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Abstract: This study was conducted to comparatively assess the effects of fertilization typology
(organic, inorganic, and biofertilization) on the growth, yield, and compositional profile of Jew’s
mallow. The experiment was carried out over two growing seasons, under semi-arid climate
conditions on silty loam soil. We adopted three fertilization strategies: (1) inorganic NPK fertilizer
(146, 74, and 57 kg ha for N, P20s5, and K20, respectively), (2) farmyard manure (36 m? ha'), and
(3) a biofertilizer (a set of mixed cultures of Bacillus spp., Candida spp., and Trichoderma spp. at 36 L
ha). Treatment combinations were control (without fertilization, T1), NPK fertilizer (T2), farmyard
manure (FYM, Ts), biofertilizer (Ts), NPK+biofertilizer (Ts), and FYM+biofertilizer (Ts). The Ts
treatment maximized both plant and leaf biomass (up to 31.6 and 8.0 t ha™, respectively), plant
height (68.5 cm), leaf area (370 cm m™), leaf protein content (18.7%), as well as N, P, and K
concentration in leaves (2.99, 0.88, and 2.01 mg 100 g, respectively). The leaves” weight incidence
was lower in Tstreatment (36.7%) as compared to the unfertilized plants (T1). The results revealed
that the combined application of inorganic NPK plus biofertilizer is most beneficial to increase
growth, yield, and nutrient accumulation in Jew’s mallow plants.

Keywords: leafy vegetable; mineral nutrients; soil structure; chlorophyll content; cation
exchange capacity
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1. Introduction

Over the years, mineral fertilizers have helped agriculture enhance crop productivity to meet
the ever-increasing demand for food. However, the overutilization of inorganic fertilizers poses a
negative impact on the environment and soil functioning and fertility [1]. Moreover, it leads to the
high cost of crop production. Therefore, many researchers have tried to restore soil fertility through
the use of organic materials of plant or/and animal origin, in the forms of organic fertilizers. Organic
fertilization involves the use of naturally occurring material that includes animal manures and
agricultural residues [2]. These materials have been proposed to boost the supply of inorganic
nutrients, which can bridge fertilizer demand due to economic and environmental reasons [3].
Organic manure increases the status of soil nutrients via the gradual release of minerals to the soil as
well as enhancing its physical, biological, and chemical properties [4,5]. Also, organic manure has
been shown to improve the agronomic performances of many crops [6].

Biofertilizers are substances containing living organisms and organic materials that can be
utilized to increase soil nutrients availability and promote plant growth and productivity. They are
also considered an eco-friendly way toward sustainable agriculture because they do not cause
pollution [7,8]. Biofertilizers have become a preferable alternative or supplement to organic and
inorganic fertilizers. Therefore, to increase soil productivity, the utilization of biofertilizers has
become increasingly important, because they help in stimulating plant growth hormones, thereby
enhancing nutrients uptake and increasing tolerance towards several abiotic stressors too [9].
Biofertilizers can be applied to seeds, soils, rhizosphere, or plant surfaces. Moreover, they are less
costly and sometimes more effective as compared to inorganic fertilizers [10-12] Jew’s mallow
(Corchorus olitorious L.) belongs to the Malvaceae (Tiliacea) family and classed in the genera of about
40-100 species of the flowering plants [13]. It is also known as jute mallow in English and called
Mulukhiyah in Egypt. The leaves are edible either fresh, dried, or frozen by many Egyptians because
it is a quite cheap vegetable and forms part of the national Egyptian dishes [8]. It is one of the
popular tropical green leafy vegetables of great importance in most countries in the Middle East and
Latin America [14], Africa, and Asia [15].

