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Abstract

Background: Saline irrigation limits wheat production, so the feasibility of organic amend-
ments and commercial treatments to improve soil conditions and crop performance are
being explored. Objective: To evaluate the effects of irrigation salinity, organic waste and
Clean Salt on soil properties and wheat plant performance, single and combined levels of
these factors. Methodology: The experiment involved a completely randomized factorial
with three irrigation salinities, four poultry—buffalo manure rates, three Clean Salt rates
and five replications. Factorial ANOVA and LSD comparison were used to assess the
effect of postharvest soil properties and plant traits. Results: Higher application of organic
waste resulted in statistical reduction in soil electrical conductivity, and also increased the
thousand grain weight, shoot dry weight along with the number of tillering. Use of Clean
Salt resulted in a reduction in mean conductivity from 5.38 to 4.81 dS m~!. Maximums
in grain weight, shoot biomass, and tillering occurred with the highest rates of combined

amendments under 3 dS m~! irrigation. Thousand-grain weight, shoot biomass and tillers
per plant had corresponding maximums of 46.00 g, 36.37 g plant~! and 8.33 tillers per
plant, respectively. The post-harvest pH values were found to be in the range of 7.00-7.40
and increased slightly with the amendment application rates. The soil conductivity elevated
in the salinity levels and the plant response was maximum at intermediate soil salinity.
Conclusion: Although some salinity management is demonstrated by the combined amend-
ments, field verification and measurements of salt balance are needed for any levels of
recommendation for application or claim of desalination.

BY) license apply to this open access
article.

1. Introduction

Salinity of soils and irrigation water are important constraints to sustainable agricultural production especially in arid and semi-arid areas,
where high levels of evaporation and low supplies of freshwater means that saline conditions are likely to be present. The global country-level
evaluation of salt-impacted soils reflects the magnitude and significance of the salt impact issues for soil fertility, plant growth and food
security [1]. Maintenance of salinity management is particularly significant in Iraq, where irrigated farming is highly reliant on water quality
management, and drains. It has been revealed by research in central and southern Iraq that over-irrigating and insufficient drainage results in
an increase of the groundwater level, salinization of the root zone soil and decreases the productivity of crops [2]. Saline irrigation response
is related to the amount of salts added to the soil and how the salts are leached and drained from the soil. While electrical conductivity is a
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basic measure of salinity, salinity of irrigation water should not be equated to the salinity of the soil “saturation extract” since the relationship
is dependent on management and environment conditions [3]. In addition, sodicity is characterised by high exchangeable sodium contents
and can include dispersion of clays and loss of soil hydraulic properties. Soil responses thus must be interpreted taking into account both
electrical conductivity and ionic composition and balance [4].

The influences of salinity correspond to osmotic stress by reduction of water uptake by the roots, growth of foliage and ionic stress
by sodium and chloride accumulation and senescence acceleration of tissues [5]. The crop tolerance varies and yield responses have been
described according to soil salinity threshold and then in terms of a decreasing production, wheat is moderately tolerant [6]. However, there
is significant variation in tolerance between cultivars and from one environment to the next. Response of wheat varies due to genetic traits,
climate and irrigation management — evaluation under local growing conditions is essential [7]. Organic wastes have potential benefits in salt
affected soils as sources of organic matter and nutrients, and as agents to improve soil structural properties and permeability. They affect,
however, with variation of material type and application rate. A special review shows that the values of the physical properties of organic
materials or the values of the salinity indicators do not always improve when organic material is added [8]. Field study also showed that
poultry manure and plant residue compost increased physical, chemical and biological attributes of the saline soil, which ascribe their nature
as amendments, however, differences observed between the experimental settings [9]. Organic fertiliser can bring benefits to plant nutrition
and not necessarily lowering salt levels. Saline soil study: poultry manure raised the availability of potassium and shoot growth, and did
not significantly affect soil electrical conductivity [10]. The finding highlights the need to relate soil data with plant responses and not the
efficacy of amendments to single data. A laboratory incubation experiment, additionally, indicated that soil microbial activity and carbon
dynamics after organic amendments were influenced by salinity, sodicity and gypsum amendments, demonstrating interactions between the
amendments and soil environment [11].

