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AT AR5 N ZETE Sl BRI | 12 M X R SR A B T
FRR M IOk, 2B A5 3R B AN Wil A2 R, e B AL 7 B2
JE— 2GR O IR BRI IR S IR, 24
M3 2o 5| A RS S T R T BRI AU VB AR
BB B , B N A ARV AR A8 N TR R HEK o3
A RPN KA AT R IR AR TT RS T
RAEEWFFIER >0 S B AL B iR TAFE AL E
FLBBE 3 BE AR T3 T 2R UG IR BT R
e HERAR 3 AT R AEAE S R S R FE R
Z—, HAER T N TR ARIEFE S04 2 555

BT, ABFFE AR I U0 H R 5 F vh i 3
BN TR XD L g BIFTERT R, $RUD KD
DX BESEEY , SR RO CHT S BOARAE 78 XD 4 K
JE L, AR TE 0 b D o 8 21 A B2 2 ORI,
Pie i ZAE AN RIAR I 25 08 T B9 22 (LA A, DL
TR T M0 1A PR 38 4 e A X e A2 73
ATRHE AR, Ay 32 DX b YA Bl i AR 2
A TR BRI

1 MREEBREHE

1.1 HREER

WF5E DAL TR R0 V0 b 2R e 38 1 55 7 65 1D 1
FRARASFE (420237 N 122022' E) 4K 226 mo 1% IX
IR AN AT DN iy d o =) MR [ S O i S O
10 “CLA_ BRI 2 890 °C, JCFR I 150 do AFRJFRK &
526.5 mm, FEKAEPTE6 ~ 8 T AEZE R i1 932.7
mm , F% 25 SR 58% ~ 59% , -1 H BRI ECH
26152 h, AFFIRH45~50m-s™", 2EIHLL
ERABECEE 21 d L b, FEEAAE3~5 A,
A FEOR S K AR R XD A+ v
RiX5) VPRI TR 100 m DA b 2 B8 ) IXUB U 35
F, SRR N P KA B, A7
PAVP AR 0 32 R TR Tl 32 A« T4
IR AN (Pinus sylvestiris var. mongoliea) | {0, AWk (Acer
mon) 55 , L HEEARRI LS  SHKLF (Lespedeza bicol-
or) /NI BL 2 (Rhamnus parvifolia) /N85 38 )L
(Caragana microphylla )% .
1.2 HmX&ESSH

201748 8 J1, s i AE RS Tl & U s AR el v i
(26 a) JEHMR(33 a) RSB (43 a) 4025 BEALAG
B 3AHAK A 20 m x 20 m [ SZIRE HiL, B Hb fR] B K

F 1 kmo XEEHL N AR KT 1 em AORE TR IEAT 45
ARG R, TSRS B e B A AR DA B A5 e b L A
AR WL 1, 7E B F b P 2B I3 PR A
PRUEARNE R RAEXS G FERERE T 7 Bk A%
M Z S, TR FE R A MR 0~ 10 em F110 ~
20 em XD L FESL TRATE 2 H B8, 14
VD HBAE R SEBG X RE PR A TR A 124, 4
IR o = T X | PP W e o oK A I B i E BN
T, SR AR KA A 22 e SR ES JR SCMS 2000
FUBOCREFE A3 A4S R k7 B 20 %, AR L
S 3 UK, MRS 2R L 56 [ i+ HERLE 73 2bn i
g 0 I S RURL AR RS B 5% L 16% |
25% .50% \75% 84%F1 959 itt FIT %o 17 1) +- ki 42 .

R1 EEHEARER

Tab.1 Basic overview of the plot

o Mg CFERE FEMaE Mﬁé}%ﬁi Bl
/a /m cm / ¥ +hm™ i3

PRk 26 1026147 1693281 1650 0.72

PR 33 1061 +1.03 14.06+244 1650 0.75

BEBR 43 11.12+1.74 21.07+1.02 1650 0.68

1.3 TENESHEITE

% H Udden—Wentworth #7 4% Fx E , HR HE Krum-
bein JIr £ t 10 % BU AR R0 RE 1 LI 5% 16
D 1H:

D =-log,d (1)

A d AP RRAE (mm) o

K] Folk—Ward F &I fif i 50 F- PR Ae s vfi
P22 A B e 285 1 55 A R S 80, 1R T SR AE £
BORAR S AT )-SR BE O3 HIORR FE B e o) B 45
FRIER 2 SRR AT

