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1-Monte Carlo Simulation
2-Latin Hypercube Sampling
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Table 1- Datarequired for model based oninput and output routesinto/ from the agricultural ecosystem
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Table 2-Mean of cultivation area(ha) and the annual yidd (kg ha™) of major cropsin the studytownships
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1- Diethylene Triamine Pentaacetic Acid
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Table 3- Minimum and maximum number of major livestock (x1000) in the studytownships (Agriculture Jihad Organization)

b » e dlwgs g g8
Ry walg Poultry Goat Sheep Cattle
Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum
oliile)§ 54 1822 24 107 136 367 1 53
Kermanshah
b 17 625 19 4 136 272 03 11
Songor
EPOM"S 14 571 3 88 25 293 0.5 15
Gilanegharb
‘)))M)‘AB 10 98 3 47 19 179 0.04 9
Ghasreshirin
: 24 1770 14 50 73 171 2 21
Sahneh
o3y 10 649 43 57 79 198 0.06 14
Sarpolezahab
”KS 21 705 8 35 59 120 1 21
Kangavar
Dsli' 26 120 31 63 12 113 0.1 12
Paveh
39)515? 79 365 25 108 79 121 0.06 41
Javanrood
o JS 41 5155 3 108 12 367 0.6 91
Total area

(10N YI™Y) oyl yoend 2 s B LIS AT g CamrgaoS ¢ o3 lownd (395 39,9 slado—£ Jouo
Table 4- Total annual amounts (ton yr™) of mineral fertilizers, compost and pesticides applied in the studytownships

o Ay o yusedl CowgaoS B oy awly &lend &3
MU Pesticides Compost Macro K P N
oliileys 0 "0 2421 726 10265 29633
Kermanshah
Y 0 0 172 117 2641 6731
Songor
s oS 0 0 344 35 1508 3682
Gilanegharb
Oy pas 0 0 379 109 837 1901
Ghasreshirin
woe 0 0 312 131 1706 4837
Sahneh
o3 o 0 0 491 183 2182 5945
Sarpolezahab
25 0 0 278 85 1707 4631
Kangavar
o5t 0 0 84 43 74 89
Paveh
%)ls> 0 0 140 53 269 467
Javanrood
i JS 1.4 162500 557 191 2419 6616
Total area

Oeres 5 HlS JewS Ve codsj o j5SSlo z Jolis™
Gl 03905k s olstio 13 Loyl 5,08 Comig 3l 383 EMbl pas > 4 donybias o 4> b S CST g CamgraS & bgspe yhuo dlacl **
*Including: Mancozeb, Zineb, Metalaxyl, Captan and Permethrin
**Zero valuesfor compost and pesticides in the townships are due to, the lack of precise information on their application at the
township scale
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Table 5- Mean of atmospheric deposition rates for each management unit (Calculated during spring and summer 2013)

e Ol J
4 o sous ] Spring Summer Y ear
‘-’””;A G 9 (kg ha* sea’™) (kg ha* sea™) (kghatyr?
L& H Y N R~ HWS . & A
g).‘.s" .. sSD ‘)ﬁ& - SD ‘)"'& - SD
M ean M ean M ean
aLJ»)Lc)f 577 217 116 104 346 156
Kermanshah
S 401 78 31 14 216 35
Songor
et 591 177 79 36 335 102
Gilanegharb
Qi ras 579 68 104 61 342 63
Ghasreshirin
Ao
539 60 84 25 311 40
Sahneh
o3y 835 186 202 163 518 173
Sarpolezahab
2958 323 64 76 88 199 75
Kangavar
ok 685 260 84 47 385 149
Paveh
il
29X 668 157 101 53 384 88
Javanrood
-k 583 205 99 86 341 136
Total area
Jn ol

*SD: Standard deviation

(gZn (kgP)'l) M & 59y bv.w; 9 d‘w 6&395 chl wwg)ﬁ ch‘)«swi ‘uw:y.«s 2 (mg kgl) $9) cdale ‘x;)l:a -1 Jg.\b

ol s3gS glgl 4>
Table 6- The mean concentration of Zinc (mg kg™) in compost, pesticides, atmospheric deposition, mineral fertilizersand

Zn:P concentration ratios (g Zn (kgP)™) of different types of manures

iy
ML‘J wlaus # # . » . .oz _ ,_m’ o5 lﬁ’u‘*;w“
£l K P N M Goat Pou Sh Catil Atmospheric ~ Pesticides c
ement va va acro W oultry eep attle deposition VW ompost
Y
ke
S 355 5 16 41 38 28 210 10655 464
Zi;’c Mean 20 596
SD 5 0.6 5 32 17 5 98 9907 207
(04 (s ySojlul wiges S gis) Cunl 3jliliwl Bl § 4SSk A8LE*
* Without calculation of mean and standard deviation (Only one sample was analyzed).
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2 (SSB)) J1 g i oo b g)li0 4 59y (63959 L2l U5 gha'yr' ol ailaie ebde 5 ¢ YA/A kg halyr! b yeY Tyr!
gha'lyr! gFFY gha'lyr! U ol cosy a Sgw o Jlod syl gadllan jd (595 (63555 duiin H33)S 4 )l55 £
i wliile S (ola b s 51 i oS Cowl odds 5135 Y'Y - (V) ohlSen 5 , IS Lo wgi oad (5,155 Jlade diuiiy 51 5eSs oS
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Table 7- Simulated Zn input, output and net fluxes (estimated means and estimation errors, g ha™! yr )in the study townships

