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1.1 I XHER

TR0 A T 5N 48 7S 28I A 1L X R 4B K5 A
(26° 43’ 32" N, 104° 49’ 49.1" E) ., ZXIH
Ja& A6 R 1 KR X, AR 12.3°C,
BHMA (7H) FHiRE24.6°C, &4 A (1) F
IR —-0.1°C, 4P R E4 410°C ~ 4 806°C;
AR 182 mm, FEAKEHRLH (1H) A

17.6 mm, [EKERZ] (6)1) H243.7 mm; 4F
PIMIXHRES 1% 4F H B 200 ~1 600 h, H
W 43 %28% ~ 36% .
1.2 R R

R AL B A R F 2 K15, MR ETT
R, AR AORL 2 MR 2R AR A B AR AR
ERNATTENZILZ ( Pseudostellaria heterophylla
(Miq.) Pax ex Pax et Hoffm.) fJFPAE .

PRI PUIR LR . SRR . WA TR A B
HCIO,. H,SO,. NaOH. NH,F. HCl. NH,0OAc,
HNO, & K,Cr,0. ¥ 8 i rali, HFEIRH 4L &
I 21T B A 5 F% 3 A R (R — S 5 3R 3L 4 [ LT 1
WAE R A BR A
1.3 HERE®IT

I b A A B AR e T A — 2R
MG AF TR e T T, W, Hr,
HhH T 3R fem, MR T B3R 40 vk, Hudk
M+ 455 A (IR (AR SRR 1) L 2R
HUREMLIX A 11, N [A) 4 58 37 40 e 453l 43 34 /)N
X, FHIAN/NX, PMXHEFHTL.2 mx 10 m, KF
SRR A1 200 kg hm ™, HAJEHE. T2015
12 H HEATHER, JRIEAAHLAEL 500 kg hm ™2,
EAM (N:P:K=15:15:15) 600 kg hm?,
FEREREAE (P,05=15.0%) 1 125 kg hm™, HARA
I (K,0=51.05%, CI<1.5%, S=17.5%) 150
kg hm™, HoAth I Ja) 45 B4 — 3

Rl TRLTEFSHREERKR

Table 1 Soil conditions of the 3 plots different in soil nutrient

Wik pH  OM N AN TP AP SAP RAP %f%% b

Plot (gkg')  (gkg')  (mgkg') (gkg') (mgkg') (mgkg') (mgkg") f”j;i) Texture'”
0

I 501 7803 3.50 35.06 0.89 2.92 430.9 186.5 49 EHEE?

I 564 5542 2.47 26.72 0.66 2.02 414.7 189.9 47 EHA?

M 532 42.10 1.89 19.76 0.51 1.99 338.3 236.3 53 WY

W 1) SRR AR L R R R RO W . OM: B HLBT; TN: 2% AN: WA TP: £W; AP: A4l
; SAP: ZZZUHN; RAP: #AL#1. TR Note: 1) The soil texture is determined using the Kaczynski system based on its physical

clay. OM: Organic matter; TN: Total nitrogen; AN: Alkalytic nitrogen; TP: Total phosphorus; AP: Available phosphorus; SAP: Slowly

available potassium; RAP: Readily available potassium. (D Physical clay (<0.01 nm) ; @Heavy loam. The same below

