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of great value in preparing this report. Finally, the cooperation

of the office personnel of TBTA in Trinidad is gradly acknowledge.
The information for this veport was couwpiled during the

period July 16 to August 12, 1978, The {inal report was preparcd

and transiated into English in Puerto Rico.

THE DRATNAGE PROBLEY

Within some 213,564 i of extensive prairies, woodlands and
lowlands, lie about 11.2 million ha. of savama, between 190 and
240 meters of elevation. Within this awvcn, about 1,800 "haciendas'
suffer from yearly fleods of various degr-ecs of severity. Over
50 pereent of these famms suffor frewm flooding of from 2 te 5
months, pencrally.This is the greatests restriction to the grazing
and zeneral fanweing capacity of these lands in conjunction with
the defficient drainage.

The extyemcely high rainfall intensity in the river basins of
the Beni,tinmore,and Ttenex, born in the watcershods of the Neparta-
mento of Cochobamba and La Pas, leads to 2 wajor settlowmont problems
in Beni, road construction, and for any type of agricultural de-
velopment, cven il it is of its present extensive nature, bue Lo
the lack of watershed arcas within the lTimits of beni, the attention
to apricultural development at the regional level excludes conserva-
tion and floods control prosrams. Because of the magnitude ol tho

floods problems and urpency of its solution this bydrologic problem





http:intns.iv

-4 -

caugsed by the Beni, Mamoré and Trenez Rivers, beginning late in
Novemboer. Right after, between December and February, the most inten-
se precipitation in 90 days procceeds,; about 750 mm. over soils al-
ready saturvated and fJooded in cizeble arcas.This whole situntion
paralyszes the scarce agricultural activity in the savanna and of
course, any progress in roads constructions is al se halted. For the
soilys thowselves, a propressive reduction in their hydranlic conducti-
vity is o dmplicd, as pgreater awounts of fine eile and clay are carvied
in suspension and further deposited in the soil profilce.

Jhe rainfall characteristics of the plains in Deni, with an

annual mean ol about 1,700 wu,, docs not differ signiflicantly firom

another area studicd by the author in Fast-Central Pucrto Rico,
although there are different physiographic characters between both
arcas, Althouy it was not possible to evaluvate the daily records in
order to arrive at a more precicsce comparison, 1t could be cstimeted
that the ratio between the three conscecutive wonths of masinun rain-
fall and the least one in six consceutive monthe, with respoct, to
the vean annual precipitation, exhibits an dndex of rainfall di:
1/ |

buttion (DIYY)y ol 1,066, slightly higher than the corvesponding one
for Fast-Central PuertoRico The approxiuate mean for the waximem pre-
cipitation in three months appears to exceced the counterpart of the

"wet! years lor the given arca in Puerto Rico. As the wean winimun

precipitation for O wmonths in Deni, ic comparable to the mean Lor all

l/ (..mul rl. -}L- /\nh I i ML Aa ) Teo Raintall (:]X(M':M.‘.LL""JH{ ics 1) 1_.(‘9
Proposcd as Suitoble ror Agsrvicuioural Ploannming, in Puerio Ric

Journal of 1\5;1:.1,(;11.|Lm'v,U;‘.jvur:;:i,l.y of Pucrto Rice 57, No. 1: ”t






Analysis and Recommnendations

Regarding Drainage

It has been mentioned that the drainage problem in most of the
gavanna is entangled with the overflows of rivers carrying cnormous
amounts of silt :m(f colloidal clay depostis which every vear add
to the soil profile preater conpaciness, This walies it dilFicult
coedisting water table properly, with the relativeldy short
intervals between floods,

In the lowlonds or "bajices", and cven in some of the intevmcediate
position grasslands which cowprise the central hydromorphic zove of

2/

the cast, the possibijitics of more intensive grasing are scovcee, as
long as the flood probloem is present. The prospect of improvisg, the
aquality of the grasses is also limited, as longz as the ratio between
praminaccous Lo arboreal specics remains low,The latter ones can
withstand better flooding because of their greater ability to develop
adventitious roots over water. The burning practice in hydrososphice
arcas does nott appear to be an cefficient one, and fencing micht re-
sult in traps to catile during {looding periads ./ .prohlem is really
scerious, at the sawe time that there is o great potential.

