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Improving planting potential of lunar soil by adjusting grain size distribution
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Engineering, Hunan University, Changsha 410012, China)

Abstract: [ objectives ] Lunar soil is generated by the fine rock debris under physical weathering, the low
aeration porosity and lack of organic matter make it unsuitable for planting. Improving the physical properties of
lunar soil would provide a crucial tool to realize the In-Situ Resource Utilization (ISRU) of lunar soil for the space
agriculture race. [ Methods ] Based on the composition data of lunar soil samples retrieved from the lunar probe
Chang’e-5, basalt was used to prepare simulated lunar soil (MO0). Referring the particle size distribution data of
lunar soil samples from Chang’e-5 and Apollo, soil groups, M0, M1, M2 and M3 were prepared by adding 0,
10%, 20% and 30% (wt) of basalt particles (1000—500 um in size). N, P, and K nutrients were added into the
simulated soils to carry out lettuce planting and laboratory leaching experiments. [ Results ] With the increased
addition of large size particles (M0, M1, M2, and M3), the bulk density of lunar soil decreased from 1.85 to 1.80
g/cm’, aerated porosity at field moisture capacity increased from 7.62% to 11.68%. With the increase of large
particle proportion in the simulated soils, the NH,", total N and total P in the leachate decreased first and then

increased, in other words, the nutrient holding capacity increased first and then decreased. The lowest NH,"
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andtotal N were determined in the leachate of M2, which were 58.10% and 21.67% lower than those in MO. In
addition, the lettuce grew best in M2, the dry weight of above- and under-ground parts was 97.60% and 39.20%

higher than those of MO, respectively. [ Conclusions ] Adding large-size particles to simulated lunar soil can

improve its physical structure, increase aeration porosity, reduce bulk density, thus improve its fertilizer retention

capacity and planting potential. The primary addion ratio of large particals is 20% for the in-situ use of lunar soil.
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In-Situ Resource Utilization
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Table 1 The particle size distribution of real lunar soil samples
A HERE Wik Lb 5 Particle ratio (%, wt) IECER (%)

Lunar soil sample  1000~500 um 500~250 um 250~150 um 150~90 um 90~75 pm 75~45 pm 45~20 pm <20 um  Weighted average

@ 11.91 13.13 15.99 5.48 14.45 17.37 78.33

@ 3.44 7.08 7.04 8.66 3.00 8.39 12.21 17.98 67.80

® 8.90 8.20 10.00 3.50 10.00 15.60 56.20

@ 8.55 8.37 11.02 4.01 12.00 18.79 25.84 88.58

5 7.95 11.87 14.07 5.12 14.18 20.41 25.45 99.05

. MApollo 15601 H3E (90% H #E % 58 13237251, @Apollo 71061 A 3 (MR A i % m e +3)123-251; @ Apollo 64501 H 123 26271

@Apollo 72441 7 324 (SIS 5 AR M L 1400

Note: (D Apollo 15601 soil (90% lunar basalt soil)123-25); (2 Apollo 71061 soil (typical lunar basalt soil) [23-25); (3) Apollo 64501 soil23-2627); @) Apollo

72441 soil 23-241; (3) Lunar soil brough by Chang'e-5 (lunar basalt soil) ("

*2 REUARSELRROUFER (%, wt)

Table 2 Chemical composition of simulated and real lunar soil

2 1, Composition MO CE-5 Apollol1 Apollo16 Apollol7 JSC-1 CAS-1
Sio, 41.60 42.20 42.20 45.10 43.20 47.71 49.24
TiO, 3.52 5.00 7.80 0.54 4.20 1.59 1.91
ALO, 13.18 10.80 13.60 27.30 17.10 15.02 15.80
FeO 17.88 22.50 15.30 5.10 12.20 10.79 11.47
MnO 0.26 0.28 0.20 0.30 0.17 0.18 0.14
MgO 5.06 6.48 7.80 5.70 10.40 9.01 8.72
CaO 10.36 11.00 11.90 15.70 11.80 10.42 7.25
Na,O 3.75 0.26 0.47 0.46 0.40 2.70 3.08
K,0 2.74 0.19 0.16 0.17 0.13 0.82 1.03
P,O; 0.76 0.23 0.05 0.11 0.12 0.66 0.30
S Total 99.11 98.94 99.48 100.48 99.72 98.90 98.94
e, <150 um KRG RAE . K5 HEH 500~ 12 REHR
250 1250~ 150 pm 2 FIORAR MU FRE 5 A 10%, 1201 LT SEEMEMERRE DR P s i

P& 1000~500 pm FI<150 pm B TR & WOk 19 & 5
b, Bl 53 4k 3 RO RDRLAR C LE i 7 3k 1 48
B M1, M2 F1I M3 (3 3), MO N CE-5 H.5CH
BRI

