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@litie) 4SS s sl Sngen (JT slaosul
P O S| PR N WP RVE ey
olighy Jhiisl 5)50 S PH oo ol janay S
.(Asgharipour, M. and celas 5 18 5 4las
Olisss  awe; ) ,o Rafiei, M. 2011)
B jaa> oL o (Sadeghzadeh et al., 2023)
5 &, oS o (Ghorbani 2013)
Sl 5k pass oLS o (Haghparast et al., 2010)
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Table 1. Some characteristics of the soil used for the seedling tray

Parameter yul,b Value a=lg Unite ylado
(pH) 1.5 S 25y 7.22
EC sl clon dS/m 1.04
CIN 555 4 28 S (%) 2o 14.75
OC JT1 28 (%) oo 40.27
OM T slse (%) woyo 70.07
Fe Jobxs o (PPM) i 5o o5 ke 0.003
K20 ol jo Jsloro ly (PPM) 2 o o5 e 0.402
P20s solawl LB aub (PPM) yid o 05 Lo 0.009
N S o395 (%0) woy 2.73

4S9k g adu; golaw b jlub 5 658 lagsls JSas

gy Ol sy el o)l i slasle 5 0500
(Dashti et al., 2021, Gilani et al., 2018) wgi

(Pirdashti et zls b co jon slag, B oisu il mls
paiS o (Jenabianetal., 2021) 4 =, 0 al., 2023)
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2 iz glo)lod i Sl b )ly 4528 @l Gl
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LD patie Geizes Sg g Bl 5l o
VO 50 oy adgl Jolpe o dBle &y ady) Job o
39 (559, YO 9 VO Uolpe 5l i (23,3 51 (g 5,
Sy oo A gl (pl slaaidl 4z b (P Joox)
et St (olid alopo )0 S gl oyl rals
POl ESIESs @jei g ead S lalpd yo (ol slge
s & (238 Slge fliy 0B adsl Sl e 50 05 LS
G e 0 a5 o po 0 S ey plaislaly ) anngs
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al> 50 )3 9 w00y Jlail ans )5 (3,8 51 e 35,

VO al>yo ;0 28l g Al Job sl Wy o
ZN0 loylos o ata; Job cn 5l 8b)% 5 o 595
BY sgu g ie b \Y) ZNO+FTLAFTA+HA
Sled 59 59, VO al> 50 3 5 (Sl 4y S 18 0oy
oy YA sga> 0 g e ile VF/AY) FTL+HA
Shid (VY Jgaz) ol cadlin (aald 4 Sas il
ohst Ll collad il s, pate oo
5 03,5 S oLS edslin 5 Lo 5 g a4y Lllal]
(ESPer oS oo ool 81, ay) it 0l sl p3Y (655
Oy Jdoas 55 ol Siwgen Neto et al., 2020)
5 SE o Ol S @IS s iz g slady) el
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Table 2. The effect of different seed primings on root length (cm) of Hashemi rice cultivar at
different measurement stages
Day after sowing (DAS) b ,ds 31 e 39,

