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Abstract: The exploration of the mutual relationships between soil microorganisms and different types of for-
ages in desert steppes is crucial for maintaining and restoring desert steppe ecosystems. In this study, perennial
forages [ Stipa breviflora Griseb, S. glareosa P. Smirn, S. krylovii, Cleistogenes songorica (Roshev) Ohwi]
and annual forage [ Neopallasia pectinata (Pall) Poljak] in desert steppes were taken as the research objects to
analyze the enhancement effects of soil microbial concentration on different species of forages. The results
showed that: (1) Soil microbial concentration exerted a neutral effect on the growth of perennial forags, mainly
due to the mutual offset between the negative effects of bacteria Sphingomonas and fungi Dominikia and the
positive effects of bacteria norank_f_Longimicrobiaceae and fungi Rhizophlyctis on their growth. (2) Soil
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microbial concentration exerted an inhibitory effect on the growth of annual forage Neopallasia pectinata, and
this effect intensified with the increase in microbial quantity. Soil microbial « diversity, Gemmatimonadaceae,
Coprinopsis, Fusarium in rhizospheric soil, and Rubrobacter, Peziza in non-rhizospheric soil all showed inhibi-
tory effects on its growth (P<C0.05). The analysis of key microbial groups provides a theoretical basis for sub-
sequent related microbial studies, so as to enhance the growth stability of forages in desert steppes.

Key words: Soil microorganism ; Desert steppe ; Annual forage ; Perennial forage ; Enhancement effect

PN 58 iy i U R it Ak LR (Y SE R R A R
Hh [ b 75 G 2 —  RE RS i i XD AR
PR DR R A MOl AR E KR (HRE A LA 4
SR A AL AT R B et B R b A PR B A 5 5
JEL A 77 3 R0 e R B AR R R R IR .
Hh U RS TR R U AR A R G e g 5 A M X 2
— RUR AL H 4R E

e OB AL I AR o oy — AR A MR AR TR 2
AF A R 1 TR L S ABURR' L R, R —
AR LR MORE R L T 2 AR A R R TR A A K BT R
o e s ELAE I 0 R 8 R A IR A X
B2 IR X A ER A A SRR o B
i, BB 5E K B, 22 4F AR A W) A X A BR UM AR
A SR B4 A7 T 5 R 5 A T S8 A IR A T — AR AR A
WRE X5 o SR SR R L A, 2 AR —
AT AR R A TR I 25 M A2 0 55 I A W T 0 I 2R
b, S EUR B R U R — e R BB A . E TR R
(9, 7 Xk 5 U HE AT IR A8 S I, — AR AR R ]
AR LN A 35 1) B0 ) V7 A8 2 A LR AL WD T A )
B RAR T R, BRI [ 20 B A A
Ko RS RN 5 T i e A S RS H B

TIERMEY REEN YN T YA K
(kv AW RSO EEAEM, W —RUEw R
N R 2 R HFER TR AR . R R B
2 37 QE SR Y/ DO/ S N e S i N 1 NG S -2
Mg B, TN ST A B, S A W T
T RS R G ) 58 2 55 25 TR W B0 bR s FIAR
K AR SR i A L T 6 b e Y i B
Chnie 71 B R 2 T 45D FE F AR N A K A
MEERT . R A SR G, B BB I &
R A A O e RAE ) TG R 355 T G fRlZE
XA AR KRB AR T A TE R B IR L
0 2o A b, S R AR W B R R A 2 TR A A AR
T R R LK T Y R R E ST
AN TR Ak B I v A Wk R 1 A A X A )
PER A R FE AR R, AR SCGE 4 ]
HE WA JEE R AT HERT TiE B  JEUHC R A RO PR

