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Effects of density, phosphorous, and nitrogen fertilizers on yield and quality
of Andrographis paniculata
ZHANG Cong-yu', TAN Zhi-jing', TAO Cheng-lin?, ZHANG Zi-xue', HU Neng-bing’
(1. Anhui Science and Technology University, Fengyang 233100, China; 2. Ag}iculture Committee
of Linquan Country, Linquan 236400, China)

Abstract; Objective To study the effects of density, phosphorous (P), and nitrogen (N) fertilizers
on yield and quality of Andrographis paniculata. Methods Randomized block design in yield was used and
HPLC was used to analyze the content of andrographolide and dehydroandrographolide. Results Plant
height, fresh weight, dry weight, content of dehydroandrographolide were influenced significantly by den-
sity. The quality character and economic yield of content of andrographolide, dehydroandrographolide, to-
tal content of both andrographolide and dehydroandrographolide were significantly influenced by P nutri-
tion. The economic yield of dry weight, content of andrographolide and dehydroandrographolide, and total
content of both andrographolide and dehydroandrographolide were influenced significantly or extreme sig-
nificantly by N nutrition. P and the interaction of P and N fertilizer extremely influenced the economic
yield. The relative influences between plant weight and dry weight was extremely significance, that be-
tween quality character and quality character, that between quality character and economic yield were sig-
nificant or extremely significant. Conclusion When planted with 1. 8 X 10°/hm?, fertilizered with P,O; 540
kg/hm? and pure N 225 kg/hm?, the hightest economic yield is gained.

Key words: Andrographis paniculata (Burm. f.) Nees; andrographolide; dehydroandrographolide;
economic yield
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JE v PR PR L%, TO Y PR LR , 30 /E S BB IE . B
BRI KERGERSNE L3 KER. KB/
REFR 20 m*, 47K 6 m,f7HE 0. 65 m, KK HAT
HRNEDERL  HFEFRBESE L. 2%, B#
% 64. 4 mg/kg, H B 7. 5 mg/kg, HEH 28 mg/
kg,pH{H 7.94. 4 A 25 BF/NEHWEH,.60 A48
BAE,10 A 8 HAEMkEK. WKAGBHE , FRé
RE.ETEFRTER TERTE,
#£1 HTREHATERLERS

Table 1 Independent variable design level

and treatment code

ERE wH/ P05/ i/
(10*#k + hbm=2) (kg * hm™?) (kg » hm—2)
1 18 540 450
2 18 540 337.5
3 18 540 225
4 18 540 450
5 18 540 337.5
6 18 540 225
7 13.5 360 450
8 13.5 360 337.5
9 13.5 360 225
10 13.5 360 450
11 13.5 360 337.5
12 13.5 360 225

1.2 FOLEABHEAFOENRERIUE FL
HLERTEME, 60 HF B 0.1g BT 50
mL @&FMHEE, AR50 mL, B FIRGEH.BF
35 C, %% 5 h, & 12h, B, EXAES0mL, &
DENEBERBKELENBRNREWEPESRE
) 5 RS T, R P R E L 80.60,40.,20,2 mg/L
B B R EE AR A v IR R YE W . A Waters HPLC
RGEWE, @R Cokk, W3 B BE-K (65 ¢
35), R I K - F O E A EE 226 om, K FOER
B§ 254 nm, NEER=(NEEEER/THEE) X100%,
HELE=FLENEE-BRKFOENER. 2
FrE=NERLEXTHEE.

2 ZRENW

2.1 HE.HANFLEFBRMEARNEWH
2.1.1 FEMERERGFHE. EAERANER
AT EMARERMFHE EAEENESR
REFALZ 2 NEZ2WUES RS #RE. TR
BOMTETRABEE/ND UK . H#HE.THE

Table 2 Average changing range and variation coefficient

of yield and quality characters of A. paniculata

ERE FHE FEHE RSD/%
P /cm 93 89~96 2.19
@ &/ (kg + hm~2) 31 094 28 080~34 230  5.48
F &/ (kg + hm=?) 8 339 7 410~9 285 5.34

WF /% 26.90  25.6~28.3 3.23
FLENRE/ N 3,22 1.70~4.50 20. 98
BAgELENRE/ % 0.20  0.11~0.31 25.53
NERER/% 3.40  1.81~4.81 21. 00

gyr=g/ (kg - hm™?) 236.7~383.8  20.85
B RTEZEE B ANEHE/D . MFOENE
B RAFOENER ABRSBBRNEF-BHER
REHRRHEP BAFLENBRREERRZBEK,
HHFLEARE. RAKFOENRR ARLEN
GZHTRZEE B ANERBEKR.

