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1 #RERE

1.1 sty

R B ¥k Bacillus vallismortis gz4-1 F175 57 i
Pl “EFE 6 57 BHLTaAMR ARt NEREAT
EHYL IR SR B RE AT I T $2 6 SfF 0 b DY )1 B Ll i
MYTERME: FE VLIRS A | 3Rt R
FFERE R PLRE WUR AR A R A R et JREH
REARPAF A R A R R SRS o
HEIVERARAF ML S L RS
T R 2 A MR A Al 4t
1.2 R 75E
1.2.1 FRERH gz4-1 A A pEed s % BEEL 1 3F
K FH-80 °CHMVEIRAF B Bacillus vallismortis gz4-1
BEPE, THEER) Nutrient Agar (NA) P _EiEATRI
LE, BT 28 ClEENE R 48 h, BHJS1E
NA iR FREEd 28 cCTHIBIA B il 179 %, B3
PRI BEIA B 1.0x10° CFU/mL BHE N R BEE 7. #
HA8 U AR R BRI 1% (viw) MR, B
RIEEFER A, FER AL R/ N R b0 K
FEPE FEH=37:6:10:5 (wiw) , FEFREGIKE 60%,
RIPERE N 30 °C, K EZRTE] 11 d, il B AR B gz4-1
VAL,
122 @&#HRX¥® RKT 2023 4F4-7 HELTESE
DR JE T L VG IS K 22 B A N 2647, SR A 30 emx
25 ecmx30 cm (NEXJERxEE) MR LGS
FRER AT R . RIS R R & EAL IR bR A A
A 34.12 mg/kg. HAE 13.91 mg/kg. R
96.92 mg/kg, BEAFIHILFITE N 10 kg, il
JEAFEIRE (N46%)  LHERES (P05 15%) K&
LB (K20 52%) , AV HLIE N B R
W gza-1 AEVENIL . VEBCFFRL R — 8. &
A H LB TR 6 S HFEM T, 4305
Ho0, RN KH G, R ZEKMSE 3 R, iR
24 h (R HEIR R J5 S SRR %R, T4 A3 H
R SRR R 15 KL MG E MUK E R, B
L8 A T S SEIR] 1, e AR AR 6 PR

R WE 6 MbHH: HMIE (CK) . 4
HEAVAHNE (PO FIBSEREE 1/2 (P1) . 1/3
(P2) .« 1/4 (P3) . 1/5 (P4) Bl d:=4aHLEA
(R D . WAL ER 15.00 gkg, FH
TR HEHC L R K 0.43 g/kg L BERRES 0.95 g/kg M

SFALETR 0.35 g/kg. #1552 IR R W 2510 4 ST )
BRI EHIAE, T (S H 10 H) . £ (6
H 1 HY FUBGRIA (7 A5 HD) BUREHI AT
REH BRSSP B R 2R . WER I E
MRV PR O R S B B, S AR E 6 IR
MFEL.

Fz1 TERERERERME
Table 1 Fertilizer addition of different treatments g

. LT
Treatment  Urea Calcium Potass.lum Blo-qrganlc

superphosphate chloride fertilizer

CK 4.30 9.50 3.50 0.00

PO 0.00 0.00 0.00 150.00

P1 4.30 4.75 3.50 150.00

P2 4.30 6.34 3.50 150.00

P3 4.30 7.13 3.50 150.00

P4 4.30 7.60 3.50 150.00

1.3 MEMBSHE

AFEE WA HBENLIE Y 3 MR FRIER,
BURE BT 280K iR i 7, 1 1808 0 B e
FEARZR, B BERR T 5 5 F 28 K v e, TRIE
1B S0 2 T D0 AR DG HE bR o SR BRI SR =
AR KA R RS 220 SRA LI-3000C
A6 465 X TR SO g T AR 2O, SR Delta-T SCAN
WA ARG FEED e R AR AR R
1 105 °CHAE T 27 30 min, 1MJ5 75 °CHAE T4t
FZEE, SR H TR AR RN E AR T R 2K
TEH; RARFIMER LR RAERR
22200 AR R A B AL (SOD) T
K F A By b R e i A A (POD) T
PERS2L SRS = KDY M (TTC) LRI 2
RARIE S R AR AR 2 4 R S &
KBRS o B R Gl A AR 20 SR A
FRE VR E pk b A TR E; RASZ SRR
FBCSNE AR S & KA AICL 48 6 BEER
I 5E B &

