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Fig. 1 Dynamics of wetting front relative to cast application rate and application depth
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Fig. 2 Dynamics of cumulative infiltrations relative to cast application rate and application depth
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Table 1

Fitting parameters of the Kostiakov model

0~ 10 cm JRJf
Jite FH

Cast-soil mixture in the 0 ~ 10 cm soil layer

10 ~ 20 cmifjifi Cast-soil mixture in the 10 ~ 20

cm soil layer

Application rate/(g-kg™")

K n R K n R
0 3.396 0.593 0.998 3.396 0.593 0.998
50 2.219 0.686 0.999 3.234 0.564 0.999
75 3.597 0.585 0.998 3.507 0.583 0.998
100 3.645 0.578 0.997 3.508 0.553 0.999
5~ 8 cm/Zjit 10 ~ 13 cm/Z it 15 ~ 18 cm/Zjiti

Jite FH Cast-soil mixture in the Cast-soil mixture in the Cast-soil mixture in the
Application rate/(g-kg’l) 5 ~ 8 cm soil layer 10 ~ 13 cm soil layer 15 ~ 18 cm soil layer
K n R K n R K n R
0 3.396 0.593 0.998 3.396 0.593 0.998 3.396 0.593 0.998
50 2.938 0.633 0.998 3.281 0.580 0.996 3.325 0.592 0.998
75 2.623 0.634 0.998 3.862 0.531 0.997 3.598 0.565 0.997
100 2.777 0.585 0.996 4.129 0.493 0.996 3.646 0.559 0.998

W KA T (1) =K"&E %5, RHYLE % Note: K and n are the empirical constance in 7 (¢) =K¢", R’ stands for

determination coefficient
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+9.6%. 12.9%H13.7%, 16 ~20 cm+ )27 i 5]
FE TS g kg J 100 g-kg™ i K U g

T A XT 10~ 13 cm)2 i b 45 25 (14 4% 4b 213
Ma, 50 g'kg™. 75 g¢-kg 'F1100 g-kg ' b 3¢
M8 ~ 12 cm+ 2 P& 7K 43 R +1:128.3% .
30.1% . 31.4%, fH12~16 cm T 2N &K%
SARBEE (P>0.05) , 50 g-kg JHHEAAFE 16 ~
20 em+J2EKE TR+ & 75 gkg ' 1100 gkg™
A, 15~ 18 e ZJfifE BT, 50 g kg™
75 g-kg 1100 g-kg AL FE12 ~ 16 cm+ )2 F
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Fig. 3 Effects of application of earthworm cast on distribution of soil water content relatively cast application depth

ENS N T e e T N = N A B A5 U
KALBR oK o5 T FLBR A 2> H A LB S il 2 B 3
B, KOME RS AETEELAAGE Y Mg S LR

&, A IRl E AL B S Ak,
S b A TR A RS A 0, AR BRI e 1Y
R, B EALBRE, A LR AT A R
IR A s ERE I3 By B DR S5 4
TR BE TR, e P A v I DU 2 e K 43 3 43 25 AR
FEMCURI 2, A LK T RAB .

®

3 44

e 151 2% it FH O X % B 25 S K A B
A RAAANRBRERER. 50 g kg™ i 5 2%
50~ 10 cm 3R Gt HAE S AL K 70 A&, 75
g-kg 'FI100 g-kg ' FH 2 it il 2R it A% )2 TR
W /> BB &, (EXHR T R AR E U
B0 FEMEHEIZEIEMIA L0 ~ 20 cm T EBEIE T, H
A HEILFN100 g kg ' 5 A R W E ALK o AB it
P o AN [) ke ) 25 it FH 7 =0 8% B 45 R T 1 R 3K 43
A3 0] FHKostiakov A 3B 256 28 U HEAT Rl R
WAL RFH], W75 g-kg ' M100 g- kg™ FI &K

Wi S5 2 M IRI A AB AR, A W] 2 it A R
JZ N BERE AR A B AR B I/ N JE o i 951 28 LA 7
AMA LIS, 28O0 Al 42 T R A 3K
Oy, H TR R 2 I n] BE 23 A 22K oy A B i
e, AT RO M AR SR AR i K

I

=B AHLACXT AL . Rl 5 AR,
2010, 30 (3) : 65—66

Yun L. Effect of organic fertilizer on soil physical and

[1]

chemical properties ( In Chinese ) . Agriculture and
Technology, 2010, 30 (3) : 65—66

