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traits of striped catfish (Pangasianodon
hypophthalmus) and barley (Hordeum
vulgare) cultivated under an integrated
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Abstract

Background Soil salinity, soil infertility, and freshwater scarcity are among the major constraints affecting agricultural
ecosystems in arid and semi-arid regions of the world. Hence, there is a need to look for salt-tolerant crops and fish
that can be successfully cultivated and reared respectively in such harsh environments. The implementation of bio-
saline integrated aquaculture-agriculture systems (IAAS) utilizing both salt-tolerant crops and fish could improve

food and feed production in arid and semi-arid regions. This study, therefore, investigated the influence of salinity

on the biometric traits of striped catfish (Pangasianodon hypophthalmus) and barley (Hordeum vulgare) under an IAAS.

Method The experiment followed a randomized completely block design of three salinity treatments with three rep-
licates namely, TO: Control (freshwater mixed with chemical fertilizers), T1: 5,000 ppm, T2: 10,000 ppm, and T3: 15,000
ppm.

Results Irrigating barley with saline aquaculture wastewater at different salinities (5,000 ppm, 10,000 ppm,

and 15,000 ppm) did not significantly affect the agro-morphological parameters (internode number per plant,

stalk diameter, leaf number per plant, leaf area index, and leaf chlorophyll content (SPAD)) of the plants at 90 days
after sowing. Moreover, the forage yield and forage quality in terms of fiber fraction, nutrient composition, and in vitro
digestibility of the forage biomass were not severely affected by high salinity compared to the control (freshwater
and inorganic fertilizers). Our results also showed that rearing striped catfish in saline water not exceeding 10,000
ppm did not negatively impact the growth performance (final weight, body weight gain, feed conversion ratio, spe-
cific growth rate, condition factor, and survival) and the health status of the fish.

Conclusions The integration of striped catfish and barley production in water salinities below 15,000 ppm could be
a feasible alternative in safeguarding food and feed security in regions affected by soil salinity, soil infertility, and fresh-
water scarcity. Moreover, the salinity regime of 5,000 ppm could bring higher economic gains to farmers regard-

ing higher crop yields (fish and forage yield).
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Background

Soil salinity, soil infertility, and freshwater scarcity are
among the major constraints affecting agricultural eco-
systems in arid and semi-arid regions of the world [1-5].
The United Nations Food and Agriculture Organization
has estimated that more than 955 million hectares (mha)
of land are salt-affected, and ~77 mha are attributed to
secondary salinization [6]. Soil salinization disrupts the
root-soil interactions due to increased salt accumula-
tion in the root zone which changes the soil pH leading
to the unavailability of certain nutrients for plant uptake
[7, 8]. As such, there is a decline in crop productivity and
yield of salt-sensitive plants. On the other hand, fresh-
water scarcity is another major problem that is globally
faced by livestock farmers in arid and semi-arid regions
as a consequence of climate change [9-11]. This has
accelerated land degradation and loss of biodiversity due
to the utilization of saline underground water for irriga-
tion, hence resulting in low crop vyields of salt-sensitive
forages needed for animal nutrition [12]. In the same
regard, the production of alternative protein sources such
as fish in inland systems of marginal areas has also been
constrained due to limited freshwater resources [13] and
hence, further deepening hunger in vulnerable commu-
nities. Therefore, to improve both food and feed produc-
tion in such marginal areas, there is a need to implement
scientifically practical and low-cost technologies that
make use of on-farm synergies of biosaline crop and fish
farming amidst limited natural resources.

Inland saline aquaculture which refers to land-based
aquaculture using saline/brackish underground water
has provided opportunities to diversify food production
as well as improve food security in regions affected by
freshwater scarcity [14—16]. Freshwater fish species such
as Nile tilapia (Oreochromis niloticus), African catfish
(Clarias gariepinus), and striped catfish (Pangasianodon
hypophthalmus) are among the most commonly studied
species for inland saline aquaculture due to their toler-
ance to salinity stress [17-22]. For instance, El-Leithy
et al. [23] investigated the influence of different salin-
ity concentrations (6000 ppm, 16,000 ppm, and 20,000
ppm) on the growth and immune response of Nile tila-
pia (O. niloticus) and observed better growth perfor-
mance (body weight gain) and immune response (higher
expression of ion regulated genes (Na*/K"-ATPase a1-b),
stress-related genes (GST, HSP27, and HSP70) of the
gills, inflammatory-related genes (/L-1f and IL8) and
immune-related genes (TLR) in the liver tissue) of fish
reared at 16,000 ppm. At 20,000 ppm, increased mortal-
ity and expression of kidney-immune-related genes were
noted thus indicating that O. niloticus cannot survive
well at such water salinities. In another study, Thomas
et al. [24] investigated the growth response of O. niloticus

Page 2 of 18

and spinach (Spinacia oleracea) in saline aquaponics
system and observed better growth and survival of both
fish and plants at 9,000 ppm. For catfish, Zidan et al.
[21] observed that rearing C. gariepinus in water salini-
ties reaching up to 12,000 ppm did not severely affect the
growth performance and immune response in fish com-
pared to those reared at 16,000 and 20, 000 ppm. Kumar
et al. [25] conducted a trial to elucidate the salinity tol-
erance levels (0, 5000, 10,000, 15,000, 20,000 and 25,000
ppm) of P hypophthalmus and observed increased blood
urea, reduction in total serum proteins, and poor sur-
vival in fish reared at salinities exceeding 15,000 ppm.
Using RNA-Seq approach technology, Nguyen et al. [26]
observed a differential expression of genes in fish reared
at 15,000 ppm, most of which were related to salinity
tolerance.

Although inland saline aquaculture presents oppor-
tunities for improved food security in marginal areas,
management of nutrient-rich aquaculture wastewater is
a challenge and its poor disposal could lead to environ-
mental pollution. The integration of aquaculture with
agriculture is a feasible alternative for the sustainable
utilization of nutrient-rich aquaculture wastewater that
would otherwise cause damage to environmental ecosys-
tems [27].

Biosaline integrated aquaculture-agriculture systems
(IAAS) have not only proved to be anticipatory actions
in safeguarding both food and feed security in marginal
areas but also a sustainable source of income from dif-
ferent system components [28, 29]. In these systems,
the wastes from one system that would otherwise cause
environmental pollution when poorly disposed of are
used as an input to another system hence promoting effi-
cient and sustainable utilization of resources (i.e. land
and nutrient-rich wastewater) for increased productivity
[29-31]. In other words, the aquaculture nutrient-rich
wastewater from the fish production units is channeled
to the grow beds to be utilized as both a water and nutri-
ent source by the cultivated plants hence increasing yield
per unit area of production. For instance, Kimera et al.
[30] investigated the influence of aquaculture wastewa-
ter on the growth, yield, and essential oil composition of
Origanum majorana and observed improved growth and
biomass yield of the crop irrigated with aquaculture efflu-
ents in the first cut. In another study, Tasung et al. [29]
reported improved biomass yield in Salicornia brachiata
Roxb irrigated with aquaculture wastewater compared
to seawater. Likewise, Guimaraes et al. [31] investigated
the effect of irrigating saline aquaculture wastewater on
the productivity of forage sorghum varieties under semi-
arid conditions and observed a 25% increase in yield of
sorghum irrigated with saline aquaculture wastewater
with a 15% leaching fraction. The positive results of the
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aforementioned studies are attributed to the high con-
centrations of organic matter, nitrogen, and phosphorus
in the aquaculture wastewater all of which improve plant
growth and yields. It is imperative to note that organic
matter not only improves the soil structure but also low-
ers soil salinity hence improving plant growth [32-34].
Furthermore, previous studies have shown that aquacul-
ture wastewater contains plant growth-promoting bacte-
ria (PGPB) that stimulate plant tolerance against abiotic
stress [35, 36].

To the best of our knowledge, no comparative study has
so far been conducted to investigate the growth, yield,
and forage quality response of barley (Hordeum vulgare)
cultivated under an IAAS in comparison to chemical
fertilizers.

Barley is one of the most important cereal crops around
the world but unlike other economically important cere-
als like wheat, barley is considered to be relatively salt
tolerant [37, 38]. It is worth noting that barley is one of
the most commonly studied model crops on the inherit-
ance and mechanisms of salinity tolerance due to its abil-
ity to tolerate salinity levels reaching up to 250 mM NaCl
(equivalent to 40% sea water) [39, 40]. In the same con-
text, striped catfish (P hypophthalmus) is a freshwater
finfish species that has been reported to have tolerance to
abiotic stress such as salinity and high stocking densities.
Moreover, coupled with its high growth rates, acceptable
taste, low costs of production, and high profitability, this
fish species is, therefore, of great economic importance
in biosaline aquaponics [41, 42].

The aim of our study, therefore, was to investigate; (i)
the effect of irrigating saline aquaculture wastewater on
the growth, yield, and forage quality of barley cultivated
under an IAAS and (ii) to elucidate the effect of salinity
on the growth performance and health status of striped
catfish (Pangasianodon hypophthalmus) reared under an
IAAS.

Materials and methods

Plant material and experimental design

Barley seeds were obtained from the Agricultural
Research Center (ARC) in Giza, Egypt. A field experi-
ment was conducted between January and April 2022
at the Center for Applied Research on the Environment
and Sustainability (CARES), The American University in
Cairo, New Cairo Egypt (30° 01" 11.7” N31°29” 59.8” E).
The experiment followed a randomized completely block
design of three treatments with three replicates namely;
TO: Control (freshwater mixed with chemical fertiliz-
ers), saline aquaculture wastewater treatments T1, T2,
and T3 of concentrations 5,000 ppm, 10,000 ppm, and
15,000 ppm respectively. Tables 1 and 2 show the soil’s
chemical and physical properties as well as the chemical
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constituents of the salt used in this study respectively.
Figure 1 shows the average weather data parameters
recorded during the experimental season.

