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TN 55 Z 5 T RIS 47 153634
B OROKREE, ASSCHE I R, 4R 2E .
WERET S5 . PRAKPEZE B0vb RIS E N T, X Lef%
GERIKAERE, SRIGEIET A BRI 3K
REJIRIRZNE . LIS e 3K P IREL 5 B
BROKFRHE IS S

1 MHETE

EEET R
T 2021 4F 4—7 A 7Eh RO B A

1.1

BERHIFIR 2 (B 25/18 C) 47, ikt
HoAY+, WA TS, Rifeh 0.15~1.0 mm,
fii i & 25.30 mg-kg™", AW 5.63 mg-kg”, A
SER 95.30 mg-kg™, A AHLET 3.31 gkg™', pH N
8.12, I 6 KM B TIALS, Hrp, Bk
UK A R A AR AR AR AR, HO
SRRIRTCIT YL . WIREME, Noxt T IR 1 e
T HTIAEE AR RS S RHEARR, AHE
WFFEa >, RIIARYE) AL 2206 F i B AROK
MR H, FEACTEBLILE 1,

F1 (RKFRERER
Table 1 Basic information of water-retaining material
E3it) Fh AR F BB e M
Type Kind Manufacture factory Main components Form Price
%éﬁ_{%mﬂ‘*ﬂr HERRY SENTHIRAF RAMRER L BikRd=1 mm 32.00 Ji-kg™'
Uil LT I WHE R AR T RA RS ikikd=2 mm 23.00 Ji-kg"
retaining materials
et JER A 2R R AR RG-SR IR Y BUkeRd=3 mm 28.00 Ji-kg™'
%%ﬁ&i‘?&{%ﬂ%‘*ﬂr =y REERAE TR A PR A 7 L R ANH U 2R 2.00 Jr/Hk
Envionment-friendly gy T4 mEIRAR WPk, . Ko FFARBRd=5 mm  1.80 kg™
water-retaining
materials VIR WA A E BR A WY, R R FRELkLd=5 mm 30.00 Ji-kg™'
1.2 RK¥igit H (£2), U THERNE (CK), 13440
121 BRARMF A LER KRG 0L B, SN0 3NERE . ES BREK R

5 kg, FFAFEFZEA R FIR S0 14 L3201

Ei=g AN

x2 RAMBAE

Table 2 The amount of water-retaining material

HKAY TSR M KL IR TR A
Type The traditional water-retaining materials The environment-friendly water-retaining materials
e Bk i o i R BRI
a4 0.25 0.25 0.25 0.25 0.5 1 1 5 10 1 5) 10
Weight ratio/%
Gty N K H Dy D, Dy S S S T, T, T
No.
1.2.2 ARARAH AT LHOR SR e BIPE % 20 om BOSDRHE, FR BT FEIA S FR ROK A R

5kg, PRAMEFVD AL HBIRATCE A (£2),
RIG UK - IR, ARG ATFRDEK, A
RT 5 (FREEAHXHEE 15%~25% ), WA
AR ARG 8 B K B R A AR 1

1.2.3  PRARMA AT LIE RS HIEH LR HR D
5kg ¥ +AE XTI (CK), B 54 H 4% 20 cm,

TrHed (R 2), BARIBE 100K

£, BNESERTR S K 6, 500 2% 4%, 6%,

8%. 10%. 12%. 14%. 16%. 18%. 20%.

MAEPEBE 3 ER

1.3 WEERSFHE
KR SR FERTIREE022 I 4% 4k B+
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FERERE . ASKR . BERKE . HERKS .
EBELBE . BE LB FLEFLIEL

T K ORFEMN L RHFR R (HR/NEEN
0.01 g L), THERX T 17:00 Frig 4+ 5
i, s

T KRR 26 Sk FTE E Ecomatik 22 w4
77 DLOO HHOKH W RS, W L2 AH ] 1 1
e, SECE, FHESEROE R K #YE
VR T KRR 2
1.4  RKZRIFMN

I FH 32 B0 43 BT SR R pR A B R4S K
MBI . AT

LA RFR(E: Clim) = Y [B;x prin(m)],

J=1
(m=1,2,3n,j=1,2,3--+-:n) (1)
Sr, Clim) WEFARIRIE, By h g bl
XHEEATIEACARHELL A, prin(m); W E3ETEAR
HUES /8
Xj = Xmin

flEmEE: px) = XX
(,' =1,2,3------ n) (2)
o, () AFAAEHE jAFEAR Y A SR e
BE, H px)el01], xRm9E jIHLEE 1R,
Xpmin B 7R 55 JEEBTRIR IR/ IMA , Xax R85
JAEREHRPR R E

