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Accumulation and Distribution of Dry Matter and Mineral Elements in

Artemisia argyi var. argyi cv. Qiai
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[Abstract] Objective: To clarify the accumulation and distribution characteristics of dry matter and
mineral elements in Artemisia argyi var. argyi cv. Qiai, and to provide technical support for the high yield of and
efficient utilization of nutrients in this medicinal species. Method: Two cultivars of this species, Qiqing 1 and
Qihuang 1 were selected, and the composition of dry matter in different organs, the content, accumulation, and

distribution of mineral elements in each organ of the two cultivars, and the dynamic changes of volatile oil
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content and index components eucalyptol and borneol in leaves of the two cultivars were monitored at different
growth stages. Result: The period from February to March marked the early growth stage of Qiai, and the dry
matter was mainly distributed in the leaves. It accelerated the growth in April, and the period from April to mid-
June witnessed the vigorous vegetative growth of Qiai, during which the dry matter was mainly found in the
stems and leaves. It began the reproductive growth from late June and the dry matter was mainly distributed in
the stems. In the flowering stage in August, no dry matter accumulation occurred. As for the volatile oil, the
content was high (> 1.10%) at the vigorous vegetative growth stage and peaked on June 14 (1.33% in Qiqing 1,
and 1.23% in Qihuang 1). The relative mass fraction of eucalyptol was the maximum at the vegetative growth
stage (8.67% in Qiqing 1, and 13.07% in Qihuang 1). The relative mass fraction of borneol peaked at the early
growth stage (2.63% in Qiqing 1, and 5.94% in Qihuang 1). The content of nitrogen, phosphorus, potassium,
and zinc in leaves was in significantly positive correlation with the content of volatile oil and the relative content
of eucalyptol and borneol. The content of macroelements nitrogen, phosphorus, potassium, and calcium and
trace elements iron and zinc peaked at the early growth stage, and the content was the highest in stem and leaf.
The content of macroelement magnesium and trace elements manganese and copper was the highest at vegetative
growth stage when the content of other elements decreased and the nutrients were gradually transferred to the
buds, flowers and other organs. In the whole growth period, the distribution of potassium, calcium, and zinc
was in the order of leaf > stem > root, and the distribution of nitrogen, phosphorus, copper, magnesium, and
manganese followed the order of leaf > root > stem. The distribution of iron was in the order of root > leaf >
stem. There was a significantly positive correlation between the total amount of dry matter and the absorption of
nutrients in 'Qiai'. The absorption of macroelements by Qiai was in the order of potassium > nitrogen > calcium >
phosphorus > magnesium, and the ratio of absorbed elements was about 2.66: 2.51: 0.6: 0.11: 0.04. The
absorption of trace elements followed the order of manganese > iron > zinc > copper, and the ratio of absorbed
elements was about 0.25:0.17:0.05: 0.04. In terms of the production of medicinal materials, 'Qiai' needed about
4.11 kg potassium, 3.58 kg nitrogen, 0.91 kg phosphorus, 0.18 kg calcium, 0.06 kg magnesium, about 6.64 g
manganese, 2.56 g iron, 1.30 g zinc, and 0.92 g copper to produce 100 kg medicinal materials. Conclusion:
Enough organic fertilizer and phosphorus and potassium fertilizers should be applied as base fertilizers for Qiai.
The vegetative growth stage (April-June) marks the high accumulation of dry matter and large demand of
nutrients, during which topdressing should be conducted timely and early, especially nitrogen fertilizer, and
appropriate amount of micro-element fertilizer should be added. Qiai needs a large amount of calcium and
magnesium fertilizers from the mid-vegetative growth stage, and they should be applied in time in the late stage
to ensure the vegetative growth of the plants for seeds and the quality of the medicinal material of Qiai.
[Keywords] Artemisia argyi var. argyi cv. Qiai; growth stage; dry matter accumulation; volatile oils;

mineral element; accumulation; distribution
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1 HIZHPTEARETURNRESSBEAE (n=3)
Table 1 Accumulation and distribution of dry matter in different organs of Artemisia argyi var. argyi cv. Qiai in different growth periods (n=3)
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Fig. 1 Dynamic changes of volatile oil yield (A) , relative content of eucalyptol (B) and relative content of borneol (C) in leaves of of

Artemisia argyi var. argyi cv. Qiai at different growth stages
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Fig.2 Contents of elements in different parts of Artemisia argyi var. argyi cv. Qiai at different growth stages
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R2 FREKHAFYERESHAET RTENREMSE