1.4 TIEHSAXERLIE
KFZSWFKE, WRTFSERRL, 8k
HEIADHBATVRCRFE . BURCRAEEREA/NX R

TLREREHLEE AN A1, AZBOR T2 M0 ~ 20 cm
TJE; EBIZERR TSNS, B2 AR L
W, RY, KERak . Wi, AR
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F P 2r B fR 85 3R e 55 3%, Wk (g L) .
FEAMS.0, MAEFE10.0, BFRE _H 1.0, MR
0.5, @ NFr£r0.0333, HifF20.0, 0.1, pH
7.0 ~7.4; MEREHER—SERERSR, ’AHR
(g L")« ArEtEyes20.0, ifRE 1.0, SlLah
0.5, BEMRE 80.5, MIREE0.5, WRIEER0.01,
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WA SRR, U RIS AR, MR SR
R TS S 2% v RE AN [R] o ARER - A BLT e A
WAER T ST WA AR 5 R SRl 1 1R 5 1 %
fRMRE i, Hade T ~ AR 34 HL & & i A8
SRS NIAI% ., 9.96% . 14.91%; A SH
S BBy RA.58% . 8.97% . 13.51%., K13
AR B, B A = R pH Y R S B DU SR
SYHER I A EoK, Hide T MAHXE N, 258
W, HiHe T ~ T 4 e & 2 A8 5 &R 805
H12.70% . 10.80% . 16.69%; pHAL S RZE45H
2.82% . 2.68% . 3.81%. ZiH1HH, KT SR
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B B 8] B 7

4 — 8H, K TERSFNTRFSHRE L
B0 VAR S B R /NIUY 4 S-AT > S-CAT >
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it 0% W ) AR S BEOR A2 R FRA E AR R . 3R
3HN, BAARKEN, M T W RFSRE L
€S-ACP . S-Al, S-UE. S-PPO. S-CATi&
YIE 4y 9 H23.44, 37.60, 1.34, 29.36., 26.05
Ug'; MEERSFMT, KTFSRMLEH
G M BB O B R TS A Kw i s,
b T KFZ AR+ ES-ACP . S-AI, S-UE,
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Table 2 Variation soil chemical properties in the rhizosphere of Pseudostellaria heterophylla
¥ AMiDate oM TN AN TP AP SAP RAP
Plot (mm-dd) (gkg') (gkg') (mgkg') (gkg') (mgkg') (mgkg") (mgkg") -
I 04-14 77.37b 3.57b 36.46a 1.37b 15.036a 788.1a 541.2a 5.76b
04-27 80.49a 3.66ab 32.67c 1.27b 12.18b 734.5a 190.2d 5.70¢c
05-21 74.86¢ 3.56b 34.34b 1.33b 6.65d 542.2b 173.8d 5.57d
06-16 76.89b 3.34c 29.26d 1.70a 9.05cd 526.6b 222.8¢ 5.35¢
07-05 79.31a 3.67a 35.09b 1.45ab 10.66bc 312.6¢ 316.5b 5.81a
07-24 74.47¢ 3.29¢ 26.76¢ 1.42b 15.96a 342.9¢ 243.1c 5.74b
08-28 79.81a 3.34c 25.91f 1.32b 6.95d 507.4b 164.1d 5.80a
I 04-14 60.17¢ 2.70e 23.66¢ 1.59a 18.06a 676.1a 421.1b 5.27b
04-27 66.38b 3.01c 30.32a 1.21b 14.32b 629.3a 293.1e 5.17d
05-21 60.65¢ 2.86d 24.16¢ 1.09bc 10.77¢ 610.6b 222.4f 4.99¢
06-16 67.87b 3.08bc 25.47bc 0.90c 10.21c 408.1c 325.2d 5.15d
07-05 68.12b 3.10b 27.20b 1.33ab 10.22¢ 341.8d 457.10a 5.47a
07-24 66.26b 2.75e 21.75d 1.23b 14.00b 411.1c 355.9¢ 5.24¢
08-28 80.23a 3.55a 25.72bc 1.52a 17.37a 673.3a 230.8f 5.29b
] 04-14 32.23¢ l.6le 13.49f 0.56d 2.77d 681.1b 536.3a 4.95¢g
04-27 50.26¢ 2.37¢ 22.93a 1.47a 7.66¢ 792.6a 392.1c 5.35¢
05-21 52.77ab 2.47b 21.54b 1.23ab 15.96a 673.5b 307.4d 5.24d
06-16 44.77d 2.14d 18.62d 0.84¢ 4.75d 531.2¢ 192.1e 5.07f
07-05 53.61a 2.55a 23.10a 1.21b 10.32b 350.7d 416.1b 5.21e
07-24 47.16d 2.08d 16.98¢ 1.068bc 10.66b 379.1d 397.8bc 5.38b
08-28 50.66bc 2.34c¢ 19.58¢ 1.11b 13.80a 557.1c 376.5¢ 5.57a

