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A

H A OC T e 3R A B AU ) PEAG BF AR 22,
FEJ7 1 AR IR 2 A VA e 2 A vk, 3L
PR 2 VR 2 B K O H A T IR 4
TN DA S [V AR 43 14E AR 43l W DA+
HOK R PERS B (CaCL—P) fE K 4 588 2 Xf /K 5
BERZW TR 2 —;  A“FNE Ty R A Y L A
I B 0.5 mol/L. NaHCO, iFW =42, 1l LLRREM -
R A SN (Olsen—P ), KEMFFTIEY], 4+
% Olsen—P M B —llm FEF, 13 CaCl,-P 2l
N, HESE AR REER KRR A, 3
Aok e R

R, JaEr Il E AR ENNT
A B U B (Olsen—P ) - 38 /K 375 1 W o 8
(CaClL—P) "0 I H[F]— 3 3 A K 300 v e 5 A
(1452 1 S e P e TR 7, 2
PRI SR 7= A 8 e T3 A K S I B HE NS RE B
R RCAIWCRI A, T H 23 il 3% 2 1 AN 3R
R, BN - B SO FE MK YRR, 2
15 T FH 3 2R 1) ] RIS s A B VT RE L E T
T B IE TR 2% S e M PR XS . BRI, AR5
L VY P b DX A g ta SR ], AT A Rk
SR OO . AR RS RN K R
R EE RS, RS T i BER BRI X
6 B B 2 R, o B L v A A I
W AR B o, BEARVE AR A 7K PR T e RURS At
P 5T A

1 #REIZE

1.1 U AR

PRI T 8 R AU X P R K2 E R A+
HE 7 5 AR R 26 W s (106° 26" E, 30° 26" N),
ZHIER 266.3 m, RS AR T A AR 26.4C
EPFEKE 661.4 mm, A+ HEON IR X BA
RFEHEMA ML AL, IEY RUDBRA KA
TUA R R B W KEREE, il EigE, X%
Hi TR BEAPE B pH 8.52 (+kkb 1:25), H
BT 5.56 g/kg, T IEOARA 31.4 me/kg, TIEARL
W 13.3 mg/ke, AL 200.8 me/kg, +HEKEEPERE
( CaCL,-P) 0.11 mg/kg.
1.2 RS AR TR

R T T 2018 4F- 4 H, Bl 55X Ry B —
KEAFKRAE, BRI F LXK A%, &

B S ABEIEAKE (LAZERET ) 0 0 ke/hm® (Py) | 33
kg/hm® (Py;) . 65 kg/hm® (Pgs ) . 131 kg/hm® (Pyy, ) .
393 kg/hm’® (Pyoy ), BLAL, 4 bR 55 it 0 it
9 P 131 kg/hm?®,  H40 AR 95 R 4H 2016 4F X 3% b
X 160 44 4% BT (Y UABUIRAIE T A, i ik o) A PR
PR RE R I TR A — 7 H ) [ 36 A 45 S 4R
B, BABIEKT 4 ES, 20 4/0X, 15
/N AN 9.8 m?, FiVHLERA T I AR 5 75 pg M X —
PR 2 B 5 A OGR4 SR AR . AR I 55 em, 47
# 40 em, HEAF L R — K

AGRE T 2019 4F 4 A 27 HE 40, 8 H 28
H A3k, A aOBoast s A ok > b 3=k S A <
F 857, IR HIRE (N46%) . i W IR Y
(P,05 12% ) . BRERHAN (K,0 50% ). JitiHE 7 X A &
AL 2 2R — Mt A, BRIEARREE AT, &
BRRE 7 OMETAE AR, U AR ARt P e R 2 bl
FIH AR N B it AR A IR 60 ke/hm® 1
JEEAE, FIAEALHAEBAL, FUGEE 48 kg/hm®, I
A4k, b A ZE (N) 252 ke/hm®; 4
HE 60 kg/hm® V5 AL, RIASPAE FHEBAE, 4
UGB it 54 ke/hm®, S AR 4 0, L3t AR IR
(K,0) 276 kg/hm®, 36 AR ESF 93 43 531 kg S8 b 00 A 40
BT B (2 ) it 4k,
1.3 WEm H 55k

