CHAPTER 6  MASTER PLAN OF SOIL CONSERVATION FOR PILOT
RIVER BASINS

The soil conservation is to control the erosion below a threshold level depending on a specific
object. The theorclical threshold is a state of equilibrium between the amounts of erosion and
soil formation. On the other hand, the practical threshold generally applicd is a less severe
level to maintain soil fedtitity in the medium term (20 and 25 years) allowing soil amendment
with fertilizer, green manure, lime ete,

To determine criteria and threshold, the specific object is required. Since no criteria are
available in Parand to establish a threshold of erosion control for the water environment, the
widely acceptable figures in terms of area of river basin was adopted at the Strategy. These
figures were applied to Pilot river basins also as a goal of soil conservation. Therefore, the
threshold of soil loss to propose a soil conservation plan (Master plan)by the year of 2015, is
i1 ton/ha-ycar. After the suppression of soil loss below the threshold, 2 ton/ha-year which is
widely acceptable values for a large river basin will be achieved successively.

The soil conservation plan have to integrate the agronomic measures, soil management and
mechanical measures because they have different effect on soil erosion and are the most
effective when integrated rather than individual implementation.

Specilic counlermeasures dépend on crop,' size of farmers, farming system and so on.
Considering the agricultural characteristics in Pilot river basins, the soil conservation plan
was formulated as a Master plan. For the application of the soil conservation plan at field, the
suitable measures should be selected from the Master plan examining local variation of
agriculture. '

~ ‘The main target of the Master plan in Pilot river basins is to suppress the soil loss from crop
“lands because as shown in Table-5.2 and Table-5.3 the curcent soil loss from crop land is
much greater than other landuse in both pilot river basins. Since tervacing and non tillage are
the most effective measures, their implementation is essential. Terracing with contouring
_ should cover 100 % of the crop area and non tillage is expected to be practiced in 50 % of
beans, maize and soybean fields by the year of 2015, Application of other measures, such as
agronomic measurcs and soil management depend on the local characteristics of agriculture.,

The effectiveness of soil conservation plan was cxamined applying USLE. For the
computation sake, the following assumptions were made,

1) 100 % implementation of terracing with contouring to crop fand

2) 50 % implementation of non tillage to beans, maize and soybean field where the
current application of non fillage is less than 50 %

3) no consideration of other measures , such as agronomic measures and soil
nanagement '

- Aflter confinming the effectivengss of the Master plan, cost for implementation of the Master
 plan was eslimated. Fmal]y cost was compared with benehl s0 as to determine whether the
Masler p]an is woﬂh to be mlplementcd
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6.1 lIguacu River Basin
6.1.1 Master Plan and Its Effect

Considering the agricultural characteristics in Iguagu river basin, the soil conservation plan
was formulated as a Master plan shown in Table-6.1. Countermeasures to suppress soil
crosion are classified as essential and ideal. Since countermcasures proposed are genetal,
their application at field invoives the detail examination of the local chasaclenstlcs of
agriculture in order to select the appropriatc countermeasures,

Among dominant crops in Iguagu river basin, the crop land for soybean and wheat culture is
well conserved, while the land for potato culture is the worst in terms of soil conservation
(refer to Appendix-3). Although the area of potato culture is limited, 1.7 % of the total crop
“area in the basin, soil conservation is essential to improve the water environment of local
micro tiver basin, Maize and beans are cutrenily cultivated 54.3 % and 17.0 % of the tota}
crop area, respectively. The implementation of soil conservation for these crops vary from
100 % to 1 % of the crop area depending on the location. It requires to raise the rate of soil
conservation implementation.

With assumptions mentioned before, the effectiveness of the Master plan was examined with
the application of USLE in terms of implementation of terracing and non tillage. As shown in
Table-6.2, terrace is currently implemented 979 thousand ha of c¢rop land in Iguagu river
basin and 1,078 thousand ha of crop land remains without soil conservation, To achieve the
goal, this remained area has to be terraced.

As shown in Appendix-3, the productivity of beans, maize, soybean and wheat tends to
increase with non tillage. Therefore, non titlage is effective not only in suppression of soil
erosion but also improvement of crop productivity. The resent researches show that
disadvantages of non tillage, such as higher herbicide costs and more complex weed control,
can be overcame soon. Considering these favorable conditions, 50 Yo 1mplemenlanon of non
tillage to applicable crop land is realistic.

Appendix-3 shows that non tillage is currently applied to 0.4 % of beans drea, 11.8 % of
maize area, 37.9 % of soybean area and 22.1 % of wheat area. Since in Paranid wheat is
usnally a sccond crop after soybean or maize, wheat was excluded from the area computation
of non tiltage for the future soil estimation and considered to be included in the area of either
soybean or maize. As shown in Table-6.3, the arca of non tillage application for beans,
maize and soybean will expand to 177 thousand ha, 581 thousand ha and 319 thousand ha,
respectively, by the year of 2015. '

The result of future soil loss estimation with assumptions is shown in Table-6.4 (refer to
Appendix-4 for the details of computation). The average soil loss in Iguagu river basin would
be reduced to 4 ton‘ha-year with the Master plan, Since no other measures than lerracing and
non tillage are counted in the estimation, the result is underestimation. If the Master plan was
implemented fully, less soil loss than Table-6.4 would be expected.

Cutrent soil loss from crop land ranges from 146 to/ha-year to 1.9 ton/ha-year, while future
soil loss from crop land would be at range between 4.7 ton/ha-year and 0.2 ton/ha-year. This
great reduction of soit loss would contribute to the improvement of water environment, Much
less soil loss results in the low water contamination by sediment and agrotoxlc stuck to soil
particies.

6-2



Table-6.1 Soil Conservation Plan {Master Plan) in Iguagu River Basin

Crop ME. (Eszential 1deal L
TY Measures Effect] TY Measures Effect
atl crop ~ | M [improvemeot of farm road 21 M ldivession ditches 2
field and M ldraivage along toad side 2| M [terrace channels 2
Pasture A [proper spacing of crops 1 &2 M [grass waler ways 2
A [proper crop calendar 1&2] M lenergy dissipater at outlet of drainage 2
S |maintenance of soil fentility 1&2
A [proper plant seléction 14&2
Soybean 1 M |teeraclng with contour cropping 2| M [contour stripcropping - 2
Wheat M ibufferstriperopping 2] A jnootillage . 1&2
Maize § [avold excess operation of mackinery 2
Beans 8 sisbsei!ing {0 stir hard pan of soil 2
8 [proper plowing or barrowing 2
A |mulching by crop residue ) 1&2
A [seeding of winter green manure crops 1&2
Maize i M |terracing with contour cropping 2] A |contillage with animal 1&2
Reans i M [buffer strips with stones 2
M [buffer stipeeopping ' 2
A |mulehing by crop residue | 1&2
A iseeding of wicter green manure Crops 1&2
M [contour stripcropping . o2
A lintercropping with green manwre crops (| 142
M |stripcropping with spring & summer crop 1
Fotato I M [terracing with contour cropping )
S |proper plowisg or horrowing 1
§ lavoid excess operation of machinery 2
Cotion I M |terracing witk contour cropping 2} M contour striperopping 2
Sugarcane M |bufferstsiperopping 2
Cassava $  |aveold excess opesation of machivery 2
S . |subsoiling o stir bard pan of soil 2
8§ |proper plowing or baprowing F]
$ |seeding of winter green manure crops 14&2
Cotton ~ " | 1 M [terracing with contour cropping 3| M |contour striperopping 2
Sugardane 1 M |buffes strips with stones 2
Cassava M |buffes striperopping 2
A Iseeding of winter green manure <rops 1 &2
Olericulture i M iterracing with contour cropping ' 2
Pasture 1&118 M [terracing S 2| A jerop rotation i
: M jwater supply system for catile- 1&2] A [perennial forage 2

Abbreviation: ML: Managemeot Level, I Mechanized Farming S)'slc.m. [l: Farming System with Man of Animal Power
TY: Type of Measures, M- Mecharical Measures, Az Agronomie Measures, 5: Soil Manage ment
1: Effect 0n Rainsplash, 2: Runoff : :
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Table-6.3 (1/2) Current and Future Area of Non Tillage Application (Iguagu River Basin)

Current 245
o : Beans Maize Soybean Beans Maize Soybean
BACIA Munjeipality Soilbess | (#000ba) | (1900bay | (100ha) | {1000ha) | (5000Ba) | (1000%a)
153 Jsanta Leca we] _ [ 00 0.0 06 30 s
I1-7% MNova Esperanca do Sudaeste s KL L 0. il 23 b
167 [Boa Esperanca do Iguace 77 (X o.ol 0.0 14 Y|
19 [Campolarga 654 0.0 o] _ 17 as] _
173 fBarracao - IZE Y o] o 0% £1 ¥
145 JCantagdle : 62 5 06 LF Y Y Y B X
154 frindoeste 55 5] [T a0 oof o3 51 03
1-56  propejar DDeste st o (¥ Y 05 EX 30
185 JCapanema 56.2 [T 0.0 0.0 27 38 4.4
143 [HorodoSeps 533 0.0 [k Y 14 94 3 9|
59 [Sulina I s - e [T Y 0.2 EY 0.8
183 fPercha do Qcste . 50.5 [T 0.0 [Y: 11 38 24|
(69  fEressMwiques - |~ a4 0o - 06 I | 11 26l
(81  [santalzabeldo Qeste 415 T Y R Y 06 33 16
185  [Readera : 42 (X Y 0.0 09 45 43
147 [vinnound : 394 9.0 LY Y 09 a7 :
(48 [uamoenjeiras do Sul . 386 oo s8l 43 25| 12 47
-75 __ JSento Actonia do Sudueste ) 37.9 [y G 0.0 14 42 ¥
57 [vere I 'Y a0 o] [X: 15 56 2 zI
181 [Panalo 355 0.0 o.ol Y 19} 1% _ sof
Coroael Vivida 357 o 09 32 0$ 95 4.
4 gudos 6o 5ul N TY: 00 ool 11 54
Pato Branco 39 00 ool  ou [ 45 67
Mallet 344 04 13 14 66 S
.65 JCruzeiredolguaew - 340 a0 00{ Do 03 L4 0.7
Gaaraniscy ‘ 224} 0.0 00 LE| 03] 43 [X: |
irat R | o0 o ol 51 se] 9’"1
" {Frendisco Baliran EIE | so] 03 05 27 132 1.6
Nova Prats do Jgusce RETE 03 03] 03 15 37 29
Salgado Filba 297 [T oo 07 3.4
Vitoring 299 . 00 0.0 RY 04 ip EX
182 [fsaltodoboaws nE 0 01 0.0 22 ag o.sl
S0 Jorge do este 285 00 o4 o e 72 83
Reboucas B €0 03 03 53 4] 13
_ foais Viziahos 1% | 09 00 [X: 09 68 1
Rie And P | 00 eo] o3 74 81 K
192 |capitao Leonidas Margues 25.2] 2.0 0] 0o 03 EY] Y
172 [RocdaSeradoSat 53X | o 0. 0.0 0.2 %] Y
176 __[Pranchit n.sl _______ o0 0.0 0.0 | as] 33
158 [sa0 300 Y o0 [T Y Y 60] 47
160 |Saudade do Bguacu 11§ 0e 03 00 0 30 [
178 [Ampere e 196 [ Y 00 og| sl 17
167 Nova Loaranjoires _ 9.5 ae] ot 01 05 34 3]
| (ST (2% 19.4 0.0 0.0 ] s
Jror  [Boa Vistada Apaecids 192 0.0 0.0 0.0 12| 25 Y
Jres  Jcandai . 191 o] 43 34 1¢ 121 56
i-15  [Contenda | 18.7 0.0 2.0 IGI L
|Lss [Bom Sucesso da Sul 18l ne| 09 ) FLE I & Y
|42__ [evetandia L 1) BT 60 o 19 5.1 83|
1.9 a9 Miguel do 1guscy 17.3 1 Qe _ 19 6.3|
147 _ [Chepinvinhe 168 [T 22 ‘_‘“”I K| 123 8
158 JCatnduvas ' - u.-:J o E 12 o3 29 23
116 Quitndicha 14.0 0.0 00 3.4 sl
77 Jrithal de Sa0Bento 14 o 09 o] ey 06 X
110 __Jaraucana 133 £o 03 [ | 7.8 0.3
'uo: Foz da fguwy R 13.2 0] 03 | 10 32
191 |sMasneteiso 126 oo 10 11 24| 65 L
[27_ Jonez Machase [F3] 6o 09 1. 144 144
Jr2s_ [Amenic olinte 129 00 20f 37 37
Is_ft__ $a0 Jose dos Pinhals . g 00 [ 33 199
12 [Meodirinde 1 3| 0o 00] 23 64
(54 |Renascenca 12| 00 03] o] o] 35 sy
119 |RioNegra 1.6f .9 00 03 28 43 03
181 Faz¢nda Rie Grande : 09 00 0.0 0.1 s 04
16 [pinhas i 00} _ 13
13 Firaquars . 1.3 N 0e D S X
144 {Mangucirinh ¥ I 00 25 27 13 10| 74
1-85 Santa Tereza do Ocste 1.4 0§ 4.5 26 45
197 __|Tres Barvas 3o Parany 104 09| [ Y 18 83| 16
1166 |Sania Terezinha de halpu 102 00 o] 0.9 32
120 |Campa do Teneate 2.8 X 00 07 15 43| 03
126 |saoMsteus doSul 9.7 00| [ 00 [ 9.4 33
13t |Puda Freitas _%1 [T ao] o0 20 14 25
190__ [Cascarel 87 00 65 131 03] 93 18
] Curitiba ] 8¢ LY ____ 29
115 [BalaaNova o 83 090 [T 12 17
121 |Pono Amaoncs X 00 oL a5 04 18] e




“Table-6.3 (22} Current and Future Area of Non Tiltage Application (Iguagu Rivér Basin)

Qurrent 2018 .
. Beans Maize Soybean Eeans Maize ~ §  Soybean
BACIA Municipatity Soloss | (1000hay |- ¢t000ha) | {1000%2) | (1000hx | (¥300Ba) § (000Ta)
17 [Almdrarte Tunandare R I L 1| B Y|
136 |Bivruna 2.4 0.0 o 3.0 9.4
138 [inacio Marting - 29 oL LAY R | I | J—
135 [Oeversd Cameiro 74 ool  of] 14 wel
e lvems kX | 00 07 08 ot 6 05
13t FPaule Frootin I X Y T T Y e Y |
164 [Quedss dolguacu 14 05 55 3] 14 LY Y
161 |Ris Boriw do fguscy T 00 09 24 04 12 6.4
13 Pisgs 67 o] o 13 154 80 EA
11 Quatro Bamras 6.6 LY 0.4 05 07
140 [Pinhon €5 00 24 454 a0 B8 454
134 fPeco viwda . 62 oc oo [ 15
133 [Unizo da Viwna 62 00 [T 0% 21 4% 03
-3 [Tijoea do Sul 58] of [ 04 3.6
198 [Mediumeira R B 0.4 0.0 . Y I
148 framas 5.t Y L 125 14 125 125
1.34 Sace Jooo do Triunfe 4.9 0.0 1.0 04 1.8 49 0.4
14 | Canipina Grande do Sul ¢ 0.0 €0 oy oy
s focdombe | _eo) 6o [T 04 osf
139 [Cuzrapuana 33 0.0 544 517 54 314 617
152 [Madopols 24 LY 71 [ [ 21 ¢
123 Jedtmeina 24 0c 1| 3¢ 03 21 30
197 JMatdandia 22| [ 0.4 12 1.5
195 . [Ceu Azad 0.5] 0.1 0.1 09 L1
| Jrow | b3 1316 1923 i3] seos 319.1

Assumpton: 50 % implersentation of nob ll2ge la beans, maize and soybean field by the year of 2015
where the current application is less than 50 %
Source: adopted and edarged from EMATER (1594) for Curvest Not Till age Area
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6.1.2 Implementation Schedule

As current soil loss from the most of crop land in Iguagu river basin exceeds the threshold, 11
ton/ha-year, the implementation of soil conservation is urgently required. Thus, 100 %
implementation of terracing should be achieved by the year of 2005. Since the total crop arca
which is not conserved curtently is estimated 1,078 thousand ha, the implementation rate
would be 110 thousand ha per year if implemented evenly in the next ten years.

The priority of location where terracing will be implemented depends on the magnitude of the
cuirent soil loss. The larger the soil loss is, the higher the priority is. In table-6.5, the
priority of municipalily is shown with the area to be terraced.

Although the farm roads is not counted in the estimation of current and future soil loss, the
effect of farm roads on sediment yield is very large. Since farm roads in Parand are lefl
unpaved, bare soil surface, and water cannot infillrate into soil profile due to compacted
surface, farm roads generate the excess runoff during the rain.  Therefore their improvement
is essential to reduce sediment yield for the water environment at downstream.

Based on the information regarding micro river basins (Appendix-5), the average length of
farm roads was roughly estimated as 0.02 knvha, Assuming that farm roads in the currently
conserved area have been already improved, the improvement of farm roads is assumed to be
implemented with terracing. ' :

50 % implementation of non tillage is exj)ecled to be achieved by the year of 2015. Non
tillage is currently practiced in 325 thousand ha of beans, maize and soybean field. With the
Master plan, it would increase evenly in the next twenty years to 1,077 thousand ha.