2 GFRE57H

2.1 FERREEOCHE gz4-1 £ AN RN EF AR AT
RN A

2.1.1 SEFRM EIFRALKGHH 5 CKALHAM

L, BRI IO gz4-1 A0 HLIE X 15 55 40 1 1)

Hh B A K AR bR A WY, (R 2) o Pl AbEE
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FHEC AR A FR 2t B AR R o B,
PR (22.50 cm)  ZEHH (2.40 mm) . HETER
(8.22. cm?) FIZEM-TE (0.69 g) £ CK AFIH
WERT. R, PO AAFERAMKE (21.09 cm)
2 (224 mm) | HHHIAR (7.45 cm?) FIZEMH
(0.61 g) % CK AP Bk, HEBAR
WAL P1 AL, P3 AHE KR (20.03 cm) FIZE
Fl (1.98mm) 5 CK ab#h4er B 2%, H
MARMZENTEYE CK LREER. P2l P4 4bHE
FHEKSHE CK LR RN EEER.
F2 BRI ez4-1 £YBEHE
X EHRE T it _E DA KR ARRO RN
Table 2  Effects of reduced phosphate fertilizer combined

with gz4-1 bio-organic fertilizer on aboveground growth
parameters of F. tataricum at seedling stage

B BR R %0TE
Treatment Plant height Stem diameter Leaf area Stem—leaf dry

(cm) (mm) (cm?) weight (g)

CK 17.86+0.08c  1.34+0.09¢  6.04+0.08d  0.51+0.08¢c

PO 21.09£0.02b  2.24+0.09b  7.45+0.10b  0.61+0.02b

Pl 22.50£0.02a  2.40+0.02a  8.22+0.09a  0.69+0.05a

P2 16.80£0.03d  1.27+0.06e  5.96+0.15¢  0.48+0.04c

P3 20.03£0.05b  1.98+0.04c  6.39+0.42c  0.55+0.05¢

P4 18.43+0.11c  1.63£0.08d  6.17+0.06d  0.52+0.04c

FFIA /NG F R R AL B A 2 7 B2 (P<0.05). N
Different lowercase letters in the same column indicate significant
differences among treatments (P < 0.05). The same below.

5 CK AbFRAH L, BEALHEEICHE gz4-1 2EVH
HUAE XS 7 55 46 9] b 38 A2 A 48 br B A 428 20N
(3D o P3 ALBEA & bR A SR i
%, Htkm (60.08 cm) . ZEH (5.01 mm) FIZ
M (4.25¢) BIvfm{E. P1ARBE T IFRAERR
HA MR (14.00 cm?) A A Ak 2 A ik i R AA
BRI P3 AbEE
%3 BEAEEE et VAL
XHEHRTE TRt _E AR KARFRRI RN
Table 3  Effects of reduced phosphate fertilizer combined

with gz4-1 bio-organic fertilizer on aboveground growth
parameters of F. tataricum at flowering stage

212 MNEFRMRRAKGH @ 5 CKAEML,
ARk S AL gz4-1 AP A HUIEXS & FR 40 B R &
AKIRPRFEIRERA AN (R 4) o P1 ALK
HR R EAEMR R A EE, HERK (1633 cm) |
MREMA (0324m?)  RAEF (3.56 cm®) FIRT
#H (024 g) % CK AbHf EERT. PO Al P3 At
FFERK (14.94, 13.06 cm) « HEEHEFE (0.309.
0.275 m?) . MR (3.24. 3.22 cm?) AR THE
(0.20 0.17 @) ¥ CK A . #F#m, HEARIK
T P1 AbFE,
T4 BURERE gz4-1 B
S EHAE TR R4 KR AR
Table 4 Effects of reduced phosphate fertilizer combined

with gz4-1 bio-organic fertilizer on root growth
parameters of F. tataricum at seedling stage

