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Abstract: Objectives To study the effect of different plant growth-promoting Rhizobacteria (PGPR) on the content,
transformation, and availability of phosphorus and potassium in the rhizosphere soil of Peucedanum praeruptorum, as well as
on the quality of its medicinal components, and to provide a reference for optimizing its cultivation. Methods P. praeruptorum
was planted in pots and inoculated with nine different PGPR strains. The contents of various forms of phosphorus and potassium

in the rhizosphere soil were measured.The experiment was set up as a control (CK), inoculated with Bacillus thuringiensis (S1),
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Paenibacillus amylolyticus (S2), B. polymyxa (S3), B. aryabhattai (S4), B. aryabhattai (S5), B. cereus (56), B. mycoides (S7),
B. proteolyticu (S8), and B. wiedmannii (S9) ten treatment groups. After a year of inoculation, the transition between different
types of phosphorus and potassium element in the rhizosphere soil as well as the contents of praeruptorin A and praeruptorin B
in the roots of P. praeruptorum inoculated with PGPR were determined, and the correlation between medicinal ingredients and
the forms of phosphorus and potassium element through correlation analysis and path analysis were discussed. Results
Compared with CK group, the nine PGPR inoculation groups significantly increased the content of praeruptorin A and
praeruptorin B, and the effect of S2 group was the most significant with the increase of praeruptorin A and praeruptorin B by
0.513% and 0.649% respectively. Inoculation with different PGPRs increased the contents of organic phosphorus, available
phosphorus, total phosphorus, and various forms of inorganic phosphorus in the rhizosphere soil of P. praeruptorum in varying
degrees, and the effect of S5 group was the most significant. Inoculation with PGPRs also increased the contents of total
potassium and various types of potassium in the rhizosphere soil of P. praeruptorum, and the effect of S1 group is the most
significant. The correlation analysis showed that there was a significant positive correlation between all forms of inorganic
phosphorus, Fe-P, total phosphorus and available phosphorus. Total potassium, mineral potassium and water-soluble potassium
were significantly positively correlated with available potassium, while slowly available potassium was significantly positively
correlated with available potassium, and the correlation between different forms of potassium were also significantly positive.
Path analysis showed that Fe-P and slowly available potassium had a positive effect on praeruptorin A, while organic phosphorus,
Cas-P, available phosphorus, fast available potassium and exchangeable potassium had a positive effect on praeruptorin B.
Conclusions Inoculation with different PGPRs can effectively improve the content of various forms of phosphorus and
potassium in the rhizosphere soil of P. praeruptorum, as well as the quality and medicinal value of P. praeruptorum. Among the
nine PGPRs, inoculation with P. amylolyticus strain was the most effective.
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®1 EMARE PGPR Y BERTMHIRIFETRLZTENFM (1=06)

Table 1 Effects of inoculation with different PGPRs on contents of coumarin compounds in roots of P. praeruptorum (n= 6)

WE AR R/% BRSO R %

HAEHT T R+ BAERT 43 /%

Horbt CRAeRTIH R @ AT 43D

SI  0.949+0.013" 0.298+0.001" 1.247+0.010" 1.000 : 3.186"
S2  0971+0.012° 0.784+0.001" 1.755+0.007" 1.000 : 1.239
S3  0.93040.009" 0.47140.008" 1.401+0.012" 1.000 : 1.973
S4  0.953+0.001" 0.703£0.001" 1.656+0.001" 1.000 : 1.355
S5 1.203+£0.003" 0.302+0.001" 1.505+0.002" 1.000 : 3.983"
S6  1.33540.010" 0.35940.002" 1.694+0.007" 1.000 : 3.720"
S7  1.231%0.011" 0.29240.001" 1.5234+0.008" 1.000 : 4.217"
S8  1.265+0.003" 0.305+0.001" 1.570£0.001" 1.000 : 4.147"
S9  1.30940.010 0.25740.002" 1.566+0.007" 1.000 : 5.093"
CK  0.4582£0.002 0.13540.002 0.59440.007 1.000 : 3.379

