5. DISCUSSION

This chapteris organized seantially, so as to parallel methods in Chapter 3 and
results in Chapter 4, and integrates, wherever possible, findings from different
sections. The first section presents the results from farmer surveys atirdicthat
there are significant differences in crop productivity among the heavily cultivated soll
types. These are related not onlythe climatic and physiographisroperties of each
soil type,but also to other factors relevant to specific fieldshsas its age, size, and
management.These factors, in turn, are influenced by historical and socioeconomic
forces which make it difficult to establish any direct, causal relationships to crop
productivity withoutnumerous stipulations

The next sectio discusses results derived from the ASTER imagery, which
SURYLGH D PHDVXUH RI WKH YLOODJHYV ODQG VKRUW|
management practicehere is also discussion of SEMDVI, its role in the soil loss
equation, and, briefly, itpotenial application infuture studies. The third section
provides more thorough analysis of differences in soil spectra and quality indicators
by comparing thento actual site descriptionsAs average variability is greater
among land use types than amora $ypes, the latter portion of this section
discusses the high degree of variability that occurs within land use types (using
individual sample¥ and indicates that certain practices may have strong influence on
soil quality.

The last section providesnvincing evidence to support the validity of soil
loss estimateby synthesizing the discussions in previous sections to show that, on a

gualitative level, there is atrong relationship between soil loss estimates, crop
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productivity, preharvest vegetate density, and soil nutrient content among the
heavily cultivated soil typesas well as to ground truth observations of visible signs
of erosion This chapter provides the basis for the recommendations that appear in

Chapter 6.

5.1 FARMER SURVEYS

The quality of survey data

There are several, fairly obvious limitations to (88@03)survey approach. For one,

WKH XQLWYV 2EDJV"  DQG 3DFUHV® DUH QRW SUHFLVH XQLW
all bags weigh exactly 100 kg and most farmers only tedanteger values for their

ILHOGYYV DFUHDJH LW KDV EHHQ DVVXPHG WKDW GLIIHL
and net yields (i.e., bags) become insignificant when aggregated for multiple fields to

calculate average productivity. In terms of the syniself (see appendix)many of

its questions (i.e., those about management practices) only cequiteP SOH 3\HV™ RU
SQR” UHVSRQVHYV 7TKXV WKH VXUYH\ FRXOG QRW DFFR?>
amount of manure and the frequency of its applicatitre freqiency/slope/

vegetation density of contour ridges, lmw longthe currentmethod oftillage ha

EHHQ HPSOR\HG H J HYHU\ \HDU VLQFH ORUHRYHU
guestios arecertairly influenced by the fact that the sunisybeing administered by

a rich, white male for research purposes. Data from socioeconomic questions such as

SGR \RX KDYH D VRXUFH RI LQFRPH RWKHU WKDQ DJULFX
type of influence.In spite of these limitations, resultsamgly resemble those of the

2002 survey and thus, even though both surveys had relatively small population sizes,
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the trends delineated in this section appear to be persistent, at least over the past two

years.

Crop productivity
The averages for maize@ wheat prodctivity reported in 2003 are neistent with
values that have been reportey village farmerssince the EI Nio event in 1998.
These values, 6.06 and 5.60 bags/acre, are well alevage yields in most of East
$IULFDYTV Kdrha@daqdGwWeat, which are 1&27 and 5+18 bags/acre,
respectively (Nyoro et al., 2001).

7UHQGY DPRQJ WKH YTaifeCil.1)jndidate/tRat f2lda/h R/
and RL1 have significantly lower productivity than fields in RU1, L1, and alluvial
soil types. While it seems logical that alluvial fields would report the highest
productivity, as these fields receive considerable nutrient snpathedfrom the
other highly cultivated soil typesthe differences in productivity between the
Northern regdQ fV 58 DQG 58 VRLOV DQG EHWZHHQ 5/
inspection.

First, however,it is important to recognize that there are numerous factors at
work here: field age (Table 4.1.2) management practicegTable 4.1.2)
socioeconomicownership (Table4.1.9) and field size(Table 4.1.10)all have
meaningful if not significant influencen crop productivity. Moreover, natural
differences among regions/soil typmasch aslimate, slope, and stoniness are equally

important as is theamount of natural egetation (i.e., bush/graze) that remains in
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areas that are heavily cultivatédiables 4.2.1 and 4.2.2)All of these interactions
cannot be assessa@t certain key trends do emerge.

The chief naturaldifference between RU1 and RU2 is slope; on theept
hand, fields in RU1 and RU2 are comparable in that most were cleared before
villigization, they have similar megpositive management practicedings (22.9 and

UHVSHFWLYHO\ WKH\ DUH GRPLQDQWO\ RZQHG E\ Z]
U % %nd, as they coexist at the same altitude, they experience the same climate.
Incidentally, average field size and the percentage of land used for culti{attitie
expense of natural vegetatioB)greater in RUL (7.3 acres a8d.4%, respectively)
thanin RU2 (5.1 acresand 79.1%respectively). Thus, in the absence of any other
notabledifferences, it would seem that Rields should report higher or, at least,
comparable productivity with respect to Riiélds. Since productivity in RU2 is
significantly lower than in RU15 8 fV J UstbRedppiedrs to be the primary reason
IRU WKHVH ILHOGYV § deRt&r$0peSddRriBuxes W greatdy kates of soil
loss which in turn contributes to reduced crop yieldShis shall be further
investigated in section 5.4, when soil loss estimates are integrated with crop
productivity trends.

