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Modeling of the potential phosphorus leaching risk from
micro to macro scale
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The main issue

B GO - 70% of the surface
water resources in China

have too poor quality

B Eutrophication is the main cause
for poor ecological Quality

B phosphorus (P) leaching from
agricultural land is usually the main
cause for freshwater eutrophication

bin.zhou@kjemi.uio.no
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Introduction

Key words: Eutrophication — Phos
Paper |

Establishment and Validation of an Amended Phosphorus Index: Refined P Loss
Assessment of an Agriculture Watershed in Northern China

To build a spatial assessment model to identify the hotspots for P
leaching risk Where and how?

Paper Il

Relative Importance Analysis of a Refined Multi-parameter Phosphorus Index Employed in
a Strongly Agriculturally Influenced Watershed

To build a importance evaluation model to determine the relative significance
of each parameter to the final P index value Controlling factor?

Paper ll|
Land use as explanatory factor for potential phosphorus leaching risk, assessed by P
indices, 31P-NMR speciation and enzyme activity

Paper IV

Kinetics and mechanisms of phosphorus adsorption and desorption behavior in soil
Using different P chemical and physical indices to focus further soil P fracti
ons, to capture the real reason of P leaching based on soil physiochemical
properties 3 bin.zhou@kjemi.uio.no
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______________________________________ — 1 | distribution data
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SOi_I Organlc(y Runoff level Soil Erosion i Flow length River net Erosion i Irrigation
draining || matter (%) (RUSLE model) ! :
DPS (%) l
» Source factor Transportation factor
P fertilizer dosage
Manure nutrient level (P)
Daily life nutrient level (P)
A

Risk magnitude of Phosphorous

The structure of amended Phosphorus Index



RUSLE model: A=R*K*LS*C*P

12 . A : )
R — Z 1.735 x 1 QL519(Pi*/P)-0.8188 LS =(——)" x(65.41xsin* @+ 4.56 xsin 8+ 0.065)
s 22.1
) (m=0.2 slope <1%
K — {0.2 + O.Sexp[—0.0ZSGSd (1- %ﬂ} |m=03 1% <slope <3%
00 m=04 3% < slope <5%
X[ Si ]O'ax 1- 0.25C m=05  slope>5%
Ci+Si C +exp(3.72-2.95C) )
c=1 le=0
Sd Sd
xJ1-—— +exp| -5.51+22.9| 1- {C=0.6805-0.3436lglc 0 < I. < 78.3
100 100
C=0 lc > 78.3

lc -108.49NDVI +0.717
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Sewage production (d)

Unit; kg ha ' year
P High: 24,6
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P Highs 668 P Highs 26
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P High: 258 (ﬂ} WLow: o 9 Low: 1.32
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i High: 67
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The primary direct finding of the current rese
arch is that the areas with close
proximity to rivers and the reservoir

P index ranking

- Very low
- Low

[ | Medium
| High
B very high

@ Soil sampling sites

RUSSIA

MONGOLIA

Beijing
Yugiao Reservgi

Tianjin
CHINA
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The primary direct finding of the curren
t research is that the areas with close
proximity to rivers and the reservoir

as well agricultural land around village
s, are found to be the main hot-spots s
ources for P loss to the reservoir

...o..’i
] 0

Pl value (Standardized Data:0~1)

Very low low Medium
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Pearson Correlation
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Tot P

Particulate P Total dissloved P Free-PO4 Dissolved organic P
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The backpropagation

network (BPN)

Garson algorithm

>

i=1 j=1

N
Wijij‘ / Z‘er‘)
r=1

DPS (%>
Fertilizer
Manure
Sewage water
Irrigation
Draining class
Runoff erosion
Watershed course
River erosion
Soil erosion
USLE-R
USLE-K
USLE-L.S
USLE-C
USLE-P

Input layer

Output layer
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Relative importance (%)

= -
Qo N

Source factors Transportation factors = Very high High = Medium mLow mVerylow

o N B2 & ©

DPS Fertilizer Livestock Daily life RUSLE-C RUSLE-K RUSLE-LS RUSLE-P RUSLE-R Runoff Irrigation Drainage Water Flow length
course

Different risk zones have different controlling factors

B The very high risk area is strongly governed by the source factors
B Transportation factors governed the overall P loss risk in the low and

very low risk areas

Make us easier to understand the key controlling factor for each risk zone,
then give us more direct guideline to mitigate P leaching risk

i bin.zhou@Kkjemi.uio.no
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f soils.