The sclection of other soil conservation measures, such as agronomic mecasures and soil
management, is involved in the detail study al field to identify the local characteristics of
agticulture. Since this study does not consider their selection site by site, the implementation
of these neasures is assumed to be continuous in the next twenty years,

6.1.3 Cost

Main soil conservation measures which should be considered for the cost estimation are
terracing, improvement of farm roads and non tiltage. The costs of olher measures are
considered as small compared to ones of main measures. For the computation sake, the
assumptions made are: 1) Cost of terracing is 40 US$/ha., 2) Cost of improvement of farm
roads is 1,500 USS/km and average tength of farm roads per ha is 0.02 km., 3) Maintenance
costs of terraces and farm roads are 3 % of their construction costs., 4) The difference
between machinery costs for non tillage and for traditional tillage is 4,000 US$. Thus,
4,000 USS$ is the cost for application of non tillage and ils maintenance cost is negligible., 5)
Machinery for non-tillage lasts ten years., 6) One machinery for non tillage covers 200 ha, 7
The cost lor herbicide for non ulhge is not considered.

The result of cost estimation is shown in Table-6.6 with the implementation schedulé. The
total cost would be 144 million USS. :
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Table-6.5 Priority of Municipatity for Terracing (Iguau River Basin)
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Table-6.6 Cost and Implementation Schedule of Soil Conservation (iguagu River Basin)

sl .
Consecvation]  Armount 0 Cost . . o
Measures | becovered | (mitlion USS} %]stvs] 99,00 [ﬁ} 2}03 |oﬂoﬂos CAE G IR BIE EHE

Ferrace for

crop Land 10,781 km' 434

o provement e

of Farm Road | 21,550 ki 33y

Mairtenance

of Terrace

and Farm

Road - 3.0

MNen Tillage 7.520 len’| 35 5[E5

A groecmic bcerd o

Measures 30,300 k'] nok estimated 5

Soil

Managemest | 36,200 k"] bot estimated

5 Year . )
Fyogress Rate 1439 % 3% 13% - 13%
Since the determination of 2gronomic 25 and 508 management involves U detail study, it was aol estimated

6.1.4 Benefit

Paran Rural Program (SEAB, 1989) has estimated nutrient loss compensated by ferilizers
assuniing the average soil loss of 20 ton/ha-year and enrichment ratio of 1.0. Consequently,
the fertilizer applications of nitrogen and potassivm are 20 kg/ha and 2.3 kg/ha, respectively.
The cost of fertilizer is approximately 200 US$/ton for caicmm nitrate and 220 US$/ton for
potassium chloride.

The reduction of fertilizer application with the Master plan is considered as one of benefits.
Assuming (hat terraces and farm roads last 30 years with the proper maintenance, above rate
of nutrient Joss and cost of fertilizer were applied to estimate the beneﬁt by the year of 2025.

Table-6.7 shows the computation for saved money for fertilizer apphcanon For example, the
current soit loss from crop land in Santa Lucia is 137.3 tow/ha-year. Thcrcfore, the current
application rates of nitrogen and potassium are;

137.3 /20 x 20 kg/ha = 137.3 ke/ha for nitrogen
137.3/20 x 2.3 kg/ha = 15.8 kg/ha for polassium

Since area to be terraced in Santa Lucia is 4.6 thousand ha, the cost of fcmlazer apphcanon if -
the Master plan is not applied will be;

137.3 kg/ha /1000 x 46C0 ha x 200 US$fton = 126,000 USS for mlrogen
15.8 kg/ha /1600 x 4600 ha x 220 US$/ton = 16,000 US$ for potassium

Future soil loss with the Master plan is 4 ton/ha-year. ‘The fextilizer application at this rate
was computed by the same way. The difference of fertilizer costs between current and future
soil loss is considered as benefit. Annual benefit was computed in accordance with the
priority of municipality for Master plan, Table-6.5.

The result shows in table-6.8. The total cost would be 188 million US$, while the benefit
would be 272.5 miltion USS$, Although other benefits, such as the increase in crop
productivity, reduction of suspended sediment and so on, are not counted, there is a large
benefit with the implementation of the soil conservation. The result shows that the soil
conservation measures proposed (Master plan) are wor{h to be implemented in terms of cost
and benefit evatuation.

6-10



‘Table-6,7 Saved Money for Fertilizer Application (Iguagu River Basin)
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6.2 Tibagi River 'B'asin
6.2.1 Master Plan and Hs Effect

Considering the agricultural characteristics in Tibagi river basin, the soil conservation plan
was formulated as a Master plan shown in Table-6.9. Countermeasures to suppress soil
crosion are classified as essential and ideal. Since countermeasures proposed are general,
their application at ficld involves the detail examination of the local characteristics of
agriculture in order to select the appropriate countenneasuees.

Among dominant crops in Tibagi river basin, soybean and maize are currently cultivated 44.5
% and 39.3 % of the tolal crop area, respectively (refer to Appendix-3). The implementation
of soi! conservation for soybean is very high, more than 80 % of its area in the most of cases. .
One for maize vary from 100 % to 5 % of its area depending on the location; however, il is
generally well conserved. Compared to Iguagu river basin, soil conservation is well practiced
in Tibagi river basin resulting in the lower current soil loss.

Wnlh assumptions mentioned before, the effectiveness of the Master plan was examined with
the application of USLE in terms of implementation of terracing and non tillage. As shown in
Table-6.10, terrace is currently implemented 666 thousand ha of crop land in Tibagi river
basin and 334 thousand ha of crop land rentains without soil conservation. To achicve the
goal, this remained area has to be terraced.

As shown in Appendix-3, the productivity of beans, maize, soybean and wheat tends to
increase with non tillage. Therefore, non tillage is effective not only in suppression of soil
erosion but also improvement of crop productivity. The resent rescarches show  that
disadvantages of non tillage, such as higher herbicide costs and more complex weed control,
can be overcame soon. Considering these favorable conditions, 50 % implementation of non
tillage to applicable crop land is realistic. '

Appendix-3 shows that non tillage is currently applied to 7.3 % of beans arca, 23.1 % of
maize area, 41.1 % of soybean area and 37.3 % of wheat area. Since in Parand wheat is
usually a second crop after soybean or maize, wheat was excluded from the area compulation
of non tillage for the future soil estimation and considered to be included in the area of either
soybean or maize. As shown in Table-6.11, the area of non tillage application for beans,
maize and soybean will expand to 42, 205 and 286 thousand ha respeclively by the year of
2015.

The result of future soil loss estimation with assumptions is shown in Table-6.12 (refer to
Appendix-4 for the details of computation). The average soif loss in Iguagu river basin would
be reduced (o 2.4 ton/ha-year with the Master plan. Since no other measures than terracing
and non tillage are counted in the estimation, the result is underestimation. If the Master plan
was implemented fully, less soil loss than Table-6.12 would be expected.

Current soil loss from crop land ranges from 128 to/ha-year to 0.1 ton/ha-year, while future
soil toss from crop tand would be al range between 4.7 towha-year and 0.1 ton/ha-year. This
great reduction of soil loss would contribute to the improvement of water environment. Much
less soil loss results in the low water contamination by sediment and agrotoxic stuck to soil
particles.
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‘Table-6.9 Soil Conservation Plan (Master Plan) in ‘FTibagi River Basin

Crop ML [Essential lrdeal o _ .
1Y Measures Effect| TY ' Measures Effect
ail crop —~ | M [impgrovement of farm road - 2] M ldiversion ditches 2
field and M [drainage aloog road side 2| M {terrace chansels 2
Pasture A [properspacing of crops $&2 M lgrass wates ways 2
A lproper crop calendas | v&2| M lenergy dissipater at outlet of drainage 1
8§ [maiutenance of soit festitity 1 &2
A [propte plant selection ¥ &2
Soyhean I M lterracing with contowr cropping 2| M [contourstriperopping B
Wheat M [bufferstriperoppiag 2] A [oontillage : 1&2
Maize S Ttavoid excess operation of machiery i ; : -
|Bea.rLs S [lsvisoiling to stir bard pan of soil 2
S [proper plowing or barrowing 2|
A |mulching by crop mesidue t &2
A iseeding of winler grezo manure crops 1&2
Maize Il | M [terracing with contour cpoppisg 2] A |wvontiflage with animal ' 1&2
Beans M {baffer stips with stones 2 - E
M jbufferstiperopping ) 2
A lmulching by cop residue ) 1 &2
A [seeding of winter greea manure crops &2
M [contour striperopping 2
A |intercropping with greea manuge crops 2
M [stripcroppizg with spring & summer crop 1
Potaty 1 M |tesracing with contovr eropplpg 2
§ |proper plowing or borrowing 1
S laveid excess operation of machinesry 2
§ |seeding of winter greca manure cops 14&2
Cottoa 1 M (terracing with eontour cropping 2] M lcontourstriperopping . 2
Sugarcane M [buffer stiperopping 2| :
Cassava S laveid ¢xcess operation of machinery 2
§ lsubsoiling to stir hard pan of soil 2
S [proper plowing or barrowiog 2
8 [seeding of winter greea magure Crops 1&2
Cottén 11 M jterracing witk eonlour eropping ) 2| M |contour stripcropping 2
Sugarcane M [buffer stips with stones 2 : - C
Cassava M |bufferstripesopping 2
A [seeding of winter green manure crops 1&2
Coffee I M [terracing with contour eropglog 2| A [intensive plantiog 142
M |contour bunds | 2
A linterceopping with greea manure ciops 1&2
Pasture L& M| M [teiraciog 2] A jcroprotation ¥
M |water supply system fer cautle 1&Y A |perenaal forage - 2

Abbreviation: ML: Managemeat Leved, I: Meebanized Farming S)zlcm 11: Farmicg System with Man or Ammal Pouu
TY: Type of Measures, M: Mechanical Measures, At Agronomic Measuras §: Soil Management
I Effect on Rainsplash, 2: Renoff
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Table-6.10 Arca of Terrace to be Implemented (Tibagi River Basin)

Area of Terrace
Tetraced Curient Area of to bo
. Crop Areain| cropland Terraco In 1994 Implemented

No Municipalty 1994 (ha} fraction {1000ha) {1000ha)
T-22 |Apucarana 7,500 04714 35 49|
T-23 {Arapongas L 5400 1 0817 77 1.7
T-31 JAssai 35,300 0.570 207 15.5
T-21 iCalifornia 2500 0.228 06 19]
T-38 jCambe 8,300 0.828 X | 18
T8 ]Casfro 73900 0.900 66.5 1.4
T-28 [Congonhinhas 8,000 0.840 67 1.3]
7-33 [Comelo Procopio 16,600 0.435 L 7.2 9.4
T-16 [Curiurva 12,700 0.631 80 47
T-36 |Ibipora 18,600 0.909 169 1.7
T-5 [Imbituva 23,700 0.569 135 10.2
T-6 [Ipiranga 3,100 0523 16.3 M.SJ
T-4 [vati 7600 | 0343 286 5.0]
T-9 [ival 7,700 0272 24 55]
T-35 [dataizinho 1 10800 0.649 7.0 3s|
T-41 [Leopolis 5,600 0.964 54 o.2|
T-24 |Londrina 77,300 0.859 664 10.9|
T-20 [Marflandia do Sut 6,600 0.655 43 23
| 7-18 [Mauz da Seira 1,100 1.000 ] Y
T-32 [Nova America da Colina 8,900 0.680 61 28
1-29 [Nova Fatima 5,000 0721 36 1.4
T-25 [Nova Santa Barbara 10,100 0.762 7.7 24
T-15 [Orligueira 65,600 0.245 16.1 495
T-2 [Paimeira 55,300 0.761 424 132
1-12 [Pirai do Sul 22,000 06585 1655 69
¥-7 [Ponka Grossa 82,600 0.736 608 213'
T-1_[Poro Amazonas 2,000 0043 0.3 1.9
T-43 [Primeiro de Maio 9,600 0.5%0 "85 o.1l
T-40 [Rancho Alegre 15,100 1.000 15.4 00
T-10 [Reserva 24,600 0271 6.7 17.9)
T-37 |Rolandia 3,700 08566 32 05
T-26 [Santa Cecilia do Pavao 6,500 0,769 53 16
T-27 [Santo Antonio do Paraiso 10,900 0.901 98 i1
T-18 [Sao Jeronimo da Serra 60,100 0312 18.7 4.4
T-30 [Sao Sebastiao da Amoreira 16,100 og27 149 1.2
T-17 [Sapopema 22,000 0214 47 7.3
T-42 |Seraneja 15,300 0985 | 15.1 02
T-39 |Serlanopolis 29,600 0925 27.4 272
T-3 [Teixeira Soares 40,600 0.661 270 138
T-14 |Telemaco Borba 9,800 0.455 45! 53
T-11 |Tibagi 85,700 0.743 837 220
1-34 |Urai 18,100 o8t | 150 3.1
T-13 |Ventania 14,400 0.670 a7 47
Total={ 1,000,500 656.1 3344
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Table-6.11 Current and Future Area of Non Titlage Application (Tibagi River Basin)

Chirrent W15
: E Beans Maize Soybean Beans Maize Soybean
Jeacia Municipaliry Soitbess | (1000ha) | ©poonay | q000ba) | (1000ka) | €1o00bay F (000ba)
T-18 |5e0 Jarcmimo da Sera [°F | 0.0 00 or) 12 us 35
117 |sopepema 87 00 0.0 24 23 |
135 |rauizohe U7 0.4 03 22 30
-26  [Sante Cecitia do Pavao 3y 0.0 o0 03 ot 11 23]
Iz |ova Fatima WE 0] 03 04 ofl s 14
131 |assai 232 00| a0 0c 02 45 127
33 [Comstlio Provopio B5¥ 0.1 0. 0.5 $7
T34 | 150 0.0 00 258 35
Tis_ |omgudn 1) 09| 'Y L | X 13
-} Porte Amazonas 3 9] LY 04 02 06 04
41 [leopolis 154 I Y T P T | i
722 [Apwcarana B 155 eo] o3 03] ot 18 13
732 fNovs America ds Colina 154 00 ’ :__65 LY Y " 06 1.5
.35 Fova Santa Barbara wf T a3 0% ) 08 EE
710 [Reseva e o Y} X! Y 25 03]
N o 14 oc| o0 oo e 29 X
16 [Curivva_ 181 o] 0.0 18 3.6
t9  fva °Y: 00| T os 63 w6 2 03
721 [Calfornia 13 [ o0 o2 1o '
7.28  JCongethinhas 73 ool oo 0o 01 11 1]
736 [itipora "5t 0.0 0e 0.2 £3
127 |Suite Astonio do Paraisa [T 00 03 12 42
F.i9  |Mausda Sema 68 o0 oe] "6 03
T8 [Ampoogas 57 0.0 KE os] ¢ i3 2
139 |Sertamopotis 5 oy oc i N 13‘:‘
r3s 13 B Y
- s T o 13.9 200
ra 56 13 50| 56
15 S ' T as 11 L 494
T20  [Muikmdia dosd 12 o0 23 24 07 23 24
{37 prodmda At 02 [ 04 14
12 Jradmen 13 or i) 151 14 13 60
13 [feiners Soures 34 an 77 A T g2 I
113 [Ventania 4] o0 04 7.5 03 28 73]
T30 510 Sebatioo da Amoreua 33 a2 26 08 35
.5 [mbines 29 0l 14 13 29 57 IE
11 JFeana Grossa 15 03 134 274 19 182 213]
T1¢ 29| 05 148 s12 12 ZE 517
9 = 00 [} o' 05 43
740 [Reoonlege N3 0.0 0c 13 62
T8 [t Y Y S 3¢ 11 7% T
ra2 fsewage | ¢ ] ol - 17 [ 61
4 |Tclemace Boba I8 a0 CK: L L D X 'é’zl
Toial 60 e 152%{‘ : 41 8] 3650 365 9|

where the carent application isless than 0%
Source: adopted and el arged from EMATER (19543 for Caireot Non Till2ge Area
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Table-6.12 Soil Loss with Master Plan in 2015 (Tibagi River Basin)

Unit; tonhasyear

. Arca 2015

No.  [Municipality (km?2) [ Forest |20dVeg.| Rel Pasture | Crop | Average
T-001 |Pordo Amazonas 338 3.1 14 0.9 6.6
T-002 |Palmeira 12274 02 3.1 1.0 27 0.6 18
T-003 Teix_eiraSoa‘res 1303.5 0.0 0.7 0.2 23 0.7 06
T-004 Traty 1396 0.2 48 1.7 03 21
T-005 [imbituva 8.3 0.2 1.5 0.3 24 03 08
T-006 |Ipiranga 932 o1 Ll 1.5 23 0.5 10
T-007 [Ponta Grossa 1870.8 0.2 1.5 11 2.1 04 112
T-008 [Castro 22184 0.2 39 1.7 19 03] 2.0
T-00% |[vai 2122 0.2 32 24 03 20
T-010 |Reserva 5559 0.1 6.1 14 4.1 04 2.5
T-011 |Tibagi 2926.6 62 3 2.0 43 0.2 13
T-012 |Pirai do Sul 965.2 0.2 43 2.1 2.4 0.7 15
T-013 |Ventania 380.1 0.2 4.5 0 4.5 02 13
T-014 |Telemaco Borba 16253 31 05 103 03 09
T-015 jOrtigueira 1588.5 -0.2 53 I8 163 0.7 C 50
T-016 [Curiuva - 3618 0.1 08 03 36 09 12
T-017 }Sapopema : 5319 0.2 53 12.5 18 51
T-018 {830 Jeronimo da Serra 8513 0.2 35 7.9 34 44
T-019 {Mava da Sera 43 02 69 159 0.1 6.6
T-020 |Manlandia do Sul i52.2 03 40 94 03 23
T-021 |Califomia 912 03 25 6.1 04 LS
T-022 |Apucarana 182.2 To2 1t 7% 1.0 22
T-023 |Arapongas “191.9 0.1 23 78 09 L5
T-024 |Londrina 2095.6 0.2 4.1 58 0.7 18
T-025 |Nova Santa Barbara 1122 25 £0 12 1.6
T-026 18anta Cecilia do Pavao 68.5 2.0 2.0
T-027 1Santo Antonio do Paraiso 1519 02 50 76 0.9 2.7
T-028 {Congonhinhas 104.6 ' 56 7.4 0% 23
T-029 [Nova Fatima &85 6.5 20 24 8.9
T-030 {Sao Sebastiae da Amoreka 2174 02 2.0 51 0.7 1.5
T-031 |Assal 450.5 03 78 9.4 0.9 12
T-032 |Nova-America da Colina 1333 7.0 216 0.7 65
T-033 |Cornelio Procopio 336.7 02 €6 178 08 74
T-034 |Urai 209.6 03 18 26.0 13 5.2
T-035 |Iataizinho 1591 03 15 26.0 1.6 112
T-036 |Ibipora 2954 6.2 5.7 L1 18
T-037 JRolandia 574 1.5 0.9 11
T-038 |Cambe 143.5 0.0 18 0.7 L1
T-039 [Sertanopolis 4789 03 $8 35 1.0 26
T-040 |Rancho Alegre 187.4 7.5 13 L3
T-041 |Leopolis 689 03 .8 260 47 73
T-042 |Sertancja 2267 0.1 L7 09 09
- |T-043 | Primeiro de Maio 1428 41 1.0 17
Total 25051 : Average 24

Area: = Tolal Area of Municipality - Area of Others in Lénduse_Classiﬁcaﬁon
2nd Veg: Secondary Vegetation, Rel'; Refoceslation '
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6.2.2 Impiementation Schedule

Croli tand where the current soil loss exceeds the threshold, 11 ton/ha-year, requires the
urgent implementation of soil conscrvation. Thus, 100 % implementation of teiracing should
be achieved by the year of 2005. Since the total crop arca which is not conserved currently is
estimated 330 thousand ha, the implementation rate would be 40 thousand ha per year if
implemented evenly in the next ten years,

The priority of location where terracing will be implemented depends on th:e magnitude of the
current soil loss. The larger the soil loss is, the higher the priority is. In table-6.13, the
priorily of municipality is shown with the area to be terraced.