5 CK 4H#: "P<<0.05, ""P<0.01, £ 2. 3[f,
*P<0.05""P<0.01 vs CK group, same as below tables 2 and 3.

FIAEHTEH O3 SR & s, & CK 411 2.95
%, HxR S4.S6 A, 4372 CK 441 2.79. 2.85
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HESARIHZRAS Y EEESET CK 4
(P<0.05). HAr, S9 ALK, & CK 4
1.51 ff%, HRH S7. S8 4, 4l & CK 41 1.25.
1.23 5. Bk FoRAE, DL S2 40Nk, HAERTHH
. AR EHE CK AKT
0.513%. 0.649%. & (HEZGH) 2020 Fh7T
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Hp, S2 AR NEE, & CK I 1.29 %, HIK
7& S6. S5 4, riliE CK 4R 1.21. 1.18 fi%; S5

AP TN & E s, & CK 1 1.41 £, Hix
& S4 4. S6 4, il CK 4/ 132, 1.23 f%;
S8 HLAbFE 5 A HLEE S B, & CK 1 2.25 %, H
& SO . ST A, 4l CK A 1.96. 1.94 fi%;
S6 AACFE 5 A B, & CK 1 118 fiF, H
& S2 4. S4 4, sl CK AR 1.16. 1.12 fi.
AR, LS5 AL AL .
3.3 #MA[E PGPR Xt HEATHAMRFRL1E Hedley
Wy RA RN

M2 3 AT, fESTOHBEEA Gk, Bkt
HZH S5 AU &5 B AR 5 235 R O R )\ 5 7Y
(Cag-P) > A1 K (Cajo-P) >R 457 (Ca,-
P) >HEREAEE (ALP) >BEREEL (Fe-P) >HES
i (O-P) ¥, 5 CK 4AHL, P PGPR [ S1~
S9 ZH ATERTEAMRPR LIRS S TN & =1 A I
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ZEREHH, S5 4l AP EHER CK 4liRE T 21.808
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*®2 EMAE PGPR M BEATHARMFLIRBESEREN (n=06)

Table 2 Effects of inoculation with different PGPRs on phosphorus content in rhizosphere soil of P. praeruptorum (n = 6)

TR

A HLE

MBS ATE(gkg )

3/ (mg-kg™)

RSB (mgkg™) A ELE/% FESBU(mgkg™) e B/%
S1 1.205+0.003*  789.928+0.003*  65.58+0.01" 43.30940.004 3.60+0.01" 10.48140.002*
S2 1.35740.027°  860.386+0.003"  63.4240.02° 60.0534+0.178" 4.4240.01 11.82740.005"
S3 1.08640.013"  855.051+£0.003*  78.724+0.01" 54.51340.299" 5.0140.02 10.31240.003
S4 1.09740.001°  965.18940.025" 88.00+0.02" 58.2734+0.273" 5.3140.02° 11.42140.009°
S5 1.24640.001" 1 032.48840.004" 82.85+0.01" 74.45140.097" 5.9740.01° 11.38440.003"
S6 1.27440.002°  903.741£0.004*  70.96+0.01 60.35440.054" 4.74+0.01 12.06540.001"
S7 1.13540.002"  852.688+0.001*  75.16%0.01" 81.730£0.008" 7.20+0.01" 10.82140.011
S8 1.075+£0.001*  821.024+0.013*  76.34+0.01" 94.85240.043" 8.82+0.01" 10.63040.008"
S9 1.10240.002*  831.302+0.020°  75.41£0.02" 82.619+0.207 7.4940.02" 10.64540.003
CK  1.05340.002 732.023 £0.006 69.55+0.01 42.125+0.029 4.00£0.01 10.222+0.002
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&3 EMAE PGPR X BIERTAARIF LIRS ERIRND (n=06)

