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m, Ja& T2 1 T A DX DY R A B OB IR R R LR
K FE . A [ K B 722, 9~899. 0 mm. FH H M
2 346. 8 h, F-X S 15. 8 “C, A 248 d, A48
AR M Z —. R A 2 A 2 I A R R
T+ A HUTUR R R B A A 2 ECR LG E A
ZRIEE B R B 4 i R B R TR V-
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Table 1 The basic fertilizer feature of soil

‘ L HR N
PR Soil depth/cm
Parameter
0~20 20~40
A HLFE Organic matter/g « kg ! 21.90  13.90
4% Total nitrogen/g * kg ! 0. 68 0. 47
W f% 4 Available nitrogen/mg « kg ™! 86.60  60.40

4 #% P, O; Total phosphorus/g « kg™! 0.75 0. 63
A% H Available phosphorus/mg « kg™!  71.60  50.00
480 K, O Total potassium/g « kg ™! 13.80  14.10
R Available potassium/mg * kg ! 134.10 111.80
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D it i &5 1% 10 A 4b 3 3 kA L 3 30 A4
INIK S BEALIX ZHHES]  /NX AL 4 mX 6 m=24 m”,
TR G A B it A DL % 2,

R AR N IR E (G N 46 %), 1 B 1R 45
(P,O;=12%) R4 (K, O=51%) . B it . B JIE 1
HHE JIE 3 b B — U A RUIE 1/3 AR it A L SR
2/3 FrEWIEENBIEHEA

PR BT I A A . R B T 2010 4R 4
H 15 H B35, & BBATHE 25 cm, (IR 1~2 cm, &/)
X 16 47 245 # o B AT 08 — UaE K, O 1] 22 B2 5
FVRF H BRI 5 A 1 H H i . RS R A K
A EWIBRE 6 A 1 Ha;10 3 25 Bk, H
b, FET TP 7857 SRS il 5 o e 450 i M ) A A A T %
FoR—5, 5 W K5 2, SRR E R
859. 5 mm, A F FREEEA S
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Table 2 The D-saturation optimal design with three factors of nitrogen, phosphorus and potassium

Job IKF i i AE Level code Jiti IE & Rate of fertilizer application/kg * hm™*
Treatments X, X, N P, 0, K, O
1 —1.000 0 —1.000 0 —1.000 0 0.00 0. 00 0. 00
2 1. 000 0 —1.000 0 —1.000 0 150. 00 0 0. 00
3 —1.000 0 1.000 0 —1.000 0 0. 00 225.00 0. 00
4 —1.000 0 —1.000 0 1.000 0 0.00 0. 00 225.00
5 —1.000 0 0.192 5 0.192 5 0. 00 134. 10 134. 10
6 0.192 5 —1.000 0 0.192 5 89.40 0. 00 134.10
7 0.192 5 0.192 5 —1.000 0 89. 40 134. 10 0. 00
8 —0.291 2 1.000 0 1.000 0 53.16 225.00 225.00
9 1.000 0 —0.291 2 1.000 0 150. 0 79.41 225.00
10 1.000 0 1.000 0 —0.291 2 150. 00 225.00 79.41
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Table 3 Variation of plant height and root length with growth period under different treatments
H B ] Seedling stage 1R Z % K] Expanding stage of root K ZE W] Wilting stage
Ak 7
T bR e A k7= MR B k7= M B
reatments
plant height/cm  Root length/cm Plant height/cm  Root length/cm Plant height/em  Root length/cm

1 27.33+0. 88d 11.00+£0. 58d 41.83+0. 44f 18.33+0.57ef 47.6710. 88e 21.07+0.87d
2 34.6740.72b 10.6740. 33d 54.2740.67b 17.63+0. 20f 61.5740. 78bc 19.30£0. 49d
3 30.6740. 83c 11.334£0. 33bed 49,0640, 35de 18.53+0. 18ef 55.5040. 75d 21.13240. 40bc
4 31.0040. 58¢c 12.00=£0. 29abc 48.13+0. 32¢ 18.50+0. 15ef 55.17=£1. 25d 22.63+0. 35bc
5 31.6740. 85¢ 12.5040. 26a 52.2740. 46¢ 20.2040. 58bc 55.5040. 75d 23.4340. 98ab
6 32.0040. 48¢c 11.1740. 24cd 50.0040. 36d 19.03+0. 26de 59.5740. 99c¢ 21.1040. 45¢
7 31.0040. 68c 11.17+0. 27cd 53.4040.30bc  19.6040. 2cd 56.9040. 46d 23.17+0. 52ab
8 32.3340.33c 12.1740. 21ab 53.1340.38bc  21.1740. 30a 57.2040. 80d 24.3740.37a
9 37.0040. 58a 11.3340. 16bed 56.0340. 29a 20.73+£0. 27ab 65.1740. 23a 24.8340.27a
10 35.00+1.00ab  11.33=%0.17bed 55.4740. 18a 20. 4340. 20abc 62.9740.40ab  24.10=+0.58ab

AR RNG F R R E MM 0.05 KFE E2EREHE. K485 M.