T4 AL B, 2 MO ZS R AT M1, M2,
M3 AbHR, FRAARERI 3 AR, H A EEE
RN AR AR . BALBRE . EARILERE . FRKAL
B SOK A, AR FECR I IR T, B AL
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Fig. 2 XRD pattern of lunar soil simulator M0
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Table 3 Mass ratio of particle sizes in simulated lunar
soils simulators

AbER Rif% i 5 Lb Particle mass ratio (%)

Treatment 1000~500 ym 500~250 um 250~150 ym <150 pm

MO 0 8 12 80
M1 10 10 10 70
M2 20 10 10 60
M3 30 10 10 50

& R FLBREE Bl S LR Rk . sk
WAL FG HL S EC M1 pH. i FH IR 1700 AR 400 ] 48
(4 T FRER b, S T ) 4 ) AN [ AR A2 94 A BR
BRI PRI 660 ¢ B TAEA T, e MREAHK
LB FOKEALR T, EWREEAE T A
BRI, HHCMAER VY MiE wl
(IR T) (77 55 ) B AE 2 i A BR S L, 55
T, KRR 48 h, HURFRE w2; SRIGEIETE
TRV 112 h, HEFRIINM A BKR L,
W3 BB, MREEIFRE wa, %R
4 A A HEALLE ;9% pH RINES K LI
(2.5 : 1) BN E (NY/T 1377—2007), EC %M
(5 ¢ 1) IRHEDME (NY/T 1121.16—2006),

1.2.2 FAEBORE RS B e A 3,
V8 T B RS T S S 4 4 PRI 330 g A
15 cm N2 8 em 1Y PVC &, M4~ PVC & IEHB N
2 )2 0.075 mm (200 H) 3845, #E47% PERIA R
B0, N LB T KR IR R KR A PVC &
o, EE 2 K, il PVC B TR T, 2R 3
RAEBEAFEF AN 0.15 g/kg. P 0.05 g/kg Fil K
0.12 g/kg YERIRAE,, ICHE LA BOE X ashn (Be & i)
IR BE IR E 5.31 ¢/L. Wil — S 40 1.58 g/L. Hifk
B 2.66 g/L, HEASFETEA 20 mL). Jiti IE 52 A5 H

B 2h, FERAFETTINA 30 mL BTk, FEHIL
B VEIAE RS — KA . 5 KJG, A 50 mL 255
ToK, FEATER Rk IT R R B R, DR R
5 RARRIFEERAERRTS 1, bk 4 i BrilddEn g
WE IR S A B AR, PR LR 0.45 pum A HLSL
Rt u, URE KRR EIT S A . A ek
FERIIE , TR R . B S AR A8 IR L
ik (HI 535—2009); 2ECR B RRE A fb—5 51
AREGEE B (HI 636—2012); 4Tl R Ak B o 0 10 i
— PO (GB 11893—89).

1.2.3 AREARRE  HECE AN R A
AFREC330 g BT R 10 em, AR 6 em BYAEZET, 4
ZETINFZ 0.075 mm (200 H) uEAG . %M K
K GEK) ¥R FAREALZ S, E 2 R
FE TR H BRI DTS, PPk R R A AR
AR A, AR EE R A 2R RSB K
THVE 3 M, PRIEMEY — R A LB KR
W8 h JFHUH, BT 2 R ICHEIRE A B BRI
o, RSB IR LY )R 200 KA SRR, 3 L
T, KRR 20°C 9N TR o re SRS 254
T HEATHEZEC N R RS WA FE K 53 DA ORFR D A
MR, H R R FRINT 80%, LA
S RER T AR e, R 6 WA
XA, WELA 1~1.5cm, BEBEK. MG AE
TB /R IRE N 23°C/20°C N T 554 I Bl HLIE
B, IR R BT , R AR S B =R
HATHL T EME, A 2 BREKHAM YA, &
FESERL 24 h JEHFURIEAE, R P E NN 0.15 g/kg .
P 0.05 g/kg F1 K 0.12 g/kg 1EMNIRAL (5 AR E S
Pt AEAR R, YW BE AR R 5.31 g/L. BER A
B 1.58 g/L. BREREP 2.66 g/L HIETRIRIN, 1 HLR

F 4 TEYEMRITESE
Table 4 Calculation methods of soil physical properties
W HRO%

Indicator Method of calculation

%% H# Bulk density (BD, g/cm?) W4-w1)/v

BFLBRFE Total porosity (TP, %) (W2-W4)/V x 100

(W2-W3)/Vx 100

LB LB

JB S FLBREE Aeration porosity (AP, %)

FRRALBREE (WHP, %)

Water holding porosity TP-AP
KA & WHP/AP Rk LB/ LB E
WHP/AP

T WI~W4BHDUE SEMI~MAR T I, VoREREEARL,
Note: W1—W4 are the weights of prepared lunar soil samples M1—
M4, V is the sampled volume.
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Fig. 3 Device of simulated eluviating experiment
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T 50T, R LSD ffikiffr 2 &HE b, MM
Origin 2018 #{HEE]

