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AND DRAINAGEANALYSIS AND RECO4ENDATIONS ON IRRIGATION 
FOR THE NORTH-ORIENTAL REGION OF BOLIGIA; VIEWS TOWARDS 

A RESEARCH PROGRAM 

INTRODUCTION 

In this report we will attempted to outline some recommnenda­

grazing andtions directed towards a dual effort to increase 

other crop yields in the shortests time possible, and at the same 

time, advise administrators and field agricultural investigators 

of three experiment stations on ideas, concepts, and some specific 

research proposals. A viable effort is pursued, through short and 

longer terms steps, that can make more realistic this coimittment. 

To this end a realistic and simplified approach is attempted. 

Naturally, the solution to the agricultural problems of 

North-Oriental Bolivia rest~only in part,.on irrigation and drainage 

aspects .This is one area that needs to be reviewed within the whole 

effort.The fields of specialized training, infrastructure,settle­

ment, etc., are beyond the scope of this report. 

I sincerely acknowledge the gracefulness of Eng. Juan Bauzc, 

Technical Consultant for IBTA, whose dynamic attitude at all times 

made possible every trip to remote areas and experiment stations. 

In this sense, the generous cooperatian that we always had from 

Eng. Angel P&rez, Director of IBTA in the Department of Beni, is also 

appreciated. 

The sincere willingness of the research staff at all three 

experiment: stations, in providing us with needed information, was 

http:part,.on
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of great value in preparing this report. Fina].y, the cooperation 

of the office personnel of TBTA in Trinidad i s gradly acknowle.dge 

The informaLion for this rCp,-;-r Was Coirp lied dluring th. 

period July 16 to Auus: ]2, 1978. ''c final report was prepared 

and tran.-;I a ted :i.to EE' ,,] i in P'lert-o Rico. 

'911[1- ) , N'A(' PI '1)] *,.i"i I N BEN I 

2
Within some- 213,564 Km of extensive pra iries, woodlands and 

lowlands, lie about 11.2 million ha. of savanna, ]etw.e, 190 and 

240 mters of elevation. Within this aon , about 1,800 "hac icda s 

suffer fro:ii year]v floods of various d,-os of seve.rity.Over 

50 p're. of Lhese f:v,s suff,!r fre' flo-oding of fro:: 2 to 5 

months, o _,rally.'h I.s is t,:h, greatcs t s rcstr itcLion to tihc grazing 

and genwra] fa-:ni. ; c4liacity of these lands in conjunctLion with 

the dc.Fficient drainage. 

T te ext neii ly high rainfall :i,tensity :i.n the river basins of 

the Ben i., : u,0(20 bord .LP w\.aterAshdscil a­....e, bern it th of rhoS, Pe, aLt 

menLo ofI oclusom:bna and La Pa::, leads to amajor seLLlv::.,tlp uoblems 

in ] (211i, )( d constru n, and type of a , d­) (:tL-ctio Jo: anv .rricLtural 

veloplent, (Vel if it iS of its p)'eilt ext'ns i.Ve nature. Due Lo 

the lack of wat,e rshed arYea s within the limits of '., iLie attention 

to agrictlt:ural d,'velopmeet at tLe rf:tonal. level (exciudcs conlsurva­

tion and floods control, piv,115s. Mcause of the magni tude of the 

floods prole is and urgency of its sol.tion t:his hydrologic preb.eim 
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level. If to the benefitsneeds to be approached at the national 

that can beof hydro-electric power generation we add the savings 

- aobtained during roads construction, and as a result of both 


intns.ive,
s--rc,se.ttlLme n t .ac-tivity;. it .Would., then be 	 questionable 

expensiveto refer to hydro-electric power generation as a too 

with an influx of population in response toproposition. Obviously, 

better and more highways, and to greater power generation,agricul­

much greater possibilities oftural development programs assume 

Success. 

In the central and oriental hydromorphic zone of about 5.7 

millions h2. of lowand pastures with hetereogenic composition, it 

would be feasible to go along with plain grazing, were the local 

precipitation in 6 months and the irreversible slow drainage the 

only problems to cope with.Essentially, it would be an attempt to 

maintain the predominance of endemic grasses over the ciperaceou3 

and arboreous species, through adequate rotation of the cattle, under 

a fencing system. That is as simple as it appears to be, the con­

trolled lowland grazing can be headed to rapidly multiply the cattle 

the loss animalspopulation, without irreparable of the younger 


during the flooding season.
 

The considerable rainfall between October and March, about 

1,250 ram. as an average of seven meteorological stations in Bcni, 

amounts to 75 percent of the mean annual precipitation in the savanna. 

This much in six months of the year does not really represents a 

floodsserious problem by itself if it were not because of the serious 

http:intns.iv
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caused by the Beni, Mamor6 and Trenez Rivers, beginnin.J],te in 

November. Ri,iht a'lft; r , bet,2c,n December and February, tb m.ost lwte n­

so prci] piLaLion in 90 days proceeds5, about 750 mm. over s.ils ,]­

ready satn:;!tud and f] oode"I iH YHO:b v reas .'Iis wh.'oleo .:Aituat.i 

v.r;[ym.s thu sca]ro a,gr.ictl Lt112.] act.ivity in the <savanna;:2 and o
 

-
c'Ourse , "y p"onre Q roa(ds construLction is a1lSo ha]ted. Yor tM, 

sos.iJ , Lhcsel\,es, n pCorc.:;:i.e reduction in their hydr nl:c cndu,.tct.-

M y is i mlid n. rea';tLe aI , of fine si t an] c M.] o ta-.iet, 


6p ini 

The .ra.infall chMOrcteri.;tics of the plains in Beni, with an 

a inuail mi-'.i of nbout 1,700 Li,, does not diffr significantly fro'm 

a toth, r a ra stud i od by the a utLor in East:-Cc trn. u.erto Rico, 

althoulb tLhrc are di. [Fe rr-,t phy.'s io -;lr;Iphic cht:ara(:ters bLe U.. cm >oth 

are, . A] tb ,, it ws noLt posible t.o oval atc the dailv recodcs: in 

C)IN Ic. to .717:.VO at aI ,ur e p]ucisc.5 arioniv could &evin: .t.(1 

in suspcnsion ;aid .furt]or d spoitd Lhu soil.], profile. 

:i aie Cop' it be 1.; 

tHat tM! ratio 1)tVu(,I1 the Lhii-c (Ons'cu ive ;thsl. . of 'oxi'u:n'" ra in­

fa ll. and tlh e least on, inv sin consocuntive mtLhs., with iTO spocL-, to 

thu in mom> ccip.tLition, :-:hib.its an indx:: of ri ,fal, di.: t1'i­ual p
1 / 

Iuthi. (MS) of .1. ((., s.'dl y h1ti;hur: ML::n the corrospon i::, I' 

fo 17c1K; t:- :,'i aoR c .]:I. 1pt270:.:I C 2, 1:..t, mc ;n for the ma:.-im:2um ]ro,­

ci i, Lhre, appears to counterpart theKpi Lul i monLhsLb5 e-ceed te, of 

"'W'L." yut] Or* t.rhu' give" area .i.l PiUtL Rco. As the mean winimuml. 

7il)J0 pltLi n for 12Wut]hi5 il L;Kni, i:: colGmarable. to the mean for all­

19/1. FCh,__/ :;i~j , M. & AH M. 'Two A mlii,l ] 'c iTrist Lcs Indixes 
;I5 SMA" Cop :Ominlt) ardc( as iit A, icul n I,,Y1lLIPi:' I in iti_ 0 . o 

Joirnal of A ']..I Ui"i''eUith, i.> 0 uuc ) ]0.LRcO No.i' t of 57, I.:2. 
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rainfall in Puerto Rico, the mean DIS 
years of the 180 day least 

for Beni turns out to be somewhat higher. This brief analysis is 

in Beni is 
offered to demonstrate that the character of rainfall 

to any great extent for the 
nor unusual, and less so, responsible 

of sizable floods with millions of tons of silt
The incursion 

c1ly in suspension, which dimishes considerably the grazingand 

may also be increasing the 
area arid the cattle population itself, 

are over, fo. some time, the water
lagoons area. After the rains 

a result of the silt and clay deposition
table shifts irregularly as 


in strata arrangement. 

It seems possible that perhaps, centuries ago the low permeabi­

lity of these soils was less serious, as 	 today we may observe signs 

the savanna.of orderly soil cultivation in soie areas of 

of Beni, between Riveralta and Guaya-
To the North-Oriental edge 

ramerin, there are better drained soils, 	 not subject to regular 

in areas. They vary in
floodings, and with geater slopes (1.6%) many 

loamy sands in their top soils.texture from sandy clay loams to 

been subject to greater lixivia-They are friable and have probably 

rest of the
tion. Yet, the rainfall pattern is similar to that of the 

Beni region, except in the Nagdalena area. Approximately, 150,000 

better possibilities of a
ha. of these reddish-yellow soils offer 

diversified agriculture to succeed, specially in fruit crops-to be
 

discussed later.
 

