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Abstract: [Objective] In order to explore the effects of different biomass additions and amounts on soil
infiltration characteristics and nutrient transport in fertilizer irrigation, so as to provide a theoretical basis for

improving fertilizer irrigation efficiency. [Method] Biochar (BC), coffee grounds (CF) and bagasse (SC) were
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used as biomass additives, and four levels of addition were set including T; (0.5%), T, (1.0%), T; (1.5%), and T,
(2.0%). The transport characteristics of fertilizer solution in different biomass-added soils and their nutrient
distributions were measured. The effects of different biomass additions on soil structure were evaluated.
[Result] The inhibitory effects of three kinds of biomass on wetting front migration and soil cumulative
infiltration were SC>CF>BC, and the inhibitory effects in each treatment group increased with increasing
biomass addition. Compared with the CK group, the wetting front migration distances of SCT,, CFT, and BCT,4
decreased by 38.33%, 37.00% and 34.00% respectively. The cumulative soil infiltration amounts of SCT,, CFT,
and BCT), decreased by 31.01%, 30.00% and 26.60% respectively. Compared with the CK group, the three kinds
of biomass additions under the fertilizer irrigation improved the contents of three main inorganic nutrients in
soil, and the soil fertility was improved with increasing biomass addition. The overall performance of soil nitrate
nitrogen retention by the three kinds of biomass was BC>CF>SC. Among them, the soil nitrate nitrogen contents
of BCT,4, CFT, and SCT, increased by 74.32%, 56.00% and 51.00% respectively. The overall performance of
soil available phosphorus retention by the three kinds of biomass was CF>SC>BC. Among them, the soil
available phosphorus contents of CFT,, SCT, and BCT, increased by 140.70%, 139.20% and 30.25%
respectively. The overall performance of soil available potassium retention by the three kinds of biomass was
CF>BC>SC. Among them, CFT,, BCT, and SCT, increased the soil available potassium contents by 143.87%,
126.85% and 104.03% respectively. [ Conclusion] All three kinds of biomass have inhibitory effects on the
infiltration of fertilizer solution with biochar being the best. The three kinds of biomass all have interception
effects on fertility, meanwhile, biochar has the best interception effect on nitrate nitrogen, and coffee grounds

have the best interception effect on available phosphorus and available potassium.

44 %

Key words: Biomass; Fertilizer irrigation; Water and fertilizer; Soil infiltration characteristic; Nutrient

transport

TR T 5 IR AROKRE TR AL AR 7 A e
%8, R AL TR T iz — o 1
A7 SRR LA LSS B BRE Lk +
B L AR AR RS RIBE A P ) A A
AN, LRI BRI BIROR, S EhghR . Tk
IKAE ST B A% GERERL It T 7 A AE R AR T
N ZRA K 7K B Y AR A il () B 3 it
= REE LA S BB £HEFR > S pH K
A5 AT A K S IS R A N B I K E —
AR VRE R B 2% BEAT T AR VEE AN I RE S THIEE R 28R,
Rl 3 BAT R R K A AR R, X R SR
WA EE T Bz —

AR — RIAE SRR Feim IR BT T 145 1 2 T
REMF L, PR AIE R LB 454 5 bR T AR, A 45 3L
FE AT R SO DL R T S S F SR 1
B FE B, A WL 0 i 55 e A 32 AR 52 3 1t
PR, SR RS AT IE A e e kv R AR ) B
S, R REIR T R P A B & . DUH
B, AL BE T RS e, BB R 4k
BARPERT, HIERSIK oy KR BB AF RE 1145 B 42
Thy AR R NB AT AT

I FL 3 B, it FH AR o 2= s i b 43 R 25, A
TMAE K 77 22 R AE S 30T 2 B sg 0 o BE A AR 1)
Hahn, LIgeEs FEN . IR ALBR EESG . IR K e
J13EFt o AR I BEE I 52 A - 35K A NS R A
A B L3R 0 RNEAYR S S 6
HAEAE 2 57, DRI 38 NS REPE ) e e B 22
o BN FT 2 510 B — A= W s o) 3 4L
PR B 238, T AN [E Fp 28 A ) S s vt - 338 4k
PE R O3 1 LUt T b o AR SCIR AR R H
SR X 3 M AR B O RS AL R, 4R 5T
AN [ A= 47 J5i ol I R o %o R EE S - 9 N VB
TERFE B F 2 o

1 HR5TE

ik 4

AR50 TE BB HE TR B oA X AR T
TR e T3S = 0047, = ARG i
FERLIE L, 2 LR E B TR 2 5T XA
AR5 FH (24°50749.95"N,102°51'37.54"E, ##{k
1778.9 m), WMAEIREANKIZE 40 em IRHJF L.
K H Mastersizer 2000 Ok BE 73 A A (FEE 5

1.1



B 4 ]