Table 3 Effects of inoculation with different PGPRs on content of inorganic phosphorus in rhizosphere soil of P,

praeruptorum (n = 6)

Al-P Cax-P Cas-P
e JRE (g kg ™) HENBERELG % REAUmgkg!)  HENBRELH%  REMU(ngke)  HTMBEEELH%
SI 58.654£0.008° 7.34340.132° 133.196£0.078° 16.680%+1.377° 382.82740.049° 48.15741.240"
S2 58374£0.004° 6.807£0.060 131.603£0.008° 15.3170.076° 455.458£0.003° 52.937£0.254°
$3 60.860£0.019° 7.130+0.114 136.598£0.011" 16.010+0.219° 452.58440.003° 53.040£0347°
S4  63207£0017° 6.55340.042° 141.629+0.003° 14.680%0.262" 49757240015 51.57320270°
S5 72.169%0.038° 7.023+0.268 149.148£0.001° 14.510%0.125° 527.50940.003" 5132020373
S6  61.386£0.006° 6.807£0.055 134.714£0.003" 14.93340.065° 454.013£0.008° 50.320£0.291
S7  56.188£0.014° 6.610£0.128° 129.309£0.007" 15.210%0.062° 456.181£0.002° 53.660£0.193
S8 55436£0.053° 6.880+0.582 127.096£0.002° 157530477 384.4060.044" 47.60741.022"
S9  55276£0.053° 674740479 127326£0.002° 15.53320.406" 393.5540.071° 46.580%1.022"
CK  50.36120.030 6.967+0.352 122.782£0.010f 16.97340.180 362.3490.002 50.093 £0.964
Caio-P Fe-P O-P

& FEM U mgke")  SEMBEEELES  RESUmgke!)  SENBEELRBY  RESUmgkg!)  HEHBERELH%
ST 174.78610.015 2188320215 45452200407 5.693+0.322° 3.842+0.099 0.480£0.053
S2 154.969+0.011 18.060%0.151* 53.40940.036" 6.223+0.197° 4283+0.039 0.500£0.020
S3 146.385%0.029 17.15140.438° 52.09540.021° 6.1030.102° 4.831£0.142 0.593£0.050
S4 19542940017 20.25740.117° 59.52140.017° 6.1670.143° 7.4660.782 0.767£0.587
S5 207.721%0.012° 20.207£0.107° 62.997£0.018" 6.130£0.154" 8.34540.787 0.810£0.678
S6  187.863+0.017° 20.820£0.420° 58.46610.002" 6.4800.020° 53800407 0.650£0.469
S7  148.80420.007 17.50340.151* 54.28340.053° 6.38310.311° 5.874+0.726 0.633£0.258
S8 181.02940.078° 22.410£1203° 54.54740.012° 6.7600.161° 4777£0.034 0.593£0.029
SO 186.83420.020° 22.800%1.071° 52.35940.015° 6.390+0.271° 4.831£0.132 0.587+0.064
CK  147.100£0.025 20.333£0.365 3821540337 5.260%1.680 274440151 0377£0.065

Car-P MESE KW, 5 CK 4AHEL, #BeFl PGPR
RS R Car-P S8 (P<<0.05). Hi S5 44 &
BN 149.148 me/kg, & CK () 1.21 £, HCH S44
S3 4, 435l CK 1 1.15. 1.10 f%. Cas-P MllE 4 5%
B, 5 CK 41Att, $2Fh PGPR RElS BB Cag-P
TR (P<0.05). Hrf S5 A &N 527.509 mg/ke,
B CK 445 7 165.16 mgkg, HUCN S4. ST, 43
e CK ZHRE T 135.223 mg/kg. 93.832 mg/kg. Caio-
P MESEREY, 5 CK 4IMt, S5 ASEREAN
207.721 mgkg, BEmTHANAEE, 2 CK 4/ 1.41
%, HIGE S4. S6 4, il CK 1) 1.33, 1.28 f%.
Fe-P MIsELE 2, S5 4 Fe-P S&EHEN 62.997
mg/kg, B CK ZHEE T 24.782 mg/kg, HUGE S4. S6
H, 7 CK digm T 21.306. 20.251 mgkg. O-P
MSELE K], 50 PGPR 7] LU s AL RTHIAR PR+
% 0P &, (H5 CK Aty rgut¥xR (P>
0.05), ViRHEEFR PGPR Xt O-P S8R/ N, HEAA I