2.1.2 HE.BEAXNFOESBAERE WY
FENN - FE.BRANFLOEFRABARY MY
BHEEF B RMBRERINALZINRITLUE
HEEBRANFOESRAREYE BEIR
BEMNEWH FEXKE . HRE.THEBKKFL
HEAREHARBELW;BEXFOEANRE. B
KFLENBRR NBLR.EFBYAREEY
WA EER.TRE.FOEANBRE BKEL
ENBER ABRER.ZFFEYAREERW;H
BEXBRIE S R TR R DN R BUK S
LEABRR NABAR.ZFFEHARBERW;
FEXREMERE. TRE. FOENERRK
FLEANRRE. ARER.ZF-EHARBER
W BEIE X AR FRE. . FOENER . ARLE.
ZHETFRHAERBER W BE X BIE X BEX T
RER BERW, M BKELENER . HELEMN
GHTEBHAERBELW,

2.1.3 HE.BASKFHAETENEEERF
BREMFERENR . FE . B AEKFHAE™
BAREERFYBEMOFEREMBNE 4 B
RoAE ATLUE N, &AL EHRE £ Rk B E SR
BEKFEHPAE 4 BRLH B S EE
RENZRABEIRBEKE KL 4+ &R,
310 BIK SAETREREZREBERIRBE
K, AL 5 B R, AL 3 10 B FAL BB TR
RMEXBEER FLBFLENRRAE KT OE
WEERNE . ZFREZREBEIRBEKFE,H
AL 3 MR, AL 4 R,
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Table 3 Mean analysis of variance (F value) of density, P, and N effects on yield and quality of A. paniculata
ERKEE DF  #%®& L3584 FTHRE HFEE  FLEARER BAFOENE AREE 2 T o

R4 22 1.3995 0.561 8 1.204 9 1.264 4 0.778 9 0.004 6 0.796 6 0.067 2
s 11 2.4241*  5.5402** 7.2384** 1.0932  20.8915"* 15.736 5* * 23.577 7% * 98.074**
HE 1 16.8739** 15.9059** 8.0298"" 0.7615 0. 880 3 8.534 3** 1.416 7 0.741 9
B 1 2.0064 0.069 5 2.051 0 1.8025  57.280 3** 43.599 3** 66.509 9* * 204.334 8**
#Aae 2 0.4665  24.3390** 14.796 8** 2.397 3 6.577 5% * 9.183 7** 7.710 5% * 42.318 3**
5 B X BEAR 1 39326 22.2110** 17.5159"* 0.4210  30.9901** 62.1521** 39.2345%* 85.8316**
HE X B 2 0.0953 8.3430** 10.0172** 0.4386  54.307 0** 6.771 8** 57.457 6** 65.029 2* *
BEAE X # A 2 0.2458 0.719 1 6.740 2** 0.857 6 6.130 9* * 0.834 9 24.911 0% * 238.432 8**
FEXBEXEE 2 1.1186 1.877 0 4.458 6  0.826 6 3.314 0 12.616 0" * 6.392 7** 48.1727**

» BEWIE SN »« BEHEEINRSA

* represents significant difference up to 5% * * represents significant difference up to 1%, Table 5 is same

F4 FE.RAESAFESFRNRRER T HRYENFARENGD

Table 4 SSR Test of average number between yield and quality character of density, P, and N combination

BB HR/om  BER/(gehm?) FRE/(kgebn ) HFR/Y% FLEAR/Y% BAFOENE/Y% WEER/Y% SWFR/ (g hn?)

1 95abAB 32 380bcde ABC 8 289bcdBC 25.6aA  2.86cdC 0. 20cdBCD 3. 07c¢dD 249. 3efgDE

2 95abAB 32 145abcAB 8 580bB 26.8aA  3.87bAB 0. 23bcBC 4. 09Bbc 236. 7gE

3 94abcAB 29 460deBC 7 980cdBC 27.1aA  4.50aA 0.31Aa 4. 8laA 383. 8aA

4 96aA 34 230aA 8 538bcB 25.72aA  1.70eD 0.11gF 1. 81eE 159. 4hF

5 94abcAB 32 910abAB 9 285aA 28.2aA 3. 20cdC 0. 14fgEF 3. 34cdD 310. 1cB

6 93abcdAB 31 545bcdeABC 8 460bcdBC 26.7aA  2.83dC 0. 15efgDEF 2. 98Dd 250. OefgDE

7 91bcdAB 32 755abcdAB 8 811bB 26.9aA  4.04bA 0. 23bcBC 4. 23bAB 362. 9bA

8 90cdAB 29 625deBC 7 905deCE 26.7aA  3.08cdC 0. 21bedBC 3.21edD 253. 7efgDE

9 89Db 32 535abcAB 8 520bcBC 26.2aA  3.06cdC 0. 18defCDE 3.18cdD 245. 4fgDE
10 92abcdAB 30 080eC 7 941Ed 26.4aA  3.35¢BC 0. 19c¢deCDE 3.52¢CD 258. 6Efcde
11 92abcdAB 29 460deBC 8 310bcdBC 28.1aA  3.21cdC 0. 21bcdBC 3.41cdD 283. 4dC
12 93abcdAB 30 000cdeBC 8 460bcdBC 28.3aA  2.92cdC 0. 25bB 3. 18cdD 266. 5deCD

