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Table 1- Analysis of variance of seed germination characteristics and guar seedling growth under the influence of inoculation and biological priming treatments

(Mean Squares) wlx o oXilo

- . LA . h - S a2 . . &0 .. .
i e s sl doys A e T W NAPURIL S KA SR o TP 5 039 5 03
P T Germination SSST i gl eMlaglr i g ) T sl aels e, azaile aals
S.0.V) el Germination Germinatio Mean time for Radicle T UM-€  S8ECUNT oo Seedling  Radicle -
ercentage length  length 9
df p e g energy (%) N rate germination  length g g dry WeightPlur.nule dry dry weight  fresh Plumule fresh Seed!lng fresh
(%) (seed day) (dayseedd  (cm) (cm) (cm) @ weight (g) @ weight (g) weight (g)  weight (g)
(1) s 2 U7 0002 581" 0/035°  0/36™  0/51  4/04™ 0/000001" 0/00003™ 0/0003™  0/0014™  0/18" 01153
(Inoculation) s 3 3/555M 0/0004"s 8/39m 0/181™ 6/341™  8/68™ 17/89™ 0/0006™  0/007™  0/0136™  0/086™ 4/26™ 51427
(Priming) Sewl, 2 3/111m 0/002™ 1148/62™ 0/049" 4/53™ 6/46™ 13/26™ 0/0009™  0/030™ 0/042™ 0/025™ 8/37™ 8/534™
(Pxl) Siasly x =il 6 4/888" 0/001™ 29/74™ 0/044™ 0/33 8/48™" 15/13™ 0/00002™  0/002"* 0/004™ 0/005m 0/41*" 0/360™
(Error) juuls;l s 22 1/77 0/0002 4/68 0/007 0/40 0/85 1/85 0/00001  0/0004 0/001 0/002 0/03 0/050
(CV%) ol pis copo - 1/339 8/22 8/81 9/47 16/91 13/28 12/79 13/95 7/13 10/39 15/11 6/74 6/92

Sl gre B oy g a0 B 9 ) Jlizl zglaw 10 (ghlo cre oS5 4 NS g s e
*, ** significant at P=5 and P=1 levels of probability respectively, ns: not significant
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Table 2. Analysis of variance of seed germination characteristics and guar seedling growth under the influence of inoculation and biological priming treatments

(Mean Squares) ols o (Sike

L JUisl L3
3 B RS 2o, et s L ot

an sk esls Gnoetls o Sl o lye
i =03 e . PO | Fus. o BB
ENHECES azolS azalS e - azels 8l b <! 4’°L‘S S Percentade of 2% 0
s qlie dfy  Length index of Weightindex . Seedling Relative tissue Seedling growth transfer%e g cfficiency of conversiol
SOV ieedling vigor (% ©Of seedling tissue water water content rate . of transferred reserves
6.0.V) ; g vig esistance tes reserves in seed
vigor (%) (%) content (%) %) into seeds (%)

(r) ;s 2 22120/750" 2/64 2/250m 1/640m 13/012m 0/068 " 0/778" 1/019m
(Inoculation) .l 3 271721/87 145/05™* 6/740™ AL777 5/539m 11/272™ 2/684™ 465/050™
(Priming) Keslp 2 169540/58™ 452/68™ 62/583"  24/845™ 71/355™ 14/307* 4/164™ 267/857

(Pxl) Sreslyy x eils 6 110091/32™ 41/92™ 5/990™ 5/645™ 7/406M 15/863™" 0/539m 65/935™
(Error) bl sllas 22 15412/56 9/82 1/371 0/838 9/495 0/287 0/362 1/905
(C.V%) (oo ,0) &l pis 0 - 11/59 9/60 4/v91 1/026 3/359 8/262 #/83 2/031

*, ** significant at P=5 and P=1 levels of probability respectively, ns: not significant
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Table 3. Comparison of average germination and seedling growth characteristics of guar under the influence of biological seed priming

Slao
T Sk el (s ePls N ..

%LW)] ol e aplSan el Jsb Jﬁi Jjb m? .QL-:) JMIW " T,: —e < Tl bl
- Length  Weight ~ Seedling ~ Z == %o vt Es o 5 G &5 > Priming
Cold index of index of lenath Plumule Radicle  Meantime for  Seedling - L treatments

resistance Index o Index o g length length germination growth Germination Germination
test seedling  seedling (cm) (cm) cm) (day seed) rate rate (seed day?  energy (%)
vigor (%)  vigor (%) y
owshels
B.s
1/83 b 1135a 36/93 a 11/28 a 7/65 a 3/70 b 1/54 a 0/61b 33/62 a 0/03a (L’ )J
5/25 a 1143 a 35/39 a 11/23 a 7/06 ab 4/40 a 1/53 a 2113 a 35/83 a 0/03 a oIS
0/91b  933/4b  25/61b  9/43b 6/19b  3/18b 1/43b 0/01 ¢ 18/23b 0/01 b G
Sisly g
(No)

