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Abstract

:

Nutrient management is an important challenge to agricultural sustainability. In this study, the effects of three nitrogen (N) fertilizer levels (N1 = 0, N2 =150, and N3 = 300 kg ha−1) on growth, chlorophyll content, and antioxidant capacity of two grain sorghum cultivars were investigated in a two-year (2017 and 2018) field trial. The treatments were arranged in a randomized complete block design with three replicates. Nitrogen application (N2 and N3) improved plant growth and antioxidant enzymes activity; compared to the control N1, N increased germination by 18.7%, leaf length by 7.5%, leaf weight by 10.8%, specific leaf weight by 11.6%, and plant height by 2.5% in Siyong 3180 cultivar and increased leaf width by 12.8% and stem weight by 27.4% in CFSH30 cultivar. In 2017 and 2018, increasing nitrogen N2 and N3 enhanced superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD) activities and leaf protein content in both cultivars. While in 2017, chlorophyll content decreased in the CFSH30 cultivar. Our study showed that increased nitrogen supply could improve morpho-physiological activities of sorghum, but N3 was relatively more effective for sorghum growth in Siyong 3180 cultivar compared to CFSH30 cultivar.
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1. Introduction


Nitrogen (N) is a major nutrient necessary for crop growth and development to meet the demand for high quality and yield of agricultural products [1]. N is the primary element for plants because it is a core component of various plant forms and also of their physiological and extrinsic metabolic processes [2,3]. Nitrogen application can enhance physiological processes in plants, including nutrient uptake, enzyme activity, and photosynthetic rate [4,5] However, excessive use of nitrogen fertilizer is a major problem in agriculture. Excess N in plants may cause toxic problems to human health such as methemoglobinemia, nitrous oxide emissions, and nitrate contamination of groundwater [6,7]. Previous studies have shown that consumption of crops with higher nitrate concentrations has a significant negative impact on human health [8].



Deficient or excessive N supply leads to the production of reactive oxygen species (ROS) in crops, inducing oxidative stress [9]. Higher N rate increased the production and accumulation of ROS, leading to significant changes in the content of lipid, nucleic acid, soluble protein, and chlorophyll in plants [10].



Previous studies observed that increasing N rate enhanced growth, development, and yield of sorghum [11,12]. Crops grown under N deficiency may result in early maturity, reduced yield, and poor quality [13]. Nitrogen is regarded as one of the major elements affecting sorghum growth and yield [14]. Sorghum growth and yield improvement depends not only on more nitrogen application, but also on the selection of suitable cultivars [15,16].



Sorghum [Sorghum bicolor (L.) Moench] is the fifth largest cereal crop grown in the world. Sorghum is a multi-purpose crop and can be used as human food, animal feed, and industrial products [17]. Sorghum accounts for nearly 6% of the global coarse grain production and responds well to N input management [18]. Despite its high adaptability and wide distribution, global productivity of sorghum remains low (only 1.4 t ha−1) [19]. Therefore, to achieve sustainable sorghum productivity, optimal fertilization practices should be used [20].



In this study, we hypothesized that N fertilization could improve crop development by enhancing growth and physiological characteristics of sorghum. Therefore, the current study was done to explore the application of three N fertilization rates and their effects on growth and physiology, including chlorophyll content and antioxidant enzyme activity in two sorghum cultivars.




2. Materials and Methods


2.1. Management Practices, Experimental Arrangements, and Treatments


This study (2017–2018) was conducted on the experimental farm of Yangzhou University, Yangzhou City, Jiangsu Province, China (32.30° N, 119.825° E). The soil was a sandy loam of Typic fluvaquents Entisols [21]. The field was previously planted to castor (Ricinuscommunis L.) and cotton (Gossypiumhirsutum L.). The soil parameters were tested containing 1.22% organic matter, 1.0 g kg−1 total N, 14.1 mg kg−1 P, and 77.3 mg kg−1 K. The pH reading of the soil was 7.1.



At both sites, field trials were arranged in a 2-factorial (N and cultivar) complete randomized block design with three replications for each treatment. Nitrogen applications were 0, 150, and 300 kg N ha−1 (referred to as N1, N2, and N3) and the two sorghum varieties were CFSH30 (V1) and Siyong 3180 (V2). The N fertilizer was applied as urea in solid form in all the treatments. Phosphorus (P) was applied twice to all treatments at an equal rate of 120 kg/ha at seedling and plant growth stages [22]. The N and P fertilizer were applied simultaneously in each plot during sowing by hand seeding.