B A AT AL S Gl A W X A ) AR R B R R E

FEWEFE AN, - S Gl AR W) A 6% 3 o 1 0 R ™ 1K
Py I b B8 IR JU R HE SR W0 R 0 R B I RE
3575 31 B A AR KOF B e B AE 0 . AR
Xof 8% 1] e 0 L ol e LA O b — AR AR AR ) A O Bl 22 4
AR R BEFE P A B, — A AR AR L 2 AR AR
o 3 B, 32 B N Dy — A A AR 0 DR B
TP S B 55, I AE — 26 B IR A AR R —
AR AB ) S B S B 5 — A AR R AR O AR
HA T i A T 20 4 A HORE TR X AR B R i A1 B9
L AR R o e, A S W S D I A Y, I
I B A A R B B 2 BRI 2 A A
Aoy Z BN FE W R T IR R, R I
KD GER R EFEIIL, R IR T AR
FERR IR A2 B8 T A W B 0 A [R] 288 1) RS AT RE 4
25 I B AN R o AT AW AN [ B A B T
AR B 2 T A T R v AR AR A, S B A A
(7 14 A s 3 2 B AN (R A o iz, L — 4 A R
S BV R v 2 WA A 1 S IR XoF 2 A A
SOMR N S SR, 3 A A A B T 5 35
Iy (A B 18 AN T AE

AR SR T IR O — IR AR BT AR A, LS B
R MR MCRE O X R . B RS IR Y X 2
AR LR R — A AR ORE AR R R B AR AR o S T TR
J5 2 A A AR B o G AR A AR E B BUR A T TR
B i MG A W 22 A A R B W S v P Y, R
— AR A R R AR B o 22 AR AR MORE Y 1Y A AR AT
BN 22 32 A8 B A2 K B 52 R AR AL, — 4F A R 1 410
b3 QAL PSS @ o N 8 N T A = S T PO RS

WFSERERS Dy A +5 I S 1 75 I A 25 R e Th RE 4 1t
— € B2 M

1 MREFIE

1.1 HREXHFR

00 b A F PN S S 2 S A T DY e
K, ML AR AR 42°027 177 "N, 112°3057" " E, ik N
1327 m, 2R 3. 8°C, A Y [ 275. 8 mm,
- HE Y Sy R AL A, A S R Ay i A R B M



513

R ST 5« o SRR A 6 S P D — A A A 2 A A R A I R A Y SR 63

fo o F MBS G T 2 AR A R — AR AR
B R 5.6: 17 ZAFE AR R R AL EE P
(Stipa breviflora Griseb) , Jo 1 bt 1 % [ Cleistogenes
songorica (Roshev) Ohwi] . 4R JK i€ 4£ ( Convolvulus
ammannii Desr) (¥ #& (Artemisia frigida Willd. ) |
ve G & 5 (S, krylovid) | - B (Leymus chinensis
(Trin.) TzveD | ¥ 4 4§ 5% (Stpa glareosa P.
Smirn) , —4E A B F A Mt 8 [ Neopallasia pec-
tinata (Pall) Poljakov ] il ¥ 3% (Salsola tragus 1..)
SR R WV A R, DU F S R 2 AR R
MR LV AEE S T R R WA IR
N AR B R P M R
e

1.2 K

At e B R ol T+ R A B AR i b A A R AR
B 22 A5 A RN — AR 2 R R v 2 A A
FAE R ACET 2 DA 3 SEIRAEN P R R T R4
Fift | — 4 A B Ol M 5 Rl R Bk gk AR R T
(9 F - F HLO, 1 3% 5 min, 2518 K bk, 4 F1 CaSO,
210 30 min, WK & sk s T 28°CHE I 0 # 4%
TF A2

iR+ 39 . T 2023 4F 6 H , 78 VU T 1 Bl £ 4%
T2 56 5L b BIF 5T X N SR 4 0~30 em HHERE S, 21+
HERE S TP R R A AR R R RIR A
Aal BB % . K AR S a4y P L
0y 5 A — 80°CHB AR IR VKA PR A7, F T il 4 77
VB 398 TR B R A Ok kB 30 g 8 - im A
200 mL TG /K L 52 %% 30 min J5 2 U8 ) ; Hi 4y 34y i
2 mm B B o 2 0 AR B 170°C T UK B 2 h
5 31 K B CR R B U A 05 AT KB RO 5
BT, 1 A O B A B

