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Effect of Phosphorus Fertilizers and Bacterial Inoculation on Yield,
Growth, and Physiology of Tomato
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Table 1. Soil information used in the experiment.

S oS Sal o ol &3, 7 Sd rely S & Sl
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Ois eSS OiseSekS  OiseSekS  OjseSekS 039 eSS 039 P 9kS (e
(Sis (Sas (Sas (Ses (Sas (S
Organic Lime Copper Iron Zinc Manganese  Phosphorus  Potassium Total pH Electrical
carbon (%) (%) (mg kg! (mgkg'  (mgkg! (mg kg'! (mg kg! (mg kg'! nitrogen conductivity
DW) DW) DW) DW) DW) DW) (%) (dsm™h)
1.35 40.5 1.6 1.6 1.23 4.1 70.21 676.02 0.13 7.58 1.15
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Table 2. Meat powder information used in the experiment.

Slolas e I A el 7] O OFan pB oeFan o Jobel Sl sl Sesesle Cagh,
(o,0) (do,0) (do,0) (o) (o) oy B (i (o,0) Sl (do,0) (2o,0) (do,0)
(0o,0) (9o,0) (o))
Ether extract ~ Sodium Total Calcium Urea Unavailable True Crude Acid insoluble Ash Dry Moisture
(%) (%) phosphorus (%) (%) protein (%)  protein  protein ash (%) (%) matter (%)
(%) (%) (%) (%)
30.00 0.37 3.96 7.84 0 3.58 30.2 46.2 0.25 22.5 94.2 0
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Table 3. Analysis of variance (mean square) of treatments on some growth characteristics of tomato
o S S oShee (9 Sk o300 yh3 oge0 Job olsls Job S (s ada) 5Ol SES () 039 @olil ez 3 @l
A 0gu0 Aoy o)L....ﬁLfa a)L.él.;:
Firmness Yield Mean Diameter Length of  Length of Dry weight Rootfresh  Shootdry  Shoot fresh df S.0V
of fruit weight of of fruit fruit shoot of root weight weight weight
fruit
0.128 s 811" 21.880 "+ 15.180 " 50.570 ™ 2650.800 " 9.7402 ™" 16.130 * 1.310"* 194247 ™ 1 &St
Bacterial
16.678 " 2865267 ** 7931440 219.572  154.188 " 6595200  18.156 7  2125.530° 1353.300 " 251330 " 4 S ol
Source of
phosphorous
2.529° 40227 ° 141.310 " 31321 9.536 " 332470 " 0.542° 12.470 ° 69.470 ** 64662 4 aliax s S
prome:
Bacterial x
Source of
phosphorous
2.852 213156 78.540 2.567 2.626 249.840 0.822 86.780 14.840 1396 18 s
Error
12.8 28.31 9.03 2.96 3.46 6.96 10.13 9.55 8.83 6.75 Sl asS
(22,9)
CV (%)
*

Sogme e NS o0 K g i Jlaim! mhaws (o Jlo pine i 4 ¥

* and **: Significat at 5 and 1 % probability levels, respectively. ns: non significat
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Figure 1- The interaction effect of bacterial inoculation and phosphorus sources on growth characteristics, fruit
characteristics, and yield of tomato. PT2 (triple superphosphate at a concentration of 20 mg/kg), PT4 (triple
superphosphate at a concentration of 40 mg/kg), PM2 (meat powder at a concentration of 20 mg/kg), PM4
(meat powder at a concentration of 40 mg/kg).
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Table 4. Analysis of variance (mean square) of treatments on some physiological characteristics of tomato

