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Shading inhibits ear and tassel development of summer maize by altering
source-sink balance and regulating carbohydrate metabolism

Liu En-Bo, Chen Jing, Li Hong-Xing, Yu Ning-Ning, Ren Bai-Zhao, Zhao Bin, Liu Peng, and Zhang
Ji-Wang”

Agronomy College of Shandong Agricultural University, Tai’an 271018, Shandong, China

Abstract: Shading is a major environmental stressor that strongly affects maize growth, development, and yield formation. It is
particularly problematic in high-density planting and intercropping systems, where inadequate light interception around the ear
can cause substantial yield losses. To examine how shading influences young ear development, field experiments were conducted
during the ear development period (jointing stage to tasseling stage) in the summers of 2023 and 2024, with a shading treatment
(S) and a natural-light control (CK). Ear morphology, carbohydrate contents in ears, hormone levels, and leaf photosynthetic per-
formance were measured. Shading significantly reduced leaf photosynthetic capacity in summer maize. Relative to CK, leaf su-
crose content under shading declined by 65.0%, 24.2%, and 23.0% at V12 (12th leaf stage), V15 (15th leaf stage), and VT (tas-
seling stage), respectively, accompanied by reductions in plant biomass of 39.5%, 32.3%, and 41.9%. The weakened photosyn-
thetic performance and reduced assimilate production under shading further constrained carbohydrate supply to, and utilization
within, developing ears, resulting in significantly lower fructose, glucose, sucrose, and starch contents in both female and male
ears. Shading also markedly altered abscisic acid (ABA), auxin (IAA), and cytokinin (CTK) levels in developing ears, leading to
delayed ear development, smaller ear length and diameter, and a pronounced reduction in fertile floret number. Overall, shading
during the ear stage inhibited normal ear development by limiting assimilate accumulation and disrupting carbohydrate metabo-
lism in young ears, which contributed to a 32.2% reduction in kernels per ear and a 32.8% decrease in yield per plant. These
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findings clarify the physiological basis of shading-induced yield loss in maize and provide a foundation for breeding

shade-tolerant cultivars and optimizing cultivation practices.

Keywords: corn; shading; photosynthesis; ear development; metabolism
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Table 1 Effects of shading on the microclimate in the experimental field
Ot B iR E . ; ; ;
N o ik I IR CO, ¥ JiE
A Qb3 Light intensity (umol m “s™) . . . .
- Air speed Temperature  Relative humidity =~ CO, concentration
Year Treatment T 3B FH JiE B O . o
(ms) (C) (%) (pmol mol )
Top Ear Bottom
2023 S 463.73 b 165.70 b 102.63 a 0.14 a 30.23 a 72.58 a 308.09 a
CK 1142.40 a 300.70 a 107.53 a 0.08 a 3121 a 73.67 a 303.17 a
2024 S 428.04 b 134.81b 84.10 a 0.20 a 31.87 a 88.72a 326.21a
CK 920.85 a 246.26 a 8530 a 0.1Ta 32.60 a 87.37 a 328.78 a

ARG FEFR R A FIAL BER] 22 57 B35 (P < 0.05). S: M FAREE; CK: A ARG IRAL T,

Different lowercase letters indicate significant differences between treatments (P < 0.05). S: shade treatment; CK: natural light control.
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Table 2 Effects of shading on ear-related and yield-related traits of summer maize at harvest
G b3 TR AL TR H HPRLF SRR REHRZ
Year Treatment Grains per ear 1000-grain weight (g)  Grain yield (g plant™) Ear length (cm) Ear diameter (cm)
2023 S 376.54+4.09° 371.72+1.41 139.97+1.16" 15.74+0.63" 4.31£0.23"
CK 561.28+12.19 374.76£3.22 209.76+1.85 21.04+0.28 5.23+0.27
2024 S 384.19+£7.31° 340.26+12.19 130.73+3.20° 17.51£0.24" 4.35+0.04
CK 561.37+2.36 343.45+1.95 192.80+0.45 20.71+0.38 4.71+0.06

