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Abstract

Background and Objective: The depletion of soil organic matter coupled with environmental contamination resulting
from the excessive application of chemical fertilizers has, in recent years, amplified interest in biofertilizers within the
framework of sustainable soil management. Soil health and biological performance constitute among the most critical
components of sustainable management in densely planted orchard systems. This study aimed to evaluate the efficacy
of plant growth-promoting bacteria (PGPB) in enhancing the growth of almond (Prunus dulcis) cuttings under
greenhouse conditions.

Methods: A randomized complete block design was employed, with ten treatments: inoculation with (T1: inoculation
with Paenibacillus sp. bacteria; T2: inoculation with Paenibacillus tundrae; T3: inoculation with Pseudomonas
fluorescens; T4: inoculation with Pseudomonas baetica; T5: inoculation with Pseudomonas monteilii; T6: inoculation
with Azotobacter chroococcum; T7: inoculation with all bacterial isolates T1 to T6; T8: inoculation with all bacterial
isolates T1 to T6 + 50% conventionally used chemical fertilizer; T9: application of 100% conventionally used chemical
fertilizer and T10: control without bacterial inoculation). Plant growth indices and nutrient concentrations were
assessed.

Results: The findings indicated that inoculation with P. fundrae (T2) increased leaf fresh weight by 34%, P.
Sfluorescens (T3) boosted stem fresh weight by 33%, and a combination of all effective strains (T7) enhanced seedling
height by 38% compared to the control. Moreover, P. monteilii (T5) significantly increased the number of leaves per
seedling by 116%.

Conclusion: Overall, the study demonstrates the potential of the investigated PGPB, particularly P. tundrae, P.
fluorescens, and P. monteilii are the most effective bacteria isolated from the almond rhizosphere regarding its ability to
stimulate and enhance plant growth, suggesting its potential use in the formulation of biofertilizers.
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Table 1. Growth-promoting properties of bacteria inoculated into almond cuttings under greenhouse conditions

Dt ol W5 a8 S e o i A8 SuSfe Sedl il W5 a s S
G me S5 el i EACRAPU IR del O35 5 Bacteria
HCN production Quantitative P-  Qualitative P-solubilizing TAA production N fixation
based on reagent color  solubilizing by halo to colony diameter (mg L) (MgN g ™)
(mg L)
Cream ¢ S - 1.96 41.6 406 Paenibacillus sp.
Cream (JS 50.5 3.16 66.1 157 Paenibacillum tundrae
Ak 14.8 1.96 1863 94 Pseudomonas
No change ' ’ fluorescens
Cream o S 12.5 1.53 276 282 Psedomonas baetica
Brick (s 1 59.7 1.85 28.2 - Psedomonas monteilii
xS 09k 996 1.84 348 251 Azotobacter
No change ' ’ ’ chroococcum

Al GRIETHON W a2l 5 s slosed il S 435 sl Ky i sl

* The intensity of HCN production increases as the initial yellow color changes to cream, orange, light brown, and brick.

Fig. 1. Rooted almond cutting and its transfer to a larger pot after treatments and microbial inoculation.
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Table 2. Variance analysis (mean square) of measured plant traits in different experimental treatments

i e Sl s S S
Traits Treatment Error CV (%)
Df 9 30 -

Leaf fresh weight ;fﬂ 036 O3 0.801 ** 0.206 19.1
Leaf dry weight S, i 055 0.194%* 0.076 15.5
Stem fresh weight o L=l 650 059 0.121 0.139 20.0
Stem dry weight o,L.=Ls Kix 035 0.072 0.039 12.6
Root fresh weight <o, 030 O3 1.03 0.611 23.6
Root dry weight ais , K& 03 0.161 0.113 19.3
Plant height oLS gl 29.9%* 7.78 18.4
Leaves number W&, sl 23.6%* 3.94 20.5
Crown diameter 43l a3 0.341 0.195 11.9
Seedling quality Jlg cuas 0.014 0.023 18.0
N concentration (0} u clale 4.40%* 0.317 26.6
P concentration .5 cLls 0.002%%* 0.0001 10.01
K concentration .l cLls 0.046* 0.021 11.6
Fe concentration Q’"‘T cbls 6085%* 2092 20.4
Zn concentration (g5, cLls 7.03%* 2.03 9.65

