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Effects and optimum rate of nitrogen, phosphorus and potassium
fertilization for Codonopsis pilosula
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Abstract: [ Objectives ] The effects of nitrogen, phosphorus and potassium on the growth and bioactive
component contents of Codonopsis pilosula were studied, and the optimum rates of N, P and K were proposed
using mathematical model, in order to ensure reasonable fertilization for standardized cultivation of Codonopsis
pilosula. [ Methods ] Using three—factor D—saturation optimal design, a field experiment was conducted. The
effect functions of nitrogen, phosphorus and potassium application codes on the yield, lobetyolin and
polysaccharide of Codonopsis pilosula were established, and the optimum rates were calculated by the models.

[ Results ] The effect of N, P,O; and K,O on yield is N > K,O > P,O;, on lobetyolin content is P,O, > N > K,O,
and on polysaccharide is P,O; > K,O > N. From the results of the frequency analysis, the optimal fertilizer
application rates of N, P,O, and K,O were respectively 128.4—174.1, 49.26—80.41 and 45.31-70.42 kg/hm’ for the
target yield between 2100 and 2500 kg/hm* and confidence interval 95%, and 128.5-196.6, 77.09—118.0 and
41.34-53.72 kg/hm’ for the lobetyolin content over 0.75 mg/g and confidence interval 95%, and 96.04—141.6,
61.53—88.33 and 40.22—75.83 kg/hm’ for the polysaccharide content over 22.50% and confidence interval 95%.

[ Conclusions ] The optimal fertilizer application rates for both high yield and high quality of Codonopsis
pilosula are N 128.5—141.6, P,0O, 77.09—80.41 and K,0O 45.31-53.72 kg/hm’, respectively, and the corresponding
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fertilizer ratio of N:P,0,:K,0 is 1:0.54—0.63:0.32—0.42.
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KK 450 mm, AFHSHE 10°C, FHTCFED 180
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35.82x 1X3 — 84.98)62)(3 (1)
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3.46, YERE R =0.9898, fALEM 3 [l H 56
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Table 1 Ratio design of NPK in Codonopsis pilosula
Ab IKF-4ifiB{E Level code Jiti IE 5 Fertilization rate (kg/hm?)
Treatment X, X, X, N P,O; K,0
NoPK, -1 -1 -1 0 0 0
N,PK, 1 -1 -1 250.00 0 0
NoP:K, -1 1 -1 0 150.00 0
NoPK; -1 -1 1 0 0 100.00
N,P.K, -1 0.1925 0.1925 0 89.43 59.62
N,PK, 0.1925 -1 0.1925 149.10 0 59.62
N,P.K, 0.1925 0.1925 -1 149.10 89.43 0
N,P:K, -0.2912 1 1 88.60 150.00 100.00
NP K, 1 -0.2912 1 250.00 53.16 100.00
N;P:K, 1 1 -0.2912 250.00 150.00 35.44
Fz2 TEA, %, FRtEM RS mEMEHRS Z MM
Table 2 Effects of different ratios of NPK on the yield and bioactive components of Codonopsis pilosula
s R (em) HORL (mm) 7 (kg/hm?) ST (mg/g) WELHE (%)
Treatment Root length Root diameter Yield Lobetyolin Polysaccharide
NPK, 27.2+0.5¢cd 9.54 +0.15 abc 1380 £26 f 0.314+0.006 g 14.69+0.29 ¢
N,PK, 23.1+03f 9.62+0.14 ab 1722 £25¢ 0.488+0.011e¢ 16.28 +0.37 d
NyP.K, 28.5+0.9 ab 8.79+0.08d 1542 +47 ¢ 0.467 +£0.012 ¢ 1778 £0.42 ¢
NoP.K, 26.1+05¢ 9.28 £0.34 be 1612 +30d 0.444 +0.008 15.19+0.29d
N,P.K, 27.8+0.3 be 9.99+0.26 a 1867+£23 b 0.705+0.016 b 22.42+049 a
N,P.K, 26.3+0.3 de 9.08 +0.18 cd 2242 +27a 0.693 £0.012 be 18.67+0.32b
N,P.K, 26.5+0.3 de 9.76 £0.19 ab 2212+25a 0.692 +0.014 be 22.12+0.38 a
N,P.K; 26.9+0.9 cde 9.58+£0.53 ab 1880 £ 63 b 0.673 +£0.013 ¢ 22.17+043 a
NP K, 289+05a 9.93+0.22a 2217+42 a 0.644+0.016d 19.18+0.49b
N,P.K, 27.0+ 0.3 cde 10.04 +0.16 a 1893 £23 b 0.832+0.014a 17.92+0.30 ¢
# (Note) :  [FFNEIEGARFR/NG A FRR A FA 2 535 5% B35 7K Values followed by different letters in a column are significantly

