5537 B4 20 1] E &~ £ Eild Vol.37,No.20
2017 4F 10 A ACTA ECOLOGICA SINICA Oct.,2017

DOI: 10.5846/stxb201607311571

3R AR i, A T, b R, i R 3 0 b e KA R 5 IR W X R SR R G R AR 573 ,2017,37(20) 1 6847-6854.
Tian Q, Niu C M, TANIGUCHI Takeshi, YAMANAKA Norikazu, Shi W Y, Du S.Relationship among vegetation types and soil microbial biomass in the
Loess Hilly region of China.Acta Ecologica Sinica,2017,37(20) ;:6847-6854.

BETRERXEHEE ST EREYREREDEN

MRV EAM, ST RE L kA AT R A
L EREBE KR K £ AR AT, 3 R £ R S RO F R E LR E, B 712100

2 PHAbRMBHE R, K 712100

3 HASEBCRS T HMM G, SHC 680-0001

4 PURg R BB A== BE, IR 400715

5 R ERREBE R, LR 100049

FEE LIBRPGHEZE 8 4 R IX 5 FiOR RS (N TORIARAR R AR MIAAAR K SR ZS BRI A Rt ) BT X 42, b T+
B E A Rk R R AR R LR 1 A A KL AR Y R L SRR (1) 4 BRI + 0
Jo R 2 MR AT AS R RE FEE A i3 | AR R 3 R AR AR > A TR > #4th 5 (2) - HERUE YA Wy Rk AU B A 3. ARk
B, NIk A, H5 H3EA PR (SOC) 4% (TN) FIH R0 (AP) B R 38 TEATE (P < 0.01) ; (3) Bk + S 40 5
PR IR, N TR B BR & i i T RARILARBRAR . 4R -FEEs R TR IR 2 B3 EAHDC (P < 0.05) , ML TE 5 + 508
FRICHA ARG, RS 48 pH FUAHDG . UEBATE ISR X Sk, A s A 55 - 49 o e et ot 2 4 9 R LA AR TR AR B PR
SRR MWL AN B R R E YR R IR E AR R R

Relationship among vegetation. types and soil microbial biomass in the Loess Hilly

region of China
TIAN Qin', NIU Chunmei’, TANIGUGHI Takeshi®, YAMANAKA Norikazu®, SHI Weiyu®, DU Sheng'* *

1 State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateaw, Institute of Soil and Water Conservation, Chinese Academy of Sciences and
Ministry of Water Resources, Yangling 712100, China

2 Institute of Soil and Water. Conservation , Northwest Agriculture and Forestry University, Yangling 712100, China

3 Arid Land Research Center, Tottort University Tottori 680-0001, Japan

4 School of Geographical Sciences, Southwest University, Chongqing 400715, China

5 University of Chinese Academy. of Sciences, Betjing 100049, China

Abstract: To remedy adverse impacts on ecological environments, vegetation restoration has been completed on the Loess
Hilly region of Chinay thus yielding changes in vegetation types, and secondary forests and exotic vegetation have reclaimed
most of this'area. Vegetation type plays an important role in soil quality, and similar land-use types usually possess similar
soil properties and, most likely, similar microbial communities. To assess the effects of vegetation type on soil development,
we measured the basic physicochemical properties, microbial biomass carbon ( MBC) and nitrogen ( MBN), and the
number of bacteria and fungi of soils from areas with five different vegetation types, including a secondary natural oak

