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Abstract

:

Salinity stress is one of the serious restrictive issues for optimum crop production in arid to semi-arid areas. Application of organic amendments have shown positive effects on crop growth and yield under such scenario. The present study was conducted to estimate the potential of calcium-fortified composted animal manure (Ca-FCM) to enhance growth and yield of canola under saline soil conditions. Salt affected soils with various electrical conductivity (EC) levels (original 1.5, 5, and 10 dS m−1) were developed via spiking the soil with sodium chloride (NaCl) salt. The results reveal that soil salinity reduced the growth, physiological, yield, and nutritional parameters of canola. However, application of 3% calcium-fortified composted manure significantly enhanced the growth and yield parameters at all EC levels as compared to control. Plant physiological parameters such as photosynthetic rate, relative chlorophyll contents (SPAD value), and relative water content were also increased with the application of 3% Ca-FCM at all EC levels in comparison to control. Application of 3% Ca-FCM also mediated the antioxidant enzymes activities at all EC levels in comparison to control. Moreover, application of 3% Ca-FCM caused maximum increase in nitrogen, phosphorus, and potassium concentrations in shoot at all EC levels. Conversely, application of 3% Ca-FCM showed maximum decrease in Na+/K+ ratio in leaf up to 83.33%, 77.78%, and 71.43% at EC levels 1.5, 5, and 10 dS m−1, respectively, as compared to control. It was concluded that application of calcium-fortified composted animal manure (Ca-FCM) could be an efficient method for improving growth, yield, physiological, and nutritional parameters of canola through mediation of antioxidant defense machinery under saline soil conditions.
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1. Introduction


Abiotic environmental stresses are notorious issues in agricultural production causing decline in crop yields around the globe [1,2]. Among abiotic stresses, soil salinity due to accumulation of soluble salts (mainly NaCl) in arable soils is a key hazard to sustainable crop production especially in arid and semi-arid regions. Higher levels of Na+ salts alter physico-chemical properties of the soils such as decreased soil porosity, water movement, and soil aeration which negatively affect uptake of essential plant nutrients and access to water by plants [3,4]. Such salt-affected soils are generally distributed throughout the world, comprising 20% of the world’s cultivated land [5] and 50% of croplands are being exacerbated by varying degrees of salt accumulation [6]. Moreover, 20% of the world’s arable land is currently exposed to salt stress and this will continue to increase up to 50% by 2050 [7]. Conversion of arable land to degraded land and crop yield losses are attributed to high salinity levels [8]. These losses are of significant considerations for some developing countries such as Pakistan where the economy mostly relies on agriculture [9]. In Pakistan, according to an estimate, about 6.63 mha lands are affected by salinity [10], amounting to one-third of the world productive land depleted by salt stress. Area of agricultural arable land decreases due to salt stress, which might seriously distress the relative extents of food supply and demand in the future.



Saline soils are characterized by high absorptions of soluble salts and low uptake of essential mineral nutrients such as nitrogen [11]. High concentration of salts in soils limits seed germination and root proliferation and obstructs uptake of water and nutrients to plants, which further reduces photosynthetic activity and vegetative growth of plants [12,13,14]. Alteration in osmotic and matric potential of soil solution occurs due to salt stress, which adversely affects microbial communities in soil and their activities, which are otherwise important for nutrient cycling in the environment [15,16]. Furthermore, osmotic and ion-specific effects caused by salinity create imbalances in plant nutrients, including deficiency of some nutrients or excessive levels of sodium [17,18]. One of the major imbalances is the alteration in calcium levels, which usually cause imbalance in the passive ion fluxes [19]. In addition, higher salt levels in plant tissues causes over generation of reactive oxygen species, which hinders certain metabolic functions of plants [20,21]. Productivity of such soils can be restored through rational management, which not only improves conditions for better crop establishment but also minimizes the global pressure for cultivatable land resources.



Different approaches have been employed hitherto to ameliorate saline soils including physical, chemical, biological, and engineering practices such as leaching with water, amending soils with chemicals, organic amendments (composts and farmyard manure), microbial amelioration, and phytoremediation [22,23,24,25,26]. The use of chemical amendments such as gypsum (CaSO4·2H2O), calcium chloride (CaCl2), calcite (CaCO3), etc., have been found to be effective for amelioration of saline soil [26,27,28]. In addition, application of organic materials is a significant practice which can improve the productivity of saline soils through improved physical structure and microbial activities [29,30]. Addition of organic manure increases plant available nutrients while decreasing the concentrations of sodium, carbonates, and bicarbonates in soil solution, and hence promotes plant growth, making it a feasible amendment for amelioration of salty soils [26,31,32]. Reduced physical firmness of salt-affected soils is usually due to low organic matter content. Addition of organic materials, for example green manure, farmyard manure, poultry manure, compost, and food processing waste, can improve the physical firmness of soil [33]. However, organic sources contain somewhat low concentrations of readily available plant nutrients and are not instantly accessible to plants for consumption. Therefore, fortification of organic materials with essential plant nutrients, especially calcium to replace excessive sodium ions in saline soils, is of vital importance to restore productivity of salt-affected soils and to contribute in food security.