different among treatments at the 5% level.

A, BRI HIE SRS, F(1)=456.6, F(22)=
19.75, F(3)=67.09, F(1, 1)=492.5, F(2, 2)=
251.5, F(3, 3)=75.83, F(1, 2)=11.00, F(1, 3)=
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SHZ T REIEAT F KB, F=497.51>F,,(9, 20)=
3.46, WERBR =0.9956, fA7eEit B2/ mlH %
%, F(1)=653.9, F(2)=773.6, F(3)=289.25, F(1,

1)=242.2, F(2, 2)=247.6, F(3, 3)=861.8, F(l,
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Fig. 1 Effects of single nutrient factor (N, P, K) on the yield, lobetyolin and polysaccharide content of Codonopsis pilosula
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BF, BRI AR R, R AN . fEA
WA HRIERE (-1 <x < )N, SR SEFE
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Fig. 2 Interaction effect analysis
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347935, |A3]=-89515533, Uil A (1) Ak
FRASONE PRALO, BRI, AR SCR IR M BTk x4 5
PR PEAT SE (3R 3). M x, M 0.02711~
0.3930, x,H-0.3432~-0.07213, x, H(-0.09384~
0.4083, XM APLILREME I N 128.4~174.1
kg/hm®, P,0, 49.26~80.41 kg/hm?. K,O 45.31~70.42
kg/hm? i, AT DLSEEE H AR~ 5 7E 2100~2500 kg /hm?
N .

Hessian Matrix i £ FX41F: |A1]=-0.1703,
|A2]=0.0291, |A3]=-0.0092. UiHJ5#E (2) Mk LA
PIRON PR, SRR T, 3R 4 B, iy
FEET 0.75 mg/g, 95% WY 8 {5 X 8 A ALt A 41
AN x, B 0.02786~0.5730, x, HL 0.02786~
0.5730, x, B—0.1731~ 0.07442, X I (000 Ak e A
N 128.5~196.6 kg/hm>, P,0; 77.09~118.0

kg/hm®, K,O 41.34~53.72 kg/hm’,,

Hessian Matrix i 3= FXXWF: |Al| = -4.75,
|A2| =33.25, |A3|=-72.77. ULHAJTFE (3) MARHLAYAY
BN REL, B, ZHESEE T 22.50%(F 5),
95% MY B 15 X B A AL R4 A5 A x, BL-0.2317~
0.1330, x, H(—-0.1797~0.1777, x, B{—-0.1955~
0.5166, XM ALkl N 96.04~141.6
kg/hm?. P,O; 61.53~88.33 kg/hm’. K,O 40.22~75.83
kg/hm?,

K I AC 4R 7L L RE 52 B 56 2 14 85 7 SURE AR UIE L i
BT, 13RS ARS RTS8 N 128.5~
141.6 kg/hm*>, P,0, 77.09~80.41 kg/hm>, K,O
45.31~53.72 kg/hm*, N, P,0;. K,O Mt jiti it &
BLEE A 12 0.54~0.63 : 0.32~0.42,

*3 RSHEHRTEE 2100~2500 kg /hm’ EZEERSH
Table 3 Frequency distribution of factors for target yield of Codonopsis pilosula between 2100 and 2500 kg/hm’

. N (x;) P,O;(x,) K;0 (x)
WH LTI
Htem Code UK BE (%) vk BE (%) B R (%)
Count Frequency Count Frequency Count  Frequency
-1 0 0 5 17.86 3 10.72
-0.2912 9 32.14 10 35.71 8 28.57
0.1925 13 46.43 11 39.29 9 32.14
1 6 21.43 2 7.14 8 28.57
FHIMH Average 0.2101 —0.1355 0.1572
kiR Standard error 0.08916 0.1012 0.1224

