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The relationship between different salt crust thickness and soil physical
properties in Ebinur Lake wetland and its influencing factors
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and Resources in Arid Land , Urumqi 830054, China

Abstract: To investigate the Ebinur lake wetland soil physical properties under salt crusts and their in-
teractions, we selected representative samples of 30 sites from different areas in wetland and with dif-
ferent salt crust thickness, on the depth of 0-20 cm, 20-40 cm, and 40-60 cm, analyzed the physical
properties of soil, including porosity, particle size, and water content by combining field investigation
and laboratory tests, and discussed the influences of properties on salt crust thickness. The results
show that: 1) The grain size of soil covered by salt crust is mainly in the range of 1. 00-0. 05 mm dur-

ing the declining and the growing periods, while at the mature stage it is mainly in the range of 0. 01—
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0. 001 mm. The bulk density of soil is ranked from the highest one of the salt crust in the growing peri-
od (1. 81 g/em’), to that of the mature period (1. 58 g/em’) and to the lowest one of that in the declining
period (1. 34 g/em’). The soil porosity decreases gradually from the declining period (50. 8% ), mature
period (40. 7%) to the growing period (32. 6%). Soil moisture content from high to low is in the order
of growing period (32.5 g/kg) , mature period (21.7 g/kg), and the declining period (16.2 g/kg).

Soil saturated water content and soil moisture content are in the order of the declining period, mature
period, and the growing period from high to low. 2) Salt crust thickness is significantly positively cor-
related with both capillary porosity and soil particle size in the range of 0. 05-1 mm for soil in the depth
of 0~20cm soil (P<0.01), while negatively correlated with soil bulk density (P<0.05). The correla-
tion between salt crust thickness and soil physical properties gradually decreases with the increase of
depth. 3) The factors influencing salt crust thickness mainly include the capillary porosity as the first
principal component (78. 1%) and the soil particle size as the second principal component (16. 5% ).

The increase of porosity can promote the formation and accumulation of salt crust, and make the salt
crust thicker, while the increase of grains in the size of 0. 001 to 0. 01 mm can inhibit the formation
and accumulation of salt crust, and make salt crust thinner. Overall, salt crust changes the physical

characteristics of soil (water content, porosity, and grain size) ; on the other hand, the physical prop-

erties of soil affect the thickness of salt crust.

Key words: Ebinur Lake wetland; soil salt crust; physical properties; influencing factors
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Fig. 1 The sketch of the study region
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K FH SPSS 22 B A% A ] J5 B f) £h 445 B AT 3 1y
I3 .

2 ZER55HT

2.1 AEEBBER THIEWMESUHEETK
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Fig. 2 The soil particle compositions with depths under soil salt crust
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Fig. 3 The soil bulk densities with depths under soil salt crust
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Fig. 4 The soil porosities with depths under soil salt crust
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Fig. 5 The soil moisture contents with depths under soil salt crust
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BEKEBEIEMK, SHEAREREAMLE, 1%
RN 1. 00~0. 05 mm B 55 £R 45 Hr JE 5 AH JC A f
F(P<0.01), +HEREH0.01~0.001 mm i} 5E;
ShE W R EMEEA R (P>0.05) . HHEBELK
JE SR R B EAOC(P<0.01), HHEEAL
BUEE . MRSk . AEM A KR SR
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PERZE (P>0.05), HFE2FIH, LU 20~
40 em B, HHESFLBRE . BEILBE . WOAEK
i RIS K R R AR 5 R 2 R R K
IEAME; R S R RE R A, RE
A 1..00~0. 05 mm B 55 £ 45 1z J& B2 AR G 5 35 (P
<0.01), HEBAHE LB 5 R4 J JE A OCHEA I
F(P>0.05), HHERALBE . B LB A A 1
55K i 5 ER 45 B R B AR O M B 2 (P=0. 01~
0.05), 1445 | JEBE LB A L3R B 0. 01~
0. 001 mm 5 R 45 H JEFEAHCHE A 1 3 (P>0. 05) .

