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EESSTTUUDDIIOO  DDEELL  CCRREECCIIMMIIEENNTTOO  DDEELL  MMAAIIZZ  BBAAJJOO  CCOONNDDIICCIIOONNEESS  DDEE  

TTEEMMPPOORRAALL  MMEEDDIIAANNTTEE  LLAA  CCAAPPTTAACCIIÓÓNN  DDEE  AAGGUUAA  DDEE  LLLLUUVVIIAA  

Sandra Luz Torres Suárez, M.C. 

Colegio de Postgraduados, 2008 

 

El trabajo de investigación fue conducido en el campo experimental del campus 
Montecillo del Colegio de Postgraduados. Cuyo objetivo principal fue observar si 
existe afectación en el contenido de agua presente en el suelo, debida a una 
conformación diferente de surcos y la colocación de contras a lo largo de los 
mismos. La variedad de semilla utilizada fue San Josecito, sembrada el día 2 de 
junio de 2006. El diseño experimental fue el de Bloques Completos con 
Tratamientos Aleatorizados, con 4 repeticiones, disponiéndose de una superficie 
total de 1500 m2. Los tratamientos probados consistieron en: Arada pacial con 
contras a cada 3 m (Trat A), surco tipo Anaya (inclinado) con contras a cada 3 m 
(Trat B), Surco normal con contras a cada 3 m (Trat C) y, finalmente, surco normal 
sin contras (Trat D, testigo).  Las variables de estudio fueron: Contenido de 
humedad en el suelo, rendimiento de grano, materia seca total y su partición, 
análisis de algunos parámetros fisiotécnicos (número de hojas, altura de plantas y 
diámetro del tallo) y porcentaje de luz interceptada principalmente. La precipitación 
total ocurrida durante el ciclo del cultivo fue de 442.8 mm. Se concluyó que 
respecto al contenido de humedad en el suelo, se presentaron diferencias 
significativas entre tratamientos solo en fechas posteriores a precipitaciones del 
orden de 10 mm ó superiores; En cuanto a rendimiento, el tratamiento B fue el que 
presentó los valores más altos con 5.76 ton ha-1, seguido del tratamiento C, el D y 
finalmente el A con 5.58, 5.53 y 5.3 ton ha-1 respectivamente (no existieron 
diferencias significativas entre tratamientos, Tukey, 0.05). La mayor cantidad de 
materia seca total correspondió al tratamiento C, posteriormente el tratamiento B, 
y el A,  para llegar finalmente al tratamiento D (Testigo) con 334.83, 330.02, 
328.56 y 296.29 g planta-1 respectivamente. Las alturas finales promedio de las 
plantas en todos los tratamientos fueron superiores a los 2.0 m, el número de 
hojas estuvo entre 13 y 15 y, el diámetro del tallo de hasta 3.57 cm. Finalmente, el 
comportamiento del porcentaje de Luz interceptada fue similar al del contenido de 
humedad, el tratamiento C fue el que presentó en la mayoría de las fechas de 
registro los porcentajes mayores, seguido de los tratamientos B, A y D. 
 

Palabras clave: Maíz, microcuencas, termporal, contenido de humedad. 
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CCOORRNN  GGRROOWWTTHH  SSTTUUDDYY  UUNNDDEERR  RRAAIINNFFEEDD  CCOONNDDIITTIIOONNSS  BBYY  RRAAIINN  

WWAATTEERR  CCAAPPTTUURREE  

Sandra Luz Torres Suárez, M.C. 

Colegio de Postgraduados, 2008 

 

This research was conducted in the Experimental field of the Colegio de 
Postgraduados campus Montecillo, The main objective was to observe if exists 
affectation in the soil water content due to different furrow conformation systems 
with stopper border  placed each 3 m along the furrows. San Josecito corn variety 
was sown on june two. Completely blocks design experiment with randomized 
treatments with four repetitions was installed in 1500 m2 surface field. The 
treatments were: Partial plowed system, with border stoppers at each 3 m spaced 
(Treat A),  Anaya type furrow (with a slope from the ridge to the bottom of the 
furrow) with border stoppers at each 3 m spaced (Treat B), normal furrow with 
border stoppers at each 3 m spaced  (Treat C) and normal furrow without border 
stoppers as reference (Treat D).The variables studied were: soil water content, 
grain yield, partition of dry matter and total dry matter; also the next physiotechnical 
variables: Number of leaves, plant height, stem diameter, and % of intercepted 
light. The total precipitation occurred during the cycle of the crop was 442.8 mm. It 
is concluded with respect to the soil water content, differences among treatment 
were found only after more than 10 mm rain events. With respect to grain yield, 

were not found significant differences (Tukey, ! = 0.05); the more higher values 
were found with B treatment, 5.76 ton ha-1, following C, D, and A treatments with 
yields 5.58, 5.53, 5.30 ton ha-1 respectively. The greatest dry matter value 
corresponded to the C treatment following by the B, A, and D treatments with 
334.83, 330.02, 328.56, and 296 g plant-1 respectively. From the analysis of the 
physiotechnical variables; the average plant height in all treatments were higher 
than 2 m height, number of leaves were among 13 to 15 leaves per plant, and 3.57 
cm stem diameter. Finally the trend of the % of light intercepted along the crop 
cycle was similar to the soil water content; the C treatment show the higher values 
of this variable in the more  sampling dates following by the B, A, and D 
treatments. 
 
Keywords: Corn, micro-basins, rainfed, water content. 
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11..  IINNTTRROODDUUCCCCIIÓÓNN  

#"$%&'(")%"*+%"&%",'-".(%')/"-+%0'&"0'(1%)')%&")%",23(1)/&"")%"4'25"6"4%7/(%&"

89.-1.'&")%".+:810/;"'<-"-/"%&"$/&13:%"./-8('((%&8'("%:"14$'.8/"*+%"$+%)%"8%-%("+-"

.1.:/"")%"::+01'&")%=1.1%-8%;"$/(":/"*+%":'"1-./($/('.1>-")%"?('-)%&"%@8%-&1/-%&")%"

8%((%-/"'":'"$(/)+..1>-"'?(2./:'"&%"0%":1418')'A""

"

B%"%&8%"4/)/;"&%"%&814'"*+%"%-":'&"$(>@14'&")9.')'&"":'""%&.'&%5")%"'?+'"%-"%:"

4+-)/" &%(C" +-" &%(1/" 14$%)14%-8/" $'('" :'" $(/)+..1>-" )%" ':14%-8/&;" 6"

$(1-.1$':4%-8%" )%" .+:810/&" 3C&1./&" ./4/" :/" %&" %:" D'25A" E18+'.1>-" *+%" ,'" &1)/"

.'+&')'"$/("%:".(%.141%-8/")%":'"$/3:'.1>-""*+%",'"(%)+.1)/":'"")1&$/-131:1)')")%"

81%(('"6")%"'?+'"$%(".C$18'"FG#H;"IJJIKA""

"

L-"D9@1./;"%:"4'25"%&"%:".+:810/"'?(2./:'"4C&"14$/(8'-8%;")%&)%"%:"$+-8/")%"01&8'"

':14%-8'(1/" 1-)+&8(1':;" $/:281./" 6" &/.1':M" %-" )/-)%;" &%" /3&%(0'" *+%" 81%-%" +-'"

$'(81.1$'.1>-"%-" :'" $(/)+..1>-" 8/8':" )%" .%(%':%&")%:" NOANP;" " ./-"OAQ"41::/-%&")%"

,%.8C(%'&""&%43(')'&"$'('"%:"'R/"IJJN;":/&".+':%&""%:"OSASP")%:"8/8':"&%".+:810'"%-"

&+$%(=1.1%" )%" 8%4$/(':;" $(/$/(.1>-" *+%" (%$(%&%-8'" TAI" 41::/-%&" )%" ,%.8C(%'&"

$(/4%)1/" '-+':" FE#U#VW#;" IJJTKA" E18+'.1>-" *+%" &%" 3'&'" %-" ?('-"4%)1)'" '" :'"

(%:'.1>-" *+%" %@1&8%" %-8(%" :'" .'-81)')" )%" '?+'" (%*+%(1)'" 6" :'" .'-81)')" )%" ::+01'"

)1&$/-13:%A""X/"/3&8'-8%;"%-"-+%&8(/"$'2&":'"%&.'&%5")%:"'?+'")%"::+01'"6"&+"4':'"

)1&8(13+.1>-"%&$'.1':"6" 8%4$/(':;"$(/0/.'-"?('-)%&"C(%'&"./-"8%4$/(':")%=1.1%-8%"

$'('" :'" $(/)+..1>-" '?(2./:'A" #+-')/" '" %&8/;" .')'" 'R/" '+4%-8'-" :'&" C(%'&" ./-"

$(/3:%4'&")%"%(/&1>-"%-")1=%(%-8%&"?(')/&"6"*+%"%-8(%"/8('&".'+&'&;"%&")%31)/"':"

4':"4'-%7/")%:"'?+'")%"::+01'"FE#VY;"!ZZ!KA"

"

#"$%&'(")%"*+%"%-":/&"<:814/&"'R/&":'"'?(1.+:8+('"4%@1.'-'"&%",'")10%(&1=1.')/"6"

)%"*+%"&%",'-".(%')/"-+%0'&"0'(1%)')%&")%",23(1)/&"")%"4'25"6"4%7/(%&"89.-1.'&"

)%".+:810/;"'<-"-/"%&"$/&13:%"./-8('((%&8'("%:"14$'.8/"*+%"$+%)%"8%-%("+-".1.:/"")%"

::+01'&")%=1.1%-8%;"$/(":/"8'-8/;"&%":1418'":'"1-./($/('.1>-")%"?('-)%&"%@8%-&1/-%&")%"

8%((%-/"'":'"$(/)+..1>-"'?(2./:'A"#-8%"%&8/;"(%&+:8'"+(?%-8%":'"-%.%&1)')")%",'.%("
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#$%"&'()(&*+&"&,"-%."/&,"01-0"0"+2034%"/&",0")..2/(*0)(5*6""1&*&20)(5*"7"&%+-/(."/&"

+&)*.,.180%" 9-&" :2.#-&30*" ,0" ).*%&230)(5*" /&," 01-0" 7" &," %-&,.6" ).#." ,." &%" ,0"

)0:+0)(5*"/&"01-0"/&",,-3(0" in situ. 

""
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22..  RREEVVIISSIIÓÓNN  DDEE  LLIITTEERRAATTUURRAA  

2.1. EL MAIZ 

2.1.1. Su origen y adaptación 

#$"%&'()"*+",-&".$&-/&"01%*+/23&0&"0*$"45-*61"Zea)".*6/*-*32*-/*"&"$&"7&%2$2&"0*"

$&+" 46&%'-*&+)" +,87&%2$2&" Andropogonácea)" /628," maidea," 20*-/2723&0&"

*+.*3'723&%*-/*" 31%19"Zea mayz" :" ;<=>?)" @ABCD" :$&-1+)" @ABEFG" #+" ,-&" .$&-/&"

&-,&$)" &$/&)" 618,+/&" H" %1-123&)" 31-" I&2-&" +186*.,*+/&" H" $2%81+" &-3J1+"

31-+.23,&%*-/*"0'+/231+D""*+.24,2$$&+"*+/&%2-&0&+"*-"6&32%1+"$&641+"K,*".&6*3*-"

&" *+.24&+D" $1+" 6&32%1+" -,%*61+1+)" 716%&-01" .&-'3,$&+" $&64&+" H" *+.&6320&+D"

2-7$16*+3*-32&+" 7*%*-2-&+)"*-" $&+"&L2$&+"0*" $&+"J1M&+D" $&+"*+.24,2$$&+"*-"B"&"@N"1"

J&+/&""!C"J2$*6&+"*-"6&K,2("*-461+&01"H""3&+2" $*O1+1";1$1/*F)"/101"*+/1"*-3*66&01"

*-" -,%*61+&+" 86P3/*&+" 1" *+.&/&+" 7&$P3*&+" ;/1/1%1L/$*" 1" J1$13J*F)" $1+" *+/2$1+"

$&641+"+&$25-01+*"0*" $&".,-/&)"31%1",-&"%&+&"0*"J2$1"+*01+1";M2$1/*F)" $1+"46&-1+"

*-"$&"%&0,6*("%,3J1"%P+"$&641+"K,*"$&+"4$,%&+";<=>?)"@ABCFG"

"

?Q-" 3,&-01" *+" 4*-*6&$%*-/*" &3*./&01" *$" 1624*-" &%*623&-1" 0*$" %&'()" $1+"

2-I*+/24&016*+" -1" +*" J&-" .,*+/1" 0*" &3,*601" +186*" +2" *$" 3,$/2I1" +*" 16242-R" *-"

S5L231)"*-"*$"+,6"0*"$1+"#+/&01+"T-201+"1"*-"&$4,-&+"6*421-*+"0*"?%5623&"0*$"U,6"

1" <*-/61&%5623&" ;<=>?)" @ABCFG" U2-" *%8&641)" $&" *I20*-32&" 0*" J&$$&(41+"

&6K,*1$R4231+"0*".1$*-)"%&(163&+"H"46&-1+"0*"%&'("*-"S5L231" 2-3$2-&-"&"32*6/1+"

&,/16*+"J&32&"$&"J2.R/*+2+)"K,*".&6&"%,3J1+"*+"$&"%P+".$&,+28$*)"0*"K,*"*$"%&'("+*"

16242-R"*-"*$"V&$$*"<*-/6&$"0*"S5L231";:$&-1+)"@ABEFG"=*+0*"+,"3*-/61"0*"1624*-"*-"

S5L231"H"<*-/61"?%5623&)"*$"%&'("*%246R"&$"6*+/1"0*":&/2-1&%5623&)"#$"<&628*)":1+"

#+/&01+"T-201+"H"<&-&0P";=1W+W*$$" et al., @AANFG"

"

<1%1" $&" 4*-*6&$20&0" 0*" $&+" .$&-/&+" 3,$/2I&0&+)" *$"%&'(" 6*K,2*6*" 0*" 31-02321-*+"

R./2%&+" 0*" +,*$1" H" 3$2%&" .&6&" K,*" +*" $146*-" $1+" %P+" &$/1+" 6*-02%2*-/1+D" +2-"

*%8&641)" $&" 46&-" 02I*6+20&0" 0*" /2.1+)" 6&(&+" H" " -,*I&+" I&62*0&0*+" 0*"%&'(" K,*"

&3/,&$%*-/*" *L2+/*-" *-" S5L231)" .*6%2/*-" K,*" J&H&" %&'3*+" &0&./&01+" &"
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#$%&'(&)*+,'+" '-.)/" 0)/" &-,.(&(-,+/" 12+" #2+.)," #$+/+,')$/+" +," +0" #)3/" 456789"

:;<=>?" 6+@(.-" )" +/'-" /+" #2+.+" +,&-,'$)$" " *)3A" &20'(B).-" .+/.+" 0)/" &-/')/" .+"

)*@-/"-&C),-/""D)/')"*%/".+"E==="*+'$-/"/-@$+"+0",(B+0".+0"*)$""F"&-,"&(&0-/".+"

#$-.2&&(G,"12+"B),".+/.+"E"D)/')":E"*+/+/"46-H/H+00" et al., :;;I>?"

"

J(*C,+A"4:;<<>9"&-,/(K,)"12+"+0"&20'(B-".+"*)3A"/+").)#')")"2,)")*#0()"B)$(+.)."

.+" /2+0-?"L-" -@/'),'+9" " M0),-/" 4:;<!>9"*+,&(-,)" 12+" 0-/" #+-$+/" /2+0-/" #)$)" +0"

*)3A"/-,"0-/"+N&+/(B)*+,'+"#+/).-/"4)$&(00-/-/>"F"0-/"*2F"/2+0'-/"4)$+,-/-/>O"0-/"

#$(*+$-/9" #-$" /2" P)&(0(.)." #)$)" (,2,.)$/+" F" 0-/" )$+,-/-/" #-$" /2" #$-#+,/(G," )"

/+&)$/+"+N&+/(B)*+,'+?""Q2+.+"&20'(B)$/+"&-,"@2+,-/"$+/20').-/"+,'$+"#R".+"S?S"

F"<9")2,12+"+0"G#'(*-"&-$$+/#-,.+")"2,)"0(K+$)")&(.+A"4#R"+,'$+"I"F"T>?"

"

U+KV," 6--$+,@-/" F" W)//)*" 4:;<I>" #)$)" 0)" #$-.2&&(G," .+" *)3A" .+" K$),-" 0)/"

,+&+/(.).+/" .+" P+$'(0(A),'+" /-," $+0)'(B)*+,'+" +0+B).)/9" /(+,.-9" #)$)" 0)/"

B)$(+.).+/".+")0')"#$-.2&&(G,9"D)/')".+"X=="YK".+"L"D)Z:9".+"S=")"<="YK".+"Q"D)Z:9"

F".+"I=")":=="YK".+"W"D)Z:?"

"

[," 0-" 12+" /+" $+P(+$+" )" " $+12+$(*(+,'-/" .+" '+*#+$)'2$)" '-0+$)" .+" *-.+$).)/" )"

&)0(+,'+/?" [0" 03*('+" (,P+$(-$" #)$)" /2" &$+&(*(+,'-" +/'%" +,'$+" :=" F" :X" \5?" [0" 0(*('+"

/2#+$(-$" *%/" P)B-$)@0+" #)$)" +0" &$+&(*(+,'-" .+#+,.+" .+" 0)" D2*+.)." .(/#-,(@0+?"

52),.-"+/")@2,.),'+9"+0"*)3A"&$+&+$%"@(+,")"'+*#+$)'2$)/"*%N(*)/"+,'$+"E="F"EX"

\59"#+$-"+,"&-,.(&(-,+/",-$*)0+/".+"&)*#-9"0)/"'+*#+$)'2$)/"*%N(*)/"+,'$+"E="F"

EX"\5"/-,"&+$&),-/")"0-"G#'(*-"456789":;<=>?"

"

M)" &),'(.)." '-')0" .+" 002B()" &)3.)" .2$),'+" +0" #+$3-.-" B+K+')'(B-" F9" *%/" )V,9" /2"

.(/'$(@2&(G," )" 0-" 0)$K-" .+0" *(/*-9" /-," P2,.)*+,')0+/" #)$)" +0" &$+&(*(+,'-" F" +0"

$+,.(*(+,'-" +," K$),-" .+"*)3A?" U(," +*@)$K-9" +0" 2*@$)0"*3,(*-" .+" #$+&(#(')&(G,"

.+/.+" +0" &2)0" #2+.+" +/#+$)$/+" &-/+&D)" .+" K$),-" +/" :S=" **?" 8" #)$'($" .+" )D3"

#2+.+," +/'(*)$/+" +," #$-*+.(-" $+,.(*(+,'-/" .+" TE=" Y(0-/" D)Z:" .+" P-$$)]+" F" E=="

Y(0-/"D)Z:".+"K$),-9"#-$"&).)"XS"**".+"002B()").(&(-,)0+/?"

"



Revisión de Literatura 

!"

"

#$%" &'()*+,-" ./" ('%0" .$" 1,'" 2." /'$" 3/',&'$" 41/&*5'2'$" 2." (6$" '/&7" ,*5./" 2."

8.$31.$&'" '" /7$" .9.4&7$" 2." /'" /10:" ;." .$&." <.4<7" 2.3.,2." 38*,4*3'/(.,&." $1"

./.5'27" 37&.,4*'/" 387214&*57:" =788./'&*5'(.,&.-" /'" 9'/&'" 7" 8.2144*>," 2." /'" /10"

*,4*2.,"$7)8."$1"48.4*(*.,&7"?"8.,2*(*.,&7:"@,'"2*$(*,14*>,"2."1,"AB"378"4*.,&7"

2." /'" *,&.,$*2'2" /1(%,*4'" 378" 3.8%727" 2." 1,7$" 3747$" 2%'$" 387214." /'" (6C*('"

8.2144*>,".,"./"8.,2*(*.,&7".,"D8',7"$*"$."387214."218',&."/'"9'$."2."37/*,*0'4*>,"

EF/',7$-"GAHIJ:"

"

2.1.2. Requerimientos hídricos   

K." 47,$*2.8'" '/" ('%0" (6$" .9*4*.,&." L1." /'" ('?78%'" 2." /7$" 41/&*57$" 3'8'" ./"

'3875.4<'(*.,&7"2."/'"<1(.2'2-"8.L1*.8."MNB"3'8&.$"2."'D1'"3'8'"387214*8"1,'"

3'8&."2."('&.8*'"$.4'".,"D8',7"?"8'$&87O7P"/7"',&.8*78-"*,2*4'"L1."/'$",.4.$*2'2.$"

2."'D1'"2./"41/&*57".,"47,2*4*7,.$">3&*('$"2."HBB"'"GQBB"((-"218',&."$1"4*4/7"

5.D.&'&*57"E=;R#-"GAHBP";778.,)7$"?"S'$$'(-"GAHTJ:"U7"7)$&',&.-"F/',7$"EGAHIJ"

(.,4*7,'" L1." 47," " G!B" ((" 2." 38.4*3*&'4*>," 31.2.," .$3.8'8$." 47$.4<'$" 2."

D8',7:"

"

;1'8&."EGAH!J"(.,4*7,'"L1.".,"47,2*4*7,.$"2."&.(378'/"2.9*4*.,&.".,"/'"=1.,4'"

2./" V'//." 2." W+C*47-" 7)&157" /7$" (6C*(7$" 8.,2*(*.,&7$" 2." D8',7" 2." ('%0" 378"

<.4&68.'-" 47," 1,'" 38.4*3*&'4*>," .," ./" 'X7" 2." .$&12*7" 2." IM!" ((P" 'Y," ?" L1."

=<'3(',"?"='8&.8" EGAHTJ" $.X'/',"L1."3'8'"L1."387$3.8.")*.,"./"('%0",.4.$*&'"

218',&." $1" 4*4/7" )*7/>D*47" 2." !GB" '" GBQB"((P" $*," .()'8D7-" .$&'$" ,.4.$*2'2.$"

<%28*4'$"5',"'"2.3.,2.8"2."9'4&78.$"47(7"$7,"/'$"47,2*4*7,.$"'()*.,&'/.$"?" /'$"

4'8'4&.8%$&*4'$"2."/'"3/',&'"38*,4*3'/(.,&."EF>3.0-"GAA!J:"

"

Z#[" EGAANJ-" (.,4*7,'" L1." .C*$&.," 2*9.8.,4*'$" (1?" ('84'2'$" .," /7$"

8.L1.8*(*.,&7$"2./"41/&*57"?"2."/'$"47,2*4*7,.$"27,2."$.".$&')/.04',"47(7"/7"$7,"

./"$1./7-"5'8*.2'2"1&*/*0'2'-"4*4/7"2."5*2'-"3.87".,"D.,.8'/"3'8'"./"4'$7"2./"('%0"$."

,.4.$*&',"2."!BB"'"HBB"((:"#$%"&'()*+,-""\.?.$"EGAABJ"47*,4*2.".,"L1."./"&7&'/"

2."'D1'"1$'2'"".,"/'".5'37&8',$3*8'4*>,"9/14&Y'"47,$*2.8')/.(.,&."2."'41.827"'"
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#$%"%&'(&)*+)%",-.+$/)%0"1(/-.&2*"1)#".&.#$"3)')+-+&3$4".#&5-4"1&%6$*&7&#&1-1"1)"-'(-4"

.-/-.+)/8%+&.-%"9&1/$1&*:5&.-%"1)#"%()#$";"6/:.+&.-%"1)"5-*)<$"1)#"%&%+)5-"-'(-=

%()#$=6#-*+-";4")*"1$*1)"%)"/)>(&)/)*"(*"6/$5)1&$"1)"?@@"-"A@@"55"6-/-")#".&.#$"

1)"6/$1(..&2*"1)"5-8BC"

"

D$7#)%" EFGHGI" &*1&.-" >()" 7-<$" .$*1&.&$*)%" 1)" +)56$/-#" ;" .$*" 3-/&)1-1)%"

-1-6+-1-%4"%)"6()1)*" +)*)/"7()*$%" /)*1&5&)*+$%".$*"5:%"$"5)*$%"J@@"55"1)"

6/).&6&+-.&2*" 1&%+/&7(&1$%" 1(/-*+)" )#" .&.#$" 3)')+-+&3$" ;" -" 5)1&1-" >()" #-"

6/).&6&+-.&2*" 1&%5&*(;)" -.)/.:*1$%)" -" K@@" 55" )#" /)*1&5&)*+$" %)" -7-+)"

/:6&1-5)*+)C"

"

L()3-/-" EFGAAI" .$*%&'*-" >()" )*" #-%" /)'&$*)%" 1)" +)56$/-#" #$%" 5)<$/)%"

/)*1&5&)*+$%"1)"5-8B"%)"$7+&)*)*".$*"6/).&6&+-.&$*)%">()"3-*"1)"A@@"M"G@@"55"

6-/-" -#+&+(1)%" 1)" F?@@"5%*5" $"5-;$/)%" ;" 1)" G@@" M" FK@@"55" 6-/-" -#+&+(1)%" -"

6$.$%" 5)+/$%" %$7/)" )#" *&3)#" 1)#" 5-/C" N$/" $+/-" 6-/+)4" O$+$" ;" P-/+&*" EFGAGI"

)%+-7#).&)/$*" (*" +/-7-<$" .$*"5-8B" 1)" +)56$/-#" )56#)-*1$" !" ,).9-%" 1)" %&)57/-"

.$*")#" 6/$62%&+$"1)"$7+)*)/" #$%" /)>()/&5&)*+$%"6#(3&$5Q+/&.$%"1)" +/)%"5-+)/&-#)%"

')*Q+&.$%" 1)" 5-8B" )*" R(.-+:*4" )*.$*+/-/$*" >()" #$%" /)*1&5&)*+$%" 5:%" -#+$%" %)"

$7+(3&)/$*".$*"##(3&-%">()",#(.+(-/$*"1)"HF!"M"AF@"55C"

"

P$/-"EFGG@I" "-#")3-#(-/" " +-5-S$%"1)"5&./$.()*.-%";"1&%+-*.&-")*+/)".$*+/-%".$*"

.$*1&.&$*)%"1)"+)56$/-#";".$*"TTHCK""55"1)"6/).&6&+-.&2*"$7+(3$"(*"/)*1&5&)*+$"

6/$5)1&$"'/-*$"1)"5-8B"1)"TTG"U'"9-=FC"

"

V(*-"  et al., ET@@JI")*.$*+/2">()".$*"6/).&6&+-.&$*)%"1)"FAK"55"6/$1(<)/$*"HFK"

U'" 9-=F" 1)" '/-*$" 1)" 5-8B" )*" P-1)/$4" W(/-*'$" ;" .$*" 5-;$/)%" 6/).&+-.&$*)%"

/)'&%+/-1-%")*"X+#-4"Y-Z-.-"1)"?TJ"55"$7+(3&)/$*"/)*1&5&)*+$%"1)"FH@J"U'"9-=F";"

)*"[-#)/-4"\-.-+).-%".$*"TJ@"554""%)"+(3$"(*"/)*1&5&)*+$"1)"GAH"U'"9-=FC"

"
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2.1.3. Producción e importancia del maíz en México 

#$%&'" " ()*+*$,," et al.,  -.//012" " 34567)" )789:" $," 78;<=)" ,8%;<" 7)>)" 9;?+"

9<)@87=)<"@$">;?A";"'6B$,">8'@6;,2"7)'".C"0DD">6,,)'$+"@$"=)'$,;@;+"9;<;"$,";E)"

@$".//F"G"9;<;"$,";E)"FDDD"7)'".H"IFC">6,,)'$+"@$" =)'$,;@;+">4=<67;+2"G"$'"$,"

7)'=6'$'=$" J>$<67;')" +$" 8K67:" $'" =$<7$<" ,8%;<2" @$+984+" @$" L+=;@)+" M'6@)+" G"

N<;+6," -OJP2"FDD.1Q"R)")K+=;'=$2"S$%;"G"T;>?<$A" -FDDC1">$'76)';'"U8$"$'" ,)+"

&,=6>)+"FD";E)+""$,"'6B$,"@$""9<)@8776:'"@$">;?A">V+"K;W)"+$"8K67:"$'"$,";E)"@$"

./HF" 7)'".DQ.">6,,)'$+"@$" =)'$,;@;+2" +6'" $>K;<%)2" 9;<;"$," ;E)"FDD0" +$")K=8B)"

8';" 9<)@8776:'" " @$" F.Q/" >6,,)'$+" @$" =)'$,;@;+Q" L+" 9)<" $,,)2" U8$" $," >;?A" $+" $,"

78,=6B)" ;%<?7),;" >V+" 6>9)<=;'=$" @$" 34567)2" @$+@$" $," 98'=)" @$" B6+=;" ;,6>$'=;<6)"
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1'+A6%5).# C&H&# +'A+4,%&-+?'# /# &4,6# -6)A+-+)',)# ()# )*-1%%+5+)',6.# 46# -1&4# *)# @1)()#

46$%&%# -6'# @%3-,+-&*# 5)-3'+-&*# 6# )4# 1*6# ()# +'(1-,6%)*# ()# )*-1%%+5+)',67# K&*#

-&%&-,)%<*,+-&*#01)#()C)'#%)1'+%#4&*#3%)&*#()#)*-1%%+5+)',6#/#()#*+)5C%&#=&%<&'#()#

&-1)%(6#&#4&#,6@6$%&A<&.#%1$6*+(&(#()#4&#*1@)%A+-+).#,)F,1%&.#@)'(+)',).#,&5&L6#()#

-&(&# 3%)&.# -6)A+-+)',)# ()# )*-1%%+5+)',6.# =)46-+(&(# ()# +'A+4,%&-+?'.# ,+@6# ()# -14,+=6.#

+',)'*+(&(#()#4&#441=+&.#&%%)$46#,6@64?$+-6#/#5+-%6#%)4+)=)7#



Revisión de Literatura 

!"#

#

2.2.2. Antecedentes 

$%&'%# &(&# )*+,%-.*&# %/# 0*+12%# 342*5%)03# %/# 36(3# &(4%27,),3/# )*+*# 42,+%23#

7(%-8%#'%#313&8%),+,%-8*9#)*-&(+*#:#5;3#'%# 823-&4*28%9#%/#53//%#'%# /*&# 2;*&#%&#%/#