I 	 .... :i /
 



Ana]ysis and 1ecommen at ions 

It has be(1i mnt nc,d that the drainage problem in most of the 

sav nna :is enoaiLt,.e.d wiLh tLe overflows of rivcrs carrying e no :rmous 

amountii;s of7 ()ol'1a1l1(1 j ,:1 every addilt, t (dl.].clf i(')whic]h year 

to U ] i rofi ,reater Th.s ] wikes it difficult.e [sCO.jiC 

tO ],ly LHMO& t(abl l, 	 re] shortsti.ngaur pi with- te ivv 

inte'rvals huLv.~2n flond's. 

(the or " '" o) (in L1) lu ' lVVndY 11 In" , n(1 C(VC'p in so1 2 thC i.I tau I la't... 

position grn ;2l..I]1(l; 'si cicoiriT'se the central h(ydronmophic :,, of 

posibi f.ni . ,the ens t:, the hs ) ore in e siv razin are s: Nr:' , 

long as the fluood p2Id isl. 'li2h rospect: of imrovi he 

quai:Lt:y of the grasses is; also limited, as long as the rato humeen 

gya:mLi:a cc ons Lo) a rho (0'1lspec:i. uS rema22ins low . The lat:ter ones can 

.:it: stland f]Lt- of their grea ter ability to cvclophet od i,Lbecause 

advent itious roouts over wa te 27. The 0 7turnirl:, practice in hycdro:.;h:ic 

a7cs( 1doe ot appear o b1 ,n lot. one, and fencing IWiyN: re-IiIc 


The 
s5].t: in tiraps to cat:l[e (1uring 7]oodi ',2 peiods,/ problem:2 is really 

ser.ious, at the same Me titL thcre is a great potential. 

About: 97(,000) ha. of highert ps i.:o savanna and fore s s,5 of 

wlh:ich [liu Anictl tura] Iper:I ' Sta on in Puro is r.p.v.en.ive 

I;i1(1 0-(1' 1'L, :t ('r 1on- !)i] 1 iLion. to mor.n i.m stA'" g a inK, and 

crojo l 	 l "pp].eld sloulldfor Ct1Y 12)pSWV ,'o11 ll,;t"n g e A('II research 

den] witi t i i:h sutv' ir leLut't varis from s:Ly clay to nearly 

-2/ 	 (:oclI t , '.'.T. , 196, Land System.s r'p uf Central Trop:ical. 
]oliV~ia. .I )j >g lel ntl nta Bolivia.i:i',:l 	 :t.' , Sais Cruz, 
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loamy sands, closer to the river beds. Their main management requi­

renient is possibly to get rid of excess water before it causes 

to the soil aeration and to the soil inutrientsserious problems 

availability. 

Roots respiration is a natural and essential reaction in plants, 

ator and_ minrals uptake. It is the equivalent to the respi­for 


ration in leaves as a reaction to photosynthesis. In both, the mole­

cular oxygen consumption is required. If water saturates the soil 

voids, giving way to anaerobic conditions, growth and root activity 

are markedly suppressed. This condition is impaired as microbial 

activity compete for the limited oxygen. Crops however, vary in their 

tolerance to low oxygen diffusion rates, and on the basis of this 

soil envirornent plants ussually undergo a natural selection proceSs. 

voids satura-It may be ironical to realize that when soil arc 

ted with water, moisture uptake is then drastically reduced. This 

is not only due to the low oxygen diffusion rates, but also to the 

toxicity brought about by high concentration of carbon dioxide under 

anaerobic conditions. 

Adverse changes in the composition of the soil atmosphere is 

not the only factor which iinterferes with root growth and develop­

ment. Due to either extended soil-water saturation periods, or '"-S a 

result of soil compaction, that silt and clay fractions rearrangement 

in the soil profile provokes, both typical. in the savanna. Mineral 

'reduction is another adverse condition that needs to be solved. for 

the sake of better land utilization for agriculture. It has been in­

I 
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formed that toxic concentrations of ferrous and sulfide compounds 

dcvelop in the s.oil medium, in addition to the formation of or(ga,nic 

CO1Un11-)tildf; MICh als inot:ia no. IL is also knoxar that hydrocr s1-]fideo 

1-;i be)n fout nd to jilh1)it: pho s or0- and t)cpLasium Uptal-,, p rCI-­

pa] ly.
 

(n tlie I)Li 1or hand. it has al,-, been reported [hat: the solvi­

ity o f varioutis slMu ral<s in flooded sois increaseOs, includin thaLb-t. 

of phnp1or>n and Lirc n. Under ::tonded periods tlC.se are leached 

to low~e r ls. \n drai 2 or aft:er p(riod,(1 s1provitdc:d, a drouht 

iron and phOsp)horu.s defici: .ncierus :ay be e-nhibi;:ed in the top-sol.Iix 

This may be an c.pI',atiOn to the lo'. phosphorus content alrady found 

ini most of Weht On soils under paddy-rice cultivation,gras.slam sds. 

thlieir pod ]-l.ke tppeoarancc, in many cases is due to tle leach.. , 

of ir".)ln and nan.a1oa 008 to 1 urosedepths. 

All. these . Ls, as an outcome to the restricLed.dletrim.e'ntal tffe 

soil permabil. ity , point out cuarly to the need of underta:ing,,,.:Mh 

K mil:l,.ionpr..or7ity, t:lth_, lni.0Y oW a rounld I .7 million ha, of somna 6.7 

that will coLniue ,:p,..l to t, yea ,lyf]loodin;. ic:efore, 

y r1n" \:T ir s;ch as d,; co',tniruc L:i.on hotld W:, i it ,at,.udMostlyiil i.c s 

o1L; 5 idw.2 tDepa of Bcn 1. bitt-.t for th cra:utit ol the])rtment1: n Ltion 

an a Wimluo. Tinii, :is tw cvstn wIiv we mntC:lotted caliLr the need to 

app3.roa(ch the pr:oblern at tlh national level. 

7l 2 ft('11s and l 'iS:[" 

Si'ii. ,ne systemins to provide adequate surface 

and stubll , cll the soi.. The most familiar to us are:siic: iining to 
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1) Open drains pipes
 
2) Underground concrete pipes
 
3) Plastic perforated pipes

4) Mole drainage 

Only the first systems - open drains, appears to be the practi-

The arec.l and economic one to recomnend at this stage . reasons 

to the fact that this system is an adcquate.'obvious, in addition 

ol1e. 

are not designed for peak flows at given short-timeOpen 	 drains 

because their construction would not be economical.At anyintervals 

good par-of the input will stand on depressions, awaitingrate, a 

for evaporation. 

The design capacity of open drains is influenced by such factors 

as rainfall intensity, area needed to be drained, topography and 

desired.Forsoil relief, vegetation, flood frequency, and protection 

the savanna of Beni, whose slopes are generally minimum, drops in 

the drains are not necessarily needed, althoug traps will be helpful 

to pick-up sediment.
 

open 	 drains may have slopes of .01.As an average in the plains, 

The fall along the Mamor& River is considerably lower. )For streams with 

clay in colloidal suspension we mayappreciable amounts of silt and 

concede a velocity of 0.7 m/second. Asruming streams as high as 10 

cubic meters per minute, the open drains can be constructed fromto 20 

0.8 to 1.0 1n. deep, 50 to 60 cm. wide at the botton, and side slopes 

1:1. 	Under a flow of 8 to 11.5 cubic m/min. from run-off and sub-suf­

face 	lateral flow, drainage down to 60 - 70 cm. in the root-zone can 

be obtained. These estimates can fluctuate appreciably,depending on 

80 spacing 	 adequate.whether the meter between drains is 

http:economical.At
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To focus as soon as possible the 
drainage problem, it is re­

commended that the fo]Jiowing ruc-earch study bc car 'ied out on grass­

nd area s in the Savana at interse .2ae pos itions with rec,,opc t
 

to elevat ion.
 

PROPO;.AL FO', A R,. (1.,, 

Effect Op)n s';1VIS : 


.Oh~jvi:.L.: 'J( (.\'eluat. UP,_ effect of opu: (drainson the fattening
 

TiLl : of t on ,.8j",1] 

pur Ia;
capV,*iIf to cot . ]H ., and caU the( perJfolmacne of graminaccous 

speci.es witlin the nnuur-ial2v pnstt.]s 

,us t~ Fmc ILon:. It: \.',ct,] not e advisabl.e to initiate a crop produc­

S.,the
tion )rogram in s L\v8VLInnl, under the pr2esent soil phys',ical conc.i­

tion and 
the inas ructure of the region. Nevertheless, it is neces­
sary and we think ]ossible, t'o hrin.g to ' ligher levcl of e l!oi"-.
 