ERISIS HRER I HRAKHA RFH
Ab R .
Treatment Mainroot  Root surface Root volume Root dry
catme length (cm) area (m?) (cm?) weight (g)
CK 11.68+0.02d  0.2544+0.004c  2.86+0.11c  0.13+0.01d
PO 14.94+0.01b 0.309+0.004a  3.2440.14b  0.20+0.01b
P1 16.3340.05a  0.324+0.013a  3.56+0.08a 0.24+0.01a
P2 11.06+0.02d 0.207+0.007e  2.46+0.08d 0.08+0.01e
P3 13.06+0.05¢ 0.275+0.012b  3.22+0.11b  0.17+0.01c
P4 11.41+0.01d 0.229+£0.012d  2.68+0.03c  0.10+0.01e

5 CK ALEAH L, BEICEN I gz4-1 EVH
BUBEXS v F8 48 AR 28 A2 AR [F) A B AT 1 428 R
(K 5) o P3 AbPHARRL T HoA A0 BEXE 5 TR AL IR
RO B, HERK (21.66 cm) + K
A (0.785 m?)  MRAEF (6.97 cm?) AR HE
(0.77 @) HRAENE(E. P1AAFE/EFIRK (19.63 cm)
MR (0.756 m?) + K (6.56 cm™) FIHRT
H (0.71g) JTHE CK A&, (HBAEN
KT P3 kb3,
%5 HABREENE ezd-1 EMEHE
T ERE TR R KPR S0
Table 5 Effects of reduced phosphate fertilizer combined

with gz4-1 bio-organic fertilizer on root growth
parameters of F. tataricum at flowering stage

R e N am  ERK MEEER ORER RTE
Treatment Plant height Stem diameter Leaf area Stem.-leaf dry Treatment Mainroot  Root surface Root volume R(?ot dry
(cm) (mm) (cm?) weight (g) length (cm) area (m?) (cm?) weight (g)
CK 52.73+0.08d  4.18+0.03d  12.234+0.19d 3.344+0.07d CK 18.124£0.04c  0.733+£0.003c  6.34+0.06d  0.64+0.02¢c
PO 50.78+0.05¢  4.06+0.03¢  12.06+0.62¢ 3.13+0.07¢ PO 17.25+0.04c  0.704+0.011d  6.21+0.04e  0.58+0.0l¢
P1 56.84+0.06b  4.59+0.03b  14.00+£0.92a 3.91+0.03b Pl 19.63+0.03b  0.756+0.006b  6.56+0.07c  0.71+0.03b
P2 54.78+0.04c  4.37+0.04c  13.16+1.27c 3.62+0.11c P2 20.18+0.02b 0.754+£0.004b  6.76+0.04b  0.61+0.01d
P3 60.08£0.09a  5.01+0.09a  13.55+0.51b  4.25+0.09a P3 21.66+0.09a 0.785+0.007a  6.97+0.08a  0.77+£0.01a
P4 49.22+0.06f  3.85+0.07f  11.89+0.74e  2.94+0.04f P4 16.36£0.02d 0.672+0.004e  6.01+0.03f  0.55+0.02¢
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22 WEARREBECHE gz4-1 £ AN RS R ERHIE
FEHE A (B FRRY SN

22.1 SF#FFARZR SOD 4= POD &M%k HE

6 FI A1, SOD V& PEA7E v i & AL B 7 9 P1>PO

>P4>P3>CK>P2, Pl ib¥fHE, t CK &

56.55%, P2 AbPEEAR, EE CK F#AIK 8.16%;: {EiH

SOD & P & AL B K14 77 P3>P2>P1>CK >P0

>P4, P3 AbFREE, H CK & 26.67%, P4 Ab#
A%, o CK P& 12.38%. POD ¥ P 7E 14 3 &% b
FEHEE A PO>P1>P3>CK>P4>P2, PO AbF i
s b CK & 27.88%; {6 POD v P & Ab T
HEF 9 P3>P2>P1>CK>P0>P4, P3 {bFif:,
Eb CK i 27.04%, P4 4bFE A%, Eb CK P&
18.28%.

