 49l g 4yl ] bl
Sun et'al., ) &as wli8l ) S, o 59 cdale

(2025

Pz S S cylas
Jle Teesled™ )0 pedl g nsole el
2 (EB 51 59, AY 5 PY slags) s2a) (60 paiges
(7 J9o2) o2 Jlo s Jlogle o2y S (oSl colos
CLLE Gl s ol cotdS L oSS cglan olie
2 Gops e Sl eamsplas a5 Zdl Gl s e
ol Joko 18 el jlid Al g ol Qi s
lolid foz 5 wsdige Jobo lid ol @ e a5
M oo S5 DloS 5 i 4 5008 j500 00y ]
Sgdge olS 50 (S Sl colaa (il 4y jomie s o
(Zong et al., 2023)

» Noodea Ve (650 50 (oSl culas o 5 e
olgs oslitl ool b o oanlie o) al> jo oyy,5]
5 ke Y10 9V (8L Jolone ;3 055 cpseil 5 15 y550Le
Cola (6o, 0 QOB L YFT ialS coge ponil yod jo
Oled 50 poaides 915,90l 0,018 pue 4 s (S S
(Y Jgo2) 0 (5,5 o

2 poatbe Sl 50 08 e FIB L 15,500 plis 015
Pl S Colae (n5eS «)sh Jlesl pas Lyl
VWe 5 PO 65990 zobw jo 0l plas sl abs e
ey S e FIO L 1 6L plsi op)l8 Y go ke
Colae a0 TF 5 AV fall g wod 4 ponile



(S5 T e ylogly v Sy (SN Calad g panidi 915250500 FT (ke s lio F Jguar
Table 4. Mean comparison the effects of mycorrhiza and selenium on electrical conductivity flag leaf of

rye under salinity stress.

Lo Electrical Conductivity (Day after planting) (cuils 31 gu 395) o xSl colos

Treatments 66 70 74 78 86
pS cmt

S1xM1xSey 73.50 83.93 99.23 107.03 148.56
S1xM;xSe; 54.20 72.06 74.23 84.00 101.06
S1xMxSe3 49.66 53.93 62.40 78.76 94.00
S1xM1xSeq 38.50 51.46 58.60 66.03 89.93
S1xM2xSey 68.66 65.90 92.30 89.83 122.93
S1xM32xSe; 44.53 49.76 71.23 76.43 109.60
S1xMyXxSes 41.50 47.90 56.60 71.43 98.00
S1xMpxSeq 36.10 45.93 53.80 68.56 86.66
S2xM1xSey 86.36 98.00 121.06 127.70 180.80
S2xMxSe; 77.53 75.83 104.93 112.33 152.90
S2xM;XxSes 63.20 74.53 82.20 91.80 130.43
S2xM1xSeq 52.20 63.93 68.80 82.86 114.36
S2xM32xSey 75.26 85.43 95.96 103.53 167.26
S2xM32xSe; 55.73 78.73 88.80 100.76 144.40
S2xMxSes 56.96 59.30 79.10 95.33 125.86
S2xMpxSeq 46.20 56.56 65.53 80.26 105.33
S3xMxSey 85.16 102.70 123.20 130.03 183.50
S3xMxSe; 83.56 99.73 113.83 120.33 171.33
S3xM31xSes3 65.53 88.46 107.76 116.10 161.80
S3xM1xSeq 65.13 68.90 85.03 87.33 138.20
S3xM;zxSey 81.23 95.03 118.06 124.33 176.33
S3xM;xSe; 79.23 92.50 110.96 109.40 158.43
S3xMyxSes 67.26 81.56 102.20 100.20 134.46
S3xMpxSeq 62.66 62.16 75,93 86.20 118.00
LSD (0.05) 4.30 7.38 6.79 10.57 13.12
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S1, Sz and S are no salinity, 65 and130 mM salinity. M1 and M are without and with application of mycorrhiza.
Ses, Sez, Sesand Ses are foliar application with water as control and foliar application 1.5, 3 and 4.5 mgL* of

selenium.
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Table 5. Analysis of variance (mean square) the effects of mycorrhiza and selenium on the minimum fluorescence and
maximum fluorescence of flag leaf of rye under salinity stress.

