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WA A T, R KA 28 R AT .

[ P4 TG - S BT A B ATHY DR US !
VEW A Kt PR 4 DSSAT "2 . RZWOQM 2 |
AquaCrop " *) 2514 0 1 B A 3D D 1 78 35 45 1 TR 1Y
T HOK AR, ARG TR KA 2
REZMER . AR R Sk v] 76 Hh R b A
AN, TR SRR IE NS,
Bk wi e Hp 22—, AW B EX A
B HEKEM EHORT AN KK K
SR 00 AN R 0 A B 5 R X A A R K K
N, DN 5 H M R0 A 3 55 451 T LK 28 R 1)
FE KR, MR R N KA 50728 2 %
PR AL 2 S50

1 bR

1.1 e

M R A R RR, SR A BRVE A A 1R R
0~ 30 cm¥E L ANEWMERD -, 2 HAKT . BRI,
AW ek b i LR 2 mm Wi . I AR
AR ER A, L8 mm AT, 1N+ R
MR, 25 R 4 8 XU 55 KRR L350
AU 2 8 R FH UK 23 AT 4SO e, 1 458 Joi by 44 >R
[l B 5k, FH )RR K &SR R B v S0 7
T A K ok HE KSR, i - FE R JE A )
PRPERT WKL,

Rl THBERYIBER

Table 1 Basic physical property of the soil samples

Rk Bk (2 WTEAR kR EIC Y &
41 (<0.002 mm) (0.002~0.02mm) (0.02~2 mm) Joi b, Air—dried Field Saturated hydraulic
Soil Clay Silt Sand Soil texture moisture capacity conductivity
(%) (%) (%) (em®em™) (em’em™) (e¢m min™")
wt JepTRLD
4.79 11.72 83.49 0.01 0.21 0.040
Sand Loamy sand
Bt Bt
19.60 41.05 39.35 0.05 0.30 0.003
Lou soil Loam

1.2 RERFESUNTIE

TR0 E VY b AR MR L 2 v [ B X K ARl
Do BEdEAT o IR RAALHE LA . IR G DL K
FRERS ., R4 10 mm/5 5935 WA DL
W, A 30 em x 30 ¢cm x 30 em, FHJEHS)
SR HAENS mmPFL, R EA IR LRI 11
T o ARGt 275 WK ZLAMT . FRE RS H6
ASMHsensorfPRE G EEE (KE N £0.02%, =AM
150 kg) . 6FESLSZIE . CR1000K0 6 R S 4% & 9™
AN, FTics EmE RN EhEA L.

BT R i e 4 H (6+1.28 g em™,
w+1.57 g em™) SRR TS, B AR
JZAHTE, 2 EREER25 em, 45 ASRTIME24 h,
X ER TR A A R, MR S A
ARG 1B R R R RS B0 A7, XN 1.80 g em™, HifRil
FIN2 ~ 8 mm, Wbf 4 55 B4 5 S A AR
WAz, EHRESH 0% (L) | 25%.

50%. 75% . 100% (&) , EiEEEN
1 em, HAPETEE H25% . 50% . 75%F1100%%F N 1)
WA S AN 1,125, 2.25, 3.375H14.5 kg m™’,
HH125% . 50% e 75% 1) 7 5 1 b B AR 4 45 55 5
MRS B 5 T R R . T 5 oy HL R
5, HRAN S HAEY —, SEBET
M) iR — 8, b RIRES .

