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F 1~ 2 Lo i sk R T e w4

BEE (20142 % %)

sim ] pH O.M. Bray-1 P Total P Extratable-K Extratable-Ca\
' (1:1) (gkg" (mg kg™ (mg kg™") (mg kg™ (mg kg™
" ()
%3 3.72+0.09 63.3+89 664.0+ 139.5  1073.1+187.1 66.2+9.9 133.1 £37.1
&4 3.83+£0.1 433 +2.1 337.7+149.0 654.0£100.0 65.0+12.1 98.3+47.7
e (MEH)
%31 384+0.11 64.7+6.7 543.7+124.5  855.8+102.1 62.4+6.1 22424923
K3 3.87+0.06 40.6 £ 3.7 182.2+110.8  470.0+141.2 60.8 £ 16.0 92.1+144
P (&)
%3 394+0.39 67.9+21.2  561.9+£2779  947.84361.8  78.1+£203 313912792  47.
K3 4.00+0.36 51.7+3.7 403.4 £230.2  712.9+229.8 63.5+11.1  232.8+230.1

Pl

i I3eE + % ip £ (standard deviation ) o 8T 4 S TR E hov & -

ii;ﬁ:&ﬁ;ﬁ’a*%ff 53t 20-100mg/ kg




222 LAFRBRREED I EET (20148 £ F)
shm ] pH OM. Bray-1 P Total P Extratable-K Extratable-Ca \
' (1:1) (gkg" (mg kg™ (mg kg™ (mg kg™") (mg kg™
T ($HRR)
Z2  3841003 52.0+£23.1 587.0£66.6  1903.5+31.8 333 +12.4  83.0+28.4
K+ 378+0.17 46.0+162 245.1+166.6 1001.3+474.3 27.8+4.9 40.0 +20.8
e (1)
%23 390%0.15 622+77 508.0+137.6 1559.0+382.5 388+11.5 130.9+56.3
K 373+020 453427  1427+41.8  710.3+45.8 28.7+84 36.7+11.4 9.4
7 (2%)
%3 386+0.18 509+143 436.8+318.5 1530.3£1031.8 37.1+183  87.2+48.1
K+ 396+0.17 595+13.8 2953+292.2 1008.74729.6 264+10.8  76.4+70.0

/2

L T iaE + % X (standard deviation ) ©
TIEAWEZE12 % 20-100mg/kg
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BRI D DT 4S

23 L AFRBRTI R E AW E

E:D

WAz s BB (20145 4

Total
Xk
ik P K Ca Mg Fe
(gkgh) (gkgh) (gkgh) (gkg!)  (mgkg') (mgkg')

T O(4PE) 48402  122+08 12401  1.9+02  50.5¢7.2 1933425

QLYY 5.7+1.7 12.7+3.4 1.3+0.3 2.0+0.5 37.242.8 187.9+7.8 7

95.

PR 6.210.3 17.8+1.3 1.840.1 2.3+0.2  43.7+13.8  230.747.1

TS5 + % % £ (standard deviation) > BB s ® ¥ F* 55% B F KRB 2
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SRR EERE

FAS2 LA RERED P R ARIEH R A T2 (20148 1 %)

i gL g% &ML ¥R
K| (mm) (mm) (mm) (um) '

(2

T (¥tRR) 469f1.5a 24.8404a 27.840.5a 22.6t1.5a 85.8t+11.1ab 43.3+3.1a 179.7

¢ (MmE)  50.9+0.6a 25.0+0.3a 29.6+0.6a 22.340.9a 88.9+7.6a  40.6+2.2a 205.1#l

B (&F)  49.9+0.6a 243+04a 27.8+0.6a 223+l.6a 802+7.1b  44.1#28a  169.619.

AR

U

B + %% T (standard error) * #EESE > F* 550 REF kB2 2 o458
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Sk O B /\ = Ak OO
FEmMEBEDHT ~ EBcnnat

ASNR LA RERI R BRI H A EZR T &SRR (20148 2 F)

wREN hE(20%) (R (20%6) A F (30%)  EFR(3026)

" (¥R) 147+05a 163+ 1.2a 215+ 1.4a 21.7% 0.5a 74

o (M%) 143+ 0.8a 162+ 1.2a 213+ 1.5a2 22.0+0.9a 738+

B(ma%) 147+ 0.52 162+ 0.4a 21.8+ 0.8a 225+1.0a 75.1% 1.

i ToE + B L (standard deviation) A4 #kd - mEF LA B E AR
£ A

—RIBENRRKERERT  BEEERAOURIBERS - 1
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26 % LAHRKE S A EARKFE S LA L BE (0148 5 )

o

ek B e meeh  (mesh
T O(HR) 7.3+0.3a 17.9 £ 0.3a 31.5+2.3a 699+ 1.1a
e (M) 7.2+0.5a 17.9 +0.4a 329+ 1.2a 70.7+2.1a
Po(EA) 8.0+ 0.9a 18.1+0.6a 32.8+1.3a 76.0 £ 8.1a

i TieE + EE B L (standard deviation) c HEciESE Y F* A5 R EF KB H
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TIEIETD DM ~ HEAE A TR E

it

27 RGBT D L EPT (2014 £ %)

A pH O.M. Bray-1 P Total P Extratable-K  Extratable-C
u] (1:1) (gkg" (mg kg') (mg kg') (mg kg™') (mg kg)

