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Magnesium (Mg) plays a critical role in regulating yield and grain quality in corn. However, its management is often overlooked in cultivation, particularly under high-density planting conditions, where intensified nutrient competition can exacerbate Mg deficiency. To address the knowledge gap in Mg management strategies, we conducted three-season field trials (2021-2022) evaluating foliar spraying with different concentrations of Mg fertilizer under dense planting conditions. The results showed that foliar spraying with 4% Mg significantly increased sweet corn fresh ear yield, ear weight, grain fresh weight, and grains per ear, while reducing the abortion rate compared to the foliar water spraying (CK) treatment across all three seasons. Foliar spraying with 4% Mg markedly increased dry matter, N, K, Ca, and Mg accumulation in sweet corn over two seasons in 2022. The ear leaf Soil Plant Analysis Development (SPAD) value under 4% Mg treatment increased by an average of 6.9% and 9.3% at the R1 and R3 stages, respectively, compared to CK treatment. Although 21.1% of total Mg accumulation (16.9 kg ha−¹) was acquired at post-silking, vegetative remobilization contributed minimally to total Mg (< 5%). The 4% Mg treatment significantly increased the grain filling rate at 7 and 12 days after silking, and increased grain sucrose, fructose, and glucose concentrations by an average of 14.4%, 2.7%, and 9.3%, respectively, at 27 days after silking compared to CK treatment. Based on these findings, we propose a practical Mg fertilization guideline for high-density sweet corn cultivation: three foliar applications of 4% MgSO4·7H2O, totaling 8.78 kg Mg ha-1. This strategy improves nutrient uptake, enhances grain carbohydrate accumulation, and supports yield optimization without compromising grain quality.
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1 Introduction

Sweet corn (Zea mays var. saccharata) is widely recognized for its dual role as a nutritious staple food source and a popular vegetable (Singh et al., 2014). In recent years, its cultivation has expanded across China, primarily driven by growing consumer demand and its economic profitability for farmers (Xue et al., 2023). Given China’s limited arable land resources, improving sweet corn yield per unit area is essential. While increased planting density represents a crucial strategy for boosting corn yield, this practice often negatively impacts grains per ear and grain weight (Dhaliwal and Williams, 2019; Ye et al., 2023a, 2023b). This phenomenon can be attributed to two interdependent mechanisms. First, high-density planting accelerates leaf senescence, diminishing photosynthetic capacity and disrupting photosynthate allocation patterns (Lan et al., 2024). Second, restricted root elongation and reduced root-to-shoot ratios impair nutrient acquisition efficiency, intensifying intra-plant nutrient competition under dense planting (Shao et al., 2024). Consequently, developing optimal fertilization strategies to enhance grains per ear and grain weight under high planting density sweet corn cultivation remains a critical research priority.

Magnesium (Mg) is an essential nutrient that affects yield and quality formation but is often overlooked in crop cultivation (Cakmak and Kirkby, 2008). Mg enhances crop growth by improving photosynthesis (via chlorophyll stabilization), carbohydrate partitioning, and nitrogen (N) use efficiency through modulation of nitrate transporters (Farhat et al., 2016; Peng et al., 2020). It also increases resilience to abiotic stress by regulating reactive oxygen species homeostasis and activating antioxidant enzymes (Tian et al., 2021). Mg deficiency is prevalent in tropical and subtropical acidic soils, where high rainfall accelerates leaching, and crop harvesting removes soil Mg reserves (Ishfaq et al., 2022). Additionally, Chinese farmers commonly apply excessive amounts of N and potassium (K) fertilizers while neglecting Mg fertilizers. This unbalanced fertilization practice, coupled with soil Mg deficiency, exacerbates the antagonistic interaction between Mg²+ and other competing cations, further limiting Mg availability (Fageria, 2001; Gransee and Führs, 2013; Wang et al., 2020). Southeast China, a major sweet corn cultivation region, faces significant issues of soil Mg deficiency and imbalanced fertilization management (Ishfaq et al., 2022). As a result, Mg deficiency is a critical limiting factor for increasing sweet corn yields in Southeast China.

Mg fertilizer application serves as a critical agronomic practice for mitigating Mg deficiency and increasing yield (Wang et al., 2020). For instance, soil-applied Mg fertilizer significantly increases field corn yield and Mg accumulation in northeast China (Zhang et al., 2020). Meanwhile, soil application of Mg fertilizer has little effect on increasing yield under non-adverse conditions (Grzebisz, 2013). In contrast, foliar Mg fertilization offers distinct advantages over soil application. This method enables rapid nutrient uptake by evading soil constraints such as cation antagonism and restricted root proliferation, directly delivering Mg through foliar tissues (Grzebisz, 2013; Xie et al., 2021; Niu et al., 2021). Moreover, foliar spraying ensures timely delivery of Mg during critical growth stages, boosting photosynthesis, enhancing field corn resistance to stress, and ultimately improving yield (Rodrigues et al., 2021). Nevertheless, previous studies indicate proper foliar Mg fertilizer rates vary with crop types and agroecological regions (Kibria et al., 2021). Consequently, establishing quantifiable relationships between foliar Mg dosage and sweet corn yield remains imperative. However, research on sweet corn in acidic soils under field conditions in China remains limited.

Nutrient uptake fundamentally governs corn yield, with optimized fertilization strategies enhancing both nutrient uptake and yield potential (Ye et al., 2023a; Bindraban et al., 2015). While elucidating Mg uptake is critical for rational Mg fertilization, substantial genotypic variation in Mg absorption persists among field corn genotypes despite documented yield and nutrient accumulation improvements through Mg supplementation (Ciampitti and Vyn, 2013; El-Dissoky et al., 2017; Zhang et al., 2020). This knowledge gap necessitates quantitative characterization of Mg uptake patterns in sweet corn to inform precision Mg management. In addition, grain weight is one of the most crucial yield components, and grain carbohydrates play important roles in grain weight formation (Paponov et al., 2005). Recent evidence indicates that dense planting maintains grain carbohydrate concentration but reduces grain weight in sweet corn (Ye et al., 2023b). Although Mg application improves grain weight in wheat and field corn (Zhang et al., 2021a; Ceylan et al., 2016), its effects on grain weight and carbohydrates in sweet corn still require further research.

Mg deficiency is common for sweet corn cultivation in Southeast China, and dense planting deteriorates sweet corn yield and quality traits. However, little information focuses on whether foliar Mg spraying can alleviate the impact of high density on sweet corn. We assumed that Mg application can increase the yield of sweet corn under high planting by improving nutrient absorption and sugar synthesis. Therefore, this study aims to investigate the effect of foliar spraying Mg on fresh ear yield, Mg accumulation and allocation, grain filling, and carbohydrate concentration of sweet corn under field conditions in Southeast China, providing a basis for the scientific application of Mg fertilizer.




2 Materials and methods



2.1 Experimental location

The field experiment was conducted in 2021 (autumn season) and 2022 (spring and autumn season) at Yuanfeng Farm (26°8′ N, 118°44′ E) in Minqing County, Fujian Province, Southeast China. This region has a subtropical humid monsoon climate; the mean temperature and total precipitation during successive growing seasons were documented as follows: 21.3°C with 1002.9 mm (autumn 2021), 19.4°C with 616.1 mm (spring 2022), and 21.7°C with 255.3 mm in autumn 2022 (Figure 1). The soil was classified as loamy sand; the soil chemical characteristics of 20 cm layer depth before the experiment were shown in Table 1. This presents a typical acidic soil with Mg deficiency prevalent in Southeast China.