Kkt LA SS ANHRZAAR .
3.4 RERIIED Hedley SFSHE S SHMER
X MS

R 4 741, Al-P 5 Ca-P. Casg-P. Fe-P. O-P
BIR R IEAHSE (P<<0.01), HHERED AN Can-
P (0.983) >O-P (0.873) >Cag-P (0.864) >Fe-P
(0.784), 5 Cajo-P 2EEMEIEMR (r=0.645,
P<0.05); Cax-P 5 Cag-P. O-P 47 &E 2 EHIE,
IS ZH0 5 BN Cax-P (0.874) >O0-P (0.867),
5 Fe-P 2R EMIEM K (0.734); Cas-P 5 Fe-P.
O-P BB EHEIEML, HXREEH NN O-P
(0.880) >Fe-P (0.832); Cayo-P 5 Fe-P. O-P £ &
FEIEAE S, MK FRECN BN O-P (0.655) >Fe-
P (0.740); Fe-P 5 O-P 2 W IEAE (=0.0909,
P<0.01), S5HEMBEREEZEMEIEMEL (r=0.633,
P<0.05); AAMSEMEREEEMKX (r=
0.763, P<<0.05).
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x4 BLBETARRSTNE. BIBSERSEXEIT

Table 4 Correlation analysis of different forms of inorganic, organic and available phosphorus in each treatment

. HRRH
A Bk Al-P Caz-P Cas-P Caio-P Fe-P O-P A Ak
A WL 1.000
Al-P 0.064 1.000
Cax-P -0.004 0.983** 1.000
Cas-P 0.103 0.864"* 0.874* 1.000
Caio-P 0.499 0.645" 0.604 0.402 1.000
Fe-P 0.537 0.784* 0.734" 0.832* 0.655" 1.000
O-P 0.420 0.873* 0.867" 0.880™ 0.740" 0.909™* 1.000
Bk 0.087 0.482 0.430 0.611 0.418 0.633" 0.514 1.000
e -0.207 0.441 0.355 0.413 0.179 0.359 0.203 0.763" 1.000

"RORTE P<<0.05 25 (RURD MRMERRE: RN P<0.01 45 2D MXRMERE, TR.
“At the P<0.05 level (two tailed), the correlation is significant; “"At the P < 0.01 level (double tailed), the correlation is significant, same as below.

3.5 EMA[E PGPR MBEAFARPRLIEZES
HREESEGIRE N

GERCE . R K, SN ARESE .
5 FR, SHASEHE BIRIAG R > A
B> K4 . $2FH PGPR AL R (AL RTEARRER 1
BRI SRR A A RS R b
B35 N 4.74%~6.72%- 7.94%~12.25%- 61.76%~
86.32%. 5 CK HAftk, #:Hh PGPR J5 S1~S9 4
HACRT AR b LI B R B & 1 B e
m (P<0.05) (R 5). &R, Frakheidy
BEET CK4 (P<0.05), H st HEERE, £
CK ZH/) 2.05 &%, HN S3. S2 41, 434lE CK Y
176+ 1.57 fi%; /KIEPEBSE R, B S4 d4h, Hi

WHASEY®ET CK 4, HEnERLEE (P<
0.05), Hrh, S3 /KA & B, & CK 41 1.73
%, HION S1. S2 A, il CK 411 1.64. 1.49
T HERSE SRR, B S3 dl4h, HAKIRHS S
T CK4H, HiipEZREE (P<0.05), Hi, S44
SERE, & CK AR 1.06 1%, HIKHS9. S8 4,