Agronomical practices

Seeds were hand-sewn in rows with inter and intra-row
spacing of 30 cm and 50 cm respectively based on a
planting density of 1,466,667 plants/ha (three replicates
per experimental unit/treatment measuring 4 mXx3.5
m). Weeding was done by hand, two weeks after sow-
ing, and plants were drip irrigated according to crop
water requirements. Insect pest and disease manage-
ment were conducted according to the recommenda-
tions of the Egyptian Ministry of Agriculture. Likewise,
the application of chemical fertilizers in the control treat-
ment (fertigation) for the barley was performed accord-
ing to the recommendations of the Egyptian Ministry of
Agriculture.

Agro-morphological parameter measurements

A total of six plants within the border per replicate were
randomly tagged for data collection. At each data collec-
tion time point (30, 60, and 90 days after sowing (DAS)),
plant heights were measured from the crown to the ter-
minal growing point of the plant using a meter rule. Stalk
diameters were measured from the second internode,
bottom-up of the plant using digital vernier calipers, and
averages were calculated. Leaf number and number of
internodes per plant were obtained by counting healthy
leaves and internodes respectively and averages were cal-
culated. Leaf area was calculated as shown below accord-
ing to the formulae of Elsahookie and Cheyed [43].

Leafarea =L« W % C

where L is the leaf length, W is the leaf width, and C is
the constant (0.75).

The leaf area index (LAI) was calculated according to
the formulae below

LAI = leaf area/plot area

Chlorophyll content was measured in the early morn-
ing before mid-day using an MC-100 chlorophyll meter
from Apogee Instruments, Inc, Utah, USA and data
was expressed as SPAD averages. For the determina-
tion of fresh weights, forage biomass (stalks, leaves, and
panicles) per six hills per replicate were harvested at the
end of the experiment (soft dough stage) and weighed
to obtain the fresh forage weights. The forage biomass
was then bagged in paper bags, labeled, and oven-dried
to a constant weight at 70 °C for 72 h, and data were
expressed as g/plant.
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Table 2 Chemical properties of the salt used to prepare different
water salinities in the experimental study

NaCl 98.50%
HCO5~ 4%107%
50, 0.31%
AsO,>- 2% 107%
Ki 53%x1073%
Mg 0.07%

Ca 0.07%

Cu 2x107%%
Fe 3x107%%
Hg 5% 107%%
Pb 2x107%
cd 8x107%
K 0.02%
Soluble matter 0.57%
Insoluble matter 0.02%
Moisture content 0.23%

NaCl Sodium chloride, HCO;- Bicarbonate, SO, Sulfate, AsO,>- Arsenate,
KI Potassium iodide, Mg Magnesium, Ca Calcium, Cu Copper, Fe Iron, Hg Mercury,
Pb Lead, Cd Cadmium, K Potassium

Fiber fraction, nutrient composition, and in vitro
digestibility of forage biomass

Six plants per replicate from each treatment were pooled
and samples were taken for forage quality analysis at the
Regional Center for Food and Feed, Giza, Egypt. For-
age biomass samples (stalks, leaves, and panicles) were
ground using a Willey mill, and the fine powder passed
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through a 1 mm screen. Neutral detergent fiber (NDF,
AOAC no. 2002.04), Acid detergent fiber (ADF, AOAC
no. 973.18), and Acid detergent lignin (ADL, AOAC
no. 973.18) were sequentially determined by semiau-
tomatic ANKOM?220 Fiber Analyzer (ANKOM Tech-
nology, Macedon, NY, USA). Cellulose (ADF-ADL),
Hemicellulose (NDF-ADF), and Lignin were calculated
from the organic matter of the detergent fiber fractions
respectively. The total nitrogen content of the samples
was determined by the Kjeldahl technique followed by
the determination of concentrations of crude protein
(CP) according to the Association of Official Analytical
Chemists 2016 (AOAC n0.984.13 and no. 968.06 respec-
tively). Crude fat (CF), fiber, ash, and humidity contents
were determined according to the approved methods
given in A.O.A.C [44].

To assess the in vitro digestibility of the samples, the
Menke and Steingass [45] gas production technique was
used. Briefly, ammonium-free rumen fluid was collected
in equal proportions from two animal donors (sheep)
before their morning feed and put into thermo flasks.
The rumen fluid was later filtered through a 1 mm sieve
and the obtained filtrate was incubated at 39 °C. Rumen
27 liquor and buffer solution were mixed in a ratio of 1:2
(v/v) and all laboratory procedures for handling rumen
liquor were conducted under a continuous flow of car-
bon dioxide gas. 200 mg test samples were fed into 100
ml capacity graduated plastic syringes and the lubri-
cated pistons were inserted onto the syringes. 30 ml of
rumen liquor (inoculum) was introduced into the plastic
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Fig. 1 Average weather parameters recorded during the experimental period. a: average evapotranspiration, (b): average maximum temperature,
(c): Average relative humidity, (d): average solar radiation, (e): average precipitation, and (f): average wind speed. Red dots indicate the mean

of the climatic parameter
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syringes via silicon tubes at the tips of the syringes and
these were subjected to incubation (+ 39 °C). Gas produc-
tion was measured at 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22,
and 24 h. This experiment was conducted in triplicates.
Digestible organic matter (DOM), metabolic energy
(ME), and net energy (NE) were calculated as described
by Menke and Steingass [45]. Total digestible nutri-
ents (TDN) were calculated from ME values as per the
equation of NRC [46]. Microbial protein (MP) was cal-
culated as described by Czerkawski [47] whereas short-
chain fatty acids (SCFA) were calculated as described by
Getachew et al. [48].

Fish growth performance and hematological parameters
Striped catfish (Pangasianodon hypophthalmus) were
stocked in aquaculture tanks (capacity 900 L) at a stock-
ing density of 81 fish per tank (initial weight~137.0 g;
initial length 24.3 cm). The fish were fed 2 — 3 times
daily with commercial floating pellets supplied by Skret-
ting Egypt. The pellets contained 28% crude protein, 5%
crude lipid, 6% crude fiber, 13% ash, and 9% moisture.
The feeding pattern and frequency were according to
the fish biomass percentage of 2 — 3% depending on the
growth and satiation. Fish growth performance param-
eters such as feed intake (FI), body weight gain (BWG),
feed conversion ratio (FCR), specific growth rate (SGR),
condition factor, and survival were calculated according
to the formula below.
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and immediately taken to the lab for quantification of
ammonia, nitrites, and nitrates concentrations. Briefly,
100 ml of water was collected from the fish tanks before
feeding and irrigation, and taken to the lab for meas-
urement of the nitrogenous elements using a photom-
eter along with the ammonia reagent kit (H193715- 01),
nitrate reagent kit (H193728-01), and nitrite reagent kit
(H193707-01) respectively from HANNA instruments.
Specific absorbance of the nitrogenous elements was
measured using the Aquaculture Photometer device
(H183303). The device was set to display the concen-
trations of ammonia, ammonia—nitrogen, ammonium,
nitrates, nitrate—nitrogen, nitrite, and nitrite-nitrogen
in mg/L.

Statistical analysis

Data analysis was performed using R-Statistical Pro-
gramming Language (version 4.1.0). Before Analysis
of variance (ANOVA) was conducted, data sets were
tested for normality and equality of variances using
Q-Q plots and Levene’s test respectively. ANOVA was
conducted to test for significant differences (P<0.05)
among the treatments. Fisher’s Least Significant Dif-
ference (LSD) test was used to compare differences
between treatment means when significant F values
were observed at P<0.05 level. Pearson correlation
coefficient analysis was performed using the rCorr

FI = Total amount of feed given to the fish daily/total number of fish in the tank

BWG = Final body weight — initial body weight
FCR =FI/BWG

SGR = (In (final body weight) - In (Initial body weight)) / Experimental duration
Condition factor = (final body weight / (fish body length * 3)) *100
Survival = (number of fish at the end of the experiment/number of fish at the beginning of the experiment) * 100

For hematological parameters, a group of 3 fish per
salinity treatment was randomly collected and a 1 cc ster-
ile syringe was used to draw blood from the mid-ventral
line behind the anal fin and collected in purple top EDTA
blood collection tubes. Blood was immediately taken to
the lab for a complete blood count (CBC) test. 150 ul of
blood per treatment was used for determining the CBC
using the human automatic hematology analyzer (XP-
300, Sysmex corporation).

Aquaculture wastewater analysis

Aquaculture wastewater parameters such as pH, dis-
solved oxygen, and temperature were closely monitored
using automated digital Nilebot technologies by Cona-
tive Labs to ensure optimum growth conditions for the
fish. Water samples were collected every two weeks

function to detect relationships between different
variables.

