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Abstract:  Objective Plot tests were designed to study the effects of coal gangues and caliche nodules on the characteristics of
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plant growth and soil water content on the Loess Plateau. This study was important for accurate quantification of soil water
content and scientifically formulating vegetation restoration strategies. = Method Caragana (Caragana korshinskii Kom.) and
Alfalfa (Medicago sativa.) were planted in 2 m® experimental plots underground, containing reconstituted soil, made up of the fine
earth and either coal gangues or caliche nodules (300 g-kg™") under natural climate conditions. The water content and plant growth
were regularly observed. Result The results showed that coal gangues negatively affected plant development and quality, while
caliche nodules had no significant effect. The accumulative aboveground biomass of Caragana and Alfalfa in the soil containing
coal gangues was 47% and 21% lower than that in the fine earth, respectively. Also, the accumulative aboveground biomass of
Caragana and Alfalfa in the soil containing coal gangues was 45% and 24% lower than that in the soil containing caliche nodules,
respectively. Therefore, the adaptability of Alfalfa to the soil containing coal gangues was better than that of Caragana. Plant
species had weak effects on soil water content when compared to the media types. The water content of the soil with coal gangues
was significantly higher than that of the other two media. The differences in the water content between medium types were the
largest at a depth of 30 to 50 cm. When Caragana was planted, the differences of evapotranspiration between soils containing
coal gangues and caliche nodules, and between soils containing coal gangues and the fine earth accounted for about 12% and 23%
of the average water storage of the fine earth, respectively. Also, when Alfalfa was planted, the differences of evapotranspiration
between soils containing coal gangues and caliche nodules, and between soils containing coal gangues and fine earth accounted
for —11% and 11% of the average water storage of the fine earth, respectively. Importantly, the inhibiting effects of coal gangue
and caliche nodules on soil water loss were different and varied with plant species. Conclusion In conclusion, we observed that
the importance of coal gangues and caliche nodules cannot be ignored when predicting soil water content, especially under
vegetation coverage.

Key words: Rock fragments; Plant biomass; Soil water; The Loess Plateau
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1.1 HAREXER
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B (38°46' N~38°51' N, 110°21' E~110°23' E; i}
1 081~1274 m), HAFA B A ToSEB DR L

1.2 /i

300 g-kg!

2 m

Red brick

& 2

NI A TR PR B LAPY 14 km &b, Hudb SKP * GKP
FRAEK, ZEATFHRNS6°C, z10°cE  + CKP o ShA
IR 3 232 °C, 1996—2015 4EAEHI[FEKE K 412 + GPA +
mm.2015 4EF1 2014 4E 45 H K AR ANE 1 TR, 3 18
RSB R K B 43500 405.0 A1 422.3 mm, 4R HF x3 2Zmxlmx1lm
KRN 9.7 °C F1 9.6 °C., ZIX MKk Z kA X 80 m’
£ 7—9 H, BETFEWZI N 169 d, FHFEKTEZE
KA 785 mm iz X AR 0 3, 3% pH8.5~ 10 cm
8.8, P I RMARL bR BRL 5 20l 72.9% . 17.8% Im
H19.3% (RN, Wbt (EBRE ), TiEd
A FEE ., ZRXEFEMYA KSR ( Stpa
bungeana Trin. ), ¥ 2% ( Caragana korshinskii Kom. ).
LB T ( Medicago sativa. ) %5, cm 2
—50
30 |-—— S Air temperature || Ff7K i Precipitation |
. F g
% 20 —40 %
R 1 &
S 10p 1° 2
5 1.8
2 —20 £
2 0 =
= <
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Fig. 1 Daily rainfall and mean air temperature during 2014-2015
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Fig.2 The size and layout of a test plot ( a is a schematic plan layout, b is a schematic sectional drawing )
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SR, 0 00 0 s IR A RIS 235 A S AR g
PR, SR 1. BEATA T 2~10 mm RifEh 3=,
HK K 10~20 mm, F5454 4Lk 20~30 mm (>500
gke!) WA E, HKAKT 40 mm, 10~40 mm
K/NBIESZE 47 #2700 g'kg ' Gong ZFU'HSE
WY, Z XS A LORAR L 10~50 mm b &, #H5
JEH =z = NIk, ARHFSE TS 45 A AR AT
A G IS BRG Ol . AR 25 5 IR RN 5 K o Tl