The quality of the waste, the amount of salt, and the degree of decomposition are important in determining agricultural suitability, which
is not determined only by whether or not the waste comes from agriculture. The evidence of compost use in salt affected soils shows potential
for fertility improvement for appropriate material and levels of contaminants [12]. Animal manure composting literature also highlights,
among others, the stability of organic matter, maturity indicators and nitrogen conservation as pathways to assess product quality [13]. To
assess benefits and risks in case of saline irrigation, characterisation of the poultry and buffalo manure mixture, and the control of application
rates are thus important. Quality assessment also helps to ensure uniform interpretation of all treatments. The longterm data indicates the
role of organic amendments as a source of soil carbon and aggregate stability, and that response was dependent to some extent on type, rate
and frequency of amendments [14]. These resources should, therefore, be used as part of integrated soil, water and crop management and
not as alternatives to leaching or drainage. Saline and sodic situations also highlight the importance of the use of production practices and
environmental protection related to tolerant crops [15]. This can facilitate the assessment of the combined effects of salinity and amendments
rather than separate ones.

Therefore, the evaluation of the combined organic wastes and Clean Salt treatments in wheat under the different irrigation salinities
is merited. Comparable amendment responses can be compared with water conductivity levels of 1.33, 3 and 6 dS m~! this represents
increasing salt exposures. A factorial pot experiment will give a framework in which soil electrical conductivity and pH post-harvest will
be investigated together with thousand grain weight, shoot dry weight and tiller number. These indicators can together describe the soil
and plant responses and treatment interactions without requiring an understanding of the mechanism of the product, or identifying reduced
soil salinity as a directly measured reduction in salinity from irrigation water. In view of the uncertainty and lack of information on the
combined effects of salinity in irrigation water, different mixes of manure of poultry and buffalo and use of Clean Salt in wheat crop, these
were considered in the study. Organic amendments may lead to better nutrition and growth without equivalent salinity reductions and the
effects and interactions must be investigated through experiments. The aim is to evaluate the individual and combined (interactions) effects
of three salinity levels of irrigation water, four levels of organic amendments and three levels of Clean Salt in a complete randomized design
(CRD) factorial pot experiment. To find the appropriate treatments which would enhance soil properties and wheat performance under
salinity within the experiment range and measured variables the evaluation parameters include electrical conductivity of the soil, soil pH
after harvest, thousand grain weight, shoot dry weight and tiller number.

2. Methodology

2.1. Experimental setup and treatments

This experiment was carried out in the wire house of Technical Institute Al-Musayyab, Babylon/ Iraq. Soil collected from Al-Azawiyah,
Al-Mahawil, was ground, sieved at 4 mm and put in plastic pots (28 cm diameter, 25 cm height) and each pot was filled with 10 kg soil.
Experimental design was a 3x4 x3 completely randomized design consisting of 36 combinations and five pots for each combination (180
pots). Each plant in a pot was a subsample and not replicate treatments [16]. Treatments were irrigation-water EC at W1=1.33, W2=3.00,
and W3=6.00 dS m~!; poultry—buffalo manure at 00=0, 01=2.5, 02=5.0, and 03=10.0 t ha—!; and Clean Salt at C0=0, C1=1.5, and C2=3.0
L ha~!'. W1 was river water and W2 and W3 was mixture of river and tap water.