Priming Lo i

5 15 25 35

Control 4.80¢% 7.85f 11.60f 15.96

ZnO 6.66% 12.008 13.10¢¢ 17.16

FTL 5.73%¢ 8.83df 13.00¢® 16.20

FTA 6.992 11.812 13.29¢¢ 17.40

HA 4.67¢ 6.759 14.342 16.54

ZnO+FTL 6.45% 9.50¢¢ 13.73bd 16.86

ZnO+FTA 6.26a° 9.88bd 1450 16.40

ZnO+HA 5.67%¢ 9.044F 13.75bd 17.00

FTA+HA 6.67% 8.44¢f 12.80¢% 16.36

FTL+FTA 5.58b¢ 8.35¢f 14.35% 16.20

FTL+HA 6.152d 11.962 14.842 16.43

ZnO+FTL+FTA 6.22%°¢ 11.2920 12.93%¢ 16.80

ZnO+FTL+HA 5.06¢¢ 10.862°¢ 14.502 16.30

ZnO+FTA+HA 6.56% 11.432 13.79bd 16.86

FTA+FTL+HA 7.042 9.40d% 12.46¢f 16.43

ZnO+FTL+FTA+HA 6.64% 12.032 13.87%¢ 16.54
S.OV ol mle (MS) oy o (Xilo

Priming(df=15) ,los i 167 8.58" 2.29" 0.471

Error (df=30) > 0.69 0.73 0.36 0.39

CV (sus,0) Ol s o po 13.71 8.60 4.44 3.78

Al ass iy sl mha jo gl g woley S i B S PBlas b ole Sl st j2 40
In each column, means followed by at least one some letter are not significantly different at the 5% probability level.
ablge a0 ) 90 sl Jlizl mhaw 1o g b Sme 5 (5,0 sixe pas Kilo s 3 4"
ns,*, and** indicate not significant and significant at 5 and 1 levels of probability, respectively.

® N
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Table 3. The effect of different seed primings on stem length (cm) of Hashemi rice cultivar at
different measurement stages
Day after sowing (DAS) b ,ds 51 e 35,

Priming Lo i

5 15 25 35

Control 3.30¢% 7.50 14.80 16.56

Zn0O 4.16% 7.90 15.28 18.17

FTL 4.26% 9.03 15.40 16.76

FTA 4.88% 9.40 16.20 17.76

HA 3.18¢ 6.61 14.38 17.30

ZnO+FTL 4.19% 8.23 15.50 18.20

ZnO+FTA 4.45%¢ 8.11 15.40 16.74

ZnO+HA 4.03cd 7.80 14.76 16.85

FTA+HA 4.50%¢ 7.76 15.58 16.82

FTL+FTA 4.493¢ 6.43 15.52 17.80

FTL+HA 3.89¢%¢ 7.34 16.77 17.68

ZnO+FTL+FTA 4330 8.36 14.68 17.05

ZnO+FTL+HA 3.96%¢ 7.54 15.21 16.84

ZnO+FTA+HA 4.30% 8.40 15.93 17.81

FTA+FTL+HA 5.172 9.00 15.49 17.31

ZnO+FTL+FTA+HA 4.45%¢ 8.20 15.70 17.65
S.0V ol mle (MS) il o (Xiko

Priming (df=15) Lo i 0.76™ 1.96™ 1.06™ 0.87™

Error (df=30) W= 0.22 0.98 1.35 0.63

CV (08) Elyoss gy 11.21 12.46 7.55 4.88

Ayl a0y Jleisl maw (o g5ls g Solay S pie B> S PBlas b ol Sl g o 40
In each column, means followed by at least one some letter are not significantly different at the 5% probability level.
Al a0 ) 50 gl Jliol mhaw (o gl soe g 5l cire pos Kby i 4™ g F s
ns,*, and** indicate not significant and significant at 5 and 1 levels of probability, respectively.
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Figure 1. Comparison of different seed priming levels on the rice seedlings growth at 5 (A), 25 (B), and

35 (C) days after sowing
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Table 4. The effect of different seed primings on root-to-shoot length ratio of Hashemi rice cultivar
at different measurement stages

Priming L5 s

Day after sowing (DAS) b ,ds 5l e 33,

5 15 25 35
Control 1.44 1.04% 0.78d 0.96
Zno 1.59 1.512 0.86d 0.94
FTL 1.34 1.009 0.84pd 0.96
FTA 1.43 1.26¢¢ 0.82¢ 0.97
HA 1.48 1.029 0.992 0.95
ZnO+FTL 1.53 1.18%9 0.892 0.92
ZnO+FTA 1.39 1.22¢ 0.942 0.97
ZnO+HA 1.40 1.16%9 0.932¢ 1.00
FTA+HA 1.46 1.09¢9 0.82¢ 0.97
FTL+FTA 1.26 1.29¢¢ 0.922¢ 0.91
FTL+HA 1.58 1.632 0.892 0.92
ZnO+FTL+FTA 1.45 1.35b 0.882 0.98
ZnO+FTL+HA 1.28 1.43%°¢ 0.95¢ 0.96
ZnO+FTA+HA 1.52 1.360 0.86d 0.94
FTA+FTL+HA 1.35 1.059 0.80¢ 0.94
ZNO+FTL+FTA+HA 1.49 1.46%¢ 0.882d 0.93
S.0.V wlpss sl (MS) il o (oXikeo
Priming (df=15) ;les i 0.028"™ 0.109** 0.01* 0.002"
Error (df=30) Ua> 0.026 0.015 0.004 0.003
CV (as,8) Ol yis oy 11.20 9.76 7.91 5.50