Each replicated plot was 10.5 m2 (3.5 m × 3. 0 m) in size. Soil tillage was carried out by traditional ploughing with wooden planks. Sorghum seeds of 4.5 kg ha−1 were sown by hand sowing on 26 May 2017 and 20 May 2018, respectively. The distance between the adjacent plots was 40 cm.



Other field management practices such as weeding and pest control were conducted according to local practices and recommendations.




2.2. Determination of Plant Growth and Physiological Parameters


At 4, 10, 16, and 22 days after sowing (DAS), the number of germinating seeds per plot was randomly counted until the plants reached 80% maturity [23].



The samples were taken at 97 days after sowing when the plant reached maturity stage. Data on growth parameters such as leaf length, width, weight, specific weight, stem weight and plant height were measured during the single year 2017.



On day 97 after sowing, 10 plants were randomly collected and the length (cm) and width (cm) of fresh leaves were examined [24].



To determine biomass yield, whole plants were harvested from the center row on day 97 after sowing and manually separated into leaf, stem, and specific leaf weights that were weighed by electronic scales [25].



For the determination of leaf weight (g), the penultimate leaves of the sorghum were selected.



Plant height (cm) was measured from the bottom of the soil to the top of the panicle using a measuring rod [14].



The number of panicles emergence on ten plants was randomly counted at two different growth stages (panicle initiation and reproduction).



2.2.1. Soluble Protein


Approximately 0.5 g of fresh sorghum leaves were homogenized in 5 mL of sodium phosphate buffer (pH 7.2) at 4 °C and centrifuged directly at 10,000 rpm for 15 min at 4 °C. For further examination, the supernatants were stored on ice to prevent it from external contamination and deterioration [26]. The content was measured using the Coomassie blue dye-binding method according to [27]. The absorbance readings were converted to protein content using bovine serum albumin (BSA) as a standard curve [28]. The supernatant and dye were transferred into a spectrophotometer cup and absorbance was recorded at 595 nm using a spectrophotometer (Model 721, Shanghai Mapada Instruments Company Limited, Shanghai, China).




2.2.2. Superoxide Dismutase (SOD), Catalase (CAT), and Peroxidase (POD)


To determine antioxidant activities, 0.5 g of fresh leaves were crushed in a mortar with 5 mL of 50 mm sodium phosphate buffer agent (pH = 7.0). The obtained homogenates were centrifuged at 10,000× g for 15 min at 4 °C. The supernatants were used to determine SOD, CAT, and POD [2,29]. SOD activity was measured in a reaction mixing agent including 50 mM sodium phosphate buffer at pH 7.0, 10 mM methionine, 1.17 mM riboflavin, and 56 mM nitro-blue tetrazolium (NBT). The absorbance of the solution was measured by calculating the inhibition of photochemically reduced NBT at 560 nm using a microplate spectrophotometer according to the method of [30]. The activities of POD and CAT were measured according to the following methods of [31,32]. Peroxidase was examined using guaiacol as a substrate. Due to the oxidation of guaiacol, POD was measured by calculating the increase in absorbance at 470 nm over 3 min with a spectrophotometer. The reaction mixture consisted of 50 mM Tris-HCl (pH = 7.0), 10 mM of guaiacol, 5 mM of H2O2, and 0.1 mL of enzyme extract. One unit of POD activity was measured as 0.1 unit change in absorbance per minute. In addition, CAT activity was measured by the decrease in the absorbance of H2O2 at 240 nm. The reaction mixture (3 mL) was 50 mM of Tris-HCl (pH 7.0), 0.1 mM of EDTA, 12.5 mM of H2O2, and 0.1 mL of enzyme extract. One unit of enzyme activity is defined as a 0.01-change in the absorbance at 240 nm per minute.




2.2.3. Chlorophyll Content (a, b, and Carotenoids)


To determine the chlorophyll content (including chl a, b, and carotenoids), 0.2 g of fresh leaves in the same position were selected. The samples were scissored into small pieces and placed in 10 mL test tubes containing 96% ethanol solution and kept in the dark. The tubes were incubated in water at 40 °C for 3 h. Using a spectrophotometer, samples were examined at 470, 646, and 663 nm when the leaf color changed from green to white, following the method of [33].





