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Abstract 

Dry matter accumulation of a plant serves as an essential indicator of crop growth and resource use 

efficiency. A field experiment was conducted during the 2021 and 2023 seasons to examine the impacts 

of weather variability, population density, and genotypes on the dry matter accumulation of maize. The 

results revealed that maize dry matter accumulation per plant increased progressively from 20 days 

after sowing (DAS) until harvest (8.24 to 183.80 g), with the highest rate of dry matter accumulation 

occurring between 40 and 60 DAS. Normal sowing, S1 (2021: 211, 2023: 208g) and 10 days after 

normal sowing time, S2 significantly optimized dry matter per plant (2021:206.55 2023:195.63g) by 

exploiting favourable weather regimes. Conversely, increasing population density from 83,333 plants 

ha⁻¹ (P3) to 133,333 plants ha⁻¹ (P1) significantly reduced individual plant dry matter accumulation due 

to severe inter-plant competition (2021: 186.79 to 181.75 and 2023: 174.72 to 168.36 g). Among the 

cultivars, the late-maturing genotype BIO-9682 (G3) consistently excelled in dry matter accumulation 

from 40 DAS onwards (2021: 125.05 to 192.11 g and 2023: 34.16 to 178.61g). The interaction between 

normal sowing and the late-maturing genotype (S1G3) yielded the maximum dry matter per plant 

(212.82 g) at harvest during 2023. 

 
Keywords: Maize, dry matter accumulation, population density and genotypes 

 

Introduction 

Maize as a major global crop for food, feed, and industry, maximizing its productivity 

requires a deep understanding of its physiological growth. Dry matter accumulation per plant 

serves as the most accurate index for evaluating true crop development and metabolic 

efficiency. Individual plant dry matter build-up is highly sensitive to management choices 

and seasonal environmental factors. Specifically, sowing dates determine the microclimates 

and weather variations encountered by the crop during its critical life stages. Planting maize 

during normal timelines or with minimal delay ensures optimal weather windows and longer 

growth periods, allowing the plants to maximize both vegetative and reproductive dry matter 

accumulation. Conversely, delayed sowings drastically shorten the active vegetative growth 

phase and push reproductive development into suboptimal, restrictive environmental 

conditions (Sab et al., 2020; Tripathi et al., 2025) [6, 9]. Concurrently, plant population density 

shapes the spatial arrangement of the field canopy, directly altering how effectively 

individual plants capture solar radiation, soil moisture, and essential soil nutrients. While 

high-density planting patterns can optimize net crop yields per unit area, they simultaneously 

trigger aggressive inter-plant competition that restricts single-plant development and reduces 

individual photo-assimilate accumulation (Rajesh Babu et al., 2019; Sharanabasappa and 

Basavanneppa, 2019) [5, 7]. Lower planting densities minimize this inter-plant friction, 

granting each plant a larger share of vital growth components. This competition is further 

complicated by the unique genetic architecture of different maize hybrids, which exhibit 

varying resource conversion efficiencies and phenophase durations (Prasad et al., 2017; Jat et 

al., 2019) [2, 4]. Long-duration cultivars typically possess a superior baseline capacity to 

transform captured resources into standing dry matter compared to early-maturing variations. 

To address these challenges, a field study was conducted across the 2021 and 2023 growing 

seasons to track periodic maize dry matter accumulation from early growth through final 

harvest.  
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By evaluating a combined matrix of four sowing dates, plant 

population densities, and genotypes of early, mid-late, and 

late-maturing period, this research aims to identify optimal 

management setups. Ultimately, the findings seek to align 

spatial layouts with seasonal weather patterns to maximize 

individual plant growth and dry matter production 

efficiency. 

 

Dry matter accumulation per plant 

Dry matter accumulation plant-1 is a key measure of plant 

growth, probably the best index of growth put forth by the 

crop. It shows the true growth and dry accumulation build-

up of the crop over time. The data pertaining to total dry 

matter accumulation plant-1 (g) as affected periodically by 

various treatments are presented in Table 1 and graphically 

depicted in Fig, 1(a), 1(b) and 1(c). Progressive increase in 

dry matter accumulation plant-1 (g) was noticed with 

advancement of crop growth. The mean dry matter 

accumulation plant-1 was found to increase from 20 DAS to 

at harvest, from 8.24 to 183.80 g during 2021 and from 8.12 

to 170.49 g during 2023 season. The rate of increase was 

maximum between 40 to 60 DAS followed by 60 to 80 DAS 

and subsequently by harvest stage there was declined 

compared to the preceding phase. 