Experimental results

Agro-morphological parameters

Results of the effect of different water salinities on the
growth of barley at different data collection time points
are presented in Table 3. At 30 days after sowing (DAS),
no significant differences in plant height were noted
among the treatments. For internode number per plant,
T1 significantly (P<0.05) recorded the lowest values
compared to T0, T2, and T3. Data on stalk diameter,
leaf area, and leaf area index (LAI) indicated that TO
significantly (P <0.05) recorded higher values compared
to other treatments. Results on leaf number indicated
that T1 significantly (P<0.05) recorded the lowest
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Table 3 Agro-morphological parameters of barley cultivated under different salinity treatments
30 DAS
Treatment Plant height (cm) Internode Stalk diameter (mm) Leaf number plant‘1 Leaf area (cm?) LAl SPAD
number
plant™’
T0 57.10%+3.08 1.94°+0.24 6.08%+0.65 467°+049 4040°+471 28824034 383.00°+7330
T 56.00%+0.00 1114032 5.05°+0.60 3.67°+0.49 31.60P+4.25 226°+030 388.00°+39.50
T2 56.00%+0.00 16124050 510°+0.79 406°+0.54 32.60P+549 233°+£039 363.00°+7130
T3 56.00%+0.00 16124050 511°+043 41774058 33.70P+557 240°+039 393.00°+33.60
60 DAS
T0 128007+4.38 6.94%+1.11 5987+061 6.172+0.51 4320°+538 3.09°+0.39  430.00°+46.90
T 116.00°+5.00 594°+0.80 568%°+058 550°+051 40507+5.17 28974037  342.00°+42.70
T2 102.00°+3.96 544°+086 5214063 556°+0.62 4130°+471 29574034  322.00°+36.00
T3 102.00°+9.36 544°+051 547°+060 561°+0.50 3830°+7.11 27474051  33500°+52.70
90 DAS
T0 130.00?+3.55 4674084  493°+0.74 528%+067 2940°+7.02 21074050  243.00°+97.80
T 110.00°+8.31 4044111 491°+064 550°+0.62 32.30°+4.96 23174035 183.00°+64.10
T2 104.00°+5.70 5332+0.77 49224054 567°+0.69 30.00°+6.56 2144047  208.00°+7520
IE 110.00°+4.57 444°+052 4922+041 5392+0.50 3340°+6.54 23974045 232.00°+54.70

Data is expressed as mean = SD (n=6). Different lower superscript letters within each column indicate a significant difference between treatments (P < 0.05). TO:
Control, T1: 5,000 ppm, T2: 10,000 ppm, T3: 15,000 ppm, LA/ Leaf area index, DAS Days after sowing

values for leaf number per plant compared to other
treatments. No significant differences in SPAD values
were noted among all the treatments.

At 60 DAS, TO significantly (P<0.05) recorded the high-
est plant height compared to other treatments. Likewise,
TO significantly (P<0.05) higher values for internode num-
ber compared to T2 and T3. For stalk diameter, T2 sig-
nificantly (P<0.05) recorded lower values compared to TO
and T1. Data on leaf number per plant indicated that TO
significantly (P<0.05) recorded higher values compared
to T1, T2, and T3. However, no significant differences in
leaf area and LAIL For SPAD, TO significantly (P<0.05)
recorded higher values compared to other treatments.

At 90 DAS, TO significantly (P<0.05) recorded an
increase in plant height by 1.5% compared to other treat-
ments. However, no significant differences in stalk diam-
eter, leaf number per plant, LAL, and SPAD were noted
among all the treatments.

Forage yield

Figure 2 shows the results of the forage yield of barley
cultivated under different salinity treatments. The aver-
age fresh yield (Fig. 2a) ranged from 39.7 to 45.6 t/ha
with T1 significantly (P<0.05) recording higher values
compared to T2. No significant differences in the average
fresh yield were noted between TO0, T1, and T3. Further-
more, the average dry yield (Fig. 2b) ranged from 14.1 to
16.9 t/ha, however, no significant differences were noted
among all the treatments.

Correlation between yield and average
agro-morphological parameters

Figure 3 shows a heatmap of the correlation matrix
yield and agro-morphological parameters of barley cul-
tivated under different salinity treatments. There was
a positive and strong correlation between dry yield
and fresh yield (r=0.8, P<0.0001), dry yield and plant
height (r=0.76, P<0.0001), dry yield and stalk diameter
(r=0.69, P<0.0001). Furthermore, there was a posi-
tive and moderate correlation between dry yield and
SPAD (r=0.56, P<0.0001), dry yield and LAI (r=0.57,
P<0.0001), dry yield and leaf area (r=0.54, P<0.0001),
as well as dry yield and internode number per plant
(r=0.41, P<0.0001). However, there was a negative cor-
relation between fresh yield and leaf number (r=-0.31,
P<0.0001) as well as fresh yield and internode number
per plant (r=-0.2, P<0.0001).

Fiber fraction and nutrient composition of forage biomass

Fiber fraction and nutrient composition of forage bio-
mass under different salinity treatments were evaluated
and results are presented in Table 4. TO significantly
(P<0.05) recorded higher values for neutral detergent
fiber (NDF) compared to T1 and T3. Likewise, TO sig-
nificantly (P<0.05) recorded the highest values for acid
detergent fiber (ADF) compared to other treatments. For
acid detergent lignin, however, TO and T3 significantly
(P<0.05) recorded lower values compared to T1 and T2.
No significant differences in the hemicellulose (HEM)
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and lignin (LIG) contents were noted among all the treat-  4.40% to 7.53% with TO significantly (P<0.05) recording
ments. Data on cellulose (CEL) content showed that TO  the highest CP content compared to other treatments.
and T3 significantly had the lowest values compared to  For crude fats (CF) and fiber content, TO significantly
T1 and T2. The crude protein (CP) content ranged from  (P<0.05) recorded the lowest values compared to other
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treatments. The ash content percentage ranged from
6.80% to 9.57% with TO and T1, significantly (P<0.05)
recording lower values compared to T2 and T3. No sig-
nificant difference in the humidity percentage was noted
among all the treatments.

In vitro digestibility of the forage biomass

Results of the in vitro digestibility of forage biomass
under different salinity treatments are presented in
Table 5. The digestible organic matter (DOM) content
ranged from 47% to 49.4% with T2 and T3 recording
higher values compared to other treatments. Likewise,
T2 and T3 recorded higher values for short-chain fatty
acids (SCFA), total digestible nutrients (TDN), micro-
bial protein (MP), and metabolic energy (ME) compared
to other treatments. However, no significant differences
were noted. Data on the net energy (NE) showed that TO
significantly (P<0.05) had the highest values compared
to T1 and T2.

Correlation between fiber fraction, nutrient composition,
and in vitro digestibility

Figure 4 shows a heatmap of the correlation analysis
between fiber fraction, nutrient composition, and in vitro
digestibility of barley cultivated under different salinity
treatments. A positive and strong correlation was noted
between NE and HEM (r=0.92, P<0.0001), NE and CP
(r=0.84, P<0.0001), Ash and CF (r=0.95, P<0.0001),
ash and TDN (r=0.94, P<0.0001), ash and ME (r=0.95,
P<0.0001), ash and MP (0.83, P<0.0001), as well as ash
and DOM (r=0.83, P<0.0001). Likewise, there was a
positive and strong correlation between ADF and NDF
(r=0.99, P<0.0001), as well as ADL and FI content
(r=0.94, P<0.0001).

Fish growth performance and hematological parameters

Results of the growth performance indices of Pangasian-
odon hypophthalmus are presented in Table 6. No signifi-
cant differences were noted in the initial weights of fish
across all salinity treatments. However, fish reared in T1
recorded significantly (P<0.05) higher values for final
weight, body weight gain (BWG), and specific growth

Page 10 of 18

rate (SGR) compared to those reared in T3. For the feed
conversion ratio (FCR) and condition factor, fish reared
in T1 exhibited better FCR and condition factor than
those reared in T2 and T3 but no significant differences
were noted. However, the feed intake (FI) of fish reared in
T1 was significantly (P<0.05) higher than those reared in
T2 and T3. However, the survival percentage of fish var-
ied across the treatments with T2 significantly (P<0.05)
recording higher values for survival percentage followed
by T1 and T3 respectively.

The influence of salinity on the hematological param-
eters of P. hypophthalmus is presented in Fig. 5. Fish
reared in treatment T1 significantly (P<0.05) had the
highest white blood cell (WBC) (Fig. 5a) and red blood
cell (RBC) (Fig. 5b) concentration compared to those
reared in T2 and T3. However, fish reared in treatment
T1 significantly (P<0.05) recorded lower values for mean
corpuscular volume (MCV) (Fig. 5¢), and mean corpus-
cular hemoglobin (MCH) (Fig. 5e) compared to those
reared in treatments T2 and T3. No significant differ-
ences in the concentration of platelets (PLT) (Fig. 5d) and
mean corpuscular hemoglobin concentration (MCHC)
(Fig. 5f) was noted among all treatments.

Aquaculture wastewater quality

Table 7 summarizes the results of the aquaculture
wastewater quality. The results showed no significant
differences in the concentration of ammonia (NHj),
ammonium (NH,"), and ammonia-nitrogen (NH; — N)
among all the treatments. Although T3 recorded higher
values for concentration of nitrite (NO, ), nitrite-nitro-
gen (NO, - N), nitrate (NO;), and nitrate-nitrogen
(NO,. — N), no significant differences were noted among
T3, T2,and T1.