Between RL1 and L1, the primary, natural differences are that L1 receives a
(slightly) hotter, drier climate and has stonier soils. These factors suggest that L1
would be predisposed to having lower productivity than RE@rthermore, RL1 has
a much greater mean ratii@8.2) and is less extensively cultivated (81.8%) than L1
(11.3 and 84.7%, respectivelyBoth are mostly owned by poorer farmégsoups

u&Y D QGOp 'thie other handi4% of RL1 fields were clearetdefore or during



villigization (the average year is 197@nd these fields have average maize
productivity of 4.1 bags/acre compared to the 6.3 bags/acre reported by RL1 fields
that were cleared after 18; for L1, 80% of fields were cleared after 1976 (the
average year is 1981) and these have average productivity of 7.5 bags/acre. At the
same time, L1 fields are smaller (an average of 4.0 acres) than RL1 fields (an average
of 5.3 acres). | am not conviced, however, that thgypically younger age and
smaller size of fields in L1 can be the sole explanationwloy these fieldsare
reporting significantly higher productivity than RL1 fields, especially since all other
factors seem to favor RL1l. shallthereforereturn to this topic in section 5.8sthe

potential role of soil qualityndicatorsand their effects on productivity are discussed

Management practicedield ageand field size

As can be seen in Tables 4.1.2 and 4.1.3, the use of pos#ivegement practices is
accompanied by significantly higher productivity for both wheat and maize (with the
marginally significant exception of exough tillage and maize productivity);
correlationsbetweenyounger field agemaller field sizeand higher poductivity are

of equal significance.

Agriculture is often referred to as a diseconomy of scale, meaning theltas
size increases, productivity tends to decrease. Althdbgh phrase isusually
reserved for plantatiesized fieldsversus smallhdler farms results in both 2002 (see
appendix) and 2003 surveys (Table 4.1.88pw that the correlation is of high
significance inKambi ya Simbdor productivity of fields larger than 5 acres versus

fields smaller than 5 acresThere are severdéatures distinct tolarger fieldsthat
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contribute to this outcomeForone, it is harder logistically for &armer/family to
monitor a large field and to pay attention to each individual or group of plants.
&RQVHTXHQWO\ WKH TXD @ and/dtén the sudbiitiRXa@Mmintl SFDUH’
physical inputs(e.g., fertilizer,contour ridgefrequency light tamping of seedbed
after rain3 2 that can be afforded to each platomprised Moreover, larger fields
demandmore labotefficient inputs, such as tractorsnd combine harvesters, atiis
necessitate to a greater degree practices like burning of residudtile these
VWDWHPHQWY DUH DSSOLFDEOH WR i Rdnbi y&SinihgH OGV D Q\:
3 O D UJH arelad®tgpically older. Whehese cotributions areaggregated, it is
unsurprising that field size exhibits the most significant correlation to both wheat and
maize productivityof all the factors assessed in this study

By field age,recently cleared fields exhibit a more significant, pesit
correlation to productivity for wheat than for maize. Since interregional and
socioeconomic differences are mininfat this crop (again,wheatwas andis still
predominantly grown only in the Northern regiand by wealthier farmersihe
correlationseemsquite accepable prima facie? fields that have been cultivated for
longer periods have suffered greater cumulative deteriorétian younger fields
thus yields are lower Although it is difficult to makean equally strong clainfor
maize that canbe supportedstatistically (for it is heavily cultivated among all
socioeconomic groups and regipnihere is no compelling evidence to sugdbst
the negative relationship found between age andnaize productivity would be
spurious. Moreover, many ofi¢ oldest fields in the village were used solely for

wheat cultivation until villigization, when, after redistribution, they became
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increasingly used for maize-or both crops,he correlation is bolstered by results in
Table 4.1.9 between farmers of S&ec(RHFRQRPLF JURXSfieldst®fe DQG %
younger andcrop productivity is higher RU JURX\NSKP@ TIRU fdthieisS us$
despite nearly identical meananagement practiaatings While farmers maintain

that crop productivityevels were sustainagp wntil villigization, it is quite likely that
gradual declines did occur among older fields but these were offsstrdigtively

high rate of expansion into new landg/hen expansion could no longer be sustained
after villigization (as virtually all arabldand had been cleardaly 1976, andcoupled

with the resultantlack of natural vegetation around fields aimdreased use of
tractors productivity began to drop angkesumably more markedly in the fields that

had been cultivated the longest.

Drawingfrom section 2.5, the use of tractors is associated with higher rates of
soil erosion caused both from quicker ploughpan formation and the fact that it is
simply more difficult to till along natural contours by tractdthus, all other factors
being equalone should assume that fields tilled bypaugh should report higher
productivity than fields tilled by tractor. While strong correlation between -0x
plough tillage and higher wheat productivsypports this hypothesip < 0.01)
results formaizedo not;in fact, aweak correlation was found between tractor tillage

and higher maie productivity (p < 0.1)Like field age, trends in wheat are easier to
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historically been grown chilf by wealthier farmers, their relative affluenbas
afforded them with the option ofudng tractors for every growing season since
villigization, exacerbating ploughpan formationand cumulative degradation
Accordingly, wheat productivity is lower forelds tilled by tractors.