Jew’s mallow is a source of income for smallholders and poor families in Egypt, farmers
cultivate Jew’s mallow in many marginal areas. They use their seeds, which consequently result in
genetic diversity in Jew’s mallow distribution in Egypt [16]. Recently, Jew’s mallow, which is a
neglected and underutilized crop species (NUS), has received great international recognition
because of its role in providing food and nutrition security and income opportunities among
smallholder farmers. Moreover, NUS can be utilized to adapt agriculture and food systems to
climate change [17]. Jew’s mallow plays an important role in humans nutrition because its leaves
contain an average 13-15% dry matter, 4.7 mg vitamin A, 259-266 mg Ca, 250-261 Mg, 4.5-8 mg Fe,
4.8-6 g protein, 92 ug foliates, 105 mg ascorbic acid, 1.5 mg nicotinamide, 0.9 g folic acid, 0.7 g 0il, 5 g
carbohydrate, and 1-5 g fiber per 100 g of edible leaves [13,18]. Additionally, the seeds of C. olitorius
can be integrated into livestock feeds and human diets [19].

Jew’s mallow performs well in marginal areas, even without the addition of organic and/or
inorganic fertilizers, as well as under fertilized conditions, especially with application of N [20]. In
this regard, Olaniyi and Ajibola [21] found that the use of N, P, and K fertilization significantly
increased plant height, fresh shoots biomass, number of leaves, and dry matter content of Jew’s
mallow above the control (no fertilization). Thus, it is concluded that the yields and growth of the
crop could significantly be improved by soil application of N, P, and K fertilizers at the optimum
rate of 45, 30, and 20 kg ha, respectively. Also, Aisha, et al. [22] found that application of 70% (100,
100, and 80 kg ha NPK, respectively) of inorganic fertilizer recommended rate on spinach plants
gave rise to the longest harvest period, the highest total weight of leaves and its various organs and
improve leaves nutritional values, including N, P, K, and protein contents. However, using
biofertilizers in Jew’s mallow cultivation has not received adequate attention, whether singly or in
integrated use with organic and inorganic fertilizers. Similarly, the effects of these combinations on
the nutrient uptake require proper understanding and documentation, which is still lacking in the
reported literature. Therefore, this study aimed to assess the bio-agronomical response of Jew’s
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mallow to the combined soil incorporation of organic, inorganic and biofertilization, so checking the
possibility to obtain a more sustainable fertilization technique for the crop.

2. Materials and Methods

2.1. Experimental Site

A two-year field experiment was carried out under semi-arid climate conditions on silty loam
soil at the Research Farm of the College of Agriculture, Al-Azhar University, Assiut branch. The
location is (27°12'16.67" N; 31°09'36.86" E) in Assiut governorate, Egypt. Table 1 shows some
physical and chemical properties of the soil at the experimental site, collected at a depth of 0-30 cm
and analyzed as described by [23].

Table 1. Some physical and chemical properties of the experimental soil in 2017 and 2018.

Value
Parameter
2017 2018
Sand (%) 20.0 18.3
Particle Size Dist. Silt (%) 56.5 59.6
Clay (%) 23.5 221
Texture grade Silty loam Silty loam
pH Susp. (1:2.5) 8.22 8.28
E.C (dSm™) soil past 0.487 0.336
O.M (%) 1.98 1.91
Total CaCOs % 1.48 1.42
Cations (cmol.kg™ soil)
Ca+ 8.54 6.89
Mg+ 13.56 10.43
Na* 22.72 18.07
K+ 3.32 2.12
Anions (cmol.kg? soil)
HCOs 6.54 4.87
Cl 20.52 16.65
SO« 2.84 2.15

Each value represents a mean of three replicates. E.C: electrical conductivity; O.M: organic matter.

