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Introduction                                                                        

Lentil (Lens culinaris Medik.) is one of the winter 
season pulse crops which has a considerable 
nutritive value for human beings present in their 
seeds which contains about 21–31% protein, 
43.4–69.9% total carbohydrate, 0.7–4.3% fat, 
5.0–26% fiber and 2.2–4.2% ash (Joshi et al., 
2017). Furthermore, like any leguminous crop, 
lentil cultivation can share in the sustainable 
development of agroecosystems. Its cultivation 
has a vital role in nitrogen cycling because it 
can be fix biologically about 85% of its required 
nitrogen from the surrounding atmosphere 
14.39% of nitrogen is drawn from soil source 

(Gan et al., 2016; Kabir et al., 2019). In Egypt, 
statistics showed that lentils’ production in 2017 
was only 480 tonnes which was produced from 
235 ha (≈ 580.7fed) harvested area (FAOSTAT, 
2019).

Humic substances (HS), including humic 
and fulvic acids, have been classified as a 
natural product of organic material occurring in 
or extracted from decayed/decaying biomatter 
(MacCarthy, 2001). It is being extracted, using 
an alkaline solution, from various resources, 
including sub-bituminous coals, lignites, peat, 
soils, composts, and raw organic wastes (Rose et 
al., 2014). Many studies reported that the humic 

TWO field experiments were conducted, during two cropping seasons, to study the 
cultivation of two lentil cultivars, namely Sina-1 and Giza-9, under a calcareous soils 

condition. The cultivation was done using liquid crude humates, extracted from compost, 
as organic fertilizer or consortium of some PGPR including Serratia marcescens, Bacillus 
megaterium and Pseudomonas fluorescens as biofertilizer against mineral fertilization. The 
experiments were designed in a split block design. The humate application or PGPR stimulate 
microbial count and dehydrogenase activity, in the rhizosphere, against a full dose of mineral 
fertilizers. In general, high rate of humates followed by a full dose of nitrogen recorded 
maximum values with respect to the plant height, shoot dry weight and leaf area at vegetative 
state. Concerning to the dark green color index (DGCI), the plants significantly captured more 
greenness due to applying a full dose of nitrogen followed by a high dose of humate (20L/
fed) with Giza 9 compared with Sinai 1 cultivar. The maximum values were recorded by Giza 
9 cultivar fertilized with a high dose of humate followed with that of a full dose of nitrogen 
for pods and seeds number and seeds yield during both cropping seasons. However, the effect 
of the co-inoculation with PGPR and Rhizobium boosted the yield components against the 
absolute control and treatment of individual Rhizobium + activation dose of nitrogen for the 
same parameters. Based on results it may be concluded that cultivation of Giza 9 cultivar with 
the application of crude humate at 20L/fed and Rhizobium inoculation is being favored under 
calcareous soil. 
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acids, the most active HS component, derived 
from composted materials significantly perform 
better than those derived from other sources such 
as leonardite, lignite, and peat in plant growth 
promotion (Arancon et al., 2006; Azcona et al., 
2011). Humates are salts of humic and fulvic 
acids, such as the ammonium humates, potassium 
fulvate, and the potassium humates, characterized 
by their solubility and thus more reactive in 
soils (Lyons & Genc, 2016). Many practices 
such as crop rotation, adequate fertilization, 
legumes planting, organic fertilizers including 
manuring with animal or green manures, and 
microorganism’s inoculation effectively maintain 
an acceptable amount of humic substances in 
soils. However, they have an indirect effect, time-
consuming, wasteful, and costly, making humates 
were preferably added directly into soils as is 
done with fertilizers (Ibrahim & Ali, 2018). The 
HS indirectly stimulate the plant growth through 
modulating some properties of cultivated soil, 
including the metabolism of microorganisms, 
nutrients availability, increased pH buffering, 
cation exchange capacity, and physical structure 
or directly by increasing biological membrane 
permeability as well as affecting plant metabolism 
by acting as hormone-like substances (Trevisan et 
al., 2010; Muscolo et al., 2013; Rose et al., 2014).

Biological preparations, containing one or 
more culturable microorganisms and perform 
beneficial actions toward the plant growth, 
are commonly announced as biofertilizers 
(Borkar, 2015). Such included microorganisms 
are termed as Yield-Increasing Bacteria (YIB) 
(Shen, 1997); Plant growth-promoting and bio-
protecting rhizobacteria (PGPBR) (Luz, 2001); 
Plant Health Promoting Rhizobacteria (PHPR) 
(Reimann  & Sikora, 2003); Plant Growth-
Promoting Microbes (PGPM) (Gangwar et al., 
2017) and popularly as plant growth-promoting 
rhizobacteria (PGPR) (Castro-Sowinski et al., 
2007; Lugtenberg & Kamilova, 2009; Etesami 
& Maheshwari, 2018). The biofertilizers could 
stimulate plant growth using one or more active 
mechanisms resulting in direct or indirect action. 
The direct action includes symbiotic/non-
symbiotic biological nitrogen fixation, phosphate 
and/or potassium solubilization, phytohormones, 
exopolysaccharides and/or siderophores 
production as well as rhizoremediation. On the 
other hand, they act indirectly through various 
helpful processes that make the plant to grow 
under abiotic stress actively or biotic stress via 

disease resistance, antibiosis, induced systemic 
resistance, production of protective enzymes and/
or output of volatile organic compounds (VOCs) 
(Jha & Saraf, 2015; Gouda et al., 2018; Singh, 
2018).

More than 30% of the earth’s surface is 
covered with calcareous soils, where calcium 
carbonate (CaCO3) contents up to 95% 
(Marschner, 1995). They are formed naturally in 
arid/semi-arid and humid/semi-humid regions. 
In Egypt, the calcareous soils are around 0.65 
million feddans which constitute about 25-30% 
of the total area (El-Zohri et al., 2017; Taalab et 
al., 2019). According to Elgabaly (1973), high 
calcium carbonate levels affect the soil properties 
concerned with plant growth due to plant 
nutrients’ availability. However, the farming of 
calcareous soils for cultivation requires particular 
sustainability and environmental considerations, 
such as cropping system and/or fertilization. 
Cultivation of leguminous crops with natural or 
biological-based preparations could be a vital 
option to sustain such concerns. 