yotd 230 Minimum Fluorescence (Day after planting) — (cubls 31 (s 395) dduoS gwiluw yold
S.0.V df 62 66 70 74 78 82 86
Ssh o 19079° 63318 82279" 55106  737.79"  292.35°  1293.39"
Block
o ¥ 5 g74850™ 118148~ 108753 994518 11227.6” 13330.3™ 16003.5™
Salinity (S)
_ ol 3828.12"  2222.2"  3389.39™ 1880.89™ 946.12  4186.1™  8106.8"
Mycorrhiza (M)
_ Pl 3 eogea™  5936.8™ 6380417  7366.69" 61688  12247.3% 191056~
Selenium (Se)
SxM r095aleX 590 2 42.00 238.43"  146.43" 29076™  130.79™.. 396.17"  20.22"
X
o
oxs PoleXsisd o 0004 21907 123.45"  376.98" | 64187° 61870  303.65"
xXSe
VXS poeleXliygle 4 2.01" 45.07" 40.65" 23359 { 27012 27594  179.37™
xXSe
poboxliygfolixisd o o667 2008 275187 18330°  17029° 7515  371.42°
SxMxSe
B> e 32.60 30140 47.25 53.07 41.75 41.98 107.17
Error
CV(%) &l pudd q pb 4.83 4.6 5.9 52 4.2 3.8 5.8

Table 5. Continued

wlol.d Jeus

gt sl Maximum Fluorescence (Day after planting) — (coils 31 (e 395) ddomiion (puiluw ;9
S.0.V df 62 66 70 74 78 82 86
Block Sob o 12155017 | 488260  2612.26° 55268177 616879  5967.06°  1286.68
ocC
- S5 04310816~ 391171.77 282216517 2154631 1296924 132050.8" 111947.5™
Salinity (S)
) osele ) 197506.6™ 12920137 20988117 75336.68" 34936.06™ 5319235 22.15.1%
Mycorrhiza (M)
_ Pl 5 351017.8" 289765.9™ 2047526 23787.53" 12252127 1009116 938516
Selenium (Se)
. o
S ol Xis® 5 paggoEn 3020307 1745054  16009.39° 2206357 155018 120543
X
& o -
oxs PobeX ot 6 8405057 10115.13" 579348 823524  3836.21°  2708.70°  2452.40°
xXoe
s
VxS poleXlngfole o pengoans  800476" 75338  1156.83°  3421.80%  42583°  1932.38"
xXoe
x| .
poibeXlnyooloX69d o 713863"  8491.20™  1899.02°  3814.427  1246.25°  370222°  2143.24"
SxMxSe
Error Wbs 46 223926  1733.32 656.68 807.56 401.34 1115.50 712.01
CV% Ol g i 5.8 5.5 35 43 3.9 6.2 5.8

oy S gty Jlaisl mlaw )0 lo giae g lo pre af oS 5 4y i 9w NS
ns, * and ** are non-significant, significant at p<0.05 and p< 0.01, respectively.
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Table 6. Means comparison of effects of mycorrhiza and selenium on minimum and maximum fluorescence
flag leaf of rye under salinity stress.