Canola (Brassica napus L.) is one of the world’s major oilseed crops [34]. Canola is also moderately tolerant to salinity [35]; however, severe concentrations of soluble salts limits its production in arid and semi-arid regions. Therefore, it becomes imperative to sustain its production through wise management of saline soils. Application of organic amendments including animal manure is considered a traditional measure to rehabilitate such problematic soils [36,37]. However, the role of externally Ca-fortified animal manure (Ca-FCM) remains neglected, specifically how Ca-functionalized animal manure reverts the deleterious effects of salinity through improved growth, physiology, and nutrient homeostasis of canola, which is grown to provide the theoretical basis on the effects of applied amendments under varying levels of salinity. In the present study, Ca-fortified composted animal manure was evaluated to enhance growth, physiology, yield, nutrients, and redox homeostasis in canola under salt-affected soil conditions.




2. Materials and Methods


2.1. Procurement of Calcium-Entrapped Composted Manure


Animal (cow) manure was collected from the Directorate of Farms, UAF, Pakistan for compost production and was composted in a locally fabricated unit consisting of drier, crusher/grinder, and processor. The manure was air-dried for a couple of days to remove excess moisture and unwanted materials were sorted out manually. The organic material was transferred to a vessel (500 kg capacity) for composting under controlled temperature and aeration (shaking at 60 rev min−1). A moisture level of 45–55% (v/w) of the organic material was maintained during the composting process. Urea and molasses as nitrogen and carbon sources were added at the rate of 1% (w/w) and 0.5 (v/w) along with inoculum of a cellulase producing bacterial strain Bacillus sp. MN54 (109 CFU mL−1) as decomposer. Temperature rose up to 65–70 °C in the composting unit during the second and third weeks of composting process and then reduced gradually to 30–35 °C after the fourth week of process. Then, Ca-based waste material of calcium ammonium nitrate (CAN) fertilizer was enriched at the rate of 1:1 ratio on dry weight basis (w/w) to enhance the quality and nutritional value of the organic product. Co-composting was done for six weeks and organic material was analyzed on dry weight basis for carbon, total nitrogen, available phosphorus, and exchangeable potassium [38,39]. Calcium contents of co-composted organic product were determined through Atomic Absorption Spectrophotometer (Perkin Elmer Aanalyst-100, USA) having a graphite furnace equipped with Ca-cathode lamp. Basic physico-chemical features of test soil and Ca-FCM are given in Table 1.



All chemicals and reagents used were of analytical grade, provided by Sigma-Aldrich and Merck, Germany.




2.2. Experimental Materials and Cultivation of Canola Crop


A pot experiment was conducted at wire house, Institute of Soil and Environmental Sciences (ISES), University of Agriculture, Faisalabad (UAF), Pakistan. The soil for the experiment was collected from farm research area of Institute of Soil and Environmental Sciences (ISES), University of Agriculture, Faisalabad (UAF). After air drying, the soil was ground and passed through a 2-mm sieve and examined for different physical and chemical characteristics. Saline soil was artificially prepared by using sodium chloride (NaCl) salt and by putting calculated values of soil EC (electrical conductivity) plus required EC in a quadratic equation [40]. Three EC levels were developed, i.e., original 1.5, 5, and 10 dS m−1, representing a total of 36 pots. Each pot was filled with 8 kg well sieved soil. Calcium-fortified composted animal manure (Ca-FCM) was applied at the rate of 1%, 2%, and 3% (w/w) besides untreated control. All the treatments were kept according to completely randomized design (CRD). Six seeds of canola (cv. Faisal) were raised in each pot and three plants per pot were maintained after germination. Seeds of canola cultivar were very kindly provided by Oil Seed Section, Ayub Agricultural Research Institute (AARI), Faisalabad, Pakistan. Recommended rates of (NPK) fertilizer were applied at the rate of 90:60:75 kg ha−1 as urea, diammonium phosphate, and sulfate of potash, respectively [41].




2.3. Physiological Attributes


Physiological traits were measured after 45 days of sowing using infrared gas analyzer (IRGA) for photosynthetic rate, transpiration rate, stomatal conductance, and intrinsic CO2 concentration. For this purpose, two leaves (from top) of an individual plant from each pot were selected for physiological recordings. Relative chlorophyll measurement, in terms of SPAD value, was performed on third upper leaves with the help of chlorophyll meter (SPAD-502, Minolta, Japan) [42]. Each sample of leaf was dignified in at least six diverse spaces. Entirely stretched flag leaves (two leaves per plant and six leaves per pot) were used for measuring relative water contents and electrolyte leakage.



Relative water contents were calculated following the equation described by Teulat et al. [43]


  R W C    ( % )  =   F W − D W   F T W − D W   ×   100  








where FW is fresh weight, DW is oven-dried weight, and FTW is fully-turgid weight after dipping leaves in water for 24 h at 4 °C.



Similarly, electrolyte leakage (EL) was measured using the formula designed by Lutts et al. [44];


  E L    ( % )  =   E C 1   E C 2   ×   100  








where EC1 is the electrical conductivity of solution in test tubes containing leaves and EC2 is electrical conductivity of solution in test tubes after autoclaving at 121 °C for 20 min.