PRI S, OB S L LA T34tk
Y= 5 BRI A6 1A A /N DX 3 ICEL AT AR 1 R
P4 BE; WORBATER 4 ¥k, Frb sy o B3, 45w
EWN R L R3Sy, HEETKEE, T
105°CAT 30 min J&, 75°CHLTZEiHE, FHRECTE,
FE Y FE SR T 4 1 3l g4 (SeoUP ) i 17 Hir ik
L (HNO;-H,0, 7 ), H ICP-OES MlE#I7757
W

TR H5H 0 ~ 20 em )2 48, KT
Je I 55 68+ HEA B Fr i . 0.5 mol/L NaHCO,
24, LW 120, MHBSPTELEENE; £HEK
RS (CaClL-P) it: H 0.01 mol/L CaCl, 242,
T 15, BT EEIE
14 BdEabES 8

o EFTE (vhm® )= 2518 + M + 18

WRIEEL (%) =Rt HE/ (ZETE + 1 5E +
RFH ) x100;

Mo bR AR EE (P kg/hm®) = 25T x X8
TR+ MTE < SR+ R TE < RS E;
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eI 25N B i L (%) = (ks
B SRR — WIAE I A g R AR ) /O 2t
EyAs S

R R ME A (P kg/hm®) = i B 2 — oAk
b1 S B

4t ] WPS Office 2020, SigmaPlot 14.0 #1714
FH, F SPSS 17.0. SAS 8.0 AT EE G 1143
Br, R SigmaPlot 14.0 F XA AR R HE 1T 43 BT A
WA D R, BE TR

yi = a;+h; x (x<T)
v, = ay+h, x (x=T)
2 HBRESW

2.1 AN[RIGE B X SRR A R 2

MR 1AL, Bl R s, A i
JE AT TS, A e 225 R, HAL
B Py Pesy Prayy Pagy SANETEALEE Py AH L2351 3

T 17.7%. 65.6%. 189.6%. 324.0%. ] 463 B
WEE T R RN, Pes 5 Py
VL Ll NP3, 7 N N 1 07 L2 B s
TG Py B 1.5 ~ 2.5 4%, Py ACFEBAIH T8
BN FE Py K 50%, Pao, ZEFRES P, b 3 1
K 175%.

ORISR S S B A a1
RSN, BAREE T HAE Py B Pos AL H 2 0] 22 52 A
BE, T HAE P M1 Py AL B2 0] 22 57 8 3%,
x, T EYT Psg3 AL FEIR B RABE, 4390k 1.51,
0.73 t/hm’, T ELE Pyy. Pgs. Py CBRZ [A] 2 FR
[TEN

BB e B e ol 2 1 0 8 B A
P, Py Py, P 5 Py A A ZERARE, A
[Fi] it Al Ak BB BB S AN il s Ah BE Py 3
15.6% ~ 49.0%. WORFEER P, A3 AP Lb B TH] JC
R

x1 AREMEHEN HIEFYHERFENAERARE TENZIN
o N F&E (hm®) . .
it AT AR i (fEE ) WkdRE
(kg/hm®) (mgrkg ) e el ( t/h:f ) (%)
£ e £ w R

0 9.6+0.5d 0.04+0.00d  0.040.00c 0.68+0.04d 030£0.03d 1.51£0.10c  14.7 £0.69¢ 60.4a
33 11.3 +0.4d 0.06+0.00c  0.06+0.00c 095+0.02c 0.50+0.0lc 1.74+0.06bc 17.0 +0.42bc 54.5b
65 15.9+0.7¢ 0.08+0.01b  0.09+0.01b 1.02£0.02c  0.61 £0.03b 1.95+0.12b  19.0+ 1.11h 54.5h
131 27.8+0.9b 0.07+0.00b  0.08+0.00b 1.26+0.03b 0.63+0.02b 1.93+0.07b  18.9+0.40h 50.4b
393 40.7 +2.5a 0.10+0.0la  0.11£0.0la 1.51+0.02a 0.73+0.00a  228=0.09 21.9+1.28a 50.4b

T RPRAREIUR 4 WEERFIIE « bRz, - P AR/ NG PR 5% 225 5K (B ZHILE ). THE.

