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Effect of subsoiling on soil nutrient and microbe functional diversity of

Glycyrrhiza uralensis rhizospheres

ZHANG Zhizheng, MA Miao *, ZHANG Xulong
College of Life Science, Shihezi University, Xinjiang 832003, China

Abstract: As a fundamental' soil component, soil microorganisms can sensitively, timeously, and accurately reflect the
status of the change of soil quality and reveal the condition of soil fertility and improvement, which are important indicators
of soil quality. At present, subsoiling technology is considered a soil conservation-tillage technology, which can change the
soil structure and influence the soil microbial community. Therefore, the effect of tillage methods on microbes in soil
ecosystems is being well studied globally. However, little is known about effect of subsoiling on soil nutrients and the
functional diversity of microbial communities in rhizosphere soil of Glycyrrhiza uralensis. The purpose of this study was to
provide the basis for improving tillage practices and soil environmental condition of licorice. Compared to conventional
methods, Biolog technology can effectively provide useful information on soil microbial community functional diversity.
Therefore, in this study, two treatments, including rotary tillage (CK) and subsoiling, were conducted in licorice planting

land. Using field experiments and laboratory analysis, the effect of subsoiling on soil nutrients and the functional diversity of
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microbial communities in rhizosphere soil of G. uralensis was determined. The results showed that the effect of subsoiling on
soil nutrients in the 0—20 c¢m depth of rhizosphere soil of G. uralensis was not significant, but greatly improved the total
nitrogen ( TN) , phosphorus ( TP) , and potassium ( TK) contents in the 20—40 cm depth of rhizosphere soil of G. uralensis
(which increased by 60.8, 65.3, 48.9, and 86.8%, respectively). Meanwhile, the number and abundance of bacteria,
fungi, and actinomycetes within the 0—20 and 20—40 cm depths of rhizosphere soil of G. uralensis was significantly
increased (P < 0.05). The quantity of three types of microorganisms present in the upper layer was greater than in the lower
layer, and was greater in the subsoiling than non-subsoiling. After 156 h of microbial incubation, Average Well-Color
Development ( AWCD) of different soil layers of subsoiling treatments were obviously higher than those of non-subsoiling
treatments, and subsoiling treatment significantly improved the utilization of AWCD (72 h, P < 0.05), by 35.5 and
130.8% in the upper and lower soil layers, respectively. Compared with the non-subsoiling treatment;. subsoiling
significantly increased the microbial diversity index (such as the Shannon Index (H) , Substrate Richness Index (S), and
Simpson’s Dominance Index (D) ). A principal component analysis (PCA) showed that subsoiling treatment could optimize
microbial community composition in licorice rhizosphere soil ; polymers, carboxylic acids, .amino acids, and carbohydrates
were primary carbon sources of rhizosphere soil microbes in subsoiling areas. Overall, ‘the nuirient content of soil, the
number of microbes, and the microbial community diversity index were .obviously improved by subsoiling in licorice
rthizosphere soil, and the microbial community functional diversity was changed. The' arable layer soil structure was
enhanced, and therefore the survival of microorganisms was improved by subsoiling: Therefore, subsoiling treatment could

effectively improve the quality of rhizosphere soil of G. uralensis.
Key Words: subsoiling; Glycyrrhiza uralensis; soil physical and chemical property; soil microorganism; Biolog

B3R ( Glyeyrrhiza uralensis) N SR Leguminosae ) H 5 & ( Glyeyrrhiza ) Z24EE AR Y EAH 24
HE RO LR SRR R R MR 2 — R TR A B A SR A S A R R I A
Uiy, RIS B N TR, 4 e R 5% e A Rt JB s A o T 6] s i 3 T B (RN B SR e — 7 28

TR YR R S R P BN OIS BR AT TR SR AR S v S e - e 5
AR AR DL, 46 7R 8 ) B SRR B, 2 98 e I A A R AR 2 — 0 R AR e + 0
SER RIS 82X I RS e A s DR IGE A 0 5 A A W R R E T O H IR AR R A
SR L R [ PN A D4 B RS R T