W, de e g Jles ] e [0 (g5l cre Gglas S yiie B S PBlas b ole oSl g 2 40
In each column, means followed by at least one some letter are not significantly different at the 5% probability level.

aibos doy0 ) 50 sl Jlasl mhaw 40 (5 ks dre g (5l dme pae Silo s 5 4™ g

% NS

ns,*, and** indicate not significant and significant at 5 and 1 levels of probability, respectively.

Bl S (59 auiils (g lo e ST SOy 5l e 5,
b ooad e i sloydy 50 (b0 5l e 59, YO 50
5905 ol 4 Connd ZNOFFTLAFTA+HA (.5 5
3l oleyer oolaiul (gemme o 0ls las o158l ws o YA
WS> oS5 5 FTA+FTL+HA
505 Ol 3 g als 4 s ZNO+FTLHFTA+HA
O o8 Yo 5l (S (P Jgux) Wog 5 55e 5 e
2 Sialsr Vb ey Glai i T o a8l S
sl (Soltani et al., 2008) ool Luls ol
%515" Sozads @y, 5o |y (gelie (Splie Lalyl
sl Sloplail S drwsi (Gialex ;0 @ pad crge oS
Sedige WazalS i azye LAl 5 gejn; s
ol eel 69, b ,d s i (Tavassoli, 2021)
00 (S g 5 ool Sl Jgal slayge )90 i
o S22 59 5 Job sy lagserse (ol i &5
(Umair Hassan et al., 2020) s o iol5dl
S SeS JeSis b 5l sl Seeger iren
Cebld (DS 0 (59, el (dnen, yolie L lly

14

dwlio adls soyomy Jis! maw o 5, YO
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Table 5. The effect of different seed primings on root dry weight of Hashemi rice cultivar at different
measurement stages

Day after sowing (DAS) b ,ds 51 e 39,

Priming Lo s

5 15 25 35
Control 1.26° 2.73v¢ 20.3¢ 26.8%¢

ZnO 1.80%¢ 2.93v¢ 25.3% 33.18
FTL 1.500¢ 2.86b¢ 23,024 24,704

FTA 1.83%¢ 3.10t¢ 20.0¢ 20.74

HA 1.630¢ 2.30¢% 23,524 21.8¢
ZnO+FTL 1.730d 2.20¢ 23,224 24.9b-d
ZnO+FTA 1.40¢¢ 3.03d 22.4b4 30.0%
ZnO+HA 1.63"¢ 2.33¢¢ 23.6% 30.0%
FTA+HA 1.73%d 3.20° 20.0% 22.9«
FTL+FTA 1.66"¢ 2.90°¢ 22.554 29.5%
FTL+HA 1.500¢ 2.33¢%¢ 26.52 22.7¢
ZnO+FTL+FTA 1.36% 2.20¢ 20.9¢ 22.5¢
ZnO+FTL+HA 1.26° 2.76"¢ 24 5%¢ 24.6"d
ZnO+FTA+HA 1.40%¢ 5.002 20.2¢ 30.8%
FTA+FTL+HA 2.202 3.43° 22.30d 28.3%¢
ZnO+FTL+FTA+HA 1.93® 3.000¢ 25.7a° 25.0bd

SOV il sl (MS) il o (ke

Priming (df=15) L5 iw 0.17* 1.35" 12.0° 40.0"
Error (df=30) U 0.20 0.20 50.0 10.0
CV (ao,0) Olpuss <o o 16.67 16.09 9.81 14.27

W5 de sl il maw (o (6)ls g Solay S pie B> G Plas b sl oSl gt o 40
In each column, means followed by at least one some letter are not significantly different at the 5% probability level.
Aibos 2oy ) 50 slhs Jlaisl e )5 g ls Joe g ()l gime pas Kl ud 5 4™
ns,*, and** indicate not significant and significant at 5 and 1 levels of probability, respectively.