forest, a non-typical natural forest of oriental arborvitae, a natural shrub land, a planted forest of black locust, and a plot of
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unforested bare land. We found that (1) soil properties improved with the presence of vegetation, compared with the
abandoned bare land, and that there were differences in the physicochemical properties of soil from the different land-use
types. Soils from the bare land and black locust forest yielded higher pH values than the natural forests, and the overall
trend of soil quality was: natural forest > plantation > bare land. This indicated that vegetation coverage, especially natural
types, has a beneficial effect on soil nutrient conditions and soil pH. (2) Similar to the trend of the other soil parameters,
both MBC and MBN were highest in the oak forest and shrub land and lowest in the bare land and black locust forest. These
two indices (MBC and MBN) were also strongly correlated with specific soil properties ( soil organic carbon, r*=.0.725,
total nitrogen, r*= 0.736, and phosphorus, r*= 0.775; P < 0.001) , suggesting that vegetation type and soil properties
influence microbial biomass. Thus, microbial biomass can be used to assess soil trophic status and which lower in
oligotrophic soils on the Loess Plateau of China. In our study area, the soil was alkaline (pH 8.18—8.48) ,/and the MBC/
MBN ratio was ~6, indicating that actinomycetes were dominant, possibly facilitated by the alkaline soil conditions. (3)
Bare land harbored the lowest abundance of bacteria, and the abundance of fungi in the black locust wasdower than that of
the oak forest. The abundance of bacteria exhibited a strong relationship with specific soil properties and was positively
correlated with C/N ratio (r*= 0.754, P < 0.001) , soil organic carbon (r*= 0.636, P < 0.05), total nitrogen (r*= 0.
611, P < 0.05), and phosphorus (*= 0.775, P < 0.05) , and negatively correlated with pH (> ="0.761, P < 0.001). In
contrast, the abundance of fungi was only correlated with soil pH, thus confirming previous reports that bacteria and fungi
respond to different environmental factors. This discrepancy may result fromrthe different functions of bacteria and fungi.
Fungi are primarily responsible for the decomposition of recalcitrant soil organic matter in forest soils. Thus, the overall
trend of soil characteristic was: natural forest > plantation > bare land, indicating that the recovery of soil quality differed
among plots with different vegetation types, and both soil microorganisms and soil microbial biomass, to a certain extent,

can be used as an important index of soil fertility.

Key Words:; vegetation type; soil bacteria; soil fungiy soil properties; the Loess Hilly region
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PRIZE S O R 2 6 T ARG N - S Gk 2 ) e e R R, R R R T A W R B L kB
PE ;R Bs - HEh ) 29 R A AR L P X g M X T ORI Y (AR e T R
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FHIE

ARSCLIBRAL B 4 Bl X i A N TR (RIER ( Black locust) ) RIRT- AR (IL R ER (Oak) A ( Oriental
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arborvitae) ) \ KERMEM (shrub land ) FEFEHEHE (bare land ) FFMAE B A9 )2 £ (0—20 cm) AHFFEXTE,
IFFEAN TR B2 TR S 5T 0 40 140 0 % S A i i R AR, X T AR Aok e 25 &
GE BRI AT 1] T RE LA A BRBRAE P EL A A BEOE A S2 B RE SC I A iR R 12 M DR AR A 2 AR B R IR Y
WSR B PR PSS Bl FE PR 4T RT3 | AT AR ER AR ), AT B T s i 4 2R AR 25
Rl IR AL, S E G , 2t DX A A B P A TR A o 2 15 AR AR A A R DA T B S (IS A

1 #MREFE

1.1 WX

ASBIFGE XA T D VY A4 40E 22 T 5235 DXMIAREEL 2 8% 1L bk (36°25.40'N, 109°31.53'E, 1353 moa.s.l.) , iZHLIX
LT ARAR DX BT 5L D 8 Ay | S AR O3 A X B Jb %k, 50 IR B b I e B T R, I X @R 2 T
MK AR AE L TR G R Gk (1971—2010 a) |, 1200 XS 3547 (K 54504, 7 mm , 3EHT 6—9 A 173
Rk 2 5 AR K 71% AR 10.1CY ) HIEOR 3R 4 + it (pH7.8—8.5) . £ K
B4 AE 10 A, FEAEISH R RIRM (1L 5 AR ( Quercus liaotungensis) M FFC Platycladus orientalis)  JHAA
( Pinus tabuliformis ) . 111 % ( Populus davidiana ) . F ¢ ( Betula platyphyllalla ) ) N1 K ( ] # ( Robinia
pseudoacacia ) Ay J 48 AL I WAL ( Larix principis-rupprechii ) Z52) . KEK WM (bt #5539 )L ( Caragana
microphylla) \JKH¥-( Cotoneaster multiflorus) %8 T 75 ( Syringaoblata ) | P& % 1% (Rosa hugonisHemsl. ) %5 ) F1¥& 3¢
PRI (BRFTE (Artemisia gmelinii) F1 A 2E5E ( Bothriochloa ischaemumy) 58).
1.2 FEMBEE M B RERAE

