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Abstract: Due to the unpredictable climate change, drought stress is being considered as one of the major threats to crop production. Wheat (Triticum aestivum L. cv. BARI Gom-26) being a dry season crop frequently faces scarcity of water and results in a lower yield. Therefore, this experiment aims to explore the role of different organic amendments (OAs) in mitigating drought stress-induced damage. The pot experiment consisted of different organic amendments viz. compost, vermicompost and poultry manure @0.09 kg m−2 soil, biochar @2.5% w/w soil and chitosan @1% w/w soil which was imposed on the plants grown under both well-watered and drought conditions. Results showed that drought stress reduced plant height (15%), SPAD value (16%), relative water content (13%), number of spikelet spike−1 (17%), number of grains spike−1 (12%), and 100-grain weight (18%). Organic amendments act as a protectant and reduce drought stress-induced damages by enhancing the morpho-physiological and yield attributes. Vermicompost enhanced SPAD value by 18%, number of spikelets spike−1 by 20%, number of grains spike−1 by 17%, whereas poultry manure increased plant height by 16% under drought condition compared to control plant. Unlike other OAs applied, vermicompost was proved to be capable of reducing the higher lipid peroxidation and proline content raised by drought condition. Drought stress-induced increment of catalase, ascorbate peroxidase and glutathione reductase activities were also efficiently modulated by the organic amendment application. The present study concluded that OAs play significant roles in alleviating drought stress-induced damages by improving the morpho-physiological attributes and among the different types of OAs used vermicompost performed better which in addition ceased the production of reactive oxygen species.
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1  Introduction

The unpredictable nature of climate has been creating a lot of confusion and adverse situations for the living beings on earth. Environmental constraints are something that completely ceases lives and livings. Different types of abiotic stress are the prime concern for environmentalists and researchers worldwide. Drought or lack of available water for proper plant growth is considered as one of the most devastating abiotic stresses. A significant number of areas in the earth are still prone to drought and hence limit crop production [1]. The multiple injurious effects of drought stress have turned it into one of the most devastating abiotic stresses. Starting with osmotic imbalance as the primary effect, drought stress evolves multiple physiological and metabolic malfunctions in plants such as reduction of photosynthesis, transpiration, electron transport rate, stomatal conductance, water use efficiency and impairment of cellular organelles. Thus, drought stress ultimately results in disrupted growth and development, or yield reduction. In addition, most of the above-mentioned effects of drought lead to the overproduction of reactive oxygen species (ROS; e.g., O2•−, H2O2, 1O2 and OH•, etc.) that are also responsible for oxidative or cellular damages [2].

Wheat (Triticum aestivum L.) is globally one of the most important cultivated cereal crops [3]. One-third of the global population consumes wheat and to meet the required demand of the growing population by 2050, wheat production needs to be increased by 50% [1]. One of the major concerns for wheat production is different types of environmental stresses including drought. Hence, focus should be given on the in-depth studies of drought-induced changes in wheat and possible mitigation approaches to develop drought tolerance ensuring expected yield. To tolerate the destructive effects caused by abiotic stresses, plants possess some intrinsic mechanisms like antioxidant defense system. By means of a number of antioxidant enzymes (superoxide dismutase, SOD; catalase, CAT; ascorbate peroxidase, APX; glutathione reductase, GR; monodehydroascorbate reductase, MDHAR; dehydroascorbate reductase, DHAR; glutathione peroxidase, GPX; and glutathione S-transferase, GST) and non-enzymatic antioxidants (ascorbic acid, AsA; glutathione, GSH; phenolic compounds, alkaloids, non-protein amino acids and tocopherols) this defense system efficiently scavenges the toxic ROS [4]. Use of different protectants, alterations of agronomic managements or supplementation with different beneficial elements are some of the mitigative ways of abiotic stress like drought.