I3AE CK [ 1.05. 1.04 £ RGN REMH, T
AEHA) B ET CK 41 (P<<0.05), HAr, S1 414
s, e CK A1 4.64 5, HCH S3. S2 4H, 43l
52 CK ¥ 4.10 3.85 fif; W WHREs LMW, Frfrabsisd
WEEEST CK A (P<0.05), Hi, S HSERS,
#& CK 4119 2.01 £, HIKCH S3. S2 4, 439l CK
171, 1.53 %, #ffokii, UL S1 AN,

*5 EMAE PGPR X BRI IREHSHRSESLAIRIFME (n=06)

Table 5 Effects of inoculation with different PGPR on forms K content and proportion in rhizosphere soil of P.

praeruptorum (n = 6)

KB

p

Je3# 24 (mg kg ")

Fi 7 M (mg k™) AR TLLH % FRE B (mg-kg ™) i ARG HLLH % TR Hmg-kg™) S B EHI% FED (ke

S1 56.325+0.002° 176.966+0.011°  5.7440.06" 244.88110.011
S2 43.104£0.005" 161.535+0.004"  6.2240.03" 224.448£0.004
S3 48.189+0.002° 187.278+0.010"  6.7240.06" 247.13940.010
S4 40.662+0.005" 108.50840.019 4.7440.09" 261.826£0.019
S5 35.807£0.006" 143.094+0.005°  6.5140.03" 237.676£0.005
S6 35.94740.020 123.143+0.001"  52040.01" 248.88740.001
7 37.717£0.005* 108.47310.001 4.7540.04" 254.190£0.001"
S8 41.782£0.009" 114.93140.005 5.5040.03" 256.005£0.005
S9 38.906+0.004° 110.494£0.002 48340.01" 260.289£0.002°
CK 27453£0.006 108.112£0.018  11.64£0.22 247.191£0.018

ZHH L
7.9440.08" 2661.101£0.001"  86.32+0.14" 53.242£0.003"
8.70+0.01° 2209.17240.002°  85.13+0.07" 40.509£0.005"
8.6310.01° 2352.498+0.002°  84.41+0.15" 45.40240.002°
11.3340.24 1921.300£0.003°  83.84£0.30° 38.370£0.006"
10.8240.05" 1816.262£0.001°  82.67£0.08" 33.610£0.007"
10.5040.02" 1997.718£0.001°  84.30£0.03" 33.578£0.002"
11.0840.01" 1930.487£0.001°  84.22£0.06" 38.370£0.006"
12.25+0.06" 1719.550£0.003°  82.26%0.10° 39.691£0.010"
11.3610.03 1919.329£0.001°  83.64%0.27 36.616£0.004"
26.6110.50 573.694£0.013  61.76x0.72 26.52410.006
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3.6 BAARMFTIER S HASH REAIMEAM
FISMED TR (K 6), S S5H M. JHR.
ZERUIIS SR IEARSE (P<<0.01), M= 251N
WP (0.999) > (0.871) >R (0.837),
Ekisap 25 E M IEMZE (r.=0.738, P<<0.05); I
PR SRR AT IR SR (P<<0.01), #H5%

FHO N (0.852) >N (0.836), S/KIE
BREBETEIEASE (r=0.735, P<<0.05); JHRLEIHK
AN EMEE IEHDE (5.=0.938, P<<0.01), S50
SREFMIEFE (r.=0.719, P<0.05); 2050 5/KE
PREBEME AR (r=0.657, P<<0.05), SHIELE
PR B AR R E TR (P>0.05).