PR A FLIREE R K A K TS 45, % B+
AIRAEYHE . WG R REEE/NX R, FE 1
AT R 1400 kgm ™, HIARIE N 0.95m, R)ZE
5 om BHEZE, FIFRER ., SO R e/ X
L1 m R T, TR S A I

2014 4F 4 HAIHATAY)RE R, Fr 2RI 25 B R
B/NX 34 bR, HAEAT/NX 34 A (] 2a), Rk
MZ A RE M FE N 20 em, A a RS0 25 cm.

F1 BEFANEEAYEER
Table 1 Physical properties of coal gangues and caliche nodules samples
g2 \ N wREkE
el K RLAETE F BT A 2 L A T it T o
L IREE(NE JEAR Saturation water
Type of rock The mass proportion in Bulk density/ The dry mass of
/mm The shape content/
fragments every particle size/% (gem?) samples/kg
(m*m™)
BERT A1 2~10 37.7 e5 S INLIRIIN 1.73 0.178 13.60
Coal gangues 10~20 26.1 Flake/block
20~30 13.7
30~40 11.8
>40 10.6
FHLE A1 2~10 2.15 Bt/ 2.05 0.160 12.09
Caliche nodules 10~20 6.69 Block/ellipse
20~30 52.92
30~40 11.38
>40 26.86

1.3 MEmMBESAZE
1.3.1 FKEWE ik 173 (CNC503DR,
A, dbat) ME B3R AR A B A K,
W SERFE] R 2014 4FE 6—10 F F1 2015 4F 4—10 H .
1~2 JAE—W%, 2 2015 4F 10 A L0 34 %
A A K A 25 S 32 AT . A B A
FEAGREF M, TS ST s 2k 1
AT R ITbRE . FE/NX HERUTRE 2 )5, #2885
ME 0~20, 20~30, 30~40, 40~50 cm PUN)Z IR
SRR A S A T K L, BURERR R 200
em’ MR (1) HHHMEBI A RS K,

0 =R 0 _+(1-R )0 (1)
X, O MREEHA LT EFKE, gg's O
IRFIEAT AL A R K, gg's On U1 HE

i &k, gg's R REBE AL A S,
WF5EH R 300 gkg o AR 2 E T = S K AL B
BN KE . AL 20 em b E X 0~20
cm 5 20~30 cm MNERFEEKE, 30 em 2
W5 (XTI 20~30 cm 5 30~40 cm AN Z R4
KEE, 40 om Kb SE (A LI BLISHE . pRoE g5 R .

0,,=0.6715CR_+0.0230, R’ = 0.96 (2)

0,,=0.56666CR,+0.0071 , R’ = 0.93 (3)

0,.=0.6051CR_+0.0209 , R’ = 0.94 (4)

K, O Oy Fl O AR 1008 AT 135
LS L HEP R ABIE KR, em’em”; CR,. CR,
Fl CR AR = B b i, G
SR ETHEOW . ke B R B T Ah
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OrFXME, Hrbh a4 AR S AR 2015 4R A

J5 S HR TR P o 28 6T - i 7K A0 A (B RN 28 i 11
M M A HAERINR A2 2 5 22500 i A7 o i
N 2R (LSD) LT 2 E LKL, 75 95% HFIX
[ N EEFT . alid Excel 2010 {43047 B fis A7 Fak
B, SPSS 23.0 HAHATGEH 43T AT 22537 o

1.4.2 il /K& 28 A (E N ZE 0 A9 305 0~80 cm
HAFY itk w(mm ) 383 57K 2R+ 2R BT
B

W =10D8, (6)

