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Abstract

Purpose The effect of a novel organo-mineral fertilizer
(OMF) compost, as a partial alternative to mineral fertil-
izers, on soil characteristics, growth, physio-biochemical
attributes, Cd®>" and NO;~ concentrations, and yields of
Phaseolus vulgaris L. plants grown under salt stress was
investigated.

Methods Six organic and mineral materials were well
mixed with water and composted in a polyvinyl house in a
concrete trench of size 4 x5 x2m (W x L x D),
respectively. The moisture content was maintained at
50-60% throughout the active composting period by fre-
quent checking. The mixture was turned at 7-day intervals
for about 2 months to maintain porosity. This OMF com-
post was applied for the tested saline soil at 10, 20 and 30
ton ha~' while reducing the recommended NPK to 50%. In
addition,100% NPK was applied as a control to achieve the
purpose of this study. Growth characteristics, quantitative
and qualitative yield, Cd*" and NO;~ concentrations, and
physio-biochemical attributes in common bean plants were
assessed.

Results Addition of OMF compost improved the soil
chemical and physical properties. Application of OMF
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compost at a rate of 20 ton hfl, as an alternative to 50% of
the recommended dose of mineral-NPK fertilizers, signif-
icantly decreased the concentrations of Cd** and NO;~ in
plant leaves, pods and seeds, showing the same growth
characteristics, and pod and seed yields compared to the
control (100% of mineral-NPK fertilizers). This treatment
also improved all determined physio-biochemical attributes
and tested soil characteristics compared to the control.
Conclusion The benefit of this OMF compost, as a partial
alternative to chemical fertilizers, demonstrated the valid-
ity and possibility of sustainable agronomic performance of
common bean using locally available recycled organic
materials for manufacturing the studied OMF.

Keywords Common bean - Compost - Productivity -
Cadmium - Nitrate - Salinity

Abbreviations

AADRs Agricultural dry residues
AGRs Agricultural green residues
cd*t Cadmium

Ca Calcium

CEC Cation exchange capacity
DDW Double distilled water
DM Dry mass

DW Dry weight

EC Electrical conductivity
EL Electrolyte leakage

FYM Farmyard manure

FM Fresh mass

FW Fresh weight

HA Humic acid

KWs Kitchen wastes

MSI Membrane stability index
NPK Mineral fertilizers
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NO5;™ Nitrate

N Nitrogen

OM Organic matter

OMF Organo-mineral fertilizer
P Phosphorus

K Potassium

KH Potassium humate
RWC Relative water content
Na Sodium

S Sulfur

TS sugars Total soluble sugars

™ Turgid mass
WHC Water-holding capacity

Introduction

Sustainable agriculture is, nowadays, an urgent require-
ment to minimize the environmental pollution that
increased as a result of inadequate agricultural practices,
including the extensive use of mineral fertilizers. The
challenge of sustainable agriculture is more serious in
developing countries, including Egypt. Mineral fertiliz-
ers are important for plant nutrition; however, they are
also a potential sources of environmental pollution,
particularly mineral-nitrogen (N) and mineral-phospho-
rus (P) fertilizers. The extensive application of mineral-
N fertilizers increases NO5;~ ions in the soil and con-
sequently in the edible parts of plant grown in this soil
(Rady 2011la). The Cd*" is one of the heavy metals
which causes loss in agricultural productivity and haz-
ardous human health effects. One of the major anthro-
pogenic sources of Cd*" ions are Cd-containing mineral-
P fertilizers (McLaughlin et al. 2000). Thus, the exten-
sive use of mineral-P fertilizers leads to contamination
by Cd>" that is easily absorbed by roots and is fre-
quently transported to other plant parts (Semida et al.
2015). In addition, farmers are suffering from declining
soil fertility and increasing soil salinization, and conse-
quently management of poor soil fertility in arid and
semi-arid regions needs many effective solutions. This is
due to the extensive use of mineral fertilizers, low
rainfall, high evaporation rate, poor irrigation water and
poor water management in these regions (Rady et al.
2013).

Attention is, therefore, focused on using various forms
of OMF composts as partial substitutions to mineral fer-
tilizers. These practices have been recommended (Ojo
et al. 2014; Smith et al. 2015) under normal or saline
conditions in arid and semi-arid regions as sources of
nutrients, because these soils inherently have low organic
matter and low mineralization (Okusami et al. 1997), due
to high alkalinity and low rains. Because organic manures
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are characterized by slow release of nutrients, the com-
plementary applications of organic manures with fast
nutrient release-characterizing mineral fertilizers have
been advocated. The beneficial effects of this practice in
terms of improved crop productivity, soil fertility and
sustainability, and balanced plant nutrition have been
reported (Rady 2011a; Moyin-Jesu 2015; Riaz et al. 2015;
Semida et al. 2015; Dotaniya et al. 2016; Kalaivanan and
Hattab 2016; Kumar and Chopra 2016). In addition,
application of FYM and green manures have positive
effects on the soil characteristics (Kumar et al. 2014; Suja
and Sreekumar 2014).