®6 BERTHARIRIRD BHSHRERAX D

Table 6 Correlation analysis among various forms K in the rhizosphere soil of P. praeruptorum

b7 \ irasss:
A4 UL HR SRR 7K 2
A4 1.000
L 0.999** 1.000
TR 0.837" 0.836™ 1.000
SR 0.871™ 0.852™ 0.719* 1.000
T 0.738" 0.735" 0.938" 0.657" 1.000
A -0.112 -0.106 -0.290 -0.160 -0.604 1.000

3.7 ¥EMA[E PGPR JLHIEMEE. HESEES
BAIERTAREIBMmR X R

FIME TR (% 7), B:Fh PGPR J& FATERT
AR LR SR, RS ESALAHF
R LERGFIEEMKME, BB Fe-P 5A1LHTH
HRERFHEME (P<0.05), TS5 ALERTH
&R EREEHL (P<0.01). Hb, S5HELER
RSB AECN Fe-P (0.729) >4 WLk
(0.688) >4 (—0.782), MALAHE. #HEE
HHPWAHHCGRTRZEMRRR, SO T —
BT .

HHEE 8 Al %1, Fe-P. Cas-P. HUUEH. L2308
FAERT B H R E @A RE 5 2.939,
—-1.730. —1.378. 0.612, K Fe-P. ZZAH & &M
e Rt AAERT s R A R, 1 Cag-P A
FEIED SR AERT R R S EE . AL
f#h. Cag-P\ Cajo-P. 3405 Fe-P HIA1#EIEE REL
SN 1,578, 2.445. 1.925. 1.860, AT 5 HAh
AR BN BIERTiH R R EES R
¥, IXULBIA N, Cag-P. Cao-P. H XS5 Fe-P
ARG R R HM T RS S AR RN
MK R T ANEY), O] i@ DY 35 5T Fe-P [EEIER
FEFXT ATERTEA 2= & BRI TR, BRIt
WL, Cas-P. Caio-P. A 24 [AIEAEH 52m A
TERTEA R RS & Fe-P. AHLBE. SEH. X0k
XACHT B 2 R BH 888 R 8 00 N -7.722
4.879. 4.606. 4.219, XKHIANBE. HAH . H

BEE B INA B T EERTH 2 R IR SR, 1 Fe-P
TR H BT OHERTH RN, A L.
Cag-P. Cajo-P. ARBEE Fe-P. Cag-P [1[F#EES
ZH N 2,620, 3.346. 2.671. 2.578, i KT 5
HAbBER . RS AT R MEER R
¥, RTYWHPIBE. Cas-P. Caio-P. G AEN 5
Fe-P. Cas-P K IAH I R0 AL RTHH 2 23k 47 1]
FERom . AR EORUL, A ML, Cag-P. Fe-P. Cajo-
P. A R0 SR . SRR B B R (AR R B R
. AR RMTEERK.
4 Tig
BERMYIEK IS ERR, S 5HEMIIHG
R, RBEEIRRKE, LIEP SR CERBNE
B, (HRZHUATIERLBESAE, T HEYE
S B R SORIR FH 2641, R bk 38 e KR A
Y BRI AN, AR, BT RKIEREM
FBERE, FEBEAERI A ZRAA 10%~25%, 151
B Z AR R B UA R 28, ARttt
S e, (R eV B ) R B R R
S8R A e sl 20D Bl e FH 1 2k ik — sl
% e e S0 e, HeRh AM B AT DA i 1
PRFEESERIE R, $em IR BRI H 2.
PGPR 5 AM H A& RLIER, (HEX BFERT
BAAR R i R AL S s . ARFFEREL, A
TEHT AR by T 58 % B R & B AR A ML > A L
> %, EHLBEEES S EKIKN Cas-P>
Cajo-P>Cay-P>Al-P>Fe-P>0-P, %4 K&/ 4bFE



FEH 2025528 $£56% B3 Chinese Traditional and Herbal Drugs 2025 February Vol. 56 No. 3