%3 4.0910.26 25.11+0.6 37.2+7.5 216.5+£10.3 37.416.6 95.9+48.1 1

A4 4.01+£0.07  20.7+0.6 58.0+12.3 187.1+t104 27.6+£3.5 21.0+4.0 5.
1 e

%3 4111026  23.4+1.0 42.0£7.2  187.0£109  36.3+3.8 75.9429.9 0.3+

K2 4.04+0.14  21.1¢1.9  357+11.0 183.8#11.5 28.8+2.7  30.8%11.5

i\

T TiaE + % B L (standard deviation )
TIEAWHZ E1E 2 20-100mg/kg



r FE

EHFHRFIHERE DI ELET (2014F % )

pH O.M. Bray-1 P Total P Extratable-K  Extratable-

Ea R (1:1) (g kg (mg kg™) (mg kg!) (mg kg (mg kg)

¥R e

41 3461010 257415  41.9+12.0 8309 345474 55.69.2
B3 3.4040.10  22.0417  41.8+7.7  253tH84 544063 23741,
X Rk B
41 3.65+031 227427 333459  POZTEBO 4594171 53.6+242
272.0+199.4

&+ 3.4840.20 19.2+1.7 43.316.2 26.1+ 0.3 26.6£7.9

X TioE + %k X (standard deviation )

HIEANES SZ# 20-100mg/ kg




IERSHEE AL D D ITAE R

79 PRI A F AT A2 2 FFE (2014F % %)
Total
R B
w ! P K Ca Mg Fe Mn
(gkgh) (gkgh) (gkgh) (gkg!)  (mgkg!)  (mgkg!
P e 32.5+1.6a 29+0.2a  10.3+0.8a 3.4+0.2a 115.6+5.1b 832.5+18.0
R 31.3+04a  2.4+0.1b  10.9+0.4a 3.14+0.1a 131.4+3.3a 819.4+8.8a

i TioE + % i/ X (standard deviation) » BiEiS B > T 55% B E-LE
IR
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REERNNESHE

I

O HEHTI P SR AAE T 2B (20148 4 F)

Wk ¥ L g% EmE A .. FYE A
au  (mm)  (mm)  (mm) (um) ' ® %

¥R2e 498+49a 228+2.6a 22.7+5.7a 24.5+t13a 73.319.4a 56.0+2.4a 177.8%

MpEke  52.6+5.1a 24.1+34a 21.7+4.7a 24.7+1.3a 71.7#12.0a 55.8+1.5a 153.343

L ToE o+ %i‘rf?é’—é (standard error) » #EiE®E > 32 550 A% K8
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SEmET = BEAR AT
210~ T HEHR TP T @@ FEZRF &8 % (20148 2 %)

WEkEW HBQ20%) k4 (20%) B F (30%) %R (30%%) B

\

¥R e 120+ 0.9 a 143+14a 202+26a 203%16a 66.8+5.4a

(LY N 125+0.8 a 140+09a 192+29a 200%15a 65.7+42a

i TeE + % /AL (standard deviation) - EEREX F* 550 BF
KBz GRS ATEE o Mo dd 2 R R USSR AR KRR o
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B QEDI ~ CEBHD D

ZI T HEFE% TP B B ASEHEEZ P02 B (2014F %2

sig ®VRpL phy P2 TF] DK E BIKE

R (mg g ) (mg g (mg g (mg g
PR e 9.4+ 0.9a 148+ 1.1a 22.6+22a 64.7 + 3.6a
T e 8.9+0.7a 14.4 +0.4a 222+ 1.4a 64.1 + 1.4a
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The planet has a fever

The green line represents the upper safe limit of each of the earth’s
10 life-sustaining biophysical systems. Where “mercury” has risen
above that line, humanity has already transgressed the boundary,
risking potentially irreversible “tipping points.”
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Source: Nature, “Planetary Boundaries: A Safe Operating Space for Humanity,” 24 Sept. 2009 q L



Biological Degradation

Shifting Hotspots

Regions of greatest nitrogen use (7ed) were once limited mainly to Europe and North America. But as new economies develop and
agricultural trends shift, patterns in the distribution of nitrogen are changing rapidly. Recent growth rates in nitrogen use are now
much higher in Asia and in Latin America, whereas other regions—including much of Africa—suffer from fertilizer shortages.

T TR

NORTH CHINA PLAIN:

More vigorous application
of fertilizer has produced
stunning increases in mawe
and wheat production, but
China now has the highest
fertilizer inputs in the world.




Expansion of dead zones

Dead 2ones are rapidly increasing as oceans warm

= Thay are caused by excess mutrionts and warming waters.

» The zones can suﬂoc.alc ﬂsh sqmd md other marinc life.
= There are more than 400 ocean deadmnes nUxewoddSseas
= Waters around Tasmania and near Porth were noemty inclded on |
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Nitrogen Cycle

atmospheric X
On <0 & et atmosphere
? : atmospheric P e
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Global Trends in Nitrogen Use
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OUT, i, + OUTh gy
INgep + INfer + [Ny

Ratioret — 1 -

Ratio,, indicates the ratio of N input to the watershed
that was retained within the watershed.