/(632#%&)*6,'*#4323#%&831/%)%2#/3&#42,+%23&#),5,/,.3),*-%&9#3//;#%/#0*+12%#342%-'%#

3# '*+%&8,)32# /*&# )(/8,5*&# :# )*-# %//*# %-)(%-823# /3# 42,+%23# 34/,)3),<-# 3/# 36(3# '%#

//(5,3=# 4%2*# -*# '%4%-'%# ',2%)83+%-8%# '%# %//3# 4323# &(# &(4%25,5%-),3# '%1,'*# 3# /3#

42%&%-),3#4%2+3-%-8%#'%/#36(3#&(4%27,),3/>#?*#*1&83-8%9#)(3-'*#/3&#),5,/,.3),*-%&#

)2%),%2*-# '%+*62@7,)3+%-8%# :# 3/6(-*&# 4(%1/*&# '%1,%2*-# *)(432# .*-3&# @2,'3&# :#

&%+,@2,'3&#'%/#4/3-%83#)*+%-.<#%/#'%&322*//*#'%#7*2+3&#'%#)3483),<-#'%#36(3&#'%#

//(5,3&9#)*+*#3/8%2-38,53#4323#%/#2,%6*#'%#)(/8,5*&#:#%/#)*-&(+*#'*+A&8,)*#BC3//A-# 

et al. DEEFG> 

#

H3#)3483),<-#'%#36(3#'%#//(5,3#&%#'%&322*//<#)*+*#(-#328%#'%#/*&#?3138%3-*&#03)%#

DEEE9#3I*&>##J//*&#5,5;3-#%-#%/#'%&,%28*#'%#?%6%5#K(%#&%#%L8,%-'%#'%&'%#$3+3&)*#

03&83# /*#K(%#30*23#%&#M231,3#N3(',83># #O(%2*-#)343)%&#'%#42*'(),2#)(/8,5*&#4323#

&(&# 4(%1/*&# :# 4323# /3&# )32353-3&# K(%# )2(.313-# &(&# 8%22,8*2,*&9# %-# %/# '%&,%28*#

'*-'%#42%53/%);3#(-3# //(5,3#3-(3/#'%#+%-*&#'%#!EE#++9# /3#)(3/#%23#)3483'3#%-#

4%K(%I3&#42%&3&9#8%223.3&#:#3/+3)%-3-'*#%/#36(3#%&)(22,'3#%-#'%4<&,8*&#BM-3:3#

et al>9#!PQ"G>#

#

J-#)(3-8*#3#/*&#&,&8%+3&#'%#microcaptación#in situ#'%#36(3#'%#//(5,39#A&8*&#03-#

&,'*#(8,/,.3'*&#'%&'%#FEEE#3I*&#3>R>9#%-#2%6,*-%&#'%#%&)3&3#42%),4,83),<-9#&(#(&*#

03# &,'*# );)/,)*# %-# 7(-),<-# '%# )3+1,*&# '2@&8,)*&# '%# )(/8(23&9# )/,+@8,)*&# *#

8%)-*/<6,)*&9# 3# /3# 7%)03# 3-8%# /3# 42%&,<-# 4*2# %/# (&*# '%# /3# 8,%2239# /3# )2%),%-8%#

'%+3-'3#'%#3/,+%-8*&#'%1,'*#3/#3(+%-8*#%-#/3#'%+*6237;39#03#+*8,53'*#3#K(%#/3&#

,-&8,8(),*-%&#'%#,-5%&8,63),<-#'%#532,*&#43;&%&#-(%53+%-8%#&%#,-8%2%&%-#4*2#%&8*&#

&,&8%+3&#)*+*#(-3#3/8%2-38,53#4323#&*/(),*-32#3/6(-*&#42*1/%+3&#'%#73/83#'%#36(3#

K(%# &%# -%)%&,83# 4323# )(12,2# # /3# '%+3-'3# )*-# 7,-%&# '%# )*-&(+*# 0(+3-*9#

312%53'%2*#*#362;)*/3&#BS*5329#DEE!G>###

#
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$%# &'(# )*%'(# '&+'(# ,-# .-/-%# ,*%,-# &'(# &&012'(# (*%# -(3'('(4# (-# -%30-%+5'%#

-,2623'32*%-(# 7+-/8&*(# 9# (2+2*(# ,-# *5'32:%;# <0-# 60-5*%# 3*%(+502,'(# '%+-(# ,-&# '=*###

!4#>>>#'?#@?4#<0-#30-%+'%#3*%#8'+2*(#9#+-55')'(#0+2&2)','(#8'5'#3'8+'5#9#'&/'3-%'5#

'A0'#,-#&&012'?#

#

B05'%+-# &'# C-8DE&23'# C*/'%'# 7(2A&*(# FFF# 9# FG# '?# @?;# &'# 320,',# ,-# C*/'# -%# (0#

/'9*5H'#-(+'E'#*308','#8*5#1212-%,'(#0%26'/2&2'5-(#,-%*/2%','(#I&'#B*/0(J#<0-#

3*%+'E'# 3*%#0%#-(8'32*# 852%328'&# '# 32-&*# 'E2-5+*# 7I'+52*J;# 9# -%#K&# (-# 2%(+'&'E'#0%#

-(+'%<0-# # 3-%+5'&# 8'5'# 5-3*A-5# -&# 'A0'#,-# &&012'# &&'/',*# I2/8&012/J4# -&# 'A0'#,-#

&&012'#-%+5'E'#8*5#0%#*526232*#-%#-&#+-3L*#&&'/',*#I3*/8&012/J?#$%#M*-((#N&'+-'0#-%#

&'#85*12%32'#,-#O'%(0#-%#@L2%'#-P2(+H'%#8*)*(#9#Q'55'(#8'5'#&'#3'8+'32:%#,-#'A0'#

,-#&&012'#,-(,-#L'3-#/R(#,-#S4#>>>#'=*(?##$%#25R%#(-#-%30-+5'%#&*(#I'5E'%(J4#&*(#

30'&-(#(*%#&*(#(2(+-/'(#+5',232*%'&-(#&*3'&-(#8'5'#&'#3'8+'32:%#9#'&/'3-%'/2%-+*#

,-#'A0'(#,-#&&012'?#

#

$%#@-%+5*'/K523'#(-#3*%*3-#-&#3'(*##,-&#F/8-52*#T'9'#,*%,-#(0(#5-9-(#(*(+-%H'%#

'# (0(# 80-E&*(# ,-# /*,*# 85R3+23*4# *308R%,*(-# ,-# &'# 3*%(+50332:%# ,-# *E5'(#

8DE&23'(?#U&#(05#,-#&'#320,',#,-#VPW0+)3'E4#$(+',*#,-#.03'+R%4#TKP23*4##-%#-&#82-#

,-#&'#/*%+'='#N(034#-%#-&#(2A&*#X#'?@?#-&#'E'(+-32/2-%+*#,-#'A0'#8'5'#&'#8*E&'32:%#

9# -&# 52-A*# ,-# &*(# 30&+21*(# (-# L'32'# '# +5'1K(# ,-# 0%'# +-3%*&*AH'# 8'5'# -&#

'85*1-3L'/2-%+*#,-#'A0'#,-#&&012'4#-&#'A0'#-5'#5-3*A2,'#-%#0%#R5-'#,-#!>>#'#S>>#

/S# 9# '&/'3-%','# -%# 32(+-5%'(# &&'/','(# I@L0&+0%(J4# -(+'(# 32(+-5%'(# +-%H'%# 0%#

,2R/-+5*# '85*P2/',*# ,-# Y/4# 9# -5'%# -P3'1','(# -%# -&# (0E(0-&*# -#

2/8-5/-'E2&2)','(#3*%#9-(*?#$%#*+5'(#)*%'(#,-#&'(#+2-55'(#E'Q'(4#3*/*#-%#$,)%R4#

-%# @'/8-3L-4# &*(# 8*E&',*5-(# 85-3*&*/E2%*(# ,-# -(+'# 320,',# 3*%(+509-5*%# 0%#

3'%'&#,-#3'(2#Y>#/#,-#'%3L*#9#,-#!#/#,-#85*60%,2,',#8'5'#'85*1-3L'5#-&#'A0'#,-#

&&012'4#-(+-#3'%'&#85*8*532*%'#'A0'#8'5'#E-E-5#9#5-A'5# &*(#30&+21*(#7Z'&&K%#  et al., 

S>>";###

#

['/E2K%#-P2(+-%#-12,-%32'(#,-#<0-#-%##U/K523'#(-#0+2&2)'5*%#3*/8&-Q*(#(2(+-/'(#

,-#/'%-Q*#,-#'A0'#,-(,-#-&#\*5+-4#L'(+'# &'#/-(-+'#,-# &*(#U%,-(4# 2%3&09-%,*#-&#
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$%&'()#*%+,-.%/# 0)#1)2%#3)&0)#%/#4()&)25)# 0)#6-/-&%0-7# )/#3%//)# 0)#189,+-# :#

;%9%+%<# =.# 189,+-7# )9,25).# >)25,?,-2# 0)# '()# ).# /%# 8@-+%# @&)+-/-AB,%.%#

0)2%&&-//%&-.#)25%2#58+.,+%2#/-2#C%@-5)+%2#).#/%#&)?,D.#0)#;%9%+%#:#/-2#E+-/F(%2#

).#G)9+-+-7#@%&%#/-#+(%/#(5,/,H%B%.#5)&&%H%2#+-.#)/#I,.#0)#%@&->)+F%&#0)#(.#A-0-#

,.5)?&%/#)/#2()/-#:#)/#%?(%#0)#//(>,%<#E2J# 5%AB,8.#/%#@&)-+(@%+,D.#0)#/-2#EH5)+%27#

K-+F,A,/+%2#:#G)9+-+%.-2#:#0)#/-2#@&,A)&-2#@-B/%0-&)2#0)#6%2%2#L&%.0)27#6F,<7#

@-&# +-.2)&>%&# :# %@&->)+F%&# )/# %?(%# 0)# //(>,%# )2# )>,0).5)7# :%# '()# @%&%# +(/5,>%&#

@)'()M%2# N&)%2# @/%.%2# +-.25&(:)&-.# -B&%2# &(0,A).5%&,%2# @%&%# %B%25)+)&# /%#

0)A%.0%#0)#%?(%#0)#2(2#+(/5,>-2#O6;*ECE7#2P%Q<#

#

=.#189,+-7#%#@%&5,&#0)#/-2#RST2#2)#,.,+,%&-.#/-2#)25(0,-2#).#)25)#5)A%#).#%/?(.%2#

,.25,5(+,-.)2#+-A-#)/#6-/)?,-#0)#$-25?&%0(%0-2<##$&,.+,@%/A).5)#2)#F%#5&%B%U%0-#

).#/-2#2,?(,).5)2#%2@)+5-2V##).+-.5&%&#/%#&)/%+,D.#D@5,A%#).5&)#)/#N&)%#0)#2,)AB&%#:#

)/# N&)%#0)#)2+(&&,A,).5-7#(2-#0)#+-B)&5(&%2#@%&%# ,.0(+,&# )/# )2+(&&,A,).5-#-#@%&%#

&)0(+,&# /%# )>%@-&%+,D.# ).#A,+&-+%@5%+,-.)27# 0,I)&).5)2# 5%A%M-2# 0)# 2,25)A%2# 0)#

A,+&-+%@5%+,D.7# +&)%+,D.#0)# ,A@/)A).5-2#@%&%# /%# +-.25&(++,D.#0)#A,+&-+().+%27#

A-0)/-2#@%&%#)25,A%&#)/#5%A%M-#0)#A,+&-+().+%7#(2-#0)#2(25%.+,%2#-#A%5)&,%/)2#

'()# ,.+&)A).5).# /%# )I,+,).+,%# ).# )/# N&)%# 0)# )2+(&&,A,).5-7# 2,25)A%# 0)# /%B&%.H%<##

W-2# &)2(/5%0-2#-B5).,0-2#F%.#)25%0-#).# I(.+,D.#0)# /%# +%.5,0%0#:#0,25&,B(+,D.#0)#

//(>,%# OG->%&7# XSS!Q<# Y)# %+()&0-# +-.# E.%:%# O!ZZSQ# 0)20)# !ZRX# %# /%# I)+F%7# /%#

4)++,D.# 0)# [J2,+%# 0)# 4()/-2# 0)/# 6-/)?,-# 0)# $-25?&%0(%0-2# F%# )25%B/)+,0-#

)9@)&,A).5-2#0)#+%A@-#2-B&)#+%@5%+,D.# “in situ”#0)/#%?(%#0)# //(>,%7#A85-0-2#0)#

/%B&%.H%7# @&N+5,+%2# 0)# +-.2)&>%+,D.# 0)# 2()/-2# :# 0)# /%# F(A)0%0# ).# )/# @)&I,/# 0)/#

2()/-\#0,+F-2# 5&%B%U-2#2)#F%.# //)>%0-#%#+%B-#).# 5)&&).-2#0)# /%#=2+()/%#*%+,-.%/#

0)# E?&,+(/5(&%7# %F-&%# /%# ].,>)&2,0%0# E(5D.-A%# 6F%@,.?-7# %2J# +-A-7# ).# -5&-2#

)25%0-2#0)#/%#^)@_B/,+%#1)9,+%.%#5%/)2#+-A-V#;%9%+%7#$()B/%7#=25%0-#0)#189,+-7#

`,0%/?-7#4%.#W(,2#$-5-2J7#E?(%2+%/,).5)2#:#Y(&%.?-<#W-2#+(/5,>-2#B%U-#)25(0,-#F%.#

2,0-V#Y(&%H.-7#.-@%/7#&NB%.-7#?,&%2-/7#+)B%0%7#A%JH7#I-&&%U)&-#:#@%&%#?&%.-7#2-&?-7#

2-:%#:#I&JU-/#OE.%:%7#!ZRa%\#E.%:%7#!ZRaB\#E.%:%7#!ZRbQ<#

#
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2.2.3. Ventajas y desventajas de la captación de agua de lluvia 

Ventajas  

!# $%#&%'(%&)*+#,-#%./%#,-#00/1)%# in situ2#3-,/&-#045#3)-5.45#,-#5-6/7%#-+#045#

&/0()145#%0#%/8-+(%3#-0#%./%#,)5'4+)90-#'%3%#0%5#'0%+(%5#:;<;=>?2#@AA@BC#

!# D0#5)5(-8%#,-#8)&34&%'(%&)*+#5-#-5(%90-&-#5)8/0(E+-%8-+(-#&4+#0%#-5&%3,%#

F#8)-+(3%5#8E5#4'43(/+4#5-%2#G%F#8E5#'45)9)0),%,-5#,-#&%'(%3#045#-1-+(45#

,-#00/1)%#)+(-+545C##?)0-(%5#9)-+#&4+H438%,%5#'/-,-+#3-(-+-3#G%5(%#IA#88#

,-#00/1)%C#

!# D5#/+%#'3E&()&%#,-#&4+5-31%&)*+#,-#5/-04#%0#3-,/&)3#045#3)-5.45#,-#-345)*+#

&%/5%,45# '43# -0# -5&/33)8)-+(4# 5/'-3H)&)%0# F# '34')&)%3# -0# ,-5%334004# ,-# 0%#

&/9)-3(%#1-.-(%02#0%#&/%0#'34(-.-#%0#5/-04#,-0#)8'%&(4#,-#0%5#.4(%5#,-#00/1)%C#

!# ?-38)(-#)+&3-8-+(%3#045#3-+,)8)-+(45#,-0#&/0()14#,-#8%7J#,-#(-8'43%0#G%5(%#

-+#/+#KA#'43#&)-+(4#:L%00-.452#@AAMBC#

!# N-O43%+#0%#-H)&)-+&)%#-+#0%#/()0)J%&)*+#,-#045#3-&/3545#00/1)%2#5/-042#'0%+(%#F#

8)&34%89)-+(-#-+#0%#%.3)&/0(/3%#,-#(-8'43%02#04#&/%0#G%&-#6/-#045#5)5(-8%5#

,-#'34,/&&)*+#5-%+#'-38%+-+(-5##:>+%F%2#!PPABC#

!# D+#%0./+45#5)5(-8%5#,-#&%'(%&)*+#,-#%./%#5-# 3-,/&-# 0%#-345)*+#&%/5%,%#

'43#-0#%./%C#

#

Desventajas 

!# $%#1)%9)0),%,#,-0#/54#,-#045#5)5(-8%5#,-#8)&34&%'(%&)*+#in situ#,-'-+,-+#,-#

0%#&%+(),%,2#4'43(/+),%,#F#,)5(3)9/&)*+#,-#0%#00/1)%#,/3%+(-#-0#&)&04#,-0#&/0()142#

5-#G%#-+&4+(3%,4#6/-#5/#%'43(-#,-#%./%#%0#5/-04#'/-,-#5-3#,-##MAA#88##4#

8E5##:Q41%32#@AA!BC#

!# $45#5)5(-8%5#,-#8)&34&%'(%&)*+# in situ2#'%3%#5/#-5(%90-&)8)-+(4#F#-H)&%&)%#

3-6/)-3-+# ,-# 5/-045# &4+# '34H/+,),%,# 87+)8%# ,-# /+# 8-(34# F# &4+# %0(%#

&%'%&),%,#,-#3-(-+&)*+#,-#G/8-,%,C##

!# R-# 3-6/)-3-# ,-# &/0()145# &4+# &%3%&(-375()&%5# .-+S()&%5# %,-&/%,%5# '%3%# 5/#

,-5%334004#9%O4#&4+,)&)4+-5#,-#9%O%#G/8-,%,#F#%,%'(%,%5#%#&4+,)&)4+-5#,-#

,SH)&)(#,-#%./%#-+#-0#&)&04#,-0#&/0()14C#
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!# $%#&'()'#*+#%,#-./0,+()01&)10,#2,0,#,%3,&+.,0##4#*+(5-,0#%,(#&'00-+.)+(#*+6+#

+(),0#,%#,%&,.&+#*+#%'(#20'*1&)'0+(7#

!# 8,*'#%'#+009)-&'#4#,%+,)'0-'#*+#%,#%%15-,#+.#31&:,(#'&,(-'.+(#+(#.+&+(,0-'#

&'.),0#&'.#,%3,&+.,3-+.)'(#(12+0/-&-,%+(#,;1,(#,00-6,#*+#%,#(12+0/-&-+#6,<'#

&1%)-5'=# &'.# +%# '6<+)'# *+# &'.),0# &'.# 1.# 0-+;'# (12%+3+.),0-'# +.# +),2,(#

&0>)-&,(#*+%#&-&%'#5+;+),)-5'#?@.,4,=#!AABC7#

2.2.4. Factores que determinan la captación de agua de lluvia 

D1,.*'# (+# ,2%-&,.# %,(# )E&.-&,(# *+#3-&0'&,2),&-F.# *+# ,;1,# *+# # %%15-,# &'.# /-.+(#

,;0>&'%,(=# +%# '6<+)-5'# 20-.&-2,%# +(# 0+&'%+&),0# +%# ,;1,=# &'.*1&-0%,# 4# ,%3,&+.,0%,#

*+.)0'# *+%# (1+%'7# $()+# ,%3,&+.,3-+.)'# (+09# +%# 90+,# *+# 0,>&+(G# 2'0# %'# H1+# +(#

,&'.(+<,6%+#3+<'0,0# %,(# &'.*-&-'.+(# *+# (1+%'# +.# +(),# 90+,# 2,0,# H1+# ,%&,.&+# %,#

39I-3,#&,.)-*,*#*+#,;1,#2'(-6%+#?J'5,0=#!A""C7#

#

@(>#),36-E.#K0)-L#?!A"MC#&'.(-;.,#H1+#2,0,#H1+#+%#(-()+3,#*+#3-&0'&,2),&-F.#(+,#

+/-&-+.)+=#*+6+#+(),0#+.#/1.&-F.#*+#%,(#&,0,&)+0>()-&,(#0+;-'.,%+(#*+#%%15-,(G#2'0#%'#

H1+# +(# -.*-(2+.(,6%+# &'.),0# &'.# -./'03,&-F.# ('60+# E(),(=# 2,0,# ,(># *-(+N,0# %,#

3+)'*'%';>,#39(#,20'2-,*,#,#%,(#&'.*-&-'.+(#&%-39)-&,(#4#+*9/-&,(#*+#%,#L'.,G#,(>#

&'3'#%,#(+%+&&-F.#*+%#&1%)-5'=#+%#&1,%#*+6+#+(),0#,&'0*+#,#%,#&,.)-*,*#4#*-()0-61&-F.#

*+#%,#%%15-,7#J,36-E.=#3+.&-'.,#H1+#)-+.+#;0,.#-32'0),.&-,#+%#,;1,#,2'0),*,#2'0#+%#

90+,#*+#+(&100-3-+.)'#,#%,#L'.,#*+#0,>&+(=#4,#H1+=#(-#(+#20+(+.),.#-00+;1%,0-*,*+(#

+.#%,#*-()0-61&-F.#*+#%,(#%%15-,(=#+%#(1+%'#)-+.+#:13+*,*#*+#0+(+05,=#%,#&1,%#21+*+#

,20'5+&:,0# %,# 2%,.),# 2,0,# # (1# &'.(13'# (-.# H1+# (+,# 1.,# %-3-),.)+# 2,0,# (1#

*+(,00'%%'#.'03,%7#

#

8+#,&1+0*'#&'.#$5+.,0-# et al. ?!A"!C#4#O@K#?!AA"C#(+N,%,.#H1+#,.)+(#*+#-.(),%,0#

1.#(-()+3,#*+#&,2),&-F.#*+#,;1,=#(+#*+6+.#&'.'&+0#%'(#(-;1-+.)+(#,(2+&)'(#*+#%,#

0+;-F.P#

#

#

#
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#

a) El suelo.  

$%&%'()*%&+%,#)(-#.('(.+%'/-+0.(-#1%)#-2%)3#4(53#-0-+%*(-#1%#.(6+(.07&#1%#(82(#1%#

))290(,#1%4%'/(&#-%'# )(-#*0-*(-#:2%#(:2%))(-#6('(# 0''08(.07&;# <1%()*%&+%#%)#-2%)3#

%&#%)#='%(#1%#.(6+(.07&#1%4%'/(# +%&%'#2&#.3%>0.0%&+%#1%#%-.2''0*0%&+3#-26%'>0.0()#

()+3,#*0%&+'(-#%)#-2%)3#%&#%)#='%(#1%)#.2)+093#1%4%'/(#-%'#6'3>2&13#?#>@'+0);#A-/#62%-,#

)3-# (-6%.+3-# # 1%)# -2%)3# :2%# (>%.+(&# %)# 1%-(''3))3# 1%# )(# 6)(&+(# 4(53# -0-+%*(-# 1%#

.(6+(.07&#1%#(82(#1%#))290(#:2%#1%4%#-%'#.3&-01%'(13,#-3&#)3-#-0820%&+%-B#

!# C063#1%#-2%)3#3# +%D+2'(;#E(#.(6(.01(1#1%# 0&>0)+'(.07&#1%6%&1%#1%# )(#

+%D+2'(# ?# %-+'2.+2'(# 1%)# -2%)3,# 6'360%1(1%-# :2%# 1%+%'*0&(&# )(#

63'3-01(1#?,#63'#%&1%,#)(#.(6(.01(1#1%#()*(.%&(*0%&+3#1%#(82(;#F-#

63'#%))3,#:2%# )(#63'3-01(1#10>0%'%#1%#2&#-2%)3#(#3+'3;#E(-#*=-#()+(-#

.(6(.01(1%-# 1%# 0&>0)+'(.07&# -3&# 34-%'9(1(-# %&# -2%)3-# ('%&3-3-#

-2%)+3-,# *0%&+'(-# :2%# )(# ('.0))(# 6%-(1(# 3# -2%)3-# )0*3-3-# 63-%%&#

.(6(.01(1%-# 1%# 0&>0)+'(.07&# .3&-01%'(4)%*%&+%# *=-# 6%:2%G(-;# E3-#

-2%)3-#.3&#()+3#.3&+%&013#1%#('.0))(#3#1%#)0*3#-3&#)3-#*=-#-%&-04)%-#

6('(# >3'*('# 2&(# .(6(# 4(5(# .3&# 63.(# .(6(.01(1# 1%# 0&>0)+'(.07&;# F&#

-2%)3-# ('%&3-3-,# %)# %>%.+3# 1%# +(63&(*0%&+3# %-# .3*6('(+09(*%&+%#

6%:2%G3;#

!# F-+'2.+2'(;# E(# %-+'2.+2'(# 1%)# -2%)3# -%# '%>0%'%# ()# (8'26(*0%&+3# 1%#

6('+/.2)(-#1%#-2%)3#%&#(8'%8(13-#?#()#(''%8)3#1%#@-+3-;#H&(#42%&(#

%-+'2.+2'(#1%)#-2%)3#%-+=#8%&%'()*%&+%#(-3.0(1(#.3&#%)#-2%)3#>'(&.3#

?#2&#.3&+%&013#'%)(+09(*%&+%#()+3#1%#*(+%'0(#3'8=&0.(;#I0&#%*4('83,#

4(53# .3&10.03&%-# .=)01(-,# )3-# &09%)%-# 1%# *(+%'0(# 3'8=&0.(# -3&#

>'%.2%&+%*%&+%# 4(53-,# 1%4013# (# )(-# +(-(-# '=601(-# 1%#

1%-.3*63-0.07&;# # E(# (6)0.(.07&# 1%# *(+%'0()%-# 3'8=&0.3-# .3*3#

'%-0123-# 1%# .2)+093# ?# %-+0@'.3)# %-# 1%# 8'(&# (?21(# 6('(# *%53'('# )(#

%-+'2.+2'(;#

!# J'3>2&101(1;#E(#6'3>2&101(1#1%)#-2%)3#%-#6('+0.2)('*%&+%#0*63'+(&+%#

13&1%# %)# -0-+%*(# 1%# .(6+(.07&# 1%# (82(# 1%# ))290(# -%# K(# 6'362%-+3;#

E3-# -2%)3-# 6'3>2&13-# +0%&%&# )(# .(6(.01(1# 1%# ()*(.%&('# %)#

%-.2''0*0%&+3# -26%'>0.0()# .(6+(13,# (-/# .3*3# 3>'%.%'# 2&(# *(?3'#
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$%&'()%)#)*#&+',(*&'*-# '.'%/*-# 0%,%# */# $,*$(1(*&'.# )*# /%# 0/%&'%2# 3.-#

-+*/.-#$.&#1*&.-#)*#+&#1*',.#)*#0,.4+&)()%)#-.&#0.$.#%0,.0(%).-#

0%,%# /%# $%0'%$(5&# )*# %6+%# )*# //+7(%2# 8.-#1*',.-# )*# 0,.4+&)()%)# .#

19-#*-#()*%/:#%+&;+*#,%,%1*&'*#-*#*&$+*&',%#*&#/%#0,9$'($%2#

!# <%/(&()%)# =# <.)($()%)2# 3.-# -+*/.-# -5)($.-# ;+*# '*&6%&# +&# %/'.#

0.,$*&'%>*#)*#-.)(.# (&'*,$%1?(%?/*#=# /.-#-+*/.-#-%/(&.-#;+*# '*&6%&#

-%/*-# -./+?/*-# *&# *@$*-.:# )*?*,9&# *7('%,-*# 0%,%# -(-'*1%-# )*#

$%0'%$(5&# )*# %6+%# )*# //+7(%2# A-'.-# -+*/.-# 0+*)*&# ,*)+$(,# /%#

)(-0.&(?(/()%)#)*#B+1*)%)#)(,*$'%1*&'*#.#(&)(,*$'%1*&'*:#%-C#$.1.#

*>*,$*,#+&%#(&4/+*&$(%#)%D(&%#-.?,*#*/#$,*$(1(*&'.#)*#/%#0/%&'%2#

 

b) Vegetación. 3%# $%&'()%)# )*# //+7(%# 0*,)()%# 0.,# /%# (&'*,$*0$(5&# )*/# 4.//%>*#

)*0*&)*#)*/# '(0.#)*#7*6*'%$(5&#=#)*#-+#*'%0%#)*#$,*$(1(*&'.2#3.-#7%/.,*-#

)*# (&'*,$*0$(.&*-# *-'9&# *&',*# !# =# E# 112# F.,# *>*10/.:# /.-# $+/'(7.-# )*#

$*,*%/*-:#'(*&*&#+&%#$%0%$()%)#)*#%/1%$*&%1(*&'.#19-#0*;+*D%#;+*#+&%#

$+?(*,'%# )*&-%# )*# 0%-'.2# G9-# -(6&(4($%'(7.# *-# */# *4*$'.# ;+*# '(*&*# /%#

7*6*'%$(5&# -.?,*# /%# $%0%$()%)# )*# (&4(/',%$(5&# )*/# -+*/.2# H&%# $+?(*,'%# )*#

7*6*'%$(5&# )*&-%# 0,.'*6*# */# -+*/.# )*/# (10%$'.# )*# /%-# 6.'%-# )*# //+7(%# =#

,*)+$*# */# *4*$'.# )*/# *&$.-',%1(*&'.2# A&# $.&$/+-(5&:# +&# 9,*%# )*&-%1*&'*#

$+?(*,'%# $.&# 7*6*'%$(5&:# 0,.)+$*#1*&.-# *-$+,,(1(*&'.# -+0*,4($(%/# ;+*# +&#

9,*%#)*-$+?(*,'%2 

 

c) Pendiente y tamaño  de área de captación.  3%-# (&7*-'(6%$(.&*-# -.?,*#

*-$+,,(1(*&'.# -+0*,4($(%/# *&# /.'*-# *@0*,(1*&'%/*-# B%&# 1.-',%).# ;+*#

0%,$*/%-#$.&#4+*,'*-#0*&)(*&'*-#0,.)+$*&#19-#*-$+,,(1(*&'.#-+0*,4($(%/#;+*#

%;+*//%-# $.&# 0*&)(*&'*-# -+%7*-2# I)*19-:# -*# .?-*,75# ;+*:# 0%,%# +&%#

0*&)(*&'*# )%)%:# /%# $%&'()%)# )*# *-$+,,(1(*&'.# -+0*,4($(%/# )(-1(&+=*# $.&# */#