FR6 WEREEH gz4-1 EYBHIEXNFREFHEI=FRMRZ SOD. POD JEMAIFZMN
Table 6 Effects of reduced phosphate fertilizer combined with gz4-1 bio-organic fertilizer
on root SOD and POD activities of F. tataricum at different growth stages

s SOD & SOD activity (U/g) POD %14 POD activity [U/(g-min)]
Treatment 1 ¥ Seedling stage {E£H] Flowering stage T # Seedling stage 1€} Flowering stage

CK 233.81+5.78¢ 393.86+6.19¢ 25.82+0.50bc 53.06+1.44c¢

PO 305.37+£7.94b 377.24+5.90cd 33.02+1.37a 48.57+0.81cd

Pl 366.05+£7.29a 424.93+6.54bc 30.01+1.38ab 59.81+0.73b

P2 214.724+6.45¢cd 455.56+4.56b 20.81+0.68¢ 63.58+0.76ab

P3 245.04+6.57¢ 498.91+9.03a 27.19+0.53b 67.41+0.87a

P4 274.57+7.61bc 345.09+6.91d 22.47+0.43bc 43.36+0.50d

222 MEFARRFH.THEALENY R HE
7 EIHN, T FEAR R IE SIS AL B HE R N PL
>PO0>P3>CK>P2>P4, Pl ibHifE, L CK &

H22.22%, P4 AbFEEAK, Hb CK F#MK 19.50%; 18
AR 235 7185 /e B HE  P2>P3>P1>P0>CK
>P4, P2 kP&, o CK & 47.59%, P4 kb

RT BEREERE gzd-1 EYENRNARFAEFRREEN. HERESEHFM
Table 7 Effects of reduced phosphate fertilizer combined with gz4-1 bio-organic fertilizer
on root vigor and chlorophyll content of F. tataricum at different growth stages

L3 R Z% 77 Root vigor [ug/(g-h)] 4% 2 & & Chlorophyll content (mg/g)
Treatment i Seedling stage 1t Flowering stage T 11 Seedling stage 1t 11 Flowering stage

CK 0.2733+0.0047b 0.5666+0.0075d 6.18+0.07¢ 10.29+0.42ab

PO 0.3166+0.0045ab 0.6366+0.0033¢ 7.21+0.06ab 10.35+0.37ab

P1 0.3333+0.0050a 0.7835+0.0041b 7.47+0.07a 10.67+0.17ab

P2 0.2466+0.0047¢ 0.8363+0.0020a 5.93+0.10cd 11.12+0.16a

P3 0.2866+0.0043b 0.8288+0.0026a 6.93+0.07b 11.37+0.29a

P4 0.2200+0.0081¢c 0.4134+0.0041¢ 5.34+0.09d 9.47+0.16b

B%TEE’ . CK B%{Ei 27.03%. %‘%D‘[‘é%,\é\ﬁrfﬁ,ﬁﬂ O H¥-#foki ¥ Grain weight per plant

HAEFR A HEE 8 P1>P0>P3>CK>P2>P4, Pl
WP B R, B CK @ 20.87%, P4 AEFEEAK, b
CK B 13.59%; fEHIM-4R 3 & & &3 H Ty A
P3>P2>P1>P0>CK>P4, P3 ibFifs, b CK
mh 10.49%, P4 Ab3EAR, Lt CK F#K 7.96%.
23 FAEREBEHE gz4-1 £MBENEN EFZEM
R = A0 R RS20

231 MEFRFEMRBENHA WE 1 PR,
w7 RO E & AL B Oy P3>P2>P1>CK>
PO>P4, Hr P3 A (3.06g) , b CK &t
27.50%; P4 AbFE AR (1.95 g), bk CK &K 18.75%.
T 7R TR 5 AL B HE T 8 P3>P1>P2>CK>P0

O FHiHE 1000-grain weight
35 118

0
Z30) ¢ a bbb §d 116 =
§ .4 ¢ 14 =
|25} d &
o e foq12 2
z 220} e {10 F 2
-2 WO 1 iy
Z 14 g
505- 12 S
S 0.0 0

CK PO P1 P2 P3 P4
Qb 3R Treatment
ANF/NGFEER AL 8] 22 7 B2 (P <0.05). Al
Different lowercase letters indicate significant differences among

treatments (P < 0.05). The same below.

1 SRR EECHE gz4-1 4 FHLIAE
X 7R B AR E R AV
Fig.1 Effects of reduced phosphate fertilizer combined with
g74-1 bio-organic fertilizer on yield components of F. tataricum
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>P4, P3 AbFE R (15.83 g), bk CK & 10.54%;
P4 KbFE AR (8.84g) , b CK [ 38.26%.