W Lo Minimum Fluorescence (Day after planting) — (cuils 31w 39,) awaS il ygld
Treatments 62 66 70 74 78 86
S1xM1xSey 134.67 131.00 147.00 165. 33 165.67 216.67
S1xM1xSe; 117.67 95.67 104.67 119.00 140.00 161.00
S1xM1xSe3 89.00 92.33 96.67 105.67 112.67 134.33
S1xM1xSeq 86.33 85.33 93.67 102.67 123.33 129.67
S1xM32xSey 111.00 112.67 119.00 138.67 162.00 171. 33
S1xM2xSe; 84.67 103.67 108.00 114.33 116.667 143.00
S1xM2xSes3 82.33 89.00 87.67 106.00 109.67 125.67
S1xMpxSeq 79.33 83.33 91.00 103.00 119.33 121.67
S2xM1xSey 153.33 162.00 165.00 179.00 190.67 239.33
S2xM1xSe; 124.67 153.67 153.33 161.67 174.00 209.00
S2xM31xSes 121.67 120.00 136.00 155.67 143.33 177.00
S2xM1xSeq 107.00 106.33 130.33 125.33 137.00 153.00
S2xM32xSey 138.67 144.33 158.67 170.67 181.67 222.00
S2xM3xSe; 128.00 126.67 138.67 149.00 157.33 187.33
S2xM32xSes 96.67 115.67 111.67 134,67 133.33' 148.33
S2xMpxSeq 93.00 100.33 100.00 122.33 128.00 139.33
S3xM1xSey 154.67 164.00 170.00 180.67 192.33 242.33
S3xM;1xSe; 151.33 156.67 167.66 177.00 185.00 230.00
S3xM31xSes 141.00 150.67 144.33 159.00 169.66 201.33
S3xM1xSeq 124.67 130.33 131.67 138.67 154.33 177.33
S3xM;zxSey 148.33 159.33 161.67 172.00 174.33 234.66
S3xM;xSe; 135.33 134.00 145.00 170.33 179.33 183.67
S3xMyxSes 131.66 136.33 124.33 128.00 162.67 182.00
S3xMyxSey 102.00 109.33 130.00 138.00 176.66 157.33
LSD (0.05) 9.38 9.04 11.29 11.97 10.61 17.01

Table 6. Continued wldl.f Jguo
W Lo Maximum Eluorescence (Day after planting) (cebls 31 (w 39) doaion (il yold
Treatments 62 66 70 74 78 82 86

S1xM1xSeq 774.67 635.67 635.33 564.67 495.67 484.00 470.00
S1xMxSez 873.33 851.33 801.33 779.67 669.00 546.67 616.00
S1xMxSe3 1031.33 934.33 921.33 811.00 683.67 648.67 632.67
S1xMxSeq 1066.00 997.67 936.67 857.00 731.33 672.67 645.00
S1xMpxSeq 793.00 810.67 690.00 589.67 542.33 535.00 532.00
S1xMpxSez 1013.67 960.33 857.00 733.67 698.33 688.33 598.67
S1xMpxSes 1049.33 977.00 956.67 848.67 709.33 703.00 660.67
S1XMp*Sey 1090.00 987.00 973.00 867.33 721.33 716.67 653.00
Sy xMixSeq 555.00 502.33 512.00 451.67 423.33 411.67 378.67
SaxM1xSep 630.00 592.33 565.67 505.00 505.00 521.33 445.00
S2xM1xSez 706.67 786.33 751.67 629.33 556.67 534.33 516.00
S2xM1%Seyq 960.00 897.67 777.67 798.67 629.00 592.33 580.00
SoxM2xSey 613.00 657.00 662.67 545.67 470.33 463.33 427.67
SoxM2xSez 738.33 706.33 729.33 684.67 541.67 507.67 525.00
S2xM2xSes 899.00 760.67 877.67 750.67 642.33 624.67 537.33
S2xM2XxSeq 984.33 917.33 898.67 827.33 655.33 634.67 623.33
SsxM1xSey 543.33 489.00 456.67 436.33 417.00 397.67 369.67
S3xM1xSez 569.67 535.67 472.33 469.00 449.67 402.67 386.33
S3xM1xSez 737.67 572.00 611.67 594.67 471.67 485.67 510.00
S3xM1xSeq 764.33 758.00 706.00 607.33 597.67 524.33 538.00
S3xM2xSey 596.00 518.00 546.33 489.67 434.33 423.00 406.33
S3xM2xSez 707.33 678.00 594.67 573.33 541.67 472.33 491.67
S3xM2xSes 789.67 728.67 819.33 665.00 588.67 496.33 503.00
S3xM2XxSeq 948.67 868.00 836.00 705.00 612.67 609.33 548.33
LSD (0.05) 77.77 68.42 42.11 46.70 32.92 54.89 43.85