2.2 AN[EIfE A AR AR W L B R AU

o AL

2.2.1  FAEUA R I AN [) i e 5 A A2 1k
HIZE 2 AT, WIAEIBRAS AL BRI 25 . 0

BB R E 2, RIRIEA R 3.2 o/ke, I
AN 5.2 ofkg, Hu ERHE S BT Py PR
1, N 44 gkgo WOARIIBRER AL BE Py S8, 440
FEZE | MRS m G2 WEE, RO R

K2 AEEHENARRAFEHSEERS SN
i (gke)
(ﬁﬁf) BN W
= - o1 = - P oI
0 3.0+0.1b 5.0+0.2a 4.1+0.2a 14+0.1¢ 5.4 +0.2b 7.1 +0.2a 5.35+0.16a
33 3.2 +0.2ab 5.1+0.0a 42 +0.1a 1.6 £ 0.1bc 53+0.1b 7.1+0.2a 5.16 +0.12ab
65 3.1 +0.0ab 5.2 +0.0a 4.2 +£0.0a 1.5+ 0.0bc 5.3+0.1b 6.9+0.1a 5.09 + 0.07ab
131 3.4+0.1a 5.0+0.2a 42 +0.1a 1.7+0.1b 5.5+0.3b 7.0+0.1a 5.01 +0.10b
393 3.2 +0.1ab 55+0.2a 44 +0.1a 22+0.0a 6.5+0.2a 69+0.1a 5.28 + 0.05ab
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22, 6.5 glkg, FACPREIRBE S EITT B EEES,

SFXIWE SR 7.0 o/kg; A AL E] b b BE S RO

WEES, PSRN 5.2 gke.

2.2.2 BBUANIR B MO R o B i R AR A4k
HI e 3 FIHL, WIAEMIBUAEE . i b b e 2R

T i it A ) 0 S R T R I B R, B K

ZRE 9N P 033, 0.61, 0.94 kg/hm®, B it

SR, WO B ZE . L SR B
R R R B n R, R R R
> M R > B R, AR R R
PR AN it il A 38 Py 3 IR R 15.0% ~ 47.7%, Wt
Wl B T AL I Py MRS HERE AL 3 P, 3 R e K,
H194%, 2K B i O A it B AL 3 P, Y 1.5 ~
3.3 1%,

®3 AREHEXNRHARNPREHRRENI N

B 2AUE (P kg/hm®)

Jiti

X A gk
(kg/hm?)
% it o146 % it o Ho 1

0 0.11 £0.01d 0.22 +0.02d 0.33 +0.03d 1.0 £ 0.0d 1.6 +0.1d 10.7 £0.7¢ 13.3+0.1d
33 0.18 £ 0.01¢ 0.31 +£0.02¢ 0.49 +0.03¢ 1.5+0.1¢ 2.6+0.1c 12.3 £ 0.6bc 16.5+0.1c

65 0.25 £ 0.02b 0.46 + 0.05b 0.71 £ 0.07b 1.6 £ 0.0c 32+0.1b 13.4+0.8b 18.2 £ 0.2bc
131 0.25 +0.01b 0.40 + 0.01be 0.65 +0.02b 2.2+0.2b 3.5+0.2b 13.5+0.5b 19.2 +0.1b
393 0.33 +0.02a 0.61 +0.04a 0.94 +0.05a 33+0.1a 4.7+0.2a 15.8 +0.4a 23.8+0.1a

223 BHUAS [RIEH A S AS [m) 5 5 il SR AR 4 B )
4k,

H L1 AT, PIAE s . i R A 5 1L
Wi it Bl e O 1 i JC A B AR A, AR R E T
Py ACBRES 5 b K, M 38.4%, M RFET P,
REFRIS 7 iR, o 66.6%.

= oy
33 65 131 393

Jiiif e (P kg/hm?)

& 1

TPl 2 P, RGN [R] Ak BB
AEHTZE0 il RA L 4 IRk B R 0 HU(E
HESRB S, AN it A AL T 25 B R 2
H12.6%, ANitaBELE B &7 2 R 13.0% . ATt
Qb BEBRBUAE f5 25 i BRI | A T IR R
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WOAR BB EE | il R R o L B it 1l it 1Y
R L a R, Rk B LR
TR, S TR i B A B A AN it 9 P, A R
WiN 5.3% ~ 14.0%, T Py, L BRI 5 L IRAR,
66.2%, HFwEEME 5 IRK, ZuEfE L
/e

100
80

60

40

‘21111

0 33 65 131
il (P kg/hm?)