232 sMERBAG A WK 2 PR, BELEE
et gz4-1 AEA0A HLAEX 5 SRR R 3 2R (R 38
Wi & R AR A KA — 8, S 2HE T
¥4 P3>P2>P1>CK>P4>P0. HALFEI N P3.
P2 i P1 Ab 38 o] ¥ 1R B R I s T CK
Horb P3 AbFE B S, 43008 15.10 mg/g AT 2.19%:;
P4 F1 PO Ab 3 [y v] 1 2 A i B =K T CK
Horp PO AL FEBRAK, 4304 10.76 mg/g Al 1.13%.
BN S, P3 AN SIS E A S
O E E R THE RN B .

O A2 [ & & Soluble protein content
O M4 & Flavonoid content

c

en

516- b a .E.a 425 ;\:
e e b =
w2} d . d {20 %
me 10} m\fﬂ‘{g
g S d . e 1.5 4rg
=g 87 £
=2 o |
T o 4T los £

= 2F =

=

-8 0 1 1 1 1 1 00

N CK PO P1 P2 P3 P4

Kb Treatment

&2 BEEERCHE gz4-1 EYEVEN EFRRNEZN
Fig.2 Effects of reduced phosphate fertilizer combined with
gz4-1 bio-organic fertilizer on quality of F. tataricum

24 FEREREECHE gz4-1 EM BN EX EFFAELE
EAERIVE i EA )
241 MEFFRRZBSZNY 0 WES PR, &
Ak R R 2R B8 R A S e R I T <<AE 1 <
S, BRI S, W PLACHEE S 7R IR RS B
i, LE CK & 44.24%, 110 P2 AbEE R SRR R B
BRG HCKAK 13.27%; €3] P1 AT P3 AL# Ry
FRAB ST EST CK, 278 1.81 1 1.90 mg/g,
%8 HIRAEEHE czd-1 EMEHI
IFEFAEE KR A S S0
Table 8 Effects of reduced phosphate fertilizer combined

with gz4-1 bio-organic fertilizer on root phosphorus content
of F. tataricum at different growth stages  mg/g

Ab¥ T 1E Wk
Treatment  Seedling stage  Flowering stage Harvest stage
CK 1.134+0.08cd 1.64+0.04¢ 1.90+0.03b
PO 1.33+0.06b 1.50+0.02d 1.7440.08bc
P1 1.63+0.04a 1.81£0.04b 2.27+0.04a
P2 0.98+0.12d 1.61+0.02¢ 2.16+0.13a
P3 1.28+0.06b 1.90+0.02a 2.3540.12a
P4 1.2140.02bc 1.41£0.02¢ 1.56+0.06¢

P4 JbHE AR (1.41 mg/g) 5 W3R P1. P2 A1 P3
MR EFR AR S E ST CK, H P3 Ab#
W (235 mg/g) , 1M P4 AEFLRAK (1.56 mg/g)
BARKRE, P1 AT P3 ALEE R 5 7555 A K JE AR R
FEBEEST CK.
242 NERENRBLEFWHH BHRIOWUE
H, BT ALBE TR T IR 2RI R A R A 3
M S . T P1ALE o FR 258 i, b
CK 1 39.21%, 1 P2 Ab3 5 F7 253500 & 2 5K,
Eb CK ik 8.82%; f£1] P1 Fll P3 AbFE N 5% 25 4k
HREFERT CK, 7074 2.32 M12.61 mg/g, P4
WEREAK (1.55 mg/g) 5 WOGRHEA P1. P2 A1 P3 &b
BN S RE T CK, HA P3 b3 e
(2.66 mg/g) , P4 MbPHIEEAL (1.84 mg/g) . Hk
KE, P1AP3 AP N o 55 & A AR 2550 & &
¥IREST CK.
R9 BEREBEE gzd-1 EMBEHE
o EFEANE A KA R AR S E MR
Table 9 Effects of reduced phosphate fertilizer combined

with gz4-1 bio-organic fertilizer on stem phosphorus content
of F. tataricum at different growth stages  mg/g

AbF Hi 1E3 W3R
Treatment  Seedling stage  Flowering stage Harvest stage
CK 1.02+0.10cd 2.03+0.09¢ 2.33+0.16¢
PO 1.11+0.07bc 1.7940.04d 2.04+0.08d
P1 1.4240.03a 2.32+0.12b 2.534+0.06ab
P2 0.93+0.02d 2.07+0.03¢ 2.4140.06bc
P3 1.20+0.06b 2.61+0.08a 2.66+0.03a

