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FrE & (Bacillus) . MR ( Pseudomonas ) .
v A K E B ( klebsiella) M i FF W &
( Enterobacter ) SEU81, SR, T 57 70 A U e il
A ZE AR R SRR, B
PGPR SN2 T b 2 SEOLREmAET 00, HIt, #
ST RFSER A B [ B B A BRI R T AR . = LB
FERE R BRI AEY AR L AR HAETG 022,
SRS [ JGURl | RS e B RN FH S A A 40 e X T A
BOFE AR ROV AFAE 22 5%, W0 Liu 2V R R B, S5k
T KA R AT A AL, EOKAS
T ) A 0 e S A R T SR SR R T R
Zhang 2549 Ay i AR EE T B A= 4 e X A A=
Yo A2 . I, SFXEASFEAY PGPR F
T, T AR AE 72 551 R I AR ) i AR R TR AR
YAFIG TGP

SO Rz A TIRE VIR R XA R, 2
BRI AN RN, SO AGHATEENF
(e L (ENPS e 8 578278 U 3 X O A S 3% we SRl 7
PRER A2 BN R FR BE A9k R FNFE ok ,  LASC A I8 e A5

AP B AR e 20, ARG AR 58 8 1 B AL
SR VS W A 0 R 0 R S A R B 2 R ( Raoultella
ornithinolytica, Ro) YER Wk, & THiEA
[ BT LR e, LA AL E Ro BAEYI 7%
AR, R HS e A [F] M o 56 00 1 B A TR
PR BILEE,  DAIA A= W o [ o A 0 7E S B A 7
Hiz Frh e pt—e iy Ee R .

1 MRERE

1.1 #R

111 BEAF ARSCEH R Ro MY PRIRME 45+
TR, SN MRS s IR KT

1.1.2 342 Luria-Bertani J5 355 . & 1béH 10 g,
JREE IR 10 g, BERHEIRY S g, KEF/K 1L, pH
7.0 ~75; FREERKEL: FRE3 g, SIS g,
EHM 10g, BIE18~25g, EET/KI1L, pH7.4~
7.6,

113 A T )1 44 L T R 3k X A SR A A TR
PE. R A RS A, AR IR ISR 1,

* 1 HREREUMER

Table 1 Basic physical and chemical properties of soil

A " P el BB ERAG
s o AL e . _ i
Y TRASAE . Available Total Available Slowly available
. . Organic matter Total phosphorus . . .
Purplish soil pH (oke') (2 k) phosphorus potassium potassium potassium
EXe gk (mgkg™) (gkg™) (mgkg™) (mgkg™")
[ivde3 4.08 19.77 0.19 3.69 7.25 31.09 128.66
rppk 6.90 35.16 0.71 20.89 16.84 158.05 495.05
AR 8.56 21.64 0.82 9.01 21.39 130.67 296.34

1.1.4  H kA4t
INEFEFFRIFR A
1.2 A%
1201 A dyd & B EKRFEF . N R FIFE
Fe =R R R B R IBUR 2L TS, T B
2 mm g, BAMRHICE TSN, RARAR
fiE LA 15 °C min™' S35l AHE 2 300, 500, 700 °C
JEIE 1 h, PRI 3 h, FlJETTFREERRTE P RRK
Sy Ei, RSV HIG DL 0.5 mol LAY R R v Wik
Ve, IR E R KIEYE 2 RIS 2] 300 C
500 °C 1 700 °C M FRFEFF 2 (MSC) | /M
fiFFm (WSC) FifdEses (RHC) , #3100 H
e
1.2.2 B Z Ro ) 5 &-HH 69 H] & Fom A& HAR 04 5 it
FEAS TR A A B IS B O A= W e e 1% RN

T FH A P B AR Ry 5 KRG AE

HINA4RE AL, 121 °C K 15 min, %8 5%
FERhEREA Ro IUFhF (1*¥108cfum™) , 1130 C.
180 r min™ ¥iFRid K . BEFRIRABERRER T vh IR R 52 1k
BB, BTSN EE Ro MAEYIRE A4
B, T4 CHRAEZH. 55 H 300 C. 500 C
1700 °C # i MSC. WSC il RHC [ 5& Ro Hi%
AMETFREAKP RS EIRS), IR ODg, [H M 1,
K HBEMEE (MTT ) L0032 U8 FE ODs,, BN
B, DI )42 S 20 A7 0 A 00, DA 3 1 £ 3%
H ) R e A P e 2800 o