Table 2 Accumulation and distribution of mineral elements in various organs of Artemisia argyi var. argyi cv. Qiai in in different growth

periods
W1 W1
JCE RUCH BT R PR /mg/ bk W5 T2 B B i 22 /% W5 T 2 R A /mg/ Ak W5 T W BT B #/%
R S % oo % W RV % o
A 3-05 149 29.1 39.4 83.5 0.34 1.08 0.40 403 724 97.4 210.1 0.83 2.27 1.0
3-21 40.6  74.6 110.6 225.8 0.94 2.75 1.11 70.3  110.0 182.4 362.7 1.45 3.46 1.9
4-07 80.7  95.6 144.6 321.0 1.86 3.52 145 872 114.1 158.8 360.2 1.80 3.58 1.7
4-14 118.9 154.7 320.8 594.6 2.74 5.70 322  99.8 115.6 284.5 500.0 2.06 3.63 3.0
4-21 128.5  92.7 391.8 613.1 2.96 3.42 393 3364 214.6 668.7 1219.8 6.95 6.74 7.0
5-21  258.9 174.6 700.0 1133.6 5.96 6.44 7.02 409.8 2134 717.1 13404 8.47 6.70 7.5
6-07 3733 236.4 823.9 14338 8.59 8.72 826 419.6 2674 10079 1694.9 8.67 8.40 10.5
6-14  663.3 404.6 15059 25739 15.2 14.9 15.1  728.6 351.2 13629 24427 15.0 11.0 14.2
6-21  697.1 396.7 1566.6 2660.5 16.0 14.6 157 743.0 3457 13622 2451.0 153 10.8 14.2
7-21 880.8 371.8 13899 2642.6 20.2 13.7 13.9 720.7 4633 13281 25122 14.8 14.5 13.8
8-21  582.9 356.5 1454.6 2394.1 13.4 13.1 145 5745 3528 12348 2162.1 11.8 11.0 12.9
9-21  506.9 3255 1526.1 23585 11.6 12.0 153 610.0 563.1 1141.8 2315.0 12.6 17.6 11.9
173 3-05 5.8 3.7 7.2 16.7 0.39 0.32 0.5 9.48 13.6 12.1 35.2 0.78 1.22 0.84
3-21 12.8 14.8 10.6 38.2 0.85 1.26 0.7 15.5 16.7 13.5 45.8 1.27 1.50 0.93
4-07 20.5 15.7 15.5 51.8 1.37 1.34 1.03 18.2 16.4 15.1 49.9 1.49 1.48 1.05

4-14 40.6  40.1 45.2 126.0 2.71 3.42 3.00 39.1 33.2 36.6 108.9 3.20 2.98 2.53
4-21 423 442 62.3 149.0 2.82 3.77 4.14 784  70.1 97.0 245.6 6.43 6.28 6.69
5-21 123.8 955 126.5 346.0 8.25 8.14 840 91.0 512 96.7 239.0 7.46 4.59 6.68
6-07 172.5 101.8 138.5 412.9 11.4 8.67 9.20 148.1 156.3 218.0 522.4 12.1 14.0 15.0
6-14  304.6 166.6 235.6 707.0 20.2 14.1 15.6 188.7 183.4 214.9 587.1 15.4 16.4 14.8
6-21 225.6 162.1 233.9 621.7 15.0 13.8 15.5 123.8 149.6 196.0 469.5 10.1 13.4 13.5
7-21 2059 1773 217.3 600.6 13.7 15.1 14.4 175.0 159.5 190.4 525.1 14.3 14.2 13.1
8-21 181.1 186.7 220.7 588.6 12.0 15.9 14.6 166.3 136.0 181.4 483.8 13.6 12.1 12.5
9-21 1654 1654 192.1 522.9 11.0 14.0 12.7 166.8 130.3 177.2 474.4 13.6 11.6 12.2
G 3-05 13.8 323 26.3 72.4 0.24 0.78 0.36 425 1122 71.69 2264 0.74 2.58 0.67
3-21 55.1 95.4 74.7 2253 0.97 2.31 1.03 100.6 161.9 145.6 408.1 1.76 3.72 1.35
4-07 111.0 1323 117.1 360.5 1.95 3.20 1.61 117.6 165.7 150.6 434.0 2.05 3.81 1.40
4-14 157.2 2542 218.5 630.0 2.77 6.14 3.00 186.3 222.1 260.4 668.9 3.25 5.10 242
4-21 2252 1937 381.2 800.2 3.96 4.68 5.24 392.1 392.1 662.5 14468 6.85 9.01 6.15
5-21 441.3 395.1 608.7 14452 7.76 9.55 837 606.2 463.9 8424 19125 10.5 10.6 7.82
6-07  518.0 275.7 726.6 15204 9.11 6.66 9.99 4977 456.6 13082 2262.6 8.69 10.4 12.1
6-14  901.2 6150 1207.0 27234 15.8 14.8 16.5 807.2 5399 1577.8 2925.0 14.0 12.4 14.6
6-21 923.3 640.2 10472 2610.8 16.2 15.4 143 9855 438.6 14654 2889.6 17.2 10.0 13.6
7-21 826.5 577.7 1063.9 2468.1 14.5 13.9 146 787.6 519.9 1498.1 2805.6 13.7 11.9 13.9
8-21 811.0 503.7 939.5 22543 14.2 12.1 129 6048 453.6 14263 24847 10.5 10.4 13.2
9-21 700.0 421.5 864.4 1986.0 12.3 10.1 11.8  599.6 427.5 1366.1 2393.2 10.4 9.82 12.6