12.H the ac 121183 1 A ub f-c "11 '. ..s effort shoul]d 

be dUi.rc12td to:, if possible, triplic.ameo tihe present earni ngs by subs­

tMuntia.1y i.c17. Si. o th 0 c8 :.Uyi,,, capacit.y of the grc, ds. wi].l, 

. 1eat Lbh ;sm Lti e, b ta.kin; a first stcp to.wards optim.iin; LcW 

plhyshcal st-ut20v1 , o1 thU soil, in benefit of its mec]honical,chem±ca],
 

Nn(I 1 i ',iCC I170j1)C 1T.i.e s. 

) 1our parcels, 13.5 ha. each wi:ll. be selected from an area not
9 

lor th111ll 2 ]11. -;nd .hic]h will const itute the four replication.s of the 

expu'r imu..nt-al worlkn to he doi ie.]aclb rCplication will e 360 x 3'5 m, in 

s iz.:t
 

http:tMuntia.1y
http:speci.es
http:PROPO;.AL
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375 meter lenght of each replica­2) Along each side of the 


tion two drainage plots will be established, 160 m. wide. Thus,
 

a strip in the center, 40 mn. wide, which will
thcre will be left 


SOVe as species sl.p] ing area. 

3) The di-:innj, e>:purimctalrLi. treatments will be : (a) with 

,:n drains SO) apm.arL (2 dains along the 375 m. borders and one 

in t:he ccnter), and (b) no drainage. 

1) Each dro i ;aw:' plot will be furt],,r subdivided (]enghtwise) 

irto Lyo li sub-iplots or e::pcriwental units.The u will consist 

of (a) l.i.vng with calc" u co::nonate at the rate of 5 m, tric tons 

per ha., an d (b) no imin , In the drain, pl o t with danins(three) 

tho drain on the center wi separate th. .imed from not limed 

sub-plots. In the d-,oin' ., plot wi.th no drains a fence in the cen.­

ter will also separate the sC2 sub-plots. Both drainage and limc 

Lrontments wi.I be rarndo:nized within each repl]ication and Cach plot, 

"uspecti\ve y. 

5) Sixty-four cattle-e-ads, of similar age breed and size 

will be selected for this ez:peri n!...These will. be separatcd into 

four groups of 1.6 ]icads each, so that Lte deviations from. th eir mean 

age and wcigt will. be miniu, vitif in repl_.c tios:'. in ,ach one thL 

cattlue wil h]e ranom?:;i.ed within the drai name alld wtLi Lli, 1%,, 

pIots.'fher . will be four head; corr :sponding to eac,h sul,--j)oL or 

,.zperim:..a unit.
ml 

http:ranom?:;i.ed
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6) The cattle weight will be taken at the beginning and end 

of each experii(e!nt-a]1 year, during three ,ears II the center strip, 
2
 

divided cros sv._i.c, (1Tihed and not 1lined) tile dry weight: of 10I of
 

sp1 ci s w.]] tI)0 tI- A c V-]27 90 da0y .
 

ANAL YS IS ATl ) P C(11>1 >1ATVI (: S 0 . i" ..... ' '1 

{,],].,.\V J )S F{{ ]2iT.'( A-\, A 

Beni and Pindo .: 

If: hll.,; bece11 atto::l to doscribe so1c of the rain:fal charac­

tcr ill Bni with ::ov.:, ,:ipa. on the period of hirhe'rLs. rainfal 

inten if_ Oil]", \,:J ,,!(s, of ratiler s]i n,ot I:iod duratio 

have 1)0(, I foun dci avo .,] and f 'r t:h:Ls re;sonV a y r:-: ), , : ci:: i.sion 

j.Id "'-i(' or ra" ni-l dc, fic icnci,-s in :2ivo12 

11 ; be cb tor alow,anperiod';, c an ,era].iaT cd LovIc, Jailv r.c rds 

c) tolic - -d inilsioltt jl tin rrucurn ( of si of (.270i< L, , t]ic 

ca-so of 2...ci I.... Bk] iV: , 1n- 27u" , i-, I. , Oc to!,.,or and Noc.rer 

In any o12 of th.J, i v : .::0p'in , 10 to 15 do; , of dry S]e2.11 :::ay 

provok, a so27.i 5-;. nratLi.,.. d,.Fic i l n the at:noosphcr, nflIC:cccing 

the w Lt_0r (,ck-o1,o:8y 0.. ili-,, Crop- ,a inI.y. 

On the has.i.; of.mo hi.y data, ;:an of seven woatolor s tO Lios 

wvvitii ri-co.d; cof from 3 h) I 9 y , he '".',!.(f JIM' 1"n,1 SCp t:C :)2l:n, 

there is. c'flst ,A a - 1, 44n 1c,(,'-;dC , ,: h Mif 218:1:•i_; t],., 

At: Cli. L i.mc , a -liwia, tI n 1' ,, IV: : UL, i S Sh0I7t0'. a! tlIO 0C00117 souttI 

\w I d; )1VaI-Ii.I, ncvcii.]csc-_,; thc ,olaf energy is ]oss :.:Lcrcuptod by 

moi n.;L wt in ti1,. ;1 t11,.ph10.52 , , ;and t:hCro is grcato: conversi cn to heat 

cllen ,y at tli, .oi l .- ZaI faot n11g5 ti 1 day t: iln air tempeC(.'.'lis hLL' -rature 

On the other handto val 1'.s i.ith durn thecomparab].c t:hose i sumnfCr. 

http:t11,.ph10.52
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the year, and
there is a greater temperature span at this time of 

the fai.ng, of such crops as tomatoes, peppersuder irrit ion, 

to some Uxt:ent: 
Y canlle oP for good pr;ospCcts; of success,,-w ,i 

a n c s " () t]he first tw Clrops
" r sult of ].o i : i m, tcm:porat:r0hl. 


supear cane the ene;1N[lLl Cic Co\,.,Thl,
1',rm"Itio1n ,:v& ed, to 

b utft " al -i It"cod to ]et:i tAI? V,']IcilS 

i.v. . ic 	 on 
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in either direction. It is not known to what extent does the colloi­

dal clay Irought in suspension with the floods, and accomodarted 

within the soil profile, have interfered with the capillary rise. 

Little is al.s5o Jn(,v.'n al)ou L Lw waLe:r LabI u fluctuation with rainfall 

or the lack of it. Yet, for pl1ants, the rate of the cnpillary rise 

(is more cri tical]) thaL_ n 1h1 he ig[ht it can att~ain. 

']Th c ti. ion tHiat ca pilla:y rise wa-y re)resent in saLis­

fyinK the lant-.'U ter n(wds.tJS toy be, con:i.dra]<ble when ref,.urring to 

the grasslands, nA pe rhaps u eo in Ac, forest: co,,imnl,,. Thu soil 

cover :in citbhr case( heps to vai:i:nt an a balanced capili ary .lux, to 

which t]h root sys to:w1of the vegeta tion adjusts itself. ]Ho\wever,with 

subs ,.uen t burning, land clearing, p1o,.i ng, and pulveriz.ation of the 

top-soil, the micro-environment changes and such a flux is checked 

out. 

At the Experiment Station in Perot6 it was observed that where 

the land was cleared, plowed and pul.verizcd, upon drying the ag­

gregates b~ecame very hard. In addit:ion to loosing any capillary con­

tact, their (irect exposure to the atumsphre causes thc soil tCM­

peratur, in t]e Lc lp few: . to rJ.,e fast. Soil mo:isture J.s thuLi-is lost 

far beyond A pltants can ,xzracg, d o to t]e very hKh n:in.stutie 

suct ion 0f t-hc s t1'71tJnqL air, nbouL 40 at:o-p hcs of tens-io ,here 
irri:gatio0n Uias en a p].i.ed,, \.'ith evaportLion the soil surfacc sals 

)y lavi co]loidal an2l0. a ts the top thefracti.n d 11n \,'e7y of sur­

face. The use of various kind:s of mulch can help to prevent a great 

deal of the inconVll.nCes, including poor seed germination in many 

ins tncec s. 
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Although today there exist a number of irritation systems,
 

some of these have been introduced to cope with a limited water
 

supply to satisfy the irrigation needs. However, for some time
 

the introduction of irrigation systems and lay outs should depend
 

onbicovitn al§'in h.d..i ..this" region".. ircludn.. ... g" ....xperiment". ..... ..... the~ .... .............
 

Stations of Perot6, Riveralta, and Cobijas, this last in the De­

partment of Pando. As the .location of irrigation facilities and 

lay-outs may begin in the Experiment Stations, which appears to 

be desirable, the irrigation recommendations are directed to these 

research centers.
 

Perot6 Agricultural Experiment Station 

'
It is located in the 15°00 ' latitude, and 64'30 longitude on 

the province of Mlarban, about 1.00 kum. to the South East of Trini­

clad. The soils are representative of about 3.5 million ha. in the 

somewhat better drained savanna. The soils remain saturated or 

flooded during three to six months. The previously reconmended re­

search on drainage is directed to this region. 

Within 10 ha. agronomic trials are carried out with corn, 

sorghium, and watermelons, mainly. No source of irrigation water 

is yet available inside the research area. It is estimated that in 

the next 3 to 5 years, if an irrigation source is located in the 

vicinity, there will be under simultaneous experimental work with 

vegetables about 6 ha.
 

