5543 5 1) FEREMBEXRLHFR Vol.43 No.1
2025 4 1 H Agricultural Research in the Arid Areas Jan. 2025

XEHS :1000-7601(2025) 01-0250-08 doi; 10.7606/].issn.1000-7601.2025.01.26

A EMRE & & I X 583k Rt i
iiﬁi%%ﬁl‘iﬁ’]ﬁv r"]
REF,BERW, AR R, SHLE

(LR 2ZEARMCA B, T VH T 81001652 T M K2 RMABL =B, 1 75T 810016
3.9 M R AR L B R SL 8 % T VT 810016)

H ENREANPEERETANSEAARMR G ERFANMRERL TR EEREHE, DE AR
B RMAR TAR T-8 5 R B AR, o B (CK, AR A ABE S KA B W A5 RAT W A AT
HARERFRAHAMSARAREGEAN, £S5 ML E WEFRALES AN EKRERF LRSS TR, &
R&RW .5 CK A, HHLIEE # 17 4 5 A 71 F B A2 B8R A M AS ey A 5 /2 SPAD B AR RE A (g LAZEE(P,)
5B AP HEFHTALETHEG REEL PAEKRTER CKRARS,HELH A 13.4% 46.7% 37.1%
136.3% ; 4 7 A ALK E EAK T £ pH ﬁiﬁ%‘ﬁ%%ﬂf&é%@%ﬁt&,ﬁﬁ#%%@ﬁ%kfiﬁ%%%i,iffi CK
A EAK 9.0% 51.9% 0 45.3% , FEIH AL BATEERALEAINR G E AR AL 4 E LEBEE LEH
EMBE, LR EFHAEAET, 2R AR s A4 R CK 273 hn 26.3%7?73 9.8% , £ 3 Ik By & P A0 4o
1 BB CK 2B 3 fm 35.7% 70 26.6% , It Xt 3 &y F A £ R T, SR AR R LI A 2 2 AT
A0 T X S Tk oK LA AR AR BRI A TR R R,

AR AT R A R AT RIR I A e R K Rk

FE 4SS .S567.179; SI154  THEIRER:A

Effects of different growth-promoting microbial agents on soil biological
characteristics of Lycium barbarum cultivated in Qaidam
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Abstract ; The purpose of this study was to explore the effects of organic manure combined with growth-promo-
ting microbial inoculum on the growth and soil properties of organic Lycium barbarum cultivated on high ridges in
Qaidam area. ‘ Ningqi No.7-8’ in Nomuhong experimental area was used as the experimental material. Organic
manure was added to the facility as the control (CK) , and four different growth-promoting microbial agents, namely
Trichoderma harzianum, Bacillus subtilis, Bacillus amyloliquefaciens and Bacillus mucilaginosus, were applied to
the organic Lycium barbarum. The effects of different treatments on the growth and soil properties of organic Lycium
barbarum were compared. The results indicated that, compared to the control (CK) , the application of organic ma-
nure combined with growth-promoting microbial agents inordinately enhanced the tree height, ground diameter, SPAD
value, root activity, and net photosynthetic rate (P,) of Lycium barbarum 1... Notably, the treatment with Bacillus

subtilis yielded the most significant improvements in plant height, root activity, P, and yield per plant, with increa-

no

ses of 13.4% , 46.7%, 37.1%, and 36.3% , respectively. Different microbial agent treatments significantly reduced
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soil pH, electrical conductivity, and microbial C/N ratio. The effect was the most obvious under Bacillus subtilis

treatment,, which was 9.0%, 51.9%, and 45.3% lower than CK, respectively. Different treatments also significantly

improved soil organic matter, available nutrients, soil enzyme activity and soil microbial population. Under Bacillus

subtilis treatment, soil organic matter and alkali-hydrolysable nitrogen increased by 26.3% and 9.8% compared with

CK, and soil urease activity and total microbial population increased by 35.7% and 26.6% respectively. Through

the principal component analysis of soil biological characteristics, it is concluded that organic fertilizer combined

with Bacillus subtilis treatment has the best effects on promoting the fertility level of organic Lycium barbarum culti-

vated soil in Qaidam.