RN AR N L A R E R R 2 — S BRI 7= () — TR AR P R AT R, IR
PATT L REAIG - R d MO 358 - S B kR 3 - e A R R SRR R R TRk
AR T e ERLE R, 1R K B R AREAR A, SRR R e T R, R R R B
AN - SR AR P A RO A 7 B E R

H A1 D¢ TR PA XA P AR BR T A S5 R A ) Z2 AP 52 e 5 T A F 9T AR T/ 22 5 oK 35 B
)20 T T TR Xt H AR R - B O 5 Al A 40 22 M B T PO R 9 0 A DR AR ST T TR A
S PR H R AR B 385703 (A M i RIS Z RE R RS2 | 5 A B S hr ) HE R N T 3R 5 4
SRR AR R i A SR AR

1 #MRERFE

1.1 ARSI MR

G DX A, T i 4 ol i LB, i Ak oA MBS O 220 M v R 2k i 4 T wp AR i R T BB Y R B R A T
S, EIRATE H RIS BEK R 2D 28 ki K, 24F H BG4 2620 h, Z4EFHIFEK i 160 mm, 2451
Wiz Rkt 1657 mm, TEERAINKE + FEEFEE LR L, HIERMCAW R, HIEAE N
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1.25 ¢/em’ ,pH N 7.4,

6 S — B M A RIS X R0 X AR 200 m?, 4 20 m, 55 10 mo SR IBENLIX 33T, 7RI X
WBEDLIE 4 mx4 m BIREHL 10 4>, 7% 600 kg/hm? F1 150 kg/hm? FI57 5 4%t s R 20— e FIRRRR B | 24150 T # P
JEAE . BEMLEH P 5 AR AT RE CHOUBEE ), FRic ok W, BOGAR AT 5 A (RARBLAL S . 11-225) , R 20
em, X NI S ADFEHUHERPAL B FRICN S, UL IE G PRI (IRAA AL A5 . 1SQ-320) , BFER 40—50em,, X A
TRAA AL B 5 TRAA AL B4 K E S LA R E AL 78 i, THEF AT AT #F AL, T 2015 4% 4 J1 10 H BB N 58,
FETE 125 em IR 55 em,— 5 6 F73&FP, A7 20 em, /X 10 em, BRI 3—S Kifh 7, i 5 B R P I R
TEHE , BEH 457K 1 IR BRRE 7K 6—8 h BRIENEAMASFRAENL . BRAS - TREEA RSN, HA s PRI G4 A )

1.2 FEACREE

2015 4F 9 HoRH S SUBUREVR SR AR TR IS X 55 %) B2 SRR H AR PR 4 DL h R H B 0—5 em i [
WL, B S MR 0—20 em A1 20—40 em T3EFEN . TRAS X EAEFRIE R SO—20 il S20-—40; K2t I
FALE B XS IR X FRIC S WO—20 F1 W20—40, REPHEMR 1 3 AR H A Bt 500 g 4IRS 465 1%+
FELBRAARANZ2Y) , B, 3 1 mm GRS, 050 2R T 5 0 R B 1 5T, 55— 49 - S & o7 BV ik
AR A i 2
1.3 Tk
1.3.1 3R mo e

RS BRI Ty ik S B B e Ak A AT ) 2 R g AL I 0 SR R R A S
e A S I E SR H,S0, 3 & -1 G AUk [ LK A 3lE AUX - 25 IV E (Hanon ) {4543 FRA 7] (K9840) 15
Sl N R VR H, SO, -HCIO, 1 2 -5H 86 T L 0 7R e s 80 5 & 10 5 >R I NaOH 4 fil- K HE 6 B ik
M7E
1.3.2 3R Y e ik

A Wi SR PP AR T D | 2 TR SR T A PREY 2R R AR ( BPA) BE 95 5k 37°C 35 5% LR A
IS A RIREEIR (PDA) 3532 3L (M 30 me/T 55 R MM AN A= 1) ,28C B5 7 s UL R =T G 1 S35
(GA)BEFREL(NINA 50 wg /L HEARBRAPHIHIZ T ) |, 28°C 9%, A HRE (THUEIERE) Tk 3 MR EERRIE | 45
ANURFERREE 3 WRE A, e Bl i OB UL I B T A i B R i A i
1.3.3  HIEMAY IR B