2.2. Experimental Design and Treatments

Treatments were laid out using a randomized blocks design with three replications. Each plot
unit included a totally flat area of 10.5 m2. The seeds of Jew’s mallow were sprinkled on 25 March
2017 and 2 April 2018 for each season, respectively. The irrigation of experimental units was
immersed-way once per 10 days, as per local custom. Weeds were removed manually at 20 and 40
days after sowing (DAS) in both growing seasons, before irrigation was affected. The treatments
application comprised three fertilization types (alone or in combinations), namely an organic
fertilization (farmyard manure, FYM), an inorganic NPK fertilization, and a biofertilizer. The organic
fertilizer was obtained from the animal Production Farm, College of Agriculture, Al-Azhar
University, Assiut, and was incorporated into the soil during plowing at the recommended dose of
36 m? ha™. Its chemical composition was reported by Silva [24] and presented here in Table 2. For the
inorganic fertilization, the recommended P20s dose of 74 kg ha (as Ca super phosphate) was
incorporated into the soil during plowing, while 146 kg ha (as urea) and 57 kg ha® K2O (as
potassium sulfate) were divided in two equal applications at 10 and 20 DAS, as commonly used for
growing Jew’s mallow plants, recommended by the Ministry of Agriculture [25]. The liquid
biofertilizer (T.S) contains of molasse as organic material carrier of microorganisms, and a set of
mixed cultures of Bacillus circulans, B. poylmyxa, B. megatherium, Candida spp., and Trichoderma spp.,
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whose amount in terms of living cells was > 0.5 x 10° cfu ml, > 2 x 107 cfu ml, > 1.5 x 10° cfu ml™, >
1.5 x 107 cfu ml™ and > 0.5 x 10° cfu ml™, respectively. The biofertilizer was added at 36 L ha™ with
irrigation in three equal doses at 20, 30 and 40 DAS. The biofertilizer was obtained from the
directorate of Agriculture in Assiut. Overall, the trials comprised an unfertilized control (T1),
inorganic NPK fertilization (T2), farmyard manure (FYM) (Ts), biofertilizer (Ts), inorganic
NPK+biofertilizer (Ts), and FYM+biofertilizer (Ts).

Table 2. Chemical composition of farmyard manure used in the experiments on dry weight basis.

Characteristic Values Characteristics Values
Total-N % 1.87 pH (1:5) Susp. 8.43
Total-P % 1.12 EC (dSm™) (1:5) 4.030
Total-K % 2.06 C/N Ratio 12:1

Organic-C % 22.91 Organic matter % 40.43

EC: Electrical Conductivity.

2.3. Data Collection

Data were collected using plant samples from 0.5 m? in the middle of each experimental unit.
Plant height was taken from the base of the rhizome to the top of the plant using a ruler. The fresh
biomass of total plants, fresh weight of leaves, and dry weight of leaves was weighed using an
electronic balance (0.01 g). Fresh biomass of total plants and fresh weight of leaves were put in paper
bags and transferred to a drying oven at 70 °C until constant weight to obtain the dry weight. Leaf
area was estimated as described by Pandey and Singh [26], whereas leaf weight incidence, expressed
on a percentage basis, was calculated by using the following equation (1).

leaves dry weight (g)

oy —
Leaves dressing (%) Dlant dry weight (g) x 100 (1)

Harvesting was done in the two seasons at 28-May and 5-Jun, respectively. The following soil
properties were determined after harvest: cation exchange capacity (CEC) and organic-C,
determined according to Clark, et al. [27]. The soil bulk density was calculated by using equation (2).

Dry wieght of bulk sample (g)

Soil bulk density = 2)

the volume of soil core (cm3)

Leaf samples from each experimental unit during two seasons were collected, the fifth leaf from
the top of 20 plants after 65 DAS (the first season) and 62 DAS (second season), and washed three
times with distilled water, before chemical analysis. N-content in leaves was determined using the
Kjeldahl procedure according to Motsara and Roy [28]. P-content in leaves was determined by the
colorimeter method (ammonium molybdate) using a JENWAY 6305 UV/Visible Spectrophotometer
at 643 nm (OD643) [28]. K-content in leaves was determined photometrically using a Flame
Photometer (BWB Model BWB-XP, 5 Channel) as described by Motsara and Roy [28]. Protein content
in leaves (expressed on a percentage basis) was calculated as N content (%) X 6.25. Leaf chlorophyll
content was determined using a mobile chlorophyll meter (SPAD-502-m Konica Minolta, Inc.,
Tokyo, Japan). Before taking the readings, the performance of the chlorophyll meter was calibrated
according to the manufacturer’ instructions. At the measurement date, 6 readings from each
replicate were taken at 65 DAS (the first season) and 62 DAS (second season), using the youngest
fully expanded leaves.