(&$,*1*&'.#*&#-+##/.&6('+)2#A-'.#*-#0,(&$(0%/1*&'*#)*?().#%#/%#,*)+$$(5&#*&#

/%# 7*/.$()%)# )*# 4/+>.:# =# -+?-*$+*&'*1*&'*# %# +&# 1%=.,# '(*10.# )*#

$.&$*&',%$(5&# J)*4(&().# $.1.# */# '(*10.# &*$*-%,(.# 0%,%# ;+*# +&%# 6.'%# )*#

%6+%#%/$%&$*#/%#-%/()%#)*#+&#9,*%#)*#$%0'%$(5&#)*#/%#+?($%$(5&#19-#/*>%&%#



Revisión de Literatura 

!"#

#

$%# $&# '($)# *$# +),-)+./%01#23-4# 3.5%.6.+)# 78$#$&# )58)#$3-'# $9,8$3-)# )# 8%)#

*8()+./%#:'3# &)(5)#*$# -.$:,4#)# .%6.&-()+./%# ;#)#$<),4()+./%#)%-$3#*$#78$#

)&+)%+$#$&#,8%-4#*$#:$*.+./%1# 

=4#:.3:4#3$#),&.+)#+8)%*4#3$#+4:,)()%#'($)3#*$#+),-)+./%#*$#*.6$($%-$3#

-):)>431# =)# $6.+.$%+.)# *$# $3+8((.:.$%-4# 38,$(6.+.)&# ?<4&8:$%# *$#

$3+8((.:.$%-4# 38,$(6.+.)&# ,4(# 8%.*)*#*$# '($)0# )8:$%-)# +4%# &)# *.3:.%8+./%#

*$&# -):)>4# *$&# '($)# *$# +),-)+./%@# $3# *$+.(# )#:);4(# -):)>4# *$&# '($)# *$#

+),-)+./%#$3#:);4(#$&#-.$:,4#*$#+4%+$%-()+./%#;#:'3#,$78$>)#&)#$6.+.$%+.)#

*$&#$3+8((.:.$%-4#38,$(6.+.)&1#

#

d) Características de precipitación.  #A$#3$(#,43.B&$#+4%4+$(#&)#,($+.,.-)+./%#

-4-)&C#38#*.3-(.B8+./%#;#6($+8$%+.)#)#-()<D3#*$&#)>4C#$%#<.(-8*#*$#78$#):B43#

+):B.)%# $%-($# 8%# )>4# ;# 4-(41# A$# )+8$(*4# +4%# E%);)# ?!""F0# 385.$($# 78$#

,)()# $&# +)34# *$# &)# ,($+.,.-)+./%C# $&# )%'&.3.3# *$# &43# *)-43# ($5.3-()*43# $%#

+8)%-4# )# &43# ,8%-43# 78$# )# +4%-.%8)+./%# 3$# :$%+.4%)%G# A.3-(.B8+./%# ;#

+)%-.*)*@# $3-8*.4#*$# &)# 6($+8$%+.)#$# .%-$%3.*)*@# ,($*.++./%#)# +4(-4# ;# &)(54#

,&)H4@# +4:,)()+./%# *$# &)# +)%-.*)*# ;# *.3-(.B8+./%# *$# &)# &&8<.)# +4%# &)3#

%$+$3.*)*$3#IJ*(.+)3#*$#&43#+8&-.<43#*$#&)#($5./%1 

 

e) Aspectos climáticos y meteorológicos en general. =)# ()*.)+./%C#

-$:,$()-8()# *$&# ).($C# <.$%-4# ;# I8:$*)*# .%-$()++.4%)%# -4*43#

3.:8&-'%$):$%-$#+4%# &)#,&)%-)C#$%# -)&# 64(:)#78$#%4#$3#,43.B&$#+4%4+$(#$&#

$6$+-4#*$#8%4#*$#$&&43#3.%#$3,$+.6.+)(#$&#$3-)*4#*$#&43#4-(43C#K44:B3C#et al.#

?FLMM01#

#

2.2.5. Tipos de captación de agua de lluvia 

A$# )+8$(*4# +4%# K)(()%H)# ?FLNO0C# P4<)(# ?FLNQ0# ;# E%);)# ?!""F0C# $9.3-$%# <)(.)3#

-$+%4&45J)3#,)()#+),-)+./%#  in situ#*$&#)58)#*$# &&8<.)C#$%#*4%*$#+&)3.6.+)%#)# -($3#

*.6$($%-$3# 64(:)3#,)()#*.6$($%-$3#:D-4*43#*$# 3.$:B()#*$#)+8$(*4#)&# +8&-.<4C# &43#

+8)&$3#34%G#K8&-.<43#$%#I.&$()3C#+4:4#$&#:)JHC#6(JR4&C#5.()34&@#+8&-.<43#-8,.*43C#+4:4#
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$%&'$(#)*+,-.#/01)+%-2#+'3+%+30$1&2#/-4-#5*0)$1&2#6#$*702)-2#5-**$8&*-2#-#+'302)*+$1&2#

/-4-#30*$9'-#6##:+2)$/;&<#

#

=-*#-)*$#:$*)&#>?@# A"BBCD#/1$2+5+/$#3&#4$'&*$#4E2#/-4:1&)$# 1$2# )&/'-1-,F$2#3&#

/$:)$/+G'#3&#$,0$#3&#$/0&*3-#$#20#02-(#$#1$2#/-'3+/+-'&2#6#1+4+)$')&2#3&1#4&3+-#

5F2+/-(#6#1$2#3&5+'&#3&#1$#2+,0+&')&#4$'&*$H#

 

a) Microcaptación tipo “Negarim”.##I2)$#)J/'+/$#50&#3&2$**-11$#&'#&1#3&2+&*)-#

3&# K&,&%# 3&# L2*$&1<# M$# 4+/*-/$:)$/+G'# )+:-# K&,$*+4# &2# &'# 5-*4$# 3&#

3+$4$')&(#/06$#7$2&#&2)E# *-3&$3$#:-*#7-*3-2#:&N0&O-2#3&# )+&**$# A/-'#0'#

)$4$O-# *&/-4&'3$71&# 3&# $1# 4&'-2# !P# /4# 3&# $1)0*$D(# /-'# 0'# ;-6-# 3&#

+'5+1)*$/+G'#&'#1$#&2N0+'$#4E2#7$8$#3&#/$3$#0'-<#I1#&2/0**+4+&')-#20:&*5+/+$1#

2&# /-1&/)$# 3&23&# &1# +')&*+-*# 3&# 1$# 7$2&# 6# 2&# $14$/&'$# &'# &1# ;-6-# 3&#

+'5+1)*$/+G'<# M$# 4+/*-/$:)$/+G'# &2# 0)+1+9$3$# :*+'/+:$14&')&# :$*$# E*7-1&2# -#

$*702)-2<# ?3&4E2# 3&# /$:)$*# $,0$# 3&# 110%+$# :$*$# 1-2# E*7-1&2(# /-'2&*%$#

2+401)E'&$4&')&# &1# 20&1-<# M$# 4+/*-/$:)$/+G'# )+:-# K&,$*+4# &2# :*&/+2$# 6#

*&1$)+%$4&')&#5E/+1#3&#/-'2)*0+*<#

Q0#$3$:)$7+1+3$3#:0&3&#2&*#3-'3&#2&#:*&2&')$#110%+$2#)$'#7$8$2#/-4-#;$2)$#

3&#"PR#44#:-*#$O-(#1$#:*-50'3+3$3#3&1#20&1-#3&7&*F$#)&'&*#$1#4&'-2#"<P#4##

:$*$# ,$*$')+9$*# &1# 3&2$**-11-# *$3+/$1# $3&/0$3-# 6# :$*$# $14$/&'$*# &1# $,0$#

/$:)$3$(#/-'#0'$#:&'3+&')&#4&'-*#$1#PS<#

M$# 1+4+)$')&#N0&#:*&2&')$#&2)&# )+:-#3&#/$:)$/+G'#3&#$,0$#3&# 110%+$#&2#N0&#

0'$#%&9#N0&#1-2#E*7-1&2#2-'#:1$')$3-2(#'-#&2#:-2+71&#-:&*$*#6#/01)+%$*#/-'#

4EN0+'$2#&')*&#1$2#1F'&$2#3&#E*7-1&2<#K-#&2#3&#5E/+1#4&/$'+9$/+G'#6#:-*#1-#

)$')-#2&#1+4+)$#$#:&N0&O$#&2/$1$<#

b) Bordos al contorno para árboles. # M-2#7-*3-2#$1# /-')-*'-#:$*$#E*7-1&2#

2-'#0'$#5-*4$#2+4:1+5+/$3$#3&#4+/*-/$:)$/+-'&2<#M$#/-'2)*0//+G'#:0&3&#2&*#

4&/$'+9$3$#6# 1$# )J/'+/$#&2#:-*# 1-# )$')-#$:*-:+$3$#:$*$# 1$# +'2)*04&')$/+G'#

&'#0'$#4$6-*#&2/$1$<#T-4-#20#'-47*&#1-#3+/&(#&1#7-*3-#2+,0&##&1#/-')-*'-(#

&'#&2:$/+-2#/&**$3-2#6#/-'#1$#5-*4$/+G'#3&#:&N0&O$2#*&:*&2$2#3&#)+&**$(#&1#

2+2)&4$# N0&3$# 3+%+3+3-# &'# 4+/*-/$:)$/+-'&2# +'3+%+30$1&2<# T-'# -# 2+'#
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#$%&'()&%(*'+"$,-$",(,-$#&"$,"#.,"$%/'*#(%/"01$" 2&"#(%3/%&4-&%(*'" -(4/"

5$6&3(#+" 4&3-(%12&3#$'-$" 4/3" 2&" (',-31#$'-&%(*'" &" 63&'" $,%&2&" $'" -($33&"

1'(7/3#$+" 41$,-/" 01$" ,$" #/8$3." #$'/," -($33&9" :'&" ,$61';&" 8$'-&<&" ;$"

=/3;/,"&2"%/'-/3'/"$,",1"&;&4-&=(2(;&;"4&3&"2&"43/;1%%(*'";$"%12-(8/,"/";$"

7/33&<$"$'-3$"2/,"=/3;/,9""

>,-&"7/3#&";$"%&4-&%(*'";$"&61&";$"2218(&",$"&;&4-&"=($'"&")/'&,".3(;&,"/"

,$#(.3(;&,""%/'"43$%(4(-&%(/'$,";$"!??"&"!@?"##9"A&"43/71';(;&;";$2",1$2/"

01$";$=$"-$'$3"$,-$"-(4/";$",(,-$#&"$,";$"&2"#$'/,"B9C"#"D"%/'"4$';($'-$"

#$'/3" &2" CE9"F";(7$3$'%(&" ;$2" -(4/"5$6&3(#+" $,-$" ,(,-$#&" 3$01($3$" 01$"$2"

,1$2/";$=$",$3"1'(7/3#$+",('"%.3%&8&,"/"%&'&2(22/,9"

A&," 2(#(-&'-$," 01$" 43$,$'-&'" 2/," =/3;/," &2" %/'-/3'/" $," 01$" '/" ,/'"

&;$%1&;/,"4&3&" -$33$'/," (33$612&3$," D" $3/,(/'&;/,+" D&" 01$" 2/," =/3;/," ,$"

41$;$'"3/#4$3"&2"43$,$'-&3,$"2218(&,";$"&2-&"('-$',(;&;9"

c) Bordos al contorno (microcuencas) para cultivos. " A&," 3$43$,&," &2"

%/'-/3'/+"&261'&,"8$%$,"22&#&;&,",13%/,"&2"%/'-/3'/"/"#(%3/%1$'%&,+",/'"

1-(2()&;/,"4&3&"2&"43/;1%%(*'";$"%12-(8/,9"A/,",13%/,",(61$'"$2"%/'-/3'/"&"1'"

$,4&%(&#($'-/";$"B"&"!"#$-3/,9">2"$,%133(#($'-/",14$37(%(&2"$,"%&4-&;/";$"2&"

7&<&"'/"%12-(8&;&"$'-3$"=/3;/,"D"&2#&%$'&;&"$'"1'",13%/"<1,-&#$'-$",/=3$"

$2"=/3;/9"A/,"%12-(8/,",$"%/2/%&'"$'"&#=/,"2&;/,";$2",13%/9">2",(,-$#&"$,"

,(#42$"D"41$;$"%/',-31(3,$"$'"7/3#&"#&'1&2"*"%/'"#&01('&3(&9":'&";$"2&,"

8$'-&<&," #.," (#4/3-&'-$," ;$" $,-$" ,(,-$#&" $," 01$" $2" %3$%(#($'-/" ;$" 2/,"

%12-(8/," $," 1'(7/3#$" ;$=(;/" &" 01$" %&;&" 42&'-&" -($'$" &43/G(#&;&#$'-$" 2&"

#(,#&".3$&";$"%&4-&%(*'9"

H$" &;&4-&" $'" %/';(%(/'$," ;$" 2218(&" ;$" $'-3$" IC?" &" @C?" ##+" &,(#(,#/+"

-/;/," 2/," ,1$2/," ,/'"&4-/," 4&3&" $,-$" ,(,-$#&9":'&"4/,(=2$" ;$,8$'-&<&" $,"

01$"2/,",1$2/,";$=$'",$3"1'(7/3#$,+";$=$'"$8(-&3,$"2&,".3$&,"%/'"%.3%&8&,"

1"/';12&%(/'$,9"F,J"-&#=(K'+"2/,"=/3;/,"&2"%/'-/3'/",$"2(#(-&'"&".3$&,"%/'"

2218(&"3$2&-(8&#$'-$"&2-&+";$=(;/"&"01$"2&"%&'-(;&;";$"$,%133(#($'-/"%&4-&;/"

$,"%/#4&3&-(8&#$'-$"4$01$L&";$=(;/"&2".3$&"3$;1%(;&";$"%&4-&%(*'9"

d) Bordos trapezoidales. " A/," =/3;/," -3&4$)/(;&2$," ,/'" 1-(2()&;/," 4&3&"

%/'7('&3"63&';$,".3$&,"MN&,-&"1'&"N&O""4&3&"%/'%$'-3&3"#&D/3$,"%&'-(;&;$,"



Revisión de Literatura 

!"#

#

$%# %&'())*+*%,-.# &(/%)0*'*123# %2# '(12# %&# '1/-1$.# $%# (,# 4)%1# $%# '1/-1'*5,#
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$*)%'-1+%,-%# 1# (,#+%D.)# $%&1)).22.# $%2# '(2-*=.:# ;&-1# -E',*'1# %&# 1/)./*1$1#

/1)1#21#1/2*'1'*5,#%,#/%?(%>1#%&'121#%,#'1+/.&#18)G'.21&3#F1#?(%#'.,#(,#
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75#.*4*/5)*+,#$%*,)*$5.#'-#.51#$%-151#$-%4-5;.-1#'-#$*-'%5#-1#F(-#1&,#$5%5#

1*/*&1# -1$-)8E*)&1# C# %-F(*-%-,# '-# )&,1*'-%5;.-1# )5,/*'5'-1# '-# $*-'%5# 518#

)&4&#.5#$%&0*1*+,#'-#/%5,1$&%/-2#

Represa de tierra

Hoyo de infiltración

Surcos al
contorno

Cordones de

Entre surcos

Zanja Derivadora

Área de Captación

Aproximadamente 20 cm
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QKJRKS##R>##LH>RJ3##37##IKOMKJOK

LJ>S3S##L>JG>3Q7>S##R>##LH>RJ3

Captación

Piedra

Valle

#
Figura 2.  L%*,)*$5.-1#/=),*)51#'-#)5$/5)*+,#'-#39(5#'-#..(0*52 

2.3. INVESTIGACIONES REALIZADAS EN CAPTACION DE AGUA DE LLUVIA 

O(Y-Z# U[\]!W#5.#-05.(5%#-.#-E-)/&#'-# .51#4*)%&)(-,)51#'-#)5$/5)*+,#'-# ..(0*5:# .5#
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5%1+,(# =%8(# .&+()# ,&# ;<# ..7# 1@*&5-1*(+# $%&# &'# 5*&5-.-&+/(# ,&# '1# @'1+/1#
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(/-*,0,/-.)1#*/7#+&7.,9)#*/#0$LM#*/#./0')($7#I$1.$#/-#&-#W;#')(#+,/-.)#2Q$77/%)1=#

!;;K5F#

 

 



Objetivos   

!"#

#

33..  OOBBJJEETTIIVVOOSS  

3.1. OBJETIVO GENERAL 

$%&%'()*+'# %,# %-%.&/# 0%# &'%1# &)2/1# 0%# .+2&+.)3*# 0%# +45+# 0%# ,,56)+# in situ7# %*# %,#

./*&%*)0/#0%#85(%0+0#0%,#15%,/#9# ,+#2'/05..)3*#0%#(+:;#'%12%.&/#+,#(<&/0/#0%#

1)%(='+#&'+0).)/*+,7#2+'+#,+1#./*0).)/*%1#+(=)%*&+,%1#0%,#,54+'>#

#

3.2. OBJETIVOS PARTICULARES 

 

!# $%&%'()*+'# %,# &)2/# 0%# .+2&+.)3*# 0%,# +45+# 0%# ,,56)+# (?1# %-).)%*&%# %*# ,+#

2'/05..)3*#0%#4'+*/#9#(+&%')+#1%.+#0%,#.5,&)6/#0%#(+:;#./*1)0%'+*0/#%,#&)2/#

0%#15%,/7#.,)(+#9#2'?.&).+1#0%#./*1&'5..)3*#0%#,+1#().'/.5%*.+1>#

!# @1&50)+'# 9# %6+,5+'# %,# ./(2/'&+()%*&/# 0%# ,+# 85(%0+0# +2'/6%.8+=,%# 0%,#

15%,/# =+A/# ,+1# .5+&'/# ./*0).)/*%1B# +'+0+# 2+'.)+,# ./*# ./*&'+17# 15'./1#

)*.,)*+0/1# C&)2/# D*+9+E# ./*# ./*&'+17# 15'.+0/# &'+0).)/*+,# ./*# ./*&'+1# 9#

15'.+0/#&'+0).)/*+,>#

!# F+,.5,+'# %,# 2/'.%*&+A%# 0%# ,5;# )*&%'.%2&+0+#(%0)+*&%# ,+# &/(+# 0%# 0+&/1# 0%#

'+0)+.)3*# -/&/1)*&<&).+(%*&%# +.&)6+# 9# 0%&%'()*+'# 1)# %G)1&%*# 0)-%'%*.)+1#

1)4*)-).+&)6+1#%*&'%#&'+&+()%*&/1>#

!# H+.%'#%,#+*?,)1)1#0%#,/1#-+.&/'%1#-)1)/&<.*)./1I#+,&5'+#0%#2,+*&+17#*J(%'/#0%#

8/A+1#9#0)?(%&'/#0%,# &+,,/#0%# ,+1#2,+*&+1#0%#(+:;7#=+A/# ,+1#K#./*0).)/*%1#+#

2'/=+'#%*#./(2+'+.)3*#./*#%,#&%1&)4/>#

!# $+'# 5*+# %G2,).+.)3*# 0%# ,/1# '%*0)()%*&/1# /=&%*)0/1# %*# .+0+# &'+&+()%*&/7#

8+.)%*0/# 51/# 0%# ,+# (%&/0/,/4:+# 2'/25%1&+# 2/'# ,+# LDM# C!NNNE7# 2+'+# %,#

2'/*31&)./#0%#'%*0)()%*&/1>##

#

#

#

#



Hipótesis  

!"#

#

44..  HHIIPPÓÓTTEESSIISS  

#

$%&#'(#)*%)+,-.%#/'#012)(-*#0%&#(%,#%34'.-5%,#/'(#)*','&.'#.*6364%#/'#-&5',.-760-+&#

,'#)(6&.'6&#(6,#,-71-'&.',#8-)+.',-,9#

#

:(#1,%#/'#(%,#2;.%/%,#/'#06).60-+&#/'#6716#/'#((15-6#in situ<#6='0.6&#/'##26&'*6#

,-7&-=-06.-569#

#>6#06&.-/6/#/'#812'/6/#6)*%5'0863('#'&#(6#?%&6#*6/-06(@#

#:(#*'&/-2-'&.%#/'#7*6&%#A#26.'*-6#,'06#/'(#01(.-5%#/'#26B?@#

#:(#)%*0'&.64'#/'#(1?#-&.'*0').6/6#)%*#(6,#)(6&.6,#/'#26B?<#6(#-&0*'2'&.6*#

(6#'C)6&,-+&#/'(#/%,'(@#

#>6,#56*-63(',#=-,-%.;0&-06,D#6(.1*6#/'#)(6&.6,<#&E2'*%#/'#8%46,#A##/-F2'.*%#

/'(#.6((%@#

#

#

#

#

#

#

#

#

#

#

#

#

#



Materiales y Métodos  

!"#

#

55..  MMAATTEERRIIAALLEESS  YY  MMÉÉTTOODDOOSS  

5. 1. CARACTERÍSTICAS DEL SITIO EXPERIMENTAL 

5.1.1.  Ubicación Geográfica 

$%#&'()(*+#,-#./0-1&.2(3.4/#1-#'-(%.54#-/#%+1#6-1-1#,-#78/.+#(#9+0.-6)'-#,-#:;;<=#

-/# -%# %+&-# ->?-'.6-/&(%# .,-/&.@.3(,+# 3+/# %(# 3%(0-# <A=# (,B(3-/&-# (# %(# -1&(3.4/#

6-&-+'+%42.3(# ,-%# C+%-2.+# ,-# D+1&2'(,8(,+1# -/# E+/&-3.%%+=# $,+F# ,-# EG>.3+#

HA.28'(#!I=#8).3(,+#(#8/(#(%&.&8,#,-#::J;#61/6K#%(&.&8,#/+'&-#,-#"LM#:"N#B#%+/2.&8,#

+-1&-#,-#OP#LQM#RJNF#

Estación
meteorológica

LOTE 6F
Edificio de Gobierno

Aulas

Biblioteca

Desarrollo Rural/Economía

Entomologia/Acarología/

Genética

Hidrociencias/Edafología

Laboratorios Generales

Botánica

Fitopatología

Estadística

N
N

#

Figura 3. S+3(%.5(3.4/# ,-%# 1.&.+# ->?-'.6-/&(%# ,-/&'+# ,-%# 3(6?81# E+/&-3.%%+# ,-%# C+%-2.+# ,-#

D+1&2'(,8(,+1F#

5.1.2. Clima 

$%##3%.6(##,-%#1.&.+#->?-'.6-/&(%=#,-#(38-',+#(#%(#3%(1.@.3(3.4/#3%.6T&.3(#,-#UV??-/#

6+,.@.3(,(#?+'#$/'.W8-&(#O('3X(#H"LQQI#-1Y#

C#HP+I#HPI#)#H.NI#

C W(o).C%.6(# &-6?%(,+#18)Z[6-,+#3+/# %%80.(1#-/#0-'(/+#38B(# '-%(3.4/#-/&'-# %(#

?'-3.?.&(3.4/#(/8(%#B#%(#&-6?-'(&8'(#6-,.(#(/8(%#?'-1-/&(#8/#3+3.-/&-#D\]#6-/+'#

(#J!F:F#



Materiales y Métodos  

!"#

#

(W).#$%&'()(*+'(,-#&-#&.#/&0#/10#0&'2#/&-2%#+#34#//5##$2%# .2#/&-20#64#7&'&0#

/+82%#'+-*(9+9#9&#..:7(+#&-#&.#/&0#/10#;</&92#9&#.+#/(*+9#'+.(&-*&#9&.#+=2#>:&#

&-#&.#/&0#/10#0&'25#

B (i’).#?&/).+92#'2-#7&%+-2#@%&0'2#.+%A2B#'2-#*&/)&%+*:%+#/&9(+#9&.#/&0#/10#@%C2#

&-*%&#D!#8#6EF#GB#*&/)&%+*:%+#/&9(+#9&.#/&0#/10#'+.(&-*&#&-*%&#H5I#8#""F#G#8#:-+#

20'(.+'(,-#*J%/('+#+-:+.#&-*%&#I#8#KF#G5 

L+ )%&'()(*+'(,-# 8# .+# *&/)&%+*:%+# /&9(+# +-:+.# 02-# H"I# //# 8# 6HF# GB#

%&0)&'*(7+/&-*&5#

#

5.1.3. Suelos 

I565!565# G+%+'*&%C0*('+0#MC0('+05#

$+%+# .20# @(-&0# 9&# &0*&# *%+N+O2# 9&# (-7&0*(A+'(,-# 0&# 9&*&%/(-+%2-# +.A:-+0#

)%2)(&9+9&0# @C0('+0# 9&.# 0:&.2# &-# &.# .+N2%+*2%(2# )&%*&-&'(&-*&# +.# 1%&+# 9&#

P(9%2'(&-'(+0# &-# &.# G2.&A(2# 9&# $20*A%+9:+920B# '2-0(9&%+-92# :-# *2*+.# 9&# 6"#

/:&0*%+0#Q)%29:'*2#9&#:-+#/&R'.+#9&#"3#/:&0*%&20#%&+.(R+920#&-#'+/)2SB#9(';+0#

/:&0*%+0#'2%%&0)2-9&-#+#!#&0*%+*20#':82#&0)&02%#@:&#9&#"4#'/#)+%+#'+9+#:-2B#&-#

.20# 3# N.2>:&0# &0*+N.&'(920# &-# &.# T(0&=2# &U)&%(/&-*+.# Q7&%# +)+%*+92# I5"SB# .20#

%&0:.*+920#0&#)%&0&-*+-#&-#&.#':+9%2#65#

#

T&#+':&%92# '2-# .20# %&0:.*+920# >:&# 0&#)%&0&-*+-# &-# &.# ':+9%2# 6B# ):&9&#9&'(%0&#

>:&# &-# A&-&%+.B# 0&# *%+*+# 9&# :-# 0:&.2# @%+-'2D+%&-202# '2-# 9&-0(9+9# +)+%&-*&#

)%2/&9(2# 9&# 65!"# QA# '/D!S5# # V-# ':+-*2# +# .20# 7+.2%&0# /&9(20# 9&.# )2%'&-*+O&# 9&#

;:/&9+9#+#GG#8#$W$#)+%+#.+0#!#)%2@:-9(9+9&0#'2-0(9&%+9+0B#J0*20#0&#)%&0&-*+-#

&-#&.#':+9%2#"5#

#

X*%+#9&#.+0#)%2)(&9+9&0#@C0('+0#>:&#0&#9&*&%/(-,#@:&#.+#7&.2'(9+9#9&#(-@(.*%+'(,-#9&.#

0:&.2#)2%#&.#/J*292#9&.#(-@(.*%,/&*%2#9&#92N.&#'(.(-9%2#>:&#'2-0(0*&#&-#(-0*+.+%#&-#&.#

*&%%&-2#:-#O:&A2#9&#920#'(.(-9%20#9&#+'&%2B#;:&'20#&-#&.#'&-*%2B#9&#34#'/#9&#+.*2B#

9&#!4#8#3I#'/#9&#9(1/&*%2B#%&0)&'*(7+/&-*&5##Y&#'2.2'+#:-+#).+'+#9&#+'&%2#02N%&#

.20# '(.(-9%20# /+-*&-(J-92.20# +# -(7&.5# # L:&A2# 0&# A2.)&+# .+# ).+'+# ;+0*+# >:&# .20#



Materiales y Métodos  

!!"

"

#$%$&'()*"+,&,-(,&"',"./"0".1"#2"',&-()"',%"*3,%)4"5673$%,(0"8"90(-:&,;4".<<=>?""@,"

%%,&0" '," 0730" %0" +0(-," #)2+(,&'$'0" ,&-(," %)*" ')*" #$%$&'()*" 8" +)*-,($)(2,&-," *,"

%%,&0"',"0730",%"#$%$&'()"$&-,($)("A3,"B3,"+(,C$02,&-,"#3D$,(-)"#)&"+%E*-$#)4"*,"-)20"

%0" %,#-3(0" ',%" -$(0&-," 0&-,*" '," A3$-0(%)?" " F0*" %,#-3(0*" *," G0#,&" +0(0" '$B,(,&-,*"

$&-,(C0%)*"',"-$,2+)?""H0(0"%0")D-,&#$I&"',"%0"C,%)#$'0'"',"$&B$%-(0#$I&"*,"3-$%$;I"%0"

,#30#$I&"',"J)*-$0K)CLF,M$*4"%0"#30%"*,",N+(,*0"',"%0"*$73$,&-,"B)(20O"

&JPQ !
" "

""R)&',O"

Q"S"T,%)#$'0'"',"$&B$%-(0#$I&4"#2"GL.?""

J"S"H0(E2,-()"A3,"(,+(,*,&-0"%0"C,%)#$'0'"',"$&B$%-(0#$I&"'3(0&-,",%"$&-,(C0%)"$&$#$0%"

5#30&')"-"S.2$&>?"

P"S"P$,2+)4"2$&?"

&"S"H0(E2,&-()"A3," $&'$#0" %0" B)(20",&"A3," %0"C,%)#$'0'"'," $&B$%-(0#$I&"*,"(,'3#,"

#)&",%"-$,2+)4"L.?/U&U/?"

Q&-,7(0&')"%0",#30#$I&"0&-,($)("*,")D-$,&,"%0"$&B$%-(0#$I&"0#323%0'0"5V>?"

"

Cuadro 1. T0%)(,*" '," %0*" +()+$,'0',*" B:*$#0*" ',%" *3,%)" ',-,(2$&0'0*" 0%" *$-$)" ,N+,($2,&-0%4" +)("

+()B3&'$'0'"+)("D%)A3,? 

Bloque Prof. 

1
Textura 

2
Da 

(g/ cm
3
) 

3
% Humedad a 

CC (0.3 Atm) 

3
% Humedad a 

PMP (15 Atm) 
% de 

arcilla"

% de 

limo"

% de 

arena"
Clasificación 

Bloque I 

/LW/" W/?1W" WX?1W" 1X?<=" Y(0&#)"0(#$%%)"0(,&)*)" .?!. .Z?1!" ./?=1"

W/LX/" .[?[[" W/?.=" =/?<=" Y(0&#)"0(,&)*)" .?!W .=?<." ./?X["

X/L=/" .[?[[" W/?.=" =/?<=" Y(0&#)"0(,&)*)" .?!. .1?<=" <?<WZ"

Bloque II 

/LW/" .[?1W" W1?1W" 11?<=" Y(0&#)"0(,&)*)" .?!! .[?WW" ..?X."