TS T RE ZHETE R Biolog ( Biolog-Eco Plate™ ) i #E4T /01, FREUH 24T 10 g ML+ 1 i ff 1
IMAZIE A 100 mL K1 0.85% 4 FRE/K =i, EE D 60 min, SR )5 H1 0.85% 4 FLER /K i B 2 1000
FEWE, T5723% 30 wmin , WIBORR BEIRH2 A 21 AL 254 (ECO AR) H, BRFLIN 150 pL, KRN GROT-AR B T 25°CHY
TE I 3G 7248 TP 2%, B0 12 h 7E Biolog Emax ™ SAL#S LG K 590 nm T (9G35 BE A, 42 156 h, H
31 LG 38 201 8 A5 fb R ( AWCD ) 7R Sl W0 AR 19 2 AR 06 4 . 1155 Shannon ¥ F £ 5 A5 (H)
Shannon ¥J5J FEHREL(E) , Shannon (EFEEFEEL(D)  BRUEFI I+ & B EL(S) , BRHFE AR =2,

AWCD =Y (C,-R,) /n
Kb, CONBEANFLIEE E(E, R, BRFLAY G2 B, n =31, ECO M AFLEL,
H =-3P,(InP,)
Ah,P,= (C-R) / T(C-R)).
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1.4 FdEabr
KHRAA AL B R HRZH AN [] = J2 80 A7 B PR 28 5 22 40, S 37 72 h W96 %8 BE(E 9047 32 o340 M
(PCA) . At TR AR Excel 2003 F1 SPSS 18.0 5E /%,

2 EREHSH

2.1 TR FEXT S h7 R FARR 3SR 1 R

TR LR K A W RS AN AR T B R bR, BENS RAF I A AR SR, R 1
AT TR 5 AR GISAN ] 2 50 AR A L 2 SR 280 & B A AR 2ZF, S0—
20 5 WO—20 AHLL, AHLET A M S LB & 2R, HIEMAIA e e S a1 S T
82.5% ;5 W20—40 fHLt,S20—40 A A LT 2% BRI 1 & A B PR (P<0.05) , 43 il 4
T 60.8% .65.3% .48.9%H1 86.8%

R1 FERLEXTERS RN

Table 1 Effects of subsoiling on soil nutrient

1)z AL/ (g/kg) LR/ (g/kg) 2/ (e/kg) 28/ (z/ks)
Soillayer/cm Organic Matter Total N Total P Total K
S0—20 8.02+0.197a 0.48+0.005a 1.53+0:10b 34.72+0.20a
W0—20 7.58+0.241a 0.44+0.015ab 1.37£0.052b 19.02+0.051¢
S20—40 7.35+0.240a 0.43+0.10b 1.98+0.51a 33.34+0.15b
W20—40 4.57+0.323b 0.26+0.10¢ 1.33+0.10b 17.85+0.16d

SR X subsoiling block ; W . ARIRFN X non-subsoiling block ; SO—20. RFA X 0—20 em 1 )2 0—20 em soil layer of subsoiling block ; W0—20; &
BRPA X 0—20 em F:JZ 0—20 cm soil layer of non-subsoiling block ; S20—40 ; ZRFA X 20—40 cm 12 20—40 cm soil layer of subsoiling block ; W20—
40 RIEFAX 2040 em 1 )2 0—20 em soil layer of non-subsoiling block; ﬁﬁﬂmﬁ?ﬁ%ﬁiﬂlm%ﬁﬁ%( P<0.05)

2.2 GRAAALFEXT SRR H RAR PR 4 e P B 15 R

B R R W SR A WAk T T SR AL S AR R PR AR ) R R
— IR = IS (AR IR PR B B ) S AR B 3 A ) B2 A 2, LA A b g
et AR TG KO, R R YR A HE S AR B B R 2 RO URAA AL R R R T b A
PR LR R R TR O B | A AR TR A B 122 53 (P<0.05) , S0—20 i F A0 200 B, L T AR 28 1 1) 5 fe
B WO0—20 43 SR E T 25.1% 33:3% H1 38.6% ; S20—40 AF i A 40 T8 | 5L 1 R0 T8 A B0 38 W20—40 43
BEERE T 177.1% 98.4% 1 48.0% , 3 PRI GUE W ECEH R B ER KT T2, TIN K TR EMR 2k
kN