Discussion

Freshwater scarcity is one of the major challenges facing
the Egyptian agricultural sector today hence the utiliza-
tion of brackish water for the production of salt-tolerant
plants and fish is one of the potential solutions to safe-
guard the country’s food security. In the current study,
irrigating plants with saline aquaculture wastewater of

Table 5 Results of in vitro digestibility of barley cultivated under different salinity treatments

Treatment DOM (%) SCFA (mmol/ml gas) TDN (%) MP (g/kg DOM) ME (Mcal/kg DM) NE (Mcal/IB)
TO 47.60°+3.23 0.712+0.11 4810°+3.19 57.50°+3.90 1.69°+0.15 3.527+0.11
T1 47.00°+2.71 0.74°+0.08 48.10°+2.26 56.70°+3.26 1.69°+0.10 3.38+0.08
T2 49.10%+1.73 0.79°+0.05 49607+ 1.49 59.20°+2.08 1.76°+0.07 34524006
T3 49.40°+0.18 0.78°+0.01 49.80°+0.14 59.60°+0.21 1.76+0.01 3.52%°+0.01

Data is expressed as mean +SD (n=3). Different lower superscript letters within each column indicate a significant difference between treatments (P < 0.05). TO:
Control, T1: 5,000 ppm, T2: 10,000 ppm, T3: 15,000 ppm, DOM Digestible Organic Matter, SCFA Short-Chain Fatty Acids, TDN Total Digestible Nutrients, MP Microbial

Protein, ME Metabolic Energy, NE Net Energy
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Fig. 4 A heatmap correlation matrix of fiber fraction, nutrient composition, and in vitro digestibility of barley. Red and blue colors are positive

and negative significant correlations, respectively, by Pearson correlation analysis. The color intensity is proportional to the correlation coefficient. FI:
Fiber, ADL: Acid Detergent Lignin, CEL: Cellulose, LIG: Lignin, HUM: Humidity, DOM: Digestible Organic Matter, MP: Microbial Protein, ME: Metabolic
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Lignin, CP: Crude Protein, HEM: Hemicellulose, NE: Net Energy

Table 6 Growth performance of Pangasianodon hypophthalmus reared under different water salinities

Treatment Initial weight (g) Final weight (g) BWG (g) Fl (9) FCR SGR (%) Condition factor Survival (%)
1 136.00°+0.67 354.92°+32.13 21843°+3164  31765°+0.00 148°+0.22 1.18+0.11 0.85°+0.09 97.53+0.00
T2 137.00°+£1.06 3221042481 18464 +2498 28428°+000 1.56°+020 1.05%+009 0.88%+0.08 100.00° +0.00
T3 138.00°+0.80 282.15°+6.70 144.58°+7.25 248314000 1.72°+009 0.89°+003 1.00°+0.10 93.83°+0.00

Data is expressed as mean = SD (n=3). Different lower superscript letters within each column indicate a significant difference between treatments (P <0.05).T1: 5,000
ppm, T2: 10,000 ppm, T3: 15,000 ppm, BWG Body Weight Gain, F/ Feed Intake, FCR Feed Conversion Ratio, SGR Specific Growth Rate

different salinities did not severely affect the forage yield
of barley (Fig. 2). It is worth noting that barley is one of
the most commonly studied model crops on the inher-
itance and mechanisms of salinity tolerance due to its
ability to tolerate salinity levels reaching up to 250 mM
NaCl (equivalent to 40% sea water) [39, 40]. For instance,
Mwando et al. [49] investigated the genome-wide asso-
ciation of salinity tolerance in barley during germina-
tion. Using approximately 24,000 genetic markers to
detect marker-trait associations (MTA) and their associ-
ated genes for salinity tolerance during germination, the
authors detected 19 quantitative trait loci (QTLs) con-
taining 52 significant salt-tolerance-associated markers

across all chromosomes and 4 genes belonging to 4 fam-
ily functions (Piriformospora indica-insensitive protein
2, Protein kinase superfamily protein, Lipase 1, and Heat
shock protein 21) underlying the predicted MTAs. In
another study, Zhou et al. [50] conducted a glasshouse
experiment to identify QTLs associated with salinity
stress tolerance in 172 doubled-haploid lines generated
from a salt-tolerant barley genotype, YYXT during the
vegetative growth phase. The authors identified 5 QTLs
for salinity tolerance on chromosomes 1H, 2H, 5H, 6H,
and 7H which accounted for more than 50% of the phe-
notypic variation. Similarly, Xue et al. [51] conducted a
study to identify the QTLs associated with salinity stress
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Fig. 5 Hematological parameters of Pangasianodon hypophthalmus reared under different salinity treatments. Data is presented as mean+SD
(n=3). Error bars represent the standard deviation. Bar columns have different letters are significantly different at P<0.05.T1: 5,000 ppm, T2: 10,000
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Table 7 Results of the aquaculture wastewater quality at different salinity treatments

Treatment Ammonia (mg/L) Ammonium (mg/L) Ammonia- Nitrite (mg/L) Nitrite- Nitrate (mg/L) Nitrate-Nitrogen (mg/L)
Nitrogen Nitrogen
(mg/L) (mg/L)

T 269°+2.54 2987 +2.69 2.21%+2.09 13.30°+11.50  4.33%+351 60.10%+60.20 13.60°+13.60

T2 4.877+4.78 5.17°+£5.07 4.00°+3.93 19.00°£1600 6.00°+500 69.70°t63.30  15.60%+14.50

T3 2.78%+241 29374255 2.27°+1.98 2070°+14.60 7.33°+473  87.70°+4530 19.80°+10.20

Data is expressed as mean = SD (n=3). Different lower superscript letters within each column indicate a significant difference between treatments (P <0.05).T1: 5,000

ppm, T2: 10,000 ppm, T3: 15,000 ppm

tolerance in barley during its late growth stage and
detected 13 QTLs under salinity stress. Moreover, major
QTLs controlling tiller number, spikes per line, and
spikes per plant were mapped on the same region (i.e. a
region flanked by the markers bPb-1278 and bPb-8437)
on chromosome 4H and were highly expressed under
salinity stress hence indicating the significance of chro-
mosome 4H in salinity tolerance in barley.

Although our results did not show a severe nega-
tive impact of salinity on the forage yield of barley, we

observed a non-significant decline in certain agro-mor-
phological parameters such as stalk diameter, leaf area,
leaf area index (LAI), and chlorophyll content (SPAD)
(Table 3). These observations could be attributed to sev-
eral factors such as ionic and oxidative stress that lead
to the production and release of reactive oxygen spe-
cies (ROS) which cause chlorophyll degradation [52-54]
and lipid peroxidation of cell membranes [53, 55, 56]. In
a study conducted on several genotypes of barley (Hor-
deum vulgare), Akhter et al. [57] reported that changes
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in the length of plant shoots, roots, and photosynthetic
activity were positively correlated under salinity stress,
concluding that salinity stress disrupted the chlorophyll
molecules and proteins in photosystem II (PSII) which
resulted in the disturbance in electron transfer between
donor and acceptor sites in PSII mostly in the salinity
sensitive genotype (B-14011). In another study, Shahzad
et al. [58] observed that irrigating maize (Zea mays) with
saline water (8000 ppm) negatively impacted the photo-
synthetic activity of plants as indicated by a decline in the
chlorophyll content of plant leaves and growth. Salinity
stress has also been reported to induce changes in the
anatomy of several plant species as a result of changes
in turgor potential, osmotic potential, and a decline in
nutrient uptake [57, 59, 60]. For instance, Abrar et al. [61]
investigated the impact of salinity on the agro-morpho-
logical traits of Jatropha curcas and observed a significant
reduction in plant height and stem diameter under salin-
ity stress. In young citrus rootstocks, Othman et al. [59]
observed a reduction in nutrient uptake in sour orange
(Citrus aurantium) irrigated with saline water reach-
ing up to 12,000 ppm which led to a decline in several
agro-morphological traits such as stem diameter, plant
height, and leaf area. Similarly, Kheloufi & Mansouri [60]
reported anatomical changes in root and stem tissues of
Acacia karroo and Acacia saligna cultivated under highly
saline conditions.

Positive and strong correlations were noted between
dry weight and stalk diameter, plant height, SPAD, as
well as fresh weight (Fig. 3). This is because variations
in the aforementioned agro-morphological parameters
are anticipated to be the result of changes in the mois-
ture content of plant tissues and temperature which
have a direct effect on the dry weight [62]. During the
experimental period of our study, there was an increase
in temperature and solar radiation (Fig. 1b and d) which
we anticipate could have led to a decline in the mois-
ture content of plant tissues thus causing an impact on
the variation of the studied agro-morphological param-
eters regardless of the salinity treatment. Solar radiation
has been previously reported to cause changes in atmos-
pheric temperatures [63—65] which could also impact
plant growth, and depending on the plant species, high
solar radiation can improve or reduce plant growth and
yield (i.e. in terms of fresh and dry weights). For instance,
Simonneau et al. [66] observed changes in stem diame-
ters of peach trees (Prunus persica (L.) Batsch cv ‘May-
crest’), and this was closely related to solar radiation and
moisture content of plant tissues. However, Suzuki et al.
[67] have recently shown that inducing solar radiation
stress on sweet potato ([pomoea batatas (L.) Lam) grown
in a multilayer cultivation system led to an increase in
the number of leaves in the lower layer. Furthermore, the
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authors reported an increase in the amount of dry bio-
mass of sweet potatoes as solar radiation increased.

