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Comprehensive abstract

Introduction

The seed is the most important input of the agricultural section, which provides the reproduction,
survival and extension of the plant. Therefore, identifying the factors affecting seed production and its
quality at the production and harvesting stages is very important. Previous reports show that the use of
soil modifier compounds such as biochar, arbuscular mycorrhizal fungus (AMF), and silicon foliar
application can improve the germination indices of produced seeds under environmental stressess
conditions, especially salinity stress. So far, the experiments conducted to investigate the effect of
biochar, mycorrhizal fungus and silicon foliar application on plant growth and salinity stress tolerance
have mostly been about the individual applications of each of these soil modifiers, and there is little
evidence of their synergistic effects, especially for plants grown under saline soil conditions. The
objective of this experiment was to investigate the synergistic effects of biochar, arbuscular
mycorrhizal fungus and silicon foliar application on improving the quality of mother class seeds of
maize variety under saline soil conditions.

Materials and methods

This study was conducted as a factorial experiment in a randomized complete block design with
three replications in a research field with an electrical conductivity of 6.01 dS.m™, in Fasa city, Fars
province, in 2020. The first factor was three varieties of maize, including early- maturity variety 370,
mid-maturity variety 604, and late-maturity variety 704, and the second factor was soil modifier
compounds in eight levels, including no-application of modifier compounds as control, biochar, AMF,
silicon foliar application, biochar + AMF, biochar + silicon, AMF + silicon and biochar + AMF +
silicon. The measured traits included the concentration of sodium and potassium, activity of alpha and
beta amylase enzymes, and seed germination and seedling growth indices. Statistical analyzes
including analysis of variance and comparison of means were performed with Duncan's multiple range
test at the 5% probability level using SAS software ver. 9.1.

Research findings

The results of this experiment showed that sodium concentration of seedling in cultivar 704 was
reduced by 31% in the combined treatment of biochar + mycorrhizal fungus + silicon foliar application
compared to the control treatment. The use of soil modifier treatments alone and in combination
caused a decrease in the ratio of sodium to potassium, electrical conductivity of seeds as well as an
increase in potassium concentration. An increase of 57% and 25% of alpha and beta amylase enzymes
was observed in the combined treatment of biochar + mycorrhizal fungus + silicon foliar application
compared to the control treatment. Also, application of soil modifier resources alone at a lower level
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could cause a significant increase in germination percentage. Seedling dry weight in the combined
treatment of biochar + mycorrhizal fungus + silicon foliar application showed an increase of 15% and
10% in varieties 604 and 370, respectively. On the other hand, the highest seed germination and 1000-
grain weight in the studied corn varieties were also observed in the combined treatments of biochar +
mycorrhizal fungus+silicon foliar application.

Conclusion

In total, the results of this experiment showed the positive effect of soil modifier sources in
improving of germination characteristics and seedling growth indices of corn varieties. Based on these
results, the combined application of biochar + mycorrhizal fungus + silicon foliar application is
recommended to improve the quality of seed production in corn varieties under salt stress conditions.
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Table 1. The results of the chemical and physical analysis of the soil at the experiment location.
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Table 2. Analysis of variance for the effects of variety and modifier sources on the studied traits of maize at
germination and seedling stages

Mean squares

Source of variation df . . Sodium to Electrical Alpha- Beta-
Sodium  Potassium . .

potassium conductivity amylase amylase
Replication 2 20.52" 0.164™ 0.100™ 37.82" 0.006™ 0.0006"

Variety (V) 2 6.73™ 2.503" 0.076™ 56.06™ 0.003** 0.011™

Modifier sources (M) 7 86.67" 8.678"™ 1.674™ 82.58™ 0.020™ 0.011™
VxM 14 18.30" 0.367™ 1.031™ 37.31™ 0.0004 ™ 0.0002 "¢

Error 46 2.88 0.734 0.043 6.42 0.0005 0.0008

CV (%) _ 7.0 7.1 10.1 9.6 6.4 9.7

ns

, “and ™" Not-significant and significant at 5% and 1% probability levels, respectively.



VFN 50l Jpgw o)lads [p233l9 0,90 [ Silabon

OhlSen g (o928 a3l

azalS ab) 5 (Gialex Sl 0 )8 aalllas 9,50 Dlio p S 0aisS Mol wlie g 3 A o8 2 (Siles Aunliie T Jgo
Table 3. Mean comparison of interaction of variety and soil modifier sources on the studied traits of maize at