2.2. Sample preparation and treatment application

To characterize the soil for the laboratory, air-dry the soil subsample, homogenize it, pass it through a 2 mm sieve, and use hydrometer
analysis for texture, air-dry mass/volume for bulk density, Walkley—Black oxidation for organic matter, alkaline-permanganate distillation for
available N, Olsen extraction for P, and ammonium-acetate extraction for K. This analysis is carried out according to the FAO laboratory
manual [17]. Use documented conversion basis to determine quantities of product for a field. The conversion of an area based rate is from
pot amount=field ratex pot area/10,000, pot area and field rate used in the calculation need to be in the same units of area or mass or
volume. Always weigh and incorporate on a product rate, not nutrient rate homogenize manure mixture before weighing and incorporating
[18]. To characterize manure, take a representative subsample, dry matter, extract total N with oxygen combustion and total P and K with
acid digestion followed by ICP-OES. Represent concentrations using explicitly stated masses [19]. Name the treatment as used in Iraqi
comparator: Clean Salt. It should be labeled for compatible formulation dilution, timing and route of application with adopted of equal
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carrier handling for control. Some differences in the dose level of the comparator based on concentration, and the manuscript based on L
ha—! have been observed [20] and cannot be converted.

2.3. Crop management and irrigation

On Ist November 2023, 10 sown wheat seeds were sown indoors per pot and thinned after three weeks to 5 plants, seed variety Barcelona.
At the time of sowing 150 kg ha~! superphosphate was incorporated with soil and 160 kg ha~! urea was applied at 2 and 4 weeks after
sowing while 100 kg ha~! potassium sulfate was applied. Manual weeding was done. The harvest was on 10 April 2024 and was within the
study period of 2023 to 2026, as specified by the author. Use calibrated conductivimeter to confirm blended-water EC. For gravimetric
irrigation, field capacity pot mass determined, weighed before irrigation and water loss determined; missing water replaced with water from
irrigation assignment and drainage collected separately. Some real world use and bore volumes recorded [21].

2.4. Soil pH and electrical conductivity

To prepare a saturated soil paste simply add deionized water to the standard saturated endpoint in the soil while mixing. The extract should
be obtained after equilibration by vacuum filtration and conductivity should be measured with a calibrated conductivity meter, also at 25°C,
after which value it should be reported as dS m~'. This is the referred saturation-extract procedure, but keep the original EC designation that
the manuscript used, unless the extraction basis can be determined [22]. To measure saturated paste pH, use certified buffers to calibrate
the electrode; place the electrode into the saturated paste, let the pH stabilize and rinse the electrode between measurements. Replicate
preparation and measurement regimes from baseline and post-harvest samples [23].

2.5. Plant measurements

For measurement of dry mass, harvest the grain and roots from the shoots, oven-dry shoot material at 60°C to a constant mass, weigh, and
calculate mean dry mass as the total dry mass for 5 plants / 5 (g plant™!). To determine thousand-grain weight, weigh a slip of grain and use
the formula [24]:

1 igh
TGW = 1000 x M
Number of grains
On each marked plant count the number of basal tillers, other than the main plant. Sum the five counts of plants (n = pot value counted/5),

and record the stage of the count. It is important that the same counting definition be applied within and between treatments [25].
2.6. Statistical analysis

Data reported were analyzed by the use of Factorial ANOVA and MS EXCEL. Record plant data at the pot level before subjecting comparisons
of plant data to list model main effects, WxO, WxC, OxC and W xOxC. The treatments were tested for differences in their means by LSD
at the 0.05 level of significance.

3. Results

The soil was a loam comprising of 340, 440 and 220 g kg~! of sand, silt and clay respectively Table 1. Silt particles were thus the biggest

particle-size fraction. The initial pH was 7.70 and EC was 4.30 dS m~! that showed slightly alkaline range. content of organic matter was
5.00 g kg~ ! and bulk density was 1.40 g cm™~3. The available nitrogen, phosphorus and potassium in soil were found to be 32.00, 3.50, and
60.10 mg kg~ ! respectively. All the measurements listed are for the soil prior to being treated, and represent the baseline for evaluating the
changes in soil pH and electrical conductivity that occur after harvesting.