Figure 1 | The monthly precipitation and mean temperature during the 2021–2022 growing season.




Table 1 | The soil chemical properties of 20 cm layer depth in 2021.






2.2 Experiment design and field management

Field experiments were carried out using a randomized complete block design with three replicates. The experiment treatments were CK (foliar water spraying) and 2%, 4%, and 6% Mg (foliar spraying 2%, 4%, and 6% MgSO4·7H2O, respectively) in the 2021 autumn season. Based on the results of the 2021 experiment, subsequent experiments were conducted in the spring and autumn of 2022, and the experiment treatments were CK and 4% Mg (8.78 kg Mg ha-1). Mg fertilizer was sprayed on sweet corn leaf three times, at the V11 stage (11-leaf with visible leaf cushion) with 450 L ha-1, at the vegetative tasseling stage (VT), and at the silking stage (R1) of sweet corn with 900 L ha-1 once, and 0.1% Tween 20 was added in fertilizer solution. Each subplot was 48 m2 and remained unchanged for two years. Sweet corn cultivar Yongzhen7 (widely cultivated in Southeast China) was tested in our study, and the plant density was adopted with 60,000 plants ha−1, while the local conventional planting density was 45,000 plants ha−1. The cultivation schedule for cultivar Yongzhen7 was as follows: In the 2021 autumn season, seeds were sown on August 13, transplanted on August 25, and harvested on November 3. For the 2022 spring season, sowing occurred on March 17, transplantation on April 3, and harvesting on June 27. In the subsequent 2022 autumn season, sowing took place on August 12, transplantation on August 22, and the final harvest was conducted on November 1. 180 kg ha−1 N, 45 kg ha−1 P2O5, and 180 kg ha−1 K2O were applied in this study. Besides, fertilization methods, pest and weed control, and irrigation are carried out according to previous literature (Ye et al., 2023b).




2.3 Sampling and measurement



2.3.1 Fresh ear yield and yield components

At the fresh eating stage (about 27 days after silking, R3 stage), the ears with cob and bract were hand-harvested from 30 consecutive sweet corn plants in each plot and weighed to calculate fresh ear yield. Subsequently, ear weight, ear bare tip length, 100-grain fresh weight, grains per ear, and grain abortion rate were measured following removing the bracts.




2.3.2 Dry matter, nutrient accumulation, and soil plant analysis development value

Three key growth stages were selected for sampling: V12 (12-leaf with visible leaf cushion), R1 stage (silking stage), and R3 stage (fresh eating stage). The V12 stage marked the transition from vegetative to reproductive growth, initiating the differentiation of female flowers. The R1 stage was characterized by the emergence of silks from the husk leaves, indicating the onset of pollination. At the R3 stage, known as the fresh eating stage, the ears were harvested at their peak quality for consumption. At three critical stages, three sweet corn plants with consistent growth were sampled in each plot. The sampled plants were divided into stems (including leaf sheaths) and leaves at the V12 stage and divided the plant into three parts: stem (including leaf sheaths and tassel), leaves, and ear (including grains, cob, and bracts) at the R1 stage and R3 stage, and then dried samples at 70°C to a constant weight. The mineral element concentration of samples was determined. The total N and P concentrations were measured using a flow analyzer, total K was determined using a flame spectrophotometer, and Ca and Mg concentrations were measured using an inductively coupled plasma mass spectrometer (Li et al., 2021; Zhang et al., 2021b). Nutrient accumulation was measured by calculating N, P, K, Ca, and Mg accumulation in the different plant organs. Specifically, the nutrient accumulation in each organ (kg ha-1) was determined by multiplying the nutrient concentration in the organ by the organ’s dry weight. Total nutrient accumulation for each element (N, P, K, Ca, Mg) was then obtained by summing the nutrient accumulation across all plant organs. The ear leaf SPAD values of three representative plants in each plot were calculated using SPAD-502 Chlorophyll Meter at the V12, R1, and R3 stages.




2.3.3 Grain filling rate and grain carbohydrate concentration

In each plot, 40 representative and consistent sweet corn female ears were labelled at the silking stage. At least five ears were collected at 7, 12, 17, 22, and 27 days after silking. The grains from the middle ear were sampled and divided into two parts. One part of the grain was weighed for fresh weight and then dried to determine the grain’s dry weight. The other fresh grains were collected and grinded with liquid N to determine the concentrations of grain sucrose, fructose, and starch (Li and Li, 2013). Glucose concentrate in sweet corn grain was determined using the detection kit (UPLC-MS-4105) provided by Shanghai Liquid Quality Detection Technology Co., Ltd. The grain filling rate was the increase in grain dry weight per unit time.





2.4 Statistical analysis

Drawings were carried out using Origin 2023 software. Multiple comparisons were performed using Duncan’s test at the P < 0.05 level in 2021, and the differences between treatments in 2022 were analyzed using Student’s t-tests with the SPSS software (version 22.0, SPSS, Chicago, IL, USA). The Pearson correlation analysis method was used to perform correlation analysis.





3 Results



3.1 Yield and yield components

Compared to CK treatment, foliar spraying of 4% Mg and 6% Mg significantly increased fresh ear yield, ear weight, and grains per ear but significantly decreased bare tip length and abortion rate in the autumn growing season of 2021. Foliar spraying Mg fertilization significantly increased grains fresh weight. However, no marked differences existed between 4% Mg and 6% Mg treatment for fresh ear yield and yield components in the autumn growing season 2021 (Figure 2). In addition, 4% Mg treatment significantly increased sweet corn fresh ear yield, ear weight, grains fresh weight, and grains per ear while significantly decreased the abortion rate compared with CK treatment in the spring and autumn growing seasons of 2022 (Figure 3). These results indicated that the optimum foliar Mg concentration was 4%.




Figure 2 | Effects of foliar application of magnesium fertilizer on fresh ear yield (A), ear weight (B), grain fresh weight (C), grains per ear (D), bare tip length (E), and abortion rate (F) of sweet corn in 2021. Data are presented as treatments mean ± SE, data followed by same letter are not significantly different at P < 0.05.






Figure 3 | Effects of foliar application of magnesium fertilizer on fresh ear yield (A), ear weight (B), grain fresh weight (C), grains per ear (D), bare tip length (E), and abortion rate (F) of sweet corn in spring and autumn seasons growing season of 2022. Data are presented as treatments mean ± SE, data followed by the same letter are not significantly different between CK and 4% Mg treatments at P < 0.05.






3.2 Dry matter and nutrient accumulation

Compared to CK treatment, foliar spraying 4% Mg markedly increased stem, leaf, ear, and total dry matter of sweet corn at R1 and R3 growth stages in both seasons of 2022. The total dry matter in the spring and autumn seasons under 4% Mg treatment was 11.0% and 11.5% higher than those under CK treatment, respectively. 4% Mg treatment significantly increased SPAD at R1 and R3 growth stages in both seasons, increased by an average of 6.9% and 9.3% compared to CK treatment, respectively. However, no prominent increase exited in SPAD at the V12 stage between CK and 4% Mg treatment (Figure 4).