About 970,000 ha, of highcer position savanna and {orests, of
vhich the Agricultural Expervineat Station in Peroto is reproscentative
land, offcr greateyr poscibilivics o wove intensive grazing, and
for other crops under proper management . Applicd rescarch shonld

deal with this phaseTheir texture varies from silty clay to nearly

’>/ (m].r;mu AT A l‘)(\ ],:md Systoems Map u[ (‘uni'l'u], []n')LLqJ
Lolivia, Tropical ..UL.' s Departwment, santa Crue, ")Oll.\’l(l.
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formed that toxic concentrations of ferrous and sulfide compounds
develop in the soil medium, in addition to the formation of organic
compounds such as methane. It is also known that hydropen sulfide
has been found to inhibit phosphorus and petasium uptake, princi-
pally.

On the other hand, it has also been reported that the solubi-
lity of varvious winerals in fliooded soils incrcascs, including that
of phooplhorous and iren. Under extended periods these are leached
to Jower depehs. When drainapge is proviced, or aftey a drought period,
iron and phosphorus deficicncics may be cxbibied in the top-soil.
This may be an cxplanation to the low phospliorus content alrcady found
in mest of the gresslands. On soils under paddy-rice cultivation,
theiv podiol-Like appeavance, in many casces is due to the Jeaching
of dron and nanganese to loweir depths.

All these detvimental ol fects, as an outcome Lo the restvricted
soil permeability, point out clearly to the need of undertaliing,with

nitlion

~!

priovity, the drainage of around 4.7 willion ha, of some 6.

that will continue cxposcd to the yveorly {loodings. Thevefore,

hydhraulic vorks such as dows construction should Lo initiated,wostly

outside the Department of Beni, but Lor the benefit ol the nation

asoa whole.This dis the reoson why we mentioned carlier the neced to

approach the problem at the national level.

LN
RN

Draivace Sv.ocoms and D

There ave voricus drainage systems to provide adequate surface

and subsurface draining to the soil, The most familiar to us are:
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To focus as soon as possible the drainage problem, it is re-
commended that the following rescarch study be carrvied out on grass-

land arcas in the savanna, at intermediate positions with respect

to clevation.

PROPOSAL FOI A RESFARCH PROJECT

Title: Effcet of open drains on grasing

Objective: To cevaluate the effeet of oper drains on the fattening
capaceity to cottle por hoo, and on the performance of graminaccous
species within the navural pastures.

Juetification: Tt would not be advisable to initiate a crop produc-
tion program in the savarma, under the present soil physical condi-
tion and the infrastructure of the region. nevertheless, it ds neces-
sary and we think possible, to bring to o hizher level of cuplodta-
tion the actual operation of beef-cattle raising.This effort should
be directed to, if possible, triplicate the present carnings by subs-
tintially increasing the caveying capacity of the gracelands, We will,
ar the same tiwe, be taking a first step towards optimizing the
physical structuve of the soil, in benefit of its mechanical, chemical,
and bilogic properties.

Procedure

1) Your parcels, 13.5 ha. cach will be sclected {rom an arvea not
9

Fel

more than 2 kwm, and which will consticute the four veplications of the
experimental vork to be done.baclt replication will be 3060 x 375 m, in

SLae.,


http:tMuntia.1y
http:speci.es
http:PROPO;.AL

- 11 -

(0]

2) Along each side of the 375 meter lenght of cach replica-
tion two drainage plots will be established, 160 m., wide. Thus,
there will be left a strip in the center, 40 wm. wide, which will
serve as species sampling area.

3) The drainage experimental treatmenls will be : (a) with

draine 50 . apart (2 dains along the 375 w. borders and one

i

Open
in the contey), and (b) no drainage.
LY Fach drainooo plot will be further subdivided (lenghtwisce)

irto twe liiz sub-plots or experimental units.These will consist

ium corhonate at the rate of b metric tons

O
s
—~

~
—
!_l
iy
-
1

i

t

-
e}
.
1med
)
‘.
-~

por ha,, ard (b) no Liming. In the drainago plot with drains(three)
Fhe drain on the conter will separate the limed from not limed
sub-plots. In the draintoe plot with no drains & fence in the cens

ter will aleo sepavete the sawme sub-plots, Both drainzge and lime

c

Creatments vill be randowmized within cach replication and cach plot,
pectively.
5) Siuty-four cattle-heuds, of similar age breed and size

will be sclected for this cuperiment.These will be scepavated into
four groups of 16 heads cach, so that the deviations fron their mean
ace and veight vill be miniuvs within replications. In cach one the