The irrigation waters differed the irrigation waters of Table 2 differ in their properties. EC in the river water (W1) was 1.33 dS m™!,
which was increased to 3.00 and 6.00 dS m~! by mixing with water of different ECs. The increase in concentration was also accompanied
with increase in the concentration of sodium and chloride from 7.00 and 8.41 mmol L~! in W1 to 18.20 and 20.40 mmol L~! in W3,
respectively. The pH in water fell to 7.30 in all the treatments as compared to 8.20 in water without any added treatment. Potassium
concentration was still at 0.20 mmol L~! and carbonate was not observed. Therefore, ionic composition and other electrical conductivity of
the waters varied.

Table 3 indicates that the poultry—buffalo manure mixture had organic matter and various nutrients. The concentrations of organic matter
was 455.01 gkg~!, and total N, P and K were 16.10 g kg~ ', 6.86 g kg~ ! and 5.00 g kg~!, respectively. The highest of these three measured
nutrients was nitrogen. The material also had a pH of 7.50 and an EC of 9.51 dS m~!. This conductivity shows that soluble salts were
also present in addition to the organic ones. This characterization is for both the organic and nutrient inputs that can be supplied by the
amendment and the salinity, which is important to consider when interpreting the soil measurements that follow.

The soil pH for the post-harvest period was near neutral ranging from 7.00 to 7.40 and below the initial level of 7.70 as shown in Table 4.
Each level higher up in O and in C increased the mean pH from 7.04 under OO to 7.19 under O3, and 7.07 under CO to 7.16 under C2. This
was in contrast to the water-treatment means which had a different trend: the highest treatment, W1 (7.19); and the lowest, W3 (7.05). The
largest person score was 7.40 under (C2-W1-03). The pH changed slightly overall increasing in pH with increasing levels of amendments
and decreasing in pH under the most saline irrigation treatment.

As determined from Table 5, the post-harvest soil EC remained increased with the different levels of irrigation-water salinity and the
average value was 2.77, 6.00, and 6.55 dS m~! for W1, W2 and W3 respectively. However, the organic-amendment level had the opposite
trend, decreasing EC from 5.92 dS m~! in OO0 to 4.12 in O3. This overall trend was not matched by Clean Salt: Means decreased over the
5.38 of CO to 4.81 of C2. The lowest EC observed was 2.40 dS m~! at C2, W1 and O3 while the highest was 7.93 dS m~! at CO, W3 and O0.
However, these patterns are related to lower residual soil salinity despite different irrigation-water inputs for both higher organic-amendment
and lower Clean Salt levels.
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Table 1: Initial physical and chemical properties of the studied soil

Property Component Value Unit
Sand 340
Particle-size fraction Silt 440 gkg!
Clay 220
Soil texture - Loam -
Electrical conductivity (EC) - 4.30 dSm™!
Soil pH - 7.70 —
Bulk density - 1.40 gem 3
Organic matter (0.M) - 5.00 gkg!
Dissolved ions in the soil-paste extract
Ca’* 14.51
Mgt 9.82
Na™ 9.00
K+27 0.60 mmol L~
SOy 12.20
Cl™ 14.21
Cco3~ Nil
HCO3 5.60
Available nitrogen (N) - 32.00
Available phosphorus (P) - 3.50 mg kg~!
Available potassium (K) - 60.10
Sodium adsorption ratio (SAR) - 2.58 —

Table 2: Physical and chemical characteristics of the irrigation waters used in the experiment

