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Effects of exogenous calcium on agronomic traits,
quality and grain calcium content of millet

DU Bing, YANG Furong, GUO Haojie, WANG Cheng, Zhang Fuhou, MENG Chaomin

( College of Agriculture ,Henan University of Science and Technology, Henan Dryland Crop Germplasm
Resources Utilization Engineering Research Center, Luoyang, Henan 471000, China)

Abstract: Five calcium fertilizer gradients (CK: 0 mg - L™ , C1. 0.05 mg - L , C2.: 0.10 mg - L , C3.
0.15mg - L', C4: 0.20 mg - L") were established using two high—calcium millet varieties, Jingu 5’ and ¢ Yu-
eu 47’ | and two low—calcium millet varieties, Jigu 20’ and ‘Jigu 38’ , as experimental materials. The effects of
different concentrations of calcium fertilizer on grain growth and grain calcium content at jointing stage, heading
stage and filling stage were studied, and the optimal concentration of exogenous calcium was determined. The
results showed that compared with the control group, the plant height, stem diameter, leaf area, ear diameter and
1000—grain weight of “Jingu 5’ , ‘Yugu 47, ‘Jigu 20’ and ‘Jigu 38’ were increased in the treatment group
(C1, C2, C3), and the quality was improved. C3 concentration treatment had the most significant effect on plant
height, which was 9.65%, 6.00% , 5.63% and 9.12% higher than CK, respectively. Stem diameter of Jingu 5’
and ‘Yugu 47’ under C3 treatment was 11.74% and 4.21% higher than CK, stem diameter of ‘ Jigu 20’ under C4
treatment was 11.82% higher than CK, stem diameter of Jigu 38’ under C2 treatment was 3.21% higher than CK.
The leaf area of four millet varieties under C2 treatment was 3.31%, 11.25%, 3.74% and 6.08% higher than that
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of CK, respectively. Ear diameter under C3 treatment was 2.20%, 16.48% , 11.77% and 4.50% higher than CK,

respectively. The maximum increase range of 1000—grain weight of four millet varieties by applying exogenous calci-

um was 3.46% ~7.75%. Furthermore, the application of calcium fertilizer can significantly increase the calcium

content of grain seeds, among which the calcium content of grain seeds of ‘Jingu 5’ , ‘Yugu 47’ and Jigu 20’

reached the maximum value under C3 treatment, and increased by 25.41%, 29.18% and 20.14%, respectively,

compared with that of CK, the calcium content of grain seeds of ‘ Jigu 38’ reached the maximum value under C2

treatment, and increased by 36.12% compared with that of CK. The calcium concentration of 0.10~0.15 mg + L',

the phenotypic agronomic trait, quality indexes and grain calcium content of millet were optimized, which was the

best calcium application concentration for grain production in west Henan region.