ADRs such as rice straw residue and sunflower plant
parts (i.e., leaves, stems, and heads) are produced in large
amounts as a by-product of crop productions in arid and
semi-arid regions. A major portion of these ADRs is dis-
posed by burning, mulched in crop fields, or discarded. In
addition, AGRs (i.e., cauliflower and faba bean plants) and
KWs are used in animal feed, are mulched in crop fields or
are discarded. However, an attractive usage of all these
residues/wastes is composting after they are mixed with
some organic and mineral components, such as FYM,
agricultural S, and KH to produce OMF composts. Golueke
(1972) had defined the composting process as a biological
degradation of organic constituents in wastes under con-
trolled conditions. The composting process has many
advantages including sanitation, mass and bulk reduction,
and also decrease of carbon to nitrogen (C/N) ratio. The
ADRs are rich in C and are poor in N, resulting in high C/N
ratio that can be decreased by adding the AGRs, KWs,
FYM, and KH.

Common bean (Phaseolus vulgaris L.) is one of the
most popular leguminous vegetable crops grown in the
Middle Eastern countries for human diet due to its rich
source of proteins, carbohydrates, and nutrients. Thus,
cultivation of common bean and other different crop
plants under soil application with OMF compost, as a
partial alternative to mineral-NPK fertilizers, has the
potential to increase crop production and soil sustain-
ability (Abdelhamid et al. 2004; Rady 2011a; Ojo et al.
2014; Smith et al. 2015). This practice promoted higher
plant growth and productivity and healthier human
nutrition. It will also reduce mineral fertilizer use,
reducing crop production cost and indirectly increasing
income.

The objective of this study was to assess the effects of
OMF compost applications at various levels as a partial
alternative to mineral-NPK fertilizers on the growth,
nutritional status, dehydration tolerance, osmoprotectants,
green and dry yields, and quality of common bean
(Phaseolus vulgaris L. cv. “Bronco”) plants grown on a
moderate saline soil. The physico-chemical characteristics
of the tested soil were also assessed.
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Materials and methods
Soil characteristics and composting the OMF

The main characteristics of the experimental soil (a special
Farm at Sherif Basha village, Beni Sueif Governorate;
29°06°20.4"N; 31°07'21.6"E) used in this research were
determined and are shown in Table 1.

Six organic and mineral materials were prepared for
manufacturing the OMF compost. They were ADRs (i.e.,

Table 1 Physico-chemical properties of the soil before treatments
(BT) and at plant sampling (AT), and the compost

The experimental soil

Parameter 2012 season 2013 season
BT AT BT AT

Clay 494 50.3 49.8 50.5
Silt 30.2 30.4 29.2 31.1
Sand 20.4 19.3 21.0 18.4
Soil texture Clay
pH 7.79 7.14 7.83 7.05
EC (dS m™) 6.73 5.83 6.78 5.77
OM % 0.93 1.39 0.89 1.40
CEC (cmol, kg™ 349 42.7 345 43.1
Field capacity (%) 28.4 352 279 349
Available water (%) 12.8 16.9 12.4 16.6
Available N (mg kg™ soil) 1526 1545 1484 149.3
Available P (mg kg™" soil) 12.2 13.2 114 12.9
Available K (mg kg™ soil) 1442 1637 1389 171.8
Available Fe (mg kg™" soil) 21.2 24.6 19.3 23.7
Available Mn (mg kg~' soil)  11.0 13.4 11.5 15.2
Available Zn (mg kg~ soil) 4.1 4.8 3.9 5.0
Available Cd (mg kg™" soil) 0.56 0.23 0.49 0.24
The OMF compost
Characteristic 2012 2013

pH 7.16 7.21

EC (dS m™!) 3.22 3.08

Total N (% DW) 2.18 2.28

Total C (%) 40.6 41.0

C/N ratio 18.6 18.0

P (g kg~! dry OMF) 3.05 2.98

Na (g kg~! dry OMF) 0.31 0.29

Mg (g kg~' dry OMF) 0.37 0.40

Ca (g kg~' dry OMF) 0.37 0.39

K (g kg™ dry OMF) 4.13 4.24

Total fibers (% DW) 32.4 33.1

WHC (g water/g dry OMF) 6.18 6.32

Moisture content (%) 39.3 39.8

Soil analysis was conducted for the treatment of 50% of the fully
recommended NPK dose + 20 ton OMF compost ha™'

rice straw, and sunflower leaves stems and heads), AGRs
(i.e., cauliflower and faba bean plants), KH, agricultural S,
and completely decomposed FYM and KWs. The ADRs,
FYM, AGRs, KWs, S, and KH were used at a ratio of 50,
20, 15, 10, 3, and 2% by weight, respectively. The ADRs
and AGRs were obtained from the farm in which the
experiments were conducted. They were cut into small
pieces, about 1-2 cm in length. In addition, FYM was
obtained from the animal farm at the same place. With the
addition of water, all six components were well mixed at
the above-mentioned ratios and were composted in a
polyvinyl house in a concrete trench of size 4 x 5 x 2 m
(W x L x D), respectively. The moisture content was
maintained at 50-60% throughout the active composting
period by frequent checking with a Hydrosense moisture
meter (Campbell Scientific, Inc., USA). The mixture was
turned at 7-day intervals to maintain the porosity. At the
end of the composting process (about 2 months), samples
were taken for analysis (Table 1).

Treatments and plant material

Two field trials were conducted in two different fields at
the same location, one in the 2012 season and one in the
2013 season. Before sowing, the control plots (10.5 m? for
each) received the complete dose of mineral-NPK
[420 kg ha™' ammonium sulfate (21% N), 460 kg ha™!
calcium superphosphate (15.5% P,Os) and 230 kg ha™'
potassium sulfate (48% K,O)] fertilizers, as recommended
by the Egyptian Ministry of Agriculture and Land Recla-
mation. The other treatments were as follows:

Treatment Recommended NPK dose OMF compost
Control 100% -

1 50% 10 ton ha™'

2 50% 20 ton ha™!