 

Weather variability  

During both the years at 20 DAS, normal sowing time (S1) 

along with delayed sowings by 10 days (S2) and 20 days (S3) 

were statistically at par among themselves and superior over 

30 days most delayed sowing (S4). At 40 DAS in 2021, S2 

being marginally more was however at par with S1 and both 

were significantly superior over S3 and S4. At subsequent 

stages from 60 DAS to at harvest in 2021 and from 40 DAS 

to harvest stage in 2023, normal sowing time S1 recorded 

significantly higher dry matter weight plant-1 being 

statistically at par with S2, except at 40 DAS in 2023. 10 

days after normal sowing (S2) also recorded significantly 

higher dry matter weight plant-1than further delayed sowings 

S3 and S4. The most delayed sowing S4 accumulated the 

lowest dry matter weight plant-1 at all the observed stages 

showing statistical equivalence with S3 only at 20 DAS in 

2023.  

The observed trend could be attributed to the fact that 

normal sowing (S₁) and a slight 10-day delay (S₂) might 

have captured more optimal weather regimes and longer 

growing periods that allowed the plants to gain more 

vegetative and reproductive growth and hence more dry 

matter accumulation. Delayed sowings (S3 and S4) likely 

shortened the active vegetative phase and shifted the 

reproductive phase into suboptimal environmental 

constraints, restricting dry matter production. This 

corroborates the findings of Leela Rani et al. (2013) [3], 

Jadhav et al. (2015) [1], Vikhe (2016) [10], Swetha Sree et al. 

(2018) [8], Sab et al. (2020) [6] and Tripathi et al. (2025) [9]. 

 

Population density  

Dry matter weight plant-1 at the earliest stage (20 DAS) did 

not differ significantly due to varying population densities 

during both the years. From 40 DAS onwards till the harvest 

stage in both years, maize plants under normal planting 

density P3: 83333 plants ha-1 (60 cm x 20 cm) accumulated 

significantly higher dry matter plant-1 than both high 

planting densities of P2: 111111 plants ha-1 (60 cm x 15 cm) 

and P1: 133333 plants ha-1 (paired row planting at 60-90 x 

10 cm). However, during 2021, population densities of P3 

and P2 were at par at 40 DAS, similarly P3 and P1 were at 

par at 60 DAS in 2021. Both high planting densities of P1 

and P2 were statistically at par except at 40 DAS in 2023. 

The significantly higher dry matter weight plant-1 under the 

normal planting density (83333 plants ha-1) might be due to 

the reduction in inter-plant competition. Fewer plants per 

unit area comparative to high population density, mean less 

competition for vital growth factors (light, moisture, 

nutrients) and each plant has access to a larger volume of 

growth resources. In contrast, high population densities 

(111111 and 133333 plants ha-1) force plants to compete 

aggressively for growth resources and with more 

competition for limited resources each plant in a dense stand 

receives less share of growth resources. which translate into 

reduced photo-assimilates and hence lower dry matter 

production plant-1, even though the total dry matter yield per 

hectare might be higher.), Rajesh Babu et al. (2019) [5] and, 

Sharanabasappa and Basavanneppa (2019) [7] opined on the 

same line. 

 

Genotype 

Differences in dry matter weight plant-1 due to maize 

genotypes were statistically significant except at 20 days 

stage in 2023. Minimal differences in dry matter weight 

(8.10 to 8.41 g) were observed at 20 DAS in 2021 with G1 

(BIO-605) being significantly more but at par with G2 

(ADV-756) and the latter being at par with G3 (BIO-9682). 

From 40 DAS to harvest stage during both the years, late 

maize genotype BIO-9682 (G3) produced significantly 

higher dry matter weight plant-1 and it was statistically 

equivalent to mid-late maize genotype ADV-756 (G2) solely 

at 60 DAS in 2023. Mid-late genotype ADV-756 was 

significantly more over early genotype BIO-605 except at 

40 DAS in 2021. 

Dry matter accumulation differences among maize 

genotypes may primarily be attributed to their unique 

genetic traits rather than the major effect of external weather 

parameters though external weather encountered by 

different genotypes might have slightly differed during 

varied phenophase duration along the growing period of 

different maize genotypes. While environment plays a 

baseline role, distinct genetic traits dictate how efficiently 

each cultivar converts resources into dry matter. These 

results are in line with Prasad et al. (2017) [4], Jat et al. 