The current work’s motivation was to study 
the potential cultivation of lentil plants under 
calcareous soil by applying some PGPR mixture 
as a biofertilizer or crude humates, extracted 
from compost, as natural organic fertilizer.

Materials and Methods                                                           

Site description and soil
Field experiment was conducted during 

2018/2019 and 2019/2020 cropping seasons for 
at El-Nubaria, El-Behira Governorate, Egypt 
(latitude 30o 30’ 1.4’’ N, and longitude 30o19’ 
10.9’’ E, and mean altitude 27m above sea level).  
This experimental location has aspects of an arid 
climate that prevailed with cold and hot weather 
of winter and summer seasons. Table 1 indicates 
some meteorological features during growing 
seasons of 2018/2019 and 2019/2020 for the 
experimental area.

This information was received  from the 
central laboratory of meteorology (CLM), the 
Ministry of Agriculture. The soil was sampled 
from 0-20 cm layer, air-dried, and passed through 
a 2-mm sieve, analyzed as described by (Piper, 
1950; Black et al., 1956). Table 2 outlines some 
mechanical, physicochemical, and biological 
characteristics of the experimental soil.
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TABLE 1. Some meteorological data about the experimental location

Growing 
seasons

Month
Solar 

radiation
(W/m²)

Precipitation/ 
rainfall 
(mm)

Wind speed
(m/sec)

Temperature (°C) Relative 
humidity

(%)Aver. Max. Aver. Min. Max.

2018/2019

November 46.04 16.91 2.71 5.95 20.50 10.88 31.36 60.20
December 49.18 20.91 2.06 5.64 20.52 9.55 23.28 63.67
January 51.56 16.29 3.06 6.83 17.19 7.76 24.27 66.61
February 67.49 12.92 2.87 6.73 16.67 7.53 26.51 57.46
March 95.42 5.39 3.25 6.66 17.64 8.81 28.77 57.39
April 111.97 1.17 3.16 8.22 23.10 11.74 30.87 52.84

2019/2020

November 47.00 17.27 2.70 5.58 18.76 13.79 25.18 60.48
December 50.36 21.81 2.59 4.93 14.41 9.88 20.47 63.97
January 50.10 16.04 2.46 6.07 13.60 8.01 18.72 61.65
February 67.91 13.42 2.74 6.55 14.65 8.21 19.64 58.46
March 94.03 5.71 2.82 6.00 16.25 10.48 22.09 60.87
April 111.74 2.58 2.74 8.24 19.69 12.87 26.33 53.04

TABLE 2. Some of the physicochemical and biological properties of the soil

Soil property Season (2018/2019) Season (2019/2020)
Mechanical analysis

Sand (%) 52.1 51.2
Silt (%) 23.7 24.3
Clay (%) 24.2 24.5
Texture grade Sandy Clay Loam Sandy Clay Loam
CaCO3 (%) 20.30 19.60
Saturation percent (SP) (%) 27.40 28.50

pH (soil paste) 8.60 8.40
EC (dS m-1, at 25oC) 1.02 1.06
Soluble cations (meq L-1)

Ca++ 2.59 2.42
Mg++ 1.55 1.57
Na+ 4.21 4.25
K+ 0.14 0.16

Soluble anions (meq L-1)
CO3

= 0.00 0.00
HCO3

- 2.41 2.43
Cl- 3.98 3.81
SO4

= 2.10 2.17
Organic matter (%) 0.33 0.40
Total-N (%) 0.014 0.016
Total soluble- N (mg kg-1) 10.31 12.13
Available-P (mg kg-1) 3.94 3.51
Available-K (mg kg-1) 112.30 114.62
Total microbial counts (cfu g-1 dry soil)

Bacteria 13 × 105 18 ×105

Actinobacteria 19 × 104 21 × 104

Fungi 8 × 103 11 × 103

Dehydrogenases (µg TPF g-1 dry weight/day) 83 92
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Lentil seeds
Two cultivars of lentil, namely Giza 9 and 

Sinai 1 were obtained by Food Legume Research 
Program, Field Crops Research Institute (FCRI), 
Agricultural Research Center (ARC), Giza, 
Egypt.

Biofertilizer preparation
The biofertilizer was formulated as 

Rhizobium leguminosarum strains (TAL168 
and ICARDA139) as well as a consortium 
of some PGPR containing local isolates of 
Serratia marcescens, Bacillus megaterium, and 
Pseudomonas fluorescens, which supplied by 
Agricultural Microbiology Department, Soils, 
Water and Environment Research Institute 
(SWERI), Agricultural Research Center (ARC), 
Giza, Egypt. Each microorganism was cultured 
on a specific media. Then, equal portions of 
all mixed was carried on sterilized vermiculite 
contained 10% Irish peat up to 60% of water 
holding capacity and packed into polyethylene 
bags used as seed inoculant. Yeast extract 
mannitol (YEM) (Vincent, 1970), Peptone 
glycerol (Grimont & Grimont, 2006), nutrient 
and King’ s-B media (Atlas, 2010) were 
used as a broth for microbial growth of Rh. 
Leguminosarum, S. marcescens, B. megaterium, 
and P. fluorescens, respectively.

Crude humates extraction
Potassium-humates was extracted from 

compost as previously proceeded by Palanivell 
et al. (2013) with some modification. Agric. 
Microbiol. Dept., SWERI, ARC, Giza, Egypt 
provided the used compost. The mature 
compost was soaked into 0.1M KOH solution 
in a polyethylene bucket in a ratio of 1:10 
(w/v) for 24hrs. with frequent stirring at room 
temperature. The dark-colored supernatant 
liquid, including a mixture of crude humate and 
fulvate, was decanted and filtered using stainless 
steel gauze of 20 Mesh to separate crude humin. 
The supernatant liquid’s pH was adjusted to 7.5 
using 6 M H2SO4 and stored at room temperature 
for further application. Some physical, chemical 
and biological properties of the used compost 
were assayed according to Page et al. (1982), as 
shown in Table 3.