3 50% 30 ton ha™'

The OMF compost was spread on the soil surface and
then mixed into the soil surface layer during soil prepara-
tion for sowing. All treatments were applied in a ran-
domized complete block design with three replicates.
Sowing was conducted on 25 February 2012 and on 23
February 2013. Common bean (Phaseolus vulgaris L. cv.
“Bronco”) seeds obtained from the Agricultural Research
Center, Giza, Egypt, were used. Seeds were selected for
uniformity by choosing those of equal size and of the same
color. The selected seeds were washed with distilled water,
sterilized in 1% (v/v) sodium hypochlorite for approxi-
mately 2 min, washed thoroughly again with distilled
water, and left to dry at room temperature (25 °C) for
approximately 1 h. Uniform, air-dried seeds were sown in
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hills in rows spaced 60 cm apart. The hills were spaced
10-15 cm apart in 3.0 m x 3.5 m plots. Thinning was
done before the first irrigation to produce two plants per
hill. All other standard cultural practices were followed, as
recommended by the Egyptian Ministry of Agriculture and
Land Reclamation for commercial common bean produc-
tion (Egyptian Ministry of Agriculture 2011).

Plant growth and yield estimations

Seven-week-old bean plants (n =9) were -carefully
removed from each experimental plot and dipped in a
bucket of water. Plants were shaken gently to remove all
adhering soil particles and the lengths of their shoots and
roots were measured using a meter scale. The number of
leaves plant™' was counted and their area was measured
manually using a graph sheet, where the squares covered
by the leaf were counted. The plants were then placed in an
oven at 70 °C until constant weight to record DW. At the
marketable green pod, pods were collected 2-day intervals
to record the average pod weight per plant and per hectare.
At the end of each experiment, all the dry pods on each
plant in each experimental plot were collected and the
seeds were extracted from pods to record seed weight per
plant and per hectare.

Determination of photosynthetic pigments,

nutrients, and Cd>* and NO3~ concentrations
Concentrations of chlorophylls and carotenoids (mg g~ "
FW) were estimated according to the method described by
Arnon (1949). Leaf discs (0.2 g) of the third leaf from the
top of 7-week-old plants were homogenized with 50 ml
80% acetone. The slurry was strained through a cheese-
cloth and the extract was centrifuged at 15,000xg for
10 min. The optical density of the acetone extract was
measured at 663, 645, and 470 nm using a UV-160A UV
Visible Recording Spectrometer, Shimadzu, Japan.

The content of N (%) in dried bean leaf (third leaf from
the top) was determined by using the micro-Kjeldahl
method (AOAC 1995). The molybdenum-reduced molyb-
dophosphoric blue color method in sulfuric acid (with
reduction to exclude arsenate) was used to determine the P
content (%) as described by Jackson (1967). In this
method, sulfomolybdic acid (molybdenum blue), diluted
sulfomolybdic acid, and 8% (w/v) sodium bisulfite-H,SO,4
solution were used as reagents. The contents of Ca®" (in
leaves) and cd*t (in leaves, pods, and seeds) were deter-
mined using a Perkin-Elmer Model 3300 Atomic Absorp-
tion Spectrophotometer (Chapman and Pratt 1961). The
contents of K (%) and Na* (%) were determined in H.,.
SO, + H,0,-digested solution of 0.2 g of a dried bean leaf
(third leaf from the top) (Wolf 1982). The total leaf
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contents of Na™ and K* were measured directly using
flame spectrophotometry (Lachica et al. 1973).

Leaf, pod, and seed samples were collected and kept in a
refrigerator (4 °C). The samples were cut to small pieces
and squeezed in a stainless steel press to obtain sap. The
sap was then used to measure the NOj3~ concentration
using a Cardy NO; -meter (Spectrum Technologies, Inc.
Springfield, IL, USA) following the method described by
Zhang (1998).

Determination of free proline and TS sugar
concentrations

As suggested by Bates et al. (1973), free proline was
extracted by grinding 0.5 g leaf sample in 10 ml 3% (v/v)
sulfosalicylic acid and was then centrifuged at
10,000 g for 10 min. The acid ninhydrin (2 ml) was added
to the supernatant (2 ml) and incubated in a water bath at
90 °C for 30 min. The reaction was cool terminated and
the mixture was extracted with toluene, vortex mixed for
15 s, and the toluene phase was read at 520 nm.

According to Irigoyen et al. (1992), TS sugars were
extracted from dried leaves (0.2 g) using ethanol (96%).
After centrifugation, the supernatant was stored at 4 °C.
Determination was conducted by reacting 0.1 ml of the
ethanolic extract with 3 ml of freshly prepared anthrone
reagent [150 mg anthrone + 100 ml of 72% (v/v) sulfuric
acid] in a boiling water bath for 10 min. After cooling, the
mixture was read at 625 nm.

Measurement of RWC, MSI, and EL

Excluding the midrib, fresh 2 cm-diameter fully expanded
leaf discs were used to determine the RWC as described by
Hayat et al. (2007). The FM of discs were taken and
immediately floated on double-distilled water in Petri
dishes for 24 h, in the dark, to saturate them with water.
Any adhering water was blotted dry and the TM was
measured. The DM was recorded after dehydrating the
discs at 70 °C until constant weight. The RWC was then
calculated using the formula:

RWC (%) = [(EM — DM)/(TM — DM)] x 100.