JEIEAS, A5 AL FUR SRR AN S JEVRERE 1B R AN TR 0 3 % (520 587

IRSCAX A PR 2> ]y 0 ik o 39 Ok 2H e, 3%
PR N B AR (d) > 2 mm. 0.02 mm < d<2 mm.
0.002 mm < d<<0.02 mm M 0<d<<0.002 mm
I 21.57%- 74.38%- 3.90% 1 0.15%. 4% [E Br
il -390 07, R R TR R . RER
o] J5 200 AR KT BERE . 2B 2% 5. i 2 mm §ii )5,
il 2 P9 RIS T 7% R, WA B 7K (w) 2 3.66%
1.2 XM

RIS N 53 3 R A R (BC) MIHEE (CF)
DA H IV (SC) 3 Fle A A I8 24 R AW %
R FRA . A5, wiR) —BEAE 75%~85%,
KEN0.56 gom”, K EVRIEHR G | mm &
F's B R 25 B A L B /0N Wil - g e
B2 H AR T £ S, H M EY AR
LA ER B AR, B feid 2 mm 57 )5 4% FH s HE
T E LR R, R R T S R AR
(AR, ARG T/K 5, RBRBAIIA R 5, Fk
HUALER Bk AR £ H -

BN V2 BE VR B ¥ 5 AR SR A 2R AR (R
D) EVIRE A R A 7 A= K& IR KB, 7=
WIS B 7, Hodr, NG P,Os A K,0 5 &2 %1
B8 20% . 156 L T 2 AR BRI 28 K
HFe P21 % L, NS B Bk BN
02gL"
1.3 IR &R

BRI L v B AR W) VA IR SR A N i 2 AN
Fo 3 PRI, 4 5 A R e A
JEVE; IR E A BN E 4 N INEAKT, 250N
AR T1(0.5%)~ I To(1.0%) =0
T5(1.5%) FIEHI T4(2.0%). R N 5E L HE %
Th, 3513 AN B, AN E S 3 R, DU
HAREE T ] (CK) o R ALER U« K R IR
AR AN (BCT,~ BCT,. BCT5. BCTy), 1k s
UK B WIEERS A8 0 (CF T, CFT,. CFT;. CFTy),
& WL s EHBEE N (SCT,~ SCT,. SCTss
SCT,), XFHE 4L (CK).

&L, 7T R R AR A P 0B TR AR

VEZIA, FE AR N BETH 3 S HL IR R LR R4,

TE A REF JLZ M A 1, ARG RS il 2
BRI G, HA R TE N RHER S @S
Yo [RII R A B B B FE S 3 T A5 40 ) 4 B
BRWMELSNRSG . B LR EHEEANL
FE, EAEEEE 100 cm. 2L AFEEEN 1.2gom’”,
S5cm N 12, BENFATIT B, BN
AR T SR LA E B R B L

J V6] 77 AR G A R K B ) 2 R T AR 8 AN S PRI
R0 AR — 4 g K Sk 2 B AR E 17720
EFHNBHER, NBIE KK EN 7 em. AR5
BRI, JeFT I I PRI R 38 B HE SRR AR IR B DL RO
W Z ST, i8R BT RO 0 2 B 5
TGS LMK D =B ER:, AR, iR
5 HH 25 B ), Al s B R 3 A 1. 24 5,
10, 20. 30 60- 90, 120, 150, 180 F1 210 min K}
T 1S % B 5 A IO /K AL 5 3, 1058 45
JG, R HEE BB RS R,

NBEER G, 15185 IR K, 37 B A%+
FER R AR BEAT 73 BORE, SO AR R EE 250 5 em,
B I R R N R, DA 5 300 7 50 254
FIEFAE R AT S IR R R AL A ), R
AR S R AR LAk e, Ea &R
T R EH B L E v, 8O 3 R LR R A
JRF IR 66 BE THE I E o
1.4 HiELE

SCH RS 3 o e SIAE 1P S5 1E,
K Excel 2016 A #E47 403 . K H Origin 2018
AR B KA SR A o e BN BT,
73 3K F AT AT 98 6L 45 1) Kostiakov —4E NS AR Y
A Philip NIBFLA JE 47 RAE . H o, Kostiakov
— Y NBERAURZ I A S, THEA R

I(r) = K7", (1)

A, K AINBZRE, cm-min ' £ N B IE], min;
nANBIEEL [ 3 NS RE K.
Philip NS EACHS A, HArEA X R:

1(1) = A% + Bt, )

P, ANTERZ R, cm-min "% A NBBHE],
min; B ATIERENBZE, cm min .

2 RS0

2.1 EHRFHEMRINE IS HIET S EBFE

op=Al

I FH i B 3B B8 1) R B8 R AE /K 4 7 1 3 3
W )15 5 ) EAEH T RS E. B 1 g RE
B, I o R AE RN ) ZE K, SR AR N V5 5 18 o ook
WS, NBHER K, AN BENER. -
I it N B T R A A B S B N IS I TR) (AR b
I AAA - VB B s 5 P 8 I NI B T 386 3 4
K, (B sg, 5 CK ALk, BC 44
BCT,. BCT,. BCT;#1 BCT, fJigiH515 4 80 5 43 7



100 [ c: HJEEH (SC)