123 AMHREE Ro LAMARIE ARUFFTHHE
4 S L AR 41 Ah 6 3% ( ATR-FTIR )
( Thermo Scientific, Waltham, MA, USA ) W4
Yk & E Ro B A M EVE BEH 1481k . BUE E Ro 1Y
YR Z A MRS AL 12 1000 1R G, oo 0F
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BEG IR, TG 4000 ~ 400 cmt PHE 64 Tk
JEEm, DAAREUE G OB E AR AT 0 45 R 2 A s ity
PRBEHL
124 FARS BRAMELEHRILAHT 400 g —
FROARTA P 8 40+ X 25 A 6 em x 14 em PVC #F,
R g CK (IS E=HIJCHK ) . Ro. BC

(1% wiw 4 HB1) F1 Ro-BC ( 1% wiw 4= W) 7% &
EAL Ro) 4 NAbHE, ARLHIR 3 ANEE . ORI
RO IFFLIA, T 28 CHEFE 24 h, 48h. 72 h,
108 h, 168 h. 264 h #1408 h Bikf,
125 B RERMNEZ T E B—HoREL
FEZ A2 2 mm 0 5 45, Hrp b A% 4
10 : 1 K+ 1.0 mol L' 4 NH,OAc 24, KM4
S EE I 5 R M b HE R A SR 0.025 mol L
HCL #1 0.03 mol L' NH,F {242, #lii: 3 s s %
FH 0.05 mol L™ NaHCO, 1242, FHEHPT L (0 3L 5E ;
B B AR OEEAET 4 C X, G
FEVRAT RN 2 AN A
1.3 RS

K Excel 2010 A T#fiiRTESE 11, ] SPSS.22

PR RE SN ES BEEME I,
Originpro 2020 7E .

2 FER59h

2.1 [EZE Ro EMRMRITHIE R TR
2.1.1 EZ Ro A aMATHL HETTARIEREM
PR AE PR AT Ro ANEAAE TR, 430 T4
300, 500 A1 700 °C #A i i BT Y MSC, WSC Al
RHC X Ro 4ffAFiEsEm (& 1) o 853% W, &~
[ AR UL FEE 1) MISC [ 22 Ro B H4 FRY I A i 8 447 i
B SR RGN b . #0224 h, DL MSC500 Xf
I A 4R T O B 3, 8 MISC300 A1 MSC700 )43
BIE N T 52% M1 31.2% . A 6] #4321 WSC [
7E Ro AEHH AL L MSC BEA AR, WSC300
F WSC500 114 24t 5 1 24 Bl 25 335 7+ HsF [i) 7 185 o g
B, DL WSC 500 3555 2 24 h %H4H 08 RE: B AR AR
Foh W, BRl—AFE R ) 300 °C AT 700 °C 45
H 22.6% F1 58.3%., WSC700 [ 15 4 % W A5 15 55 &2
24 h WA FEAR, 4RREREIRr 8 m i 12 h IR B3
(P>0.05) . RHC [f%E Ro #RH: i H i ECE AT
R Z 0] . =R ) RHC 76 [R]85 37 05 a)
PRI I e, KRR & L RHC700 76
12 h UEXF g iR A SCR A B2 (P>0.05) .

ZA6h C112h =3 24h

1.8
-
[
§ ::; 12} a
g = d4 0
ERe) | pa ad
S-E 0.6 b a bd H Ok
g Himb obom e JdHdE
S L IBAHAH g o Alig bl
300 500 700 | 300 500 700 | 300 500 700
FORFERF I | NERERT ED
MSC WSC RHC
BRI SR EE (°C)

Material source and pyrolysis temperature

E: /NG TR Al IR B AR R E) T Ro 20 YR AR e 22 5 1
(P<0.05) .