(2019) [2] and Sab et al. (2020) [6]. 

 

Interaction 

Interaction effect between weather variability and maize 

genotype at harvest stage was found significant in respect of 

dry matter weight plant-1. 

 

Weather variability and genotype (S X G) Interaction 

Data on dry matter weight plant-1 as influenced by SxG 

interaction at harvest stage during 2023 is presented in 

Table 1(a). Treatment combination of normal sowing and 

late-maturing genotype (S1G3) produced a significantly 

higher dry matter weight plant-1 (212.82 g) compared to all 

other treatment combinations except that it was statistically 

at par with S2G3 interaction (205.88 g). Similarly, S2G3 

interaction showed statistical equivalence with S1G2 

interaction. Treatment interaction S4G1 recorded the least 

dry matter weight plant-1 (122.59 g) being on par with 

interactions S4G2 and S4G3. 
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Table 1: Dry matter weight plant-1 as influenced by different treatments during 2021 and 2023 
 

Treatment 

Dry matter weight plant-1 (g) 

2021 2023 

20 DAS 40 DAS 60 DAS 80 DAS AH 20 DAS 40 DAS 60 DAS 80 DAS AH 

Weather variability  
S1- Normal sowing time 8.54 37.74 136.77 198.05 211.38 8.29 37.47 132.56 189.44 201.61 

S2- 10 days after normal sowing 8.55 37.81 134.12 194.20 206.55 8.33 35.11 126.79 183.91 195.63 
S3- 20 days after normal sowing  8.27 33.65 114.63 165.12 175.46 8.19 31.09 106.01 152.56 158.69 
S4- 30 days after normal sowing  7.59 29.12 88.92 135.52 141.80 7.68 27.07 82.67 119.01 126.05 

SE(m)+ 0.14 0.50 1.35 2.66 1.29 0.15 0.63 1.72 2.10 1.98 
CD (P=0.05) 0.48 1.71 4.69 9.21 4.46 0.52 2.19 5.94 7.28 6.87 

Population density 
P1- 60-90x10 (133333 pl ha-1) 8.22  33.79 118.16 172.57 182.86 8.17 32.20 111.87 159.93 168.36 
P2 - 60X15 (111111 pl ha-1) 8.19 34.50 116.60 170.63 181.75 8.01 31.41 109.93 159.13 168.40 
P3 - 60x20 (83333 pl ha-1) 8.30 35.45 121.08 176.47 186.79 8.19 34.45 114.22 164.63 174.72 

SE(m)+ 0.06 0.42 1.22 1.20 0.58 0.07 0.19 0.68 0.97 1.17 
CD (P=0.05) NS 1.27 3.65 3.58 1.75 NS 0.58 2.03 2.91 3.50 

Genotype 
 

G1- BIO - 605  8.41 33.51 112.87 166.81 174.76 8.18 31.31 107.30 156.51 161.14 
G2- ADV - 756  8.20 34.27 117.92 172.74 184.52 8.14 32.58 113.46 161.29 171.73 
G3- BIO - 9682  8.10 35.96 125.05 180.11 192.11 8.05 34.16 115.27 165.88 178.61 

SE(m)+ 0.08 0.43 1.24 1.73 0.86 0.09 0.40 0.75 1.39 1.23 
CD (P=0.05) 0.22 1.23 3.53 4.91 2.44 NS 1.13 2.14 3.96 3.51 

Interaction 
SxP 

SE(m)+ 0.11 0.85 2.44 2.39 1.17 0.13 0.39 1.35 1.94 2.33 
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS 

SxG 
SE(m)+ 0.15 0.86 2.48 3.45 1.71 0.17 0.79 1.50 2.79 2.46 

CD (P=0.05) NS NS NS NS NS NS NS NS NS 7.02 
PxG 

SE(m)+ 0.13 0.75 2.15 2.99 1.48 0.15 0.69 1.30 2.41 2.13 
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS 

