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Impact of biochar as a soil amendment on crop growth and
agricultural non-point Source pollution control
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Ching-Jung Lin Ya-Zhen Huang Chihhao Fan*
#H %
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GIFAAIBME - AR ET  FBRTLEZR AN/ RSB G RE R
B EH MK EBRTAE  ARBEROBASALIE > EBIEHE PayKE
LB RAMEARTR - P Fo T IRI BT L X BEARBMY - SETREART 5§ £
EAme| BARE IR LB T EDRAOE  FATRIEE  BELETH
BRFLARENL - RBRARVEREFS R XERDABRKEYIELRTE -4
ATEN AN RARBZABHEET RO LIFEURE - A ETRPME > BATT HE K
Aok AT 0 SN IRME A LCAS G AT R A BIRE AT > LGHEEHFhl R £ IEBR
TR GBE

ERERBTERERAOME T © 2 E/L2 B FCF) > 2 ELLEH
(FCF) + 25 g A% % (BC) > +§4béﬁﬂa,ﬂ(HCF) +25 ¢ AR (BC) > +a4b%§zﬂa
HFHHCF) + 50 g A4 3 (BC) > ¥ &2 HHCF)+ 100 g A4 4% (BC) ° 248 [ #)
100 %AbZRetHE T > FmAE MR EbBIER I mAEDBE O ELSRY THEAE
MK eI EF EHRIEHF T 0 48 E 6950 %reBe & Fu Pl A R m A Mk e e T
ANmAEMRASL > BRIRKEAK - #FCF2|FCF+25gBC » 8 #7&) 75.63% °
B4k > £ B A 48 E 50 %Ml & BLAr A A m A ¥ R e 484 F » #HCF + 25 g BCE|/HCF
+50gBCH Y 714.61% > #HCF+100gBCH Y 751.77% - Bt > B G R > Fhe
5O EN R GERIRKRYD o RIFMIE o4 BI85 L KRBT 0 et F 338 o
ARG EHHEBEZRABERE - BRE\A BEAM R FIoT a3 et
BERABERD - AR HRD LBERFARAEAHBEE B —HREATHE
BEAETDEABLENORABLER CAERZTREREE mARKF TR EL
BN e sbsh o CEABAmBRIE BRTEBEERTHEREETNE -

MetF 1 ERATR - WA~ BN
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Abstract

Non-point source pollution is a complex issue influenced by geographical factors, climate
variations (including rainfall patterns), soil characteristics, land usage practices, and vegetation
cover. This complexity makes the management and control of non-point source pollution
challenging. In agriculture, non-point source pollution primarily results from the improper
application of fertilizers (nitrogen/phosphorus) and pesticides. These substances, carried by
rainfall or irrigation, travel as surface runoff and seep into the soil, leading to diffuse water
pollution in the environment. Detecting and managing this type of pollution is challenging. This
experimental study aimed to adjust the amount of biochar added to soils with varying fertilizer
ratios as experimental conditions to observe the nutrient-leaching status in the soil. The
objective was to reduce nutrient leaching and ameliorate non-point source pollution of
surrounding water bodies in agricultural lands. Bamboo-derived biochar was selected as the
soil amendment for the planting experiment. Throughout the experimental period, soil, water,
and plant analyses were conducted. LCA was used to analyze the program data to assess the
impact on crops and agricultural non-point source pollution control.

The experimental results indicated a trend of nutrient loss as follows: complete chemical
fertilizer (FCF) > total chemical fertilizer (FCF) + 25 g biochar (BC) > half chemical fertilizer
(FCF) + 25 g biochar (BC) > half chemical fertilizer (FCF) + 50 g biochar (BC) > half chemical
fertilizer (FCF) + 100 g biochar (BC). Under the same 100% fertilizer condition, the
combination with added biochar exhibited reduced nutrient loss compared to the combination
without biochar. Moreover, in the case of half fertilizer application, with the same 50% fertilizer
amount and all combinations with biochar, the more biochar added, the lower the total nitrogen
loss. From FCF to FCF + 25 g BC, there was a collective reduction of 5.63 %. Similarly, among
combinations with the same 50% fertilizer amount and all with added biochar, there was a
reduction of 14.61 % from HCF + 25 g BC to HCF + 50 g BC and a decrease of 51.77 % from
HCF + 100 g BC. Thus, it is evident that the addition of more biochar leads to a more significant
reduction in nitrogen loss. Based on the plant data, it is obvious that halving the fertilizer and
increasing the biochar content does not significantly impact the yield of the plants. The results
indicate that with an increased addition of biochar, there is a corresponding reduction in
fertilizer loss. Biochar exhibits a positive impact on decreasing the leaching of soil nutrients.
This finding suggests potential wide-scale applications for environmental improvement. Not
only does it enhance environmental quality, but it also maintains agricultural productivity.
Moreover, it contributes to carbon reduction benefits, achieving a dual economic and

environmental sustainability benefit.

