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Article Info ABSTRACT
Article type: Background and objectives: Drought is the most severe abiotic stress
Research Full Paper factor limiting plant growth and crop production. Drought stress decreases

the yield of many crops by inhibits plant photosynthesis and photosystem II
Article history: efficiency. Mycorrhiza applicgtion is a strategy that can improve plant
Received: 2021'/0 422 performance under stress environments and, consequently enhance plant
Revised: 2021/05/23 growth through different mechanisms. The mechanisms used by
Accepted: 2021/06/23 mycorrhiza to enhance the water relations of host plants are not amply
clear, however, this may occur by increasing water absorption by external
hyphae, regulation of stomatal apparatus, increase in activity of antioxidant

Keywords: enzymes and absorption of nutrients particularly phosphorus. Also,
Bio Fertilizers vermicompost can directly increase plant production through increasing
Chlorophyll Index available plant nutrients and indirectly promote soil quality by improving

Drought Stress

4 . soil structure and stimulating microbial activities, relative to conventional
Electrical Conductivity

chemical fertilization. Silicon is an essential micronutrient for biological
systems and plays a crucial physiological role in photosynthetic rate and
chlorophyll content. Therefore, the aim of this study was to evaluate the
effects of mycorrhiza, vermicompost and silicon on some physiological
and agronomic traits of triticale under different intensities of drought
stress.

Materials and methods: An experiment was conducted based on
randomized complete block design with three replications with factorial
arrangement in a research greenhouse of faculty of Agriculture and Natural
Resources, University of Mohaghegh Ardabil during 2020. The
experimental factors were included irrigation in three levels (normal
irrigation as control; moderate water limitation or irrigation withholding at
50% of heading stage; severe water limitation or irrigation withholding at
50% of podding stage), application of organic and bio fertilizers in four
levels (no application of bio fertilizers as control, application of
vermicompost, Mycorrhiza application, both application vermicompost and
Mpycorrhiza), foliar application of Nano Silicon (foliar application with
water as control and foliar application of 2 g L™).

Results: The results showed that 81 days after planting, both application of
vermicompost with Mycorrhiza and nano silicon foliar application under
normal irrigation conditions, increased maximum fluorescence (43.93%),
variable fluorescence (97.41%), quantum yield (37.05%), chlorophyll
index (60.62%), nitrogen index (42.75%) and relative water content of flag
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leaf (84.27%) in comparison with no application of organic and bio
fertilizers and nano silicon under irrigation withholding in podding stage.
No application of organic and bio fertilizers and nano silicon under full
irrigation increased electrical conductivity and minimum fluorescence of
flag leaf. Also, both application of vermicompost with Mycorrhiza and
nano silicon foliar application under normal irrigation conditions, increased
grain yield (59.52%) in comparison with no application of organic and bio
fertilizers and nano silicon under irrigation withholding in podding stage.

Conclusion: It seems that the application of organic and bio fertilizers and
nano silicon can increase the grain yield of triticale under water limitation
due to improve chlorophyll fluorescence and some physiological traits.

Cite this article: Nazari, Zh., Seyed Sharifi, R., Narimani, H. 2022. Effect of Mycorrhiza,
vermicompost and Nano silicon on agronomic and physiological traits of triticale under
different intensities of drought stress. Crop Production Journal, 14 (4), 21-46.
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Table 1- Physicochemical properties of soil used in experimental pots.
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Table 2- Result of vermicompost analysis of Gilda corporation in water and soil laboratory
under ministry of Agriculture-Jahad
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Table 3- Analysis of variance of the effect of organic and bio fertilizers, foliar application of Nano silicon and water
limitation on chlorophyll index of triticale.