1.3 K&t

B TE N 52l Al R 2 N A = N DL 2
R A7, KK 2 R AL X AR5, Ik
SRR, 3 IR AE WV B - A ) R KT
HEOND 3K B A A 4 3 R B (HD L - 3 KB
(M), B SIRER I 75(5X3X5) %,

WA RN AL A 17.5em, FH&Z:
10. 1 em, 5 : 11. 0 e H A 1. 50 kg B AN [] 4= HE 43
AU RE AL B R A 2 RE A 6 U & AT i
BIRDF RO AE K 2 0.5 em [B] 1 B R K AT G

A¥k . BRPEICH KR (N M AL B /2 (H &b
=14 1. 50 kg X H A £F/K & 220=330 mL,Z
Jei LA H ) 57K B 8 70 %0 SR AT B KT S AR 35 d,
A EE 5d,10d,15d,25d,35 d & Bk s, 35 d i
FE IO R R R R 2R IR S A
PR A A4 BRHOF A9 AR PR £ (R 2 4 398 F 8 Rl il O A
FEARBR 20 BIR A 2 mL 0% o A —80°CUK A
TR AE TS S R A W R

Tl A W - AL W 488 25 850N 355 J7 5 - Enhancement
?wxmﬁi%ﬁiwﬁﬁﬁz@gT

low

R A B e /AR W L X, T SRR B I A B
BB RR B /A= ) . Enhancement effect i 3 K
T 0 M IEH 25 200, B3 /N T 0 R A 45 0, G
FHESF PR . AR KT 34 25 00,
OB “N~H"“N~M"“H~M" 2 [&] {3 25 3%

effect=In

1.4 RIIBRNE F X
1.4.1 #FH/GH AKX . Za 220 E K
PR Cem) : F 30 em (1) B RURT 0 (% 31 35 43 1F
e AR

ZEH Cmm) i i Ar R RO 4 i B 2K 3
HARE

MK (mm) 8 B 20 A0 4 BRBOE 2345 s R
B A0 4 MR IBORE G384 S B S0RE 1 AR S R 52 AR
PR 5 T30 75 18 K b Rl e v 8 K AR T K
43, SR bR R RO 2 AR

A (gepot ) < KE HICRE Hb 1 R 3 43 il A
5 105°CAR T /N, Jo K MEAE I R 70°C, B & 4R B
M ZE T4 2 — K — A
(10 430 il 0 b T 3 40 ) AR S AR
1.4.3 3 mAmpaE B —80°CHKA - A7
4 b 22 A7 R DL B 1 R — AR AR RO 3 AN [ R
e BE B AR bR - AERRBR £ X 3ANTEH (HL 904N KFE
U ER S A 1 4 AR A BR A 7] (Shanghai, China) i J]
[lumina NovaSeq 6000 Il )5 *F- & #1741 14 16S V3-
V4 (5| ¥ 343F F1 798R)™  ITS (5| 4 ITSIF Hl
ITS2)5, 338 73 Fp 4347

2
17

—

1.5 BIEHH

K Excel 2019 % £ 4% 47 4% B, >R [ SPSS
25. 0 F 1 kA7 Bl o3 B L A8 Oy 22 40 BT i, v 7 2243
B A AT A 15 CIE 2 1k R0 O 25 5506 D #0473 ik, - i3
17 Duncan 2 1 H 48l 35 P K SF o8 P<<0. 0577,



64 oM

S 34 4

fdE 4] Origin 2021 2 il # o A: K A8 bn (bR i EW &
HRAG  ZEHD K 25 000 HE R 1B, O AT 22 540 A
(DM AR A K K% (5d,10d,15d,25d,35 d)Fl
A W e FE (N, HL, MDAk X 0 e ok v R84 25 385 0
Y SE A 5 (2 LA [A] A W Wk B2 (N, HE, VD ik 3 0
PR AR (AR AR A X R AR Y AR 2K
FH B 52 )