Keywords: Non-point source pollution, Biochar, Chemical Fertilizer
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1.1 5 % $y 4

JETERIT R RIBE LI I fE ~ LIBEHE S LA A TR RBUELEE S
MEEDE RHABATREHER  LXEH T RRNALEQRERA 55
BB RERTRABAREAR > LBy HATLELR HER L6 H #E(Wang,
Alidoustetal. 2018) » € B #AFRERFE > RFEET - FRESD BLEAFFRL
YW EABHUHEAL  BRREHA LA RAEF LI AR ) - K> BT
HRRACS I B R # TR 8 LIRS 1L » e — 575 F 30 T AM R & A (Cui, Cai etal.
2020) °

WAER 0 FSFRARN A A S IR AR 0 R G 0 R R E IR
TR EIR G B @ % B (Wu and Chen 2013, Jain and Singh 2019) 4o » A £ % &
Bl Ak F & B G B REURAESRACRE - D RUE ~ BRIE T 4 1 A KB 6Y R
e o S8 BATHE TR D 5 S HE 0 SRR T A R 2 A AR
BRRAREVY > SHRARFLELAMA 5 - ARIERA KRBT > L RAER
E¥#HEL BFEHRARELKE LESEF R EIEFLEFE > B FRAERIKIIE TR
E R AP (Zhang etal., 2019) » BRAEA LA F @ > BLEBRHE SRS -
RAREEEEEM@ B THREMR > SRAMEREREIHETHA - BRTHEA
TH AR > HEE - EHBRIBE LA AR

Bk AFFRER 2L A BIREY  HRBAE R A YR ETER  Ei A

RAMEHIELRBARRECEARRETOBEY - AR BRI BT K L3E
BRBE IR > DR AIFIERAFHRRERMESEE - S RAREEMEIHER
Bl BAMBEHRARGMRENERAT o

1.2 EB W
AARERTCEELTREY > BERBREG AN R - TR A AYAE

Wy F A A BAE R KRB A (b2 ikt ARk ) e 38 R EA MR HEAD

RENBE LLBRRARUEYZCEARBEN Ao A YR HEEE Rivg o k-

AR ERER > BBREEBAREAR R LRERBRAROVE - T2

RS SR

RERHEHT - MR HEFBARGBY -

AR FMEHERBRRABE -

BEERT  AMAHSABRAROBE -

AMRHECEERGBE

AR AR A RIS L -

R R B KR IR B R R e -
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= BRI HERIR

21 BBAE

WA AR A M RAF A LIET B HEM A KRR B EFBRALERNOBE - £
mERMET 0 B 2.1-1 ARB R R ERL(TCGAP)Z AR EA A TR EPBEE BHER
BERHERE 2 A2 ERE 100%5E F EHAE 50% ° EHERE LD RFMEO
25g°50g~ 100 )45 > HECERGAEREBITLER  FIHERAKTRLEFHER
BYL BHAMRERD BRBARRIEFIEIERTLAOER - it BBREFHE
A ER > PR AH LIESRRARABE -

BT 4B 2.1-2 Aior 0 AERBWGAT 0 A EX A B A g
4R4e A EARLBREAMEHNAAL P OEH > WAL= RiITHRE 24
TGAP ¥ #.36 » W HE41% 10~ 12 REITE —RBE > 5 18~20 RZBITH —RBRE -
AERLTR 25 ~30 REPT AT —RIH > MRFERGE T Ao iTHRIK > H£ES
BRAEK FEARNBAALAE  BETERBKAZIRU o F _RFEBRUAR ey A i
AT MARBREREEEKEN  SREBEFZAMRKREN T -

1% ReH
KCE 2. 2 +
25g A4
100% Ae#t
# e
H MR +
25g 44 B
EX" $.0 4
A
14 Re okt 1% ReH 1% Re
+ + +
25g £ K 50g £ K 100g 4 4 5
50% Aedt
A ek A # ekt A ek
+ + +
25g A4 B 50g A4 5 100g 4 4 %