The application of organic amendments (OAs) improves soil structure and increases nutrient availability and thus helps in the betterment of soil productivity and fertility [5]. These positive impacts of different OAs facilitate plants with a strong innate system to tolerate different adverse situations or efficiently prevent the stress injury. Compost, vermicompost, poultry manure, biochar, chitosan etc. are some of the common OAs used worldwide. Compost is organic matter produced from the decomposition of living matters and it can improve different physico-chemical and biological properties of soil like water holding capacity, microbial activities, etc. [6]. Vermicompost is another type of compost in which earthworms are used for the facilitation of decomposition and has similar beneficial effects on soil and plant like compost [5]. Another important organic amendment is poultry manure that is rich in N compounds like uric acid and undigested protein [7]. Besides boosting up soil properties, poultry manure enhances cation exchange capacity and augments the process of humification with ignorable toxic pathogens or materials which makes it suitable to use under drought condition to ensure better yield [7]. Currently, biochar is gaining attention globally because of the carbon sequestration ability and to reduce contamination of surface and groundwater [6]. Biochar is capable of mitigating the adverse effects of drought and can ensure growth and yield of wheat [8]. Chitosan, derived by N-deacetylation of chitin and crustacean shells, is also a popular type of organic amendment because of its wide array of properties such as antimicrobial, antihypertensive and antioxidant. In addition, it has been proven effective against drought stress in wheat [9]. It can be summarized that the above-discussed types of organic manures are all beneficial to plants regarding either production or tolerance to adversities.

To date, very few literatures are available on the effects of different OAs in mitigating drought stress-induced negative effects on wheat and hence our experiment was based on this hypothesis that OAs supplementation plays a versatile role in improving plant morphophysiological and antioxidant properties and so can induce plant tolerance to drought.

2  Materials and Methods

2.1 Plant Material and Treatments

Uniform and healthy seeds of wheat (Triticum aestivum L. cv. BARI Gom-26) were sown in 14 L plastic pots. The recommended doses of fertilizers were mixed with soil during pot preparation (Table S1). Besides, OAs were used as treatment as follows: control (no OA), compost, vermicompost and poultry manure @0.09 kg m−2 soil, biochar @2.5% w/w soil and chitosan @1% w/w soil. The nutrient composition of these OAs has been provided (Table S2). Twelve seeds were sown per pot and finally five uniform plants were allowed to grow in each pot. Up to 20 days after sowing (DAS), all pots were watered as required. After that watering was withheld in one set of treatments which were considered as drought stressed plants. The other set of pots were watered as required. The experimental design followed in this experiment was the completely randomized design (CRD) with three replications. Data collection was done at 40 DAS except for yield contributing parameters. Harvesting was done when the plants turned yellowish golden in color and yield contributing parameters were recorded then. Plant protection measures were taken when required. The whole experiment was carried out inside a net house where rainfall was controlled and the climatic data during that period have been recorded (Table S3).

2.2 Measurement of Plant Height

Plant height (cm) was recorded at 50 DAS. It was measured by using a measuring scale from ground level to highest tip of the leaf of wheat plants. The average data of five randomly selected plants from each pot was considered.

2.3 Measurement of SPAD Values

The top, middle and base of each leaf (five randomly selected leaves from each pot) were measured with the help of Soil Plant Analysis and Development (SPAD) meter (Minolta Camera Co., Osaka, Japan) and then averaged [10].

2.4 Measurement of Yield Contributing Parameters

Spike length, number of spikelet spike−1, number of grains spike−1 and 100-seed weight were measured following standard procedures.

2.5 Measurement of Relative Water Content

Leaves of five plants from each pot were randomly collected, cleaned and weighed as fresh weight (FW). The weighted samples were immediately sunk into distilled water in a Petri dish. After 24 h, excess water from surfaces were removed and turgid weight (TW) were measured. After drying the samples in oven for 72 h, dry weight (DW) was measured. The formula mentioned below was used to calculate the relative water content (RWC): RWC (%) = (FW−DW)/(TW−DW) × 100 [11].

2.6 Determination of Proline Content

For the estimation of proline (Pro), (0.5 g) leaves were homogenized in 3% sulfo-salicylic acid (5 ml) on ice. The homogenate was than centrifuged at 11,500 × g for 15 min and with 1 mL of the supernatant, 1 mL of acid ninhydrin (1.25 g ninhydrin in 30 mL glacial acetic acid and 20 mL 6 M phosphoric acid) and 1 mL of glacial acetic acid were mixed. The mixture was then boiled (100°C) for 1 h in water bath, and then transferred to test tubes to keep on ice. Two mL of toluene was then added and vortexed well to obtain the chromophore containing toluene which was read spectrophotometrically at 520 nm using only toluene as a blank solution. A standard curve was used to calculate the amount of Pro [12].