.
]

cattle will e rendonized within the drainage and within the lime
plots.There will be four heads corresponding to cach sub-plot or

crperimenial unlt,
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6) The cattle weight will be taken at the beginning and end
of: cach expcerimental year, during three yearc., In the center strip,
divided crosswise (Timed and not Jimed) the dry weight of 10 m/_ of

species will be talken cevery 90 days.,

ANATYSTS AL RGO ﬂ“‘ SIDATTOHS O TRRIGATTAN

Yy
OGTCAT, ASPICTS

1
CLIMATOLO

Beni and Pando Regdons

I1: has boen attempted to describe sowme of the rainfall charac-
ter in Peni, with coue cwphasis on the period of hicgher rainfall
intensity, Only monthly values, of rather short peviod duration
have been Tound available and [er this rcason any mavor conclusion
related to drought incidoncece, or rainfall doficicencics in gilven
periods; can only be generalized, Long term daily records allow an
insight into the recurrcnce of short periods of drought, in the
case of Nov-COricntel Bolivia, in Mawzch, April, Octoeber and Novenber.,

In any one of these, fall o epring, 10 to 15 days of dry spell may

provoke a scerious saturation delicit in the atwosphere, atfoecting
the water cconomy ol annual crops nainly,
On the basis of monthly data, mcean ol sceven weathwer statlons,

with recovds of from 10 to 19 years, between June and Septemboer,

~

there is the lTeast precipitation in 4 months, with an average of 21 8mm,
At this time, although the daviine 1s shorter and the cooler south
winds prevail, nevertheless the eolaw energy is less intercepted by
moinsture in the atmosphere, and there is grceater conversion to heat
cnerypy at the soil surface.This fact brings the daytime air temperature

: . Mo Summer -he other hand
to valucs comparable with those during the summer. On the otl s
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there is a greater temperaturce span at this time of the yecar, and

under irrigation, the famming of such crops as tomatoes, peppers,

and sucar cance of fexr good prospeets of success, to some extent,

;osult of lower hightime temperatures. On the first two crops

Formation is favoered, on sugdr canc the ensymotic conversion to

cicrosc during ripening can be better attained to optimun values,

T the suwpar caac is 12 monch crep, the suear yield prospects are
still sreater. Planted in September, with Lwo o three irrvigations
Lf it were necessary, the ind tial growth vould be insurcd until

fhe susmer rains. As the crops grows taller and nore vigorous, with

senses in watcr consunption, the woelly rainfall

[T}
o

Pl
P

a concurrent ing
also incrensce (this crop is recomwended for the better drained
Pando) .Towvards the end of Hay, vhen growth practically ceasces to
give woy to maturation, rainfall intensity drops and the nighting
temperature Too] as required for the opilaum raturity of the cone.

The interaction between soll melsturae ond atmwosphoric cevapowra-
five demands ic obvious. As we focus plent watelr yrequirenents, both
factors are privarily invelved. With respeet Lo soil moisturce in the
savanna of Beoni, once rainfall starts to doc Tine, normally between
April end May, not much is from thrve on krewn aboutt the capillary
risc. Tt should be adecuate to supply the cvapotranspiration of
grasslands, at Jcast for some tins alter.

1t has been found that capillory vise attains a mazimun value
when the predominant fractions in the profile are silt of less than

3/

0.65 wm., but greater than 0,01 n. The reduction is quite drastic

3/ Vork reported by Atterburg, according to Zuncker,l.,Julious
Springer,bertin, 1930,
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in cither direction. It is not known to what extent does the colloi-
dal clay lrought in suspension with the floods, and accomodated
within the soil profile, have interfered with the capillary risc.
Little is also known aboul Lhe water table [luctuation with rainfall
or the lack of dt. Yet, for plants, the rate of the capillary risc
(is more critical) than thoe height it can attain.