R2 RMAEX LEMEMBERNMN

Table 2 Effects of subsoiling on soil microbial quantity

+J2 ) I R
Soillayer/em Bacteria/ ( 107 cfu/g) Fungi/ (10* cfu/g) Actinomycetes/ ( 10° cfu/g)
S0—20 23.4+0.089a 14.8+0.358a 24.420.179a
W0—20 18.7+0.134b 11.1£0.045b 17.6+0.089b
$20—40 9.7+0.044¢ 12.1+0.045b 15.1+0.045¢
W20—40 3.5+0.044d 6.1+0.134¢ 10.2£0.045d

[RIFAS ] 1 e s Ab B ) 25 57 i 25 (P<0.05)

2.3 RIS FEXT SRR H RARPR -3 Y) AWCD B2

AWCD S RAF - HE AR Y%t SRR IR BRI FHBE 1, S A W 76 M A — A R AR 31 Rl IR Y
AWCD ZEAL NP 1 i, Bl 2 T 5 B 8] i ZE K, AWCD 2 TH 7, 78 0—12 h i}, S0—20, W0—20 , S20—40 ,
W20—40 em [ AWCD {HYHZE TE 12 h ¥IF G F S — B IR 1 74, S0—20 ,W0—20 F1 S20—40 7£ 36 h
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HEASTEOGK I T W20—40 7F 48 h i#E AT K 15 18 ¢
FALFRAE 144 h BT RS . AN F A S AEY)
S 28 R ST () AR AL 38 5 30 < S T IR, 4 it
PR B T — AR Kt L, 5 W0—20 A
W20—40 H Fb , S0—20 F1 S20—40 (IR T 72 h LY
ARSI B T 35.5% 1 130.8% (P<0.05) .

FHGEELFE AWCD

12 24 36 48 60 72 84 96 108120 132 144 156

2.4 VRAMLITOH E R R H AR R b S W 2 REE £ i
Bty
Shannon 25 B P45 5T LM A i ) 1 2 1 - 59 M1 AWCD MRRRAREY

Fig.1 AWCD changes with incubation time

E%ﬁ%y}ﬁgg#‘ﬁ . IEIL: E ﬁﬁ@ﬁﬁ%ﬁ‘{z B@E¥?§gﬁ'f’i S RIA X subsoiling block ; W : A TR HA X non=subsoiling block ; SO—
sz BB OB E RS REIRE 20, peisix 020 em 12 0—30 em sofl layer 3 subsoiling block;
Emﬁﬁgﬁé‘f&k E/‘JE'E%J—EDle] o EE Fé_l 2 ﬂﬂ, i%fﬁi WO0—20: £ B X 0—20 em )2 0—20 em soil layer of non-
WSt RRIE R FE 4 Shannon Z2REVEFS B (H D) FERE A subsoiling block ; S20—40 %A 20—40 ém ) 20—40 em soil
FH B AR S) AL 5 T L B  SO—20 f  laver of subsoling block s W2040: A#¥H4 X 20—40 em £/ 0—20
B W20—40 FAIK ,S0—20 5 wW0—20 LigEHEER ’ ijoil layer of non-subsoiling block; [F] AN 7] “7 51 38 7R Ab 3L 1] 2 5
T $20—40 0 H DS (R E AT W20—d0 b508

BT 15.0% 4.6%F1 95.6% ; Shannon 1457 FE 485 () L W20—40 Lo, FL'5 Hofib 1 BE ) 45 HoA 15 2Pk 22 5
(P<0.05) .