X, WHERORHS j G ATEPR AR T 2R
FERRLER, p; A2 jANERE TR TR A BTk

KX, DIEAZEEIENE
1.5 #igsbeE

% H Microsoft Excel fil Orogin 2018 i#: 17 [
FhifE, RA SPSS 19.0 #1722 5 B 3% PG 56 A
FR

2 EXRGpH

21 REMRKREXT + 5k 4 1 B 22 0
211 EEZFE . LRE  HIEFKMERES HE

W MILBREE . BEFLBE A P, REMK
WARENT -1 BE (2 UL 1 (@), FE IR ES IR
[FIERK AR, ¥ R AL, Hop Sy %R i
B, TaZ, 25K T 29.94%. 29.43%.
K. H. S; BB RAICR A B3 (p<0.05); #4bH
- S FL B A 45 SR UL A 1 (b)(e)(d). mTET, FE L3
TR N 6 iR IK A RE S A R T B LB AR R L
N. H. Sy. S3. Ty. Ty, Ty R3ERFLBEE Y5200
B3 (p<0.05); N, H, Ty X HIEBEFLBEY
Mk 2, AHELT CK 435BEn T 15.12% . 22.18%.
9.25%; S,. S3. Tq. To. Ty HHEIERAE LR
JiE B E R (p<0.05), AT CK A5l n T
9.38%. 13.61%. 8.73%. 11.24%. 13.85%. i}
BH IR 5T AU B K WA A B A I AN 2 3 il - 48
Megl, ATDARR S LR, ohs R IEsE, A
FIF HHEEFFE 2Ky
212 EHEHAKRE  RFERKM B SRR
KR ZN LE 2(a), TN 6 BRI RHET L 41
WORN BRI, Hrh Ty sch B, 5XTHM L
BT 29.58%., AFEAKR RN B E K E
B2 WL 2(b)e N H, Sg. T, Ts W& INL
BEERKE, 5 CKAHLAREMT 16.20% .
14.82%. 10.56%. 9.80%. 17.36%. A[alffKAt
REXT 4 38 FH 8] 5 7K 2 A R R DL T 2(c). PIAT, N
H. Ss. Tp. T3 BEHEINHERKE (p<0.05), 4>
S CK 4hT 12.46% . 10.63%. 7.03%. 7.51%.
12.96% i, Ta X445 K & 38 i R o 3% .
ISR F G R R b 28 B FH %o -3 A K
ROBERKE . WERE KR LB A5
FUESEA —F,
2.2 RREMFRKMFRT L EEK S REFRZE
FHARTRAMT, it SRk R ) 28
FERT LB ORI R ZE & . BREEK 2 i g
AR RSB 3K sh A i anpd 3, 14
KR 35, K25 ZRME], Ko
PREFRE I3 s, I ELHE PR R A3,
KL AE SR, 25 0B A K B A b A — 2L,
HHT 20 d HIESKE TR, J5 20 d EKa2
St — W/, 7E 40 d B, CKA HIES KEiE
T 0, LKA R AL B+ S KR E T CK
4, Hoh Ty AbBA &K E R, e CKA & KE
N 3.37%.
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Effect of different water-retaining materials on soil volumetric weight capillary
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Fig. 2 Effect of different water-retaining materials on soil water holding
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Fig. 3 Soil moisture dynamic curve of each
experiment group
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BORP KT 0.9, AR RE BT Sz AR IR 5 +
g KSR ) Z B ER . SAHBEEIIA S
LK 4, WK S FTLIEH, BEE S Kmpsg
i, REEOKW IR, FE KRN 2%~ 4% I,
Dy. Dy. D3 PR/K# ARG KW 1A H CK i 2% F#
%o K3 AR Iy R ) =5 W Ak, U BH 5 7K Al
IR, FEARIN Dy, Dy Dy ff7KA R L3, 4l
PIAR = M IR IBOK A T R eI/, 3K
SRR G WAEYICRI , X — e R R T
T HEOK AR Y RS K E R T 12%