The MSI was estimated using duplicate 0.2 g samples of
leaf tissue as described by Premchandra et al. (1990) and
modified by Rady (2011b). Samples were placed in test
tubes containing 10 ml of DDW. One sample was heated at
40 °C in a water bath for 30 min and the EC of the solution
was recorded using a conductivity bridge (C;). The second
sample was boiled at 100 °C for 10 min and the EC was
measured (C,). The MSI was calculated using the formula:

MSI (%) = [1 — (C;/ Cy)] x 100.
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The total leakage of inorganic ions from leaves was
determined using the method of Sullivan and Ross (1979).
Twenty leaf discs were placed in a boiling tube containing
10 ml deionized water and the EC, was recorded. The
contents were then heated to 45-55 °C for 30 min each in a
water bath and the EC, was recorded. The sample was
boiled at 100 °C for 10 min and the EC; was recorded. The
EL was calculated using the formula:

EL (%) = [(EC, — EC,)/ EC3] x 100.

Statistical analysis

Simple analysis of variance (ANOVA) was used to analyze
the data. Significant differences between means were
compared using Fisher’s least-significant difference (LSD)
test at a probability level of 95% (P < 0.05).

Results and discussion
Soil physical and chemical properties

The effect of OMF compost application at 20 ton ha~' on
soil physical and chemical properties is presented in
Table 1. By the end of both the 2012 and 2013 seasons,
the OMF compost decreased soil EC, and pH values. The
reduction in pH values could be attributed to the accu-
mulation of active organic acids and S (a component of
OMF compost) in soil and the CEC of humate (a com-
ponent of OMF compost). Soil EC. values tends to
decrease probably due to the occurrence of the charged
sites (i.e., COO-), accounts for the ability of humate to
chelate, and retains cation in non-active forms (Semida
et al. 2014; Ouni et al. 2014). In addition, the reduced EC
of the OMF compost (3.08-3.22 dS m~'; Table 1) con-
tributed to decrease the soil EC.. Elemental S is biolog-
ically oxidized to H,SO, in soil under aerobic conditions.
This is beneficial in alkaline soils to reduce pH, supplying
of SO4 to plants, make P more available, and reclaim
soils. Application of elemental S to the soil resulted in
0.11-0.37 unit decrease in soil pH (Erdal et al. 2000).
Application of OMF compost increased soil OM content
from 0.89-0.93% to 1.39-1.40%, and available contents
of the studied macronutrients (i.e., N, P, and K) and
micronutrients (i.e., Fe, Mn, and Zn). Combined positive
effect of HA and S were also reported by Osman and
Rady (2012). They attributed their positive effects on the
soil to the increase of OM content and bio-available
nutrients, as a result of a reduction in soil pH. The
addition of OMF compost to saline soil encouraged the
creation of medium and micropores (i.e., WHC and useful

pores) between simple packing sand particles, and in turn
increasing the capillary potential. The above-mentioned
case is more attributed to an increase in soil moisture
content at field capacity and then available water content
(Habashy and Ewees 2011), due to the increased content
of total fibers (32.3-33.1%) and also the increased WHC
of OMF compost (6.18-6.32 g water/g OMF compost;
Table 1). The effects of OMF components on improving
soil properties such as aggregation, aeration, permeability,
and WHC were positive, which led to maintain the
appropriate water content in the soil and hence increased
the activity of the immune plant system.

Growth characteristics

As an alternative to 50% of the recommended dose of
NPK, addition of OMF compost at a rate of 10 ton ha™'
showed significant decreases (P < 0.05), while addition of
a rate of 20 or 30 ton h™' exhibited no significant differ-
ences (P < 0.05) in plant growth characteristics (in terms
of shoot and root lengths, number of leaves plantfl, leaf
area plant™', and plant DW) when compared with the
control treatment (100% of the recommended dose of
NPK; Table 2). The same trends were seen in both the
2012 and 2013 seasons. The improved growth character-
istics of common bean plants produced as a result of
increased application rate of OMF compost could be
attributed to the enhanced decomposition of the OM and
mineralization of nutrients (Abdelhamid et al. 2004; Ojo
et al. 2014). In addition, the suggestion that KH (a com-
ponent of the OMF compost) has a direct action on plants
as a hormonal nature (cytokinins and auxin-like activity),
and an indirect action of metabolic soil microorganisms as
soon as the dynamic of uptake of soil nutrients and soil
physical properties, reflecting in an enhancement of plant
growth and productivity (Osman and Rady 2012; Semida
et al. 2014; Ouni et al. 2014). The benefits of KH as an
additive to the OMF compost may be due to its effects on
increased fertilizer use efficiency and soil aeration. In
addition, the presence of nutrient elements, the increased
contents of total fibers, and the appropriate WHC in the
OMF compost (Table 1) increased the overall fertility,
stability, and functionality of the tested soil, leading to
maintain plant growth equal to the growth of plants fer-
tilized with 100% of the recommended NPK dose. Adding
the OMF compost to the saline soils may have compen-
sated them for any physico-chemical defects. Various soil
micro-organisms may benefit from some components of the
OMF compost to increase their excretions of vitamins,
growth substances, and antibiotics that can further promote
plant growth (Osman and Rady 2012; Semida et al. 2014;
Ojo et al. 2014).
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Table 2 Effect of OMF compost as a partial substitution of NPK on the growth traits of Phaseolus vulgaris plants grown under soil salinity