W/LX/" .[?[[" W1?.=" 11?<=" Y(0&#)"0(,&)*)" .?!. .1?</" ./?!1"

X/L=/" .[?[[" W[?.=" 1W?<=" Y(0&#)"0(,&)*)" .?!W .=?WZ" ./?1X"

Bloque III 

/LW/" .X?1W" WZ?1W" 1Z?<=" Y(0&#)"0(,&)*)" .?!! .Z?Z1" ./?1."

W/LX/" W/?[[" WX?.=" 1X?<=" Y(0&#)"0(#$%%)"0(,&)*)" .?!. .[?W!" ..?.<"

X/L=/" W/?[[" WX?.=" 1X?<=" Y(0&#)"0(#$%%)"0(,&)*)" .?!. W/?.." .!?1/"

Bloque IV 

/LW/" .=?1W" W/?1W" =W?<=" Y(0&#)"0(,&)*)" .?!. .Z?==" ./?=="

W/LX/" W/?1W" W!?WX" 1=?WX" Y(0&#)"0(#$%%)"0(,&)*)" .?!. .Z?W/" ./?<="

X/L=/" .[?[[" W<?=" 1.?1W" Y(0&#)"0(,&)*)" .?!! .[?=!" ..?[1"

9\-)')"3-$%$;0')O"
.
]$'(I2,-()"',"^)38)3#)*_"

W
"9\-)')"',%"+,-(I%,)_"

!
`(0C$2\-($#)4"2,'$0&-,"%0")%%0"8"2,2D(0&0"',"+(,*$I&?"

"



Materiales y Métodos  

!"#

#

Cuadro 2. $%&'()*#+),-'*#,)&#.'(/)01%2)#,)#34+),%,#%#55#6#7879 

Prof. 
% Humedad a 

CC (0.3 Atm) 

% Humedad a 

PMP (15 Atm) 

0-20 :;9<!# :=9><#

20-40 :>9?:# :=9"@#

40-60 :@9>!# ::9@<#

#

<9:9!9A9# 5%(%/1)(B*1-/%*#C4B+-/%*9#

D%#,)1)(+-0%/-E0#,)#&%*#.('.-),%,)*#F4B+-/%*#+'*1(%,%*#)0#)&#/4%,('#!G#%&#-H4%&#

F4)# &%*# .('.-),%,)*# IB*-/%*# I4)('0# ,)1)(+-0%,%*# )0# )&# D%J'(%1'(-'# ,)# .(K/1-/%*#

.)(1)0)/-)01)#%&#K()%#,)#L-,('/-)0/-%*#)0#)&#5'&)H-'#,)#7'*1H(%,4%,'*9#

Cuadro 3. 7('.-),%,)*#F4B+-/%*#,)#&'*#*4)&'*#,)1)(+-0%,%*#%&#*-1-'#)M.)(-+)01%&9 

Bloque Prof. 
1
pH 

2
CE 

(mmhos/cm 

a 25ºC) 

3
%MO 

4
POsat 

(atm) 

Bloque I 

=NA=# >9@># :!9?>;# :9>:# <9=A@#

A=N"=# "9=@# >9><:# :9"?# A9!?"#

"=N>=# "9!;# >9"A?# =9??# A9!:"#

Bloque II 

=NA=# ;9:># @9A=!# :9!;# A9?<!#

A=N"=# ;9A!# ;9;>=# :9??# A9;?"#

"=N>=# ;9;:# <9A:=# =9??# :9@;>#

Bloque III 

=NA=# ;9=;# :!9>!<# :9"?# "9?=?#

A=N"=# ;9""# @9?;?# :9<<# !9A!A#

"=N>=# @9=A# >9;>A# :9:@# A9"!"#

Bloque IV 

=NA=# ;9!=# :A9=@!# :9>:# "9!<=#

A=N"=# ;9<<# ?9"AA# :9A"# !9!?A#

"=N>=# @9::# ;9A=<# =9;<# A9<?"#

8O1','# 41-&-P%,'Q#
:
7'1)0*-'+O1(-/'G# ()&%/-E0# *4)&'# %H4%# :QAR#

A
74)01)# ,)#

/'0,4/1-S-,%,#)0#)&#)M1(%/1'#,)# &%#.%*1%R#
!
T%&U)6#6#V&%/UR#

"
7W#X#Y5Z#M:=

!
[M=9!>G#\H4-&)(%#6#8%(1B0)P#Y:??>[9#

#

<9:9!9!9# ])1)(+-0%/-E0# ,)# &%*# /4(S%*# ,)# 1)0*-E0# 6# )*I4)(P'# ,)# 34+),%,# ,)&#

*4)&'9#

D%*# /4(S%*# ,)# 1)0*-E0# 6# )*I4)(P'# ,)# 34+),%,# ,)&# *4)&'# Y^L_# 6# ZL_[G# *)#

,)1)(+-0%('0#.%(%#&%*#!#.('I40,-,%,)*#/'0*-,)(%,%*#Y=NA=G#A=N!=#6#!=N"=#/+[9##



Materiales y Métodos  

!"#

#

$%&%# '%#()*+,-./,#0+# '%#-1&2%#0+#345#6+#1*.'.7/# '%#+-1%-./,#0+# *.8(#+98(,+,-.%'#

8&(81+6*%#8(&#$%'%-.(6#:;<=!>#-.*%0%#8(&#?@1.'+&%#A#B%&*C,+7#:;<<=>D##E6*+#FG*(0(#

-(,6.6*+#+,#()*+,+&#0%*(6#0+#H1F+0%0#%#0.I+&+,*+6#*+,6.(,+6J#6.+,0(#KK#A#$B$#

'(6# L,.-(6# 2%'(&+6# -(,(-.0(6J# +,# +6*+# -%6(J# 0.-H(6# 2%'(&+6# 6+# 8&+6+,*%,# +,# +'#

-1%0&(#?M#A#'%6#-1&2%6#+,#'%#I.@1&%#?;J#0+'#%8%&*%0(#0+#%,+9(6D#

! "
K

$6

N
3

,
#$ #

#

O(,0+P#

3#Q#3+,6./,#0+'#61+'(J#%*FD#

$6#Q#$(&-+,*%R+#0+#H1F+0%0J#SD#

,#Q#E98(,+,*+#T1+#0+8+,0+#0+#'%6#-%&%-*+&C6*.-%6#IC6.-%6#0+'#61+'(J#%0.F+,6.(,%'D#

N# Q#K(,6*%,*+# T1+# 0+8+,0+# 0+# '%# *+9*1&%J# +6*&1-*1&%# A# -(F8%-*%-./,# 0+'# 61+'(J#

%0.F+,6.(,%'D#

K# Q# K(,6*%,*+# T1+# *%F).G,# +6# I1,-./,# 0+# '%6# -%&%-*+&C6*.-%6# IC6.-%6# 0+'# 61+'(J#

%0.F+,6.(,%'D#

K#Q#UDUUUU;V#:KK>MDWXUD!#

E,#+'#-%6(#0+#'%#-1&2%#0+#E45J#G6*%#+6#+'#&+61'*%0(#0+#'%#61F%#0+#'%6#I1+&7%6#0+#

*+,6./,#FY6#'%#8&+6./,#(6F/*.-%J#?@1.'+&%#:;<<=>D#

E45##Q#3#X#$Z#

O(,0+P#

E45#Q#E6I1+&7(#0+#41F+0%0#0+'#61+'(J#%*FD#

3#Q#3+,6./,J#%*FD#

$Z#Q$&+6./,#(6F/*.-%J#%*FD#

#

5.2. DISEÑO EXPERIMENTAL 

5+# 1*.'.7/# 1,# 0.6+[(# +98+&.F+,*%'# 0+# \'(T1+6# -(F8'+*(6# -(,# *&%*%F.+,*(6#

%'+%*(&.7%0(6#-(,# .@1%'#,LF+&(#0+#61)F1+6*&%6D# #]%# *G-,.-%#0+'#61)F1+6*&+(#6+#

1*.'.7/# +,# +6*+# -%6(# 8%&%# %1F+,*%&# '%# 8&+-.6./,# 0+'# +98+&.F+,*(# A# -(,6.6*./# +,#



Materiales y Métodos  

!"#

#

$%&'(# )%*# %+*,(-'./%0,*# 1%(# 20/)')# ,31,(/&,0$'45# 64-'(')%# 7899":5# ,4# &%),4%#

4/0,'4#.%((,*1%0)/,0$,#,*;#

/<=/=>//=<
?@ !"#"$""%& #

A%0),;#

@/=<#B#<CD*/&'#%+*,(-'./E0#),4#$('$'&/,0$%#=#1,($,0,./,0$,#'4#+4%F2,#/5#/#B#85#G5#!#H#I#

=#B#65#?5#J#H#A#5#<#B#8#H#GK#

!#B#,L,.$%#),#4'#&,)/'#

?/#B#,L,.$%#),4#+4%F2,#/#

$>#B#,L,.$%#),4#$('$'&/,0$%#=#

#/=#B/0$,('../E0#),4#+4%F2,#/#H#,4#$('$'&/,0$%#=#

"/=<#B#,((%(#&2,*$('4#

#

M'# ),./*/E0# ),# 2$/4/N'(# ,4# )/*,O%# ,31,(/&,0$'4# ),# ?4%F2,*# .%&14,$%*# .%0#

$('$'&/,0$%*#'4,'$%(/N')%*#*,#$%&E#),+/)%#'#F2,#,0#4%*#&,*,*#'0$,(/%(,*#7P'(N%#'#

P'H%#),#GQQ":#*,#*,&+(E#.,+')'#,0#'1(%3/&')'&,0$,# 4'#&/$')#),# 4'#*21,(L/./,#

),4#$,((,0%#2$/4/N')%#,0#,4#,31,(/&,0$%5#1%(#4%#.2'4#*,#'*2&,#F2,#4'*#1(%1/,)'),*#

),4#*2,4%#L2,(%0#'4$,(')'*#,0#,*'#1%(./E0K#M%*#+4%F2,*#F2,)'(%0#.%&%#*,#%+*,(-'#

,0#4'#L/R2('#IK#

#

Figura 4. A/*1%*/./E0#),#4%*#+4%F2,*#,0#,4#*/$/%#,31,(/&,0$'4K#



Materiales y Métodos  

!"#

#

5.3. ESTABLECIMIENTO Y CONDUCCIÓN DEL TRABAJO DE 

INVESTIGACIÓN. 

5.3.1. Preparación del terreno 

$%#&'(&%'%)*+,#-(.#/(''(,0#1(#..(2+#%#)%30#(,#(.#4(1#-(#5(3'('06#(.#)7%.#)0,1*1/*+#

(,#7,#3%'3()80#%#7,%#&'057,-*-%-#%&'09*4%-%#-(#:;#)46##<#7,%#,*2(.%)*+,#-(#.%#

17&('5*)*(#/0/%.#-(.#/(''(,0=##>%3(#1(?%.%'#@7(#-(3*-0#%#.%#1*(43'%#-(#)(3%-%#(,#

7,%#&0')*+,#-(#.%#17&('5*)*(#/0/%.#A401/'%-%#(,#.%#B*C7'%#DE6#F1/(#57(#,7(2%4(,/(#

3%'3()8%-0#<#'(%)040-%-0#(,#(1%#&%'/(6#&%'%#17#&01/('*0'#17')%-0=###

#

5.3.2. Establecimiento del experimento 

$%# (.%30'%)*+,# -(# .01# 17')01# 1(# '(%.*G+# (.# -H%# !:# -(# 4%<06# <# .%# 50'4%#

)0''(1&0,-*(,/(#%#)%-%#/'%/%4*(,/0#(.#-H%#:I#-(#J7,*06#1*(,-0#.01#/'%/%4*(,/01#.01#

1*C7*(,/(1K#

!# L'%/%4*(,/0#MN#M'%-%#&%')*%.#)0,#)0,/'%1#%#)%-%#!#46##

!# L'%/%4*(,/0#ON#L*&0#M,%<%#AP7')0#*,).*,%-0E#)0,#)0,/'%1#%#)%-%#!#46#

!# L'%/%4*(,/0#>N#P7')%-0#,0'4%.#)0,#)0,/'%1#%#)%-%#!#4#<6##

!# L'%/%4*(,/0#Q#AL(1/*C0EN#P7')%-0#/'%-*)*0,%.#1*,#)0,/'%1=###

#

$%#50'4%#&%'/*)7.%'#-(#.01#/'%/%4*(,/01#M#<#O#AM'%-%#&%')*%.#<#P7')01#/*&0#M,%<%E#

1(#8*)*('0,#-(#50'4%#4%,7%.6#4(-*%,/(#(.#710#-(#&%.%6#)0,#.%#%<7-%#-(#&('10,%.#

-(.# R'(%# -(# )%4&0# -(.# >0.(C*0# -(# S01/C'%-7%-01=# L0-01# .01# /'%/%4*(,/01# 1(#

-*1/'*37<('0,# -(# 4%,('%# %.(%/0'*%# T# 2()(1# (,# )%-%# 3.0@7(# )0,# .%# 5*,%.*-%-# -(#

03/(,('#-01#031('2%)*0,(1#&0'#/'%/%4*(,/0#&0'#3.0@7(#A17347(1/'(0E6#)0,#7,#/0/%.#

-(#U#17')01#&0'#/'%/%4*(,/0#&0'#3.0@7(=##$%#-*1/%,)*%#(,/'(#17')01#57(#-(#VW#)46#/%.#

<#)040#1(#47(1/'%#(,#.%1#5*C7'%1#;#<#X=#
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#

 

Figura 5.  $%&'&()*+',-#.*#/,-#01*#2,+-'3#*/#*45*%)(*+',6#

#

#

Figura 6. 7)-'%)812)3+#.*#/,-#'%&'&()*+',-#*+#2&.&#8/,01*#.*/#-)'),#*45*%)(*+'&/6#
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!"#

#

5.3.3. Siembra 

$%#&'()*+%#&(#,,(-.#%#/%*0#(,#12%#3#1(#456'0#1(#37789#%#56%#1'&:%6/'%#(6:+(#)%:%&#

1(#;7#/)<#$%#-%+'(1%1#1(#&()',,%#&()*+%1%#=5(#>?%6#40&(/':0@9#A5(#(&#56#B2*+'10##

1(&%++0,,%10# (6# ,%# C6'-(+&'1%1# D5:.60)%# EB%F'6G09# (,# /5%,9# 1(# %/5(+10# /06# (,#

F+0-((10+9# (&# +(/0)(61%*,(# :%6:0# F%+%# +'(G0# /0)0# F%+%# :()F0+%,9# %F:%# F%+%# ,%#

F+015//'.6# 1(# (,0:(9# =0++%H(# .# G+%609# /06# IJ# 12%&# %# =,0+%/'.6# +(G'&:+%10&# K# 56#

+(61')'(6:0#1(#G+%60#A5(#-%#1(#;#%#J#:06LB%9#MCDEB9#377;N<#

#

5.3.4. Aclareo 

D,#)0)(6:0#1(# ,%#&'()*+%#&(#/0,0/%+06#!#&()',,%&#)%:%OP9#F%+%#PQ#12%&#1(&F5R&#

1(&%B'H%+# MPJ# 1(# H56'0N9# 1(H%610# &0,0# 3# F,%6:%&# )%:%OP9# /06# 56%# 1'&:%6/'%# (6:+(#

)%:%&#1(#;7#/)<#$%#1(6&'1%1#1(#F0*,%/'.6#=5(#1(#QQ9#Q77#F,%6:%&#B(/:S+(%OP#F%+%#

:010&#,0&#:+%:%)'(6:0&<#

#

5.3.5. Fertilización 

T0# &(# +(%,'U.# %F,'/%/'.6# 1(# =(+:','U%6:(# F+(-'%# 6'# F0&:(+'0+# %,# (&:%*,(/')'(6:0# 1(,#

(VF(+')(6:0# (6# /%)F0<# W(#)010# A5(# ,0&# +(61')'(6:0&# 0*:(6'10&# (&:5-'(+06# (6#

=56/'.6# 1(# ,%# 1'&F06'*','1%1# 1(# 65:+'(6:(&# F+(&(6:(&# (6#(,# &5(,09# ,%&# /061'/'06(&#

/,')%:0,.G'/%&#1%1%&#(6#,%#+(G'.6#K#,%&#%F0+:%/'06(&#1(#,,5-'%#0/5++'1%&#%#,0#,%+G0#

1(,#/'/,0#1(,#/5,:'-09#R&:%&#X,:')%&#&(#F+(&5)(#A5(#')F%/:%+S6#1(#)%6(+%#1'=(+(6:(#

(6#,0&#+(61')'(6:0&9#1%1%#,%#/06=0+)%/'.6#1(#,%&#)'/+0/5(6/%&<#

#

5.3.6. Control de malezas, plagas y enfermedades. 

Malezas.# #C60#1(# ,0&#F+0*,()%&#G+%-(&#A5(#&(#F+(&(6:%#%,#(&:%*,(/(+#56#/5,:'-0#

1(&1(#A5(#&(#&'()*+%#B%&:%#A5(#&(#/0&(/B%#(&#,%#'6-%&'.6#/06&:%6:(#1(#)%,(U%&#

0# )%,%&# B'(+*%&# /%5&%610# FR+1'1%&# 1(*'10# %# ,%# /0)F(:(6/'%# F0+# 65:+')(6:0&9#

%G5%9# ,5U#K#(&F%/'0&#(6#(,#&5(,09#M$%61(+0&9#3777N9#(&#F0+#(,,0#A5(#&(#/06:.#/06#

56%#F(+&06%#A5(#+(%,'U.#1(&B'(+*(&#)%65%,(&#/06#%U%1.6#F%+%#(,')'6%+#,%#)%,(U%#

1(#)%6(+%# /06:'65%# M!# 12%&# %# ,%# &()%6%N# %# ,0# ,%+G0#1(# :010#(,# /'/,0# 1(,# /5,:'-09#



Materiales y Métodos  

!"#

#

$%&'()'*#'+#,()-+)+.#/(#0*.,(#'+#/*1#-.(-(,&+)-*12#3/#'4(#5#'+#(6*1-*7#'%.()-+#/(#

+-(8(# 9+6+-(-&9(# '+/# $%/-&9*7# '('*# :%+# /(# ,(/+;(# .+<(1(<(# +/# (9()$+# '+/#

'+1=&+.<+7# )%+9(,+)-+# +/# 8+.1*)(/# '+# $(,8*# (8*>?# /&,8&()'*# +/# -*-(/# '+# /(#

1%8+.0&$&+#'+/#+@8+.&,+)-*2##

#

Plagas.# 3)# /(# +-(8(# '+/# +1-(</+$&,&+)-*# A'+/# B# (/# CD# '+# E%)&*F7# 1+# 8.+1+)-(.*)#

8.*</+,(1# '+# .*+'*.+1# +)# /(# 8+.&0+.&(# '+/# +@8+.&,+)-*7# /*1# $%(/+1# 1+# $*,4()# /(#

1+,&//(7# +1-*# 1+# $*)-.*/?# $*)# 9+)+)*# '+# %1*# '*,G1-&$*# $*/*$('*# +)# 1%1#

,('.&6%+.(1#>#9&.-&+)'*#1+,&//(#(/.+'+'*.#'+/#+@8+.&,+)-*#$*)#/(#0&)(/&'('#'+#:%+#

(/# +1-(.# ,H1# '&18*)&</+# /(# 8.+0&.&+.()#,&+)-.(1# 6+.,&)(<(# /(# :%+# +1-(<(# '+)-.*7#

(1%,&+)'*#-(,<&G)#:%+#/(#1+,&//(#-.(-('(#1%.-&.4(#%)#+0+$-*#1&,&/(.#(/#'+/#9+)+)*2#

#

Enfermedades2# 3)# (/6%)(1# 8/()-(1# 1+# 8.+1+)-?# .*>(# $*,I)# 8.*'%$&'(# 8*.# +/#

=*)6*# Puccinia sorghi7# :%+# 1*)# 8I1-%/(1# '+# $*/*.# ,(..?)# :%+# (8(.+$+)# +)# +/#

+)9G1#>#=(;#'+#/(1#=*J(1##AKLMMNO7#B""!F7#8%+1-*## :%+# 1%# '(P*# )*# 0%+#

1&6)&0&$(-&9*7#)*#1+#$*,<(-&?#$*)#8.*'%$-*1#:%4,&$*12#

#

#

Figura 7. Q*J(#'+#,(4;#(0+$-('(#8*.#.*>(#$*,I)#APuccinia sorghiF7#

#AKLMMNO7#B""!F2#

#



Materiales y Métodos  

!"#

#

5.4. REGISTRO DE LAS OBSERVACIONES REALIZADAS  

$%&#'()%&#'*#+,)*-.&#-*/+&)-('%&#01*-%,2#3-*4+5+)(4+6,#5718+(79#:1;*'('#'*7#&1*7%9#

-('+(4+6,#0%)%&+,).)+4(;*,)*#(4)+8(9#-*,'+;+*,)%#'*#/-(,%9#;()*-+(#&*4(#)%)(7#<#&1#

5(-)+4+6,#=(7#0+,(7>#<9##(7)1-(9#'+?;*)-%#<#,@;*-%#'*#:%A(&#'*#7(&#57(,)(&B#

5.4.1 Precipitación pluvial 

$(# 5-*4+5+)(4+6,# 5718+(7# 01*# 41(,)+0+4('(# 4%,# *7# 5718+6;*)-%# 5*-)*,*4+*,)*# (# 7(#

*&)(4+6,# ;*)*%-%76/+4(# '*7# C%7*/+%# '*# 3%&)/-('1('%&9# ('<(4*,)*# (7# &+)+%#

*D5*-+;*,)(79# 7%&# 8(7%-*&# '+(-+%&# -*/+&)-('%&# &*# 5-*&*,)(,# /-(0+4('%&# 5%-# *)(5(#

0*,%76/+4(#*,#*7#(5(-)('%#'*#-*&17)('%&B#

5.4.2. Humedad del suelo 

$(#:1;*'('#'*7#&1*7%#&*#'*)*-;+,6#'*#;(,*-(#+,'+-*4)(#(#5(-)+-#'*#7%&#8(7%-*&#'*#

517&(4+%,*&#-*/+&)-('(&#5%-#*7#&*,&%-#'*#:1;*'('#EFG##'*#C(;5H*77#I4+B9#;%'*7%#

CGJKK9# L1*# 4%,&)(# '*# M# 8(-+77(&# =&*,&%->9# 7(&# 41(7*&# &*# +,)-%'1A*-%,# (# M#

5-%01,'+'('*&#=KN"J#<#"JNOK#4;>9#5(-(#5%&)*-+%-;*,)*#*,8+(-#1,(#&*P(7#(7#-*4*5)%-#

L1*#)-('14*#'+4:(&#517&(4+%,*&#*,#1,#8(7%-#,1;.-+4%#('+;*,&+%,(7B##3(-(#%H)*,*-#

7(# 41-8(# '*# 4(7+H-(4+6,# 4%--*&5%,'+*,)*9# ;*'+(,)*# *7# ;.)%'%# /-(8+;.)-+4%# &*#

'*)*-;+,6# 7(# :1;*'('# '*7# &1*7%# H(A%# '+0*-*,)*&# 4%,'+4+%,*&# '*# :1;*'('# *,# *7#

&+)+%#*D5*-+;*,)(7# '1-(,)*# 8(-+%&#'Q(&#*,#*7#;*&#'*#;(<%# =<*,'%#'*#&1*7%# &*4%#

:(&)(# &1*7%# 5-?4)+4(;*,)*# &()1-('%>9# *&)%&# 8(7%-*&# &*# 4%--*7(4+%,(-%,# 4%,# 7%&#

'()%&# -*/+&)-('%&# 4%,#*7# &*,&%-# )%;('%&#*,#*7# 71/(-# <#;%;*,)%# A1&)%# '%,'*# &*#

-*(7+R(-%,# 7%&# ;1*&)-*%&# 5(-(# &1# '*)*-;+,(4+6,# '*# :1;*'('9# 7%&# -*&17)('%&# &*#

5-*&*,)(,#*,#7(#S+/1-(#TB####

#

$(# *41(4+6,#5-*&*,)('(#*,# 7(# 0+/1-(# T# 01*# 7(# L1*# &*#1)+7+R6# 5(-(# )-(,&0%-;(-# 7%&#

8(7%-*&# ('+;*,&+%,(7*&9# -*/+&)-('%&# 4%,# *7# &*,&%-# '*# :1;*'('9# 4('(# )*-4*-# 'Q(#

'*&'*# 7(# &+*;H-(# :(&)(# 7(# *;*-/*,4+(# '*7# 417)+8%# '*# ;(QR# *,# 4%,)*,+'%# '*#

:1;*'('#/-(8+;.)-+4%#5(-(#&1#5%&)*-+%-#(,?7+&+&B#

#

#
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#

#

Figura 8. $%&'()*+(#,'# -.#')/.)*+(#0/'# 1'-.)*2(.#'-#3.-21# 1'4*5&1.,2#621#'-# 5'(521#,'#7/8',.,#

82,'-2#9:;<<#)2(#'-#)2(&'(*,2#,'#7/8',.,#41.3*8=&1*)2>##

#

5.4.3. Radiación Fotosintéticamente Activa 

?.#&28.#,'#,.&25#,'#:.,*.)*+(#@2&25*(&=&*).8'(&'#A)&*3.#B:@AC#5'#1'.-*D+#)2(#-.#

.E/,.#/(#1.,*+8'&12#,'#-.#8.1).#?F#9$:G#82,'-2#?FHIJ;KG#).,.#J#,L.5#,'5,'#'-#M#

,'#N/-*2#7.5&.#'-#I!#,'#5'6&*'8%1'#,'#"<<K>#

92(# -25# 3.-21'5# 2%&'(*,25# )2(# ,*)72# .6.1.&2# 5'# ).-)/-+# '-# 621)'(&.O'# ,'# -/D#

*(&'1)'6&.,.#'(#).,.#&1.&.8*'(&2P#

I<<Q
R

R
?FS

<

! #

T2(,'P#

S?F#U#V21)'(&.O'#,'#-/D#*(&'1)'6&.,.G#.,*8>#

R<#U#@-/O2#W2&+(*)2#8',*,2#52%1'#'-#,25'-G#X8
H">#

R#U#@-/O2#W2&+(*)2#8',*,2#%.O2#'-#,25'-G#X8H">#

?.5# 8',*)*2('5# 5'# 1'.-*D.12(# )2-2).(,2# '-# 5'(521# ,'# 8.('1.# &1.(53'15.-# .# -.#

,*1'))*+(#,'#-25#5/1)25G#52%1'#'-#,25'-#E#'(#-.#6.1&'#%.5.-#,'-#-.5#6-.(&.5>#
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#

5.4.4. Rendimiento de grano 

$%#&'()&*%#+),#-%./#0%1%#+)2)1-34%1#),#1)4+3-3)42'#+)#51%4'#()#1)%,3/6#),#+.%#78#

+)#4'93)-:1);#<#&'4(3(236#)4#03/&%1#,%(#-%/'1&%(#+)#,%#0%1&),%#=23,#>8?#0,%42%(#+)#

,'(#7#(@1&'(#&)421%,)(#+)#A7#-#+)# ,%15';#+)B%4+'#"#-#)4#&%+%# ,%+'#&'-'#'13,,%C;#

&'12%4+'#%#(@#9)/#,%(#0,%42%(#&'11)(0'4+3)42)(#0%1%#%-'5'2%1,%(#<#%(.#%&),)1%1#(@#

()&%+';#2%,#<#&'-'#()#-@)(21%#)4#,%#D35@1%#EF#

#

Figura 9. G:3&%&364#+)#,%#H0%1&),%#=23,I#0'1#21%2%-3)42'#0'1#:,'J@)#)4#),#(323'#)K0)13-)42%,;#@23,3/%+%#

)4#,%#':2)4&364#+),#1)4+3-3)42'#+)#51%4'F 

$%# -%/'1&%# 1)&',)&2%+%# ()# &','&6# )4# :',(%(# )23J@)2%+%(# 0%1%# +3D)1)4&3%1# ,%#

&'11)(0'4+3)42)# %# &%+%# 21%2%-3)42'# <# +@1%42)# ,'(# +.%(# 0'(2)13'1)(# ()# )K0@('# %,#

(',F# # L,# +.%# "# +)# )4)1'# ()# +)(51%46# <# +)2)1-346# ),# &'42)43+'# +)# *@-)+%+# +),#

51%4'# -)+3%42)# ,%# 2'-%# +)# 7# -@)(21%(# 0'1# :,'J@)# >M# )4# 2'2%,C;# 1)(@,2%4+'# @4#

01'-)+3'#+)#MF?NO#+)#&'42)43+'#+)#*@-)+%+F##

#

5.4.5. Materia seca total y su partición 

L4#),# )K0)13-)42'# ()# ':2@93)1'4# 7# 9%,'1)(# +)#-%2)13%# ()&%# 2'2%,;# ),# 013-)1'# D@)#

1)(@,2%+'# +)# ,%# (@-%#+),# 0)('# +)# ,%(# 8?# 0,%42%(# %-'5'2%+%(# <# ()&%+%(# %,# %31)#



Materiales y Métodos  
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"

#$%&'" ()*" '#" +'*," -'#" ,#,.'" /+'*)-," )#" (,('0.," -'" -'*1&)0)&" +)&)" ,%.'0'&" '#"

&'0-$($'0.," -'" 1&)0,2" 34" '#" *'150-," -'" #)*" +#)0.)*" '.$65'.)-)*" +,&" .&).)($'0.,"

/7'&")+)&.)-,"!8!89828"

"

:0" #," 65'" &'*+';.)" )" #)" +)&.$;$<0" -'"().'&$)" *';)4" =*.)" *'" ,%.5>," *<#," +)&)" #)*"

+#)0.)*"'.$65'.)-)*";,0*$-'&?0-,*'"#,*"*$15$'0.'*"@);.,&'*A"

!" B)##,"

!" C,D)"

!" :*+$1)"

!" E#,.'"