B 2.1-1 RBEZ LR RBARMSFE
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B 2.1-2 &BRKEFHARLMRE

X3

2.2 TRk

RNEBRERZACZ RN A SERMEGA RS G SR 1 IRAPELSREM  Lia
A%%iﬂmAQ%%ﬁ%@‘B%%*mﬁ%ﬁ‘B%%*mﬁﬂ%ﬁ,ﬁ&%ﬂ

EEBEBRMAERNNGEREE 11 RAKRETREM > Exae 1.5 %028 ~09 %
B 2 HRET ~ 1.5 %ty 2 AAbsFF0 55.0 %9 A AR E - MmAT R X AW x B4R 0 B BET &
@F 1 0.0304+0.0161 m¥g °

R BELE RIFRERAKB(TCGAP) T ERZERAE LN ER T ERENETHE
Hafrettef -8 - F i e AR AMEZERLEEAEIZRERYLE FHER
HEERBEPEANSAFEL T EEIBIEHNBHEN A 0.12m? AR LIE
BERPELABEA K BETREEE > N EE 3B -

%321 BFHAEHERAR B 745 E

ReE (9 #eE (9 F2E (9

FCF 21.48 10.74 10.74

FCF +25 g BC 21.48 10.74 10.74

HCF +25 g BC 10.74 5.37 5.37

HCF +50 g BC 10.74 5.37 5.37

HCF +100 g BC 10.74 5.37 5.37
FOF 21.48 12.90 21.48

FOF + 25 g BC 21.48 12.90 21.48

HOF + 25 g BC 10.74 6.45 10.74
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HOF + 50 g BC 10.74 6.45 10.74
HOF + 100 g BC 10.74 6.45 10.74

i3k 1 2212 RAHFCF) ; ¥ Z22 M (HCF) ; 22 A #EH(FOF) ; ¥ 2 H M (HOF) ; A4 % (BC)

=~ ERATR

3.1 K H
3.0 XBERSE

KBPERSEANKA - HERBR - ZAHBREAI e KPS kP anrk
A#R - ARRBREYrEkezay LA 42 2148g ¥k ay kA &
A€ 10.74g B 3.1-1 (B 3.1-1 D) THRERINKARERER AR ZBRAKE
B Ar 2 mg e

ARRBLEETIN 6 RATREREE > & E 3.1-1 (a)fvE 3.1-1 ) THREHL2EHF
i AALE IR T RESFHARNAKXERSF A FCF(903.30 mg/m?) > FCF + 25 ¢
BC(876.04 mg/m?) > HCF + 25 g BC(492.29 mg/m?) > HCF + 50 g BC(395.00 mg/m?) > HCF
+100 g BC(267.60 mg/m?) » & WAL Z R Fma | Z i 25g A xR Z AR L RIA K
£ AR 5.63%  BF 2RI H A 25 ¢ AR E 50 g A REHNERARE L EIK
14.61% » 1if/m 25 g A4k & 100 g £k A3 B ER K EHEFIK 51.77% 102 Rkt
PAAYRZAET  BAYRZHw ZRERBFRSERARD A > LFELER
W EIE P o W3 R AR A A & (Delgado etal., 2001; Huetal., 2021) » Bt HCF+ 100
gBCHATARERY BRRZCEABMELRHE A4 RASRE  HbBEMEARX
ER% -

mMAEERLERRAF R TREFANHERNARXERFS HOF +50 g
BC(388.27 mg/m?) > HOF + 25 g BC(343.17 mg/m?) > HOF + 100 g BC(337.75 mg/m?) >
FOF +25 g BC(235.74 mg/m?) > FOF (200.34 mg/m?) » & R &5~ > K [ tbfo] 2 A # ek 5
MR Z A RARBERY R RARNEY  BRAKREEZRERK - BRFERME
RBRmERS AR RnA BB RZAK - mEAEKENESKEFKEY EE ek
By BRI TOERSBRAZIE  HARZBINRYD > AAEM k%R LR
13 4 % 5 (Sanchez, Ospinaetal. 2017) > B4 B 422-1(@) TR EIN B AB YR A E=ZX
Moy ¥ [ 2 85 R e He A8 M LIt o