2.3. Statistical Analysis


The Analysis of two years (2017 and 2018) was performed in a block design including three levels of N and two cultivars based on a randomized complete block design. Analysis of variance (ANOVA) was conducted using Mstate-C [34]. The least significant difference test (LSD) was used to assess when the F values were significant at the (p ≤ 0.05) probability level.





3. Results


3.1. Germination Percentage


Germination was affected by N, cultivar, year, and interactions between N, cultivar, and year. Germination was affected by N, cultivar, and the interaction of these two factors on 4, 10, 16, and 22 days after sowing in the first year and on the 4th and 16th day after sowing in the second year, respectively (Table 1 and Table 2). However, there was no significant differences in germination of sorghum on 10 and 22 days after sowing the second year. Compared to cultivar V2, V1 had significantly lower germination rates on 4, 10, and 16 days after sowing in both years, 37.9 and 10.7%, 38.1 and 5.4%, and 16.3 and 2.5%, respectively. During 2017, compared to N1, N3 had significantly higher germination rates on 4, 10, and 22 days after sowing, respectively, with 14.0, 18.7, and 1.0%. However, N2 significantly reduced the germination rate compared to N1, 28.5 and 1.3% on the 4th day and 32.8 and 20.2% on the 16th day after sowing in both years. N3 germination rate decreased by 3.5, 5.8, and 11.3% on 4, 10, and 16 days after sowing in the second year.




3.2. Leaf Parameters


The length, width, weight, and specific weight of sorghum leaves were affected by N rate and cultivar (Table 3). Leaf length was reduced by 9.1% in V1 cultivar compared to V2. Nitrogen application increased leaf length by 6.2 and 7.5% for N2 and N3 compared to N1.



In addition, N2 increased the leaf width by 7.6% and N3 by 12.8% compared to N1. V1 performed better with a 15.5% increase in leaf width compared to V2.



Similarly to leaf width, application of N2 and N3 increased the leaf weight by 1.2 and 10.8%, compared to N1, respectively. Leaf weight decreased by 21.3% in V1 compared to V2.



In addition, the specific leaf weights of N2 and N3 increased by 11.6 and 23.5%, respectively, compared to N1. The leaf weight of V1 was reduced by 60.0% compared to V2.




3.3. Stem Weight, Plant Height, and Number of Panicles Plant−1


Different N applications and cultivars had significant effects on stem weight, plant height, and panicle number (Table 4). Compared to V2, stem weight increased by 10.8% in V1. Compared to N1, stem weight increased by 4.9% in N2 and 27.4% in N3.



In addition, application of N2 and N3 increased plant height by 1.7 and 2.5% compared to N1. Plant height was reduced by 14.3% in V1 compared to V2.



Furthermore, data for panicles of sorghum were influenced by different levels of N rates and cultivars. Compared to V2, V1 significantly increased the number of panicles plant−1 by 321.8 and 563.0%, respectively. The twice obtained data on panicles was significantly reduced when the rate of nitrogen fertilization increased. N2 reduced the number of panicle plants−1 by 19.8 and 51.2%, N3 by 32.2 and 46.9% compared to N1.




3.4. Activities of Superoxide Dismutase (SOD), Catalase (CAT), Peroxidase (POD), and Content of Soluble Protein


In those two years, N rate and cultivar had significant effects on SOD and CAT activity in both growing seasons and POD in first year, but there were no significant differences in POD activity in the second year (Table 5).



SOD activity was influenced by cultivar, N, year, and the interactions between cultivar and N, cultivar and year, and the interactions between N and Year. During 2017 and 2018, SOD increased by 8.7 and 21.9% in N2 and 38.5 and 83.3% in N3 rates compared to N1. V1 decreased SOD activity by 10.2 and 21.1% during both growing seasons compared to V2.



Correspondingly, POD was affected by N. The POD activity was increased by 17.0 and 35.2% over the two growing seasons compared to N1. Similarly, N3 increased by 28.7% during 2017 and 17.8% during 2018 compared to N1. Compared to V2, V1 decreased POD activity by 5.4% in the first year and increased by 15.2% in the second year.



