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Abstract

:

High grain yields of rice (Oryza sativa) under dry cultivation are primarily obtained through high levels of nitrogen (N) input. However, excessive inputs of N increase the risk of lodging. This study aimed to clarify the effect of N application rates on crop morphology, mechanical mechanisms of the stem, and chemical components in the basal stems of rice and their underlying mechanism in association with lodging resistance under dry cultivation. In this study, field experiments on rice were conducted under dry cultivation in early May to early October 2019 and 2020. Six rates of N applied at 0, 70, 140, 210, 280 and 350 kg ha−1 were set at a sowing rate of 150 kg ha−1 with Suijing 18 as the test material. The increased risk of lodging represented by lodging index (LI) and lodging rate with increasing N application was observed under both growing seasons. The plant height, basal internode length, particularly the second internode, and center of gravity height, which positively correlated with the LI, increased significantly with the increase in N application rates. In contrast, internode fullness and carbohydrate content of the basal second (S2) internode, which negatively correlated with LI, decreased significantly with increasing N application rates. A quadratic regression model between N application rates and grain yield showed that better grain yield could be achieved under an N application rate ranging from 210 to 228 kg ha−1. Therefore, the N application rate of (i.e., 210–228 kg N ha−1) could be recommended for the Suijing18 variety under dry cultivation in central Jilin Province for achieving high grain yield and great lodging resistance.
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1. Introduction


Rising temperatures and water scarcity owing to climate change have become urgent global challenges. The impact of drought on agricultural production has been exacerbated by population growth, increased demand for agricultural water, and decreased freshwater resources. Therefore, research on sustainable agricultural production models has become crucial [1]. Rice (Oryza sativa) is a core food crop, and the exploration of its requirements for light and simplified cultivation technologies has received widespread attention from Chinese and international researchers [2,3]. However, the sustainable development of rice is limited by its heavy dependence on irrigation water. Rice under dry cultivation is a rice crop mode that differs from transplanted rice, water direct seeding, wet direct seeding, and dry direct seeding water pipe methods. Rice under dry cultivation is a planting mode that does not include seedling and transplanting, but rather rice is directly sown under dry land preparation conditions. This mode primarily relies on natural precipitation during the whole reproductive period, and water is only appropriately replenished during critical periods of high water demand or in times of drought [4]. The dry cultivation of rice has been rapidly developing in different rice-cultivating regions in China and internationally. This method eliminates the need for breeding seedings and transplanting, saves water resources, improves labor efficiency, and optimizes both land use efficiency and the adaptation to mechanization [5]. However, previous studies have found that the grain yield of rice under dry cultivation is lower than that under conventional flooded cultivation. As a result, a massive increase in the application of N fertilizer in pursuit of high yields has led to the severe lodging of rice under dry cultivation [4].



As one of the major nutrients in crop growth and development, N is also a limiting factor for crop yield [6]. The proper application of N fertilizer can improve the growth and yield of crops, while the excessive application of N fertilizer often reduces the utilization of N and can even have a negative effect on the crop’s lodging resistance and yield [7,8]. Chen et al. (2020) found that the moderate application of N fertilizer could improve the resistance of rice to lodging to some extent [9]. Xiao et al. (2017) found that the application of excessive levels of N led to an increase in the height of rice plants with an upward shift in the center of gravity, growth in the basal internodes, a decrease in stem wall thickness and diameter, a decrease in stem fullness and mechanical strength, a decrease in flexural force and modulus of elasticity, an increase in stem LI, and a decrease in lodging resistance [10]. Zhang et al. (2017) showed that the excessive application of N led to the downregulation of genes related to lignin synthesis, which results in lignin deficiency in the secondary cell wall, and poor mechanical tissue structure; in turn, this reduces the degree of lodging resistance [11]. Therefore, it is important to study the effect of N application on the ability of rice stems to resist lodging as well as its mechanism under dry cultivation and to take effective measures to prevent the occurrence of lodging for high and stable yields of rice under dry cultivation.



Most of the previous studies on the effect of N application on the resistance of rice to lodging have focused on transplanted rice [12], while fewer studies have been conducted on the resistance of rice to lodging under dry cultivation. Therefore, the objectives of this study were to (i) clarify the effect of N application for plant morphology, mechanical mechanisms of stem, and basal stem chemical components of rice under dry cultivation; and (ii) to determine the relationship between the LI and plant morphology, mechanical mechanisms of the stem, and the basal stem chemical components of rice under dry cultivation. This study provides a theoretical basis for lodging resistance and the cultivation of rice to produce high grain yields under dry cultivation.




2. Materials and Methods


2.1. Experimental Site and Experimental Materials


A field experiment was conducted from early May to early October 2019 and 2020 at the National Crop Variety Validation Characterization Station on the campus of Jilin Agricultural University, Changchun, Jilin Province, China (44°46′ N, 125°39′ E). The region has a continental monsoon climate. The cumulative temperature and rainfall for the entire reproductive period were 2851.9 °C and 664.4 mm in 2019 and 2920.2 °C and 593.1 mm in 2020, respectively. The soil type of the trial plot is meadow soil. The organic matter content of the soil was 18.7 g kg−1; the alkaline dissolved N was 117.02 mg kg−1; the available phosphorus was 41.11 mg kg−1; the available potassium was 245.16 mg kg−1, and the pH was 6.2. The rice variety tested was Suijing 18, which has a growth period of 134–135 days. It is one of the primary varieties of rice used for dry cultivation in central Jilin province.




2.2. Experimental Design


The experiment included six rates of application of pure N (0, 70, 140, 210, 280 and 350 kg ha−1) that were labeled as N0, N1, N2, N3, N4 and N5, respectively. A randomized block design was used with three replicates for each treatment, and the plot area was 4 × 5 = 20 m2. The seeding rate was 150 kg ha−1, and the spacing of sowing rows was 25 cm. Hand simulated mechanical strip sowing and the application of basal fertilizer took place on 6 May 2019 and 7 May 2020, respectively. Tiller fertilizer was applied on 18 June 2019 and 20 June 2020, respectively. Panicle fertilizer was applied on 17 July 2019 and 20 July 2020, respectively. Harvest was on 25 September 2019 and 30 September 2020, respectively. A total of 75 kg ha−1 each of P2O5 and K2O were applied at once as the base fertilizer for each treatment. N fertilizer (urea) was applied three times in the form of basal fertilizer: tiller fertilizer: panicle fertilizer (5:3:2). Ridges were erected around each treatment plot to prevent water and fertilizer loss. The entire growth period primarily depends on natural rainfall. Spray devices were only used to uniformly supplement water during the critical period of drought and water demand. When the 10–15 cm soil water potential was lower than −35 kPa (3S-10, Institute of Soil Science, Chinese Academy of Sciences, Nanjing), a constant spray 360° atomized rotary spray irrigation was used with a spraying radius of 8 m and a water yield of 0.7 m3/h. The spray irrigation was conducted for approximately 2 h in combination with the field growth of the plant, and the soil water potential after the water supplement was −10 kPa. Closed weeding was performed after sowing, and other field management measures were conducted based on the general high-yield field model to ensure the consistent management of each experimental plot.