Figure 4 | Effect of foliar application of magnesium fertilizer on the dry matter (A, B) and SPAD (C, D) of sweet corn in the spring and autumn growing season of 2022. Data are presented as treatments mean ± SE; data followed by the same letter are not significantly different between CK and 4% Mg treatments at P < 0.05.



Foliar spraying of 4% Mg significantly increased N concentration and N accumulation in the stem, leaf, and ear at the R3 stage. Foliar spraying of 4% Mg significantly increased P, K, and Ca accumulation but did not significantly affect P, K, and Ca concentrations in most organs (Table 2).


Table 2 | Effect of foliar magnesium application on N, P, K, Ca concentration and accumulation of sweet corn in spring and autumn of 2022.






3.3 Mg uptake and remobilization

As the growth stage advanced, sweet corn Mg concentration in different organs gradually decreased, but Mg accumulation increased (Figure 5). Foliar spraying of 4% Mg significantly increased Mg concentration in stem, leaf, and ear of sweet corn at V12, R1, and R3 stages in both seasons for 2022, except for ear Mg concentration at the R3 stage and stem Mg concentration at V12 stage (Figure 5). Foliar spraying of 4% Mg significantly increased Mg accumulation in stem, leaf, and ear at V12, R1, and R3 stages in both seasons, except for stem Mg accumulation at the V12 stage. The total Mg accumulations at the R3 stage in spring and autumn seasons under 4% Mg were 17.9% and 20.2% higher than those under CK treatment. In addition, the Mg uptake rate from the V12 stage to the silking stage was the biggest during different growing stages in sweet corn (Figure 5).




Figure 5 | Effect of foliar application of magnesium fertilizer on the Mg concentration (A, C) and Mg accumulation (B, D) of sweet corn in the spring and autumn growing season of 2022. Data are presented as treatments mean ± SE; data followed by the same letter are not significantly different between CK and 4% Mg treatments at P < 0.05.



Foliar 4% Mg significantly increased sweet corn Mg accumulation at pre-silking in both seasons and significantly increased Mg accumulation at post-silking in the autumn season. Moreover, the Mg accumulation of sweet corn was an average of 16.9 kg ha-1 and 21.1% of total Mg absorbed after silking. However, the Mg remobilization amount from the stems and leaves was limited (< 5% of total Mg accumulation), and the contribution rate of Mg remobilization from stem and leaf to ear was < 10% (Table 3).


Table 3 | Effect of foliar application of magnesium fertilizer on Mg accumulation, Mg remobilization amount, and contribution rate of Mg remobilization to ear of sweet corn in spring and autumn of 2022.






3.4 Grain filling rate and grain carbohydrate concentration

Sweet corn grain’s fresh weight and dry weight gradually increased with the advancement of grain filling. Foliar spraying of 4% Mg significantly increased grain fresh weight and dry weight at 12, 17, 22, and 27 days after silking in both growing seasons (Figure 6). The grain filling rate reached its maximum value at 17 days after silking, and 4% Mg treatment significantly increased the grain filling rate at 7 and 12 days in the spring and autumn growing seasons. However, it did not markedly affect the grain filling rate at 17–27 days (Figure 7).




Figure 6 | Effect of foliar application of magnesium fertilizer on grain fresh weight (A, B) and kernel dry weight (C, D) of sweet corn in spring and autumn growing season of 2022. The error bar indicates SE. *, P < 0.05; **, P < 0 01; ***, P < 0.001, according to Student’s t-test.






Figure 7 | Effect of foliar application of magnesium fertilizer on grain filling rate of sweet corn in spring and autumn growing season of 2022. The error bar indicates SE. *, P < 0.05; **, P < 0 01, according to Student’s t-test.



Sweet corn grain sucrose, fructose, and starch concentrations were increased with the advance of grain filling. However, grain glucose concentration was first increased and then decreased (Figure 8). 4% of Mg treatment significantly increased grain sucrose, fructose, and glucose concentrations during the grain filling period in both seasons; the 4% of Mg treatment average increased by 14.4%, 2.7%, and 9.3% at 27 days after silking compared to CK treatment. 4% Mg treatment dramatically increased grain starch concentration in spring but did not significantly enhance grain starch concentration in autumn (Figure 8).




Figure 8 | Effect of foliar application of magnesium fertilizer on sucrose concentration (A, B), fructose concentration (C, D), glucose concentration (E, F), and starch concentration (G, H) of sweet corn in spring and autumn growing season of 2022. The error bar indicates SE. *, P < 0.05; **, P < 0 01; ***, P < 0.001, according to Student’s t-test.






3.5 The relationship between fresh ear yield and other traits

Sweet corn fresh ear yield was significantly positively correlated with grain dry weight (r = 0.96), grains per ear (r = 0.67), grain filling rate (r = 0.95), SPAD value (r = 0.91), harvest index (r = 0.87), Mg accumulation (r = 0.64), sucrose concentration (r = 0.85), glucose concentration (r = 0.73) and starch concentration (r = 0.78). Moreover, Mg accumulation was significantly positively related to grain dry weight (r = 0.58), grains per ear (r = 0.80), N accumulation (r = 0.80), P accumulation (r = 0.77), K accumulation (r = 0.84), Ca accumulation (r = 0.88) and fructose concentration (r = 0.83) (Figure 9).




Figure 9 | Correlation among fresh ear yield (FEY), grain fresh weight (GFW), grain dry weight (GDW), grains per ear (GPE), grain filling rate (GFR), abortion rate (AR), SPAD, dry matter accumulation (DM), harvest index (HI), N accumulation (NA), Mg accumulation (MgA), P accumulation (PA), K accumulation (KA), Ca accumulation (CaA), sucrose concentration (SC), fructose concentration (FC), glucose concentration (GC) and starch concentration (STC). * and ** indicate significant correlation at P < 0.05, P < 0.01, respectively.







4 Discussion

Abiotic stress, such as dense planting, has significantly contributed to yield loss in corn, as it reduces the number of grains per ear and grain weight (Ye et al., 2023b). This stress leads to nutritional competition, grain abortion, and lodging, all of which impede yield potential (Sher et al., 2017; Shah et al., 2021). Strategic nutrient management, particularly Mg supplementation, becomes critical under high planting conditions, given Mg’s central role in enzyme activation, energy transfer, and nutrient metabolism (Tian et al., 2021). The urgency for Mg optimization is heightened in southern China’s acidic soils, where 55% of arable lands exhibit Mg deficiency-a key constraint for high-yield cropping systems (Ishfaq et al., 2022). In field corn production in Brazil, foliar application of only 0.5–1 kg ha-1 Mg has been shown to significantly increase both Mg concentration and grain yield (Altarugio et al., 2017; Rodrigues et al., 2021). Nevertheless, foliar applying 3.5 kg ha-1 Mg significantly increases organ Mg concentration and yield in wheat (Kibria et al., 2021). These inconsistent reports indicate that the effects of foliar spraying Mg depend on crop type and environmental condition, so it is necessary and important to note the effect of reasonable foliar Mg on sweet corn in Southeast China. In this study, foliar spraying 8.78 kg ha-1 Mg significantly increased sweet corn fresh ear yield, grains per ear, and grain weight. Szulc et al. (2011) also found that foliar application of 6 kg ha-1 Mg significantly field corn yield and grain weight. This can be attributed to several factors: first, Mg enhances the photosynthetic efficiency by optimizing photosystem activity and improving carbon fixation rates. Additionally, it plays a critical role in activating enzymes involved in starch synthesis, thereby enhancing carbohydrate metabolism and contributing to yield formation (Cakmak and Kirkby, 2008; Ceylan et al., 2016; Ba et al., 2020). Second, Mg improves abiotic stress tolerance to by boosting antioxidant enzyme activity and delaying leaf senescence, particularly under high-density planting conditions (Rodrigues et al., 2021). It also improves cell membrane thermostability and pollen viability, both of which are vital for maintaining cellular integrity and reproductive success, leading to increased grain weight and yield (Raza et al., 2023). Third, Mg promotes root growth and upregulates the nitrate transporter genes expression, thereby increasing N uptake, assimilation, and use efficiency, which further contributes to increased yield (Peng et al., 2020; Lyu et al., 2023). In this study, sweet corn fresh ear yield was significantly positively correlated with harvest index but not biomass, indicating that the ability to allocate biomass to the ear plays a more significant role in yield formation than total biomass accumulation. This finding is consistent with previous research of Djaman et al. (2013). Notably, grains per ear, grain weight, and abortion rate exhibited season-specific responses, likely influenced by temperature and precipitation during grain-filling. Further multi-year trials under varying environmental conditions are necessary to confirm these observations and gain a deeper understanding of the underlying mechanisms.