The contwibution that capillory rigse wmay represent in satis-
fying the plant-vater needs way be conrsiderable when veferving to
the grasslands, and perhaps wore in the forest community. The soil
cover in cither case helps to maintain @ balanced capillaxy [lux, to
wvhich the root syston of the vegetation adjusts itsell, However,with
subscquent burning, land clearing, ploving, and pulverization of the
top-soil, the micro-cnvironuwent changes and such a flux is checlked
out:,

At the Experiment Station in Perotd it was obscrved that where
the land was cleared, plowed and pulverized, upon drying the ag-
gregates became very hard. In addition to loosing any capillary con-
tact, thoeir dirccet exposure to the atwoasphere causes the soil tem-
perature in the tep fow ma, to rise fast, Soill woisture is thus lost
far beyond what plants can exivact, due to the very hich molsture
suction of the surrcunding alv, about 40 atwospheres of tension.where
irvigation has been applicd, with cvaporation the soil surface scals
by Teavingy colleoidal fractions and salts in the very top of the sur-
face. The use of vavious kinds of muleh can help to prevent a ;:;rc‘at
deal of the inconvenicences, including poor sced germination in wany

instances.
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irrigation efficiency, as an average of the furrow, flecoding and
sprinkler methods of application, the total irrigation rcquivcments
can be roughly estimatoed to be around once meter per scason of six
months . Rainfall is not being considered, to leave it as safcty
factor, inaswmuch as the irrvigation efl{iciency may be lower.

The capacity of the lake at the South-Uest of the present

2
experivental area appears to be anple. The 1.5 k. of water surflace
would only drop about 4 ¢, to supply the needed 60,000 cubic we-
ters fox 6 ha, during the season between April and Soptoewmber,

Land leveling, or at least surface smoothing should be carried
out: with a lond plane like the Evernan type. This would celiminate
the surface depressions, including those loeft during land clearing,
The drrication runs way eo from west to cast with furrows parallel
to the open drainus, arnd the water distribution laterals in a south
direction, perpendicular to the drains,

The drricotion canal from the lake to the experimental arca
in the Station can be constructed for a stream of & cubie m/min. This
capacity should be adequate to distribute a depth of up te 80w, to
one ha, in 4 hours, ascuning an rrigation officicniy of 60 pcercent.
On Appendix 1 of this report there appears A srapliical description

of the drainage and the irvigatio ditches, turn-out and some usciul

cquations relate to water flow,

The border system of Lrrigation will also be adequate to irri-

gate these soils, with the (leooding strips of from six to 12m, wide,
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1 Maral /\y,rj_ml'lturn]_ Ixperiment § -ation

lLocated in the Province of Vaca Dicz, about 42 kin, from Rive-
ralta. Tt cowpriscs about 436 ha. most of the land is now in forest.
The hydraulic conductivity of the soils is move favorable than in
pPeroto.The soil texture varies from sandy clay to loamy sand,gencrally
yellowish red or reddish yellow,

Althoush more than 300 ha. ol the fam lend well to avricultu-
ral rescorch on crop production, this much land clezring is not re-
corended Lo any farther entent than the present land usce, at least
unl il an additional source of irrigation water is scceured.Right now
it appears to be doubuful that the El Tigre and San Fernando streams
vithin the fana can supply anymore than 10 ha. of Lrrigation water
requircionts, assuming thot the vater is diverted of Lvon L to 6
hours, six days in the weely, durving a six-wonth water deficiency sea-
son. Thus, the need for a water storage pend and/oxr a deep vell is
cvident, as the rescarch work is evertually expanded to more than
10 ha,

Were adequite funds made available for land clearving and pre-
p:g'u tion of 10 additional hao, svp:ﬁ_‘:ltm-cl from the present lecation
of the cuperivental work, it is recowaended to establish a reascarh
orchard in citrus [ruits, preferably oranges. A deep well would be
necded whose ater yield would determine the actual size of the orchard
itsel f, Since an adequiate full prograwm with ovanges requives special
manacement, meinty on pest control, the Jocation of the orchard is

recomaended separate from the other experimental work specially away

from vegcetables crops,
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cenbrate cefforts in developing cificient techniques in forage and
prazing management. A rescarch proposal is described further on this
report.