Keywords; Lycium barbarum; microbial growth-promoting bacteria; biological characteristics of rhizosphere soil ;

growth characteristics; Qaidam

T HAMIHE ( Lycium barbarum L.) N 244 Bl
MAC TR AR ), o 390 1 | o e 955 1 DX 97 XU 1 0 1 A
RAAR S MACE TR [ R A T LT R X
JE o S b DX AR 6 2 P R e R R S A
F B I B IR R A2 B ), 2 TR AR S 44
St pr, B H | By g B R A 28 5 8 5 )
R i Sk R M XM A R R 1T FR 2 3.24 JT
hin®t0 R 14 A A 0 P B A 2 DX R
FAIRC A 377 X

SRR M DA AL FPAE 5 R A v AR RS H 4R
P HOR s i AR IS Fn e 25 L S g oK I S5 AN &
PR PR, 1 W AR 4 R AL
AT PR T R 3R 43 e AR S o A A
(A7 B il BT M 2 5 Al e, BELRS T A AILMI AT I Rl AR 5
R o U JUAE TP T R0 e B R - SRR G v Y i
FAWFFE A et ol A a1 B A A B PR
B8+ Y R AR TSR
BEIR BIG T VR AR, R AR 7™ i 2% 8,722 42 [R] R
fifrg LA R X, 22 H M BT R B, Sk R
Fo AR AT R DA A el ) ISR o S A AE
)23 [A) AR S | Her 2 el X558 I B Y Fbopv X A 458
AT HILIST B e S A% Wl ) 78 S R 0 0l D 67.4% |
118.4% 1 118.9% , IR [AIFEAFAE T HT R AA L
MFCRRE X, XA AL RS AR & B A AR T
TEYIAR BRAE AR TR ] AR VR AR B8 3R &
g7,

FEYIRR PR A A= TR 2 — S RB 2 Bl T W AR B 1
A g A, HOIE G A AR, R B BOR e
PUR RV FORIE MR RAERK KT , & T HE Y XF
JK A3 AT 5T 75 2R 1 W WSO A1) R 185 0 e AV B 4 i
M, NI B2 2 VR 7= 5 i B g
WESE KRB it AR A TR0 AT D) S ek g A Kk
B, Ry 42 T AR YT S R
VS IE Dy 32.1% , T3 2 T S i AR W i AU R

4390 949.0% F1 184.1% , 4 18 EL T K0 Al s AF )
B AL LR T 43 500 K 32.3% Fil 63.8% , - Ha - 451
W, A= A MBI A A P o R A 3R 2% -
BRI A MU A SO0 R AR T
PE1 20.1% 12.2% F1 33.1% , 4= A e A -2 &
PR 10.1% 1 10.3% , 35 Fh 40 5L Ak
LR A T8 o ) 4R 96.0% ,40.6% ,69.1%
K- PEE MR AR R s . B Y iR A
T XA 9T R, AR B A R P R R S5 A P A
i H , BEAE A AL A KR, A LIS 9 4 i
Ak, o R A B A HURAC P RN B
P A B e S B E AR B R O, 2 R
AR EE HERTA L8R H X A WAL A
FIE 7 TR 3 /0 | AR 5T A 5 28 4% 15
A HUMIAT 38 523 A AL IC B it A [R) £ A 1 790, 38 98
XA MUMIAC R 1 A 8 A B2 i, 0 1 A R T SRR R
i DA WA AC AR 1) BR 5% A 4 BB E P B D DA
Y A UM AL RS e B BRI 4R T
RS ik

1.1 REsrel

BERAHAC SN 2 AR AL 7-8 B ISP
751 K2 AP 2 BE 38 7 P2 1L, 7 1 = SR MR 35
LEMELREEE,

PR T ) . 8 X KB 1 ( Trichoderma harzianum,
ARGEMERE( VLT HETT) =10 12 - o) s A RE 24
FFEA ( Bacillus subtilis , 4805 AL LA T2E) =1 000
1z - g_l ) ; R VE N ZEHAT B ( Bacillus amyliquefaciens ,
ARBOGHEE =021 - g7') s BEURAEZF AT T ( Bacillus
mucilaginosus , 8 FGH ALK 50.042 - mL7™") . [ik 4
RO AR B0 ) PR A A AR A BR A W A=