Similarly, CAT activity was also affected by N, year, and the interaction between N and year. (Table 6). Compared to V2, V1 reduced CAT by 4.7% in 2017 and increased it by 18.4% in 2018. Compared to N1, N2 increased CAT activity by 15.9 and 82.0% and N3 increased by 53.3 and 89.4% in two years.



Similarly, protein content was significantly affected by cultivar, N, year, and the interactions between N and year. Protein content was significantly affected in both growing seasons (Table 5). In V1, protein content increased by 18.4 and 12.4% in 2017 and 2018 compared to the V2. In N2, the protein content increased by 13.2 and 189.0% and in N3 by 16.1 and 209.0% in both years, respectively, compared to N1.




3.5. Chlorophyll a, b, and Carotenoids


Different N levels and cultivars affected chlorophyll content. Chlorophyll content a and carotenoids were significantly affected, but there was no significant response to chlorophyll b (Figure 1A–C). Chlorophyll content decreased when the rate of nitrogen fertilizer application increased compared to N1. Chlorophyll a and carotenoids content decreased by 26.2 and 23.1% when N1 was applied and by 27.7 and 36.26% when N3 was applied, respectively.





4. Discussion


In the current study, higher nitrogen rates significantly increased germination of sorghum, with responses varying among treatments (Table 2). Compared to V1, V2 showed the best response at high nitrogen rates of 10th day and 22th day in both growing seasons. The N increased germination rate of sorghum in the first experimental year and decreased in the second experimental year as compared to the control. The increase in germination rate may be caused by the application of more nitrogen. In the initial stage, plants especially need more nutrients for growth [14]. The decrease in seed germination in the second year could be due to changes in meteorological conditions, a longer growing period or residual effects of the first year of N application [2,35]. However, our findings are similar to those of [36], who reported that higher levels of nitrogen in the field produce toxic organic nitrogen compounds that inhibit seed germination and reduced plant growth.



In addition, our data showed that different rates of N enhanced leaf growth. Leaf length and leaf width increased more in N2 and N3 (Table 3), probably due to higher availability of N. Our results showed that N2 and N3 rates increased leaf length in V2 and leaf width in V1 compared to N1. Our results are consistent with the findings of [37], who reported that leaf length and width increased when exposed to higher N rates. In the current study, high rates of N and increased leaf weight may be a possible indicator for determining higher leaf length and leaf width. Corresponding results are supported by [38] sorghum crop.



Furthermore, in the current study, moderate and high N application of N2 and N3 resulted in increased stem weight (Table 4). In our results, V1 showed higher stem weight at N2 and N3 application rates compared to V2 cultivar. In fact, the stem accumulated more N compared to other growing parts of the plant, which may explain the higher stem weight in the current study. Our results are in accordance with the study of [38], who reported that stems accumulate a higher ratio of NPK, due to which sorghum produces higher stem weight.



In this research, V2 cultivars had fewer panicle strains in N2 and N3, respectively, compared to N1 (Table 3 and Table 4). This could be a result of the lower N requirement for V2 growth. Previous studies have mentioned that sorghum also requires less than 40% of N for growth and yield compared to other crops such as maize [39].



In addition, specific leaf weight and plant height increased in sorghum when more N was applied at N2 and N3 compared to N1. Our results are inconsistent with the study of [40], who reported slower plant growth (e.g., plant height) at higher N applications. Higher N application is a serious problem for crops like sorghum because the toxicity of ammonium may be responsible for reducing plant growth [41]. However, our results are consistent with the findings of [14], who reported higher plant height at 268 N kg ha−1.



Furthermore, different N rates affected SOD, CAT, and POD activity during two growing seasons (Table 6). High N rates significantly increased SOD, CAT, and POD activities in V1 and V2 compared to N1 at the N2 and N3 levels. The increase in antioxidant activity was due to higher N rates indicating stress due to ammonium toxicity (Table 6). Our findings are similar to [2,42], who reported increased ROS production and antioxidant activities due to nutritional stress in plants. The current study demonstrated a significant increase in the antioxidant activities of N2 and N3 high nitrogen in sorghum leaves, which seems to be one of the most necessary mechanisms to regulate crop growth characteristics under stress conditions [21,43].