e Rl =R E =3 A E NG PR ZER B (p<0.05) o T Note :

same plot show significant differences. The same below

K], M K+ 286 1 1€S-ACP . S-AI,
S-UE. S-PPO. S-CATIHEIMH 451 421.93
3524, 1.28,29.95. 19.53 U g™'; +HIEFIME
B, KFSRE LIRS EEZ e R TS
AR E . GAMA, REEAE AL
e A RV )R — AR R, KT SR - G
PEARAB AE N ) 3SR 00 S5 4 F B A 22 5
Ut B+ X K T 2 9% 40 W R B B AE R

fEH -
2.3 FRAFRSFHETAFSREBLMAENT L
B B 8] 3h 75

hEIH,. 4—7H, Wikl . T, MKT3
R - 458 241 T R L T B AR e R — L T—
SH, M T . T AY 340 i 7% A E # B 7% Il

Different lowercase letters in the same column of the

A, M T gk, A E R IR, i T |
I, TR F 2 M0 4 40 v 50 28 S R 500 A
117.8% . 108.9% . 95.9%, HEXEZFAZHn
WoN129.5% . 124.5% . 111.6%. B 1 . 1T, 1
TR R R A A K AR R 5 B
ha — THAR A AR, 7— 8 almiim, A2
SRBUY I N199.2% . 208.3% . 192.5% ., 4]
M, KTFSH—3E 5 WM E R ROk 4 B3R
fb, HARSRE AR . R > B > .
2.4 KFSIREPLIESINEIEFRIE AIHE K 1E
e, RHEREE AR (AR B,
FVER TAEM AR, BAT—E B, AR5
MR (F4) « KTFSRE LAV

T RASE . AT 2SR pHE
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Table 3 Variation of soil enzymatic activity in the rhizosphere of Pseudostellaria heterophylla

Pk H I Date S-ACP S-Al S-UE S-PPO S-CAT
Plot ( mm-dd ) (Uugh) (Uugh) (ugh) (Ugh) (Ugh)
I 04-14 23.67bc 70.70a 1.25¢ 26.12b 45.22a
04-27 24.81a 49.52b 1.33¢ 35.61a 25.85b
05-21 23.21c¢ 43.86¢ 1.37b 24.88b 24.24¢
06-16 23.37¢ 21.11F 1.33¢ 26.65b 24.87bc
07-05 24.19b 32.73d 1.32d 33.53a 18.46d
07-24 20.82d 28.18e¢ 1.37b 35.72a 19.20d
08-28 23.99b 17.12¢g 1.40a 23.03b 24.54¢
I 04-14 23.27b 36.40c 1.28¢ 26.71de 17.16e
04-27 22.43¢ 65.58b 1.42a 40.53a 20.97¢
05-21 23.16b 30.02d 1.23f 23.52¢ 16.02f
06-16 24.06a 67.55a 1.29d 25.56de 16.05f
07-05 23.14b 25.17¢ 1.35¢ 35.20b 17.29d
07-24 18.72¢ 9.74f 1.29d 27.76cd 33.77a
08-28 19.81d 11.49f 1.39b 31.19¢ 22.05b
] 04-14 17.90d 27.83cd 1.14f 28.39bc 17.19f
04-27 21.78¢ 27.32d 1.30¢ 30.65abc 20.93b
05-21 23.48a 65.40a 1.30d 28.16bc 17.85¢
06-16 22.05bc 31.44c¢ 1.30cd 27.65c¢ 17.78e
07-05 23.65a 59.54b 1.31b 33.80a 25.65a
07-24 22.16bc 17.84e 1.33a 31.77ab 18.12d
08-28 22.48b 17.31e 1.29¢ 29.23bc 19.20¢