22 il 7 A= W1 Chaol 48 %% A1 Shannon 48 %44 £&
K, il A2 55 Chaol 48 %0 fil Shannon $& %% 4
Alpha Z #£ P VPG FE SR BRAEHE R BRI ) o« 2
FEPE I SR A K8 A5 (it R R K B
D HEAT Pearson A M8 o 40 Bl BE I 4 Fp £ 44
B AR PR AR AR PR A B T e R R A )
Fofr 5 2 T — 4 A= R R B Al R B 3 A 4 % o B T
10 /4 Wy Flv , fif FH LELSe X 40 5 3 B 3% o 17 22 55 4%
Mo K T AT B 3 T RN 4 B 42 ) e o 3 R O
S A K A5 FR 34T Pearson A G HE SR BT o

2 HBRESW

2.1 TEMEYEEERKEROZIE

2.1.1 TEMADMNEEIRGOHa SHHE
TEA AL FR A K A 6] UL I 2C) 3 22 4F A e
M5, AS [ A 398 60 0 ik 3 % 22 4 A J0RE R i 5
M) G 4 35 22 5 (IR 1A, HL Al Ak 38 25 2800 G ik 5 72
L (1B,

— AR MR M 5 d A1 10 d I AE N AR R
PR & & T M O H AL B ;25 d & 35 d i M Ak B 4k
A T N R H AR B (P<<0. 05, K 1Ae) . #int
W AE 5~35 d W TE] P, N &b FE R B AR LR B3 T
M Ab B R 5254 1 (P<<0. 05, &l 1Ae), fE5dFI10
d BF A [R] A B 2 (] 3 5 Y O ) 3 25 AN, 10 d
Z A N~H 2 [H] (1 3% 25 25007 R rh P 28007 % A5 S 1744
N, N~M, H~M ¥ 3= 3y & 25 19 17 385 25 200, B
N~M 2 8] {4 38 35 %00 7F N~H, H~M 2 [i] £ £5 5
B (P<<0. 05,8 1Be)

2.1.2 EMEMADNRFEAH TN Y ENA
HAAE T, ZAFA WO AR Y 38 & T — 4R A R f
M. 7E 35 d B (B 20) ZAF AR MO S AR A D A
BE2P v G AR50 10 AR ) o A 45 Ak 3R] B W 2
5o AP AE ORI A A ) i R BRI M>H
>N 4 (P<C0.05) o #i it % 78 N~H, N~M,
H~M 34 2 [B] /) 14 25 2500 3 1 KT 4 Fh 2 AF A

BOE B AE N~M 22 18] 59 38 25 2000 B % 18T
N~H #l H~M(P<20. 05, & 2b) .

2.1.3 IEmAHTHIEREK FAHPm K
WRE, ZHFEREREK &S T —FARR N
MHGE T, ZEAR R LS T —FANRE ., +
HEG A R 4 P 2 A AR ORI AR K ZEM Y T B
SR, — A A ORI AR RN ZE R AR MOAR BT
T NALH(P<<0. 05, Kl 3a-3b) .,

2.2 AEHERKAERETEREDSHG

I8 o 22 AR A R — AR AR R AR B /AR AR PR (R/
B 41 TR R L B 1) o Z2 AR AT DL BLCET 4D, 76 N A 22
T, 5 AR 0 B N L B Chaol $8 20 F1 Shannon 38
WL R EZER . FHAE T, S84 W E s
MR (RO4HEA 1 Chaol 45 55 & I8 F — 4R AR R
22 A AR R AR BT 3P RS AR BT 3P AR PR EC T Y Shan-
non $8 B W & K T —4F A= 5 (P<<0. 05) , 7 M 4k
BN, 5 RN F AR PR AN B A9 Chaol #8 54 Al Shannon 38
B F AR T — AR AR O S AR P AR PR LT 9 Shan-
non £ HU E LT —4F A B R (P<<0. 05)