* 995

®7 EMAE PGPR MR, WSS ESARAMAREBEREXED T

Table 7 Correlation analysis of P and K form content in rhizosphere soil inoculated with different PGPRs and roots quality

of P. praeruptorum

MR A

G

AERT HAERT

HHBE AP CaxP  CagP CaP FeP OP FHXHBE 4B AW T8 @08 S8 KBS L W 2%
AHLBE 1,000
AP 0.064  1.000
CarP -0.004 0983 1.000
CasP 0103 0864 0874 1.000
CarP 0499 0645 0604 0402  1.000
FeP 0537 0784 0734 0832 0.655 1.000
0-P 0420 0.873" 0.867° 0.880" 0.740° 0.909" 1.000
HA®E 0087 0482 0430 0611 0418 0.633° 0514 1.000
2B -0207 0441 0355 0413 0179 0359 0203 0.763° 1.000
AM 0207 0441 0355 0413 0179 0359 0203 0.763° 1.000™ 1.000
T -0216 -0.610 -0.543 -0.646" —0.373 -0.781"* -0.591 -0.577 —0.590 -0.590  1.000
WAEE -0.506 0264 0294 0.035 -0.181 -0.080 -0.121 —0.295 0.132 0132 -0.237  1.000
ZHET -0.056 0400 0387 0283 0138 0377 0205 0.147 0438 0438 —0.742° 0.719*  1.000
KIEE -059 0310 0315 0105 -0.234 -0.082 -0.146 —0.116 0388 0388 —0239 0938 0.657° 1.000
THA 0483 -0250 -0.193 -0210 0229 0.043  0.125 —0358 -0.769" -0.769" 0.116 -0.290 —0.160 -0.604 1.000
BERT 0.688° 0355 0236 0309 0524 0.729° 0505 0353 0269 0269 —0.782" -0.090 0467 —0.158 0228  1.000
HHE
Gei 0064 0305 0364 0517 0013 0411 0273 0.544 0433 0433 -0401 0213 0444 0293 0320 -0.009 1.000

W&

*8 IEMA[E PGPR MR, WSS ESARAMRBRRBESH
Table 8 Path analysis of P and K form content in rhizosphere soil inoculated with different PGPRs and roots quality of P