el Lo ;5 0 5 ) Ju»\c,kdﬁju_;m,mr,@ug%jswﬁ

5

** and * denote significant effects at the 1 and 5 % probability levels, respectively.
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Fig. 2. View of almond seedlings height affected by T7 (inoculation of all bacterial strains T1 to T6) and T8 (inoculation of all
bacterial strains T1 to T6 + 50% conventionally used chemical fertilizer) treatments in pot conditions.
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Fig. 3. Effect of bacterial inoculation treatments on nitrogen (N) concentration of almond seedling leaves under greenhouse
conditions.
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Means with the same letters in each column and each group indicate no significant difference based on Duncan’s test at 5% level
(n=4). (T1: Paenibacillus sp.; T2: Paenibacillus tundrae; T3: Pseudomonas fluorescens; T4: Pseudomonas baetica; T5:
Pseudomonas monteilii; T6: Azotobacter chroococcum; T7: all bacterial inoculates T1 to T6; T8: all bacterial inoculates T1 to T6 +

50% conventionally used chemical fertilizer; T9: application of 100% conventionally used chemical fertilizer and T10: control
without inoculation).
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Fig. 4. Effect of bacterial inoculation treatments on phosphorus (P) concentration in almond seedling leaves under greenhouse
conditions.

Al e Sls Qyﬂ ool g o5 0 Jlez| Cla“ 53 sl pae Ol BB S i O S Jola= L (_;La&”ﬁl?«
Means with the same letters in each column and each group indicate no significant difference based on Duncan’s test at 5% level
(n=4). (T1: Paenibacillus sp.; T2: Paenibacillus tundrae; T3: Pseudomonas fluorescens; T4: Pseudomonas baetica; TS5:
Pseudomonas monteilii; T6: Azotobacter chroococcum; T7: all bacterial inoculates T1 to T6; T8: all bacterial inoculates T1 to T6 +

50% conventionally used chemical fertilizer; T9: application of 100% conventionally used chemical fertilizer and T10: control
without inoculation).
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Fig. 5. Effect of bacterial inoculation treatments on potassium (K) concentration in almond seedling leaves under greenhouse
conditions.
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Means with the same letters in each column and each group indicate no significant difference based on Duncan’s test at 5% level
(n=4). (T1: Paenibacillus sp.; T2: Paenibacillus tundrae; T3: Pseudomonas fluorescens; T4: Pseudomonas baetica; T5:
Pseudomonas monteilii; T6: Azotobacter chroococcum; T7: all bacterial inoculates T1 to T6; T8: all bacterial inoculates T1 to T6 +

50% conventionally used chemical fertilizer; T9: application of 100% conventionally used chemical fertilizer and T10: control
without inoculation).
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Fig. 6. Effect of bacterial inoculation treatments on iron (Fe) concentration in almond seedling leaves under greenhouse conditions.
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Means with the same letters in each column and each group indicate no significant difference based on Duncan’s test at 5% level
(n=4). (T1: Paenibacillus sp.; T2: Paenibacillus tundrae; T3: Pseudomonas fluorescens; T4: Pseudomonas baetica; T5:
Pseudomonas monteilii; T6: Azotobacter chroococcum; T7: all bacterial inoculates T1 to T6; T8: all bacterial inoculates T1 to T6 +

50% conventionally used chemical fertilizer; T9: application of 100% conventionally used chemical fertilizer and T10: control
without inoculation).
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Fig. 7. Effect of bacterial inoculation treatments on zinc (Zn) concentration on almond seedling leaves under greenhouse conditions.
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Means with the same letters in each column and each group indicate no significant difference based on Duncan’s test at 5% level
(n=4). (T1: Paenibacillus sp.; T2: Paenibacillus tundrae; T3: Pseudomonas fluorescens; T4: Pseudomonas baetica; T5:
Pseudomonas monteilii; T6: Azotobacter chroococcum; T7: all bacterial inoculates T1 to T6; T8: all bacterial inoculates T1 to T6 +

50% conventionally used chemical fertilizer; T9: application of 100% conventionally used chemical fertilizer and T10: control
without inoculation).
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