OUT,, and OUT, .., are the riverine N export and
harvest, respectively.

INgeps INer, @nd INg, indicate the atmospheric
deposition, fertilizer application, and biological
fixation.
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Rainfall

Legend

® Sampling Site

River
Rainfall (mml/yr)
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DIN input and output (kg-N/km?)
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(a) [N Retention] (b) [N Retention])
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(unit: kg N ha tyr1)

(Biological N fixation is not included in the diagram and its effects on N retention is described in the Discussion.)
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INCA - Integrated Catchment Mod

The INCA model was developed over 12 years as part of 2 EU %,

funded projects (EU- INCA and Eurolimpacs and other projects Sub-catchment R

funded by the Environment Agency, National Power, DEFRA, compising 110 6 land PN
Natural England, English Heritage, EPSRC, ESRC and NERC, such as use types g

the NERC LOCAR project.

INCA is a processed based dynamic model representation of c ’ S ¢
plant/soil system dynamics and instream biogeochemical and : s b
hydrological dynamics. The INCA model has been used to

assess a wide range of environmental change issues in . s

catchments including land use change, climate change and
changing pollution environments including point and diffuse
pollution. The model has been applied to a wide range of key
European ecosystems.

Sub-caichment

Overview

Across the European Union there are concerns about a wide
Sub-.catchment

range of pollutants that affect water resource systems as well as >
River Network

environmental change such as land use change and climate changt¢
reforms there has been changing agriculture and land use, and thi:
Also, the Water Framework Directive will drive new policy over the = m—

change is beginning to alter hydrological regimes and temperature Link between diffuse and poim
resources, river ecology, agriculture, terrestrial ecosystems and lar sources and - stream components at
in lowland and upland fresh water systems can cause eutrophicatic the sub-catchment level
growth. Such increases in growfh afe often viewed as a hu1s§nce at Diffuse STW
at the expense of others and, within freshwaters, the microbial bre
can lower oxygen levels which is detrimental to invertebrate and fi I * I ¢ l i l i
freshwater eutrophication are usually associated with lowland, inte . . . . —
fertilisers provide a significant source of N and P and/or urban are —[—0 + + —
effluentis discharged to the receiving watercourse and groundwat -

Roach ) Reach 2 Reach 3 Reach 4

Whilst management strategies have been implemented to control I

have tended to address single issues: either diffuse or point sourct Sub-catchment Reach Structure
However, the N concentrations and loads in rivers reflect the integ
sources: fertiliser inputs, atmospheric deposition and sewage discl
anthropogenic inputs are contributions from the vegetation and m
nitrification) of organic N in soils. Furthermore, the combination of the multiple catchment N

sources has a downstream effect, influencing the options for further water utilization and




INCA Application

0.4 e Observed —— Simulated

SRP (mg/L)

Data Collection
Meteorology INCA Model
Hydrology Application
Water Quality

Nutrient
Management
Strategies

Water Quality N and P Fluxes
Status and Sources

2

4
3.5
- 3 S Local Inputs
o 25 =2}
£ 3
= 9 =
S 15 -
g’ . —a&—Nitrate —e—Ammonia —#—Nitrite £ BG02 BGO3 GGO2 GGO3 KC02 KCO3 KHO02 KS02
= 1 z
z 0.5 m uWinter Pre Monsoon
: 10 | = Monsoon mPost Monsoon
ol g 5 g =g -
3>
5‘>°q5° ‘\@‘ YQ‘Q'S\ N vb’Q’rgQQ Oc}ed‘o0<J 5 1 oWinter ©Pre Monsoon
) Month - @Monsoon © ®Post Monsoon
S 4 o o)
‘—-" ¢ E g Oo 80888
[} 8 %o ° %g0 "]
= 38e o goe880
£2 8 oo.g . 8..
z 9
Dr. Andrew Wade °82 * "8 o"ugusnns




Modeling work suggested:

1.1 ® Mineralizatic T
(Fb)Sh Experimental Forest N L Ml - h‘um%
uShan Experimental Fores 5 ] A el £ e 1 ANV
(FEF) 3 #M&‘\f““\“ o Y 2 }'\%wﬁ"‘w&‘
il B R A I N

HaPen Creek

uptake rate (kg km-2)

denitrification rate (kg km'z)

CuKeng Creek

T
0 60 120 180 240 300 360

0 1,500 3,000
(m)

w

IS

Weather station

k)
. k "1”“\“"‘%}1"!“ I
Raingauge J’wm

A Watershed weir

=} - N w
leaching rate (kg km-2)

ol
kol I

immobilization rate (kg km-2)

0 60 120 180 240 300 360
day
Stream B =
@ <
. s 2
Elevation (m) £ 0.03 - 2
S s
660 £ 0o ] g
700 t z
750 £ 0011 §
© k3
g ] 7
800 ‘2:. 0 T M T T T T T .é
850 = 0 60 120 180 240 300 360
900 day
3o
950 s T
1000 E 25
1050 % 2
0 200 400 2.0 Wet (SMD<0.5)
(m) 5 Normal
[ — S
g Dry (SMD>0.9)
= 0.5 T T T T

0 60 120 180 240 300 360
day



15

Denitrfication
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In-stream

,4 Nitrate Denitrfication

psition

DON, PN......(?)