SxPxG 
SE(m)+ 0.27 1.50 4.29 5.98 2.97 0.30 1.37 2.60 4.82 4.27 

CD (P=0.05) NS NS NS NS NS NS NS NS NS NS 
GM 8.24 34.58 118.61 173.22 183.80 8.12 32.69 112.01 161.23 170.49 

 

 
 

Fig 1: Weather variability impact on maize dry matter accumulation per plant 
 

 
 

Fig 2: Population density impact on maize dry matter accumulation per plant 
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Fig 3: Genotypes impact on maize dry matter accumulation per plant 

 

Conclusion 

This study establishes that optimizing sowing windows, 

crop geometry, and genetic selection are critical drivers for 

maximizing maize productivity. Sowing at the normal 

sowing time (S1) or within a 10 days after normal sowing 

time (S2) aligns growth stages with favourable weather 

regimes, maximizing individual plant development. While 

high planting density (P1) triggers intense intra-specific 

competition and reduces per-plant dry matter, a standard 

density of 83,333 plants ha⁻¹ (P3) optimizes resource 

capture. Cultivating the late-maturing genotype BIO-9682 

(G3) under normal sowing conditions (S1G3) maximizes 

canopy resource use efficiency, yielding the highest 

individual dry matter accumulation at harvest, representing 

an ideal management strategy for high-yielding maize 

production. 

 

References 

1. Jadhav A, Kumar A, Singh AK, Singh I, Das TK. 

Response of maize hybrids (Zea mays L.) to staggered 

sowing. Indian Journal of Agronomy. 2015;60(3):476-

478.  

2. Jat SL, Parihar CM, Singh AK. Phenological matching 

and dry matter accumulation trajectories of different 

maturity group maize hybrids under variable 

environments. Indian Journal of Agricultural Sciences. 

2019;89(11):1832-1839.  

3. Leela Rani P, Sreenivas G, Raji Reddy D, Praveen Rao 

V, Surekha K, Siva Sankar A. Influence of dates of 

sowing and nitrogen levels on growth and yield of 

kharif maize under irrigated conditions in South 

Telangana Agro-climatic Zone of Andhra Pradesh, 

India. Journal of Rice Research. 2013;6(1):45-52.  

4. Prasad G, Chand M, Kumar P, Rinwa RS. Performance 

of maize (Zea mays L.) hybrids with respect to growth 

parameters and phenological stages under different 

sowing dates in kharif season. International Journal of 

Current Microbiology and Applied Sciences. 

2017;6(10):5079-5087.  

5. Rajesh Babu, Rampyare, Puspendra Kumar. Growth 

and grain yield of hybrid maize (Zea mays L.) under 

different plant geometry and fertility levels. 

International Journal of Current Microbiology and 

Applied Sciences. 2019;8(11):450-457.  

6. Sab M, Shruthi K, Patel LB. Performance of kharif 

maize (Zea mays L.) as influenced by different dates of 

sowing and maturity group genotypes under variable 

weather conditions. Journal of Agrometeorology. 

2020;22(3):312-318.  

7. Sharanabasappa HC, Basavanneppa MA. Influence of 

plant population and fertilizer levels on growth, yield 

and quality parameters of quality protein maize (Zea 

mays L.) in irrigated ecosystem. International Journal of 

Chemical Studies. 2019;7(2):1425-1429.  

8. Swetha Sree M, Raja Rajeswari V, Latha P, Prathima T. 

Crop weather relationship of kharif maize in Southern 

Agroclimatic Zone of Andhra Pradesh. International 

Journal of Advanced Research in Science, Engineering 

and Technology. 2018;5(1):5120-5125.  

9. Tripathi A, Mishra SR, Ranjan R, Chand N, Pande S. 

Evaluating the performance of kharif maize varieties 

with variable sowing dates in eastern Uttar Pradesh, 

India. Plant Archives. 2025;25(1):4-11. 

DOI:10.51470/PLANTARCHIVES.2025.v25.suppleme

nt-1.412.  

10. Vikhe RR. Response of maize hybrids (Zea mays L.) to 

variable weather conditions [thesis]. Parbhani: 

Vasantrao Naik Marathwada Krishi Vidyapeeth; 2016. 

https://www.biochemjournal.com/