Keywords : millet; exgenous calcium; agronomic trait; quality character; grain calcium content
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Fig.1 Effects of different calcium concentrations on plant height of millet
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Fig.2 Effects of different concentrations of calcium on stem diameter of millet
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Fig.4 Effects of different concentrations of calcium on spike length of millet
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Fig.5 Effects of different concentrations of calcium on spike width of millet
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Table 1  Effects of different calcium concentrations on quality traits of millet
Fh Qb Ko ARG itk s FHAR AT 4 KA =R
Variety Treatment MC CHO CP EE CF Ash Lys
CK 14.33£0.56ab  73.29+1.49b 10.96+1.79a 1.63+0.13b 11.59+0.79a 3.55+0.41a 0.54+0.01a
PR Cl1 14.39+1.05a 73.47+1.21ab  11.12+0.21a 1.89+0.39a 10.94+0.11b 3.24+0.20b 0.52+0.02b
. C2 13.59+0.43b 74.29+0.75b 9.69+0.55bc 1.90+0.23a 11.72+0.16a 3.26+0.01b 0.54+0.01a
Jingu 5 c3 13.58£0.37b  74.23x0.34b  10.26x0.46b  1.74+0.55ab  11.2220.66ab  3.57+0.30a 0.52+0.01b
C4 14.22+0.51ab ~ 73.89+0.88a 9.92+0.75bc 1.83+0.20ab 10.96+0.07b 3.25+0.09b 0.53+0.01ab
CK 14.05+0.79bc 73.18+1.17a 11.31%£1.37ab 1.67+0.07¢ 12.04+0.72bc ~ 3.74+0.33ab 0.55+0.01a
WA 47 Cl1 14.43+£0.69ab 72.75+0.53ab  11.86+0.71a 1.69+0.21¢ 12.41+0.33a 3.87+0.18a 0.54+0.01a
Yugu 47 C2 14.21+0.41b 72.70+0.58b 11.69+£0.27a 1.90+0.23a 12.03£0.53bc ~ 3.77+0.12ab 0.55+0.02a
C3 14.76+0.35a 72.40+0.46b 11.65+0.50a 1.81+0.20b 12.15+£0.39b 3.72+0.14ab 0.54+0.01a
C4 14.37£0.49ab  72.98+0.26a 11.06+0.80b 1.86+0.06a 11.76+0.60c 3.60+0.29¢ 0.55+0.01a
CK 13.95+£0.30bc 73.19+0.22a 10.22+0.34a 2.35+0.23ab  10.43+0.10bc 3.14+0.14a 0.55+0.01ab
A 20 Cl1 14.63+0.38a 72.78+0.56b 10.24+0.42a 2.50+0.07a 10.79+0.37a 3.08+0.15b 0.56+0.01a
i 20 C2 14.42+0.18ab 72.98+0.43ab  10.17+0.24ab 2.34+0.12ab 10.62+0.10ab  3.13+0.05a 0.55+0.01ab
Jigu C3 14.18+0.29bc 73.34+0.50a 9.91+0.36b 2.31+0.09ab  10.66+0.18a 3.14+0.07a 0.55+0.00ab
C4 14.34+0.55ab 73.01+0.70ab  10.14+0.15ab 2.41+0.21ab 10.63+£0.13ab  3.12+0.13a 0.55+0.01ab
CK 14.65+0.60b 72.53+0.30b 10.59+0.05ab 2.50+0.12a 10.64+0.32h 3.17+0.08ab 0.54+0.02a
A 38 Cl 14.64+0.17b 73.26+0.47a 10.00+0.48b 2.24+0.25b 10.79+0.18b 3.20+0.11ab 0.53+0.01a
J;gu38 C2 15.04+0.67a 72.43+0.66b 10.71£0.52ab 2.15+0.23bc 11.35+0.15a 3.35+0.16a 0.54+0.01a
C3 14.72+0.51ab 72.75+0.01ab  10.45+0.45ab 2.28+0.14ab  10.86+0.39ab  3.25+0.07a 0.53+0.01a
C4 14.76£0.11ab 72.57+0.53b 11.12+0.74a 2.12+0.25bc 10.84£0.26ab  3.32+0.15a 0.53+0.01a
Fn Qb RINAR HAMR SLETR BER IR RILAR i TR
Variety Treatment Phe Met Leu Trp Thr Lle Val
CK 0.670.08a  0.38£0.02a  1.08£022a  0.35£0.04ab  0.390.05a  0.3120.07a  0.37+0.06ab
oL Cl1 0.64+0.02ab 0.34+0.02b 0.99+0.04ab 0.34+0.02b 0.37+0.01b 0.31+£0.01a 0.38+0.02a
Jingu 5 C2 0.64+0.03ab 0.35+0.02b 0.94+0.06b 0.35+0.02ab 0.37+0.02b 0.29+0.01ab 0.37+0.02ab
C3 0.66+0.03a 0.37+0.05a 1.02+0.09ab 0.36+0.03a 0.38+0.01ab  0.31+0.01a 0.38+0.01a
C4 0.63+0.03ab 0.35+£0.03b 0.95+0.09b 0.34+0.01b 0.36+0.02b 0.29+0.02ab 0.37+0.02ab
CK 0.72+0.07ab 0.38+0.04a 1.14+0.17ab 0.39+0.05a 0.41+£0.04ab  0.35+0.04ab 0.40+0.04ab
WA 47 Cl 0.73+£0.02a 0.37+0.02ab 1.17+£0.07a 0.37+£0.02b 0.42+0.02a 0.36+0.03a 0.40+0.03ab
Yueud? C2 0.73+0.02a 0.37+0.02ab 1.16+0.02a 0.38+0.01ab 0.42+0.01a 0.36+0.02a 0.41+0.02a
° C3 0.71+0.03b 0.36+0.02b 1.14+0.06ab 0.36+0.02b 0.41+0.01ab 0.35+£0.01ab 0.40+0.01ab
C4 0.70+0.06b 0.37+0.02ab 1.08+0.11b 0.37+0.04b 0.40+0.03b 0.33+£0.04b 0.38+0.04b
CK 0.66+0.02a 0.37+0.02a 0.98+0.05a 0.36+0.01a 0.37+£0.01a 0.30+£0.01a 0.37+0.01a
WA 20 Cl1 0.64+0.03b 0.34+0.01b 0.92+0.05b 0.34+0.02b 0.37+£0.02a 0.30+0.02a 0.36+0.02a
/! C2 0.65+0.02ab 0.35+£0.02ab 0.96+0.03ab 0.34+0.01b 0.37+£0.01a 0.30+£0.01a 0.36+0.01a
Jigu 20 C3 0.64+0.01b 0.35+0.02ab 0.94+0.03b 0.35+£0.01ab 0.36+0.01a 0.29+0.01a 0.36+0.02a
C4 0.65+0.01ab 0.35+£0.01ab 0.95+0.02ab 0.35+£0.02ab 0.37+0.00a 0.30+£0.01a 0.36+0.01a
CK 0.66+0.02ab 0.36+0.00ab 0.99+0.03ab 0.33+£0.02a 0.38+0.01a 0.31+£0.01ab 0.36+0.02a
4 38 Cl 0.63+£0.02b 0.35+0.02b 0.93+0.06b 0.32+0.02a 0.36+0.02ab 0.29+0.03b 0.33+0.03ab
J}0u38 C2 0.67+0.02a 0.36+0.02ab 1.01+0.08ab 0.33+£0.03a 0.38+0.02a 0.31+£0.02ab 0.35+0.03ab
°© C3 0.64+0.03b 0.35+0.01b 0.99+0.07ab 0.33+0.03a 0.37+0.02a 0.31£0.02ab 0.36+0.03a
C4 0.68+0.04a 0.37+0.03a 1.07+0.09a 0.33+0.02a 0.38+0.02a 0.32+0.02a 0.36+0.02a

1 RIFIAR R /NG PR3 R AH [R) S Fl T bR ] 25 55 48 3 (P<0.05)

Note: Different lowercase letters in the same column indicate significant differences among treatments of the same variety ( P<0.05).
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Fig.7 Effects of different calcium concentrations
on grain calcium content of millet
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