River water

Mixed river and tap water

Mixed river and tap water  Unit of

Water W1 w2 W3 measurement
EC 1.33 3.00 6.00 dSm™!
pH 8.20 7.70 7.30 —
Ca>™ 330 3.99 4.40
Mg>t  1.89 3.30 7.10
Na™ 7.00 10.60 18.20
K+ 0.20 0.20 0.20 1
o . . . mmol L
CO3 Nil Nil Nil
HCO3;  2.00 2.30 4.40
SOz~ 2.50 5.30 7.10
Cl™ 8.41 8.46 20.40
SAR 2.60 5.57 7.61 —
Table 3: Chemical characteristics of the poultry—buffalo organic waste
Characteristics Unit of measurement Organic waste
Poultry and buffalo organic waste
Electrical conductivity (EC) dSm~! 9.51
pH — 7.50
Organic matter (O.M.) 455.01
Total N Ko 16.10
Total P £Xg 6.86
Total K 5.00
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Table 4: Post-harvest soil pH under irrigation water salinity, Clean Salt, organic waste, and their interactions

Clean Salt (C) Water (W) 00 01 02 03 Average
Co Wi 7.03 7.10 720 7.20 7.13

w2 7.00 7.00 7.10 7.10 7.05

W3 7.00 7.00 7.00 7.10 7.03
C1 Wi 7.10 7.17 720 7.27 7.18

w2 707 7.07 7.17 7.17 7.12

W3 7.00 7.00 7.10 7.10 7.05
Cc2 Wi 7.10 720 727 740 7.24

w2 7.10 720 7.17 17.20 7.17

W3 7.00 7.00 7.10 7.20 7.08
Average - 7.04 7.08 7.14 7.19 7.12
LSDg o5 - 0=0.016 OCW=0.047 CW=0.024
Clean Salt (C) - 00 01 02 03 Mean
Co - 7.01 7.03 7.10 7.13 7.07
C1 - 706 7.08 7.16 7.18 7.12
Cc2 - 7.07 7.3 7.8 7.27 7.16
Average - 7.04 7.08 7.14 7.19 7.12
LSDy o5 - 0C =0.027 C=0.014
Water (W) - 00 01 02 03 Mean
Wi - 7.08 7.16 722 1729 7.19
w2 - 706 7.09 7.14 17.16 7.11
W3 - 7.00 7.00 7.07 7.13 7.05
Average - 7.04 7.08 7.14 7.19 7.12
LSDg 05 - oW =0.027 W =0.014

Table 5: Postharvest soil electrical conductivity (dS m™ 1) under irrigation water salinity (W), organic waste (O), and Clean Salt (C) treatments

Clean Salt (C) Water (W) 00 01 02 03 Average
COo Wi 295 287 285 269 284

w2 7.04 6.87 6.13 5.11 6.29

W3 793 7798 7.00 537 7.02
Cl Wi 290 288 284 283 286

w2 697 644 558 5.00 6.00

W3 787 7.03 6.03 514 652
C2 W1 2.80 269 245 240 261

W2 6.94 635 516 442 572

W3 7778 7.00 554 408 6.10
Average 592 555 484 412 5.11
LSDy o5 0=0.067 OCW=0.201 CW=0.101
Clean Salt (C) 00 01 02 03 Mean
Co - 597 584 533 439 538
Cl - 592 545 482 432 513
C2 - 5.87 535 438 3.64 481
Average - 592 555 484 412 5.1
LSDg 05 - 0C=0.116 C=0.058
Water (W) 00 01 02 03 Mean
W1 - 291 281 271 264 277
w2 - 698 655 562 484 6.00
W3 - 786 727 6.19 487 6.55
Average - 592 555 484 412 511
LSDy 05 - OW=0.116 W=0.058
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Table 6 revealed that thousand-grain weight increased with increasing level of organic amendment (from 39.93 g under OO0 to 43.15 g
under O3). Clean Salt also had a higher mean than CO (39.95 g) to C2 (42.12 g). W2 gave the highest mean 42.04 g, for the three water
treatments, W1 and W3 gave similar values of 40.78 g and 40.62 g. The maximum weight was 46.00 g in C2-W?2-03 while the minimum
was 39.07 g in CO-W3-00. Grain mass, therefore, increased with amendment amounts and salinity did not produce a linear response in
comparison to water.