2.3. Sampling and Measurement


2.3.1. Morphological Characteristics and Field Lodging Assessment


Nine representative plants were taken from each plot 30 days after heading to determine the plant height, panicle length, length of each internode, panicle weight, center of gravity height, dry weight of the upper three leaves and related traits (length, dry weight of the leaf sheath, dry weight of the culm, culm diameter and culm wall thickness) of the basal second internode [13,14]. The plant height and the length of internodes were measured by a ruler. The panicle weight and the dry weight of the upper three leaves were measured using an electronic balance. The center of gravity height was measured as the distance from the base of the stem to the balance of the stem fulcrum, including the panicle, leaf, and sheath [15]. There were five elongated internodes on the main stems of the plants selected, which were referred to as the first (S1), second (S2), third (S3), fourth (S4), and fifth (S5) internodes from the stem base [16]. The culm diameter (outer diameter and inner diameter) and culm wall thickness were measured at the mid-region of S2 with a digital caliper that was accurate to 0.01 mm [17].



The dry weight per unit culm and dry weight per unit leaf sheath were determined as described by Huang et al. (2021) using the following formula [18]: dry weight per unit culm (mg cm−1) = the dry weight of the culm (mg)/the length of the culm (cm), dry weight per unit leaf sheath (mg cm−1) = the dry weight of the leaf sheath (mg)/the length of the leaf sheath (cm). As described by Chen et al. (2011) [19], the lodging area per plot was measured and the lodging percentage was determined as the lodging rate (%) = (the lodging area in plot/the plot area) × 100.




2.3.2. Determination of the Mechanical Properties of Stem and Stem Lodging Resistance


The mechanical properties of stems were determined 30 days after heading. Nine representative main stems were sampled in each plot. The S2 internode at the base of each main stem, including the sheath, was cut off and immediately placed on a Plant Stem Strength Testing Machine (YYD-1; Zhejiang Top Instrument Co., Ltd., Hangzhou, China) so that the midpoint of the internode corresponded to the midpoint of the tester (5 cm between pivot points). The stem was crushed downwards, and the reading that was displayed on the instrument was considered to be the fracture resistance [20]. The parameters of stem physical properties were calculated as follows [13,21]: (1) Bending moment of the whole plant (WP, g cm) = SL (cm) × FW (g). SL is the length from the broken point to the panicle top, and FW is the fresh weight from the broken point to the panicle top; (2) Breaking strength (M, g cm) = 1/4 × BL (kg) × L (cm). BL is the force applied to break the stem segment, and L is the distance between the two points. (3) LI (%) = WP/M × 100; (4) Cross-section modulus (SM, mm3) = π/32 × (a13b1 − a23b2)/a1, a1 and a2 are the outer and inner diameter of the minor axis in an oval cross-section, respectively, while b1 and b2 are the outer and inner diameter of the major axis in an oval cross-section, respectively; and (5) Bending stress (BS, g mm−2) = M/SM.




2.3.3. Determination of Carbohydrate Content


The carbohydrate content of the stem was determined 30 days after heading. Samples of the S2 basal internode were oven-dried, separated into the culm and sheath, heated at 105 °C for 45 min, and dried to a constant weight at 80 °C. The stems were then crushed using a Model 100 high-speed universal grinder (Zhejiang Yongkang Dongli Electric Machine Co., Ltd., Jinhua, China). The stem was passed through a 60-mesh sieve to determine the chemical composition of the internodes. The content of nonstructural carbohydrates (NCS) was measured as described by Yoshida et al. (1971) [22]. Briefly, 50 mg of samples were extracted in 80% ethanol (v/v), which was then used to determine the soluble sugars after the anthrone reagent had been added. The absorbance of the solution was measured at 620 nm in a spectrophotometer. The remaining residue was dried and extracted with perchloric acid. The extracts were utilized to quantify starch as a glucose equivalent using the anthrone method as described above to quantify the soluble sugar.



The cellulose content was measured as described by Zhang et al. (2014) [6]. First, 5 mL of acetic acid/nitric acid reagent was added to 100 mg of powdered samples and boiled for 30 min. The supernatants were decanted after centrifugation, and the pellets were rinsed three times with 5 mL of distilled water. Next, 2.5 mL of 72% sulfuric acid was added and incubated at room temperature for 12 h, and 5 mL of distilled water was added to each tube. After the tubes were rinsed three times, all of the washes and hydrolyzed cellulose contents were combined into a 20 mL volumetric flask. Finally, the hydrolyzed cellulose was assayed as a glucose equivalent using the anthrone method described above.



The lignin content was determined as described by Ishimaru et al. (2008) [23]. Briefly, the samples were dried after extraction with ethanol ether (v/v = 1:1). Afterwards, 10 mL of 72% sulfuric acid was added to 500 mg of dried samples and incubated for 8 h at room temperature. The mixture was then poured into 280 mL of water and boiled for 4 h, filtered with a glass P16 filter, and washed free of acid with hot water. Subsequently, the filter and lignin were dried at 105 °C for 2 h until a constant weight was attained. The lignin content was calculated as follows: Cw (mg g−1) = 1000 × W/S, where W is the pellet weight (g), and S is the dried sample weight (g).




2.3.4. Grain Yield and Associated Yield Components


At maturity, 10 representative plants were selected from three locations in the middle of each plot to determine the spikelets per panicle, the filled grain rate and the weight of 1000 grains. At the location of the sampling point, 1 m2 of each point was selected to determine the number of effective panicles per 1 m2 and repeated three times. The average was calculated, and all of the rice panicles in 1 m2 were measured to determine the actual yield. The samples were weighed after they had been dried and threshed, and impurities were removed. Their moisture content was measured, and the standard grain yield of each treatment was determined based on a 13.5% moisture content and repeated three times, and the average was calculated.