B P pools
Tot P, TIP, TOP

|

|

|

|

|

|

. B P potential loss risk indices
|

. BAP: Olsen P, Bray-1 P, Mehlich 3 P
|

. PSI: P sorption index

|

| DPS%: Degree of P saturation
|

' B P Soil P composition *'P NMR
i B Phosphatase activities

. AcP, AIP, PD and PY

|

|

|

|

|

|

|

|

|

|

|

|

B General characteristics

pH, Organic matter (LOI1%), PSD
(Clay, Silt and Sand%), bulk density,
CECe, Soil mineral composition
(XRD)

B Overall P pools reveals the general soil P
level.

M Bio-available P (BAP), P sorption index (P
Sl) and degree of P saturation (% DPS) in
the soils are commonly applied as

proxies for assessing the risk of P leaching.

B Detailed soil P speciation was conduct
ed using phosphorus nuclear magnetic

resonance (31P NMR) spectroscopy.

bin.zhou@kjemi.uio.no
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Main findings - soil chemistry

Circumneutral or slightly alkaline

Soil organic matter
Low organic content (from 3.5to 6.8% )

Soil texture
Homogeneous particular size distribution of mainly silty loam

Soil mineral composition
Phosphorus containing minerals were not found.
This implies that the P in the soil is mainly from agricultural activity

P pools

BTotal inorganic P (TIP) is the dominant fraction (60~80%)
BTIP and bio-available P level were in the following order:
Forest < Orchard < Crop land < Vegetable field

P pools are strongly governed by P fertilizer application

g bin.zhou@Kkjemi.uio.no
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Main findings - soil chemistry
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® Bio-available P is governed by agricultural management practices

® P sorption index, an indicator for additional P sorption capacity, was very
low

® The Degree of P saturation exceeds the critical threshold value in all land-
use types, except for forest soils

L bin.zhou@Kkjemi.uio.no
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Main findings - soil chemistry
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Main findings - soil chemistry
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Main findings - soil chemistry

Table «
oncentrations (mg soll) o erent P’ species, measured using MR, within erent land-use fvpes and their proporfions to total P mm Na an A extracts+
C ' P kol soil) of diff P i ed using 1P NMR, within diffi land d thei ' 1Pin NaOH and EDTA
NMR-P;» a NMR-P ~ -
Monoester-P+ Diester-P+ o
Land-uses NE-TP+ .
and-us Ortho-P PyroPc | Poly-Po | « Total Inositol -P+ } Phos-Po  »
monoester-P+ M-~ Sevlla-© PLe DNA-B® o
Foreste 155417 20 T9+Ta+ T£0.6be | 2.3£0.2abe| ¢ G3t5a+ 4.4£0.4 be 247 1.3£0.57 ¢ 0.7£0.01 2102« ¥
orest & (30.7%)¢ (4.5%)e i(1.5%)pe | « (40.9%) (2.8%)e {0.8%)¢ (0.8%)e {0.5%)¢ (1.4%)e
Orcharde 37451500 28714be 3£0.5a¢ 1540 1a¢ | + B0+6c+ 3.1£0.2ab 30w 16404 « | 0.1+£0.02 1.1 N
rehar (76.7%)¢ (0 8%)e 04%)pe | @ (21 5%} (0 &%) (0 §%)e (04%) | (0.03%)0 {0.3%)e
Croplands 4094197 360+£13b« 2.9+0.1 a¢ | 2.3+0.3ah+| # 3946bce 3.840 3c+ 2.8+ 25:0.3 + | 0.4£0.037 140 -
P (88.1%)¢ (0.7%)« (06%} | » (9.7%)e (1.4%)e (1.2%)e (0.9%)e (0.2%)e (0.3%)
Vegetable 82647 cle TT0443 c+ 2.940.2 a¢ 1380 1a¢ | # 49+3b« 2.540 2a¢ 0.9 1104 « | 0.2+0.01 1240.05% |°
fieldso (93.3%) (0.4%)e (0.2%) | « (5.9%) (0.3%)e (0. 1%} (0.1%) | (0.02%) (0.1%)e

B The dominant inorganic and organic P species in the soils were orthophosphate
and monoester-P, respectively.

bin.zhou@kjemi.uio.no
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B Alkaline phosphomonoesterase (AIP) represented the highest activities
among the four representative phosphatases.