N B 1K S K 53 5 A 5 B K A B R
PR, EZHE K B E N25 mmAI35 mm, FEA
BER )G, E24 Wit 17K FAr A (JLqE Sk By
1E78 R AR EERE AT 55 ), RIS FE275S Wi £L A KT 6%
WE=4 mm 47" KIZE LGS S0F F ik 4728 &k
B [RIBT 30 em x 30 em x 20 em[ A HLEE 35 K 46
MK EZE L BE T, B A6 FUKH 55T R 534
[E 72 60 cmo KT HAIFE] A AE HAY8 : 00%18 = 00,
KRN0 dJF &R, R IR AR L, R
PETIEDS LR EK R, IR WKL,
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Fig.1 Experimental system for soil water evaporation

1.3 g
WA G A T R 28 ki SRR 78 R R AT L
Tl A— SR FROR RIS . KRR LK EICNE,, AR
w PR LR SRR AR RN NAE, W
AE=E,-E, (1)
W THE K IRE R 28 Ao, PRI A S 2%
HELLRIEZE i S K BRI LB, ICAR,, W
R\=EJI (2)
WAL, A ST E SRR E W A PR
AR ZE R, KORAR, W
R.=E JE, (3)
IR = AR RS AN [ £ BE S e 1 b B R S
MESAE A TERNZ S, I & W b £
T3 W X 78 R B R o
TE R PR KA S C R I, Gardner Y HFSY
W] BEZERESHIRIRE R R AR
E =" (4)
X, ENBERZELR S, mm; 85 80K R
BHRSE; chZRKAE], min,

2 45 R

21 WABZEMIEKSBERLZENTMW

B2 s T AR A B ot B 2 b 4270+
SEAEWE K IR [F) S50 T 1Y H 78 K i BB 7% &2 10 1] 1)
A, KBRS EEEC,

ME2RTLLE H: (1) RHEF b H 78 &
i, ALY, B HZE s R D 1
MR, bt HAEZE & b3 B0 H 2% % i W1 s/ VIR
A, MTERT RS WA R, HAERE K &R
35 mm ), BP0 H 78 & BE A 5 R 0 1S i
wom, FERERFAEGAOKEZE; (2) X TR
— b TERFREKESAMET, HZE & Rl )8
W AR —, AARFEK 25 mm T HZE K &t
FIR MR K B35 mm A/, AR T Ik
BEAKEAZEFERN . R, TEH#EKEN3S
mm 2k {4 WA B 55 R 0% A - 8 7K 7 H )4
KR, RAZFEER g LR LT, LK
BB BAE AE LT & R 20 A A e kad
B, BIEHZEKERERRELE); (3) @0
0% 2 100% 8}, H 7% k& fm—Hf A ih Ze#
TRREAR, R DA 55 5K 28 Lk w2 RIIA
R DB RR AR, 1T EL X — B X 280 - B A2 A
K EHE . fEZRLAT6 dH 78 & b A 7 5%
FEXE KM Wi/, JCHEB VRS HE 5B TR HZ
KRS, WK R 25 mmif, BER AT
R K, HAEKLKEMN 255, 2.44, 2.30,
2.1251.54 mm, 3{7TRZIG A H 78 & o
RELE, 7R I Fh G i R DR R B A 2% ke ) (] ) A
K, BRI R A K D o AR T I F
KA+ RBBT R, HEEERNTEERE, §
78R 5 W A HEOK B W 8 A KR 1R O =
778 % .

HTHE8REHZEL®EYEMAKR, BTR
E, IR SRR RSB, ERfREZE LR,
I B S [) 8 T e 09 H 28 & 2 0 R 78 &l
ROl Ne, o FRIE 25 AN BN () 4R 78 & HOR
e, MRS E R R e [HIFS T 3R2.

2T (1) WIR 75 & o 2 e A8 b ¥
1.38 ~3.79 mm d'o [A &AM T KR e AT
K&, B mefA KT 10T, 478 55 B B
B, e B U/, LU X T AN 7] 4 g8 22
SR, H T K R A DR W R TR K
(2) REZR KRB Fe Y B /N Fe,, FEHRE
RIGH HIE S K ERAL, SHRELERML. xR
— o, MESEATR, SEKENe T, W
WK EL 25 mmAI35 mmit, K78 58 Nk
e /AL JE AR Y M 0.58 ~ 0.60 mm d™'F10.57 ~ 0.72
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a. #1 Lou soil, /=25 mm b. fib+ Sand, /=25 mm
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—a— 100%