Treatments Parameters
Recommended NPK OMF compost Shoot length Root length No. of leaves Leaf area plant™' Plant DW (g)
dose (ton h™1 (cm) (cm) plantq (dmz)
2012 season
Control (100% NPK) 253 + 1.4a 213+ 1.7a 7.85 £ 0.43a 10.35 £ 0.63a 6.33 &+ 0.41a
10 212 £ 1.1b 182 £ 1.2b 7.10 £ 0.41b 9.23 £ 0.55b 5.44 + 0.38b
50% 20 254 + 1.6a 224 + 1.9a 8.12 £ 0.47a 10.56 £ 0.66a 6.48 £+ 0.42a
30 259 + 1.6a 21.7 + 1.8a 7.98 £+ 0.45a 10.37 £ 0.64a 6.40 £+ 0.41a
2013 season
Control (100% NPK) 27.8 £ 1.7a 21.0 £ 1.4a 7.46 £ 0.51ab 10.40 £ 0.73a 6.52 £ 0.54a
10 219 £ 1.2b 19.2 £ 1.2b 6.98 £+ 0.42b 9.07 £ 0.64b 5.38 £ 0.44b
50% 20 28.1 £ 1.7a 21.8 £ 1.6a 8.04 £ 0.56a 10.45 £+ 0.72a 6.60 £ 0.55a
30 27.7 £ 1.5a 21.6 £ 1.5a 8.11 £ 0.58a 10.54 £ 0.75a 6.72 £ 0.58a

Values are mean + SE (n = 10). Mean values in each column followed by different lowercase letters are significantly different by Fisher’s least-

significant difference test (LSD) at P < 0.05

Leaf photosynthetic pigments, free proline, and TS
sugars

Application of OMF compost at a rate of 10 ton ha™', as an
alternative to 50% of the recommended dose of NPK,
revealed significant reductions (P < 0.05) in the concen-
trations of total chlorophylls, total carotenoids, free proline,
and TS sugars. However, application at a rate of 20 or 30
ton h™! exhibited no significant differences (P < 0.05) in
the concentrations of total chlorophylls and total car-
otenoids, but showed further reductions (P < 0.05) in the
concentrations of free proline and TS sugars when com-
pared with the control treatment (100% of the recom-
mended dose of NPK; Table 3). The same trend was
observed over both growing seasons. The application of
OMF compost increased the uptake rate of elemental K and
other nutrient elements (Table 4) and, therefore, a corre-
sponding increase in chlorophyll content, which can serve
as an indicator of the stress induced by alterations in the
balance of endogenous hormones (Marschner 1995). The
reductions in free proline and TS sugar concentrations in
common bean plants by the application of OMF compost
may be attributed to the crucial role of OMF compost in
mitigating the negative salt effects in other manners. These
reductions in free proline and TS sugars may be attributed
to the presence of KH and S: two components of the OMF
and their roles in alleviating the salt stress effects. Kuli-
kova et al. (2005) pointed out that humic substances might
show anti-stress effects under abiotic stress conditions,
decreasing free proline content. Further, Osman and Rady
(2012) observed that S and HA were beneficial for newly
reclaimed saline soils to alleviate the adverse effects of
salinity stress and to improve sustainable crop productivity.
Compost could have favored leaf growth and a new sink
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developed which would reduce soluble carbohydrates
(Isopp et al. 2000).

RWC, EL, and MSI

As compared to the control treatment (100% of the recom-
mended dose of NPK), bean plants treated by either 20 or 30
ton OMF compost h™', as an alternative to 50% of the rec-
ommended NPK dose, revealed a significant increase in
dehydration tolerance in terms of increased RWC and MSI
and reduced EL (Table 3). However, application of 10 ton
OMF compost h™! significantly increased (P < 0.05) MSI,
significantly decreased (P < 0.05) EL, and had no effect on
RWC. The same trends were observed in both the 2012 and
2013 seasons. The RWC, a measure of plant water status,
reflecting the metabolic activity in plant tissues, is used as a
most meaningful index to identify the legumes with con-
trasting differences in dehydration tolerance (Sinclair and
Ludlow 1986). A strong relationship was observed between
RWC and plant biomass (FW and DW) under the effect of
OMF compost combined with reducing the NPK to 50% of the
recommended dose, indicating that water status in bean leaves
is basically dependent on the respective shoot biomass. This
also suggests that common bean plants having greater biomass
can maintain higher water content in their leaves and thus can
be more tolerant to salinity stress. The increase in RWC as a
result of OMF compost application reflected more stable cel-
lular membranes, and therefore the leakage of ions from cells
reduced significantly under salinity stress.