Experiment layout and management
Two field experiments were designated 

using a split-plot design, with four replicates, 
in which the lentil varieties, viz. Giza 9 or Sinai 

1 were included in the main plots while the 
following treatments were randomly assigned 
to the subplots: T1= Control (without NPK 
or biofertilizers); T2= Full dose NPK; T3= 
Rhizobium inoculation + nitrogen activation 
dose (20kg N/fed.); T4= Rhizobium inoculation 
+ nitrogen activation dose + consortium of 
PGPR; T5= Rhizobium + nitrogen activation 
dose + crude humates at rate 10L/fed. and T6= 
Rhizobium + nitrogen activation dose + crude 
humates at rate 20L/fed.

TABLE 3. Some physical, chemical, and biological 
properties of the used compost

Property
Season 

(2018/2019)
Season 

(2019/2020)
Bulk density 
(kg m-3)

474.9 4777.2

pH (1:10w) 7.71 7.53

EC (dS m-1 at 25oC) 4.18 4.26

Organic matter (%) 45.71 42.68

Total nitrogen (%) 1.25 1.18

C/N ratio 21.20 20.97

Total phosphorus (%) 0.47 0.49

Total potassium (%) 1.53 1.37

Dehydrogenases 
(µg TPF g-1 dry weight/
day)

301.21 296.53

Seed germination test 
of cress seeds (%)

91 93

Lentil seeds were sown on 14th and 17th 
November of 2018 and 2019 years, respectively, 
by hand-drilled at a seeding rate of 60kg fed-1 (1 
hectare= 2.38 feddan). Each plot contained ten rows 
(0.3m width × 3m long) allocated into a plot area 
of 9m2 and with 2cm between plants to give 300 
plants/m2 for plant density. All treatments received 
compost at a rate of 5ton/fed, superphosphate 
fertilizer (15% P2O5) at a 200kg/fed, and potassium 
sulfate (48% K2O) at a rate of 50kg/fed. On the other 
hand, ammonium sulfate (20.5% N) was applied at 
rates of 40 or 20kg N/fed as full or activation dose, 
respectively. The bio fertilization proceeded as seed 
inoculant at a rate 300g per 30kg seeds using Arabic 
gum as an adhesive agent. The plants were treated 
with crude humates as a soil drench at doses of 5 or 
10L fed-1 at 15 and 30 days after sowing. The plants 
were irrigated three times including pre-sowing 
irrigation and other two irrigations before flowering 
and at pod-filling stages, respectively. The herbicide 
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“grassagard” was sprayed at pre-emergence at a 
rate of 1kg product/fed, to control broad-leaved 
weeds. After that, hand weeding was undertaken as 
necessary.

Rhizosphere biology
The total number of soil bacteria in plants 

rhizosphere was estimated based on serial 10-fold 
dilutions using the pour plate method using soil 
extract agar (Atlas, 2010). The plates were incubated 
at 28oC in the dark, and the colony-forming unit 
(CFU) was recorded after one week.

Dehydrogenase enzyme was measured, in 
plants rhizosphere, based on the reduction of 
2,3,5-triphenyl tetrazolium chloride (TTC) to the 
red-colored formazan (TPF), which extracted with 
methanol and photometrically measured at 485nm 
(Casida, 1977). 

Plant biometric traits
At vegetative state (50 DAS), the morphology 

of plants was described as plant height, shoot dry 
weight, leaf and root area, and dark green color  
index (DGCI). For each treatment, fresh leaves of 
the same maturity stage (third leave from the top) 
were picked up, and roots were detached. The 
leaves and roots images were captured with 300 
dots per inch (dpi) resolution using a flatbed scanner 
(HP Scanjet G2710). The images were processed to 
extract values of RGB using Adobe Photoshop CS6 
Ver. 13-Extended.

The dark green color index (DGCI) was 
calculated from hue, saturation, and brightness 
(HSB) levels, according to Karcher & Richardson 
(2003). The leaf area and root area were measured 
using the number of pixels (Baker et al., 1996). 
Nodulation was assayed in terms of nodules number 
and its dry weight.

At the reproductive stage, plant height, days 
to 50, or 90% flowering and branches numbers. 
The yield and its component were recorded at the 
harvesting stage in terms of pods (numbers plant-1); 
seeds (numbers plant-1); seeds yield (g plant-1); 
1000-seeds weight (g) and seed yield (ardab/fed.).

Nutritional status
Wet digestion of oven-dried plant shoots (70oC 

for 48 hrs.), at vegetative state, was performed 
using concentrated sulphuric acid and perchloric 
acid as a catalyst. Total nitrogen was determined 
using the micro-Kjeldahl method; phosphorus 

was determined spectrophotometrically using 
ammonium molybdate and stannous chloride 
reagents, while potassium was determined using a 
Flame photometer (Chapman & Pratt, 1961). 

Statistical analysis
Statistical analysis of data was done using  

analysis of variance (ANOVA) according to the 
methods described by Snedecor & Cochran (1980). 
The comparisons between treatment means were 
made by the least significant difference test (LSD) 
at P≤ 0.05. The analysis was performed using 
CoStat program ver. 6.4, CoHort software.

Results and Discussion                                                      

Rhizosphere biology
Data pertaining to rhizosphere biology are 

presented in Table 4 in terms of total bacteria count 
and dehydrogenase activity.

A non-significant variation was recorded due to 
the different cultivars of lentils. On the other hand, 
the application of humates or PGPR enhanced better 
population of the bacteria. It stimulated the plant’s 
rhizosphere’s biological activity compared with 
control (T1) or full dose of nitrogen (T2), which 
prohibited it. The higher rate (20L/fed.) of humates 
recorded the maximum bacteria count or biological 
activity of the rhizosphere to the tune of 3.47 × 107 

and 4.05× 107 CFU or 67.22 and 72.95µg TPF/g dry 
soil/h during two successive seasons, respectively.