In the case of maize, howevdrgetfinding that fields tilled by oplough have
lower productivity than those tilled by tractors suggests that other flésessmay
be outweighng the influence of tillagen productivity. The strongest bias appears to
be geographic, a2002 survey result§in appendix) which had a more even
geographic distributionindicatethat both mae and wheat productivityra higher
for fields tilled by oxplough than by tractorResults aresomewhatkewed in the
2003 survey because 13 out of the 17 maize fields in RL1 (76%) are tilled- by ox
plough whereas the proportions within other soil types are close teamalalf.
7KHUH IR U fitldstillefl Wy oxploughweigh heavily in the village avegeand,
as discussed in the previous section, RL1 has significantly lower productivity than the
other soil types. Removing RL1 fields frontalculations productivity for maize
fields is 6.8 bags/acre for tillage by-plough and 5.7 bags/acre for tilaby tractor,
which concurs with trends observed in wheat productivity by tillage practice
presumably for the same reasons

Positive correlation betweemanure usagend crop productivityis more
significant for maize than for wheat, as shown in Table3. For wheat, this lower
significance appears to be related to the fact that RU2 fields reported higher manure

usage than RUL fields60% versus 45%, respectivéland, at the same tin{féom

Table 3.1.2 58 FRQWDLQV RlI WKH YUt @@O@dys\RUBDPW Y H\HG Z
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34% As RU2 reported lower overall wheat productivity than RU1, the correlation to
manure usage i¢ess significant than might be the case with a more uniform
geographic distribution of wheat fields For maize, the correlation is ghily
significant among all soil types (p < 0.005)Vith both crops, theecorrelations are
acceptedprima facie manure provides numeropssitive benefits for soil fertility (as
discussed in section 2.5) gridereforecrop yieldincreases

Negative corelations with residue grazing and crop productivity were
significant for both maize and wheget it is difficult to assess the extent to which
the two arecausallyrelated. For one,trends inresidue grazing are highly variable
between yearse(g.,only 26% of fields weraeportedlygrazed in 2002, compared to
42% in 2003), unlike other management practices, and questions about grazing
intensity were not included in the survey (a farmer who only allowed livestock
grazing once in the past year is, inagice, treated the same as farmers who
frequently did so).For these reasons is difficult to assess the cumulative nature of
this practiceand, therefore, to attribute it directly to lower yieldMoreover the
decision to allow livestock to grazesidues is largelgontrolled bysocioeconomic
forces? wealthier farmers with too many livestock may see no other option, whereas
poorer farmers witholW DQ\ OLYHVWRFN DUHQ T VoptidY. HHge SUHVHQW
interactions between socioeconomics dhid particular management practidas
well as the othersghall bediscussed more thoroughly in the next section

Of all management practices included in the surtley presence of vegetated
contour ridges had the greatest positive correlation to crop grnatjuand was thus

assigned the highest rating factor). This trend was highly significaibibth wheat

162



and maize fieldssimilar trends were found in the 2002 surve®nly 17% ofthe

fields with vegetated contour ridges used stones for further dyppalr this had no

significant effect on crop productivityA larger sample sizef fields with contour

ridges supported by stones thatRsRUH HYHQO\ GLVWULEXWHG DPRQJ
types would be necessarytast for significantorrelations, thogh it is interesting to

note that half of tis setof I LHOGYV ZHUH RZQHG E\ IDUPHUV RI VRFLR

There is compelling evidence to suggest that many farmers responded to the
,0) :RUOG %uQuNgl Xdj@wsmentPrograns, which abolished suioges for
fertilizer and improved seed varieties in 1986, by constructing contour ridgesof
the 31 fields with vegetated contour ridges owned by farmers repi@d to this
guestion, 71% built their ridges after 1986 and 41% of this subgroup cdedtruc
them from 1987 to 1994i.e., immediately after the subsidies were remaveBy
contrast, only 3 of the originaet of 31 fields had contour ridges builtefore or
during villigization. No correlation was found between contour ridge age and crop
productivity for either wheat or maize.

In summay, there is strongndication that younger field agesmaller field
size,and positive margement practices (with the possi@gception of preventing
livestock from grazing crop residues) are significantblated to higher crop
productivity for both wheat and maize&inceeach of thee managemenpractices is
designed to reduce solil erosion whslenultaneously i the case of manurgpme
contour ridgesand preventing residue grazjnighprove soil nutriert content, such
correlations are logical Yet it is testimony to their importancthat these trends

emerged to such degrdespitethe multitude ofnterrelated and exogenofators
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Farmers are in accord that all of theanagemenpracticesincluded n the
surveyeffectively combat productivity declines, yet, as mentioned in section 4.1, only
8 of the 80 fields surveyed utilize all of these practices. thaseforenecessary to
discilss the socioeconomic factorgshat have inhibited their widespread

implementation.