Soil Nitrate storage

\
groundwater Nitrate storage
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DON, PN, or other form of nitrogen (?)
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Ammonium storage . .
& " Soil Ammonium storage
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Leaching
-3%
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Soil Organic matter
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The water quality model Choose five sites to
on reservoir watershed promote and design
for NPS reduction using BMPs.

HSPF was created.

The BMP guideline  Two constructed wetlands  Using SWMM water
for tea garden was were built.

quality model cause
proposed.

of the LID Module.

Control Name:

eﬂJv»,mext RELE
25 AN 1 S A
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LD Type: Bio-Retention Cell -

2 +Promote and build a LID

model area in Taiwan
g5 |
HA \
2016-2017

= Optlmlze d deS|gn ST T e * One pilot bioretention ~ Five pilot bioretention Two pilot bioretention

T 2 (Ill) of WRATB was cells were built in cells were built in cells were built in
.,:\-A odulel\lr ealERRIRtetehis proposed Peishin River basin. Daiyujue River basin. Jingualiau River basin.
ion cell. :

» Set short, medium and long-
term reduction strategies

* The policy of using LID
to reduce NPS of tea
garden was confirmed.

» Adopt the different biore-
tention cell to local
copdition.
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File Edt View Project Repot Tools Window Help
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MM =
tions of SWMM: =

nage system components for flood control.

Auto-Lengthc Off + | Offsets Depth | FlowUnits: 5 +| 7 | Zoom Levek 100% | X¥:9710468, 10000000

d their appurtenances for flood control and water quality protection.

ural channel systems—SWMM 5 is a FEMA-approved model for National Flood Insurance

s for minimizing combined sewer overflows.

low and infiltration on sanitary sewer overflows.

oint source pollutant loadings for waste load allocation.

noff using green infrastructure practices as low LID

ectiveness of best management practices and low
ent for reducing wet weather pollutant loadings.

Bioretention Cells {or Bioswales). Depressions that contain vegetation grown in an engineered soil
- mixture placed above a gravel drainage bed which slow, infiltrate, and filter runoff. They provide
storage, infiltration, and evaporation of both direct rainfall and runoff captured from surrounding
areas. As linear features, bioretention cells are particularly well suited to being placed along streets
and parking lots.



=

ELF-RARE

L

EISWMMER (R 0 o
__|ME. KE. K

Em/ﬁuﬁ*—l

e #ERBEHA.
LID#E#EET (BE—ZFEH) | HEHE R

TR~ (1m?)

A_’& mEzE. KE.
LID#= $H 22 E B g K2 EE S R

17



ELF-EXEE

)=

HE
"

N ,,.,)m,.,..r, X /1///
A

18



AIET{E-RXBE

ERiE-EKE
FERIE (3E/K BB BIuk)
£
m,,JJ éf:H

HRKBEKSIREHHR R E

2 fhﬁhu
JKE K B ERARRS K FEA R

A TOKERER ® gl

19



- MEEEREB R

600 tr'rTT Ty rrrp T |*”rw* ™ I T r'” PrTT 0

500 100
S 400 200 g
N 300 300 E
" 100 500

0 600
N N S N N N
6,0\9 6,03’0 6,0‘99 6,019 6,0‘39 @\D
2> Pie 2> > 2> 2>
HEF
Y ——EFE ——iEEE
€279
2016
70 J e erreer O
™ T’ AR T" Al Tﬂ 1 I Tﬂ” T-
50 100
2 40 200 g
© £
30 300 =
i
P iy
w= 20 400 =
= E
10 500
0 600
o o o o o o
\3”0\’ \,6’65 \,6’06 \S”@ \,‘f”og xb’\}
10 10 10 20 N 10
HES
2R —FE —EEE
(&FEZ)

L
&N Z
R FLE 2

B L{F-IRAEE

2016
350 s LS i *r‘l'rl‘m"yr[' i T'” B 'Wv rw'm- | 0
300 100
& 250 —
p= 200 ¢
o 200 300 e
f 150 ;_
= 100 00 é
50 500
0 600
N N N N N
\,6’0@ \&’Qﬂ)g x@_@” \,6’6\9 \,6’099 \,6’\’\’9
0N 10 70 N 10 0N
HER
=] —5HE —fEEHE

(EREZ)

R2>0.5&0/EE

0. 70
0. 62
0. 80

0. 76
0.57
0. 60

20



60

TP(ug/L)

TP(ug/L)

2017/1/1

2017/2/1 2017/3/1

2017/4/1

2017/5/1

2017/6/1

200771
EE

2017/8/1

Al >
y o

2017/9/1  2017/10/1  2017/13/1  2017/12/1

20

&

TP(ug/L)

10

60 0
WY1 MWLM 20031 20041 20175 0176/L 0071 0178/L 200791 2017171 201141 2007121

MAPE<50% &0l 1B
2 2016 2017
JEE2Z2  20.7% 25.8%
EMEE 43.7% 45.3%

EAUEZE 29.9% 26.1%

3

(4

O

21



IEL{E-EXEE
B EE AR

Hf= : 2.25m?