ORI RN (%)

T EEREMNRBA RRERHRRES L O

AL N 87.4%, ANHEBEALEL Y 218 87.0%
2.2.4 WO 3 OB VR B Rt e 5 e A
KRR

L 3 AT, U™ S M AR R it
W BB IE A EOC R
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m {ERTZEm
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2 R[E) R B X B [B] Bt AR R AR E S ELLE 5 Y 2200

30
25+ °
NE 20+ [ [} °
? o8 53 ° e
15+ -’
o .
- y=0.1675x + 14.75
10 R=0.50 (n=20)
+ P<0.001
5 L
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AR E (mg/ke)

CRAEE S

65 131 393

30
25+ °

sy e
w8
— y=0.0151x + 16.402
I8 10 R=0.57 (n=20)
LS P<0.001

5 L

0 Il Il L J

0 100 200 300 400

i s (P kg/hm?)

B3 TRAYBHRESTEMNEXXR

2.3 AN [R it B X e SR AL S e R

AL
2.3.1  AN[Rliti e e Xt MR 25 2 L A 5 )

Il 4 AT, BOABOICIR 5 39w R SR 2 4 bt
400 a
300 |
200 |
b
100 | I
e a BOR
33 65 131 393

—100 -

FMEELA (P kg/hm?)

e (P kg/hm?)

B4 AREHEMNBHRRUBRIZIN

it B 2k 3 T S, AR E KR B R
B
232 IR FUE RN IR R 15

HIE 5 AT, IR R WA AR 5 A Rk
B A SRR S IR ARG R, iR
T4 T I 2RI A A R U S I K T
WeEE

B 6 AT il 0, A SOk E S K
PR A D R O R, H A AL
W Tk BE AR 22.9 mg/kg B, - 39 K 95 14 Bl vk B2 i
- HEE SO VR B A B2, Y4 T 229
meg/kg B, KM B v 3 B 1 AT OB vk B 1Y
BN, e AR R S R i = (R
KB DIRRE 7 R y = —0.0002x° + 0.1688x + 7.675
(R’=0.95, P<0.001) #EATHIA, Y4 HEH 0wk ik
JiE R 22.9 me/kg I5F, %R %) 85 NE it 5 o P 102.7
kg/hm’,
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60 20
—~ [ ]
~ 30r 2 16
o y =0.0816x + 12.404 ° S y=0.0019x + 0.4492
En R*=0.89 (n=20) E R=0.57 (n=20)
g 40r )
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& #H
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R ool &
T X,
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B 5 BiERWNBKETEEUBRER TEKSEBRENHEXXR
2.0 50 .
° L ]
2 16k y=—0.0816x+ 12.404 ~ sl
Ei R*=0.89 (n=20) 2
- P<0.001 ED
w12 — 30t
X =
<
= 08 2 20 ¥ =—0.0002x*+ 0.1688x + 7.675
Z T R*=0.95 (n=20)
B o P<0.001
H 04r H 10§
0.0 L 1 L L ) 0 . . . . ,
0 10 20 30 40 50 0 100 200 300 400 500

TIARWERE (me/kg)

i (P kg/hm?)

Bo TEAUBERESHEKIERRENEEAXER

3t
30 RGBT AR TR, i B s A
SE

AR, Bt B R RGN, A B R
5 S SRR it SR E Y R
(R, e e it e o o R 7 A 2 3
VER, s 5—sepfse A ™, AT RE R F AT
6 b - P RO A AT AR, AT R B S AR
PERIIGFE ., BRI, Y e Ak
H69.5 ~ 96.9 mgkg I, BRAREE . W kG ALK
S, 2 A AU R g 41.2 mg/kg INF, X A K
W= h 24.5 vhio®, 3 H 25 396 300 R 5 N 41.2
mg/kg BN E 166.7 mg/kg I FEH, BRABUZ EATA
W, A 6 e A it i 11 - A SO O 40.7
mg/ke, FERIRFHMHIKT. WIAEIHHCE, i+ H
2 e 1, B AT B, ZTEEHAT
mEE, SRS EMRIEI S R, X S5 ETA