Table 6: Weight of 1000 grains (g) under irrigation water salinity (W), Clean Salt treatment (C), and organic waste (O), including their interactions

Clean Salt (C) Water (W) 00 01 02 03 Average

Co W1 39.34 3942 39.69 4042 39.72
W2 40.52  40.30 40.50 41.49 40.70
W3 39.07 39.21 3931 40.11 3943
Cl Wi 3943  40.07 41.11 43.18 40.95
W2 4098 41.18 4233 4429 42.19
W3 3928 40.27 41.31 43.04 4097
Cc2 Wi 39.63 4049 41.51 4507 41.68
W2 4147 4247 4297 46.00 43.23
W3 39.65 4031 41.07 4477 4145
Average - 3993 4041 41.09 43.15 41.15
LSDy o5 - 0=0.191 OCW =0.573 CW =0.2877
Clean Salt (C) - (0]1] 01 02 03 Mean
Co - 39.64 39.64 39.83 40.68 39.95
C1 - 3990 40.50 41.58 4350 41.37
C2 - 40.25 41.09 41.85 4528 42.12
Average - 3993 4041 41.09 43.15 41.15
LSDg o5 - 0C =0.331 C=0.165
Water (W) - 00 01 02 03 Mean
Wi - 3947 3999 40.77 42.89 40.78
W2 - 4099 41.31 4193 4393 42.04
W3 - 39.33 3993 40.57 42.64 40.62
Average - 3993 4041 41.09 43.15 41.15
LSDy 05 - OW =0.331 W =0.165

The shoot dry weights are higher as the organic-amendment and Clean Salt level increases as shown in Table 7. The Organic-amendment
mean increased from 30.24 g plant~! under OO to 33.74 under O3 and the Clean Salt mean increased from 30.89 under CO to 32.23 under
C2. W2 gave the highest water-treatment mean, 31.89 g plant™!, followed by W1 at 31.43 and W3 at 31.21. The C2-W2-03 treatment
combination produced the highest value, 36.37 g plant~! under C2-W2-03 while the CO-W3-O0 combination produced the lowest value,
30.03 under CO—-W3-00. The results thus indicate increased vegetative dry mass as the amendment was increased with the highest at the W2
irrigation-water treatment.

Table 7: Effects of irrigation-water salinity (W), organic-waste rate (O), and Clean Salt (C), and their interactions, on shoot dry weight (g plant")

Clean Salt (C) Water (W) 00 01 02 03 Average

CO0 Wi 30.11 30.24 30.85 32.25 30.86
W2 30.19 3030 31.06 3277 31.08
w3 30.03 30.16 30.72 32.03 30.74
Cl1 Wi 30.23 3046 31.18 3322 31.27
W2 30.35 30.61 31.65 34.68 31.82
w3 30.10 30.31 31.03 33.11 31.14
C2 Wi 3040 31.06 32.17 35.03 32.17
W2 30.51 31.28 3294 3637 32.78
W3 30.19 31.03 31.65 34.18 31.76
Average - 30.24 30.61 3147 3374 31.51
LSDg o5 - 0=0.143 OCW=0.429 CW=0.214
Clean Salt (C) - (0]1] 01 02 03 Mean
CO0 - 30.11 30.23 30.88 3235 30.89
Cl - 30.23 3046 31.29 33.67 31.4l1
C2 - 30.37 31.12 3225 3519 32.23
Average - 30.24 30.61 3147 3374 31.51
LSDg 05 - 0C=0.248 C=0.124
Water (W) - 00 01 02 03 Mean
Wi - 30.25 30.59 3140 3350 3143
W2 - 30.35 30.73 31.88 34.61 31.89
W3 - 30.11  30.50 31.13 33.11 31.21
Average - 30.24 30.61 31.47 3374 31.51

LSDg 05 - OW=0.248 W=0.124
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Tiller number rose with increasing levels of organic-amendment and Clean Salt as shown in Table 8. There was a significant increase in
mean tillering with increased application rates of O (00 4.59 tillers plant~! vs 03 6.89 tillers plant~!) and C (C0 4.92 vs C2 6.75 tillers
plant—1). W2 mean water-treatment tillers plant—! (6.58) exceeded the water-treatment tillers plant—! of the other water-treatment means
(W1 (5.75) and W3 (5.03)) of the three. The largest number recorded was 8.33 (C2-W2-03) and the least was 3.33 (CO-W3-00). These
results indicate a positive tillering response with increasing levels of amendments, but the maximum response to water-treatment was under
W2 and did not increase regularly as irrigation water salinity increased.