2.4. Harvesting and Agronomic Variables Measurements


On the onset of maturity, agronomical parameters were recorded following standard methods. After harvesting the crop, shoot fresh weight was measured with the help of electrical balance and then kept in an oven (at 80 °C for 48 h) for drying. After oven drying, shoot dry weight was measured with the help of electrical balance. Later, the number of pods per plant was counted and the number of seeds per plant was estimated. Pods were separated from the shoots and net as well as 1000-grains weight were taken with the help of electrical balance. After crop removal, pots were flooded with water and kept for 24 h. On the next day, soil was removed from the pots and roots were separated and then washed with tap water to record root characters. Root length was measured with the help of meter rod and root dry weight was measured by using electrical balance after oven drying at 65 °C.




2.5. Measurement of Antioxidant Enzymes


For the measurement of various enzymatic antioxidants, fresh leaf material was homogenized in an ice-cold solution comprising 0.2 M potassium phosphate buffer (pH 7) having 0.1 mM EDTA. Afterwards, six enzymatic antioxidants, namely ascorbate peroxidase (APX), catalase (CAT), glutathione peroxidase (GPX), glutathione reductase (GR), glutathione-S-transferase (GST), and superoxide dismutase (SOD), were measured following standard methods given by Nakano and Asada [45], Cakmak and Marschner [46], Smith et al. [47], Habig et al. [48], and Roth and Gilbert [49].




2.6. Mineral Nutrition of Canola


Various mineral nutrients of canola plants related to NPK and sodium were examined after digesting samples. For this purpose, shoot and leaf samples were air-dried and then oven-dried at 65 °C, grinded by grinder, and prepared for chemical analysis. Following the method given by Wolf [50], plant samples (0.5 g) were digested by adding 10 mL sulfuric acid and the flasks were kept overnight. The next day, 2 mL hydrogen peroxide was added and then retained on a hot plate for digestion maintaining temperature up to 300–350 °C, followed by dilution with distilled water and filtration using Whatman filter paper No. 42. Potassium (K+) and sodium (Na+) were measured directly from the digested solution by flame photometer [51], nitrogen (N) by Kjeldahl apparatus [52], and phosphorus (P) on spectrophotometer [53]. Afterwards, Na+/K+ ratio in leaves of canola was determined.




2.7. Statistical Analysis


Data were analyzed through analysis of variance (ANOVA) using computer-based software statistics 8.1 (Statistix, Tallahassee, FL, USA) at p ≤ 0.05. Standard deviation (SD) values were computed as an average of three replications of each treatment using “Microsoft excel 365 version’’. Treatment means were compared by using Tuckey’s HSD test [54]. All graphs and correlation analyses were performed on Origin Pro version 9.1 computer-based software.





3. Results


3.1. Growth and Yield Attributes


Significant improvements in plant growth and yield attributes such as total biomass, shoot length, root dry weight, root length, straw weight, number of pods per plant, number of grains per pod, 1000-grains weight, and net grains weight were detected by the use of calcium-fortified composted animal manure (Ca-FCM) at three application levels, i.e., 1%, 2%, and 3%, under saline soil conditions relative to control. However, maximum increase in all parameters was recorded when Ca-FCM was applied at 3% level. Applying 3% Ca-FCM significantly increased total biomass of the plant up to 117%, 132%, and 155% at EC 1.5, 5, and 10 dS m−1, respectively, relative to control (Table 2). In case of shoot length, 3% Ca-FCM maximally increased the shoot length by 37%, 43%, and 47% at EC 1.5, 5, and 10 dS m−1, respectively, relative to control.



Maximum increase up to 107%, 136%, and 178% in root dry weight compared to control, was recorded through 3% Ca-FCM application at EC 1.5, 5, and 10 dS m−1, respectively (Table 2). Similarly, 3% Ca-FCM application increased root length up to 111%, 113%, and 114% at EC levels 1.5, 5, and 10 dS m−1, respectively, relative to control.



Practicing 3% Ca-FCM application significantly increased straw weight by 138%, 153%, and 185% at EC 1.5, 5, and 10 dS m−1, respectively, over control. Likewise, maximum increase in number of pods per plant up to 109%, 132%, and 159% was recorded by 3% Ca-FCM application at EC levels 1.5, 5, and 10 dS m−1, respectively, over control (Table 2).



Likewise, amending soils with 3% Ca-FCM significantly increased number of grains per pod at EC levels 1.5, 5, and 10 dS m−1, which were 134%, 152%, and 184%, respectively, higher than un-amended control. The 1000-grains weight followed a similar trend where 3% Ca-FCM showed maximum increase in 1000-grains weight by 147%, 159%, and 186% at EC 1.5, 5, and 10 dS m−1, respectively, compared to control. In the same way, 108%, 115%, and 117% increase was recorded by application of 3% Ca-FCM at EC 1.5, 5, and 10 dS m−1, respectively, over control (Table 3).