Nutrient uptake exhibits a significant positive correlation with crop yield, predominantly regulated by fertilization strategies (Setiyono et al., 2010). In this study, foliar spraying Mg application increased N, P, K, Ca, and Mg accumulation of sweet corn, aligning with prior reports observations of Mg-induced nutrient enrichment in field corn (Zhang et al., 2021a; El-Dissoky et al., 2017). It may be due to the contribution of Mg to chlorophyll formation and photosynthesis, producing more dry matter, thereby driving more N uptake (Peng et al., 2010; Ahmed et al., 2020). Additionally, Mg can increase root length and dry weight, acquiring more nutrients (Kong et al., 2020). In particular, foliar Mg fertilizer significantly increased Mg and N concentration in the organs of sweet corn but did not affect P, K, and Ca concentrations in this study. Similar results are demonstrated under field corn in the Mediterranean region (Ortas, 2018). However, Ahmed et al. (2020) highlighted that Mg supplementation significantly decreased K concentration, although improving Mg and N concentrations of field corn in calcareous soils. These discrepancies suggest that foliar Mg circumvents root-level Mg-K/Ca antagonism and soil Mg-P precipitation (Grzebisz, 2013; Xie et al., 2021), highlighting its precision in dense planting systems. Moreover, the synergistic Mg-N relationship is mechanistically driven by two factors: (1) Mg activation of Mg²+-ATPase and glutamine synthetase, which catalyzes NH4+ assimilation (Jezek et al., 2015a); and (2) Mg-induced upregulation of N transporter genes, enhancing N uptake and utilization efficiency (Peng et al., 2020). Unlike soil application, which supports a long-term nutrient supply, foliar fertilization can only provide a limited quantity of nutrients and is sensitive to environmental factors (Ssemugenze et al., 2025). However, it offers a rapid method for nutrient delivery, especially during critical growth stages, by bypassing soil limitations such as low nutrient availability and ion antagonism (Niu et al., 2021). Therefore, combining foliar and soil application of Mg fertilization may ensure immediate and long-term availability, ultimately improving corn growth and yield.

Understanding Mg’s dynamic accumulation and distribution characteristics is an essential foundation for the scientific application of Mg fertilizer (Chen et al., 2016). Mg accumulation of sweet corn was an average of 16.9 kg ha-1 and 21.1% of total Mg absorbed after silking in the current study. Similar results were reported in field corn: a total accumulation of approximately 33 kg ha-1 Mg, with 23%-30% accumulating after silking (Ciampitti and Vyn, 2013). However, Zhang et al. (2020) documented that the total Mg accumulation was over 120 kg ha-1,and 44.2% of Mg accumulation was obtained at the reproductive stage of field corn in Northeast China. This may be due to differences in variety, cultivation practices, and environmental conditions. In addition, in this study, sweet corn Mg remobilization from vegetative organs was < 5% of total Mg accumulation, and contribution of Mg remobilization to ear was < 10%. This is inconsistent with the results showing that Mg’s remobilization efficiency from stalk was 23%, while the leaf Mg remobilization efficiency was -36% in field corn (Chen et al., 2016). However, Mg remobilization from the stalk happens 30 days after silking in field corn (Chen et al., 2016), and sweet corn ears are harvested 27 days after silking. This indicates that the Mg requirement of the ear in sweet corn primarily relies on absorption after silking, rather than on translocation from vegetative organs. The limited Mg transfer to the ear may be attributed to restricted sink capacity, which hinders Mg mobilization from the stems and leaves to the ear (Szczepaniak et al., 2016). Furthermore, genetic differences among cultivars significantly influence Mg transport efficiency, with low Mg transport efficiency in sweet corn limiting the extent of Mg translocation (Kovacevic et al., 2004). However, the approach used to study Mg remobilization in our research has certain limitations. Future work should employ isotope tracing techniques to accurately quantify Mg remobilization and its contribution to the ear. Furthermore, the Mg uptake rate from V12 to the silking stage was the biggest during different growing stages in sweet corn, which agreed with the previous study’s finding (Zhang et al., 2020). Therefore, V12 - silking are the critical stages for Mg fertilizer application. These results provide a clear understanding of Mg uptake and remobilization dynamics in sweet corn, particularly during the post-silking period. These findings suggest that foliar application of Mg (total 8.78 kg Mg ha-1) during the mid-to-late growth stages is an effective strategy to meet Mg demand and optimize grain filling. This provides a practical and scientific foundation to improve Mg fertilization efficiency in sweet corn cultivation.

Grain filling is a process of grain accumulation and storing photosynthetic products, a critical stage affecting yield (Li et al., 2020). Grain filling rate has a significant positive correlation with yield and grain dry weight (Ye et al., 2023b), similar results were shown in this study. Dense planting usually reduces grain filling rate (Ye et al., 2023b); however, foliar spraying Mg significantly sweet corn leaf SPAD and grain filling rate in the early stage of grain filling under close planting in this study. One explanation is that Mg application can delay leaf senescence and produce more photosynthetic products during grain filling, subsequently transferring more photosynthetic products to the grain, increasing the grain filling rate (Jezek et al., 2015b; Ning et al., 2018; Hauer-Jákli and Tränkner, 2019). While our findings suggest that improving the grain filling rate under high-density planting is critical for yield enhancement, the underlying physiological and molecular mechanisms remain unclear and require further investigation.