NBRE lem
Infiltration depth

588 Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)
100 [ a: ZE#5 (BC) 100 [ b: WHEH (CF)
= 80 a: Biochar (BC) /_j. = 80
LE) _@ -?Oj:/: g @
oz 60 s w0
® -2 //‘/. - CK K2
GE M T cEer HE
g 7 +BCT, =
<E | + BCT <% 5
+BCT,
0 . . 0
50 100 150 200 250
t/min

Ty Tos T3 Ty 23 HIRER TR INE (w) 0.5%- 1.0%- 1.5% F1 2.0%
Ty, Ty, T; and T, represent biomass additions of 0.5%, 1.0%, 1.5% and 2.0% respectively
1 FEALIBLEARKENERERNSHE T XR

Fig.1 Changing of the infiltration depth of water and fertilizer with infiltration time in different treatment

PR T 9.14%- 17.18%- 26.87% £ 34.00%; CF AbBE
1 CFT,. CFT,. CFT; Al CFT, VRIS 5 E
B BB T 8.04%. 19.74%. 29.00% A1 37.00%:;
SC 4b# 4 SCT,. SCT, SCT5 1 SCT, 51
BB MIBEAG T 12.56%- 18.50%. 28.41% £l
38.33%. AN[FIAEW BTN N 3B R T B S 72 R S 4
R RN : SC >CF>BC.
22 EYIRMEFAMEN TIERBNSEHT M
138 RRUE NSl 2 R RAE LRI B
fie /1. ¥ 2 3 BC\ CF LL K& SC FEAN A A= ) ot it A\
e T L35 B vk NS S (A AR RRE . ] 2
AE M, F—4EYRAEAFERNET, HREHAB
SIS (] 32 A A B AR — B, ARAE [RIRP AR 5V
THIE— NEBRZ, AR RN RS

05 a: WK (BC)
a: Biochar (BC)

[33
(=]

T

25 b: WMHEHE (CF)
b: Coffee grounds (CF)

HEAFE . NBVIAS A RS2 ZEAH
B, BEAE NIBI M, & E RS EE SR
BHETH R . FIF AV RAREE T, LIERNB R
A B I BG IO 9 o IEEXNZ TG 210 min
JE R RIRNB ERGE BT LK NBRHE, 5
CK AL, BC &2+, BCT,. BCT,. BCT; fll
BCT, A3 3 RN EE 5D T 6.00%.
13.44%. 21.23% F1 26.60%; CF AbFE4L, CFT).
CFT,. CFT; fl CFT, Ab3 + 3% R N5 845 Bl kb
T 7.36%- 15.37%- 22.78% F1 30.00%; SC 44
H, SCT, SCT,- SCT; fl SCT, Ab# T3 RN E
BT 9.69%. 17.18%. 22.91% F1 31.01%.
AN R A=y Joa s x4 3% AR N B B A UR
SC>CF>BC.

25 .o HIEE (SC)
c: Bagasse (SC)

ZFINZ E/cm
Accumulated infiltration amount
Accumulated infiltration amount

#/min

Accumulated infiltration amount

g =)
S S
15 IE E 15 I 15
N 8 CK
- - - CK -
10 ~ BCT, ; 10 ~ BCT, ; 10 ~ BCT,
BCT, &= BCT, i .
5 B TELE T
) BCT, . )
0 0 0
50 100 150 200 250 50 150 200 250 50 100 150 200 250

t/min t/min

Ty~ Ty T3 F Ty 53 HIAEY B INE (w) 0.5% 1.0%. 1.5% F1 2.0%
Ty, T,, T; and T, represent biomass additions of 0.5%, 1.0%, 1.5% and 2.0% respectively
2 TRILBEARKERRNEEMNEREIE X R

Fig.2 Changing of the cumulative infiltration of water and fertilizer with infiltration time in different treatment

I PSR 0o AN [ AR 47 3 A B 358 2R 0 N VB R
BTG . HIMASR (R 1) E78: Kostiakov —4EA
B Y E R (RY) 7E 0.974~0.998 2 [a], it B i%
N BB R AT DUAR G- 1 2% A0 AS [7] 99 Ak 34 -+ 358 1) B
NBIEFE; Philip NS R* 7E 0.910~0.997 Z [1] .
Kostiakov —4E NS A7 A5G H RAE RIS
&5 NS E 858 R R T Philip NS4,

2.3 EYRMEFIRMEX LIRS ERZNT
NBHEBERFIELIEABRINEES I
o RIEANB AR [F] I 32 TR L i 2
R g1 (K 3) R FR AE Y AEAS [F) 7R
NET, BIEANZERBAEHMFE . BIABER
BJRE NGB N e 1 T B, St T A R RS .
FER RSN ) 264, B3NS 3R B AEY) T



H4M JATERS, S AW B AR N & AL ORENE 3 N ISR AE AN 5 208 1 R T 589
xR1 FRINSERINEXFR
Table 1 Fitting relationships of different infiltration models
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Fig.3 Changing of water and fertilizer infiltration rate with infiltration time in different treatment
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Fig. 4 Changing of nitrate nitrogen accumulation with soil depth in different treatment
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Fig. 5 Changing available phosphorus accumulation with soil depth in different treatment
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Fig. 6 Changing of available potassium accumulation with soil depth in different treatment
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