2.4. Statistical Analysis


An analysis of variance (ANOVA) and a Pearson correlation analysis were performed using SPSS 22 (IBM, Inc., Armonk, NY, USA). The differences among means of the experimental treatments were separated using the least significant difference (LSD) test at a 0.05 probability level. Origin 2021 (OriginLab, Northampton, MA, USA) was used to generate figures. Microsoft Excel 2019 (Redmond, WA, USA) was used to organize the data and generate tables.



The relationships of the lodging percent, LI, and grain yield with the rate of N application were fitted using a logistic regression and monomial and polynomial models of nonlinear curve fit, respectively. The logistic regression model was used to fit the lodging percent with the increased N application rate as follows:


y = A2 + ((A1 − A2)/(1 + (x/x0)p))








where A1 and A2 are the initial and the final values of the fit line; x0 is the center value, and p is the power value.



Changes in the LI with the increased N application rate were both fitted by the monomial model as follows:


y = ax + b








where a is the coefficient, and b is the intercept values.



The changes in grain yield with an increase in the N application rate were both fitted by the polynomial model as follows:


y = ax2 + bx + c








where a and b are the coefficients, and c is the intercept value.





3. Results


3.1. Effect of N Application on the Mechanical Properties of Stem at the Basal Internodes of Rice under Dry Cultivation


The LI is determined by M and WP. The LI increased significantly with the increase in N application with consistent trends in both years (Figure 1). The application of N increased the WP to a significant level, primarily owing to the increase in SL (Table 1). In contrast, M tended to decrease significantly with increasing rates of N application, which resulted in an increase in the LI. ANOVA showed that N application had significant effects on M, WP and LI (Table 1).



M can be further broken down into two components, including BS and SM. SM tended to increase with increasing N application and reached significant levels overall; in contrast, BS tended to decrease significantly (Figure 2).



WP can be further broken down into two components, including SL and FW. Year and N application had a significant effect on SL and WP (Table 1). SL and WP increased significantly with increasing N application (Figure 3), and both reached significant levels (Table 1) with consistent trends between the results of both years of the study.




3.2. Effect of N Application on Morphological Traits of Main Stems of Rice under Dry Cultivation


The internode lengths under different treatments of N application are shown in Figure 4. The basal internode length (S1+S2), upper internode length (S3+S4+S5), and spike length of rice under dry cultivation tended to increase in both years as the amount of fertilizer applied increased. Compared with the N0 treatment, the basal internode length, upper internode length and spike length of rice under dry cultivation increased by 17.72–55.82%, 7.34–34.21% and 1.60–5.01%, respectively, under the N1–N5 treatments. The increase in plant height was primarily reflected in the significant elongation of the basal internodes (Table 2).



The plant height, center of gravity height and dry weight of the upper three leaves gradually increased. The panicle weight first increased and then decreased slightly as the amount of N applied increased (Table 3). Compared with the N0 treatment, the center of gravity height, panicle weight, and upper panicle dry weight of rice under dry cultivation increased by 4.22–29.25%, 3.92–36.05%, 2.68–32.21% and 11.54–38.46% on average under the N1–N5 treatments, respectively. An ANOVA showed that N application had significant effects on the morphology of the main stem of rice under dry cultivation (Table 4).




3.3. Effect of N Application on Basal Internode Fullness of Rice under Dry Cultivation


As shown in Table 5, the dry weight of unit leaf sheath, dry weight per unit culm, culm diameter and culm wall thickness of the basal internodes tended to decrease as the amount of N applied increased. Compared with the N0 treatment, the dry weight of unit leaf sheath, dry weight per unit culm and culm diameter and culm wall thickness of the S2 basal internode of rice under dry cultivation under the N1–N5 treatments decreased by 4.9–38.11%, 2.08–9.56%, 0.82–6.52% and 2.22–8.89% on average, respectively. The N application rate had no significant effect on the minor axis diameter and major axis diameter of each treatment. An ANOVA showed that N application had significant effects on the dry weight of unit leaf sheath, dry weight per unit culm, culm diameter and culm wall thickness of the basal internodes of rice under dry cultivation (Table 6).




3.4. Effect of N Application on the Chemical Composition of the Basal Culm and Sheath of Rice under Dry Cultivation


The contents of lignin, cellulose and NSC in the leaf sheaths and culm tended to decrease as the amount of N applied increased (Table 7). There was a greater decrease in the content of NSC. Compared with the N0 treatment, the basal internode NSC content was reduced by an average of 10.16–51.37% in the culm and 15.79–55.64% in the leaf sheaths under the N1–N5 treatment. The reduction in cellulose content of structural carbohydrates was greater compared with that of lignin with an average reduction of 7.99–36.77% and 12.54–34.15% in the basal internode cellulose and lignin content in the culm under the N1-N5 treatments compared with the N0 treatments, respectively. The average reduction in the leaf sheaths was 5.70–41.35% and 14.15–39.31%, respectively. An ANOVA showed that N application had significant effects on the contents of cellulose, lignin, and NSC of the basal internodes of the culm and leaf sheaths of rice under dry cultivation (Table 8).




3.5. Relationship between Stem Traits and Lodging Resistance


As shown in Table 9 and Table 10, the basal internode M of the stem significantly or very significantly positively correlated with the BS, dry weight per unit culm, dry weight of unit leaf sheath, culm diameter, lignin, cellulose and NSC, while it significantly or very significantly negatively correlated with SL, FW, the length of S2 internodes, plant height, center of gravity height, panicle weight and dry weight of the upper three leaves. The LI significantly or highly significantly negatively correlated with M, BS, dry weight per unit culm, dry weight of unit leaf sheath, culm diameter, culm wall thickness, lignin, cellulose, and NSC, and highly significantly positively correlated with the SL, FW, length of S2 internodes, plant height, center of gravity height, panicle weight and dry weight of the upper three leaves.