2.4. Statistical Analysis

All data collected were subjected to one-way analysis of variance (ANOVA) using SPSS
statistical software package version 16.0 (SPSS Inc., Chicago, IL, USA). Significantly different means
were separated using Duncan’s multiple range test at the p < 0.05 level of probability [29]. Mean
values were presented as mean + SD.
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2.5. Weather Condition during the Experiment

During the first year of experiment (2017), the average mean temperature was 26.3 °C, with a
gradual increase from 3 April (17.3 °C) to 15 May (29.7 °C), whereas average minimum and
maximum temperatures fluctuated between 11-28.4 °C and 24.6-40.8 °C, respectively. The average
relative humidity varied between 20% and 60%, with the lowest value recorded at 20 April and the
highest one at 13 April (Figure 1). During the second year of experiment (2018), the average mean
temperature was 28.6 °C, with a gradual increase from 20.8 °C to 31.5 °C, whereas average minimum
and maximum temperatures fluctuated between 12-28 °C and 20.8—46 °C, respectively. The average
relative humidity varied between 16% and 58%, with the lowest value recorded at 6 May and the
highest one at 6 April (Figure 1).
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Figure 1. Weather conditions during the two growing periods of Jew’s mellow cultivation.
3. Results

3.1. Growth Variables

Tables 3-5 show the effect of organic, inorganic, and biofertilizers supplementations on the
growth and yield of Jew’s mallow plants. The results showed no significant difference in the plants
height under T2, T3, Ts, and Te, but they were higher than those under the other treatments in the
mean of both growing seasons (Table 3). There were statistically significant differences between the
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treatments, where the maximum fresh plants weight, leaves fresh weight, plant dry weight, leaves
dry weight, and leaves area (3.16 kg.m?2, 797.88 g.m, 646.79 g.m?2, 223.35 g.m?, and 369.5 cm>.m™?,
respectively) were showed by the plants treated with NPK with biofertilizers (Ts), and that of
without fertilization, T1 treatment gave the lowest values (Tables 3 and 4) in the mean of both
growing seasons.

The highest leaves weight incidence was observed in plants treated with biofertilizer (T4)
having non-significant difference among FYM-+biofertilizer (Ts), NPK fertilizer (T2), and T1 during
first growing season, while in second growing season the plants treated with T1 showed significant
highest values (Table 5). There was no significant difference in dry matter content of plants under all
the treatments except T1, but T4+ was higher than other treatments in the first season, while in the
second season, there was no significant difference in dry matter contents of plants in Ti, Ts, T5, and Te
treatments, but T4 was highest compared to other treatments in the mean of both growing seasons.

3.2. Compositional Variables

As shown in Tables 5, the accumulation of protein in Jew’s mallow plants in both seasons was
the significantly highest under NPK with biofertilizers (Ts). Data presented in Table 6 shows that the
average accumulation of N, P, and K in leaves were under Ts higher than other treatmentsin both
growing seasons, while T1 gave the least N, P, and K accumulation.
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Table 3. Effect of organic, inorganic, and biofertilizers on plant growth characteristics (plant height, plant fresh weight, and leaves fresh weight) of Jew’s mallow
(Corchorus olitorius L.) plants.