T ERESREES + S EAREEAR e T (0~20 cm) "
Table 1 Correlation analysis of salt crust thickness and soil physical properties(0-20 cm)
5 H ihek i AL g %% 4%:% - T AN 135 %i%é %i%é %i%é
E8E's FLER FLER FOKE SUKE K 1 KiE2  kiE3
Rk R 1
AL 0.558" 1
TEBE  0.653"  0.9977 1
EBEBE  0.242 0.7767  0.7337 1
foxiin —0.363" —0.859" —0.848"  —0.726" 1
ARG KE  0.534  0.9747  0.9707 0.772" —0.896" 1
KR 0.5260 -0.531"  -0.523"  —0.451 0.543"  —0.549" 1
ORI 1 0.905"  0.943"  0.938" 0.747"  —0.886"  0.933"  —0.686" 1
THERIE2  0.588° —0.071  —0.066 -0. 066 0.404"  —0.025 0.037  —0.122 1
TR 3 0.327 —0.840" -0.838" —0.661"  0.6217 —0.854"  0.619" —0.868" —0.387 1

1) #0001 ACSEORUM) R A SE; 7 0,05 K- (UN) _E 3 AH G . 38k 1~3 43517 1. 00~0. 05, 0. 05~0. 01 Al

0.01~0. 001 mm,

Fe2  ERBS RS B AR SC T S H (20~40 cm)
Table 2 Correlation analysis of salt crust thickness and soil physical properties(20-40 cm)
5 H EOET) A S E N BE EEBHE . gl + 35 14 +- 145 +-35
=5} 3 i3 LB Sl TKE fUKE R K2 RIS
ARG B R 1
LB 0. 476 1
TELBE  0.5317  0.998” 1
AEBAEFLERE  0.246 0.849"  0.812" 1
R —0.309 —0.869" —0.865" —0.791" 1
WAEKE  0.574°  0.984"  0.980"  0.850" —0.891" 1
TSR 0.432°  -0.552°  -0.547°  -0.484"  0.429° -0.544 1
THERIEE T 0.7467  0.9647  0.965"  0.804" —0.878"  0.951" —0.628" 1
+IERIEE2  0.525°  0.058 0.054 0.022 0. 295 0.108  —0.212 0.052 1
THERIES  0.292 -0.920" -0.919" -0.759"  0.731" =0.923"  0.653" -0.951" —0.356 1
1) kB 1~3 43514 1. 00~0. 05, 0.05~0. 01 F1 0. 01~0. 001 mm, HAh[FIZ1,
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B 3 AT A, 498 B A LIRS N b B A
1. 00~0. 05 mm 5 £ 45 Jz JE B AR G Al B 3 (P<
0.01), 18R R 0.05~0. 01 mmif, 3
K, WS KR, BILBEMIEBELRES
TGS R A M R (P<0.05), HIEAH
FURE FEAE 0. 01~0. 001 mm 22 8] B 55 5 2% 7 J& B A
KHEARRZE (P>0.05), Hi HIERE 545 KR
JE R A

gi brid, RZLHE (0~20 cm) PHLERMEY
R o8 iy R A O M i, A R i LA DG
BT R, Hoh B LB A R (1,00~
0.05 mm) 5hh 7 R 2 B E A X P <0.01,
IR E SRS R R AOHC, HIEAEMK
b &b B R, AR B AL RO 4 R

(0.01~0. 001 mm) 5ER2H fz JE B AH e M e 25 .
2.3 HEREETHHMZMEZRSH

K B o A O vk e Eh A B IR - i A
AT, RGN AR AT B HERR R, R ER Ak KRR /N
ESl NG i et P 1 W B U N o7 W o 0 w7/ B
o) K (R B 5 K G AT R RR K ) o fLBRE
(AL B LB e B LB ) . R JE
(1.00~0. 05, 0. 05~0. 01 #10. 01~0. 001 mm ) FIZF &
oI IS bR AT LR A VRN, B AE TR R H AN [A]
JEEEERZE e T F K R o 225 T
BREE — R 7 22 DTHk o 78. 15%, &% — F M40
15.61%, VLIS — 32 o0 FH AR — 32 o3 e K AR
BT AR PRIEOL (K 4) .