%10 K
10™ day

000 OO0
000 OO ®

000 GO®
000 ®O6G

2 HPRE

2.1 AREHEHLBIEARBHMER

BT HERE A M T e 25 Rk 5 R, B
KBLAR 5 L3, B A E . REKALBR
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Fig. 4 Lettuce growth in the simulated lunar soils
TE: MO AL CE-5 HIEESORIAR M, M1, M2, M3 235 JORARRURL 5 FE 10% ., 20%., 30% RUREIDLH 3.
Note: MO is a simulated lunar soil with the same particle size distribution as real CE-5 lunar soil; M1, M2, and M3 are simulated lunar soils with the

mas ratio of large size particles of 10%, 20%, and 30%, respectively.
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Table 5 Physical and chemical properties of different simulated lunar soils
b HHE (gem’)  BALBUE (%) LB (%) FEKILBRUE (%) KA HL 3 (ms/em)
Treatment BD TP AP WHP WHP/AP P EC
MO 1.85+£0.02 a 42.88+1.13 a 7.62+0.05 b 35.27+1.08 a 4.63+£0.11 a 8.68+0.11 a 0.11+0.002 a
M1 1.84+0.01 a 43.30+0.58 a 8.15+1.25b 35.15+1.83 a 4454091 a 8.57+0.03 a 0.10+0.002 b
M2 1.81+£0.01 a 44.16+£0.63 a 10.73£1.14 ab 33.43+1.77 a 3.17+0.52 ab 8.66+0.01 a 0.10+0.001 b
M3 1.80+0.01 a 44.58+0.78 a 11.68+£1.03 a 32.89+0.26 a 2.84+0.27 b 8.64+0.01 a 0.09+0.001 ¢

TE: MOWBHICE-5 M IORARIME, M1, M2, M3FRIIORAR IR LE10% . 20% . 30%MHLUT . BB “FIfHbrifkiRzs”

[FIZV B 5 AN )N Rk 4N A e 25 5 2.3 (P<0.05).

Note: MO is a simulated lunar soil with the same particle size distribution as real CE-5 lunar soil; M1, M2, and M3 are simulated lunar soils with the
mas ratio of large size particles of 10%, 20%, and 30%, respectively. BD—Bulk density; TP—Total porosity; AP—Aeration porosity; WHP—Water
holding porosity; EC—Electrical conductivity. The value is “mean + standard error” , and different lowercase letters after data in the same column

indicate significant difference among the four simulated lunar soils (P<0.05).

FRME SR BRI, HAL R Y et
WA R B2 PR O AR LA R
B PR A A B pH, H L SR EEE SRR
LU 3G A 0 2 RRAIG,  SR A D Nk AR R 5 Lk AT
DARRARASE UL A 38 ] v PR A /K F . 4R ROk AR
AR R S L, BRI A E . ALK
JE L 3E LB R RN AR K AL B R A A4 B R R 1
s, o M3 b FEIE LB (AP) 15 30 W B
e, HUOR M2 4B, A  ERAL Y 153.38%
1 140.81%.
2.2 FEHEH A ERRAEMR
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WM P SR AU Rk s anE s pr
TRo B SORIAR N LI, 4 DO T Rt
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7 BB S FON G A P, e M2 R
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AN RVRLAR 23 AT RS 400 18 4 0 % i AR AL AR AE 5 8 A
R ARRL, AHEET MO XFIR, M1, M2 H1 M3 4b
4 Ok B AR A BT REAL,
M2 5 fik, M 4.33 mg, WEFFIK21.67%. X HAFE
R A BT HER R i, 4 Yk Rtk

W 55 1 {X Istleachate W %% 2 YK 2nd leachate [ 2 3 X 3rd leachate [ 55 4 {X 4th leachate
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5 EHAE 4 RERTPHFSREERBRELE
Fig. 5 Nutrient leaching loss in the four leachate and the total leaching loss of simulated lunar soils
H: MO S ELIORAR /AR B CE-5 B H 38, M1, M2, M3 20 B JORAR ORI it 7 E R 10% . 20% . 30% BURSHL A HE . HSFAIR/ NG F
FEFEIR 4 ST S W] — IR IR R 35 202k R ) 22 57 B35 (P<0.05); B RRIR G Rk 7R 4 MDA HE SR ik ik 2 R B 3

(P<0.05),

Note: MO is a simulated lunar soil with real particle size distribution of CE-5 lunar soil; M1, M2, and M3 are simulated lunar soils with the mass ratio
of large size particles of 10%, 20%, and 30%, respectively. Different small letters beside the bars indicate significant difference in nutrient leaching

loss in the leachate among the four simulated lunar soils (P<0.05), and different capital letters above the bars indicate significant difference in the

total nutrient loss among the four simulated lunar soils (P<0.05).
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Fig. 6 Agronomic indices of lettuces grown in different simulated lunar soils
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