2.7 Determination of MDA Content

The protocol developed by Heath et al. [13] was followed to measure the lipid peroxidation (malondialdehyde, MDA content) with slight modification by Hasanuzzaman et al. [4]. Three ml of 5% (w/v) trichloroacetic acid (TCA) was taken to homogenize leaf sample (0.5 g) in and then centrifuged (11,500 × g for 15 min). One mL of supernatant was allowed to react with 4 mL of thiobarbituric acid reagent (0.5% of TBA in 20% TCA) by warming the mixture in water bath (95°C) for 30 min. At the completion of the warming period, those were rapidly cooled on ice and centrifuged again for 10 min. The optical density of the solution was read spectrophotometrically at both 532 nm and 600 nm; later one to rectify the non-specific absorbance by subtracting from the value at 532 nm. An extinction coefficient of 155 mM−1 cm−1 was used to calculate the MDA content expressed as nmol g−1 FW.

2.8 Measurement of Enzymatic Activity

Peroxidases (POD, 1.11.1.7) activity was measured according to Hemeda et al. [14] using the enzyme essay that is a mixture of sodium phosphate buffer (pH 6.0), methoxyphenol and 30% H2O2. The activity was observed at 470 nm.

Catalase (CAT, EC: 1.11.1.6) activity was measured following the procedure of Hasanuzzaman et al. [4] by the enzyme assay which is the mixture of 50 mM K-P buffer (pH 7.0), 15 mM H2O2 and enzyme solution. The activity was observed at 240 nm.

Ascorbate peroxidase (APX, EC: 1.11.1.11) activity was measured as Nakano et al. [15] using the enzyme assay containing 50 mM K-P buffer (pH 7.0), 0.5 mM AsA, 0.1 mM H2O2, 0.1 mM EDTA and enzyme solution. The activity was observed at 290 nm.

Glutathione reductase (GR, EC: 1.6.4.2) activity was estimated following the method of Hasanuzzaman et al. [4] with the enzyme assay containing 0.1 M K-P buffer (pH 7.0), 1 mM EDTA, 1 mM GSSG, 0.2 mM NADPH and enzyme solution. The activity was observed at 340 nm.

2.9 Statistical Analysis

All data were statistically analyzed by using CoStat v.6. 400 [16] and subjected to two-way analysis of variance (ANOVA) to analyze the effect of different water regimes (WR) and OAs (Table S4). Mean (±SD) was calculated from three replicates for each treatment at P ≤ 0.05 applying the Tukey’s honestly significant difference (HSD) test.

3  Results

3.1 Plant Height

The effects of both WR and OA applied were significant (P < 0.01) on plant height (Table S4). The interaction of these factors (WR × OA) also affected plant height significantly (P < 0.05). Under well-watered condition, the tallest plants were recorded in poultry manure treatment. The recorded data revealed that plant height increased in poultry manure, biochar and vermicompost at 34, 25 and 19%, respectively. On the other hand, increased plant height in water deficit condition was filed and highest data found in poultry manure in 16% more than untreated control whereas lowest in biochar treatment and it was 10% more than control (Fig. 1).
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Figure 1: Effects of different organic amendments on plant height of wheat under drought stress. Mean (±SD) was calculated from three replicates for each treatment. Bars with different letters are significantly different at P < 0.05 applying the Tukey’s HSD test. **P < 0.01, *P < 0.05, ns = not significant, WR = Water regimes, OA = Organic amendments

3.2 SPAD Value

Changes in leaf SPAD value were recorded to be significant (P < 0.01) caused by either WR or OAs. The combined effect of drought and OAs resulted in a variation of SPAD value in leaf which was not significant (Table S4). Under well-watered condition vermicompost treated plants showed the highest SPAD value and all the other treatments showed a similar result. On the other hand, SPAD value was increased under stressful condition in vermicompost and biochar by 18% and 16%, respectively and the lowest result was attained from drought treatment without any OA (Fig. 2).
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Figure 2: Effects of different organic amendments on the SPAD values of wheat leaves under drought stress. Mean (±SD) was calculated from three replicates for each treatment. **P < 0.01, *P < 0.05, ns = not significant, WR = Water regimes, OA = Organic amendments

3.3 Relative Water Content and Proline Content

Relative water content was reduced significantly (P < 0.01) by drought. Though different OAs changed the leaf RWC significantly (P < 0.05), their interactive effects were non-significant (Table S4). The highest leaf RWC was obtained from compost treatment, and compost and vermicompost attained 4% and 3%, respectively more RWC than the control condition. On the contrary, the lowest result attained from poultry manure and it was 4% less than control under well-watered condition. On the other hand, under stressful condition all treatment resulted in better RWC than control and 12% and 8%, respectively more RWC found in vermicompost and compost treatment (Fig. 3A).