5 3-05 0.11 3.21 1.20 4.52 0.18 1.31 0.31 0.61 6.83 3.33 10.7 1.11 4.10 0.83
3-21 0.69 1.22 7.79 9.70 1.10 0.50 1.99 0.90  5.89 5.89 12.6 1.64 3.54 1.47
4-07 0.62 8.30 9.78 18.7 0.99 3.40 2.50 0.56  8.72 11.4 20.7 1.02 5.24 2.87
4-14 0.89 13.0 8.47 22.3 1.42 5.33 2.17 1.33 474 6.24 12.3 2.43 2.85 1.56
4-21 1.00 5.13 143 20.5 1.60 2.10 3.68 7.43 11.35 17.5 36.3 13.5 6.82 4.39
5-21 9.61 42.1 34.7 86.5 15.3 17.2 8.88 4.84  8.54 27.8 41.2 8.84 5.13 6.97
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gR2
#1455 W15
JLR RUCH W oC 2 BB dt /mg/ bk 5T R B B 43 B /% 5T 0 R AR R it /mg/ bk W IC R B B 43 e %%
i E s SN i E - i E i bk i £ i
6-07 8.76 9.73 35.6 54.1 13.9 3.98 9.13 4.53 7.82 34.1 46.5 8.27 4.70 8.54
6-14 13.2 43.6 57.4 114.3 21.1 17.8 14.7 5.24 235 50.8 79.6 9.57 14.1 12.7
6-21 5.39 26.9 53.2 85.5 8.60 11.0 13.6 6.19 30.4 75.8 112.4 11.3 18.2 18.9
7-21 8.01 40.0 73.7 121.8 12.7 16.3 18.8 8.24 29.8 65.8 103.9 15.0 17.9 16.4
8-21 8.49 322 50.3 91.1 13.5 13.2 12.8 6.05 15.1 524 73.5 11.0 9.08 13.1
9-21 5.87 18.6 43.7 68.3 9.37 7.64 11.2 8.86 13.5 48.4 70.9 16.1 8.15 12.1
B 3-05 0.16 0.18 0.27 0.61 0.27 0.34 0.15 0.61 0.70 1.99 3.30 0.91 1.22 1.15
3-21 0.59 0.72 1.01 2.32 1.00 1.35 0.56 1.02 1.43 2.54 4.99 1.52 2.50 1.47
4-07 0.70 0.37 1.52 2.59 1.18 0.69 0.85 0.95 0.78 2.00 3.73 1.42 1.36 1.16
4-14 1.34 1.61 3.66 6.61 2.26 3.01 2.04 1.75 1.50 3.16 6.41 2.61 2.62 1.83
4-21 1.75 3.38 7.50 12.6 2.95 6.33 4.17 4.33 3.92 144 22.7 6.45 6.85 8.37
5-21 6.14 3.74 26.7 36.5 10.3 7.00 14.8 5.98 4.55 21.6 32.1 8.91 7.95 12.5
6-07 5.19 4.22 16.2 25.6 8.76 7.90 9.02 4.53 4.11 17.6 26.3 6.75 7.18 10.2
6-14 10.3 6.90 24.7 41.9 17.4 12.9 13.7 8.91 7.86 22.0 38.7 13.2 13.7 12.7
6-21 11.3 4.79 22.7 38.9 19.1 8.97 12.6 11.3 8.77 19.0 39.2 16.9 15.3 11.0
7-21 6.29 143 20.5 41.1 10.6 26.7 11.4 11.3 8.75 18.0 38.1 16.8 15.2 10.4
8-21 7.92 6.79 26.6 41.3 13.3 12.7 14.7 9.07 7.56 28.2 44.8 13.5 13.2 16.3
9-21 7.47 6.40 28.2 42.1 12.6 11.9 15.7 7.30 7.30 21.9 36.5 10.8 12.7 12.6

T KGRI Y O 38 SR A W) OO A A A
PR AER] A KW R R B I, W SUAR R X 5 kK

R3 TEEKHPHFYLR BB B EIEARE
Table 3 Distribution law of N, P, K, Ca and Mg of Artemisia argyi var. argyi cv. Qiai at different growth stages

IR MY TR IS RN E I AR K> A R
K> W>A Ko, k3.

