Zagazig J. Agric. Res., Vol. 50 No. (1) 2023

Plant Production Science

Available online at http://zjar.journals.ekb.eg
http:Avww.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&query Type=Master

USING PHOSPHATE SOLUBILIZING BACTERIA TO ENHANCE
PRODUCTIVITY OF TWO LENTIL VARIETIES

Manal Sh. Abd El-Haliem* and H.M. Abd El-Mottaleb
Agron. Dept., Fac. Agric., Suez Canal Univ., Ismailia, Egypt

Received: 13/11/2022 ; Accepted: 20/12/2022

ABSTRACT: Two field experiments were conducted under surface irrigation system during two
successive winter growing seasons 2017/2018 and 2018/2019 in private farm at El Qantra-West,
Ismailia Governorate, Egypt to evaluate the effect of the combinations of three levels of phosphorus
fertilizer (0, 15.5 and 31.0 kg P,Os/fad.) and three rates of bio-fertilizers (300, 600, 900g Phosphorein/
fad.) on yield, yield attributes and yield quality of two lentil varieties, Giza-51 and Sinai-1. Giza-51
variety surpassed Sinai-1 variety in plant height, number of primary branches/plant and 100-seed
weight. Sinai-1 surpassed Giza-51 in number of pods/plant by (10.39% and 15.08%) and number of
seeds/plant by (15.4% and 14.36%) in the first and second seasons, respectively. Also, Sinai-1 over
weighted Giza-51 in pod yield/plant by 18.39 and 10.99%, seed yield/plant by 20% and 22.09%, seed
yield/fad., by 17.1% and 25.69%, straw yield/fad., by 7.92% and 8.26% and protein yield/fad., by
18.70% and 23.28% in the first and second seasons, respectively. Soil mineral fertilization with
calcium superphosphate at the highest level (31 kg P,Os/fad.) accompanied with bio-fertilizer
(Phosphorein) at 900 g/fad. gave the highest values of yield, yield attributes and protein yield/fad. in
the two seasons. A significant interaction between varieties, phosphorus and bio-fertilization was
recorded for number of secondary branches/plant, number of seeds/plant, 100-seed weight and straw
yield (kg/fad.) in the first season and weight of pods/plant in the second one as well as for seed yield
(kg/fad.) and protein yield (kg/fad.) in the two seasons.
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INTRODUCTION

Lentil (Lens culinaris, Medic), is considered
one of the most important food legumes in the
countries of the Mediterranean Sea region. In
Egypt, Lentil cultivars have some advantageous
characters; like short life span, small cumulative
thermal needs, low water needs along life, its
good tolerance to drought (Hamdi et al., 1992),
and the possibility of growing under rainfall
without supplementing water. Moreover, its
seeds are rich in carbohydrates (60%), is a
source of high quality protein in human diet and
animal consumption. Also, lentil plants used as
green fertilizer at flowering stage. Moreover,
lentil enhances fertility of the soil because of
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provides it by nitrogen (Thomson and Siddique,
1997; Katerji et. al., 2001). Many investigators
recorded significant differences between lentil
varieties (Ezatt et al., 1998; Hamdi et al.,
2003; Hamdi et al., 2004; Hamdi et al., 2012;
Haque and Khan, 2012; Datta et al., 2013;
Mandi et al., 2015; Khattab et al., 2016; Geja,
2019).

The lentil crop shows good response to
phosphorus fertilization (Hussain et al., 2002;
Datta et al., 2013; Ali et al., 2017; Sonet et al.,
2020). To increase production of lentil, limit
imports and reduce the food gap, as Egypt
import more than 98% of local consumption,
where Mohammad (2017) stated that the
average local production of lentils was 1.92
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thousand tons and the average consumption of
lentils was 77.88 thousand tons, with a gap of
76.16 thousand tons, with self-sufficiency of
2.43% during the period (2000-2015).
Cultivated areas must be increased which is
often by expanding into new lands and
increasing their productivity. Moreover, lentil as
legumes crop needs more amount of phosphorus
fertilizer compared to the other plant families. In
Egypt, soil is suffering from fixing phosphorus
ions in insoluble form as a result to increase pH
number, so must apply all possible techniques to
increase the available amounts of phosphor
uptakes by plants such as using Phosphate
Soluble Bacteria. Phosphate solubilizing bacteria
is known to enhance the productivity of the crop
as it increase the availability of soil phosphorus
(El Sayed, 1999; Sharma et al., 2022).
Phosphorus is one of the major plant nutrients. It
is an important component of many organs of
every living cell. Phosphorus takes part in
several living processes including heredity and
energy transport system (Donahue et al., 1990).