95% ‘B {5 [X.[i] 95% confidence interval

0.02711~0.3930

—0.3432~-0.07213 —0.09384~0.4083

e AENEE R (kg/hm?) The optimal fertilizer rate 128.4~174.1 49.26~80.41 45.31~70.42
R4 REPRESEST 0.75 mg/g NAENENH
Table 4 Frequency distribution of factors for lobetyolin content over 0.75 mg/g
R N (x) P,O;(x,) K0 (x;)
WiH RS ({H
Ttem Code WH B (%) WHL B (%) UL B (%)
Count Frequency Count Frequency Count Frequency
-1 0 0 0 0 0 0
-0.2912 6 33.34 6 33.34 9 50.00
0.1925 6 33.33 6 33.33 9 50.00
1 6 33.33 6 33.33 0 0
SEHIE Average 0.3004 0.3004 —0.04935
FRifEiR Standard error 0.1292 0.1292 0.05865

95% ‘B {7 [X.[f] 95% confidence interval 0.02786~0.5730

FfEEAL & (kg/hm?) The optimal fertilizer rate 128.5~196.6

0.02786~0.5730 —0.1731~ 0.07442

77.09~118.0 41.34~53.72
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Table 5 Frequency distribution of factors for polysaccharide content over 22.50%
N (x) P,05(x,) K,0 (x;)
iH i H
ltem Code WK W% (%) WH WK (%) WH W% (%)
Count Frequency Count Frequency Count Frequency
-1 0 0 0 0 0 0
-0.2912 5 50.00 4 0.40 4 0.40
0.1925 5 50.00 6 0.60 4 0.40
1 0 0 0 0 2 0.20
S Average —0.04935 —0.0009800 0.1605
FrifEiR Standard error 0.08062 0.07899 0.1574

95% E A5 X [A] 95% confidence interval

FefEMENE (kg/hm?)The optimal fertilizer rate 96.04~141.6

—0.2317~0.1330

—0.1797~0.1777 —0.1955~0.5166

61.53~88.33 40.22~75.83

3 ihie

R G SO AN (R B = 2 AR 7 A, T
HAaggs =i, ApFR RN, &3 HA .
. ftRREAESNAERER, IHEEESHT
SRR . S 0 R IE R A LR IE T R IR 1 S
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WS > A > B, XS 2005 o >
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fn b3, AR HE T DARK SRy Bl 4 220 Fbe T (8
B2, bR 2 R A DR i BB S ) 4 SR B A
4‘%[[4]0

JENERE A L EE R R, TEARRE R, Y
x, 4 0.0271~0.3930, x, §1-0.3432~-0.0721, x; it
~0.0938~0.4083, XI I M4 1k it I & N
128.39~174.13 kg/hm’, P,0; 49.26~80.41 kg/hm’
K,O 45.31~70.42 kg/hm?, HAR=&FE 2100~2500
kg /hm? JEFEN . BT S35 T 0.75 mg/g, 95% Y&
{5 X [8] JF X6 J97 B4 16 A it A #58 N 128.48~196.63
kg/hm®, P,0, 77.09~117.98 kg/hm*>, K,O 41.34~
53.72 kg/hm?; ZHESEE T 22.5%, 95% MEFX
(] BT o7 ) A6 AR it A 5ok N 96.04~141.63 kg/hm?
P,0, 61.53~88.33 kg/hm*, K,O 40.22~75.83 kg/hm’,
GAEBIERSHEX &, ST ER NS E
PES A, S0 AW st G A N
128.48~141.63 kg/hm*, P,0; 77.09~80.41 kg/hm®,

K,0 45.31~53.72 kg/hm?, N, P,0,. K,0 Hfffit it
FHCHE N 12 0.54~0.63 : 0.32~0.42, %45 B 528
SCAEIAE B S R P SR G A — 3K