B.s: Bacillus subtilis, P.f: Pseudomonas fluorescent, No: no priming
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Table 4. Comparison of average germination and seedling growth characteristics under the influence of biological priming of guar seeds

Slao
A58 s s 2B aey Ol i g 23 ] sl SiS y9 SES Gy SS9 5O F O F O _
— asly sl . - azals 4z ddy, 4z adle azals ar ady; a4z aile Sl
sl Jdl b “qalss Al i ' Al i ' Primin
- . Percentage of . - Seedling Radicle  Plumule Seedling Radicle Plumule 9
Efficiency of conversion Relative Seedling
transferred . . dry dry dry fresh fresh fresh
of transferred reserves ] d tissue water tissue water iah iah iah iah iah iah
into seeds (%) reserves in see content (%) content (%) weight weight weight weight  weight  weight
(%) (@) (@ (@) (@) (@ (9
kel
B.s
68/88 b 88/21a 93/03 a 90/61 a 0/36 a 0/02 b 0/33a 3/95 a 0/40 a 3/63 a (L Z
72/15a 88/71 a 93/24 a 89/34 b 0/35a 0/03 a 0/32 a 3/44b  0/40a  3/03b A
62/84 ¢ 87/54 b 88/92 b 87/73¢ 0/26b  0/0lc  0/24b  2/30c  0/32b  1/98¢ G)
Sizeal s g
(No)

B.s: Bacillus subtilis, P.f: Pseudomonas fluorescent, No: no priming
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Table 5. Comparison of average germination and seedling growth characteristics under the influence of bacterial inoculation on guar seed traits

Jas 2l

JUESSRWN = i =S L . mn s e ) i
. s I e g . Jsb N ) OFSapg sop P77 sy e ol bese
sl Jlas! . Lo s 4ty (5905 azalS a4 azelS s, 4lS Job a4z, a
sl Jal axels Bl als T CTTT 4z ails 4 aty, aals o 4z ails amals : 5 dle> sl
Percentage . Cold T Length Weight  Seedling ’ - ;. Radicle i Radicle . -
of Efficiency of resistance Seedling  Seedlin index of index of length Plumule  Radicle  Seedling dr Plumule  Seedling fresh Plumule  Mean time for |, < iation
transferred ~ conversion of test tissue water g dli dli (cm) length length  dry weight 'yht dry weight fresh iaht fresh germination
reservesin  transferred content (%)  growth seedling - seedling (cm) (cm) (@ welg (@) weight @) "9 weight (g)  (day seed?)
seed (%) reserves into (%) vigor (%) vigor Q) (9)
seeds (%) rate
88/63 a 69/14 b 2/66 ab 90/38 a 2/24a 995/56 bc  32/34 b 9/95 b 6/75 ab 32b 0/32a 0/02 b 0/30a 3/50 a 0/35b 314 b 1/47b B.j
88/10 a 65/64 ¢ 2/111b 89/96 a 2/34a 1150 b 34/37ab  10/07b 774 a 3/81b 0/34a 0/03 a 0/31a 3/56 a 44/86 a 3/11b 1/47b M.s
88/48 a 7711 a 3/88 a 90/55 a 2/59a 1266/67a  36/63a 12/75a 77la 4/93 a 0/36 a 0/03 a 0/32a 379 a 0/39 ab 3/39a 1/65 a R
87/41b 59/93 d 2b 86/01 b 0/31b  870/11c 27123 ¢ 9/8b 5/66 b 3/11b 0/27 b 0/01c 0/25b 2/08 b 0/21c 1/86 ¢ 1/30 ¢ No

B.j: Brady rhizobium japonicum, M.s: Mesorhizobium siceri, RI: Rhizobium leguminosorum, No: no inoculation
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Table 6. Comparison of the average interaction effects of biological priming x bacterial inoculation on germination and growth characteristics of guar seedling

2B Jas QS ] s s g ., Sl
il e Sllizme a0l 5 Ay Cep (g aSls S g 0% oy T s o, Sl sk ey e oloy by
§ e .. o = P - a> adlu _ > . azel S Jsb o L &) dlgz sy o
Efficiency of k5 8L Lo s ol azels  amelS A axelS ; azals i Length o i ax & lsz 9l slr o inat il x Sl
. - [C Rl . Lo . Plumule . Plumule eealing L . ermination
conversion of Seedling Cold L Seedling Weight index Seedling Seedling index of length Plumule  Germination  Mean time for . InoculationxPrimin
. - Germination - ) dry fresh dlin eng - percentage 9
transferred tissue water  resistance nergy (%) growth of seedling  dry weight weight fresh weight seedling (cm) length rate germination (%)
reserves into seeds content (%) test energy (0 rate vigor (%) (9) (gg); weight (g) (gg); vigor (%) (cm) (seed day™?) (day seed?)
(%)

