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Table 1 Reagent and concentration
for nutrient solution preparation g/L

X771 Reagent W& Concentration

Ca(NO3)2 82.07
KNO3 50.56
MgSO4-7H,0 61.62
KH2PO4 27.22
NaH,PO4 24.00
NaNOs 42.45

MgCl, 23.81
NaSO4 35.51

CaCl, 55.50

KC1 37.28
Fe-EDTA+Na,-EDTA 7.45
Fe-EDTA+FeSO4-7H,0 5.57
H3BO:; 2.86
MnSO4 1.02
CuSO4-5H,0 0.08
ZnS047H20 0.22
H>MoO4 0.09
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Fig.1 Effects of different nutrient deficiency treatments on the growth of foxtail millet
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Table 2 Nutrient deficiency symptoms of foxtail millet under different nutrient deficient treatments at 60 days

Qb3 Treatment B ZIEIR Nutrient deficiency symptom
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Different lowercase letters indicate significant differences among
different treatments (P < 0.05), the same below.
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Fig.2 Effects of nutrient deficiency treatments
on plant height of foxtail millet seedlings
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Fig.3 Effects of nutrient deficiency treatments on the dry

weight and fresh weight of foxtail millet seedlings
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Fig.4 Effects of nutrient deficiency treatments
on SPAD value of foxtail millet seedlings
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Table 3  Effects of nutrient deficiency treatments on root morphology of foxtail millet seedlings
24 kA K- S A T 44 24 A Fi F
Trfifént Total rolgjl%néth (cm) Average*iiidxjiaﬁnf;er (mm) Total rj(%t“:;ﬁﬁe (cm?) Root sjraffiﬁﬁ/e\a (cm?)
CK 640.83+87.62a 0.38+0.01ab 1.18+0.13a 85.01+2.73a
T1 431.724+47.11b 0.33+0.02b 0.58+0.15b 46.31+6.87b
T2 217.87+29.42¢ 0.32+0.02b 0.30+0.04c 21.94+2.09¢
T3 104.25+10.05d 0.42+0.02ab 0.21+0.01c 14.24+1.15cde
T4 72.48+6.80d 0.37+0.01ab 0.18+0.01¢ 13.26:+0.06¢cde
T5 109.68+6.12d 0.42+0.05ab 0.17+0.02¢ 10.28+0.91de
T6 91.79+10.09d 0.44+0.04a 0.25+0.03¢ 13.92+1.83cde
T7 74.16+£11.20d 0.38+0.05ab 0.09+0.01¢ 6.88+1.52¢
T8 137.36+19.73cd 0.38+0.01ab 0.25+0.04c 16.73+1.97cd

ANFE/NG F R RAF AP ] 2 7 B3 (P<0.05)
Different lowercase letters indicate significant differences among different treatments (P < 0.05).
3 Wi LR O R BRI FAA 58 A AE K FR bR 2
FPHEAFREE RSN, EIRTRIZ FEE T
AHEFERY, B i B A5, BEL BB THIUEMREE/N . MRS MRAEERS KR R
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Effects of Different Nutrient Deficiencies on Growth
and Root Morphology of Foxtail Millet Seedlings

Zhang Meng, Chen Guogqiu, Wang Kaixi, Zhang Wenfei,
Zhu Kangning, Diao Yulin, Dou Shuang, Zhang Haijin

(Liaoning Dryland Agriculture and Forestry Research Institute, Chaoyang 122000, Liaoning, China)

Abstract To investigate the effects of different nutrient deficiencies on the growth of foxtail millet seedlings, a
hydroponic experiment was conducted with nine treatments, including a complete nutrient solution, and
deficiency of nitrogen, phosphorus, potassium, calcium, magnesium, sulfur, iron, and micronutrients. Deficiency
symptoms, plant height, biomass, leaf phenotype, and root morphology were observed and measured. The results
showed that all nutrient deficiency treatments adversely affected seedling growth, primarily resulting in reduced
plant height, chlorotic and smaller leaves, and poorly developed root systems with fewer branches and increased
fragility. Compared with the complete nutrient treatment, different deficiency treatments significantly reduced
plant height, biomass, relative chlorophyll content (SPAD value), leaf length, leaf width and leaf thickness, total
root length, total root volume, and root surface area. Nitrogen and calcium deficiencies had the greatest effects on
plant height and biomass, magnesium and iron deficiencies most strongly affected SPAD value, nitrogen, iron,
and potassium deficiencies had the greatest impact on leaf morphology, and calcium and iron deficiencies most
severely affected root growth. These findings suggest that nitrogen fertilization should be prioritized during the
foxtail millet seedling stage, along with adequate supplementation of magnesium, calcium, and iron.

Key words Foxtail millet; Nutrient elements; Symptoms of nutrient deficiency; Seedling growth; Root morphology
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