DGR TIEAMAR ™ 22 oAb, B R
BRI R LT e MR e
R, A TR W0 - B v 5 7
FOPSRE SR, LA ™ L A A pE
ARERI T, AR B AU S R K
SR B OSBRI &
K I TR R T R LR, 4
MBI L R AR B2 22 5 T
SRR, FLEH AR, I R S B
WA L, SRR FIGR AL AR
MBI AT B SRR, 5 — 7
SRR BRI, A RO 1 3L )
B FEIET Wl B AR 2 (BRSO R
BRI, TR (R TS . rh K, 25
£ SO I T I AL
3.2 ARIRHERE K T X BB A ik BB BRI 1
I

ARG, BERGREE RGN, BIAE1 A% Ak B
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MR, M, b IS EERARE, XRS50
TS RN, S P B B SR 6 O
ORI BRABZE Bl & 5 B BT RS, S
AIBFFE 2 i —30 ™, &AL PR S R B
S, R RTRESE, SR P NS — U A B T A
RORSE, MR K & B i R e B LR 51
Z YRR, [R] B AAIF 5 HR R0 i 5 e ol e 2
BEIEAEER, FHEOHBR LA & 2 R F52 50
PRV 5 — 7 1Y T BEa s, ARG S AT TR AR Y
ik P

Jit k2 14 T 2 R S VE AN R A B Y 3%
oy BB, R AR F IR NS e B R
BEIEMERR, AR5 AR as R —
P MR R AR M I A R SR
BETEAS A B AR BRI o B S e T R i A v
L PP RS 4 S ) A U AR
ZERE BAEY 2 4%, ULRHRIEI B A R
Sy Beat R AR R M 2R 42K R SR LU k-
Fromm, x5SR M iR
IS IRFH, o SRS . e R
Fesfn, SRS SRR b RGO e T LAY
BRI, LR S

IRIGLE R, WAL BRSO B 0 75 R
I, MBURHE AT LA RIS, PR S B o
()T SR SRR, SR B TR AE i A ST R 4
AR RN R G AT R0, i L R
SAVHIRIAEIBRR R LT, FRATHUBR 719 5
R, FRARHHUR R M BEARR YK 1, W
Al RE SRR B B 1 R L, PR IbrEE
P ELIE R AR AT M, R AL IR
BERTR, NEHIABHUR R R K, wiik
5 AR S AR KSR RS ) TR o S, R
UE— 7 [ BRBH™ 5 .
3.3 ad i A HERE E R B AR VAR B PR BT R

PR RN, TR RS TIRA RS T
FIEMEX R, HEHFHHRE P 100 ke/hm®,
A SO AN 113 mg/kg, {HAN[E 3584
T EHEA R A AR, ARgerh, H3ef
ST HE (N 20.5 me/kg, S5 AT ABFIEAR LI
e > 2 TR AT AR SRR G M MR R AL T
GHURAS, M A BERE —ER 8 24 ZE B K i
FIH, 75— AR 3 E AT A RSB A T
g, PR O Y A A MR R AR

N, RO R B I B AR
WMoy, ATHLVEY) USRI, 8 H 14 CaCl,-P
R 0.07 ~ 2.68 mgkg ¢, ARG, g
CaClL-P ¥ JETLFI N 03 ~ 1.1 mg/kg, 7E iR EHH
T

A, IR I P R 22.9 mg/kg,
FHOCHFIEIN R, TNE AL R B . R Bel i
TR b P Wl 3R b O XU, D TR AT e L e
R b S RN | N oF - ) & s AT o
ISR, AN AE K SR A ] Y R A R G
PR ER D Y SRR R eI I FUE R 57
mg/kg, T K 434 22 1 HE I TR 2R 8 W bR I L0
b 37 mg/kg, HJFEHFTRERK L FEC IR R
a7k 43 s AR BE AT A E AR R A5 2]
B RS, HRRSWY), AN, mRipm
A, ORI PE SRR, O IR A R
BHRTE, HEMFAR TR A O BT
B, Fib ok EE, 3 pH (EHUNSGBR, Hk
W A S T REE IR, BRI
FHE (22.9 mg/kg ) X R Y BUU™ &4 18.6 t/hm?,
Ak H AT A ) 84.9% , PRI A Ak S T J K
W PR B I A 5 I A E RO R,
T R S SO A AR 288 7 A5 T B S A U N A
{H N 17 i KAk