3.6. Effect of N Application on Grain Yield and Its Composition


The grain yield tended to increase and then decrease as the amount of N applied increased and reached a maximum at the N3 level of N application with an average increase of 100.65–128.42% in grain yield under the N1–N5 treatments compared with the N0 treatment (Table 11). The amount of N applied had no significant effect on the 1000-grain weight, but it had a significant effect on the effective panicles, spikelets per panicle, and filled grain rate. There was no significant difference in the 1000-grain weight between the N treatments, and a decreasing trend in the filled grain rate with an increase in the application of N. The effective panicles, spikelets per panicle and grain yield showed the same trend. They increased and then decreased, and reached their highest levels in the N3 treatment. Compared with the N0 treatment, the effective panicles and spikelets per panicle of the rice population under the N1-N5 treatment increased by 47.22–55.17% and 46.06–53.62% on average, respectively. An ANOVA showed that N application had a significant effect on the grain yield of rice under dry cultivation (Table 12).




3.7. Relationship between N Application and Grain Yield, Lodging Rate and LI


The relationships between the grain yield, lodging rate, LI and N application were fitted with different curves and all reached a highly significant level (Figure 5). The polynomial regression equations for grain yield versus N application in 2019 and 2020 were y = −0.083x2 + 38.153x + 3468.761, (R2 = 0.990**) and y = −0.088x2 + 40.049x + 2925.881, (R2 = 0.995**) respectively, which were calculated to provide a maximum N fertilizer application of 229.84 kg ha−1 and 227.55 kg ha−1, respectively. The highest grain yields of 7853.25 kg ha−1 and 7482.49 kg ha−1 were achieved at 229.84 kg ha−1 and 227.55 kg ha−1, respectively.



Logistic regression equations for lodging rate versus N application in 2019 and 2020 were y = 96.670 − 96.084/[1 + (x/276.296)12.125], (R2 = 0.999**) and y = 98.581 − 98.024/[1 + (x/270.612)12.824], (R2 = 0.999**), respectively, and a 3.90–10.27% lodging rate when N was applied at 210–227.55 kg ha−1.



The linear regression equations for the LI and N application in 2019 and 2020 were y = 0.043x + 25.171, (R2 = 0.990**) and y = 0.041x + 27.004, (R2 = 0.985**), respectively, with an LI of 34.20–36.33% when the amount of N applied was 210–227.55 kg ha−1.




3.8. Stepwise Regression Analysis


A stepwise regression analysis was conducted with LI as the dependent variable, plant morphological traits, chemical properties, mechanical traits and grain yield components as independent variables, and p = 0.05 as a condition for variable entry and exclusion with the results shown in Table 13. It is apparent that the primary morphological traits that affect the index of fall are the center of gravity height and dry weight per unit culm, and the primary chemical traits are the cellulose of culm and the NSC of leaf sheath. The main mechanical traits are M and WP. Among the grain yield component factors, the effective panicles had the greatest influence on LI.





4. Discussion


4.1. Effect of N Application on Stem Characteristics of Rice under Dry Cultivation


Rice lodging primarily occurs owing to an imbalance between the upper and lower parts of the plant [24,25], and it is primarily the stems that lodge. Previous studies have shown that the excessive application of N fertilizer leads to the elongation of rice culm at all the internodes, particularly the basal internode, and reduces the dry weight per unit culm, increases plant height, center of gravity height, and reduces the culm diameter, which, in turn, affects its ability to resist lodging [6,12,26,27]. However, the conclusions regarding the effect of N fertilizer on culm wall thickness were not consistent. In this study, the primary manifestations of the weak resistance to lodging in rice under dry cultivation were the long basal internodes of the stem, higher plant height, higher center of gravity, smaller basal internode thickness, and the increased dry weight of the upper three leaves and panicle weight, which were not related to the culm wall thickness. This is generally consistent with the results of Li et al. (2011) [28].



In this study, an increase in the level of N applied reduced the ability of rice under dry cultivation to resist lodging. This is primarily because an increase in the level of N applied induces an increase in the number of tillers during the early growth stage of rice under dry cultivation, and the expansion of rice under dry cultivation population intensifies the competition of plants for nutrients, which leads to a smaller internode thickness at the base of the stem and the elongation of the internodes. This is accompanied by an increase in plant height and center of gravity height and the PW and SL, which result in a decrease in M and BS. These factors result in a decrease in the resistance of rice under dry cultivation. Zhang et al. (2014) concluded that increasing the level of N applied increased the WP and FW, reduced BS, and increased LI [6]. Combined with the correlation analysis, this study suggests that the key to improving the resistance of rice under dry cultivation to collapse in terms of stem characteristics still lies in the length of the basal internode, plant height, center of gravity height, and the balance between the basal internode and the top of the panicle. The application of appropriate levels of N are a technique to regulate the management of nutrients to ensure a thick internode at the base of the stem and a balance between the upper and lower parts of the plant in rice under dry cultivation. Only one variety of rice under dry cultivation was used as a test material in this study, and the response of different rice varieties to N varies, so multiple varieties could be selected for future studies at multiple ecological sites.




4.2. Effect of N Application on the Chemical Properties of Internodes at the Base of Stem in Rice under Dry Cultivation


Stem quality is also one of the important factors that determines the ability of rice stems to resist lodging when under dry cultivation. Studies have found that the content of chemical components, including carbohydrates, inorganic elements, and trace elements, among others, in the stem of rice under dry cultivation at the late reproductive stages are all related to the ability of rice to resist lodging [27,29,30,31]. Nutrient regulation changes the distribution of chemical components in the stem and, thus, affects the ability of rice to withstand [31], which is consistent with the results of this study. In this study, the ability of rice under dry cultivation to resist lodging was related to the content of carbohydrates in the stem. An increase in the application of N reduced the contents of lignin, cellulose, and NSC in the basal internodes of rice under the dry cultivation stems, decreased the stem M, increased the LI, and reduced the resistance to lodging. This could be owing to the fact that a higher supply of N causes excessive cell growth and the thinning of cell walls, while consuming large amounts of carbohydrates leads to a loosening of the stem mechanical tissues and reduces their ability to resist lodging. This is consistent with the findings of Wu et al. (2015) [32]. However, in this study, the chemical composition of the stems was only determined at the stage of susceptibility to collapse in rice under dry cultivation, while the specific processes of changes in these components in the stems are not yet clear. Therefore, the dynamics of contents of lignin, cellulose and NSC of the stems and their related enzymes after nodulation in rice under dry cultivation under N fertilizer management will be studied in greater degree in the future to elucidate their relationship with the ability of rice to resist lodging under dry cultivation.