H #% % & Daily evaporation (mm)
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4r 4 r
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ERl i
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[a)]
I 1 F
&
i
jung
0 ! ! 1 ! J 0 ! ! ! ! )
0 2 4 6 8 10 0 2 4 6 8 10
i ] Time (d) i} ] Time (d)
K2 NTRJED A B 55 B AL B H 78 A i 1 52 )
Fig.2 Effect of sand-gravel mulch on daily evaporation relative to mulching degree
x2 FARMABZEETVRRRERREER
Table 2 Initial and steady evaporation rate relative to mulching degree
L n 14 1 7 15 % Mulching degree (% )
Index Soil (mm) 0 25 50 75 100
e, (mmd™") P+ Lou soil 25 2.55 2.44 2.30 2.12 1.54
b +-Sand 25 2.44 2.34 2.03 1.83 1.38
P+ Lou soil 35 3.79 3.39 2.69 2.31 1.80
b £ Sand 35 3.51 3.14 2.60 2.54 1.87
e, (mmd™") P+ Lou soil 25 0.60 0.58 0.59 0.59 0.60
fib £ Sand 25 0.61 0.59 0.62 0.62 0.63
P+ Lou soil 35 0.57 0.61 0.74 0.72 0.64
b £ Sand 35 0.58 0.75 0.94 1.11 1.07

mm d7', T+ Me, AL EAHI N0.59 ~0.63  H5HIHRZE KM LA/NGZ . (BAE KR H3S5
mm d7'A0.58 ~ 1.11 mm d7'o HUELEMEAKET  mmBEAREDEE T A e, 28 b7 FE 4 R BOH P A 5
BEEE e ATBCL AR, 2%+ 580.59 mm 47 A3,

W+ 40.61 mm d', FEKEWE3S mmitEE L1 22 AEWABEEN TS RNELASHIF M
e [T BUAS 55 B T A E0.65 mm A7, BRIZ(E M4 H 28 ksl A3 B k. K3 A
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WHEEE T RRELEE SR, THE
Kit, BBIRRAEEEC, mME3mM: (1)
TEAA A3 o B2 . M R K B AR, R — B ] B
W, EMERELRBEY S T, (2) X T
P, HEREAR, mEE KX ERRE, o
: a. ¥+ Lou soil, /=25 mm

—— 0%

BRI LR
Cumulative evaporation (mm)

5 —8—25%
50%
——75%
on — 100%,
0 2 4 6 8 10

BB R
Cumulative evaporation (mm)

0 2 4 6 8 10
fsf ] Time (d)

Wb LK & 35 mmif AT I ML, (HREK 25
mmff, FEHEEFERNZEFARE; (3) XTH
— LM, BERb AR RE N, E, ~ (B WU,
F MDA 5 BB, XU/ E VR BT .,
W 1 RD A7 7 5 R T A R B

157

b. #b+. Sand, /=25 mm

d. #b+. Sand, /=35 mm

0 2 4 6 8 10
fisf 1] Time (d)

K3 ANTRIRD A7 B o B2 T SRR S o 5 I 9 56 &R

Fig.3

2.3 WABEMIRERAERMBXIFLENFIE
Nt — DR AN R BE 2 B R B 78 R AR S #R

Relationship between cumulative evaporation and time relative to mulching degree

BRFHER 22 5, gt T AR B SR A T RS
%EEEiﬁn%?% H:‘RI(I ’ 4%E{E§u?%§3 o

RI TRAWABEETHEERRE

Table 3 Total soil evaporation relative to mulching degree

e 14 1 P 35 ¥ Mulching degree (% )

Index Soil (mm) 0 25 50 75 100

E (mm) 4 Lou soil 25 13.77 13.14 12.31 11.27 8.98
1 Sand 25 14.35 13.42 12.40 11.48 9.51