WiBE 4.22-1(a)f B 4.2.2-1(b)# 32| 2 256 A 1L 2 Bet 1 A M AEAHR AR B LA
AW R Z BRI K E  FCF +25 g BC(876.04 mg/m?) > FOF + 25 g BC(235.74 mg/m?) ; ¥
15 A AL 2 Rkt 2 g A RE SRR B R B L] A Mk X 48 R X & HCF + 25 g BC(492.29
mg/m?) > HCF + 50 g BC(395.00 mg/m?) > HCF + 100 g BC(267.60 mg/m?) > HOF + 50 g
BC(388.27 mg/m?) > HOF + 25 g BC(343.17 mg/m?) > HOF + 100 g BC(337.75 mg/m?) 48
BB AR IR iett > A AR RS & B 693k B 1% (Ospina & Montoya
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2017) B SLT AR B R B AR5 TR b 2 e B R AN R AR KE > AR EE
AMRZBEEAKE -

™
™
- OlstRainstorm 020 Rainstorm @ 3rd Rainstorm e O lst Rainstorm Run-off ©lst Rainstorm Infiltration ©2nd Rainstorm Run-off
Fom ©O2nd Rainstorm Infiltration 0 3rd Rainstorm Run-off 03rd Rainstorm Infiltration
- o |
&
Em ™
£
R oo [ ]
i H
ol fw
s z
Zw Ew
300 300
0 0
10 ! w = Q
. [ o = —
FCF+25gBC HCF +25g BC HCF + S0g BC HCF + 100g BC FOF FOF+ 25g BC HOF + 25 BC HOF + S0g BC HOF + 1003 BC FCF FCF+25gBC HCF +25g BC HCF + S0g BC HCF + 100g BC FOF FOF+25g BC HOF + 25g BC HOF + S0g BC HOF + 100g BC

3 0 2 EIL2 M (FCF) ;5 ¥ 2102 (HCF) ; 284 #EH(FOF) ; ¥ 24 # 8 HOF) ; A4 5 (BC)

B 3.1.1-1 XKBASAAEZHEBRQREERFERZES ; DERABKRERAKE Y

3.12 K& 2E
RAF 48 R E o st H4anh » BRIk A MR RERIBE 2 vl - B 32-1 TH#
2ERFLEHRA 4b%‘ﬂ6a‘%%5ﬁﬁ%ﬁﬁa‘%@%éﬁ Mk B A FCF(85.79 mg/m?) > FCF +
25 ¢ BC(71.33 mg/m?) ; HCF + 50 g BC(46.66 mg/m?) > HCF + 100 g BC(46.10 mg/m?) >
HCF + 25 g BC(39.32 mg mg/m?) = M2 28 ¥ 3 MA A KR TRkt Hasnike
& F % FOF (23.53 mg/m?) > FOF + 25 g BC(20.41 mg/m?) ; HOF + 100 g BC(24.41 mg/m?)
> HOF + 25 g BC(17.94 mg/m?) > HOF + 50 g BC(17.55 mg/m?) » FA% A Z fetdf > 8t
5oV ABETHRHEENIEY  REBBARATEABAK FhothREXEH
FOARFA R B AEMZ T > FRE TR IR P 5 F RATEA R HakE A % (Dai, Wang et
al. 2020) * HsE R ERALE R ESARERS °

(a) (b)

O1st rainstorm 0O2nd rainstorm 0O 3rd rainstorm O 1st rainstorm O2nd rainstorm O3rd rainstorm

Total P (mg/m?)

0 HHE N-N-N:-N:

FCF FCF+25g BC HCF +25g BC HCF + 50g BC HCF + 100g BC F FOF+25g BC HOF +25g BC HOF +50g BC HOF + 100g BC
3 0 2 ELEM(FCE) ; ¥ E/L2EMMHCE) ; £ EH #EH(FOF) ; ¥ 24 %MK HOF) 5 44 % (BC)

B 3.2-1 KBAB A% EHEE@QLERBAE% ; (b)FEEaz]
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3.13 Ko F

RIFE AT B A3t H4asy v BHE AW RRERIBRZ joid - b B 3.3-1 T4
REERFERA 41:%)%@%%%@%#%%@5? R R ERA A FCF + 25 g BC(597.78
mg/m?) > FCF (544.82 mg/m?) ; HCF + 100 g BC(268.88 mg/m?) > HCF + 25 g BC(239.45
mg/m?) > HCF + 50 g BC(227.87 mg/m?) ~ 4 & & ¥ E5% A A A ek § Bk #4047
R & B A FOF(597.78 mg/m?) > FOF + 25 g BC(544.82 mg/m?); HOF + 100 g BC(140.83
mg/m?) > HOF + 50 g BC(55.62 mg/m?) > HOF + 25 g BC(46.64 mg/m?) - A4 ¥ ik A %
R THREHERTREI NN ERSPRAKE T L H%RIR & Hien F A(2021)
RRBER  MBAMRCBERSFALE  THABNRZHEIE T TEMEFZIRE > HLR
BHERB T2 ERACERN ~ FEH AR E Y EWRA A KRS 100 g £ 4%
ZHEEFZRARERBRRRAGES