b e PR Mean Square &lx o Kl
S.0.vV &3l Chlorophyll Index (Day after planting) (.28 3l . 555) Lés S axls
df 57 61 65 69 73 77 81
Replication || 2 2792.4™ 24088”19063  1488.6" 13665 11774"  11184"
Irrigation (I) L1 2 318" 47227 5926 1389 43177 37077 35617
Fertilizers (B) > 5 3 3224 3572"  569.7" 36337 46817 35567 33227
Nano silicon (N) ¢ sS4 55U 1 2832" 17677 21327 14027 21117 12567 11557
IxB 6 13.7" 145" 256" 25" 17.6" 8.9 17.7"
IXN 2 10.9" 1.5™ 3.7™ 32° 53" 3.2" L
BxN 3 12.8" 3.09° 6.5 22" 1.9™ 62" 8.9™
IxBxN 6 7.9™ 3.8" 5.08" 6.05" 9.9” 4.8" 4.8
Error Ua= 46 1.2 1.6 1.9 0.9 1.5 1.1 1.1
o2 S gy Jlail a3 la s 5 la o b e i % @S
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 4- Analysis of variance of the effect of organic and bio fertilizers, foliar application of Nano silicon and water
limitation on nitrogen index of triticale.

a3 Mean Square &le o Kl
B i - - - : - ;
SOV &3 Nitrogen Index (Day after planting) (c.zls 51w 35)) 055,25 etls
o df 57 61 65 69 73 77 81
. 5 *k *k *k *k *k *k *k
’ ’g , 2 0.01 0.009 0.0077 0.0063 0.0059 0.0053 0.0051
Replication
(I) LJI *k *k *k ok *k EE3 *k
, “”j' 2 0.0008 0.001 0.0015 0.00037 0.0011 0.00098 0.00094
Irrigation
(B) 3)5 #x #x #x Hk Hk #k #k
o 3 0.0008 0.0009 0.0015 0.00096 0.0012 0.00094 0.00088
Fertilizers
RYCA NN
Nano (N) 1 0.0007  0.0004™  0.0005**  0.00037"  0.0005"  0.00033"  0.0003"
silicon
IxB 6 0.00003"  0.00003  0.00006 0.000006" 0.00004”  0.000023""  0.00004"
IXN 2 0.00002"  0.000004™ 0.000009" 0.000008" 0.000014"  0.000008"  0.000003"
BxN 3 0.00003  0.000008° 0.000017° 0.000005" 0.000005" 0.000016"  0.00002""
IxBxN 6  0.00002""  0.00001°  0.000013° 0.00001""  0.00002""  0.000013""  0.00001""
Error Ua= 46 0.000003  0.0000035 0.0000051  0.000002 0.0000041  0.000003  0.000003

Aoy K o Jlez| C]d,.d): Dlssme 5 ols pme S Sa i 5 % NS

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.

@\ﬁﬁelﬁé@ﬁ.&;—&nl}pw;?wj\é.@
Gk 3 s T i oS U5 s
4S e e el T e (s g 2l
Jisb 5wl G5 00 i B b Sl 1Sk
o e 5 Ol olS ety abla 058
52,8 o 5k Ol i b |
3 A0 oyt oS ol dalss s e
@_wdm.:wsx;;d:,\ﬁ(hh)o\)m
3 s e 03 WIS oSl B L ek
Slacia SaS L bag B cpl 5 L55 kS], S
Sl plie slge 5 Of Gl 35 ed 255
) S S8 O s glgmes il 3l 4
splS aS s, S 5yl S 5 S (Y 8) eslys
Ois Sl L ol Cussdome Ll b ol 15, S Le
s Sl a5y i ey o 5

O W I8 5 oy S

¥y

s S a6 e S 2l (od (s s
s s s o sLas S 50l
S PP W S IRCF P WP P VW
33 prm S Dl el Gl 2 (612 6 5l
(8 Jsdm) 35 Hls e Ao s S Jlezs| Cla_.ﬂ
o Sl s Sl gl Saasiee 36
Sl PSS s (658 5l Juad sk s
é)gitu@\g@.;;%u)ug ol
&égwu;ﬁalsw\ Olas yy OS> 0 5o
S S8 ol 5 msabi al o 55 b
L gaS 5 el 3,8 LA Jsd) s 550k
25 JelS ol Ll s 53 0 S 5b 5 15,00
ool VY US L dslee) GBS 51 e 55, AN
Aoy3 ¥9/EY uly 5l > 5 (BBCH ol _is
ol Bt ol oy S O s (8 e
o O3S b 5 s 5 I slaasS 58