B 1 RESRERABREEYIR Ro EHRAMEE KHIF0
Fig.1 Effects of biochars from various sources with different
pyrolysis temperatures on the cell growth of Ro strain

AR A= M1 LA MSC W JE ARG 22 9F Ro A
B 22, LRI AR s34 WSC AT RHC 433l
BT 36% 1147 %, BIRDARTE N IEA B A9
ARA I X 4 AR A W R RE 77, {H MSC500 B REfE
iF Ro MIFETE, BRI INEEFRIF 58242k FH MSC500.
2.1.2 FEE Ro A x#H £ MRYE ATR-FTIR 6
TP RRIE AT S 0 ) AR AL IR AT T — P B T A%
f) MSC., WSC HI RHC [ 2 1 )& [ B A A28 LRk
(K 2) o 455380, ARAMEE T RHC &4
FEERRAIZN, W5 THEEO—H (3397em™) |
LI C=C (1695 cm™ ) FIHUE C=C (2079 cm™)
Mg iRsh, UEAAKRRTGEZES DT TREY
C—0—C (1075 cm™ ) MPRBN MU0 | AR ER T Y
C=H fhZa IR 3N L KI5 & —CH (799 em™ ) #h5 il
PRz, WA AR TS, 82 RHC M3R1HE fig A
HAFFEEE IS, DL C—O—C Ay 55 5 i .
i 22 Ro J&5 i RHC B EEFT, A W E BN E BERIHY
fhegriRsh, AR E S, C—O0—C #rymil
VR, YA AR EE N
MSC & &M BHETEAR RIFEEE (5 B AL . (i Fe

A UL S B s e A i e, F AR 3700, 3410,
2366, 2056, 1612-1400 F1 1099 cm™ 25 4b 44 %5 WA .
Wi, ik — P45 WSC EAMRIEEML, MSC &
B AEHE 500 °C B, FWH) C=C #EM —OH #EA5E4
HRREZ, RS TREYWRT 20, MLt
WSC £ 175 &FM—CH (799 ecm™ ) AN iRz, B
IR TR, MSC R Y723 — OH My A ik
TR e = 5 0855 5 [ 5 A RHIIR R O—H Fibk
J& C=C P 4aiRshEfs A, HAF 1654 ~ 1075 cm™
1) 2 3505 1 C=C Flig % C—O— C il #hfift i 5 7+
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-OH -OH C=C -COOHC-O-C| [-OH -OH -OH -OH Cc=C
37003410 c—c -COOHC.0.c| [37383340 C=C1654 1508 COOH
1700 °C 1695 1508 1400 1099 | {700 C 2043 _ (:1‘83(:
N momIIIIIA N R A P A . » C-0O-
MupleAT e m- n A |” ‘1075
C=C ’
ok 2056 I
4000 3000 2000 1000 4000 3000 2000 1000 4000 3000 2000 1000

FRRIR KB (em™)

Material source and wave number

T BERAOR BRI AL, SERFORIEE Ro MILEMIRE SRR

2 [EZE Ro BIEEMRMB & TRR STLINEIEE
Fig.2 ATR-FTIR spectra of biochar materials before and after fixing Ro

G sE, FRAE eI B R s, Hh LS A
fie] —COOH F1—OH 1YW Wi 55 e i ., K
i/l Ji [
2.2 [EE Ro BEMIRM B HIRBSR ARSI
2.2.1 & Ro A4 B A FEat L35 ik e 4R SRR
Ro S H: Ro-BC Mfiti AR d& = 25 €5 + MUkl
(O-P) &t (K3) o #ukss 408 h, Lhiti A Ro-BC

XRMEEE (A O-P 4TRSS, #1343 276.3%,
T3 A0 RE PR R A R 5 R T RRCR 43 5 5k F
92.5% 1 61.1%., 1F 24 ~ 168 h i}, Ro #1 Ro-BC 4t
MR RME L O-P S LJt, 168 h AL 24 h 73
StE TN 8.6 mg kg A1 1429 mg kg™, Bfif5 218 F %,
Al BEAETEFR o A R [ 2 , 15 7E 408 h B4 CK
SR 3.24 mg kg F19.81 mgkg !,

~E%r mbegat S07 gt 27T FilRAE S (1
v‘&b 8 21 -+ CK ——BC -#—Ro —+—Ro-BC 45| —+CK -+ BC —#—Ro —+—Ro-BC 24} -+ CK —+BC —#—Ro —+—Ro-BC
o 3 18 k v v |
E5 401 ST - 20y T
oy 215} ' ) 35t i'} TTa 18+ ___."’_"‘\\_
41 2 12k ¥ .m v e ¥ Ve
By = Sk L 15+ ; o
=2 L 301 . / I --— 4
LRI , . I S
< L& L ey
BTl gtte T onT e oo R
HE 5l 4 o I S S 0 s a—
2 NN ) ) ) Lo ) ) \ i ) ) h
A 244872 108 168 264 408 244872108 168 264 408 244872108 168 264 408
FFRm (h) FFRIK (h) WFRIK (h)
Time Time Time