3.2. Physiological Parameters


Data regarding physiological parameters indicate that application of Ca-FCM significantly increased photosynthetic rate, transpiration rate, stomatal conductance, intrinsic CO2 concentration, relative chlorophyll content (SPAD value), and RWC and decreased the EL at all EC levels compared to respective control. Maximum increase in photosynthetic rate by 102%, 127%, and 156% was recorded through amendment of 3% Ca-FCM at EC levels 1.5, 5, and 10 dS m−1, respectively, as compared to control (Figure 1A). Similar trends of the product (Ca-FCM) at different rates were observed in case of transpiration rate (Figure 1B). Maximum increase in stomatal conductance of 140%, 131%, and 188% was recorded by applying 3% Ca-FCM under EC 1.5, 5, and 10 dS m−1, respectively, over control (Figure 1C). Likewise, application of 3% Ca-FCM caused maximum increase in intrinsic CO2 concentration up to 43%, 41%, and 51% at EC 1.5, 5, and 10 dS m−1, respectively, relative to un-amended control (Figure 1D). Maximum chlorophyll contents were recorded with 3% Ca-FCM as 112%, 136%, and 172% increase at EC 1.5, 5, and 10 dS m−1, respectively, over control was observed (Table 3). For RWC, maximum increase of 109%, 123%, and 149% were recorded by 3% Ca-FCM at EC 1.5, 5, and 10 dS m−1, respectively, relative to control (Table 3). Likewise, maximum decrease in EL was observed with the application of 3% Ca-FCM of 71%, 65%, and 64% in EL at EC 1.5, 5, and 10 dS m−1, respectively, as compared to control (Table 3).




3.3. Enzymatic Antioxidant Attributes


Data of antioxidant enzymes reveal that application of Ca-FCM product showed significant decrease in antioxidants attributes at all EC levels when compared with their respective controls. Amending soils with 3% Ca-FCM showed maximum decrease in ascorbate peroxidase (APX) activity of 71%, 62%, and 58% at EC levels 1.5, 5, and 10 dS m−1, respectively, compared to control (Table 4).



Similarly, maximum decrease in catalase (CAT) activity of 72%, 62%, and 57% was observed with 3% Ca-FCM at EC 1.5, 5, and 10 dS m−1, respectively, relative to control (Table 4). In the case of glutathione peroxidase (GPX), 3% Ca-FCM significantly decreased activity up to 69%, 58%, and 53% at EC 1.5, 5, and 10 dS m−1, respectively, compared to control (Table 4). Applying 3% Ca-FCM showed reduction in glutathione reductase (GR) activity by 67%, 57%, and 48% at EC 1.5, 5, and 10 dS m−1, respectively, over control. Similar trend was observed in the case of glutathione S transferase (GST) activity. Superoxide dismutase (SOD) activity was markedly decreased up to 65%, 53%, and 50% by 3% Ca-FCM application at EC 1.5, 5, and 10 dS m−1, respectively, compared to control (Table 4).




3.4. Chemical Parameters/Mineral Nutrition of Canola Plants


A statistically significant increase in NPK concentrations was observed by 3% Ca-FCM treatment under all salinity levels (Figure 2A–C). The maximum N concentration in shoot was observed by 3% Ca-FCM of 105.82%, 152.69%, and 172.92% at EC 1.5, 5, and 10 dS m−1, respectively, relative to control (Figure 2A). Similarly, 3% Ca-FCM showed maximum increase in P concentration in shoot up to 122.60%, 155.04%, and 168% at EC 1.5, 5, and 10 dS m−1, respectively, over control (Figure 2B). In the case of potassium concentration, 3% Ca-FCM enhanced K in shoot by 114%, 129%, and 177% at EC 1.5, 5, and 10 dS m−1, respectively, compared to control (Figure 2C). Conversely, it was found that maximum decrease in Na+/K+ ratio of leaves was observed with 3% Ca-FCM of 83%, 78%, and 71% at EC 1.5, 5, and 10 dS m−1, respectively, compared to un-amended control. Application of 1% Ca-FCM revealed a minor decrease in Na+/K+ ratio of leaves under saline soil conditions (Figure 2D). Interestingly, we found significant positive correlations among Na+/K+ ratio of leaves and plant growth (Figure 3A), physiological parameters (Figure 3B), plant nutritional parameters (Figure 3C), and antioxidant defense system (Figure 3D) of canola under the salinity stress.





4. Discussion


Soil salinity is one of the key classical issues that retards the growth of plants and metabolic rate, instigating severe loss of production and requiring wise management for sustainable crop production [55,56,57]. Soil salinization is one of the most important factors that contribute to degradation of land and decline in yield of crops [58]. The negative possessions of salinization are strengthened by inadequate soil organic matter levels [59,60]. For amelioration of saline soils, replacement of ions responsible for salinity, either chemically or by addition of organic materials, is found to be worthwhile [61]. Various organic amendments such as animal manure, crop residues, and sewage sludge are being used as sources of nutrients for improving the quality of saline soils [60,62].