Jadr) A o, D bfjstg)lﬁiclaéla_ilfi



S8 9 685 35 | i 51 (elanisl 3 CaigpeS (gns9 31 psSele

Dl 3 ybe S g e ) G RS
2l (O0Y) dob e G131 O nd lgme Jos
(VoY) 0L 5 aalS wrle baw g 30 gli
v—’i Cudgdoms Lyl 53 00w 5L 4SSl 0 o
As S S oy T el sl a8 o s

(A sl ol 5158

S S LI5S (114) g rle 5 plSals

L St A5 Ll ph o e gaS a0 3,08
e o lagh) B 4 S8 Sl sy
iy S T e Slse G 5 A 25
S dmils JLehl (Yoe8) rlaly 5 L (FY) s
5 S IS Y s 0 s L OsSl
e Ll e 5 J5SS S Y calis

WS 5 Ol o Sl ol Cusdonn 5 O3S 50 AL ploms i3 5 JT sl 5S 5 )8 36 il a5 =8 s
Table 6- Analysis of variance of the effect of organic and bio fertilizers, foliar application of Nano silicon and water
limitation on relative water content of triticale.

' a3 Mean Square &le o Kl
Bl @t“’ B ; p - - )
SOV &l Relative Water Content (Day after planting) (<28 5l . 55,) ol s (gl5ime
o df 57 61 65 69 73 77 81
Replication || s 2 646297 581077 55662 473147 4103.9" 3760.006" 3578.9"
Irrigation (I) L 2 110.6™  292.8™ 6503  997.9™  501.03"  1064.08"  939.6™
Fertilizers (B) > 5 3 3264 4258 3822 8879 55457 501.8" 768.01"
(N) . L’ *k *k *k *k *k *k *k
= i 1 214.2 248.6 187.2 396.2 237.6 335.4 310
Nano silicon
IxB 6 9.1” 3.2" 12.6" 30.04™ 18.2" 18.4" 35.7"
IxN 2 6.4~ 18.1" 3.8™ 31.8" 8.7" 9.09" 26.3"
BxN 3 24.8" 7.2™ 3.2™ 12.3" 23™ 9.2" 6.3™
IXBXN 6 10.1" 73" 62" 9.8" 10.5" 13.2" 30.9"
Error U 46 0.9 1,2 1.6 3.1 1.7 2.4 2.8

.M)J\&ij@JW'CLM)})‘Q‘WJ).J‘WJ?&%JSQﬁéi

# NS

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 7- Analysis of variance of the effect of organic and bio fertilizers, foliar application of Nano silicon and water
limitation on quantum yield of triticale

Mean Square &le e Kl

a2
55 - - - : o
SOV @303l Quantum Yield (Day after planting) (318 31w 555) o558 5 Sles
o df 57 61 65 69 73 77 81
. 5 * ok EE3 *k *k *k ok *k
{’L , 2 0.53 0.49 0.46 0.44 0.42 0.39 0.34
Replication
(I) LS)L:’I *x *x *x *x #x #x #x
e 2 0.0057 0.0085 0.0067 0.021 0.027 0.029 0.048
Irrigation
(B) 3)5 sk sk sk sk * 3k *k *k
o 3 0.012 0.0054 0.0091 0.016 0.02 0.043 0.034
Fertilizers
(N) . L’ ok *k *k *k *k *k *k
= i 1 0.00087 0.0055 0.0029 0.0041 0.0045 0.0053 0.015
Nano silicon . . . . .
IxB 6 0.001™  0.00061"" 0.001 0.0013 0.0025 0.0052"  0.00092
IXN 2 0.00074™  0.00033"  0.000016™ 0.00004™ 0.00044™ 0.0001"  0.00028"™
BxN 3 0.000397  0.000041™  0.00013°  0.00067"  0.00072""  0.002" 0'00,,05072
IxBxN 6  0.00053™ 0.00051"  0.0007  0.00033"  0.0005"  0.0009™ 0.00054"
Error Ua= 46 0.00003  0.00002 0.00003 0.00006  0.000083  0.00013  0.00013

.,u):SVJG;Tlec]a“)a)l:wj)bdaﬁj;ygjs@-:Ee-:.‘

# NS

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 9- Analysis of variance of the effect of organic and bio fertilizers, foliar application of Nano silicon and water
limitation on variable fluorescence triticale