4.3. Effect of N Application on the Yield of Rice under Dry Cultivation


Previous studies have found that with the increase in the level of N applied, the effective panicles gradually increased, and the spikelets per panicle and grain yield increased at first and then decreased, thus improving the grain yield [33,34]. In this study, with the increase in the level of N applied, the effective panicles, spikelets per panicle and grain yield of rice under dry cultivation also increased at first and then decreased, and the effective panicle number increased with the increase in the level of N applied. This is primarily because the application of the appropriate level of N can ensure the N supply to rice under dry cultivation, promote the growth and development of rice under dry cultivation, and finally increase grain yield. However, the application of excessive amounts of N will lead to an increase in the number of ineffective tillers during the early growth stage of rice under dry cultivation. The expansion of rice under dry cultivation population will intensify the competition for nutrients, which results in low yields. In this study, the highest yield of rice under dry cultivation was obtained under levels of 210–227.55 kg ha−1 of N applied. Therefore, the grain yield was more desirable and resistant to lodging with 3.90–10.27% and an LI of 34.20–36.33% when N was applied at 210–227.55 kg ha−1. In addition, higher spikelets per panicle and a higher filled grain rate were the primary ways to increase the high grain in rice under dry cultivation (Table 14).





5. Conclusions


This study showed that with the increase in N applied, the plant height increased, and the basal internodes elongated; the center of gravity height shifted upwards; dry weight per unit culm decreased; carbohydrate content, BS and M decreased, LI gradually increased, and resistance to stem lodging decreased, while the grain yield tended to increase at first and then decrease. The LI of basal internodes of the stem highly significantly positively correlated with the application of N. Quadratic regression model between N application rates and grain yield showed that better grain yield could be achieved under N application rate ranged from 210 to 228 kg ha−1. Therefore, the N application rate of (i.e., 210–228 kg N ha−1) could be recommended for the Suijing18 variety under dry cultivation in central Jilin Province for achieving a high grain yield and great lodging resistance.
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Figure 1. Relationship between M, WP and LI by whole plant of rice under dry cultivation under different N application rates in 2019 and 2020. Dotted lines indicate the LI. N0, N1, N2, N3, N4 and N5 refer to the N application rate being 0, 70, 140, 210, 280 and 350 kg ha−1, respectively. M: Breaking strength. WP: Bending moment of the whole plant. LI: lodging index. 
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Figure 2. Relationship between SM, BS and M of rice under dry cultivation under different N application rate in 2019 and 2020. N0, N1, N2, N3, N4 and N5 refer to the N application rate being 0, 70, 140, 210, 280 and 350 kg ha−1, respectively. M: Breaking strength. SM: Section modulus. BS: Bending stress. 
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Figure 3. Relationship between SL, FW and WP of rice under dry cultivation under different N application rate in 2019 and 2020. N0, N1, N2, N3, N4 and N5 refer to the N application rate being 0, 70, 140, 210, 280 and 350 kg ha−1, respectively. WP: Bending moment of the whole plant. SL: The distance from the broken point to the panicle top. FW: The fresh weight from the broken point to the panicle top. 
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Figure 4. Internode length under different N application rates in 2019 and 2020. N0, N1, N2, N3, N4 and N5 refer to the N application rate being 0, 70, 140, 210, 280 and 350 kg ha−1, respectively. S1, S2, S3, S4, and S5 denote the first internode to the fifth internode base from the stem base, respectively. Panicle length (PL). The same letter means they do not have significantly different at the 0.05, the different letter means they have significantly different at the 0.05. 
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Figure 5. Relationships between grain yield, lodging percent and LI and N application rate in 2019 and 2020. LI: lodging index. 
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Table 1. Analysis of variance of LI and its related physical parameters in 2019 and 2020.
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	Analysis of Variance
	M (g cm)
	SM (mm3)
	BS (g mm−2)
	WP (cm g)
	SL (cm)
	FW (g)
	LI (%)





	Year (Y)
	90.61 **
	0.10ns
	6.25 *
	60.48 **
	66.33 **
	191.53 **
	5.71 *



	Nitrogen (N)
	873.93 **
	3.19 *
	65.50 **
	909.91 **
	1625.06 **
	191.68 **
	51.08 **



	Y × N
	3.39 *
	0.01 ns
	0.14 ns
	1.41 ns
	0.591 ns
	1.25 ns
	0.05 ns







M: Breaking strength. SM: Section modulus. BS: Bending stress. WP: Bending moment of the whole plant. SL: The distance from the broken point to the panicle top. FW: The fresh weight from the broken point to the panicle top. LI: lodging index. **, p < 0.01; *, p < 0.05; ns, not significant variance.
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Table 2. Analysis of variance of internode length and panicle length.
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	Analysis of Variance
	S1 (cm)
	S2 (cm)
	S3 (cm)
	S4 (cm)
	S5 (cm)
	PL (cm)





	Year (Y)
	5.18 *
	101.89 **
	0.02 ns
	0.73 ns
	7.07 *
	0.02 ns



	Nitrogen (N)
	262.03 **
	368.49 **
	172.13 **
	82.39 **
	12.30 **
	2.71 *



	Y×N
	0.01 ns
	0.04 ns
	0.14 ns
	0.26 ns
	0.08 ns
	0.00 ns







S1, S2, S3, S4, and S5 denote the first internode to the fifth internode base from the stem base, respectively. Panicle length (PL). **, p < 0.01; *, p < 0.05; ns, not significant variance.
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Table 3. Effect of N application rate on main stem characteristics of rice under dry cultivation in 2019 and 2020.






Table 3. Effect of N application rate on main stem characteristics of rice under dry cultivation in 2019 and 2020.