AR . I HLAE A 7 A MLAE (A BILR
SN 45% N+ PO+ K,0=5%) , thdb 5t 5 # 5
AR A BRA " A=



252 TRIB XA AT

5543 3

1.2 X =

WREEF 2021—2022 4F 1 &R4E 5—9 H ¥ 17, ik
5 DXCTRE T S 3k R 2 b 5 A A P 1) 2 6 6k e
== BN A% b R 2B A MR A AR AR M
Mo+ B R+ ,0~0.3 m + )2 13 pH
HHN87, HERSFEECOKE1:5) K81 mS -
em ™ ; HIEAHLE 10.7 g - kg™, BlfE A 47.0 mg -
kg™, BHAHE 44.5 mg - kg™, HAAN 158.7 mg - kg,
1.3 Rt

IR N R T 2L X i, L E S
AR A A BN S A AUIE 10 kg - BETT, DA
ININE BB 0 R 6 BE (CK) |, BEM IR AR B 1 A
ZEFURT TR S VE D ZEFLAT TR S R A ZE LT TR 4 Ak
Y FAC T B AE R 3 A, —3E 15 AKX
B/ NX IR AE 30 BRAIACAS  AREE 1 m, 7FE 3 m,
/NXTEIFR 90 m?, i ZE 4 Wiy 30 1 W BB 0T | b3l 5
0.8 m, Fi1% 1.6 m .75 0.4 m, Z8[H]H 3 m, B
T2 MRSl P U B KRR R, Ak 200 ml it T i AR
FORRFRAZ I, Jo W 45 Ab B A 790 EE AR T AR ST
RIZE+, B4 5 A 7 Hta A, 58 30 g J it 1 4
U A HUIE R ATt , ZE A ACARHA AN ( BEAR A 0.2~
0.3 m) JF4, VAR 0.2~0.3 m, I 9% 0.1~0.2 m, 15K
0.5~0.8 m, 738 2 S50y, 43 Tt AP Y, HoAth
FH [ 45 B ) o LA B
1.4 $EFRIE
1.4.1 MicHAE KR AREHFEMNE 23 Y
2 a 4 WARERAERGHS AEHFET H 1 H—
9 A 15 Hi#FATE KR E, AL FIE 9 BRAE
R, F A RO E A e, AR R RO E M4z | 45 48 45
W3 RO, RAFFERS 3 ZE RS BT 2 H &
JEFREE JFH R i, R BEALIEE 20 F
TIfent B, ffi F SPAD-502 4% 2 4% (Wi 1T 453 2
A) #E4T SPAD {HIN A&, HEF WG 1 TTC 2:00 2
BESE FH Li—COR 6400 548 264 12 A% ( 36 [
LI-COR 22/ M AR (P,) o
1.42 MleRmEIEARGRENT RN
F4E S H 20 H RAEKACTE o MR PO HIFL AR Pr
4 BN BRIEAR 18 ANFE A HAEERE R 0~0.3
m, Rk L2 A3 IR REE 1 kg %
Wi, 3% pH (H B TR AL TR SRS
HR AR S (5 T 5 5 - S T P 0 S 2 B O A
BT R ¢ T B TR TG 1 SR T e B € vk
TE S RERERETE PESRH 3,5 - Al S K 4 R L (0 s
SE 3 WA TR T 1 SR FH Wl IR 28— e 2 05 5 3 AR
A I SR FH oo e R O A T i, AR

W SR AR BSR40 AR AR
PR BIE R R AL 1 7% B 5 T IR IR B
IR R R [ 1 S5 R R B 75 I e 25 SR 1
DL g 8 4 T & fAE AR (CFU - o7 ) R, 14
TUAE WAl (MBC) Fl - 3EfUE i 0 (MBN) ¥R H
A EZE-TRERANIE L I,
1.5 BIESH