The similar trend of dehydrogenase activity, with 
a bacterial count, appears to be a useful criterion for 
the characterization of soil biological status and the 
prediction of overall soil biological activity involved 
in nutrient cycling (Kumar & Maiti, 2013). The low 
bacterial count or dehydrogenase activity under high 
N fertilization rates consistent with results in arable 
crop soils of heavy N fertilization (Shen et al., 2010; 
Sun et al., 2015). On the other hand, due to their 
gradual decomposition kinetics, inputs of humates 
continuously provide nutrients which could be 
utilized by microbial communities and tend to act 
as slow-release biostimulants for microorganisms 
(Pukalchik et al., 2019). In addition, humic acid 
amendments affect the rhizodeposition of plants 
and concomitantly the structure of rhizosphere 
microbial communities (Sun et al., 2015) as well 
as in the presence of hardly bioavailable organic 
materials, and plants stimulate a more massive 
microbial activity (Bonkowski, 2004).
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TABLE 4. Biological paramters of the rhizosphere of lentil plants in response to mineral nitrogen, crude humates 
or PGPR application under calcareous soil

Treatment

Season 2018/19 Season 2019/20

Total bacteria count
(× 107)

Dehydrogenase activity
(µg TPF g-1 dry soil/h)

Total bacteria count
(× 107)

Dehydrogenase activity
(µg TPF g-1 dry soil/h)

Means of cultivars (V)

Giza 9 2.73 52.79 3.10 55.98
Sinai 1 2.22 43.02 2.79 52.46
LSD (p=0.05) - ns - ns

Means of fertilizers (T)
T1 2.08 40.37 2.53 47.69
T2 1.59 30.77 2.06 39.89
T3 1.93 37.86 2.44 49.53
T4 2.55 48.67 2.60 50.96
T5 3.25 62.53 3.98 64.32
T6 3.47 67.22 4.05 72.95
LSD (p=0.05) - 4.37 - 7.93

Interaction effect (V × T)

Giza 
9

T1 2.3 44.61 2.33 45.98
T2 1.7 32.74 1.80 35.20
T3 2.4 47.20 2.95 57.07
T4 2.9 55.14 2.94 57.41
T5 3.3 63.34 4.16 64.87
T6 3.8 73.72 4.41 75.38

Sinai 
1

T1 1.86 36.13 2.73 38.31
T2 1.49 28.80 2.31 44.57
T3 1.45 28.51 1.94 53.08
T4 2.20 42.20 2.25 44.51
T5 3.19 61.73 3.79 63.76
T6 3.15 60.73 3.68 70.53

LSD (P= 0.05) - ns - ns

- ns: Not significant

Vegetative state
The plant morphological parameters are given 

in Table 5. With the exception the plant height 
and leaf area, the two cultivars of lentil showed 
significantly differences for other features in first 
seasons. However, Giza 9 cultivar was surpassed 
by 13.5 or 10.6, 27.0 or 30.8, 21.5 or 21.2 and 
11.9 or 16.6% for plant height, shoot dry wt., root 
surface area and leaf area in the first or second 
season, respectively.

In general, the addition of high humates 
followed by a full dose of nitrogen recorded 

maximum values of the plant height, shoot dry wt. 
and leaf area. However, the PGPR significantly 
extended the root surface area by 165.8, 100 
or 86.0% over the control, full N dose or 15kg 
N dose in the first season, respectively. The 
corresponding increments in the second season 
were 151.0, 88.5 or 73.6%, respectively. 

 According to dark green color index (DGCI), 
the plants significantly captured more greenness 
due to application of a full dose of nitrogen 
followed by high dose of humate (20L/fed.) with 
Giza 9 as compared with Sinai 1 cultivar which 
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TABLE 5. Some morphological features of lentil plants at the vegetative stage in response to mineral nitrogen, 
crude humates or PGPR application under calcareous soil

Treatment

Season (2018/19) Season (2019/20)

Plant 
height 
(cm)

Shoot 
dry wt. 

(g/plant)

Root 
surface 

area (cm2)

Leaf area 
(cm2) DGCI

Plant 
height 
(cm)

Shoot 
dry 
wt. 

(g/plant)

Root 
surface 

area 
(cm2)

Leaf area 
(cm2) DGCI

Means of cultivars (V)

Giza 9 28.17 2.70 2.94 3.47 0.518 28.44 2.80 2.92 3.58 0.519

Sinai 1 24.83 2.11 2.42 3.10 0.456 25.72 2.14 2.41 3.07 0.464

LSD0.05 ns 0.21 0.42 ns 0.0312 1.26 0.14 0.35 0.188 0.0074

Means of fertilizers (T)

T1 23.33 1.70 1.55 2.39 0.314 23.67 1.71 1.57 2.37 0.328

T2 25.67 2.49 1.99 3.68 0.586 28.00 2.78 2.09 3.84 0.612

T3 26.83 2.26 2.14 3.22 0.427 24.33 2.32 2.27 3.16 0.446

T4 26.00 2.29 3.98 3.29 0.498 27.33 2.32 3.94 3.36 0.468

T5 27.50 2.74 3.64 3.43 0.546 30.17 2.63 3.38 3.51 0.542

T6 29.67 2.95 2.78 3.71 0.554 29.00 3.04 2.72 3.74 0.554

LSD (P=0.05) 2.03 0.28 0.38 0.31 0.0298 2.30 0.23 0.38 0.31 0.0428

Interaction effect (V × T)