T 2013 4F 8 ALEABEILIARD, e85 . (1) A THIBEAR(PL) SRR T, ARIE 294 30a, B 5250 8—10 m;
(2) RIRMUFAIFR(NA) , & BTl REE L 50a, 1455 290 8—10 m, AEHE 30%—40% ; (3) KIKIL KRR
(NO), & T FFh MR Z R 60a, BHET 290 8—12 m; (4) RERME(NS) , £ T RFh; (5) #EFE#H (BL) , JLFI%
AR 5 AN TR AR RIS AUV E il el BT R AR 20 DA IR AR STE AR ( BL) AR g X AR b, 258
DX 3725 []_ AT (FREE LK), SR AR AR B 0y, H0t F SRR U A, SR A 0—20 em 14 - F , 45 4F L Py
WEBE BT 3T BN 2 mm FiE =W T 4°CURAR , — 0 A AT B R
1.3 IERA A Wy il e

AT AR K i AR Y 60% S HEE T UM, RIORBERREF 10, 25°C T H3R 7 d, 2
JE AT A MR Bk ARSI E s S W R R T A R R R R , I A ) B Bk ( Soil microbial biomass
carbon-MBC ) FI1%{ (Soil ‘microbial biomass nitrogen-MBN) FfRERETIZ #1 , iR & W -1 A MLk FH 4 B A ML B
8 ( Tekmar-Dohr-mann Apollo 9000 TOC Combustion Analyzer) il € , %4t 2 H 0.38" IR b A/ YL
HEHA—AEAME!
1.4 B A R E

BT 0 0 P B2 M7 0 - AT LR (SOC) L 2 (TN) . pH {1 3 AW (AP ) A
(AK)
1.5 HHpSFIE A AY qRT-PCR & 5007

i Ff Power Soil® DNA 7 & ( MOBIO Laboratories, Carlsbad, CA, USA) #&EX + 3244 DNA , 1%3IE
WHSEIC K DNA | R [R5 £ ( TianGen Biotech Co., Ltd) 4ifk DNA , 44k 5 B - 40°C vKAERAE , B4 +FE
¥)3AEE, MEAHEIE Y qRT-PCR E =0T BT 51450514 Eub338/Eub518 FiI nu-SSU- 1196F/nu-SSU-
1536R "' PCR B R R F 4 pl PCRIEAW IER 059145 1.0 wl 2.0 wL DNA B4, il 12 wl ddH,
0, MAAF A 20 wL, PCR § 87 K 95°C FilAE 1 2 min,95°C 281 10 s,55°C B K 10 s,72°C ZE{H 10 5,45 PME
P, 5 65CHARSIEM 1 min,4°CHRAT,
1.6 Hdkb B

Bl it B AT Ee o, o R RIAEREE ALY 22 R F B 3R 5 225387 (One-Way ANOVA) Fili
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/N 22 505 (LSD) BEAT 73 M LA, 2% I T] B AH S 5C 2R R Pearson AHOC REGE BEAT IR, B A7 BLdle 424 3
WCHL S (-3 {EL

2 ZBREHS

2.1 A[FFEBE AT LI

ARMFSE AT - 1 JE gt pH (BN 8.12 (AR MIATAR) 2] 8.55 (F¥ATE#M) (3R 1), BRHLATA T HIFRAK
) pH BEE R (P < 0.05) . KEMBFFER, Qs o 28R, 38 A0 BLPE IR AR L A g R
SRARTE L8320 1 BB AT N TORIBR AR, 5 AR AR A Eb, B3 b 1) 1 9878 3% FL B 2R (4 IR 1Y SOC . TN
AK AP 1 C/N(P < 0.05) ), i A THIBEARI SOC TN Fl C/N & B Z % T HAL R RAA & E(P < 0.05) .
T HEE IR SRR R RIS N TS HR I (1), Fh AT 0L, A () 4 288 80 X+ 398 o 5 i) 1 R AR
[] , RARARFNTRE AL A pH A 435855 53 07 T AR 00 T N TR BRAR AR HE

x1 AEEHEBTHENLEER
Table 1 Soil chemical properties of different land use types ( mean=SE)

A AR

E%iffi% type Orgjffﬁ(%/% Tota%lfl‘/ % Available K/ g vailstge P/ iij%HpH ii%iﬁf(fk .
(mg/kg) (mg/kg)