Moreover, the protein contents were increased due to the difference in the amount of nitrogen applied (Table 6). In the current study, protein content increased significantly when the rate of N fertilizer application was increased in 2017 and 2018 (Table 5). Our results further showed that the protein content of cultivar V2 was reduced in each of the two growing seasons compared to V1. In plants, N-containing compounds like amino acids and proteins are the final products of nitrogen assimilation [44]. As part of this investigation, the protein content of sorghum was measured. As previously reported in rice and ramie [45], increasing the rate of N caused a significant increase in leaf N content. In this study, the average content of soluble proteins was increased with increasing N rate, suggesting that increased N assimilation in sorghum leaves may be a possible cause of the accumulation of these N-containing compounds. Our results are in agreement with the findings of [46], who reported that protein content increased significantly when the rate of nitrogen fertilizer application increased.



Chlorophyll is considered to be an important component of chloroplast and is the photosynthetic process of plants. In this study, increases N rate resulted in decrease contents of chlorophyll a and carotenoid content in sorghum compared to N1 (Figure 1A,C). Further studies showed that for V1 cultivar, the rate of nitrogen application increased chlorophyll a content at N2 and decreased at N3. Similarly, for V2, it increased chlo a at N3 but decreased at N2. In the present study, the decrease in Chlorophyll content could be the result of poor assimilation of nitrogen. However, the lower chlorophyll content in N2 and N3 may be the result of using the assimilation of nitrogen to synthesize proteins and transfer them to other parts of the plant. However, our results are inconsistent with those of [47] for maize [13] for ramie and [21] for cotton, who reported higher chlorophyll content. The higher N application was increased due to higher N assimilation for protein synthesis and was not transferred to other parts of the plant. However, the underlying mechanism of chlorophyll in sorghum at higher nitrogen application needs further study.




5. Conclusions


The current study revealed morpho-physiological and biochemical reactions of sorghum to N application, which can better our understanding of optimized N application to promote plant growth and increase biomass production. The higher rate of N2 and N3 in V1 and V2 resulted in the greatest improvement in seed germination %, leaf length, width, weight, and stem weight and increases in SOD, CAT, POD, and leaf protein in 2017 and 2018 as compared with N1, respectively. The medium rate of N2 reduced the number of panicles plant−1, chlorophyll a, and carotenoid content in both cultivars. The study suggested that higher rates of N3 in V2 are sufficient to regulate morpho-physiological activity and antioxidant capacity of sorghum to achieve high growth and yield. However, more investigations are needed to elucidate the effects of different sources of nitrogen on more sorghum varieties. Therefore, nitrogen fertilizer management is needed to ensure crop growth and yield and to reduce soil degradation.
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Figure 1. Effects of N rates on (A) chlorophyll a content, (B) chlorophyll b content, and (C) carotenoids, of two sorghum varieties. Different lowercase letters on the bars in the figures represent statistical difference at the 0.05 probability level by an ANOVA-protected test. 
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Table 1. Significance test for source of variation (mean square), and their effects on germination percentage 4, 10, 16, and 22 days after sowing during 2017 and 2018.
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Source

	
Day after Sowing




	
4

	
10

	
16

	
22






	
C (cultivar)

	
2187 **

	
2187 **

	
752 ns

	
8 **




	
R (ratio of N)

	
501 *

	
500 *

	
2668 **

	
478 **




	
Y (year)

	
3400 **

	
1045 **

	
7752 **

	
3072 **




	
C × R

	
2185 **

	
1317 **

	
5027 **

	
1272 **




	
C × Y

	
1160 **

	
1452 **

	
352 ns

	
75 ns




	
R × Y

	
551 *

	
730 **

	
277 ns

	
267 ns




	
C × R × Y

	
479 *

	
727 **

	
652 ns

	
526 **




	
Error

	
148.70

	
131

	
263

	
99




	
Year

	

	

	

	




	
2017

	
33 a

	
34.8 a

	
49 b

	
67 b




	
2018

	
22 b

	
28.6 b

	
66 a

	
77 a




	
N levels

	

	

	

	




	
N1

	
28 ab

	
32 ab

	
65 a

	
74 a




	
N2

	
23 b

	
27 b

	
48 b

	
68 b




	
N3

	
30 a

	
35 a

	
60 a

	
74 a




	
Cultivars

	