x®3

0

0 5

iF, P A4 Y - 3K I #43E T 0 kPa, X
VB E KB WA BV AT, AWK, R 3
BEIRZE, KILBUKERG R, oAby
IR R ORI A
232 EI¥AHAKE TEEFEEKEMHYT
1500 kPa W 73 T fir X iz ) 48 5 K 520, fRA
3 4 F KM R A AR 2 ERT ) 3985 K
REEGKE (£5), FEFKEEBEAYUK
B, 48 fRIRE K e 3 oK 1R,
ISR E K RS T AR K 5 EE SRR
ZMHo TR, A ORKPERME B AT LIS i 145
AROKE R, HZEDHDT R Ta>N>H>T,>S5>S,>
D3>K>D,>S,>T,>D>CK., ¥ 85 /& i B {3 /K 41
T B ARG KERZ, K 24.88%, HIKE
N FIH, B3 FKA R I CK 34T 12.98% .
12.49% . 10.64% WA BK &
2.4  RAKMHBBLRIEN

I FH FE B3 AT SR bR S G AR K A et
TRV o F A8 05 R AR (B 396 1) Fa 4 1E 1]
fbo XEFIRHAT ER ST (£6), FIT
P N SN 25 1 SN W i Ve B S A W) LA
BUTFHE TR LR A Ten R 8L, 56— F i oTiik
FE 64.067%, 5 5 sTEKFE & 20.907%,
FFTTHR & 84.974%., MWL 24 ERM A EETT
12 AL B 10 N 45FR 84.974% BB (S B . 4H1E

TEASRBHEUESH . RITEKE

Table 3 Soil moisture retention curve fitting parameters, accumulated water content

LhFE HEEL BHA SHB ?ﬂl%’fﬁ’ﬂ Jrﬁ%,%ﬁf_l:‘?z 40 d RISk E
Treatment _ Nodal Parameters A Parameters B Mathematical Corl_’e_latlon Accumulated water
increment L model coefficient R? content for 40 days
CK 27.482 -1.812 0.029 Y= 27.482-1.812X + 0.029X? 0.968 239.340
N 31.355 -1.539 0.020 Y= 31.355-1.539X + 0.020X? 0.984 428.712
K 29.418 -1.646 0.023 Y=29.418-1.646X + 0.023X? 0.985 320.803
H 29.661 -1.354 0.018 Y=29.856-1.393X + 0.019X? 0.985 450.840
D4 30.725 -1.635 0.022 Y=30.725-1.635X + 0.022X? 0.981 351.249
D, 29.222 -1.464 0.018 Y=29.222-1.464X + 0.018X? 0.988 361.309
Ds 35.058 -1.651 0.019 Y= 35.058-1.654X + 0.019X? 0.979 453.575
S, 28.417 -1.682 0.025 Y=28.417-1.682X + 0.025X? 0.985 287.038
S, 29.825 -1.644 0.023 Y=29.825-1.644X + 0.023X? 0.980 330.060
S; 32.445 -1.739 0.024 Y= 32.445-1.739X + 0.024X? 0.990 384.808
Ty 32.323 -1.985 0.030 Y= 32.323-1.985X + 0.030X? 0.980 322.054
T, 29.152 -1.665 0.024 Y=29.152-1.665X + 0.024X? 0.990 328.660
T3 30.703 -1.510 0.022 Y= 30.703-1.510X + 0.022X? 0.986 454.237
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Fig. 4 Schematic diagram of the 40-day
accumulative water content in the CK group
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Fig. 5 Soil water content and suction curves of each
experiment group
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FEFESR — F i Bt dd . BBk RRHE
TR AMEKE . BERKE . BEILREM
TR,