Between April and September the approximate water consuinption 

may be estimated to be around 640 imm. If we concede a 60 percent 
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irrigation efficiency, as an average of the furrow, flooding and 

sprinkler methods of application, the total irrigation requirements 

can )e roughly estimated to be around one' lleter7 per season of six 

mont)Ls. .,a1fal] is not: beirg considered, to leave it an; safety 

fac tor., ia siutich as thc irrjg,,aLion ef[ficiency may be lower. 

The capacit-y of t:he lake at the South-West of tLhe present 
2 

experin" ,nta]' ;iIr-ui appeirs to be :anpl 0. Thu 1.5 ki . of ,.ater surface 

would 0] y drop about 4 cm. to suppily the nLedd 60,000 cubic me­

ters fo: 6 ]l, . da-n.ii tlhu ei son eLtween April and ,-)t.i(Yi7r. 

land 1cvc,1in:g, or at least surface smoothing should be carried 

out with a la nd p1 aie .:i ke t] ~cv.r.n typo. This wou..d el.J.Vw.,:inato 

the siralnc. dct-;ss-:i.oiis , :i.ncludinn those .eft during.; lnand claring. 

The :irr H;a: ion run-; :ny go fro: xw's t e n : pOaallelto with furruws 

to the d u:;, n'(d (2 wat.ri. (ii.e b'stien lateral.s a(,)yr iv' watt: in south 

dircLio, IWplwiWIACUiir to th drains, 

Thu, irr, . canal from Lh e 1.ake to Lhe xperi:La!na1 area 

in the SLa ca 1) .['107 s;tre am 8 cubi m/main . This[ ]a heiiCOilS t:Iiic:ed fra of 

capac i.y sIould he adequa ,teLo di.s; t r.iblut: e a de p h o1f up to 80 m:::. to 

one ha. 4 assuming: aim ation ,L-. ic.onv:y of 60 percent.:in houirs, no rri 

On Append i:: I oF tLis rieort there. 19ppears a graphica1 descrip t.Ln, 

of. thme diiainaie amnd the :irri g;atJi( ditches, turn-out and sonm useful 

C(Ciuii.:ois riuS-cl at.e to wal . .' o,.7. 

'he hord(r s y:; Leiim of irrgation wil] also be adequatC to irri­

gate these soils , with the fl]ooding strips of from six to 12m. wide. 
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It is not convenient when the cross-slope is greater than 0.3%. For
 

experimental work this problem may be solved by using a similar sys­

tem of flooding - the basin system. It does not require so much the 

mentioned minimum cross-slope, and lends very well to the irrigation 

of small experimental units. 

The furrow method of irrigation is convenient to irrigate row 

crops, such as sorghum, corn and a variety of vegetable crops. However, 

for this svstem to be efficient the length of the furrows should not 

be less than 50 m. This implies that generally, the land should be 

leveled.For water distribution in the furrows, siphons or plastic 

pipes of from 4 to 8 cm. in diameter, that can deliver from 1 to 

6 l/s, may be used. The flow in the furrows and their slope should 

be inversely related, and can be estimated from the simple equation; 

f = 0.6/p 

where (f) is expressed in 1/s, and (p) in percent of slope. 

The Experiment Station of Peroto, as well as the others, should 

attempt to meet an irrigation application depth of as much as 80 iuni. 

to one ha. in from 4 to 6 hours. If this were not possible, it fur­

ther implies the need to recur to land leveling in both directions, 

to allow for adequate furrow lenghts and border strip lenghts. With 

this much cover, the irrigation needs of experimental plots of as 

much as 6 ha. can be adeauately met simultaneously. 



El MarMl Ar,iculturall periment: Station 

],ocaLcd in the PYO-v ince of Va'ca I)iez, about 42 kin. from Rive­

ral La. IL coiipriss ;tbotiL 1 '6 h]a. iiost of tihe land is now in fearesL. 

OI ,i>IThe Ihyd r,;i C c OiMi i(.'lvAt (I tI 1.s ..:S Mc)U faV0 ra!.C t ha;n ill 

!',Oilva t:,:.Lure from clay ].wm Ia ,,,, 

yel lowish red or redd.isI ye] low. 

Al thou',1/ v,.ore tAn .300 hN. o.f the farm le nd w..l t:o ; k,riu.ltu­

2 i. n 0od ]land i.g no t 

pc:o t(o.TiL c' Sof] ias sandy La ;a ].y 

raI i.'_-( (rli Cro) p di tc.Li(n, til It.,C c ]1 si.- ye-

etlh2...Oiiad to uii"I.h(c thn prsen i atanIy e'nta Ah l anid: use, least­

ii at an add11 tLa rn source of( iyr w~ater s ecu red . nowS a Lian is ight: 

iL appunris to} heI) clo thaLii1Lb~t the; Tigr ~B 'ranridoCEl and SnE stLreams 

with in the Ifrm can supplI.y aiywr1Y)i ha a 1.0 ha. aof irriga Lon water 

retqu:Lrcow.iat, assmn LhNi t Lb.. vultura is di\'crtcd of fromi 4 to 6SSE 

hour s, s 1.x days I i Q .eei: , duiring a s ix-lionta water defic iency sea­

s on. Thnus, tip nueU for a water s torvage pond and/or a deep well is 

vMMU, as re searchi work is ever tuni11 expanded to more thana LIhe 

10( ha. 

Were atleama t funds wndu ava ilah1 for la2nd ceaving nd pru­

tfrion of 1C addi tnnli h.8 , svpnilat(I fraom the ipresent locnt. l 

a) work is U to es Lah1 .1sh a ran sea rhof Ch" uprivM atU .O E* avcownlii.c 

A dcep well w.ould haorchtard in ci.r us fruits , pvc Lamb ly ovanIgu s. 


MUMde jd air would dute rmine the actual M~e of the Orchard
1hs 

ince ndautiam ull orn~yes requir~es vpee icil 

ti a''vi a, mai~ily oni pestLcoitrol1, the l ocaLi on of the orchord i~s 

17(LHI 1(4d scpaiate froml Ai 8 C] r 0 xpoentCal 1or\KEZspecial.tly away 

iUWE, S1F an fa prol;yom wIL h 

from Vo n~ 5crops.-. 
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For water application to the orchard, sprinkler irrigation is 

recouuended. Land leveling is therefore not required. The well 

perforation can be located centrally with respect to the orchard,
 

and connected directly to the irrigation system.
 

Cobija Agricultural Experiment 
Station in Pando, 

This Station is located about 30 kmi. south of Cobija, the ca­

pital of the Department of Pando. Its elevation is approximately 280 m. 

The soils of this Northern region of Bolivia exhibit a marked 

contrast with those in Beni (with the exception of the Riveralta zone). 

They vary in color from reddish yellow to yellowish red, of sandy clay 

to loamy sand texture. They are generally friable on the first 30 cm. 

depth, and their water retention capacity appear to be more favorable 

than that of the alluvial soils of Beni. It may be estimated that 

on the 30 cm. of top-soil about 50 iran. of available soil moisture 

is retaincd.With the progressive compaction of the soils in Beni,their 

available water retention capacity may be in the order of 30 mmi. in 

the first 30 cm. of soils.
 

The soils in this region lend to greater diversification of 

crops, among which can be mentioned, with good prospects, oranges, 

Ipineapple, corn, sugar cane, improved pastures, and farinaceous crops. 

The Experiment Station maintains a collection of forage crol..s 

and leguminous species, which should be preserved and improved.Were 

a favorable impact in the infrastructure attained, such that the 

population would increase considerably, the dairy industry could be 

I 	 developed soundly. The same prospects would apply to the enlargement 

of a beef-cattle industry. Thus, this Experiment Station shoul con­
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cen.rnate efforts in developing efficient techniques in forage and
 

grazing management. A research proposal is described further on this
 

report.
 

From OhL' ].limiied hydrologic acccss to information it apper; 

that this re,,ion of Pan[do has tliree considerably dry months - June, 

July and Au ust, w.,ith a manc r monlb 1]y ra inal: l1 of about 25 mm. ', 

slhould also c:oCsidu,r muis turp d] fic icn t inanths lay and SuptC mbo.i',with 

mcan mu ntLh1y valuc s of 75 mam. 

It npprs tha the '. tho(.,d po.entialThorntL. uait (1, of esti; 2ting 

evn poLi I)1L. empi riall]l , is not real1]istic for the winter in the.na rBn 

iu a,! Pan.iio ;Lo.on; of Bol ivia, The custLOia ed monthly values in 

tihe wIniL tC onl]y reach betwe n 60 anm,d 70 pCrcent of the indiLc.,d values 

in mid suiwwr. (Deceml;.r, January and Fe u-nary). For rea sons s tatedI 

hefo r, it s!hou] o he a c], l].eda;,d W-h.bt a m.an monthly dife;cnce of 

on]y 2.5"C hl)'L'v2en the Lon K.r t'mpOraL]ur o:f suimm:o and \.'inter months 

Wes n "t cOutve';ic t gra nicteri neCldyTinic C01ntY2.bUt-ion to cvnepo trans­

pirn Li cKn in thme in 17 mon1ths. The swan a irin tempcra 1turC s only a 

rouh;1 e21tim l. oif the en01roy required for evaporaLion. 