A, HE10 24 em 0] mm #LFRE; D o H)ZR
JE, em, ARWFSETN 805 0, MR FK Py
i, 1% 0~80 cm +)ZHFH&/KE, cm’om™,
A A RE W S KPP ERRA T SKE. #E
iR 15 3] 2014 4F 6—10 A 54 H .20154F 4—10
A 74H % A FtEKE. 8 F3EKES 2014
A6 HTBtk s i 2208 (4aw) AER% A itk Al
X T 58 W) W4t K G A AR A O, IR AT RO
AWy, AWy...o AWy, (mm) KRR, XTI A B ] o]
KA T\ Th..... Tyyo JE LK &P 28 R
(ET, mm ), AHBF5Ei0905 # o1, ot RA2 0 5
ARG, WEE RN, Al 20 B, #FA R
AN KR (P, mm) —3 . A ZKRZSBR,
ZEHCEHR AKX N

ET=P-AW (7)

2 4 R

21 ARNREBGEDE KD

MERF A AE Y AR K S 2, B2 A XA
AR T E W, S A R bR | 2R
Ay TR BRI B R Y /N T R - 4
MEEa a1 (R2), 201545 10 H, SR
A1 EHE AT SR E i SRR AR B0 R v 4y )
I 47%F0 21%, & 54541 15803 IR 45%F1 24%.
AT A X AR A A BT A P AT 0 AT 15 R A 2 A
fbo 2014 AEXTRE -8 | S A L. EEAia L
gerpobr S B AE Y530k 168.1, 78.4 Fil 171.6
g, EfE M A 43 5o 239.5.176.0 A1 229.2 g
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2015 4F = FpAr B A 4 B AR Y (B R
22014 A8 ) 7l 305.1, 174.6 Fl1 284.4 g,
I E b R Y 43 R 146.0. 153.8 Fi1 168.6 g.
2014 il 2015 4F &t A L gerhde & LAY i

A1 R E A M S A k) IR B R AIG
26%, 2015 ARG KT XF B 48 (5% ). A WLJEAT
AN 1 IR AR BRI E T T 2, X AE Y
MRIVE S TAr 4o BLAb, 2014 4R kB S T

BN A A 1P B /N 53%F1 43% 5 2014 4F & AT EfE, 2015 4E N s 2, R T HER A R AFRIE I 22 57

R2 ARNREREMEREIRILR
Table 2 The comparison of plant growth indices in different media types

Mo bR TR R AR 2 B

pREs

75 Plant 3£42 Basal

Qb3 Treatments Aboveground Leaf area index/ Cover degree/
height/cm diameter/mm

biomass/g (em*em?) (em*em?)
SKP 55.1+1.4a 6.86+0.50a 463.2+34.0a 0.75+0.20ab 0.63+0.00a
GKP 48.4+2.4b 5.27+0.35b 247.2+11.6b 0.56+0.12b 0.52+0.01b
CKP 58.8+£3.4a 6.48+0.60a 446.3+17.9a 0.91+0.15a 0.62+0.03a
SPA 33.1£2.0a 385.4+11.8a 0.61+0.18a 0.56+0.05a
GPA 26.2+2.1a - 303.8+5.9a 0.21+0.05b 0.52+0.04a
CPA 31.2+2.9a 397.8+25.9a 0.43+0.02ab 0.58+0.01a

:: SKP. GKP. CKP. SPA. GPA FlI CPA 4iillfRERIHA LIE+IT 4. SBT A DI Ac . IS8 A 1if+iv &k . A &
P+ E s . SR A IR E R . SEAA IR SR ORI ). EEA Sy RBVEY &, AR N R R F
— A ] — 3 TR B TS RN FRHR R AE 0.05 K253 8 % . Note: SKP, GKP, CKP, SPA, GPA and CPA were the six treatments
represented as the fine earth + Caragana, the soil containing coal gangues + Caragana, the soil containing caliche nodules + Caragana, the fine
earth + Alfalfa, the soil containing coal gangues + Alfalfa, the soil containing caliche nodules + Alfalfa, repectively ( the same below ) . All

the plant indexes were the maximum value in the study period, but the aboveground biomass was accumulated. Different letters in the same

column for the same plant indicated that the difference was significant at 0.05 level.