Giza 9

T1 24.00 2.03 1.79 2.67 0.381 25.00 2.06 2.05 2.65 0.352

T2 27.67 2.80 2.14 3.98 0.626 28.00 3.26 2.25 4.18 0.675

T3 27.67 2.52 2.53 3.40 0.480 25.33 2.67 2.53 3.38 0.457

T4 27.33 2.59 4.54 3.30 0.527 28.00 2.59 4.21 3.65 0.520

T5 29.33 3.18 3.59 3.57 0.532 32.33 3.01 3.59 3.71 0.555

T6 33.00 3.08 3.06 3.93 0.564 32.00 3.22 2.87 3.93 0.552

Sinai 1

T1 22.67 1.37 1.32 2.10 0.246 22.33 1.37 1.10 2.08 0.303

T2 23.67 2.18 1.84 3.38 0.546 28.00 2.31 1.92 3.50 0.549

T3 26.00 2.00 1.75 3.04 0.374 23.33 1.98 2.01 2.93 0.435

T4 24.67 1.99 3.42 3.28 0.468 26.67 2.05 3.68 3.06 0.415

T5 25.67 2.30 3.68 3.29 0.560 28.00 2.25 3.16 3.31 0.528

T6 26.33 2.81 2.51 3.49 0.543 26.00 2.87 2.57 3.55 0.556

LSD
(P= 0.05) ns ns ns ns 0.0421 ns ns ns ns 0.061

- ns: Not significant

treated alike. The control treatment followed by 
application of 15kg N dose appeared less green 
than other treatments in both cultivars during both 
seasons. The addition of full N dose with Giza 
9 resulted in the greenness of Giza 9 and Sinai 
1 by 64.3 and 122.0% or 91.8 and 81.2 % over 
control in the first or second season, respectively. 

The corresponding increments due to application 
of a high dose of humate were 48.0 and 120.7% 
or 56.8 and 83.5%, respectively. Meanwhile, the 
PGPR inoculation recorded 38.3 and 90.2% or 
47.7 or 37.0% over control for Giza 9 and Sinai 1 
in the first or second season, respectively.
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The obtained results are in agreement with 
Kahraman (2016) and Abdel-Baky et al. (2019) 
whose revealed the promotion of fulvic or humic 
acids on the vegetative growth and dry matter 
production of faba bean cultivars, at the three stages 
of growth, and cowpea cultivars by increasing the 
development of shoots and roots, increasing leaf 
area and chlorophyll. Although the stimulation 
effects of humate on growth parameters of plant 
are not fully clear, there are some theories which 
potentially work together including the beneficial 
physical, biological and chemical actions on soils 
and could increase plant growth (Chen & Aviad, 
1990; Tufail et al., 2014). The positive effect of 
PGPR or humate, which stimulate the microbial 
activity in the rhizosphere (Table 4), on root 
surface area due to PGPR can produce a wide 
range of phytohormones (Vacheron et al., 2013; 
Chen et al., 2017).

The Dark Green Color Index (DGCI) is a 
technology that may give an appropriate way 
to assess plant N status is the intensity of green 
color from digital images of leaves (Karcher & 
Richardson, 2003). So, the increases in DGCI 
values may reflect the nutrition improvement of 
plants due to application of a high dose of nitrogen 
or humate (Gazola et al., 2016; Rhezali & Lahlali, 
2017). Humate could potentially affect plant 
physiology leading to increase in the content of 
chlorophyll pigment (Ameri  & Tehranifar, 2013) 
which gives a plant its green color .

The nodulation status
The nodulation status, as affected by different 

treatments is shown in Table 6, based on the 
number and dry mass of nodules per plant. The 
data reveal non-significant differences between 
different cultivars in the first season. However, 
in the second season, Giza 9 cultivar significantly 
surpassed Sinai 1 nodules number with non-
significant variation in their dry weight. The 
nodulation capacity usually related to the genetic 
potential and other intrinsic characteristics of each 
cultivar (Zuffo et al., 2018). The results are in 
agreement with Badawi et al. (2014). They found 
that Giza 9 variety significantly surpassed the 
new released early maturing variety (Sinai 1) by 
12.5 and 12.0% in the number of nodules and dry 
weight of nodules by 9.9 and 5.6% in both growing 
seasons.

Regarding the effect of fertilizers on the 
nodulation status, the application of a full dose of 

mineral nitrogen to some extent retarded against 
humate or PGPR, which showed a boosted action. 
In this concern, Eardly et al. (1985) and David & 
Khan (2001) documented that larger or continued 
application of nitrogen in the soil reduced 
nodulation and the activity of rhizobia which in 
turn resulted in less rhizobial infection to plant 
roots and less number of nodules per plant. Root 
nodulating legumes prefer the uptake of mineral 
nitrogen for energetical reasons and consequently 
reduce the rate of symbiotic N2-fixation (Becker et 
al., 1986).

The humate addition surpassed the co-
inoculation effect of Rhizobium with PGPR in both 
seasons. The maximum values of number and mass 
of nodules were recorded by a high rate of humate 
treatments. The high dose of humate increased 
number and mass of nodules by 31.0 to 31.9% and 
31.1 to 31.4%, respectively. The corresponding 
increments due to PGPR were 18.3 to 19% and 
18.5 to 19.3%, respectively, in both seasons. The 
stimulation effect of PGPR or humates may be 
due to stimulation of root growth, carbohydrate 
overproduction, hormonal like effect within the 
plant as well as increase soil microorganisms 
(Coskan & Dogan, 2011; Korir et al., 2017). These 
findings confirm the results of Gaur & Bhardwaj 
(1971), who found that the effectiveness of 
Rhizobium as legume inoculant was appreciably 
increased with the application of sodium humate 
which included stimulation of growth and 
activities of the useful native and introduced 
microflora of the rhizosphere of crop plants. 
Also, Tan & Tantiwiramanond (1983) noticed a 
positive correlation between increases in nodules 
and humate concentrations of soybean, peanut and 
clover grown in sand cultures containing 0 to 800 
ppm of fulvic acid (FA) or humic acid (HA).

Nutrition status
The nutrition status due to application of 

mineral nitrogen, humate or PGPR into calcareous 
soil grown with two different cultivars of lentil 
during two seasons is represented by NPK in 
the shoot in Table 7. Depending on the grown 
cultivar, the plants differentially responded to 
various fertilizer treatments in terms of nitrogen 
or potassium contents especially in the second 
season. Humate, as well as full dose of mineral 
nitrogen, significantly increased uptake of nitrogen 
or potassium, with the superiority of Giza 9 over 
Sinai 1 cultivar, comparing with other treatments. 
However, a high dose of humate significantly 
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raised the nitrogen uptake (13.5 or 21.7% over 
lower dose of humate) by Sinai 1 than Giza 9, 
which recorded non-significant variation. 