3.50 ¢ 20
T a a

3.00 a a I a
£y 2 16 | a
=5 250 b % 2 1 —
%'E 200} =212y
RE 150} g b
g g . -ﬁHBI 5 8t
S% 100f # 5
2 0.50 24
73} . I

0 . : : ; 0 s s .
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5§ a Q a

3.00 b o 094} =z a a
& 2 b b BN TE ool ]
8 oos50f b TE ool
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X5~ RS 091
T2 150 S2< 090} b
=i e
£ E 2 089}
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Different soil layers

B2 RRCIEN IR REE SRR R

Fig.2 Effects of subsoiling on soil microbial diversity index

2.5 TRCEMIBIE AR 328 o i

XFREFR 72 h (1 31 FRRIE A P ST A5 00T, SR I 3 A g 5 — F s (PCL) B8 o
(PC2) FIEE = F M4 (PC3) , 70 AT LA BT A8 1 1) 54.666% ,23.972% F1 21.362% , 3 1~ F o R 2%
TORRRIRE] 100% , AT A4 10 S e 31 N85 O HRAE | T30 AT 20 ok R AE R W BE R B AR . M3 3
T A SR IRFAY 4 AR L2, S0—20 76 PC1 1843 e i, W0—20 7E PC2 F1540 i, S20—40 7E
PC3 A5,

PR3- 3 B e 1 32 A5 B DR A AR SR BE DR 48 4 X (ED B T 1, SRR IO 2 1o A 5
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S %

37 &

WA 555 — AR E RS R BRI 23 (K 4) , BEAUTFMIREA S Y  4-RFE TR FeR e &
Y- S s R il 40 R 80 A1 o-BRZURIPRY ; 2B IR - L-KS 2R | L- KA MM R | L-22 %M, L-J5 A R A H
RME-L-A AR RIRIAL W) N ER FUIE | D-F FUBIEIR  y-2 5 TR - A IR A BRIR A o= T WA ; Bk
IKAECEY) : B- 1 2E-D-H A WY | D-2F FURE I TR B s | D-H 82 B | N- £ T - D 4 1 | 781 7 Bl - 1-i R £
D, L-a-Hl 556 = ERUMHCHER S IR A 8 A, FEAFEM IR KA G  2- B AR IR b &
Wy 2K BN IR - L- AN R s BRI B AR A - T BPR ; B/ AL 54 - D- H 87 B N- L Bt 8- D-
HEINEF D-LT4E —H% . 5% = E SRR IR IEA 6 4, ERATE RS N0 RIREAL & Y-
SRR WoKAL S« B-HI e D-AIAIHEH  D-ARE 1R BORBE R o-D-FUBE . 3453 3 Mk 4 nl L, G W R IR

FAEY) EEERR KA G YR TR AN AL PR AR PR R A WA G 32 2R

K3 EIRARTREEE

Table 3 Scores and contribution rate of principal component ( PCA)

S0—20 4210 -2.673 -1.267
W0—20 1.440 3.747 -1.256
S20—40 -0.079 -0.022 3.860
W20—40 -5.571 -1.051 -1.337
FRHEME Characteristic value 16.946 7.431 6.622
TR Contribution rate /% 54.666 23.972 21.362
Z3 5T Accumulating contribution rate/% 54.666 78.638 100.000
F4 31 MBRENETFEE(I1r1>0.6)
Table 4 Factor loading of 31 carbon sources ( I71>0.6)
RIEZE 57} F S 1 F S 2 FHS 3
Carbon source guild Substrates PC1 PC2 PC3
BBRZEIL AW Phenolic acids  2-3RFEIKE HI iR 0.496 0.753 -0.432
4-FHR PR 0.956 -0.280 -0.093
WAL E W) Amine compounds 2L 0.359 0.854 -0.377
i 1z 0.852 0.279 0.442
45 Y Polymers it {540 0.947 0.318 0.044
it 35 80 0.998 0.059 0.020
- RO G 0.929 -0.273 -0.251
JHH -0.245 -0.489 0.837
ZIEFR Amino acids L-K5 2 0.641 0.555 -0.531
L-RABEME2 0.961 -0.191 0.200
L- RSN 2R 0.218 0.962 -0.164
L-22 %2 0.991 0.039 0.130
L-73 282 0.805 0.386 0.450
RN L-A =R -0.837 0.546 -0.033
BRREMEY) PR 0.918 0.087 0.386
Carboxylic acids D->f LA R 0.829 0.141 -0.541
y-REET R 0.814 0.462 0.352
D-Hj A5 R 0.835 -0.510 -0.209
AR 0.698 -0.639 -0.323
a- T AR -0.636 0.660 0.400
D-PR R -0.058 0.032 0.998
oRILEY B-H B D- A4 HiF 0.678 0.389 0.624
Carbohydrates D-}-FLA% N ER 0.988 0.107 0.114
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WIS 5 7] FHS 1 Fgr 2 FHr 3

