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Effects of Different Particle Sizes on the Bulk Density,
Porosity Character, Water Suction of Substrates
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MAO Ruixin WU Hao HU Wei  FENG Hongqi

(National Key Laboratory of Human Factors Engineering, China Astronaut Research and Training Center, Beijing 100094)

Abstract To study the effects of different particle sizes on the bulk density, porosity character, wa-
ter suction of substrates and select suitable substrate combinations for higher plants cultivation in space.

Four substrates including profile particle (P), black ceramic particle (B), white ceramic particle (W), and
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vermiculite (V) were selected, and 10 kinds of particle size combinations (volume percent) are set, in

which basic physicochemical character, bulk density, porosity character and water suction were tested.

The bulk density of P and B substrates was 0.70 g-cmf3 and there were many minerals in P substrate.

The bulk density, Total Porosity (TP) and Water Holding Porosity (WHP) of different substrate combi-

nations increased significantly (p < 0.05) with the increase of proportion of < 1 mm particle size of sub-

strates, but not for Air Porosity (AP). In the 10 kinds of substrate combinations, there were the highest

total porosity for P7 (40-60-0)

, B8 (10-70-20) and W4 (10-60-30), the highest water air ratio for P8 (10-

70-20), B1 (20-50-30) and W8 (10-70-20), the highest adsorption water volume for P3 (50-50-0), B3 (50-
50-0) and W3 (50-50-0). The order of average total porosities of 4 kinds of substrates was V> P> B>

W. There are moderate bulk density, good porosity character and higher water suction for the P3(50-50-

0) and B7 (40-60-0) substrates, which are suitable for plants cultivation in space.
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Table 2 Physical-chemical characteristics of

four kinds of substrates

Heavy metal

Substrates pH (ugccn/fl) content/(mg-kg 1)
Cd Cr Pb Hg As
P 6.31 372.6  0.113 187.5 10.8 0.105 1.62
B 9.34 121.4  0.079 140.0 51.8 0.022 1.94
w 7.62 2242 0.021 41.5 5.8 0.108 1.32
A% 7.64 177.3  0.021 226.0 3.3 0.134 1.44




1164

B MAEEE S . W R FA A Z 1022 75,
W1 AHE /DN, W10 HARKMAE, WI~W9 Z[H
HAELDELES, M WI0ZELFET W1, W3
M W4, 3R (P/B/W) REALE TR B
BEST VERNAR, WHRFEAGRAMWAE,

Chin. J. Space Sci. ZIAFAFFIR 2022, 42(6)

P M B R RIMNAEETLREES

XFRFE A A IR P/B/W B E S ARk 2
(<1 mm, 1~2 mm, 2~3 mm) HFI#EFT EHZ 71EH 5
Br, B A5 ) J7 #2 . R® I 51k W56 4. 3 Fh AL
P/B/W (%55 B4 B 907 2 R® 4 14 0.75, 0.89

%£3 TERZEAERMBIELE (£ gem”)

Comparisons of bulk density of different size combinations of substrates (Unit g-cm °)
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Table 3
Combinations P B
1 0.672+0.014 bc B
2 0.689+0.018 ab B
3 0.6924+0.013 a C
4 0.666+0.005 ¢ B
5 0.68740.005 ab B
6 0.68740.006 ab B
7 0.692+0.006 a B
8 0.683+0.006 abc B
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Table 4

Regression analyses of bulk density, total porosity, and water suction of different

size combinations of substrates

Regression analyses
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Bulk density
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Water suction
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Fig. 1

Porosities of different size combinations of P/B/W/V substrates (For the same parameter of

TP, AP , WHP, the same lowercase letter marked in the same figure indicates that there are no significant