Socioeconomics

Although the socioeconomic data collected in this study is primarily related to
agricultural holdingsmost families in Kambi ya Simbappear tdive below the $1
incomeday poverty line. As is the caséath all absolute, pecapita poverty lines,

suchastatemenis distorted by the presenceafarge, informal econongnd

164



SRRUHU IDUPHUV JURXSV-pgiotigh. A® Be rafitor W the Mo\ R
capitatintensive method of the two (farmers must rent the tractor and pay for fuel), it
is logical that wealthier farmers report highise, whereas poorer farmers often have
no choice but to use thaexpensive but labofintensive, oxplough. In addition,
wealthier farmers usually have larger fields than poorer farmers (Table 4.1.10),
creating furtheneed for tractorsSome of the f PHUV RI JURXS p'Y KRZHYHU
own any cattle or livestock anday therefore benable to till ly ox-ploughif oxen
FDQYW EH ERUURZHG 7 K to \feritRaUr&dtbY froddh KaHovhidr febréR? H U V
usually on creditand may be partly responsibte fiwhy they report lower use of ox
SORXJKVY WKDQ JURXS p&fY IDUPHUYV

Manure usage is also strongly related to socioeconstatas as wealth is
ODUJHO\ PHDVXUHG E\ WKH VL]HarR] oRQuistlt v HVWRFN
livestock, the more manutéere is for fields Table 4.1.8 shows a clear decline in
PDQXUH XVDJH IURP VRFLRH F RIgsRIeclirfe i paRlX @lated 1 WR p& |
a decline in the ratio of livestock head to field adeedculated from Tables 4.1.5 and
4.1.6) for fields owneG E\ JURXS pu$yY IDUPHUV WKHUH H[LVWV DQ
acUH ZKLOH IRU JUtReXeSs pily fanl &ver&gkl U8/ animals per adids
discrepancy suggests that even if both groups of farmers rely heavily on the extensive
grazing system @sW KH\ GR JURXS p%Y IDUPHUV DUH QRW DEOH
RI PDQXUH SHU \HDU WR WKHLUAt thel €2a@e/tinkeythé lRX S pu$| ID
herd sizeamassed bhoth groups of farmers prevent afltheiranimals from being
herdedsimultaneosly; therefore,while some graze, others must remain penated

home, which allows for easy manure collectionThis mechanism garently
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contributes to thdower reported manure usagl JURXS p&Y IDUPHUV LQ UH
JURXS p%9 asun& M HD@RyHEW an average of 9.2 livestock per field
FRPSDUHG WR J baweX1B. lulie§tozkkper field, despite having a slightly
JUHDWHU OLYHVWRFN WR DFUHV UDRMLRUR X SWKP QD JUPRIXS
their low livestock numbers (average hé&ad per field) suggest that most keep their
livestock penned, as each animal is of greater relative value wititan other
socioeconomic groupdg-or this reason, nearly all farmers in this group with livestock
apply manure L H PRUH VR WyeDdpe jdtiek Bwigeftock to acres
ratio (0.4), very little manure is available for even distribution about their field(s).

The decision t@reventlivestockfrom grazingcrop residuess also largelya
reflection of D 1D U P H U Y Wol@ings. HeNdkaEdwship appears to be inversely
SURSRUWLRQDO WKDW LV JURXS u$Y IDUPHUV ZKR KDY
SUHYHQW UHVLGXH JUD]LQJ ZKHUHDV JURXS pu'Yf IDUPHU
reported thenostadherence to this praatic While this correlation is logicglrima
facie? farmers with more cattle run out of forage quickerd thus turn to crop
residueg it also shines light upon the relative value of soil quality to farmers in each
socioeconomic group.Since poorer farmers dwve substantially fewer acres than
wealthier farmers, each parcel of larsdof greater importance to them and they are
more dependent ommaintainingits quality to meet subsistence need$Vealthier
farmers mayustify the practiceof residue grazings asmall soil quality sacrifice in
exchangdor high livestockproducereturrs (i.e., better/moremilk, wool, and meat).

As poorer farmers do not have enough livestock to generath supplementary
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income, theymuststrike a balance between crop and lisektmanagement so as to
best meet themeeds fosubsistence.
Despite the fact that constructing contour ridges requaiapial investment
anda shorterm sacrifice improductivity, the use of vegetated contour ridges appears
to be inversely proportiat to wealth. This counterintuitive finding caeasily be
used to underscore the greater importance of soil quality to poorer farmers; however,
it may also indicate thedegree to which subsidy removal imparted an unequal
distribution of panic among the @ O D J H { \? pddtéPfatrevs were more affected
and thus responded immediately by constructing contour riddes.is supported by
the finding thatmore than half of the fields with vegetated contour ridges owned by
IDUPHUV LQ VRFLRHFRQERALKE BKDRXWKHRIFRQVWUXFWHG E
1991 (i.e., 8 out of % By compaJLVRQ RQH TXDUWHH ORGIVIURKG WIRAI

ULGJHV ZHUH FRQVWUXFWHG GXULQJ WKLV WLPH L H



residue grazing have the lowest individual pracé ratings and thus isummation,
these are outweighed chiefly by the higher manure usage (the second highest
individual practice rating) reported by wealthier farmeEsien when ratings are no
longer weighted, JURXSV pn$T DQG pn%T ILHOMGNre fhén Wy HUDJH  H
SRVLWLYH PDQDJHPHQW SUDFWLFHYV ZKLOH JURXSV p&¢Y L
two positive management practigesr field ,Q DOO FDVHV Hi{&igeaw JURXS p
that more positive management practices are present in wheattfiafdsn maize
fields (Table 4.1.9) JURXS p'f RQO\ KDV WZR IDUPWheatWKDW FXO
is a cash cropt appearsnore resources have been invested to ensure its productivity
and to offset the cumulative degradation associated with fiellg&f age which are
mostly used for wheat