Grain carbohydrates, including sucrose, fructose, glucose, and starch, are vital components that determine grain weight and yield. Hence, understanding the dynamic changes of carbohydrate components is an important way to improve crop yield and quality (Ye et al., 2023b; Paponov et al., 2005). Sucrose, fructose, and starch concentration gradually increased as the grain-filling progresses, which is agreed with the previous literature (Paponov et al., 2005). However, glucose concentration was first increased and then decreased in this study. It may be due to glucose transfer to another form of carbohydrates during sweet corn grain filling. In the current investigation, Mg significantly increased grain carbohydrates (sucrose, fructose, and starch) concentration. Ba et al. (2020) also stated that foliar application of Mg fertilizer enhanced grain carbohydrate concentration in wheat. This may be attributed to Mg’s role in facilitating long-distance carbohydrate transport (Jiao et al., 2023), enhancing the activity of key enzymes and gene expression involved in carbohydrate metabolism (Ba et al., 2020; He et al., 2024a, 2024b). Mg also promotes the synthesis of abscisic acid (ABA) and the activity of catalase (CAT), which are known to regulate grain carbohydrate accumulation (He et al., 2024a). These mechanisms highlight how Mg influences carbohydrate transport and metabolism, ultimately contributing to improved carbohydrate availability for grain development. Carbohydrate metabolism plays a critical role in determining yield and grain quality in sweet corn. However, the mechanisms that foliar Mg regulates carbohydrate dynamics, particularly its effects on key enzymes and transcriptional networks involved in starch and sucrose biosynthesis, remain unclear. Future studies should focus on elucidating how Mg regulates carbohydrate metabolism both at the biochemical and transcriptional levels, with a particular emphasis on rate-limiting enzymes and associated gene pathways involved in carbohydrate accumulation (Tahir et al., 2020; Shen et al., 2022). Although conventional planting density treatments (45,000 plants ha−¹) were not included in the current study, future investigations should implement multi-density field trials to mechanistically assess how planting density regulates the Mg uptake and translocation process.




5 Conclusion

Foliar spraying of 4% Mg significantly increased sweet corn fresh ear yield, grains per ear, and grain weight under 60,000 plants ha−1 over three seasons in 2021 and 2022. It also markedly increased dry matter, N, K, Ca, and Mg accumulation, as well as the concentrations of sucrose, fructose, and glucose in the grains during the spring and autumn growing seasons of 2022. Therefore, foliar spraying of 4% MgSO4·7H2O three times (total 8.78 kg Mg ha-1) can increase yield, nutrient uptake, and grain sugar concentrations, making it a recommended method for Mg application in sweet corn. This finding establishes a scientifically optimized Mg fertilization protocol for intensive sweet corn cultivation, demonstrating that targeted foliar supplementation can mitigate nutrient competition in high-density cropping.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Author contributions

DY: Funding acquisition, Project administration, Writing – original draft. ZY: Validation, Writing – original draft. JC: Data curation, Formal analysis, Writing – review & editing. SW: Data curation, Writing – review & editing. ZZ: Formal analysis, Software, Writing – review & editing. SH: Formal analysis, Software, Writing – review & editing. DS: Writing – review & editing. TL: Writing – review & editing. MM: Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work is supported by National Natural Science Foundation of China (31701367), Natural Science Foundation of Fujian Province (2020J01534; 2022J01581), Foundation from International Magnesium Institute (105-KH210288A), Fujian Agriculture and Forestry University Science and Technology Innovation Special Foundation (101-KFb22003XA), Project commissioned by the Agriculture and Rural Bureau of Zhao’an County (101-KH240142A). Project commissioned by Chenxiang Town People’s Government in Changtai District (JYZF-ZZ20241205).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

 Ahmed, N., Habib, U., Younis, U., Irshad, I., Danish, S., Rahi, A. A., et al. (2020). Growth, chlorophyll content and productivity responses of maize to magnesium sulphate application in calcareous soil. Open Agric. 5, 792–800. doi: 10.1515/opag-2020-0023

 Altarugio, L. M., Loman, M. H., Nirschl, M. G., Silvano, R. G., Zavaschi, E., Carneiro, L. D. M., et al. (2017). Yield performance of soybean and corn subjected to magnesium foliar spray. Pesq. Agropec. Bras. 52, 1185–1191. doi: 10.1590/s0100-204x2017001200007

 Ba, Q., Zhang, L., Chen, S., Li, G., and Wang, W. (2020). Effects of foliar application of magnesium sulfate on photosynthetic characteristics, dry matter accumulation and its translocation, and carbohydrate metabolism in grain during wheat grain filling. Cereal Res. Commun. 48, 157–163. doi: 10.1007/s42976-020-00026-z

 Bindraban, P. S., Dimkpa, C., Nagarajan, L., Roy, A., and Rabbinge, R. (2015). Revisiting fertilisers and fertilisation strategies for improved nutrient uptake by plants. Biol. Fertil. Soil 51, 897–911. doi: 10.1007/s00374-015-1039-7

 Cakmak, I., and Kirkby, E. A. (2008). Role of magnesium in carbon partitioning and alleviating photooxidative damage. Physiol. Plant 133, 692–704. doi: 10.1111/j.1399-3054.2007.01042.x

 Ceylan, Y., Kutman, U. B., Mengutay, M., and Cakmak, I. (2016). Magnesium applications to growth medium and foliage affect the starch distribution, increase the grain size and improve the seed germination in wheat. Plant Soil 406, 145–156. doi: 10.1007/s11104-016-2871-8

 Chen, Q., Mu, X., Chen, F., Yuan, L., and Mi, G. (2016). Dynamic change of mineral nutrient content in different plant organs during the grain filling stage in maize grown under contrasting nitrogen supply. Eur. J. Agron. 80, 137–153. doi: 10.1016/j.eja.2016.08.002

 Ciampitti, I. A., and Vyn, T. J. (2013). Maize nutrient accumulation and partitioning in response to plant density and nitrogen rate: II. calcium, magnesium, and micronutrients. Agron. J. 105, 1645–1657. doi: 10.2134/agronj2013.0126

 Dhaliwal, D. S., and Williams, M. M. (2019). Optimum plant density for crowding stress tolerant processing sweet corn. PloS One 14, 0223107. doi: 10.1371/journal.pone.0223107

 Djaman, K., Irmak, S., Rathje, W. R., Martin, D. L., and Eisenhauer, D. E. (2013). Maize evapotranspiration, yield production functions, biomass, grain yield, harvest index, and yield response factors under full and limited irrigation. Trans. ASABE 56, 373–393. doi: 10.13031/2013.42676

 El-Dissoky, R. A., Al-Kamar, F. A., and Derar, R. M. (2017). Impact of magnesium fertilization on yield and nutrients uptake by maize grown on two different soils. Egypt. J. Soil Sci. 57, 455–466. doi: 10.21608/ejss.2017.1271.1113

 Fageria, V. D. (2001). Nutrient interactions in crop plants. J. Plant Nutr. 24, 1269–1290. doi: 10.1081/PLN-100106981

 Farhat, N., Elkhouni, A., Zorrig, W., Smaoui, A., Abdelly, C., and Rabhi, M. (2016). Effects of magnesium deficiency on photosynthesis and carbohydrate partitioning. Acta Physiol. Plant 38, 145. doi: 10.1007/s11738-016-2165-z

 Gransee, A., and Führs, H. (2013). Magnesium mobility in soils as a challenge for soil and plant analysis, magnesium fertilization and root uptake under adverse growth conditions. Plant Soil 368, 5–21. doi: 10.1007/s11104-012-1567-y

 Grzebisz, W. (2013). Crop response to magnesium fertilization as affected by nitrogen supply. Plant Soil 368, 23–39. doi: 10.1007/s11104-012-1574-z