5399 29,5
Inputs Outputs
Cunnnliig yd o ) sy s Js gl Culld Sl &y
| b isedl CouwgroS [ oLE Net fluxes
. s - ot 80 Sl ~&8%959 j
@Ry s2ly Atmospheric Pesticides Compost Mineral Manure Crop
MU deposition fertilizers B removal
e o e o e Total 5, o
B B B B B inputs B B awld
& s ¥ D o D ¢ D o D & s o D Ran CV
Mea Mea Mea Mea Mea Mea Mea ge
n n n n n n n
oiile S 73 3 0 0 0 0 8.6 0.1 181 36 262 -288 18 -26 42 235 162
Kermanshah
S 45 2 0 0 0 0 3 0.1 171 32 219 -139 9 80 34 175 43
Songor
A
X 70 3 0 0 0 0 6.1 0.2 397 86 473 -115 6 358 86 513 24
Gilanegharb
Orhpas 7 3 0 0 0 0 141 04 305 97 391 -78 6 312 97 496 31
Ghasreshirin
Ao
65 3 0 0 0 0 8.4 0.2 593 134 667 -155 8 512 134 783 26
Sahneh
a3y
i 96 5 0 0 0 0 14.4 0.4 412 90 522 -155 9 368 91 480 25
Sarpolezahab
2SS 42 2 0 0 0 0 7 0.2 442 94 490 =215 10 275 94 479 34
Kangavar
osk 81 4 0 0 0 0 8.9 0.7 1115 230 1205 -33 2 17 231 1307 20
Paveh 2
25yl 81 4 0 0 0 0 22 0.1 257 67 340 -232 13 108 69 332 64
Javanrood
i 5 88 4 o2 000 10614y 8§ 03 571 154 1729 -190 10 ' 158 sm 10
Total area 2 .6 9

Ao )d Cow> ul)..\,u w).@CV%
CV: The Coefficient of Variation (%)
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Figure 1- The sum of the standardized regression coefficients (in percentage) for the most important input and output Zinc
fluxesin the study management units
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Introduction: Zinc (Zn) is an essential trace element for plants as well as for animals and humans. On the
other hand, Zn is a heavy metal and its high concentration can cause some environmental problems. There are
significant relationships between soils, plants and humans Zn status in a certain agro-ecosystem. Therefore, mass
flux assessment of Zn in agro-ecosystem is important regarding to plant and human nutrition in one hand and
environmental quality on the other hand. Therefore, assessing the Zn accumulation trend in agricultural soils is
essential to prevent Zn deficiency as well as soil pollution by Zn.

Materials and Methods: This investigation was conducted in order to model Zn accumulation rate in
agricultural soils of Kermanshah province using inputs and outputs fluxes mass balance. Mass Flux Assessment
(MFA) model were applied for the modeling accumulation rate of Zn uses a random method of element balance
with the combination of Latin Hyporcube method and Mont-Carlo simulation, in several agricultural ecosystems
of some townships (Kermanshah, Songhor, Gilanegharb, Ghasreshrin, Shaneh, Sarpolezahab, Kangavar, Paveh
and Javanrood). In this study, mass flux assessments were done at both provincial and township scales. Various
routes of Zn considered in this study were livestock manure, mineral fertilizers, pesticides, atmosphere
deposition, municipal waste compost (input) and uptake by plant (output). Agricultural information, including
crop type, crop area and yield, kind and number of livestock, application rates of mineral fertilizers, compost,
pesticides and atmospheric deposition rates and also a metal concentration in the plants, livestock manure,
mineral fertilizers, compost and dust was used to quantify Zn fluxes and Zn accumulation rate. Given that the
other sources of Zn input such as sewage sludge and output such as leaching are not important fluxes in the study
area, the calculations performed here presented a good estimation of the average net effects of the dominating Zn
inputs and outputs of the Zn status in agricultural soils of the study region.

Results and Discussion: The results showed that the maximum and minimum of the Zn accumulation rate
were seen in agricultural soils of Paveh (1172 g ha'yr' in average) and Kermanshah (-26 g ha'yr' in
average)respectively. The average net flux of Zn accumulation rate for Kermanshah province was also 1538 g
ha'yr". The negative Zn accumulation rate of Kermanshah soils implies depletion of this element that is due to
higher uptake of Zn by plants, especially crops with high performance such as maize and sugar beet. The
calculated accumulation rates were less than the critical accumulation rate (calculated for the next 200 years in
the study area). The results showed the high range (difference between the simulated maximum and minimum)
of the Zn accumulation rate in Paveh was 1307 g ha''yr”, and the lowest in Songhor was 175 g ha''yr. The
major part of the uncertainty in the Zn balance resulted from manure source. According to the calculated SRCAP
(Standardized Regression Coefficients Aggregated in Percent) values, Zn input with manure and then Zn output
with crop removal were the main sources of Zn net flux uncertainty at township and province 9 levels. The
uncertainty associated with livestock manure fluxes explained 67-94% of the total uncertainty. This large
contribution was mainly due to large uncertainty in the numbers of dominant livestock, in particular cattle and
poultry, and in the Zn:P concentration ratios of their manures. The influence of crop removal on Zn net fluxes
uncertainty ranged from 3-29% among the townships. Differences in contributions of individual crops to the
total cultivated area and in the Zn concentration of dominant crops as well as uncertain crops yield data were the
main reasons for this large variation among townships.

Conclusion: The most important routes of Zn entry into the agricultural soils were livestock manures (69-
93%) and atmosphere deposition (9-28%) in township level, while in provincial scale, they were compost (61%),
livestock manures (33%), and atmosphere deposition (5%) respectively. The uncertainty analysis results
indicated that livestock manure was the most effective rout on Zn accumulations rate uncertainty (79% in
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province scale and 67-94% in township scale). The results also indicated that current agricultural management
generally leads to accumulation of Zn in soils of the study area (with exception for Kermanshah township soils).
This can cause some difficulties such as soil contamination or soil fertility loss by nutritional elements
imbalance in future.
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