EAERTAZEREENITAR, xXRIBRENIRE
3.1 x 102cm/s

3.0m

HERSE

22



2015/08/21

2015/09/07

Runoff

M
:35: : 20:35:00

Runoff

0

00:ST:TZ
00:00:TZ
00:5¥:0T

0
5
1
2035:00

18:05:00

——Runoff ==

P

15:35:00

. Predipitation

13:05:00

10:35:00

500
450
400
350
00

08:05:00

10
15
20

5
30

P 00:0¥:€T
T 00:0Z€C
00:00:€T
00i0vizz
oo:0z:zT
00:00:22
00:0¥: 1T
00:0Z:1Z
00:00:TZ
00:0v:07
00:0Z:0T
00:00:07
00:0¢'6T
00:0Z:6T
00:00:6T
00:0v:8T
00:0Z:81
00:00:8T
00:0¥:LT
00:0Z:LT
00:00:LT
00:0¢:9T
00:0Z:9T
00:00:9T
00:0viST
00:0Z:ST
00:00:5T
00:0¢¥T
00:0Z:HT
00:00:4T
00:0ViET
00:0Z:€T
00:00:€T
0o0:0¥:ZT
00:0Z:2T
00:00:ZT

&
t
%
2
_

i

mm— Predipitation

8 2 8 8 8 8 8 ] °

(/8n)Z15kdL

114

- Precipitation

a
&

m— Precipitation

8 8
f3n)3ifardL

30

20:35:00

18:05:00

15:35:00

13:05:00

10:35:00

08:05:00

30

00:0¥:€T
00:0T:€Z
00:00:€2
00:0v:zZ
00:0z:22
00:00:2Z
00:0%°1Z
00:0Z-TZ
00:00:TZ
00:0%:02
00:0Z:02
00:00:0
00:0¥'6T
00:0Z:6T
00:00°6T
00:0v:8T
00:0Z'8T
00:00-8T
00:0¥:LT
00:0T:LT
00:00:LT
00:0:9T
00:0Z:9T
00:00:9T
00:0v'ST
00:07:ST
00:00:ST
00:0v:¥T
00:0Z¥T
00:00:%T
00:0¥ET
00:0T:ET
00:00°€T
00:0¥:TT
00:0Z:ZT
00:00:TT

Lo

LD

m— Precipitation

]

—LID

— Precipitation

I

23



ERIED B3

B EKEEEER

sTEEMBIRZTPHIRE

>k B HIR 7 B

wtENBCETE ZLID

E 15 B TE 48

R EBIR O] a2 Z LIDIEIR A
34




Al EKE B

HiR

: FEBRATHRELEEAR

35

30 i

—o—JEEE eI ENFEE ——SNFEH

25

-

SR
(ng/L)

20

ERBTKaS e

15

10

A \
T RYAVI

\Tﬁf’/

5

0

2015/6/13

2015/1/13

2015/11/13 2016/4/13 2016/9/13 2017/2/13

2017/7/13

2015F F15

SF-ﬁjﬁﬁ:EJE EEEFﬁ?KﬁEZE 20
o

o/LL
ENEZE

(ug/L)

2016 F F 15

17.5 15.9

21.1

2017F 15

13.6 12.0

3EFiY

15.3 15.1

24



(ng/L)

AifKERMR

35

30

——Jt82 —e—RAIEE —— NS

RERAKEEEEREAEIE
|
A

25

& |
25 A \WAW S WA

AN A P
e\ A o <

[ S 4
5
0 T T T T T T
2015/1/13 2015/6/13 2015/11/13 2016/4/13 2016/9/13 2017/2/13 2017/7/13

25



BREE KRS F MR (365 015 BEHE)

F13 68 gz TNEZE
201549 91.21 % 100.00 % 82.14 %

4 N (2016)

40 Py b AL IRLARE NA LRSI A A (L RO - LR AL A o
o - m I 100 20165 86.61 % 99.18 % 79.23 %
s 20174 85.95 % 99.35 % 78.43 %
’»\\'\’L \‘&\’7’0& \‘\\’LQ \&\’LQ& \‘&\’LQX \&\’7’0 \’&\’LQX \&\”"0 \‘\\’LQ \x\q’o‘&,\_\x\q’o\— \x\’]’o‘X 201 8$ - = 81 37 %
1

R ) s MEFEE 87.92 % 99.51 % 80.29 %

42N %%1%(2016)

100 Ny \t
158 TN B Z B K B SR 2 A

R it (mm)

X FH80.29%1E 7T £85.00%

S '»6& I '»\’b S \,L'\‘? 00\3’ q ©
'\,\\,\ ’1/\'\,\ ’b\\,\ b-\\/\ ‘o\'\/\ b\\’\ '\\\’\ %\\,\ Q\'\,\ \9\'\’ ,\,'\/\\' ,Q/\\’ == M :Z\ \ i
N
EE ‘,H‘ %mg‘/j—&j—tﬁb—/}ﬂ _‘Z7J<