In addition to traditional socioeconomic inequities (i.e., wealthier farmers
have greater income, more land, and more livestock), there are also inequaies
the village § Yarmersin terms of regionaland distribution (Tables 4.1.6 and 4.1.7)
Wealthier farmers(52% of the survey populatiomwn 84% of he land in the
Northern region and, moreover, the wealthiest 16%dJ R X S owr$4D% of field
acres in the Northern region. For this reagba,wealthie farmers own 86% of the
YLOODJHYV ZKBHDRWX B RISHIDIDHUPHUV R ZQ, as viiuiallz&IHDW DFUH
wheat fields are located in the Northern regiddetween soil types RU1 and RU2
DQG JURXSV u$YT DQG p%T WKH JHQWGHBHB\ VIRV URY 58
(they have more than 5 times the amount of acres per farmer in this soil ge).
result of being unable toultivatethe prime RU1soils of the Northern regigmroup

L% Y |DUP kéeprelddively Rreg estatesn the Central and Sdwérn regions, and
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HYHQ WKHVH DUH PRUH VLJHDEOH WK@ho KRy LQJYV IRU
minimal presencén the Northern region
It does not necessarily follotvom these discussiortbat wealthier farmers
have higher ppductivity than poorefarmers, even though this may appear to be the
case for maize crops in Table 4.1.8s has been discussed, wealthier farmers do
have substantially more property W KH YLOODJHYfV PRVW QDWXUDOO\ |
Northern region and also employ positv@anagement practices to a greater extent
thando poorer farmers At the same time, wealthier farmers tend to have larger fields
(Table 4.1.10), which have been shown to yield less per acre than smaller fields
Most likely a result of land redistributioduring villigization, there is nostrong
relation between fid age and socioecononogvnership
Theonly way to predict productivitfrom socioeconomistatusis on a field
by-field scale disaggregating certain features wherever possibleus one shad
not claim thatfor two fields on soil type RL1the field ownedoy a farmer of group
U $4hould be more productithanthe field owned by alDUPHU RI JURXS pu'Yf VLP
EHFDXVH JURXS u$f IDUPHUYV W\SLFDOO\ HR&GR\ PRUH F
staementneglects important details such as field age, slope, and size, all of which
correlate tgproductivity trends to an equal if not greater degree than each constituent
positive management practicéVhen these factors are held equal, howeateray be
the case that wealthier have higher productivity than poorer farmers because of their

greater utilization of soil conservation practices.



5.2REMOTE SENSING

The quality ofASTERdata

Overall, the quality of data provided by ASTER in both images and DEWtine

basic needs of this projecASTER LPDJHVY DUH 3*WKHRUHWLFDOO\" FRU
geographic coordinates (i.e., UTMtitude/longitude)£10 m in elevation foDEM

pixels, and +5) IRU VORSHVY RYHU D KR U AR& NS @ HGokY WD QFH F
2004; Orton, personal communication, 280 While the October image was
geographically correct to 1% P WKH -XQH LPDJHYV FRRUGLQDWHYV
georeferenced coordinates by mdhan 100 m per pixel, which was accounted for as

best as possiblgsection 3.2). DEM elevations were apparently accurate to 10 m,

based on georeferenced elevations, yet Bifekved slope, as mentioned in section

4.4, had lesgesemblance to georeferenced slop®©S adiometric corrections were

not extensive enough temove DN attenuation caused by varying topography, thus

land use was mapped withéach NSsoil type (to minimize variation in slope and

altitude effectsland SLANDVI was developedto improve cover estimates on a

village scale)

Soil type and land usenapping

6LQFH WKHUH DUH IHZ FRPSRVLWLRQDO G ltHatthitHQFHYV DP
manifested strongly in the ASTER imagdrrtually all pixels possess some degree

of ground cover)it is difficult to assess the accuracy of the soil type anagh the

methods employed in generatingats it was done by hand rather than by assigning

thresholds) It did, however, correctly classify 85% of the georeferenced points (or
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94%, after finding that 9 of the georeferenced points appeared to be mieclassif
and errors only occurred in intersections between soil types. It is quite likely that the
mapped boundaries between alluvial/valley, RU1/RU2, and L2/valley soil types (the
areas where misclassifications were most frequent), as well as the othéddsdieu
to a small degree if soil types were to be traced on foot using a GPS. At the same
time, accuracy in the soil type map would certainly have improved had the ASTER
DEM slope image been more accuraiace many soil types are differentiated o@a th
basis of slope, #lough the shaded relief imageems to have workedell as a
substitute

The land use map derived from the soil type map also appears to be mostly
accurate in that it correctly classified 83% of the georeferenced pairdserrors
were mostly along intersections between soil types (which have unique land use

thresholds) and between thrnuse types of similar vegetatiotensity (i.e., the

threshod EHWZHHQ pGHQVH EXVK JUD]JHY DQG pVSDUVH EX

georeferenced graz DUHDV VRPHWLPHY KDG OHVV FRYHU WKDQ u

FDXVHG WKHP WR EH PLVFODVY islindd&tard bhRRMWHiz&\ DV plLH

however, that georeferenced points were not used in corrobovatiothe ASTER

imageto generateghe land use map.,W LV LPSRVVLEOH WR FODVVLI\ DO

types accurately if one relies solely on remotely sensed data; there are always
anomalies (e.g., grasslands with sparser cover than fallow fields) and the ubiquity of
mixing within pixels In crafting my methodology, felt thatthe georeferenced site
descriptionsvould serve greater uses validation for my land use map, rather than as