(a) (b)

700

O 1st rainstorm O 2nd rainstorm O 3rd rainstorm O 1st rainstorm O 2nd rainstorm 0 3rd rainstorm

2
2
3

Total K (mg/m?)
g & 2
H H H

0
S
3

2
H

Eﬁaaﬁ

FOF FOF+25g BC HOF +25g BC HOF + 50g BC HOF + 100g BC

0
FCF FCF+25gBC HCF +25g BC HCF +50g BC HCF + 100g BC

3 0 2 ELEM(FCE) ; ¥ E/L2EMMHCE) ; £ EH #EH(FOF) ; ¥ 24 %MK HOF) 5 44 % (BC)

B 3.3-1 KA A R EREE )23 5 (b)ABEH @5

3.1.4 L3R AR O H

B 3.4-1 BERRABRAKBALZASEAIEERLZ AL E (FAKKEIR L
AT CE PRE: SN : rﬁ%ﬁé%%ﬁ&ﬁnﬂaﬂé@%ﬁ% A4l 89 B bL AT R

BAr A% e

B 100%7%&8e FCF #2 FCF +25¢gBC & FOF # FOF +25gBC bk > AR K
b5l 4& 5 % FCF (4.21%)>FCF + 25 g BC (4.08%) ; FOF +25 g BC (1.10%) > FOF (0.93%)
B > E3E P A R E LB AF A FOF(30.06%) < FCF + 25 g BC (31.23) ; FOF + 25 g BC
(21.80%)< FOF (24.16%) > A LR K 2] 100% LA EKMBA K EMREF > LE P2
SREECRS L2 ANAEhRasARBERD R EARA > BHLETHLE
ToRABREMTAEANRZBRLEFREE > HRAARE RS AN HibRxEa A
PRV R AWK E o M 50%5E A BLAK R A R LR A & HCF + 25 g BC (2.29%)>
HCF + 50 g BC (1.84%) > HOF + 50 g BC (1.81%) > HOF + 25 g BC (1.60 %) > HOF + 100
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g BC (1.57%) > HCF + 100 g BC (1.25%) * 3 + 4 R & tf4& 5 & HCF+ 100 g BC =
HOF + 25 g BC (22.98%) < HOF + 50 g BC (24.16%) < HCF+ 25 g BC = HCF + 50 g BC =
HOF + 100 g BC (27.98%) > A LK 5| 50%MAE 484 > A AR 24838 100%48 F) »
HS50%AMENTEMRZIBRBRABE RV RRAALENYR N FHLE €N LB
mibZfeita b A HERY A2 ERAEY PLETEEN RO AERETRA
s 2 2o BRRLLRER AR BRz et BEBRAMBEERDLEEZ T €47
RN ZIRE > AR 434 BT 100 g AR AR B BRE - HHE
ARAAEEFPRLE > HLE S/ HCF+100g 2 a3 LEFZ R4 EHRY -

AL 0 50%8910 2 ARt S BT & Bl B A Mk BB B 8 1009 A H e R s e A
Mz mB o HRNRVBERRRARABNKER ) M 50%06 2B E S B E A RE
mmﬂ&&m&%%%%ﬂ%m%ﬂgi%r’ﬁ%i%¢%ﬁﬁ EHBRMEMHR -

B 342 AR RRBAEAAZHBLERLIBEETZHBLE  BHERLE  TE

W H AN ek Bt YA E H bbe 3 BALAY o

Eppek P oA AR ERBETICLEBKEA KRZHSE>H HIEH KR
MRz E maLEFITHERAImAEAY RZAR > B FAGBSEE LS HAN
Ko Mk 23428 m b0 B 50%MH i 25¢~50g~ 100 g £ 4 jx 48 5] b9 £3E F
BHeg > 100%eM A 25 g 0garapEEYESE B ERAKLER
AREATF » AR IB T A ST HAMEHATEER THEEZ T - MAFHHE
HOF+50g At xz @y » 23E P4 AR ERMEE G T > EARKALZ T4
Ak > B BIERE o