 Hauer-Jákli, M., and Tränkner, M. (2019). Critical leaf magnesium thresholds and the impact of magnesium on plant growth and photo-oxidative defense: a systematic review and meta-analysis from 70 years of research. Front. Plant Sci. 10, 766. doi: 10.3389/fpls.2019.00766

 He, Z., Shang, X., Jin, X., Wang, X., and Xing, Y. (2024a). Calcium and magnesium regulation of kernel sugar content in maize: role of endogenous hormones and antioxidant enzymes. Int. J. Mol. Sci. 26, 200. doi: 10.3390/ijms26010200

 He, Z., Shang, X., Zhang, T., and Yun, J. (2024b). Effect of calcium and magnesium on starch synthesis in maize kernels and its physiological driving mechanism. Front. Plant Sci. 14, 1332517. doi: 10.3389/fpls.2023.1332517

 Ishfaq, M., Wang, Y., Yan, M., Wang, Z., Wu, L., Li, C., et al. (2022). Physiological essence of magnesium in plants and its widespread deficiency in the farming system of China. Front. Plant Sci. 13, 802274. doi: 10.3389/fpls.2022.802274

 Jezek, M., Geilfus, C. M., Bayer, A., and Mühling, K. H. (2015b). Photosynthetic capacity, nutrient status, and growth of maize (Zea mays L.) upon MgSO4 leaf-application. Front. Plant Sci. 5, 781. doi: 10.3389/fpls.2014.00781

 Jezek, M., Geilfus, C. M., and Mühling, K. H. (2015a). Glutamine synthetase activity in leaves of Zea mays L. as influenced by magnesium status. Planta 242, 1309–1319. doi: 10.1007/s00425-015-2371-8

 Jiao, J., Li, J., Chang, J., Li, J., Chen, X., Li, Z., et al. (2023). Magnesium effects on carbohydrate characters in leaves, phloem sap and mesocarp in wax gourd (Benincasa hispida (Thunb.) cogn.). Agronomy 13, 455. doi: 10.3390/agronomy13020455

 Kibria, M. G., Barton, L., and Rengel, Z. (2021). Foliar application of magnesium mitigates soil acidity stress in wheat. J. Agron. Crop Sci. 207, 378–389. doi: 10.1111/jac.v207.2

 Kong, X., Peng, Z., Li, D., Ma, W., An, R., Khan, D., et al. (2020). Magnesium decreases aluminum accumulation and plays a role in protecting maize from aluminum-induced oxidative stress. Plant Soil 457, 71–81. doi: 10.1007/s11104-020-04605-1

 Kovacevic, V., Brkic, I., Banaj, D., Antunovic, M., Simic, D., and Petosic, D. (2004). Magnesium status in corn (Zea mays L.) hybrids and its relations to potassium and calcium. Cereal Res. Commun. 32, 517–524. doi: 10.1007/BF03543343

 Lan, T., Du, L., Wang, X., Zhan, X., Liu, Q., Wei, G., et al. (2024). Synergistic effects of planting density and nitrogen fertilization on chlorophyll degradation and leaf senescence after silking in maize. Crop J. 12, 605–613. doi: 10.1016/j.cj.2024.02.006

 Li, G., Cheng, Q., Li, L., Lu, D., and Lu, W. (2021). N, P and K use efficiency and maize yield responses to fertilization modes and densities. J. Integr. Agric. 20, 78–86. doi: 10.1016/S2095-3119(20)63214-2

 Li, Q., Du, L., Feng, D., Ren, Y., Li, Z., Kong, F., et al. (2020). Grain-filling characteristics and yield differences of maize cultivars with contrasting nitrogen efficiencies. Crop J. 8, 990–1001. doi: 10.1016/j.cj.2020.04.001

 Li, X., and Li, J. (2013). Determination of the content of soluble sugar in sweet corn with optimized anthrone colorimetric method. Storage Process 13, 24–27. doi: 10.3969/j.issn.1009-6221.2013.04.006

 Lyu, M., Liu, J., Xu, X., Liu, C., Qin, H., Zhang, X., et al. (2023). Magnesium alleviates aluminum-induced growth inhibition by enhancing antioxidant enzyme activity and carbon–nitrogen metabolism in apple seedlings. Ecotoxicol. Environ. Saf. 249, 114421. doi: 10.1016/j.ecoenv.2022.114421

 Ning, P., Peng, Y., and Fritschi, F. B. (2018). Carbohydrate dynamics in maize leaves and developing ears in response to nitrogen application. Agronomy 8, 302. doi: 10.3390/agronomy8120302

 Niu, J., Liu, C., Huang, M., Liu, K., and Yan, D. (2021). Effects of foliar fertilization: a review of current status and future perspectives. J. Soil Sci. Plant Nutr. 21, 104–118. doi: 10.1007/s42729-020-00346-3

 Ortas, I. (2018). Influence of potassium and magnesium fertilizer application on the yield and nutrient accumulation of maize genotypes under field conditions. J. Plant Nutr. 41, 330–339. doi: 10.1080/01904167.2017.1385800

 Paponov, I. A., Sambo, P., Erley, G. S., Presterl, T., Geiger, H. H., and Engels, C. (2005). Grain yield and kernel weight of two maize genotypes differing in nitrogen use efficiency at various levels of nitrogen and carbohydrate availability during flowering and grain filling. Plant Soil 272, 111–123. doi: 10.1007/s11104-004-4211-7

 Peng, Y., Niu, J., Peng, Z., Zhang, F., and Li, C. (2010). Shoot growth potential drives N uptake in maize plants and correlates with root growth in the soil. Field Crops Res. 115, 85–93. doi: 10.1016/j.fcr.2009.10.006

 Peng, W., Qi, W., Nie, M., Xiao, Y., Liao, H., and Chen, Z. (2020). Magnesium supports nitrogen uptake through regulating NRT2.1/2.2 in soybean. Plant Soil 457, 97–111. doi: 10.1007/s11104-019-04157-z

 Raza, A., Din, W. U., Waleed, A., Jabbar, A., Alharby, H. F., Al-Solami, H. M., et al. (2023). Magnesium fertilization reduces high-temperature damages during anthesis in spring wheat (Triticum aestivum L.) by affecting pollen viability and seed weight. Environ. Sci. Pollut. Res. 30, 118280–118290. doi: 10.1007/s11356-023-29911-w

 Rodrigues, V. A., Crusciol, C. A. C., Bossolani, J. W., Moretti, L. G., Portugal, J. R., Mundt, T. T., et al. (2021). Magnesium foliar supplementation increases grain yield of soybean and maize by improving photosynthetic carbon metabolism and antioxidant metabolism. Plants 10, 797. doi: 10.3390/plants10040797

 Setiyono, T. D., Walters, D. T., Cassman, K. G., Witt, C., and Dobermann, A. (2010). Estimating maize nutrient uptake requirements. Field Crops Res. 118, 158–168. doi: 10.1016/j.fcr.2010.05.006

 Shah, A. N., Tanveer, M., Abbas, A., Yildirim, M., Shah, A. A., Ahmad, M. I., et al. (2021). Combating dual challenges in maize under high planting density: Stem lodging and kernel abortion. Front. Plant Sci. 12, 699085. doi: 10.3389/fpls.2021.699085

 Shao, H., Wu, X., Chi, H., Zhu, F., Liu, J., Duan, J., et al. (2024). How does increasing planting density affect nitrogen use efficiency of maize: A global meta-analysis. Field Crops Res. 311, 109369. doi: 10.1016/j.fcr.2024.109369