!" F&?;.')*"/B,.,(,G.#'2"

!" H&)0,"

5.4.6. Altura, diámetro y número de hojas. 

I)&)" #)" ,%.'0;$<0" -'" #,*" -).,*" -'" )#.5&)4" -$?('.&," 3" 0J('&," -'" K,D)*4" *'"

'.$65'.)&,0" 9" +#)0.)*" +,&" .&).)($'0.," +,&" %#,65'" /L$15&)" MN24" 3" *'" ;,('0O<" )"

&'1$*.&)&"*5"$0@,&();$<0")"+)&.$&"-'#""-P)"M9"-'"D50$,"K)*.)""'#"QQ"-'"*'+.$'(%&'8""

"

!" Altura." R'" &'1$*.&<" -'" ()0'&)" +'&$<-$;)" /;)-)" ,;K," -P)*24"

)5G$#$?0-,*'"+)&)"'##,"-'"50"'*.)-)#"1&)-5)-,"'0";(S"*'"($-$<"-'*-'"

#)" %)*'" -'" #)*" +#)0.)*" )" #)" 'G;'&*$<0" -'" #)" K,D)" (?*" D<>'08" T)"

('-$;$<0"*'"'@';.5<"'0"#)*"+#)0.)*"'.$65'.)-)*"3"*'",%.5>,"*5"('-$)"

)&$.(=.$;)8"

!" Diámetro del tallo." U*5($'0-," 65'" #)" @,&()" -'" #)*" ($;&,;5'0;)*"

)@';.)"'#"1&,*,&"-'#".)##,4"*'"K$;$'&,0"#)*"('-$;$,0'*"-'"-$;K)">)&$)%#'"

'0" #)" +)&.'" %)*)#4" K);$'0-," 5*," -'" 50" >'&0$'&8" " :*.)" >)&$)%#'" *'"

;,('0O<")"('-$&"V"-P)*"-'*+5=*"-'"#)")#.5&)"3"0J('&,"-'"K,D)*"'0"

#)*" +#)0.)*" '.$65'.)-)*4" +)&)" '>$.)&" ()#.&).)&#)*8" " R'" ;)#;5#<" *5"

('-$)8"

"



Materiales y Métodos  
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#

!# Número de hojas.# $%# &'()%# *(+# %)# )%,(-)# .# +%# /&01+,-2# /+%# ,)%%23# +%#

451+-2# /+# 627)8# 8+# 924,:# .# -+'&8,-:# 9)/)# ;# /<)8# +4# %)8# =%)4,)8#

+,&*(+,)/)8#.#8+#9)%9(%:#8(#1+/&)#)-&,1>,&9)?#

#

Figura 10. @%)4,)8# +,&*(+,)/)8# =2-# A%2*(+# (,&%&B)/)8# +4# %)# 2A,+49&:4# /+# %28# /),28# /+# )%,(-)3#

/&01+,-2#.#451+-2#/+#627)8?#

 

5.5. OTRAS OBSERVACIONES 

5.5.1. Determinación del coeficiente de absorción foliar 

C)#D2,28<4,+8&8#/+#(4#9(%,&E2#42#8:%2#/+=+4/+#/+#%)#/&8,-&A(9&:4#/+#F#GD%(72#D2,:4&92#

*(+#)9,&E)#%)#D2,28<4,+8&8H#+8,2#+8#D2,24+8#+4#%)#%24'&,(/#/+#24/)#/+#!II#)#JII#41K#

+4,-+#%28#+8,-),283#8&42#,)1A&>4#/+#%)#9)4,&/)/#,2,)%#/+#F#)A82-A&/)#=2-#+%#/28+%?#$#

1+/&/)# *(+# 8+# /+89&+4/+# +4# +%# /28+%3# F# /&81&4(.+# 1)8# 2# 1+428#

+L=24+49&)%1+4,+# 924# %)# 9)4,&/)/# /+#1),+-&)%# D2%&)-# +4924,-)/2?# $/+1083# 8&# %28#

,)%%28#)A82-A+4#9)4,&/)/+8#8&'4&D&9),&E)8#/+#F3#,)1A&>4#/+A+4#,21)-8+#+4#9(+4,)#

GM221A8#+,#)%?3#NO;;K?##P+#+8,+#12/23#/&9628#)(,2-+8#=-2=24+4#(4)#+9()9&:4#+4##########################

%)#*(+#8+#9248&/+-)#un índice de absorción foliar (K)#*(+#-+=-+8+4,)#%)#D-)99&:4#



Materiales y Métodos  

!"#

#

$%# &'(')%*# +),+$%)(%*# -.*'/.+$'*# 0'/# 1/%-# 2)+(-/+-3# %*(-# %,2-,+4)# ,')*+$%/-# 5'*#

-*0%,('*#-)(%*#6%),+')-$'*7#

#

!!
"

#
$$
%

&
'

8

9

:

:
;)<8 #

=')$%7#

>#?#@'%&+,+%)(%#$%#-.*'/,+4)#&'5+-/3#-$+6%)*+')-5A#

8###?#B)$+,%#$%#1/%-#&'5+-/#-,2625-(+C'3#6D
#$%#1/%-#&'5+-/E#6

D
#$%#*20%/&+,+%#$%5#(%//%)'A#

:9#?#852F'#&'(4)+,'#G'/+H')(-56%)(%#-//+.-##$%#5-#,+6-#$%5#$'*%53#)6A#

:8#?#852F'#&'(4)+,'#%)#,2-5I2+%/#)+C%5#8#$%)(/'#$%5#$'*%53#)6A#

#

J-/-#$%(%/6+)-/#%5#C-5'/#$%5#,'%&+,+%)(%#$%#-.*'/,+4)#&'5+-/#K>L3#,'//%*0')$+%)(%#-#

,-$-# (/-(-6+%)('# $%5# 0/%*%)(%# %M0%/+6%)('3# # *%# 2(+5+H4# 2)# ,2-$/-$'# G%,G'# $%#

-5-6./%#I2%#,2./+4#2)-#*20%/&+,+%#$%#N#6D3#O*(%#*+/C+4#$%#P2Q-#0-/-#+$%)(+&+,-/#5-*#

05-)(-*#R#G'F-*#I2%#I2%$-/-)#$%)(/'#$%5#6+*6'A##S%$+-)(%#%5#2*'#$%5#/-$+46%(/'#

$%#5-#6-/,-#T;#@UV3#6'$%5'#T;WTXY"3#R#,')#5-#-R2$-#$%#2)-#%*,-5%/-#R#2)#%*(-$-5#

*%#6+$+4#5-#/-$+-,+4)#+),+$%)(%#*'./%#5-#,+6-#$%5#$'*%5#K:9L#R#5'*#C-5'/%*#$%#:8#-#

,-$-#D9#,63#$%*$%#5-#02)(-#$%#5-#%*0+P-#G-*(-#5-#.-*%#$%#5-*#05-)(-*3#,'5',-$'#%)#

$+/%,,+4)#$%#2)#CO/(+,%#-5#'02%*('#$%5#,2-$/-$'#$%#-5-6./%A#Z)-#C%H#/%P+*(/-$'*#

5'*# C-5'/%*# $%# /-$+-,+4)3# *%# 0/',%$+4# -# ,'/(-/# G'F-*# R# (-55'*# $%# 5-*# 05-)(-*# I2%#

I2%$-.-)#C+*+.5%6%)(%#$%)(/'#$%5#,2-$/-$'#$%#-5-6./%#-#5-#6+*6-#-5(2/-#-#5-#I2%#

*%#/%P+*(/-.-#5-#/-$+-,+4)3#,-$-#D9#,63#0-/-#0'*(%/+'/6%)(%#$%(%/6+)-/#%5#1/%-#$%#

5-*# G'F-*# 6%$+-)(%# %5# 2*'# $%5# # +)(%P/-$'/# $%# 1/%-# &'5+-/# $%# 5-# 6-/,-# T;# @UV3#

6'$%5'#T;W[N99#R3#$%#5'*#(-55'*#,')#5-#&4/625-#$%5#1/%-#$%5#/%,(1)P25'#.#M#G#K.-*%#M#

-5(2/-L3#$')$%# 5-#.-*%#%*\#(#M#)# K[AN!N"#M#$+16%(/'#$%5# (-55'L#R# 5-#-5(2/-#*%#6+$+4#

$+/%,(-6%)(%#$%5#(-55'A#

#

T'*# C-5'/%*# '.(%)+$'*# $%5# 1/%-# &'5+-/# ,'//%*0')$+%)(%# -# ,-$-# %*(/-('# $%# D9# ,63##

*'5'#*%#(/-)*&'/6-/')#$%#,6D#-#6D##0-/-#'.(%)%/# 5'*#Q)$+,%*#$%#1/%-#&'5+-/#K;]8L3#

$-$'#I2%#;]8?#1/%-#&'5+-/#6DE*20%/&+,+%#$%5#(%//%)'#6D#R3#%)#%*(%#,-*'3#5-#*20%/&+,+%#

,')*+$%/-$-# &2%# $%# N6DA# # ^%# ,-5,25-/')# 5'*# C-5'/%*# $%# 8# K;]8-,2625-$'L# R# *%#



Materiales y Métodos  

!"#

#

$%&'()&%*+# )*+,%&# -*.# /0-# 1+# 23453678# 9&%&# '(+&-:0+,0# &9-()&%# %0$%0.(;+# -(+0&-# <#

*=,0+0%# -&# 0)>&)(;+# ?>0# 9%*9*%)(*+&%@&# 0-# A&-*%# /0# BC# D*/*# 0-# 9%*)0/(:(0+,*#

/0.)%(,*#&+,0%(*%:0+,08#.0#%0&-(E;#>+&#A0E#9*%#)&/&#,%&,&:(0+,*#0+#-&#:(.:&#'0)F&8#

G#/0#H),>=%0#/0#G44IC#

5.5.2. Explicación de los rendimientos obtenidos utilizando la metodología 

propuesta por la FAO (2000).  

J+# 0-# 9%0.0+,0# &9&%,&/*# .0# 9%0,0+/0# /&%# >+&# 0K9-()&)(;+# &# -*.# %0+/(:(0+,*.# /0#

$%&+*# *=,0+(/*.# 9&%&# )&/&# ,%&,&:(0+,*# &-# '(+&-# /0-# ,%&=&L*# /0# (+A0.,($&)(;+8#

F&)(0+/*#>.*#/0#-&#:0,*/*-*$@&#9%*9>0.,&#9*%# -&#6MH#2G44478#9&%&#0-#9%*+;.,()*#

/0# %0+/(:(0+,*.# /0# /('0%0+,0.# )>-,(A*.# &$%@)*-&.8# /()F&#:0,*/*-*$@&# (+A*->)%&# -&#

.($>(0+,0#';%:>-&N#

 

hidrK*F*YmáxY ! *Ksal 

O*+/0N##

#

Ymáx# P# Q0+/(:(0+,*# 9*,0+)(&-# :RK(:*# *# &$%*)-(:R,()*# 0)*+;:()&:0+,0#

&9%*A0)F&=-0# ?>0# 9>0/0# 9%*/>)(%# )>-,(A*# .&+*# )*+# >+# .>:(+(.,%*#

&/0)>&/*#/0#+>,%(:0+,*.#<#&$>&8#0+#S$#F&TUC#

6 = 6&),*%# /0# %0.,%())(;+# /0-# %0+/(:(0+,*# 9*%# /0'()(0+)(&# /0# +>,%()(;+# 2V+/()0#

(+,0$%&-#/0#60%,(-(/&/78#&/(:0+.(*+&-#2A&%@&#0+,%0#4#<#U7C#

BF(/%#P#6&),*%#/0#%0.,%())(;+#/0-#%0+/(:(0+,*#9*%#/0'()(0+)(&#/0#.>:(+(.,%*#/0#&$>&8#

&/(:0+.(*+&-#2A&%@&#0+,%0#4#<#U7C##

B.&-#P#6&),*%#/0# %0.,%())(;+#/0-# %0+/(:(0+,*#9*%#.&-(+(/&/#/0-#.>0-*8#&/(:0+.(*+&-#

20+,%0#4#<#U7C#

#

Valor de  Y 

O&/*#?>0#+*#.0#%0?>(0%0#/0#0.,(:&%# -*.#%0+/(:(0+,*.8#9>0.,*#?>0#.0#/(.9*+0#/0#

-*.#A&-*%0.#/0#%0+/(:(0+,*#%0&-#9*%#,%&,&:(0+,*#9*%#=-*?>08#W.,*.#.0#.>.,(,>(%R+#0+#

-&#0)>&)(;+#0+#0-#0.9&)(*#/0.,(+&/*#9&%&# -&#A&%(&=-0#Y 2Q0+/(:(0+,*.#0.,(:&/*.#

0+#,*+#F&TU7C#



Materiales y Métodos  

!"#

#

Valor de Ymáx. 

$%# &'()*+*'(,-# +./*+-# 0Ymáx1# 2-(3*)'&4)-# '(# '%# 5&'3'(,'# 5&-6'2,-# )'#

*(7'3,*842*9(:# 2-&&'35-()'# 4%# &'5-&,4)-# 5-&# '%# 5&-7'')-&# )'# %4# 3'+*%%4# ;,*%*<4)4:#

74&*')4)#=4(#>-3'2*,-:#'%#2;4%#'3#*8;4%#4#"#,-(#?4@A:#0B?45*(8-:#CDD!1E#

#

Cálculo de Khidr 

F4&4# '%# 2.%2;%-# )'%# G42,-&#Khidr# 3'# ;,*%*<4# %4# 3*8;*'(,'# G9&+;%4# 0=63:# H4(# I4(3,# 6#

J'K47'6':#ALLA1M#

#

Khidr#N##f#O
! "
! "#

$ %

%n

1i optima

media

PMP

PMP

i

i

&

&
P# # # # # # #

#

J-()'##

f##N#Q(4#G;(2*9(#)'#%4#3;+4#
! "
! "#

$ %

%n

1i optima

media

PMP

PMP

i

i

&

&
R##

imedia& #N#$3#%4#?;+')4)#+')*4#)'%#3;'%-#'(#%4#<-(4#&4)*24%#)'%#2;%,*7-#);&4(,'#'%#

+'3#2-(#(S+'&-#i#'(#'%#2*2%-#)'#)'34&&-%%-#)'%#2;%,*7-E##

PMP#N#$3#%4#?;+')4)#2-&&'35-()*'(,'#4%#F;(,-#)'#T4&2?*,'<#F'&+4('(,'E#

ioptima& #N#$3#%4#?;+')4)#95,*+4#)'%#3;'%-#'(#%4#<-(4#&4)*24%#)'%#2;%,*7-#);&4(,'#'%#

+*3+-#+'3#2-(#(S+'&-#iE#

#
$

n

1i

N#$3#%4#3;+4#)'#%43#G&422*-('3#
PMP

PMP

i

i

optima

media

%

%

&

&
#'(#24)4#+'3#);&4(,'#'%#2*2%-#)'#

)'34&&-%%-#)'%#2;%,*7-#2-(#);&42*9(#,-,4%#)'#n#+'3'3R#%4#G&422*9(#
PMP

PMP

i

i

optima

media

%

%

&

&
#3'#

24%2;%4#2-(3'2;,*74+'(,'#54&4#'%#+'3##5&*+'&-# i = A:#3'8;()-# i#N#C:#',2E#?43,4#'%#

S%,*+-#+'3#2-(#(S+'&-#nE##

$/*3,'(# 74&*-3# +-)'%-3# +4,'+.,*2-3:# %-3# 2;4%'3# 3'# )'32&*K'(# %4# G-&+4# )'# %4#

G;(2*9(#f#0U46%-&:#AL"VR#WXY:#CDDDR#',2E1E#



Materiales y Métodos  

!"#

#

$%&%# '%(# )*+,-)-*+.(# ,.'# ./0.&-1.+2*# (.# )%')3'4# 3+# 5%'*&# ,.# optima! # 0%&%# )%,%#

.2%0%# 6.+*'47-)%# .+# 8%(.# %# '%# .5%0*2&%+(0-&%)-4+# 0*2.+)-%'# )%')3'%,%#

.(0.)96-)%1.+2.#0%&%#.(2.#)-)'*#,.'#)3'2-5*#,.#1%9:#;<3%,&*#=>?@A##BC#,%,*#D3.#(.#

,-(0*+.#,.#'%#-+6*&1%)-4+#,.#)*+2.+-,*#,.#E31.,%,#.+#.'#(3.'*#%#)%,%#2.&).&#,9%#

,.'# )-)'*# ,.'# )3'2-5*C# %(9# )*1*# ,.'# )*+2.+-,*# ,.# E31.,%,# %# $F$# # ;>GA!?H@C# (.#

)%')3'%&*+# 5%'*&.(# ,.# IE-,&# %# )%,%# 2.&).&# ,9%# JC# 0*(2.&-*&1.+2.C# '*(# 0&*1.,-*(#

)*&&.(0*+,-.+2.(#%#)%,%#.2%0%#6.+*'47-)%C#%7&30%,*(#,.#,*(#.+#,*(#;K'*D3.(#LMLLLC#

J#8'*D3.(#LLMLN@C#'*(#)3%'.(#(.#0&.(.+2%+#.+#'*(#<3%,&*(#=>"#J#=OGA#

" #
" #

n

PMP

PMP

K

n

i optima

media

j

i

i$
% &

&

%
1 !

!

#

Kj#P#Khidr#)*&&.(0*+,-.+2.#%#'%#.2%0%#6.+*'47-)%#QC##

(-.+,*# Q# P# ># ;R2%0%# ,.# .(2%8'.)-1-.+2*@C# O# ;R2%0%# 5.7.2%2-5%@C# S# ;R2%0%# ,.#

6'*&%)-4+@C#!#;R2%0%#,.#6*&1%)-4+#,.'#.'*2.#J#''.+%,*#,.'#7&%+*@C#J#

T# ;R2%0%# ,.# 1%,3&.:@U# i P# V9%# ,.# &.7-(2&*# ,.# E31.,%,; n = 

WX1.&*#2*2%'#,.#,9%(#,.#'*(#D3.#)*+(24#'%#.2%0%#6.+*'47-)%#QA 

!media#P#Y31.,%,#1.,-%#,.'#(3.'*#)*&&.(0*+,-.+2.#%'#,9%#-A#

!optima#P#Y31.,%,#402-1%#,.'#(3.'*#)%')3'%,%#0%&%# '%#.2%0%# 6.+*'47-)%# QC# ;)3%,&*#

=>?@A##

PMP# P# <*+2.+-,*# ,.# Y31.,%,# ,.'# (3.'*# %'# 03+2*# ,.# 1%&)E-2.(# 0.&1%+.+2.C#

>GA!?HA#

=(9C#3+%#5.:#*82.+-,*#3+#5%'*&#Kj# 0%&%#)%,%#.2%0%# 6.+*'47-)%C# (.# #7.+.&%&*+#3+#

2*2%'#,.#?#5%'*&.(#6-+%'.(#,.#KhidrC#&.(3'2%,*#,.'#0&*1.,-*#0*&#2&%2%1-.+2*#,.#'*(#IQ#

1.+)-*+%,*(C# !# 0%&%# '*(# 8'*D3.(# L# J# LLLC# J# !# 0%&%# '*(# 8'*D3.(# LL# J# LN##

'
'
(

)

*
*
+

,
-..
/

0
11
2

3
% $

%

5

5

1j

jKKhidr A## # #

 

Cálculo de Ksal#

$%&%# .'# )Z')3'*# ,.'# 5%'*&# ,.#KsalC# ,%,*#D3.# (4'*# (.# )3.+2%# )*+#O#1.,-)-*+.(#,.#

<*+,3)2-5-,%,# R'[)2&-)%# ;<R@# .+# '%8*&%2*&-*# 0%&%# )%,%# 8'*D3.C# )*+#13.(2&%(# ,.#

(3.'*#%#!G#)1C#%+2.(#,.#'%#(-.18&%#J#%'#6-+%'#,.'#)-)'*#,.'#)3'2-5*A#\.#%(31-4#3+%#



Materiales y Métodos  

!"#

#

$%&'(%)*+%,-# .%-/0.# $/.# +1231('02%/-'1# $/# .0# 456# 30(0# 31$/(# +0.+*.0(# .0# 2/$%0#

0(%'27'%+0# $/# 02)0&# 2/$%+%1-/&# +1((/&31-$%/-'/# 0# +0$0# ).18*/6# /# %-'(1$*+%(#

$%+91&#:0.1(/&#/-#.0#&%;*%/-'/#/+*0+%,-#3(13*/&'0#31(#.0#<=>#?@ABCD6#E#*'%.%F0$0#/-#

.0#1)'/-+%,-#$/.#(/-$%2%/-'1#31'/-+%0.#/-#G*-+%,-#$/#.0#&0.%-%$0$H###

I#J#@""#K#)#?5+LMN*D#

O1-$/H#

I#J#P/-$%2%/-'1#31'/-+%0.6#QR#

)#J#$%&2%-*+%,-#$/#(/-$%2%/-'1#31(#0*2/-'1#*-%'0(%1#$/#&0.%-%$0$R#

N*#J#N0.%-%$0$#*2)(0.6#$NS2R#

5+LJ#41-$*+'%:%$0$#5.7+'(%+0#/-#/.#/L'(0+'1#$/#&0'*(0+%,-6#$NS2R#

O/#'0).0&6#?<=>6#@ABCDH#

N*#J#1.7#$NS2#?&0.%-%$0$#9*2)(0.#30(0#20TFDR#

N*QD"E30(0?5+L

@""
)

!"
" #

5+L#30(0#E#J#"#Q# ?41-$*+'*:%$0$#/.7+'(%+0#/-#/.#/L'(0+'1#$/#&0'*(0+%,-#30(0#*-#

(/-$%2%/-'1#$/.#"#QD#J# 10#$N#2M@6#?<=>6#@ABCDR#

5.#:0.1(#$/#)#(/&*.'0H#

"UBR@V
D$N2CR@$N2@"?

@""
)

@@
"

!

"
!!

#

N*&'%'*E/-$1#:0.1(/&#/-#.0#/+*0+%,-#1(%;%-0.6#7&'0#8*/$0#$/#.0#&%;*%/-'/#G1(20H#

I#J#@""#M#?@VR"UBW?54LM@RCDD#

#

<%-0.2/-'/6# $0$1# 8*/# /.# 31(+/-'0X/# $/# (/-$%2%/-'1# 31'/-+%0.# 0G/+'0$1# 31(# .0#

&0.%-%$0$#+1((/&31-$/#0#YIZ6#7&'/#31(+/-'0X/#3*/$/#&/(#+1-&%$/(0$1#+121#/.#:0.1(#

$/#[&0.6#&*&'%'*E/-$1#.1&#:0.1(/&#$/#45#/-#54L#$/#.0#/+*0+%,-#0-'/(%1(R#

#

Determinación de F 

5.# :0.1(# $/.# <0+'1(# $/# (/&'(%++%,-# $/.# (/-$%2%/-'1# 31(# $/G%+%/-+%0# $/# -*'(%+%,-#

?\-$%+/# %-'/;(0.# $/#</('%.%$0$D6# /-#/&'/# +0&1#&/#1)'*:1#31(#$/&3/X/#$/# .0# G,(2*.0#

1(%;%-0.6#8*/$0-$1#$/#.0#&%;*%/-'/#G1(20H#

F = Y/(Ymáx x Khidr x Ksal)#



Resultados y Discusión 

!"#

#

66..  RREESSUULLTTAADDOOSS  YY  DDIISSCCUUSSIIÓÓNN  

6.1. PRECIPITACIÓN PLUVIAL 

$%#&'&%(#)*%#&+%,'-(#)*#./01#,+-(#+2/#)+3/&'42#)*#"56#)0/78#9+*#&(.:3*2)*#)*%#;#)*#

<+2'(# /%# ;=# )*# 2(-'*.>3*# )*# ;??=@# A+3/2,*# *7,*# :*3'()(# %/# :3*&':',/&'42# ,(,/%#

(&+33')/# B+*#)*#CC;@6#..@# #D/#:3(>/>'%')/)#)*#(&+33*2&'/#)*# %/#:3*&':',/&'42#*2#

*7,*# &'&%(# )*%# &+%,'-(# &(33*7:(2)*# /%# !"@5E8# # 7+# &F%&+%(8# 7*# 3*/%'14# 7*GH2# %/#

.*,()(%(G0/# &',/)/# :(3# D/2)*3(7# I;???J8# &(2# %(7# )/,(7# )*# :3*&':',/&'42# )*# %/#

*7,/&'42# .*,*(3(%4G'&/# )*%# K(%*G'(# )*# L(7,G3/)+/)(78# &(33*7:(2)'*2,*7# /# ;"#

/M(7#)*#3*G'7,3(#I"N6!O;??!J8#-*3#K+/)3(#PO"@#

#

$2# *%# &+/)3(# C8# Q# *2# %/# R'G+3/# ""# 7*# .+*7,3/# %/# )'7,3'>+&'42# )*# %(7# )/,(7#

&%'./,(%4G'&(7#&(27')*3/)(7#)*#G3/2#'.:(3,/2&'/#*2#*%#&3*&'.'*2,(#Q#)*7/33(%%(#)*%#

&+%,'-(8#Q/#9+*#)/2#')*/#)*#%/7#&(2)'&'(2*7#/.>'*2,/%*7#9+*#7*#:3*7*2,/3(2#*2#*%#

7','(#*S:*3'.*2,/%@# D(7#)/,(7#)*#:3*&':',/&'42#&(33*7:(2)*2#/# %/# %F.'2/#.*27+/%#

/&+.+%/)/# *2#..#.*)')(7# &(2# *%# :%+-'4.*,3(T# D/# *-/:(3/&'428# /%# 'G+/%# 9+*# %/#

:3*&':',/&'428# &(33*7:(2)*#/# %/# %F.'2/#.*27+/%#/&+.+%/)/#*2#..#.*)')/#*2#*%#

,/29+*# ,':(# UPV# Q8# %(7# -/%(3*7# )*# ,*.:*3/,+3/# 7(2# :3(.*)'(7#.*27+/%*7# )*# %(7#

)/,(7#.*)'(7#)'/3'(7#3*G'7,3/)(7#:(3#*%#,*3.4G3/B(@###

#

$2#&+/2,(#/# %/#:3*&':',/&'428#7*#(>7*3-/#9+*#%/#.FS'./#7*#3*G'7,34#*2#*%#.*7#)*#

W+%'(#I*,/:/#-*G*,/,'-/#)*%#&+%,'-(J#&(2#+2/#%F.'2/#)*#N!@;#..8#Q#%/#.02'./#*2#*%#

.*7#)*#(&,+>3*#I*,/:/#)*#B(3./&'42#)*%#*%(,*#Q# %%*2/)(#)*%#G3/2(J#&(2#CX@X#..8#

:/3/# &(2&%+'3# *%# &'&%(# 2+*-/.*2,*# &(2# %%+-'/7# *2# *%# .*7# )*# 2(-'*.>3*# &(2# +2/#

%F.'2/#)*#5;@5#..@#$2#%(#9+*#3*7:*&,/#/#*-/:(3/&'428#%/#.FS'./#7*#:3*7*2,/#*2#

W+2'(#I";=@X#..J#Q#-/#)*7&*2)'*2)(#%*-*.*2,*#Y/7,/#*%#.*7#)*#7*:,'*.>3*#9+*#

7*#:3*7*2,/# %/# *-/:(3/&'42#.02'./#9+*#)'B'*3*#)*# %/#.FS'./#74%(# :(3# ;X@C#..8#

&/>*#)*7,/&/3#9+*#*2# ,()(7# # %(7#.*7*7#&(27')*3/)(78# %(7#-/%(3*7#.*27+/%*7#)*#

*-/:(3/&'42#*7,F2#:(3#*2&'./#)*#%(7#)*#:3*&':',/&'42@##R'2/%.*2,*8#%/#,*.:*3/,+3/#

.*)'/#.*27+/%#2(#:3*7*2,/#-/3'/&'(2*7#7'G2'B'&/,'-/7#)+3/2,*#%(7#.*7*7#)*#<+2'(#/#



Resultados y Discusión 

!"#

#

$%&'(%)*+%,# $(-# %)*.+/0# 1%# 02'3*+%# .# -04(%)*+%# $%# .2%-'5.# 6.# *.7.# %-#

'%)&%+.'3+.#&0+#6.#66%/.1.#1%#6.#'%)&0+.1.#1%#0'0809#

#

Cuadro 4. :+%2(&('.2(;-#<#%4.&0+.2(;-#)%-$3.6%$#<#'%)&%+.'3+.#)%1(.#)%-$3.6#023++(1.$#13+.-'%#

%6#2(260#1%6#236'(40#1%#).=>9#?0-'%2(660,#?@A9#"BBC9 

Mes 

 Variables  

Precipitación
(mm) 

Evaporación
(mm) 

Temperatura 
(ºC) 

Junio DE9F# G"C9H# GD9FD#

Julio I!9"# GBC9C# GD9""#

Agosto DH# GBE9I# GD9"I#

Septiembre EB9"# GB"9I# GD9"I#

Octubre FH9H# GB!9I# GC9CC#

Noviembre D"9D# EG9I# GH9DH#

Total 442.8 632.5 - 

#

#

Figura 11. J($'+(*32(;-# 1%# 6.# &+%2(&('.2(;-,# %4.&0+.2(;-# <# '%)&%+.'3+.# %-# %6# $('(0# %A&%+()%-'.6#

13+.-'%#%6#2(260#1%6#236'(40#1%#).=>9#?0-'%2(660,#?@A9#"BBC9 

K0-#%6#L(-#1%#0*$%+4.+#6.#1($'+(*32(;-#1%#6.#&+%2(&('.2(;-#13+.-'%#%6#2+%2()(%-'0#1%6#

236'(40,# $%#2.6236;# 6.# 6M)(-.#&.+.#2.1.#%'.&.# L%-06;/(2.,#.$=#20)0#$3#&0+2%-'.7%#

+%$&%2'0#1%6#'0'.69##J%#.23%+10#20-#%6#23.1+0#!,#%6#F"9GIN#1%#6.#&+%2(&('.2(;-#'0'.6#

023++(1.#.#60#6.+/0#1%6#2(260#1%6#236'(40#$%#&+%$%-';#$060#%-#6.#%'.&.#4%/%'.'(4.,#O3%#
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$%&#'(#)&#*(+,-#)%-(./01#233#)4(56#)/.7(#8-&./8/9(./01#5&#)/59-/:%+0#&1#%1#9,9('#)&#