Tim'e H:-:pLc i sloul d decide to gaug; the h crossingime Stat:i.on Stram) 

Llth m.m,or h<,Lr, :iW WI.,a] .a ]at 'fmlnlnllt \Yv,1.17 i.fl a convOienC.1t loca­

ti on ao;nt be streamt . IT Lth ApeiIdi.. a graphical description of Otis 

st:mu'vt ]re in gm eIv . 

T]e, , p rim l.or method of wat-er; app].ication is al]so recommended 

for (,,b,.s in a ,nsor ].oct:0ion:s whoc .08,(1 leveling is too cxpensive 

or not 17o: Is i-l .,, mamin]y l0ca8uso of the genral slope, The capac :i.t:y 

http:convOienC.1t
http:Stat:i.on
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N.•
 

Iof the individual sprinklers may fluctuate between 0,5 to 
1.2 1/s. 

Adequately designed and used, it may result in the most efficient

3 water application method. In reasonably leveled locations, the basin 

nethod of irrigation can be the most adequate for the irrigation
 

of small forage p:.ots by flooding. For row crops, the furrow method 

is adequate if furrows can be made r6asonably long.
 

- Size of Strcamand-Timigng....................
I ..................
 

The capacity required for an irrigation system (volume in a gi­

ven lenght of time interval), irrespective of its magnitude, it can 

be estimated if we know in advance: (a) area to be served by irriga­

tion (b) total depth of application, and (c) time during which theIk
irrigation will be in operation. That is, if we establish the equation: 

IVt = 2.73 AL/T

3 where Vt is the volume intensity or capacity required in liters per 

second, (A) is the area to be irrigated in ha. (1) is the depth of ap-

I plication in imn., and (T) is the time of app-lication in hours.Thus 

we can verify that:
 

30 1/s x 1 hr - 0.5 ;,:22 mm. 

5 both sides of this equation reach around 110,000 cubic meters. Natura­

lly, on the basis of this example, derived from the previous equation, 

we can arrive at any ,desired combination. For example, if (a) is 50 Ila. 

and (L) (depth) amounts to 44 n., we have to raise the left side of 

the above equality by a factor of 200. In this 
case, if Vt is fixed,

3 then the application time (T) should be 200 hrs. As such, the applica­

tion can be made in 50 days (1 ha/day), 4 hours a day, or in 25 days,
I8 hours per day. 
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No consideration has been given to irrigation efficiency, which 

genera].ly flue :ua to wit-h the degree of land preparation and the 

irrigtio 1:.oi, ,t-uc ures avalI.lable. It aley he fJ.cd between 50 and 70 

percent. T.'o th~is' YuWU:lec if A is fl-.:ed, w~e genecral ] Ki.cr .,av.u thu 

time of apul :ic at.:.ion. Assumin; that in the cquattion (T) _Lurns out to be 

/ hrs. and that the expected irr.-g71at ion ffici .ncy is 60 percent,then 

thli e1: i, ciK i rriga;tion ougi, ht to b)e :i.nocrea.ed to be 6 hours and 40 

mi nutcs 

It i :is portanL that the concepLs and relationships between v'ater 

roqu1ircaqi, :-ea and volurC of the stream be clear in the mind of 

thoseC 1 n irrigation. one report broughlt my atten tion, ining);7h In to 

the Exp.riuant StLa Li on of Ei Mara! , it is .cnt toned that the potential 

cva pt)0 L; irni:ret Ion o - thL runtion is 4.39 cub:Lc mete:rs per ha-ycar, 

end tire U. tIc :i;r'i,,on rXqu.i7roin::; in the dry seanson colount to 3.93 

coil.i.r met' ] first .i plies thvPC ha.-yunr. The J: .gurv c them potcitial 

evatpotra spira.rt:i.n is 1.4! mm/year, the sccoCnd one wol.d only con1ce,do 

the :ii_.i , LLoln requlrum:,euts in thc drv se:,nen to amount only 0.3 P.A/year, 

Purhn, tip tICeiI- J.t VOc,"Husi:;lromifact Lit no- clear t, '0 L -ilrrithe tL is t il 

preci p La . , consurnat use, uvapotrnvpiration a.].. ti:Le or are &I*u­

pr-er-.;e in tecrms of a given dept:hi, irre;pectivc of area (volu:.'/arca 

dept-]) 

)2,~c.ill L:rinre1~ ion 

'lh rLi 1>:L-. icnt St_;t..ions visited (Pcuroto and El Maral inrt'e 

BvlLi i. Col.i..ja in1.'1 ].iil() oiLa:nLJ'an 1meteorologi cal stations for the 

coli.c t.ilon l Cao p laiti'll of daily records on weat:her va .bility. 

http:i.nocrea.ed
http:genera].ly
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I Needless to say, proper care should be exercised and adequate main­

tenance of equipment need to be given. only in this way can informa­

tion on precipitation, air temperature, relative humidity, open pin 

3 evaporation, wind speed, and solar radiation, can be secured. It is 

very convenient that some of this weather variables be recorded con­

tinously, such as relative humidity, air temperature, and intensity 

ofsolar energy-. 

The hidrothermographs located in the three stations are of good 

* 	 quality, German manufacture (Thies) . However, it is essential to have 

a psichrometer at hand on every station, to be able to correct possible 

3 deviations which the relative humidity curve exhibits after some time. 

It is reconmended to adjust both values of humidity and temperature 

I weekly, after a new chart is installed.At this time, the psichrometer

I 	 and the corresponding tables of air temperature vs. wet bulb depre­

ssion, will give the correct relative humidity. The air temperature

I 	 iscorrected from the dry-bulb temperature. At 14:00 hour on the same 

clay a verification can be mde, when the temperature is highest and 

3 the relative humidity lowest, in the day. When visiting the Station of 

I Peroto, it was observed that the relative humidity was way off the 

real value, As the psichrometer was out of order, no correction could be 

I made. 

The relative humidity is not an independent measure of the mois-

I ture content of the air, such as is the dew point temperature or the 

saturation vapor pressure deficit.This is due to the dependence of 

relative humidity on the air temperature. However, from the mean values 

I 	 of relative humidity (RH1) and of the air temperature (Ta) , by referring 

to tables of the partial vapor pressure of the air (e s ) at variOWS 

http:installed.At
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Ta, we can calculate the saturation vapor pressure deficit (ed) and 
the dew point t:cmperature (T) by the following equations: 

Ed E" -J;S :(Rt) 

'J.'d -l EsTa at 


Both E1 and 'I'd 
 iLnt:a-in a close rclationship witL transpira­

tion ra Le of p]adL;. IL is imtp-,tat thuugh, tha' the mean values of
 
ri a :]-i.V' lu;id.Ci ty aW.10 aiLr tew2p C;]o 
 ol) L ned 


val., say o{ne week, 1)0 


u'Ye , n1)0.i:; rith:i.n a yiven irnter­

('orrucLiy estinmted.The moa n relat:Lve humidity 
i.s best: otLa nad with a p3animetur, or by obtaining the of valuesman 


fro! thn cl'vu uVu.'ery Mo'o hours. To o tani. n the mean va1.ue of air tern­
' 

jwrnQuv, va of:every I,or 6 hours is enougl.
 
Sol'ar1 Pad :it:A11 (IO ), and open pan evnpurat:i.on 
 (]o ), are very
 

useful as wcaL,:Iir p] c'Entos to eva luate the dry 
 :at:Ler yiel]ds of crops, 
and their co,,;umpti ye une of water,) rcspet'Livelyat the same time, both 
iLdOiUcL ;w nin. a close re] at:i(n,;lhi]), a fact whi ch can be used to
 

ad vanta:,.ge.ii as sessin, (fc
; ibc, inVa '. :va t"rms of t:he othe- . 

to;aUIIO.It is to oWtatIi'. ;not]i Lylpc of pyranomeLe,, of the
 
n[:gr-0 1t:i.1n1 1'. oneM pro'se t use at
(1.C.h under Cob ij a is not in opera-

Lion upn sy, .. because the ito;/.rument can not be oriented properly. 
same ofTh , 1 iUn:r. i us..1cldn 1.- S in El Mlaral. It appears to 

1c worL.n,,, yt L :]e c :]-..Ls are sent: Lo In ]Paz and no :i.sdata sent IMick 
on tLh n;c: , 1 tofe rali.ra ioH W.ntsit JsA Lhe station in Peroto does31) :It'.' a1ny k.nod uwim aL lof An: L un i.on to 1 mep ,seo1ar adi aL:ion, i. is 

YC'U,;,-Ij!eU ..-.-[\. WIWu apSprWhnMcto cosU is $12 ,000 

/i/ Nu; iIa e ,i h1Iv t-a W LU, Inc. 537 Sou&t, 3 .1- t~L,>McsJ,Ari:na,MOW 6020n::-32-13WO.U 

http:vanta:,.ge
http:evnpurat:i.on
http:lu;id.Ci
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As far as open pan evaporation, measurcments, no tabulated data
 
was obtained, although it was reportedi that the readings are being
 

t:aken. It is c toanc that: this data he taken by the some agro no­

min: alw:yvs , if pas :ie.There might be different c riteri ZI reg.,rdi ng 

the microm"t'r read,.The tank should be cleannd remnulariy, and when 

WinI so,. it sh.ul.d be no later than the 0730 liur, to insure a re­

1.jalb] reading the r.xt clay.
 