Table 8: Effects of irrigation water (W), organic waste (O), and Clean Salt (C) on wheat tillers per plant

Clean Salt (C) Water (W) 00 01 02 03 Average
Co Wi 3.67 4.67 5.67 6.33  5.08

w2 4.00 5.00 6.00 6.67 542

w3 333 3.67 4.67 533 4.25
Cl Wi 4.67 5.00 5.67 7.00 5.58

w2 5.67 6.33 7.00 7.67 6.67

w3 3.67 433 5.00 6.33 4.83
C2 Wi 5.33 6.33 7.33 7.33  6.58

w2 6.67 7.67 8.00 833 7.67

w3 433  6.33 6.33 7.00 6.00
Average - 459 548 6.19 6.89 5.79
LSDg o5 - 0=0.415 OCW=1.245 CW=0.622
Clean Salt (C) - 00 01 02 03 Mean
Cco - 367 4.44 5.44 6.11 492
Cl - 4.67 522 5.89 7.00 5.69
C2 - 544  6.78 7.22 7.56 6.75
Average - 459 548 6.19 6.89 5.79
LSDy o5 - 0C=0.719 C=0.359
Water (W) - (0]1] 01 02 03 Mean
Wi - 4.56 5.33 6.22 6.89 5.75
w2 - 544  6.33 7.00 7.56 6.58
w3 - 378 4.78 5.33 6.22 5.03
Average - 459 548 6.19 6.89 5.79
LSDy 05 - OwW=0.719 W= 0.359

4. Discussion

The results show that wheat performance to irrigation salinity was not linearly affected by organic waste and Clean Salt and they also
moderated the residual soil salinity. The soil EC was also seen to increase from 2.77 W1 to 6.55 dS m~! W3 and tillering decreased W1 to
W3 (5.75 to 5.03 tillers per plant). This behaviour is typical of that associated with salinity being a limiting factor in water uptake and a
subsequent effect on growth through ion accumulation [26]. The relative small salinity effects on shoot biomass and grain weight however
indicate that not all developmental processes are equally severely affected by salinity and that effects are not globally inhibitory but different
developmental processes are differently affected [27].

The application of manure at the zero level to the O3 level revealed a decrease of 30.4% in the mean soil EC despite the EC of the
amendment which was 9.51 dS m~". This is a response that could be related to improved aggregation and water movement that contributes
to salt redistribution or leaching as has been demonstrated with organic amendments in saline soils [28, 29]. These mechanisms are only
speculation, since the structure, hydraulic conductivity and drainage salt fluxes of the soils were not measured. It is important to note
that amendment conductivity is not only nutrient ions that would be beneficial, but undesirable salts also. It is related to soil EC and its
application rate as well as how the manure is extracted and how water is managed, so its reduction does not provide a comprehensive solution
to the problems resulting from repeated saline manure application [30].

The post-harvest pH level was higher than the initial pH level, which ranged between 7.00 and 7.40, and rose from 7.04 at O0 to 7.19 at
03. This means that manure does not acidify the soil in comparison to the unamended treatment. This is different from the acidification
during the gypsum—manure reclamation mentioned before [31] which highlights the impact of amendment composition and associated
treatments. The outcome of integrated gypsum—compost systems can also not be directly applied to this manure mixture [32]. Small increases
in pH were observed that might be a result of buffering or contribution of bases (not quantified). In addition, pH and EC cannot provide
sodicity remediation without the exchangeable sodium measurement [33].