HR B /B AR B 4l 18 19 o Z2BE PR B R, 247 R4
B AL R S A H AR B AR PR (RO 4B 9 Chaol 45
B0 AR T AR PR (B) (P<C0. 05) ; —4F A= P A
& 7E M AR b AR AR BR4H B Y Chaol 5 £tk i 351K
FARPR(P<<0.0D . HEM o« ZFEMERIN, 24/
BCRE TG B8 FAE H AR B b R PR 4 T AY Chaol
T B0 W 2R T AR PR 5 — 4 A A RS I 7E N Ak 3
o, AR BE 40 B 19 Chaol 48 % B % L T 3E 42 bR
(P<<0.05),

2.3 AEHETEMEVLEBERESERKNXER

231 FRRAKFEITZ@MHEBALS A KW £
FTE ZAF AR W EAR B R0 AR AR B GAE W) B VR A )
FREHT 15 098 A, A Al 74 (B Sa) [ AR PR
Y 21 1 PR TR R (Sphingomonas) A< T BE 9 A
€ J& (norank_f_Longimicrobiaceae) \ Vb ¥ + #T 1 J&
(Ramlibacter) \Ellin6055 , NMD1 , 5 %% 1 J& (Mas-
silia) I U FR ¥ ¥ B @ (Limnobacter) 5 3F 2 B .
Sphingomonas ,norank_f_Longimicrobiaceae . Ramli-
bacter \Ellin6055 .NMD1 i % /N 18 J& (Noviher-
baspirillum) | H 2 B B |8 (Gemmatimonas) |, ¥
AR PR AR B U o 210 S H AR K TS
b 1 47 AR O A 43t & B CIEL Sb) |, AR Br 48 B8 Sphin-



hhs Y

51 oA SC 3 A5+ A S B A O i R R — 4 A R 2 AR A R AR KR Y RO
£ 4EH: Perennial I | —A4E/4: Annual
@ Sol@ i ) WS v © il T
- Stipa breviflora Griseb , Aa Af‘ Stipa glareosa P. Smirn Al" Aa 3 Neopallasia pectinata Pall
g 16 L § 16 F g Aa §
= Ba Ba = =
»%" Bapim -%” .%" Ab,
2 ot o ol 2t o, 2ot B
= ca = 3 e Ac
g oo P g . | BE g 1
= 8r Qg Da = 8 Ca caca S = e P
iz HE SCamn [l wE b as aobcyls [l
LT £ 4, e £ w0 o,
IJD‘b Eb leb -l
0 0 0
5d 10d 15d 25d 35d 5d 10d 15d 25d 35d 5d 10d 15d 25d 35d
20
© SO ICE (d) p/Fisd S Aa
Stipa krylovii Aa A 6 Cleistogenes songorica A2
£ 16| ' £ X
5 Ml S Roshev. Ohwi
2 . | 2 Aa
.fgﬂ 12k | Bap, -E’ 4L Ba B
= Ca =
= m = s |l
< 1 <
= 8F Capap Ca = Ca Ba
~ 1 A ,
= oo ] . o T N H M
=oap N ¥ imm \
2 Ea Da Dapg 2
0
5d 10d 15d 25d 35d 5d 10d 15d 25d 35d ——
ot _ N _ ]
®) (a) JEAERS 2r () Vs 2r@ Neopallasia pectinata Pall
04 Stipa breviflora Griseb Stipa glareosa P. Smirmn Aa
3 31k 2 1w 4
- % A2 Aa Aa . ) Aa '\‘;E Ba Ab BaAd g™ An AAa .\‘% ‘Alb Aab H [ e
= = a 3 == Ab Ab = |
??(: é 0.0 2 ,l, rr|!'H_ -’ &R § 0 Hch e mm calll mo o m R é 0 M1 ‘ ‘ _ H‘
s [T L”' [k - E3 l E35 T 1] ]| HIU
0 2 Aa o2 2 Aab I
B Aa Aa Aa g Ad Aa A T g A 5] pABHL| Ab
E A E—l - ¢ E_l N Ab L b
—04F )
510152535 510152535 510152535 _2 L5 10 15 25 35 510152535 510152535 -2 L5 10 15 25 35 510152535 510152535
T T /1 12
2r () A 3E 2 s ELERAH
o [T (d) P/ oA Forage growth days
Stipa krylovii Cleistogenes songorica Roshev. Ohwi
2 N et N
5 ks M A B |Aa a0 The “N-H” between enhancement effect
= AaAa  Aa " Aa ? A, Ble A1 « 3y 1 ORI
25 LI L. mhedl emillf 85 _ ‘ [ NM 2 T80
jéi 3 T 1 I g T Ll The “N-M” between enhancement effect
e . A g0 2 | AT A | . .
" : TE | aa, Mo o Mz
s -Ir Rl Aa Aa The “H-M” between enhancement effect
_2 L5 10 1525 35 510152535 510152535 _2 L5 101525 35 510152535 510152535