Salinity disturbs the crop growth by specific ion toxicity, osmotic stress, and nutrient imbalances [14,63]. The results of the present study showed that salts stress significantly decreased all the growth and yield parameters of canola. These results are in agreement with Shahzad et al. [64], who reported decreased growth attributes of maize grown under varying salinity levels. Application of organic amendments have been advocated for its known positive effects in salinity amelioration. We found that application of Ca-FCM significantly improved all the agronomical attributes of canola under different salinity levels. More precisely, observed agronomical attributes such as plant biomass, shoot length, root dry weight, root length, straw weight, number of pods per plant, number of grains per pod, 1000-grains weight, and net grains weight were significantly enhanced by application of 3% Ca-FCM at EC 1.5, 5, and 10 dS m−1 as compared to its respective controls. Previously, substantial literature confirmed the optimistic relationship of organic material and increased growth and yield of maize, sunflower, wheat, rice, and holy basil (an aromatic crop) [26,65,66,67,68]. Increased growth and grain yield in the present experiment might be attributable to improved availability of mineral nutrients to plants due to applied composted manure [69]. It has been established that varying levels and kinds of salts present affect the fresh and dry biomass of plants [64,70]. Salt stress considerably decreased the biomass of canola but addition of organic matter through animal manure might have improved physico-chemical properties, which as a result might have improved physiology of plant and eventually growth and yield parameters examined during this study [26,31]. One possible explanation might be due to the role of organic sources such as composted animal manure in increasing biological activities of soil, which are linked to cycling of nutrients and eventually enhanced growth and yield parameters [71,72]. Moreover, composted manure application in the current study might have released organic acids that dissolved some of the CaCO3 present in soil and replaced Na+ by Ca2+.



Salinity stress causes reduction in physiological parameters and hence the photosynthetic machinery of the plants. In the present study, salinity stress reduced physiological parameters such as photosynthetic rate, stomatal conductance, intrinsic CO2 concentration, transpiration rate, relative chlorophyll contents, and relative water contents. However, application of Ca-FCM, particularly at the rate of 3%, significantly increased physiological attributes under normal as well as saline soil conditions. A significant decrease in electrolyte leakage was observed with the application of 3% Ca-FCM as compared to respective control. The influence on photosynthesis can be assessed from the effect on photosynthetic pigments. It has been described in certain studies that salinity stress causes decline in photosynthetic pigments of plants [26,64,73]. The decrease in gaseous exchange attributes in the current study might be associated with increased salinity-induced osmotic stress that rendered the growing plants out of water and hampered the rate of transpiration, which further excavated water and CO2 supply for normal photosynthesis [74]. This might also be due to osmotic and hormonal imbalances created by the generation of reactive oxygen species (ROS) in plant cells that impaired carbohydrate metabolism and hence the photosynthetic efficiency [75,76]. However, in the present study, application of Ca-FCM was found to be an effective amendment for enhancing photosynthetic rate of plants under saline soil conditions. Several other studies have confirmed the adverse effects of salinity on water relations of growing plants [77,78]. We found decreased values of relative water contents in plants grown under increasing order of salt stress, but the applied amendments improved relative water contents. Recently, Niamat et al. [26] observed improved water relations of maize grown in varying salinity levels in terms of decreased electrolyte leakage and increased relative water contents under the application of calcium-enriched compost (Ca-FC).



Increased antioxidant activities under stress conditions are imperative for plants to cope with the oxidative stress caused by higher ROS levels [79]. The current findings reveal higher levels of antioxidant activities with increasing levels of salinity stress. Previously, it was stated that enhanced antioxidant activities help plants manage oxidative stress caused by ROS [80]. These findings are further substantiated with the findings of Ramzani et al. [81,82,83,84,85]. However, in the present study, the activities of antioxidants were decreased due to the application of Ca-FCM, especially at the rate of 3%. These results are in agreement with the findings of various researchers [86,87,88]. The antioxidant defense responses were improved in Chenopodium quinoa through application of acidified compost under salinity stress [81] that might have scavenged ROS generation and ultimately enhanced plants resistance against salinity.



While it is well established that higher levels of Na+ ions hinder uptake of other essential key nutrients by plants [89], the current findings reveal that the application of Ca-FCM prominently increased the concentrations of essential plant nutrients. This agrees with previous studies that organic amendments enhance the availability of essential nutrients [90,91]. In the present study, especially the application of 3% Ca-FCM significantly enhanced nitrogen, phosphorus, and potassium concentrations in shoot under normal as well as saline soil conditions. These results are substantiated with Erdal et al. [92], who described that accumulation of nutrients in plants were boosted by using mixture of chemical and organic fertilizers. In addition, nitrogen and phosphorus concentrations in plants were improved with the application of rock phosphate mixed with organic fertilizers [93,94]. In the current study, maximum Na+ concentration was observed in control (no-amendment) and minimum concentration was found in Ca-FCM at the rate of 3% at all salinity levels. These results are in line with Shahzad et al. [64], who found increasing Na+ concentrations in plant tissues with the increase in salinity levels. The increased Na+ concentration in different plant parts (root, shoot, and grains) in control plants might be associated with the increased Na+ ions in soil and rooting medium [95]. Moreover, maximum K+ was found in plants treated with Ca-FCM in normal as well as in salt-stressed soil. This might be due to the applied composted manure that increased the cation exchange capacity (CEC) of the soils, which in turn limited the entry of Na+ on exchange sites leading to increased K+ for plant uptake [33,71].