R3O TRGE RS LY R AR OGS BT (40~60 cm)
Table 3 Correlation analysis of salt crust thickness and soil physical properties(40 — 60 cm)

5 H AR pe AL {% 4!6%:% - T@ﬁ; ilﬁfi flg ?ig ffg
L LB ALERE ok FkE R RIE2 RIES3
ARG B R 1
BLBREE  0.469° 1
TEILBE  0.566"  0.998” 1
EBFILBE  0.319°  0.8787  0.848" 1
R -0.298  —0.899" —0.897" —0.791" 1
WM& KE  0.493°  0.986"  0.983"  0.877" -0.951" 1
+HEEKE 0.534°  -0.578° -0.558°  —0.630"  0.480° —0.547 1
THERIE L 0.6137  0.9657  0.964"  0.8197 -0.920"  0.959" —0.610" 1
FHERIE2  0.519°7  -0.568° -0.566" —0.540"  0.6377 -0.716"  0.321  —0.774" 1
+HERIES  0.015  -0.973"  -0.973" -0.832"  0.879" -0.955"  0.639" —0.988" —0.669" 1
1) BRI 1~3 20514 1. 00~0. 05, 0.05~0. 01 F1 0.01~0. 001 mm, HABRZE1,
T4 MRRRIYET 2
Table 4 The total variance of the interpretation
o IR FAE(H FRBOT- 7 Fig A
At T 21% BRY% it T7 2/% ZH%
1 7.034 78. 154 78. 154 7.034 78. 154 78. 154
2 1. 405 15.615 93. 769 1.405 15.615 93. 769
3 0.364 4,043 97.812
4 0.167 1. 854 99. 666
5 0.022 0.247 99.914
6 0. 006 0.071 99. 984
7 0. 001 0.016 100
8 1.00x10™ 1.02x10™ 100
9 -1.00x10™" -1.01x10" 100
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i L A ) B R AR 0 FE s (3R 5)
ARSI o 10 70 REL (R 6) ATARARNY 32 A0
Gy MR EGTHA A
F,=0. 149X,+0. 158X,+0. 055X,—0. 261X,+0. 173X,

+0. 003X,+0. 174X,-0. 199X,~0. 101X,,
F,=0.01X,-0. 016X,+0. 205X,+0. 327X,—0. 054X,

—0.299X,~0. 053X,+0. 607X,~0. 113X, .

3 2o o R R SO A (] JE B R 4 B R )
PR EATLR G PRy, R 7, Hp F A0kl
ERGE K R BB W, B — FE R B
FLEREE (0.991) . HHERJE 1. 00~0. 05 mm (0. 984)
FRL RN 7K 2 (0. 973) WA $h 45 K J5 B i) 3 2252 i)
KIF o F 4957 BlEER 45 K S B2 g e Rk, 56
T R R 0. 01~0. 001 mm (0. 984) FlIZE
7 (0. 566) 1 Ay 52 M) £ 25 e JE 32 1Y) 3 6 52 o [R5
PRI UL 2 R 445 7 T R R i, B LB . IRy

AR F SR FE 1. 00~0. 05 mm X H 52 1 P 25 76
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Table 5 Factor loading matrix

+HEY A b S Sy Sy 1R
RALBRE 0. 969 -0. 068 X,
EEILEE 0.991 -0.108 X,
B LB 0.918 0.236 X,
Faxiiy -0. 798 0. 566 X,
TR K i 0.973 -0. 164 X,
TIEE K E -0.797 —0. 389 X,
TR 1 0. 984 -0.163 X,
TR 2 -0. 963 -0. 092 X,
AR E 3 0.369 0. 894 X,

1) 3R 1~3 205124 1. 00~0. 05, 0.05~0.01F10. 01~0. 001 mm.,

#o6 M REE"

Table 6 The matrix of component score coefficients

B 5y (Y E3 8 145y 7402
SFLBR R 0. 149 0.01
BEILLEE 0.158 -0.016

B FLBRE 0. 055 0. 205

R -0.261 0. 327
MRS 7K i 0.173 —0. 054
A KR 0. 003 -0.299
TR L 0.174 -0. 053
ek 2 -0.199 0. 607
IR 3 -0. 101 -0.113

1) TR 1~3 435128 1. 00~0. 05, 0.05~0. 01 F10. 01~0. 001 mm.
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Table 7 The salt crust thickness of the interval principal component and ranking
R4 R fem F, F 4 F, E 4 FLiey F&EHEA
0 0.351 5 2.148 1 0. 649 2
0.1~0.5 0. 697 3 0.207 3 0.613 3
0.6~1 0.421 4 0.249 2 0. 697 1
1.1~1.5 —0. 544 7 -0.208 5 —0.483 7
1.6~2.0 -2.138 8 -0. 031 4 —-1.788 8
2.1~2.5 -0. 351 6 -0.236 6 —0. 336 6
2.6~3 0.759 2 -0. 653 7 0.234 5
>3 0.767 1 -1.302 8 0.418 4