B KR

2
e

Forage growth days

72 [CEF2E Stipa krylovii

VE N, R BER IR 3 H, A 3B R V8 3 B M, B s (A) P e AN 7] /N5 S B 3 s R TR A 1 R BOA [R] A B 22 ) 22 e W 3, R TR R
5o B R AN [ A A R BOM (] Ab 31 22 18] 22 S i 3 (P<<0..05) 5 (B) [ A A [l /N 5 1 3R R A ] AR 4 R BOAR ] 20 (3 3 20 “N~H"“N~M"

K165 2% Stipa breviflora Griseb

L LRSS

Forage growth days

Y H:4t3E Stipa glareosa P. Smirn

Tt 5

Cleistogenes songorica Roshev. Ohwi
4

E1 5HHBELREMNBHES(A) EBERM(B)RISINEHER(C)
Fig. 1 Plant length (A) and enhancement effect (B) of at different growth days and potted pictures at 35d (C)

oD

“H~M") 25 5 03 AN [ K5 58 3R 46 4 A A K R BOR [R) 41 1] 22 5+ 8 3% (P<<0. 05)

Note: N, Soil was not sterilized. H, Added soil bacterial suspension after soil sterilization. M, Soil sterilization. In figure A, different lowercase
letters indicated that there was a significant difference between different treatments with the same growth days, different capital letters indicated
that there was a significant difference between the same treatments with different growth days (P<C0.05). In figure B, different lowercase letters

indicated that there was a significant difference in the same group (a total of 3 groups of “N-H"“N-M"“H-M") of different growth days, different

Hinl-E Neopallasia pectinata Pall

capital letters indicated that there was a significant difference between different groups of the same growth days (P<20. 05)
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capital letters indicated that there was a significant difference between different groups of the same forage (P<C0.05), the same as below
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microorganisms (rhizosphere/non-rhizosphere ) in the same forage and treatment (P<Z0. 05)
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Fig.5 Effects of soil bacteria on the growth of five forages
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Note: a, The absolute abundance of bacteria in rhizosphere/ non-rhizosphere soil of four perennial forages; b, Correlation analysis between rhizo-
sphere/ non-rhizosphere soil bacteria and growth indexes of four perennial forages; c¢.e, Absolute abundance of bacterial differential species in rhizo-
sphere (¢)/ non-rhizosphere (e) soil of N. pectinata; d.{, Correlation analysis between rhizosphere (d)/ non-rhizosphere (f) soil bacteria and
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Fig. 6 Effects of soil fungi on the growth of five forages
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Note:a, The absolute abundance of fungi in rhizosphere / non-rhizosphere soil of 4 perennial forages; b, Correlation analysis between rhizosphere/

non-rhizosphere soil fungi and growth indexes of four perennial forages; c.e, The absolute abundance of fungi in rhizosphere (¢)/non-rhizosphere

(e) soil of N. pectinata; d.[, Correlation analysis between rhizosphere (d)/ non-rhizosphere () soil fungi and growth indexes of N. pectinata. *,
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