»

G503l lito Jol yo 53 (ool 08 ) gy (W92 50 )5 (o) Bl SLiS (4359 1y o gl ylo oy 51 —F Jgux
Table 6. The effect of different seed primings on shoot dry weight of Hashemi rice cultivar at different
measurement stages

PHAMING Lo i Day after sowing (DAS) &b ,d 51 (w5,

5 15 25 35

Control 1.7¢ 4.6 37.8¢ 58.3

Zno 2.2 48 49,10 76.32

FTL 2,20 48 59.42 70.6¢

FTA 3.0 5.4 52.72°¢ 63.3¢"

HA 2.2 4.1 44,70 61.3%
ZnO+FTL 2.8 4.3 53.42°¢ 62.6%h
ZnO+FTA 2.7% 4.4 42.8% 66.0%-9
ZnO+HA 2.1 3.6 43.2% 68.6°9
FTA+HA 2.6% 5.2 56.42 68.6°9
FTL+FTA 2.2 5.0 50.92 72.30d
FTL+HA 2.2 43 50.4b-d 71.30d
ZnO+FTL+FTA 2.8% 38 51.12d 63.3¢"
ZnO+FTL+HA 2.2 4.8 55,82 63.0Fh
ZnO+FTA+HA 2.8 47 46.0¢ 69.3>
FTA+FTL+HA 3.3 4.9 46.6¢ 74.6%°
ZnO+FTL+FTA+HA 3.0 4.7 51.12d 81.07

SOV ol aibie (MS) lesye (:Sils

Priming (df=15) Lo e 0.59" 0.60m 90.0"" 110.0*

Error (df=30) W.> 0.24 0.40 20.0 10.0

CV (2o,9) Ol psss o & 18.96 14.66 10.73 6.55

A5l s, iy sl mha )8 g5l pe @glay S e B SO Blas b ole 1Sl st j 40
In each column, means followed by at least one some letter are not significantly different at the 5% probability level.
ablge a0 ) 90 sl Jlixl mhaw 15 5 )b Soe 5 (5)l0 sire pas Kilo s 3 4" ® NS
ns,*, and** indicate not significant and significant at 5 and 1 levels of probability, respectively.
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Table 7. The effect of different seed primings on root-to-shoot dry weight ratio of Hashemi rice cultivar at
different measurement stages

Day after sowing (DAS) b ,ds 5l e 33,

Priming Lo i

5 15 25 35

Control 0.77 0.59b¢ 0.53% 0.452

Zn0O 0.83 0.6 0.51% 0.43%

FTL 0.68 0.59b¢ 0.38% 0.35%

FTA 0.59 0.580¢ 0.38d 0.32¢

HA 0.78 0.55b¢ 0.52% 0.350%

ZnO+FTL 0.6 0.51¢ 0.44b-¢ 0.39%¢

ZnO+FTA 0.52 0.69° 0.53% 0.452

ZnO+HA 0.78 0.67% 0.552 0.43%

FTA+HA 0.65 0.62%¢ 0.35¢ 0.44%

FTL+FTA 0.8 0.580¢ 0.44b-¢ 0.4%¢

FTL+HA 0.68 0.53b¢ 0.53% 0.31¢

ZnO+FTL+FTA 0.49 0.57% 0.41¢%¢ 0.35%

ZnO+FTL+HA 0.61 0.58b¢ 0.43b¢ 0.39%¢

ZnO+FTA+HA 0.49 1.052 0.44b-¢ 0.44%

FTA+FTL+HA 0.66 0.68° 0.4724 0.38%°¢

ZnO+FTL+FTA+HA 0.64 0.63%¢ 0.5%¢ 0.3¢

SOV ol sl (MS) oy o (ko

Priming (df=15) Lo i 0.035™ 0.045™ 0.012*" 0.007"