;<#&=&19,5#)&#''%=/(>#

#

?1#'(#&9(8(#)&#''&1(),#)&'#@-(1,#',5#&=&19,5#)&#''%=/(#5&#-&)%A&-,1#.(5/#(#'(#*/9()#

2)&# ;<# (# <<6B# &1# .,*8(-(./01# .,1# ',5# 8-&5&19(),5# &1# '(# &9(8(# =&@&9(9/=(B# +# '(#

'C*/1(#8-&./8/9()(#$%&#)&#D<E**B#5/&1),#-&'&=(19&#&59&#(58&.9,#&1#&'#5&19/),#)&#

F%&#)&#(.%&-),#.,1#G(')-&1#2DHII6B#.,1)/./,1&5#)&#&59-J5#74)-/.,#5&=&-,#)%-(19&#

&'# ''&1(),# )&'# @-(1,# 8%&)&# )&9&1&-# .,*8'&9(*&19&# '(# $,9,5419&5/5B# 5/1# &*:(-@,B#

9(*:/J1#5&#($/-*(#F%&#'(#(.%*%'(./01#)&#*(9&-/(#5&.(#&1#&'#)&5(--,'',#)&'#@-(1,#

8%&)&#1,# 5&-# )&9&1/)(# .,*8'&9(*&19&B# )&:/),# (# F%&# ',5# (5/*/'(),5#8%&)&1# 5&-#

9-(15',.(),5# )&# ,9-(5# 8(-9&5# )&# '(# 8'(19(B# -&)%./J1),5&# 5,',# )&'# ;E# ('# 3HK# &'#

-&1)/*/&19,# )&# @-(1,># L,5# =(',-&5# )&# 8-&./8/9(./01# )/(-/,5# 5&# 8-&5&19(1# &1# &'#

.%()-,#M">#

Cuadro 5. N-&./8/9(./01B#5%#)/59-/:%./01#&1#&=&19,5#+#'C*/1(#2**6#8,-#&9(8(5#$&1,'0@/.(5B#)%-(19&#

&'#./.',#)&'#*(4O>#P,19&./'',B#P&Q>#<RR3>#

Etapa Fenológica Precipitación 

Etapa S&5.-/8./01#
S%-(./01#

2)4(56#
N&-/,), 

S4(5#

(.%*>#

# LC*/1(#9,9('# # ?=&19,#

mm %  No. %

I 

?59(:'&./*/&19,#

25/&*:-(B#@&-*/1(./01#+#

8'C19%'(6>#

D"#
<#)&#A%1/,#(#D!#

)&#A%1/,#
D"# # "3# I>D"# # ;# ;>"H#

II T&@&9(9/=(># 33#
D3#)&#A%1/,#(#<R#

)&#M@,59,#
EH# # DI3>I# ;<>DH# # ;<# ;3>D!#

III 

U',-(./01#2$,-*(./01#)&#

/1$',-&5.&1./(#+#

&59/@*(6>#

"E#

<D#)&#M@,59,#(#

<3#)&#

V&89/&*:-&#

DD3# # I!>H# DH>;# # <<# <;>DI#

IV 
U,-*(./01#)&'#&',9&#+#

''&1(),#)&'#@-(1,>#
!<#

<E#)&#

V&89/&*:-&#(#DE#

)&#W,=/&*:-&#

D3I# # D<E# <I>3I# # <<# <;>DI#

V P()%-&O># DR#

DI#)&#

W,=/&*:-&#(#<I#

)&#W,=/&*:-&X#

DEI# # E>D# D>3# # D# D>D#

 # # YZYML# DEI# # ;;<>I# DRR# # HD# DRR#

#
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6.2. VELOCIDAD DE INFILTRACIÓN 

$%#&'#()*+,-#.#/#&%#'*0#123),*0#45#/#46#0&#7)&08,*%#'-0#,&0)'8*+-0#-98&%2+-0#+&#'*#

:,)&9*#+&#2%12'8,*(2;%#,&*'2<*+*#&%#&'#0282-#&=:&,27&%8*'>##?-0#@*'-,&0#2%+2(*%#A)&#'*#

2%12'8,*(2;%#9B02(*#&0#*:,-=27*+*7&%8&#+&#6>C"#(7#DE4F#/#0&#2%12'8,*,-%#44>"!(7#+&#

'B72%*# +&# *3)*# &%# 4".>.5# 72%)8-0# G5# D-,*0# (-%# 5.# 72%)8-0H># $'# (-%8&%2+-# +&#

D)7&+*+#+&'#0)&'-#*'#7-7&%8-#+&#'*#,&*'2<*(2;%#+&#'*#:,)&9*#+&#2%12'8,*(2;%#1)&#+&#

I>6JK>#

Cuadro 6. L&'-(2+*+# +&# M%12'8,*(2;%# GMH# &# 2%12'8,*(2;%# *()7)'*+*# GNH# &%# &'# 0282-# &=:&,27&%8*'>#

O-%8&(2''-F#OP=2(->#5QQ.>#

Tiempo acumulado 

minutos 

Velocidad de Infiltración 
cm h-1 

Infiltración acumulada
cm 

5>C5# J>C.# Q>!I#

.>"C# C>J5# 4>45#

4Q>!Q# C>Q!# 4>.6#

45>.Q# .>C!# 4>IC#

4!>!C# .>"4# 5>4J#

4C>4Q# .>5C# 5>6!#

4J>"6# .>QI# 5>!J#

54>4!# !>J.# 5>CC#

56>QC# !>I6# 5>J!#

56>JI# !>CI# 6>Q"#

5I>"6# !>!!# 6>".#

6Q>4C# !>"C# 6>.5#

6!>.5# !>5!# ">44#

6.>JQ# !>54# ">55#

"6>CI# !>QQ# ">I4#

!Q>JI# ">I5# !>6J#

!I>65# ">.C# !>JC#

.!>I5# ">!6# .>!!#

C6>JQ# ">"4# C>4!#

I5>Q6# ">6Q# C>C"#

JQ>"C# ">5Q# I>6"#

JI>5I# ">44# I>II#

4Q.>CI# ">Q6# J>"!#

4QJ>"5# ">Q4# J>.6#

44C>4!# 6>J"# 4Q>4"#

45">J6# 6>II# 4Q>.!#

465>!I# 6>I6# 44>4"#

46J>.5# 6>CI# 44>!J#

4".>.5# 6>C"# 45>Q6#

#
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Figura 12.  #$%&'()*)")$"+,-(%./*'(0,"1+2"$,"$%"3(.(&"$45$/(6$,.*%7"8&,.$'(%%&9"8:47";<<=7 

"

Figura 13. +,-(%./*'(0,"*'>6>%*)* 1?2"$,"$%"3(.(&"$45$/(6$,.*%7"8&,.$'(%%&9"8:47";<<=7"

"

6.3. EVAPOTRANSPIRACIÓN DEL CULTIVO  

@%"'A%'>%&")$"%*"$B*5&./*,35(/*'(0,"5&.$,'(*%"0"C3&"'&,3>,.(B&")$%"'>%.(B&")$"6*DE"

)$"%*"B*/($)*)"F*,"G&3$'(.&"5*/*"$3.$"'('%&"1G>,(&HI&B($6J/$2"/$3>%.0"3$/")$"=K=7;"

669"L"3$"'*%'>%0"3(M>($,)&"%*"6$.&)&%&MD*")$"N%*,$L"L"O/())%$"'(.*)*"5&/"P(Q$/(,*"

1;<<!29" '>*)/&" !7" " O&65*/*,)&" %&3" /$3>%.*)&3" &J.$,()&3" )$" >3&" '&,3>,.(B&" )$%"

'>%.(B&" )$" 6*DE" '&," %&3" )$" 5/$'(5(.*'(0," &'>//()*" $," $%" '('%&" 1KK;7R" 6629" 3$"

&J3$/B*"S>$"T>J&">,"):-('(."TD)/('&")$";<U7K"667"

I = 12.421T-0.2408 

Z = 0.2727T0.7592 
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Cuadro 7. $%&'(&)#*+#&,#-.,/)01,23/41,'452#/)0+2'4,&#*+&#'(&04.)#*+#6,789#/)1#+&#6:0)*)#*+#;&,2+<#

<#$14**&+=#>+14)*)?#@(24)AB).4+6C1+#*+#DEE"=#F)20+'4&&)9#F:G= 

Datos climátológicos Jun# Jul# Ago# Sept# Oct# Nov# Total 

Temperatura media ºC HI=JI# HI=DD# HI=DK# HI=DK# H"=""# HL=IL# #

Precipitación (mm) IM=JE# K!=DE# IL=EE# ME=DE# JL=LE# ID=IE# #

Evaporación (mm) HD"=LE# HE"="E# HEM=KE# HED=KE# HE!=KE# MH=KE# #

% Horas luz (P) M=KI# K=DE# M=KD# M=DM# M=HK# I="L# #

(T+17.8)/21.8 H="D# H="H# H="H# H="H# H=!M# H=J!# #

>N
M=DH

M=HIO
P4 !

"

#
$
%

& '
(

 
HJ=!H# HJ=IM# HJ=L"# HL=LL# HD=K!# HH=EJ# ME=KI#

Kti E=IM# E=IM# E=IM# E=IM# E=I"# E="I# #

f*Kti HH=LI# HH=JI# HH=HI# HE=LI# K=MD# I=L"# #

Kci (Coef. De Grassi y 
Christiansen con KG=0.8) 

E=LE# E="M# E=KD# H=ED# H=EE# E=M"# #

Q$R#S#T'4#T04#P49##U'6V# L=JH# I=ME# HE=DM# HE=!M# K=MD# "=LL# JM=DD#

TWR#S#Q$R#X#)P4#S#JM=DDXME=KIS#E=!K!##*##TW#S#E=M######################$#S#TWX#TWRSE=MXE=!K!SH=LJ#

+Q$#S#Q$RN$9##U'6V# J=!I# HE=J!# HL=IM# HJ=HM# HL=H"# M=JM# 64.62 

#

6.4. ANÁLISIS DE LA HUMEDAD DEL SUELO 

Y+3*+#+&#*7,#+2#Z(+#3+#1+,&485#&,#34+6C1,#<#,#01,.:3#*+#0)*)#+&#'4'&)#*+&#'(&04.)#3+#

1+[4301,1)2# ',*,# 0+1'+1# *7,# &)3# .,&)1+3# ,11)\,*)3# /)1# +&# 3+23)1# *+# ](6+*,*##

6)*+&)# $^!EE9# +2# ',*,# (2,# *+# &,3# (24*,*+3# +G/+146+20,&+3# *+&# 01,C,\)# *+#

42.+304[,'4529#,'(6(&%2*)3+#(2#0)0,&#*+#MK#P+'],3#*+#1+[4301)#+2#0)0,&=##-&#,2%&4343#

+30,*7304')#*+#&)3#')20+24*)3#*+#](6+*,*#[1,.46:014')3#',&'(&,*)3#3+#1+,&485#/,1,#

0)*,3#<#',*,#(2,#*+#&,3#P+'],3#*+#1+[4301)9#<#:30+#42'&(<5#+&#,2%&4343#*+#.,14,28,#

_`Ba`b#<#&,#/1(+C,#*+#')6/,1,'452#*+#6+*4,3#*+#O(c+<=#

#

>,1,#')6/1+2*+1#6+\)1#+&#')6/)10,64+20)#*+#&,#](6+*,*#')20+24*,#+2#+&#3(+&)#,#

&)# &,1[)#*+&#/+14)*)#*+#+30(*4)9#3+#],#*4.4*4*)#3(#,2%&4343#/)1#+0,/,# P+2)&5[4',#<#

:30+#3+#/1+3+20,#,#')2042(,'452=#

6.4.1. Etapa de establecimiento del cultivo 

-2# &)3# '(,*1)3# `J# <# `!# 3+# /1+3+20,2# &)3# .,&)1+3# 6+*4)3# *+&# ')20+24*)# *+#

](6+*,*# [1,.46:014')9# 6+*4*)3# ,# &)# &,1[)# *+# &,# +0,/,# *+# +30,C&+'464+20)# *+&#

'(&04.)#*+#6,789#,37#')6)# &)3#1+3(&0,*)3#)C0+24*)3#*+# &,#/1(+C,#*+#')6/,1,'452#
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$%#&%$'()#&%$'(*+%#,(#-./%0(#$%#1/2%34#(#,()#-.56/*$'$($%)#$%#789!#:&#3#9!8;7#

:&#.%)-%:+'<(&%*+%=##

#

>5)+%.'5.&%*+%4# $':?5)# <(,5.%)# )%# :5*<'.+'%.5*# $%# :5*+%*'$5# $%# ?/&%$($#

@.(<'&A+.':5# %*# ,B&'*(# &%$'(*+%# ,(# )'@/'%*+%# %C-.%)'D*4# E@/',%.(# # 3# F(.+G*%H#

I9JJKLM#

N#O#>)#C#P(#C#>.#

P5*$%M#

N#O#NB&'*(#$%#(@/(4#:&=#

>)#O#Q5*+%*'$5#$%#?/&%$($4#R=#

P(#O#P%*)'$($#(-(.%*+%4#($'&%*)'5*(,=#

>.#O#>.56/*$'$($#.($':/,(.4#:&=###

#

S,# <(,5.# $%# P(# %*# %)+%# :()5# :5..%)-5*$%# (# 9=;T# I(-(.+($5# !=9=;=9=L4# 3# ,(#

-.56/*$'$($#%)#$%#9!#D#;7#:&4#)%@U*#)%(#%,#:()5=#

N(# 6'@/.(#9V#&/%)+.(# :,(.(&%*+%#%,# :5&-5.+(&'%*+5#$%# ,(# ,B&'*(#-.%)%*+%#%*#%,#

)/%,5# (# ,()# -.56/*$'$($%)# $%# %)+/$'5# I9!# 3# ;7# :&L4# ()G# :5&5# ,(# -.%:'-'+(:'D*#

5:/..'$(# %*# ,(# %+(-(# $%# %)+(0,%:'&'%*+5# $%,# :/,+'<5=# N5)# <(,5.%)# $%# ,B&'*(#

:5..%)-5*$'%*+%)# (# ,(# -.56/*$'$($# $%# 9!# :&# $'6'%.%*# (-.5C'&($(&%*+%# V# :&#

:5&-(.($5)#:5*#,5)#-.%)%*+($5)#(#,(#-.56/*$'$($#$%#;7#:&4#)'%*$5#A)5)#U,+'&5)#

&(35.%)=##

#

S*#:/(*+5#(,#(*B,')')#%)+($G)+':54#(,#.%(,'H(.#%,#EWXE#(,#:5*+%*'$5#$%#?/&%$($#(#,(#

-.56/*$'$($#$%#9!#:&4#)%#-.%)%*+(.5*#$'6%.%*:'()#)'@*'6':(+'<()#$/.(*+%#,5)#$G()#T4#

"#3#99#$%#Y/*'5#34#%,#.%(,'H($5#(,#:5*+%*'$5#$%#?/&%$($#(#;7#:&#$%#-.56/*$'$($#

(..5ZD# .%)/,+($5)# )'&',(.%)4# (/*[/%# ,()# $'6%.%*:'()# )'@*'6':(+'<()# I!# O# 7=7!L# )%#

-.%)%*+(.5*#%*#/*#$G(#$'6%.%*+%# I%,#!#$%# Z/*'54#%*# ,/@(.#$%,#99L=#P%# ,(#-./%0(#$%#

1/2%34# ,()#$'6%.%*:'()#)'@*'6':(+'<()#)%#50)%.<(*#%*+.%# ,5)# +.(+(&'%*+5)#\#3#Q#%*#

:5&-(.(:'D*#:5*#,5)#+.(+(&'%*+5)#E#3#P4#3#,()#)'&','+/$%)#%*+.%M#\#3#Q#(,#'@/(,#[/%#

%*+.%#E#3#P#I%*#+5$5)#,5)#:()5)L4#Q/($.5)#EV#3#E!=#
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Figura 14. $%&'()#*+&,#+-(./('0)#/(#/1#23/1-#)#1)2#45-63(0'0)0/2#0/#7!#8#9:#+&;#8#45/+'4'.)+'<(#

*&&,#-+355'0)#035)(./#1)#/.)4)#0/1#/2.)=1/+'&'/(.->#

?)2%(0-2/#/(#/1#@/+@-#0/#A3/#1)#@3&/0)0#)45-B/+@)=1/#4-5#1)2#41)(.)2#2/#0/6'(/#

+-&-#1)#0'6/5/(+')#0/#+-(./('0-#0/#@3&/0)0#/(.5/#1)#+)4)+'0)0#0/#+)&4-#*CC,#8#

/1# 43(.-# 0/# &)5+@'./D# 4/5&)(/(./# *EFE,# GH3'1/5)# # 8# F)5.I(/D# *7JJK,;# # 2/#

0/./5&'(<# 1)# L1%&'()# )45-B/+@)=1/M# 4)5)# +)0)# 6/+@)# 0/# -=2/5B)+'<(# /(# 1)2# 0-2#

45-63(0'0)0/2#0/#/2.30'->##

#

G# 1)#45-63(0'0)0#0/#7!#+&;#/1# 1I&'./#234/5'-5#/2# 1)# 1%&'()#+-55/24-(0'/(./#)#CC#

*9>N!# +&,# 8;# /1# 1'&'./# '(6/5'-5# 1)# 0/# EFE# *O>79# +&,># # G# 9:# +&;# 1-2# B)1-5/2# 0/#

+-(./('0-#0/#@3&/0)0#.5)(26-5&)0-2#/(#1%&'()#)#CC#8#EFE#5/231.)5-(#2/5#0/#K>J#

8#N>9#+&#5/24/+.'B)&/(./>###

#

P(#1)#6'H35)#7!#2/#&3/2.5)#0/#&)(/5)#H5%6'+)#1)#1%&'()#)45-B/+@)=1/#)#1-#1)5H-#0/#

1)#/.)4)#0/#/2.)=1/+'&'/(.-#0/1#+31.'B-#0/#&)ID#8;#)1#5/24/+.-;#+)=/#0/2.)+)5#+-&-#

/1# .5).)&'/(.-# Q# *./2.'H-,# 45/2/(.)# 1-2# B)1-5/2# &%2# 4/A3/R-2# 0/# L$%&'()#

)45-B/+@)=1/M#+-(./('0)#/(#/1#23/1-;#)0/&%2#0/#2/5#/1#S('+-#A3/#2/#/(+3/(.5)#/(#

9#6/+@)2#4-5#0/=)T-#0/#EFE#8;#A3/#/1#.5).)&'/(.-#C#2/#/(+3/(.5)#1)#&)8-5#4)5./#

0/1#.'/&4-#4-5#/(+'&)#0/#1-2#0/&%2#.5).)&'/(.-2>#
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Figura 15. $%&'()# )*+,-./0)12.# )# 2)# *+,34(5'5)5# 5.# 6!# /&# .(# 2)# .7)*)# 5.# .87)12./'&'.(7,# 5.2#

/427'-,9#

#

Figura 16.# $%&'()# )*+,-./0)12.# )# 2)# *+,34(5'5)5# 5.# :;# /&# .(# 2)# .7)*)# 5.# .87)12./'&'.(7,# 5.2#

/427'-,9 

<.#)/4.+5,#/,(# 2)# 3'=4+)#6>?#54+)(7.# 2)#.7)*)#5.#.87)12./'&'.(7,#5.2#/427'-,?# 2,8#

-)2,+.8#5.#2%&'()#)*+,-./0)12.#.(#.2#84.2,#.874-'.+,(#*,+#.(/'&)#5.#2)#2%&'()#)#

@@#2)#&)A,+#*)+7.#5.2#7'.&*,#BC#5.#D#3./0)8#5.#+.='87+,E?#8'.(5,#.(#.87.#/)8,#2,8#
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$%&$&'()*$+,#-#.#/# 0+,#12)#&0$)%*&3&')*$)#4%),)*$&%+*# 0&,# 05'(*&,#'5,#&0$&,#.6#

*2)7&')*$)#)0# $%&$&'()*$+#8#,)#)*9+*$%:#4%)3+'(*&*$)')*$)#4+%# 3);&<+#3)# 0+,#

3)'5,#$%&$&'()*$+,=#

#

6.4.2. Etapa vegetativa 

>&#)$&4&#7)?)$&$(7&#9+*,$:#3)#!!#3@&,6#9+*#2*# $+$&0#3)#AA# B)9C&,#3)# %)?(,$%+#3)#

9+*$)*(3+#3)#C2')3&3#?%&7('D$%(9+6#3&$+,#&# 0+,#12)6#&0# (?2&0#12)#)*# 0&#)$&4&#3)#

),$&;0)9('()*$+6##,)#0),#%)&0(E:#)0#FGHF##I!J#"="KL#.#0&#4%2);&#3)#9+'4&%&9(:*#3)#

')3(&,#3)#M2N).#I/2&3%+#F!L=##

#

8)#0&#B(?2%&#OP#,)#$()*)#12)6#&2*12)#)0#9+'4+%$&'()*$+#3)#0&#05'(*&#9+*$)*(3&#)*#

)0#,2)0+#&#0&,#3+,#4%+B2*3(3&3),#3)#),$23(+#B2)#,('(0&%6#0&#,)4&%&9(:*#)*$%)#&';&,#

,)#'&*$27+#&# 0+# 0&%?+#3)# $+3&# 0&#)$&4&#7)?)$&$(7&6#+,9(0&*3+#)*$%)# 0+,#A#.#Q#9'=###

M&';(D*# ,)# +;,)%7&# 12)# 0+,# )7)*$+,# 3)# 0027(&# B2)%+*# 9+*,$&*$),6# ,(*# )';&%?+6#

B2)%+*#R# 0+,#12)#(*9%)')*$&%+*#3)#'&*)%&#,(?*(B(9&$(7&# 0&# 05'(*&#9+*$)*(3&#)*#)0#

,2)0+S# )0# )7)*$+# 3)0# OR# 3)# <20(+# IOK=Q# ''L# 12)# 9&';(:# 3)# TO=U# &# TR=K# 9'# 0+,#

7&0+%),#3)#05'(*&#%)?(,$%&3+,#&#OK#9'#.#3)#TK=P#&#TP=R#9'#&#A"#9'V#.#)0#)7)*$+#3)0#

3@&#RR#3)#<20(+#IAO=A##''L6#12)#B2)#)0#'&.+%#4%),)*$&3+#)*#),$&#)$&4&6#12)#)0)7:#

0&#05'(*&#3)#TR="#&#TA=R#9'#&#OK#9'#3)#4%+B2*3(3&3#.#3)#TK=W#&#TW="#9'#&#A"#9'#

3)#4%+B2*3(3&3=#

#

F#OK#9'#3)#4%+B2*3(3&36#,)#+;,)%7:#12)#0+,#$%&$&'()*$+,#F#.#8#4%),)*$&%+*#)*#O!#

3)# AA# B)9C&,# 3)# %)?(,$%+6# 7&0+%),# 3)# 05'(*&# 3)# &?2&# 9+*$)*(3&# )*# )0# ,2)0+# 4+%#

3);&<+# 3)# XYX6# ),$+# %)4%),)*$&# )0# QW=Q# Z# 3)0# $+$&06# &# 3(B)%)*9(&# 3)# 0+,#

$%&$&'()*$+,#-#.#/#12)#),$27()%+*#3);&<+#3)#XYX#4+%#O"#IA"=AZL#.#U#IRP=AZL#3@&,#

%),4)9$(7&')*$)=##8)0#FGHF#,)#$()*)#12)#)[(,$()%+*#3(B)%)*9(&,#,(?*(B(9&$(7&,#)*$%)#

$%&$&'()*$+,##I!#J#"="KL#)*#OA#B)9C&,#I3)*+$&3&,#)*#0&#?%5B(9&#3)#0&#B(?2%&#OW#9+*#

)0# ,@';+0+# !L=# # 8)# &92)%3+# 9+*# 0&# 4%2);&# 3)# M2N).6# 3(9C&,# 3(B)%)*9(&,# ,)#

4%),)*$&%+*6#)*#?)*)%&06#)*$%)# 0+,# $%&$&'()*$+,# #-#.#/#9+'4&%&3+,#9+*#F#.#86#.#
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14,(-)#6!;#

#

<'# +,# =%34-,# ">2# $&# )?$&-:,'# +)$# :,+)-&$# (&# +@*%',# ,8-):&7A,?+&# ,# BC# 7*# (&#
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&'74&'.-,'# $%&*8-&# 8)-# &'7%*,# (&#GHG2# %'7+4$)# &'# "I# =&7A,$# $)?-&8,$,'#112#

&$.)#$&#,.-%?40&#,+#A&7A)#(&#54&#+,$#++4:%,$#$&#8-&$&'.,-)'#(&#*,'&-,#=-&74&'.&#,#

+)#+,-3)#(&#.)(,#&$.,#&.,8,2#0#(&#54&#,#*,0)-#8-)=4'(%(,(#&+#$4&+)#:,#7,*?%,'()#

(&# =-,'7)# ,-&')$)# ,# =-,'7)# ,-7%++)# ,-&')$)# J14,(-)# "K2# 8-)8%&(,(# 54&# ,04(,# ,+#

%'7-&*&'.)#(&#$4#7,8,7%(,(#(&#-&.&'7%L'#(&#A4*&(,(2#$%&'()#*,0)-#&'#4'#$4&+)#

,-7%++)$)#54&#&'#4'#,-&')$)2#J634%+&-,#0#H,-.D'&M2#">>!K;###
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9&+# 6NO62# +,$# (%=&-&'7%,$# $%3'%=%7,.%:,$# J!P# C;CEK# &'.-&# .-,.,*%&'.)$# $&#

8-&$&'.,-)'# &'# "Q# =&7A,$2# 7)%'7%(%&'()# &'# 4'# RES# 7)'# +,$# &'7)'.-,(,$# ,# +,#

8-)=4'(%(,(# (&# "E# 7*# 02# 7)%'7%(%&'()# .,*?%F'# &'# 54&# &$.,$# (%=&-&'7%,$# $&#

8-&$&'.,'#&'#+,#*,0)-D,#(&#+)$#7,$)$#&'.-&#/#0#1#7)*8,-,()$#7)'#6#0#92#,4'54&#

,A)-,#&T%$.&#*,0)-#:,-%,?%+%(,(#0,#54&#!#)7,$%)'&$2#&+# .-,.,*%&'.)#/#7)%'7%(&#')#

$)+)#7)'#1#$%')#.,*?%F'#7)'#6#0#9;##<'#+)#7)'7&-'%&'.&#,#+,$#$%*%+%.4(&$2#7)'.%'U,'#

$%&'()# &'.-&# &+# .-,.,*%&'.)# 6# 7)*8,-,()# 7)'# &+# .-,.,*%&'.)# 9# 0# &'.-&# &+#

.-,.,*%&'.)#/#7)*8,-,()#7)'#&+#1;#V)()# +)#,'.&-%)-#$&#8-&$&'.,#(&#*,'&-,#*@$#

7+,-,#&'#&+#74,(-)#6W;#
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<'#+,$#3-@=%7,$#8-&$&'.,(,$#&'#+,$#=%34-,$#"R#0#">2##&+#$D*?)+)#X!Y##7)+)7,()#$)?-&#

+,$# 74-:,$# 3&'&-,(,$# (&# +@*%',# ,8-):&7A,?+&2# (&').,# +,$# =&7A,$# &'# +,$# 54&# $&#

8-&$&'.,-)'# (%=&-&'7%,$# $%3'%=%7,.%:,$# &'.-&# .-,.,*%&'.)$2# 0# ,+# -&$8&7.)# $&# 84&(&#

(&7%-# 54&# F$.,$# $&# %?,'# 8-&$&'.,'()# ,# *&(%(,# 54&# (%$*%'4D,# &+# 7)'.&'%()# (&#

A4*&(,(# &'# &+# $4&+)2# ,.-%?40F'()$&# &$.&# A&7A)# ,+# &=&7.)# (&# +,# =)-*,# (&# +,$#
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6.4.3. Etapa de floración 

$%# &'%(%# )&# *+,-%./01# '23,# 21%# )2-%./01# )&# 45# )6%78# .,9(-&1)/),7# )&+# :;# )&#

%<,7',# %+# :!# )&# 7&('/&9=-&8# (&-/,),# &1# &+# >2&# 7&# (-,)2?&-,1# 21# ','%+# )&# ::#