SRR Mean Square &le o Kl
J;‘Oc\l;" s3l30 Variable Fluorescence (Day after planting) (.S 3l w 55,) juite juilo 5o
df 57 61 65 69 73 77 81
Replication | ss 2 324384 2701737 2145528 182387.5"  161769.8” 1362629  111493.4™
Irrigation () s L 2 22346.3"  47488.8"  31927.8"  64060.1"  58930.8"  63916.17  77322.8"
Fertilizers (B) 5 3 59219.7 427543 28360.8"  45069.4"  40238.6"  60666.8"  55102.7"
;:Zn“;’;;:: 1 100111 19208  11400.5™ 1147617 115527 15138 232201
IxB 6 119857  4672° 119327 27009 164847 370147  1733.04”
XN 2 531.1° 155487 2446 55.1™ 491.3" 49.8™  457.6™
BxN 3 35147 309.6™  68.1™ 104447 1993™ 17437 103.1™
IxBxN 6 689.9"  1168.5" 51027 5329 5862  504.8"  1003.17
Error L= 46 1424 148.5 99.2 172.4 153.6 206.1 209.1

# NS

Ao s S gy Jlaxl e 3 s s 5 s me b S
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively

A 5 ST Sl ol s sdome 5 O3Sk U SUd sone ¢ a3 5 T slas S 3008 136 lls 4 - ) s Jsi
Table 10- Analysis of variance of the effect of organic and bio fertilizers, foliar application of Nano silicon and water
limitation on maximum fluorescence triticale

- a3 Mean Square &lx o Kl
J;’“OC-V sl Maximum Fluorescence (Day after planting) (.38 51w 55,) Sl il 5l
e df 57 61 65 69 73 77 81
. 5 ok *k * ok *k *k *k EXS
{’g , 2 557902.7 517734.3™  442599.3™  393830.6"° 357557.6" 323224 305101.5
Replication
(I) L"I *k *k *k * ok EE3 *k EE3
, “”j' 15508.5 41698.5 31097.6 54834 45222.8"  56404.5 66550.8
Irrigation
(B) st sk sk 21634.3%* sk sk sk sk
3 433404 45299.4 : 36426.3 28954.4™  38249.8"  47848.5
Fertilizers
RYCA NN
Nano (N) 1 10153.1°"  13203.1"" 102245 911257 973.1" 15488" 18818"
silicon
IxB 6 350.8%%* 852.8" 846.9™ 206.8" 479.7" 1788.8" 22168
IXN 2 31.5™ 1221.5™ 795.17" 136.5™ 406.1™ 1044.5™ 283.6™
BxN 3 421.1° 388.4" 40.8" 716.17 24" 883.3" 218.6™
IxBxN 6 297.5" 712.8" 4404™ 346.6° 487.9™ 613.8" 1160.2™
Error b= 46 102.2 1423 85.07 141.9 1122 36345.8 183.7

# NS

Ao s S gy Jlaxl e 3 s s 5 ls me b S
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 12- Analysis of variance of the effect of organic and bio fertilizers, foliar application of Nano silicon and water
limitation on minimum fluorescence triticale

- s Mean Square &le e Kl
I:OGV sl Minimum Fluorescence (Day after planting) (c.sls 31 o 55,) Jlas uile, 5l
o df 57 61 65 69 73 77 81
. 5 *k *k *k *k *k ok * ok
),’& , 2 36348.1 39902.4”  40837.5" 40196.5"" 38320.04" 3675577 47722
Replication
(I) 6)@1 *x *x ns *x *k #x #x
e 2 1281.1 23737 10.5 428.62 1239.87 270.37 408.87
Irrigation
(B) J)s Hok Hok Hok ok ok ok ok
o 3 1691.5 537.12 5215 460.45 969.79 2695.6 260.79
Fertilizers
(N) . L’ *k * *k *k *k
= e 1 0.50" 561.12 32 136.12 78.125 2m 231.12
Nano silicon
IxB 6 761.62"  719.37" 572™ 18145  656.04™  1057.04" 77.54"
IXN 2 457.62" 60.12" 158" 22.87" 136.62"  694.62" 3087
BxN 3 363.5" 25.79" 93.66™ 183.12" 2254™ 46033 21.79"
IxBxN 6 321.17 169.79™ 390.17 12537 158.45™ 414957  33.54™
Error U 46 9.35 4.74 4.63 2.788 6.552 11.72 1.52