Organic amendments differ in their effects on concentration of soluble cations. The application of organic amendments would most likely increase the amount of calcium (Ca2+), derived from calcium carbonate (CaCO3), due to organic acids formation [96]. Moreover, potassium (K+) and sodium (Na+) ions on soil colloids might be exchanged by Ca2+ ions and leached from the soil. The current study showed that the application of Ca-FCM significantly decreased Na+ concentration in leaves and increased K+ concentration in shoot under saline conditions. These results are in line with Li-ping et al. [37], who found decreased Na+ -mediated stress to plants under applied cow dung and other ameliorants. It has previously been described that Ca2+ could modify the structure of soil by developing cationic channels between clay particles and organic material [97,98]. In addition, calcium ions can impede the scattering of clay and distraction of aggregates via interchanging sodium and magnesium ions in clay microsites and aggregates [99]. Recently, Huang et al. [98] indicated that application of organic fertilization could enhance the availability of Ca for C binding, possibly by forming organo-Ca complexes, which in turn improve soil aggregation and stabilization of soil organic carbon pool consequently improved plant growth, yield, and nutrients homeostasis, as revealed in the present study through application of Ca-FCM. In the current study, Na+/K+ ratio in leaves was considerably decreased under the applied Ca-FCM at 3% level in original and saline soils, which might be related to restricted uptake of Na+ ions into plant. Previously, it was recommended that organic amendments such as farmyard manure be used as chelating agents for refining toxic salts, especially sodium (Na+) and chloride (Cl-) ions [27,33].




5. Conclusions


This paper summarizes that application of 3% Ca-FCM significantly improved the growth, yield, physiological, and nutritional parameters of canola grown under varying levels of salt stress. Conversely, application of 3% Ca-FCM significantly reduced the Na+/K+ ratio in canola leaves under saline soil conditions, indicating amelioration of salt-induced growth, physiological and nutritional disturbances of canola crop.
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Figure 1. The effect of calcium-fortified composted manure on physiological parameters, photosynthetic rate (A), transpiration rate (B), stomatal conductance (C) and intrinsic CO2 concentration (D) of canola under saline soils. Quantities sharing similar letters are not significantly different from each other at p ≤ 0.05. Data are mean of three replicates ± SD. Ca-FCM, calcium-fortified composted animal manure. 
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Figure 2. The effect of calcium-fortified composted manure on nutritional parameters, N concentration (A), P concentration (B), K concentration (C) and Na+/K+ ratio in leaves (D) of canola under saline soil. Quantities sharing similar letters are not significantly different from each other at p ≤ 0.05. Data are mean of three replicates ± SD. Ca-FCM, calcium-fortified composted animal manure. 






Figure 2. The effect of calcium-fortified composted manure on nutritional parameters, N concentration (A), P concentration (B), K concentration (C) and Na+/K+ ratio in leaves (D) of canola under saline soil. Quantities sharing similar letters are not significantly different from each other at p ≤ 0.05. Data are mean of three replicates ± SD. Ca-FCM, calcium-fortified composted animal manure.



[image: Sustainability 12 00846 g002]







[image: Sustainability 12 00846 g003 550] 





Figure 3. Regression relationship among Na+/K+ ratio in leaves and plant morphological (A), physiological (B), nutritional parameters (C), and antioxidant defense attributes (D) of canola under saline soil conditions. A, photosynthetic rate; E, transpiration rate; gs, stomatal conductance. 
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Table 1. Basic physico-chemical properties of experimental soil and Ca-FCM used in the experiment.
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	Soil Characteristics
	Value
	Ca-FCM Characteristics
	Value





	Sand (%)
	50 ± 3.73
	Carbon (g kg−1)
	108.7 ± 7.4



	Silt (%)
	35 ± 2.21
	Nitrogen (g kg−1)
	107.2 ± 3.6



	Clay (%)
	15 ± 2.15
	Total P (g kg−1)
	166.0 ± 2.2



	Textural class
	Sandy clay loam
	Olson P (mg kg−1)
	133 ± 8.7



	pHs
	7.33 ± 0.17
	Ca (g kg−1)
	43.9 ± 2.9



	ECe (dS m−1)
	1.5 ± 0.13
	pH
	6.68 ± 0.19



	Soluble CO32−(mmolc L−1)
	0.8 ± 0.1
	Cation exchange capacity (cmolc kg−1)
	51.20 ± 2.1



	Soluble HCO3−(mmolc L−1)
	0
	
	



	Organic matter (%)
	0.72 ± 0.25
	
	



	Saturation percentage (%)
	32 ± 0.96
	
	



	Total nitrogen (%)
	0.046 ± 0.01
	
	



	Extractable potassium (mg kg−1)
	112 ± 4.13
	
	



	Available phosphorous (mg kg−1)
	3.45 ± 1.10
	
	



	Cation exchange capacity (cmolc kg−1)
	9.12 ± 2.1
	
	







Ca-FCM, calcium fortified composted animal manure. Values are mean of three repeats ± SD.
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Table 2. The effect of calcium-fortified composted manure on growth parameters of canola under saline soils.






Table 2. The effect of calcium-fortified composted manure on growth parameters of canola under saline soils.