SR e—(EE e EUIE

i Sl 7 AR IR T £90.00%




AARERBERNT PHIRE

BHiR& MR 2 KEZEREREESS%

S50FEKEAFZEISVEmM)ELE HEEIE
ke/y

300 350 375 400 450
&M E & MR £ MR £ MR &M E
85.44% 86.26% 86.81% 87.09% 87.64%
84.70% 86.61% 87.98% 88.25% 89.62%
81.70% 82.35% 82.68% 83.66% 84.97%
83.95% 85.08% 85.82% 86.33% 87.41%

s —
—EA
—
o
LAl o o o @ alv @l o AV A0 a6 o o @ alv @l o AV A A Al o o oV alv oV o SV A A
R I R M O R A A g e R S R s i g S N A M AN ARG SR ) IR IR IR R R AR AR A R AN SN L)
6‘5)\ Q\?’\ 0'\‘7\ Q’é’)\ Q\C’\ 6\?\ Q'{O\ Q”c’\ 0'\9’\ »{9\» '{"\» '\‘?\\’ 0'\'<°\ Q\"o\ Q'\‘o\ Q\"O\ 6&\ Q\"O\ Q”‘o\ Q'\f(o\ Q'\‘o\ '»‘°\» \.‘°\N \,‘°\'» Q’C\ Q';\\ Q';\\ o’g\\ 0'\/'\\ QQ\ Q';\\ 6‘:\\ Q’\/'\\ 'i\\x \’,\\'\’ '\/,\\»
AT AT AST ADT ADT A4S ADT A4S AST 7 TS AT ADT ADT AT AR A4S A4S AST 4D 7 T ST AT AST AT DT AT A4S S S s

28



B M T PHIARE

HiRENRZKEEREREEIO%
BiZSSOFHRKENFREOVEm)ELEFHEE
g/y

BR= SNTX

29



HESL ERET PHIEE

Tih
mEEAN fE

T

N

& NFFESH0 L 30 F) A 38 F 3t 3 T SRR A G A A

84.2%

9.5%

2.1%

e 7]

A HUASWRI
B
B e
\ | e
| ER
R
i

1.7%

EET RIS

03% 2.1%

30



HESL OEFRETPHIEE

HEE (KEERES%. 90%)
%ﬁﬁ”/ﬁi

ZEHIR=
EABEMNEEZETPHIEBZE

e *EEI'I:F =] *ﬁﬁ*ﬁ

M > 33
kL (ka/yn) (kg/y") (g/ha)
534.74 _ )
350m?2 518.22 16.52 270
600m?2 508.36 26.38 326

BiUmEEHiREREERLIENEFEZSS0REEE(61.18218)

30



NMEEiELID

Sowce: Batl, DighulCllobe, Goalitys, Burthster Geogemphics, BS/Alrbus DS,
TSDA, USKS, AeesCEID, ICRY, sad the CHS Tiser Commimatiy

0 25 50 100
I j\lefers




B ATRRESERLID




I RXE®REILID

/|
| FEHUIRL 2 P FERLIDR B ETS

REBTORE i JEZ Hl i 2R

-

BREEHIE
_

-

-

\

(ug/L) (%)

-

(9)

N\

%,

__

BRELDER

BiZ I EE AR =
(m?)

1500
BHiER= .
IKEERE (glyl‘) S ’ l '
= 1000
Bl | |
|
500 | (1 |
10 '
$_ S I lfo }l@eb.@ b; bbbbbb Ibl bbbbb
1N == D D DD AP 1D D AP D A 1D A A D A 1D A AP D A D A S S
: S %QQ R 'i& Y ’ib\w 'Q\W 'f\\w R mb\w S w“\’» & '\?’\W R 0\% & "LQ\,L & \9\’» Sl
R O O A MRS AN
— Jith LID=3(TTF5%E) ——LID=8(ZE[K%:85%) ——LID=10(E[%4:90%)

HiZ8E8m2 &X10m?2 -



1L
3R
DRI IDFE R

2. ERZEE

15m2(13m2 A8 E -

[~ EM %

379 | 60 | 10.0%
206 | 50 | 63%
136 | 60 | 3.3%




e | FOPEIR | DR ] R HIE Bz NI N2 N3 &R
| TE | | it ha 0890 0.580 0517 1987
(ug/l) (ug/l) (%) ot
20% | 2245 221 | 55% FREmT& g 2118 1381 1242 4741
50% | 2245 2010 |1 10.4% Fopigmry  ug/l 224 224 223 224
8.8% 22.45 19.18 =14.6% 85% HIl k= 240 157 140 537
11.6% | 22.45 1833 |H18.3% e = g
1% YT 050 05.1% 0% H1IJ = 290 189 169 648
2.0% | 2245 21.67 || 3.5% BE(LERSS% o 11.8 7.7 6-7‘ 26.2 ‘
(L ETE90% 143 94 31.8
N 2
. [reR]  |E e DR mYha 1324 1333 13.02 132
(/%) gE | g | Eex Hiraig keha 238 0 238 0 240 239
(ug/L) (ug/) (%)
45% | 2241 2057 I 82% o 85% B LHEfE E26.2m?2
8.9% 20.41 19.11  |214.7% h
132% | 2241 17.85  [120.4% 0/. =t /i . 2
174% | 22.41 16,70 [985.5% © 90%E AR A31.8m
10.3% 2.41 .13 | 5.8%
BIEEE
R R ) T T
PR | e | e « 15m?
(ug/L) (ug/L) | (%)
5.1% 2.33 20.40 8.6% o :H:
102% | 2233 1876 [B16.0% )éﬂj SN Zg
149% | 2233 1738 [02.1%
144% | 22.33 2154 | 3.5% o )%[U/E i%}ﬂz :67% > 56%