Plant Height (cm) Means Plant Fresh Weight (kg m-?) Means Leaves Fresh Weight (g m2) Means

2017 2018 2017 2018 2017 2018
T 34.33+£231¢ 2567+351% 30.00¢ 133+010¢ 1.02+0.06¢ 1.18c 478.81+29.25¢ 348.22+11.57¢ 413.52¢
T2 7833+2.60* 50.67+9452 64502 2.13+0.04c 1.86+0.15¢ 2.00¢ 655.71+78.74> 503.07+12.03¢ 579.39¢
Ts 75.67 +4.512 49.67+5.692 62672 252+0.09> 226+0.11> 239b 74879 +58.24> 592.33+1525b 670.56"
Ts 51.33+4.04> 4533+2522 4833° 1.64+0224 125+0.149d 1454 543.38+54.65¢ 433.03+15.47¢ 488.214
Ts 84.33+4.162 52.67+351a 68502 357+0.052 274+0.142 3162 897.79+17.21= 697.97+14.642 797.882
Te 82.33+8332 51.67+2.082 67002 1.71+0164 141+0.02¢ 1564 549.79+55.22c 427.75+4.6¢ 488.774

Means 67.724 45.95° 2.15a 1.76°b 645.71 2 500.40 b

Values are means of three replicates; different letters in the same column indicate significant differences according to Duncan’s multiple range test at p < 0.05.
Where without fertilization (T1), NPK fertilizer (T2), farmyard manure (Ts), biofertilizer (T4), NPK+biofertilizer (T5), and Farmyard manure +biofertilizer (Té).

Table 4. Effect of organic, inorganic, and biofertilizers on plant growth characteristics (plant dry yield, leaves dry yield, and leaf area) of Jew’s mallow (Corchorus
olitorius L.) plants.

Plant Dry Weight (g m™) Leaves Dry Weight (g m™) Leaf Area (cm? m)

Treatment 2017 2018 Means 2017 2018 Means 2017 2018 Means
T 27492 +6.02¢  138.78+6.22¢ 206.85¢ 11220+11.05¢ 9520+13.394 103.74 219.50+2.38f 199.56+10.18¢ 209.53 f
T2 41696 £9.12¢ 32656 +22.70¢ 317.76< 184.94+17.77b 123.84+5.03¢ 154.39¢ 321.79+1.79¢ 29026+1.32¢< 306.025¢
Ts 560.85+10.44% 398.65+10.17> 479.75° 198.14+7.05> 15591+9.20> 177.03> 336.65+593> 308.25+8.66> 322.45°
T4 328.60+42.734 27247+17.124 300.544 16728 £29.13b 120.99+1.59¢ 144.14c 247.83+4.22¢ 20536+7.48d 22659 ¢
Ts 71336 £27.962 580.22+23.392 646792 24042+15.812 206.29+7.002 223352 39215+7.78a 346.85+9282  369.5¢2
Te 311.85+26.62dc 256.33+10.904 284.094 154.20+41.25> 119.75+4.16¢ 13697 257.86+5.79d 217.15+3.914 237.504

Means 434.42 2 286.11° 176.20 136.99 b 295.96 = 261.24

Values are means of three replicates; different letters in the same column indicate significant differences according to Duncan’s multiple range test at p < 0.05.
Where without fertilization (T1), NPK fertilizer (T2), farmyard manure (Ts), biofertilizer (T4), NPK+biofertilizer (T5), and Farmyard manure +biofertilizer (T).
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Table 5. Effect of organic, inorganic, and biofertilizers on plant growth characteristics and chemical contents (leaves weight incidence, dry matter content, and

protein) of Jew’s mallow (Corchorus olitorius L.) plants.

Treatment Leaves Weight Incidence (%) Means Dry Matter Content % Means Protein (%) Means
2017 2018 2017 2018 2017 2018
T1 40.78 + 3.37 2= 68.63 +£5.55 2 54712 23.6+£3.76> 2727+2902 25444 8.00+£025f 727+0.28¢ 7.641
T2 44.34 +3.97 @ 38+121« 41.17 283+131+ 24.63+120c 2647 17.67+0.38> 1644+023> 17.06"
Ts 35.35+1.91 e 39.11+22] b4 3723¢ 265+1.18% 2633+1.70b 2642 14.19+0.35¢ 13.71+0.22¢ 13.954
T4 52.02+14.352 44.5+£2.30 b 4826 31.0+£5.85+ 2797+1.01 29492 12.02+0.29¢ 10.56+0.33¢ 11.29¢
Ts 33.68 +£0.89 35.61+2.404 34.65¢ 268+124a 2957+1.34= 2819° 19.00+044° 1831+0.29° 18.66¢°
Ts 48.99 +9.01 46.78 +2.69 © 47892 278+528® 2799+0.85® 2790b 1583+£0.29c 14.69+025¢ 1526¢
Means 42.53 2 45.44 2 27.332 27.29 2 14.45 2 13.50 ®