Plant nutritional status

The content of mineral nutrients (i.e., N, P, K, and Ca) and
Na, as well as the ratios of K*:Na' and Ca’":Nat of
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Table 3 Effect of OMF compost as a partial substitution of NPK on leaf concentration of photosynthetic pigment, osmoprotectants, RWC (%),
EL (%), and MSI (%) of Phaseolus vulgaris plants grown under soil salinity

Treatments Parameters
Recommended OMF Total Total Free proline TS sugars RWC (%) EL (%) MSI (%)
NPK dose compost  chlorophylls carotenoids (ug g7' DW) (mg g~' DW)
(tonh™) (mgg ' FW) (mgg ' FW)
2012 season
Control (100% NPK) 1.30 £ 0.03a 026 £ 0.0la 2215+ 42a 3.63+0.07a 746+ 1.6b 1124 +0.31la 619 £ l.4c
10 1.16 £ 0.02b  0.22 £ 0.01b  209.6 + 3.7b 338 £ 0.05b  73.9 + 1.4b 9.62 + 0.26b 66.3 £ 1.7b
50% 20 1.31 £ 0.03a 025 £ 0.0la 1894 £ 2.1c 3.07 £ 0.07c 812 £+ 1.8a 844 £ 0.21c 754 +2.1a
30 1.33 £ 0.03a 0.26 £ 0.0la 182.6 £2.0c 3.01 £ 0.08c 82.0 £ 1.9a 8.17 £ 0.19c 772 £ 2.3a
2013 season
Control (100% NPK) 1.36 +£ 0.02a 0.28 £ 0.0la 2328 £52a 3.72+0.06a 74.1 £1.8b 1232 +043a 634 + 1.3c
10 1.23 +£ 0.02b 0.25 £ 0.01b 2105+ 48b 341 +005b 758 £+ 1.9 9.56 + 0.31b 68.6 + 1.5b
50% 20 140 £ 0.03a 029 £ 0.0la 186.7 £3.2c 3.12 £ 0.07c  83.2 £ 2.3a 834 £ 0.25c 748 + 1.8a
30 141 £ 0.03a 028 £0.0la 1744 £2.8c 3.10 £ 0.09c 839 &£ 2.5a 7.93 £ 0.23¢  76.3 £ 2.0a

Values are mean £+ SE (n = 10). Mean values in each column followed by different lowercase letters are significantly different by Fisher’s least-
significant difference test (LSD) at P < 0.05

Table 4 Effect of OMF compost as a partial substitution of NPK on the contents of nutrients and Na, and their relations in Phaseolus vulgaris
plants grown under soil salinity

Treatments Parameters
Recommended OMF N (%) P (%) K (%) Ca (%) Na (%) K/Na ratio Ca/Na ratio
NPK dose compost (ton
hh
2012 season
Control (100% NPK) 2.75 £ 0.05a 0.25 + 0.008a 3.31 £ 0.05a 1.43 +0.03a 1.18 + 0.03a 2.81 £ 0.06c 1.21 £ 0.03c
10 249 £+ 0.05b 0.23 £ 0.006b 3.12 + 0.04b 1.24 + 0.02b 1.05 £ 0.03b 2.97 £ 0.06c 1.18 &+ 0.03c
50% 20 2.78 £ 0.06a 0.25 £ 0.007a 3.34 + 0.04a 1.38 £ 0.03a 0.90 £ 0.02c 3.71 &£ 0.07b 1.53 &+ 0.04b
30 2.80 £ 0.06a 0.26 £ 0.008a 3.36 & 0.05a 1.40 £ 0.03a 0.76 £ 0.02d 4.42 £ 0.09a 1.84 &+ 0.05a
2013 season
Control (100% NPK) 291 £ 0.04a 0.30 + 0.010a 3.41 £ 0.06a 1.66 & 0.04a 1.26 + 0.03a 2.71 £ 0.05c 1.32 £ 0.03c
10 2.55 £ 0.03b 0.27 + 0.008b 3.14 £ 0.05b 1.38 £ 0.03b 1.12 + 0.02b 2.80 £ 0.06c 1.23 £ 0.02c
50% 20 295 +0.04a 0.31 £ 0.011a 3.40 £ 0.06a 1.69 + 0.04a 0.97 £+ 0.02c 3.51 £ 0.08b 1.74 £ 0.04b
30 299 + 0.04a 0.31 £ 0.011a 3.42 £ 0.06a 1.74 & 0.05a 0.85 + 0.01d 4.02 £ 0.08a 2.05 £ 0.05a

Values are mean £ SE (n = 10). The mean values in each column followed by different lowercase letters are significantly different by Fisher’s
least-significant difference test (LSD) at P < 0.05

common bean plants are presented in Table 4. Compared to
the control treatment (100% of the recommended dose of
NPK), soil application with 10 ton OMF compost h™", as
an alternative to 50% of the recommended NPK dose,
significantly decreased (P < 0.05) the contents of N, P,
K*, Ca®", and Na™ in bean leaves. However, the addition
of either 20 or 30 ton OMF compost h™" had no significant
effects on the contents of N, P, K™, and Ca”, while
reduced significantly (P < 0.05) the content of Na™. As for
the ratios of K*:Na™ and Ca®":Na™, the highest significant
values (P < 0.05) were obtained with the application of 30
ton OMF compost h™'. This treatment significantly

exceeded the treatment of 20 ton OMF compost h~!, which
in turn surpassed significantly both the treatment of 10 ton
OMF compost h™' and the control. The same trend was
noted in both the 2012 and 2013 seasons. These results
showed more antagonistic effects of K and Ca*" ions to
the harmful effects of Na™ ions similar to that reported by
Semida et al. (2014). However, application of OMF com-
post maintained no significant differences in the nutrient
contents (i.e., N, P, K, and Ca) as in the control when NPK
application was reduced to 50% of the recommended dose,
in both 2012 and 2013 seasons. The OMF compost tested
in the present study had a higher N content. It also
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represents a relatively abundant source of other minerals
(Table 1). It may act as a reservoir for nutrients, ensuring
their slow release into the soil or directly to plant roots. It
has been shown that the OMF compost had beneficial
effects on saline soil improvement. It improved the phys-
ical, chemical, and biological properties of saline soil and
helped to overcome the loss of nutrients through leaching
processes (Table 1).