TG4 S DL BT I BCH 7 A R R, B 4y
#r{di FH Microsoft Office Excel 2010 {2, [F] B %
SPSS 21.0 AR TEC HE B 43 B 45 AL 35 a] 1 dl 2
PE2E 5 (P<0.05) I i#E4T F 1550 HT

2 EERE50HT

2.1 ARMREEFIX T E RS ER N

HHZE 1 A1, 2021—2022 45, i 28 9 4F Jiti T 4
FREER MR AE R & B 2] T B A4 &, FoAd
IR =5 (SPAD fH AR R IE 1 P, FIERRE ™= 5% CK 3
AR AR, 2021 4F i H I AR 2R AT i e, A A
A 1 AT SPAD B 8 K, 8¢ CK 43 S48 13.6% F
40.5%, 2021 45 2022 SRR R i6 71 P, FIEARR =
1A A R ZE SR B A B ) R SR e, ¢ CK 4 )
et 46.7% F 11.2% . 37.1% F1 48.0% . 45.0% i
54.9% Hh R 2% 7 2021 AE RIS K & KT 2022
A 2022 47 AT R FH A R ZE AT BRI e
(96.5 cm) , BFHEHT CK, % 2021 4EHE K 15 cm, 1%
WE-A 18.3% . 2021 4, 45 Kb ¥ ] M 4% 25 55 1 I 2
2022 AEAS AL R AR B 3 = T CK, PRAE Y Ay i H i
VERD ST T 5 BOR B i, 2022 4 it I 8 AR 73
W5, SPAD {235 3 5 55, 88 CK 5441 13.9%, 2021
AP AR ZF RLAT AR IR VR R 2 A AT 11 Ak 3 1) AR 5
/% SPAD {H 25 F 3R 35,2021 4F 5 2022 4F 1R
RIGTT P, RBR L RG ZE AT B AL B R Y 25
SR E, B4 R AR TR R AL B S AL Y A
KACRIET CK, UL AT LB 1, o 2R A AL AL
FEA HLAE AR AE B 390 I it A B2 T BB 4% B I f2 29 4
RAERKER.
22 ARAREREFHICHRIETIEELERY

B

N3 2 PR, AR A B 7R A B0 M AT AR B £
eI PE R R 2 AR, 5 CK A B, -4 pH
{EUR 49 i e o PR AIG, A DL RN SR 4 5
ANFIFREE S, MR UE R ZFAAT A3 R, 13 pH
A TR AR, # CK 3 3 B4R 16.0% 1 51.9%
Brua ok AR AN, HAh e AR 57 pH (H395 CK 257
B R AR TR | R UE K 2 AR TR RIS R 2



5513

st P28 R IR A TR XSS ACHIAD A o e A B

253

FOFF R AL PR L FoR 22 R B 35 5 CK AL, R TF]
PEAE PEFAL BT 5 AT B A Al | AL
BRI 19.3% ~39.2% 5.1%~19.7% .
9.0% ~26.2% 14.2% ~25.9% , it T8 2 M1 B 4b
BB MU i o, FLfh 3 D 7R b 3R] 25
AN I AR 2F AR A A R A 9 R i
KRG FLZE AT B L A U8 4 25 AT T A0 3 1) 25 R A
I 2 5 - U R AR Y R B VR 2 AT
DAL R R, BRI AR AE 2R AT R AR BRSO, HoAth 3 4~ 4b