XN KRR, HARERBER., BT
WA X AR T T, R K A b
BR, WIS X EEas )8, X5 Tedeschi
R R B A N IS E S G B U O e A R P8
BB, 3 HC WG X A A K A A A K
feg T3 He W R A DRI BRI Ry L T X, X AT RE TR
S5 B e e BT - 18 2R A, DT il 4 4 R K 1
Haog, HIREBIKOKSBASE L, )25
KA AT E KK, 5 Tedeschi 4 ) FlI5E
BTG R AR -, RHERE RE N34
JZ K 1.00~0.05, 0.01~0.05 F1 0. 001~0. 01 mm,
EREE KR MR EELL 1. 00~0. 05 mm T, FEIASE
B0 g SRR X 5 Onofiok 25 7 BIFSE 45 SR AR .
FE R TS A G AW s AR S ER
BRI R R TR E R Z, R/ 1
Oy ARTE N2, BRI X 2 R KR S 2 R
FEAR A, HERES e B — @ pr KUk, Rtk
T BB R ZAE 1. 00~0. 05 mm 28], T2+
SN, R IR £ o S B AE X 5
P, RO A AR, MEhEs A —
ERKE, FEOKSAGZE R R R ZH I
B BE FEELL0. 001~0. 01 mm A 323X 55 72 I8 g & 1o
WFFR 4 R — 5, 3Ll m B X AR 45 i~ 3l IR
BRI A e BE s /N, {HEL 1. 00~0. 05 mm Hy
Fo ARIERLEE 23 XF $h 45 Je By Ak — g s, A
WFEFe W]+ R 1. 00~0. 05 mm 25 1k £ i) $h 4%
FEHEJE 0. 001~0. 01 mm & k£, HEh 4k
T S S = e S eSS L N i I o 1

TGO B 25 SR A5 0, AR B /N LR
AR, Yk Xk ERE R BBk K R, HA
Gy %o 5 1 1 R .

+h G5 K JRE B AR N [R) PR 8 A X 9 A IR ]
LR 45 W R R e B R AR 2, ACEZ M+
By PR tE R R o R A s R R — K
43(0.78) R BEFLBE, 5 = F a4 (0. 16) 11
FEFE (0. 01~0. 001 mm) o X Hb 3 2 BH FL Bt B bk Kk
- HEE FORR IR, OB R/ INER 25 BB, 3X T g
FHEERILER SRR, AR AR 2 5
R, (1 ER2, B Rl s, i FL B
N ERCE ST, K R S AN T 5 IR 2 R B
i, 4 0. 01~0. 001 mm 4 k7 BE 7 i £
Rl j B, X 5 Ahmad %5 2 (R4 R —2k; B
FHORFIF R s, JFHF R TR EILT
ANZRZ®Howm, EEFN ARG AL,
PR M6 4 bk 2 Eh 5 R R

4 % ik

1) S LG ek 45 B2 T A kL 32 8D
0. 05~1 mm A (42. 8%) . Ehah M 1B WA pledh]
A 3R EE L) 0. 05~1 mm h 3 (49. 7%/40. 8%) ,
R85 B A K Bk L)L 0. 01~0. 001 mm A
(45.2%) . BEZEEEREHN0. 05~1 mm & &% #i /b,
0.01~0. 001 mm & fEF WG £ . + 7 & il K E
AN R R 25 e AR K (1,81 glem?) L K A 1
(1.58 g/em’) FIEERIA(1. 34 g/em’), BlTR B 3G
A FE WA IR, S EEFLBUE KB/ IMK IR
R LGS R R AR K EhES AR K
WA R A KRR L, RS K G ()RR
Ll ER 25 K s IR AN L 01/

2) A RIRE S RIZE 020 om 1 R
(0.05~1 mm) . B8 LW EE 2 4 0 35 1F A G (P<
0.01), SRSLBRE ., LHAE. SKE(HEY



100 Rl K2R (ARBIERR)

560 35

AR AT KR A R (0. 05~0. 01) A 2¢
P (P<0.05), 59 B4 FL B A £ kL B
(0.01~0. 001) AHOCHEAS 1 3 o Bl TR B 1S I #h 45
JELE - 9 B TR )RR SR T

3) TR AT R B G R L R R
B FLBEE T A SR EE (0. 01~0. 001 mm) . 25—

SE Wk

(1] Z=T5 . B HURG M EBEZE A N Hopt WU A AE R R [T .
K AARFFFA%, 2001 (1) : 16-18+53.