A e Sy i byl SSgigs Js lyiome Sdeiis,lS b Judg,ls a Jud,l5 Combuy  colilazys S ale
Sl 1 N o
Phosphorus  Phosphorus DPPH Flavonoid Phenol RWC Carotenoid Chlorophyll Chlorophyll Vitamin C df S.0.V
of root of leaf b a
0.212ns 0.356 ™ 22.879" 0.012" 183.521™  143.402 ™ 0.0001 * 0.158 ™ 0.115™ 0.071™ 1 &Sk
Bacterial
0.538™ 0.692™ 151.377" 0.047 ™ 196.459* 521.981 "  0.0003 ™ 0.173™ 0.289™ 0.053 ™ 4 b golie
Source of
phosphorus
0.021° 0.307 " 359.182 ™ 0.003 * 72.932 " 154.563™  0.0002 ™ 0.365™ 0.037" 0.008* 4 clox s S
prowe
Bacterial x
Source of
phosphorus
0.056 0.019 36.501 0.001 44.065 6.928 1.410 0.017 0.009 0.004 18 s
Error
8.82 5.12 7.94 14.46 23.21 5 4.66 23.79 5.53 4.67 Ol i
(o))
CV (%)

o gme e NS o0 K g i Jlaim! mhaws (o Jlo sixe i 4 x g *
* and **: Significat at 5 and 1 % probability levels, respectively. ns: non significant
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Fig. 2. The interaction effect of bacterial inoculation and phosphorus sources on some physiological characteristics of
tomato. PT2 (triple superphosphate at a concentration of 20 mg/kg), PT4 (triple superphosphate at a
concentration of 40 mg/kg), PM2 (meat powder at a concentration of 20 mg/kg), PM4 (meat powder at a
concentration of 40 mg/kg).
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Fig. 3. The PCA analysis of interaction effect of treatments on growth traits and physiology of tomato. Shoot fresh
weight (1), shoot dry weight (2), root fresh weight (3), root dry weight (4), shoot length (5), fruit length (6),
fruit diameter (7), average fruit weight (8), yield (9), fruit firmness (10), fruit vitamin C (11), chlorophyll a
(12), chlorophyll b (13), carotenoid (14), relative leaf water content (15), phenol (16) , flavonoid (17),
antioxidant capacity (18). No bacterial inoculation x no phosphorus (B0-P0), no bacterial inoculation x triple
superphosphate 20 (B0O-TP2), no bacterial inoculation x triple superphosphate 40 (B0-TP4), no bacterial
inoculation x meat powder 20 (B0-PM2), no bacterial inoculation x meat powder 40 (B0-PM4). Inoculation
of bacteria x lack of phosphorus (B1-P0), inoculation of bacteria x superphosphate triple 20 (B1-TP2),
inoculation of bacteria x superphosphate triple 40 (B1-TP4), inoculation of bacteria * meat powder 20 (B1-
PM2), inoculation of bacteria x Meat powder 40 (B1-PM4).
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Phosphorus is a vital nutrient for plant growth, and maintaining adequate levels in the soil is crucial
for maximizing agricultural productivity. The use of biofertilizers serves as an environmentally
friendly and cost-effective alternative to expensive chemical fertilizers. Therefore, this study
aimed to investigate the effects of bio-phosphorus fertilizers and triple superphosphate compared
to a phosphorus-free control (the control group), along with examining the interaction of
phosphate-solubilizing bacteria (Pseudomonas putida) on the quantitative and qualitative traits of
tomatoes. The experiment was conducted as a factorial design with two factors in a completely
randomized layout with three replications. The treatments included the use of phosphorus
fertilizers and bacterial inoculation. The fertilizer treatments consisted of five levels: a phosphorus-
free control, triple superphosphate at concentrations of 20 and 40 mg/kg, and bio-phosphorus in
the form of meat powder at two concentrations of 20 and 40 mg/kg. The bacterial treatment
included two levels: non-inoculated and inoculated. The highest fruit length was observed during
bacterial inoculation with meat powder at both 20 and 40 mg/kg compared to the control group.
Additionally, bacterial inoculation combined with meat powder at 40 mg/kg resulted in the highest
fresh and dry weight of the shoot, fruit diameter, and relative leaf water content compared to the
control. Triple superphosphate at 20 mg/kg, along with both concentrations of meat powder during
bacterial inoculation, showed the highest fresh and dry root weight. Overall, among various
phosphorus sources, meat powder at 40 mg/kg had a more significant effect on improving the
growth traits of tomatoes, while bacterial inoculation did not significantly enhance fruit weight
and single-plant yield compared to non-inoculation.

Keywords: Biofertilizer, Triple superphosphate, Vitamin C, Yield.
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