Se3.5e2 Se1 1y ,eke 0,0, 5 L g 9 i 5 4 M2 g ML Vge Lo VYe 920 (5,50 Jlasl 5 (5,50 Jloel pac 55 4, S3 9 S2 S1

o il 50 0,5 Lo FI0 ¥ V0 il Jelrs walis (lgieds O b (5L Jolxe w5 4 Sea
S1, S2 and Sz are no salinity, 65 and130 mM salinity. M1 and Mz are without and with application of mycorrhiza. Ses,
Sez, Sezand Ses are foliar application with water as control and foliar application 1.5, 3 and 4.5 mg.L ™ seleniu
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Table 7. Analysis of variance (mean square) the effects of mycorrhiza and selenium on the variable fluorescence and

guantum yield of flag leaf of rye.under salinity stress.

ot 2abio Variable Fluorescence (Day after planting) (ceils 31w 395) ko (puiluw ;o
S.0.V df 62 66 70 74 78 82 86
Sk 2 93965  5164.76™  914.18™ 48782.3™ 1654.2" 4103.5" 507.5™
Block
o S ) 559826™  538935™ 401779.3% 315267.26™ 216031 230464.6™ 212398.6™
Salinity (S)
) rsbe 1 175626.8™ 165312.5" 265599.1™ 101025.1" 47380.6™ 87222.7" 56840.6™
Mycorrhiza (M)
) iecs 3 446990.4™ 378623.1" 387440.3™ 330021.2" 181234.7" 183446.5™ 197611.9™
Selenium (Se)
. < .
XM Pl & 2 454526"  3890.37" 20246.22" 17335.12"  1788.22°  1098.43"  1279.76"
X
X .
oxs o9 6 9ge620" 1207577 713509 114648  688115™  4572.88" 379216
xSe
X
M Sﬁ g rsle 3 5650.2™ 9113.4" 999.2" 1968.4" 4823.6™ 1114.9" 3139.5"
xSe
" X4 X W ke ke * * Sk
porleXlinygoleXsisd o 915 104004 9721875 4074.9 1286 33625 34419
SxMxSe
Error U 46 2543.1 1699.6 57441 841.39 442.99 1221.89 726.66
CV(0) Ol gkl oo g 7.9 6.5 3.9 5.6 5 9.2 7.9




Table 7. Continued

alolY Jgus

5 2slo Quantum Yield (Day after planting) (<ol 31 s 39,) (09198 & ,Slos
S.0.V df 62 66 70 74 78 82 86
Sk 2 0.0029™  0.0016™  0.0064™  0.0064" 0.0045"  0.0011™  0.0048"
Block
o S 5 0.1734™  0.1626™  0.1801™  0.2112™  0.2194™ 0.24531™ 0.2274™
Salinity (S)
] a95le 1 0.0948™  0.0211™  0.0674™  0.0533™  0.0376™  0.0730™  0.0523"
Mycorrhiza (M)
) Foe 3 0.1136™  0.1789™  0.1385™  0.1627™ 0.01712™ 0.1545™  0.1969™
Selenium (Se)
‘}e.)ss'?.uxd)ﬁ"z * * * Kk *k
SxM 2 0.0041 0.0035 0.0002"™  0.0021™  0.0044 0.0115 0.0121
X
X .
SxS P e g 0.0047  0.0041™  0.0021™  0.0048™  0.0054™ 040039  0.0096"
xSe
LX)
MXS r3 ras5le 3 0.0032°  0.0007™  0.0055™  0.0025%  0.0022™ = 0.0036™  0.0099™
xSe
LX) % .
r3 RagSaloXsyed 6 0.0033™  0.0027"  0.0037*" " 0.0015™ | 0.0025°  0.0019"™  0.0032"
SxMxSe
Error U 46 0.0009 0.0011 0.0010 0.0013 0.0010 0.0020 0.0007
CV(0)  Olpudi co o 3.9 44 4.2 49 44 6.4 4.7

Qo ) 3G 5 s Yl o (o o g g o pe yf i 5 4y e

# NS

ns, * and ** are non-significant, significant at p<0.05 and p<0:01, respectively.
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Table 8. Means comparison of effects of mycorrhiza and selenium on variable fluorescence and quantum yield
flag leaf of rye under salinity stress.