NO;™ and Cd**

As an alternative to 50% of the recommended dose of
NPK, the addition of OMF compost at a rate of 10, 20, or
30 ton ha™!' showed significant decreases (P < 0.05) in the
concentrations of NO;~ and Cd>* of leaf, pod, and seed of
common bean plants compared to the control treatment
(100% of the recommended dose of NPK; Table 5). There
were no significant differences between the data obtained
as a result of the application of OMF compost at rates of 20
and 30 ton hafl, while both rates were more efficient in
reducing the concentrations of NO; ™~ and Cd** in leaf, pod,
and seed of common bean plants than a rate of 10 ton h™".
The same trends were observed in both the 2012 and 2013
seasons. In this regard, Rady (2011a) concluded that soil
application with a mixture of KH and FYM resulted in
tomato leaves with lower NO3™ content that was positively
reflected in the NOs;~ content of the fruit for human
nutrition and health. He also pointed out that increasing the
available N in the soil by applying the recommended dose
of mineral-N in the control fertilization regime led to a
significant increase in the NO; ™~ content of plant leaves that
was also negatively reflected in the fruit. The accumulation
of NO;™ ions in edible plant parts poses a problem which
can be attributed to the supply of readily available NO3;™ to

the plants from mineral-N fertilizer. In contrast, the release
of NO3;~ was comparatively slow in the organic fertilizer-
treated soil. In addition, an increase in the percentage of
OM in the soil treated with organic fertilizers may control
the release and transformation of N fertilizer to NO5™ .
Gairola et al. (2009) found that the addition of FYM to
cultivated soil was effective in minimizing NO3; ™ toxicity
in beet leaves. They attributed this result to the incorpo-
ration of OM, in the form of FYM, which enhanced the
organic carbon content of the soil and had direct and
indirect effects on many soil properties and processes. The
concentration of NO3;~ in NPK-fertilized plants was sig-
nificantly higher than in organic crops. When organic-
based fertilizer was used, the NO3;~ concentration was
lower even at higher fertilizer levels. Benbrook et al.
(2008) stated that fertilizers used in organic farms contain
N bound to organic material from which it is slowly
released. Readily soluble chemical fertilizers which are
absorbed rapidly into the plant tend to lead to higher NO5/
NO, levels and may result in the formation of
nitrosamines which have been associated with chronic
diseases such as leukemia and gastrointestinal cancers
(Rembialkowska 2007). It would be best to use organic
fertilizers for crop productions to minimize the harmful
effects of NO3;~ to humans from the use of NPK.
Although Cd*" is a non-essential element for crop plants,
it is easily taken up by plants growing on Cd*"-supple-
mented or Cd*>*-contaminated soils, entering food chain and
causing damage to plant and human health (Kabata-Pendias
and Pendias 2001). It has been reported that the mean
concentration of Cd** ranges from 0.013 to 0.22 mg kg™
for cereal grains and from 0.08 to 0.28 mg kg~ for legumes
(Kabata-Pendias and Pendias 2001). A number of approa-
ches are being used to minimize the entry of Cd*" into the

Table 5 Effect of OMF compost as a partial substitution of NPK on concentrations of NO5~ and Cd*" in Phaseolus vulgaris plants grown under

soil salinity

Treatments Parameters
Recommended OMF compost Leaf NO;~ (mg Leaf cd*r (mg Pod NO3™ (mg Pod Ccd*r (mg Seed NO;™ (mg Seed cd*r (mg
NPK dose (ton h™") ¢~ DW) kg~' DW) ¢~ DW) kg~' DW) ¢~ ' DW) kg~' DW)
2012 season
Control (100% NPK) 2.98 + 0.08a 0.31 £ 0.02a 2.44 + 0.08a 0.24 + 0.02a 2.16 £ 0.07a 0.20 £ 0.01a
10 2.61 + 0.07b 0.18 £ 0.01b 2.01 £ 0.06b 0.12 + 0.01b 1.68 + 0.05b 0.10 £ 0.01b
50% 20 2.39 + 0.06¢ 0.15 £ 0.01c 1.86 + 0.05¢ 0.09 + 0.01c 1.40 + 0.04c 0.07 £ 0.01c
30 2.36 + 0.06¢ 0.15 £ 0.01c 1.83 + 0.05¢ 0.09 + 0.01c 1.38 £ 0.04c 0.07 £ 0.01c
2013 season
Control (100% NPK) 3.13 + 0.09a 0.33 £ 0.02a 2.51 £ 0.07a 0.27 + 0.02a 2.22 + 0.06a 0.19 £ 0.01a
10 2.60 + 0.07b 0.22 £ 0.01b 1.96 + 0.05b 0.13 + 0.01b 1.56 + 0.05b 0.10 £ 0.01b
50% 20 2.41 + 0.06¢c 0.19 £ 0.01c 1.72 + 0.05¢ 0.09 + 0.01c 1.34 + 0.05¢ 0.06 + 0.01c
30 2.38 + 0.06¢ 0.17 £ 0.01c 1.68 + 0.04c 0.08 + 0.01c¢ 1.31 + 0.04c 0.06 + 0.01c