The present study aimed to evaluate the
effect of the combination between three levels of
phosphoric fertilizer i.e., 0, 15.5 and 31.0 kg
P,Os/fad., and three bio-fertilizers rates (300,
600, 900 g Phosphorein/fad., on vyield, yield
components and vyield quality of two lentil
varieties, Giza-51 and Sinai-1.

MATERIALS AND METHODS

Two field experiments were conducted
during two successive winter growing seasons
2017/2018 and 2018/2019 in private farm at El
Qantra-West, Ismailia Governorate, Egypt to
evaluate the effect of three levels of phosphorus
fertilizer (0, 15.5 and 31.0 kg P,Os/fad.) and
three rates of bio-fertilizers (300, 600, 900 g
Phosphorein/fad.) (1 package = 300 g) on yield,
yield attributes and yield quality of two lentil
varieties, Giza-51 and Sinai-1.

Dates of planting were on 15 November in
the first and second seasons. A randomized
complete block split-plot design with three
replications was used in each season. The two
varieties and nine combination between
phosphorus and bio-fertilizers were randomly
allocated in the main and sub-plots, respectively.

Each experimental plot is a bed consisting of ten
rows, 3 min length and 2 m apart and 5 cm intra
plant space. Mineral phosphorus fertilizer was
applied in form calcium super phosphate (15.5%
P,Os). Phosphorein  was obtained from
Agricultural Research Center, Institute of Water
and Soil Research, Giza. The biofertilizers
(Phosphorein) was mixed with moisten sand and
drilled beside seedlings after 5 days from sowing.

All other agronomic practices were applied
as recommended. The preceding crop was corn
in the two seasons. Physical and chemical
properties of the soil experimental sites are
shown in Table 1. At physiological maturity
stage (145 days for Sinia-1 and 152 days for
Giza-51) sample of five guarded plants from
each plot was taken at random to determine
yield attributes i.e., plant height (cm), number of
primary and secondary branches/plant, number
and weight of pods/plant (g), number and weight
of seeds/plant (g), 100-seed weight (g). Seeds
and straw yields/fad were determined by
harvesting the central two rows from each
experimental plots and then the yield converted
to fad.

Total nitrogen in seeds was determined after
drying and grinding seed samples using Micro-
Kjeldahl method as described by AOAC (1990)
and protein% was calculated by multiplying
nitrogen percentage by a factor of 6.25.

Data obtained from each trail were statistically
analyzed according to analysis of variance of
split plot design by using computer program Co-
STAT as described by Snedecor and Cochran
(1981). Means of treatments were compared
using the least significant differences (LSD)
developed by Waller and Duncan (1969) at
0.5% level.

RESULTS AND DISCUSSION

Varietal Differences

It is clearly evident that lentil Giza-51 variety
significantly surpassed Sinai-1 variety in plant
height in the first season, number of primary
branches/plant and 100-seed weight in the two
seasons. The differences between the two varieties
not reached the level of significance for plant
height in the second season and for number of
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Table 1. Physical and chemical properties of the experimental soil (average of both seasons)

Chemical properties

H EC Soluble cations Soluble anions Available NPK
PP gsm-! meq/100 g soil meq/100 g soil (mg.kg-1) Soil
a5 1o ca’ Mg© Na K cos Hco, cf soS N p K
' 55 33 85 07 - 10 128 42 1811 475 64.35
Physical analysis
Organ(loior)natter Particle size distribution (%0) Soil texture
0.59 Coarse sand (%) Fine sand (%) Silt (%) Clay (%) Lomy clay

6.4 23.8

35.0 34.8

secondary branches/plant in both seasons as
given in Tables (2 and 4). Giza-51 recorded
more than 5 g for 100-seed weight, while Sinai-
1 recorded less than 5 g and that was true in the
two seasons.