4 555

AR X FREN T RA T, S
e B e AR By T Ut IR A N 128.5~141.6 kg/hm?
P,O, 77.09~80.41 kg/hm?, K,O 45.31~53.72
kg/hm?, N. P,0;. K,O A& { iti it & A kb~
1:0.54~0.63 : 0.32~0.42, HEEEEHEN, HTE
SHERKNAESS LEAREZ AR, 754"
AR ) SO0 AR B ELR - ST ) SR AT
sAiAL, DLSE AT 0 1 e

S F X #k:

(1] FEZGMZEG 2. e AR 2 (—EHM]. JLat: PIE R
FHE A, 2015.
Chinese Pharmacopoeia Commission. Chinese pharmacopoeia
I [M]. Beijing: China Medical Science Press, 2015.

(2] EJF, XX, SESMRARE KA RASUL 05 (1], gy,
2009, 40(2): 289-292.
Xia D, Liu W Z. Morphogenesis and histochemistry of roots in
Codonopsis pilosula[J]. Chinese Traditional and Herbal Drugs, 2009,
40(2): 289-292.

[31 ZRAC, B, e, 55, BC O iEAL RS 36 S A 7 Rt 52w [J].
VLA 2R, 2013, 22(11): 130-136.
Gong C W, Zhao X N, Feng S J, et al. Effect of formula fertilization
on the production of Codonopsis pilosualJ]. Acta Agriculturae
Boreali-Occidentalis Sinica, 2013, 22(11): 130-136.

(4] WM, B, K, % AIREILAIER 58 27 oAy E Ry
F A RRIRTTE[T]. FPE 2534, 2017, 42(15): 2946-2953.
Hu J D, Mao G, Zhang Z W, et al. Effect of different fertilization


http://dx.doi.org/10.3321/j.issn:0253-2670.2009.02.038
http://dx.doi.org/10.3321/j.issn:0253-2670.2009.02.038
http://dx.doi.org/10.7606/j.issn.1004-1389.2013.11.024
http://dx.doi.org/10.7606/j.issn.1004-1389.2013.11.024
http://dx.doi.org/10.7606/j.issn.1004-1389.2013.11.024
http://dx.doi.org/10.3321/j.issn:0253-2670.2009.02.038
http://dx.doi.org/10.3321/j.issn:0253-2670.2009.02.038
http://dx.doi.org/10.7606/j.issn.1004-1389.2013.11.024
http://dx.doi.org/10.7606/j.issn.1004-1389.2013.11.024
http://dx.doi.org/10.7606/j.issn.1004-1389.2013.11.024

1622

W) E SR 50 R

25 4

[10]

[11]

[12]

treatments on yield and secondary metabolites of Codonopsis
pilosula[J]. China Journal of Chinese Materia Medica, 2017, 42(15):
2946-2953.

[, SRAELL, R AR RRAR 25 B AL R SE SR i s
Bl B HBUSFE[T]. T2, 2005, 28(9): 745-748.

He C Y, Zhang Y H, Lin H M. Study on biomass dynamic changes of
Codonopsis pilosula under the planitng desniyt and feirtlizing
amount[J]. Journal of Chinese Medicinal Materials, 2005, 28(9):
745-748.

F2E, BHEE. S ET R BOENE T N BT RS, R
27K, 1996, 21(2): 88-89.

Wang L X, Zhao J X. Study on high-yielding and efficient
fertilization and internal quality of Codonopsis pilosula[J]. China
Journal of Chinese Materia Medica, 1996, 21(2): 88-89.

A FRFN, TRAELT, WG, HORIE S A K HE). hEp
27435, 2006, 31(4): 285-289.

He C Y, Zhang Y H, Lin H M. Study on dynamic growth of
Codonopsis pilosula[J]. China Journal of Chinese Materia Medica,
2006, 31(4): 285-289.

FUEES, M RE. RBT R R GEi s i M), P42 1A R
7], 1998, 274-275.

Bai H Y, Xiao J Z. Experiamental study and statistic analysis[M].
Xi’an: Word Book Publishing Company, 1998, 274-275.

EHB, Hrheg, B, 4. XS MHERG 207 i BT ¢
AR[I]. HEPZIE, 2016, 41(21): 3950-3955.