praeruptorum
b e e e e 2 2 DESEERES
IR R A A e Cop CawP  Fob GG W LW AW hE
AEITHE R AP 0.688 -1.158 - -0.178 -0.008 1.578 —0.104 0.081  0.697 —-0.034 —0.186
Cas-P 0.309 -1.730 -0.119 - -0.006 2445 -0729 0244 -0.048 0.173  0.081
Caio-P 0.524 -0.016 -0.578 —0.696 - 1925  -0499 0.141 0249  0.084 —0.088
Fe-P 0.729 2.939 -0.622 -1.440 -0.010 - =0756 0294  0.110 0231 -0.017
A% 0353 -1.194 -0.101 -1.057 -0.007 1.860 - 0218 0407  0.090  0.138
T -0.782 -0.377 0250  1.118  0.006 -2295  0.689 - 0327 —0.454 —0.045
A —0.090 -1.378 0.586 -0.061  0.003 -0235 0352  0.089 - 0440  0.112
R 0467 0.612 0.065 -0490 -0.002 1108 -0.175 0280 —0.991 - 0.062
LA 0228 -0.385 -0.559 0363 -0.004 0.126 0427 -0.044 0400  0.062 -
o o v % N ER RS
B  BER AXRE RBRRRY pE oo e e e T D
AERHCE AN —0.064 4.879 - 0414 -0.126 -4.146 0367 0.187 -2331  0.104  0.585
Cas-P 0.517 4.022 0503 - -0.101 -6424 2578 0558 0161 -0.525 0254
Caio-P 0.013 -0.252 2435 -0.101 - 5058 1764 0322 -0.834 0256 0277
Fe-P 0.411 -1.722 2620 3346 -0.165 - 2671 0675 -0368 —0.699  0.052
BRBE  0.544 4219 0425 2457 -0.105 -4.888  — 0499 -1.359 -0273 —0.433
T -0.401 —0.864 -1.054 -2.598  0.094  6.031 -2435 - -1.092 1376  0.140
A 0213 4.606 2469  0.141  0.046  0.618 -1.245 0205 - -1.333  -0.351
A 0.444 -1.854 0273  1.138 -0.035 -2911 0620 0641 3312 - -0.194
A -0.320 1211 2357 -0.845 0277 -0332 -1511 -0.100 -1336 0297 —
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HERETHEE. 2. AISSEHEMT CK
4, HEAELLLSS 4081, RUIHEAF PGPR X H
TERTEAMR br L K TR A R & 8B A S R A
UFIHRTFE AR, X AT e Ry L35 b oML 7 2
{51, 1 S5 T B. aryabhattai J&T g JCH LI
W, BABORMGIHIBE R, R imid B LR
K A P I TC RS, (i &1 2 (Al AH B
A, AT ey L AR T SH AR A ORT 2% PR R 28 20,
TR R P P R R Ay, s
BE () LEH R ST AR 2K R ARSI, EIAEHT
FAMR R L3 AN [F R TR & BRI Y >
SRR > ZZ A > KU, HLA8 R4 A PR K
SHERSEHHES T CK 4, HEAELELL ST A
Tt AHRNE TR, SIESHERIIFE—EM
AHIME . KRN PGPR Ret A AR AL TR
brtigs e afa s s, HHEMERZmfFAESE—
PR, 75— %M NSRRI B
o, AR ATREAN S1 AT B. thuringiensis
NIRRT, BABORMEEE ), BeNS RS 2R
ANUEREE 3 et Vot AR A BRI AN ]
TEAS Z 6] (AH ELAR AL, {4307 08 m) 2 80 i A
GR35 ) AR M A, AR KV A, A AR
FHEAACHT SRR bR LI R B A, R R O
TR ISR, s A TSR R i 5T 200,
HACHTEH R AERTH O R IE ALeriiim
ARG, HADR. Pl IS RS PER2-2),
(HPEZH) 2020 5RO HS B AN AL HT
Z0F S R EEARARD T . AR TS AR, K Ab R
HAMEATHF R, BEHCR S ERHEST
CK 4, H&WAHHADEAHT R, BEfiic R
15015 2 24 bR UE CEAAERTIHH 3 =0.90%, HAERTHA
L3 =024%), HLL S2 LA . BT
A G BAFE2Z R, PRIl ) 5 ) A 2 A A
REIR LT B EL it . B S X AfERTiHF = A
TERTEA SR oTmk M, SCARH TR R T AT @A 5
Mro &5HEKHH, HAHLBE. Cas-P. Fe-P. Cajo-P.
Rk SRR A B R AT R
IR CR S BN FER R R ERE, M
PGPR W] LU 2B A6 RTSAAR H AT 2=
AR CRERNS®E, HEAgI¥E L (P<
0.05). [Kitk, $0 PGPR J5 FIAERTEHZ FH R &5 &
P, wREE PGPR & A Y BRSO EA L
Vi, R 7 AETTAEERR REKEKRE, X

T EAERT AN E FR TR R, AR T
HEERBWEDN AR, #©F T BTERTE 55
KU EREE

zi FRTA, R ARR PGPR AEWS & 1IN A AL

AR PR b KSR . PR B2 U SAREA

M &g, HSEABER. MRS eI

o Jit B — @ AR, Hor, Fe-P Z22U5 X 146

AU R 2IES, AL, Cas-P. ARG, 3L

B R ATERT O R B IRV . T R RR

PGPR B3 N AL AT AR bR LR B R n R

&=, WOy, o RIEROASE, R B

TERTEAZI M AL . 255 B4R EE, S2. S4. S6 &b

PR MR e, AT T B AEET B OR R

M, MBI ARt S %
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