Values are means of three replicates; different letters in the same column indicate significant differences according to Duncan’s multiple range test at p < 0.05.
Where without fertilization (T1), NPK fertilizer (T2), farmyard manure (T3), biofertilizer (T4), NPK+biofertilizer (Ts), and Farmyard manure +biofertilizer (Ts).

Table 6. Effect of organic, inorganic, and biofertilizers on compositional variables (N-Content, P-Content, and K-Content) of Jew’s mallow (Corchorus olitorius L.)

plants.
Treatment N-Content in Leaves (mg 100g™) Means P-Content in Leaves (mg 100g) Means K-Content in Leaves (mg 100g™) Means
2017 2018 2017 2018 2017 2018
T: 1.28+0.04¢ 1.16 £0.05¢ 1.22¢ 0.35+0.04¢ 0.31+0.04 ¢ 0.33¢ 1.15+0.05¢ 1.03+0.02¢ 1.09¢
T2 2.83+0.06" 2.63+0.04"% 2.73 b 0.85+0.06 " 0.70+0.02° 0.78 ® 1.91+0.03P 1.75+0.04" 1.83¢b
Ts 2.27 +0.06 4 2.19+0.04 2.234d 0.57 +0.02 ¢ 0.41+0.02¢4 0494 1.62+0.04¢ 1.44+0.04 ¢ 1.534
T4 1.92+0.05¢ 1.69+£0.05¢ 1.81¢ 045+0.03 ¢ 0.36 +0.02 de 041« 1.41+0.03¢ 1.32+0.03 ¢ 1.37¢
Ts 3.04 £0.07 2 293 +0.052 2.99a 0.95+0.04 2 0.81+0.05 0.88 a 2.09+0.05 1.93+0.03 = 2.01a
Ts 2.53+0.05¢ 235+0.04¢ 244« 0.75+0.03 ¢ 0.61+0.03 ¢ 0.68 < 1.75+0.03 ¢ 1.60+0.03 ¢ 1.68¢
Means 2.31a 2.16° 0.65 0.53¢b 1.664 1.60°

Values are means of three replicates; different letters in the same column indicate significant differences according to Duncan’s multiple range test at p < 0.05.
Where without fertilization (T1), NPK fertilizer (T2), farmyard manure (T3), biofertilizer (T4), NPK+biofertilizer (Ts), and Farmyard manure +biofertilizer (Ts).
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The average leaf chlorophyll content the first season was higher than in the second season in all
variants, where the highest value of leaf chlorophyll content 41.21 mg g was obtained in Ts, while
the lowest one (29.47 mg g') was recorded in T: (Figure 2).

02017 @2018
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Figure 2. Effect of organic, inorganic, and biofertilizers on leaf chlorophyll content of Jew’s mallow
(Corchorus olitorius L.). Each column represents the mean of three replicates; different letters on
similar columns indicate significant differences using Duncan's multiple range test at p < 0.05.