Our study also evaluated the influence of different
water salinities on the forage quality of barley (Hordeum
vulgare) cultivated under an integrated aquaculture-
agriculture system (IAAS) (Tables 4 and 5). The amount
of ash in the forage biomass was affected by salinity
with higher values recorded in highly saline conditions
(T2: 10,000 ppm and T3: 15,000 ppm). Our results are
in agreement with previous studies on Panicum maxi-
mum [68], Sorghum bicolor [69], Bassia scoparia [70],
Pennisetum glaucum (L.) [71], Melilotus albus and Med-
icago sativa (L.) [72]. Ash is indeed a representative of
the concentration of nutrients in plant tissues and thus
a potential index of forage quality [69]. This is because,
under saline conditions, plants absorb salts and trans-
locate them to the shoots leading to an increased accu-
mulation of salts in plant tissues [69, 70, 72]. Neutral
detergent fiber (NDF) and acid detergent fiber (ADF)
are one of the most crucial factors used to assess forage
quality and as such, forages with lower NDF and ADF
facilitate more dry matter intake in ruminants [69, 73].
Salinity stress reduced the NDF and ADF of plants with
the lowest values recorded in highly saline conditions
(T3). Our results are similar to those reported on Lolium
multiflorum, Lam. by Ben-Ghedalia [74], Cynodon dac-
tylon, and Pennisetum clandestinum by Robinson et al.
[75]. However, Hedayati-Firoozabadi et al. [69] observed
reduced forage quality in terms of increased NDF and
ADF of Sorghum bicolor intercropped with Bassia indica
under highly saline conditions. The difference in results
could be attributed to differences in plant species, har-
vest stage, and experimental conditions. Although plants
cultivated under saline conditions exhibited lower values
for NDF and ADF, their crude protein (CP) content was
lower than that of the control. This could be due to the
accumulation of salts in the root zone which caused dam-
age to the root system and hence impeded the absorption
of nutrients from the soil [76]. For good quality forages,
the CP content should be>7.0 as recommended by Mil-
ford & Minson [77]. The high CP content of plants in the
control could be attributed to higher concentrations of
nitrogen in the inorganic fertilizer compared to that in
the saline aquaculture wastewater. Previous studies have
shown that application of nitrogen fertilizers improves
the CP content of forages [78—81]. CP is the most impor-
tant nutrient for ruminants as it facilitates the activity
of rumen microbes involved in milk production and the
maintenance of meat quality [82, 83]. Rumen fermenta-
tion as represented by digestible organic matter (DOM),
microbial protein (MP), short-chain fatty acids (SCFA),
total digestible nutrients (TDN), metabolic energy (ME),
and net energy (NE) indicated no significant differences
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among treatments except for NE. Moreover, there was a
strong and positive correlation between NE and hemi-
cellulose (HEM) as well as NE and CP (Fig. 4). NE is an
index that is used to assess the usefulness of silage in the
nutrition of dairy animals [84]. As a rule of thumb, the
higher the NE, the better the silage quality of the forage.
Hence based on the results of our studies, barley culti-
vated under highly saline conditions (15,000 ppm) and
harvested at the soft dough stage could still possess good
silage properties. Note that barley is one of the most salt-
tolerant crops and hence a model plant for studies on the
mechanisms of salinity tolerance in grain crops [40, 85].

The influence of salinity on the growth performance
(Table 6) and hematological parameters (Fig. 5) of Pan-
gasianodon hypophthalmus were assessed. There were
significant differences in the fish growth performance
parameters such as the feed intake (FI), final weight
(FW), body weight gain (BWG), specific growth rate
(SGR), and survival percentage among the treatments.
Fish reared in highly saline conditions (T2 and T3) exhib-
ited lower FI due to salinity stress and this is in agree-
ment with previous studies on Oreochromis sp. [86, 87],
Cyprinus carpio (88, 89], Ctenopharyngodon idella [90,
91], and juvenile P hypophthalmus [41]. It is worth not-
ing that reduced FI in freshwater fish is crucial to relieve
high osmotic stress under highly saline conditions [90,
91] which could explain the reduced FI of P. hypophthal-
mus in our study. Likewise, a decline in FW, BWG, and
SGR mostly in extremely saline conditions (T3; 15,000
ppm) is attributed to increased catabolism of lipids and
carbohydrates in fish to produce more energy required
for enhancing the fish’s tolerance to salinity stress [92]. In
the same regard, the survival percentage of fish reared in
T1 was significantly lower compared to that of fish reared
in T2 and T3 and we suggest that the observed result
could be due to management practices rather than salin-
ity. For instance, high stocking densities lead to increased
oxygen demand in fish [93-95], and failure to maintain
the oxygen levels at the desired concentrations of the
organism could result in death.

Overall, P. hypophthalmus showed tolerance to salinity
stress up to 10,000 ppm without significant detrimental
effects on growth performance in terms of BWG, FCR,
SGR, and condition factor. Our results are in agree-
ment with previous studies on the growth performance
of P hypophthalmus under different salinity regimes
[17, 41, 96, 97]. For example, Nguyen et al. [96] assessed
the effect of sublethal salinities (2, 6, 10, 14, and 18 g/L)
on the stress response and growth performance of P
hypophthalmus juveniles and observed good survival and
growth performance (weight gain (WG), daily weight
gain (DWG@G), SGR, and FCR) of fish at water salinities
from 2 to 10 g/L. Fish reared in higher water salinities (14
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and 18 g/L) exhibited an increased accumulation of blood
glucose and cortisol which indicated stress thus leading
to poor growth performance. Likewise, Jahan et al. [17]
investigated the growth response of P hypophthalmus
reared under 0, 4, 8, and 12% salinity levels and observed
that salinity levels from freshwater to 8% (8000 ppm)
showed optimal conditions in terms of fish survival and
growth performance parameters such as WG and SGR,
with salinity level 4% (4000 ppm) showing the best FCR.
Similarly, Abdel-Latif et al. [41] observed no adverse
effects on the growth of P. hypophthalmus reared at 4%
salinity levels. Moreover, the authors suggested that this
fish species can tolerate salinity levels reaching up to 8%
as indicated by a good FI and survival. In another study,
Ha et al. [97] observed an increasing trend in the growth
of P hypophthalmus reared in water salinities ranging
from O to 9%.

Just like in mammals, fish blood cells such as white
blood cells (WBC) and red blood cells (RBC) are impor-
tant hematological parameters used to assess fish health
[98, 99]. According to the results of our study, there was
a significant decline in the concentration of WBC and
RBC in fish reared in T2 and T3 compared to T1 (Fig. 5a
and b) hence indicating an impairment in fish health
under highly saline conditions. Moreover, an increase
in the mean corpuscular volume (MCV), mean corpus-
cular hemoglobin (MCH), and platelet concentration
further attests to the health impairment of fish reared
under extremely saline conditions and this is in agree-
ment with some of the previous studies [100—102]. How-
ever, other studies have slightly shown contradictory
results [103, 104] and this could be attributed to differ-
ences in fish species, initial body weight, type of feed,
and experimental conditions. Overall, this study suggests
that P. hypophthalmus can be reared in saline conditions
not exceeding 10,000 ppm without severely affecting the
health status of fish.

Accumulation of nitrogenous elements such as ammo-
nia in rearing tanks is an important indicator of a decline
in water quality in aquaculture. In our study, the T2 salin-
ity treatment significantly had higher levels of ammo-
nia (NH;), ammonium (NH,"), and ammonia—nitrogen
(NH; — N) accumulation compared to T1 and T3 as
shown in \* MERGEFORMAT Table 7. This is because
exposing fish to high water salinities leads to increased
amino acid catabolism which results in the accumula-
tion of ammonia in water [105]. Moreover, as water
salinity increases, so does the equilibrium constant (pK)
of ammonia thus leading to its excretion and accumula-
tion in aquatic ecosystems [105, 106]. However, the T3
salinity treatment exhibited a decline in the accumu-
lation of NH,;, NH,", and NH; — N despite fish being
exposed to extremely saline conditions (15,000 ppm).
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This is because, at extremely high salinities, the metabo-
lism of fish changes with more preference given to lipids
and carbohydrates as substrates for energy production
that would aid in building up tolerance to salinity stress
[92]. It is also interesting to note that the concentration of
nitrates (NO; ), and nitrate-nitrogen (NO;. — N) varied
across the salinity treatments although no significant dif-
ferences were noted. This could explain why there were
no significant differences in agro-morphological param-
eters (such as stalk diameter, leaf number, leaf area index
(LAI), and chlorophyll content (SPAD)) and dry yield of
plants.

Conclusion

In conclusion, therefore, the current study revealed that
irrigating barley with saline aquaculture wastewater at
different salinities (5000 ppm, 10, 000 ppm, and 15,000
ppm) does not severely impact the forage yield and for-
age quality of the crop. Furthermore, rearing striped cat-
fish (Pangasianodon hypophthalmus) in water salinities
not exceeding 10,000 ppm does not severely affect the
growth performance and health status of the fish. Hence,
the integration of P. hypophthalmus and barley produc-
tion in water salinities below 15,000 ppm could be a fea-
sible alternative for safeguarding food and feed security
in regions affected by freshwater scarcity. Moreover, the
salinity regime of 5,000 ppm could bring higher eco-
nomic gains to farmers regarding higher crop yields (fish
and forage yield).

Acknowledgements
Not applicable.

Authors’ contributions

Hani Sewilam and Fahad Kimera participated in conceptualization. Fahad
Kimera., Muziri Mugwanya, Khaled Madkour, and Mahmoud Dawood contrib-
uted to the research design and data collection. Muziri Mugwanya contrib-
uted to data analysis and interpretation. Muziri Mugwanya and Fahad Kimera
contributed to paper writing, reviewing, and editing. Hani Sewilam supervised
all the work. All authors reviewed the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This work was
supported by The American University in Cairo.