Lo Variable Fluorescence (Day after planting) (ciols 51 s j9) o (il yold
Treatments 62 66 70 74 78 82 86
S1xM1xSey 640.00 504.67 488.33 399.33 330.00 296.67 253.33
S1XM1%Se, 755.67 755.67 696.67 660.67 529.00 397.33 455.00
S1xXM1xSes 942.33 842.00 824.67 705.33 571.00 514.67 498.33
S1XM1%Seq 979.67 912.33 843.00 754.33 608.00 554.33 515.33
S1xM2xSey 682.00 698.00 571.00 451.00 380.33f 353.67 360.67
S1XM2xSe, 929.00 856.67 749.00 619.33 581.67 563.00 455.67
S1xXM2xSes 967.00 888.00 869.00 742.67 599.67 581.00 535.00
S1XM2xSeq 1010.67 903.67 882.00 764.33 602.00 602.00 531.33
SpxM1%Sey 401.67 340.33 347.00 272.674 232.67 198.67 139.33
SpxM1%Sep 505.33 438.67 412.33 343.331 331.00 322.33 236.00
S>xM1xSes 585.00 666.33 615.67 473.67 413.33 359.00 339.00
SpxM1%Seq 853.00 791.33 647.33 673.33 492.00 450.00 427.00
SpxM2xSey 474.33 512.67 504.00 375.00 288.67 269.00 205.67
SpxM2xSep 610.33 579.67 590.67 535.67 38433 351.67 337.67
S2xM;xSes 802.33 645.00 766.00 616.00 509.00 472.67 389.00
SpXM2xSeq 891.33 817.00 798.67 705.00 527.33 505.67 484.00
S3xM1xSey 388.67 325.00 286.67 255.67 224.67 183.00 127.33
S3xM1xSe, 418.33 379.00 304.67 292.00 264.67 192.33 156.33
S3xM1xSes 596.67 421.33 467.33 435.67 302.00 307.33 308.67
S3xM1%Seq 639.67 627.67 574.33 468.67 443.33 355.00 360.67
S3xM2xSey 447.67 358.67 384.67 317.67 260.00 215.67 171.67
S3xM2xSep 572.00 544.00 449.67 403.00 362.33 270.00 308.00
S3xM;xSes 658.00 592.33 695.00 537.00 426.00 336.33 321.00
S3xMjxSey 846.67 758.67 706.00 567.00 436.00 445.33 391.00
LSD (0.05) 82.88 67.75 39.40 47.67 34.59 57.45 44.30
Table 8. Continued wlol A Jguo

Wl Quantum Yield (Day after planting) (cusls 31 w 395) sog5ileS & ySlos
Treatments 62 66 70 78 86
S1xM1xSey 0.708 0.661 0.649 0.657 0.599
S1xM1xSez 0.778 0.825 0.802 0.824 0.779
S1xM1xSeg 0.873 0.879 0.828 0.847 0.809
S1xM1xSeq 0.888 0.885 0.921 0.877 0.871
S1xMzxSey 0.825 0.714 0.750 0.746 0.616
S1xMpxSez 0.937 0.821 0.854 0.810 0.833
S1XM>x%Ses 0.960 0.911 0.910 0.899 0.891
S1XMpxSey 0.935 0.931 0.910 0.898 0.896
SaxM1xSey 0.604 0.583 0.551 0.519 0.498
SaxMgx Sez 0.754 0.645 0.628 0.585 0.560
S;xM1xSes 0.726 0.798 0.722 0.649 0.617
S2%M1%Sey 0.837 0.834 0.814 0.796 0.794
S>xM;xSey 0.679' 0.598 0.691 0.585 0.582
S2xM;xSez 0.754 0.694 0.709 0.707 0.761
$2xM;xSes 0.871 0.733 0.759 0.730 0.735
S2%M3xSey 0.871 0.881 0.823 0.857 0.802
S3xM1xSey 0.582 0.538 0.549 0.515 0.479
S3xM1xSez 0.616 0.616 0.597 0.560 0.484
S3xM1xSes 0.678 0.682 0.619 0.630 0.655
S3xM1xSey 0.796 0.711 0.749 0.791 0.727
S3xM;xSey 0.638 0.574 0.554 0.538 0.519
S3xM;xSez 0.683 0.662 0.681 0.639 0.571
S3xM;xSes 0.739 0.778 0.743 0.669 0.622
S3xMxSey 0.821 0.772 0.778 0.748 0.691
LSD (0.05) 0.050 0.053 0.051 0.051 0.052