AR, BERG S RN, B A E T
OB R SR R LT, AR
B PG FAKF, 32 R LR A 1 7K - D
fit, HHEERER T8, A TR AR 2T H T
BB AR, RS RE B — B A3 R i e i
TR o R I A o, 3 70 AR A0 4 7 22
W PRI, [RIEE, TR IRV I S % o3 AT 2R 1
(B R /INFE — 8 PR B L e 1 A B 1y B AL 1
B, WAHE pH (EH . HHEFTHAE

i, MWBE RIS AERE, M9h
B B 1 MR I FHE 22.9 mg/kg B, Ik
IR, BT R 5 B AL it 4 P 102.7 kg/hm?,
E A= E Xt s e N R R, iR P 65 il 131
ke/hm’ /= R 2EF AR Y, MANLGEH R, EHF
Tt i P 65 ke/hm’ A LA ERBE 5T XU P 1) 7= A
KAt Ht, FERBAE S, BRI AR 41
HA | LRI RO T A BEAGAE, RERBAS7F
ARV I A N R T IR AP A, RBRBAZ 4K
A SEAE T Ty, B E L H L SR IE
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PRI A
4 #5ig

W i 8 P 3, M AR T S
WIAEIIBRECE | i BB Z FZY ol 122, WIfE
HRIR) G J5 RS i SR |5 Ee 2k 12.6%
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intensive vegetable production systems: overfertilization, soil

Study on the amount of phosphorus fertilizer based on pepper yield, phosphorus accumulation and soil phospho—
rus environmental risk

ZHANG Yu-wen" >, FAN Zi-han" *, LI Shun-jin" *, AN Yu-li""*>, WU Yue" ?, LU Ming" >, CHEN Xin-ping" °,
ZHANG Wei > (1. College of Resources and Environment, Southwest University, Chongqing 4007163 2. Academy of
Agricultural Sciences, Southwest University, Chongqing 4007163 3. Center for Agriculture Green Development in Yangtze
River Economic Belt, Southwest University, Chongqing 400716 )

Abstract: In view of the unclear characteristics of phosphorus absorption, distribution and soil phosphorus accumulation in
pepper production in Southwest China, the dynamic process of phosphorus accumulation, distribution and soil phosphorus
accumulation in different organs of pepper in different periods was clarified through field experiments, and the optimal
phosphorus fertilizer application amount based on pepper yield, phosphorus absorption and environmental risk was clarified.
The experiment was carried out in 2018 with local varieties of pepper. Five phosphorus application levels (P 0, 33,
65, 131, 393 kg/hm®) were set up, the dry weight, phosphorus concentration, phosphorus accumulation of pepper
organs, soil phosphorus accumulation, soil available phosphorus concentration, soil water-soluble phosphorus
concentration and other indicators were determined. The results showed that with the increase of phosphorus application
amount, the dry weight of stem, leaves and fruits increased significantly at the flowering stage and harvest stage, with
the increase of 50.0% ~ 150% and 50.0% ~ 175% at the flowering stage and 39.7% ~ 122%, 66.7% ~ 143%
and 15.2% ~ 51.0% at the harvest stage, respectively; the phosphorus accumulation increased significantly. In
portrcular, phosphorus application increased the phosphorus accumulation in stem and leaves at the early flowering
stage by 63.6% ~ 200% and 40.9% ~ 177%, respectively, and phosphorus fertilization increased the accumulation
of phosphorus in stem, leaves and fruits at harvest time by 50.0% ~ 230%, 62.5% ~ 194% and 15.0% ~ 47.7%,
respectively. There was no significant increase in the concentration of phosphorus in stem, leaves and fruits at
flowering stage and harvest stage; phosphorus application increased the concentration of soil available phosphorus and
soil water-soluble phosphorus by 17.7% ~ 324% and 26.8% ~ 181%, respectively. The critical value of available
phosphorus concentration and soil water-soluble phosphorus concentration was 22.9 mg/kg. Considering the yield,
phosphorus absorption and environmental risk of pepper, the appropriate phosphorus application rate in this study is
P 65 kg/hm’. Therefore, in the actual production of pepper, reasonable application of phosphorus fertilizer is of great
significance to achieve environmentally friendly production within the critical value of phosphorus leaching, and at the same
time, it can tap the potential of agricultural production.

Key words: southwest China; phosphorus supply; pepper; absorption and distribution; soil phosphorus accumulation