%

A W # 5 B
NG
WYy #WElS Wi 1S Wiy WElY WElS #iEls Wiy wiElS Wil
R 11.18 15.10 9.13 12.82 12.22 15.27 10.87 14.94 8.47 14.33
ERAERKY 31.28 31.18 35.06 35.61 33.28 34.04 36.56 32.23 35.62 33.89
A g A K ) 28.62 28.25 29.23 26.26 29.71 27.31 29.73 29.57 27.38 26.93
1 28.92 25.48 26.58 25.30 24.80 23.39 22.85 23.26 28.54 24.85

3.4 M AT IR OC R 5 S (A A A S
Pro B ARAEFTE L AP oM RoLRY
34 25 b T A R OIR B A A Il A R A TR A N
A AT A OGP M . LA 1550
o 30 Fr o OC R R BE VAT S L BR CBE R A
S A A R bR AR S R A R R
W IEA O, R BE VR B 0 R B SO O B
R A Bk OT AR AR R A R R RS A
e AR ek S TR R O, [ At OT 3R R A
K5 BRI R RS Bk B IC B MR R Il A R I
R ARDOE 5 o e AR i SR OG [RBE B LA
TR MR T R F AT R BT R e ki A

Xf AR IR AR OC, [R BE AR LB DT R R E A 1R
AR RS AE T B R OR O  BE T R A B 5 T
LB AE S i A A A RS R OE S B IE A G A
BROTR BEIU R e AR X i B OC  BRT R
[ B T 28 MR i AT R e AR X S i S IE A
S TR A 0 3% R AR RS AR X 5 e B RO O B
J0 3R [ SR A 8 R RS AR i il AR X
o ARG, AR A 0 R B UM G B s & (R
i T8 3R SR RS AR ORS AR X A B DR A
5K, [a) i I A o 25 ik B B G 5 B T 3R TR A RS A
XA B 5L IR OG [ S A Tl A5 SRR il AR X
R, K4,
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Table 4 Correlations of mineral elements and essential oils in leaves of Artemisia argyi var. argyi cv. Qiai

i H A W kil 7S 5 B B i il PR R i i
A 1 0.550 0.730”  0.869% 0.609"  -0.451 0243  -0.391  -0.879 0.115 0.704" 0.758>
B 0550 1 0.491 0.625"  -0.113  -0.132 -0.163  -0.102 -0.582" 0218 0.332 0.509
i 0.730%  0.491 1 0.558 0.594"  -0.093 0.281  -0.047  —0.545 0.522 0.204 0.885>
B 0.869%  0.625" 0.558 1 0.586"  -0.459 0.099  -0.432 -0.749”  0.041 -0.695"  0.703"
i 0.609" -0.113 0.594"  0.586" 1 -0.186 0487  -0.174  -0.405 0.153  -0.317 0.608"
% -0.451  -0.132 -0.093  -0.459 -0.186 1 -0.229 0.988”  0.134 0.088 0.526 -0.395
BF 0.243  -0.163 0.281 0.099 0.487  -0.229 1 -0.200  -0.098 0.374 0.198 0.410
i -0.391  -0.102 -0.047  -0.432 -0.174 0.988”  -0.200 1 0.072 0.119 0.516 -0.338
i -0.879” -0.582" -0.545 -0.749”  -0.405 0.134 -0.098 0.072 1 -0.109 0.651V  -0.502
R 0115 0.218 0.522 0.041 0.153 0.088 0.374 0.119  -0.109 1 0.445 0.583"
FemKs  0.704" 0332 0.204 -0.695" -0.317 0.526 0.198 0.516 0.651" 0.445 1 -0.207
el 07587 0.509 0.885”  0.703" 0.608"  -0.395 0.410  -0338  -0.502 0.583"  -0.207 1

¥V P<0.05,% P<0.01
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Fig. 3 Relationship between total accumulation of mineral ele-

ments in Artemisia argyi var. argyi cv. Qiai and total accumulation

of dry matter
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SRS A AS VBE B . DAAH TR 7 Sl e R
B AT B A AR R W (6 H 14 HO) X
AR JC R YRR B R B AR IR Ry >k >
BESH (39 4.09 .2.64.0.88,0.64 mg/tk ) , 7= |
N il FH SO DA AR 2 7 SRR AR A K

e SN [) 4% B OB T 3R B Mo e B A
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407.82 kg/667 m?, | 4F 667 m> il #k Z T Wt 25 M +
b i R BT R AP 15.19 ~16.31 kg, A 12.94~
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