SEBRIRIZE 1o BOHE P (bR 22, "HRARTE 0.05 HER KT 22 5 i 3

Treatments are the same as those given in Table 1. Data are presented as means = standard deviation, * indicates a significant difference at P < 0.05.
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Table 3 Effects of shading on biomass accumulation and its allocation at different growth stages
tF A Leaf WEFH Ear JfEF# Tassel BTy
Ay s 44 b P TH i i Lk TY i a4 TH it i b Total dry
Year Growth Treatment Dry mass Proportion Dry mass Proportion Dry mass Proportion mass
stage (g plant ) (%) (g plant ) (%) (g plant ) (%) (g plant™)
2023 VI2 S 21.08+3.81° 57.62 0.01+0.00" 0.02 0.40+0.07 1.12 36.38+4.13"
CK 31.82+0.69 52.89 0.03+0.01 0.05 1.03+0.83 1.72 60.20£1.91
V15 S 25.55+1.52" 41.94 0.17+0.04" 0.28 1.05+0.04" 2.24 60.61+2.96"
CK 36.96+1.11 41.54 0.39+0.16 0.44 3.79+0.78 4.26 89.13+5.16
VT S 25.90+0.86" 40.53 0.76+0.07" 1.19 1.36+0.08" 1.64 64.23+1.41°
CK 42.30+1.41 39.11 1.31+0.14 1.25 4.33+1.04 3.95 107.21£2.67
2024 VI2 S 18.82+1.02" 59.14 0.01+0.00" 0.03 0.44+0.05" 1.39 31.81£1.45"
CK 27.10£1.98 51.62 0.05+0.02 0.10 1.08+0.11 2.06 52.54+3.71
V15 S 21.85+1.47" 4528 0.21£0.02" 0.43 0.80+0.24" 1.66 48.33+4.05"
CK 31.26+3.10 42.71 0.38+0.03 0.52 2.36%0.39 3.24 73.14+6.06
VT S 24.23+0.92" 41.56 0.80+0.08" 1.37 1.11£0.13" 1.91 58.30+0.95"
CK 40.72+0.93 39.32 1.4740.12 1.42 4.15+0.15 4.00 103.63+2.83

AEFEFIR 1, VI2: RIBIWCE W VIS 55 15 K8 @R IFIH; VT M . B0 R F sl ehniE 22, "FORTE 0.05 MERKF £ R 03,
Treatments are the same as those given in Table 1. V12: 12th leaf stage; V15: 15th leaf stage; VT: tasseling stage. Data are presented as

means * standard deviation, ~ indicates a significant difference at P < 0.05.
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Fig.1 Effects of shading on ear and tassel development in summer maize at different growth stages
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A, B: morphological comparisons of tassels and ears, respectively. Treatments are the same as those given in Table 1. V9: 9th leaf stage; V10:
10th leaf stage; V12: 12th leaf stage; V15: 15th leaf stage; VT: tasseling stage.
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Fig. 2 Effects of shading on ear and tassel size in summer
maize
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Treatments are the same as those given in Table 1. Abbreviations
are the same as those given in Table 3. Different lowercase letters
indicate significant differences between treatments (P < 0.05).
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Table 4 Effects of shading on floret developmental traits in tassels
‘|‘-_\‘|‘/\ L ¥ ViR - [
i e wNEEL N i Kgi
Number of tassel flowers Aborted tassel flowers Number of tassel branches Abortion rate
Year Treatment
(per plant) (per plant) (per plant) (%)
2023 S 451.33+42.96" 156.33+10.98 5.55+1.09" 34.88+3.91
CK 831.33+23.44 4.67+2.94 9.16+1.16 0.56+0.35"
2024 S 446.17+£43.417 148.33+19.61 6.17+0.75" 33.67+6.64
CK 743.00+£29.44 5.50+1.52" 9.00+1.09 0.74+0.20"

SEBRIRIZE 1o BOHE P (bR 22, "FRARTE 0.05 HER KT 22 5 i 2

Treatments are the same as those given in Table 1. Data are presented as means * standard deviation, " indicates a significant difference at P <

0.05.
F5 EAMMERNEEABHFENZE
Table 5 Effects of shading on floret developmental traits in ears
BNEEL . . - INE SR AR ke , o
. G TERLEL - INESE TR FPRIE R RS TR
AR Ab 7 Total floret . Floret ) . ) i
Fertilized florets Kernels o Floret Setting  Grain abortion  Total setting
Year  Treatment number fertilization
(per ear) (per ear) rate (%) rate (%) rate (%)
(per ear) rate (%)
2023 S 653.33+29.36"  519.33x12.83"  376.54x4.09"  79.61£3.73"  72.54£1.77 27.46+1.77 57.07+£1.75
CK 975.00+21.04 822.17+28.18 561.28+12.19 84.32+1.73 68.33£2.33 31.67+2.33 56.82+1.22
2024 S 593.00+48.72°  473.83£16.06°  384.19+£7.31°  78.24%£3.99"  81.16£2.77 18.84+2.77 65.10+5.29
CK 912.00+47.85 750.00+41.57 561.37+2.36 82.24+1.63 75.05+4.30 24.95+4.30 62.59+2.86

ARBRIRIE 1, Bl P bR 2, SRR AE 0.05 BERIKT 22 5 B

Treatments are the same as those given in Table 1. Data are presented as means = standard deviation, " indicates a significant difference at P <

0.05.
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Fig.3 Effects of shading on leaf photosynthetic parameters at different growth stages
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Treatments are the same as those given in Table 1. Abbreviations are the same as those given in Table 3. Different letters indicate significant
differences between S and CK at the same stage (P < 0.05).
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Treatments are the same as those given in Table 1. Abbreviations are the same as those given in Table 3. Different letters indicate significant

differences between S and CK at the same stage (P < 0.05).
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significant differences between S and CK at the same stage (P <
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