N THIBEAR(PL) 1.08(0.09) ¢ 0.11(0.00) ¢ 190.13(10.67) a __2.12(0.07) d 8.45(0.04) a 9.51(0.50) b

RARMIFIAR(NA) 1.88(0.24) b 0.17(0.02) b 139.73(33.94) b 2.10(0.17) d 8.18(0.06) b 11.08(0.15) a

FARIL B (NO) 2.86(0.42) a 0.26(0.02) a  142.88(7.76) bc  +3.31(0.35) a 8.23(0.11) b 11.07(0.93) a

FARTEI(NS) 2.26(0.27) ab  0.23(0.02) a  174.17(14.45) ac. 2.46(0.12) b 8.27(0.03) b 9.84(0.23) b

R (BL) 0.70(0.09) ¢ 0.08(0.01) ¢ 76.22(7.11) d 1.65(0.05) ¢ 8.48(0.12) a 8.94(0.59) b

FFEAE A RNG FHR R 2R PER 2 (P < 0.05) ;PL: A THIBEAK Planted Black Locust, NA: KAAMIAIAL Natural Oriental Arborvitae,
NO: KIRILZHHBEMK Natural Oak forest, NS: KIRFEM Natural Shrub Land, BL; £33 #E#0 Bare Land, SOC: A #HL#k Soil organic carbon, TN A
Total nitrogen, AK: R Available potassium, AP R Available phosphorus

2.2 AFHEIAET R E YR Y i R

AWFFTH, AR MBC 558 13998 mg/kg, #EH MBN & 24 21—13 mg/kg 435I Z 4R A 3 F1 2 %5,
AT R AR EAE 2SR MBC frit i & AE (P < 0.05) , KIRAK(NA NO) M (NS) FTA T3 AR
(PL) A ik i 25 5 T4 M ( BL) , FLrp AR ARFNTE MY 75 42 (NA NO |NS) X 8 35 T AN TRIBE AR (PL) (&l
1), AR ZER MBN Frigid & R (P < 0.05) , KA (NA NO) M (NS) FI T HIFLAR (PL) /) MBN
i ) R TR, TSR ARRARORI I SR A i B o T TR, T SR AR DA 2 ) Bl
ZR(E 1), BZ, FHERUEYE YR O AR RIRAR FEA ) U E W A Y e, N TR, #i
AR,

ARIF5EE AT NIRRT 45 A —3 2 AHFSE MBC Al MBN #15 SOC Fl+3E TN # B EAE, HS +
5 AP AR i SFIEAHDC (P < 0.01) (£ 2) , 5 RN BrA L I pH RIR B W EAH0C, X R W] - 580
AEYRACE HHA R 2R ESE R A, SRR —E X R (FE2),

5 FRRIAE B 2L A b MBC/MBN (1) & i A W 25 5%, HUEAE 6 /247, MBC/SOC 7E 4.05%—6.93%[1] 7%
A B R SRITARBRAR R ERMIAAAR S & 42 35 5 T N TRIBR AR R HL (P < 0.05) ; AS[RIE#E ST MBN/TN £
T—11 [)728 4k (HARFIIE BE2ER(F3),
2.3 N[ B 28 1 A 9 4 R RN L T

SRR L, AR 55 AT L) AN - S A A B LI ZH DNA S (P < 0.05) (E 2) , ZRbk 38 (7.05—
9.46) x 10" Il /¢ 4, M H R 2.9%10"#5 U1 /¢ + + , BRHZH B 7 & S 8 (R T AR RTE DA | RARARFNE N 5
ANTHZEZERATE (P < 0.05), 45 FES5 11 SOC TN AP W EA %, 5 + 3 pH ) B & A%
(P<0.01)(%4),
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Fig.1 The microbial biomass carbon, nitrogen under different vegetation types
PL. AT HI#HMK Planted Black Locust, NA: KIXMIAAHK Natural Oriental Arborvitae, NO; KIRIL AR Natural Oak forest, NS; KIKFHE I
Natural Shrub Land, BL; #A5¢ 4 Bare Land; a, b,c, d: 2500 B &M

x2 TEREMER ESTREEFERAEIE

Table 2 Correlation among soil microbial biomass carbon, nitrogen and soil chemical properties