Proline content was affected significantly (P < 0.01) by WR, OAs or their combined effects. Compared with well-watered control Pro content was increased markedly in water-deficit plants. In contrast, OAs supplementation in water deficit plants reduced Pro content significantly compared to well-watered control and untreated stressed plants. Compost, biochar and vermicompost showed a notable reduction of Pro content by 13, 14 and 21%, respectively over control (Fig. 3B).
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Figure 3: Effects of different organic amendments on (A) leaf RWC and (B) Pro content of wheat under drought stress. Mean (±SD) was calculated from three replicates for each treatment. Bars with different letters are significantly different at P ≤ 0.05 applying the Tukey’s HSD test. **P < 0.01, *P < 0.05, ns = not significant, WR = Water regimes, OA = Organic amendments

3.4 Lipid Peroxidation

Malondialdehyde content was also affected significantly (P < 0.01) by WR, OAs or their combined effects. Under well-watered condition MDA content was not affected by the application of OAs, and poultry manure treated plants showed the lowest content of MDA. On the contrary, under drought condition, control plants showed the highest MDA content. If compared to the well-watered plants, MDA content was higher in all treatments under drought condition. However, when compared among the stressed plants only, OAs were capable of lowering the MDA contents efficiently except poultry manure (Fig. 4).
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Figure 4: Effects of different organic amendments on the MDA content of wheat under drought stress. Mean (±SD) was calculated from three replicates for each treatment. Bars with different letters are significantly different at P < 0.05 applying the Tukey’s HSD test. **P < 0.01, *P < 0.05, ns = not significant, WR = Water regimes, OA = Organic amendments

3.5 Activity of Antioxidant Enzymes

Activities of all antioxidant enzymes measured significantly (P < 0.01) changed due to different WR and OAs applied. But their interaction (WR × OA) could significantly (P < 0.05) alter the activities of POD, CAT and GR; APX activity showed non-significant variations (Table S4).

The activity of antioxidant enzymes such as CAT, APX and GR showed an increment upon exposure to drought at a rate of 68, 43 and 67%, respectively. POD activity was raised compared to respective well-watered treatments except for the control and compost treatments. If considered among the different OAs under drought condition, chitosan showed the highest POD activity followed by poultry manure (Fig. 5A). The activity of CAT was recorded the highest in the drought stressed plant without any organic amendment followed by poultry manure, biochar and chitosan treatments of that (Fig. 5B). The trend of activity increment followed a regular pattern in case of APX with the highest increase in drought stressed wheat plants with no OAs (Fig. 5C). Within the well-watered plants with different OAs application, no variation was observed in GR activity, but when exposed to drought, no amendment resulted in the highest value followed by chitosan (Fig. 5D).
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Figure 5: Effects of different organic amendments on the activities of (A) POD, (B) CAT, (C) APX and (D) GR enzymes of wheat under drought stress. Mean (±SD) was calculated from three replicates for each treatment. Bars with different letters are significantly different at P < 0.05 applying the Tukey’s HSD test. **P < 0.01, *P < 0.05, ns = not significant, WR = Water regimes, OA = Organic amendments

3.6 Yield Contributing Parameters

All yield contributing parameters were affected significantly (P < 0.05) by WR and OA. But in case of their interactive effects, number of grain spike−1 and 100-grain weight showed non-significant changes (Table S4).

The highest spike length was found in vermicompost and poultry manure treatment that was 15% and 9%, respectively more than the control condition. The lowest spike length was found in drought stress condition similar to other OAs applied. On the other hand, under water deficit condition highest value was observed in vermicompost treatment which was 13% more than control condition (Fig. 6A).