Wang H Z, Lian Z X, Lu G D, et al. Relationship between seedling
grade of Codonopsis pilosula and yield and quality of medicinal
materials[J]. China Journal of Chinese Materia Medica, 2016, 41(21):
3950-3955.

BARA, B4R, SREEL 55 HOUR BRI N EURA . B, AL
NERER S5 AR A ST 0], R F7 5 R, 2009, 15(1):
177-182.

Xu F L, Wang Z, Xu H M, et al. Study on the response and
fertilization model of cucumber for nitrogen, phosphorus and manure
application in greenhouse under drip irrigation[J]. Plant Nutrition
Fertilizer Science, 2009, 15(1): 177-182.

F, EIHE, A, 5 RAEEAL BE. BRI S AL AT
FE[]. M E SR SI0EEEHR, 2012, 18(1): 196-202.

Wang J, Wang W L, Xu F L, et al. Effects and models of nitrogen,
phosphorus and potassium fertilization for Platycodon
grandiflorum[J]. Plant Nutrition Fertilizer Science, 2012, 18(1):
196-202.

B, £, BREE, 55, 200 TURMURISUN sRECH (8 A 0 B R A
AL[I]. 25 5FI Y, 2001, 21(2): 42-45.

Zhao B, Wang Y, Lu Y, et al. The determination of extreme values

and optimization of multivariant quadratic fertilization effect

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

function[J]. Horticulture and Seed, 2001, 21(2): 42-45.

b . BRI M]. L5t s ROl R, 1998.
Xu Z R. Regression analysis and experimental design[M]. Beijing:
Chinese Agriculture Press, 1998.

Kivisaari S. Importance of secondary and micronutrients in a
balanced fertilizer schedule in S.E. Asia[R]. Manila, Philippines:
Fertilizer Asia Conference and Exhibition, 1989.

FRARTES. FEIAE BEA M. AR RAEEOE AL, 2006.

Zhang J S. Plant physiology[M]. Beijing: Higher Education Press,
2006.

FIR, EIHEL, IRAA). B AR BE TS (0], 1
WEFR SR, 2008, 14(3): 552-557.

Wang Z, Wang W L, Xu F L. Study on the optimization models of
nitrogen, phosphorus and potassium application for Astragalus
membranaceus production[J]. Plant Nutrition Fertilizer Science,
2008, 14(3): 552-557.

XK S, A 1, 50220, 45 G X 25 4G bR B L2 T
SR HAE TR SR, 2012, 18(1): 188-195.

Liu D H, Zhu D W, Guo L P, et al. Effects of nitrogen fertilization on
growth, yield and quality of Chrysanthemum morifolium[J]. Plant
Nutrition and Fertilizer Science, 2012, 18(1): 188-195.

AT, EAasE, =58, B, BF . SHECHEX AT B A i F 2y
FH A BURRZNRI[T]. R85 5 AR, 2012, 18(4): 981-989.

Yu W W, Cao F L, Wu G L. Effects of combining application of Mg,
Zn and Mo fertilizers on leaf biomass and medicinal quality of
ginkgo seedlings[J]. Plant Nutrition Fertilizer Science, 2012, 18(4):
981-989.

VS, PRI, 1B, S5 40 BR L RS2 HIAEAE E A BUl s F
AL TPV S R SE IR (7], RS R SR S LR AR AR, 2009, 15(6):
1475-1480.

Tang L, Lin J H, Yan G X, et al. Effects of Cu, Zn and Se on contents
of total flavonlid, chlorogenic acid and Se in the flower of
Chrysanthemum morifolium Ramat[J]. Plant Nutrition Fertilizer
Science, 2009, 15(6): 1475-1480.

HOGIK, RBERE, BBl YR A S IR M), BEPI i v
JEBAMBIER A AL, 2009.

Dong J E, Zhang K J, Liang Z S. Plant secondary metabolism and its
regulation[M]. Yangling, Shaanxi: Press of Northwest A&F
University, 2009.

Gershenzon J, Murtagh G J, Croteau R. Absence of rapid terpene
turnover in several diverse species of terpene-accumulating plants[J].
Oecologia, 1993, 96(4): 583-592.