“Although the farm roads is not counted in the estimation of current and future soil loss, the
effect of farm roads on sediment yield is very large. Since farm roads in Parand are left
unpaved, bare soil surface, and waler cannot infiltrate into soil profile duc to compacted
surface, farm roads generate the excess runoff during the rain. Therefore their improvement
is essential to reduce sediment yield for the water cnvnronmcnl at downstream,

Based on the information regarding micro river basins {(Appendix-5), the average length of
farm roads was roughly estimated as 0.02 kmvha. Assuming that farm roads in the currently
conserved arca have been alrcady improved, the improvement of farm roads is asstmed to be
implemented with terracing.

50 % implementation of non tillage is expected to be achieved by the year of 2015. Non
tillage is curvently practiced in 280 thousand ha of beans, maize and soybean field. With the
Master plan, it would increase evenly in the next twenty years to 532 thousand ha,

The sclection of other soil conservalion measures, such as agronomic measures and soil
management, is involved in the detail study at field to identify the local characteristics of
agriculture, Since this study does not consider their seleclion site by site, the 1mplemenlat|0n
of these measures is assumed to be continuous in the next twenty years.

6.2.3 Cost

Main soil conservation measures which should be considered for the cost estimation arc
terracing, improvement of farm roads and non tillage.  The costs of other measures are
considered as small compared (o ones of main measures. For the computation sake, the
asstnplions made are: 1) Cost of terracing is 40 US$/ha., 2) Cost of improvement of farm
roads is 1,500 USS/km and average length of farm roads per ha is 0.02 km., 3) Maintenance
costs of terraces and farm roads are 3 % of their construction costs., 4) The difference
between machinery costs for non tillage and for traditional tillage is 4,000 USS. Thus,
4,000 USS$ is the cosl for application of non tillage and its maintepance cost is negligible., 5)
Machinery for non-tillage lasts len years., 6) One machinery for non tiltage covers 200 ha., 7)
The cost for herbicide for non tillage is not considered.

The result of cost estimation is shown in Table-6.14 with the melementahon schedule. The
total cost would be 53 million USS.
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Table-6.13 Priority of Municipality for Terracing (Tibagi River Basin)

Terrace {1,000 ha)
Soil Loss from|
: Municipatity | Arza to be

No © Municipatity {tervhayaar) | Terraced | 1696 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
T-18 :5a¢ Jeronimo da Serra 928 414 40001 140 N
T-17 {Sapopema 57 | w3 | B '
135 [Jslawinhe 342 38 | | asb

T-26 [Santa Cecilia do Pavao 321 16 | e -

T-25 |Nova Fatima 298 14 1.40 ]
T3 [Assal 82 | 156 | 1450 1.10 .
T-33 |Cornelio Piocopio 258 9.4 240

134 |Ural - 250 31 30|

T-15 [Ortiguelia 241 435 2640 23.10

“T-1 |Porto Amazonas 234 19 190 1

T-41 |Leopolis 16.4 02 020

T-22 [Apucarana T Tss T 40 | T T Taw j

T-32 |Nova America da Ccelina 15.4 28 2480 _
T-25 [Nova Sanla Barbara 14.1 24 2.40

T-10 [Reserva 1.8 17.9 560 | 1230 L
T-4 [Iray 1.4 5.0 00 o
T-16 [Curivva 0.1 47 | 470

T8 [ivai 86 56 5601

T-21 |Califorria - 83 1.9 R LB

T-28 1Congonhinhas 79 1.3 | 180 e
T35{lbipora . 53 i 1.70

T-27 1Sanlo Antonio do Paralso - 63 11 1.10

T-18 |Maua da Sema ) (1]

T-23 |Arapongas s7 | w7 | 570 R
T-39 [Sertanopolis _ 57 .22 22

T-33 [Cambe 53 16 16 | [
T-24 |Londrina 47 109 09 | 10.00

T-12 [Pirat do Sul 471 | 85 | 1690

1.6 [Ipiranga 46 148 14.60

T-20 [Marilandia do Sul 42 23 230 | N
T-37 |Rolandia 41 05 050 1

1-2 |Paimelra 37 132 550 | 770 |

T-3 |Teixelra Soares 34 13.8 1360

3-13 [Vertania 34 4.7 R - ].470

T-30 [Sao Sebastao da Amoreira 33 12 o . 120 |

T-5 [imbituva 29 102 - 1020

_T-7 [Porta Grossa 29 218 L | 240 | 15.40

T-11 {Tibagt 28 20 | | 2060 1.40
T-43 IPrimeire do Malo 2.7 [+R ] 0.10
T-40 |Rancho Alegre 2.4 Y - _ .,:;
18 [Cestro, 2z | 1e 1 - | 740
 1-42 [Serlancja 19 02 | 820
T-14 |Tefemaco Borba 18 53 530
. : Tolai=| 334.4 [ 40.00 | 40.00 | 40.00 | 40.00 | 40.00 | 40.00 | 40.00 | 40.00 | 14.40
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Table-6.14 COsf and Implementation Schedule of Soil Conservation (Tibagi River Basin)

Sol
Coteervation| Amawrd o Cost 19905 W0 - :
Measures | be covered | (million US$) [$5] 97793 §9{00]o1 [od [63 ]oa fos 06 Tor [og Joo ol 1 [ 2] 3] 14] 15
Terrace for 1
crop Land 33 ko’ 1345 T S 1
lmprovemera —
of Farn Road 6,650 km 10 =y
Maintenarce
of Terace
and Farm
Road — 107
Moo Tadllage 2.530km! 1§, 7[R
Agronomic ;
Measiues 14200 kny' | pot estimated Pghesss
Masagemerd £4.300km’ | not estimate] [LepeiapsapesrasEpal i usspe arrge
5 Year
Frogress Rate 528 30% 6% . 12% 2%

Since the deterini nation of 2gronomic measares and sof management invaives the detal stady, it was nol Estimated.

6.2.4 Benefit

The reduction of fertilizer application with the Master b!an is considered as one of benefits.
Assuming that terraces and farm roads last 30 years with the proper maintenance, the benefit
by the year of 2025 was estimated in the same manner as Iguagu river basin.

Table-0.15 shows the computation for saved mongy for fertilizer appl_ication. The difference
of fertilizer costs between current and future soil loss is considered as benefit. Annual benefit
was computed in accordance with the priority of municipality for Master plan, Table-6.13.

The result shows in Table-6.16. The total cost would be 70.4 million US$, while the benefit
would be 76.6 million USS. Although other benefits, such as the increase. in érop
produclivity, reduction of suspended sediment and so on, are not counted, there is a benelit
with the implementation of the soil conservation. The result shows that the soil conservation
measures proposed {Master plan) are worlh to be implemented. '

Literature Cited

I. SEAB. (1989). Programn de Desenvolvimento Rural do Parana. (Paran4 rural development
program). Curitiba.
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Table-6.15 Saved Money for Fertilizer Application (Tibagi River Basin)

Linfl of Soit Los5: tonha year

S0l Loss
Areatobe]d fom Crop [N apphication| K agpfication| Sof Loss [ M apebeation] X apphication
and cost cost afer cost cost N 8anefit ¥ Banehl
No Municipaily (10000055 | (30000U1S8) | Tenacing | {10CO0USS) | {FO000USS) 1 (10000US4)] (10000USS: Do000USS)
7-38 [ Sa0 Jeronimo da Serra W o 0ne 3.4 FX ] 04 W32 13.0
T-97 | Sapoperea 330 540 18 06 01 K-S 49
F-35 |Jataizinho 3t 04 16 <3} 09 30 0.4
T-26 }Santa Cecilia do Pavas 10 0.1 201 - 0 09 09 0.4
T-29 |[Nova Fatuna 19 (1A ] 24 0 ¢0 09 0.1
T-31 [Assai 5o 1.3 09 03 00 47 13
T-33 | Cormalio Piocopio o 09 Q8 0.2 o 68 a9
7-34 |Urad 16 02 23 01 (1] 15 [+ ¥]
T-45 |Otiqueica 45.4 59 07 - 07 i3] 457 1)
T-1 [Porlo Amazonas 1.7 o2 9s8) . 00 (] 1 02
Y41 :Leopsis 0.1 00 47 a0 00 01 00
T-22 {Apiscarana 27 03 1.0 a1 o0 26 03
T.32 [Nova Amenca da Colina 08 a1 01 . 08 o0 0g <3}
T-25 [Nova Sanla Barbara ar 041 12 01 o 06 01
T-10 | Reserva rr 19 od 01 a0 7.6 1.0
T4 |kab 37 o2 ¢3 ae on 7 02
T-16 | Cutva 25 K] 09 (3] 90 24 03
1-9 vl _ j: 2.4 a3 03 09 a0 21 &3
T-21 { Calfornia 3 273 0 o 0.4 00 90 10 3]
T1-28 § Coogonhinhas . A az 02 090 08 00 a0 02 00
T-36 | Iipcea R EA| G2 a0 +1 00 40 02 00
T-27 | Santo Anlonia do Faraiso DR 67 [3 ] o0 09 [131] G0 0.1 0b
1-18 | Maua da Seira 0o 01 00 a0 (3] o0 0.0 049 00
1-23 | Arapongas 7 95 03 L] 0.9 [+X)] 00 03 oe
1-33 | Sartanopalls 2 57 03 0.0 14| LX1] 00 03 to
T1-39 [Cambe 4 T1 o2 L] 0.7 ()] 00 02 90
T-24 {Londrina k] 57 2 02 0.7 o2 09 10 L s
T-12 |Pwal do Sul £ 00 14 02 o7l ¢ o0 00 13 02
T4 [Ipiranga 14 1.3 33 [X] 0.5 01 04Q 32 04
T-20 | Wadandia do S I 435 [ 04 03 a0 co a2 90
1-37 | Rtandia A 55 ] [<X4] %] o0 [ ] 01 a0
T2 |Patmeira 1 49 13 62 Q6 02 00 11 0z
T-3 | Teixeira Soares 138 94 26 03 o7 02 go 24 03
T-11 jVenlania 417 31 03 o0 o2 a0 o0 03 0.0
T-30 }5a0 Sebastias da Amoreira 12 3 21 LT ] 07 Q0 &80 a.t 09
15 limbinova 1az2] 12 15 02 a3 01 00 e 0.2
17 |Ponta Grossa FEE) B P 18 02 04 02 00 15 02
T4 | Tibage 21 B 09 01 oz o1 00 08 [X]
T-43 |Primeio da Malo 01 22 b 0o 10 <o 00 0c 09
T-40 |Rancha Alegre of| 2« 90 00 13 a0 00 00 00
T4 [Casto 7 1.1 02 ao 03 40 0o 02 0.0
T42 [Sevtansia . D 19 L1 T 03 a0 o0 09 [T
T-14 |Velemaco Borba. 5.3 118 1.5 02 03 93 0.0 15 0.2
Total = 3]

N: Nitrogesn, Kz Potassium
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CHAPTER 7 STUDY OBJECTIVES AND METHODOLOGY FOR FOREST
7.1 Study Objectives

The study consists of two phases, one for the Strategy conceming the whole Parana state and
another for the Master plan concering the selected pilot river basins. The following objective
are common to both phases.

I) to examine the necessity of preservation of natural forest and afforestation

2) to propose a plan for preservation of natural forest and afforestation

7.2 Methodology

With the following sequence, the study was conducted. For both Strategy and Master plan
studies, the methodology is basically same. '

1) identification of location and area of existing natural forest and afforestation

2) identification of factors inducing deforestation in the past

3) study of afforestation projects

4) examination of the necessity of afforestation

5) examination of the necessily of preservation of natural forest

6) proposal of plans for afforestation and preservation of natural forest

7) rough cost estimation (Master plan study only)
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CHAPTER 8 STRATEGY FOR FOREST
8.1 Deforestation

Native species in Parand vary with location. The followings are considered as the niain
species in terms of the use, such as agroforestry, fuel wood and timber.

Scientific name Local name
Araucaria angustifolia Araucaria
Itex paraguariensis Erva mate
Mimosa scabrella ' Bracatinga

According to Maack (1968) and IBDF (1980), natural forest covered 84.8 % of Parani state
in 1890 and declined to 10.1 % in 1980 as shown in Figure-8.1. At the beginning of the
century, the degradation of nalural forest was due to the timber industries. From 1920's, the
agriculture had spread rapidly in the state inducing the sharp decline of the natural forest area.
Deforestation had expanded from the first platean to the third plateau as the progress of
immigrants,

100 _Agricelural Land | Natueal Foresl
Yearyp Area Arcal Area Area
i - . - [ 000k | (%) | 11000km3 | (%)
80 15820 : 167.8 248
R e R R e 1930 1230 | 652
— & smnenm s gricultorat | 4 1937 1180 | 596
g 60 Land 1940] 625 36
q 30 MCASERRSNT 41t 1950 803 40.6 798 403
54 Forest 1960] 138 | 575
10 SRE— T 481 243
20 1970 14563 739
: 1975 156.3 79.0
10§ 1930 1633 828 200 10.1
Q = i A ; 1985 167.0 84.4

VB9 1930 1927 1240 1950 1950 1965 12701575 1950 1935
Year

L e

Source ; Agricultural Land §940-1985 ; Agricultural and Livestock Census{i985) IBGE
Natural Forest 1890-1965 ; Maack{i1963), Natucal Forest 1930 ; IBDF

Figure-8.1 Expansion of Deforestation and Agricultural Land

The forest area in 1990 is available from SANEPAR as a result of GIS computation based on
the satellite imagery analysis conducted by TAP (1990 and 1994). Natural forest occupied
only 9.0 % of the state and reforestation covers 3.2 % in 1990, equivalent to approximately
17,800 km? and 6,300 km? respectively. The forest and reforestation coverage of each river
basin, and the location of natural forest and reforestation as of 1990 are shown in Figure-8.2.

As shown in Figure-8.2, natwral forest is mainly conserved in Litoranea and Iguagu river
basin; while afforestation is practiced in Cinzas, Itarare, Ribeira and Tibagi river basins.
According to Milano (1990), the forest area conserved by the federal government in tecms of
parks and preservation arca was approximately 5,000 km? and one by the state was 1,000
km2. The federal one consists of Iguagii national park, Guaraguecaba préservation area and
so on, indicated as natural forest in Figure-8.2,
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Scale 1: 2,500,000

Source: GIS Computation by SANEPAR (1994)
Land Use Map by JAP (1990)

" Figure-8.2 Existence of Natural Forest and Afforestation

g-2







.8.2 Afforestatton

Until 1987, the federal govemment assisted to promote afforestation in terms of loan;
however, it has ccased for a long time. Afforestation during the federal government
assistance, 1966 to 1987, has been registered at IBAMA. The total area of afforestation
during this period is summanzed in Table-8.1 with EMATER division (Figure-2.4). The
total arca of afforestation means the area replanted, and areas felled are not counted. Ponta
Grossa, Curitiba and Paranagua regions were more benefited by the government assistance
compared 10 other region and the result is obvious in Figure-8.2 as reforestation.