	
Treatments

	
Total Biomass (g)

	
Shoot Length (cm)

	
Root Dry Weight (g)




	
1.5 dS m−1

	
5 dS m−1

	
10 dS m−1

	
1.5 dS m−1

	
5 dS m−1

	
10 dS m−1

	
1.5 dS m−1

	
5 dS m−1

	
10 dS m−1






	
Control

	
30.1 ± 0.6 e

	
23.9 ± 0.5 f

	
18.9 ± 0.9 g

	
101.8 ± 1.5 e

	
86.4 ± 0.6 g

	
75.5 ± 0.9 h

	
6.7 ± 0.2 e

	
4.7 ± 0.2 g

	
3.1 ± 0.1 g




	
1% Ca-FCM

	
46.3 ± 1.9 c

	
37.0 ± 1.1 d

	
30.0 ± 0.8 e

	
115.5 ± 1.6 c

	
101.5 ± 0.5 e

	
91.1 ± 0.6 f

	
9.9 ± 0.3 c

	
7.2 ± 0.2 e

	
5.3 ± 0.1 f




	
2% Ca-FCM

	
52.5 ± 1.4 b

	
45.8 ± 1.9 c

	
39.5 ± 1.5 d

	
122.6 ± 1.5 b

	
113.95 ± 0.7 cd

	
98.8 ± 2.5 e

	
11.3 ± 0.6 b

	
9.0 ± 0.1 d

	
6.8 ± 0.4 e




	
3% Ca-FCM

	
65.5 ± 0.4 a

	
55.4 ± 1.3 b

	
48.0 ± 0.7 c

	
139.9 ± 0.8 a

	
123.3 ± 0.6 b

	
111.2 ± 1.0 d

	
13.9 ± 0.4 a

	
11.0 ± 0.1 b

	
8.7 ± 0.3 d




	

	
Root Length (cm)

	
Straw Weight (g)

	
No. of Pods (plant−1)




	
Control

	
9.5 ± 0.3 de

	
7.5 ± 0.6 fg

	
6.1 ± 0.5 g

	
9.0 ± 0.6 fg

	
7.7 ± 0.3 gh

	
6.0 ± 0.2 h

	
115.3 ± 1.5 g

	
86.7 ± 0.9 h

	
64.6 ± 0.3 i




	
1% Ca-FCM

	
13.1 ± 0.5 c

	
10.7 ± 1.3 d

	
8.2 ± 0.9 ef

	
14.6 ± 0.4 de

	
12.6 ± 1.3 e

	
10.2 ± 0.5 f

	
160.0 ± 1.7 e

	
139.3 ± 1.5 f

	
117.3 ± 0.3 g




	
2% Ca-FCM

	
15.1 ± 0.6 b

	
12.8 ± 0.2 c

	
10.2 ± 0.6 d

	
17.0 ± 0.8 c

	
15.7 ± 0.3 cd

	
13.9 ± 0.7 de

	
188.7 ± 0.9 c

	
160.0 ± 1.2 e

	
138.7 ± 0.9 f




	
3% Ca-FCM

	
20.2 ± 0.8 a

	
16.0 ± 0.4 b

	
13.1 ± 0.3 c

	
21.5 ± 0.9 a

	
19.4 ± 0.2 b

	
17.2 ± 1.1 c

	
241.0 ± 0.6 a

	
200.7 ± 0.7 b

	
167.7 ± 1.2 d








Quantities sharing similar letters are not significant with each other at p ≤ 0.05. Data are mean of three replicates ± SD. Ca-FCM, calcium-fortified composted animal manure.
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Table 3. The effect of calcium-fortified composted manure on yield and physiological parameters of canola under saline soils.






Table 3. The effect of calcium-fortified composted manure on yield and physiological parameters of canola under saline soils.





	
Treatments

	
No. of Grains (pod−1)

	
1000 Grains Weight (g)

	
Net Grains Weight (g)




	
1.5 dS m−1

	
5 dS m−1

	
10 dS m−1

	
1.5 dS m−1

	
5 dS m−1

	
10 dS m−1

	
1.5 dS m−1

	
5 dS m−1

	
10 dS m−1






	
Control

	
10.7 ± 0.3 e

	
8.3 ± 0.9 f

	
6.3 ± 0.7 f

	
2.2 ± 0.1 efg

	
1.7 ± 0.1 gh

	
1.2 ± 0.1 h

	
4.0 ± 0.1 fgh

	
3.4 ± 0.1 hi

	
2.9 ± 0.1 i




	
1% Ca-FCM

	
16.0 ± 0.6 c

	
13.3 ± 1.2 d

	
11.0 ± 0.6 e

	
3.4 ± 0.1 cd

	
2.8 ± 0.5 de

	
1.9 ± 0.2 fg

	
5.3 ± 0.2 de

	
4.6 ± 0.1 efg

	
3.6 ± 0.6 ghi




	
2% Ca-FCM

	
20.3 ± 0.9 b

	
16.3 ± 0.7 c

	
13.7 ± 0.3 d

	
4.0 ± 0.7 bc

	
3.3 ± 0.1 cd

	
2.5 ± 0.1 ef

	
6.4 ± 0.8 c

	
5.5 ± 0.4 de

	
4.7 ± 0.2 ef




	
3% Ca-FCM

	
25.0 ± 0.6 a

	
21.0 ± 0.6 b

	
18.0 ± 0.6 c

	
5.4 ± 0.1 a

	
4.4 ± 0.1 b

	
3.4 ± 0.1 cd

	
8.4 ± 0.23 a

	
7.4 ± 0.2 b

	
6.2 ± 0.3 cd




	

	
Relative Chlorophyll Contents (SPAD Value)

	
Relative Water Contents (%)

	
Electrolyte Leakage (%)