TERRE  dy= (D + Py + D) (2)

BRMERE 0= ) (Pu=Bi)+ e (Po=P) (3)
_ @16+¢84_¢50 + d)s"'@os_dbso

TS, = 4
'ﬂHﬂHE 2(®x4 - (pls) 2 ¢95 - (pi) ( )
W by, - P, (5)

K= 2.44(D,, - D)

3R AR B AEECANAUAT DL itE— 20 HE AN [
- ) R AT R IE S A SRR iR AT LA T
Sz e A S A AR, 03 AR A R b
I FHZE AR b R s ) | 3R AL R A . Hogt
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AAAN:
lg [v(r;Ri)jz(?)—D) lg (RRi ) (6)

. D A HIEIRFRM AR r R 3R A (mm) 5 R
FRAR ARG i 1 RS (mm) 5 R, 8 ERAR Y
W RAE (mm) 50 (r < R) A HHERAS/NT R+ 3K
FUEL(% ) 0. R85 B SE BARBU B N (%) o
1.4 FitHHhA*E

5% FH Excel 2010 F1 SPSS Statistic 21 /4% 5256
BARHAT G510, 38 2k 5K 2R 5 22 50 HT (One-way
ANOVO) [ fre/IN i 35 22 5 (LSD ) 3 XA 92 IX AN [R) 2%
TRURE b %) - KL R 20 B 5 00 B S A T 22 S 10
PR, EAF X 8] 95%

2 HRESHR

2.1 TIENEAHERK

BERID V> R A N THKO ~ 10 em K> L1
Wk 3, P2 i i ik 1 ORI 69.29% ~
87.04% , o, AR 5 v b & i A v AORLAD £ i A
0 W A, S48 T 3K 13.30% ~ 25.05% 5 %
i AL P AR R 2%, WEARKIES B934, T
C NSV N TR AR i A R e R AV N
(P<0.05) , T BRI AR & 1 3 o TR Akig 5
BLABR(P < 0.05) 5 30 2ABR 5 BLBBR I A0AD & 2 3%
TEF AR (P < 0.05) 5 USRI D & B 3 5 T
M (P <0.05) 5 AHAD 548 D & 5 06 o 35 A8 1k
(P>0.05), #IbHL0~ 10 em X VD 4 ZHRL & 0%
I T [F)Z U 2R 5 B 18 (P < 0.05) , 5 g Ak
AL E 257 (P>0.05)  ByRL A 40 & %
RTFMH A HE(P <0.05), hib & i 2 & Ak 1

(P <0.05) , HHAC SR HHAD
2R (P>0.05),

RERIDTD MRS FAS AT AR 10 ~ 20 cm XD +475
DAEDRL R 3, HAP- 2 5 f ik - 0N Y 82.57% ~
94.23% ; FWR Fpfybr, & 503K 5.68% ~ 17.15% 5 5
Lo AN 1%, BEFRIE 1380, £ 3Rk Bk
AWK (P < 0.05) ; BB 4000 5 i i 2
TR (P <0.05) ; TR SRR % 4010 1 it i
FIRT IR (P <0.05) , ARG b & i 1%
T bk FIE MR (P < 0.05) AP SHOA & 7 TG
W EAR(P>0.05) . #RIPHL 10 ~20 em KV + 5
LRI R i 2K T 7] )23 3 bR 5 i bk -
(P<0.05), 5T MAAAE R 25 5 (P> 0.05) , 1)
A& B E AR T AR (P < 0.05) , iPb & i i
= T AR (P <0.05) , 408D KL SO D &
kb - AR i 25 5 (P> 0.05) .
2.2 TENESH