The total area and areas of main species afforested in the last 20 years is summarized annually
in Table-8.2. The area of afforestation means the area replanted in a specific year, and the
existence of afforested area in previous years and areas felled are not counted. Main species
for afforestation are pinus, aracucaria and eucalyptus for the commercial use, such as timber,
paper mill and so on. The effect of the government assistance is apparent in Table-8.2. Since
1988, the total arca afforested has declined rapidly.

DAGRI/SEAB has conducted curently an afforestation program, Program for Integrated
Forest Development. The objectives are to motivate the implementalion of afforestation
aiming at preservation and production of forest in terms of loan, 50 % of the cost at
maximum. The program has focused on supporting municipalities and regional associations.
Since the program has started in January, 1994, its effect on the environment and rural
economy is not assessed yel. :

Since 1991, TAP has conducled the project of conservation and recuperation of riverian
vegetation along rivers for the public water supply (Projeto Agua Limpa) in association with
SANEPAR, city hall, and relative institutions. As of 1994, the implementation reached the
plantmg of 2 million native forest seedlmgs to cover the riverian vegetation of 1,300 km of
river length (Carmo, i994).

Table-8.]1 Total _Afforeslalibn Registered at IBAMA (1966 - 1987)

: wnit: km2
EMATER :

No. Municipality Total Area
EM-17- Apocarana : 28.07
EM-13 ] Campo Moorad 718
EM-I0 Cascanel 163.26,
EM-19 Comelio Procopio 33491
EM:2. 3 | Curiiiba 331208
EM-% Frarcisco Belao 2855
EM-7 ; Guarapuava 87164
EM-5 Mrati 274.51
EM-14, | vaipora . 14513
EM-20 Jacasezinho 13431
EM-13 Lopdringa - - 118}
EM-15 Maringa : 0565
£ Parznagus 1,400.03
£M-15 Paranzvai 5.86:
M8 Peto Brango 23045
£:-4 Fonla Grégsa 3,068.01
EM-11 Toledo . . 56
EM-12 Umuarama ’ 15.28]
£M.-§ Undao da Viteria 415.63)

Source: 1BDF, IBAMA. -
Curioba seglon includes Lapa repion.
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: 8.3 Effect loi_' Deforestation and Nbcessity of Afforestation

Deforestation decreases surface cover of land and increases rainfall impact to the surface
sinmltaneously. Afterward, evapotranspiration decreases due to less biomass activilics and
soil erosion increases duc to less sutface cover. As a conseguence, increase in surface runoff
induces flood, while increase in sediment yield degrades water quality in downstream. These
effects of deforestation on the water environment are summarized schematically in Figure-
8.3. -

If the whole land were covered by forest, there would be no problem associated with soil
erosion as long as the normal erosion, one caused by nature, is considered as permissible
level. The accelerated erosion, one caused by human activities, has been induced primarily
by deforestation. Successively, it has been enlarged by improper land use. Therefore, soil
erosmn coincides with deforcstallon

Felling Trees

Decrease in surface cover I )

I Reduction of evapotranspiration I

Severe soil erosion .(_.._.__I Increase in surface nmo!f_]

I Degradation of soil properties J Fnc rease in sedimem]

- , §r
w crop productivily Flood )

Figure-8.3 Effccts of Deforestation

Inceease in rainfall impact
on soil surface

Proper management of forest contributes to sustainable level of production of timber,
preservation of environment, erosion control, naintenance of soil fertility and so on. On the
other hand, regional development plans, such as expansion of agriculture land, often have
negative effect on forest.  Since both sides are crucial for the society, the most difficult part
regarding environmental issues is the detemnnauon of a boundary between preservation and
development.

Considering the great reduction in forest area, it is not possible to go back 19 century when
the forest area covered 84.8 % of Parana state; however, afforestation is essential to improve
the water environment and is a part of the river basin management. Benefits of afforestation
consist of direct and indiréct ones. The former is an income from timber production, wood as
fuel and perennial crops. The latter is the conservation of the water environment, such as
erosion control, flood control, improvement of water quality in a river basin and so on,

8.4  Strategy .
8.4.1 _Sf'rategy of Forest for Paran4 Staté

~ Future afforestation in Parani consists of preservation of natural forest, conservation of water
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cnvironment and commercial use to generate income. Strategy of forest aiming at the year of
2015 is described abject by object in the following section and the recommended species and
sites are sammarized in Table-8.3. EMBRAPA (1985) divided the state in 7 bio-climatic
regions (Figure-8.4) with the recommendations of native and exotic forest species (Table-
8.4). The detail selection of species should refer to the result of EMBRAPA {1985).

Considering the cutrent conditions, the arca expansion of forest for conservation and
preservation purposes is expected to be gradual. Therefore, afforestation should be promoted
by means of commercial afforestation. '

Table-8.3 Recommended Species and Sites

Direct | Todirect
Purpose Benefit ] Benefit |Site Recommended Recommended Species

Preservation of No Yes | 1) Curreat preservation area Netive forest, Wild Fruits
oatusal forest

2) Promotion of picservation area 1o
protect ecosystem, landscape and

50 00
Cooservation of No Yes The area stipulated by law, such {Native Forest, Wild Fruits,
water as along rivers Or any water Asaucaria, Bracatioga
eavironment courses, steep land, efc.
Agroforestry Yes Yes Farm land Bracatioga, Mate
Enecgy Yes Yes The fand whose slope steepaess |Bracatinga, Eucalyptus

. is fess than 25 degree.

Comimnercial vse Yes Yes | 1) Brush fields Eucalypius, Araucaria, Pine
for timber &

papet
2) The land not suitable for both
<rop and pasture cultivation

Direct Beoefil: to generate income
Indirect Benefit: to conserve the water environmeat

(1) Preservation of Natural Forest

Currently preserved area must not be exploited as laws control. There are several plans to
establish new preservation lands as federal and state parks; however, their areas are limited.
Therefore, the area of preservation will not increase much by the year of 2015.

(2) Afforestation for Conservation of Water Environment

Afforestation for conscrvation contributes preservation of native flora and fauna, erosion
control, stabilization of hydrologic cycle and so on. Forest Code ( Law 4771/65) defines the
arcas where afforestation should be implemented for conscrvation and where the natural
vegetation should be preserved permanently as shown in Table-8.5. o

The recommended species for this purpose are the native ones because the exotic species
often alter the ccosystem. Since this kind of afforestation is not directly profitable, the
implemcentation requires persuasion of the public, legal enforcement and government subsidy.

(3) Aftorestation for Dircct Benefits

Since income is generated through this afforestation, tand with no aptness for agriculture and
pasture should be converted to forest.  Agroforestry and afforestation for fuel will continue;,
however, their expansion will be limited even in future. Thercfore, afforestation for paper
and timber industry will be dominant, ' '
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Table-8.4 Exotic and Native Forest Species Recommended

a; commarcial planting

- b, Yal planking
Exlonl; Spacies Bio-Llimatic Region

Seientife Name Lecal Name 1 2 3 4 $ 6 7
Pinus carfbaea var, behamensis b 2 a a [ a
Pinus caribaea var, ¢arbaed » El 2
Pirus carbaea var. handurensis b a a a
Pinus eiliotii var. densa a a &
Pinus efficlli var. elfiott} 8 a
Pinus phcarpa b 2 a a e
Pinws pat'a b b
Pinus teeda L] ] 2
Eucalyphus camaidironsis a 8
Evcatyphus "cambilu”™ (hibeido) 8 a b
Evcalyphus citriodora b b a3 a [
Eucalyplus desnel 2 b b b
Eucahyptug dunnil ] a b b b
Evcatyphus grandis a a a a 2
Eucalyplus robusta b b a 8 3
Eucalyplus safigna a a a a
Eucalyplus lereticornis 2 2
Eucaluplus uophylia b S a b
Euvcalyphos viminalis & a
Acacia longifolia a a a a 2 a
Acacia mearisi b b &
Agathis iobusla ) b b b b
Alnus glukinosa b b
Casvanina gguiseiifoia @ a a a a ) a
Cryplomeria laponica b b
Gurninghamia lanceciala b b
Cupressus lusitanica ] a
G;evilm robusta b b a a b a b
Hovenia dutcls (Uva do Japen) -} b a a 3 a b
Leucasna leveocaphata b b b b b
Mgiia azedarach var, sempervirens (Cinamomo) b b b b b
M. azedarach var. pofmum ou "sombrinta® . 2 2 . a a 3 a a
Paulownia sp. (Kirl-hibrido) a ] 2 a
Paulownia tomentosa b
Texodium distcum b

Netive Spaties Bio-tlimatic Region

Scientihc Name Lotal Name -1 2 3 4 5 | 6 7
Araucania angustifofia Azzucaria ’ a a a
Bzliowrodendron fedefianem  |[Pau mardfim b b b
Cabralea glaberima Canjarana b b b b b
Catopgylivm brasiliensa Guznandi b -3 o
Cariniana estreliensis Eslopelra, Jeguitiva b b b b
Centrolodium tomenlosum Assriba-vermelho b b 5 -] b
Colutvina glandutosa Sotrasil . b -]
Coirdfia Fricholoma Lowo pardo b b b -] -]
Entesgicbium conlortisifiguum | Timbauve b b 3 b b
Evlerpe edulis Palme b b b -] b
liex paraguariensis Erva-mzle ] a a b -3
Mimosa bimutronala Marica b b
Mimosa foculosa Sracatingade-campo-mourad | b b b b
Mimosa scabrella Bracalinga a b
Ocotea pretivsa Canela sassafras -] b b b
Parapipladenia rigida Gurucaia b b b b
Peltophorum dublum Canafistula b ]
Pipladecia goncacantha Payjacare b s | » b
Pipladenia macsogarpa Angico vermelte b b b b &
Tabebwia tassinaides Caxela
Talpuma ovala |Baguacuy b b - b

Source: EMBRAPA (1985)




Table-8.5 Afforestation and Preservation Controlled by Law

T COURIeITe aSaTCs ' Target Area Law
Afforestation ng aptness for agniculture or fivestock Forest Code (Eaw 4771765) |-
Permancat Preservation arounf! tagoons, lakes, natural or artificial Forest Code (Law 4771765)

. |reservoirs : .
in springs Forest Code (Law 4771/65)

on the top of hills, mountains and mountain ranges | Forest Code (Law 4771/65)

on a slope with steepness greater than 100 % Forest Code (Law 4771765)
[on esivaries Foresi Code (Law 4771/63)
on the edges of platcaus Forest Code {Law 4771/65)

natural or arificial praisic and natural forests with ' ey
altitude higher than 1800 m Forest Code (Law 4771/65)

along river of any water courses with a certain :
margin strip depending on the width of a river or Law 7511/86
WaleF Course

Prohibition of Clear Felting |areas with steepress greater than 46 % Forest Code {Law 4771/63)

8.4.2 Future Forest Area with Stratcgjr

Future forest area was estimated in accordance with the above Strategy. Afforestation for
conservation and prescrvation was not considered because increase in their area will be
limited. . Therefore, only commercial afforestation for timber and paper industry was
considered to estimate the future forest area.

Commercial afforestation should be implemented in where land is not suitable for agriculture
and pasture. Brazil Ministty of Agriculiure (1981) c¢valuated land in Parand in terms of
agriculture aplness and drew an agriculture aptness map. According to the map, there are
approximately 886,000 ha of the land in Parand suitable for afforestation but not for
agriculture. The land use map in 1990 characterizes the current use of these areas as the
combination of crop, pasture, forest and sccondary vegetation. As a result of land evaluation
by Ministry of Agriculture, productivity of crop or pasture in these areas is very low.
Therefore, these areas should be shifted to forest for commercial use so as to generale more
income.

Table-8.6 Fulure Projection of Foresl Area

Kind of Forest | Year 1994 2015
2 arca ralio to . 2 area fatio to
Area tkor’) whole state (%) Area k) whole state (%)
Natural Forest 10260 5 10200 5.
Afforestation 3060 2.5 13860 6.9
Tota]l 15200 7.6 24060 12.0

Source;  SANEPAR GIS Computation for 1994

If afforestation of 886,000 ha were implemented eveanly in the next twenty years, the area of
afforestation for each year would be 44,300 ha. During 1974 to 1985, when there was the
government subsidy, the average annual arca for afforestation is 43,000 ha. Further, the
largest area afforested during that period is 93,000 ha. These figures verily that annual
afforestation of 44,300 ha is feasible.



Litcrature Cited

Carmo, D.P. (1994). “Preservanon and restoration surr oundmg forests of public in state
of Parand. ” Trabalhos Voluntﬁrios Geral 4. 509-513. _

DAGRL (1994). Programa de descnvolvimento florestal 1ntcgrado {(Integrated Program
for Forest Development). Parand.

EMBRAPA. (1985). Zoneamento ecoldgico para plantios floretais no Estado do
Parand., Brazil, 89 pp. R :

IBGE. (1985). Censo agropecuério nimero 22-Parand., Rio de Janeiro., 3 pp.

Maack, R. (1968). Geografia fisica do Estado do'Paranﬁ., Curitiba.,, CCDEPAR, 350
PP, :

Milano, M.S. (1990). Politicas de unidades de conscrvagio no Estado do Paranduma
analise de resultados e consequéncias (Pohcacs of conservation units in Parana state: an
analysis of results and conscquences). Sunpésm sobré conscrvagdo ambiental e
desenvolvimento florestal do Cone Sul (lst symposinm on Environmental Conscrvation
~ and Forest Development of the Somhcm Region). Foz do {guag. Parana 152-159

Ministry of Agriculture. (1981). Aptidao agrlcola das tcn‘as do Parann (Agncullural land
aptitude of Parand). Brazil




CHAPTER 9 MASTER PLAN OF FOREST IN PILOT RIVER BASINS

Since Iguagu and Tibagi river basins were selected as pilot river basins, the following study
was conducted only for Iguagu and Tibagi river basins. Afier identification of forest area,
Master plans of forest for both river basins were formulated. Finally, cost of the Master
plan was estimated assuming that the implemeatation of afforestation will be evenly in the
next iwenty years, The Master plans for both river basins are basically same and difference
is only area to be afforested.

9.1 Existing Forest in Igueacu and Tibagi River Basins

As shown in Table-9.1, the natural forest and reforestation in Ignagu river basin cover 14.3
% (7,900 km?®) and 1.7 % (900 km?) of its area, respectively. The total area of natural forest
in the sate is approximately 17,800 km” and 44.4 % of them belongs to Iguagu river basin.
The natural forest is well preserved in Iguagu river basin compared to other river basing and
it is mainly achieved by means of parks and indigenous preserves of state and federal as
shown in Figure-92.1, In contrast to the preservation of natural forest, the implementation of
reforestation is low.

Table-9.1 Forest and Reforestation Cover in Parani

River Basin Landuse (%)
Area (km') Foiest  |Reforestation
State 197882.0 9.0 3.2
Cinzas 9290.7 2.9 6.2
{guacu 55318.0 14.3 1.7
ltarare 5197.7 1.3 217
G |tvai 35878.9 5.0 1.8
m JLitoranea 5766.0 68.9 3.9
§ Parana 13156.3 7.5 0.0
& {Paranapanema 9797.0 4.9 0.0
Piquiri 24707.9 21 0.3
Pirapo 5005.9 2.5 0.0
Ribeira 9129.3 5.7 5.3
Tibagi 24634.7 3.8 9.4
Source: SANEPAR GIS Computation

IAP Sateltite limagery Analysis

The natural forest and reforestation in Tibagi river basin cover 3.8 % (900 km?) and 9.4 %
(2,300 km?®) of ils area, respectively.  The total area of reforestation in the sate is
approximately 6,300 km® and 36.5 % of them belongs to Tibagi river basin, Reforestation
is well practiced in Tibagi river basin compared lo other river basins and it is mainly
achieved by means of commercial afforeslation, especially paper industry, as shown in
Figure-9.2, In contrast to reforestation, the area of natural forest is limited.

9.2 Master Plan

Proper management of forest contributes to sustainable level of production of timber,
- preservation of environment, erosion control, flood control, maintenance of soil fertility and
so on. Considering the development of sociely, it is not possible and not necessary (0 go

back 19 century, when forest covered most of the land; however, afforestation is essential to
improve the water environment and is a part of the river basin management. .

9-1



IGUACU RIVER BASIN

Indigenous Rescive of Rio das Cobras

Indigenous Reserve of Mangueirinha
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Figure-9,1 Location of Forest and Reforestation in Igvagu River Basin
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TIBAGI RIVER BASIN
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Source ; GIS Computation by SANEPAR
Landuse Map by AP {1990 & 1994)

Figure-9.2 Location of Forest and Re fobeslatioh in Tibagi River Basin
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Benefits of afforestation consist of direct and indirect ones. The former is an income from
timber production, wood as fuel and perennial crops, such as fiit trees. The latter is the
conservation of the water environment, such as ercsion control, flood control, improvement
of water quality in a river basin and so on.

The main concern to formulate the master plan is the proper landuse. In other words, the

- fand nol suitable to agriculture and pasture should be converfed to forest for direct and
indirect benefits. For the conservation and preservation purposes only, direct benefit is not .
expected; however, indirect benefit is much greater than income born from forest if the effect
on the environment, such as suppression of soil erosion and flood, is counted.

The master plan for forest consists of three purposes, preservation of natural forest,
conservation of water environment and commercial afforestation. Recommended species
and sites for each purpose are summarized in Table-8.3, The implementation of master plan
will involve the detail study site by site, such as identification of soil and climate, selection
of forest species, plan of thinning etc. For the selection of specific species,
recommendations of native and exotic species dividing the sate in 7 bio-climatic regions are
available from EMBRAPA (1985), Table-8.4 and Figure-8.4.