I) IL *E TUTY n\l:l

SMRZ
SEEARE : 16.52 kglyr
RHEIE4E : 26.38 kg/yr

EREZ
HEIB4Z : 350 m?

i HHBEZERBE—%
|

I | RHIE4Z : 600 m?

|

\

EKE#ER, SHTERS
FHIBREFRFHILIDHE

ENRZ
EHEIB4Z : 270 g/halyr
REIBZ : 326 g/halyr

5SEAETE : 80.3%—85%
REIBZ : 85%—>90%

R

SR E ST H R

smere @

26



LIDE& it Y & N B Z KB S W a i

4 l

UDEE KEERE) THEEE HES e
LID& f# ¢2 3 & &
(kglyr) (kglyr) 100%
o 80.00 534.74
44 80.32 95% hREBE
7 15~2018
80. .8 . *¥DQo -
50 0.50 531.81 2.93 DOA; S5 HE B P T
85.1% . |
%5% (2020%F) T !
529.37 537 80.6% .. o | !
-—f» 0 o0 | |
Y
524.75 9.99 80% ¢ (20215F) : :
518.22 16.52 75% 81.4% : 350 m? ¢600 m?
508.36 26.38 0 100 200 300 400 500 600 700

LID& # (L= 2 %)

E8i820 ng/LAKERE FERZE20 ug/LUF - 7

EREEEMRL -

B BEHEBE200mM2ZE - ZEARREFTIRIME



Q: ZEFITERIF SR - BFEZ KN
Em R ? YA aLET?

A.

FINEZEMRE - SWEKBEBEZ  FHH
HIEIZ2HA16.52 kg/y, ==EA26.38 kg/y -
= E 350 m2LA K600 m2iEgEEETE -

wn e i e E DU E R Z 5—& =& 1EE
HIE @ ZET/NEEXETLERD
o B 1Om R MR (12T -




RS STE

e TE#




RSN EBEE RS ey & T B AR (T

Establishment of sustainable agricultural practices
via understanding the losses of fertilizer: from a model prospective
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Department of Geography, National Taiwan Normal University
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Tsung-Yu Lee, Associate Professor
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SClence SCIENCE - 13Feb2015 - Vol 347, Issue 6223

Planetary boundaries: Guiding human development on
a changing planet

Climate change
Genetic
diversity .

Biosphere integrity
Novel entities
Functional

Land-system
change

Stratospheric ozone depletion

Atmospheric aerosol loading
Freshwater use

<
=

Phosphorus "
Nitrogen Ocean acidification
Biochemical flows
B Beyond zone of uncertainty (high risk) B Below boundary (safe)

In zone of uncertainty (increasing risk) Boundary not yet quantified
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{ Nitrogen in the environment

Science 08 Feb 2019: Excess nitrogen emission
Vol. 363, Issue 6427, pp. 578-580

DOI: 10.1126/science.aav8215 from human activities can play a

role in large algal blooms, as shown
PERSPECTIVES here in Lake Erie in North America.




| VOL 2 | JULY 2021 529-540 |

Quantification of global and national nitrogen
budgets for crop production
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Index Suggests That Half of Nitrogen Applied
to Crops Is Lost Globally, nitrogen use efficiency is 46%

Food production is becoming less efficient at using nitrogen fertilizer, according to a review of global values. Excess nitrogen

damages the environment and the climate.

Volatilization/emission and other

- forms of nitrogen outputs
Fertilizer (98 TgN)

3
Manure (22 TgN) %%@%

Agricultural BNF (32 TgN) PEE =
g (32 TgN) o

>

Soil nitrogen
Deposition (17 TgN) N

Leaching/runoff
(e.g., NH,", NO,~, DON, PON)

Crop products
(78 TgN)

| VOL 2 | JULY 2021 529-540 |
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PERSPECTIVE ENVIRONMENT
Nitrogen in the environment

Science 08 Feb 2019:
Carly J. Stevens Vol. 363, Issue 6427, pp. 578-580

Examples of preventative measures

Better management of animal waste in agriculture to reduce emissions

Precision agriculture to reduce fertilizer inputs

Changes to human diet to reduce high-nitrogen-footprint foods such as pork
Increased use of alternative energy sources
Reduced use of fossil fuels in transport

Chemical scrubbing of industrial emissions to remove reactive nitrogen



Source management

the RIGHT SOURCE
£ nuri T
0 ““t{f”t tobe applied 4 in the RIGHT PLACE
2 ﬁ subsurface injection and/or

avoiding areas prone to runoff

\ and erosion
.. in the RIGHT AMOUNT /

as determined by soil, plant - atthe RIGHT TIME
and manure testing will maximize crop uptake while
reducing runoff, leaching, and
gaseous losses

Riparian buffers
trap particulate
nutrients and can Stream bank fencing

Conservation tillage take up some P excc:jludes a“'”(‘;’?"s atnd
/ reduces P loss in decrei_ses f"§9
i eposition of P in

streams

Subsurface injection
of fertilizer and manure |
| reduces P runoff

4R source management

| Fluvial management
Conservation and transport management

Sharpley, A. (2016)



How precision agriculture works

® , Fertilizer application

REpsES wesEaEs)
™
-

C
Cr—

=

T —

How to apply the fertilizer?