 Shen, S., Ma, S., Chen, X. M., Yi, F., Li, B. B., Liang, X. G., et al. (2022). A transcriptional landscape underlying sugar import for grain set in maize. Plant J. 110, 228–242. doi: 10.1111/tpj.v110.1

 Sher, A., Khan, A., Cai, L., Ahmad, M. I., Asharf, U., and Jamoro, S. A. (2017). Response of maize grown under high plant density; performance, issues and management-a critical review. Adv. Crop Sci. Tech. 5, 1000275. doi: 10.4172/2329-8863.1000275

 Singh, I., Langyan, S., and Yadava, P. (2014). Sweet corn and corn-based sweeteners. Sugar Tech. 16, 144–149. doi: 10.1007/s12355-014-0305-6

 Ssemugenze, B., Ocwa, A., Kuunya, R., Gumisiriya, C., Bojtor, C., Nagy, J., et al. (2025). Enhancing maize production through timely nutrient supply: The role of foliar fertiliser application. Agronomy 15, 176. doi: 10.3390/agronomy15010176

 Szczepaniak, W., Grzebisz, W., Potarzycki, J., Lukowiak, R., and Przygocka-Cyna, K. (2016). The magnesium and calcium mineral status of maize at physiological maturity as a tool for an evaluation of yield forming conditions. J. Elem. 21, 881–897. doi: 10.5601/jelem.2015.20.4.901

 Szulc, P., Bocianowski, J., and Rybus-Zając, M. (2011). The reaction of “stay-green” maize hybrid (Zea mays L.) to various methods of magnesium application. Fresen. Environ. Bull. 20, 2126–2134.

 Tahir, A., Kang, J., Choulet, F., Ravel, C., Romeuf, I., Rasouli, F., et al. (2020). Deciphering carbohydrate metabolism during wheat grain development via integrated transcriptome and proteome dynamics. Mol. Biol. Rep. 47, 5439–5449. doi: 10.1007/s11033-020-05634-w

 Tian, X., He, D., Bai, S., Zeng, W., Wang, Z., Wang, M., et al. (2021). Physiological and molecular advances in magnesium nutrition of plants. Plant Soil 468, 1–17. doi: 10.1007/s11104-021-05139-w

 Wang, Z., Hassan, M. U., Nadeem, F., Wu, L., Zhang, F., and Li, X. (2020). Magnesium fertilization improves crop yield in most production systems: A meta-analysis. Front. Plant Sci. 10, 1727. doi: 10.3389/fpls.2019.01727

 Xie, K., Cakmak, I., Wang, S., Zhang, F., and Guo, S. (2021). Synergistic and antagonistic interactions between potassium and magnesium in higher plants. Crop J. 9, 249–256. doi: 10.1016/j.cj.2020.10.005

 Xue, W., Zhao, Q., and Qian, H. (2023). Current status of sweet corn industry in China and countermeasures for its development. China Vegetables 8, 14–22. doi: 10.19928/j.cnki.1000-6346.2023.1027

 Ye, D., Chen, J., Wang, X., Sun, Y., Yu, Z., Zhang, R., et al. (2023a). Coupling effects of optimized planting density and variety selection in improving the yield, nutrient accumulation, and remobilization of sweet maize in Southeast China. Agronomy 13, 2672. doi: 10.3390/agronomy13112672

 Ye, D., Chen, J., Yu, Z., Sun, Y., Gao, W., Wang, X., et al. (2023b). Optimal plant density improves sweet maize fresh ear yield without compromising grain carbohydrate concentration. Agronomy 13, 2830. doi: 10.3390/agronomy13112830

 Zhang, M., Geng, Y., Cao, G., Wang, L., Wang, M., and Stephano, M. F. (2020). Magnesium accumulation, partitioning and remobilization in spring maize (Zea mays L.) under magnesium supply with straw return in northeast China. J. Sci. Food Agric. 100, 2568–2578. doi: 10.1002/jsfa.v100.6

 Zhang, M., Geng, Y., Cao, G., Zou, X., Qi, X., and Stephano, M. F. (2021a). Effect of magnesium fertilizer combined with straw return on grain yield and nitrogen use efficiency. Agron. J. 113, 345–357. doi: 10.1002/agj2.v113.1

 Zhang, S., Yang, W., Muneer, M. A., Ji, Z., Tong, L., Zhang, X., et al. (2021b). Integrated use of lime with Mg fertilizer significantly improves the pomelo yield, quality, economic returns and soil physicochemical properties under acidic soil of southern China. Sci. Hortic. 290, 110502. doi: 10.1016/j.scienta.2021.110502




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Ye, Yu, Chen, Wei, Zhang, Huang, Su, Liu and Muneer. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpls.2025.1499391_cover.jpg
& frontiers | Frontiers in Plant Science

Foliar magnesium application improves
sweet corn yield: boosting nutrient uptake
and grain carbohydrate under dense
planting condition





OEBPS/Images/fpls-16-1499391-g006.jpg
Autumn

wk

*%
wek ik

Spring

*%

=

=
—+

3-001/3

[
%
) 3Yy31

=
o

M YS31] UIRIN)

—
i

S W o =) o e =

u —_ —_—
(urea (ureas-g([/38) IYysom AIp ure.an)

27

22

17

12

~

Days after silking (d)

Days after silking (d)





OEBPS/Images/fpls-16-1499391-g004.jpg
L=

=

(7]

Dry matter accumulation (t ha™)

=

4% Mg

mm Stem

4% Mg

[Leaf mm Ear

4% Mg






OEBPS/Images/fpls-16-1499391-g001.jpg
Precipitation (mm)

S00 |

400

300

[
=
—

Aug

Sep Oct Nov
2021 Autumn

Mar

Apr May Jun
2022 Spring

B Precipitation

—e— Mean temperature

Aug Sep Oct Nov
2022 Autunmn

— [ [ fad
n = n ]
Mean temperature (°C)

—
=

th





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Foliar magnesium application improves sweet corn yield: boosting nutrient uptake and grain carbohydrate under dense planting condition

      

        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Experimental location

          



          		

            2.2 Experiment design and field management

          



          		

            2.3 Sampling and measurement

          

            		

              2.3.1 Fresh ear yield and yield components

            



            		

              2.3.2 Dry matter, nutrient accumulation, and soil plant analysis development value

            



            		

              2.3.3 Grain filling rate and grain carbohydrate concentration

            



          



          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Yield and yield components

          



          		

            3.2 Dry matter and nutrient accumulation

          



          		

            3.3 Mg uptake and remobilization

          



          		

            3.4 Grain filling rate and grain carbohydrate concentration

          



          		

            3.5 The relationship between fresh ear yield and other traits

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpls-16-1499391-g007.jpg
= i Sk 3= —
) 1N =) 0 o

Grain filling rate (g 100-grain™ d’!