On the other hand, results in Tables 3, 4 and
5 illustrated that lentil variety Sinai-1
significantly surpassed Giza-51 variety in
number and weight of pods/plant, number and
weight of seeds/plant, seed vyield/fad, straw
yield/fad as well as seed protein content and
protein yield/fad and that was true in the two
seasons.

Sinai-1 surpassed Giza-51 in number of pods
/ plant (by 10.38% and 15.08%) and number of
seeds/plant by (by 15.4% and 14.36%) in the
first and second seasons, respectively. Also,
Sinai-1 over weighted Giza-51 in pod yield/
plant by 18.39 and 10.99%, seed yield/plant by
20% and 22.09%, seed vyield/fad. by 17.1% and
25.69%, straw yield/fad by 7.92% and 8.26%
and protein yield/fad. by 18.70% and 23.28% in
the first and second seasons, respectively. These
results are confirmed with those obtained by El-
Nahas et al. (2011) and Kassab et al. (2014).
Moreover, significant differences between lentil
varieties were recorded by Ezatt et al. (1998),
Hamdi et al. (2003), Hamdi et al. (2004),
Hamdi et al. (2012), Haque and Khan (2012),
Datta et al. (2013), Mandi et al. (2015), Osama
et al. (2018), Geja (2019) and Abdelsalam and
El-Sanatawy (2022).

Effect of Mineral and Bio-Fertilizers of
Phosphorus

Results presented in Tables 2, 3, 4 and 5
cleared that soil mineral fertilization with calcium
superphosphate at the highest level (31 kg
P,Osffad.) accompanied with bio-fertilizer
(Phosphorein) at 900 g/fad., gave the highest
values of the all studied characters in the two
seasons.

At the highest level of calcium
superphosphate (31 kg P,Os/fad.), increasing
bio-fertilizer (Phosphorein) level from 300
g/fad. to 600 or 900 g/fad. gave the same effect
(highest)  without significant  differences
between them concerning plant height in the
second season and number of primary
branches/plant in the two seasons (Table 2).
Also, increasing level of bio-fertilizer
(Phosphorein) from 300 g/fad. to 600 or 900
g/fad., either at the highest (31 kg P,Os/fad.) or
at the middle (155 kg P,Os/fad.) level of
calcium superphosphate gave the same effect
concerning number of secondary branches/plant
and that was true in the two seasons (Table 2).
These may be attributed to the ability of the
added Phosphorein bacteria to turned soil
unavailable mineral phosphorous into available
phosphorous suitable for uptake by plants.

Results given in Table 3 showed that the
highest levels of calcium superphosphate (31 kg
P,Os/fad.) and bio-fertilizer (Phosphorein at 900
g/fad.) produced the highest significant values
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Table 2. Effect of mineral and bio-fertilization of phosphorus on plant height (cm), number of
primary branches/plant and number of secondary branches/plant of two lentil varieties
(Sinai-1 and Giza-51) in the two growing seasons

No. of primary No. of secondary

Plant height (cm)

Treatments branches/plant branches/plant
2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
Varieties
Sinai-1 3756b 36.59a 2.68Db 215b 8.1lla 7.29 a
Giza-51 40.26a 38.00a 3.18a 259a 8.03a 7.22a
LSD at 5% 2.41 N. S 0.38 0.28 N.S N.S
P,Os Kg/fad. Phosphorein g/fad.
300 35.67f 34.33d 2.56d 204e 5.17d 5.67d
0 600 37.17e¢ 3550c 267cd 2.09de 6.67c 5.83cd
900 3717e 3567c 267cd 212de 7.33bc 6.67 bcd
300 38.33de 36.00c 2.67cd 218de 8.00abc 7.67 abc
15.5 600 39.17cd 36.00c 2.78bcd 2.40bcde 850ab 7.67 abc
900 40.67b 38.00b 3.00bcd 257bcd 8.80a 7.83abc
300 40.00bc 39.00a 3.17abc 2.72abc 8.83a 8.00a
31 600 41.10bc 39.33a 3.22ab 3.00ab 9.00a 8.50 a
900 42.33a 39.67a 3.67a 307a 9.00a 8.50 a
LSD at 5% 1.34 0.91 0.51 0.49 1.37 1.19
Interaction
VXF Ns Ns Ns Ns * Ns

Where: V: varieties, F: combination between Phosforus and Phosphorein fertilization, Ns: non-significant and *: significant at 0.05