35 mmWater Nitrigen -#-Soil Store Nitrigen 10

3123

30.06 - 9
30 53
27.70 27.70 27.70
= a 8
25 24.16 24.16
22.98 = 22.98 = 7
| 21.80 &
&
6
20
X 5
15
4
10 3
2
I l |
0 l 0
FCF+25gBC HCF +25g BC HCF + 50g BC HCF + 100g BC FOF FOF+25g BC HOF +25g BC HOF + 50g BC HOF + 100g BC

3 0 2 EILL M (FCF) ;5 ¥ 212 HCF) ; 284 #EH(FOF) ; ¥ 24 # 8 HOF) ; A4 #(BC)

B 3.4-1 KBARARALRA[REIRETHLERE
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25 mmWater Total P Loss -#-Soil Total P Store S

45
1.947 1.925
2 4 - 1.865 4
@
35
4
15 ! rf 6 3
1332
1!

N3 25

1 2
15

0.471
0.5 0403 0.428 pl 1
™ ) .
0.214
- 0.155 05
=
0 - p— = [ m
FCF FCF+25g BC HCF +25g BC HCF + 50g BC HCF + 100g BC FOF FOF+ 25g BC HOF + 25g BC HOF + 50g BC HOF + 100g BC

i3 1 222 EM(FCF) ; ¥ 22 EHM(HCF) 5 22 A %M (FOF) ; ¥ 24 %M (HOF) ; £4 & (BC)

B 342 AEAHR AR IIBEB IR ETILERE
35 EEAE RKR

SRER EAEEEE IR 44 R 108k BRER B KRS AR EIHER
BENANE > BT FHH  WRBIEITERES E ZRATERES o F = RIUARA
BARIMAL > RIS 10RO ER B - #%BH HE EXNEARFIHEE - EFHE B
I AT AT ©

HAREF - RABMZEHARERS > BEALL > Hibdk 3.1.5-1 % 3.1.5-22
BRINE - RABERFTERE - REBHRBRZIEREA RABARE —_REBRBZE
B4 RMRAE - MbBALZ RN EA R A > 162 2 bk ROEZ fedd - Bk
BRA RMRBRA MR A RBORME -

B R ERTHBNERFEREL A AR 286 AHFEARLE - RBHET
ZA RGBT  BERARWESHSEHREZAASEERKR  MPHH®EG ~ £ -
BESHENFULLERELRIANBEZALSFERAVAEE > AMRUBERTUK
SR HWEMAE  RVCEERE  HIWTROMELF L@KR
(Novak, Busscher et al. 2009) °

% 3.1.5-1 RRGREHERTARE - E - BA# - B F—REUR
@F—REETH ; DB —REBT®

(2)
P HE(Cm) | FHEECEm) | FHELRH | PHEEL(cm)
FCF 49.98 10.41 12 0.69
FCF +25 gBC 53.61 9.94 11 0.74
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HCF +25 gBC 56.40 8.66 9 0.82

HCF + 50 g BC 54.65 9.83 10 0.78
HCF + 100 g BC 61.20 9.50 10 0.80
FOF 52.00 9.50 9 0.65

FOF + 25 g BC 53.60 8.00 8 0.75
HOF + 25 g BC 55.90 10.50 9 0.75
HOF + 50 g BC 55.40 8.00 6 0.75
HOF + 100 g BC 40.80 8.70 8 0.60

(b)
P HE(Cm) | PFHEECEm) | FHERH | PHEEL(cm)

FCF 25.40 11.75 7 0.40

FCF +25 gBC 26.33 11.35 7 0.43
HCF +25 gBC 30.88 10.49 6 0.50
HCF + 50 g BC 28.15 11.33 6 0.47
HCF + 100 g BC 28.63 11.36 6 0.50
FOF 26.29 8.34 6 0.39

FOF +25 g BC 28.23 9.63 6 043
HOF +25 g BC 27.16 9.59 6 0.40
HOF + 50 g BC 28.29 11.18 6 0.42
HOF + 100 g BC 26.41 10.91 5 0.43

HWiE T 2B AL M (FCF) 5 ¥ 62 M (HCF) ; 2 84 #IEH(FOF) ; £ %4 # e+ (HOF) ; 4 4 % (BC)

3.1.6 B4 BITE

4 4 B #4737 45 (Life-cycle assessment, LCA) & — #8314 @3t 5 9239745 & 5b 28 4 438
By (BFEAE @K - EH - -HE R EEURBERDR) HEREOBE -
REKESEPBIMGEEBREREERZFEHBOANSZTINRGFEE » RTFS
UABWMIEZRABREBENTIHER w2 HKBELBERGWP) KFTL -~ FEE
b~ BRRHIE - ARREFARLIAY - Ao FHRAZD G ZOAMEBIE » @Ak
FI LCA 47 R EL R ] & &5 #1 3R 35 89 % & (Roy, Nei et al. 2009) °