TE: S-ACP: TIEMRVEREMREE; S-Al: HIERRVEFILES; S-UE: HHREE; S-PPO. HIEZMAfLAEE; S-CAT . +Hd4H

L5 . T Note :
S-CAT: Soil catalase. The same below

EWPEEMAL; AR eSSl ERREE
AHIE s A AL & i 5 R A ) 2 e A G
S-ACPIHEME S 2A T, WA S E. S-ALGM
ERFEIEMX; S-UEEMESANR G, 24 %
. OMASE. Sl EEDEEML, 5K
BRSO A UM O S-CATTR M 5 il 2 & it
EREIEMG; MESE S AN . S-UETE
PE L R R BRI IEA G, 5S-ACPIRMER
EMAOC; FLAACR 5 AU i i W IR ARG,
S A B EASC, 5S-UEWEHE R
HOME; TR EEUR 5 S- AT PE A I 3 A 6 .
AL, RS R A 22 i oy B i . BTG
T AR () B 2 AP e AR OGP, R X

S-ACP: Soil acid phosphatase; S-Al: Soil acid invertase; S-UE: Soil urease; S-PPO: Soil polyphenol oxidase;

SESRARNT R TSR ES LI I, S BUE
BINES, Mg R W, Bk, Rhit—
AT R IX BEFE R ] 1 A D B O R - S AR
IEER TTAR, A 32 o 53 5 R SRR
B HATE GV .
2.5 KTFSIREIBLIFRBEESITM

PR TR 50 T RFS AR AR AR 4
BreMHbidetr: AL S = (X1) . Ao =
(X2) . WA SGE (X3) . &&E (X4)
BT E (X5) . B E&E (X6) . #HAL
B i (X7) . pH (X8) . S-ACPWEE (X) |
S-ALiG M (X10) . S-UEW¥: (X11) . S-PPO
WM (X12) . S-CATHM: (X13) . 4E
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Fig.l Variation of soil microbial community in the rhizosphere of Pseudostellariae heterophylla relative to soil nutrient condition
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Table 5 Principal components, comprehensive scores and ranking of various soil environmental indexes in the rhizosphere of

Pseudostellaria heterophylla growing in soils different in soil nutrient condition

o H #Date

Plot (mm-dd ) RF1 F2 RF2 F3 RF3 F4 RF4 F5 RFS F RF
1 04-14 4.381 7 8.192 1 4.312 2 -0.326 13 -0.806 16 3.319 1
04-27 6.367 1 1.485 4 -0.863 11 0.402 8 0.887 5 2.304 2

05-21 4.400 6 1.247 6 -1.992 18 -2.010 20 -0.106 11 1.175 6

06-16 3.634 8 0.337 11 -0.879 13 -1.562 18 -0.397 13 0.947 8

07-05 5.824 2 0.706 9 -2.268 19 0.323 9 -1.653 21 1.623 3

07-24 4.789 5 -3.687 20 0.847 7 2.157 2 -0.848 17 1.198 5

08-28 5.200 3 -2.749 19 -0.098 9 -3.461 21 -0.130 12 0.884 9

Il 04-14 -1.301 11 2.586 2 2.288 3 0.420 7 0.828 6 0.423 10
04-27 2.653 9 -0.098 13 -0.867 12 3.205 1 1.804 2 1.150 7

05-21 -3.317 18 0.392 10 -1.522 15 -1.650 19 1.128 4 -1.302 18

06-16 -1.381 12 1.303 5 -2.818 21 -0.303 12 0.522 8 -0.610 13

07-05 1.072 10 -0.470 14 -1.737 16 1.315 4 -1.567 20 0.048 11

07-24 -1.509 13 -2.276 17 2.273 4 0.259 10 -1.518 19 -0.642 15

08-28 4.979 4 -4.707 21 4.935 1 -0.385 14 1.492 3 1.571 4

I} 04-14 -15.200 21 1.022 8 2.229 5 -0.414 15 -0.734 15 -4.561 21
04-27 -2.533 17 -0.006 12 0.648 8 0.075 11 0.275 9 -0.712 16