Hy 2 3 AT, R R U0 0 HURE T4 i AR L ST
MRE RO ~ 10 em KV = FHPRiA2 5 510 2.77
@ .3.32 OFN13.23 D, + I T AOH ; B3 M 25 530
H1.33 D 1.72 D 1.84 D, 544 g T4 25554
T FE B 4351 4 0.46 ,0.32.,0.47 , i FE IR B0 341 M % 1
T E 5 W AR 0391 A 1.51.1.16,1.04 , 0 BRI 1 N
G | L HEURE 9 53 A5 AN 5] 5 43 T 45505y 5 oy
2.18.2.42.2.43, [ BRI HIG AN, 3w 2AORRRN B
R EPRIAR FRifE O 22 5 50 T2 4 55 5 25 5 T rp iy
(P <0.05) , B5#ObR 1) f BE A 2 3 5 I 20pK
(P <0.05) ; It 2RI R 2OPR A 6 B ( dd 251K T
AP <0.05), #RVPHLO ~ 10 em JRUTD - HpRie
FIbRAE D 22 o 25K T [5) )2 Mt + 398 (P < 0.05) ; T

i S AN

F2 PHAEF A TR IR B AR

Tab. 2 Soil PSD of Pinus sylvestris var. mongolica plantation

WAKE  LRWIE om  BE% BYE % R %
B P i Hiw Bk
0~10 0.33+0.03b 13.30+1.44b 11.42+1.28b 48.95+4.83a  24.14+5.21bc 1.58+0.55a 0.28+0.23a
PR 10~20 0.09+0.04C 5.68+0.86C 8.62+1.08B 56.28+6.87A 27.23+6.27AB 1.93+1.88A 0.13+0.23A
JEk 0~10 1.64+0.19a 23.45+3.81a 19.89+1.47a 34.83+6.03b 18.12+0.80¢ 1.63+0.68a 0.45+0.73a
10~20 0.24+0.08B 12.89+1.52B  13.66+1.77AB  42.53+4.72B  27.74+5.40AB  2.86+1.37A 0.06+0.02A
Rk 0~10 1.82+0.21a 25.05+2.20a 14.05+2.46b 32.43+4.05b 25.25+2.23b 1.40+0.73a 0.00+0.01a
10~20 0.28+0.05A 17.15+2.10A 16.91+5.30A 35.45+2.01B 26.00+5.68B 3.91+0.47A 0.29+0.17A
o — 0~10 0.30+0.02b 7.61+0.37¢ 7.59+1.81¢ 47.68+2.57a 34.37+3.15a 2.40+0.64a 0.06+0.06a
10~20 0.07+0.43C 4.42+0.76C 7.97+1.03B  48.95+2.22AB 36.06+2.28A 2.44+0.18A 0.07+0.07A

T RSN KRG A HIZR 0 ~ 10 cm F1110 ~ 20 om +JZ 225 18

(P <0.05)
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JEAE 55 AR M 1 1 TC 1 2 25 5 (P> 0.05) 5 U6 L bk
F T HE(P <0.05) ; /I 4ERUR R T 2
PRFBLASR (P <0.05) , 5T MORNfEfE 5 2 57
(P>0.05),

BEIR IO VD Mo % 74 v i AR L 30 2R 5 bR
10 ~ 20 em XU ki 4243 51k 2430 2. 71D Al
2.86@, 1 HE Jit M BORL 5 B HE iR 25 43 51 O 0.88
1.320 144D , PRS- 7316 v &5 | 3 ORI
BRI 5 e P55 2% 5 B 531 0 0.25.0.36.
0.33, H AR A it BRI A 1E AR 30 bR
SAOBRXTD = A A TF i B 5 04 B 5301 A 1.40,1.22
1.04, HR RS FRFIT MR 1 06 BER B R %% | i
A A AT AR R 1.98 213 1217, BlE AR
U (R BE I, 3 PO B R 1 £ S MR AR R it
22 55T AR 2 5 T i AR (P < 0.05) 5 T bk
TP ) e L B 251K T P i AR (P < 0.05) 5 M B
B &2 (P>0.05), #0100 ~20 cm KT
T FHPRIAR AR IR 22 A2 TR 4 T R 2
PG AR (P < 0.05) , SHIBHRAFIE R EZER
(P>0.05) ; W B E LT sk (P <0.05) , 5
BARFLBMNAFAE B E 25 (P> 0.05) ;w5
M AR B 55 (P>0.05)