=
—

*%

12 17 22
Days after silking (d)

27

Autumn

12 17 22
Days after silking (d)

27





OEBPS/Images/fpls-16-1499391-g009.jpg





OEBPS/Images/table2.jpg
Concentration (g kg™) Accumulation (kg ha™)

Nutrient Season Treatment

NG Leaf Ear Stem Leaf Ear
N Spring CK 6.9 £0.03 b 1677 £0.16b = 1344 £0.16 b 2592+ 02b 3204 +101b | 61.15+081b 119.11+13b
4% Mg 7.69+0.17 a 1773 £0.26a 1375+0.16a 3068 + 1.08a 37.87+0.72a ‘ 71.8+025a 14035 £ 1.57 a
Autumn CK 6.91 +0.08 b 1555 +0.24b 1268 £048b 2144 +059b 2596 +0.64 b ‘ 54.74 +232b | 102.14 +1.83b
4% Mg 765+02a | 1716 +04a 1347 +046a 2623+062a 2978+076a  66.96+308a 12297 +4.04a
P Spring CK 136 +002a  261+002a 342%012a 513+009a 508+007a | 1554+056b  2575+0.63b
4% Mg [ 138 +0.02 a 261 £0.04a 352+0.03a 55+0.13a 5.68+0.11a 184+ 0.19a 29.58 +0.32a
Autumn CK 164 +£0.02a 254+0.03a 354+0.12a 5.09+0.17 b 424+002a 1525+044a | 2459 +0.27a
4% Mg 1.67 £0.02a 255+0.02a 363+029a 571 +£0.08 a 4.43 £ 0.06 a 18.12+188a | 2826 +1.9a
K Spring CK 2261 +04a | 1708+04a 774+01la  8497+12b 3332+139b  352+041b 15349 +252b
4% Mg 2271+023a | 1765+023a  763+02a | 9056+ 162a 3844+08a | 39.84+069a 16884+ 1.69a
Autumn CK 2431£005b | 1795+0.14a 814+016a 7542+ 165b 2995%0.15b | 3512+091b 14049 +2.28b
4% Mg 2493 £0.19a 1859 +0.21 a 841 £0.02a 8547 £ 1.08a | 3227+ 057a | 41.78£101a | 15952+ 1.73a
Ca Spring CK 717 £0.02a 1251 £ 0.44 a 095+ 0.07 a 2694+017b  2442+128b 434+029a 55.7 +1.02b
4% Mg 728+005a  1336+026a 096+002a  2901+028a 29.08+043a @ 501+0.16a 63.1+025a
Autumn CK 93+003a | 1215+044a 103+001b  2883+047a 2027+07a  445+003b  5355+098b
4% Mg 951+031a | 1253+025a  106+0a | 3265+16la 2175+052a 525+01a | 5966+172a

Variation of source

N Mg wox > g wox ox e wox
Season %55 * s ox e . oex

Mg x Season ns ns ns ns ns ns ns

B Mg ns ns ns b h u b
Season o ns ns ns il ns ns

Mg x Season ns ns ns ns & ns ns

K Mg s i fis - - . x
Seasoh or - - - - i -

Mg x Season ns ns ns ns ns ns ns

Ca Mg ns ns ns i e % B
Season il ns * Gl ocd ns ¥

Mg x Season ns ns ns ns ns ns ns

Values are presented as mean + SE; values followed by the same letter are not significantly different between CK and 4% Mg treatments at P < 0.05. *, ** and *** indicate significances at P < 0.05,
P <001 and P < 0.001, respectively. ns indicate no significance (P > 0.05).





OEBPS/Images/table3.jpg
Mg remobilization amount Contribution rate of Mg

Sehzon Treatment Mg accumulation (kg ha™) (kg ha™®) remobilization to ear (%)
Pre-silking Post-Silking Stem Leaf Stem Leaf
Spring CK 11.6 £ 0.07 b 41+0.12a -0.64 £ 0.04 a -0.07 £0.02 a -12.68 + 1.00 a -1.38 +031a
4% Mg 139+0.12a 45+0.26a -0.82 £ 0.02 b -0.07 £0.04 a -13.49 £0.13 a -1.20+ 0.70 a
Autumn CK 129 £0.11b 24+0.09b 0.35+0.01a 0.15+0.04a 6.84 £ 0.06 a 298 +£0.80a
4% Mg 150 £026a 340182 0.19£021 a 020+ 006 2 286+ 3262 32151002

Variation of source

Mg i ” ns ns ns ns
Saasoii . . war - - -
Mg x Season ns ns ns ns ns ns

Values are presented as mean + SE; values followed by the same letter are not significantly different between CK and 4% Mg treatments at P < 0.05. ** and *** indicate significances at P < 0.01 and
P < 0.001, respectively. ns indicate no significance (P > 0.05).





OEBPS/Images/fpls-16-1499391-g005.jpg
Mg concentration (g kg")

Mg concentration (g kg")

= == b

= e b S = N W

L

= =

= e b

= = b

Mg accumulation (kg ha™)

Mg accumulation (kg ha™)

—
LN

[—y
=

[—y
Ln

—_

=

th

=

=

th

CK [4% Mg| CK |4% Mg






OEBPS/Images/logo.jpg
, frontiers ‘ Frontiers in Plant Science





OEBPS/Images/fpls-16-1499391-g002.jpg
6% Mg

4% Mg

2% Mg

oL
o
S 2 2 2 2 o & © ®© Y T & o
e -t Loy (| — —
(ureas ((1-3) JYS1PM Ysaaj ure.ar) (o4,) e1 uonioqy

= — . = =
S S S S
- Lol Lo | ]

(3) yBrom aeq

4% Mg 6% Mg

2% Mg

CK

—T " I — N | I — S ' o T —
Lar TN o IR o B B

(,-BY 3) PIIIA Jed ysauy

00

.“ “ ﬂ
.“., 0 0
L= -t e~

1ed 13d surean)

8





OEBPS/Images/fpls-16-1499391-g003.jpg
Autumn

= = = =] = = = = =
g=] =+ ] -+ Lt ol y—
(ureas ((1-38) JYSdM YSa1} ure.ir) (o4,) Me1 uonioqy

Autumn

= [—] — |— (=] == =] -1 ~l =]
g & & = (wd) JySuay doj aaeg
(3) Jys1om ey

Autumn

=] = — (=]
(o] .2 —
(;-8Y 3) PIRIA aed ysaay

800

“ ﬂ. ﬂ_
0 0 0
= -+ ~l
1ed 13d surean)





OEBPS/Images/fpls-16-1499391-g008.jpg
%%k

w*EhE

Autumn

*
N

ek
st
17 22

%k

dee
12

o
%*
7

> e = = =) = —_ = = — <
Q =3 v 0 S ) & -+ ~ Q
d,_8 3u1) UONEIUIU0I 3s0.NS (AL, S SW) UOPEHUIIUI 350JINL]  (A\H, 3 SW) UOEIIUIIUOD ISOINH) (AAd,_3 uI) UOHEIUIIU0D YDIB)S

= = = = = = e = = = = = =
1 “ ﬂ..._. 8 -r.. fﬂ 5 S 2 9 ....D 3
1 _.|_ 1 l‘

Days after silking (d)

Days after silking (d)





OEBPS/Images/table1.jpg
Organic Alkali hydrolyzed Available P Available K Exchangeable Ca Exchangeable Mg
B 5 ) (mg kg™)

matter (g kg™") N (mg kg

4.28 +0.15 165+ 1.3 163.7 £ 6.1 98.0 + 3.4 218.0 £ 125 607.3 204 477 3.4

Values shown are the mean + standard error (SE). P and Ca represent phosphorus and calcium, respectively.