differences between different combinations, p < 0.05, n = 4)
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mm-min ),
1 P8 B1 W8 . N
HE PA~P7 H, P7 BARERIKHEA(111.9 mm,
2 P4 B2 W4
min V) 2402 B4~ e
, - - Wio 0.93 mm-min ); & B4~B7 1, BE;, B6,i7 HAE®S
i 3% min = ): 4 ~
A - B4 Wo W 7K 3 #(163.0 mm, 1.36 mm-min ); 245 W4~W7
5 P6 B9 w1 th, W7 HA R K3 %(98.3 mm, 0.82 mm-min ');
6 po B6 W5 P4, B4 Fl W4 2415 FIW K E R I3/
7 P10 B5 w2 A P8~P10 H, P10 HAREM/KEE(99.4 mm,
8 P9 B10 W6 0.83 mm-min '); 24 B8~B10 1, B10 HA # &
9 P7 B7 w7 JK3##(171.2 mm, 1.43 mm-min ) ; 414 W8~W10
10 P3 B3 W3 o, W10 BB E KR (75.0 mm, 0.63 mm-minfl);
2001 5 pj 0Py —e—P3 P4 =P5 (@) 2001 o B| 0B -eB3 <B4 —B5 (b)
160 ——P6 —+P7 =P8 =-P9 =-P10 160 ——B6 <+ B7 B8 =-B9 #-RBJ( -
B B — 5
120 ——
= —
%D 80 |
= e
40| #=
R  — - ol
0.5 1 2 5 10 30 120 0.5 1 2 5 10 30 60 120
Time / min Time / min
2000 6 Wil-oW2-e-W3 o W4—oW5 (o) 000 op B )
—+W6 —+ W7 -o-W8-a-W9-=-W10 =W eV
160 160 |
g g
£ 120} £ 120}
= =
2 80 o os0r
) jas)
40} 40t
o - o
0.5 1 2 5 10 30 120 0.5 1 2 5 10 30 60 120
Time / min Time / min
Kl 3 AFKifE P/B/W/V K v

Fig. 3

Water suction heights of different size combinations of P/B/W/V substrates
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P8, B8 il W8 4 & (M /K R4 /1N

P/B/W AN[RPRLARZH A 3 5 4 IR 7K o 28R/ NI
4358 P3>P7>P6>P10>P2>P5>P9>P1>P4>P8,
B3=B10>B5=B6=B7=B8>B4>B9>B2>Bl1,
W7>W3>W2>W6>W1>W10>W9I>W4>W5>W8,

4 AR B RE R (1~ 2 mm KA ) WK 7 2 45
ey b (B 3d), V3 5T 14 I 7K R A B e, 3k 3
112.5 mm(0.94 mm-min '), 53 & T HA = Fh L 5
(p<0.05); P HE 5 A1 B JE 57 i) W K B3R AEAH 2, 29
71.7 mm(0.60 mm-min '), BEEF W HLH.
2.4.2 RHkE

T THB T ARRARL ALK E ., P
i, P3 HA I s WK i (37.0 mL), P4 HA7 fie/h
W 7K B (18.3 mL) o P S5t A I B 7K 58 K/ INIBUT Sy
P3>P2>P1>P7>P6>P10>P9>P5>P8>P4, P1,P2
F P3[R B W B K i 3 e T A A A . Pe,
P7 F1 P10(P5 F1 P9, LUK P4 F1 P8) 2 1] ff W B 7K it
W EH 2R

B 5t i, B3 B A fem W K £ (37.7 mL)
B4 HA fe/N K 2 (18.3 mL) o B 3 Ji i1 W B 7K
HAK/NIF A B3>B2>B7>B6>B10>B5>B1>B8>
B9>B4. B2, B3, B6 1 B7 [A] (M F K i 35 0 T H
IR A

W 5T o, W3 B s W B /K 3 (25.0 mL),
W8 HA /N K (14.3 mL) . W HE 5 A4 Fff 7k

Chin. J. Space Sci. ZIAFAFFIR 2022, 42(6)

FRNIFH W3>W2>W6>W7>W1>W10>W9>
W4>W5>W8, W2, W3, W6 Fll W7 Ft W fff 7K 1 ik
FE T HARRAS

4 PR RS IR (1~2 mm i) v, VLR AT K
iR, ik 37.0 mL, W A T O A 3Rk L R
(p<0.05); P 351 B 565 (1) W /K 240 24 (TG 8 351
25, £920.0 mL, B3 T W R,