	
Year

	
Treatment

	
Plant Height (cm)

	
Center of Gravity Height (cm)

	
Panicle Weight (g)

	
Dry Weight of Upper Three Leaves (g)






	
2019

	
N0

	
75.90 ± 3.04 d

	
43.40 ± 2.31 c

	
1.49 ± 0.11 b

	
0.26 ± 0.02 c




	
N1

	
79.10 ± 3.61 cd

	
45.10 ± 2.87 c

	
1.53 ± 0.14 b

	
0.29 ± 0.02 bc




	
N2

	
84.10 ± 4.05 bc

	
48.30 ± 3.31 bc

	
1.89 ± 0.15 a

	
0.32 ± 0.03 ab




	
N3

	
89.90 ± 3.28 b

	
52.00 ± 3.54 b

	
2.01 ± 0.17 a

	
0.34 ± 0.03 a




	
N4

	
96.90 ± 3.54 a

	
58.61 ± 4.02 a

	
1.96 ± 0.18 a

	
0.35 ± 0.03 a




	
N5

	
98.10 ± 3.61 a

	
59.01 ± 3.13 a

	
1.97 ± 0.10 a

	
0.36 ± 0.03 a




	
2020

	
N0

	
76.10 ± 2.65 c

	
44.60 ± 2.31 c

	
1.57 ± 0.12 b

	
0.25 ± 0.02 c




	
N1

	
79.20 ± 4.00 c

	
46.20 ± 3.13 c

	
1.61 ± 0.18 b

	
0.27 ± 0.02 bc




	
N2

	
84.30 ± 3.30 bc

	
49.13 ± 2.48 bc

	
1.97 ± 0.14 a

	
0.30 ± 0.03 ab




	
N3

	
90.00 ± 6.08 ab

	
53.43 ± 3.07 b

	
2.16 ± 0.19 a

	
0.31 ± 0.03 ab




	
N4

	
96.80 ± 6.00 a

	
59.76 ± 3.34 a

	
2.09 ± 0.21 a

	
0.33 ± 0.03 a




	
N5

	
98.20 ± 4.90 a

	
60.68 ± 4.02 a

	
2.08 ± 0.16 a

	
0.34 ± 0.03 a








N0, N1, N2, N3, N4 and N5 refer to the N application rate being 0, 70, 140, 210, 280 and 350 kg ha−1, respectively. Standard errors are presented after “±”. Within a column, means followed by the same letter are not significantly different at the 0.05 probability level according to the least significant difference test (LSD 0.05).
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Table 4. Analysis of variance of main stem characteristics.
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	Analysis of Variance
	Plant Height (cm)
	Center of Gravity Height (cm)
	Panicle Weight (g)
	Dry Weight of Upper Three Leaves (g)





	Year (Y)
	0.01 ns
	1.67 ns
	5.67 *
	6.37 *



	Nitrogen (N)
	29.35 **
	4.03 **
	17.71 **
	32.36 **



	Y × N
	0.01 ns
	0.01 ns
	0.16 ns
	0.28 ns







**, p < 0.01; *, p < 0.05; ns, not significant variance.
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Table 5. Effects of N application rate on morphological characteristics of the S2 basal internode of rice under dry cultivation in 2019 and 2020.
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Year

	
Treatment

	
Dry Weight of Unit Leaf Sheath (mg cm−1)

	
Dry Weight Per Unit Culm (mg cm−1)

	
Minor Axis Diameter

(mm)

	
Major Axis Diameter

(mm)

	
Culm Diameter (mm)

	
Culm Wall Thickness (mm)






	
2019

	
N0

	
16.32 ± 1.17 a

	
18.31 ± 0.47 a

	
3.31 ± 0.30 a

	
4.05 ± 0.23 a

	
3.68 ± 0.06 a

	
0.45 ± 0.03 a




	
N1

	
15.52 ± 1.11 ab

	
17.93 ± 0.50 a

	
3.30 ± 0.22 a

	
4.00 ± 0.16 a

	
3.65 ± 0.05 a

	
0.44 ± 0.03 a




	
N2

	
14.47 ± 1.03 bc

	
17.68 ± 0.39 a

	
3.18 ± 0.17 a

	
3.96 ± 0.23 a

	
3.57 ± 0.08 ab

	
0.43 ± 0.03 a




	
N3

	
13.56 ± 0.97 c

	
17.51 ± 0.46 ab

	
3.13 ± 0.15 a

	
3.91 ± 0.27 a

	
3.52 ± 0.06 bc

	
0.44 ± 0.03 a




	
N4

	
11.78 ± 0.84 d

	
16.77 ± 0.39 bc

	
3.11 ± 0.36 a

	
3.81 ± 0.28 a

	
3.46 ± 0.07 bc

	
0.42 ± 0.03 a




	
N5

	
10.10 ± 0.72 d

	
16.56 ± 0.42 c

	
3.10 ± 0.15 a

	
3.78 ± 0.19 a

	
3.44 ± 0.06 c

	
0.41 ± 0.02 b




	
2020

	
N0

	
16.01 ± 1.14 a

	
17.87 ± 0.43 a

	
3.36 ± 0.32 a

	
3.98 ± 0.23 a

	
3.67 ± 0.08 a

	
0.45 ± 0.02 a




	
N1

	
15.11 ± 1.08 ab

	
17.29 ± 0.39 b

	
3.33 ± 0.27 a

	
3.95 ± 0.21 a

	
3.64 ± 0.04 a

	
0.43 ± 0.03 a




	
N2

	
13.99 ± 1.00 bc

	
17.03 ± 0.44 b

	
3.22 ± 0.17 a

	
3.88 ± 0.23 a

	
3.55 ± 0.07 ab

	
0.44 ± 0.02 a




	
N3

	
13.12 ± 0.94 cd

	
16.88 ± 0.37 b

	
3.20 ± 0.22 a

	
3.84 ± 0.31 a

	
3.52 ± 0.06 bc

	
0.43 ± 0.03 a




	
N4

	
11.42 ± 0.82 de

	
16.13 ± 0.42 c

	
3.19 ± 0.31 a

	
3.73 ± 0.24 a

	
3.46 ± 0.07 c

	
0.41 ± 0.02 a




	
N5

	
9.79 ± 0.70 e

	
16.06 ± 0.36 c

	
3.13 ± 0.14 a

	
3.73 ± 0.15 a

	
3.43 ± 0.09 c

	
0.40 ± 0.03 b








N0, N1, N2, N3, N4 and N5 refer to the N application rate being 0, 70, 140, 210, 280 and 350 kg ha−1, respectively. Standard errors are presented after “±”. Within a column, means followed by the same letter are not significantly different at the 0.05 probability level according to the least significant difference test (LSD 0.05).
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Table 6. Analysis of variance of morphological characteristics of the S2 basal internode.
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	Analysis of Variance
	Dry Weight of Unit Leaf Sheath (mg cm−1)
	Dry Weight Per Unit Culm (mg cm−1)
	Minor Axis Diameter (mm)
	Major Axis Diameter (mm)
	Culm Diameter (mm)
	Culm Wall Thickness (mm)