ZBfh, BibEoT, FERHE WAL X AL 1 s s
B3, 2011, 43 (3) : 336—342

Gong W, Yan X Y, Wang J Y. Effect of long-term

[ 2]

fertilization on soil fertility ( In Chinese) . Soils,
2011, 43 (3) : 336—342

Tk, Bodtm, BTTR, AE KWIEIEAS B 4 b
X e AP BT . K R EESE 4, 2006, 20
(4) : 82—89

Wang G L, Duan J N, Jia N F, et al. Effects of long-

[3]

term fertilization on soil physical and chemical property
in loess hilly area (In Chinese ) . Journal of Soil and

Water Conservation, 2006, 20 (4) : 82—89

http: //pedologica. issas. ac. cn



2 14

RN ML S T SO X A 5 337

[ 4]

[10]

FHER, B, REZ, F. KOS AL
JIE X 30 A A ey B B e R A A Rl AR
2001, 9 (2) : 77—78

Wang S Q, Li X, XuF A, et al. Effects of long-term
use of organic manure and chemical fertilizer on fluvo-
aquic soils physical quality ( In Chinese ) . Chinese
Journal of Eco-Agriculture, 2001, 9 (2) . 77—78
HLEE, MRS, REOCEY. M| RO A | FE XA+
L9055 40V I R R e RS AR S SR, 2003,
14 (2) : 296—300

Hu Y X, Sun Z J, Cheng W L. Advances in
vermiculture and inhibition of vermicompost to soil-
borne disease (In Chinese ) . Chinese Journal of
Applied Ecology, 2003, 14 (2) : 296—300

RS i 95 2SS R R R . Ak Ak, 2005
(10) : 25

Wang F Y. Effects of earthworm cast on soil ( In
Chinese ) . Agriculture of Jilin, 2005 (10) : 25
PR, MUIGIFER LR AR TIAIN IR AR A 52
MRHEME B, 2005 (10) : 18

Fei Q H. The advantages and effects on soil of
earthworm cast ( In Chinese ) . Rural Practical Science
and Technology Information, 2005 (10) : 18
AR, DR, Rip. LIESYTE A LT L
HHEVE. HHE, 2016, 48 (2) @ 211—218

Dong W H, Li X Q, Song Y. Role of soil fauna on
soil organic matter formation ( In Chinese ) . Soils,
2016, 48 (2) : 211—218

ERA, Eul, X4, R 052 A
A X I VAT A A S A S R K. ROl KA
A4, 2015, 20 (5) : 89—94

Wang F Y, Wang C, Liu Q Q, et al. Improved
effect of humic acid, earthworm protein fertilizer and
vermicompost on coastal saline soil ( In Chinese ) .
Journal of China Agricultural University, 2015, 20
(5): 89—94

JRELL, RSN, XUEES, SF. D] 2SR AL A it
X il S A AR PR BT s T ARl R A
2010, 33 (3) : 8—12

SuXH, GaoZ L, LiuJL, etal. Impactof wormcast
and phosphorus fertilizer on rape growth and soil
quality (In Chinese) . Journal of Agricultural
University of Hebei, 2010, 33 (3) : 8—12

MG, RSBEWL, AR, SF. M| 2E T R I
PO b S PR S5 b e A it JB AR S M D PR R e
2017, 48 (3) : 676—682

Zhao P B, Zheng P F, Li S T, et al. Effects of
different ratios of vermicompost and vinasse on soil

physical and chemical properties and quality of flue-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

cured tobacco (In Chinese ) . Chinese Journal of Soil
Science, 2017, 48 (3) : 676—682

07, AIZR, TRRM, AR i) e b e B AL T
RSO TR R 5 4 S R AE 9. AT S
2013 (4) : 10—16

Qin F, SuLR, SuTM, et al. Study on the effect of
vermicompost on physical and chemical properties of
soil and nitrate in flowering cabbage ( In Chinese ) .
Agricultural Reserch and Application, 2013 (4) :
10—16

ZE, B, T MREE 0 R HOK R R
PRI, L3, 2018, 55 (3) @ 633—640

LiY P, Shao M A, Wang J. Effects of earthworm
cast mulch on soil evaporation (In Chinese ) . Acta
Pedologica Sinica, 2018, 55 (3) : 633—640
TI, Eaa, ZER4. A PLACXT H3ENC ) A+
PRI R RS W S U . ARSI A, 2016, 25
(1) : 175—181

Ning C C, WangJ W, Cai K Z. The effects of organic
fertilizers on soil fertility and soil environmental
quality: A review (In Chinese) .
Environmental Sciences, 2016, 25 (1) : 175—181
Capowiez Y, Dittbrenner N, Rault M, et al.