-+ Lou soil 35 18.45 17.47 15.74 14.15 11.18

1 Sand 35 19.88 18.98 17.68 17.39 13.58

Ry 1 Lou soil 25 0.55 0.53 0.49 0.45 0.36

1 Sand 25 0.57 0.54 0.50 0.46 0.38

1 Lousoil 35 0.53 0.50 0.45 0.40 0.32

%+ Sand 35 0.57 0.54 0.51 0.50 0.39

http: //pedologica. issas. ac. cn
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Table 4 D-value evaporation and relative evaporation relative to mulching degree

bR +- 4 I B 36 Mulching degree ( % )
Index Soil (mm) 25 50 75 100
AE (mm) P+ Lou soil 25 0.98 2.71 4.30 7.27
b +Sand 25 0.90 2.20 2.48 6.30
4 Lou soil 35 0.63 1.46 2.50 4.79
fib £ Sand 35 0.93 1.96 2.87 4.85
R, i+ Lou soil 25 0.95 0.85 0.77 0.61
0+ Sand 25 0.95 0.89 0.88 0.68
4 Lou soil 35 0.95 0.89 0.82 0.65
b £ Sand 35 0.94 0.86 0.80 0.66

H3T A, TEMIFEE SRR . MEEKET,
WEMER T EARYAEZE T, EXY
Bl D £ 7 5 B R 1 R I s/ N o ZE AR )b A 3
[l — FIET, #EkER35 mmIEIE TRk E N
25 mmAAb B, AR T ZARRER T, MH
T S A AN AR B, 7 5 R 1 I D 2 Lk b . PR
T HE R b KR I S0% 2247, T £ 7 5
H100% W E AR - i HEK I 35% 2547, FEBHEK
SRS A 2R R, (AR 7 R A B R AR

mE4E: (1) EARPAEET, S8+
M, MG EBECHI R, KAk AERK,
JEH R 5 B N 100% 1 b3 A ERER, A ESY iR

7.27. 6.30, 4.79F14.85 mm; (2) fEA[E A HE
i b, HERTAHN, BEE S CIEE R, Xz
RAERIK/N, Rigy—BAE65% /AT, HE—L U T
WA S50 K Ay 78 R AN ZE RN (3) AR
AR /NTRD L, UEEA R A B S R R 2R
RCRAES L4, 2R AR B PRk 22 Kb+
EOFIR R TR N D B2 WL £/ I L T YA = )R BB
TEREKM LT
24 EASHMMNEREEETUNEEXRR
Ak, ARWAESRET, BRELEE,
R E (4) o BB EANRSIR,
PESEA S AEREECH LR ILEE,

RS FRWABZSETHRRELENEGSH

Table 5 Fitting parameters of cumulative evaporation relative to mulching degree

11 1 ¥ 7 % % Mulching degree (% )
Soil (mm) Parameter 0 25 50 75 100
bt y) 0.116 0.110 0.102 0.092 0.070
Lou soil » R 0.972 0.973 0.974 0.974 0.964
Wt y! 0.120 0.112 0.101 0.091 0.073
Sand » R 0.963 0.965 0.962 0.956 0.939
Bt 2 0.160 0.148 0.129 0.114 0.089
Lou soil ? R? 0.972 0.974 0.964 0.957 0.959
Wt y; 0.171 0.158 0.142 0.136 0.101
Sand ? R 0.960 0.959 0.950 0.949 0.930
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Table 6 Fitted relationship between 4 and C
+4ESoil I (mm) A R?
P+ Lou soil 25 —4%x107°C*-4 x 10°C+0.115 0.996
fit +Sand 25 —2x107°C*-2x 107*C+0.119 0.962
-+ Lou soil 35 —3x107°C*-4 x 107*C+0.160 0.996
fib 1 Sand 35 —4%107°C*-3 x 107*C+0.169 0.962
AR o EREKE o
Volumetricmoisture content (cm® cm™?) Volumetricmoisture content (cm® cm™)
0.3 0.4 0.5 0.2 0.3 0.4
T T 1 T T 1
/ /
.—“/ /
- - - /'
— . / .
—_ . -
g .-
o)
=
g —_— 0%
3 —_—— 25%
& —_— 50%
) —_—— 75%
=" —a— 100%
+H — . — YUk Initial
a. #+ Lou soil, /=25 mm b. b+ Sand, /=25 mm
0.3 0.4 0.5 0.0 0.2 0.3 0.4
T T 1 0 T T 1
4 |
/ /
7 5 ’
Lo - ./
- Lt /
L
10 -