Note: Values followed by different lower case letters in a column are significant different among treatments at the 0. 05

The same below in Table 4 and 5.

level.
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[B) 22 S AN B B (3 4) . FERE MR AR K S . Bt &L R
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2.3 AR ERAEINERR TR EREDZ
89 AL E 1M EL b IR Ak BE A AR T A B
R T o e R R AT G . R 25 RS AR T

Jit B8 BP0 X A A AR AL

IS7A
w

M A TR A 56 = 0 >
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Table 4 Variation of root and stem diameters with growth period under different treatments

=)

M f5¢ A

IS7A
2

i 4 V<

H ) Emergence period

R & % KW Root swell period

i ZE ) Withering period

Ak 3
T =41 o 541 fhl %41
code Root diameter/ Stem diameter/ Root diameter/ Stem diameter/ Root diameter/ Stem diameter/
mm mm mm mm mm mm
1 8.7640. 10f 3.1340.05de 13.84+0. 28¢ 4.5240.12cd 16.68+0. 11e 4.9540. 34de
2 10.5340. 23¢ 3.524+0.03ab 16.2840. 77bc 6.0040. 50a 20.86+0. 72ab 7.4140.59%a
3 10.6140. 21bc 3.2840.11c 14.4040. 28de 4,5840.09cd 17.25+0. 26cde  5.20+0. 19de
4 9.37+0. 11de 3.0140.03e 15.72+0. 22cd 4.2640.03d 18. 96+ 1. 32bcde 4.60+0.12e
10. 9840. 12ab 3.15%0.02d 17.0740. 25b 4,3740. 24d 19.0941.26bcd  5.58=+0. 32cde
6 10.9240. 09abec  3.297+0.03c 19.7040. 85a 5.50+0. 38ab 22.11%+0.57a 6.40=+0. 34abc
7 11.14+£0. 25a 3.6040.02a 17.10%0.56b 5.247+0. 23bc 19.54+0. 09bc 6.4740. 64abc
8 9.7640.06d 3.404+0.02bc 14.6940. 15de 4,79+0. 10bed 16.9141. 08de 5.8140.09cd
9 9.197+0. 09ef 3.3140.03c 14.3640. 28e 4,6140.06cd 17.84=40.90cde 5.97+0. 24bed
10 10.49+0.07c 3.40%0. 02bc 14.46+0. 17de 5.9940. 25a 16.85+0. 24de 7.13%0. 64ab
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Biomass and root dry weight/g

1
Fig. 1

-
l:l & H A 4 B Total biomass
l:l H 7 #91R T i BRoot dry weight at seedling stage
BB 12 2 88T R ERoot dry weight at root expanding stage
I 525 T R B Root dry weight at withering stage ab

4b P2 Treatment code

AEEKHAZLENRTEREMEZ N

The root and biomass of all treatments at the different stages

T AN 5B R [ — I 45 A P S (L AE 0. 05 K B 225 B3 . JERS K 1.

Note: Letters represent the significance level of comparison at 0. 05 level. Treatment code are same with Table 1.
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Table 5 The platycodin, polysaccharide, flavone content and medical biomass of different fertilizer combination

Ab ¥ 2 SR EZ iR A HL
Treatment Medical biomass/kg « hm™* Platycodin/ % Polysaccharide/ % Flavone/ %
1 2 622.90+52. 05f 4.114=+0.072f 9.244+0.01i 0.411+0.002¢g
2 3 743.94£78. 45d 5.77640.040b 15.9140. 02f 0. 385+0. 0001
3 2 714.03£92. 271 4, 735+0. 080e 18.70£0.02d 0.393+0.001h
4 3 154.88+76.98e 5.09440.068d 13.8240.01h 0.456=+0.001e
) 3 733.52467.96d 5.32940.078¢ 18.3540. 02e 0.508+0.001c
6 4 483.59457.07b 5.51740. 080¢ 14.5040.01g 0.434=+0.001f
7 4 423.19452. 14b 5.48340.079¢ 19.4240.02c 0.477+0.001d
8 3963, 10447, 44c 5.04140.088d 20.2640.02b 0.524+0.001a
9 4 834.10%475. 69a 5.84740.025b 18.58=+0. 00de 0.515+0.001b
10 4 157.14457. 29¢ 6.36140.020a 20.53740.02a 0.514+0.002b
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phosphorus increases soil nitrogen absorption in 99-103.

young plants of Eucalyptus grandis[J]. Forest Ecol-

Effects of nitrogen, phosphorus and potassium on the growth and

secondary metabolites of Platycodon grandiflorum

WANG Jing', WANG Wei-ling', XU Fu-li*,
CAO Xian-yan', HUANG Shu-hua', ZHANG Xiao-hu’
(1. College of Life Science, Northwest A & F University, Yangling 712100, China;
2. Institute of Soil & Water Conservation, Chinese Academy of Sciences and
Ministry of Water Resource. Yangling 712100, China;

3. Department of Biomedical Engineering, Shangluo College, Chinese Academy of Traditional Chinese Medicine,
Shangluo GAP Research Engincering Center for Traditional Chinese Medicine, Shangluo 726000, China)
Abstract: Based on the D-saturation optimal design with three factors of nitrogen, phosphorus and potassi-
um, a field experiment was conducted to investigate the effects of fertilization with different nitrogen,
phosphorus and potassium ratios on the growth and effective ingredients of Platycodon grandiflorum.
This study showed that the fertilization greatly increased the medicinal yield of P. grandi florum. The con-
tribution of nitrogen, phosphorus and potassium to the medicinal yield was nitrogen>potassium > phos-
phorus. The effect of nitrogen, phosphorus and potassium application on the content of platycodin was
also following the pattern as nitrogen>potassium > phosphorus. The effect of nitrogen, phosphorus and
potassium application on the polysaccharide content was phosphorus™nitrogen>>potassium. Nevertheless,
both nitrogen and phosphorus had a negative effect on the accumulation of total flavone in P. grandi flo-
rum. In terms of the medicinal yield and the content of platycodin, the optimal fertilization combination

was 150 kg « hm™® N, 79.41 kg « hm™* P,O; together with 225 kg * hm™* K, O.

Key words: Platycodon grandiflorum; nitrogen; phosphorus; potassium; growth; secondary metabolites
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