germination and seedling stages

. Modifier Sodium Sodium to Electri.c ?1 Germination Seedli.ng .
Variety sources (me.g dw) potassium conductivity percentage dry weight Seed vigor
ratio (dS.m) (2)
Control 29.56 a 282a 38.83a 67.10d 4.69d 371e
B 2473 ¢ 1.90 cd 36.83 a 72.96 ¢ 4.90 cd 4.28d
M 27.16 b 2.45 ab 37.06 a 72.56 ¢ 4.86 cd 4.25d
704 S 26.56 b 221bc 35.00 ab 73.46 ¢ 5.07 abc 4.33cd
B+M 22.53d 1.74 cd 34.93 ab 76.36 be 4.98 be 4.62 be
B+S 22.56d 1.76 d 31.63 bc 79.10 ab 5.18 ab 4.87b
M+S 2423 cd 1.86 cd 31.83 bc 79.53 ab 5.16 ab 4.95b
B+M+S 20.36 1.50d 29.13 ¢ 83.00 a 525a 53la
Control 29.63 a 295a 37.96 a 74.66 d 4.40d 396 ¢
B 24.73 bed 224 bc 35.80 ab 78.56 ¢ 4.60 cd 4.36b
M 27.16 ab 253b 35.96 ab 77.70 cd 4.61 cd 4.36b
604 S 25.36 be 2.14 bed 34.80 abc 77.30 cd 4.66 bc 441b
B+M 23.56 cd 2.04 cd 34.16 bc 80.30 be 4.66 bc 4.59b
B+S 21.96d 1.75 de 31.96 cd 82.30 ab 490 a 5.05a
M+S 2333 cd 1.87 cd 30.50 de 84.16 a 4.86 ab 5.07a
B+M+S 18.06 ¢ 1.36 ¢ 27.60 e 84.43 a 5.05a 5.11a
Control 28.33a 2.68a 36.53a 68.23 d 445e 3.68d
B 24.43 be 2.06b 32.10 ab 7543 ¢ 4.55 de 427 ¢
M 25.93 ab 2.32b 31.60 ab 7730 ¢ 4.62 cd 4.46 be
370 S 25.20b 2.08b 32.63 ab 80.30 be 4.60d 4.52 be
B+M 23.30 be 2.08b 31.06 ab 80.50 be 4.69 bed 4.64b
B+S 21.83 ¢ 1.74 ¢ 30.46 ab 85.46 ab 4.77 abc 522a
M+S 21.60c 1.65¢ 30.45 ab 85.76 ab 4.81 ab 521a
B+M+S 18.60 d 1.38d 27.02b 87.36a 4.89 a 545a

Means followed by similar letter in each column are not significantly different by Duncan's test at 5% probability level.
B, biochar; M, Mycorrhiza; S, Silicon.

azalS o) 5 Jiailex Jolie 10 &8 ddlllas 9,50 Slao 5 o8, S (Sl aslie -F Jgo

Table 4. Mean comparison of the effect of variety on the studied traits of maize at germination and seedling

stages
. Potassium  Alpha- amylase Beta- amylase Germination - Root Stem 1000-grain
Variety (mg.g’ dw) (umol.ml'.min') ( umol.ml'.min") rate length length weight (g)
&€ pmoLmt- pmoLmt- (perday)  (cm)  (cm) grie
704 12.32a 0.365 a 0.503 b 0431 a 6.19a 583a 255.0a
604 11.67b 0354 a 0.524 a 0.400 b 5.81b 571b 2529 a
370 12.01 ab 0.340b 0.480 c 0.379 ¢ 593b 5.73 ab 241.0b

Means followed by similar letter in each column are not significantly different by Duncan's test at 5% probability level.
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Table 5. Mean comparison of the effect of modifier sources on the studied traits of maize at germination and
seedling stages

Germination Root Stem

Modifier Potassium  Alpha- amylase Beta- amylase 1000-grain
sources (mg.g'dw) (umol.ml'.min?) ( wmol.ml"!.min") rate length  length weight (g)
(per day) (cm) (cm)
Control 1041 e 0.268 f 0.446 ¢ 0326 f 537c¢ S44c 241.6 ¢
B 11.96 be 0324 ¢ 0.483 cd 0.368 ¢ 575b  5.63b 2500b
M 11.04 de 0.327 de 0.471 de 0.378 de 584b 5.66b 2443 ¢
S 12.00 be 0.347 cd 0.495 cd 0.412 be 591b  5.59bc 2442 ¢
B+M 11.68 cd 0.360 ¢ 0.506 bc 0.403 cd 596b 572b 2553b
B+S 12.64 ab 0.385b 0.526 b 0.438 ab 6.25a 596a 250.1b
M+S 12.84 ab 0.390 b 0.534 ab 0.437 ab 6.28a 594a 252.3b
B+M+S 13.44 a 0.422 a 0.556 a 0.462 a 6.46a 6.10a 262.6 a

Means followed by similar letter in each column are not significantly different by Duncan's test at 5% probability level.
B, biochar; M, Mycorrhiza; S, Silicon.
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Table 6. Analysis of variance for the effects of variety and modifier sources on germination indices and seedling
growth of maize

. Germination Germination  Root Stem Seedling Seed  1000-gGrain
Source of variation df . . :

percentage rate length  length dry weight  vigor weight

Replication 2 97 0.001 " 0.081™  0.11" 0.018™ 0.03m 364"
Variety (V) 2 169 ™ 0.016™ 0.90" 0.09 0.805™ 0.1 1132

Modifier sources (M) 7 207 ™ 0.017" 1.08™  0.44™ 0.283™ 0.24™ 423"

VxM 14 163 ™ 0.0002 "¢ 0.01™ 0.01™ 0.097" 0.13" 17"

Error 46 19 0.001 0.05 0.03 0.013 0.069 51
CV (%) _ 12.5 11.9 8.9 13.1 12.4 11.7 10.2

s *and ** Not-significant and significant at 5% and 1% probability levels, respectively.
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