It is also r ovvcdi:<Od thaL anemomeLtrs be instal I ed, to record
 

Lh wind spod nont, 45 cm. over the basc of. the evaporaLion pan 

The inst-u.ent can be fiNed to the same platform of the tank. Pu­

viTetric instru:.enct::.onappears to be adequate. For agricult:ur-al 

'..arcb, reolt:od with irz:igation, the precipitation intesi.Ly, a, 

recorded with p1.uvipnhs , is neo required . G.ra] th dai.ly p(u-­

viomuric values; are sufficien.t.]For soil ercsion studics, drainage 

design for e,in.erin., purpos.es, this data i.s possilb.y helpful, and 

the Experimn Wat may its cooperation.cion offer 

Viies on - F c &.C:C 701 " 

Daily plun.'i., tric data is very useful, not only to keep a hydro­

logi cal lalai:e for irr:;gaLir.n prposes; also for, after a long term 

period of no less than 30 years, estimating the rainfall probabili­

...Of .l.periods Enl H . .',eUfun, tiU:" .. . . I1it' it -­or b, tbyLn :lty
5/ 

quC \.XLh the smame da'il' ra:inFli, data no,may als;o tt tco charac­

eri:W rainfal.l by such, ind.c:-; as (DIS) (binF;:i. Ihi.Lriiutiun 1(1C,.M) 

and (DES) (Pain,1 .1 ])e f icie _cy Index), as repo-r,,d )efore by th e 
1 , 

author. -

Tih/om, I. C. , 195 8, A note on Lhe (;alinna D! st-ri but: ion. Monthly

Weather R. 86, Wn. 4: 117-1.22.
 

http:117-1.22
http:purpos.es
http:intesi.Ly
http:instru:.enct::.on
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Regarding other climatic parameters, there have been found re­
markable interactions between crop yields, quality, water use, and 

management with weather indices. In the tropics, the author found 

. .significant inversecorrelatis....orrelations between forage yields.(Pennisetum
 

purpureuin L) harvested every 45 days (frequent harvest) and its 
nu­
trients composition, a finding which could be traced to evaporative
 

6/
demands indices. Under space harvests 
(every 60 days) the inverse
 

relationships was not significant. 

Not all crops respond equally to weather, even if an optimum con­

ditions is brought about to the plant-weather relations through conve­
.... 
 7/


nient irrigation. Under greenhouse conditions it was observed 
that 

until flower initiation bean plants maintained a 1:1 relationship 

between transpiration and net solar radiation (r = .97) so long as
 

soil moisture was adequate. After bloom this relationship no longer 

held, transpiratinn declining to 
roughly 40 percent of the net radiation.
 

On the other hand, in this same study it was found that the transpi­

ration rate of young coffee plants was always much lower than the net
 

radiation, in addition to being poorly related to it.
 

On the North Coast of Peru, one of the regions in the world where
8/
rice yields are highest, Slinchez report that Variety IT-8 under corn­

6/ Capiel, M., 1978. Effect of various -.eteorological indices on theyield and nutrient composition of napiergrass(Pennisetum purpureum L).
Jour. Agric. Univ. P.R. Vol. 62, No. 1:76-89. 

7/ Capiel., M., 1973. A differential psychro test of plan-soil-weatherrelationships and water Jour.use. Agric. Univ. P.R. ,Vol. 57,
No. 1:42-55.
 

8/ Sanchez,P. et al. 1974. Influencias do la radiaci6n solar sobre la 
respuesta varia[tal del arroz al nitr6geno en la costa del Perci.
El Manejo de Suelos Tropicales,editado por E. Bornemisza y A.Alvarado,

CIAT,Cali, Colombia.
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per clay)
plete exposure to solar radiation (about 490 langleys 

of 11.5 tons/ha. to the 
cxibited an outstanding yield response 

of up to 300 kg/ha. Under restricted solar radia­
applied nitrogen 

rets) rice yields w-r, not only
lion of 57 percent (with past ic 

to tI Pp] EI ntrpun. N tro­
there was 10SpOns,"lower, al so no 

ur.a onu half of iL 30days aft:er trans­
:gn was applied in form, 


other half at the point of primordi u m in.tiation

plI anting. and the 

A the pnnic.e 

Somc othor plant-enter research may be mnntioned. Hlowever, 

next instCad. It is hoped 
some re2rc]1 propposals nrC presented, 

he useful. in interpreting batter plant-water­
that thcse will also 

weat er relationships, to optimize crop yields. 

: "". .,. i , ,s Ou< ]i ,, (,'-1 [I3N A\ i' ) 

. 
of to three irrigation regimes

1) ' itle: Resvn e corn 

gate the optinuS', water utilization0ibifc tJv(: To i nvest ",;-

by corn, un, r Lh a-'..tCr ap]lication rtcgip_,lV blsed 

on the oprin pan ev q',l.,tion., and growth stage of the 

crop. 

T]L - eho -Iphys i 0logical aspe.cts of corn, tiedd
Justificat:ions: 

nd grov, L1i s2,,]c1 1be invesrti-
Lup wjith t o. water c comoz: 

under sill.ar fert.i­
gated. SQi.,,i.fir:ant yield di V- .e (. s 

jl stify tin:- invesct>! t ign.'i 5, is also
liz'rK; and :i. 


much hearsay on crit.cal pc:riods of I,olsLuc de:ind by
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corn, that needs 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 ecological characteris­

tics (Peroto,]El Maral, Cobijas). 

Proce d-u : 

1) On aaparcel 15 x 90 i. four blocks 15 x 20 m. will be 

established ns replications of the following arrangement. Three 

irrigation plots, 5 x 20 m. wil he randomly lo.cated withi vach 

replication . Tun Uiters are left so that between tWe replications,
 

irriSPL:ni nnd1< 
 ditchesdya leccated atc their heads and 

lower ends, res.puctv.cly. 

2) Thu three irrnigat:ion regimes will be eshlihed as 

follows: (n) water willi he app]ied to th' irrigation plots after 

an aecmulrud .penpan evuporato, of 0 n m. Any raiifa 1l of 

Mu;. p1 r My ync oor will<,b.e]]M cu,tud Eron' the accinm ulat~d uvapo­

rnt inn; (h) wactr w.,ill be app] ed a.ter ;.n accuu:l]ated evapo':a­

tion of 30 Eanl. (leduc:ing any sign Iicant rainfall in the sane 

manner as be fore; (c) ,,tcr will,be a-plid aftcr an accumulated 

evaporation of 80 mn. during r'..,:ttb, and until inn.odi;L Q- before 

:russo,I., ; ,'I.ns. Fro'm h noc on, and u iim] the milky mat:r7t ion 

of th, orn", b wbi to sHw:)-up, water wi.l he ,pi:i.ud every time 

30 mm. oF ova jiora L2ion c0mult Lacud.,'rown the laitter stage of kernel 

matural:ton ,'id on it will, b tun,d b.ck to thme more spacud irriga-


Lion of ever-y 80 m11m1. of accumiLdLat.:d evaporation.No more than two 

irrigations will. he appl]ied 
on this lost stage.
 

http:evaporation.No
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3) Irrigation wi]l be applid by furrows 75 cm. apart.There 

will be six rows per irrigat ion plot, vith plants left 30 cm. apart. 

The four ccntcr rowcs will be harvested Ior yicld, and only 12 111. 

a Ion each row, t ova rds the center of the rov 

4) The' dept-h of w;tcl to apply on Cach Wil correS­

pond wi. th the 2ccu!:Ula ted eva pa .'Lion ln the e L'sos of the 80 1am. 