Availability of data and materials
The datasets generated during and/or analyzed during the current study are
available from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

All plant materials and related procedures in this study were done under

the guidelines of the Institutional Review Board of the American University

in Cairo and the Ministry of Agriculture and Land Reclamation in Egypt. This
study followed the guidelines and approval of the Committee of Animal Wel-
fare and Research Ethics, Faculty of Agriculture, Kafrelsheikh University, Egypt.

Page 150f 18

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Center for Applied Research On the Environment and Sustainability (CARES),
School of Science and Engineering, The American University in Cairo, AUC
Avenue, PO. Box 74, New Cairo 11835, Egypt. 2Animal Production Department,
Faculty of Agriculture, Kafrelsheikh University, Kafr El-Sheikh, Egypt. *UNESCO
Chair in Hydrological Changes and Water Resources Management, RWTH
Aachen University, Aachen, Germany.

Received: 15 May 2023 Accepted: 25 August 2023
Published online: 09 September 2023

References

1. Mrema E, Mtunda K, Mbise V. Influence of fertilization on growth and
yield of onion under semi-arid conditions. Int J Veg Sci. 2022,28:366-73.

2. Sharafatmandrad M, Mashizi AK. Temporal and spatial Assessment of
Supply and demand of the water-yield Ecosystem Service for Water
Scarcity Management in Arid to Semi-arid Ecosystems. Water Resour
Manag. 2021;35:63-82.

3. Kugedera AT, Mandumbu R, Nyamadzawo G, Tapiwa A, Mandumbu R,
Nyamadzawo G. Compatibility of Leucaena leucocephala biomass and
cattle manure combination under rainwater harvesting on sorghum
(Sorghum bicolor (L) Moench) productivity in semi-arid region of Zim-
babwe. J Plant Nutr. 2023;46:1580-600.

4. Corddo DSJM, Rufino IAA, Alves PBR, Filho MNM. Water shortage risk
mapping: a GIS-MCDA approach for a medium-sized city in the brazil-
ian semi-arid region. Urban Water J. 2020;17:642-55.

5. Abuelgasim A, Ammad R. Remote sensing applications: Society and
environment mapping soil salinity in arid and semi-arid regions
using Landsat 8 OLI satellite data. Remote Sens Appl Soc Environ.
2019;13:415-25.

6. Srinivasan R, Lalitha M, Chandrakala M, Dharumarajan S, Hegde R.
Application of remote sensing and GIS techniques in assessment of salt
affected soils for management in large scale soil survey. In Soil Health
and Environmental sustainability: application of Geospatial Technology.
Cham: Springer International Publishing; 2022.

7. PhogatV, Mallants D, Cox J, Simunek J, Oliver DP, Awad J. Management
of soil salinity associated with irrigation of protected crops. Agric Water
Manag. 2020;227:105845.

8. Haj-amor Z, Araya T, Kim DG, Bouri S, Lee J, Ghilou W, et al. Soil salinity
and its associated effects on soil microorganisms, greenhouse gas
emissions, crop yield, biodiversity and deserti fi cation : a review. Sci
Total Environ. 2022;843:156946.

9. Singh PK, Chudasama H. Pathways for climate change adaptations in
arid and semi-arid regions. J Clean Prod. 2021;284:124744.

10. Navarrete-molina C, Meza-herrera CA, Herrera-machuca MA, Lopez-Vil-
lalobos N, Lopez-Santos A, Veliz-Deras FG. To beef or not to beef: unveil-
ing the economic environmental impact generated by the intensive
beef cattle industry in an arid region. J Clean Prod. 2019;231:1027-35.

11. Matope A, Zindove TJ, Dhliwayo M, Chimonyo M. Mitigating the effects
of drought on cattle production in communal rangelands of Zimba-
bwe. Trop Anim Health Prod. 2020;52:321-30.

12. Sheikh AA, Ahmed K, Akhter B, Qadir G, Nawaz MQ, Rafa H, et al. Evalu-
ation of quantitative and qualitative attributes of forage Sorghum
irrigated with saline water. Pakistan J Agric Res. 2021,34:905-12.

13. Enciso-lépez AR, Garcia-trejo JF. Challenges of inland finfish aquaculture
in arid regions in North America. In: CONIIN 2019. 2019. p. 1-7.

14.  Aralappanavar VK, Bharti VS, Mukhopadhyay R, Prakash S, Harikrishna
V, Bhuvaneswari GR, et al. Inland saline aquaculture increased carbon
accumulation rate and stability in pond sediments under semi - arid
climate. J Soils Sediments. 2022,22:672-81.

15. Doupé RG, Lymbery AJ, Starcevich MR. Rethinking the land: the devel-
opment of Inland saline aquaculture in western Australia rethinking



Mugwanya et al. BMC Plant Biology

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

(2023) 23:417

the land : the development of Inland saline aquaculture in western
Australia. Int J Agric Sustain. 2003;1:30-7.

Lymbery AJ, Kay GD, Doupé RG, Partridge GJ, Norman HC. Science of
the total environment the potential of a salt-tolerant plant (Distichlis
spicata cv. NyPa Forage) to treat effluent from inland saline aquaculture
and provide livestock feed on salt-affected farmland. Sci Total Environ.
2013;445-446:192-201.

Jahan A, Nipa TT, Islam SM, Uddin MH, Islam MS, Shahjajan M. Striped
catfish (Pangasianodon hypophthalmus) could be suitable for coastal
aquaculture. Appl Ichthyol. 2019;35:994-1003.

Sarma K, Prabakaran K, Krishnan P, Grinson G, Kumar AA. Response of

a freshwater air-breathing fish, Clarias batrachus to salinity stress: an
experimental case for their farming in brackishwater areas in Andaman,
India. Aquac Int. 2013;21:183-96.

Schmitz M, Ziv T, Admon A, Baekelandt S, Mandiki SNM, L'Hoir M, et al.
Salinity stress, enhancing basal and induced immune responses in
striped cat fish Pangasianodon hypophthalmus (Sauvage). J Proteom.
2017;,167:12-24.

Yu X, Setyawan P, Bastiaansen JWM, Liu L, Imron |, Groenen MAM, et al.
Genomic analysis of a Nile tilapia strain selected for salinity tolerance
shows signatures of selection and hybridization with blue tilapia (Oreo-
chromis aureus). Aquaculture. 2022;560:738527.

Zidan EM, Goma AA, Tohamy HG, Soliman MM, Shukry M. Insight study
on the impact of different salinity levels on behavioural responses, bio-
chemical stress parameters and growth performance of african catfish
(Clarias gariepinus). Aquac Res. 2022,53:2750-9.

Gu XH, Jiang DL, Huang Y, Li BJ, Chen CH, Lin HR, et al. Identifying a
major QTL Associated with Salinity Tolerance in Nile Tilapia using QTL-
Seq. Mar Biotechnol. 2018;20:98-107.

El-leithy AAA, Hemeda SA, Abd El Naby WSH, El Nahas AF, Hassan SAH,
Awad ST, et al. Optimum salinity for Nile tilapia (Oreochromis niloticus)
growth and mRNA transcripts of ion-regulation, inflammatory, stress-
and immune-related genes. Fish Physiol Biochem. 2019;45:1217-32.
Thomas RM, Verma AK, Krishna H, Prakash S, Kumar A, Peter RM. Effect
of salinity on growth of Nile tilapia (Oreochromis niloticus) and spinach
(Spinacia oleracea) in aquaponic system using inland saline groundwa-
ter. Aquac Res. 2021;52:6288-98.

Kumar A, Harikrishna V, Reddy AK, Chadha NK, Rani AMB. Salinity toler-
ance of Pangasianodon hypophthalmus in Inland saline water: Effect on
Growth, Survival and Haematological Parameters. Ecol Environ Conserv.
2017,23:475-82.

Nguyen VT, Jung H, Nguyen TM, Hurwood D, Mather P. Evaluation

of potential candidate genes involved in salinity tolerance in striped
catfish (Pangasianodon hypophthalmus) using an RNA-Seq approach.
Mar Genomics. 2016;25:75-88.

Kimera F, Mugwanya M, Dawood M, et al. Growth response of kale
(Brassica oleracea) and Nile tilapia (Oreochromis niloticus) under saline
aqua-sandponics-vegeculture system. Sci Rep. 2023;13:2427. https://
doi.org/10.1038/541598-023-29509-9.

Mustapha ABA, Bakali EB. The benefits of the integration of aquaculture
and irrigation for an efficient use of blue water in order to strengthen
food safety in Morocco. IOSR J Agric Vet Sci. 2020;13:1-9.

Tasung A, Tripathi S, Singh N, Patel PB, Patil RG, Bafna AM. Aquaculture
effluent: Effect on yield, nutrient content and uptake in Salicornia
bachiata Roxb. Environ Pollut. 2015;2:5.

Kimera F, Sewilam H, Fouad WM, Suloma A. Efficient utilization of aqua-
culture effluents to maximize plant growth, yield, and essential oils com-
position of Origanum majorana cultivation. Ann Agric Sci. 2021,66:1-7.
Guimaraes MJM, Simdes WL, Tabosa JN, Santos JE, Willadino L. Cultiva-
tion of forage sorghum varieties irrigated with saline effluent from fish-
farming under semiarid conditions. Rev Bras Eng Agricola e Ambient.
2016;20:461-5.