[2] TIMOTHY M G, COLIN P N, KENNETH W G. Sur-
face and subsurface sedimentary structures produced by
salt crusts[ J]. Sedimentology,2000,47(1):99-118.

(3] ZEiplck . IR ET T SRS BT ST S SBR[ ). st
R (ARFLFR) ,2018,35(4) : 402-408+415.

[4] KAZMAN Z, SHAINBERG I M G. Effect of low lev-
els of exchangeable sodium and applied phosphogyp-
sum on the infiltration rate of various soils[ J]. Soil Sci-
ence, 1983,135(3): 184-192.

[5] ONOFIOK O, SINGER M J. Scanning electron micro-
scope studies of surface crusts formed by simulated rain-
fall[J]. Soil Science, 1984,48(5): 1138-1143.

[6] ZHANGJG,XU X W,LEIJ Q, et al. Salt accumula-
tion on surface mobile aeolian sandy soil under drip—
irrigation with saline water in hinterland of the Takli-
makan Desert[J]. Chinese Sciences Bulletin, 2008, 53
(S2):63-70.

(71 BIAHT . $hah SO LA IUB AR 23 BRI [T,
BRI, 2015,41(3) :120-121+138.

(8] sk, o 3¢, Faimam , 45 . M T 5 DX ROK i HE AR
Mo ER S5 K R AR R s (] ROk TR A,
2010,26(9):34-39.

(9] BR/NEL, Begrpe . FIE - 5 Vb XA R 6 4 e 4h
BRI BALTE B SEL) ] TR X BT S 25T, 2008(9) «
134-138.

[10] PRESLEY M A,CRADDOCK R A,ZOLOTOVA N.
The effect of salt crust on the thermal conductivity of
one sample of fluvial particulate materials under Mar-
tian atmospheric pressures[J]. Journal of Geophysical
Research Planets, 2009, 114(E11). DOI: 10. 1029/
2009JE003355.

[11] XU X,LIB,WANG X. Progress in study on irrigation
practice with saline groundwater on sandlands of Takli-

makan Desert Hinterland [J]. Chinese Science Bulle-

TR N 781, BB FENEMS N 16.5,
48 Kz JEE JE B JEE P T A AL B R X S e B, R4k
FRE>3 em BF, BEILBE . £HORE (0. 05~1
mm) F T E K 0 S e e K, Eh 4 R R B
VA R E (0. 01~0. 001 mm ) Fl - 13825 8 X6 H 5%
M K

tin,2006,51(S1):161-166.

[12] FUJIMAKI H, SHIOZAWA S, INOUE M. Effect of
salty crust on soil albedo [1]. Agricultural and Forest
Meteorology,2003,118(1):125-135.

[13]  EAEF, skl R . S Besc s b L8R4
BEHUR R AT ] B R RS, 2020,42(2)
28-34.

[14]  AHENS  Amahas, X078 . 5y Rt DX 2 1 J2 X 43¢
KRB SRS RRFE [T ], KRR E R, 2011,22(4)
495-501.

[15] ZRIRB0, 20, S AR , 55 . A 23] g sk R I X
IR RS (], HERE L TR 24, 2014,
32(9):802-807.

[16]  ABEEME, BEWI BT IRTEAE, 55 28R KM AR T K
B I ib J2 - HER B B A EF T [T, rh AR 20l
#%,2010,26(11):206-211.

(17] A3 I 408 3C, 55 . Ui s ib it DXV b 3
R RR PRI BT ST ] sl R 24,
2007(2):41-49.

(18] =5l B BT bl 3k b ARER 2 S £ B 4R IRUF
FEl1]). L34, 2005(4) :674-677.

(19]  Am, ML, 2200, 45 . YOI i b 4 3 #h i Ak
BN RDT S V], Rl BT S 3R 2440, 2016, 33
(3):214-220.