a mold for its construction.
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While it was necessary to map land use within each soil type due to the
natual attenuation of DN valudbat occur©ver change irelevation andopography
LQ WKH FDWHJRU LH¥diRdulute Xsgdss dné @)terf to which tbeer
DN values in the southern regions are related to the diffelesd leafyvegetatio
present her¢see section 2.3) and not just natural attenuatiased on observations
made in the field, forested areas in the Northern region are much denser and taller
than in the southern regions; cover estimates derived fromNEDA were higher
for u~GHQVHY E XtM&KNArthBrihHedio@ than in the Central and, especially, the
Southern regionOn the other handurface cover estimates for fields were lower in
the southern regies than in the Northern regiodespitegrourd observatns in
Octoker-November 2002 that suggest the opposite maytrbe. While these
REVHUYDWLRQV GR QRW XQGHUPLQH WKH TXDOLW\
thresholddefining process was performed within soil types to minimize such large
scale, region differencgsthey do suggest that the cover estimates used in the soll
loss equation may underestimadetual coveiage in the Central and, especially,
Southern regions.To better correct for this, it would have been necessary to take
field measurements situ with the October 2002 image, as qualitative observations
such asmine are not sound bes for performing greater adjustments than tifaich

wasalready performeglia SLA-NDVI.

The extent of cultivation

The results in Tables 4.1.1 and 4.1.2 show that a staggamount of natural

vegetation hasden cleared for cultivation and, moreowere is virtually no room
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left for expansion. Even marginally suitable soil types such as RU3 and RL2 are
extensively cultivated (i.e., more than 50%); about one quartdreofteep, stony

valley soils are also used for cultivationThese are both recent phenoména.

1990) :KLOH RQO\ D OLWWOH RYHU KDOI RI WedHisYLOODJHT
the everpresentthreat of flooding, which had previously discaged farmers from

growing crops in these areas (all surveyed farmers who had alluvial fields also had at
least one other field located somewhere,glsesumably to compensate in the event

of flooding). In soil types RU1, RU2, RL1, and Llgss than20% d bush/graze
remainsand, on average, only ofith R1 WKLV LV uGH(@{®Y#&oeMkatad JUD]JHT
land) In other words,there is very little natural vegetation remaining insthe

heavily cultivated landg$o slow the speed of overland flowThe lackof natural

vegetation is mogtonsiderablen the Northern regiomgs is the extent of cultivation

in marginal lands. While this is consistenwith the fact that most of th LOODJH{V
population lives irthis region,it is alsowhere slope is steepestddields are oldest

thus it poses the greatest threat to crop productivity.

7KH DUHDV RI EXVK JUD]J]H UHPDLQLQJ LQ WKH YLOOI
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bounded g exceedingly steepnd stonyvalley walls which are also effective in

prevening grazing and cultivationin all other areas, however, the higher presence of
MVSDUVHY UDWKHU WKDQ pikgH GLRTF HE \edldd® i LV WURD
definition, RITHUV OHVV SUR WédFevideiyQna/etadian, ja@s-uee\Vidd 1

grazing exacerbates this, there is likely to be increased encroachment in the near

future as the quality of graze declines and livestock numbers incrigeseover, the

need for WLPEHU DQG IXHO ZRRG VKDOO DOVR LQFUHDVH
SRSXODWLRQ FDXVLQJ IXUWKHU HQFURDd&KEIHOW RQ WK

the nationally protected Northern Highland Forest Reserve

Residue management

Table 4.2.2 alsol®ws the relative percentages of fields that appear to have residues
present as opposed to those that have, presumably, been burned. Only fields in the
Northern region (soils types RURU2 and A have a higher proportion of bare
fields than fields witlresidues, which is largely a reflection of the fact that more than
half of these fields are used for whe@s mentioned in section 2.5, the practice of
burning fields after harvest is still customary for wheat and thus it is quite likely that
the proporibns indicated in this table for the Northern region strongly correlate to the
actual proportions of fields that are used for wheat as opposed to other lcraips.
Central and Southern regions, approximately -tinls of fields have residues
present, wich is similar to ground truth observatiof@here only bean fields
appeared to be burnedAll fields in marginal lands are predominantly covered by

residues; from fieldwork in June/July 2003, a large fraction of fields in marginal lands
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appeared fallowduring the peak of the growing season, so it is quite possible that
many of these fields in the October 2002 image also have considerable grass and
weeds present in addition to residyes., they might have lain fallow for several
growing seasons)

As discussed in section 4.2, fields that had residues present in the October
image were predicted to have higher crop denstmeslower MSlin the June image
because they would afford fields with more protection against soil erdbiemdy
facilitating less moisture streskjgher crop density and, presumabtygher crop
yields (this assumes October 2002 residue management was, at a large scale, similar
to October 2001) Since this correlation was only significant for the Northern region
(Table 4.24) aQG DV SUHYLRXVO\ PHQWLRQHG LW LV KLJKO\ ¢
in the Northern region are wheat, it seems that the correlation is less a product of the
impact of residues in preventing erosion and more a product of other crops having
greateNIR reflectancaghan wheat fieldsAs dl wheat fields are monoculturesd a
wheat plant is typically shorter than a maize plahts seems quite probable,
especially sincanaize fields are often intercropped with beans and/or pigeon peas
(giving them a deser understory layer) While this does not necessarily imply that
wheat fields are less dense than other crops, maize fields do have greater leaf area
index than wheat fields, which would cause a maize field to have greater NIR
reflectancethan a wheat éild of equivalent density Since the correlation was not
significant in the Central and Southern regions (where fields are predominantly
maize), more tes@renecessary to support the notion that residue predefiare the

rainy seasoraneffect anincreasen crop densityat maturity
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SLA-NDVI