Considering the current conditions, the arca expansion of forest for preservation and
conservation of the water environment purposes is expected to be gradual. Therefore,
afforestation should be promoted by means of commercial afforestation. Each purpose of
the master plan is described in the followings.

1) Preservation of Natural Forest

Currently preserved areas must not be exploited as laws confrol (Forest Code, Law
4771/65). Besides, the promotion of preservation area should be continued not only to
preserve the ecosystem and environment but also scenic and recreational purposes. In
Iguagu river basin, there are several plans of the establishment of new preservation areas,
- such as Irai reservoir area and Palmital river basin. For the implementation, the government
assistance by means of finance, law enforceinent and technical support is essential.

2) Afforestation for Conservation of Waler Environment

Currently degraded arcas despite the fact that Forest Code defines the preservation arcas
have to be afforested for preservation of native flora and fauna, erosion confrol, stabitization
of hydrologic ¢ycle and so on. The recommended forest species for this purpose are native
ones because exolic species often alter the endemic ecosystem.

3) Afforestation for Direct Benefits

Land with no aptness for agriculture and pasture should be converted to forest to generate
more income instead of bearing the low productivity. Besides, this afforestation contributes
to conserve the waler environment because the applicable land is steep and has a great
potential of soil erosion and flood.

For the suslainable production of wood and conservation of the water environment, it
requires the proper management system, such as space of seedlings, thinning plan and so
on. ‘The relative institutions, for example IAP and EMATER, should support the
formulation of forest management system.

9.4




(1) Usc and Recommended Species in Iguagn River Basin

Since Iguagu river basin belongs to 1, 2 and 3 bio-climatic regions (EMBRAPA, 1985),
main species recommended for commercial afforestation are Aravcaria, Mate, Bracatinga,
Eucalyptus and Pinus. The use of recommended species is shown in Table-9.2.

Table-9.2 Recommended Species and Their Use for Commercial Afforestation (Iguagu River Basin)

Specics Bio-climatic  |Use T

Region paper & firewood &

1] 2§ 3] cclhulose |construction]  timber plywood charcoal gnourishment

Araucaria angustifolia o :
{Araucanal) ’ X1X|X X X X
lkex paraguaricnsis ] . ’
(Mate) x| x|x : X
Miimosa scabrella :
(Bracatinga) X X "X X X
Eucalyplus XXX X X . X
Pinus {Ping) XXX X X

Souce: EMBRAPA (1985)
(2) Use and Recommended Species in Tibagi River Basin
Since Tibagi river basin belongs to 1, 2, 4 and 6 bio-climatic regions (EMBRAPA, 1985),
main species recommended for commercial afforestation are Araucaria, Mate, Bracatinga,

Bucalyptus and Pinus. The use of recommended species is shown in Table-9.3.

Table-9.3 Recommended Specics and Their Use for Commercial Afforestation (Tibagi River Basin)

Speeics Bie-climatic Region]Use -
. paper & ] firewood &

1] 2] 4] 6] cclulose fcoastruction] timber plywood charcoal Inourishmoent
Araucaria anguslifolia B 1 :
{Araucaria) X{X{X X X X
Mex paraguaricnsis '
(Male) X1X : . X
Mimosa scabrella . - : '
(Bracatinga) X . X X X X
Eucalyptus X|Ix|x|x X X ‘ X
Pinus (Pinc} XX | X X X X

Souce: EMBRAPA (1985)
9.3 Implementation Schedule and Cost

The average cost and gross income from afforestation of main species suitable for Iguagu
and Tibagi river basins were estimated by Ferreira (1995) as shown in Table-9.4. Cost and
income depend on the use of wood products. For example, the price of Bucalyptus for fuel
is approximately 3.3 USS$/m’, while one for sawmill is 10 US$/m’. Assuming the specific
use of wood, cost and gross income were cstimated.

9-5
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Net income of Mate is much greater than other species and the recent market scemis to be
favor to Mate. However, its internal and external market is still timited compared to one of
Pinus or other species for timber. Since one of advantages of Mate is the harvest during the
winter, when the source of farmers’ income is limited. Therefore, Mate is recommended for
agroforestry, intercropping with maize and beans, Iis arca expansion depends on the future
market and to avoid the risk of market crush, agroforestry is practical for Mate.

In general, the lateral of each plot of agricultural Iand inclusive of pasture faces to the water
course and is deforested for the maximum cultivation despite the fact that Forest Code
defines the preserved area. Exact figures of these area is not countable at this study level;
however, the approximate figures were estimated with the following assumptions. -

1) The river margin protected by Forest Code- occupies 3 % of each plot of
agricultural land. - _

2} All river margins belonged to agricultural land are curfently deforested.
(1) Iguagu River Basin

Based on the agriculture aptness map (Ministry of Agriculture, 1983) and Landuse map
(IAP, 1990 &1994), the arca of existing secondary vegetation spreading over the suitable
land for forest was estimated at approximately 1,900 km’. This land should be afforested
for commercial use to generate income. If Pinus was adopted, the tolal cost and net income
would be US$ 135 million and US$ 1157 million, respectively. The implementation
depends on ability of annual afforestation. Considering its annual average of the state,
9,500 halyear of implantation is feasible. Therefore, 1,900 km? of the land should be
afforested evenly in next twenty years.

. Since the total area of agricultural land in Iguagu river basin is approximately 30,000 km’,
the river margins deforested is 900 km’. This land should be afforested with native forest
species for conservation of the water environment. The total cost would be US$ 33 million.
The implementation would be evenly in the next twenty years. Therefore, annual arca of
afforestation would be 4,500 ha.

Table-9.5 Implementation Schedule for Iguagu River Basin

Arcatobe Cost Year

Afforested | (million US$) [1596 2005 2045
Afforestation for conservation
of the Water Eavironment 900 km'
Commercial Afforestation 1,900 km?

5 Year Progress Raie

(2) Tibagi River Basin

Based on the agriculture apiness nmap (Ministry of Agriculture, 1981) and Landuse map
(IAP, 1990 &1994), the area of exisling secondary vegetation spreading over the suitable
Jand for forest was estimated at approximately 2,000 km®. This land should be afforested
for commercial use to generate income. If Pinus was adopted, the total cost and net income
would be US$ 142 million and US$ 1,218 million, respectively. The implementation
depends on ability of annual afforestation. Considering its amnual average of the state,
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10,000 ha'year of implantation is feasible. Therefore, 2,000 km? of the land should be
afforested evenly in next twenty years. ' ' R Co

Since the total area of agricultural land in Tibagi river basin is approximately 14,000 km?,
the river margins deforested is 400 kny. This land should be afforested with native forest
species for conservation of the water environment, The total cost would be US$ 15 million,
The implementation would be evenly in the next twenty years. Therefore, annual® area of

afforestation would be 2,000 ha.

~Table-9.6 Implementation Schedule for Tibagi River Basin

Area o be Cost Year e :
Afforested | {million USS) [1996 2005 - 2018
Afforestation for conservation ] . -
of the Water Envitoriment 400 k'
Commercial Afforestation 2,000 ko' «
5 Year Progress Rate 157] 5% | % i 5% | 5% |

' Litcraturé Cited

1Y EMBRAPA. (1985). Zoncamento cco!og;co para phnilos ﬂore{als no Bstade do
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CIHIIAPTER 10 RECOMMENDATION

The followings are recommended for the further study to improve the water environment in
Parani.

(1) Monitoring of Effect of Soil Erosion on Water Environment

Effects of soil erosion on the water environment are mainly the contamination in the
downstream by sediment and agro-toxic residue flowed with soil erosion. Monitoring of
these effects at micro river basins is required to know the exact effect and formulate proper
countermeasures.

Suspended sediment measurement is conducted by DNAEE, IAP and COPEL mostly along
the main rivers for their specific purposes. The measurement at micro river basins together
with soil loss computation by USLE makes easy to assess the effect of soil erosion in terms
of sediment yield.

Although agro-toxic contamination is induced by not only soil erosion but also other factors,
such as surface runoff, washing sprayers for hetbicide and pesticide at water course, etc., the
relationship between soil eroston and agro-toxic contamination is useful to control agricultural
chemicals and formulate countermeasvres of soil erosion. Since there are hundreds of
agricoltural chemicals, the monitoring should give priority to the most harmful and widely
used chemicals.

(2) Test of USLE (Universal Soil Loss Eﬁuation)

USLE (Universal Soil Loss Equation) and RUSLE (Revised Universal Soil Loss Equation}
were applied for the soil loss simulations. During the factor determination of USLE or
RUSLE, it was tried to take account of the reality as much as possible; however, the model
itself have not been tested enough in Parand. Since the factors involved in USLE and
RUSLE depend on the locat variables, the mode! should be examined through the comparison
beiween the result computed and real data. USLE and RUSLE are expected to be more
popular in Parand state. Therefore, the reinforced model with adequate number of tests
would contribute to estimate soil loss in a specific area and formulate proposals to suppress
soil erosion.

(3) Review of Data

During the study, it was often found the discrepancy of data among the government
authoritics or institutions. [t is necessary to review the data by a government agency which
has an authority over the data and to use cach data from one reliable source.

(4) Share of Data

For the improvement of the further studics or researches, it is necessary to make casy access
_ to data of any government authorities. It is an idcal that there is a database accessible from
- any governiment authorities or individuals who have permission.
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Table-Al.1 Conserved Area of Primary Crops in Parana with EMATER Division (1/6)

. : No. of Area Area Coverage of
No. Region ftems P odw. ors Arca(ba) Mechanized Conserved  conservation  Average (%)
(ha) (ha) (%)
2 Curitiba Beans 18913 31,378 11,450 1,736 55
3 Lapa Beans 8,001 25,455 19,818 8,994 153
4 Ponta Grossa Beans 19,653 63,475 37,000 19,960 3il4
5 JIrati Beans 13,529 58,550 41,050 14610 250
6 Uniao da Viloria Beans 11,620 32514 23,769 4580 122
7  Guarapuava Beans 23,694 65,020 36,460 14,330 240
8 Pato Branco Beans 10,886 20,760 11,405 7010 338
9 Francisco Beltrao Beans 25,670 63,750 24,602 26,216 .46
10 Cascavel Beans 11,182 16,540 9,015 8,243 43.8
11 Toledo Beans . - 2613 5315 3,685 3,253 61.2
12 Umuarama’ Beans o 4,581 10,425 3758 3,298 316
13 Campo Mourao  Beans 5303 15,954 8,450 8,150 51.1
14 Ivaipora . Beans 16,696 71,490 39,393 24,251 339
15 Paranaval Beans 633 1,638 992 958 585
16 Maringa Beans 351 1,283 LI5S o1 "o
17 Apucasana Beans 1,722 4,330 3,085 2,095 484
18 Londrina Beans 450 1,280 1,034 1,197 915
19 gﬁ;ﬁ;‘; Beans 891 2,500 124 755 302
20 Jacarezinho Beans 9,317 27,339 17,443 10,925 400 309
2 Quritiba Beans (winki) 1,368 4,256 1,017 293 69
4  Ponta Grossa Beans {winter) 1,882 11,520 10,830 7,905 686
5 Irati Beans (winter) 587 1,860 1,860 1,025 551
& iniaodaVitosia Beans (winter) 98 1,330 1,330 330 248
7 Guarapuava Beans (winter) 1 2,645 1,365 T40 280
3 Pato Branco Beans (winter) 659 1,058 631 412 339
9  Francisco Beltrao Beans (winter) 4,605 6,215 1,910 1,570 253
12 Umuvarama Beans (winter) 1,212 2,950 - 134 925 " 314
14 lvaipota Beans (wintce) 1,320 4,955 4045 827 16.7
15 Paranavai Beans (winter) 03 7115 6,666 5,286 743
16 Marninga Beans (winter) 380 2,280 2,252 2,045 89.7
18 Londrira Beans {winter) 644 3,880 3730 3,505 20.3
19 &gg‘; Beans (winier) e 8093 6,328 5,125 633
20 Jacarezinho Beans {winier) 4,229 16,555 12,868 10,151 61.3 537
{ Paranagua Cassava 1,306 1,312 340 140 10,7
2 Cunliba Cassava 4,292 2,991 196 56 19
3 Lapa Cassava 2,440 370 330 0 0.0
% 4 Ponta Grossa Cassava 6,199 3,155 1,973 615 19.5
5 Irati Cassava 1290 823 660 160 19.4
6 Uniaoda Viloria Cassava 4,500 2,233 589 90 40
7 Guarapuava = Cassava 4720 8i2 322 0 0.0
8 PatoBranco Cassava 7,485 3,075 1,050 0 AR
9  Francisco Belrap Cassava 25,470 13,955 a2 6,330 457
10 Cascavel Cassava ) 20,233 18,095 15,229 12,678 T0.%
1t Toledo Cassava 9111 0,529 18,435 16,474 802
12 Umuarama Cassava 4,005 26,680 12,378 15,688 588
13 Campo Mourao Cassava 2,798 15,971 14,240 11310 708
i4 Ivaipora Cassava 2,761 2,681 861 iss 132
!5 Paranavai Cassava 1,815 29,972 29,842 24,716 825
16 Maringa Cassava 515 5,436 5470 3604 65.7
I8 Londrina Cassava 615 2,40 1,962 1,902 77?0
20 Jacarezinho Cassava . 1,644 2,051 1,342 537 6.2 625
% Francisco Beltrao Coffce ' 565 1,102 0 345 M3
11 Toledo Coffee 308 7,290 S 395 350 49
12 Umuasama Coflee 7,863 48,931 1,501 12938 264
3 Campo Maouras = Coffee 2,387 21,353 1083 6,393 29.9
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Table-Al.1 Conserved Acea of Primary Crops in Parana with EMATER Division (2/6)

Arca

No.of Am{ Coverage of |

No. Region Ttems Producers Area(ha)  Mechanized Conservied - conservalion  Average (%)
(ha) (ha) (%)
14 lvaipora Coffee 2,672 15,817 - 1,140 2,430 15.4
15 Paranaval Coflee 2,159 25,533 16,300 9043 - 354
16 Maringa Coffee 1,144 11,061 " 3514 4,304 g9 -
17 Apucarina Coffee 1,460 14,860 7840 4,130 . 278
18 Londrina Coflez 1,289 25,080 13,505 12,691 506
19 gfo'f;;‘;z Coffee LI77 o 1915 14943 8739 443"
20 Jacarezinho Coflee 4,440 31,837 16,775 15830 504 348
10 Cascavel Cotton 4,313 24,242 20,300 18,093 146
1l Toledo Cotton 5297 38910 26,440 31,409 807
12 Umocarama Cotlon - 6,041 44022 32,631 31,660 119
13 Campo Mourao Cotton’ 8168 79,250 - 70,043 52,727 5.5
14 Ivaipora Cotton 4,448 30,811 - 25,626 19673 639
15 Paranavai Colton 1,382 - 20,447 20,195 17,194 241
16 Maringa Cotton 1,229 18,238 17,418 14,085 17.2
17 Apucarana Cotton 1,156 11,270 10,520 1,505 666
i8 Londrina Cotton iz 13,427 13,376 1,464 85.4
19 Comelo © oon < agre a4l 32050 24098 T
Procopio

20 Jacarezinho Cotton 166 1,928 1,591 1,201 62.3 724
‘2 Quritiba Maize 20,992 73,330 13,240 4,140 56
3 lapa Maize 10,735 50,140 29,145 T 13,490 269
4  Ponta Grossa Maize 23,420 219,038 163,437 108,921 497
5 lInati Maize 15549 31,620 58,170 21,740 266
& Uniao da Vitora Maize 11,450 51,210 31,456 10,6:0 207
7 Guarapuava Maize 21,743 308,554 203,775 121,200 39.3
8 Palo Branwo Maize 14,872 164,570 100,150 63,596 386
9 Francisco Beltrao Maize 33,495 257,144 123,112 111,446 ) 433
10 Cascavel Maize 23,514 221,605 162,190 145,320 656
It Toledo Matze 13,155 132,230 125,380 114,820 86.8
12 Umuarama Maize 6956 - 29,025 18,945 16,715 57.6
13 Campo Movrao  Maize ' 12,405 124,550 106,740 91,820 731
14 Ivaipora Maize - 22,933 200,335 - 1500 71810 Kh R
15 Paranavai Maize 1,316 11,93 10600 . 9202 771
16 Maringa Maize’ 2,017 28,407 25,974 S 22212 78.1
17 Apucarana Matze 4717 56,290 45,350 32,260 51.3
18 Londrina Maize’ 3836 49,819 46,7119 43,606 - 815
g LUy Maize 5,395 73414 62,288 49,672 67.6
20 Jacarezinho Maize 15,046 103,217 65,497 45,245 438 49.1
4 Ponta Grossa Matze{safrinha) 3,040 i1,760 10,320 5,620 471.7
7 Guarapuavi Maize (saldinha) 230 - 7,450 4 650 610 8.2
8 Pato Branco Maize (safrinha} 2915 16,844 7.270 4,220 251
9  Francisco Belrao Maize (safrinha)} 18,372 78,592 37,660 35,806 - 456
10 Cascawvyel Maize (safrirha) 5413 66,189 62,840 58,180 819
{1 Toldo Mzize (safricha) 9,495 115,020 113,670 102,787 89.4
{2 Umuarama Maize (safrinha) 1,102 5,895 51312 4377 . 74.2
13 Campo Mourao Maize {safrinha) 1,716 © 27,600 25,100 21,660 . 785
t4 Ivaipora Maize {safrinha) 4,232 - 26,001 18,652 11,884 457
15 Paranavai Maite (safrinha) 258 - 2,435 2204 1,626 . ¢ 66.7 - -
t6 Maringa Maize (safrinha) 1,498 - . 41877 3221 30,652 . 132
17 Apwcarana Maize (safsinha) 268 - 2,000 1,668 1,165 583
18 Londrina Maize (safrinha) 1,502 48735 - 28,659 26479 543
jg uHwaw Maize(saftinha) 1,879 45,857 44497 38,479 . 839
20 Jacarezinho Maize (safrinha) 2,759 216,965 13010 - 1317 431 ~ 684
2 Curiliba Pasture (natural) 10,525 924718 NA 130 0
3 Lapa Pastuze (ratoral) 8,107 85,220 NA 43648 - ‘512
4 Ponta Grossa Pasture (patoral) 9,119 248873 NA 10,000 C 40
S Ieati Pasture (natura) 10,390 54200 NA 0 00 .
6 Uniao da Viloria Pastute (satural) 1,062 110,617 NA 0 00
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Table-Al.1 Conserved Area of Primary Crops in Parana with EMATER Division (3/6)

. No. of Arca Area Coverage of
No. Region Items Producers Area(ha)  Mechanizod  Conserved  conservation  Average (%)
. (ha) (ha) {%)

7 Guarapuava Pasture (natural) 10,646 143,066 NA 0 00

8 Pato Bramo Pasture (naturaf) 3,105 139,245 NA 0 0.0

9 Francisco Beltrao Pasture (ratural) 8,892 38,630 NA 1,670 43

Il Toledo Pasture (natural) 1,220 18,688 NA 2,200 1.8

13 Campo Mourao  Pasture (natural) 592 21,250 NA 7,350 4

14 lvaipora Pasture (natural) 10,552 58431 O NA 2,000 34

15 Paranaval Pasture (natural) 99 10,384 NA 3,560 343

16 Maringa Fasture (natural) 189 4310 NA 200 46

17 Apucarana Pasture (natural) 8315 11,450 NA 50 04

18 Londrina Pasture (natural) 128 6,724 NA 0 0.0

1o Comelio Pasture (natural) 1,025 8425 NA 2,759 64

Procopio ! ' e ' .