2.3 TIERACHNL
23.1 rHEEAHE2FGL WE PR, B
IRID TS HIA R4 T8 A T AR O ~ 10 em JKUVD 47 BE
IR0 X8 SR DL Y | 3 2% 26 40 I e 4.8 DA
2.4 DKL BLT P, 7E 3.9 DRFT AL BT
Ao WA Aoy h 4 AT AR XD L Ak 20 43 (L4
Gy ANy I R O] ES A R A=A R e ok R A
(HPRL) o 200 0 119 I8 6 Pl R 38 IGAR TR« B
R IR | R BB 23 I 0 s B R AR YR
R HEPR G ERR BGER . BEARIS B3EIN,0 ~ 10
em RS - ARLZH o3 B g 0, DR 4 4 B
Wb o YD Hi RS R A R 43 A i 2 A Ik g
W IRAE 4.8 @A 2.4 DRFT, A0k 2 70 5 IR T Ak
A8 RDRLA 53 2 AR 3

W b JT7R , BRIV MR A4 7 Fs N TR
10 ~ 20 cm KD 1460 B 550 % 45 A Hh 2 34 A XU A
=My TE 4.8 DFN2.4 DRI LT PG, 7R
3.9 DI AL HYEL T AT o KL 43 1R e vy )
JEARUR A < AR L3I SR | Hp 38R 5 DR 2H 43 ()
g F 1 B AU < bk 3 PR L bR, AR
#4 BN, 10 ~ 20 em X VD = 20067 2 43 B a2 i 1
T, REURLZH 53 R D o VD i R R A

®3 IMHETFMAIR TR ESH

Tab. 3 Soil particle parameters of Pinus sylvestris var. mongolica plantation

MY +EHE / em SERPRIAR i 22 A WA ARz
i 0~10 2.77+0.07b 1.33+0.06b 0.46+0.07ab 1.51+0.09b 2.18+0.01b
&4
10~20 2.43+0.09B 0.88+0.12B 0.25+0.06A 1.40£0.12A 1.98+0.07C
— 0~10 3.32+0.14a 1.72+0.12a 0.32+0.09h 1.16£0.05¢ 2.42+0.02a
10~20 2.71+0.13A 1.32+0.08A 0.36+0.03A 1.220.01B 2.130.04B
- 0~10 3.23+0.07a 1.84+0.06a 0.47+0.10a 1.04£0.04c 2.43+0.02a
10~20 2.86+0.16A 1.4450.02A 0.33+0.13A 1.04£0.12B 2.17+0.02B
b 0~10 2.36+0.08¢ 1.12+0.01c 0.37+0.00ab 1.78+0.17a 2.15+0.01b
w
10~20 2.28+0.03B 0.84+0.03B 0.23+0.04A 1.23+0.10B 1.91£0.11C
1 FPIARR/N KRB TR0 51378 0 ~ 10 em 10 ~ 20 em 1R ZEF B (P <0.05)
60 (@0~10cm 60 ~ (b)10~20cm
>, v v —\\
50F — bk —— Rk ~ 50 | — Bk —— BB
o A0f CoRER R o 40 b oAk B 7N
S - s I A\
o 30 77N > 30 \
4 W
K 20 = 20
10 10
0 0
12 12

BT SR AR S0 fh 2k

Fig. 1 Distribution curve of soil particle size frequency
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AT N Z N BRI i A 2.5 DI . #RYD
AT L 43 AR T AR 3 HURI 4l & s T
T BB AR 45

232 LA EHAEsF G L WE 2afT
7,0~ 10 cm ARHL5RR Vi - S0k7 R B4 5% 5
A M2 v R 53 Ak B AR R I B ALy ok B
JITAR 3 A R A 21 43 LA SRR BE T AR 3R B IR R 4147
BRI PR L R I ACRT R VD b BR A 4 R A
XA KK N 5.1~1.6 P . 49~1.6 D . 3.8~18 D,
3.5~2.4 @, BB i A > ST K > il
> BRVDHE . 4 BIHIUR S L R EROR , 3R
AH - RSO 1) 43 BE PR ERAT, PT U025 M BR AL 21 40 11

(a) 0~10 cm

90— mabk —— Eak
80T ——-dhiihk o BIH

BitEHEE/%

e
"""""""

Rife /&

B2 i ST S S (NS LA E S v i R B 1
> HE AR > I bR > AR

WNE 2b FF7R, 10 ~ 20 em AR5 L0 b G + 3
WRE R TR AT R 3 R Bk 2 4y RS
AT FIEAS 2 o3 = Fh AL, bR G bR L H i A
FIBR VD ML BR S 2 43 (R AR X AR IR R 5.2~ 1.1 &
48~1.7D 3.8~18dD,34~15D, BRHNH: .
AR > AR > AR > B, BRAS AL 1
ORI 73 e MR BLUT , a3 - BRYD 3 > v i Ak
> ST AR > AR, BREDHL O ~ 10 em KPP+ B
Mo EPEDL T 10 ~ 20 em,