Ecology and

Earthworm cast production as a new behavioural
biomarker for toxicity testing. Environmental
Pollution, 2010, 158 (2) : 388—393

TR, DT te, EARTE, A 1260 O XX AR
ity B A AR AR R T ) (M RS R M, 2017, 49
(4): 712—718

Teng M J, Wan B B, Wang D S, et al. Effects of
vermicompost application modes on growth of two
tomato cultivars and soil fertility ( In Chinese ) .
Soils, 2017, 49 (4) : 712—718

Le Bayon R C, Binet F. Earthworm surface casts
affect soil erosion by runoff water and phosphorus
transfer in a temperate maize crop. Pedobiologia,
2001, 45 (5) : 430—442

HIT&, SR, SRIEIM, A%, WIS G A IR X i
Fonmi o £ e OIS A9 RE . R ESA AR, 2016, 53
(4) : 1016—1023

Shen F, Guo R, Zhu T B, et al. Effect of combined
application of vermicompost and probiotics on soil
nematode communities in greenhouse tomato field ( In
Chinese ) . Acta Pedologica Sinica, 2016, 53 (4) :
1016—1023

Benitez E, Sainz H, Nogales R. Hydrolytic enzyme
activities of extracted humic substances during the
vermicomposting of a lignocellulosic olive waste.

Bioresource Technology, 2005, 96: 785—790

http: //pedologica. issas. ac. cn



338 + E o iR 56 &
(201 VF/KRHI, TRARYE, A5TF. M 86| 29 25 5 R 05 8 BRI RENE . RHEE, 2007, 44 (5) : 801—807
MR, LB, 2007, 35 (23) @ 7179—7180 Zhou B B, Shao M A. Effect of content and size
XuY L, Zhang J Y, Li F P. Research status of of rock detritus on infiltration ( In Chinese ) . Acta
comprehensive utilization of wormcast ( In Chinese ) . Pedologica Sinica, 2007, 44 (5) : 801—807
Journal of Anhui Agricultural Sciences, 2007, 35 [26] XU, M€, MR, % KRB AEY) + LT E
(23) : 7179—7180 i T AT LI A BRI AL A2, 2016, 36
[21] AEAIZR, s, SE%5 R (A 28R 2R e 5k e ) (18) : 5820—5826
BIRESE. 4l R4, 2013, 29 (19) : 105—111 Liu X, Zhou H F, Liu H, et al. Characteristic
Ren L D, Huang M B, FanJ. Study on water retention and numerical simulation of sandy soil infiltration
capacity for drained soils with different textural under the different types of biological soil crusts ( In
layering (In Chinese ) . Transactions of the Chinese Chinese ) . Acta Ecologica Sinica, 2016, 36 (18) :
Society of Agricultural Engineer, 2013, 29 (19) : 5820—5826
105—111 (27 ] JH2E5%, IMRIC, WBER. MrilZEm B L 0. g
[22] EHH, BRESL, BT 2RI BHEENFURABZIK F R, 2012, 40 (8) & 921—924
95 KA Ak TR 254, 2010, 26 (11) : 61—67 Zhou M R, Sun Z J, Shen X Q. Research and
Wang C Y, Mao X M, Zhao B. Experiments and application of earthworm excrement ( In Chinese ) .
simulation on infiltration into layered soil column Journal of Shanxi Agricultural Sciences, 2012, 40
with sand interlayer under ponding condition ( In (8):921—924
Chinese ) . Transactions of the Chinese Society of (28] ZUbak, TE, ¥, 5. EW s =0 X
Agricultural Engineer, 2010, 26 (11) : 61—67 TR AR HZE R, Rl TR, 2016,
(23] 2, RAHE, MU, 4 FEXNLHOKD NS 32 (14) : 135—144
S B , Aol TR 244, 2009, 25 (6) : Li S L, Wang X, Wang S, et al. Effects of
40—45 application patterns and amount of biochar on
LiZ, WuP T, Feng H, et al. Simulated experiment water infiltration and evaporation (In Chinese ) .
on effect of soil bulk density on soil infiltration Transactions of the Chinese Society of Agricultural
capacity (In Chinese ) . Transactions of the Chinese Engineer, 2016, 32 (14) : 135—144
Society of Agricultural Engineer, 2009, 25 (6) : [29] B, B RE, MR, S5, b 95 258 %0 4 B R 5T T i
40—45 FVEY A S B AT T IR S S . P Al B,
[24] Atiyeh R M, Edwards C A, Suler S, et al. Pig 2017, 37 (6) : 11—17
manure vermicompost as a component of a horticultural Shan Y, Zhao F L, LinY, et al. Research advances
bedding plant medium: effects on physico-chemical and prospective on effects of vermicompost on
properties and plant growth. Bioresource Technology, soil environment quality and crop production (In
2001, 78 (1) : 11—20 Chinese ) . Chinese Journal of Tropical Agricultural,
(251 JElgkaf, BRWIZE. RREE A& R AR 3K 40 A 2017, 37 (6) : 11—17