FIHARX (1), (2). (3) IFREH LGS
FEAME . SE REEAAE, 2 DMEERTRAR A E
4351 0.75 F1 0.25, FIAZ (4) RS 4
PROKF R DROKBE W EEEVFME D (£ 7). H
D 5] LA 45 A B K B4 BLRIORHEF : H>T3>
N>S;>T,>D;>D,>S,>D>T,>K>S,, HJLIHH! T, 4%
RAGRT H, TEIREE LA RO R PSR i A
3 b
FRoK A A3 1 37K S 4 E A9 B2 M
ZHFR RV, RINIRIRER L S Kbk
A DL CAR A 498 FTURE (8] 7 FL B 23 RN A 48 0 45 4
fEC, WK G 5 SO E Y B -3 A R Y,
FHEE KR, 5ARMRER B &
0.25% VTR ER SRR + L RET A
ARKTE, XA A, NSRBI, K
U, ASWFGETE A S5 PR A A RV OK bR T
LA, A9 AR GELRIK A AL v DR A T P - T s 2R
B RMFOKABHE HIE T UR ST, RN EIR AL

3.1

* 4 BRWAHAERNESE
Table 4 Model fitting parameters of each experiment group

st SHA ZHB Erea kit TR RHR?
Treatment Parameters A Parameters B Mathematical model Correlation coefficient R?
CK 996.491 2.056 Y= 996.491X 2% 0.994
N 519.575 1.216 Y=519.575X "' 0.931
K 1719.551 2.53 Y=1719.551X25% 0.998
H 1034.423 1.808 Y=1034.423X12%8 0.997
D4 457.311 1.681 Y=457.311X " 0.969
D, 313.079 1.605 Y=313.079X "% 0.955
Dj 234.424 2.066 Y= 234.424 X206 0.991
S, 708.109 1.434 Y=708.109X "4 0.971
S, 554.043 1.542 Y= 554.043X"5 0.981
S; 942.330 1.659 Y=942.330X "% 0.981
Ty 425.846 1.454 Y= 425.846X "4 0.903
T, 994.722 1.839 Y=994.722X"8% 0.976
Ts 752.721 1.181 Y=752.721X"1® 0.903
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Table 5 Soil water availability of each treatment

AbER KR % EE KR %

BROKEEI%

Treatment Field capacity Wilting water content Effective water content

CK 12.93 1.03 11.90
N 25.39 1.00 24.39
K 15.37 1.03 14.34
H 23.56 1.02 22.54
D4 13.15 0.99 12.16
D, 14.26 0.98 13.28
D3 14.59 0.97 13.62
Sy 13.69 1.02 12.67
S, 15.46 1.00 14.46
S; 19.96 1.02 18.94
Ty 13.23 0.99 12.24
T, 20.44 1.02 19.42
T3 25.89 1.01 24.88

BRI . 51 S0 LRGN B4 4K M4
MBS E RS R A —2, R AT RER RO BPRL L
T HAFZE R LRy 1255 X ROK AR K

fiE
)
K

IR PRI AN TR

3.2 THEIKSHHEM S
it 3 KRR 2Rt A A K T

*k 6 HEMINSNFHINE . AHERESIERAY
Table 6 Characteristic vector, contribution rate and comprehensive index coefficient of principal
components of each index

PEBA, ARBFSTASH, BEE B KE D, 1
KW ST, FEARI B B, WS IS SRk A At 145
FoKE2ZE R, EW BB K 22 5 R
B, HAEMAYS Zeng 25 NP ff gt 4 R —50, A&
5T KRR I AT & BE R Y=AX®, 5
R MG AERT 5T Gardner I FFAE 2 S, HZE
R R B OALEN 2 EHOK RN, A
KA 2] E KRR ZE, Bk, vTEE
JE RN IR 3k 0 39 Bt () AN ] I S S5 A
FoKWE A3 AN
3.3 TiEKRA
AR, FF IS KA, HHRK
W15/, B BRI . AT AR
—tE, IR QAT R A AR K S B B
F1o ARG R IREE AU IR AR AR X T - a3
KR SE R R, A RS K S A
TR K AR 0 R B E b o X 5 AR AR B 5
LG KRR 0.3% Ji . BEInf sk k1K
HAe i UK SRS RA—2, B, %
SRR REAZ IR B St AR —HE, AT LAl i
BRI A ROK SR
3.4 INMERITFERRKMPEMRIEFIZFE
EMO A S TR ER S, WORFRR K,