	

	

	




	
CFSH30

	
23 b

	
27 b

	
55 a

	
72 a




	
Siyong3180

	
32 a

	
36 a

	
60 a

	
72 a








C: cultivar; R: rate of nitrogen; Y: year. * and ** significant at 5 probability level, respectively. Different letters in the same column of the table are statistically different at the 0.05 level of probability by ANOVA-protected test.
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Table 2. Effects of N rates on sorghum germination% with two sorghum varieties, during 2017 and 2018.
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Years

	
Cultivars

	
Rates of N (Kg ha−1)

	

	
Day after Sowing

	




	
4

	
10

	
16

	
22






	
2017

	
CFSH30

	
0

	
23.3 b

	
23.3 b

	
41.7 ab

	
62.7 ab




	
150

	
30.0 ab

	
30.0 ab

	
48.3 ab

	
69.7 ab




	
300

	
23.3 b

	
26.7 ab

	
45.0 ab

	
65.7 ab




	
Siyong3180

	
0

	
46.7 ab

	
48.3 ab

	
70.0 a

	
78.3 a




	
150

	
20.0 b

	
22.3 b

	
26.7 b

	
50.0 b




	
300

	
56.7 a

	
58.3 a

	
65.0 a

	
76.3 ab




	
2018

	
CFSH30

	
0

	
18.3 b

	
28.3 a

	
73.3 a

	
80.0 a




	
150

	
26.0 a

	
30.0 a

	
70.0 ab

	
80.0 a




	
300

	
18.3 b

	
25.0 a

	
53.3 ab

	
75.0 a




	
Siyong3180

	
0

	
26.7 a

	
30.0 a

	
75.0 ab

	
78.3 a




	
150

	
18.3 b

	
28.3 a

	
48.3 b

	
73.3 a




	
300

	
18.3 b

	
30.0 a

	
78.3 a

	
80.0 a








Sorghum plants were sampled on 4, 10, 16, and 22 days after sowing during 2017 and 2018. Different letters in the same column within the same year in the table were tested for statistical differences by ANOVA-protection at the 0.05 level of probability.
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Table 3. Effects of N rates on leaf length, width, and specific leaf weight of two sorghum varieties during 2017.
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Cultivar

	
N (Kg ha−1)

	
Leaf Length

(cm)

	
Leaf Width

(cm)

	
Leaf Weight

(g)

	
Specific Leaf Weight

(g)






	
CFSH30

	
0

	
15.1 b

	
4.2 ab

	
34.6 b

	
1.4 c




	
150

	
16.2 ab

	
4.5 ab

	
34.9 b

	
1.5 c




	
300

	
16.5 ab

	
4.9 a

	
42.4 ab

	
1.6 bc




	
Siyong3180

	
0

	
16.6 ab

	
3.6 b

	
46.9 a

	
2.1 abc




	
150

	
18.7 a

	
3.8 b

	
47.5 a

	
2.6 ab




	
300

	
17.6 ab

	
4.0 ab

	
47.9 a

	
2.7 a








Sorghum plants were sampled on the 97th day after sowing. Different letters in the same column of the table are statistically different at the 0.05 level of probability by ANOVA-protected test.
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Table 4. Effects of N rates on stem weight, plant height, and number of panicles plant−1 of two sorghum varieties during 2017.
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Cultivars

	
N (kg ha−1)

	
Stem Weight

(g)

	
Plant Height (cm)

	
Growth Stages




	
Panicle Initiation

	
Reproduction




	
Number of Panicle Plant−1

	
Number of Panicle Plant−1






	
CFSH30

	
0

	
73.3 b

	
21.0 b

	
12.1 a

	
53.4 a




	
150

	
77.1 b

	
22.3 ab

	
4.7 ab

	
34.1 ab




	
300

	
104.3 a

	
24.1 ab

	
12.4 a

	
48.8 a




	
Siyong3180

	
0

	
71.1 b

	
26.1 a

	
3.4 ab

	
19.1 ab




	
150

	
75.1 b

	
25.6 a

	
3.5 ab

	
1.0 b




	
300

	
80 b

	
25.8 a

	
0.0 b

	
0.4 b








Sorghum plants were sampled on the 97th day after sowing. Different letters in the same column in the table are statistically different at the 0.05 probability level by an ANOVA-protected test.
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Table 5. Effects of N rates on super oxide dismutase (SOD), catalase (CAT), peroxidase (POD), and total soluble protein of two sorghum varieties, during 2017 and 2018.
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Cultivar