ERBEUREN SR B DEFHERR SRERKT, RKETERR INERKT

Using SSR method to test significance of difference, small letters represent significance at 5% level, capital letters represent significance
at 1% level
£5 FLEFRONREHREAAXRR

Table 5 Correlation coefficient between yield and quality character

® B o & THE BTE FLEARE BRAFLEARE ABLE L2582
/-1
o 0.342 3
FH&E 0.195 0 0.760 1% *
e 4 —0.1043 —0.2809 0.390 8
FUOENRE —0.2075 —0.4359 —0.1359  0.277 9
BAFOEANRERE —0.1350 —0.600 2 —0.3613  0.2964 0.791 8**
Ie1-F58 —0.1741 —0.4512 —0.1792 0.3208 0.998 1** 0.820 0**
ZH-E —0.2336 —0.3832 0.0185  0.4721 0.845 6* * 0.669 4* 0.847 2**
FLES HERNEREREK. BB RKRIF. BB EEAENEFEREWME R £~

MBRER DR R, Gt RR GBS ERHIERERE, M8 RS, EES
FLRRBERKRENE, TRMEE. HEH.EBRE  AREZLAZRER RAPEBLMETOE
HE, NARBERE, AREE” BRI  HEARE . BERRFE HBER™ &5 iERE
EAAENENGR REFAMARY, FOEH  FRIOEHRESELK.

AR R Bt K R L KR T O 4 HEE . THESFOEARE . RKFLEN
RERERIESN. BE . NRABRYEAMX, RAFOENTBE
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B E.BH PETEARSERCAHAEDESEYNBE SR, A% NHA AFLP 4 FiRigE AN EER
EHRH T AAEEBER. L BTN MEBTIN. ER ESEUMNYRAKF L Nel's BESHMAER (He),
Shannon’s fE B WD) . ZHME TR PPB4H1K 0.243 440.179 1,0. 373 5+0. 248 5.82. 30 % s EH B #
TKE 438034 0. 091 84+0. 161 0.0. 140 240. 236 2,30. 48% , JEBE[] Nei 5 L H (Gst) 0. 624 4;Shannon’s
EREERBEMERBUst)0.624 6, BARH HBEERANEMWILERS M HERBEESRLEWE
BHSHEEREAERRLE. EHTEBIATRSSH T EBRMNSERYF. Gt SEUMHAKBESEEK
PEE,MBRAREEHEKERE BRABREICEE  EEHAFERXRSHBER T AR, KL
HISTEH SEBRSMEHER TN AFLP S FAReEARATEHMEREN L  BEFHRAEENKE.
RER . S5 ERIR, B 5 B AFLP
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Genetic diversity analysis of germplasm resources of Psammosilene tunicoides
DAI Zhu-bo!, ZHU Chang-cheng?, QIAN Zi-gang?, PU Chun-xia'"’
(1. Yunnan College of Traditional Chinese Medicine, Kunming 650200, China; 2. Kunming Institute
of Botany, Chinese Academy of Sciences, Kunming 650204, China)

Abstract; Objective To analyze the genetic diversity of Psammosilene tunicoides, an endangered and
endemic medicinal plant, in southwest China. Methods The genetic diversity of seven representational
populations of P. tunicoides including 137 individuals had been investigated by amplified fragment length
polymorphisms (AFLP) maker technique. Results The genetic diversity had been revealed as follow: the
Nei’ s genetic diversity index (Fe), Shannon’s information index (1), percentége of polymorphic loci
(PPB) were 0.243 4+0.179 1, 0.373 5+0.248 5, and 82.30%, respectively at the species level; and
0.091 84-0.161 0, 0.140 2+0. 236 2, and 30. 48% , respectively at population level. The genetic differen-
tiation index (Gst) was 0. 624 6 and genetic differentiation coefficient by Shannon’s diversity (Ist) was
0. 624 6. The result of dendrogram of seven populations indicated that Lijiang and Gejiu of Yunnan popula-
tions shared the maximum genetic identity, though they distributed in a relatively great geographical dis-
tance; Kunming population of Yunnan had the greater genetic distance from other populations. Nine char-
acteristic fingerprint bands that can distinguish the different populations had been acquired. Conclusion
The genetic diversity of P. tunicoides is relatively higher at the species levels, while lower within popula-
tion levels, and a significant degree of genetic differentiation occurrs among the populations. There is little
relativity between the relationship of populations and geographical distance. The combination of character-
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