BOrchard soils were found to contain highest levels of monoester P as we
Il as high AIP activities, which indicates its strong capacity to produce labi
le orthophosphate.

L bin.zhou@Kkjemi.uio.no


http://www.art-com.co.kr/online/ppt_gallery_1.htm

“AAS 05
/5\ O
Gl ey
=/ o\

£ O Y

> s b ; L " Lo
Det HV  Mag Pressure W - . Det HV Mag Pressure WD . - Det HV Mag Pressure WD - 100.0pm

LFD 10.0 kV 5197x 80.0 Pa 10.2 mn LFD 10.0 kV 919x 80.0 Pa 10.3 mm LFD 10.0 kV 596x 80.0 Pa 10.3 mm
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LFD 10.0 KV 48%6x 80.0 Pa 10.7 mm LFD 10.0 KV 1028x 80.0 Pa 10.7 mm LFD 10.0 kV 515x 80.0 Pa 10.7 mm
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Pore size distribution and special surface area changes

Test samples Surface area Average pore size Pore volume Micropore Mesopore Macropore
P (m?.g?) (nm) (cm3.g?) (<2nm)% (2-50nm)% (>50nm)%
Before sorption 32.87 4.988 0.04099 2.15 33.74 64.11
After sorption 25.77 7.67 0.04942 3.99 71.89 24.12

2 bin.zhou@Kkjemi.uio.no
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Land-use
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Paper publishing

7 ¥
U L. ZUl”t I C |- O1 il

orus Index Reflned Phosphorus Loss Assessment of an Agric
-16. DOI: 10.1007/s11270-014-2103-X.
2. Zhou, B., Vogt, R. D., Lu, X., Xu, C., Xu, Zhu, L.,Shao, X.,Liu H. & Xing, M.: 2015,'Relative Importance Analysis of a Refined M
ulti-parameter Phosphorus Index Employed in a Strongly Agriculturally Influenced Watershed', Water, Air, & Soil Pollution. DOI: 10.
1007/s11270-014-2218-0

3. Zhou, B., Vogt, R. D., Lu, X.,Yang X., LU C., Zhu, L., Mohr, W. C., Shao, X.,:2015, 'Land use as explanatory factor for potential
phosphorus leaching risk, assessed by P indices, 31P-NMR speciation and enzyme activity', Environmental sciecnes: processes &
impacts (in press)

4. Xie, Z., He, J., LU, C., Zhang, R., Zhou, B., Mao, H., Song, W., Zhao, W., Hou, D. & Wang, J.:

2014,'Organic carbon fractions and estimation of organic carbon storage in the lake sediments in Inner Mongolia Plateau, China'’, E
nvironmental Earth Sciences, 1-10. DOI 10.1007/s12665-014-3568-z

5. Hongliang Xu, Chong-yu Xu, Bin Zhou, Hua Chen.2014. Entropy theory based multi-criteria resampling of rain gauge networks f
or hydrological modelling - a case study of humid area in southern China.Journal of Hydrology (Accepted).

6. Xu, H., C.-Y. Xu, N. R. Seelthun, B. Zhou, and Y. Xu. Evaluation of reanalysis and satellite-based precipitation datasets in driving
hydrological models in a humid region of Southern China. Stochastic Environmental Research and Risk Assessment:1-18.

El paper:

Xu, H., Xu, C.-Y., Zhou, B. & Singh, v.: 2013, 'Modelling runoff response to land-use change using an integrated approach in Xiang
jilang River basin, China’, IAHS-AISH publication, 390-396.

Two more papers have been preparing...

2 bin.zhou@Kkjemi.uio.no
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Thank you for

Takk for oppmerksomheten!
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