PRIA] RS & 25 5 AN 3, 4 Fh R A B A B
B RIS CK 25 8%,
2.3 AREMEEFEFIFHERE L EEE R
N2 3 PR BRIG R ARFE RS, AN R AE R Ak
FRYSHE W 3 1 T AT AR PR A 8 00 0 P DR g A
TR T 350 A Aty B 2 R A A B A v, RS TR 2
TR DAL BRYR 2, il B TR0 DR AR BT ORI A R0
WIS PERS CK 43 4% T 35.7% F1 44.5% ; AR FE 2E 16
FFRALEET | IREG AR S AL CK 43Tt 31.5%

x 1 AREMBEEFHTERKFERNZ N
Table 1 Effects of different growth-promoting microbial agents on the growth characteristics of Lycium barbarum L.
P fbam s Az SPAD & WERE S P, LI/ N
” Tree height ~ Ground diameter SPAD Root activity ~ /(umol - m™  Yield per plant
Year Treatment 1 1
/cm /mm value /(mg-g' +h™) -5 /kg
AR AT
o /Kjtﬁm 80.7+£1.9b 9.3+0.6a 45.7+4.4ab  0.11420.100c  10.03x1.40b 0.27+0.10b
Trichoderma harzianum
e g g e e
1‘[[5'?231@,1:1“'%'] 81.6+1.6ab 9.7+0.2a 52.3+6.3a 0.135+0.001a  11.53+0.00a 0.32+0.10a
Bacillus subtilis
2021 TEH AT
ﬁ@ﬁ*ﬁ%@ﬂ [il‘ 75.1+0.6¢ 10.2+0.4a 50.0+4.9a 0.121+0.200b  10.39+0.51ab ~ 0.26+0.01b
Bacillus amyliquefaciens
Hﬁc(}ﬁﬁﬂ;@ﬁﬁ] 83.7+0.4a 10.1+0.8a 53.4+4.0a 0.115+0.501¢ 9.42+0.50bc  0.28+0.10b
Bacillus mucilaginosus
CK 73.7+1.9¢ 9.2+0.3a 38.0+3.8b 0.092+0.001d 8.41+0.50¢ 0.22+0.01b
M RARERE
. ””Wkﬁm. 87.3+0.4b 12.7+0.2b 60.7+0.5a 0.136+0.100b  12.18+1.40a 0.74+0.10b
Trichoderma harzianum
*EE!A@*TIZ‘ 96.5+0.9a 13.4+0.2ab 55.7+0.4b 0.148+0.201a  13.93+1.50a 0.79+0.90a
Bacillus subtilis
2022 TEM ZEHUAT
ﬁ@ﬁ*’}}ﬂ‘?@ﬁ[ﬂ 84.7+1.5¢ 14.6+0.6a 53.3+0.8¢ 0.132+0.102¢  12.23+1.01a 0.61+0.10bc
Bacillus amyliquefaciens
&&t#ﬂ‘@ﬂ@ 87.9+0.9d 14.1+0.1a 56.7+1.8b 0.121+0.201d  12.57+1.70a 0.63+0.10be
Bacillus mucilaginosus
CK 81.6+1.3d 11.8+0.3¢ 53.3+0.8¢ 0.113+0.001e 9.41+1.40b 0.51+0.10¢

T B TR NG SRk 7mM [R)AF 4 AN TR A B ) 25 5 i 35 (P<0.05) , R IR,
Note; Different lowercase letters in the same column indicate significant differences between different treatments in the same year ( P<0.05). The

same below.

®2 AEMBEEFIX TR T IEE LR
Table 2  Effects of different growth-promoting microbial agents on physical and

chemical properties in rhizosphere soil of Lycium barbarum L.

Ak 3 LR AL i A A LR
Treatment pH Conductivity Organic matter  Alkali-hydrdysable N Available P Available K
S /(mS-em™)  /(g-kg!)  /(mgekg!)  /(mg-kg')  /(mg-kg)
MA R AR
. nﬁdkﬁlﬁ, 8.60+0.05a 7.60+0.60a 8.54+0.22b 53.30+0.50¢ 45.80+0.86bc 175.00+7.21a
Trichoderma harzianum
ot g o e
i 'T‘E‘?@,HE] 8.32+0.05b 6.81+0.68ab 9.04+0.11b 55.71+0.26b 47.31+0.66b 179.73+6.74a
Bacillus subtilis
ﬁgﬁ*ﬁj\ﬂ:@$+[ﬁ 7.51+0.05d 5.22+0.38b 9.97+0.01a 56.72+1.04b 48.10+0.28b 182.72+5.42a
Bacillus amyliquefaciens
Hﬁ(ﬁ‘ﬁﬂ:ﬁﬂ“[ﬁ 8.03+0.05¢ 5.31+0.58b 8.72+0.58hc 60.70+0.32a 53.01+2.68a 193.01+2.04a
Bacillus mucilaginosus
CK 8.71+0.01a 7.90+0.35a 7.16+0.33¢ 50.73+0.91d 42.02+0.65¢ 153.20+4.52b
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25 ARREFEFHICRIETEREDERR
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Table 3  Effects of different growth-promoting microbial agents on enzyme activities in rhizosphere soil of Lycium barbarum L.