20 Jacarezirho Pasture (natural) 339 £8.219 NA 2,950 33 6.5
2 Curitida Pasture (planted) 4,040 22,164 NA 660 30

3 Lapa Pasture {planted) 1,376 29,363 NA 26,180 £9.2

4 Poota Grossa Pasture {planted) 6,141 255,187 NA 59,158 232

5 Irati Pasture {planted) - 2,756 15,525 NA 1017 6.6

6 Uniao da Vitoria Pasture (planted) 3970 55302 - NA 500 1.0

7 Guarapuava Pasture (planted) 9,386 228,000 NA 4,100 1.8

§ Pato Branco Pastune (planted) 10,543 120,932 NA 10,600 -84

9 Frarcisco Belirao Pasture (planted) 23,118 134,078 NA 12,002 9.0

10 Cascavel Pasture (planted) 21,346 356,928 NA 25,715 1.2

11 Teledo Pasture (planted) 17,422 123,267 NA 39,588 an

12 Unuarama Pasture (planted) 21,692 1,227,317 NA 232,164 189

13 Campo Mourao  Pasture (planted) 13,00} 380,255 NA 67,440 17.7

{4 [Iveipora Pasture (planted) 17,26% 338,367 NA 9,830 9

15 Paranavai Pastur (planted) 7059 - 891,395 NA 256,957 28.8

16 Maringa Pasture {planted} 5087 271,855 NA 66,371 239

17 Apucarana Pasture {planted) 2,121 100,593 NA 5,400 5.4

18 Londrina Pasture {planted) 4.6%5 254,038 NA 39,534 156

19 g:’;':;‘; Pasture {planted) 3587 180367  NA 12,519 69

20 Jacarezinho Paslure {planted) 8.160 358,122 NA 41,530 11.6 171
2 Curitiba Polato 4,005 13,370 13,251 1,045 7.8

3 Lapa Potato 1,291 5,592 5542 396 7.1

4 PontaGrossa Polato 571 1,207 1,167 250 20.7

5 TIrati ) Polato 544 1,524 1,441 366 24.1

6 Uniaoda Vitorfa Potald 657 1,229 1,177 14 . N

7 Guarapuava Potato 485 1,063 1,053 49 45

8 Pato Branco Potato " 4045 313 270 &6 21

9 Francisco Beltrao Potato 4,126 - 239 99 1o 430

10 Cascavel'. ’ Polato 5 1,800 NA NA NA 9.4
2 Curitiba Potato{Winien) 3,410 3,008 7,904 591 7.4

7 Guarapvava Potato (winder) 110 2,980 2,330 30 1.0 5.7
2 Curitiba Rice (upland) 3,562 1,193 632 171 143

3 lapa Rice (upland)} 1,502 903 782 124 13,7

4 Ponta Grossa Rice (upland) 9440 8,149 5616 3004 180

5 Irati Rice (upland} 9,720 . . 6,214 5219 535 86

6 Uniac da Vitoria  Rice (upland) 7,298 5,800 2,640 650 il.4

7 Guarapuava Rice {uptand} 172,220 10,625 6,975 2,178 26.1

8 Palo Branco Rice {upland) 8,536 3,318 1,595 1,075 322

9 Francisco Belwrao Rice (upland) - 21,150 7,805 3,485 3,261 41.8

10 Cascavel Rice {upland) 11,599 7008 4985 4,406 62.1
' Toledo - - Rice (upland) 2043 1,149 917 713 62.1

12 Umvarama Rice {upland) 1267 1,510 .. 713 546 352

i3 Campo Mouraa  Rice (upland) 3607 5,016 1510 2,595 517
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Table-Al.] Conserved Area of Primary Crops in Parana with EMATER Division (4/6)

No. of Area Area Coverage of
No " Region flems Prod;xcérs Arca(ha) Mechanized Comserved  conservation Average (%)
. . (ha) (ha) (%)
14 Ivaipora Rice (upland) 5514 10,440 4508 2,282 219
15 Paranavai Rice {upland) 586 1,184 246 38 454
16 Maringa Rice (upland) 350 1,339 36 713 532
17 Apucarana Rice (upland) 1,646 2,825 1,736 951 M
18 Londrina Rice (upland) 1219 2,920 2,139 2,167 742
Cornclio . :
19 Procopio Rice {upland) 983 1,048 910 689 600
20 Jacarezinho Rice (upland) 53713 - 9,753 4,561 2,297 2136 335
Il Teledo Rice {paddy) 294 1,225 1,709 1,182 685
12 Umvarama Rice {paddy) 305 2,263 2.04% 2,000 91.4
15 Paranaval Rice {paddy) 12 331 3370 334 983
18 Londsina Rice (paddy) 251 1,263 1,243 1,211 959
Comelio -
19 Procoplo Rice(paddy) 1,476 2,965 1,993 704 237
20 Jacarezinho Rice {paddy) 575 1,882 1,766 1,729 919 76.0
3 Lapa Soybean 122 4,800 4,500 2,515 526
4 Ponta Grosss Soybean 2,294 129,435 120235 . 1218 867 -
5 [ati Soybean 602 16750 - 16,750 13,160 %6
6 LUniao da Vitoria Soybean 180 8,603 8,603 4544 528
7 Guarapuava Soybean 1,026 86,050 85,550 81,775 | 950
8 PaloBrerco Soybean _6,820 109,380 105,340 80,856 139
¢ Francisco Belirao Soybean 7,832 102,780 87,476 75,630 7386
10 Cascavel Soybean 1,197 273,130 . 266,530 249,100 2l.2
11 Toledo Soybean 18,455 310,050 308,950 272,180 878
12 Umuarama Soybean 875 24,445 16,445 22,445 918 -
13 Campo Mourao  Soybean 8,192 320,635 318,335 275,185 858 .
14 Ivaipora Soybean 2,157 56,251 49,521 43,036 76.5
I3 Paranavai Soybean T 135 5,657 5,657 4917 87.1
16 Maringa Soybean 4952 160,886 160,886 145,447 9.4
17 Apucarana Soybean L1972 372,126 33,726 26,066 702
18 Lordrina Soybean 3,378 151,978 147,978 129,778 854
Comelio . . '
19 Frocopio Soybean 3,210 128,907 128,117 102,112 791
20 Jacare2inho Soybean 732 16,900 16,900 16,182 958 853
Soybean
4  Ponta Grossa {safrinha) 26 1,230 1,230 1,210 98.4
) Soybean
10 Cascavel {safcinha) 358 6,500 5350 5,350 . _82.3
Soybean
1} Toledo (safss nh_a) 3938 58,750 58,750 54,200 923
Soybean
13 Campo Mourao (safrinha) 136 3,435 3,435 3,190 99
. Soybean
16 Maringa (eafrinha) 47 1064 1,064 1,064 1000
. Soybean ‘
18 Londrina (safrinha) 73 1,666 1,666 1,586 95.2
Cormelio Soybean
19 Procogio (safrinha) 245 3,694 3,660 3.‘?“ 86.9 91.4
7 Guarapuava Sugarcane 2,103 385 I’ZGI 50 130
8 Pato Bramco Sugarcane 3,740 865 310 430 9.1
9 Francisco Belrao Sugarcane 16,190 4,569 662 LI81 258
10 Cascavel Sugarcane 6845 2,045 1,408 1,108 542
12 Umuarama Sugarcane 616 37,049 .36,527 36,500 935
13 Campo Mourao  Sugarcane 493 19,611 18,562 18,317 934
14 tvaipora Sugarcane 2564 5,190 6,325 6,235 9N
15 Paranavai Sugarcane 294 223816 22816 - e 931
16 Maringa Sugarcane 675 3628 37,01 32,423 362
17 Sugarcane 138 .01 217 6129 92

Apucarana
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Table-Al.1 Conserved Area of Primary Crops in Parana with EMATER Division (5/6)

No. of Area‘ Arca Coverage of
No. Region Ttems Producers Arca(ha) Mechanized Conserved  conseovation  Average (%)
(ha) (ha) (%)
18 Londsina Sugarcane 12 40,519 30,293 30,16t 74.4
19 gl‘fc'ﬁ:; Sugarcane 164 28814 20204 2458 85.3
20 Jacarezinha Sugarcane 912 40,949 23,534 26,405 64.5 829
3 lapa Wheat 636 2,145 1.870 840 39.2
4 Ponta Grossa Wheat 702 54,018 531617 48,006 839
5 leati . Wheat 910 3,650 3,350 2,530 69.3
& Unlaoda Vitoria Wheat k2 ) i,113 854 196 17.6
7 Guarapuava Wheat : R X} 16,420 15,870 15,525 945
8§ Pato Branco Wheat 2,161 27,360 25,430 17,168 62.7
9 Francisco Beltrao Wheat 9317 50,390 41,594 31,924 634
10 Cascavel Wheat 5,451 114,040 113,520 101,430 90.7
{1 Toledo Wheat 9,757 158,050 154,102 132,315 817
12 Umsarama Wheat 574 12,840 12,835 10,035 78.2
13 Campo Mouras  Wheat 4,481 201,750 198,500 172,400 855
14 Ivaipora Wheat {,888 33,399 33211 25,738 7.4
15 Paranavai Wheat ' 79 2,432 2,432 2,432 100.0
16 Maringa Wheat 2,661 £0,865 80,865 - 72,530 89.7
17 Apucarana Wheat 796 20,430 20,430 16,930 829
18 Londdna Wheal 1,402 55,960 55910 50,210 89.7
jg Cormlio Wheat 2,676 85,770 84,190 60,553 706
Procopio
20 Jacarezinho Wheat © 633 13,465 13,465 i3,115 97.4 Bl

Source: EMATER {1993)

NA: not available
safrinha: second cultivation in summer
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Appendi_x’-Z :

Soil Loss Computation for Parana Stafe and Relation
- between Discharge and Suspended Sediment -



Appendix-2
1. Determination of Specific Land Use

Land use in 9 river basins, Cinzas, Iguacu, Rarare, Ivai, Litoranca, Piquiri, Pirapo,
Ribeira and Tibagi, was determined based on the satellite imagery analysis conducted
by IAP and GIS computation by SANEPAR. The reason why Parana and
Paranapanema river basins are excluded from the erosion study is that both basins
scatter in several locations and are not complete river basins.  Anyway, their
characteristics of soil erosion are considered to be similar to nearby river basins,

Although the satellite imagery analysis is based on the data in 1989 and 1990, it was
assumed that the current landuse does not vary from one in 1989 and 1990. The
fraction of each land use was adopted from SANEPAR GIS computation and their
area was calculated as shown in Table-A2.1. Since agriculture is not dominant in
Litoranea river basin {coastal region) and forest inclusive of reforestation covers more
than 70 % of its area, soil erosion is not significant in this region. Therefore, Litoranea
river basin was excluded from the study.

Satellite imagery analysis was reviewed in 1994, The datain Table-A2.1 is before the
review, while the data in Table-3.6 is based on the review. Since the difference
between them is negligibly small to the soil loss simulation for the Strategy, the soil
loss was not re-computed. '

To specify crop area with dominant crops, EMATER data (Appendix-1) was
applied. Since the datais EMATER division wise, the area fraction of each river basin
in EMATER division has to be obtained. And further, since rainfall factor division
determined by Rufino et. al. (1993) was adopted to assess the rainfall erosivity, the
area fraction has to be divided by each rainfall region. As shown in Table-A2.2, the
area fractions of the rainfall factor division per river basin and EMATER division
were obtained with GIS computation overlapping EMATER division, river basin and
rainfall factor diviston maps. |

Since the result of IAP satellite imagery analysis was adopted to assess the area of
land use, ratios of dominant crops to the total crop area, and application rate of
conservation measures for dominant crops and pasture were extracted from EMATER
data applying the area fraction in Table-A2.2. As a result, each land use in Table-
A2.1 was classified into river basin and rainfall factor division, and crop land in the
table was specified with dominant crops as shown in Table-A2.3.

2. USLE Computation

After knowing Speciﬁc'la‘nd use in the state, the amount of gross erosion in 8 river
basins was computed. Each factor of USLE equation was determined following the
assumptions in the main text (see Chapter 3). The figures of each factor and result of
USLE computation are shown in Table-A2.4.
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Table-A2.4 Computation of Gross Erasion (1/3)

&l

Biver fat vegestion S Temacing Plactor limd LSfastor Kfaclor Riaclor Clactor A Arcapay OBI%%®
asin (%) m vy)
Ginzas R4 Cotton g8 Y 010 25 08% 001 7651 0523 4 10,510 +
M 050  §i 1410 cOl 7651 0625 34 4,456 152
Coftee 8 Y 010 25 08%% 001 7651 037§ 3 7,068 21
N 050 6t 1410 001 7651 0315 0 8258 165
Others g Y 010 25 03% 001 7651 0250 2 125,234 51
N 050 6t 1410 001 7651 0250 13 43741 369
Pasture 8 Y 010 25 0896 003 7651 0125 3 4297 13
N 1oy 6l 1410 003 7651 0125 40 49,419 1917
Forest k" S 100 100 10500 005 7651 0.00% s 425 1
; Secondary Yeg 30 - 100 100 10500 005 7651 0003 14 38,500 539
R-7 Coffes o ¥ ¢12 % 1110 005 728 0335 21 15366 323
N o6 37 1.500 606 W 0315 144 15366 213
Others 1wy 012 2 1110 005 7% 0250 14 15633 2,189
N o0&y 37 1.500 006 712 0150 96 115387 12037
Pasture 0y 012 1110 005 7128 0125 7 15,288 107
: .M 103 a7 1.500 006 7128 ORS 8D 137506 11008
Forest 0 - 100 100 10500 005 7128 000 4 80,750 33
Secondary Veg 0 - 103 190 10500 005 7128 0003 13 B5,600 1,543
Sub-iotal 077900 33065 36
Iguaca . R-1 Celton E Y 010 25 0895 003 1i2l1 D8I 19 28919 549
N 050 &1 1410 003 1z 0515 148 13609 24514
Others B Y o1 2% 0895 003 N2 p2% 8 435659 3488
N 050 61 1410 003 NMI 925 5% 223485 13,186
Pashure 8 Y [/ 4 1} TS 08%5 0063 11211 0125 4 16,558 65
N 100 61 140 003  1¥N1 0125 S? 220522 13l
Forest - 103 JOD 10500 006 1IM1 0001 7 189,526 134
Secondary Veg. n - 100 B0 10500 005 111 0003  2i 348500 737
R-2 Others g Y 0l 25 0856 001 1188 150 2 255169 519
N 050 6l 1410 001 11068 0250 20 235167 5103
Pasture g Y 0l 25 089S 003 11063 0115 4 9,485 38
N 10a 6l 1410 003 1148 0135 5% 148595 8767
Forest Y QN 100 100 10.500 006 11068 0001 7 45030 315
Secondary Veg. v - 100 100 103500 006 11068 0003 21 1400 4450
RS Others R 010 30 0613 006 9063 0230 9 300793 2725
N 050 61 0952 006 9053 0280 65  393M3I 25929
Pahure & Y 010 W 061 006 9363 0125 s 8,102 41
. N 10 -6 0952 606 9053 0125 65 396978 25804
Forest, 30 - 100 100 10 500 0.06 2063 0.0M 6 5133492 3,080
Secondary Veg ED S 500 100 10500 006 9063 D03 17 £21800 10571
R-? Others v 012 0 10 006 643 02150 13 53,585 697
N sy 37 1500 D06 6180 0253 &7 95263 8283
Pasture 10 Y 01z W LI 006 6380 Q25 3 39,816 239
N 100 37 1500 006 s 0125 7B 8624 64N
Forest v - L0 100 10500 006 6330 0001 4 153,102 512
Secondary Veg 0 - 100 100 10500 006 5480 0003 12 182000 2184
RSB Others 0 Y o1z 20 t110 005 5334 0250 10 10,632 17
N 060 37 1 500 006 53 0250 T2 53160 3818
Pasture 1Y e1r 20 o 006 53M 0125 5 18,377 )
N 109 3 1500 006 S3IM 0125 60 40903 2454
Forest 1 SN 100 100 10500 006 53 00N 3 ) 0
- Secondary Veg. 30 . 1.00 100 10.500 006 534 0.003 10 151,700 1,511
Sub total 5531800 184801 2
turare  R-7 Coffes § Y ot 30 0673 001 6513 037S 2 6,162 12
N . 050 6 0952 0Ol 6548 0375 12 6.162 2]
Others 6§ Y ol 30 073 00F 6343 0250 i 103,973 K4
N 050 61 0952 Dor 63 02%0 B §2341 664
Pasture 5 Y ot 30 083 00F 658 0125 1 9810 0
N 1.00 61 9.952 oot 6543 Q125 4 79370 635
Forest 1 - 100 100 2470 006 6538 0.001 1 119,300 19
.. Secondary Veg. 10 - 100 100 2470 006 638  QOD3 3 97,900 294
R8 Cthers 100 Y ¢ 2 Lo 006 5167 0250 1D 369 1
N a6 37 1.500 006 5167 Q250 70 5793 06
Psture 1Y 012 20 11t 006 5167 0115 s 13 0
: N 100 37 1 500 006 SI67 0125 S8 1.802 105
Forest 10 - 100 100 2470 006 5167 0001 1 0 0
Secondary Veg. 10 - 100 100 2470 006 5167 0.003 2. 630 12
Sub-fotal 519800 2433 S
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Table-A2.4 Computation of Gross Erosion (2/3)