	Year (Y)
	1.41 ns
	17.20 **
	0.38 ns
	0.75 ns
	0.14 ns
	0.09 ns



	Nitrogen (N)
	34.51 **
	15.72 **
	0.86 ns
	1.24 ns
	12.50 **
	3.69 **



	Y × N
	0.01 ns
	0.07 ns
	0.01 ns
	0.01 ns
	0.02 ns
	0.11 ns







**, p < 0.01; ns, not significant variance.
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Table 7. Effect of N application rate on carbohydrates contents of the S2 basal internode of the culm and sheath of rice under dry cultivation in 2019 and 2020.
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Year

	
Treatment

	
Leaf Sheath (mg cm−1)

	
Culm (mg cm−1)




	
Lignin

	
Cellulose

	
NSC

	
Lignin

	
Cellulose

	
NSC






	
2019

	
N0

	
3.18 ± 0.20 a

	
5.61 ± 0.28 a

	
2.66 ± 0.12 a

	
2.87 ± 0.14 a

	
6.01 ± 0.11 a

	
5.12 ± 0.09 a




	
N1

	
2.73 ± 0.17 b

	
5.29 ± 0.20 a

	
2.24 ± 0.13 b

	
2.51 ± 0.12 b

	
5.53 + 0.16 b

	
4.60 ± 0.14 b




	
N2

	
2.51 ± 0.16 bc

	
4.62 ± 0.16 b

	
1.98 ± 0.11 c

	
2.36 ± 0.09 c

	
4.80 + 0.06 c

	
4.43 ± 0.10 b




	
N3

	
2.25 ± 0.13 c

	
4.31 ± 0.22 b

	
1.60 ± 0.07 d

	
2.22 ± 0.10 c

	
4.36 + 0.12 d

	
3.94 ± 0.11 c




	
N4

	
2.06 ± 0.14 d

	
3.70 ± 0.19 c

	
1.32 ± 0.08 e

	
2.07 ± 0.07 d

	
3.95 + 0.09 e

	
3.06 ± 0.07 d




	
N5

	
1.93 ± 0.08 e

	
3.29 ± 0.16 d

	
1.18 ± 0.07 e

	
1.89 ± 0.06 e

	
3.80 + 0.08 e

	
2.49 ± 0.08 e




	
2020

	
N0

	
3.27 ± 0.20 a

	
5.70 ± 0.29 a

	
2.38 ± 0.10 a

	
2.92 ± 0.15 a

	
6.13 + 0.12 a

	
5.24 ± 0.14 a




	
N1

	
2.81 ± 0.18 b

	
5.38 ± 0.27 a

	
2.01 ± 0.11 b

	
2.57 ± 0.09 b

	
5.67 ± 0.14 b

	
4.71 ± 0.17 b




	
N2

	
2.60 ± 0.16 b

	
4.77 ± 0.23 b

	
1.72 ± 0.07 c

	
2.41 ± 0.10 c

	
4.89 ± 0.16 c

	
4.36 ± 0.23 b




	
N3

	
2.32 ± 0.15 c

	
4.44 ± 0.18 b

	
1.43 ± 0.08 d

	
2.27 ± 0.11 d

	
4.46 ± 0.09 d

	
3.74 ± 0.05 c




	
N4

	
2.18 ± 0.12 d

	
3.80 ± 0.22 c

	
1.18 ± 0.06 e

	
2.12 ± 0.08 e

	
4.09 ± 0.10 e

	
2.88 ± 0.08 d




	
N5

	
2.01 ± 0.09 d

	
3.41 ± 0.17 c

	
0.97 ± 0.05 f

	
1.93 ± 0.06 f

	
3.87 ± 0.12 e

	
2.53 ± 0.07 e








N0, N1, N2, N3, N4 and N5 refer to the N application rate being 0, 70, 140, 210, 280 and 350 kg ha−1, respectively. NSC: Non-structural carbohydrates. Standard errors are presented after “±”. Within a column, means followed by the same letter are not significantly different at the 0.05 probability level according to the least significant difference test (LSD 0.05). 
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Table 8. Analysis of variance of carbohydrates contents of the S2 basal internode of the culm and sheath.
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Analysis of Variance

	
Leaf Sheath (mg cm−1)

	
Culm (mg cm−1)




	
Lignin

	
Cellulose

	
NSC

	
Lignin

	
Cellulose

	
NSC






	
Year (Y)

	
3.17 ns

	
2.44 ns

	
50.38 **

	
4.09 ns

	
8.05 **

	
6.44 *




	
Nitrogen (N)

	
114.55 **

	
100.40 **

	
217.94 **

	
210.43 **

	
350.16 **

	
553.34 **




	
Y × N

	
0.02 ns

	
0.02 ns

	
0.51 ns

	
0.24 ns

	
0.09 ns

	
0.55 ns








**, p < 0.01; *, p < 0.05; ns, not significant variance.
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Table 9. LI and its related parameters of the S2 basal internode in 2019 and 2020 (n = 18).
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Indexes

	
2019

	
2020




	
LI

	
M

	
LI

	
M






	
M

	
−0.910 **

	
1

	
−0.903 **

	
1




	
SM

	
0.392

	
−0.447

	
0.333

	
−0.375




	
BS

	
−0.659 **

	
0.684 **

	
−0.643 **

	
0.645 **




	
WP

	
0.658 **

	
−0.437

	
0.737 **

	
−0.477 *




	
SL

	
0.948 **

	
−0.806 **

	
0.939 **

	
−0.804 **




	
FW

	
0.674 **

	
−0.510 *

	
0.597 **

	
−0.472 *




	
Plant height

	
0.921 **

	
−0.761 **

	
0.900 **

	
−0.693 **




	
center of gravity height

	
0.838 **

	
−0.531 *

	
0.853 **

	
−0.514 *




	
Panicle weight

	
0.640 **

	
−0.570 *

	
0.632**

	
−0.552 *




	
Dry weight of upper three leaves

	
0.641 **

	
−0.567 *

	
0.866 **

	
−0.582 *




	
The length of S2 internodes

	
0.825 **

	
−0.683 **

	
0.818 **

	
−0.627 **




	
Dry weight of unit leaf sheath

	
−0.784 **

	
0.778 **

	
−0.887 **

	
0.759 **




	
Dry weight per unit culm

	
−0.886 **

	
0.965 **

	
−0.629 **

	
0.953 **




	
Minor axis diameter

	
−0.279

	
0.333

	
−0.271

	
0.359




	
Major axis diameter

	
−0.364

	
0.293

	
−0.356

	
0.216




	
Culm diameter

	
−0.656 **

	
0.639 **

	
−0.649 **

	
0.597 **




	
Culm wall thickness

	
−0.472

	
0.228

	
−0.491

	
0.251








M: Breaking strength. SM: Section modulus. BS: Bending stress. WP: Bending moment of the whole plant. SL: The distance from the broken point to the panicle top. FW: The fresh weight from the broken point to the panicle top. LI: lodging index. **, p < 0.01; *, p < 0.05.
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Table 10. Correlation coefficients between LI and the S2 basal internode of chemical composition in 2019 and 2020 (n = 18).
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Year