¥e#r Index

B Wity NG Wi I NE
Eigen vectors and percentages of
accumulated contribution

BLr AR R

Coefficients of comprehensive indexes

PC1 PC2 Y(1) Y(2)
3% FE Volumetric weight -0.707 0.574 -0.279 0.397
I 7K Saturated water content 0.942 -0.307 0.372 -0.212
FEE /K& Capillary capacity 0.962 0.215 0.380 0.149
M A #F 7K & Field capacity 0.97 0.119 0.383 0.082
AEBEFLBREE Non-capillary 0.494 -0.803 0.195 -0.555
EEFLIRE Capillary 0.710 0.635 0.280 0.439
BALEREE Total capillary 0.94 -0.019 0.371 -0.013
40 dZi1& /K& Accumulated water content for 40 days 0.679 0.565 0.268 0.391
#3155 /K & Wilting water content 0.349 -0.473 0.138 -0.327
4 %5 /K& The available water content 0.970 0.121 0.383 0.084
FE{E{H Eigen values 6.407 2.091
DTk %/% Contributive ratio 64.067 20.907
L1 T5T#R%/% Cumulative contributive ratio 64.067 84.974
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Table 7 The value of comprehensive index value Cl(m), subordinative function value y(x) and integrated
assessment value D of each treatment

Tre&a\l\tﬁent Ci(1) Cl2) u 2 Defue Seqﬁifcing

2.524 1.886 0.711 0.931 0.765 3

-2.225 -0.346 0.028 0.404 0.120 11

H 3.003 2.180 0.780 1.000 0.834 1
D4 -2.408 0.478 0.001 0.599 0.148 9
D, -2.025 1.110 0.056 0.748 0.227 7
D3 -1.463 1.758 0.137 0.901 0.325 6
S; -2.417 -0.874 0.000 0.280 0.069 12
S, -1.094 -1.069 0.190 0.234 0.201 8
S; 2.096 -2.061 0.650 0.000 0.490 4
Ty -1.985 -0.689 0.062 0.323 0.126 10
T, 1.464 -1.527 0.559 0.126 0.452 5
Ts 4.529 -0.846 1.000 0.286 0.824 2
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Effects of Environment-Friendly Water-retaining Materials on
Soil Moisture Characteristics of Soil and the Evaluation

HOU Mei-juan, WEI A-long, CONG Ri-chun

(Institute of Ecological Protection and Restoration, Chinese Academy of Forestry , Beijing 100091, China)

Abstract: [Objective] To explore the influence of environment-friendly water-retaining materials on soil
moisture characteristics. [Methods] Three environment-friendly water-retaining materials, porous fiber cot-
ton, biochar and carbon cotton, were selected and compared with three traditional water-retaining materi-
als, sodium polyacrylate, acrylamide-potassium acrylate and potassium polyacrylate. Sandy soil was taken
as the matrix and mixed with various water-retaining materials at different mass ratios, and CK. By the
method of water control experiment, the dynamic curves of soil moisture and soil water characteristic of
each water-retaining material were measured, respectively. And the influence of water-retaining materials
on soil water characteristics was analyzed. [Results] The environment-friendly water-retaining materials
could reduce soil bulk density and increase soil porosity and water holding capacity. Among them, 10%
carbon cotton in soil had a significant effect on the water holding parameters. Under the condition of natur-
al drought, all water-retaining materials could restrain soil water evaporation more effectively than CK. Dur-
ing 40 days, 10% carbon cotton retained the most moisture throughout the water loss process. After 40
days of drought stress, the water content of 10% cotton was 3.37% higher than that of CK group. All of the
six water-retaining materials could increase the soil effective water content. The soil effective water con-
tent in the material T; had the largest, followed by N, H, T,, S3, S,, D3, K, D,, S4, T4, D4, CKof which 10%
cotton treated soil effective water content was the most. [Conclusion] Through the comprehensive evalu-
ation of principal component analysis and membership function method, 10% carbon cotton has the best
water retention effect among environment-friendly water retention materials.

Keywords: environment-friendly water-retaining material; soil water characteristic curve; soil water
availability; comprehensive evaluation
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