The maximum number of spikelet spike−1 was attained from vermicompost treatment. Vermicompost and poultry manure resulted in 14% and 6%, respectively more spikelet spike−1 than control and the lowest number of spikelet spike−1 was found in biochar treatment under well-watered condition which was 3% less than control. On the other hand, under water deficit condition greatest value of spikelet spike−1 was recorded in vermicompost treatment which was 20% higher than control and the lowest data recorded in control condition (Fig. 6B). Vermicompost and poultry manure showed a greater number of grains spike−1 that was 6% and 4%, respectively more than well-watered control.

A remarkable reduction of grain weight was recorded with the combined effect of drought and different OAs. The highest 100-grain weight was obtained from vermicompost treatment and it was 11% more than the control treatment, under well-watered condition. Oppositely, under water deficit condition highest result was found from vermicompost treatment and the lowest received from biochar was 4% less than control treatment (Fig. 6D).
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Figure 6: Effects of different organic amendments on (A) spike length, (B) number of spikelets spike−1, (C) number of grains spike−1 and (D) 100-grain weight of wheat under drought stress. Mean (±SD) was calculated from three replicates for each treatment. Bars with different letters are significantly different at P < 0.05 applying the Tukey’s HSD test. **P < 0.01, *P < 0.05, ns− not significant, WR = Water regimes, OA = Organic amendments

4  Discussion

Drought has been well-known to cause a remarkable decline in crop productivity by hampering the morpho-physiological biochemical processes of plant. Lack of water disrupts the cell expansion and hereby membrane integrity which subsequently results in osmotic stress, stomatal closure and protein denaturation.

The findings of this experiment have revealed how different OAs can help to reduce the negative impacts of drought in wheat by maintaining plant growth and antioxidant defense system. The growth parameter, plant height was recorded to be lowest in the control treatments that are without any OAs (Fig. 1). As the plants with OAs supplementation are more likely to get a sufficient amount of nutrients and a better soil health such results are expected and have been reported earlier [6,17].

The SPAD meter can rapidly measure SPAD values as a proxy for chlorophyll (chl) content [18]. Variation in SPAD value was also recorded in this experiment where the highest reduction was observed in drought stressed plants without any OA supplementation (Fig. 2). Water deficit condition leads to metabolic dysfunctions which ultimately disrupts the function of photosynthetic pigments. Drought-induced reduction of chl due to impaired functions of chloroplast was reported in many studies so far [19−21]. However, the application of vermicompost and biochar seemed to retain the degradation of chl and induce drought tolerance to some extent. This might be because vermicompost helps in chl synthesis by providing the key minerals like N, P, K, Mg, Ca, etc. [21] and biochar facilitates with reducing the oxidative stress [20].

To assess the water status of plant RWC is measured which is a potential indicator of plant metabolic activity too. Drought stress tends to reduce the RWC by blocking the water transportation of plant cells which was also evident from our experiment. A similar reduction of RWC in wheat leaves due to drought exposure was previously reported [4,22]. Application of all types of OAs could hardly improve the water status of wheat except for vermicompost and compost. Vermicompost and compost performed better as they can improve the water holding capacity of soil. Proline is also relatable in this manner as it helps in the maintenance of water balance. Higher Pro content of wheat plants upon exposure to drought was recorded in our experiment and only vermicompost was found to keep the Pro level lower (Fig. 3B). This might be due to the fact that vermicompost provides plants with a better water status and hence production of Pro was minimized.

Drought stress-induced lipid peroxidation leads to the accumulation of excess ROS which causes oxidative stress in plants. These excess ROS can be scavenged by the components of the antioxidant defense system including POD, CAT, APX and GR. If ROS are successfully scavenged, a balanced situation is provided for plants’ normal growth; but if plants fail to detoxify the ROS, oxidative damages occur in plant cells. Our results revealed that, MDA content was higher in all drought-stressed plants irrespective of the presence of OAs. However, in our experiment if compared to the drought stressed plants only, all types of OA could negate the MDA contents except poultry manure (Fig. 4). The dose of vermicompost can be considered the best among the OA types tested. The ability of vermicompost to retain water and promote soil properties with a better moisture and nutrient condition might have played beneficial roles in this regard. To understand the role of antioxidant defense system in drought-stressed wheat, some enzymatic components were measured and the results revealed that the activities of CAT, APX and GR were also remarkably higher upon exposure to drought stress and such findings have been reported earlier [4,20,22]. Though the OAs experimented here resulted variably in case of different enzymatic activities, if compared among all, vermicompost seems to result in the most positive manner (Fig. 5). The activity of POD resulted differentially with the highest value in chitosan treated wheat plants which might be because among the OAs used, chitosan is most effective to increase the POD activity under drought condition [9].