WREREZUERALNAE > B 451 AFHAGARZILERL 0 Thhas
D ARG AR ERMRET R BIT O BLE > BEL AN IR AFVERE -

BB 3.1.5-2(a)$2 B 3.1.5-2(b) T 84 B8 83 & 2| s hn b2 Rkt = 4a 5] #7037 35 04 b B 0
BE % R M Rett ea ] o % R BE5~ Scenario A/ Scenario C/ Scenario E (E-1/ E-2/ E-3) 33t
7% > Scenario B/ Scenario D/ Scenario F (F-1/ F-2/ F-3) 3% -

B 3.1.5-2(a)$2 8 3.1.5-2(b) TR E2MLZ M T ias > 4B 3.1.52@)F %%
$B ] 3P4 B R B R B8 3R 35 4k bh S PR B A 2 3K 16, A #8 42 B (Global Warming, Human
health) > B 3.1.5-2(b)48 3 3F4& F » £ 3745 A4 B (Human health) ~ 4 &
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(ecosystems) ~ & JR(Resources)Z 7 5 34 » R 4433 35 47 82 2 2§ % Scenario A > Scenario
C > Scenario E (E-1/E-2/ E-3) » &#REBTLERMHNBREBERE G B mEN R
FE A RV AL Rek H IR s 2 M o

B B 3.1.5-3(a) T 8L 2] A ARt 2 4 5]

y 2

HERI T AL @ 8T B 2R AL, A SRR

FE (Global Warming, Human health) > & 3.1.5-2(b)38 3 3F4& F £ &8 L3045 AR
(Human health) ~ % & (ecosystems) * & /& (Resources)Z &7 % 33 4% o

Chemistry Field application Runoff &
Fertilizer Full amount of Fertilizer [7|_ Infiltration
I Organic Field application Runoff &
Fertilizer Full amount of Fertilizer Infiltration
Chemistry P
Fertilizer  Field application Runoff &
— Full amount of Fertilizer A
+ P Infiltration
Biochar "l

Organic
Input | Fertilizer _‘
Rainfall i +
Biochar

Field application
Full amount of Fertilizer
25¢g biochar

Runoff &
Infiltration

Scenario A (Traditional agriculture )
Scenario B (Traditional agriculture )

Scenario C (Green Technology)

Scenario D (Green Technology) '

Chemistry Fertilizer

— +

Biochar

Field application
Half amount of Fertilizer
25g Biochar

Field application

Half amount of Fertilizer

Field application
Half amount of Fertilizer
50g Biochar

100g Biochar

L Runoff &
Infiltration

1Scenario E
1(Green Technology)

Organic Fertilizer
> +

Biochar

Field application
Half amount of Fertilizer
25g Biochar

Field

Half amount of Fertilizer

Field application

100g Biochar

Runoff &
Infiltration

Scenario F
(Green Technology)

Half amount of Fertilizer
50g Biochar

# 3£ ¢ Scenario A-2 2162 A2 (FCF) ; Scenario B-2 2 A # A2 #(FOF) ; Scenario C-2 21t Be#}H(FCF) +25 g £ 41 j% (BC) ; Scenario
D-2 & F # A (FOF) + 25 g £ 41 % (BC) ; Scenario E (E-1/ E-2/ E-3)-¥ &1t 4 fe(HCF) + 25/50/100 g 4 # 3% (BC) ; Scenario F(F-1/

F-2/ F-3)-¥ & A # A6 (HOF) + 25/50/100 g 4 49 % (BC)

B 3.1.5-1 £ 4B EZ R ELE

(a) (b)

ScemrioF3 |
PR

ScenarioF2 |

ScenarioF1 |

— —
P

— s
P
e

— B
I

scenroD | =Sceaario C
I
I

oo N

scemron |

.