Carbon source guild Substrates PCl PC2 PC3
D-AHk 0.382 0.196 -0.903
-5 Sl 0.603 0.486 0.633
D-H B 0.677 -0.623 -0.392
N- .13 - D 4 fiie 0.734 -0.679 -0.007
D-£F4 — 4% 0.213 0.924 -0.319
R 1-BEIR AR 0.734 -0.574 -0.363
a-D-FLA 0.425 -0.156 0.892
D, L-a- i 0.956 0.045 0.290

3 itig

TIPTS5 B EAR AR, A ARG o - AR A HEARRE ), B R RIS
Rt i EL AT A AR 45 4 AT B, B3t - R B K M K AR Bl Ak, R MR 7 o R A
TSR ARIE , RS BEA B FA ML R R JZ 50400 Y SE i e P i, A b B 2 HLBR 5 5 i 45
/N RTRR S BEINR 2 R A PR & i AR R RS FXT 0—20 em + )5 HIEAHLIT & S A B2
RS i N 20—40 cm 2 APLBAELR | 3X 53105 5 AN BIBFREES A8 — 80 . R AT BR 2 TR AT
W% T AURZE  FRAR T R RN T RZ 3 Y8 T Ry AR K R 5T WA #E T I #FEA HLR
MIRLE,

e e W | s R ol el w0 i WA ) N O R = I N T e DR VN T
20—40 em HEFHAE MM SR HXT.0—20 cm T2 BTN, A MM SRR L
T RE, R DR R AR XS s s AR AT o 4 A — 2, HE R T SRR IR IR T £
HEREZ U T IS R SRR B FRATE 0 TR BN T R 2 R R R ER R T SRR R
AR Z 5345 F 20—40 em, 7] SR WCTE JA5% 45, AT 15 B E I8 R A 4Re . 59— T AT B2 T IR 2
MR T 20—40 em BHZEEH , (I 15IRAN AL B AR GA 4D BE SRR H B 20—40 em AR R A KR R A, 3
I ARE A 225 X T RE b Bl 2 A SR 2 S B ENRHNZ —, AR RN, SRR H A
W SR TG 2R Y 2T PR s ] BB i R AR [ 5% 00 WSO AT T 22 SR R BRI

TR A+ HEFIRE A W 25 22 (AR F 2 A ity HE Sh 2 A AILRT 3857 3 AL S8 38, 2 0Pt
- HEAE T B B bR — AR 7 - AR R ERS R Y AR R A5 R R I, - B W
- TR 3 T it D s A A PR AR A8 i SR R B HXY 20—40 em )RR R W2 I
FR L R TR TR G T HEZE T 50 S Y BRSNS LR B T — R
A B L HEAEE  JE IR 20 em DLFHEZ 0 H R s A VAR RIS IE B, PR T AR
I F B LR A R T R RS, B = 0 T R TR R i SRS L R TR 2 Y
RIS HE A A TR IEH T

B FE -5 AR bR AWCD N A 38 AR R A SR 1 BE T RIS P4 1 R/, AWCD R, AR
R PEER , AR, #E 0—24 h BHRUZEIAL B RHB B, 76 24 h ZJ5 , SUE P i ik A XTSI K30, 9
1E 144 h J5 HAGHE AT E I, AN - JERE G W0 7 5009 B (A B (R A8 (e 24 52 30 S " TR it 2k A5 6 T W
FHIE AR — B RS AN E W IR A AL BEOR [A) £ 2 A9 AWCD #55 TA TRFA 19 L 3 RE BRI
S0—20>W0—20, S20—40>W20—40,,

T UG ARG 1) Z2 P48 B0 A T L MRS b B Wi A W R % T i 22 FE 14 19 28k, Shannon 418 $UCRE % W08 b, 2 Bt
PR = B A5 B AL BRI FH A R U 22 5 3 8K, U Shannon #8808/ Shannon £
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