MKW Ty (WK &) 5 AR RLAR (<1 mm, 1~
2 mm, 2~ 3 mm) b ELZ 1 H 2 87 245 2R (L
#4), 3FETE P/B/W WK & 1) B 2k 8] 5 )7 f2
B2 4331 0.84, 0.85 1 0.83, #4735 FIH & 25 #4%
Ho, PR MWK 85 X 1EH (M 56 R
0.762), 5 Xo TUAHIC(FHOC R EL-0.683), 15 X3 Jolik
HEPEA O (ML R E-0.510) . BEETH K5
X, IEAE(HISE 2 800.911), 5 X3 TUkISE (I A%
~0.792), M5 X, Jo i 3P OC (R ¢ R 40-0.474) .
WL BT K B 5 X IEAHSC (FHC 2% 0.851), 55
Xy Fl X3 FOAHC (FHOC R EL-0.664, -0.682)

3 hg

3.1 HNEMNERFEMNFI

PSR AR ) R TR 1 A T SR, JE R
Z¥H 55 A B T RIURE /N JCI R, RN ik
TR BRI E A RE " e
A ERR AR HES, GB/T 33891-2017 MLiE Kk

x®T FEHNFEHEHSERBKE(EN mL)
Table 7  Adsorption water volume of different size combinations of substrates (Unit mL)
Combinations P B W \Y
1 35.334£2.52 a A 26.6747.77 cde AB 18.67+3.06 b B -
2 36.67+1.15a A 33.67+£1.53 ab A 24.67+3.06 a B -
3 37.004£2.00 a A 37.67+4.51 a A 25.00+£2.65 a B -
4 18.33+£0.58 ¢ A 18.334+0.58 f A 15.334+1.15 bc B -
5 26.67+1.15d A 27.334£3.06 bede A 15.3343.06 bc B -
6 30.67+3.06 bc A 32.00+.00 abc A 22.67+1.53 a B -
7 31.33+£1.15b A 32.67+2.08 abc A 22.67+1.15a B -
8 21.33£1.15¢ A 24.67+4.16 def A 14.33+1.53 ¢ B -
9 27.33+1.15d A 23.00£5.57 ef AB 16.67+2.31 bc B -
10 29.004+3.61 bed A 30.33+£3.21 bed A 17.334+1.15 bc B -
Average 29.37+1.75 B 28.63+3.25 B 19.2742.06 C 37.00+2.65 A*

T B REARRERRE NG RPN A RS Z MR FEEER(p < 0.05), B—TWIREMRIRS TRER R — 5 A F 4

FiZ R JC R E 2R (p < 0.05), EEHn = 3, *F/R1~2 mm FAREA MK E(RIZA0-100-0) .
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975 5 Bl R 0.10~1.00 g-em °, NYT2118-2012 45
YENI L E 75 1 2R TR I A5 T LA 0.20~0.60 g-cm °,
BN R, FET TS, R R, HaE A
25 WHE /N, BT T e, AR, AR TR
RFHL, AR KRR 22, 5 T, L A Rk 0 25 2R

A 5T, 3N 3 R (P/B/W) /Y %5 ) b
<1 mm RAE F GBI (W3R 3), X R BN
KA B SR (& L, N ) 20 A 5 5 110 25 T o S
e BEFRAREANG I TR G, i 5 5L FURLR
INEDIR G . X TURPSE TR ) 25 F A T H A, Horp P 3
JER B REFRATANY, 299 0.7 g-em ®, W IRFAT
BR(>1.0 gem ®), VRERAETELA 0.4 gem . M4,
FEGTIRA PR 2 ], 2R B/ NG B A R 152
IR, BF R B a1 . ST ITRM
FHSERFEE ™1, 23 A o 0 I 11 5 R 91 PR — it
0.3~0.8 g-em *, DI, P IEFFN B 5L 5 Y 75 5 LU #%
AR B FRAEY), V L E G R/ MEY s 4
HiRETR, W SR AR K,

3.2 REXMNERALENZIT

B A FLAE S B G B LB | Rk FLIE | il
SALBEMAOKHAE . LB R T 35 AL R
ARDL, FLBEBE S L R, 259028 SORUK K,
ARTHREAAK . i, LR T A By il —E
TN, — SR AL EETE 54%~96%, X LIS
ZHAEYRSG . W R R A ERR, SEOLAR R
T 20 G B T A AL R 3k R )N, S MEL 295 50% .
P LR B BB AL EE SR T 60%., V AEBTA
e/, HOBFLBREE e K (2 70%) o PRIk, DB FLBR
IR, S YR B V LT P LA
B Hi.