  On the other hand, the phosphorus content 
affected due to fertilizers treatments without 
depending on the cultivar during both seasons. 
The humate addition significantly increased the 
phosphorus uptake over absolute mineral nitrogen 
treatment by 13.6 and 11.9% in the first and second 
season, respectively. Co-inoculation with PGPR 
and Rhizobium (T4) resulted in an improvement 
in the nutrient uptake against control (T1) or 
Rhizobium + activation dose (T3) treatment.

The increase of nutrients uptake due to 
mineral nitrogen fertilization previously proven 
by Pasley et al. (2019). However, an interaction of 

humate with plasma membrane H+-ATPase may 
explain its role for the incorporation of nitrate 
uptake (Pinton et al., 1999). Also, humic acid can 
induce the metabolism of carbon and nitrogen 
metabolism and incite some enzymes related to 
nitrogen assimilation pathways such as Glutamate 
dehydrogenase, nitrate reductase and glutamine 
synthetase (Hernandez et al., 2015). Furthermore, 
humic acid act to stimulate biological activity 
(Table 4) leading to the enhancement of water 
solvable P and total N content (Busato et al., 2012). 
The results in harmony with Asik et al. (2009) 
who stated that humic substances can ameliorate 
negative soil properties and improve the plant 
growth and uptake of nutrients. The role of PGPR 
may be due to their influence on root and their vital 
role in the nutrient cycle (Pérez-Montaño et al., 
2014). 

TABLE 6. Nodulation paramters of lentil plants in response to mineral nitrogen, crude humates or PGPR 
application under calcareous soil

Treatment
Season 2018/19 Season 2019/20

Nodules
(Nos./plant) 

Nodules dry wt. 
(mg/plant)

Nodules
 (Nos./plant) 

Nodules dry wt. 
(mg/plant)

Means of cultivars (V)
Giza 9 7.39 50.69 8.06 51.21
Sinai 1 6.50 44.51 6.94 45.02

LSD (P= 0.05) ns ns 0.96 ns

Means of fertilizers (T)
T1 3.83 25.97 4.67 26.47
T2 4.67 31.77 5.33 32.20
T3 7.00 47.99 7.33 48.58
T4 8.33 57.25 8.67 57.55
T5 8.67 59.58 9.33 60.21
T6 9.17 63.05 9.67 63.67
LSD (P= 0.05) 0.88 6.08 0.78 6.09

Interaction effect (V × T)

Giza 9

T1 4.67 31.77 5.33 32.10
T2 5.00 34.09 6.00 34.55
T3 7.33 50.31 7.67 51.04
T4 8.67 59.57 9.67 60.02
T5 9.67 66.52 10.00 67.02
T6 9.00 61.89 9.67 62.54

Sinai 1

T1 3.00 20.18 4.00 20.84
T2 4.33 29.45 4.67 29.86
T3 6.67 45.67 7.00 46.11
T4 8.00 54.94 7.67 55.09
T5 7.67 52.63 8.67 53.40
T6 9.33 64.20 9.67 64.80

LSD (P= 0.05) ns ns ns ns

- ns: Not significant
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TABLE 7. Nutrient uptake by lentil plants in response to mineral nitrogen, crude humates or PGPR application 
under calcareous soil

Treatment
Season (2018/19) Season (2019/20)

N
(mg/plant)

P
(mg/plant)

K
(mg/plant)

N
(mg/plant)

P
(mg/plant)

K
(mg/plant)

Means of cultivars (V)
Giza 9 61.84 19.35 72.34 64.71 20.00 79.65
Sinai 1 52.10 18.10 63.99 53.62 18.57 65.62
LSD (P= 0.05) 3.69 ns 4.04 1.59 ns 5.99

Means of fertilizers (T)
T1 37.94 13.92 50.77 39.55 14.50 49.78
T2 61.44 19.66 76.50 65.37 20.08 81.73
T3 54.96 16.60 61.90 56.22 17.25 70.27
T4 56.59 18.93 68.79 57.26 19.41 72.22
T5 63.81 20.92 71.99 64.87 22.00 80.12
T6 67.09 22.34 79.04 71.72 22.46 81.67
LSD (P= 0.05) 2.60 1.86 6.18 3.98 1.89 6.39

Interaction effect (V × T)

Giza 9

T1 39.57 14.48 53.71 41.42 14.97 60.81
T2 66.40 20.96 83.35 72.55 21.10 87.35
T3 59.76 17.25 62.67 63.27 18.04 80.95
T4 62.06 19.13 74.86 64.49 19.98 81.02
T5 72.12 21.63 76.51 72.61 22.88 82.81
T6 71.16 22.64 82.94 73.91 23.02 84.94

Sinai 
1

T1 36.31 13.36 47.83 37.68 14.02 38.75
T2 56.49 18.35 69.65 58.19 19.07 76.10
T3 50.16 15.94 61.13 49.17 16.46 59.59
T4 51.12 18.73 62.71 50.03 18.85 63.42
T5 55.51 20.21 67.46 57.13 21.12 77.43
T6 63.01 22.04 75.14 69.52 21.90 78.40

LSD (P= 0.05) 3.67 ns ns 5.62 ns 9.04
- ns: Not significant

Reproductive stage
The reproductive stage of lentil growth, begins 

when the plant begins to flower at any node, was 
assessed based on some traits, which are illustrated 
in Table 8, in response to the studied treatments.

With the exception of branches number, all 
traits were significantly influenced by fertilizer 
treatments depending on the grown cultivar. 
Giza 9 was taller than Sinai 1 plants where 
treated with a high dose of humate (20L/fed.) to 
be 48.7 or 50.0 cm in the first or second season, 
respectively. The taken days to 50 or 90% 
flowering were less in Sinai 1 than that in Giza 
9 with a high dose of humate which followed 
with a full dose of nitrogen during both growing 

seasons. On the other hand, number of branches/
plant depended only on the type of fertilization 
with non-significant differences due to cultivar. 
The full dose of nitrogen followed by humate 
maximized the branch numbers as compared with 
other treatments. Application of PGPR did not 
significantly increase the branches/plant when 
co-inoculated with Rhizobium.