Error (df=30) L 0.031 0.010 0.003 0.003

CV (009) Sl g o 26.65 16.11 13.11 15.41

W5 a0 i Jleis ] maw (o (g)ls pire Sglay S iie B> S PBlas b gl oSl g 2 40
In each column, means followed by at least one some letter are not significantly different at the 5% probability level.

e # NS

Wibge 2oy ) 50 sl sl maw ;o (55l dxe 5 (5l sime pas Klo s 5 4T 5
ns,*, and** indicate not significant and significant at 5 and 1 levels of probability, respectively.
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Table 8. The effect of different seed primings on total dry weight ratio of Hashemi rice cultivar at different
measurement stages

Day after sowing (DAS) sl ,ds 51 e 39,

Priming Lo i

5 15 25 35

Control 3.0° 7.30¢ 58.1° 85.1¢f

Zno 4.00¢ 7.8 74,470 109.4°

FTL 3.7¢° 7.7 82.5° 95.4

FTA 4.9% 8.5 73.02¢ 84.0¢f

HA 3.8%¢ 6.4c¢ 68.30¢ 83.1f
ZnO+FTL 4.6%¢ 6.50¢ 76.6%¢ 87.6%
ZnO+FTA 4,104 7.40¢ 65.3¢ 96.004
ZnO+HA 3.7¢° 5.9¢ 66.8>° 98,6
FTA+HA 4.3 8.4 76.50° 98,6
FTL+FTA 3.80° 7.9 73500 101.8%¢
FTL+HA 3.7¢¢ 6.7c¢ 77.0% 94.10%
ZnO+FTL+FTA 4,204 6.0% 72.1%¢ 85.8%
ZnO+FTL+HA 3.4¢ 7,604 80.3% 87.6%f
ZnO+FTA+HA 4,204 9.7 66.3°¢ 100.17¢
FTA+FTL+HA 5.5 8.4 68.974 103.07¢
ZnO+FTL+FTA+HA 4.9% 7.7 76.8% 106.0%

SOV leis b (MS) Slay o (:Sils

Priming (df=15) ,les_ie 117 3.0 110.0™ 200.0"

Error (df=30) s 3.0 9.0 30.0 30.0

CV (0s,3) Sl s o 14.19 12.81 8.65 6.48

Wl a0 iy Jlei ] e [0 (g5l pire Dol S ie B> S PBlas b ol Sl g 2 50
In each column, means followed by at least one some letter are not significantly different at the 5% probability level.

bl oo doy0 Vg Oslas Jlaxs| mlaw ;o (5,ls cine g (5,0 cime pae ,Silo cus 5 4™

% NS

ns,*, and** indicate not significant and significant at 5 and 1 levels of probability, respectively.
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Figure 2. Dendrogram resulting from cluster analysis of different seed priming levels using the
minimum variance ward's method (Cophenetic coefficient: 0.73)

o9 (slanel 5l oolisusl b ydy cilizko (gl ylowd iy (61 autidd @B (9051 -4 Jgur
Table 9. Discriminant function test for different seed primings by using wilks lambda

&6 Oses] oSy oy Al 5 @bl az o Sl
Test of function Wilks lambda Chi-square df Significant
Jol &b 0.146 21.186 6 0.002

29 sloed lay iliso Zolaw 53 78 ol SQJelg8 )90 Glao (89,5 (o (rSileo dmlio -V Jgux
Table 10. Comparison of intergroup means of rice plant morphological traits under different seed priming levels

. . . S &3 :' ..
aty, Jsb Wlo Job o cus AR, SES gy dle Sls (s SES Gy S , + f”’)
= - _ a4 S
nessf (o, i) Gl dloaasy,  @n2pfuke) 0y ppfbe)  Slowas, ?;taq)gf%&
Grops e Shoot  Root-to-shoot Rootdry weight  Shoot dry weight Root-to-shoot iah y
Root Length(cm) Length(cm) length ratio (mg/Plant) (mg/Plant) dry weight welgnt
g g mg/Plan g y weig (meg/Plant)
| 101.58° 6.132 0.161° 421.50° 2391.5° 0.5832 15007
1 147.442 7.532 0.2032 518.222 3196.22 0.7212 20007
Significant s e faad ns ns ns * ns ns

vy
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Table 11. Intragroup comparison of mean related traits in rice seedling Hashemi cultivar