P4 1.14+0.06bc 1.55+0.08¢ 1.84+0.11e

243 MFHReTABS RN WK 10 PR,
FREEFEH RS RS EKNIHEIEMEX. H
WPl ALE NS A SRR, L CK &
41.34%, T P2 ALBE N ¥ IR B S B, b
#10 HERBEE g1 LYEIE
I EFAEE KM RS 2R
Table 10  Effects of reduced phosphate fertilizer combined

with gz4-1 bio-organic fertilizer on leaf phosphorus content
of F. tataricum at different growth stages  mg/g

AbFR HH TeH LierR et
Treatment  Seedling stage  Flowering stage ~ Harvest stage
CK 1.794+0.23b 2.64+0.11c 3.43+£0.07cd
PO 1.92+0.02b 2.47+0.04d 3.33+0.05d
P1 2.53+0.21a 2.83+0.08b 3.62+0.04ab
P2 1.45+0.04¢ 2.57+0.03cd 3.50+0.03bc
P3 1.96+0.03b 3.06+0.10a 3.744+0.12a
P4 1.88+0.06b 2.25+0.05¢ 3.12+0.11e




194 RZET

Crops 2026 55 5 H

CK {i 18.99%; fEHH P1 Al P3 Kb N 75 FE M 1
TEEFEEST CK, 770y 2.83 F13.06 mg/g, P4
PR (225 mg/g) 5 WCERHA P1. P2 A1 P3 &b
HONEFEN S Em T CK, H P3 ¥ &
(3.74 mg/g) , 1M P4 HELHEAR (3.12mg/g) - &
R, P1 AT P3 AbEE R FRS A K b i &5
wEYEEST CK.

3 g

T FEAE D B A T X TR (B A 2 R
1BV, Hmr= 3 & o T K= . A0,
T EHBERAMEFER IR, 105k T 5R
7KK 8 TR SR 1) B3, S A U Nt
HEFR I SR BN &, Fe oA B 3 A 1 e o 4
AR B IRG, Tk MV VR Canhe B S AN IR
B AN TR A, RN I 45 AR B i
BRIl RS B4, X — AR T R A U B 1 R
BET ERARIE . AW A ARG R AT T B
JE R B T e AR T gz4-1 A MRS T 5 AR Kk
B AR R A TR AL

AHHFCRIN, 5 FEASF A E HHXT i A e B T e
A2 A AL RE IR e SR A7 A N 3 2 S T B A
172 Fijit gz4-1 AEVANUIE (P1AREE) Hbkm . 22
AR T HEE CK AR RN EE . X—G
AIREIAE T B Ik gzda-1 76 1 AP 0 i A LR 1 g
71, I iE IR MR S R T B R
s, (EAERENZE, Pl AHBAERK AL
WIZEWT S, P3 AL ER R I RF SR A RN . IX
A BE VA BT A 08 HLIE b A AR = M 5 A L
Jo3 ER) W [F) A FH T A K Bl 3R TBOUR I, AT DL T 7 5%
AR (BRSO R R . 1X—
B AL 5 Ma S5 BSIE R T K R 78 % I ek
Tk TRt A= 47 U 280 %7 I A A 5 AR A A 1) 485 0 o
FE—5.

AHLETH, P3 ALEEE FEIRTF T FEN SOD
(498.91 U/g) 1 POD[67.41 U/(g-min)]i&tE, Zff
ke VR R 45 R P B SR R G DA % AR 5 A 3 1)
Ho XM gz4-1 WA HUIL PT I 1 s 0 S AL i
TR GO L 51 R g TS (ROS) FRER,
T AE R A B AR E M 5 AR Th R . X — L] 57K
Ferb it e ol gl AR A, B B 8 A i B
b g2 (AR B R . IR, P3 AR R EFRAR
105 71[0.8288 pg/(g-h) 1 54k &R & & (11.37 mg/g)

MAEF, T “BERTE— AT TR TR AR
BINLE ok B A PR B 2 U0 e R AR R P S
FICEERIITR R, TR RIS RE 1158 — &
PR R 0 — B R R — R ) R YRR,
H—PIE T s SR R A B DR 5L A TR
e 752 BB 2R = AOR F A T R A . X S5 AE 16
SRR 2 B 1) e i T G ek M0 A B () B B T
Tl ) FH R R s P — 3