(b) 10~20 cm

g0l — BmHk — — sEmAk
80T~ =~k BIbH

BItESER/%
o
S

T

12 10 8 6 4 2 0 -2

K2 Mok 2o iz

Fig. 2 Distribution curve of accumulated soil particle size frequency

34 #

BRRID VD R VD - ks 5 i e v, BhokE  KkL
B, X UA T X s N RS A XU R B VR
IR YRR AR VR0 N 7 A S 1 85 W DB
N B MR KU il R Bl MRS 1 1
K, T HERRLRUR R R S R R
U/ B I PR R R A S R G AR E
PR I AT 7 — o AR R W A A5k b 5 i) = 98 XUk 7
KRR —J5 M JZ 0] A3 Z051 98 R
PRI AR B B 7, 55— 5 T b R A V5 P AL
AT UG T b FORH RS B, $ T - 49 U 1) Ak 3 XL
B A REHE N A HL S R A R A
(T A, 32 T 48 R SR 1, DT A R il XLvb
TSI, 10 ~ 20 em AP = R0 EE A1 %t AS W £
Ak, 33 2 R A A 1A N PR A 386 ke ] A S50 9
T AR SR SRR B A e SR Ay el st 4 e
R YD HL 0 ~ 10 em KU TP B IR RS B
FART A 2 hH 4 (P < 0.05),10 ~ 20 em K7D+
RORLFIRY AL B dt b BT [F)J2 0 bR 5 Sk Y

THE(P<0.05) 2P HHIDHATD + 3R 2 B/
FEBEE 55, AR R RL I 5 i PR R S XU R
AL

BEHRIO T HRE A8 N TARRED - F- Bk 4
R, Bt B34 S H kA S 1 R a3, e I 4
AE R D A R R N S R w7y 2
JE 22 A5G, RIS (3G, A P AR AR 22, 3X
S R A S AR AR I A 25 R 8 BRI A , AT
(BB AUR RL Y B B AT I, B 138 XD s B
PN , e 4 BT I ARLAR 23 A v il T
Az M R i IR T 22 AR O R e
ROLZ RIS, IR R WFFE X RS+ A ab Fi rh s
4 B S AR R T ORE R R A £ S AR AT, DR bt et o
TR AL 53 A W AN KR EL AT b 8 e i 30
S0 BEARES F3E S, 1 9005 2 (2 el /N 3, Ui B
TP N M 20 184 in 398 Al ) 5 1) 5 o, i
AL 43T W 1) BT, FURCAEL 4 43T 14 X R
PERWIEIE . 0~ 10 cm 110 ~ 20 em K + 730 4E
BB T 2.18 ~2.43 F1 1.98 ~2.17 Z ], 314k
FRAT I 4 B /N T 42 s o = 38 40 UKL ) ot (86
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KL AL ) B 7 DX R sy, XUk e e
(1 M IXC , 398 DR 40 F0R 49 o o A ok T o AL A 1t
It AT 4RO N o BEARIE B, 1
B3 TE A AN Wi 18 K i 55 AT AR - S A 0L
Yy & E A WG I, #RUD M KD £ S ki A A
Pt 22 R T AR 2 (P <0.05) , SHE4EEE.
FART I PR BB (P < 0.05) , W 43 XU %)
RUD I PR T B o

FRUDHL 0 ~ 10 em HUBLZ 70 5 T [R]Z M 1 HE
10 ~ 20 em BURLZH 703 5 T 5] 2 2 SR A SRR 14
e, 5 PR R IETC I 25 S IR DO
NTARBYEJZE WA R s 5y, X i b Y
20 URL ) B BT E R I B AR AL T )
Xt A Y B R, S ECR R S IRAT A
U HT R SRR, e RIS X R TR TR
R L7 e B 1) A B a9t e, R
JER L i AL BA — g R P BIFE XK
U AP W] 28R | BRAS T A 20 73 (19 3 43, P
TR B S R TR, TR
XF D i B AR T o AR AR v 3 XD £ BR S
o3 o e EOL T AR AR 2H 73, X 02 i T ERAS 40
G~ SRR A S5 88 ) g S A S e T i IS
1T BRAZ 4100 FP AR VD MR TD o e 1 foc s, FR A AL
Uiz SIERR YD i S RN