Drought negatively affects the cellular components of plants like the above-discussed parameters which ultimately reduces the yield of plant. Drought stress-induced yield reduction of wheat is well-documented and similar results were recorded in the present experiment. However, if considered the application of OAs, among the five types of OAs studied vermicompost provided a better yield compared to others (Fig. 6). The application of OAs improves soil condition, which eventually increase the uptake of water and nutrient [23]. The availability of optimum moisture and nutrients is crucial for the reproductive development of crops. Wheat is also sensitive to moisture availability during the grain formation period. Hence, vermicompost treatment facilitated the wheat plants to perform better against the drought stress. As in case of the previously discussed parameters vermicompost was reported to perform better, the ultimate yield is also higher. Such beneficial roles of OAs in improving yield status of drought-stressed wheat were also documented by Yaseen et al. [24].

5  Conclusion

Based on the findings of our experiment, doses of all the OAs applied were not effective against drought stress. Such variability in the functions of different types of OAs against drought stress were demonstrated in previous experiments. This study can be used as a well-documented reference for further experiments on OAs against drought. However, the application of vermicompost might be concluded as the most effective one considering the data of Pro, MDA and antioxidant enzymes measured. The ability of vermicompost to retain soil moisture, improve soil quality and nutrient content was beneficial in this regard. It can be suggested that more effective doses and forms of OAs should be tested to find out the best use of OAs against water deficit condition.
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Table S1: Recommended doses of fertilizer used for this experiment

Fertilizer Doses (kg ha_l) Amount per pot (g)
Urea 220 4.6

TSP 150 3.5

MOP 60 1.4

Gypsum 110 2.5

Zinc sulfate 8 0.2

Boric acid 2 0.05

Cowdung 10 (t ha™) 200
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Table S3: Monthly average air temperature, rainfall and relative humidity of the experimental site during the
experimental period

Month Air temperature (°C) Relative humidity (%) Total rainfall (mm)
Maximum Minimum

November, 2018 25.50 6.70 54.75 0

December, 2018 23.80 11.70 46.20 0

January, 2019 22.75 14.26 37.90 0

February, 2019 35.20 21.00 52.44 20.4

March, 2019 34.25 24.50 44.20 57.6

Note: Bangladesh Meteorological Department.
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Table S4: ANOVA (F-values) of the parameters measured

Parameters Source of variation
WR (df=1) OA(df=5) WR xOA (df=5)

Plant height 170.92%%* 23.78%* 3.77%
SPAD values 128.23%%* 4.92%* 1.74™
Leaf RWC 91.10%** 2.96%* 0.76™
Pro content 717.97%* 25.15%* 7.65%*
MDA content 1272.73%%* 18.40%* 22.772%*
POD activity 103.04%* 22.42%% 7.86%*
CAT activity 261.03%* 9.00%* 3.02%
APX activity 244 31%* 7.39%* 1.71%
GR activity 203.38%*%* 5.91%* 3.90%*
Spike length 64.77%* 8.43%* 3.24%
Number of spikelets spike”'  152.07** 9.68%* 0.67™
Number of grain spike 100.76%* 8.30%* 3.20%
100-grain weight 111.85%* 13.46** 1.49™

Note: ** P <0.01, * P <0.05, ns = not significant, WR = Water regimes, OA = Organic amendments.
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Table S2: Nutrient composition of the organic amendments used

Organic amendment N (%) P (%) K (%)

Compost 1.50 £0.15 0.60 £+ 0.06 1.50 = 0.50
Biochar 1.90 £ 0.20 2.20 £0.83 2.90 £0.20
Poultry manure 1.25 £0.13 0.70 £ 0.07 0.95 £0.10
Chitosan 4,98 + 0.50 1.42 +£0.10 0.05 £ 0.01
Vermicompost 2.10 £ 0.20 7.80 + 0.70 0.50 £ 0.05
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