Organic amendment raised thousand grain weight, shoot dry weight and tiller number by 8.1%, 11.6% and 50.1%, respectively. These
gains are most likely the result of soil nutrient addition in areas with low and inadequate soil organic matter and available phosphorus.
The results of wheat field studies corroborate a manure contribution to nutrient availability, water holding capacity and productivity [34].
However, all responses have been made to nutrient release, since mineral fertilizers were also provided. Additionally, improved K nutrition
may help the osmotic regulation and K* /Na* balance of cells under saline conditions [35]. For example, an improved ion-homeostasis
cannot be excluded as a possible mechanism as tissue nutrient concentrations were not measured.

Although there were no differences in conductivity between W1 and W2, W2 had the greatest mean grain weight, shoot biomass and
tillering. This nonmonotonic effect is not proof that saline irrigation is of benefit for wheat or that 3 dS m~! is the generally optimum
level of salinity. The waters varied in sodium, chloride, and calcium, magnesium and pH, making conductivity and chemical composition
non-distinguishable. In wheat, the retention of potassium [36], the accumulation of sodium in foliage [37] and the partitioning of sodium
between the roots and shoot [38] have been shown to affect tolerance, demonstrating the importance of each of these processes. Therefore, it
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is possible that variations in ion balance/exposure can play a role in this pattern, but this possibility has not been explored. It will then be an
oversimplification to make comparisons that rely on water EC alone.

Clean Salt lowered soil EC by 10.6%, and raised all 3 plant indicators. W3 showed that the C2—-O3 treatments reduced the EC from 7.93
in the C0-OO treatment to 4.08 dS m~!, demonstrating a significant mitigation within the working system. W2, C2-03 had the highest grain
weight (46.00 g) and shoot biomass (36.37 g plant™!). In the absence of product composition and ion balance, this response cannot validate
sodium displacement or salt removal or irrigation-water desalination. A decrease in soil EC may be due to change in transport, distribution or
precipitation and not necessarily represent total salt removal. A coupled water and salt balance, including drainage losses [39] must therefore
be considered when interpreting salinity control.

The combination C2-W2-03 had the largest tillering, but this was less than the difference between this combination and several other
combinations found in the same neighborhood than the difference reported by the three factor LSD. It should not be allowed to appear as
singularly better suited for this trait; nor should the good combinations be called synergically good unless there have been tests for interaction.
In addition, pathogen resistant varieties do not automatically result in higher total grain yield, higher grain weight or higher biomass.

Last, there is limited rooting volume and pot-related water conditions, which are limiting factors in applying to the field [40]. Repeated
applications are only recommended after replicated field trials quantify the grain yield, drainage, tissue ions and amendment salt inputs. There
is some uncertainty around the soil EC extraction basis and care must be taken when making comparisons to published salinity thresholds. It
is also important to establish the same analytical procedures for the baseline and post-harvest samples in order to explain any discrepancies
between the samples as solely due to treatment. Furthermore, a solitary documented growing season cannot do that determine the long term
persistence, overall economic value or environmental safety of these responses. The results overall justify conditional amendment benefits,
but not free saline irrigation or salinity proven desalination.

5. Conclusion

Organic waste and Clean Salt need to be considered as part of integrated salinity management as opposed to replacements for current
irrigation and drainage. They are dependent upon the quality of the amendment, water chemistry, soil conditions, and application practices to
be agricultural. This study establishes a baseline for future evaluation, but does not lead to desalination from irrigation water nor does it
confirm processes of treatment response. Field validation under replication of soils and seasons should be done with measurements of grain
yield, nutrient uptake, sodium dynamics and salt balances to provide practical evidence-based recommendations. Future studies should also
focus on the effects of cumulative salt loads due to specific applications, environmental safety, and economic viability; this would help to
assess the potential of the specific treatments for long-term wheat production under a saline irrigation system.
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