Table 3. Effect of mineral and bio-fertilization of phosphorus on number of pods/plant, weight
of pods/plant and number of seeds/plant of two lentil varieties (Sinai-1 and Giza-51) in
the two growing seasons

No. of pods/plant W1. of pods/plant(g) No of seeds /plant

Treatments 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
Varieties:
Sinai-1 42.30a 40.37 a 470 a 424a 46.31a 47.00a
Giza-51 38.32b  35.08b 3.97b 3.82b 40.13b 41.10b
LSD at 5% 0.75 1.72 0.05 0.17 0.40 0.99
P,Os Kg/fad. Phosphorein g/fad.
300 37.10e 34.97e 4,08 f 3.65f 40.70e  40.80¢e
0 600 37.72e 3553de 4.12ef 3.65f 41.85d 41.70e
900 38.02de 36.83cd 4.23def 3.85de 42.33cd 43.28d
300 38.93d 37.15¢c 427de 3.85de 42.85c 43.68cd
15.5 600 40.07c 37.28¢c 4.28cde 3.97cd 4287c  43.82 bcd
900 41.72b 38.20bc 4.45bc 4.05c 43.92b  44.75bc
300 41.72b 39.10b 431cd 435b 44.07b 44.98b
31 600 42.17b 3957ab 4.53b 433b 45.13a 46.33a
900 43.98a 40.88a 475a 460a 4527a 47.10a
LSD at 5% 1.09 1.40 0.17 0.13 0.66 1.28
Interaction
VXF Ns Ns Ns * * Ns

Where: V: varieties, F: combination between Phosforus and Phosphorein fertilization, Ns: non-significant and *: significant at 0.05
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Table 4. Effect of mineral and bio-fertilization of phosphorus on weight of seeds/plant, 100-seed
weight and seed protein content (%) of two lentil varieties (Sinai-1 and Giza-51) in the
two growing seasons

Wt. of seeds/plant  100- seed weight Seed protein
Treatments ()] (9) content%o
2017/20182018/20192017/20182018/20192017/2018 2018/2019

Varieties:
Sinai-1 3.36a 3.04a 426 b 459b 2647a 26.13a
Giza-51 2.80b 249D 5.07 a 537a 25.21b 25.23b
LSD at 5% 0.09 0.13 0.02 0.32 0.15 0.15
P,Os Kg/fad. Phosphorein g/fad.
300 2.83¢e 252¢e 4.474d 487b 2557f 25.05e
0 600 3.00cd 2.65cde 4.55d 490b 25.68ef 25.25d
900 293de 2.67cde 458cd 4.95ab 25.75de 25.62c
300 3.08bc 2.77bcd 4.60cd 495ab 25.85cd 25.67c
15.5 600 3.08bc 2.75bcd 4.66bcd 4.96ab 25.87 bcd 25.75bc
900 3.03bcd 2.75bcd 4.69bc 5.03ab 25.90bc 25.90ab
300 3.17b 2.82bc 4.74abc 5.03ab 25.92bc 25.93ab
31 600 3.17b 287b 4.79ab 504ab 2598ab 25.98a
900 3.40a 3.10a 4.89 a 5.14a 26.05a 25.98a
LSD at 5% 0.15 0.16 0.15 0.20 0.12 0.19
Interaction
VxF Ns Ns * Ns Ns Ns

Where: V: varieties, F: combination between Phosforus and Phosphorein fertilization, Ns: non-significant and *: significant at 0.05

Table 5.Effect of mineral and bio-fertilization of phosphorus on seeds/plant, 100-seed, straw and
protein yields/fad., of two lentil varieties (Sinai-1 and Giza-51) in the two growing