¢ S€115 5550k 9,5 L g s i 5 4 M2 g M1 Yoo Lo VY0 580 (5,08 Jloel g (550 Jlasl poe i 5 4 S3 952 St

i 50 )8 e FI0 9 ¥ VD pogsil 3L Jolme ol Jolne poe o 5 4 Sea o Ses Sez
S1, Sz and Ss are no salinity, 65- and 130-mM salinity. M1 and M are without and with application of
mycorrhiza. Se1, Sez, Sezand Ses are no foliar application and foliar application 1.5, 3 and 4.5 mg.L? selenium.
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Table 9. Mean comparison of effects of salinity x selenium, mycorrhiza x selenium, and salinity x mycorrhiz
on some physiological traits of rye.

Lo Lo ol ol il gl 5 ySKdos
Jdo s 0395 ESBeS] g oS soglyS
Spad Nitrogen EC EC Fo Fv/fm
& ylouss (Days after planting) iS5 395
Treatments 78 78 62 82 82 74
uS cm-t
S1xSey 37.12 0.0779 36.96 117.97 184.33 0.689
S1%xSe; 48.18 0.096 29.67 97.85 137.33 0.857
S1xSes 50.83 0.100 28.30 86.70 128.00 0.892
S1%xSeq 52.62 0.103 26.52 87.08 116:50 0.897
SoxSey 28.35 0.064 43.03 142.02 203.67 0.571
SoxSe; 34.30 0.073 39.32 126.08 177.50 0.633
S2xSes 39.07 0.082 36.93 117.67 16367 0.748
S2xSeq 43.28 0.088 31.00 98.30 135.67 0.784
S3xSey 26.06 0.060 44.70 145.35 211.00 0.547
S3xSe; 30.73 0.067 41.93 136.52 206:33 0.620
S3xSes 33.65 0.072 39.73 125.70 169.17 0.718
S3xSey 40.95 0.084 32.77 108.05 166.67 0.759
LSD (0.05) 2.01 0.004 2.14 8.06 7.53 0.04
Table 9. Continued sl A Jou>
<olan
Pl ol ls asle lejls oySles
Py P N S e EC ' Byl h JedelS  fgrs AeeS (oogiileS
Treatment Spad Nitrogen  (uScm'?) Fo Treatments __Spad _ Nitrogen Fo Fu/fm
(Days after planting) <wils 31 g 39, (Days after planting) <uils 31 e 39,
78 78 62 82 78 78 82 82
MixSeq 28.90 0.0645 43.16 205.00 S1xMy 46.54 0.0933 147.25 0.807
M:xSe; 35.93 0.0760 38:25 186.22 S1xM; 47.83 0.0954 135.83 0.826
MixSes 37.89 0.0792 36.93 162.56 S2xMy 33.35 0.0718 182.42 0.637
Mi1xSey 44.61 0.0901 30.29 143.33 S2xM; 39.15 0.0812 157.83 0.704
MzxSey 32.12 0.0698 39.97 194.33 S3xMy 30.61 0.0673 193.17 0.565
M;xSe; 39.54 0.0819 35.69 161.22 S3xM; 35.09 0.0746 183.42 0.671
M3xSe3 44.48 0.0899 33.04 144.67
MxSey 46.62 0.0934 29.93 135.89
LSD (0.05) 1.94 0.003 1.75 6.14 LSD (0.05) 1.68 0.003 5.32 0.03

4 584 5 563,562 « SB1.15 5555l 0,5 L g ey o 5 4 M2 g M1 Vo Lo VY0 520 (5,58 Jlasl 5 (558 Jlasl poe o35 4 S35 S2 S1
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S1, Sz and Sg are no salinity, 65 and130 mM salinity. M1 and M2 are without and with application of mycorrhiza. Sei, Sez, Ses
and Seaare foliar application with water as control and foliar application 1.5, 3 and 4.5 mgL™* of selenium.
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