	
Indexes

	
Leaf Sheath (mg cm−1)

	
Culm (mg cm−1)




	
Lignin

	
Cellulose

	
NSC

	
Lignin

	
Cellulose

	
NSC






	
2019

	
LI

	
−0.866 **

	
−0.861 **

	
−0.924 **

	
−0.880 **

	
−0.899 **

	
−0.887 **




	
M

	
0.834 **

	
0.901 **

	
0.805 **

	
0.855 **

	
0.841 **

	
0.871 **




	
2020

	
LI

	
−0.852 **

	
−0.852 **

	
−0.935 **

	
−0.891 **

	
−0.948 **

	
−0.863 **




	
M

	
0.898 **

	
0.898 **

	
−0.807 **

	
0.865 **

	
0.786 **

	
0.863 **








LI: lodging index. M: Breaking strength. NSC: Non-structural carbohydrates. **, p < 0.01.
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Table 11. Effect of N application rate on grain yield and yield composition of rice under dry cultivation in 2019 and 2020.
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Year

	
Treatment

	
Effective Panicles (×104 ha−1)

	
Spikelets Per Panicle

	
Filled Grain Rate (%)

	
1000-Grain Weight (g)

	
Grain Yield (kg ha−1)






	
2019

	
N0

	
267.32 ± 20.52 c

	
53.81 ± 3.12 e

	
94.92 ± 1.62 a

	
24.83 ± 0.68 a

	
3.41 ± 0.61 e




	
N1

	
315.75 ± 11.51 b

	
70.75 ± 1.19 d

	
93.11 ± 0.99 a

	
25.17 ± 0.37 a

	
5.22 ± 0.17 d




	
N2

	
407.19 ± 9.50 a

	
75.54 ± 0.19 c

	
91.46 ± 0.23 b

	
24.43 ± 0.61 a

	
6.87 ± 0.23 c




	
N3

	
430.73 ± 10.51 a

	
86.53 ± 1.17 a

	
89.76 ± 0.59 bc

	
24.31 ± 0.63 a

	
8.10 ± 0.18 a




	
N4

	
427.31 ± 9.72 a

	
80.66 ± 1.41 b

	
88.22 ± 1.08 c

	
25.04 ± 0.12 a

	
7.66 ± 0.29 b




	
N5

	
406.37 ± 5.83 a

	
79.50 ± 2.53 b

	
84.80 ± 0.78 d

	
23.92 ± 0.91 a

	
6.70 ± 0.54 c




	
2020

	
N0

	
249.67 ± 13.65 d

	
51.15 ± 3.55 d

	
93.07 ± 1.28 a

	
24.65 ± 0.19 a

	
2.92 ± 0.11 e




	
N1

	
328.00 ± 9.17 c

	
71.98 ± 3.00 c

	
92.57 ± 1.70 ab

	
24.53 ± 0.31 a

	
5.36 ± 0.08 d




	
N2

	
395.33 ± 8.14 b

	
77.05 ± 3.58 bc

	
90.27 ± 1.39 bc

	
24.59 ± 0.11 a

	
6.76 ± 0.21 c




	
N3

	
426.33 ± 8.33 a

	
83.64 ± 2.51 a

	
89.18 ± 1.48 cd

	
24.60 ± 0.52 a

	
7.82 ± 0.26 a




	
N4

	
420.75 ± 15.04 a

	
81.76 ± 2.39 ab

	
87.28 ± 1.01 d

	
24.42 ± 0.16 a

	
7.42 ± 0.35 b




	
N5

	
401.67 ± 7.51 b

	
78.47 ± 1.76 ab

	
86.78 ± 4.62 d

	
24.28 ± 0.19 a

	
6.62 ± 0.22 c








N0, N1, N2, N3, N4 and N5 refer to the N application rate being 0, 70, 140, 210, 280 and 350 kg ha−1, respectively. Standard errors are presented after “±”. Within a column, means followed by the same letter are not significantly different at the 0.05 probability level according to the least significant difference test (LSD 0.05).
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Table 12. Analysis of variance of grain yield and yield composition.
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	Analysis of Variance
	Effective Panicles (×104 ha−1)
	Spikelets Per Panicle
	Filled Grain Rate (%)
	1000-Grain Weight (g)
	Grain Yield (kg ha−1)





	Year (Y)
	4.44 *
	0.31 ns
	1.84 ns
	1.07 ns
	4.77 *



	Nitrogen (N)
	246.42 **
	134.94 **
	43.49 **
	1.50 ns
	202.34 **



	Y × N
	0.43 ns
	1.01 ns
	1.96 ns
	0.87 ns
	0.35 ns







**, p < 0.01; *, p < 0.05; ns, not significant variance.
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Table 13. Selected traits in stepwise regression analysis.






Table 13. Selected traits in stepwise regression analysis.





	Model
	Parameter
	Regression

Coefficients
	R2
	Significance

(p < 0.05)





	1
	Cellulose of culm
	0.323
	0.931
	<0.001



	2
	NSC of leaf sheath
	0.307
	0.942
	<0.003



	3
	M
	0.284
	0.956
	<0.001



	4
	WP
	0.199
	0.968
	<0.028



	5
	Center of gravity height
	0.118
	0.985
	<0.018



	6
	Dry weight per unit culm
	0.109
	0.997
	<0.021



	7
	Effective panicles
	0.081
	0.999
	<0.015







M: Breaking strength. WP: Bending moment of the whole plant.
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Table 14. Correlation between yield and yield components.






Table 14. Correlation between yield and yield components.





	
Year

	
Indexes

	
Effective Panicles

	
Spikelets Per Panicle

	
Filled Grain Rate

	
1000-Grain Weight






	
2019

	
Grain yield

	
0.986 **

	
0.953 **

	
−0.706

	
−0.319




	
2020

	
0.971 **

	
0.949 **

	
−0.613

	
−0.324








**, p < 0.01.
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