,:u:lO.ted evapo ;t~tn. 'ThE. depthl of ipl] ication In the orther, more 

f1 ,el-t ir l:o!, (Ave UV " Wi] 1. bt of 40 1 tcr p 1.II t in , 

: ; ,-v l,: i Lion c lit 

,,,, w~ill bheti there, (W 

ri fo1,::u -- :.] chea p']icd.ITr tro t re­

ala I 

io, , a5) :'.irtiwi:': vriet', pesticide u1e, aindC other n; ment 

'-Idetails %! 1.1 be. le t oa the. d 1,.ision LI!,, r ,e rch Lochc io:w;.ns 

rv, c.ter.n'.". Ict.( o.s be of I.,]t ive ­6) Ia:hera to,-y will ado the Ic0.Ls 

ture COiit:O.*it (CR ) , or relative, ct. ourC:iof the Icaves at the 0900 

and .ZtlO0. o ., ,:e:].. 'iwo d'ss I cv, in wi bebe b nc(1imcte tot;i. 

from each s 2 e:af the ccrtra vein, on the secon-.d o]p eaf )egiJni. li 

fro..the t1 reatecl in si: p]-ant:s ofT tl rroL;toi, 

plo ts . DI I T 1)-e r - u t.i1. 1, 1bo2-L, LO--.1 iii to be . 

teCi, t:?:Lg: 2 in water so turL'tionephaced for hours dt J.iled for 

;}7(", We The in)unerlh..t.:,.a,. - a/n *d toLd . differences CR11 

h)t een thet 0.' -.C a-n ] 0011 h ouIrs- wi. I.4 c opared un11e the t111hrc, 

.rrJ.igation ] g. ;:!:e . -" n g.%,,wi] be-ii on th(. ,tr-L! w.u,0 , and ulntIi 

after 
a fL"e.a: 

the 
t h e 

Inst ir': 
i -

'at ion. 
[- L. ( 

2) c.It!i:Tue of irrigation, harvest frn quency, and ni­:f.ct 

troen .urtil.i zatinn on the yj.cd and quality of forage 

g r cSs 
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Objective: To evaluate the best combination of irrigation,
 

harvest frequency and nitrogen fertilization for optimum and
 

economical yields of forage along the year.
 

Justif ication:, The development of a dairy industry- in bothBeni
 

and Pando should be investigated, simultaneously under inten­

sive and extensive methods of forage harvests and of grazing 

management. The forage harvest systems has some advantages which
 

may well popularize it. It can also be couppled with a rotaion
 

system of grazing (with fencing), mainly connected with the 

younger cattle and with the rainy season, In the dry season,
 

under irrigation, the forage-harvest system can also be very help­

ful. Finally, this system may help to keep under control desease
 

problems.
 

Procedure
 

1) An experimental site, 52 x 58 m. in size, will be selected 

for a split-plot experimental design, The main treatment or plots 

25 x 12 m. will be represented by two harvest frequencies, based on the 

accumulated solar energy (photosynthetic potential criteria), to be 

chosen from the following values, depending the forage specie,andon 

for ano more than two harvest-frequencies: 13,000 - 20,000 - 27,000­

35,000 langleys 
2 

(or cal/cm ). For example, if napergrass (Pennisetum 

purpureum) were selected for the experiment, the two appropriate harvests 

frequencies would be 20,000 and 27,000 lys. This harvest-frequency 

criteria accounts for short days, when the forage is slow in growth. 

If there were no pyranometer available, the harvest frequency criteria 
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may rest on accumulated pan evaporation (with no adjustment for rain­

fall), of 160-240-320-400 mm. values which approximately correspond 

to thle previously mentioned solar energy figures. 

2) Two irrigation regimes will be chosen as sub-plots, 12 x 12 

_m. in size,_ and will also be based on the accumulated opqjn pan eva­

poration. In this case: (a) irrigate after an accumulated evapora­

tion of 40 m. (significant rainfall substracted) and (b) irrigate 

after an accumulated evaporation of 80 nmm. 

I 3) The basic experimental units or sub-plots will be 6 x 12 m., 

to acconiodate two nitrogen application rates of 350 and 700 kg. N/ha. 

* 	 year, divided into the estimated number of possible harvests, under 

both harvest frequency regimes. 

4) Irrigation will be applied by flooding basins (6 x 12 in). 

I One meter spacing will be maintained between the irrigation sub-plots, 

* l and 2 m. between the harvest frequency plots. 

U 	 5) In addition to dry matter yields, the N, P, K, and fiber cor-

I position of the forage will be take for each experimental, unit (sub­

sub-Plots), which amount to 32, as there will be four replicati. ons 

I2
 
3) 	 Title: Compilation, analysis and evaluation of meteorologi­

cal date. 

U Objective: To awake conscientiousness, formality, and scien­

tific interest in the collection and analysis of the meteoro­

logical data, for a better interpretation of the response of 

crops to the enviroinental factors and to management. 
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Jutsif ications: For the higher latitudes there exitss abundant
 

literature on tic influC'nce of weather factors on crops yields. 

Such ii F.l incoP; ;om t; :ime expressed in plant nut:rviti , "r 

in wa ter by Ltirin< ti ls rel.atlon,;hi . .u Laklie, lt i]-plant 

ot:HICr in, Lance, and adve,'rsC• effect of climatic fctors W, 

benn detvectd on crop manavenent, as for example - pcst:i.cide 

C()I 127(.i..
 

]'roc(du fe 

1) Meit'an we.eoCkly va]uos. of air temperature (Ta), and wind speed 

(u), relative humidity (RE), solar radiation (Io)and the total open 

pan evaporntirn (Eo ),and total precipitat.ion (P) will be ca].cula­

ted for each of the thre cxperimeicnt stat:ions. The instan tcaneous va­

lucs nF air tnope er;:t-urc a.d relative humidity must have been ch.ched 

x..'i, th a ps', a re;::t-en vi, l!t a ftcrv p i .LZ a now weekl y ch1 t;a 1: the 

onr C' ()Il the()' ()0 i1n7. On n.;';, e; (I o;r ]./40() 11() ur_. 

2) ]roi; t'C mcin wecly vlve os of reTa.kLive hu-idity and air 

tomp-,v;eti've, tie nice.n values of vapor prcsure sa turtion deficit 

(Ed) and( dew - p0uL "eouperaturt will be calcu-la ted, using the equa­

trins and table'; wniiord b,'-o in this Yeport. 

3) From th. lal' Yiely. \' valus of the xaNhe paraieters mntio­

ned bc-ore, es t muate te funtcLi.anila relationship of : 

o . f ,1.1n, ,Ed or Td )0 (Io 


If there CNxI.S t-S good L'Orrel;.tit 'i, it will poriiit us Wn estimate Some 

1. n g, O 
iL thec cula te l Onesiui.s -; i1nca i weelly yV I]Uics. C) / terlils of cl , 



- 33 ­

4) It iwil also bc attempted to estimaLe io from the extra­

terrestial solar radiation (Ie) available frou t:ablcs, by the 

]i. ear equation 

o - a + b 1e/la 

Values of Ie are givcn in the appendix for some Tatitutes. 

TIt \wil.l_ only be nccOss Oy to extrapolate to arrive at mean weekly 

VU~tCS of 1e.
 

MEDIT, AWTP LO(- T!LP. flECOI.2NDA'TJIONS 

It :ould not be do sirao)ble to deepen into the solution of agro­

i,, :c proble:::,: in NohM.nrit3al Bolivia,. if this efifort is not 

uLC.ito-io;u" I.. A reg:iLo 11), Wn ev'y,cc-.- tha bAU importin, flood:w 

yea-', es a .:L d to l..ive ",..ith them, lcaving behlind the gro'.:th 

of ;ai L. _ cure, ,fficienL and 

divervsified a"icultur2 is just short of imossbs .h i 

The -opul Lon Af Beni an(d Pa'do is s-l] and scattered and 

.ack.; adoqut .ans of tran'ortat ion and commiI([0. 

On tihe ot]hcr ,and2 the subs t;ntia]. wealth-of valIuable .forest, 

wate.r resourc es, ti]lla,}ble 1 and, ond pos-; 1) ]y mi 0rri r.-ourcp s, 

await for a maycr population rw.t.h ard> ci.viLc, ii s rLil, and Lrade{ 

centers, Mlichil turn ' ill s i.; u] ;at(: p.',,duc Lion and consu:ntion. 

Of coarse, infraStru,,L:Luru like tLh construcon of wore, roads ,sch1ool) 

hea lth Iac.i tic;, , Lic,, i and othuC. v', o e.nImlent: 

faci.lti cs and servie,'.; wil.also be 1cCdyd.
 

..... .ith ut which a productive, 




- 34 -

This report has focuscd on irrigation and drainage aspects 

which the Ministerio de Asuntos Campesinos y Agropecuarios)through 

IIBTA can give preferenitial atention, in an effort to impart 

greater prospects to t-he agri.culturai activity of this r, ion. 

In the o one.,,r view, other recomnendations arc genera i xed, some 

of which we know, are not covered by the realm of tMe authority 

of the MEn P ; ry. 

Of A.,r.. :i,. : t (nL. 

1) Establish ad,a a . cgreement.s uit the Developiment Corpora­

tion o f Beni (CODB)I) and of the ,o rthL ((:(O):RDO) by which I TA, 

aftce Lici bold of a "technol c,, ca, pacc ''", product of their 

own rcsenrch on a gi.ven crop, w2i. cc,.>1coor.dinaeithiinet:c CO) NC) or 

COM)IKWTMf. te oe tab I ,,iinn t: o. a pilot ., rr on the g iiven crop or crops. 