The variation in flowering among two different 
cultivars might be due to their genetic variation 
and adaptability to the climatic conditions of the 
study area. In this concern, Aloran (2004) and 
Rizk et al. (2011) confirmed that Sinai 1 cultivar 
was superior on early maturation character, 
while Giza 9 variety surpassed Sinai 1 in most 
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TABLE 8. Lentil plant parameters at reproductive stage in response to mineral nitrogen, crude humates or PGPR 
application under calcareous soil

Treatments

Season 2018/19 Season 2019/20

Plant height
(cm)

Days 
to 50% 

flowering

Days 
to 90% 

flowering

Branches 
(Nos./plant)

Plant height
(cm)

Days 
to 50% 

flowering

Days 
to 90% 

flowering

Branches 
(Nos./plant)

Means of cultivars (V)

Giza 9 45.00 70.06 134.33 3.67 47.06 69.67 134.78 4.22

Sinai 1 36.78 67.22 125.89 3.11 38.56 66.72 126.44 3.78

LSD (P= 0.05) 0.63 0.72 1.45 ns 0.72 0.63 2.19 ns

Means of fertilizers (T)

T1 36.67 72.67 139.00 1.83 38.67 72.17 139.67 2.33

T2 42.83 67.50 127.00 4.00 44.83 67.33 127.17 5.00

T3 39.33 69.83 130.83 3.33 41.17 69.33 131.50 3.67

T4 41.00 68.33 128.17 3.83 42.83 67.67 128.83 4.17

T5 41.50 67.50 129.00 3.50 43.33 67.00 129.33 4.33

T6 44.00 66.00 126.67 3.83 46.00 65.67 127.17 4.50

LSD (p=0.05) 0.76 0.92 1.07 0.92 0.99 1.039 1.38 1.11

Interaction effect (V × T)

Giza 
9

T1 39.67 74.67 146.67 2.00 41.67 74.00 147.33 2.33

T2 47.67 69.67 130.33 4.33 49.67 69.67 130.67 5.33

T3 43.33 71.00 134.67 3.33 45.33 70.67 135.33 3.67

T4 45.00 69.33 131.33 4.67 47.00 68.67 132.00 5.00

T5 45.67 68.33 132.33 3.67 47.67 68.00 132.33 4.33

T6 48.67 67.33 130.67 4.00 51.00 67.00 131.00 4.67

Sinai 
1

T1 33.67 70.67 131.33 1.67 35.67 70.33 132.00 2.33

T2 38.00 65.33 123.67 3.67 40.00 65.00 123.67 4.67

T3 35.33 68.67 127.00 3.33 37.00 68.00 127.67 3.67

T4 37.00 67.33 125.00 3.00 38.67 66.67 125.67 3.33

T5 37.33 66.67 125.67 3.33 39.00 66.00 126.33 4.33

T6 39.33 64.67 122.67 3.67 41.00 64.33 123.33 4.33

LSD (P= 0.05) 1.07 1.31 1.52 ns 1.41 ns 1.96 ns

- ns: Not significant

Seeds yield and its components
The data in Table 9 represent seeds yield 

components of two different lentil cultivars in 
response to mineral nitrogen, crude humates or 
PGPR application under calcareous soil. The 
response of lentil to various fertilization practices 
showed a significant variation due to grown 
cultivar with all yield components except the 
1000-seeds weight. 

vegetative and yield characters. Regarding 
the humate effect, it might be due to enhanced 
chlorophyll content in leaves and/or boost up the 
uptake of nutrients from the soil which played 
an essential role in early flowering (Haider et 
al., 2017). Likewise, the auxin-like activity of 
humate act to stimulate the cell division and cell 
elongation and in turn, the number of branches 
(Dawood et al., 2019).
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TABLE 9. Seeds yield and its components of lentil cultivars as influenced by mineral nitrogen, crude humates or 
PGPR application under calcareous soil

Treatments

Season (2018/19) Season (2019/20)

Pods 
(Nos./
plant)

Seeds 
(Nos./
plant)

Seeds 
yield (g/
plant)

1000-seeds 
wt. (g)

Seed* 
yield

(ardab/
fed.)

Pods 
(Nos./
plant)

Seeds 
(Nos./
plant)

Seeds 
yield/
plant

1000-seeds 
wt. (g)

Seed 
yield

(ardab/
fed.)

Means of cultivars (V)
Giza 9 70.67 100.83 2.15 23.67 4.73 72.72 103.11 4.78 24.18 4.79
Sinai 1 38.33 59.17 1.79 34.33 3.93 40.11 61.00 1.85 34.78 3.98
LSD 
(P= 0.05)

14.42 17.63 0.04 3.29 0.02 14.55 17.81 0.02 3.44 0.02

Means of fertilizers (T)
T1 27.50 40.50 1.01 18.33 2.24 29.33 42.17 1.73 18.71 2.29
T2 64.50 95.50 2.27 32.00 4.99 66.50 97.83 3.83 32.34 5.05
T3 49.50 69.00 1.77 28.50 3.90 51.67 71.00 3.03 29.01 3.94
T4 57.00 78.50 2.15 30.17 4.69 58.67 80.33 3.58 30.99 4.75
T5 59.50 92.00 2.19 31.00 4.80 61.50 94.17 3.68 31.34 4.86
T6 69.00 104.50 2.45 34.00 5.36 70.83 106.83 4.05 34.46 5.41
LSD 
(P= 0.05)

3.25 4.70 0.041 2.89 0.01 3.21 4.81 0.03 2.87 0.04

Interaction effect (V × T)

Giza 
9

T1 33.00 47.00 1.07 15.67 2.41 35.00 49.00 2.44 16.13 2.45
T2 82.00 120.00 2.49 26.00 5.47 84.00 122.67 5.53 26.29 5.53
T3 68.00 92.00 1.99 22.00 4.38 70.33 94.00 4.44 22.61 4.46
T4 76.00 100.00 2.34 24.33 5.12 78.00 102.00 5.16 25.07 5.17
T5 79.00 117.00 2.41 25.00 5.27 81.00 119.33 5.32 25.46 5.34
T6 86.00 129.00 2.62 29.00 5.73 88.00 131.67 5.80 29.51 5.78