	
Control

	
31.0 ± 0.8 g

	
24.5 ± 0.8 h

	
18.7 ± 0.7 i

	
40.9 ± 0.5 h

	
32.4 ± 0.7 i

	
25.4 ± 0.9 j

	
40.0 ± 1.2 c

	
48.1 ± 1.1 b

	
58.0 ± 1.1 a




	
1% Ca-FCM

	
44.1 ± 0.5 e

	
39.3 ± 0.9 f

	
32.4 ± 1.3 g

	
54.7 ± 0.5 f

	
49.1 ± 0.6 g

	
41.5 ± 0.7 h

	
28.4 ± 0.7 e

	
35.6 ± 0.6 d

	
41.4 ± 0.5 c




	
2% Ca-FCM

	
53.6 ± 0.4 c

	
47.4 ± 1.1 d

	
42.8 ± 2.7 e

	
66.9 ± 0.9 c

	
60.1 ± 0.6 e

	
52.9 ± 0.6 f

	
20.5 ± 0.6 f

	
27.0 ± 1.1 e

	
34.3 ± 0.9 d




	
3% Ca-FCM

	
65.8 ± 0.8 a

	
57.7 ± 0.4 b

	
50.5 ± 0.6 c

	
85.7 ± 0.9 a

	
72.2 ± 1.8 b

	
63.1 ± 0.6 d

	
11.7 ± 0.8 h

	
16.6 ± 0.5 g

	
21.1 ± 0.6 f








Quantities sharing similar letters are not significant with each other at p ≤ 0.05. Data are mean of three replicates ± SD. Ca-FCM, calcium-fortified composted animal manure.
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Table 4. The effect of calcium-fortified composted manure on antioxidant enzymes activity of canola under saline soils.






Table 4. The effect of calcium-fortified composted manure on antioxidant enzymes activity of canola under saline soils.





	
Treatments

	
Ascorbate Peroxidase (APX)

	
Catalase (CAT)

	
Glutathione Peroxidase (GPX)




	
1.5 dS m−1

	
5 dS m−1

	
10 dS m−1

	
1.5 dS m−1

	
5 dS m−1

	
10 dS m−1

	
1.5 dS m−1

	
5 dS m−1

	
10 dS m−1






	
Control

	
42.2 ± 1.0 c

	
51.5 ± 1.3 b

	
64.3 ± 1.9 a

	
16.5 ± 0.7 cd

	
19.8 ± 0.7 b

	
24.2 ± 0.7 a

	
58.8 ± 1.7 c

	
75.0 ± 1.5 b

	
94.0 ± 2.7 a




	
1% Ca-FCM

	
30.7 ± 1.2 d

	
40.5 ± 1.1 c

	
50.9 ± 1.3 b

	
12.2 ± 0.4 ef

	
15.8 ± 0.6 d

	
19.0 ± 0.9 bc

	
43.0 ± 1.2 d

	
62.5 ± 1.9 c

	
77.9 ± 1.9 b




	
2% Ca-FCM

	
22.6 ± 1.1 ef

	
30.5 ± 1.3 d

	
39.6 ± 1.5 c

	
7.8 ± 0.8 g

	
11.9 ± 0.3 ef

	
14.7 ± 0.6 d

	
32.3 ± 1.5 e

	
47.8 ± 1.7 d

	
62.5 ± 1.6 c




	
3% Ca-FCM

	
12.1 ± 0.9 g

	
19.7 ± 1.2 f

	
27.3 ± 1.2 de

	
4.6 ± 0.4 h

	
7.5 ± 0.3 h

	
10.3 ± 0.5 f

	
18.0 ± 0.6 f

	
31.8 ± 1.3 e

	
44.2 ± 1.9 d




	

	
Glutathione Reductase (GR)

	
Glutathione S-Transferase (GST)

	
Superoxide Dismutase (SOD)




	
Control

	
25.0 ± 0.9 cd

	
32.5 ± 1.0 b

	
38.8 ± 1.4 a

	
11.1 ± 0.4 de

	
13.9 ± 0.4 bc

	
17.8 ± 0.5 a

	
175 ± 6.6 c

	
217 ± 7.1 b

	
276 ± 7.2 a




	
1% Ca-FCM

	
19.0 ± 0.8 e

	
25.8 ± 0.7 c

	
32.2 ± 1.0 b

	
8.6 ± 0.3 f

	
11.7 ± 0.4 d

	
14.5 ± 0.3 b

	
134 ± 8.3 de

	
175 ± 9.9 c

	
221 ± 8.1 b




	
2% Ca-FCM

	
13.3 ± 0.7 f

	
20.0 ± 0.6 e

	
26.6 ± 0.9 c

	
6.2 ± 0.3 g

	
8.9 ± 0.3 f

	
12.2 ± 0.4 cd

	
97 ± 5.2 f

	
137 ± 4.1 d

	
183 ± 4.5 c




	
3% Ca-FCM

	
8.3 ± 1.0 g

	
14.0 ± 1.1 f

	
20.2 ± 1.0 de

	
3.8 ± 0.3 h

	
6.7 ± 0.4 g

	
9.4 ± 0.4 ef

	
62 ± 4.3 g

	
103 ± 7.6 ef

	
139 ± 4.4 d








Quantities sharing similar letters are not significant with each other at p ≤ 0.05. Data are mean of three replicates ± SD. Ca-FCM, calcium-fortified composted animal manure. Antioxidant enzymes activity was measured as nmol min−1 mg−1 protein.
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