0 1 2 3 4 s 6
mP

# 3£ @ Scenario A-2 Z 1L £ Be#(FCF) ; Scenario B-2 2 A # 824 (FOF) ; Scenario C-4 &1t fEtH(FCF) +25 g A 4 5% (BC) ; Scenario
D-2 & A # A (FOF) + 25 g £ 41 % (BC) ; Scenario E (E-1/ E-2/ E-3)-¥ &1t % Bt (HCF) + 25/50/100 g 4 %1 3% (BC) 5 Scenario F(F-1/

F-2/ F-3)-¥ & & # 24 (HOF) + 25/50/100 g 4 41 % (BC)

B 3.1.5-2 2 Fmajitbi )f —BERIFE b)FAFPLLLER
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Scenario E-3

wScenario E-1
= Scenario €

wScenario A

# 3£ : Scenario A-2 Z 1% M (FCF) ; Scenario C-2 E1t% JEAH(FCF) + 25 g £ 4 % (BC) ; Scenario E (E-1/ E-2/ E-3)- ¥ Z 1 £ fe sk}

(HCF) +25/50/100 g 4 41 % (BC)

B 3.1.5-3 2 as (a)f —BERNFME ; (b)BRETE

(@) (b)
—~ -
-~

o |

— ]
- I |

0 30 40 50 0 k] 0 %0 100 0 10 20 30 40 50 ) 0 0 % 100
L %

#3% : Scenario B-2 % # # LA (FOF) ; Scenario D-2 2 A # Ae#4(FOF) + 25 g &£ 4 % (BC) ; Scenario F(F-1/ F-2/ F-3)-¥ & & t# fefd
(HOF) + 25/50/100 g %4 41 # (BC)

B 3.1.5-4 FHREHaj i )8 —LERMNPME ;. (b)AEE L

us BN =

AREREZFFNNAREHEBZ I I 0 RE B EX AWK > BRBEZ T ETERE

B HNERBIRKRIVEAT /\#ﬁ om0 B A R e A H B R BE IR BE IR R
RENRSR - AR EEE R/

1. BRI R EMRIL(TGAP) ﬂPmﬁH FEXAELERMERNT BRI AKBEARERK

J- 2 FCF(903.30 mg/m?) > FCF + 25 g BC(876.04 mg/m?) ; #% F ¥ /LRt T - 48

R Z Rk KA % HCF + 25 g BC(492.29 mg/m?) > HCF + 50 g BC(395.00 mg/m?) >

HCF+100 g BC(267.60 mg/m?) > & = dsm A ¥ % 7T ;x A2 B RV b2 et 84 €

)ng—i
2. LBRBRUREERN(TGAP)THAEZ2EAMREREALT @ BERXALXERFA
FOF + 25 g BC(235.74 mg/m?) > FOF (200.34 mg/m?) ; %A F 2 F &t T > 481
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Z Rk R A B HOF + 50 g BC(388.27 mg/m?) > HOF + 25 g BC(343.17 mg/m?) >
HOF + 100 g BC(337.75 mg/m?) * B85+ F v & ¥y i 7 ek 2 48 RUR & 3t & 97
BV AE AV RBERFIMERELERKR MFm25¢-50g £ 100g £ M
BRREZETAK

3. RBFHEBEIESN O BRBBAZACEIEK A A KA KNG ERKA AR
FERA RS - B2 ettag ket 2 € LB TS 100%R D 2 50%MeH 35
AV REER > PR CREEMEE EA MY B AR E A
WHFE SR Y EBRTE -

4, BHEBTRBESARRBZIEAMAMEGT BEHARALARY BRELEFTRLEN
BAERE & B R4 4TI 0 L2k HCF+ 100 g BC A&tttk s s mA
#AeHt & 0 FOF AR5t as BrA AR ifm AR ey RE AR - 248
AR A MR R AR E

5. ARIFAGEBIPE(LCA)Z EIE 2 0 162 ik A M Re kT o A 4 % RE R O D
Reddt IR AR > el SRR AR -

6. AMRZBMEEAER B Z AR LB ARMEGHEER AARAY
B RBEARARE > BLERERBE Y AKREHEOHE - LEBRKE - LIERSD
AR A R BITAMRZI RN EZAB ERE -

7. AERAFEEAELBTHRATHZE RS HELEAOHE] EHeER 28
b AR AF RS B EIER G A IR E M S e 3R 5 BERAE A 23R AR
Rk FEZ2ERAKRSMOER ARSI HE U LRR S TRVEZE 4
MERRANETRGHFZRRREENEZZ AR R ERESL A -
ARABERFRFANT R B Z RN I RER B EX A YR » S EAFALIE R oE

HERERI; LBEMS > RM -~ B A~ #HiwvfhRH R RBER KA F M E > AR

BRARRESEHARREEALOYE REREEE  AERBLE  BEEREHEA

BHAENER AT -
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