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Abstract

Introduction

Guar forms a weak symbiotic relationship with some strains of bradyrhizobium bacteria, making
it important to strengthen this symbiosis. Research on other legumes suggests that soil application
of silicates can enhance legume-bacterium symbiosis, leading to improved yields due to
increased silicon uptake. However, industrial production of silicates is costly, prompting interest
in silicate-dissolving bacteria, which can solubilize native or applied silicates in the soil. These
bacteria have been shown to improve silicon and nutrient uptake, resulting in better plant growth
and yield. This study aims to investigate the impact of soil-applied silicates (Na,SiOs, K,SiOs,
Ca,Si03, and Mg,SiO3) and silicate-dissolving bacteria on the guar-bacterium symbiosis, plant
growth, and yield.

Materials and Methods

A pot experiment was performed at Bu-Ali Sina University in 2022 using a two-factor factorial
(2x5) design in a completely randomized setup with 10 replications. The first factor included five
silicate treatments: control, Na,SiO;, K,SiO3, Ca,SiOs;, and Mg,SiO; (applied at 100 mg/kg of
soil). The second factor involved soil inoculation with a commercial silicate-dissolving bacterium
at two levels: 0 and 10 ml/kg of soil. Sixty days after planting, half of the plants were harvested
to measure shoot and root dry weight, nodule number and dry weight, shoot and root nitrogen
content, and shoot silicon content. At pod maturity 80% brown pods), the remaining plants were
harvested to measure 100-seed weight, seed yield per plant, and seed gum content.

Results and Discussion

All traits, except seed gum content, were significantly affected by the main and interaction effects
of silicate application and bacterial inoculation. Without silicate application, silicate-dissolving
bacteria increased: nodule number (34%), nodule dry weight (75%), shoot dry weight (42%),
silicon content (16%), shoot nitrogen content (15%), root nitrogen content (41%), and seed yield
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per plant (25%). However, root dry weight and 100-seed weight were unaffected by bacterial
inoculation. Without bacterial inoculation, application of any silicate significantly increased
shoot silicon content. Moreover, the synergistic effect of silicates and silicate-dissolving bacteria
further increased shoot silicon content. The highest silicon content (550.1 mg/kg of dry weight)
was recorded with the combined application of K,SiO; + silicate-dissolving bacteria. Although
the seed gum content remained unaffected, the observed increase in seed yield per plant indicates
greater gum production potential at the whole-plant level.

Conclusion

The synergistic interaction between silicates and silicate-dissolving bacteria enhances the
efficiency of silicate use in guar cultivation. This approach holds promise for improving guar
yields without affecting seed gum content. The increase in seed yield directly translates to higher
gum production per plant, making this strategy beneficial for guar farming systems.

Keywords: Galactomannan, Nitrogen content, Silicon content
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Table 1. Physicochemical properties of the soil used in the study.

Clay Silt Sand Electrical pH Organic P K N

(%) (%) (%) conductivity matter (ppm) (ppm) (%)
(dS/m) (%)

12.2 27.2 60.5 2.1 7.6 1 47.2 368.2 0/1
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Table 2. ANOVA (mean square) of studied traits in guar.

Source df Nodule NDW SDW RDW SiC
SSB 1 677.12" 358111.84" 196.02” 9.24" 215482.99"
Silicate 4 74.83" 36236.35 22.28" 1.98" 121756.22™"
SSB x Silicate 4 20.93" 4939.98™ 2.327 0.19" 6048.67"
Error 40 0.98 398.80 0.54 0.05 373.44
CV (%) — 7.06 5.27 7.65 8.98 5.79

ns, * and ** shows non significant, significant at 1 and 5 % probability levels based on the Duncan’s
multiple range test, respectively. Abbreviations: silicate-dissolving bacteria (SSB), nodule dry weight
(NDW), shoot dry weight (SDW), root dry weight (RDW), and silicon content (SiC).

Table 3. ANOVA (mean square) of studied traits in guar.