SLA-NDVI was designed primarily to ameliorate radiometric differences that occur
by altitude butit is sensitive to anyegetationandsoil type differences that may also
occur by altitude (e.g., stoniness, pgmation). Ithas potential applications for
compensating for other topographically induced radiometric differences (e.g., slope
and aspect), as well asoisturecontent (i.e., from MIR bandsand can be easily
calibrated to predict canopy cover (sectih).

The fact that SLANDVI offers improved land use prediction over other
commonly used vegetation indicesnist particularly noteworthy; it is amherent
feature ofits methodology. Land use predictions are always improved when a
vegetation index iapplied to subsets of a larger image (i.e., as was done in this report
using the simple rat)p as it reduces the overall amount of variabiidybe explained
by the vegetation indexSimilarly, SLA-NDVI was derived by subsetting the village
into altitudinal intervals (of 50 m), assessing soil line differences within these
intervals, and then weighing these intervals accordingly so as to produce a regression
equation for the entire villageAlthough this is not the same as bamide regression
(section3.2), the inclusion of altitude makes the index more sensitive to regional
differences in soil and vegetation reflectanc®LA-NDVI predictions wouldhave
been improved if the equation had been derived froore frequent altitudinal
intervals (e.g., 10 m)

Nonetheless, to the best of my knowledge, S\BVI is the first vegetation
index to include altitude as a parametdf. SLA-NDVI were to be onducted on

numerous ASTER dadats that have highly varied topographies, universal trends
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might emerge. In this scenario, a general version of SN®VI could be devised,
which would absolve the interpreter from performing the menial work of dettivéng
SLA-NDVI equation forhis entiredatasetas the formula could simply be inputted
into the banemath module inluded with image processing software.

As discussedhoroughlyat the end of section 4.2, Table 4.2.5 shdtived the
seasonal SLANDVI differences for fields by soil type exhibit strong parallels to
maize productity by soil type (Table 4.1.1). In thext section, | shall discuss how
similar trend<y soil typeare also present in quality indicagaterived from DRS soill

spectra and, in the last section, in qualitative soil loss estimates.

5.3 SOIL SPECTRAAND QUALITY PREDICTIONS

There are several impant caveats that must precede the discussion in this section.
For one,soil samples were taken during June, when crops were nearing maturity, and
thus their predicted compositions are not necessarily representative of compositions
that might be presemifter crop harvests. While this cause foobvious limitations,

on the other handaionditions present at this time may provide a better indication of
cumulative soil degradationAt this stage in vegetatiogrowth, the uptakeof plants

has removed mostvailable nutrients from topsolil, and deciduous species are in full
bloom so there is littlenput from leaf litter. It would seem, therefore, that the most
degraded soils would show the greatest deficiencies in nutrient contents at this
general point irtime. If samples had been taken earliethe growing season or at

the end of the dry season (when deciduous spaoesdefoliating), there would be



greater influence from inputs that have only shemn effects on soil quality (e.g.,
manure, leaf lter).

Second, the nutrient contents predicted for soils cannot be extrapolated to
determine appropriatertilizer amountsnor can theyffe H FRPSDUHG WR 3LGHDO’
DV WKH YLOODJHTV QXWULHQW F\FOHVY DQG FURSVY QHH
To provide some basis for comparison, however, a study conducted in a similar
village near Arusha (though of lower altitude than Kambi ya Simba), recommended
levels of N > 0.4%, 64> 3.5%, and exchangeable K > 0.8 me/100 g to sustain maize
yields (Kaihura et al., 2001) As specific values cannot be recommended for Kambi
ya Simba, values for quality indicators can only be treated qualitati@he final
consideration is that there is a high degree of variability that occurs for soil quality
indicatorswithin eachland usetype within each soil type. As this is the level at
which soil quéity indicators have been averaged for the soil loss equation, there is
still substantial variability that has been lost in aggregat®ethaps a better way to
predct soil quality indicators at this level would be through isopledifthough a

considerably larger sample size would have been necasshoyso

The quality of soil spectra and DRS predictions

The spectral plots in Figure 4.3.1 indicate that varitgb$ greatest in areas used for
soil property determinationThe absorptions around 14A®0Q and 2200m, which
are related to moisture contentclay mineralsand the presence of Okhadicals,
show hat despite aidrying, there maytill be tracesof water present in the samples.