seasons
Treatments Seed yield (kg/fad.) Straw vyield (kg/fad.)Protein yield (kg/fad.)
2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
Varieties:
Sinai-1 692.2a 609.1a 1409.8a 1370.9a 183.36a 159.44a
Giza-51 591.1b 4846b 1306.3b 1266.3b 149.07b 122.33b
LSD at5% 13.6 27.7 20.2 30.1 2.57 6.47
P,Os Kg/fad. Phosphorein g/fad.
300 580.0 f 466.7f 1290.8g 1251.7e¢ 148.42f 116.97f
0 600 590.0 ef 489.2ef 1304.2fg 1271.7de 151.70ef 123.63 ef
900 595.8.ef 495.0e 1311.7f 1275.0d 153.61le 127.00e
300 596.7e 533.3d 1315.8ef 1277.5d 154.42e 142.21cd
155 600 618.3d 554.2cd 1331.7e 1290.0d 160.25d 137.67d
900 6475¢c 563.3c 1357.5d 13125c 168.32c 146.54c
300 6525¢c 563.3c 1391.7c 1349.8b 169.58c 146.48c
31 600 686.7b 603.3b 14458b 14025b 178.99b 157.35b
900 8075a 653.3a 1473.3a 1426.7a 210.63a 170.11a
LSD at 5% 16.3 24.5 18.7 20.4 4.23 7.27
Interaction
\/XF * * * NS * *

Where: V: varieties, F: combination between Phosforus and Phosphorein fertilization, Ns: non-significant and *: significant at 0.05
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concerning number of pods/plant in the first
season and weight of pods/plant in the two
seasons. While, under the same level of calcium
superphosphate (31 kg P,Os/fad.), both application
of Phosphorein at 600 g or 900 g/fad. gave the
same effect without significant differences
between them concerning number of pods/plant
in the second season and number of seeds/plant
in the two seasons.

Results in Table 4 revealed that application
of 31 kg P,Os/fad. accompanied with bio-
fertilizer (Phosphorein) at 900 g/fad. surpassed
significantly the other treatments and produced
the highest significant value of seed yield/plant
and that was true in the two seasons.

Using bio-fertilizer (Phosphorein) at 900 g/
fad., without mineral phosphorus fertilization
not differ significantly from using middle or
high level of calcium superphosphate (15.5 or
31kg P,0O/fad.) accompanied with any level of
Phosphorein concerning 100-seed weight and
that was true in the second season only. These
results show the presence of metallic
phosphorous in the soil, which was converted by
Phosphorein bacteria from a form that is not
suitable for absorption to a form suitable for
uptake by plants. While in the first season, the
high level of calcium superphosphate (31 kg
P,Os/fad.) with any studied level from bio-
fertilizer (300, 600 or 900 g Phosphorein/fad.)
gave the highest value of 100-seed weight
(Table 4).

Also, application of 31 kg P,Os/fad.,
accompanied with bio-fertilizer (Phosphorein) at
600 or 900 g/fad., surpassed significantly the
other treatments and produced the highest
significant value of seed protein content in the
first season, but in the second season, 900 g
Phosphorein/fad., with mineral phosphorus
fertilization by 15.5 kg P,Os/fad., as well as 300,
600 or 900 g Phosphorein/fad. with 31 kg
P,Os/fad., surpassed the other studied factors
and gave the highest significant value of seed
protein content. This might be attributed to that
fertilization with Phosphorein converted the
unavailable phosphorus as tri-calcium phosphate
to the available phosphorus. That led to enhance
the efficiency of lentil plants in utilizing
phosphorus  fertilizer which in turn had
favorable effects on lentil productivity. Similar

results were obtained by EI Sayed (1999),
Hussain et al. (2002), Shahid and Janardan
(2016) and Sharma et al. (2022).

Results presented in Table 5 indicated that
mineral phosphorus fertilization at the highest
level (31 kg P,0s/fad.) accompanied with 900 g
Phosphorein/fad., surpassed the other studied
treatments and produced the highest seed (807.5
kg and 653.3 kg), straw (1473.3 kg and 1426.7
kg) and protein yields (210.63 kg and 170.11
kg) per fad. in the first and second seasons,
respectively. These results indicate that the
lentils need more amounts of phosphate
fertilizer, perhaps greater than what was added
at the highest level. Many investigators reported
that phosphorus and bio fertilization increased
lentil yield, yield attributes and yield quality (EI
Sayed, 1999; Hussain et al., 2002; Datta et el.,
2013; Ali et al, 2017; Sonet et al., 2020;
Sharma et al., 2022).

Interaction Effect

The interaction effect between varieties and
combination of phosphorus and bio-fertilization
for number of secondary branches/plant, number
of seeds/plant, 100-seed weight and straw yield
(kg/fad.) in the first season and weight of pods/
plant in the second season was significant, as
well as for seed yield (kg/fad.) and protein yield
(kg/fad.) through the two seasons.
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