Leogrande R, Vitti C. Use of organic amendments to reclaim saline and
sodic soils: a review. Arid L Res Manag. 2019;33(1):1-21. https://doi.org/
10.1080/15324982.2018.1498038.

Chi Z, Wang W, Li H, Wu H, Yan B. Soil organic matter and salinity as
critical factors affecting the bacterial community and function of
Phragmites australis dominated riparian and coastal wetlands. Sci Total
Environ. 2021;762:143156.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

56.

Page 16 of 18

Al-Taey DKA, Aimusawi ZJM. Effect of nano-fertilizers, salicylic acid, and
organic matter in growth and yield of rocket (Eruca sativa Mill) under
salt stress. Int J Bot Stud. 2019;4:77-81.

Shen M, Yin Z, Xia D, Zhao Q, Kang Y. Combination of heterotrophic
nitrifying bacterium and duckweed (Lemna gibba L.) enhances ammo-
nium nitrogen removal efficiency in aquaculture water via mutual
growth promotion. J Gen Appl Microbiol. 2019;160:151-60.

Sanchez FA, Vivian-Rogers VR, Urakawa H. Tilapia recirculating aquacul-
ture systems as a source of plant growth promoting bacteria. Aquac
Res. 2019,50:2054-65.

Adem GD, Roy SJ, Zhou M, Bowman JP, Shabala S. Evaluating contribu-
tion of ionic, osmotic and oxidative stress components towards salinity
tolerance in barley. BMC Plant Biol. 2014;14:1-13.

Pour-Aboughadareh A, Sanjani S, Nikkah-Chamanabad H, Mehrvar MR,
Asadi A, Amini A. Identification of salt — tolerant barley genotypes using
multiple - traits index and yield performance at the early growth and
maturity stages. Bull Natl Res Cent. 2021;45:117.

Hazzouri KM, Khraiwesh B, Amiri KMA, Pauli D, Blake T, Shahid M, et al.
Mapping of HKT1; 5 gene in Barley using GWAS Approach and its
implication in salt tolerance mechanism. Front Plant Sci. 2018;9:1-13.
Zhu J, Fan, Shabala S, Li C, Lv C, Guo B, et al. Understanding mecha-
nisms of salinity tolerance in Barley by proteomic and biochemical
analysis of near-isogenic lines. Int J Mol Sci. 2020;21:1516.

Abdel-latif HMIR, Ahmed HA, Shukry M, Khafaga AF, Elkhayat BK, Abdel-
Tawwab M, et al. Growth performance, physiological responses, and
histoarchitectural changes in Juvenile Pangasianodon hypophthalmus
under different environmental salinities. Fishes. 2023;8:282.

Minh HD, Thuy YD, Thanh LP, Minh TB, Nam SV, Thanh HDT, et al. Selec-
tive breeding of saline-tolerant striped catfish (Pangasianodon hypoph-
thalmus) for sustainable catfish farming in climate vulnerable Mekong
Delta, Vietnam. Aquac Repor. 2022;25:101263.

Elsahookie MM, Cheyed SH. Estimating Sorghum leaf area by measur-
ing one leaf length. Iragi J Agric Sci. 2014;45:1-5.

A.O.A.C. Official methods of analysis. Association of the Official Analyti-
cal Chemists. 1984.

Menke KH. Estimation of the energetic feed value obtained from
chemical analysis and in vitro gas production using rumen fluid. Anim
Res Dev. 1988;28:7-55.

NRC. Nutrient requirements of dairy cattle. 6th ed. Washington, D.C..
National Academy Press; 1989.

Czerkawski JW. An intriduction to rumen studies. Oxford: Pergamon
Press; 1986.

Getachew G, Makkar HPS, Becker K. Stoichiometric relationship
between short chain fatty acids and in vitro gas production in presence
and polythyleneglycol for tannin containing browses. In: EAAP, Satellite
Symposium. 1999. p. 18-9.

Mwando E, HanY, Angessa TT, Zhou G, Hill CB, Zhang XQ, et al.
Genome-wide Association Study of Salinity Tolerance during Germina-
tion in Barley (Hordeum vulgare L). Front Plant Sci. 2020;11:1-15.

Zhou G, Johnson P, Ryan PR, Delhaize E, Zhou M. Quantitative trait

loci for salinity tolerance in barley (Hordeum vulgare L). Mol Breed.
2012;29:427-36.

Xue D, Huang Y, Zhang X, Wei K, Westcott S, Li C, et al. Identification of
QTLs associated with salinity tolerance at late growth stage in barley.
Euphytica. 2009;169:187-96.

Alboresi A, Osto LD, Aprile A, Carillo P, Roncaglia E, Cattivelli L, et al.
Reactive oxygen species and transcript analysis upon excess light
treatment in wild-type Arabidopsis thaliana vs a photosensitive mutant
lacking zeaxanthin and lutein. BMC Plant. 2011;11:62.

Nxele X, Klein A, Ndimba BK. Drought and salinity stress alters ROS
accumulation, water retention, and osmolyte content in sorghum
plants. South Afr J Bot. 2017;108:261-6.

Zeeshan M, Lu M, Sehar S, Holford P. Comparison of biochemical, ana-
tomical, morphological, and physiological responses to salinity stress in
wheat and barley genotypes deferring in salinity tolerance. Agronomy.
2020;10:127.

Sachdev S, Ansari SA, Ansari MI, Fujita M, Hasanuzzaman M. Abi-

otic stress and reactive oxygen species: generation. Antioxidants.
2021;10:227.

Takano HK, Beffa R, Preston C, Westra P, Dayan FE. Reactive oxygen spe-
cies trigger the fast action of glufosinate. Planta. 2019;249:1837-49.


https://doi.org/10.1038/s41598-023-29509-9
https://doi.org/10.1038/s41598-023-29509-9
https://doi.org/10.1080/15324982.2018.1498038
https://doi.org/10.1080/15324982.2018.1498038

Mugwanya et al. BMC Plant Biology

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

(2023) 23:417

Akhter SM, Noreen S, Mahmood S, Athar HR, Ashraf M, Abdullah A,

et al. Influence of salinity stress on PSII in barley (Hordeum vulgare L.)
genotypes, probed by chlorophyll- a fluorescence. J King Saud Univ -
Sci. 2021;33:101239.

Shahzad H, Ullah S, Igbal M, Bilal HM, Shah GM, Ahmad S, et al. Salinity
types and level-based effects on the growth, physiology and nutrient
contents of maize (Zea mays). Ital J Agron. 2019;14:1326.

Othman YA, Bany M, Ayad JY, St R. Salinity level influenced morpho-
physiology and nutrient uptake of young citrus rootstocks. Heliyon.
2023;9:e13336.

Kheloufi A, Mansouri LM. Anatomical changes induced by salinity stress
in root and stem of two Avacia species (A. karroo and A. saligna). Agric
for. 2019;65:137-59.

Abrar MM, Sagib M, Abbas G, Atig-ur-rahman M, Mustafa A, Atizaz S,
et al. Evaluating the contribution of growth, physiological, and ionic
components towards salinity and drought stress tolerance in Jatropha
curcas. Plants. 2020,9:1574.

Genard M, Fishman S, Vercambre G, Bussi C, Habib R. A Biophysical
Analysis of Stem and Root Diameter Variations in Woody plants. Plant
Physiol. 2001;126:188-202.

Palomar T, Silva M, Vilarigues M, et al. Impact of solar radiation and
environmental temperature on Art Nouveau glass windows. Herit Sci.
2019;7:82. https://doi.org/10.1186/540494-019-0325-3.

Shrestha AK, Thapa A, Gautam H. Solar Radiation, Air Temperature,
Relative Humidity, and Dew Point Study: Damak, Jhapa, Nepal. Int J
Photoenergy. 2019,2019:7. Article ID 8369231. https://doi.org/10.1155/
2019/8369231.

Daut I, Yusoff MI, Ibrahim S, Irwanto M. Relationship between the Solar
Radiation and Surface temperature in Perlis Relationship between

the solar radiation and surface temperature in Perlis. Adv Mater Res.
2012;512-515:143-7.

Simonneau AT, Habib R, Goutouly J, Huguet J. Diurnal changes in stem
diameter depend upon variations in water content: direct evidence in
peach trees. J Exp Bot. 1993;44:615-21.

Suzuki T, Sakamoto M, Kubo H, Miyabe Y, Hiroshima D. Effects of solar
radiation on leaf development and yield of tuberous roots in multilay-
ered sweet potato cultivation. Plants. 2023;12:287.

da Silva Dias N, de Neto ON S, da Sa FV S, dE Morais DE F, de Souza BG
A, dos Fernandes CS, et al. Biomass, protein content and cell damage in
Tanzania grass irrigated with saline water. J Agric Sci. 2019;11:59-66.
Hedayati-Firoozabadi A, Kazemeini SA, Pirasteh-Anosheh H, Ghadiri H,
Pessarakli M. Forage yield and quality as affected by salt stress in differ-
ent ratios of Sorghum bicolor - Bassia indica intercropping. J Plant Nutr.
2020;0:1-11.

Nabati J, Kafi M, Nezami A, Moghaddam PR, Massomi A, Mehrjerdi

MZ. Evaluation of quantitative and qualitative characteristic of forage
Kochia (Kochia scoparia) in different salinity levels and time. Iran J F
Crop Res. 2015;12:613-20.

Makarana G, Yadav RK, Kumar R, Soni PG. Fodder yield and quality of
Pearl millet genotypes under different levels of salinity of irrigation
water. Indian J Anim Nutr. 2017;34:56-63.