At this -teLie the economlklc aFpcts of produc tion and aarheti g 

will. be considered. 

IMB> cou ld prop y be entrusted . responsib:l.ity of courdin­

nl tinr'', \'.'itL theL n )eve ljr'.2:Vnt Corporations the Ian, c lu.,, i...-, Ia :d 

gr_ n.t., and Wn irritton cl inage set-up for the pilot dciemons­

trnLi n .f.Trn*;..lTi , San ' .i, tos ]']io in Vil I!\ -vlanec. appearS to be 

adequ te .for: a ).Lio dwmuns arLi ion far. 

2) on the bsie : . . - N.n.s1 , -r it:a oht d with -c, drainao g, e::po­

rim nt roc o';,-ndu d .nithis.a rc )l,27L, ano-her study s]houid be initiated 

in no le,;s than h. .0'n r . ng d emiontrotiott [arm, w7ithin the 

limiLs ofl the P-rot:o Agricul.turalV Expr.imcnt Stat ion. This f'rm should 

not form,prt of the arcnnt with CO :,,,I inasmuch as it will be 
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subject to continuous modifications, based on experimental results. 

]his farm may serve, in atddit ion, to initiLlte experimental work 

wth dairy cattIc. 

3) Es t:.bish in the Lxpcrimant Stations of El Moral and Cobijas 

pim-a citrus orchards, with emphasis on citrus fruits. To 

is advisable for an hor:ticulturirst to pursue gra­this effct it 

dutate StLudLcs concentrating in this fi(eld 

cult ,L(ofTie cr ,ial .ior citrus fruit:s and their proces­

sifg can, ecvefual .y, impact: Liht! norkuIut]tral economy of both regi onS. 

a g i support with the project for anjits; (ucatic_ in Cobij 

El :a canMraI, such a projeoct
i0 U unai..a! airport 	in Cob ijas. In 

he population Srowth tLi inalso, gain r .,the 	 plac ::a
 

of Rivrv.cn--Gu;ycaravcer'n, avd in the prospr.. t of bcLLt:r shippinu 

of ... .. Ama zonas Rivers.faciliti cs bay m" 

4) It fis rocoiu:;unk, tlo d;iscourage t]he indiscrivt:e land clca­

ring of productive .forCsts, just to gi.ve a'y to :nso l]tv(. pllots 

. offor farwin; ,. ich ev.atua1.. 7 may be abai :do ,"C-d.'.tu l n. c]nc' ring 

"island" forest or "'v:,tscums:I", vwhich contrOit'. o Lhe Iiydiul:ol)ic 

re­and eco]ogic halancc of thef s,vanna, hav a al]so b-en tLi sP a e 

" 
fuge for the cattle. Once cleared, nature's hundre's of yua rs work 

are destroyed in clay n.As nu0 La LrganLizad, ad:cqua Le d .a.i.nag, c an bc 

provided to th is, ted areas, evcntuall y they will be abndoned 

and remain barren. 

]UKi :i and Panda possess an enor-inous undeve.co])d w:c].th Iin fo­

rest resources, which contain such fine wood as cedar, ]_a1urcl.,miara, 

http:C-d.'.tu
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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 

essent:a] and should be planned from now. The prospects for a stable 

lumber :i.ndustry are good, once the transportation and technlugi­

cal pro)1ems are solv.ecd. 

.le wlu!;t: ,' -v:are of tihe fact that for years Bol iv ia will not 

be a dc.insCly p-opulted region to any eztent. Fromh! this point: of view 

the I ot a] n rl,,e pC.r.;, 1)]., carcfullyifmo fo]rl crops must be eva. ua:ted. 

t;X c.oolU rather .. as forThe c-'icof]t>ILtO,' ion be \ViSual iad n 

rIIuQ ].U!I0e] s deserve a high prT7iority becauseeL~pol-[., ]t! t. prodi C(-

thie! ]7rfon !]u,' is: there-; .
 

5) Alon. tihe snumC 1ine of thinking, paddy rice cultivation in 

comnrcia 1 scale is wortlil 1.,ring in Beni. It may havecosCid:;e 


beLter pos:;ibilit 1e i in thI w..'in.e r, bcL:accn1 Nay and September, under 

g tic Wil around onef]oodill', .17.71 ,2 techiqu,. eu.s. Thic:-c . be required 
3 

ult'IC for . eqjuival o m!l1.] t utbi '.,<: 1-)].c',h 100 Ii 'i is is e 18 /main. 

8 hoi i -s ! (1!N' dur.!!" 22 days a.Cmonth, along; the five months of rain­

6) For the "chacos'" of Beni with 50 ha . of arable land, it is 

rec m;nl-, ,idlCo dvcvl]op a res.;lrc'h prcI:gya2 iat P roL.o.]c idea x,'ould be 

to deve. p a irod . [c(t.: a .?0 1i:. farm i.nitlnS i.Va&]y CutiLO tCd iln crop.". 

such as rice, ni ri corn. Al].iitLuli Lhl<is type oF-. T1in'g (leviCintes fr n 

wlhatC :is )7Cos'lidetl ,,SObf,[CI], istCence produCct.oll is essential to Lhe 

flrmiif:i..ng timnuOniqn;idi l leto My popuation centers of Trinid;d 

and other cmlmiiiftielsi&5 
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The irrigation requirements for an agricultural farming of this 

kind in 20 ha. are approximately 90,000 cubic meters, or a stream 

flow of 30 1/s. 160 hours of irrigation monthly (8 hours in 20 days), 

during 5 months.

3 On the 'infrastructure 
cen-I) Establishment of vocational education and farm machinery 

o n
I ters that can aid to sprea'd adequate- tehnloicgaql fit far 

aid and self­3 ruing practices and promote rural housing through mutual 

hiel.p methods. 

2) Estalish better ties between higher education centers and 

the agricultural experiment stations. Establish communications with the 

i 	 librarians of this education centers, aimed to develop library faci­

lities in the Experiment Stations. These ties may eventually locate 

graduate students in the experiment sLations to work on their thesis 

3 	 problems. 

At the National Level 

1.) Efforts should be made with the Ministry of Public Works and 

I Highways, directed to dig a general. drainage canal on both sides of the 

road that goes from Trinidad to Peroto Experiment Staticn . The digging 

3 of these drainage canals, parallel with: the road, will also leave a 

dike 	between the road and the drains.
 

I 

1 2) It isrecommended that a topographic survey be made to facilitate 

S irrigation and drainage construction works, at least along the roadside 

areas, about 2 kin. on both sides. 



I ~Appendix I 	
A 

Crested Weir in Weir Pond 

Installat ion Requirements 

i. For 
hea7 

6 to 15 
of 20 

/in the recounended crest length 

.. 

is 75 cm with a maximum 

-- oI 	 /"I),
 

.. --- " -,.>. .\ 

m. Weir aill 1be set at lower end of pool, sufficiently long, wide and deep 
of no more than 

to give an evcn, smooth current ( L. ost still water) 


15 cm/sec.
 

Longitudinal axis be perpendiculal to direction of flow.

3. 

11. Face of 	weir should be completely vertical. 

5. 	 Crest of weir shou:ld be horinontal (cowpletely levelled). 

of crest. above bottom of pool should be 3 times the dIepth of
6. 	 Distance 


water flowing over weir crest.
 

free from downwardside of weir 	 to be
7. 	 Men sur ng stuooke should be to one 


curve of water surface as it passess over curve.
 

falls freely.
8. 	 Crest shoild be high enough so that water 

9. prevent 	 erosion, dounstreamr below we!r by placing loose rocks. 

.:: iI 
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r . l ."t'J,. 

60 t 

x//; " -..-- > .,,., 
Opern drain ansig.nred to carry freely up to 11 mP/min. 

6-0c i?) 

---- Ay . ., 

Irrigation ditch dcMigwcd for a .stream of not more than 9 m 3 /min. 

For channc:l fil'...: Q= AV 

whcre 	 Q volume of flo: in m'/r, n, 
A - cross sectional are in m 
V Cve.ccijty of flow.. in w/.in. 



Appendix II 

Flow through various sizes of siphons connected to a supply ditch. 

30 --­20,. "- __
....-- -- --.- -__ 


20 -


U 

- 10 . . .. . . .. . . ............... _7 .... ­10. ...... 7 

=/I
 
0 

01 2 3 5 6 

Flow in Jitcrs/scc. 

From thlo cquatiow r ivnn Weore: Vt 2.73 AL/'f
 

s andL 1, ::number
if A M, l ; in an are' fixe:d, and A of sip~hon:s x. 
dlis; t t e el ri plbl nl'wr:[t o f rro,.. nlme te r s ,:tla b ,u[.tw O n,'i rs/x"l u n g th f ut i 

the time requirrd to :irrigatc i., 

T - 2.73 AL/V _ 

.f V in thu turnout is not know", w: can estimate it for the 

individul.siphons from the above igure. 

t 
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