05-21 -2.466 16 1.499 3 -1.115 14 0.847 6 1.909 1 -0.495 12

06-16 -6.654 20 -1.391 15 -2.429 20 -1.178 17 0.541 7 -2.811 20

07-05 -2.078 14 1.216 7 -1.956 17 1.649 3 -0.594 14 -0.627 14

07-24 -4.400 19 -2.254 16 -0.429 10 1.069 5 -1.056 18 -1.845 19

08-28 -2.459 15 -2.349 18 1.437 6 -0.433 16 0.025 10 -1.039 17

e FxAURExEMTH5r (x=1,2,3,4,5,) , RExXURHxF A4 FIRE G135, REAURLEGH 5 HE4 Note:

Fx stands for scores of x principal component ( x=1,2,3,4,5) , RFx for ranking of the x principal component in scoring; F for

comprehensive score, and RF for ranking of comprehensive scores
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Dynamic Change and Comprehensive Evaluation of Soil Environment of
Rhizosphere of Pseudostellaria Heterophylla Relative to Fertility
LIU Bangyan' LI Jinling"" > CAO Guofan'" ZHENG Ting' HE Bing' ZHAO Zhi"*
WANG Hualei' *
(1 College of Agriculture, Guizhou University, Guiyang 550025, China )
(2 Guizhou Key ( Engineering ) Laboratory of Medicinal Plant Breeding and Planting, Guiyang 550025, China )
Abstract This study aims to explorate temporal variation of the soil environment in the rhizosphere of

Pseudostellaria heterophylla as related to soil nutrient condition, in an attempt to find out a comprehensive

method for evaluation of the soil environment in the rhizosphere of P. heterophylla, and to provide a

theoretical basis for guiding efficient cultivation of P. heterophylla. In this study, P. heterophylla was

planted in three plots different in soil nutrient condition, changes in soil chemical properties, soil enzyme

activity and microbial population structure were monitored regularly, and multiple-factor comparisons done.

Then principal component analysis of the data was performed for comprehensive evaluation. The results of
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the study show that during the whole growth period, total phosphorus, slowly available potassium, readily
available phosphorus and readily available potassium varied the most significantly in content and S-Al ( Soil
acid invertase ) and S-CAT ( Soil catalase ) did in activity in the rhizosphere soil of P. heterophylla in
all the plots. However, organic matter, total nitrogen and alkalytic nitrogen did not vary much in content
and S-ACP ( Soil acid phosphatase ) , S-UE ( Soil urease ) and S-PPO ( Soil polyphenol oxidase ) did
neither in activity in the growing period as a whole. After the plant matured soil bacteria and actinomycetes
increased significantly and fungus decreased significantly in population. Among the 16 soil environmental
indices, significant correlations were found between some of them. In principal component analysis, five
components were extracted with basic eigenvalue being higher than 1. Then comprehensive scoring was
performed based on the function expressions of five components. The results show that the higher each soil
nutrient in content, the higher the comprehensive score, the better the soil environment. During the growth
period of P. heterophylla, soil phosphorus and soil potassium vary sharply, making it essential to supplement
P and K fertilizers timely, which may be one of the effective measures to improve soil environment in
the rhizosphere of P. heterophylla. 1t is, therefore, advisable to conduct comprehensive scoring based on
principle component analysis to objectively and efficiently evaluate the soil environment in the rhizosphere
of P. heterophylla.

Key words Soil nutrient; Pseudostellaria heterophylla; Soil enzyme; Soil microorganism; Temporal

dynamics; Principal component analysis
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