E’;; "; laﬁt Vegetation s:;s' Temacing P lackor ?:ﬁ LSfactor Kfatr Rfactor Clactor A Area(h) GEE;;)OO Ut
or © (m) .
i R-1 Cotdon 5 Y o0 30 0673 001 10534 0625 4 13513 95
N 0% 61 0952 001 1053 0625 31 14,778 365
Coflet 6 Y 010 30 0673 001 1053 0375 3 3212 10
N 0% 8 3952 001 10534 0315 19 B85 165
Others 6 Y 010 30 087 00l 10534 0230 2 112,309 2125
N 050 6t 0952 001 10534 02%0 13 30,455 3%
Pasture 6 ¥ 010 30 067 003 1054 0Nl 3 41,400 124
N 100 61 0952 003 1053 0125 38 176,496 6,707
Forest i0 . 100 100 2470 005 105 0001 2 17,206 T34
Secondary Veg 0 - 100 100 2470 005 1053 000 s 178400 892
R-4 Colton 6 ¥ 01r 30 0473 o0l 19 0625 3 35404 9
N 050 61 0952 0081 M9 0625 1 11,184 248
Colfze 6 Y 0.10 30 0673 001 M9 0378 2 737 15
N 0.5 13 0.952 001 - 419 0375 13 15,418 213
Oihers ' 4 G0 30 067 001 MIE 0250 1 58,533 59
N 050 &1 6952 001 MI9 0250 9 12,849 116
Pasture & Y 010 20 6673 003 74153 0328 2 98,572 197
N 100 61 6952 003 7419 C125 26 5116 7689
Fotest 10 - 100 100 240 006 7419 0001 1 19,664 20
Secondary Veg. 10 - 100 100 2470 006  MI® 0003 3 245300 136
R-5 Cofton 1Y 0.2 20 1156 003 9512 0625 M 31,634 765
A 060 37 1.506 003 9612 0635 152 5,704 2,544
Colfes 1Y o2 20 1150 003 © 9612 0¥IS 14 5,949 03
N 060 37 1.500 0603 0 9612 0315 97 17,845 1,731
Cxbers 0 v 012 20 1110 603 9612 030 10 XTI 2778
N 060 37 ¥ 500 063 9612 0250 65 162335 10,556
Pasture 0 Y oz’ 20 1110 006 9612 O12S 5 17,393 137
N 10 37 1 500 003 9612 0125 S4  21L631 11968
Forest 30 - 100 100 10500 0.06 9612 0001 [ 899 354
Secondary Veg, 30 - 100 100 1050 006 9612 0003 §E 35600 8221
R6 Cotion o Y 012 20 1110 003 875 0825 22 7,614 168
N 0.60 37 1.500 003 8875 0525 1% 4283 642
Others 10 Y 012 20 1110 003 8875 © 0250 9 26,073 631
N 0.60 k) 1500 003 8§15 03150 60 96,435 5,789
Pasture 0 Y 012 20 Lo 003 8§75 0125 4 1,650 7
M 100 37 1500 003 B¥IS  Ons N0 81,348 4,067
Forest 39 - 100 100 10500 006 895 0001 6 56,534 339
Secondary Veg 3 - 100 100 19500 006  BIIS 0003 17 14,500 2463
R-7 Cotton 0 Y 016 15 2830 006 619 0625 11§ 2614 876
N 0.60 0 320 006 &M9 0625 652 4283 2835
Others MY 018 15 2830 006 6749 0250 4§ 76319 3,513
N CBY 20 3170 006  6M% . 0230 265 78282 207745
Fashire 0¥ 016 15 2830 006 &My o128 23 5,603 129
N 100 W 3 008 £749 0125 156 87,781 14,572
Fesest 30 - 10D 10D 10500 005 6149 000l 4 93,404 34
Secondary Veg 30 - 100 B0 10500 005 6149 0003 13 200,600 2608
Sub-total 3,587,900 115309 32
Pigid  R-1 Cotien 5 Y 010 30 0573 0L 723 0625 5 §9.634 418
N 050 €1 0952 00y M7 0625 35 37,506 1313
Coffee € ¥ 0.10 %) 0673 001 11723 0375 3 8500 b1,
N 050 1 0952 001 11723 0375 . . 22885 431
Others 5 Y o FI 252 001 11723 039 2 673822 1358
N 0% 61 0952 001 1723 0250 14 168,778 2363
Pasture 10 Y eIl 0 110 003 T3 012 6 139621 813
N 100 ¥ 1500 003 11723 QI25 66 81678 4459
Forest 30 . 100 100 10500 006 11723 0001 7 51,035 358
Secondary Veg. 30 - 100 T 100 10500 006 11723 ©003 22 459100 10,100
R% Others [T 4 012 20 110 003 %083 D250 9 1,792 223
N 060 37 1500 003 063 D230 &l %183 1,719
Pusture oY [:3}] 20 1110 003 063 D125 5 254 i
N 100 37 1500 003 9083 0125 - 51 25,147 1,252
Forest 30 . 100 100 10500 066 9053 DOOE 3 9015 54
Secondary Veg. n - 100 100 10500 006 9063 D003 17 45,400 72
) " SUb.tota 2470800 66328 17
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‘Table-A2.4 Computation of Gross Erosion (3/3)

EJ;:::; fal}‘t— Vegelation S(l;g;c Ternacing Plactor Shlm LSfactor Kfactor Rfaclor Clactor A Arcacha) Gif.lgm ur
or {m) ¥
Frapo R4 Cotton & X o1 0 0673 001 WIB 0625 3 10.48% 34
N 030 61 0952 001 7918 0615 M 3,175 7%
Coffee & Y 010 3N 06N 001 9B 0375 2 3,790 8
[ 050 51 0952 001 W8 0313 14 6,452 90
Crhers 'S 0.10 B 0673 001 IS 0250 1 120,783 121
. N 050 61 0952 oGl 7918 D250 9 26,014 24
Pasture IV 012 20 1110 a0z IR 0135 q 41,97 148
N 1.00 37 1.500 003 IS 0115 45 148 824 6,697
Forest 30 - 100 100 10500 006 W 000 5 12.500 53
Secondary Yeg 30 . 100 100 10500 005 7518 0003 15 126,600 1559
Sub-otal 500,600 9387 19
Ritein  R-B Polato Y 012 20 1110 c0s 5167 0150 31 1,676 52
C N 0.60 37 1500 006  St&7 0750 209 15,276 4,009
Clhers 0 Y 012 20 1110 006 5167 03%0 10 39,552 396
H 060 Y] 1500 005 5167 02%0 0 172,206 12,061
Pasture 0w Y 012 20 1150 008 31§67 0123 $ 4216 2
N 100 Y 1500 006 3167 6125 58 101,184 $.849
Foeest 30 - 100 100 10300 005 5167 0001 3 100,700 302
Secondary Veg 30 - 100 100 10500 006 5167  600) 1D 474100 474
i Sub-total S13000 7411 30
Tibagi - R-3 Coten g Y 040 25 0.896 003  B877 065 15 7,485 "
N 050 1] 1.410 003 BIT? 0625 1T 2,455 292
Coifee g Y 0.1 25 083¢ 003 BR7? 0373 9 4790 43
N 050 61 1.410 003  BRY? 0315 W 5,190 363
Cnhers g Y 010 25 0836 003 8877 029 6 83,928 515
. N 050 s1 1.410 00y B7? 0250 47 23,852 5421
Pashare 9 Y 012 20 1110 003 8§77 Q415 4 5435 7n
S 100 37 1.500 003 8§77 0125 50 44,133 2,207
Forest 20 - 100 100 10500 006  BST? 0001 & o ¢
Secondary Veg. 30 - 100 100 10500 006 877 0003 17 61,700 1049
R4 Cotion 8 Y [13¥: 25 08% 003 8128 0625 1§ 14,770 235
N o5 3] 1410 003 8178 0625 107 5,150 553
Colfes g ¥ 012 25 089 003 8128 0375 10 8,982 o0
N 050 1 i) 003 8128 03715 &4 10978 703
Others g8 ¥ 0.12 5 08% 003 8128 0250 7 169860 1,189
N 0.50 61 1410 003  BI® 0250 43 49700 2,137
Pusture 10 Y 012 20 L0 003 BI1® 0125 4 9457 38
N 0O 37 . 1s00 003  B1® 0125 46 85,201 3919
Forest 30 - 100 100 10506 006 8128 0001 s 3286 6
Secondary Veg. 30 - 100 100 10500 006 812 0003 15 116,600 1,749
R-5 Others 6 Y 0.10 3} 05T 0ol 9512 0230 2 22,954 44
' N 050 61 0952 ao0r  9s12 025 Il 5985 i
Pasture I 010 3} 08T 003 9612 0125 2 1,984 1
N 100 61 0992 603 9512 0125 M 16,043 516
Foiest 10 - 100 100 247 006 9612 0001 1 o 0
Secondary Veg 10 - 1.00 100 2470 Q.06 os12  0.003 4 20,600 82
R-7 Coloa 'S 012 20 R 003 T8 0625 18 7285 131
. N B.60 37 1.500 003 M 0625 120 2695 s
Coffee 1Y 012 20 1110 003 T8 03715 11 4790 53
. N 0.60 3 1500 @03 MB 035 M 5,190 374
Others 1Y (13} 20 B110 003 M 0250 7 250,160 1,751
N 060 37 1500 003 T8 0250 48 199,000 5,552
Pasture 10 Y on 20 1118 006 7128 0.125 7 28,130 £97
N 100 37 1.500 006 7128 0125 B} 206286 16,503
Forest 30 . 100 100 10.500 006 M 0001 4 243,164 973
Secondary Veg 30 . 100 100 10.500 066 7428 0003 13 398,000 5,174
RS Orhers oy 012 20 110 0483 5T 0250 3 67,764 407
™ 060 37 1 500 053 5T ©0 3% 22016 1639
Pasbrz o Y 012 20 1310 006 ST 4I5S 6 7,573 45
N 100 37 1.500 006  5TI0 0125 65 45,523 3,024
Forest 30 - 100 100 10.500 D06 5T0 Q0N 4 82,150 E73]
Secondary Veg. 30 . - 100 100 10.500 006 5T Q003 11 £9,200 981
Sub-totat 2463500 5858 M
Total 16915300 467,372
Averzge in the state 28

A annua) gross erogion per unit area (lonvha), GE: anavual gross erosion {1,000 lonfytar)
UT: average annual gross ercsion (tonha)
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Table-A2.5 Computalion of Gross Erosion with Couatermeasures (1/3)

g"a;:: Ia%l. Vegetation S(!;!;c Mon Tillage  Plactor ?};“‘3: LSfactr Kfactor Rfactor Claclor A Areatha) GE&.;(;” ‘ur
; o (m)

Cinzas R4 Cotion 8 Y 01 23 0856 0oL WS1 D15 1 7633 8
N 01 25 0856 001 BS1 D82S 4 7,643 k3!

Coffce 8 - 01 s 085 6.01 %S D3IS 3 15366 45
Others 8 Y 01 25 08 001 751 - 005 0 84513 0

N 01 25 0835 001 651 025 2 §4,513 169

Pasture 8 - o1 25 08% 003 - 7651 0125 3 53,716 161
Forest 30 - 1100 105 006 1Sl 0008 5 4,250 n
Secondary Veg. 30 - 110 1S 004 7651 0003 14 38,500 539

R Colfee 10 - 012 1 Lil 006 N2 0375 AU 30,732 645
Others 10 Y o1z 20 L1l 006  7i2® 0.05 3 140,855 423

' _ N oKl W L1 006 Mz 025 14 140855 1972
Pasture 10 - oz 20 Ll 006 128 0135 7 152,834 LG
Forest 30 - ¥ 100 105 006 - 7128 0.001 4 80,750 33

_ Sesondary Veg. 30 - | 9.5 005 7128 0003 13 85.600 L3

Sub-total o0 652 7

Iguacu Rl Cetten 8 Y ot 5 089% 003 11211 G12S 4 2284 85
N ot - 23 0826 003 1121y 0625 19 21,264 404

Others 8 Yo o1 5 0898 003 1 pos 2 329,592 659

N ot 5 0898 003 1 015 s - 32959 2,637

Pasturé 8 - ot 25 0856 003 11211 0125 4 237,120 948
Forest 0} - t 1 105 006 LIzE1 Q001 7 189,126 1324
Secondny Veg. 3 - - t 1% - 105 006 112Kl 003 2 MsM0 7377

R-2 Others 8 ¥ ot 5 0856 001 11068 003 0 255168 o
N ot 15 08% 001 11068 0235 2 255,163 510

Pasture 8 - 3] 25 0895 603 11068 . 0125 4 158,080 632
Forest 30 - 1100 105 €06 11068 0001 7 45,030 313
Secondary Veg 30 - : 1 100 105 006 11068 0003 2 22400 4460

R-6 Others 6 Y o1 30 ¢E73 005 9063 005 2 35085 102
N o1 K1 ¢673 006 9063 025 9 35085% 3158

Pasture [ - o1 30 0673 006 9063 0125 5 405080 2025
Forest 30 - 1 1 105 006 063 0001 [ 513,342 3,080
Seccndary Veg. 30 . 1w 105 006 9063 00D 17 621,800 10,571

R-7 Oxhers 10 ¥ 012 20 111, 006 6480 005 3 74,94 13
N 012 20 [ B1] 006 6480 025 13 7444 968

Pasture 10 - o012 0 - 111 006 6480 0125 6 128440 Eal!
Forest p - : L0 125 006 680 00N 4 153,102 612
Secondary Veg N - 1 185 005 5430 0003 i2 182,000 2,184
R Ohers 10 v [T }] 0 151 606 53M 005 z 31,896 64
N 012 20 (811 005 5314 015 N 31,896 351

Pasture 10 - 012 20 Ll 6Ds 5334 012§ 1 59,280 %
Fotest 30 - 1100 105 006 5334 G001 3 a [+
Secondary Veg 30 - 1 1» 105 006 533 G003 10 151,700 1,517

Sub-tofal $S31.800 45813 8
lart  R7T Coffes 3 . 01 30 0.673 001 5518 0375 2 12324 5
Others [ Y 01 30 D673 0.01 £513 0.05 0 93,457 b}
N o1 30 0573 ¢O1 - 65438 0z 1 93,457 93 @

Pasture [ - ol 30 0673 001 6548 0118 1 832180 8
Forest 10 - 1w 247 006 654§ 0001 1 119,300 11
Secondary Veg 10 - 110 247 006 658 0003 3 97,500 794

RSB Qthers 19 Y 012 20 13T 006 5167, 003 2 3081 [
N 01z 20 11 006 5167 025 10 3,081 3%

Pasture 10 - otz W 11k Q06 5167 0928 5 1,820 [
Fotest 10 - 1 247 006 5167 Q001 1 0 v}
Secondary Veg. 10 - i 110 247 Q.06 5167 0003 2 6,200 §2

Sub-total 519,800 §78 1
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Table-A2.5 Computation of Gross Erosion with Countermeasures (23)