3.3. Soil Properties at the End of the Experimental Period

The result of soil properties after harvesting Jew’s mallow plant showed that the soil was
variably influenced by the different treatments. The average values for the soil organic-C (%)
contents were influenced by the individual treatments. The highest value for soil organic-C, as
shown in Figure 3a, was observed in Ts in both of seasons and in Ts in the 2018 season, while the
lowest values were recorded in T1 and Tz. As shown in Figure 3b, the application of organic manure
with biofertilizers significantly enhanced the CEC value. The highest average values CEC were
noticed in Ts (17.98 cmol kg™), and Ts (17.93 cmol kg) which were statistically undifferentiated. The
lowest value (15.72 and 16.01cmol kg™) were obtained in control (T1) and NPK fertilizer (T>),
respectively. The treatment effects on the average soil bulk density for two seasons are presented in
Figure 3c. These treatments (T3-Te) had positive and significant effects on soil bulk density. The bulk
density was reduced in the Ts—Ts treatments (1.39 g cm=, on average) and showed statistically lower
values than obtained in the control (1.46 g cm™).
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Figure 3. Effect of organic, inorganic, and biofertilizers on the soil properties [O-carbon (a), cation
exchange capacity (b) and bulk density (c)] on which Jew’s mallow (Corchorus olitorius L.) was grown.
Each column represents the mean of three replicates; different letters on similar columns indicate
significant differences using Duncan’s multiple range test at p < 0.05.

4. Discussion

4.1. Growth Variables

The positive effects of NPK with biofertilizers (Ts) on growth variables may have been due to
the efficiency of the microorganism in the biofertilizer in immobilizing N for a longer time in the
form of NH4*, which helped in the nutrient uptake by the plant [30]. According to Alori and Babalola
[31], a biofertilizer is a living organisms that is added into the soil as inoculant that helps to provide
certain nutrients for crop growth. Furthermore, these positive effects may be related to the increased
availability of nutrients provided by mineral fertilization, which also served as an energy source for
the microbial community [32]. Similar to our findings, Al-Zabee and Al-Maliki [32] reported that the
combination of mycorrhizal fungi, algae, and yeast with a higher rate of chemical fertilization (120
kg N, 60 kg P, and 200 kg K per hectare) was beneficial to soil microbial metabolism and potato
yield. Besides, Asmamaw, et al. [33] reported that the application of dry cyanobacterial biofertilizer
could serve as an auxiliary N source to inorganic fertilizer for pepper, maize, and kale production. It
was also noted that the use of biofertilizers in combination with chemical N fertilizers increased
growth, productivity, and chemical compositions of the dill plant (Anethum graveolens L.) compared
to the untreated control, where the highest values of plant growth were recorded when biofertilizer
was used in combination to 97.6 kg.ha™ N [34]. Observations have also shown that the most effective
treatment for growth characteristics of barley cultivars (Giza-128 and Giza-129) under newly
reclaimed sandy soil was 178.57 kg N ha™! + Yeast [35]. Moreover, Sen, et al. [36] reported that the
combined use of 100% of the recommended dose [714.3 kg.ha™ ammonium sulfate (20.5% N), 476.2
kg ha™ calcium superphosphate (15.5% P20s), and 119.05 kg ha potassium sulfate (48% k20)] of
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inorganic fertilizers with biofertilizer was optimal for increasing oil yield (33.22 mg g™) of cumin
black (Nigella sativa L.). The co-application of biofertilizers like Azospirillum and Phosphobacteria spp.
and inorganic fertilizers had a significant effect on the growth variables of cucumber (Cucumis
sativus L.) [37]. Application of biofertilizer at 300—400 kg ha! dose combined with inorganic fertilizer
at 75% of crop requirement dose was the best combination for increasing NPK nutrient uptake for
rice crop and weight of milled dry rice. Marlina, et al. [38] recommended the use of dry
cyanobacterial biofertilizer which serve as a supplementary N source in place of inorganic fertilizer
for rice production in inception soil of lowland swamp area.