A A ALK o) A AL +4 pH T IHERA L
Microbial biomass SOC TN AK AP pH C/N
A= Y (MBC) 0.725** 0.736 ** 0.4 0.775 " -0.304 0.393
WAE YA ( MBN) 0.661 " 0.679 ** 0.189 0.689 ** -0.371 0.432

# FRAAEREM (P < 0.05), * = F/RIFEWEZFHE(P < 0.01)3MBC: #4914 P& 5% microbial biomass carbon, MBN: microbial

biomass nitrogen

R3ANEEERB T LEREMEMSL

Table 3  Soil microbial biomass ratio of different land use types ( mean + SE)

ik &3 A PR R L THCEE W B/ A B AR 2R
vegetation type MBC. /MBN MBC /SOC MBN /TN
N THIBEHK (PL) 5.91+2.35 6.84+2.86b 11.69+5.13
RERMFIMR(NA) 6.62+1.16 5.17+0.54a 8.8+1.35
RIRIL AR (NO) 6.34%1.75 4.05+1.08a 7.17+1.83
RIRHEM(NS) 6.46+0.80 6.24+1.47ab 9.42+1.16
#ib (BL) 6.79+2.24 6.93+1.53b 9.39+0.35
[F]— S AN [ 7 B R 22 57 b
F4 FEEHXETEREYHES TBUFEROBEXES T
Table 4 Correlation among bacterial number, fungal number and soil properties
DR =S A Bl 2R TR U +3 pH HIEmA L
Microbial type SOC TN AK AP pH /N
i R K NB 0.636" 0.611* 0.246 0.518* -0.761*" 0.754 **
H R $0E NF 0.404 0.4 -0.304 0.354 -0.546 " 0.429

# RN REHIR(P < 0.05), * = FRAHEWRBFME(P < 0.01) ;NB: JEEGE number of bacteria, NF: F 4 number of fungi

ANTFFEBZEARNT N TR 35 0 B 5 i B S5 I T RSRAT R AR, (EJE S AR SR AAAMRN AR
MNERAREFE (P <0.05) (K 2), #HHAYERE & &S KIRIT R TKRMFMM KRENTL B EE S, H
WHEES 4 pH 2R &AL, 5 AR 2R ESEE SET IR & LR A AR B EMH K (P <
0.05)(#%£4).
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Fig.2 ¢RT-PCR analysis of bacteria and fungi in different forestry soil
a, b, ¢, . ZFHRENE

3 e

ARWFFEIAT X I S, AR AN TR AR Y pH B Z 85 (P < 0.05) , 3k BEH] R AR MO T Y
pH A EA —& FSCEVE L, N T RN A ek g 855 o I DL At & O M2z 2 AR R R
), R e 2 TR A AR R e i F IR S R R SRR A i A - S0 LTS [R] AT 52 0] - 45
T R SR T A28 - S5 T e R IO feff AR L I ORI SRR . AN R SRMRAE A A o 72 v R 9 ) i
A B S N TR RN R 5, LR SRR AR 2R 8 5 R AR TE A RE B Rl 28 2, 28 0 S R B TR AT 40 4
TR ARAL T 78 R W R IR 3k Lo ) i e i VE F S, T2 U B8 5T, DT B ) T 3857 43 1) R AR A
13 SOC F1 TN & 84w, AW SRTAMIFRSE R —8 AW 58 H 308 R BB SRR (a3l . KR
M(NA NO NS) > A TAR(PL) >#-i (B, 05 B2 DX 35 4= 58 5t it 1 DAAS [7] 38 3R Ak F ol 3 =2 vy, AT (1) 32 1l 5
i) -3 A=

IR W A e S Rk 9 T ) T A AR bR, T LR b S B R S e A
W i 2 22 A A5 TR BRI O, S A [ 4 A A 2R o S e AR A A A A TR A TR A i AR )
Bt KA Wang! "™ RIS 45 AL, K ARAK - HERUAE P B0 A MBC 8 T TR, #
i A AR A s D, U AR B B 56 T AR e W R R R, D AR R AR R £
SR A W A W R R B SOC T TN [R5 3 15 T N TR A b

—J7 T AR MR 9 A BN T R0 7 3 8, D T — 2 B BT TR s AR M B e K AR 2R T A SR
K e, TGS AR A R T U E W A A K R B R N TR B AR e o BE AR K R AL
By AR R AR IR R T R A AR A R R TR N B A S K - R RE
N2 VBRI E, TR, AR T RUER AR IS TR g % = 38 6 A 9 24 0 i ik 114) 5% T 235 2R R
B AT I G FARAT A — BRI e 7 5 > b, R B > S A JOSRARS N T AR