- &
s::; fa%t- Vegotation S“%;e Non Tillage P lactor I(%?t LS factor Kfacter Rlactor Clacter A Arealhin} GE:.;?OO ur
o !
Tvai E-1 Cotlon 6 Y 01 30 0573 001 105M 0125 ! 11845 i8
N oL 0573 001 1053 0625 4 17845 n
Colfze & - o1 3 0573 001 10534 0375 3 11857 36
Others 6 Y oL 0573 001 10534 065 o 71,382 0
N o1 0873 001 10534 025 2 71,382 143
Pasture $ - 01 30 0673 003 10534 0§25 3 217856 654
Forest 10 - 1100 247 006 10534 0.001 2 17,206 34
Secondary Veg. 0] - [ 247 006 14534 0003 5 178,400 87
R4 Colion 5 Y 01 3 0673 001  M1® 0125 % 23,74 24
N 01 30 0473 001 % 0625 3 237 T
Coffee § - 01 30 04573 001 M1 0375 2 23,794 43
Cahers § Y 01 30 0573 001 . MI® 005 O 35,691 0
. N o1 30 0673 001  M§  012S 1 35651 36
Pasture § - oy 30 0873 003 S 0125 2 34788 789
Fotest 19 - 1 10 247 006 418 00M 1 19,664 .20
Secondary Veg. 12 - 1 10 241 006 M1 0003 3 245300 735
R-$ Cotion 0 Y 012 20 11t 003 512 0425 L1 23,754 19
i Y 01 20 11 003 9612 - 0625 24 23,754 i
Coffee 10 - 012, 20 11t 003 9512 035 14 2374 333
Cxhers 10 Y 012 20 11 003 9512 065 2 220054 4§40
: . N 012 20 1n 003 9612 o415 10 220085 2200
Pasture 19 - 012 20 i 003 $612 0125 5 29904 1245
@ Forest EN 110 108 006 9612 Q0N 6 58,092 354
Seconduy Veg 3w - 1100 105 006 . 9612 Q003 18 345600 6221
R& Colton 10 Y 012 20 in 001 &% 0125 4 5949 24
‘N 012 2 n 003 &5 0625 22 5948 131
Chers 1] Y 012 W0 i 003 &5 005 2 £3,279 167
: M 012 ® 11 003  s81% 025 9 83,279 750
Pasture 1w - 012 - W0 tRY 003 E8T5 0N1s 4 £3.008 332
Forest e - 1100 105 005 BEIS  COM 6 8551 3%
Secondary Vig, 30 . 1 100 105 005 8575 0003 17 184900 2463
R7 Collon 20 Y o016 - 15 283 006 €19 0425 23 5949 137
) N 016 15 28 006 &MY 06215 115 5948 €54
" Others Y 016 15 283 006 &M% 005 ¢ 77331 656
N o016 18 283 006 §MF 025 45 71330 3557
Pastuie - 20 - 016 18 28 006 &M% 0128 23 9331 2,148
Forest 30 - : 1100 105 006 6749 0001 4 3,404 374
Secondary Veg. 20 - 1100 105 006 &M% 0003 13 200600 2608
Snb-tolal 3587900 29456 8
Figid Rl Cotton & Y 01 3% 0673 001 11723 . 0125 | 63,570 64
’ N 01 30 0673 001 11723 0625 5 £3,5% 318
Coflee . 6 - a1 30 067 001 11723 035 3 31,785 85
Crhers 3 'S 01 30 057 001 11723 065 0 423800 0
N 01 30 0573 001 1723 015 2 413800 843
Pasture 1% - 012 ravd i 003 11723 0525 & 821,299 4928
Forest 30 - 1 10 105 006 11723 0001 7 51,085 358
Secondary Vg 30 - 1 100 105 006 11723 0003 22 459,100 10,100
R6 Others 1 Y 01z W R] 003 9083 065 2 26,438 53
H 012 0 111 00} $06} 0§ 26,437 38
Pasture 10 . 01z 0 i 003 9063 0425 $ 25401 21
Forest 30 - 1 100 105 006 063 0.001 [ 3,015 5t
Secondary Veg. 30 - - t 100 195 006 9063 0003 17 45,490 72
: Sub-total 2470800 17555 1
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Table-A2.5 Computation of Gross Erosion with Countermeasures (3/3) .

Sk

et - Vegelation I NonTillage Plactor Yot LSiactoc Kfactr Rislor Clactor A Araagie)  OEGO0 gp
n of %) (m) vy}
Frapo R4 Cotion 6 Y 01 30 0573 ool 718 . 0115 1 6528 7
: N 01 30 0672 001 8 0625 3 63528 20
Colfee 6 - 01 30 0471 001 718 . 0375 2 10,242 0
Others 6 ¥ o1 30 0673 001 7918 005 0 73,401 ¢
N o1 0 - 0671 001 I D25 1 73,401 kel
Pasture 19 N LR ) 1.1l 003 518 0125 4 150,800 763
Focesl N - 1 00 10.5 o086 1B 0001 5 12,500 63
* Secondary Vep, D) - 1100 105 005 7918 0003 1S 126,600 1,899
Sub-total 500,600 2815 6
Riteira  R-8 Poftato 19 Y 012 20 81} 005 5167 015 6 10,476 &
N 012 20 i 005 5167 035 31 10476 325
Ochers 10 'S 012 20 1 006 5167 0.05 2 105,524 22
N awz 20 i 008 5167 0325 10 105524 1,059
Pasture 10 - a2 20 i 006 5167 0125 - S 105,400 527
Forest 30 . 1. 100 108 005  S167 00N . 3 100,700 302
- Secendary Veg. 30 - i 100 105 006 5167 . 0003 | L YN 1] 4,741
i . Sub-lotal 953,000 7220 3
Tibagi R-3 Cotton g ¥ 01 15 089 003 8877 - 0125 3 4500 15
N 01 25 0856 603  £877 0625 15 4590 75
Coffee 3 FRS ai 25 085% 003 877 0375 9 9,962 20
Onhers 3 ¥ 01 25 0894 003 8371 005 i 54,590 55
N o1 25 0§%  DG3  BS7 025 . 6 4590 kY]
Pastre 10 . Soor 20 11l 0G3 88V 0115 4 49,588 158
Forest 30 - 1 i 105 005 88T 0001 & ] 0
Secondary Veg w - 1 100 105 005 8877 0003 17 £1,700 1,049
R4 Colion 8 ¥ o1z 2% 089 003 8128 0123 3 9,930 30
N o2 5 0.8% 003 8128 0625 1§ 9,580 160
Colfee g - 012 25 038% 003 8128 0375 W 15,950 200
Cxhess g Y (3} 15 0596 003 8128 005 1 109,780 110
’ N 3} 25 0595 003 8128 025 7 109,780 73
Pasture 10 - © gz 20 1 003  $128 0125 1 34,663 379
Forest 10 - ‘ i 100 105 006 8128 00m 5 3,285 5
Secondary Veg 30 - 1 100 105 pO6 8178 0003 15 115600 1,749
R-5 Others 6 Y ot 30 0613 001 5612 005 0 14970 Q
N 0.1 k) 0673 00F  $612 025 2 14,970 £l
Pashure 6 - o1 Wy DETR 003 9§12 0125 2 18,032 34
Forest 12 . 1 W0 247 006  S612 0001 $ 0 ¢
Secondary Veg, 19 - 110 247 005  S512 0003 4 20,650 82
R-7 Colton ) Y o 20 11t 003 s 011 4 4950 20
N oIz 20 L1 003 7128 0825 18 4990 %0
Coffee 10 - 012 20 1H 003 7128 0315 1l . 9580 110
Orhers 10 ¥ 012 20 11 003 718 005 | 224,550 28
N o - 20 1 003 | 7128 023 7 2243550 1,572
Pasture 10 - 012 0 11t 006 7123 0125 7 4416 1,641
Forest 30 - I e 105 005 . 728 0001 4 243164 973
Secondary Yeg i - 1 100 105 006 7128 0003 13, 398,000 5174
R-8 Ohers 10 Y 61z 10 11 €03 570 005 1. 5489 58
N - 012 20 R 003 - 5T 015 6 54850 329
Pastuse 10 - 012 20 111 006 ST . 0125 3 54,056 325
Fuoxest k) - 1. 100 105 006 5710 - Q001 4 . 8250 3B
Secondary Veg 30 - 1180 105 006 570 0003 . N £9,200 931
Sub-1otal 2,453,500 17,195 F]
Total 16915300 127,712 :
Average in the sla's 8

A arapia) gross erosion per unit area {fon'ha), G annual gross erosion (1,000 lonha)
UT: averzge annual gross ercsion {lon'ha)
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Figure-A2.1 Relation between Discharge and Suspended Sediment (1/2)
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A2-14



Appendix-3 |
Landuse and Agricultural Data of Pilot River Basins
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Table-A3.11 Productivity of Non Tillage and Regular Tillage in Iguagu River Basin (1:2)

Soybean  Soybean

Beans RP. Beans NP.| MazeRP. Maze NP, RP. NP, Wheat RP. Wheai NP.
BACIA Municipality fonha)  (tonha} | @onha)  gorvia) | Qonha)  fovha) | (onha)  (loniha)
197 Agudos do Sul 0.90 310
17 Amirante Tamandare 050 133
178 Ampore o0 220 220 170
128 Antonio Qlinto 110 210
11 Aracana 120 270 4450 220 2.35 185
114 Baisa Nova 099 367
173 Batracao 0.70 220 1.80 085
1-35 Bituruna 100 230
167 Boa Esperanca do Iguacy 158 N 1.80 124
191 Bea Visla da Aparecida Q.60 28 210 150
1-55 Bom Sucesso do Sut 240 450 220 225 150
-1 Campina Grande go Sul .42 150
2 Campo do Tenenle 100 240 2.40 .00
39 Campa Largo 0.90 200
45 Candol 094 405 405 2.40 240 242 2.42
45 Carlagalo 086 23 400 233 260 $.20
186 Capahema ) ) 120 320 200 1.60
92 Capitao Leoridas Marques . 1.60 gl 250 $.10
9 Cascave! 110 500 800 238 270 090 ‘00
183 Calanduvas 080 488 490 270 22 090
195 CeyAad 500 500 280 280 120
145 Chopinzinho 120 k1] 8.50 240 2.60 1,60 192
142 Clevelandia [e]=] 0.30 230 1.40 180
5 Colombo 0.60 225
-15 Corfenda 124 3.72
-5 Coronel Vivida 0.40 280 249 249
37 Cruz Machado 080 1.60 ’ 120
165  Cruzelfo do iguacy 1.00 280 200 150
8 Curitiba 200
163 Dois Vizinhos 132 326 210 1.80
169 Eneas Marques 080 2.40 110
111 Fazenda Rio Grande 100 320 1.80
172 Fior da Sera do Sul 090 260 400 250 150
11 Foz do iguacu 480 230 240 135 .
-7 Francisoo Belrao .00 280 330 240 2.10 1.10 1.30
1-35 General Carneiro 0.80 150
183 Guaraniace 0.80 250 250 320 060
1-33 Guarapuava 070 450 5.40/ 265 280 224 230
I-43 Hononio-Serpa 1.10 245 400 240 250 178 170
3] foema 1.30 450 5.45 2.45 255
138 inacio Madine 065 160
128 irali 090 280 250 280 1.60
§-56 itapejara D'Oeste 1210 280 400 .80 210 150
121 Lapa 120 gy 6.50 225 2690 1.50 ©1.30
I-48 Lararjeiras do Su 090 275 5.40 235 235 139 139
-84 Lindoesle 060 2145 200 1.4%
-3 Mafiet 105 105 290 290 250 250
12 Mandrituba 1.10 3.00 100
H44  Mangueirinha 1.10 3.40 5.50 2140 300 170
152 Maropols 150 300 350 235 250 224
71 Matmeleiro 080 275 275 230 230 150
97 Matelandia 5.60 270 070
198 Medianeira 520 223 5.00
79 Nova Espéranca do Sudoeste 100 280 240 1.20
162 Nova Laranjeiras 070 200 6.00 220 270 150 180
182 Neva Prata do Iguacy 120 120 350 350 240 240 160 .
41 Paimas 0.90 350 600, 225 225 160 - 160
1-23 Paimeira 075 360 600 270 320 160 2060
151 Pato Branco 124 317 250 156 '
132 Paula Fredas 120 220 1.90
131 Pauk frontin 089 250 1468 )
1-83 Ferala do Oeste 075 360 200 1.70
-8 Pen 085 2582 ’ 105
16 Pinhals 160
177 Pinhal de Sac Bento 0rs 250 1.50 120 .
-4 Pinhao 055 425 585 270 210 23 223
13 Piraquara 160 o
154 Planale 1.00 I 180 180
122  Polo Amazonas 120 250 250 20
124 Porlo Vitoria 150 200 :
76 Pranchita 1.20 300 250 220
-2 Quatio Bantas 072 180
1-64 Quedas da Sguatu 090 120 270 450 245 272 1.10 130
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Table-A3.11 Productivity of Non Tillage and Regular Tillage in Iguagu River Basin (2/2)

. _Soybean  Soybean

. Beans RP. Bears NP | Maze RP. Maize NP, RP NP, WheatRP. Wheat NP
BACIA Murigipality {tocvha) {tonvha} {tontha) flenhal ftorvha)  ftorvha) {lorvha) {torvha)
16 Quitandinha 092 280 090
{85  Realeza 1.00 380 §20 23D 210
127 Reboucas - 120 300 480 2.40 250 165
154 Renascenca 100 450 500 240 150 160
123 Rio Azd 493 250 230 250 180
161 Rio Bonito do Iguacy 08 330 620 235 270 120 220
1% Rio Negro 120 280 2,40 2.40
174 Saigado Fiho 1.00 260 120
15 Sallo do Lontra 130 350 3.00 400 250 125 150
1-£1 Santa Fzabal do Cesle [13~4] 3.00 300 240 200 180
183 Santatlucia 1.40 380 240 120
-85 Santa TerelZa do Oesle 500 570 2,48 300 170 200
-1 Santa Tetezinha de laipu 600 220 160
175 Santo Anlorio do Sudoeste . 080 250 220 1.45
188 Sao Joao : - 1.10 400 6.19 2.48 273]. 1.45 198
-24 Sao Joao do Triunfo Q080 300 4.44| 250 240
165  Sao Jorge do Cesle 080 400 500 198 250 1.49 200
-4 . S30 Jose dos Pinkals 031 240
i-26 Sao Mateus do Sul 0.80 50 240 200
23 Sao Miguel do iguacy 550 080 240 298 222
15 Saudade do iguacu 100 38 520 180
59 Sulina Qo1 320 210 148
13 Tiucas do Sul 060 203
87 Tres Bamas do Parana 120 360 210 150
133 Uniao da Vitaria 090 223 210
57 Vere 0E0 apo 270 120
147 Virmound 070 1.60 280 110
153 Viloring ¥.48 400 240 0.00 140

R.P. Produciivity of Regular Tillage, NP, Produciivity of Non Tillage

Source: EMATER {1084}
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Table:A3.12 Productivity of Non Tillage and Regular Tillags in Tibagi River Basin

Soybean  Soybean

Bzans RP. Geans NP} Malze RP. Maize NP.| - RP. NP Wheal R P, Wheat NP,
BAGIA Mynicipality {lorha) (on/ha} {lonha) (onhay ftonha) fion/ha) |- {tonfha) {lon/ha)
T-22 Apucarana 0.60 414 © 645 240 273 A.00 1.00
123 Arapongas Q.60 420 420 260 260 137 137
31 Assal 060 360 220 0.60 :
T-21  Calfornia aas 300 -
T38 Cambe 470 500 280 280 1.20 120
T8 Castro 087 2% 553 A 285 3.00 AL A L]
T-28  Congonhinhas 053 240 13 181
T1-33  Cornelic Procopio 380 .00 224 10
T-46  Curieva 0.85 280 .
T3  Iripora A 450 2.40 230
TS5 Imbiteva ’ 100, 165 378 580 200 250 1.20 185
16 Ipiranga 100 443 600 280 280 1.9 1.9¢
T4 trati 0.9 280 250 280 160
T4 beai 105 255 550 i 270 270 2140
T35 Jatalzinho 3.40 .45 238 260 1R
T-41  Leopolis 440 220 235 174
T-24  Londrna 0.60 380 3.80 235 235 1.70 1.80
12 Marilandia do Sul 080 510 620 250 2 50, 1.80 1.80
119 MagadaSena 1.20 ’ 270 1.85
1-32  Mova America da Colina .42 248 183 . 1.43
1-23 HNovaFalima 072 347 550 21l 300 1.60 174
1.25  HNova Santa Barbara 3150 455 L 248 24 173
T-48  Orligueira o 80 160 30 200 240 180
1.2 Palmena 075 360 600 270 30 1.60 200
T-12  Pirai do Sl 125 4.40 540 260 60 240 240
1.7 Porla Grossa 085 {90 450 610 250 210 1.60 210
T4 Pordg Amazonas 120 250 250 210
T-43  Primeiro de Maio 298 22 174
T4 Rancho Alegre 450 3 188
T1 - Reserva 080 180 . 2% 200
T-37  Rolan&a 500 6.00/ 260 030 223 250
T-25  Santa Cecilia do Pavas 0.85 372 Pl 248 099 100
T-27  Santg Anlonio do Paraiso 372 185 258 1.36
T-18  Sao Jeroniro da Sera 0.37 268 28 198
T3 5a0 Sebasfiao da Amoreira 3 500 0 220 218 250
T-17  Sepopema 085 154
T-42  Sedaneja 449 225 235 193 173
T-29  Sedanopolis 41 236 149
T3 Texeira Soares 150 1.93 ¥ §20 250 248 1.60 160
T-14  Telemaco Borba 080 230 2N
T-t1 Tibagi 1.00 180 500 650 3.00 3N 250 280
T34 Umi 372 174 062
T-13 Ventania 062 25 500 250 250 230 230

R P Produdinaly of Regular Titage, NP, Productivity of Non Tilage

Source: EMATER {1834}
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