35/06 ¢ 70/71d 91/50 a 4/66 c 0/01 bc 0/88 b 0/35d 0/32c  4/13b  3/79b 96/33 dc 9/63cd 6/73d 19/44 e 1/57 ¢ 100 a B.j
4/36 b 68/13 e 91/61 a 4/66 ¢ 0/05 a 0/08 b 0/40 b 0/37a 4/82a  4/43a 1213/33b  11/83c 8/43b 20/33d 1/70b 100 a M.s Bs
42/73 a 71/03d 90/72 a 4/66 ¢ 0/02 b 1/01 b 0/42a 0/36b  4/26b  3/91b 1136/66 bc 11/36c 6/63d 20/66 d 1/74a 100 a R. '
29/56 de 65/64 f 88/58 d 3d 0/02 b 0/01c 0/34d 0/31c 2/61de 2/37ef 1226/67b 12/26b 8/8b 21/94 f 1/57 ¢ 100 a No
3l7e 73/41 ¢ 90/78 a 4/41c 0/02 b 1/01b  0/31cde 0/30e 3/63 ¢ 3/24c 1046/66c  10/46d 6/43d 4la 1/61c 100 a B.j
35/32¢ 71/32d 89/35¢ 5b 0/05 a 1/00 b 0/36c 0/32d 3/39c  2/83d 1206/66 b 8/1de 6/43d 32/66b 1/71b 98/66 ab M.s pf
40/3 b 84/13 a 90/26 b 8/66 a 0/04 b 7176 a 0/40 b 0/36a  4/15b  3/69b 1510 a 15/2a 9/4a  33/33b 1/76 a 100 a R. '
35/26 ¢ 71/34d 89/35¢ 4/33 ¢ Oc 0/01c 0/34d 0/31c 2/57de 2/35ef 810d 11/16c  4/86e 40/33a 1/48 d 100 a No

30/26 de 63/28 g 88/84 e 1/33e 0/01bc 0/38bc 0/31cde 0/28f 2/73de 2/40ef 976/66dc  9/76 cd 71lc 19/11e 1/48 d 100 a B.j
27/43 e 57/46 h 88/90c  2/33cd Oc 0/31 be 0/27 e 0/24 g 2/47 e 2/07 f 1030 ¢ 10/3d 7/23¢c  16/61 ef 1/33 de 100 a M.s No
29/88 e 59/74 h 86/95e  0/66 ef Oc 0/37 bc 0/27 e 0/25¢g 2/95d 2/57e 1153/33bc  11/7c 7/1c  18/05ef 1/48 d 100 a R.
17/85 f 54/42 i 82/52 f 0.33f Oc 0/01c 0/18 f 0/18 h 1/06 f 0/86 g 873/66 e 5/96 e 3/33f  15/27 f 1/22e 96 b No

B.s: Bacillus subtilis, P.f: Pseudomonas fluorescent, No: no priming
B.j: Brady rhizobium japonicum, M.s: Mesorhizobium siceri, R.I: Rhizobium leguminosorum, No: no inoculation
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Abstract

In order to investigate the role of Rhizobium strains and biological seed priming on germination and
seedling growth traits of guar under laboratory conditions, a factorial study based on a completely
randomized design with 3 replications was conducted in 2023 in the Seed Physiology and Biotechnology
Laboratory of the Faculty of Agriculture, University of Guilan. The studied factors included 12
treatments: no priming (NoP) + no inoculation (Nol), NoP + inoculation with Mesorhizobium siceri
(M.s), NoP + inoculation with Bradyrhizobium japonicum (B.j), NoP + inoculation with Rhizobium
leguminosorum (R.I), priming with Bacillus subtilis (B.s) + Nol, priming with B.s + inoculation with
M.s, priming with B.s + inoculation with B.j, priming with B.s + inoculation with R.I, priming with
Pseudomonas fluorescent (P.f) + Nol, priming with P.f + inoculation with M.s, priming with P.f +
inoculation with B.j, priming with P.f + inoculation with R.l. The results showed that priming with P.f+
inoculation with R.I significantly increased most of the desired indicators, including percentage, average
time required and germination energy, seedling vigor weight index, tissue water content, etc. compared
to the control, which indicates a positive symbiotic relationship between guar and these bacteria and is
due to the effect on increasing water absorption, increasing the speed of chemical reactions related to
germination, use of seed reserves during germination and early seedling growth. Therefore, the primary
metabolites required for seed germination and further growth are provided more quickly and can
potentially lead to improved yield in field designs.
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