From the limited hydrelogic access to information it appears
that this region of Pando has three considerably dry months - June,
July and August, with a weon nonthly rainfoall of about 25 wm. We
should also consider wolsture delicient months May and Septembor,with
mean wonthly values of 75 mm,

It appceavs that the Thornthuaite method of estinating potential
evapolraspivaition cmpirically; is not realistic for the winter in the
bend and Pando veglons of Bolivia, The estimated monthly values in
the winter only rveach between 60 and 70 percent of the indicatoed values
in wmid swneer (December, January and February) . For reasons stated
before, it should be acknowledgod that a moan monthly difference of
only 2.5°C between the wean air tomperature of summer and wvinter months
hes not countoeract the preater acrodynanic contribution to cvapotrans-
pivation in the dnter wonths, The mean air temperature is only a
rouph ecstimate of the energy required for evaporation,

The Exporiment station should decide to gauge the stream crossing
the farm, or better, dnstall a permoment vwit in @ convenicent loca-
tion afong the stream, In the Appendix a graphical description of this
structure is given.

The sprinlkler wmethod of watei application is also recomnended
Tor Cobijas in arcas ox locations wvhere land leveling is too expensive

or not fcasible, mainly because of the gencral slope. The capacity.
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N
1

No consideration has been given to irrigation efficiency, which
generally fluciuates with the depree of land preparation and the
irrigation structures aviailable. It may be [ixed between 50 and 70
percent. To this recpect 1§ Vi is fined, we pencrally increase the
time of application. Assuming that in the equation (1) tarns oul to be
4 hrs. and that the expected irvigation cfficicncy is 60 percont, then
the tiwe of irrigation ought to be increased to be 6 hours and 40
minuies.

Tt is dwportant that the concepts and relationships between water
requircnents, orea and volume of the stream be clear in the mind of
those wvorking . irrigation., In once report brought to my attention, in
the Experinent Stotion of El Maral, it is mentioned that the potential
cvapotrenspivation of the region is 14,39 cubic meters per ha-vyeoar,

and that the drrvigation requivementcs in the dry scason awount to 3,93

SN

.

cubir meters per ha,-year., The first figure faplies that the potential
cvapotranspivation is 1.44 mw/year, the sccond one would only concede
the dviipation regquirements in the dey season to amcount only 0.3 wa/year,
Perhaps, the confusion airees [rom the foact that it is not clear that
precipitation, corswept time use, or cvapotranspiration arve all om-
pressea in tevms ol o given depth, irrespective of arca (volume/area =
depth),
Meteerolopical Instrumentslion

The three BEupoeriment Stations visited (Peroto and E1 Maral in
Beni, and Cobija in Pando) maintain wetceorological stations for the

colleetion and compilation of daily records on weather vas-iability.
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Ta, we can calculate the saturation vapor pressure deficit (eq) and

the dew point temperature (Tq) by the following cquations:

Eq = Eg - EgiD)
Tqg = T, at Eg

Both Eq and Tq waintain a closc relationship with transpira-
tion rote of plants. It is important though, that the mean values of
relative hanidity and ajr Lemperature, obtained vithin a given inter-
val, say one week, be correctly estimated.The maean relative huiidity
is hest obtained with a planincter;, or by obto ining the mean of values
from the curve every two hours. To obtain the mean value of air tem-
perature, values of cvery 4 or 6 hours is cnouglr,

Solm yadiation (Io ), and Cpen pan evaporation (Ip ), are very
uselful as weather pacasccers to ovaluate the dry matter vields of crop‘s,
and their consumptive une of watenr, vespectively at the same time, both
indlees maintain a close rel ationship, a fact which can be used to
advantage in asscssing cne variahle in tevms of the other,

Tt s reconmended to obtain anothe: type of pyranometer, of the
inteprating ind,The one under present usc at Cobija is not in  opera-
tion, supposcly, bocause the inst rument can not be oricented properly,

wirtent is installcd in EL Maral. Te appears to

rie

The same Lind of

be working, vel the charls are sent Lo La Par and no data is sent bacl:
on the noture of the vadiation intensity As the station in Peroto dees

not have any Kind of instrumentation Lo measure solar rvadiation, LU is
a4/ ’
recopended Lo aequire o SOL=A-TTER whose approximate cost is $hl2, 000,

G/ Monulactus o by Matyic, Ine. 537 South, 31 Street Mosa, Aricona,
l
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As far as open pan cvaporation, measurements, no tabulated data

was obtained, although it was reported that the readings are being

VoL

taken, 1t is iwportant that this data be taken by the same agrono-
mict alwayvs, if pessible.There wight be different criteria regarding
the micrometer reading.The tank should be cleaned regularly, and when

should be ne later than the 0730 hour, to insure a reo-

[
r

doing =o,
liable reading the next day.