&3&1',7# )&# ++23/%8# */<2-%# :@8# -&7%+'%1),# 4# (,-# 72# 9%<1/'2)# A# &+# /1.-&9&1',#

<&1&-%),#&1#+,7#3%+,-&7#)&#+B9/1%#-&</7'-%),7#%#+%7#(-,*21)/)%)&7#)&#;"#A#4@#.98#

)/.C,7#&3&1',7# 7&# (-&7&1'%-,1# +,7# )6%7#:"# )&#D<,7',8# E# )&# 7&('/&9=-&# A# ::# )&#

7&('/&9=-&8# .,1#;;FG8#;"FG# A#;:F!#99#)&#(-&./(/'%./01# -&7(&.'/3%9&1'&8#H2%)-,#

D4F#

#

D# +%#(-,*21)/)%)#)&#;"#.98#)&#%.2&-),#.,1# +%# */<2-%#:;8# +%#(-&./(/'%./01#,.2--/)%#

1,#*2&#72*/./&1'&#(%-%#9%1'&1&-#+,7#1/3&+&7#)&#+B9/1%#.,1'&1/)%#&1#&+#72&+,#)&1'-,#

)&+# -%1<,# I%(-,3&.C%=+&J8# /1.+27,# &1# +%7# *&.C%7# &1# +%7# >2&# 7&# (-,)2?&-,1# +,7#

&3&1',7# )&# ++23/%# 9%A,-&78# 9&1./,1%),7# (-&3/%9&1'&8# 7,+,# &1# :# )&# +,7# 4# K+,7#

&3&1',7#)&+#:"#)&#%<,7',#A#&+#E#)&#7&('/&9=-&L#7&#+,<-%-,1#+B9/1%7#(,-#&1./9%#)&#

MNMF# #O8#%P1#.,1#&+#C&.C,#)&#>2&#<-B*/.%9&1'&#72#.,9(,-'%9/&1',#7&#,=7&-3%#

%<-2(%),#)&#:#&1#:8#&7',#&78#+,7#'-%'%9/&1',7#Q#A#H#7/&9(-&#7,=-&#+,7#'-%'%9/&1',7#

D#A#R8#&+#DSTD#%#&7'%#(-,*21)/)%)#7,+,#(-&7&1'0#)/*&-&1./%7#7/<1/*/.%'/3%7#K!U@F@"L#

+,7#)6%7#58#;"#A#:4#)&#7&('/&9=-&F# #R&# +%#(-2&=%#)&#.,9(%-%./01#)&#9&)/%7#)&#

V2W&A8# +,# 9B7# )&7'%.%),# *2&# >2&# &+# '-%'%9/&1',# H# -&72+'0# 7&-# )/*&-&1'&# )&# +,7#

'-%'%9/&1',7#D#A#R#(&-,#/<2%+#%+# '-%'%9/&1',#Q#&1#+,7#'-&7#.%7,78#&+#'-%'%9/&1',#D#

*2&#/<2%+#%#Q#K&1#:#,.%7/,1&7L#A#%#R#K&1#+%7#'-&7#*&.C%7L#(&-,#*2&#)/*&-&1'&#)&#H8#)&#

%.2&-),#.,1#&+#.2%)-,#DEF#

#

D# )/*&-&1./%# )&# +,# ,.2--/),# %# ;"# .98# %# 4@# .9# )&# (-,*21)/)%)8# +,7# 3%+,-&7# )&# +%#

+B9/1%#%(-,3&.C%=+&#7&#&1.,1'-%-,1#7/&9(-&#)&1'-,#)&# +,7# +69/'&7#)&#HH#A#MNM#

K*/<2-%#::L8#+,#.2%+#-&72+'%#92A#.,13&1/&1'&#(%-%#&+#)&7%--,++,#%)&.2%),#)&+#.2+'/3,#

)&#9%6X8#(2&7',#>2&#&1#&7'%#&'%(%8#+%#*%+'%#)&#C29&)%)#(2&)&#(-,3,.%-#&+#%=,-',#

)&# (%-'&# )&# +%7# *+,-&7# A# &+# %1<,7'%9/&1',# )&# +%7# C,?%7# 72(&-/,-&78# A# .,1# &++,# +%#

(,+/1/X%./01# (2&)&# 3&-7&# (&-?2)/.%)%# A# +%# .,7&.C%# -&)2./)%# 9B7# ,# 9&1,7#

)-B7'/.%9&1'&8#K$+%1,78#;GEY8#A#R,,-&1=,78#;GE!LF##
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#$" %&'%" ()$)" *+,(,-./" 012,+,-314(" (15-12134.164(" ,-" 7-4" 2,3849" ,$" 0:4" ;" 0,"

(,*.1,<=+,>" " ?," 437,+0)" 3)-" $4" *+7,=4" 0," @7A,B" C!" D" E>E;F9" $4(" 012,+,-314("

(15-12134.164("(,"*+,(,-.4+)-"4$"3)<*4+4+"$)(".+4.4<1,-.)("%"3)-.+4"G9"%"3)-.+4"H"B"
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0=%# 530%4/# '/*# 5/%+&%-4/*# 4&# 63.&404# &%# &'# *3&'/# &)0%# 10>/*7# %/# *&#

()&*&%+0)/%# 4-8&)&%5-0*# *-?%-8-50+-:0*<# # @/# 0%+&)-/)# *&# &,('-50# 4&1-4/# 0# 23&# 0#

(&*0)# 4&# '0# 8)&53&%5-0# 4&# '/*# &:&%+/*# 4&# ''3:-07# A*+/*# %/# 83&)/%# 4&# -%+&%*-404#

*38-5-&%+&#(0)0#()/:/50)#&*53))-.-&%+/*#9#0'.05&%0.-&%+/*#&%#'0*#.-5)/53&%50*7#
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%-:&'04/<#

6.4.4. Etapa de formación del elote y llenado del grano 
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.&4-5-/%&*# )&0'-T040*# 3%# 4;0# 4&*(3A*# 4&# '/*# K# &:&%+/*# 4&# ''3:-0# 4&# .0B/)#

.0?%-+347# '/*# 4;0*# K"# 4&# *&(+-&.1)&7# F"# 4&# /5+31)&# B# FK# 4&# %/:-&.1)&<# U&'#



                                                                                                                                         Resultados y Discusión 

!"#

#

$%&$'# ()# *+)(),-.+/,# 012)+),31.(# (14,1213.-15.(# ),# "6# 0)# 7.(# 89# 2)3:.(# 0)#

+)41(-+/'# ;# <(-.(# ()# /=()+5.+/,# .# >)010.# ?@)# 01(>1,@A.# )7# 3/,-),10/# 0)#

:@>)0.0'#*/(-)+1/+)(#.#7/(#)5),-/(#0)#77@51.#>),31/,.0/(#.,-)+1/+>),-)'#013:.(#

012)+),31.(# (14@),# (1),0/# ),-+)# 7/(# -+.-.>1),-/(# B# ;# C# D# ),-+)# $# ;# E#

*+1,31*.7>),-)'# ;# 7.(# 3/1,310),31.(# ),-+)# EFB# ;# ),-+)# $FC'# *+@)=.# 0)# G@H);#

IB@.0+/#$"6JK#

#

$# L6# 3>'# 7/(# 5.7/+)(# 0)# 7M>1,.# 3.73@7.0/(# ()#>.,-@51)+/,# 7.#>.;/+# *.+-)# 0)7#

-1)>*/#0),-+/#0)7# 1,-)+5.7/#.*+/5)3:.=7)#I214@+.#8NJ'#;#(/7/#7/(#-+.-.>1),-/(#$#;#

C# # )(-@51)+/,# ),# L# 2)3:.(# */+# 0)=.O/# 0)# PQPK# # $# )(-.# *+/2@,010.0'# (/7/# ()#

*+)(),-.+/,#012)+),31.(#(14,1213.-15.(##),#R#2)3:.(S#)7#!'#8"#;#8L#0)#/3-@=+)#;#)7#8#

0)# ,/51)>=+)'# 0A.(# ),# 7/(# ?@)# 7.# 7M>1,.# ()# ),3/,-+.=.# ),-+)# 7/(# 5.7/+)(#>M(#

=.O/(K#

#

C)#.3@)+0/#3/,#)(-/(#+)(@7-.0/('#,/#:.;#1,0131/(#0)#?@)#)7#3@7-15/#0)#>.AT#:.;.#

)(-.0/# (/>)-10/# .# 0<2131-# :A0+13/# ),# )(-.# )-.*.# 0)7# 0)(.++/77/# ?@)# *@01)()#

:.=)+()#-+.0@310/#),#@,.#+)0@331D,#0)7#+),01>1),-/#0)=10/#.#7.#01(>1,@31D,#0)7#

-.>.U/# 0)7# 4+.,/'# IC//+),=/('# "VW9JK# # X7# :)3:/# 0)# ?@)# :.;.,# )Y1(-10/#

012)+),31.(# .# "N# 3># 0)# *+/2@,010.0# ?@)# ,/# ()# *+)(),-.+/,# .# L6# 3>'# *@)0)#

0)=)+()# .# ?@)#)Y1(-A.# .4@.# +)-),10.# ),# )7# (@)7/'# *+/0@3-/# 0)# 7.# 2+)3@),31.# 0)#

77@51.# /3@++10.# ),# 7.(# )-.*.(# .,-)+1/+)('# ;# *@)(-/# ?@)# ),# )(-.# /3.(1D,# 7.#
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6.4.5. Etapa de madurez 

$%# &'# %(')'# *%# +'*,-%.# /0# 1'2# +,310# 4,%# *563,(5-7# ),%6(0# 4,%# 68&0# 6%# (5%/%#

-%956(-0#*%#30/(%/5*0#*%#1,+%*'*#*%#"#:%31'67#*%;5*0#'#4,%7#30+0#6%#+%/350/8#

%/# %&# ')'-('*0# <=<=<=7# 6%# ')-%6,-8# %&# 6%3'*0# *%# &'6# )&'/('6#+%*5'/(%# %&# 30-(%# 2#

>'+090('+5%/(0?#*%#@6('6=##
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A5/#%+;'-907#-%6,&('#5+)0-('/(%#-%6'&('-#%&#1%310#*%#4,%#%&#30/(%/5*0#*%#1,+%*'*#

+%*5*0#%/#%&#6,%&0#/0#)-%6%/('#*56+5/,350/%6#*-B6(53'6#CD59,-'#EFG7#30+0#%/#&'6#

%(')'6#'/(%-50-%67# 2'#4,%# &'#)&'/('7#%/#%6(06#*H'6# :5/'&%6#*%#6,#353&0#)-0*,3(5I07#
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#"$%"&'(")*"+,-"%".)&/,-("-)")*&0)*12,*"342"5)6,74"5)"898"+4-"12,1,':)*14-"#";"

<=">(","?@"&'"1454-"+4-"12,1,':)*14-")-1A*"5)*124"5)+"2,*B4"C,324D)&/,6+)E=""

#-F"-)"&4*&+0;)"G0)")*")-1,")1,3,("+,"5:-':*0&:H*")*")+"&4*1)*:54"5)"/0')5,5"-)"

,12:60;)"32:*&:3,+')*1)"," +,")D,342,&:H*(" ;"G0)",+" ;,"*4")I:-1:2" ).)&14-"34-:1:D4-"

5)+" &4*1)*:54" 5)" /0')5,5" )*" )+" -0)+4" -462)" +,-" 3+,*1,-(" )-1A" 342" 5)'A-" +,"

&4*1:*0:5,5")*"+,-"')5:&:4*)-"5)")-1)"3,2A')124="

"

Finalmente, resulta importante señalar que puesto que en este trabajo solo se 

analizaron las capas de 0-15 cm y de 15 a 30 cm, observándose un buen nivel de 

humedad atribuido en gran medida a la precipitación ocurrida durante el ciclo del 

cultivo, no se descarta la posibilidad de aportaciones de agua en el sentido vertical 

de las capas del suelo más profundas, la cual no fue posible medir por falta de 

equipo.  

"

6.5. PORCENTAJE DE LUZ INTERCEPTADA (% LI) 

J*" )+" &0,524" K(" -)" 32)-)*1,*" +4-" D,+42)-" 5)" 342&)*1,7)" 5)" +0L" :*1)2&)31,5,"

&,+&0+,54-"3,2,"0*"141,+"5)"$$".)&/,-"5)"2)B:-124"G0)"&4'32)*5)*"5)+"?"5)"70+:4",+"

$M"5)"-)31:)'62)"5)"N@@O="">("&4'4"30)5)"46-)2D,2-)(")+"12,1,':)*14"P".0)")+"G0)"

32)-)*1H" +4-" D,+42)-" 'A-" ,+14-" )*" +," ',;42F," 5)" +,-" .)&/,-(" -)B0:54" 5)" +4-"

12,1,':)*14-" " Q(" " <" ;(" .:*,+')*1)(" )+" 12,1,':)*14" #=" " R4" ,*1)2:42" &4:*&:5)" &4*" )+"

&4'3421,':)*14"5)+"&4*1)*:54"5)"/0')5,5")*")+"-0)+4("G0)")*"B)*)2,+("32)-)*1H"

+4-"D,+42)-"'A-",+14-")*" +4-"':-'4-" 12,1,':)*14-" SQ";"PT(" +4"G0)" ++)D,","5)50&:2"

G0)" )+" &4*1)*:54" 5)" /0')5,5" 10D4" ,+B4" G0)" D)2" &4*" )+" /)&/4" 5)" G0)" )*" +4-"

12,1,':)*14-"Q";"P"32)-)*1,2,*"',;42"&,*1:5,5"5)"A2),".4+:,2";")*"&4*-)&0)*&:,")+"

U"5)"RV".0)2,"',;42="W:*")'6,2B4("5:&/4").)&14"*4"2)-0+1H"-0.:&:)*1)"3,2,"324D4&,2"

)*")++4-"5:.)2)*&:,-")-1,5F-1:&,')*1)"-:B*:.:&,1:D,-"S!X"@=@%T"'A-"G0)")*"0*"-4+,"

.)&/,("+,"5)+"5F,"N!"5)"Y0+:4("-:)*54"+4-"12,1,':)*14-"P";"<"+4-"G0)"-4*"5:.)2)*1)-"

)*12)" -:(" 3)24" -:':+,2)-" ," +4-" 12,1,':)*14-" #" ;" Q(" 5)" ,&0)254" &4*" +," 320)6," 5)"

Z0[);="

"
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Cuadro 8. $%&'()*+,(#-(#./0#1)*(&'(2*+-+#2%&#(3#'/3*14%#-(#5+607#8%)*('133%9#8:;7<==>7 

Fecha Tratamientos 

A B C D 

03/07/2006 ?<7<@# +# ?<7!A# +# 13.09 + ?<7B># +#

10/07/2006 ?B7?@# +# ?B7@=# +# 15.94 + ?B7!=# +#

17/07/2006 ?>7@C# +# 18.71 +# ?"7>C# + ?!7=B# +#

27/07/2006 <C7>B# +D <C7=># +D 27.21 + <<7=># D#

03/08/2006 A<7<># +# AC7AA# +# 35.78 + A<7>=# +#

10/08/2006 B!7"A# +# BB7""# +# 59.84 + B@7!B# +#

17/08/2006 >@7<># +# !?7!<# +# 72.50 + !=7"A# +#

24/08/2006 !B7CC# +# 76.43 +# !>7C?# + !B7C=# +#

31/08/2006 "?7C=# +# "=7CB# +# 81.98 + !@7=<# +#

07/09/2006 "@7A!# +# "@7""# +# 90.67 + "@7B=# +#

14/09/2006 @=7C># +# @=7!!# +# 91.35 + "@7@A# +#

#

.+#E&FG1'+#'%&&(H2%)-1()*(#+#3%H#4+3%&(H#2&(H()*+-%H#()#(3#'/+-&%#"9#H(#%DH(&4+)#

()# 3+# I1E/&+# <@7# # J)# (33+9# (3# '%52%&*+51()*%# ()*&(# *&+*+51()*%H# )%# +3'+)0+# +#

-1G(&()'1+&H(9#-+-%#K/(#*&+)H'/&&()#+#3+#2+&#/)%H#'%)#%*&%H9#L#(H#H%3%#()#3+#G('M+#

()# 3+#K/(#H(#2&(H()*+&%)# 3+H#-1G(&()'1+H#(H*+-6H*1'+H9#2&(41+5()*(#5()'1%)+-+H9#

()#-%)-(#H(#+3'+)0+#+#2(&'1D1&#/)#2%'%#'%5%#(3# *&+*+51()*%#N#H(#()'/()*&+#2%&#

-(D+,%# -(# 3%H# -(5FH# *&+*+51()*%H7# J)# '/+)*%# +# 3+# G%&5+# ()# '%5%# H(# 4+)#

-(31)(+)-%#3+H#'/&4+H9#:H*+H#2&(H()*+)#/)#1)'&(5()*%#E&+-/+3#)%&5+3##M+H*+#33(E+&#

+#/)#4+3%&#'%)H*+)*(#-(#O@=P#-(#.Q7#

#

#

Figura 29. $%&'()*+,(#-(#3/0#Q)*(&'(2*+-+#2%&#(3#'/3*14%#-(#5+109#8%)*('133%7#8(;7#<==>7#
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6.6. RENDIMIENTO DE GRANO 

$%#&'()*+,&#-.+/0+-1%#2)%#+3-%)3)/*&#2)#041%54+).#*60/+01#)/#)%#7)0*&.#18.&/93+0&:#

12)3;7#2)%#3)(&.13+)/*&#)/# %1# 01%+212#2)# %&7# 04%*+,&7:#)7#)%# +/0.)3)/*&#)/# 747#

.)/2+3+)/*&7:# 17<:# 1%# *6.3+/&# 2)%# 0+0%&# 2)%# 04%*+,&# 2)# )7*42+&:# 7)# 2)*).3+/9# )%#

.)/2+3+)/*&#2)#8.1/&#1#-1.*+.#2)#74#0&7)0=1#)/#%1#-1.0)%1#>*+%#2)#0121#*.1*13+)/*&#

?1-1.*12&# @A@A@ABA# # $/# )%# 0412.&# "# 7)# 34)7*.1/# %&7# .)/2+3+)/*&7# &'*)/+2&7# -&.#

*.1*13+)/*&# -&.# '%&54):# 17<# 0&3&# )%# .)/2+3+)/*&# 01%04%12&# )/# *&/)%1217# -&.#

=)0*;.)1# -1.1# 0121# *.1*13+)/*&:# 7+)/2&# )%# *.1*13+)/*&# C# 54+)/# -.)7)/*9# %&7#

.)/2+3+)/*&7# 3;7# 1%*&7# 0&/# DA!E# *&/# =1FG:# 7)84+2&# 2)%# *.1*13+)/*&# H:# )%# I# J#

K+/1%3)/*)#)%#L#0&/#DADM:#DADN#J#DAN#*&/#=1FG#.)7-)0*+,13)/*)A#H1')#2)7*101.#54)#

%&7# .)/2+3+)/*&7#&'*)/+2&7#)/#)%#-.)7)/*)#)O-).+3)/*&#7)#)/04)/*.1/#2)/*.&#2)%#

.1/8&#)7-)0+K+012&#-&.#)%#-.&,))2&.#54)#,1#2)#@#1#M#*&/#=1FG#?H=1-+/8&:#PQQ@BA##R#

7+)/2&# .)0&3)/2121# )7*1# ,1.+)212# *1/*&# -1.1# .+)8&# 0&3&# -1.1# *)3-&.1%:# 4/#

.)/2+3+)/*&#-.&3)2+&#2)#DAN# *&/#=1FG# ?S)7*+8&B:# -4)2)# 0&/7+2).1.7)#34J#'4)/&:#

212&# 54)# TLULVWL# ?PQQ!B# .)-&.*1# 54)# '1(&# 0&/2+0+&/)7# 2)# *)3-&.1%:# )%#

.)/2+3+)/*&#-&/2).12&#-.&3)2+&#1#/+,)%#/10+&/1%#-1.1#)%#-).+&2&#G""EFPQQE# K4)#

)54+,1%)/*)#1#PAED@#*&/#=1FGA##

Cuadro 9. V)/2+3+)/*&#2)#8.1/&#?X8Y-1.0)%1#>*+%B#&'*)/+2&#-1.1#0121#*.1*13+)/*&A 

TRAT 
BLOQUE Rendimiento 

promedio 
 (Kg parcela útil

-1
) 

Rendimiento 
(ton ha

-1
) I II III IV 

A EAEP# MA@D# @AGQ# DADG# DA"M# DADN#
# EA!G# !AP@# NA"G# DAPE#

B @A"D# EAD"# DAQ!# DAED# EAPN# DA!E#
# EAM!# !A""# DAEG# !AQ"#

C DAD"# MADN# NAM@# DAPE# EAQ@# DADM#
# !AEG# MAEG# PAM!# DA""#

D @AQD# !AQM# PA!D# DA@"# DA!N# DANQ#
# EA!N# !APN# EAQ@# EA@!#

#

$%#1/;%+7+7#2)#,1.+1/Z1#.)1%+Z12&#1#%&7#,1%&.)7#2)#.)/2+3+)/*&#2)#8.1/&#&'*)/+2&7#

-&.# -1.0)%1# >*+%# ?0412.&# GQB:# 34)7*.1/# 54)# /&# =4'&# 2+K).)/0+17# 7+8/+K+01*+,17#

)7*12<7*+013)/*)#?!#[QAQDB:#J#)7*&##7)#)O-%+01#1#-1.*+.#2)%#=)0=&#2)#54)#%17#%%4,+17#

7)#2+7*.+'4J).&/#2)#31/).1#317#&#3)/&7#4/+K&.3)#1#%&# %1.8&#2)#*&2&#)%#0+0%&#2)%#

04%*+,&:# ),+*1/2&# 17<# 4/# )7*.67# =<2.+0&# 54)# 7)# *.124().1# )/# 2+K).)/0+17# )/*.)#

.)/2+3+)/*&7#1K)0*12&7#-&.#%&7#*.1*13+)/*&7#-.&'12&7A###
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$%# &'# ()*+,'# -"# ./# 01./,2'# 3+/# &0.# 1&03+/.# 4# 5# 44# 6,/./%7'%# ,/%8)9)/%70.#

.+6/,)0,/.# '# &0.# 1&03+/.# 444# :# 4;<# 8)=/,/%>)'.# 3+/# ,/.+&7'%# ./,# /.7'8?.7)>'9/%7/#

.)*%)=)>'7)2'.# @!# A# "B"CD# 8/# '>+/,80# >0%#/&# >+'8,0# E"B#$%#1'./#'# &0# '%7/,)0,<# ./#

,/'&)FG#&'#6,+/1'#8/#>096','>)G%#8/#9/8)'.#8/#H+I/5#'#&0.#2'&0,/.#017/%)80.#60,#

1&03+/# 5# ./# /%>0%7,G# 3+/# &'.# 8)=/,/%>)'.# /.7'8?.7)>'9/%7/# .)*%)=)>'7)2'.# ./#

6,/./%7'%# '&# >096',',# &0.# 1&03+/.# 4# 2.# 44# 5# 444<# '8/9J.# 8/# 44# 2.# 444# 5# 4;<# .)/%80#

.)9)&',/.# K%)>'9/%7/# &0.# 1&03+/.# 4# 5# 4;B# # L0# '%7/,)0,# M+.7)=)>'# /%# *,'%#9/8)8'# &'#

./&/>>)G%# 8/&# 8)./N0# /O6/,)9/%7'&# 8/# P&03+/.# >096&/70.# >0%# 7,'7'9)/%70.#

'&/'70,)F'80.B##

 

Cuadro 10.  Q/.+&7'80.#8/&#RS;R#,/'&)F'80#'#&0.#2'&0,/.#8/#Q/%8)9)/%70#8/#*,'%0#@6,/./%7'80.#

/%#/&#>+'8,0#TDB 

FV GL SC CM FCAL 
FTAB 

(! =0.05) 

BLOQUE -# U-B!VCTVUC"# WBTCC-U"!-##### EVB"C# -B!V-#

TRAT -# "BC"C!C"""# "BEV!VEVVW##### "B-X# -B!V-#

EE T# XBXV"C!WC"# "BXTCVU"!-# # #

EM* EV# EWB"VVU""""# EB"VVV-WC"# # #

TOTAL -E# WXBW-E"""""# # # #

*EM = Error Muestral debido al submuestreo, Alvarado (1996). 

PRUEBA DE 
TUKEY 

# Y/8)'.# H,'7# # #

(! =0.05) a VBU-# P# # #

 a VB"X# Z# # #

 a CBT!# R# # #

 a CBW-#
[#
#

# #

#

#
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K
g
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 ú
ti

l-1

./010234516#7 ./010234516#8 ./010234516#9# ./010234516#:

#

Figura 30.  ;45<3234516#<4#=/056#>?=#@0/A4B0#C13BD"E#@6/#1/010234516#@6/#FB6GH4I 

6.7. MATERIA SECA TOTAL Y SU PARTICIÓN 

J0#2014/30#K4A0L#A626#K4#245A365M#45#4B#0@0/10<6#'I'I(IL#K4#6F1HN6#<4#H5#1610B#<4#

%'# @B0510K# @6/# 1/010234516# K4B4AA3650<0K# @6A6# <4K@HOK# <4# KH# 424/=45A30# P#

A6B4A10<0K# 0B# 1O/2356# <4B# A3AB6# <4B# AHB13N6I# # Q5# 4B# AH0</6# ""# K4# @/4K45105# B6K#

N0B6/4K# @/624<36# <4# 2014/30# K4A0# <4# B0K# @B0510K# 245A3650<0KL# <3K1/3FH3<6K# <4#

2054/0# A6//4K@65<34514# 0# A0<0# H50# <4# B0K# @0/14K# GH4# A65R6/205# B0# @B0510# <4#

20STI##:4#4K14#26<6L#4B#1/010234516#GH4#@/4K451M#20P6/#0AH2HB0A3M5#<4#2014/30#

K4A0# 1610B# RH4#4B# 1/010234516#9L# K4=H3<6#<4# B6K# 1/010234516K#8L#7#P# R350B24514#4B#

1/010234516#:#>.4K13=6E#A65#&&'I!&L#&&$I$%L#&%!I()#P#%+)I%+#=#/4K@4A13N024514I###

#

QK16K# /4KHB10<6K# A635A3<45# 45# KH# A62@6/10234516# A65# B6K# 6F1453<6K# 45# 4B#

@6/A4510U4# <4# JHT# ,514/A4@10<0L# B0# AH0B# K4# 35R34/4# GH4# 1HN6# GH4# 35RBH3/# 45# 4B#

<4K0//6BB6#<4B#<6K4BL#AHP0#0AH2HB0A3M5#<4#2014/30#K4A0#K4#45AH451/0#@6/#45A320#

<4# B0K#<42VK#@0/14K#GH4#A65K131HP45#0# B0#@B0510#<4#20STI# # J6#0514/36/# A651/0K10#

A65#4B#W4AW6#<4#GH4#<4#0AH4/<6#A65#X0B</45#>"+!!EL#0@/6Y320<024514#4B#'(Z#<4#

B0# 2014/30# K4A0# 1610B# KH@4/R3A30B# K4# 45AH451/0# 45# 4B# =/056L# K345<6# 2456/# B0#

0AH2HB0A3M5# <4#2014/30# K4A0# 45# B0K# <42VK# @0/14K# <4# B0# @B0510L# @H4K16# GH4# <4#

@0/14#<4#4BB0K#RH4#1/05KB6A0<0#0B#R/H16I##J0#BV2350#<4#0=H0#@/4A3@310<0#45#B0#410@0#

N4=41013N0# R6/20# @0/14# <4# B0# 4Y@B3A0A3M5# <4# 4K14# W4AW6L# P0# GH4# 0# 4BB0# B4#
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$%&&'()%*+'#',#-"./0#1#+',#2%23,4#(5'*+%#(%,%#',#"-./!#1#,3#%$6&&5+3#'*#,3#'23)3#+'#

,,'*3+%#+',#7&3*%# 8963+&%#:;4# 36*3+%#3,# <'$<%#+'#=6'# ,3# >3&5'+3+#+'# ,3# ('?5,,3#

625,5@3+3# <3# (5+%# &'$%?'*+3+3# 23*2%# )3&3# )&%+6$$5A*# +'# 7&3*%# $%?%# +'# B%&&3C'#

89<3)5*7%4#"DD-;.##

#

Cuadro 11. E5(2&5F6$5A*#+'#,3#?32'&53#('$3#)%&#),3*23#+'#?3G@#'*#,%(#2&323?5'*2%(#+'#'(26+5%. 