3 [ERE Ro x5 & LR BRI R/

Fig.3 Effects of biochar immobilized Ro materials on the available phosphorus in purplish soil

HE S T O-P IR & & 10 35 5 TR I 5%
B+ (P<0.05) . %5 24h, KA TR O-P S
BWESALE (P>0.05) . % 72h, LI RokbH
TR O-P & & T, HIKE Ro-BC, 73 44
CK2THT 74.1% F 43.2%, Bl & 5 57 i} 8] 4E K 3]
408 h, PINALFR N CK 205 i 4R T+ T 72.7% Fi
92.5% (P <0.05) . fAKMEEEAT L O-P &
Pl 11.86 mg kg, £SACH R B & ARk B
BB, 24 h, {UA Ro-BC AbFREE CK 4% =
30.3%, 48~ 108 h [, BC. Ro #il Ro-BC 43 5ll%&
CK &5t 46.1% . 50.7% F1 147.5%. %] 408 h i}, Ro-
BC AL F /) O-P & B A F A5 & i CK Y

61.1%. MRYE. W EAKIEZE AT, HLLE Ro-
BC X} O-P WA iy, #2530k % 276.3% .
92.48% i1 61.1%.

2.2.2 5 Ro & 4 B AT £ 4 ik 2047 o 32 9T A
R BC. Ro KW#HMPEIE A AT =Rk @t
R (AK) & (Kl 4) o %2400, BC. Ro
Al Ro-BC AbBR T 1R ME + AK &AL CK 4351
ERE T 6.5%. 14.5% F123.3% (P<0.05) ; Bk
FRESEAER:, BC Fil Ro AbH T AK % & 2 IK i
hika, 1e25 408 h I AK 55351k 41.21 mg kg™
14553 mg kg, Lt 24 hi42 T} T 24.6% Fl 28%.
Ro-BC ZbHE T AK Z it W5 g, 7E5% 72 h i}
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IRFIEE (4623 mgkg ') , MFZHIRAL, 7R
FEZ 408 h Ak F) 38.81 mg kg, WA BC Al

Ro Kb FHAY) 94.29% F11 85.2%, {451 CK AbFEE T} T
24.7%.

_ B b+ 207 et 2 iRt t
& § 51 —4-CK —»-BC —#—Ro —¥-R0-BC ,,5 | —+ CK —3-BC —#—Ro —¥-Ro-BC 250 | —4-CK —»-BC —#—Ro ~¥-Ro-BC
s | A
PEB v PorY S R —
:ﬁ@ 451 ¥ w210 | SRS 4 ;v A
s N ., |
<HI 342 i >¥ - 195 + T T v 200 M
K 239} ! _,", i'\"" "_—,--:‘:¢____ - - -
Eﬁg 2 36 ./,- /..» ' A 50 - 175 +
i = = - . r 4 s — — @ - -
iiﬁj 2z 331 ..a-""_"é 9-5—4‘"'0—"_-_ 150 UL LS ol | B :
::4 - L o
Sl trrt—e a1 6] gyeye 4 g ppsp BeEeee
244872 108 168 264 408 244872 108 168 264 408 244872 108 168 264 408
FEFRHK (b FFRIHK (h) FFRI K (h)
Time Time Time