T SE Soil depth (cm)

c. #+ Lou soil, /=35 mm

4

20

25

AN TRV A 7 i b FHROGT 8 5 7K SR 1) 5 i)

d. b+ Sand, /=35 mm

Fig.4 Effect of sand—gravel mulch on soil water content relative to mulching degree
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R . BRZELRE W5 — KRR N

J W} ) e RS A 76 6 8 G T 2k bR
E=1(C) (5)

MG ER A T B CHE K=, (ErT 15 2R
7KK AR E B R AR L OC R

X (5) X ek, LIS 3 U A 7 55
CEI B iR 7% K i Ke .

e=) (C) * (6)

AL, AW A E e CRBE KT, 5
R R e B ] e AR KRR o
25 WAREBEEMTIEIEARSKENZI

&4 R 25 e S5 5 AN R0 A 7 56 B T - 3
R E KR o34, DK R, BHIRRDAH
W

ME4ATLUEL: (1) ATRbES, F—IK
b, B SRR T, (2) #K
HON25 mmbf, FERE L, £IZ0 ~6 emP K
BAK, 6 ~15 emMIE/KEF S, 15 ~25 em 5K
IR B VK AT R (E . WEK & 35 mmis, 7EER
L, RZ0 ~10 emPF /KR, HoFEEE S
IOmEE A, 10 ~25 ecmMyE/KEATHITH L, 25
AR, WA HEE K AR R B KRR a (.
Ji PR 2 B i 5 RN e 5 R o B R
K, HEERZHERBEZ, PIERZHATEIAL
vE, HbAE SRS, TERZEE, %
HRZ LS KEBN, EHOK BB Z K,
AR T R R EHOK 0 HIERZERE, BRIKT R
B KR, (3) HAFMARER, HIESK
FRBEAE A0 B i B G ORISR, R AR I
AL SRR AT B SRR R R R, FEFEIRAE
FTWARKIBRZ, KT FREHEEEEH, &
AR T RZAE K, HiZE R A LR
WHRHEAT, B IR EE T R)Z LKy, W T
2 ORI R ZIEH

3 i ®

b0 B i PR TR — T A 300248 Iy 2 Y
A AL, AEXF T 10 A7 B 8 A G 0 BIE TS 3 AR A ik
Z o BT 2 A BE TR T 0 L IX 22 47 F- 1
i, H4 mm d7'o MREEEIRAELRES R, T
Ko ZE S R e B HE I s A, AR A )
W3z 5, BEKE . RIEABRRIINEW . A,

MRAERBIET LIRMOKRE S0, T3k o
FHRE RN, RR RS2 T RAELR S, HEUE
SRR KA KR

A G AE 7% & T 4wkt R HE K 25 mm I35
mm X 57 9 b 4] s B8 K R B o A, T K IR
F25 mmaE & T35 mm, XTI A9 40 4R 2 K B4 A
WA 25, P EKE R TSR T ARG K 5
JIEI = 73 1 T B AL £ A = 1 1}
AN RV 7 56 B 1 AR AL AR AE AN RV K B 45 A
FARIME, HEEEA —E2ER.