Sinai 
1

T1 22.00 34.00 0.95 21.00 2.07 23.67 35.33 1.01 21.29 2.13
T2 47.00 71.00 2.06 38.00 4.51 49.00 73.00 2.13 38.40 4.56
T3 31.00 46.00 1.56 35.00 3.41 33.00 48.00 1.63 35.41 3.43
T4 38.00 57.00 1.95 36.00 4.27 39.33 58.67 2.00 36.90 4.32
T5 40.00 67.00 1.98 37.00 4.32 42.00 69.00 2.05 37.23 4.38
T6 52.00 80.00 2.28 39.00 4.98 53.67 82.00 2.30 39.41 5.04

LSD 
(P= 0.05)

4.60 6.64 0.06 ns 0.01 4.55 6.80 0.05 ns 0.06

*One ardab= 160 kilogram. 1 hectare = 2.38 feddan.
- ns: Not significant

The maximum values were recorded by Giza 
9 cultivar fertilized with a high dose of humate 
(T6) followed by with full dose of nitrogen for 
pods and seeds number as well as seeds yield 
per plant during both grown seasons. However, 
the effect the co-inoculation with PGPR and 
Rhizobium (T4) increased the yield components 
compared to absolute control (T1) and treatment 
(T3) of individual Rhizobium + activation dose of 
nitrogen for the same parameters. The 1000-seeds 

weight increased by application of a high dose of 
humate followed by full dose of nitrogen for two 
cultivars with the superiority of Giza 9 cultivar. 
Regarding seed yield, the high dose of humate 
overweighted the full dose of nitrogen by 7.4 and 
10.4% or 4.5 and 10.5% for Giza 9 and Saini 1 
during first or second seasons, respectively. The 
co-inoculation with Rhizobium and PGPR (T4) 
recorded 16.9 and 25.2% or 15.9 and 26.0% 
increase over single inoculation with Rhizobium 
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(T3) for Giza 9 and Siani 1 during first or second 
seasons, respectively.

Such increases in lentil yield and its 
components, due to humate or PGPR, might be 
attributed to the promotion of plant growth by the 
action of microorganisms in the rhizosphere which 
could positionally able to improve the symbiotic 
N2-fixation, availability of nutrients and/or plant 
growth factors. The results corroborate the 
findings of many previous studies on cowpea, 
soybean and chickpea (Abdelhamid et al., 2011; 
Kahraman, 2017; Tripura et al., 2017).

Conclusion                                                                      

Based on 2 years experimentation, it may be 
concluded that the cultivation of Giza 9 cultivar 
with the application of crude humate at 20L/fed. 
and Rhizobium inoculation is better option under 
calcareous soil for increased productivity and soil 
health of lentil. The humate act to stimulate the 
microbial activity in the plants rhizosphere as well 
as improve the nodulation and nutrient uptake of 
nutrients which intern lead to increments in yield 
and its components.
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استجابة العدس للهيومات الخام و للتلقيح ببكتريا الجذور تحت ظروف الأراضي الجيرية
ياسر عربي الطحلاوي(1)، سلوى عبد العزيز عبد الرحيم حسانين(2) 

(1)قسم الميكروبيولوجيا الزراعية – معهد بحوث الأراضي و المياه و البيئة - مركز البحوث الزراعية – الجيزة 

– مصر، (2) المعمل المركزي للزراعة العضوية- مركز البحوث الزراعية – الجيزة – مصر.

صنفين  زراعة  لدراسة   (2019/2020 و   2018/2019) شتويين  موسمين  خلال  حقليتين  تجربتين  إقامة  تم 
من العدس هما جيزة 9 وسيناء 1 تحت ظروف الأراضي الجيرية. وتمت الزراعة باستخدام الهيومات السائلة 
المستخلصة من الكمبوست كسماد عضوى او خليط من بعض بكتريا الجذور المشجعة للنمو و تشمل السيرتيا 
وكان  المعدني.  السماد  مقابل  حيوي  كسماد  فلوريسنس  البسيدوموناس  و  ميجاتيريم  الباسيلس  و  ميركانسيس 
تصميم التجربة هو القطع المنشقة. وأظهرت النتائج ان إضافة الهيومات او PGPR كان لها تأثير مشجع للعدد 
والنشاط الميكروبي في منطقة الريزوسفير بالمقارنة بالجرعة الكاملة من السماد المعدني.  كما ان إضافة المعدل 
العالي من الهيومات متبوعا بالجرعة الكاملة من النيتروجين المعدني سجلت اعلى القياسات بالنسبة لطول النبات 
9 أكثر  المرحلة الخضرية. وكان صنف جيزة  الورقة في  للمجموع الخضري ومساحة سطح  الجاف  والوزن 
اخضرارا طبقا لمؤشر اللون الأخضر الداكن عند إضافة الجرعة الكاملة من النيتروجين متبوعا بالمعدل العالي 
من الهيومات. كما اشارت النتائج الى اختلافات معنوي في الصفات الخضرية بين الصنفين ماعدا طول النبات 
ومساحة سطح الجذر. وقد سجل الصنف جيزة 9 اعلى القياسات عند اضاقة المعدل العالي من الهيومات متبوعا 
بالجرعة الكاملة من النيتروجين بالنسبة لعدد القرون والبذور و كذلك محصول البذور في كلا الموسمين. وادى 
التلقيح المشترك ببكتريا الجذور و الريزوبيا الى زيادة في المحصول بالمقارنة بالكنترول او معاملة بالريزوبيا 
فقط. وبناء على النتائج فان الافضلية تكون لزراعة صنف جيزة 9 مع المعدل العالي من الهيومات (20 لتر 

للفدان) مع التلقيح بالريزوبيا تحت ظروف الأراضي الجيرية.