Yet overall variability (both in relative reflectance and first derivatives) is greatest in
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the 2400 £2500 nm range, as well as in the VNIR, which is consistent with results
published by Shepherd and Walsh (2000), -Ben et al. (2@2), and Selige et al.
(2003). DRS calibrationsilso produced?values in the range publishedtireseand

other similarworks (see appendix)As only four of the ninety samples had predicted
values that were outliers, this suggests that#iibration set of ten samples selected

for laboratory analysis encompassed most of the spectral variability within the total
population. Thus, assuming laboratory results are accurate, there is no indication that
DRS predicted soil quality indicators @alid be inaccurate beyond their respective

standard errors of calibration

Spectral variation and composition among soil types

In Figure 4.3.2t is important to observe that variability among soil types is greatest
first in the VNIR range. This is pmarily due to differing organic matter conteamtd
states of litter decompositiammong arable soil type#As shown in Table 4.3.1, there

is a linear decline in &g values from north to soutfne., by altitudg which isalso
documented in the NSS repor Since organic matter decomposition is partly
controlled by climate, the cooler climate of the Northern region is less conducive to
decomposition, whereas, as climate becomasmer in the southern regions,
decomposition occurs more swiftyThough weer climates, such as in the Northern
region,typically experience faster decomposition ratég, relationship between soil
moisture content and decompositi@beris not consistently direttat concentrations
beyond the optimum (depending upon the sqilely moisture content begins to

impede decompositionYet in general, when there is ample moisture present in soils,
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temperature asserts a greater influence than moisture content in effecting
decomposition rates (Paul, 2001).

While climate appears to biae dominant process controlling,g&content
DPRQJ WKH INtudnallp dedified dDil typegsince land use bias has been
removed, erosion also seems toagl a role.This is evidenced by &q differences
between RU1 and RU% 8 TV VW H H Sakiliat®/ idcRe&sidd/erbsion, hencgyC
values are lower than in RU1 despite the fact that the two experience the same
climate and are generally similar in other regards (section 5Sijnilarly, RL1 has
much lower G4 content than L1, suggesting thatab has experienced higher rates
of erosion especiallypbecausehis region should receive a slightly cooler climate than
L1 (owing to its higher elevation)

Variability is alsoimportant in the MIR range 2400+ 2500 nm where
calibrations are made foragl content and K While higher clay content and lower K
are caused partly by greater erosidifferences in these properties may also be the
result of compositional differences among soil typkesealize that up to this point |
have minimized the rolef compositional differences among soil types, however,
DRS predictectlay content is much higher in L1 than for any of the other soil types
(which all have clay content in the rande 227%). It could be that.1 hasnaturally
higher clay content than ehother soil types (although this was not the case in the
NSS report) or, perhaps, there is still some land use bias remaining in the ;average
other indicators (e.g., & K, crop productivity) do not suggest that this is the result
of increased erosion Moreover all other evidence (especially the lower average

standard deviations in first derivative spectra) suggests that compositional differences
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among soil types are minimal and that land use has awt& influence in affecting

soil properties.

Spectral variation and composition among land use types

One of the key differences among land use types, as shown in Figure 4.3.3, is the
VORSH RI WKH 3UH&G800@maHThédIBypR is lowest for bush and maize
spectraand greatest for graze andimeaspectrasimilarly, Corg values(derived from

this regionof the spectruare greater fosoils withgraze than for bush, as well as

for wheat than for maiz€Table 4.33). This seems counterintuitive, since there
should be a higher amount of ledfdr present in bush areas than in grazing areas, as
well as a higher amount of residues in maize fields than in wheat Fiblih of

which should lead to higher(gvalues.

The difference between bush and gr@egg valuesis related to fundamental
differences between the two ecosystems. Tropical forests have some of the lowest
soil organic matter content in the world, as these ecosystems support very high
diversity of fungi and bacteria species, which cause rapid decomposition. Grazing
areas, bycontrast, have inherently lower biodiversity. Moreover, one of the most
widely documented effects of overgrazing is thafuickly reduces diversity of graze
species, as the most palatable and nutriehtspecies are the first consumed by
livestock. There is also agreement that consisteegavy JUD]LQJ UHGXFHV SOD
ability to store adequate carbohydrates, causing a drop in vigor, failure to reproduce
and a slowdown of the carbon cy¢f&trong, 2004) In summation, organic matter is

less rapidly écomposedn areas used for grazind.ivestock feces deposited while
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grazing may also be partly responsible for higher organic matter content found in
grazing areas.

In isolated areas of bush, however, such as the patches that occur within soil
types oher than valley/alluvial areas, sometimes the opposite is freir isolation
from larger, forested ecostems limits biodiversitymany of these patchesntain
only a few species of vegetationin these instances, the high levels of leaf litter
presat are not rapidly decomposed and organic matter content is often much higher
than in fields, grazing areas, or large areas of for€kis appears to be the case in
fragmentedareas of bush in soil type RU2, as shown in appendix and Figure 4.4.6.

The diference between organic matter content for wheat and maize appears to
be more straightforward; maize fields from all regions are equally represented in the
spectral average, whereas only fields from the Northern region can be included in the
average forwhat. 3V GLVFXVVHG DERYH WKH 1RUWKHUQ UHJLRC
higher levels of organic matter content. Wlikfferences between maize and wheat
fields in just the Northern region are assessed, maize fieldsddedhave higher
organic matter astentthan wheat fields, most likely becausegoéater presence of
residues.

As with soil type, the other region of the electromagnetic spectrum where
variation is greatest among land use types is from 24@500 nm (related to
potassium and clay com®. It is here that clear trends begin émerge for clay
content among differedand useypes (for actual values, see append®@ average,
clay content is lowest for bush areas and highest for fields; grazing areas show strong

variation (discusseth the next section) but are, overall, of intermediate clay content.
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