4.2. Compositional Variables

The data in Tables 5 and 6 indicated differences in the average proportion of protein, N, P, and
K content in leaves among treatments. The NPK with biofertilizers (Ts) treatment significantly
increased these variables in both seasons. The results presented by Hellal, Mahfouz and Hassan [34]
showed that the highest NPK-accumulation were recorded after the combination of biofertilizer with
476.2 kg ha' ammonium sulphate (20.5% N) in the Dill plant. The pronounced positive effect on
protein, N, P, and K in leaves resulting from Ts addition may be attributed to the increased uptake of
N by plants, and thus, the biosynthesis of protein was increased. Moreover, Tisdale et al. [39]
reported that the addition of N in combination with adequate P tended to increase K-uptake by
plants. They also showed that K concentration may be high in the NHs+*-nourished plants as it is
adsorbed by soil colloids, so it does not get leached from the soil. This gave the plant a greater
chance of taking up N, and thus some nutrients, to build the dry matter. Also, data in Figure 2 for
leaf chlorophyll content supported the results of Hellal, Mahfouz and Hassan [34], where it was
observed that the highest values of chlorophyll content were recorded where biofertilizer was used
in combination to 97.6 kg ha™ N in the dill plant. Moreover, Sen, Choudhuri, Chatterjee and Jana [36]
reported that the combination of 100% of the recommended dose of inorganic fertilizers with
biofertilizer increased the leaf chlorophyll content (13.18 mg.g™) in cumin black (Nigella sativa L.) in
the eastern Himalayan region of West Bengal. Moreover, Youssef, et al. [40] reported that the
combined application of organic manures and biofertilizer (EM) had a synergistic effect on the total
chlorophyll content of plants.

4.3. Soil Properties at the End of the Experimental Period

The combined application of the biofertilizer with the organic or the inorganic fertilizer was
beneficial for the physical and chemical properties of soil and were important for the quality and
productivity of the soil. The application of organic fertilizer in Ts and its combination with
biofertilizer in Ts increased the soil organic-C content of the soil at the end of experimental period by
91.25 % and 68.75%, respectively, over the control treatment (without fertilization T1). This organic
fertilizer in the soil can increase the soil organic-C due to higher soil organic matter added from
organic fertilizer. This serves as nutrient sources for plants and improves physical, chemical, and
biological properties of the soil through improved structure and stable aggregates. This is because
organic matrices are a natural chelating material with high moisture retention capacity [41,42]. These
results are in agreement with Nesgea, et al. [43], who reported that the application of organic
fertilizer increased the soil organic-C content after harvest by up to 65%.

As for the cation exchange capacity of the soil, our results showed that the application of
organic fertilizer with biofertilizer increased in CEC of the soil after crop harvest, which were
statistically undifferentiated with Ts and Ts. The increased CEC might be attributed to the addition
of organic fertilizer with the biofertilizer, which might have helped in releasing more nutrients into
the soil. This could be an indication of increased exchange sites on the surface of the soil colloids. In
line with this result, Tana and Woldesenbet [44] reported that CEC significantly increased with
increasing organic fertilizer (15 ton ha) with inorganic fertilizer.

The data in Figure 3c indicated that there were no differences between treatments (Ts, T4, T5,
and Te), but the highest average reduction in soil bulk density was recorded in farmyard manure
+biofertilizer (Ts). Soil bulk density was reduced after the combined use of organic manure with
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biofertilizer (Ts) compared to soil amended with only inorganic fertilizer (Ts). This could be due to
improved soil aggregation as a result of decreased soil bulk density. Several studies have shown that
the appropriate addition of combined biofertilizers, inorganic and organic, improved soil porosity
and decreased its bulk density. Our results are in harmony with Khan, et al. [45] who reported that
organic fertilizer improved soil organic matter content and decreased soil bulk density.

5. Conclusions

Biofertilizers play a significant role in improving soil structure, and inorganic fertilizers are
important due to their ability to provide essential nutrients, resulting in the better growth and
productivity of crops. The results of the present study, conducted on a silty loam soil and in
semi-arid climate conditions, revealed that the Jew’s mallow plants treated with the combined
application of biofertilizer and NPK fertilizer showed maximum growth and productivity among all
other treatments. Although the current study unfolded the performance ability of a neglected crop
under the application of different kinds of fertilizers, there is a further need to understand the
molecular mechanism behind it and to improve the fertilization techniques and material according
to the need for crops.
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