It is also vecoumended that anemometers be installed, to recoxd
the wind speed about 45 em. over the basc of the evaporation pan.
The instrunoent can be fined to the same platforn of the tank. Plu-
viemetric instrunentation appears to be adequate, For agricul tural

reecarch, related with lrvigation, the precipitation intensity, ag

>

recoreed with pluvigraphs, is not required. Generally, the daily plu-

N

vicmelric values are sufficient.leor soil crcsion studics, drainage
design foy engincering purposes, this date is possibly helpful,and
the Fxperiment Station may olfcr its cooperation,

corTolormy

- ——n oy

baily pluvicuctric data is very useful, not only to keep a hydro-
Togical balavve for irrigaticn pvrposes; also for, after a Jong term
period of ne less than 30 years, estimating the rainfall probabili-
of wveerly periods or go by the gapren functien probability toclud-
que  with the same daily rainfall data we may also attempt to charac-
terize rainfall by such indices as (DI1S) (Reinfall Distribution Tndes)

and (DES) (Rainizll peficiency Index), as reported before by the
1/

author., =/

5/ Thom, H.C.,1958, A notce on the Ganma Dictribution.Monthly
Weather Rev. 86, No. 41 117-122.



http:117-1.22
http:purpos.es
http:intesi.Ly
http:instru:.enct::.on




plete exposure to solar radiation (about 490 langlecys per day)
exibited an cutstanding yield responsc of 11.5 tons/ha. to the
applied nitrogen of up to 300 kg/ha. Under restricted solar radia-
tion of 57 percent (with plastic nets) rice yviclds were not only
lower, also there was no Tesponse to the applicd nitrogen. Nitro-
con owas applied inourel form, vne half of it 30 -days afteyr trans-
vlanting, and the other half at the point of primordiun initiation
of the panicle.

Qome other plant-cater research m @y be mentioned, However,
qome rescarch propesals ave next pr vsented, instcad, IU 1s hopead

that these will also be usciul in interpreting better plant-water-

westher relationships, to optimize cyop yiclds,

WWCARD

1) Title: Respense of comm to thice irrigation regimes.

bicctive: 1o investigate the optimum water utilization
by corn, under three watcow application veplmes, bascd
on the open pan evaporation and growth stage of the
crop

Justiijcations: 'The cco-physiclopgieal aspects ol corn, ticd

up with the water ceonony and growth should be investi-
gated., Significant yield diiferences under sinilar ferti-
Tizing and soils justily this investieationhere is also

much hearsay on critical periods of nolsture demand by
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corn, that neceds to be verified. This investigation
pursues to develop a better criteria with respect
to the water requirements of corn in three experi-
mental regions with different ccological characteris-
tics (Pcfuto,El Maral,Cobijas) .

Procedure

1) O a parcel 15 x 90 w. four blocks 15 x 20 m. will be
cstabliched ns replications of the following arrvangement. Threce
irrication plots, 5 x 20 m. will be andomly located within cach
replication, Ten weters are left so that between the replications,
irrigotion and drainsge ditches be lecated at their heads and
lower ends, respectively.

2) The three ivrigation regimes will be established as
follows: (&) water will be applicd to the irrigation plots after
an accunulated open pan cvaporation of 80 mm. Any rainfall of
e, por day or over will be deducted from the accunmulated CVapo-
ration; (b) water will be applicd after «n accuulated evapora-
tion of 30 wan. deducting any significont rainfall in the same
maner as befove; (¢) water will be applicd after an accumulated
evaporation of 80 ma. during growth, and until inmediately before
trasseling beping, IFrom hae on, and until the milky matuvation
of the kernels boegdn to show-up, water will be applicd every time
30 mm, of cevaporation cccumulaced. From the lattor stage of kerncl
maturation and on it will be turied back to the more spaced irriga-
tion of cvery 80 wmm. of accunulated cvaporation.Ro more than two

ivrigations will be applied on this last stage.
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3) Irvigation will be applicd by furrows 75 cm. apart.Therc
will be six rows per irrvigation plot, with plants left 30 cm., apart.
The four center rows will be harvested for yicld, and only 12 m.
along ecach row, towards the center of the row.