Source df SNC RNC 100-SW SY SGC
SsB 1 861.12" 264.50" 2377 62.54" 44.65™
Silicate 4 171.38" 41.67" 1.25" 14.58™ 8.91™
SSB x Silicate 4 40.88" 17.677 0.29™ 1.74™ 1.91™
Error 40 11.95 0.23 0.02 0.07 13.45
CV (%) — 9.67 6.91 8.52 6.37 9.79

ns, * and ** shows non significant, significant at 1 and 5 % probability levels based on the Duncan’s
multiple range test, respectively. Abbreviations: silicate-dissolving bacteria (SSB), shoot nitrogen content
(SNC), root nitrogen content (RNC), 100-seed weight (100-SW), seed yield per plant (SY), and seed gum
content (SGC).
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Table 4. Effect of silicates and silicate-dissolving bacteria (SSB) on the growth and yield traits of guar

inoculated with Bradyrhizobium sp. CB3035.

Treatments Nodule NDW SDW RDW SiC
(no./plant) (mg/plnat) (g/plant) (g/plant) (mg/kg)
Control not included in ANOVA 0 0 4.2 11 130.2
(-) ssB Control 8.7d 209.4c 6.1c 18¢ 165.5d
Na,SiO3 9.6 cd 289.6 bc 8.1b 21c 326.0c
K,SiO; 114c 3275b 8.7hb 2.7 bc 319.1¢c
Ca,SiO; 9.3cd 3885b 6.7 bc 21c 285.9¢c
Mg,SiOs 10.7c 3175b 6.8 bc 21c 281.2¢c
(+) SSB Control 11.7c 367.5b 8.7b 22¢c 1926¢
Na,SiO3 16.3b 485 a 10.7 a 29b 4102 b
K,SiO3 22.3a 517.5a 12.1a 3.8a 550.1 a
Ca,SiO; 19.3ab 485 a 109a 3.1lb 431.2 b
Mg,SiO; 179b 523.8 a 10.7 a 3.1b 4105b

In each evaluated trait, the values with the same letters are not different based on the Duncan’s multiple
range test at a = 0.05. Control net included in aNova Was not inoculated with rhizobium and it was planted in soil
without silicate application and not inoculated with silicate-dissolving bacteria. Abbreviations: nodule dry
weight (NDW), shoot dry weight (SDW), root dry weight (RDW), and silicon content (SiC).
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Table 5. Effect of silicates and silicate-dissolving bacteria (SSB) on the growth and yield traits of guar

inoculated with Bradyrhizobium sp. CB3035.

Treatments SNC RNC 100-SW SY SGC
(mg/g) (mg/g) )] (9/plant) (%)
Control not included in ANOVA 9.1 2.4 1.3 1.7 28.0
(-) SsB Control 13.8d 36d l4c 2.8d 288 a
Na,SiO; 15.6 cd 46¢c 1.8b 31c 33.2a
K,SiO; 179c¢ 4.7¢c 1.8b 39b 285a
Ca,SiO; 18.3¢ 46¢C 1.7 bc 34c 29.3a
Mg,SiOs 18.3¢c 6.5 bc 19b 31c 315a
(+) SSB Control 159 cd 51c 13c 35¢c 309a
Na,SiO; 22.8b 7.1b 2.7a 4.2 ab 32.8a
K,SiO; 319a 13.7a 2.6a 48a 325a
Ca,SiO; 28.4 ab 89Db 2.4 ab 4.2 ab 304 a
Mg,SiO3 25.4b 7.2b 2.3ab 40D 34.2a

In each evaluated trait, the values with the same letters are not different based on the Duncan’s multiple
range test at o = 0.05. Control ot inciuded in ANova Was not inoculated with rhizobium and it was planted in soil
without silicate application and not inoculated with silicate-dissolving bacteria. Abbreviations: shoot
nitrogen content (SNC), root nitrogen content (RNC), 100-seed weight (100-SW), seed yield per plant (SY),

and seed gum content (SGC).
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