Diffuse pollution
To improve water quality

Nitrogen budget

To know the crop demand and
uptake, nutrient in soil

Reduce pollution without sacrificing farmers’ benefits




| vyield

/e Pollution

Fertilization
strategy




Models can help

Ground surface = 1
topography

Water uses for crops,

energy production and —> b ;
human consumption ! 4= Land use,

crop rotation
OTHERS

Climate, tile drainage,

tillage, point source
reservoirs

MODEL CALIBRATION
« stream flow, nitrogen,

phosphorus, and sediment
loadings (USGS)

« crop yield (USDA)

http://swift-lang.org/case_studies/Hydrology.php



'b)PL Validation (2005-2008) NSE=0.71 Calibration (2012-2014) NSE=0.81
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Validation of crop vield

Year 2012 2013 2014

Actual harvest

tka/halyr] 584 541 590

Simulated harvest

rka/halyr] 586 590 578




NO3-N yield from the landuse

I Tea farm [47kg/ha]
7 Urban[30kg/ha]
B Bare land[13kg/ha]
I Pasture [10kg/ha]

NO3-N yield [kg/ha]
[ 18-12

I 13-18

I 19 - 25

I 26 - 32

1.5 3 6
Kilometers




Nitrogen budget in the tea farm

Fertilizer& Deposition Unit: kg/ha/yr [%]
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NO3-N (kg’ha)

Surface flow

NO3-N (kg/ha)

| Lateral flow

NO3-N (kg/ha)
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Pathways of fertilizer loss (designed cases)

: Fertilizer Total
D.alfly" application St;lrface L?Iteral Percolation fertilizer
rainta rate K (7hw K c;hw [kg/ha] loss
[mm]  kgma)  [k@/hal  [ka/hal [kg/ha]
20 100 0.01 8.3 12 20
40 100 2.3 11 35 49
60 100 6.4 13 45 65
80 100 12 13 50 75

100 100 16 13 52 82




Nitrogen flows of decentralized fertilization

NO3-N (kg/ha)

Autumn tea
Fertilizer application
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Nitrogen flows of decentralized fertilization
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Change ratio(%)

Applications of SAPs to the field
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Nitrogen
& Nitrogen flows

inputs
Fertilizer+  Surface _
Year deposition  flow Lateral flow Percolation Groundwater  Uptake Harvest
[kg/ha/yr] [kg/ha/yr] [kg/ha/yr]  [kg/ha/yr] [kg/ha/yr]

[kg/ha/yr] [kg/ha/yr]

Current fertilization strategy

2012
2013
2014

Ave.

2012
2013
2014

2012
2013
2014

Ave.

505
484
445
468

430

425
415

-14
-12

-10

15(3%)
50.1(10%)
22.4(5%)
29.2(6%)

9.9(2%)
6.5(2%)
5.3(1%)

14(3%)
9.8(2%)
16.2(4%)

14(3%)

8.6(2%)
9.7(2%)
8.4(2%)

94.8 (19%)

58.4(12%)

95.8(23%)
83(18%)

42.1(10%)
45.1(11%)
36.6(8%)

2.5 (0.5%)
2.1(0.43%)
2.4(0.58%)
2.32(0.5%)

1.35(0.31%)
1.25(0.29%)
0.9(0.21%)

Change ratio = (Modified - Current) / Current [%]

-34
-87
-76

-38

-56
-23
-62
-50

-45
-40
-62
-48

218(43%)
225(47%)
205(49%)
216(47%)

225(52%)
261(61%)
254(61%)

16
24
14

586
590
578
591

598

658
584

11



Implication for precision agriculture

Required nitrogen Nitrogen

Month in soil (at stress=0.5) uptake

[kg/ha] [kg/ha]
1 1.56 0.23
2 2.88 1.21
3 3.89 2.72
4 3.34 3.22
3 1.7 1.92
6 0.95 1.08
7 0.98 0.38
8 1.91 0.25
9 2.86 0.72
10 2.3 0.75
11 1.09 0.42
12 0.82 0.18

* Required > uptake
 More fertilizer

e Uptake > required
* No fertilizer

* Required = Uptake
e Zero loss
* Max crop vyield



Summary

* Nitrogen use efficiency can be improved

e More than 50% is lost

* The validated models are helpful

* Nitrogen budget
* SAP evaluation
* Precision agriculture (real-time monitoring)

* Win-win strategies, between farmers and the authorities,
are achievable

. R_eclzléjced fertilizer and improved water quality BUT increased
yie



Challenges

e Models v.s. Real world

* Field experiments are essential and more persuasive

* Farmers’ willingness

e Farmers struggle to apply just the right amount of
fertilizer

e Cheap subsidized fertilizer
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