ARG T AS [V A4 7 25 B % 3K /3 28 %
HAMRIONE , b A 3 5 FE R, X K 4378 R
PN B B, FEREA N ZR R R, 78
RidBS R =AWE, Bt s kKB,
R R B T BURIE R R TN B &
=B BOR LR E N B, WA S
FEGER—F; (HEAELIBFSE P J T #1104
A E . Li 0 R ST 4G SR R W Al AN Al o
HHER K oy 75 K o DR A TR A B 2.5 % A
1.6f% . PHULABEIE 2 B R A e, s
oA, WAERATA, ABER T g M
SEBOEZ AN, BRE T ARMNDAESE (3
SEANE ) L oyl E R 25% . 50%HM175%,
DB I T AE AN R RD A 7 35 T Koy 78 ki
RBEAES ., AMRGREN, DAEEEN N2
Je 78 K w Bl 2 3 U, DA Ud B A T R e —
SRR S o AR RS R L K A A 5 Y
TN MG W R TR T AR I KORMab A R 2 T A
MIREAR, IOR P JCRR 3G Kb s, oA 5
JEE B B — D T IR IE

4 45 ®©

HS®EAML, EBRAMSMRESR T, 20
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DYNAMICS OF SOIL WATER EVAPORATION FROM SOIL MULCHED WITH
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Zhao Dan' LiYi'" Feng Hao
(1 College of Water Resources and Architecture, Northwest Agriculture and Forestry University, Yangling, Shaanxi 712100, China )

(2 National Engineering Research Center for Water Saving Irrigation at Yangling, Northwest Agriculture and Forestry University,

Yangling, Shaanxi 712100, China )

Abstract Sand-gravel mulch can effectively inhibit soil water evaporation, and hence promote crop
growth. So far fewer researches have been reported on sand-gravel mulching than on plastic film or straw
mulching, and little information is available about quantitative relationship between moisture and crop under
sand-gravel mulch. To explore effects of sand-gravel mulching on soil water conservation and quantitative
relationships between soil water evaporation and sand-gravel mulch, a soil water evaporation experiment,
designed to have 5 mulching levels (0%, 25%, 50%, 75% and 100% ) , two irrigation levels (25 mm
and 35 mm ) and two soils ( sand and lou soil ) , was carried out. Results show that ( 1) with the sand-
gravel mulching increasing in coverage from 0% to 100%, the daily evaporation—time curve declined;
daily evaporation was lower in plots irrigated with 25 mm of water than in the plots irrigated with 35 mm
of water; and daily evaporation during the first 6 days decreased gradually with increasing sand-gravel
mulching coverage, and after 7 days of evaporation, the decrease in daily evaporation tended to be lower,
gradually; (2) the initial evaporation rate (ei) ranged from 1.38 to 3.97 mm d'; it stepped down with
increasing mulching coverage; e, ( steady evaporation rate ) was significantly lower than ei, varying in
the range of 0.57 ~1.11 mm d' as affected by sand-gravel mulching coverage; (3 ) with increasing sand-
gravel mulching coverage, temporal variation curve of cumulated evaporation ( E.) declined and so did total
evaporation (E,) ; in the plots of bare soil, E, accounted for 50% or so of the irrigation water (I) , while
E| in the plots under 100% sand-gravel mulching did for about 35% of I only; and with increasing sand-gravel
mulching coverage, evaporation to irrigation ratio decreased and evaporation difference ( A E) increased;

(4) The relationship between cumulative evaporation (E,) and time (7) fitted the theoretical relationship
of Gardner, of which the parameter was highly related to mulching degree; thus a two parameter function was

obtained for describing the relationships of cumulative evaporation and evaporation rate with mulching degree
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and time; and (5) at the end of the evaporation experiment, moisture contents in the soil profiles were much
lower than the initial moisture content, regardless of mulching degree; but the moisture contents in the plots
under mulch were generally high. To sum up, the effect of mulching on evaporation is apparent. The findings
in the experiment may provide some important parameters in simulating soil water evaporation under gravel-
sand mulch on a field scale.

Key words Sand-gravel mulch; Mulching degree; Soil water evaporation

(RERIE: EME)
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