P e 5 R T I, P3 AFRE CKLE SRR 5 AN
TR0 E 2 B TE 27.50%H0 10.54%, 5737 48 5081
iR 3 PR T A A LA S AR (23.3%) 1Y
b —8. HRAEEES (1510 mg/g) MEEH
TR (2.19%) MEFRTT, KIZEEE ] [E
W ET FRE IR S TR . AR AV AVLUIE
(PO) F=EL MK T CK, 1X3RHH HAli {4
WA LR A DA A2 5 5% A B AR K ) v o 7
3K, T P4 KbER A REART PO, X ATREIAFE TR
it A7 A P e A S T R T gz4-1 ST
PR TR E BT REULGIRETIRAEKE
ARSI, EHIE T A0 IS e S5 A A AL
REE R O R AT I B, Do P AT ek A 5 386 25
FIETRAL T EIR A AR,

BERNE DA TR, AP EFFEAFH A
Tk B I BE A B A 1S, ORI B KA -
P1 AbEETE T HAZR I 2 5 B R WA 34, 1T P3 Ak
PRAEACHARNWSOR A B B AR R T R, EOE T 2F
VA NUIELEA G 5 B RFEAL L3 . R o oA
SR > ZE S MR IRFE, 5550 WU I7E AR A% o e
MR R, R EFEL R AE ST
Sy B R DAYERRAR NS ME . AT TN TE SRS B K
it A AR 2 [RGB AR

4 g

R T A 1/4 FCHE gz4-1 AR E HLIE &
RS TR S SEEER IR R T E,
FLNTENLHI R IR R B gz4-1 IO RD IS VAL 340N 5
A0 HURE 1R S R 1 B R DG G 3% 57 AN 1R A &
B R Ed A R R S AR, Tt
BRI S EARCR s AR TE %48 5 1043 B At
X, TR B S .
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Abstract
fertilizer in reducing phosphorus (P) input and enhancing its efficiency in Tartary buckwheat (Fagopyrum

To investigate the potential of phosphate-solubilizing Bacillus vallismortis gz4-1 bio-organic

tataricum) cultivation, a pot experiment was conducted using Jinqiao No. 6 as the test material. Six treatments
were established: conventional fertilization (CK), full-rate bio-organic fertilizer (P0), and gradient P reduction by
1/2 (P1), 1/3 (P2), 1/4 (P3), and 1/5 (P4) combined with bio-organic fertilizer. The effects on Tartary buckwheat
growth, physiological characteristics, yield, and P uptake were systematically analyzed. The results showed that
the P3 treatment significantly promoted growth at the flowering stage, with plant height (60.08 cm), stem
diameter (5.01 mm), stem-leaf dry weight (4.25 g), main root length (21.66 cm), root surface area (0.785 m?),
root volume (6.97 cm?), and root dry weight (0.77 g) all reaching the highest values among treatments. Under the
P3 treatment, superoxide dismutase activity (498.91 U/g) and peroxidase activity [67.41 U/(g-min)] increased by
26.67% and 27.04%, respectively, compared with CK, while root vigor [0.8288 pg/(g-h)] and chlorophyll content
(11.37 mg/g) increased by 46.27% and 10.49%, respectively. In terms of yield, the P3 treatment significantly
increased grain weight per plant (3.06 g) and 1000-grain weight (15.83 g) by 27.50% and 10.54%, respectively,
compared with CK. Grain soluble protein content (15.10 mg/g) and flavonoid content (2.19%) were also
significantly enhanced by 24.17% and 60.76%, respectively, compared with CK. Phosphorus dynamics analysis
revealed that at harvest, the P3 treatment increased P content in roots, stems, and leaves by 23.68%, 14.16%, and
9.03%, respectively, compared with CK. In summary, a 1/4 reduction in P fertilizer combined with gz4-1 bio-
organic fertilizer is the appropriate application rate for high-yield and high-quality Tartary buckwheat cultivation.
Key words Fagopyrum tataricum; Phosphate-solubilizing bacteria; Reduced phosphorus application; Bio-organic

fertilizer; Phosphorus utilization
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