Effects of Pattern and Amount of Earthworm Cast Application on Water
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Abstract
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[ Objective ] Earthworms are one of the most common soil animals, and generate cast

that forms water stable aggregates rich in organic matter. As is known to all, earthworm cast has already
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been extensively used as organic manure in farmland, because it can promote solubility of the insoluble
minerals and increase nutrient elements in the soil. Then how and how much earthworm cast is applied
will no doubt affect spatial distribution of the cast in the soil, and little has been reported on impacts of
earthworm cast application on soil water dynamics. Therefore in this study, an indoor experiment using
simulated soil columns was carried out to explore effects of pattern and rate of the application of earthworm
cast on water infiltration in soil. [ Method ] The experiment was designed to have treatments for earthworm
cast application rate, i.e. 50 g-kg™', 75 g-kg™' and 100 g-kg™' and five treatments for application pattern i.e.
A: mix cast with soil in the 0 ~ 10cm soil layer of the column; B: mix cast with soil in the 10 ~ 20 cm soil
layer; C: mix cast with soil in the 5 ~ 8 cm soil layer; D: mix cast with soil in the 10 ~ 13 cm soil layer; and E:
mix cast with soil in the 15 ~ 18 cm soil layered. So the experiment had 15 treatments (3x5) plus a control
(no cast applied) for comparison, and each treatment had 3 replicates. A given amount of water was added
to start water infiltration in all the 48 columns. The process of water infiltration lasted 180 minutes. Wetting
front movement was recorded and accumulated infiltration calculated for analysis of differences between
the treatments. In addition, samples of the soil were collected from each column by layer at the end of the
infiltration for analysis of water content. [ Result ] Results show that the treatments of 50 g-kg™' earthworm
cast had wetting fronts going deeper than all the others or 4.1 cm deeper to the maximum. Compared with
Control group, all the Treatments A, regardless of cast application rate, had wetting front going deeper, and
the wetting front was found to be 1, 1 and 0.3 cm deeper in Treatment A50, A75 and A100, respectively,
than in Control at the end of the infiltration process. Among the group of Treatment B, Treatment B75 and
B100 has wet front going 3% and 11% shallower than Control. When earthworm cast was applied by layer
as designed in the experiment, the treatments of cast application rate, regardless of depth of the application,
displayed an order of 50 > Control >75 >100 in terms of wetting front depth and the groups of Treatments 75
and 100 inhibited water infiltration, with the effect reducing with increasing application depth. Among the
group of Treatments C, Treatments C75 and C100 had wetting front going 6.3% and 19.5% shallower than
Control. Among the group of Treatments A, Treatment A75 and Treatment A100 did not differ much from
Control in cumulative infiltration, while among the group of Treatment B, Treatment B50, B75 and B100
was 8.2, 7.6 and 11.8 mm respectively, lower than Control, and among the group of Treatments C, Treatment
C75 and C100 was 70.7 and 59.7 mm respectively lower than Control (74.2 mm) (P<0.05) at the end of
the infiltration. The Kostiakov infiltration model was adopted to fit temporal variation of the measured
cumulative infiltration, with determination coefficient R’ ranging from 0.996 to 0.999, which indicates that
the fitting is good. In the experiment, water content in the soil-cast mixed layer and the soil layer right
underneath increased correspondingly, but with cast application rate being beyond 75 g-kg™', water content
in the deep soil layer (16 ~20 cm) might decrease. [ Conclusion ] It can be concluded that the impact of
cast application on water infiltration may vary with pattern and rate of the application. The application of 50
g-kg™' earthworm cast in the 0 ~ 10 cm soil layer promotes downward movement of the wetting front while
the application of 100 g-kg™' earthworm cast in the 10 ~ 20 c¢m soil layer significantly inhibits movement
of the wetting front depth. The application of cast in layers reduces cumulative infiltration and hence alters
soil water redistribution.

Key words Earthworm cast; Applying amount; Soil water content; Soil column simulated

experiments; Lou soil
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