22 TESKETURESMER
2.2.1

7—9

FU, I E 9 AR1& Kah5k

Bk, 9 AIKE 10 A, fEYrEE A8 s A K alife 1k
A, FEIKID  SARE AR, i ATK MBI B
Tk i AR B 2T AR A 4—6 H A
Mo HW, RIZETKEEAM, 77 . 8 AR 10 M
KESKERFIRE (F 3), BEIITHESGKE
AR RREE . 20 cm 5 30 cm PANIRE S K 2 FERT
) 22 A A A3, B BB AN 22%~29%
F19%~25% ( 754 Ab BN s ) 7 51) 25 S R 505
e, THNREAE )o 40 cm Fl 50 cm PSR
KA RZE A 15%~23%F1 12%~23%,

60 cm., 70 cm Al 80 cm = NEE &K &AE S R B
W 9%~21%. 7%~ 19%H1 7%~ 13%. AL E)Z,
TR R R R A, G bR SR R
Ak, AR SRR . SoKERS (FEH) hE4
b5 g mE AR BT — 8, SR IX 4
K oy i} 23 AR b 1) — MR &

2.2.2 A TRISHNT S KB AR R +
JEUREE . ZET IR S A B K B W
Wil (4% 3). MR F AR/, S B AL &K &
PR M A8 1 SRR B L 20 AR AL R P P 28 T Oy i 2
BB L RRERA R B EN L EEN, -
JEIREE MY R 2L 5 2 B 0 3 0 52 AR
Mo SBA RISk R Em T Rma A 1%
FOXT IR -8, S g 3 Sk S I ey
KETCREZES (F3). Bk 80 em WA, FHAhIR
B2 A g S K R W T A P
Jio A BTl &K 22 HBEE R B i, B e R
JE N RS, B R 2E(E X B IR BE AL T 30~50
cm, HEARGREEREA BRI YR (& 4 ),
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Tk Water content/(cm®-cm™)

0.20 -

0.15F 3 SEH4{1 The average /;\

0.10- X
—=—20 cm -—v—~ 50 cm o e ]

--0---30 cm - 60 cm 80 cm

L1 1 L 1

1 1 1 1 1 1
0 D oD D0 D SN D DN DA P S DB LD DD
SO S Y SRR
NSNS AR
R ) R A
H ] Date (yyyy-mm-dd)

e RE AL BSE YA G T A /NS FRER R R TR 95% B AR IX A N 25 5 W 3% (PRI ZE 7 22341 ). Note: Different letters after the

average water content of every treatment indicated that the difference was significant at 0.05 level ( One-way ANOVA ) .

3 AN Ak HHA% R R 5 K ek B (8] 3 252 1k

Fig. 3 Water content at every depth change with time in different treatments
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£3 NREE. TRRE. T, BYHEXNSKENER (ZERHFES

Table 3 Effects of media type, depth, season and plant type on water content (multi-factor ANOVA)

% %2 ¥ Factors df F P
I T2 Media type 2 212.0 0.000
+ 2V Depth 6 25.20 0.000
215 Season 6 33.42 0.000
H¥FhZE Plant type 1 61.47 0.000
A+ )2 E Media type xDepth 12 3.10 0.000
AR A< ZE T Media type xSeason 12 0.945 0.501
SRR B FE PRI Media type xPlant type 2 0.609 0.544
1 JZ R xZ=T5 DepthxSeason 36 6.306 0.000
iR x L 2R Plant typexDepth 6 0.710 0.642
T IExZEHT Plant typexSeason 6 4.739 0.000
A<+ BRI xZE ST Media type xDepthxSeason 72 0.145 1.000
A BB < + SR <A ) A1 2& Media type xDepthxPlant type 12 0.725 0.728
I FRRFIX B AT A IS Media type xSeasonxPlant type 12 1.605 0.084
F B RIE XFETT <A Y Fh IS DepthxSeasonx Plant type 36 0.467 0.997
I TR T < 4 JZIREE x> AH Y F IS Media type xDepthxSeasonxPlant type 72 0.124 1.000

He df MAMRE; F:olad FEHET REERL; P F AT EIMMERM. TRE. Note: df: degree of freedom; F: F statistic

used for significant tests; P: the probability associated with F statistic. The same below.