4 [EE Ro MM EE LR RHIFNT

Fig.4 Effects of biochar immobilized Ro materials on the available potassium in Purplish soil

kSt AK IPIIG & i 3 TR 5%
{4 (P<0.05) . Ro 1 Ro-BC AMFHAFES 24 h I, AK
TR CK BERINT 9% 1 28.8%., 45 FEm}
[B]ZEK:, BC F1 Ro ZbHEAY AK Fim& i, 1M Ro-
BC Zb PR AK & it b 2 BB s A8 F 408
h i}, Ro-BC 4B N AK &HEiA%] 209.39 mg kg,
FHE CK. BC F1 Ro 4b#E43 5327 T 29.2% . 20.1%
M92%, ANFENEIT, #4F T M+ AK i
M 4 : Ro-BC > Ro > BC > CK; AKMEEE+
B AK S e e A% 27.3 mg kg, BT RS
ARG Tk AT, Bl BESRETRIAE] 408 h,
Ro-BC #Zb BT A1 Ik 138 AK 4 CK., BC #l
Ro 43 7 = i 94.62 mg kg, 83.16 mg kg™ il 75.36
mgkg'. ZFPEE L, BRSO 1 DIl Ro X
AK AR, RTHIREEIAF] 46.3%; h¥EAIfA

M+ DL Ro A1 BC PrlRljit FHER FHRCR B4y, 12
THIEEE 3 315355 29.8% F1 71.23%.
223 AMBEEFRo M EEWMAKSTH YR B
Jiti Ro K H5 BC (PR A B340 T = Fp o
R EECE (P<0.05) , FiERFREHEIEL,
Ro AbBE N A 40 BB B WA, Ro-BC AbFE T 41
P14 7 B A U S S, DRk AR 1 1 e 34
(K'5) o fERRMEEE LT, Ro-BC AMH R H1Erhgl
PSVECTE R S5 108 h BFEE] T 3.67%107 cfu g, #H
Fb [A]— Bsf 18] 75 BC 1 Ro &b B R H 8540 3 A 1
3.60%107 cfu g F1 2.23%107 cfu g'. 35545 408 h i,
Ro-BC AZbBE T A 40 A BB 28 5.7%10° cfu g, {HAH
b CK. BC 1 Ro 45435l i i 1225.3%. 570.6% i
140.9%.

RS 1 E NIRRT, FERE IR )ik

400 ) —4+- CK —+-BC -=Ro -+ Ro-BC
b4
o~ _—
‘CD = ?/ T
) 2 300 / AS ¥
o y N LAY
2 200 o \ LT ™,
u = .. F “\
ES . -
%E ; R 5 \\\ ¥\!\.\ e [ \!\_R.
= 3 e ™ Bt S e a Tl
T M ekt e =t BT S T S S
244872 108 168 264 408 244872 108 168 264 408 244872 108 168 264 408
[i7dé5- SRR SRS U AR L
Acid purplish soil Neutral purplish soil Calcareous purplish soil
FIRIK (h)
Time
SR L ARG FR N 105 Clu gy P EAINE PSS 68, 3R 10° Clu g
B 5 “$HREEN Ro M HIBRMARBERIEMN

Fig.5 Effects of biochar immobilized Ro materials on the quantity of soil bacteria
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#| 108 h i}, Ro-BC ZbHE T A4 B E = AH L 24 h 2
THT 17.5%, #Z 408 h, SAAHEWZ5F)A Ro-BC
e, MIEET CK. BC I Ro 4MiHEFF T 8*107 cfug ',
8*107 cfu g ' Ml 7.1*%10° cfu g 'v B5FRZE 24 h BHAYA K
PSR+ P P BCR AHA FER R, #E Ro-BC
RO 2R 5122 1 1.7%108 efu g 1 3.8*105cfu g !, {H
FEREFR A 72 h IR ENE(E, AT [ —HT A Ro 3
T 1.8%10°% cfu g™', BEFEEEFEAI]AE] 408 h, HAL
HEIRHRES] 2%107 cfu g, 5 Ro AHE N AEE T,
{E45L CK Ab3E T 1.8%107 cfu g =P fa + b,
Rk g0+ DL Ro XSGR IR AR iy, 41
FHiKF] 46.3%; rhMERIA KPS A DL Ro A BC P
[l PR, P25 iA %] 29.8% F171.23%.
3 iR
3.1 FARIEMKRHBEREEMRIT Ro BE MR