Barto E K, Cipollini D. Testing the optimal defense theory and the
growth-differentiation balance hypothesis in arabidopsis thaliana[J].

Oecologia, 2005, 146(2): 169—-178.


http://dx.doi.org/10.3321/j.issn:1001-4454.2005.09.001
http://dx.doi.org/10.3321/j.issn:1001-4454.2005.09.001
http://dx.doi.org/10.3321/j.issn:1001-5302.2006.04.004
http://dx.doi.org/10.3321/j.issn:1001-5302.2006.04.004
http://dx.doi.org/10.3321/j.issn:1001-5302.2006.04.004
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.01.026
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.01.026
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.01.026
http://dx.doi.org/10.11674/zwyf.2012.11237
http://dx.doi.org/10.11674/zwyf.2012.11237
http://dx.doi.org/10.3969/j.issn.2095-0896.2001.02.019
http://dx.doi.org/10.3969/j.issn.2095-0896.2001.02.019
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.03.023
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.03.023
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.03.023
http://dx.doi.org/10.11674/zwyf.2012.11175
http://dx.doi.org/10.11674/zwyf.2012.11175
http://dx.doi.org/10.11674/zwyf.2012.11175
http://dx.doi.org/10.11674/zwyf.2012.11385
http://dx.doi.org/10.11674/zwyf.2012.11385
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.06.033
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.06.033
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.06.033
http://dx.doi.org/10.1007/BF00320517
http://dx.doi.org/10.1007/s00442-005-0207-0
http://dx.doi.org/10.3321/j.issn:1001-4454.2005.09.001
http://dx.doi.org/10.3321/j.issn:1001-4454.2005.09.001
http://dx.doi.org/10.3321/j.issn:1001-5302.2006.04.004
http://dx.doi.org/10.3321/j.issn:1001-5302.2006.04.004
http://dx.doi.org/10.3321/j.issn:1001-5302.2006.04.004
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.01.026
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.01.026
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.01.026
http://dx.doi.org/10.11674/zwyf.2012.11237
http://dx.doi.org/10.11674/zwyf.2012.11237
http://dx.doi.org/10.3969/j.issn.2095-0896.2001.02.019
http://dx.doi.org/10.3321/j.issn:1001-4454.2005.09.001
http://dx.doi.org/10.3321/j.issn:1001-4454.2005.09.001
http://dx.doi.org/10.3321/j.issn:1001-5302.2006.04.004
http://dx.doi.org/10.3321/j.issn:1001-5302.2006.04.004
http://dx.doi.org/10.3321/j.issn:1001-5302.2006.04.004
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.01.026
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.01.026
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.01.026
http://dx.doi.org/10.11674/zwyf.2012.11237
http://dx.doi.org/10.11674/zwyf.2012.11237
http://dx.doi.org/10.3969/j.issn.2095-0896.2001.02.019
http://dx.doi.org/10.3969/j.issn.2095-0896.2001.02.019
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.03.023
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.03.023
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.03.023
http://dx.doi.org/10.11674/zwyf.2012.11175
http://dx.doi.org/10.11674/zwyf.2012.11175
http://dx.doi.org/10.11674/zwyf.2012.11175
http://dx.doi.org/10.11674/zwyf.2012.11385
http://dx.doi.org/10.11674/zwyf.2012.11385
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.06.033
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.06.033
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.06.033
http://dx.doi.org/10.1007/BF00320517
http://dx.doi.org/10.1007/s00442-005-0207-0
http://dx.doi.org/10.3969/j.issn.2095-0896.2001.02.019
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.03.023
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.03.023
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.03.023
http://dx.doi.org/10.11674/zwyf.2012.11175
http://dx.doi.org/10.11674/zwyf.2012.11175
http://dx.doi.org/10.11674/zwyf.2012.11175
http://dx.doi.org/10.11674/zwyf.2012.11385
http://dx.doi.org/10.11674/zwyf.2012.11385
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.06.033
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.06.033
http://dx.doi.org/10.3321/j.issn:1008-505X.2009.06.033
http://dx.doi.org/10.1007/BF00320517
http://dx.doi.org/10.1007/s00442-005-0207-0