S 09 IS Ses 5

039 S

b Wledsb b e an, KA ) sl sl oL Sk
et Goails) Gl dlosan, @opefds @ (5
Priming Root Shoot  Root-to-shoot Root dry weight  shoot dry Total dry
Length(cm) Length(cm) length ratio  (mg/Plant) weight  Root-to-shoot oo
g dry weight 9
(mg/Plant) (mg/Plant)
Zn0 17.16 18.17 0.94 33.12 76.3° 0.43 109.42
FTA 17.40 17.76 0.97 20.7° 63.3¢ 0.32 84.09
HA 16.54 17.30 0.95 21.8°f 61.3¢ 0.35 83.19
ZnO+FTL 16.86 18.20 0.92 24.9¢ 62.6° 0.39 87.6
FTL+FTA 16.20 17.80 0.91 29.5% 72.3¢ 0.40 101.8%
FTL+HA 16.43 17.68 0.92 22.7° 71.3% 0.31 94.1°
ZnO+FTA+HA 16.86 17.81 0.94 30.8° 69.3¢ 0.44 100.1¢
FTA+FTL+HA 16.43 17.31 0.94 28.3° 74.6° 0.38 103.0°
ZnO+FTL+FTA+HA 16.56 17.65 0.93 25.0¢ 81.02 0.30 106.0°
&, e Significant ns ns ns Hok *k ns sk

W, a0 iy Jlesl e (o (g)lo pire Dol S iie B> S PBlas b ole Sl g 2 50
In each column, means followed by at least one some letter are not significantly different at the 5% probability level.

Al do )0 ) 5 Dslhs Jlaiml mla jo (gl s g ()l sime pas Kl i i 4™

% NS

ns,*, and** indicate not significant and significant at 5 and 1 levels of probability, respectively.
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Abstract

Weak seed vigor, root damage during transplanting, and high sensitivity to environmental stresses are among
the most critical constraints in the initial establishment of rice. This study aimed to investigate the effects of
different seed priming treatments on improving seedling traits of rice (Oryza sativa L. cv. 'Hashemi’) at Sari
Agricultural Sciences and Natural Resources University, using a completely randomized design with three
replications. The priming treatments consisted of 16 levels: a control, zinc oxide nanoparticles (ZnO), symbiotic
fungi (Trichoderma longibrachiatum [FTL] and T. atroviride [FTA]), humic acid (HA), as well as dual, triple, and
quadruple combinations of these agents. The fungi were cultured in a liquid potato dextrose broth (PDB) medium.
After two weeks, when vegetative growth peaked, a suspension with a concentration of 10® colony-forming units
per milliliter (CFU/mL) was prepared. Concentrations of 100 ppm were used for both HA and ZnO. Seedlings
were sampled at 5, 15, 25, and 35 days after sowing (DAS). Measured morphological traits included root and shoot
length (RL and SL), root-to-shoot length ratio (R:S), root and shoot dry weight (RDW and SDW), root-to-shoot
dry weight ratio (RDW:SDW), and total dry weight (TDW). Results indicated that among the different priming
treatments, ZnO application had the most significant effect on RDW and TDW, which increased by 23.50% and
28.55%, respectively, compared to the control. The combined treatment of ZnO+FTL+FTA+HA yielded the
highest SDW (81 mg per plant), representing an increase of approximately 39% over the control. Integrated
priming methods, particularly those containing ZnO, significantly enhanced RL (by approximately 2—7.5%) and
SDW (by approximately 7-39%). In conclusion, the findings demonstrate the positive impact of combining
symbiotic fungi, HA, and ZnO, suggesting this as an effective strategy for improving rice growth and establishment
during the early growth stages.
Keywords: Dry weight; Humic acid; Trichoderma; Zinc oxide nanoparticles
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