.M)J\&ij@JW'CLM)})‘Q‘WJ).J‘WJ?&%JSQﬁéi

# NS

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 13- Analysis of variance of the effect of organic and bio fertilizers, foliar application of Nano silicon and water
limitation on electrical conductivity of triticale

_ s Mean Square &lx o Kl
I:OGV sl Minimum Fluorescence (Day after planting) (.sls 31 o 55,) Blas uile, 5l
e df 57 61 65 69 73 77 81
. 5 *k *k *k *k EE3 ok *k
),’& , 2 69128 10665.6™ 13709.04™  16994.2 17991.9" 2447377 28373.1
Replication
(I) LS)L:’I ok Hok *ok Hok *ok ok *ok
e 2 14395 3857.7 2240.05 7865.7 10600.8 5299.4 11777.2
Irrigation
(B) J)s Kok sk Kok sk sk sk sk
3 261357 10013.3 5428.2 7861.05 10091.4 4616.3 4739.9
Fertilizers
N C L’ *k *k *k *k *k *k *k
e e 1 32886 4209.3 2291.6 2933.7 7490.8 4176.9 9828.2
Nano silicon
IxB 6 144047 823" 75.03" 175.8" 329.5™ 177.2" 931.8™
IXN 2 183.5" 50.8™ 23.6™ 33.8™ 162.2" 53.7" 837.7"
BxN 3 87.5" 44.6™ 93.01™ 127.4"™ 3453 190.3" 517.9"
IxBxN 6 133.5" 154.6™ 93.4" 68.9" 381.2" 12527 426.09"
Error U= 46 9.4 25.2 14.1 25.6 374 18.03 34.1

.M)J\&ij@JW'CLM)})‘Q‘WJ).J‘WJ?&%JSQﬁéi

# NS

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 15- Analysis of variance of the effect of organic and bio fertilizers, foliar application of Nano silicon and water
limitation on grain yield

- PRRPIR Mean Square “lx o Sl
SOV df Grain Yield «ls » Shes
Replication I & 2 103"
Irrigation () L1 2 2.5
Fertilizers (B) s 5 3 3.08"
Nano silicon (N) &, 556 1 1.9"
IxB 6 0.039"
IXN 2 0.0017™
BxN 3 0.053"
[xBxN 6 0.057"
Error W 46 0.0099

Ao 2 S gy Jlazl a3 la s 5 lapme b e i % @S
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.

cils 3 Shee ol Cussdonn 5 05k U b plome s 5 ST L35S 3,0 (ol oS 5 ke alie VP Ui
Table 16- Means comparison of effects of organic and bio fertilizers, foliar application of Nano silicon
and water limitation on grain yield
Grain Yield (g per plant) (<5 s ¢ ) «ls 5 Shee

e Organic and bio fertilizers Levels _zo; 5 JT slas S ol
Treatments B B, B, B
L N, 2.94% 3.16" 3.6% 4.02°
N, 3.47°F 3.79% 4.01° 4.02°
N, 2.6™ 2.75™ 3.288 3.7
b N, 3.03! 3.041 3,51 3.9%
L N, 2.5 2.55" 2.844 3.38%
N, 2.66™ 2.844 3.37% 3.69%

R SN s e o oLl s e ESRENS ERPS PR I

1505555 5 o 508 o 155 3,008 5 55 5Sele e 508 a5 3,008 (s 5 ST slas S 5,08 e 3 54 By 5By By By

B A T R P o o R e T

Ry (.ALSD Oyl bl sols sme bl Gl i a3 aliie Gy b sl Sile

I}, L, and ; normal irrigation, irrigation withholding at heading stage and irrigation withholding at podding stage

respectively.

B, B,, B; and B, are no application of organic and bio fertilizers, application of vermicompost, Mycorrhiza and both

application vermicompost and Mycorrhiza respectively.

N and N2 no foliar application, foliar application Nano silicon respectively.
Means with similar letters in each column are not significantly different based on LSD test.
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