Al

175 16 1 A [ R S 6 R A e TR ) A 0 o [
Bk, EIIMARASE F Y EE RN TRz —2,
ARG LURAAL R R FE AP SR, R T A
() A 5 RN AR B2 1) A= P e T Ro A7TR R AN £ 2%
FERRZm, e T AR B E Ro R KA MSC,
ol RN 500 °C . MR 300 ~ 500 °C
W, AWk R E . ERE R FLIRBUE L
FW M PERE AR PR, B S E W E A1 R AT (A
BTG TR0, YRR S T 500 °C
i, AR | R R S S A
FALSSICY, A=Y B SR A5 AR FNFL BRI AR 22 i
IR, SRR T R W AEFLBR TR AR B, T
500 °C R T, L FREY R .
LE R AL BR A5 A A3 050, X —Phidi EIE 1A
W2, W5 R Es5ig e, BRI ATR-
FTIR B ZE IR E (K 2) , =M RLE 300 ~
500 °C FYJ{F7E —OH # . C=C §F1 — CH #5551 f
AiPR2N, BEE PR A, S T E S
ARV E RE AR AR EE WSS, {5 700 °C
1A ) o e THE RE AT HITE C=C $EF C—O—C $i Ay
Wl as, RS F R A AL N . [EE TS
[ MSC #H% WSC 1 RHC 1% &3 57 4 & H a5,
MSC500 & £ b BL i (1) C=C HFl — OH it 45 5 H:
AIREZ, H 1099 em™ &b i 45 i s i A 58 AR I
FHA AT ) MSC R IIARTE MK, KRIEE. G4k

RERD TREVIERTE I, XWX EIREFR
PIRFSE 513 —3L
3.2 MSC EIZE Ro X HIEH BRI

A= 0 e T it s A 4 R R i e S Dk % ISR
BRI | [ IR YN 1R B e, B INEESR
5K, Ui Ro it FHAE YA [E E Ro B &Mk}
Yt g4 19 O-P 1 AK A B R TF. fEmyE.
PEFIA M At rp, #LLE Ro-BC X} O-P 14T}
R AR, BT AR 276.3% . 92.48% F161.1%),
X R A B A W) B AE PR TS B B B4 A, 24
h X AR I E AN 20 [RIRf A IFRR
HH A= 1y e ) T ot B8 JEC R L R 8 ) Sy B2 0 1 A A
AT A2 (B A 2SR 0, ARBIESY EE T Rk
ETHY R, XiF—C8E TR EE . e
TSRS I RECRIMETS A5 o v ey, R
RHFETE T X T H A e e A ROCR . Sk, 7e
WA AN IHFEMTTEE T, FIREE T R e TR
W rp =R e+, SEEEFR A A FEZEA O-
P FI AK & i IR R EE R, aX 55287 FH A0
FEAERIAL, HNEBEICHE AR R4, DItk
FE 24 h BB [ B AR, Tl 2R AR R v
HADTHIH . Bl Ro Xt 5560 1 AK $2 AR
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Effect of Biochar Immobilized Raoultella Ornithinolytica on the
Availability of Phosphorus and Potassium in Purplish Soil

WEI Wei, LI Ting", ZHANG Ting-rui, JIN Wei, MIAO Li, LI Chang-jun
(College of Resources, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: In order to screen the biochar (BC) that can provide suitable living space for Raoultella ornithinolytica
(Ro), a series of biochar carriers were obtained by maize straw (MSC), wheat straw (WSC) and rice husk (RHC) under
the oxygen limited conditions by 300 °C, 500 °C and 700 °C, respectively. The effects of BC, Ro and Ro-BC on the
availability of P and K in purplish soil were explored by lab-incubation with the carriers by MTT colorimetric method
and ATR-FTIR method. The results showed that MSC500 was the best carrier for Ro with an obvious stretching
vibration peak by the functional groups of C = C and —OH, and the stretching vibration peak of C—O—C bond was
widened and deepened as well. Moreover, the application of Ro and Ro-BC significantly improved the bacteria
quantity and the availability of P and K in different purplish soils. Compared with the control, Ro-BC had the best
effect on the bacteria quantity and Olsen-P, which increased by 61.1% ~ 276.3% and 22.8% ~ 82.5%, respectively.
However, the Olsen-P was decreased after 168h incubated. For available K, the application of Ro had the best effect
on acid purplish soil (increasing by 46.3%), while the application of Ro-BC had the best effect on the neutral and
calcareous purplish soils (increasing by 29.8 % and 71.23 %, respectively). In general, suitable immobilized materials
for different Ro could increase the activities of Ro strains, improving soil microenvironment to promote the
availability of soil P and K.

Key words: Biochar; Plant growth-promoting rhizobacteria; Immobilized microorganism; Nutrient availability
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