	
N (kg ha−1)

	
2017

	

	

	

	
2018

	

	

	




	
SOD

(µg min−1)

	
POD

(µg min−1)

	
CAT

(µg min−1)

	
Soluble Protein (mg g−1)

	
SOD

(µg min−1)

	
POD

(µg min−1)

	
CAT

(µg min−1)

	
Soluble Protein (mg g−1)






	
CFSH30

	
0

	
16.2 b

	
296.4 b

	
307.4 b

	
10.8 b

	
10.8 b

	
382.5 a

	
9.3 b

	
47.7 ab




	
150

	
16.2 b

	
401.0 ab

	
367.9 ab

	
33.3 a

	
12.2 b

	
455.8 a

	
60.8 ab

	
53.2 ab




	
300

	
23.1 ab

	
417.0 ab

	
482.6 a

	
36.0 a

	
20.9 a

	
448.3 a

	
96.8 a

	
53.9 a




	
Siyong3180

	
0

	
18.2 ab

	
366.7 ab

	
334.6 ab

	
10.0 b

	
12.1 b

	
290.8 a

	
9.0 b

	
40.5 b




	
150

	
24.5 a

	
373.3 ab

	
375.9 ab

	
26.8 a

	
15.6 ab

	
455 a

	
40.5 ab

	
46.6 ab




	
300

	
24.4 a

	
435.4 a

	
502.3 a

	
28.4 a

	
20.9 a

	
345 a

	
82.0 ab

	
48.5 ab








Sorghum plants were sampled on the 97th day after sowing. Different letters in the same column in the table are statistically different at the 0.05 probability level by an ANOVA-protected test.
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Table 6. Significance test for source of variation (mean square), and their effects on antioxidant enzyme activity during two growing seasons.






Table 6. Significance test for source of variation (mean square), and their effects on antioxidant enzyme activity during two growing seasons.





	
Source

	
SOD

	
POD

	
CAT

	
Soluble Protein




	
µg min−1

	
µg min−1

	
µg min−1

	
mg g−1






	
C (cultivar)

	
200.0 **

	
13,783.7 ns

	
284.0 ns

	
867.0 **




	
R (ratio of N)

	
597.9 **

	
82,456.0 **

	
145,880.0 **

	
2244.9 **




	
Y (year)

	
633.1 **

	
5883.0 ns

	
322,133.0 **

	
15,768.8 **




	
C × R

	
70.3 **

	
2686.0 ns

	
871.0 ns

	
18.4 ns




	
C × Y

	
38.2 *

	
49,190.4 ns

	
6138.0 ns

	
15.0 ns




	
R × Y

	
33.0 *

	
22,103.0 ns

	
22,737.0 **

	
612.8 **




	
C × R × Y

	
11.3 ns

	
22,063.0 ns

	
34.0 ns

	
45.2 ns




	
Error

	
8.7

	
15,094.4

	
3867.0

	
28.2




	
Year

	

	

	

	




	
2017

	
20.4 a

	
381.5 a

	
395.2 a

	
24.2 b




	
2018

	
15.5 b

	
396.3 a

	
49.8 b

	
48.4 a




	
N levels

	

	

	

	




	
N1

	
14.3 c

	
333.9 b

	
165.1 c

	
27.3 b




	
N2

	
17.2 b

	
421.3 a

	
211.3 b

	
40.0 a




	
N3

	
22.4 a

	
411.4 a

	
290.9 a

	
41.8 a




	
Cultivars

	

	

	

	




	
CFSH30

	
16.5 b

	
400.17 a

	
220.9 a

	
39.2 a




	
Siyong3180

	
19.3 a

	
377.6 a

	
224.1 a

	
33.5 b








C: cultivar; R: rate of nitrogen; Y: year. * and ** significant at 5 level, respectively. Different letters in the same column of the table are statistically different at the 0.05 level of probability by ANOVA-protected test.
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