[20] FINSTAD K, PFEIFFER M, MCNICOL G, et al.
Rates and geochemical processes of soil and salt crust
formation in salars of the Atacama Desert, Chile[J].
Geoderma,2016,284(6):57-72.

[21]  sRERE, PR, G083, 55 . 38 BUR VDU BB 44k
IR A B A SRR SO R ez e m i [+
BLX GRS 4% ,2010,24(4) : 174-179.

[22]  ERI, 290G, 2089 . Na,SO, X il R BEIM o Ff v
BEAVD LR 45 B ER R R [T ], SREERHAAT5E, 2018,
31(11):1979-1986.

[23] LANGSTON G, NEUMAN C M. An experimental

study on the susceptibility of crusted surfaces to wind



Fo

XN, A5 SCLCWIR AN RS 8 ER45 e 5 - ey BEPE IO A R B O 2R B H i [H 3R 101

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

erosion: A comparison of the strength properties of bi-
otic and salt crusts[J]. Geomorphology,2005,72(1):
40-53.

ERE e, T/, 2547, 45 . W ibie R b xd $hA 2
R NGB BEARR W [T]. A4, 2015, 35
(17):5856-5865.

FIRE . BT 3L LG T A 25 e 55 4 B L3R Bl HL
HWFZE (D], i AR IR, 2010.

TN AT AR AR A LR 1 K 43 A8
AN RS ] R IFRR =,
2019,38(1):157-167.

BB AT, R SRR [ A S R S
A K ER A ) S BT A A [T ). LI A, 2016, 47
(6):1306-1313.

WZE . SE IR b B AR PR X s SRR W A I 13K
SCAESRNIIFE[D]. B8RS R ARE,2011.

B 7R 36 5« v HUK, SE VU AT R4 - FRAR TR, Je A B - 38
FERT R, 45 . S LU A AR R4 X5 188 — 36 A= Al B
VIS-NIR G I S RFERFGT [T ], Rkl 2%4f, 2016, 24
(2):453-458.

B, 35 777 - FUANERSN I, B e, A R S L
1 W R A 7] 50 WL R IC 28 A S R oA 5 A8 A RRAE
[J]. IR ,2014,26(4) :616-624.

EH AR ELR, T ERE - HORER . 14
TA] T YRR R - AR R 43 7S (R S B A AT [T ). K
T ARIFSY,2012,19(6) : 19-23+28.

TEIRMG . AR SR R e Sk e - 40 55 b B
WK WF5E[T]. L HEE ] ,2010,41(1):81-86.
WA , BOGRE, M ahae 45 . i 3L e i 7 AR Of

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

PIXAEY A S A T] A E IR, 2009, 28
(12):2489-2494.

MR, B IS, IV, 5 e I FLBR B e (R R
WEFEHERE ()], 3 ,2015,46(2) :233-238.
JOECKEL R M, CLEMENT B A. Surface features of
the Salt Basin of Lancaster County, Nebraska[ J]. Cate-
na, 1999,34(3):243-275.

TEDESCHI A, AQUILA R D. Effects of irrigation
with saline waters, at different concentrations, on soil
physical and chemical characteristics [J]. Agricultural
Water Management, 2004, 77(1):308-322.

VR SR R, TR, % . m R EE KA T +
WSR2 5T )2 2 AR rE 2 R uHE ] T8
X5 8% ,2014,28(7) : 116-120.
LR, T, S ORRIEh A B SRR LK )
s ghs s (1], ALrbd 22,2017(6) : 175-178.
ONOFIOK O, SINGER M J. Scanning electron mi-
croscope studies of surface crusts formed by simulated
rainfall [J]. Soil Science, 1984,48:(9)1138-1143.
MM, by i, KM, 45 RS ARRYE)ZE L
HOKER S SRV [T]. K 1O FE# 42, 2014, 28
(8):273-277.

B xR R S Uk b DX - 9 5 O
PLERRBFFE (1], T 5 X5, 1996(6) :31-36.
AHMAD N, ROBBINA J. Crusting of river estate
soil, trinidad, and it is effect on gaseous diffusion, per-
colation, and seedling emergence [J]. Soil Science,

1971,23(3): 23-31.

(REHRE FHX)