73—J7 T ,MBC F1 MBN 5 SOC TN Fl AP By b a#ABEA — 3 (B IEAE P < 0.05) , Ui SOC TN Fil
AP BN REJE A Y AR Y T R ARIESE, B TR R BOAR B 2 AL A M T 9 AR ) i R R
ANF (A PR i AR BT AE ) |, S ECORSAMRAIE A 138 SOC TN Fil AP 4855 (P < 0.05) , iAW)
JITZ BRI R F A B [ e AN ) 0 e 28 TR AR 22 8 1 . ) el 8 3K o 45 R HERE IR B, DT 5
FSOC TN iy ANET B il i A B0 A R R e Y R TR S 2 B
BRATRAIBRE N, AR 455 R, MBC AT MBN AR5 SOC TN B EAHE, H 5 AP i FH 6, 5 T
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TERIFTESS FAL , R HZHL X AL SOC F1 TN, H. AP 93 f 2400 + 38 Wy BoA s /e Y

SRR AR EE MR RN HE A ) AN TR SE P 4L DNA i W IN (P < 0.05) , AN [l ZR MR AL 2 [ %A
FRES, X ARt T TS SR P00, pH B B, O dITE 425 5 R SOC TN AP 35 B ARG
(P <0.05),5 448 pH B ZE AR (P < 0.01) , M #1857 535 5% (NA (NO NS \PL) , H +- 3% pH &1
430 T — 2 BB 1M pH X AN R R A A5 R B pe e e BOFE Y XU IR FEA MR o A 3 e
e, PRSI pH AR TR AR, [FEE, BT 405 n 7 AR MM, in 2 RS Hi,
Al SR AR, DARRE R IR (bR b 4 - S o 2 TR, (L - LR 5 R 40 i 5t
B 5 R SEE X T BE S ) BE AR A 56, WA AR AR 3 AT R R S e g o Y HLERE (it
WVERR , (H R BB TR 22 0 R BB A Y W P2 R A B B R AT AR — R ks S e - B 1Y

AHIFFT RARIL ZRBRAR  RERMIFAIAR MBC/SOC 51 {23 8 T AN TRIAR ARG, 3 Rl E S i T 3R B A
i BEFE K AR 25 B IR0 , (175 328 B0 Ab T RS A 0 %) ol A g sl ) 5 0, PR T B A 58 v 1)
MBC/SOC 7K, 3 15 HH 358 A PRIRE R B X Gl A 1 (R A HL AT — 8 e MEAE T . 3% MBC/MBN 19 LU AE AT
DAFH A Sz e+ 38 PR b W ) R 2R ) R A0 T B LB 5 28 AT, TR RLAE 6 28 A7, T EL IR 7E 10 2244,
AMF5E + 58 MBC/MBN 7 6 2247, UL B AT FEE M Bl 2 1R 7 1 AR PR T, 3K 7] B 5 700k o 26 K B0 1 A 855 2%
PFE S, EHERE A M i A K pH I Bl — B I | AR 5 X 3 8 2 B (8 224 ) , TR T Y i
AFREE ) FIRT R R AT AR 2 ALY, RS LAY R KRR SR LAY H,
LR PALE F AR A G R A B AE T, BB (T 9801 Al A 285 DTG 35 35

4 it

AN RIS | - HEE SO R, X R E A e A R A2 IR, AR X 3R Ml A
YA i e I — S A RARAR S T e WA TR 2, B e ik, 4% MBC  MBN R 3 55 + 4
SOC TN F1+3¢ AP 52 1 35 IEAH G, PN G i M 4= HEAE 7 % £ 4 MBC . MBN HA5 £ 2 BRI AE H , IR i+ 3%
MBC \MBN A IE A 0 Wi = 3B R A 36 bR 2 — .

AR ISAL T, - e B - B R 5t Wl 38 IR A DG | BB 2 B A ol S AR DGk | U i b IX
PR - R AR T B AR AT S eGSR 71, & LR R R, L RAB 2 5 & ok ek
2 PR AR ) PR U
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