4) The depth of water to apply on cach irrigation will corres-
pond with the cccurulated evaporation in the case ol the 80 mm.
accunulated eveporation, The depth of application in the othey, more

S

2) will be of 40 mm. After planting

RY

froovent iveigetion (every 20w

<

2111 be apnlicd. The ivrigation treatment re-
1 &

5) Fertilizatlion, variety,, pesticide use, and other management
t to the decision of the rescarch techneians,
determinntions will be made of the relative mols-
ture content (CRID, or relative turgidity of the Teaves at the 0900
and 1400 hours, wvecekly. Two dicks 1 em. in diamcter will be obtained
e of the central wvein, on the sccond open leafl begining
from the top.This will be repected in six plents of the Jrrigation
plots.Diche will be talieun to the laboratory in petri-dish to be
weichted, then placed for 2 hours in distilled wvater for saturation
under light exposure, and again weipghted. The differences in CRIL
between the 0900 and 14060 houwrs will Lo cowparaed under the three
irvigation regincs. Smmpling will bLegin on the fourth weel, and until
after the lact irrigation.
2) witle:The offcet of ivrigation, hacvest [roquency, and ni-
trosen fertilization on the yicld and quality of forapge-

grasscs,
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Justifications: For the higher latitudes there exitss abundant

Titerature on the influence of weather factors on crops yiclds.

Such influcnce is somctimes cxpressed in plant nutrition, or

in water uvptake, by altering the sceil-plant relationship. In

other instances, and adverse effceet of celimatic factors haoe

benn detected on cerop manayement, as for o:-:g.m;.)l(z - pesticide
contro..,
Procedure

1) Mean weekly values of aiv temperature (Ta), and wind specd
(u), rvclative humidity (U1, solaw radiation (Ip)and the total open
pan cvaporation (Lo ),md total precipitation (P) will be calcula-
ted for cach of the three experiment stations. The instantancous va-
Tues of air tesperature and relative humidity must have been checlied
with a psycremater right after placing a new weekly chart at the
0800 he, on Mondayvs, and once mwore on the 1400 hour.

2) From the wmean weckly valves of relative humidity and airx
tewperature, the mean valuces of vapor pressure saturation deficit
(Eg) ond dow - point teeperature will be caleulated, using the equa-
tions and tables wmentioned beiore in this repert.

3) From the wcan weokly vidues of the weather paramcters mentio-

ned before, estimgte  the functiona] relationship of

= L (T, T,

By ® o a4y U, Eqor Ty)

If there exists good corvelation, it will permit us to estimate some
in

missing mean weekly values of / terms of the calculated ones.
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4) 1t iwll also be attempted to estimate 1, from the extra-
terrestial solar radiation (I,) available from tables, by the

lincar equation

it

1, a+b Te/k,
values of Ipe are given in the appendix for some latitutes
Tt will only be necessary to extrapolate to arrive at mean weekly

viives of lo.

MEDTIN AND LORNG TEDRM RECOMMENDATION

Tt would not be desirabie to deepen into the solution of agro-

nomic problems in Rovth-Oriental Bolivie if this cflort is not
cevitorious por ve. A regilon that has been importing Lloods evexry

vear, gets adapted to live with them, leaving behind the growth

of an infrastovcture, witheut which a productive, cofficient and

diversified cvrviculturs is just short of impossible.

The popul ition of Penl and Pando is smzl]l and scattered and
lacks adequate ncans of trancportation and communication,

On thoe othoer hand, the substantial wealth of valuable forvest,
water resources, tillable  land, ond possibily mincral rcesources,
avait for a wmacor population prusth and civie, industsial, and Lrade
centers, which in turne will stinulate production and ('.01150:@')12ion.
Of covrse, infrastruclure like the construction of wore roads,school,

health facilitics,recereation facilitices,housing and other povernmment
b) ] Pl (3]

facilitics and services will also be needed,
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This report has focused on irrigation and drainage aspeccts
which the Ministerio de Asuntos Campesinos y Agropccuarios, through
IBTAjcan give preferential attention, in an effort to impart
greater prospects to the agricultural activity of this repion.

In the longer vicw, other recommendations arce gencralized, some
of which we know, are not covered by the realm of the authority
of the Ministry.