2.2.3  HIYIFR SR E K B AR i UNPEE-S1
PR oK R ERTEE /N, PIFE P2
XFE KRR IR 2R AR A (18] 3 ). TR —4
Y=FMA B SRR, 4 HE 10 AFFE/NXF
WEKkEE I EE N E S SR 6.5% .
—4.5%. 10.6%. 17.0%. 15.8%. 10.3%Fl 6.5%, H:
7 A8 A MR 2 AL (] F K i 25 R K.
FEE I AR, Fr4/NX 5 E TE/NX Sk ) 22
SN, 2014 AR S/ NXOE I E K R E 1E /I
X5 16%, 2015 4EMAF] 1%,
23 ARNBRERTHAETHEMZHRETL
& A5 KRS 2014 4E 6 F Bk R 2418
(aw) T 5 (f£), #rak/hXHr, 2015 4F 4 H
(Ts) ZHT AW 8RR & A 158 &
UEC P T w0 i o g Y A e g
e K R, T R RN . FE T
ZJa, &N A BRI R, E 2015
6 A (Ty) AW 578k i fm BRI O & £5 45
T ESMARA R IR, BE/NX R, B
H RS, A IR K AR A Y 25 5 3 T

O = =4
o o @
R

%7K 4t Water content/(cm™cm™)
the media types/(cm™cm™)

A~

&
o
=3
S

e =
=T
RN

% /K4t Water content/(cm™em™)

A~
&

o
=3
S

the media types/(cm*cm™)

The difference of water content between  The difference of water content between

W Depth/cm

W O O A1 O SIACTRXS I8 S0P a 1 &
FEEA R B BLUS K . Note: 0., 6. and O, indicated the
volumetric water content of the fine earth, soil containing coal

gangues and soil containing caliche nodules, respectively.

B4 =Fh A o 7K KA JoT ] 5 7K e 2 B TR B AR Ak
Fig. 4 The water content and its difference between the media types
varied with depth
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£yt e
=5z —x
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1 o= 40 |- 1 1 1 1 1 1 1 1 1 1
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1 | | | | | | | | | |
T T, T, T, T, T, T, Ty T, T, T,
H4A Date

e Ty Too. T ACEE ], 205403 2014 45 6—10 A Fi1 2015 4 4—10 A& A .

June to October in 2014 and from April to October in 2015.

A s

BT AT L R AL A 0 b R AR R o
686. 676 1 666 mm; EHis/NXH, X+, &
SRR A b S R B A5 A e R B A R i
657. 666 H1 647 mm,

DA B S B MR ) AP 2 g A8, X k5 0 1] it
KA AR AE RN ZE B EAT R T 220007, SRR
B« A 50 2 B A ) o I 6] fidh 7K k728 A {1 R 28 HIC A

WEAREYW, H o &BAEWEENLEER
(#£4),
_—_SKP
| I GKP
I CKP

HFHZEHH Cumulative evapotranspiration/mm

H i Date

Note: T, T,...T;; were monthly date from

AL IR A K R SR — A AR R 22 E (4) MBRZEECE (F) BRIl

Fig. 5 The difference between the average water storage in every month and the first month

(the left) and cumulative evapotranspiration

(‘the right ) changed with time in different treatments

x4 NREBMEYEBNFRARMEKETHEMR
NEMENEN (ZERAESD
Table 4 Effects of medium and plant type on the difference
between the water storage at the end and the beginning of the study

and cumulative evapotranspiration (two-factor ANOVA)

[# % ¥ Factors df F P
Jr B Media type 2 16.69  0.000
Hi¥yFhJ Plant type 1 64.72  0.000
A BT > h Yy P2t

2 5571 0.019

Media type xPlant type

3 3
3.0 A ERERIXHEY & KM

AW VIREANT R A BT 2 W4 A
XPGe, PRI S AT A IR B A A L
P RTAES o ST AR R A K HAT T ARG I (6 2),
RGBTSR - AT S E AR A
i, ERPEMIMRBE S AR, HAFERR T 0%
AEZSIREE!S 20 R A K BT SR )
JRH . EAMITEERY, MRS X A e (Cd)
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mg-kg ', M EE —GbrE S SR, i
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