FEKFLBREE | 38 AL B AN K E I i B i v
YKo AZSSUNRE IR EL(E . BIF5E 2200, 38/ Nt
BRI (<1 mm) 19 & A A TR K FLBREE, DAE
IR RENSAEAT T 227K 43, (HAR R B 250 2 25 <Y
FLBR. Mo P IETRAN VLR WHP 55, BA 5
I RK AT RE ST . B UM WL 19 BFL 4 oA
A FEK B8 FTAHI A5, (HUE T L E A 35 4/ ok
o7 F R AR A K A B RE ST o BLAN, TEZS (R R SR A
Yy, i B AR I A R 1B S (AP) . AR
A A I AT R E K Y. NY/T2118-

201285 R A M AL ) B e, O SR K L
(WAR) N 1:(2~4) . AR3CP 4 FpIL i SOK Y
ANTF bR R, X R RE X 4 i T O R AR
(2.0 mm) B /N F ARl A 7= rb i JE 5 0k R A%
(#20 mm) A K,
3.3 RERMEFKRAEM

BE K W 7 FRAEFE 0 K 37K 3% — s W o 4
LT T R I REA, A S K BEAH S AT S AR,
A 5 SO 0 B 32 W 0 W 7 T o 3 e )
JK R R K R T4 B W Bk I 1 7K W g, [ ) 3
T 0 i LA K B S L R S K A R D o WFSE
W, L A —Fp LS, NVRARI0R (<1 mm) (5 A
1o, FLIR K RN K A5 s BT 1~2 mm A
P B vy, R K SR K IR, 70% o EE
MK R AR . AR FIETZ 0], VI EA s i
WK BRI K &, P AETUR B BB Y, W T
AN X RER A A FL B (A — K

A AN, K e h i & 22
WEERE T BANEH] 1 O J7) , IF HoK S Fe 5L B i
SR BB B U S 2 AR M Bk
F14) iR 559 L 42 PR B HL AR 245 ) st o 1 A T AR AR &R
(15K BE T, F/KRE 15 I T 3450 4 ik /K 4y A AR
FRBRE . Ah, TEAS A I R, S K
B b T SEE A BV, 75 5 1 oK SUEA Y T R4
T, BCH 7K 2 0 A AR i B AR R AR K
I, T LR 25 L R N R AR R AR 70 7K
g3, X B UE R BT 23 R R R AR R OK .
FLAHF, P AU B A G TS E, R
FUPEFIAKIR T3, 0T LA A 2 [ A P AR 45 56 T 1 28 BE A
Blo AR, ABFIE B R — LU [RDRL AR B X
R FLAERIK I T 52, AR 75 BT R AR [R) 5
R RPRIARFC L AR 7, DA R A AN R E R A O KA
PE, BIF I B 1 T 3 R s ) PR EL A AR K
BE AT,
4 25

X 4 R R B LT 10 PR R 4 A 11 B AR
PELAE . FLMERUKIR ) M Re HEAT IS, S BN R
k.

(1) BEEJG R B fhif i, 7 BRI . P2



1170

g SEAE 2N E i -

(OB 51N TREE 5% b NN Ty | N EE
BRRATE, P/B ERIAEEH(Z0.70 gecm ),

(3)AFHA R E TP M WHP /N2 3 5
WORE 7 EYE R 3G, {2 AP R . P7(40-60-0),
B8(10-70-20) Al W4(10-60-30) E. A % = #9 TP H,
P8(10-70-20), B1(20-50-30) il W8(10-70-20) | H.A7
M WARE., VAP &R TP B35 T
B W JE

(4) FEFK S AW B b AR BE R <1 mm kiR
R EE RS RE n. - P3(50-50-0), B3(50-50-0) Al
W7 (40-60-0) 73 53| 2 A fe i85 WK 3 #8, P3(50-50-0),
B3(50-50-0) F1 W3(50-50-0) ELA fi e W K B, 3
JO B W K i B AT K R KNI R V=B >P>W Al
V>P>B>W., ZE4HH, P3(50-50-0) 35 Fl B7(40-
60-0) F T HLA TE P A 2 8 L R ARG FL A S R K
Wy, 35 TS AR AR G

S & Xk
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