Of Agwenoaic Hxlont

1) Establish adequate agrecrents vith the Development Corpora-
tion of Beni (CODEBENL) and of the North (CORDENO) by which IRTA,
aftes gettiv hold of a "technological packoepe', product of their
own rescarch on a given cirop, will coordinate with CORDEND or
COLEBERT the cstablishment ol a pllot fomm on the given crop or crops.
At this state the cconowic aspects of production and marheting
will be considered.

I could propovly be entrusted the wesponeibility of coordin-
nating with the Develpnent Corporations the Jand cleaving, land
grading, and Che frrigation and drainage set-up for the pilet deions-
tration foams.The San Cavlitos Fave in Villavaneor appears to be
adequate for a pilos demonstration Lfamm,

2) On tho basie of the results obl ined with the drainage cwpo-
rimont recownended in this repori, another study should be initiatoed
in no less than 50 ha. on a grazing demonstrotion farm, within the
limits of the Peroto Agricultural Experiment Station. This farm should

not: form part of the agrecment with CODEBERT, inasmuch as it will be



subject to continuous modifications, based on experimental results,
This farm may serve, in addition, to initiate experimental work

with dairy cattle.

3) Establish in the Experiment stations of E1 Maral and Cobijas
ceporinental ciltrus orchards, with emphasis on citrus {ruits. To
this offccet it is advisable for an houticulturirst to pursuc gra-
ice concentrating in this ficld,

The coomereial cultivarion of citrus fruits and thelr proces-

srtually, impact the agricultural cconomy of both regions.

Tes Jocation in Cobijas can goin support with the projeet {for an

internaticnal airport in Cebijas. In BEL Maral, such a project can

1

also coin support in the population growth taking place in the arca

&

of Niverolea~Cuayeranerin, and in the prospect of bettey shipping

Tl

facilitics by way of Mamore-tiadera - Amazonas Rivers,

4y Tt is recownended to discourage the indiscrimate land clea-
ring of productive forests, just to give way to insolated plots
for farming which cventually way be abandoned.The land clearing or

1" ¢

Moatacusales', which contribulz to the hydrologld

P

"igland'" forest or

- K )
i

and ccologic bzlance of the savannas, have also beon the shade re-

fuge for the cattle, Once cleared, nature's hundreds of years wvork
arc destroyed in days.As no organized, adoeguaic drainage can be
provided to this isnlated 2rcas, cventually they wvill be abandoned
and remain barren.

Beni. and Tando possess an enormous undoveloped wealth in fo-

rest resources, which contain such fine wood as cedar, laurel,mara,
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mora, itauba and others. The U. S. market alone, for this product
is promising. The conservation and reforestation of this resource is
cssential and should be plannced from now. The prospects for a stable
Jumber industry are good, once the transportation and technologi-
cal problems are solved.

Ve must hoe avare of the fact that for years Bolivia will not
be a densely populated region to any cxtent. From this point of view
the local market forr perishable crops must be carcfully cvalusted.
The acricultural exploitat ion could be rather visualized as one for
expori. In this ccuse lumber products deserve a high prioerity because
thoe rezource is theve.
paddy wice cultivation in

5) Along the savie Line of thinking

[

commoreial scale is worthwhile consideving in Beni. Tt may have

Pl
better possibilitics in the winter, betveen May and September, under
ation techniques, These will be required arvound onc
3

million cubic woters for cach 100 La, Yhis is cquivalent to 16 m /min.

flooding, irrig

’
>

8 honrs o doy during 22 days a month, along the five wonths of rain-
fall deficicncey.,

6) TFor the "chacos'" of Beni with 50 ha. of arable land, it is
recommended to develop a rescarch prograw at Peroto.Vhe idea wvould be
to develop a wodel fov a 20 ha, fomm intensively cultivated in erops
such as rice, and corn., Although this type of farming deviates from
what is recomended so [ar, subsistence production is cssential to the

farming commmity and to sotisfy the population centers of Trinidad

and other communitios.
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Appendix II
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Flow through various sizes of siphons connected to a supply ditch.
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From the cquation given befove:

[

iE VL, in /s and Ly in am ar
distance

fived, and A =
boetween siphons in weters s

nuber of siplions
lTength of furrew in meters,

the time required to dvrigate is

T o= 2,73 AL/,
1f Vi in the turnout is not knowwn, we can estimate it for the
individual siphons from the above {igure.