Guerrero-rodriguez JDD, Revell DK, Bellotti WD. Mineral composi-

tion of lucerne (Medicago sativa) and white melilot (Melilotus albus) is
affected by NaCl salinity of the irrigation water. Anim Feed Sci Technol.
2011;170:97-104.

Masters D, Tiong M, Vercoe P, Norman H. The nutritive value of river
saltbush (Atriplex amnicola) when grown in different concentrations of
sodium chloride irrigation solution. Small Rumin Res. 2010,91:56-62.
Ben-ghedalia D, Solomon R, Miron J, Yosef E. Effect of water salinity

on the composition and in vitro digestibility of winter-annual ryegrass
grown in the Arava desert. Anim Feed Scence Technol. 2001,91:139-47.
Robinson PH, Grattan SR, Getachew G, Grieve CM, Poss JA, Suarez DL,
et al. Biomass accumulation and potential nutritive value of some
forages irrigated with saline-sodic drainage water. Anim Feed Scence
Technol. 2004;111:175-89.

Wasim MA, Naz N, Zehra SS. Anatomical characteristic, ionic contents
and nutritional potential of Buffel grass (Cenchrus ciliaris L) under high
salinity. South Afr J Bot. 2022;144:471-9.

Milford R, Minson DJ. Determinants of feeding value of pasture and
supplementary feed. In: Proceedings of the Australian Society of Animal
Production. 1966. p. 319-29.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

Page 17 of 18

Restelatto R, Pavinato PS, Sartor LR, Paixdo SJ. Production and nutritional
value of sorghum and black oat forages under nitrogen fertilization.
Grass Forage Sci. 2014;69:693-704. https://doi.org/10.1111/gfs.12076.
NandV, Yadav R, Kumar R, Doharey RK, Verma SK, Yadav N, et al. Effect
of fertilizers and cutting schedule on growth and quality of dual
purpose barley crop (Hordeum vulgare L). J Pharmacogn Phytochem.
2019;8:126-30.

Mateus GP, Crusciol CAC, Pariz CM, Borghi E, Costa C, Martello JM, et al.
Sidedress nitrogen application rates to Sorghum intercropped with
tropical perennial grasses. Agron J. 2016;108:433-47.

Kaur M, Goyal M. Influence of different nitrogen levels on growth, yield
and quality of forage Pearl millet (Pennisetum glaucum L.) genotypes.
Forage Res. 2019;45:43-6.

Kankarla V, Shukla MK, Lauriault LM. A preliminary report on the
influence of various saline irrigation waters on nutritive value upon
establishment of Alfalfa and Triticale as representative forages. East Afr J
Agric Life Sci. 2021;4472:189-93.

Hedayati-Firoozabadi A, Kazemeini SA, Pirasteh-Anosheh H, Ghadiri H,
Pessarakli M. Forage yield and quality as affected by salt stress in differ-
ent ratios of Sorghum bicolor-Bassia indica intercropping. J Plant Nutr.
2020;43:2579-89.

Asadi A. Comparison of yield and silage quality of some Sorghum
bicolor L. cultivars and corn under salinity stress. Res Crop Ecophysiol.
2022,17:1-11.

Munns R, Tester M. Mechanisms of salinity tolerance. Annu Rev Plant
Biol. 2008;59:651-81.

Kicuk S, Karul A, Yildirim S, Gamsiz K. Effects of salinity on growth

and metabolism in blue tilapia (Oreochromis aureus). Afr J Biotechnol.
2013;12:2715-21.

Abdelrhman AM, Sharawy ZZ, Goda AMAS, Slater M. Adaptability of
the Nile tilapia, Oreochromis niloticus juveniles to water salinity by
controlling dietary sodium chloride levels. Egypt J Aquat Biol Fish.
2020;24:225-37.

Al_Khshali MS. Effect of salinity on feed Conversion Rate, feed Conver-
sion Efficiency, protein intake and efficiency of protein utilization ratio
in Common Carp Cyprinus Carpio. Am J Life Sci. 2017;5:30-5.

Wang J, Lui H, Po H, Fan L. Influence of salinity on food consumption,
growth and energy conversion efficiency of common carp (Cyprinus
carpio) fingerlings. Aquaculture. 1997;148:115-24.

Maceina MJ, Shireman JV. Effects of salinity on vegetation consumption
and growth in grass carp. Progress Fish-Culturist. 1980;42:50-3.

Djiba PK, Zhang J, XuY, Zhang P, Zhou J, Zhang Y, et al. Correla-

tion between metabolic rate and salinity tolerance and metaboloc
response to salinity in grass carp (Ctenopharyngodon idella). Animals.
2021;11:3445.

Urbina MA, Glover CN. Journal of Experimental Marine Biology and
Ecology Effect of salinity on osmoregulation, metabolism and nitrogen
excretion in the amphidromous fish, inanga (Galaxias maculatus). J Exp
Mar Bio Ecol. 2015;473:7-15.

Salas-Leiton E, Anguis V, Manchado M, Canavate JP. Growth, feeding
and oxygen consumption of senegalese sole (Solea senegalensis) juve-
niles stocked at different densities. Aquaculture. 2008;285:84-9.
Mugwanya M, Dawood MAO, Kimera F, Sewilam H. A review on recir-
culating aquaculture system: influence of stocking density on fish and
crustacean behavior, growth performance, and immunity. Ann Anim
Sci. 2022;22:873-84.

Dediu L, Docan A, Cretu M, Grecu |, Mogodan A, Maereanu M, et al.
Responses of Bester and Bester @ X Beluga & Juveniles in recirculating
Aquaculture Systems. Animals. 2021;11:2292.

Nguyen PTH, Do HTT, Mather PB, Hurwood DA. Experimental assess-
ment of the effects of sublethal salinities on growth performance

and stress in cultured tra catfish (Pangasianodon hypophthalmus). Fish
Physiol. 2014;40:1839-48.

Ha NTK, Em NT, Ngoc NM, Takagi Y, Phuong NT, Huong DTT. Effects of
salinity on growth performance, survival rate, digestive enzyme activi-
ties and physiological parameters of striped catfish (Pangasianodon
hypophthalmus) at larval stage. Can Tho Univ J Sci. 2021;13:1-9.

Rauf A, Arain N. Effects of salinity stress on some hematological
parameters of Tilapia mossambicus (Peters. 1852). Int J Biol Biotechnol.
2014;11:67-70.


https://doi.org/10.1186/s40494-019-0325-3
https://doi.org/10.1155/2019/8369231
https://doi.org/10.1155/2019/8369231
https://doi.org/10.1111/gfs.12076

Mugwanya et al. BMC Plant Biology ~ (2023) 23:417 Page 18 of 18

99. Shahkar E, Kim DJ, Mohseni M, Yun H, Bai SC. Effects of salinity changes
on hematological responses in juvenile ship Sturgeon acipenser nudiven-
tris. Fish Aquat Sci. 2015;18:45-50.

100. Mansourghanaei A, Khara H, Pajand HVR, Ahmadnezhad Z. Alterations
in hematological indices, histopathology and p450 gene expression
in stellate sturgeon (Acipenser stellatus Pallas, 1811). Iran J Fish Sci.
2022,21:1343-66.

101. Zarejabad AM, Jalali MA, Sudagar M, Pouralimotlagh S. Hematology of
great sturgeon (Huso huso Linnaeus, 1758) juvenile exposed to brackish
water environment. Fish Physiol Biochem. 2010;36:655-9.

102.  Mst. Khatun H, Mostakim GM, Islam MS. Acute responses of spotted
snakehead (Channa punctata) to salinity stress: a study of a freshwater
fish to salinity challenges during intrusion of saline water. Iran J Fish Sci.
2020;19:2673-87.

103. Narra MS, Ramana TV, Balasubramanian A, Neeraja T, Sravani RS, Rajani
M. Alterations in the growth and Haematological Response of Catla
catla (Hamilton, 1822) exposed to different salinities. Fish Technol.
2022;59:125-31.

104. Haider MS, ShabanaT, Igbal S, Atique U, Altaf M, Nisa Q. Comparative
impact assessment of varying salinity concentration on growth, survival
and blood chemistry of tilapia fingerlings. J Surv Fish Sci. 2021;7:111-26.

105. Bucking C. A broader look at ammonia production, excretion, and
transport in fish : a review of impacts of feeding and the environment. J
Comp Physiol B. 2017;187:1-18.

106. Eddy FB. Ammonia in estuaries and effects on fish. J Fish Biol.
2005;67:1495-513.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Influence of salinity on the biometric traits of striped catfish (Pangasianodon hypophthalmus) and barley (Hordeum vulgare) cultivated under an integrated aquaculture-agriculture system
	Abstract 
	Background 
	Method 
	Results 
	Conclusions 

	Background
	Materials and methods
	Plant material and experimental design
	Agronomical practices
	Agro-morphological parameter measurements
	Fiber fraction, nutrient composition, and in vitro digestibility of forage biomass
	Fish growth performance and hematological parameters
	Aquaculture wastewater analysis
	Statistical analysis

	Experimental results
	Agro-morphological parameters
	Forage yield
	Correlation between yield and average agro-morphological parameters
	Fiber fraction and nutrient composition of forage biomass
	In vitro digestibility of the forage biomass
	Correlation between fiber fraction, nutrient composition, and in vitro digestibility
	Fish growth performance and hematological parameters
	Aquaculture wastewater quality

	Discussion
	Conclusion
	Acknowledgements
	References