Ib B Jox it HEVE N BER A
Treatment Urease/ (mg - g™!) Sucrase/(mg - g™!) Phosphatase/ (mg - g™!) Catalase/ (mL - g™")
AR AR
M 1.9320.44be 4.0320.15¢d 0.94=0.07cd 4.5520.35h
Trichoderma harzianum
AT
*ﬁﬁ‘—ﬁc}ﬁﬂ:lﬂ 2.28+0.27a 5.65+0.45a 0.98+0.06¢ 4.92+0.13b
Bacillus subtilis
S L
WT}E%E‘}@,F@ 2.15+0.38ab 4.73+0.38bc 1.19+0.09b 6.49+0.06a
Bacillus amyliquefaciens
BRI 2.2120.21h 5.40+0.26h 1.2720.05a 5.080.26h
Bacillus mucilaginosus
CK 1.68+0.06¢ 3.91+0.19d 0.89+0.06d 3.33+£0.24c¢

®4 ARMBREEFIXTTRER L TEREY
HEMSME/ (10°CFU - g7')
Table 4  Effects of different growth-promoting microbial
agents on the number of microorganisms in

rthizosphere soil of Lycium barbarum L.

x5 ARMBEREFIXICRER L5

MY ERE R

Table 5 Effects of different growth-promoting microbial

agents on microbial biomass carbon and nitrogen in

thizosphere soil of Lycium barbarum L.

st i) B R Bsid
Treatment Bacterium Fungus  Actinomycetes Total
AT
Trichoderma 5.86+024c  5.76+031d  6.90+0.46b  6.83+0.75bc
harzianum
/fﬁﬁlﬂifﬂﬂ—[ﬁ 7.10+025a  6.80+0.43bc 7.73+0.2lab 8.56+0.51a
Bacillus subtilis
FERRER AT R
Bacillus 6.36:026b  6.10£0.36cd  7.23+0.20ab  7.76+0.08ab
amyliquefaciens
JESAAE 2 FIAT R
Bacillus 6.46+0.57b  5.90+025d 8.03+0.14a  8.08+0.26ab
mucilaginosus
CK 540+025¢  7.30+0.15a  5.86x0.14c  6.76:+0.46¢c

WA=
BUEMIET MeEprRE PO
Jb B MBC MBN A
Treatment 4 4 Microbial
/(mg - kg™") /(mg - kg™) biomass C/N
MR AT A

74.49+2.44b 29.60+1.36b 6.51+0.04b

Trichoderma harzianum

M2 AAT B

Bacillus subtilis

SRV 2 ST R

86.20+3.68a 37.21+2.46a 7.31+0.20bc

74.88+2.92ab 32.08+1.49ab 6.33+0.09bc

Bacillus amyliquefaciens

JE VA 2 ST B

81.26+2.39b 36.74+2.06a 5.21+0.76¢

Bacillus mucilaginosus

CK

68.93+1.67c 26.74x1.04c  9.57+0.46a
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Table 6  Principal component analysis of microbial
agents biological characteristics in rhizosphere

soil of Lycitum barbarum L.
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Eigenvalue
component rate/ % rate/ %
1 5.400 76.042 76.042
2 1.444 16.046 86.533
3 0.088 0.978 99.841
4 0.014 0.159 100.000
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Table 7 Comprehensive evaluation of effects of different
growth-promoting microbial agents on biological characteristics

in rhizosphere soil of Lycium barbarum L.
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