Values are mean + SE (n = 10). The mean values in each column followed by different lowercase letters are significantly different by Fisher’s

least-significant difference test (LSD) at P < 0.05
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Table 6 Effect of OMF compost as a partial substitution of NPK on yields of Phaseolus vulgaris plants grown under soil salinity

Treatments Parameters
Recommended OMF compost Pods weight Pods weight Seed weight Seed weight
NPK dose (ton h™ 1 plantf' (2) (ton ha™h) plantf' (2) (ton ha™h)
2012 season
Control (100% NPK) 60.7 £ 3.4a 8.97 £ 0.5a 12.7 £ 0.8a 1.82 £ 0.12a
10 50.0 + 2.7b 7.14 + 0.4b 10.5 + 0.6b 1.50 £ 0.10b
50% 20 61.7 + 3.6a 891 £+ 0.5a 13.0 £+ 0.9a 1.85 & 0.13a
30 62.1 + 3.9a 9.30 + 0.6a 13.2 £ 0.9a 1.91 £ 0.15a
2013 season
Control (100% NPK) 63.2 + 4.1a 9.02 + 0.6a 133 £ 1.1a 1.90 £ 0.14a
10 489 £+ 2.9b 6.98 + 0.4b 10.3 £ 0.7b 1.46 £+ 0.10b
50% 20 63.7 + 4.4a 9.10 + 0.6a 134 + 1.2a 191 £ 0.13a
30 65.8 £ 4.7a 942 £ 0.7a 13.8 £ 1.4a 1.98 £ 0.14a

Values are mean £ SE (n = 10). Mean values in each column followed by different lowercase letters are significantly different by Fisher’s least-

significant difference test (LSD) at P < 0.05

plants. Soil application of organic fertilizers is one of the
good strategies to alleviate the damaging effects of Cd*" on
plants and to avoid its entry into plants (Table 1) and sub-
sequently the food chain as shown in the present study. Cd**
was found to bind to the organic matter existing in soil, and
to rule out away from the plant roots (Baranski et al. 2014).
The results of hundreds of works indicated that organic
crops have a higher antioxidant activity and a lower con-
centration of Cd** compared to inorganic crops (Baranski
et al. 2014). This is in accordance with our results (Table 5),
which showed that plants that received the full recom-
mended NPK fertilizer dose had Cd*" concentrations above
the limits determined in legumes, while those that received
OMF compost as an alternative to 50% of the recommended
NPK fertilizer dose had Cd** concentrations below the
limits (0.28 mg kg~ '; Kabata-Pendias and Pendias 2001).

Common bean yields

As an alternative to 50% of the recommended dose of
NPK, addition of OMF compost at a rate of 10 ton ha ™'
showed significant reductions (P < 0.05), while application
of a rate of 20 or 30 ton h™' revealed no significant dif-
ferences (P < 0.05) in common bean yield characteristics
(in terms of pod weight per plant and per hectare, and seed
weight per plant and per hectare) when compared with the
control treatment (100% of the recommended dose of
NPK; Table 6). The same trends were observed over both
growing seasons. The favorable yields obtained with OMF
compost used in the current study were at a rate of 20 or
30 ton h™' combined with 50% of the recommended dose
of the NPK fertilizers. This could be attributed to the
positive combined effects of the OMF compost and NPK
fertilizers, which show the fast release of nutrients from the

NPK fertilizers for seedlings at the early stage of growth
and slow release of these nutrients from the OMF compost
for plants at the late stages of growth. This reflects an
increase in the pod and seed yields, or an equivalent yield
to the control using OMF compost as a soil conditioner
with the reduction of NPK to 50% of the recommended
dose. However, 20 ton OMF compost ha™' is preferable
for achieving the greatest yields and highest soil fertility in
the long run. It seems likely that mineral elements released
from the decayed compost (more nutrient availability,
Table 1) would be closely related to the improved leaf
photosynthetic pigments (Table 3) and plant nutritional
status (Table 4), reflecting in the plant growth rate. This
improved plant growth rate reflected, in turn, in enhanced
green and dry yields. Taken together, the combined treat-
ment of 20 ton OMF compost ha™' and 50% NPK enabled
plants to overcome many of the adverse effects of soil
salinity. KH and S, as components of the OMF compost,
have often been proposed as additives for saline soils to
improve crop production. They have also been suggested
as soil amendments to protect plants against various abiotic
stresses (Adani et al. 1998). In addition, FYM as one of the
OMF compost components has the benefit to improve crop
production similar to the results obtained by Singh et al.
(2015) on the cotton and peanut intercropping system.
Similar results were obtained by Kumar et al. (2014) and
Suja and Sreekumar (2014).

Conclusions
The OMF compost at a rate of 20 ton h™' showed promise,

as an alternative to 50% of the recommended dose of NPK
fertilizers, for common bean production with low
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pollutants for human nutrition and health. This treatment
showed lower concentrations of Cd*" and NO;~ than the
control, increasing yield quality and maintaining the same
yield quantity. It is therefore reasonable to recommend the
use of OMF compost as an alternative to 50% of the rec-
ommended NPK dose. Further studies are needed to focus
on the bio-availability of the degraded fractions of the
OMF compost in the soil solution, rhizosphere, and the
relationships between the activities of these fractions and
the metabolism of soil micro-organisms and their effects on
plant metabolism.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.
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