4 % i

(1) BHRIDVS oA TP N TARRED + LRy
F, H OBk, Bk A b, AR K, £
5Ty Ao A T )| S O U A e A
P, BRI HL O ~ 10 em XD 00K 5 i 25 5 F 1A
JERRHE - HE(P<0.05),10 ~ 20 em KU ID + bk & &
2 R TR 2 Bk S bR 13 (P < 0.05)

(2) BHR IV HRE F-HA N T AR 4 T 55
HL,0~ 10 em XV 0 e P38 22 | BE R DL 1
TE A B W BER LY R 78 3 T 4% 2.18 ~ 2.43,
T BEAREE B9, 10 ~ 20 em XU TP 4 43 w6 1 o 45
AN A RS PR I D AR R W O i 0 3
ARGLEHRAEAS Ry 45 TR 441,98 ~ 2,17, KT
b A HET 5 80D b XD A 5 SR, i
U, A TR AEECE N AEUR B (B N A A 3 25 5 (P >
0.05).

(3) BRI U s TP N T AR 1 b B3

Ry L 38 R WU AL L RR VD XD - R4 S
SRR T ARH 13,0 ~ 10 em HUKZZH 23 55 Tk 1
18,10 ~ 20 cm ML ZH 53 5 T 30 BRI B AR
8RBT R 2 KD A BE AR G N £ SRR AN K
AL o o B R A TR VD1 A
R o 1 i i TR VD M, BV R 2 B IR b a2 3
i FLERB 20 7 1) 43 e P v b
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Soil particle size distribution of Pinus sylvestris var. mongolica plantations
in the Horqin Sandy Land

CHEN Yu-xuan'?, ZHANG Fei-yue'?, GAO Guang-lei'’, DING Guo-dong'?,
ZHANG Ying', Liu Xue-feng’

(1 Key Laboratory of State Forestry and Grassland Administration on Soil and Water Conservation,
Beijing Forestry University, Beijing 100083, China;;
2 Yanchi Research Station,School of Soil and Water Conservation, Beijing Forestry University , Beijing 100083, China;
3 Inner Mongolia Academy of Forestry Sciences , Hohhot 010010, Inner Mongolia , China )

Abstract: In order to reveal the effects of different Pinus sylvestris var. mongolica plantations on the soil particle
size distribution (PSD) in the Horqin Sandy Land, Inner Mongolia, China, we collected aeolian soil samples of mid-
dle-aged, near-mature, and mature plantation, as well as of bare sandy land. The PSD was determined by using a la-
ser diffraction technique. The soil particle size parameters and the grading curve of different plantation types were
then calculated and analyzed. The results indicated the following: (1) The soil PSD in the Pinus sylvestris var. mon-
golica plantations in the Horqin Sandy Land demonstrated the prevalence of sand, followed by clay and silt. With
the development of the plantations, we noted an increase of the clay and silt fractions, paralleled by a decrease of
the sand fraction. Basically, the sand content of the bare sandy land outweighed that of the plantation soil at the
same layer. (2) The plantation soil PSD reflected a poor sorting; moreover, it had a positive skewness and a sharp
kurtosis, suggesting the prevalence of coarse particles. The fractal dimensions of the plantation soil between 0-10
cm and 10-20 ecm were in the range of 2.18-2.43 and 1.98-2.17, respectively. Overall, the soil texture, sorting, and
fractal dimension of the bare sandy land were inferior to those of the plantations. (3) The frequency curve of each
plantation showed two peaks. With the development of the plantations, the structure of the soil layer between 0-10
cm was refined faster than that between 10 and 20 cm. The content of suspended components in the plantations was
higher than in the bare sandy land, while the sorting of the jump components was less optimized. The results of this
study, which include the characteristics of soil PSD in different types of Pinus sylvestris var. mongolica plantations
in Horgin Sandy Land, can be applied to contrast the desertification process affecting the study area and to ecologi-
cal restoration.

Key words: Horqin Sandy Land; Pinus sylvestris var. mongolica; particle size distribution; particle size parame-

ter; particle grading curve