Factor 

Tratamiento 

A#  B#  C#  D# #

MS %  MS %  MS %  MS %  

Hoja /D-.!!# H/.0"# 3# /DH.D!# H/."-# 3 106.29 H/.I-# 3# /D/.!H# H-.HI# 3

Espiga :.J:# /.I"# 3## :.:-# /.J!# 3 5.96 /.I!# 3# :.:!# /.!!# 3

Tallo 0".!!# "!."I# 3# !:.0-# "J.D-# 3 96.50 "!.!"# 3# IH.I:# "-.!0# 3

Breácteas ó 
Totomoxtle 

"H.!!# I."I# 3# "-.-"# I.-D# 3 27.33 !./J# 3# "".I/# I.JJ# 3

Grano !-.I/# ":.I!# 3 93.54 "!.H-# 3 !H.H!# "-.0D# 3# I!.":# "J.-/# 3

Olote /J.:!# :.D:# 3 17.50 :.HD# 3 /:.H!# -.:0# 3# /-./I# -.I!# 3

Total H"!.:J# /DD# # HHD.D"# /DD.DD # HH-.!H# /DD.DD # "0J."0# /DD.DD #

KL#M#K32'&53#('$34#7.###

K'+53(#$%*#+5(25*23#,'2&3#'*#,3#?5(?3#B5,3#(%*#+5B'&'*2'(#8N6O'P4#D.D:;#

#

#

#

#

Figura 31. E5(2&5F6$5A*#+'#,3#?32'&53#('$3#'*#)%&$'*23C'#)%&#),3*23#'*#$3+3#2&323?5'*2%.#
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#

#

Figura 32.  $%&'()(*+,-#.-/).#/)(/(&+.-/%0#1.#2(#1+0/)+34*+,-#1.#2(#&(/.)+(#0.*(#5678 

#

92#:;<:#).(2+=(1%#(# 2%0#>(2%).0#1.#&(/.)+(#0.*(#&%0/)(1%0#.-#.2#*4(1)%#??@#(0A#

*%&%#2(#')4.3(#1.#*%&'()(*+,-#1.#&.1+(0#1.#B4C.D@#&%0/)()%-#E4.#-%#.F+0/+.)%-#

.-#-+-6G-#*(0%#1+H.).-*+(0##.0/(1A0/+*(&.-/.#0+6-+H+*(/+>(0#5!#I#J8JK78##L(0#H+64)(0#

"?#D#"M@#&.1+(-/.#6)NH+*(0#1.#'(0/.2#D#3())(0#0.'()(-#2%0#'%)*.-/(O.0#1.#&(/.)+(#

0.*(# 1.# *(1(# '2(-/(# 1.# 2%0# /)(/(&+.-/%0# ')%3(1%0@# D# .0# .-# .22(0# E4.# 0.# '4.1.#

(').*+()#*2()(&.-/.#2(#0+&+2+/41#.-/).#/)(/(&+.-/%0#(-/.0#&.-*+%-(1(8#

#

6.8. ANÁLISIS DE ALGUNOS FACTORES FISIOTÉCNICOS 

$%-#.2# H+-#1.#.>(24()# 2(# ).0'4.0/(#1.2#*42/+>%#1.#&(A=#(# 2(0#1+H.).-/.0# H%)&(0#1.#

&+*)%*4.-*(0#0.#*%-0+1.),#.2#.0/41+%#1.#(264-%0#H(*/%).0#H+0+%/P*-+*%0#1.2#*42/+>%@#

.0/%# 1.# &(-.)(# '.)+,1+*(8# Q+*R%0# H(*/%).0# H4.)%-S# (2/4)(@# -G&.)%# 1.# R%O(0# D#

1+N&./)%# 1.2# /(22%8# # L%0# >(2%).0# ').0.-/(1%0# .-# 2%0# *4(1)%0# ?M@# ?"# D# ?T# 0%-# .2#

).042/(1%# 1.2# ')%&.1+%# 1.# MT# '2(-/(0# '%)# /)(/(&+.-/%@# 0.2.**+%-(1(0# 1.01.# 2(#

.&.)6.-*+(#D#1.3+1(&.-/.#+1.-/+H+*(1(0#'()(#.2#).6+0/)%#'.)+,1+*%#1.#2%0#H(*/%).0#

E4.#(#*%-/+-4(*+,-#0.#&.-*+%-(-8#

#
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6.8.1. Altura 

$%#&'#(')*'+&%#'&,-)'#.%#/+,-(*%)/0#-0#,/,'&#1%#22#3%45'.#1%#)%6*.,)/#7-%#4/8*%09'0#

%&#1:'#2;#1%#<-0*/#=#4/04&-=%0#%&#>>#1%#.%?,*%8+)%#1%#>@@;A###

#

B'# (')*%1'1# 1%#8':9# -,*&*9'1'# %0# %.,%# ,)'+'</# 1%# *0(%.,*6'4*C0# .%# 4/0.*1%)'# 1%#

?/),%# '&,/D# ?-%.,/# 7-%# &'# '&,-)'# ?)/8%1*/# 3*0'&# 1%# &'.# ?&'0,'.# %0# ,/1/.# &/.#

,)','8*%0,/.# .%# %04/0,)C# ?/)# %04*8'# 1%# &/.# >#8D# 4/8/# ?-%1%# '?)%4*').%# %0# %&#

4-'1)/# 2>D# 1/01%# .%# /+.%)('# ,'8+*E0# 7-%D# '-07-%# 0/# %F*.,*%)/0# 1*3%)%04*'.#

%.,'1:.,*4'8%0,%# .*60*3*4',*('.# GH-I%=D# @A@JKD# &'# '&,-)'# '&# *6-'&# 7-%# %&# L# BM# =# %&#

)%01*8*%0,/# ,-(*%)/0# &'# 8*.8'# ,%01%04*'# %0# 4-'0,/# '&# /)1%0# 1%# &/.# ('&/)%.#

4/))%.?/01*%0,%.#'#4'1'#,)','8*%0,/D#.*%01/#&'.#'&,-)'.#3*0'&%.#1%#&/.#,)','8*%0,/.#

N# =# O# &/.# 7-%# .%# %04-%0,)'0# ./+)%# &'.# '&,-)'.# 1%# &/.# ,)','8*%0,/.# $# =# PA# # B'#

6)Q3*4'#1%#&'#R*6-)'#SS##4/))%.?/01%#'#&/.#('&/)%.#?)%.%0,'1/.#%0#%&#4-'1)/#2>A###

#

Cuadro 12.  $',/.#1%#'&,-)'#?)/8%1*/#G48K#1%#&'.#?&'0,'.#.%&%44*/0'1'.#?/)#,)','8*%0,/A 

Fecha 
BLOQUE#

A B C D 

16/06/06 TA";# '# 2@A>2# ' 10.85 '# 2@A2@# '#

23/06/06 2>AJJ# '# 2SA;!# ' 13.83 '# 2>AT># '#

30/06/06 2"AJ!# '# 2JATJ# ' 16.13 '# 2JA2S# '#

07/07/06 2UA"># '# 2TA2U# ' 19.88 '# 2!AJ@# '#

14/07/06 >"A2S# '# >JA@@# ' 26.88 '# >"AU2# '#

21/07/06 >!AUJ# '# S@A;S# ' 31.00 '# >!A>J# '#

28/07/06 SUA;U# '# STA>2# ' 39.21 '# STA2U# '#

04/08/06 J"AT># '# 56.83 ' JUAS!# '# JJA;U# '#

11/08/06 USAU># '# UJAJ@# ' 75.77 '# U"A;!# '#

18/08/06 2@2A!!# '# 103.38 ' 2@SA2U# '# 2@>AU2# '#

25/08/06 2>>A"># '# 123.42 ' 2>SA2U# '# 2>>A@!# '#

01/09/06 2J2A;S# '# 2J"A"># ' 154.71 '# 2JSAT;# '#

08/09/06 2!@AUU# '# 185.88 ' 2!SA@!# '# 2!2A@@# '#

15/09/06 >@"AT;# '# >2"A2T# ' 219.75 '# >@!A>J# '#

22/09/06 >2SA@!# '# >>@AT@# ' 223.00 '# >@TA;S# '#

### ########V%1*'.#4/0#1*.,*0,'#&%,)'#%0#&'#8*.8'#3*&'#./0#1*3%)%0,%.#GH-I%=D#@A@JK#

#
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#

Figura 33. $%&'()*+,#-.#'/#%/0*/1'.#/'2(0/#/#'&#'/03&#-.#'/#.2/4/#%.3.2/2*%/#.,#'&5#20/2/6*.,2&5#-.#

.52(-*&7#

6.8.2. No. de Hojas 

$'#,86.0&#-.#9&:/5# ;*,/'#-.# '/5#4'/,2/5#-.#6/<=#-.# '/#%/0*.-/-#>/,#?&5.)*2&#5.#

5*28/# .,# .'# 40.5.,2.# .@4.0*6.,2&# .,20.# AB# C# A"D# '/5# )(/'.5# 5.# 40.5(6.#

)&,20*1(C.0&,#/#E(.#.52/#%/0*/1'.#)&,52*2(C.0/#.'#6/C&0#4&0).,2/:.# F5&10.#BG#HI#

-.#/)(6('/)*+,#-.#6/2.0*/#5.)/7#

#

J.# '/# 40(.1/# -.# )&64/0/)*+,# -.# 6.-*/5# -.# K(L.CD# !MG7G"D# # F6&520/-/# .,# .'#

)(/-0&# ABID# 5.# )&,)'(C.# E(.# ,&# .@*52*.0&,# -*;.0.,)*/5# 5*3,*;*)/2*%/5# .,20.# .'#

,86.0&#-.#9&:/5#-.#'/5#4'/,2/5#4.02.,.)*.,2.5#/#)/-/#20/2/6*.,2&7#

Cuadro 13. N/'&0.5# 40&6.-*&# -.'# ,86.0&# -.# 9&:/5# -.'# )('2*%&# -.# 6/<=# .,# '&5# -*;.0.,2.5#

20/2/6*.,2&57 

Fecha BLOQUE 

A  B  C  D  

16/06/06 B7!"# /# B7OP# /# B7OQ# /# B7!Q# /#

23/06/06 R7RG# /# R7RR# /# R7RS# /# R7QG# /#

30/06/06 "7AS# /# "7QG# /# "7QQ# /# R7!O# /#
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07/07/06 $%&'# (# $%&"# (# $%&!# (# $%$!# (#

14/07/06 )%*&# (# )%'*# (# )%$'# (# )%++# (#

21/07/06 !%+,# (# !%+!# (# !%+!# (# !%,!# (#

28/07/06 &%)&# (# ,-%--# (# &%!+# (# &%")# (#

04/08/06 ,,%$!# (# ,,%")# (# ,,%&"# (# ,,%$!# (#

11/08/06 ,*%-'# (# ,*%+,# (# ,*%$-# (# ,*%,!# (#

18/08/06 ,*%$-# (# ,*%)$# (# ,+%-"# (# ,*%"+# (#

25/08/06 ,+%$!# (# ,+%),# (# ,+%&'# (# ,+%'"# (#

01/09/06 ,+%),# (# ,'%-'# (# ,'%++# (# ,'%,+# (#

08/09/06 ,+%$!# (# ,'%--# (# ,'%'-# (# ,'%-!# (#

15/09/06 ,+%!!# (# ,'%*,# (# ,'%"+# (# ,'%+!# (#

22/09/06 ,+%&"# (# ,'%,)# (# ,'%")# (# ,+%&*# (#

./01(2#345#0126156(#7/68(#/5#7(#9129(#:17(#245#01:/8/56/2#;<=>/?@#-%-$A#

#

#

Figura 34.  BC9/84#0/#D4E(2#F48#68(6(91/564#(#74#7(8G4#0/#7(#/6(F(#H/G/6(61H(%#

#

6.8.3. Diámetro 

I7#349F486(91/564#0/7#01J9/684#0/7#6(774#:=/#21917(8#(7#0/#7(#(76=8(#?#/7#5C9/84#0/#

D4E(2@#54#/K1261/504#01:/8/531(2#21G51:13(61H(2#/568/#68(6(91/5642#;<=>/?@#-%-$A@#?#

21/504#742#68(6(91/5642#L#?#M#N=1/5/2#5=/H(9/56/#F8/2/56(5#742#01J9/6842#

9(?48/2@#/264#2/#9=/268(#/5#/7#3=(084#,'#?#7(#O1G=8(#+$%#

#

#
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Cuadro 14. $%&'()*#+(',)-.'#-)#-./,)0('#-)&#0%&&'#12,34#2'(()*+'5-.)50)*#%#2%-%#0(%0%,.)50'6 

Fecha BLOQUE 

A B C D 

23/06/06 7687# %# 7689 %# 768" %# 76!8 %#

30/06/06 :6;9# %# :6;" %# :6<; %# :6;7 %#

07/07/06 :6=8# %# :6=< %# :6>> %# :6=7 %#

14/07/06 ;6:;# %# ;6:= %# ;6;< %# ;6:7 %#

21/07/06 ;69;# %# ;6=: %# ;6>< %# ;698 %#

28/07/06 ;6!<# %# ;68: %# ;687 %# ;6"! %#

04/08/06 <6;<# %# <6;= %# <6<! %# <6;< %#

11/08/06 <6;!# %# <6<7 %# <6<8 %# <6;9 %#

18/08/06 <6<9# %# <6<> %# <697 %# <6;" %#

25/08/06 <6<!# %# <697 %# <69: %# <6;8 %#

01/09/06 <697# %# <69; %# <69< %# <6<9 %#

08/09/06 <69;# %# <69< %# <699 %# <6<" %#

15/09/06 <6=:# %# <6=; %# <6=< %# <697 %#

22/09/06 <6=<# %# <6=> %# <6=" %# <69: %#

####?)-.%*#2'5#-.*0.50%#&)0(%#)5#&%#,.*,%#@.&%#*'5#-.@)()50)*#1ABC)D4#767=3#

#

#

Figura 35. EF'&B2.G5#-)&#2',+'(0%,.)50'#-)#&%#F%(.%H&)#-./,)0('#-)&#0%&&'#+'(#0(%0%,.)50'6#

6.9. COEFICIENTE DE ABSORCIÓN FOLIAR (K) 

E&# 2/&2B&'# -)&# I')@.2.)50)# -)# JH*'(2.G5# @'&.%(# 1K3# *)# ()%&.LG# B5%# *'&%# F)L# +'(#

0(%0%,.)50'4#-)H.-'#%#MB)#&%#,)0'-'&'NO%#+%(%#&%#'H0)52.G5#-)#&'*#-%0'*#.,+&.2%#&%#

-)*0(B22.G5# -)# &%*# +&%50%*# MB)# *)# )52B)50()5# -)50('# -)# B5%# *B+)(@.2.)#

-)0)(,.5%-%#1:#,;#)5#)*0)#2%*'36#
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"

#$"%&$'(")*"+",'((*-.'/)0*/1*"&$"1(&1&20*/1'"34"")*"&,5*()'",'/"*$",5&)('"674"85*"

)*""9:;!!<"=4",'0/,0)*",'/"*$"%&$'(".('2*)0'")*"+"'>1*/0)'".&(&"*$",5$10%'")*"2&?@"

)*" $&" %&(0*)&)" A>(*BC/" D+" E" 9:;<F4" )*$" *G.*(02*/1'" (*&$0@&)'" */" $&" *-1&,0C/"

*G.*(02*/1&$" )*" $&" H&,5$1&)" )*" 3B('/'2?&" )*" $&" I/0%*(-0)&)" J*/1(&$" )*"

K*/*@5*$&4" ,5='"'>L*10%'" 85*" *-15)0&(" *$" ,'2.'(1&20*/1'" )*"/5*%*" ,5$10%&(*-" )*"

2&?@"*/"(*$&,0C/",'/"*$"M3H"="*$",'*80,0*/1*")*"&>-'(,0C/")*"$5@"DJ&2&,N'"et al:"4"

6<<7F:" " #/" *$" 1(&1&20*/1'" O4" *$" %&$'(" )*" +" (*-5$1C" -*(" )*" 9:;66P" D2*/'(" */"

,'2.&(&,0C/" ,'/" *$" '>1*/0)'" .&(&" *$" 1(&1&20*/1'" 34" +E" 9:;!!<F:" " #$" +"

,'((*-.'/)0*/1*"&"$'-"1(&1&20*/1'-"J"="Q"85*")*"9:PRP"=":RSRR"(*-.*,10%&2*/1*:"

"

T'-" %&$'(*-" )*" +" '>1*/0)'-" */" $'-" 1(&1&20*/1'-" 34" O" =" J" ,'0/,0)*/" ,'/" $'"

2*/,0'/&)'".'(""J''2>-"et al."D6<!!F4"U5*"*/"$&"2&='(?&")*"$'-")'-*$*-"8'$0&(*-"

*$",'*80,0*/1*")*"&>-'(,0C/" 8'$0&("%&(?&")*"9:;"&"6:;"=4"U5*"*/" $'-")'-*$*-"*/" $'-"

,5&$*-"$&-"N'L&-"-'/",&-0"%*(10,&$*-4"$&"$5@".*/*1(&",'/"8&,0$0)&)"N&-1&"$'-"*-1(&1'-"

0/8*(0'(*-4"*-".'("*$$'"U5*"*$"%&$'(")*"$&"+",'/"8(*,5*/,0&"*-">&L'4"1?.0,&2*/1*")*"

9:P".&(&"$&-"B(&2?/*&-4"DJ''2>-"et al,"6<!!F:""

 

Cuadro 15. K&$'(*-")*"$'-",'*80,0*/1*-")*"&>-'(,0C/"H'$0&(")*1*(20/&)'-".'("1(&1&20*/1': 

TRATAMIENTO 
ECUACIÓN 

OBTENIDA 
R

2
 K 

A ="E"9:;!!<G"V"9:9R;6" 9:<;6R" 9:;!!<"

B ="E"9:;66PG"V"9:PRR;" 9:!;WS" 9:;66P"

C ="E"9:PRPG"V"9:!7R" 9:!S<;" 9:PRP"

D ="E"9:RSRRG"V"9:;6!" 9:!7R!" 9:RSRR"

""

"

T&"2*1')'$'B?&"*2.$*&)&"*/" $&"'>1*/,0C/")*"$'-"%&$'(*-"B(&80,&)'-")*" $&"H0B5(&"

;W4"-*".(*-*/1&/"*/"$'-",5&)('-"36P4"3674"36W"="36S4"*/"*$"&.&(1&)'")*"3/*G'-:"

"

"

"

"
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#

Figura 36. $%&'()*+#,-(.(/*0*+#12#.*#34-12)(52#01#6#7*%*#)*0*#-%*-*8(12-39#
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6.10. Explicación de los rendimientos obtenidos utilizando la metodología 

propuesta por la FAO (2000). 

$%&%# '(# &()*+%),# ()# (-# ,.,/0,1%# 232345# # 1(# ,*6(/1%# *%)# -,# &(0%1%-%78,#

./%.6('0,# .%/# -,# 9:;# <4"""=5# '(# 1,/># 6),# (?.-+*,*+@)# ,# -%'# /()1+&+()0%'#

%A0()+1%'5# ,# 0/,BC'# 1(# -,# 1(0(/&+),*+@)# 1(# -%'# B,-%/('# *%//('.%)1+()0('# ,# *,1,#

B,/+,A-(#1(#-,#'+76+()0(#D@/&6-,E#

hidrK*F*YmáxY ! *Ksal 

F%)1(E##

#

Ymáx# G# H()1+&+()0%# .%0()*+,-# &>?+&%# %# ,7/%*-+&>0+*%# (*%)@&+*,&()0(#

,./%B(*I,A-(# J6(# .6(1(# ./%16*+/# *6-0+B%# ',)%# *%)# 6)# '6&+)+'0/%#

,1(*6,1%#1(#)60/+&()0%'#K#,76,5#()#L7#I,MN3#

F = 9,*0%/# 1(# /('0/+**+@)# 1(-# /()1+&+()0%# .%/# 1(D+*+()*+,# 1(# )60/+*+@)# <O)1+*(#

+)0(7/,-#1(#9(/0+-+1,1=5#,1+&()'+%),-#<B,/8,#()0/(#"#K#N=3#

Khidr#G#9,*0%/#1(#/('0/+**+@)#1(-#/()1+&+()0%#.%/#1(D+*+()*+,#1(#'6&+)+'0/%#1(#,76,5#

,1+&()'+%),-#<B,/8,#()0/(#"#K#N=3##

Ksal#G#9,*0%/#1(# /('0/+**+@)#1(-# /()1+&+()0%#.%/#',-+)+1,1#1(-#'6(-%5#,1+&()'+%),-#

<B,/8,#()0/(#"#K#N=3#

#

F+*I%'#/('6-0,1%'#'(#./('()0,)#()#(-#$6,1/%#NP5#,#.,/0+/#1(-#*6,-#'(#1(16*(#J6(#

-,'#B,/+,A-('#J6(#,D(*0,/%)#1(#&,)(/,#&>'#'+7)+D+*,0+B,#(-#/()1+&+()0%#1(-#*6-0+B%#

1(#&,8Q#D6(/%)#-,#1+'.%)+A+-+1,1#1(#,76,#K#-,#',-+)+1,1#./('()0(#()#(-#'6(-%#1%)1(#

'(#('0,A-(*+@#(-#0/,A,R%#1(#+)B('0+7,*+@)3#

#

Cuadro 16. S,-%/('#%A0()+1%'#.,/,#*,1,#B,/+,A-(#*%)'+1(/,1,#1(#+)D-6()*+,#()#(-#/()1+&+()0%#1(-#

*6-0+B%#<Y=3#

Trat#
Yreal 

(ton ha
-1

) 
Ymáx 

(ton ha
-1

) 
Khidr 

(Adim.) 
Ksal 

(Adim.) 
F 

(Adim.) 

Ycalc 

(ton ha
-1

) 

B I-III B II- IV B I-III B II- IV B I-III B II- IV B I-III B II- IV B I-III B II- IV B I-III B II- IV 

A T3U!# P3"P# U# U# "3VN# "3PU# "3PN# "32P# "3VT# N3""# 432P# W3"T#
B 23NP# P34P# U# U# "3VP# "3VP# "3PN# "32P# "3VT# "3!2# 43VT# W34W#
C T32P# P32N# U# U# "3V2# "3VV# "3PN# "32P# "3PU# "3!2# 43T!# W34U#
D T3TU# P3"4# U# U# "3VN# "3VN# "3PN# "32P# "3PU# N3""# 43WP# W3NU#

Nota:#   X#YMYYY#G#X-%J6('#Y#K#YYYZ#X#YYMYS#G#X-%J6('#YY#K#YS3#[-#B,-%/#F#/(./('()0,#(-#8)1+*(#+)0(7/,-#1(#D(/0+-+1,1#()#D%/&,#/(-,0+B,#

K#,1+&()'+%),-#()0/(#-%'#0/,0,&+()0%'#(?.(/+&()0,-('3#[-#B,-%/#1(#Ksal#'(#%A06B%#,#.,/0+/#1(#('*,',#+)D%/&,*+@)#1(#$[3#
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$%# &'# ()*(+# ,-./0+# 12-./0+# "345# *&# +6*&07.# '.# ,'.0.# /)8&0&%,).# &%# ,-.%9+# .#

0&%/)()&%9+# :+0# .;0-:.,)<%# /&# 6'+=-&*5# .*># :+0# &?&(:'+5# &'# (.@+0# 0&%/)()&%9+#

+69&%)/+# ,+00&*:+%/&# .'# 90.9.()&%9+#2# /&# '+*#A'+=-&*# BB# @# BC# 13DE"# 9+%# F.G"45# # @#

&*9+5#.#*)(:'&#7)*9.#:-&/&#&H:'),.0*&#/&6)/+#.#=-&#&%#&*9&#90.9.()&%9+#*&#:0&*&%9<#

&'#7.'+0#(I*#.'9+#/& Khidr5#=-&#*&#,0&&#.@-/<#.#0&/-,)0# '+*#&8&,9+*#/&#'.#*.')%)/./#

.'9.5#Ksal#J#KDE35#.-%./+#.#'.#6-&%.#8&09)')/./#/&'#*-&'+#1F J#"DK4D##

#

L5#&'#(&%+0#0&%/)()&%9+#*&#9-7+#&%#&'#90.9.()&%9+#M5#/&#'+*#6'+=-&*#B#@#BBB5#/+%/&#

*&#+6*&07<#(I*#6.?.#8&09)')/./#1F#J#KD3N4#@#6.?.#F-(&/./#1Khidr#JKDO"45#,+%#(&%+0#

.8&,9.,)<%#:+0#:.09&#/&# '.# *.')%)/./#&%#,+(:.0.,)<%#,+%#&'# 90.9.()&%9+#2# 1Ksal# J#

KD3"4D###

#

M&#&*9&#(+/+5#@#,+%#&'#8)%#/&#?-*9)8),.0#'.#/&:&%/&%,).#/&#'+*#0&%/)()&%9+*#/&#(.>P#

+69&%)/+*#&%##,.(:+#1Yreal4#&%#8-%,)<%#*+'.(&%9&#/&#'+*#90.9.()&%9+*#/&#,.:9.,)<%#

/&# .;-.#/&# ''-7).# +# /&# '.# F-(&/./#/&'# *-&'+5# &%# &'#2-./0+# "O# *&#(-&*90.%# '+*#

0&%/)()&%9+*# ,.',-'./+*# ,+%# '.# (&9+/+'+;>.# /&*,0)9.# .%9&0)+0(&%9&# 1Ycalc4D# Q+*#

7.'+0&*#.6*+'-9+*#/&#Ycal#%+#9)&%&%#)(:+09.%,).#/&6)/+#.#'.#9+(.#/&'#7.'+0#Ymax#J#N#

9+%# F.G"# '+# =-&# %+# ,+00&*:+%/&# /)0&,9.(&%9&# .'# 7.'+0# (IH)(+# :+9&%,).'#

6)+'<;),.(&%9&D##Q.#)(:+09.%,).#'.#9)&%&%#'+*#7.'+0&*#0&'.9)7+*#1YcalcR84#@#*-#,.(6)+#

&%#8-%,)<%#/&'#90.9.()&%9+D#$%#'.#S);-0.#TO#*&#:0&*&%9.#'.#;0I8),.#/&#,+(:.0.,)<%#

/&#'+*#7.'+0&*#0&'.9)7+*#/&'#0&%/)()&%9+5#;&%&0./.#.#:.09)0#/&#'+*#/.9+*#(+*90./+*#

&%#&'#,-./0+#"O#1YrealR3DE"45#/+%/&#3DE"#9+%#F.
G"#&*#&'#7.'+0#(IH)(+#0&.'#+6*&07./+#

@#,.',-'./+#&*#TDUN#9+%#F.G"#,+00&*:+%/&#.'#7.'+0#(IH)(+#,.',-'./+#1YcalcR8).#

Cuadro 17. C.'+0&*# 0&'.9)7+*# /&# 0&%/)()&%9+# :.0.# '+*# /)8&0&%9&*# 6'+=-&*5# .*># ,+(+# *-#

,+00&*:+%/)&9&#Khidr. 

Yreal /6.51 Ycalc/8 Khidr 

(adim) (adim) (Adim.) 

B I-III B II- IV B I-III B II- IV B I-III B II- IV 

KDOEU# KD!TU# KDONK# KD!UO# KDO"# KD3N#

KDO!T# KD!3U# KDNTE# KD!NE# KDO3# KDO3#

KDOK"# "DKKK# KDOE!# "DKKK# KDOE# KDOO#

KD3N!# KD!UE# KDOUK# KD!OK# KDO"# KDO"#

#
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$%#&#'(!))

'(*''

'(*+'

'()''

'()+'

'(,''

'(,+'

'(!''

'(!+'

-('''

-('+'

'(*'' '()'' '(,'' '(!'' -('''

Y
re

a
l/6

.5
1

 (
a

d
im

.)

Ycalc/8 y Khidr(adim.)

- " . /01234#5-6

 

Figura 37. 789:3;3<0=1# >2# 48?# ;21>09021@8?# 3>0921?081342?# >2#93AB# # 8C@210>8?# 5YrealD*(+-6# 21#

>0E2;21@2?#@;3@39021@8?#>2#<3:@3<0=1#>2#44FG03#<81#48?#G348;2?#<34<F43>8?#5YcalcD86#5-6#H#

<81#48?#<82E0<021@2?#IA>;0<8?#Khidr#21#24#J;F:8#>2#@;3@39021@8?#K#LMLLL#5"6#H#21#24#J;F:8#>2#

@;3@39021@8?#K#LLM#LN#5.6(##

7898# ?2# G2# 21# 43# E0JF;3# 31@2;08;O# 2P0?@2# CF213# <81<8;>31<03# 21@;2# 48?# G348;2?#

3>0921?081342?# >2# ;21>09021@8# <34<F43>8?# H# 92>0>8?(# Q4# <82E0<021@2# >2#

>2@2;9013<0=1# 21@;2# 2448?# 2?# '(!))(# Q?@8# ?0J10E0<3# RF2# 43# <02;@3# ;2JF43;0>3># 21#

>2:21>21<03# >2# 48?# ;21>09021@8?# 8C?2;G3>8?# >2# 93AB# 21# EF1<0=1# >24# @0:8# >2#

@;3@39021@8#>2#<3:@3<0=1#>2#44FG03#:F2>2#2P:40<3;#43#;3B=1#>2#<39C08#>24#;SJ0921#

IA>;0<8# >24# ?F248(# T8;# 48# J212;34O# 48?# G348;2?# 3>0921?081342?# <34<F43>8?# 5YcalcD86#

?F:2;31# F1# :8<8# 5>21@;8# >2# "'# U6# 48?# G348;2?# 8C?2;G3>8?# 5YrealD*(+-6# 48# RF2#

?0J10E0<3#RF2#2P0?@2#F13#:2RF2V3#?8C;22?@093<0=1#?0?@29W@0<3#>2# 48?#<82E0<021@2?#

Khidr 8# Ksal# 8# F(# T2;8# 2?@3?# ?8C;22?@093<0812?# :8@21<0342?# 18# @02121# J;31#

09:8;@31<03#:3;3#21@21>2;#<02;@3#;2JF43;0>3>#21#43#>0?@;0CF<0=1#>2#48?#;21>09021@8?#

21@;2#48?#@;3@39021@8?(#T3;3#:;2<0?3;#>2:21>21<03#>2#48?#;21>09021@8?#21#EF1<0=1#

>24# @0:8# >2# @;3@39021@8O# 21# 43# X0JF;3# .)# ?2# :;2?21@31# @39C0S1# 48?# G348;2?#Khidr#

>2:21>021@2?# >0;2<@3921@2# >24# @0:8# >2# @;3@39021@8(# /8?# G348;2?#Khidr# ?2# :F2>21#

<81?0>2;3;# @39C0S1# <898# 43# E;3<<0=1# >2# 48?# ;21>09021@8?# ;243@0G8?# 5YcalcD86# 8#

5YrealD*(+-6# ;243<0813>3# ?843921@2# <81# 24# ;SJ0921# IA>;0<8# 8# <81# 24# @0:8# >2#

@;3@39021@8(#

#



Resultados y Discusión 

!"#

 

$%&'(&)*&+%# ,%&# -*#.(/.*# 0(1)2*# 30(1)2*# "456# -%/# ,%70(,(7&'7/#Khidr# '(7&7&#.*8%2#

,%&,%2+*&,(*# ,%&# -%/# 27&+(.(7&'%/# %9/72:*+%/# 3Yreal;<=>?5# +7&'2%# +7-# 12)@%# +7#

'2*'*.(7&'%/# A# BCBBB# 7&# ,%.@*2*,(D&# ,%&# 7-# 12)@%# A# BBC# BE=# F/'%# /(1&(0(,*# G)7# 7-#

707,'%#+(27,'%#+7-#12)@%#A# BCBBB#/%927# -%/# 27&+(.(7&'%/#+7#.*HI#7/#.*8%2#G)7#+7-#

12)@%#A#BBC#BE=##

#

J+7.K/6#,%.%#8*#/7#L*#.7&,(%&*+%#*&'72(%2.7&'76# -*#L).7+*+#+7-#/)7-%#/7#L*#

.7+(+%# 7&# -%/# 7/'2*'%/# +7# MC?># 8# ?># C"M# ,.# +7# @2%0)&+(+*+=# N7# /*97# G)7# -*/#

2*H,7/#+7#.*HI#*9/%297&#*1)*#7&#7-#7/'2*'%#L*/'*#?#.#%#.K/#+7#@2%0)&+(+*+=#O*#

L).7+*+# +7# -%/# 7/'2*'%/# (&072(%27/# +7# "M# ,.# +7972H*# /72# .K/# 12*&+7# G)7# 7&#

7/'2*'%#+7#M#*#"M#,.=#F&'%&,7/#-%/#27&+(.(7&'%/#27-*'(:*.7&'7#*-'%/#%9'7&(+%/#7&#

-%/# '2*'*.(7&'%/# @%/(9-7.7&'7# /7# @)7+7&# 7P@-(,*2# @%2# *@%2'*,(D&# +7-# 2Q1(.7&#

LH+2(,%# +7-# ,)-'(:%# +7# @*2'7# +7# -%/# 7/'2*'%/# (&072(%27/# +7# "M# ,.=#N(&# 7.9*21%6# -*#

+(/'2(9),(D&# %9/72:*+*# +7# -%/# 27&+(.(7&'%/# 7&# 0)&,(D&# +7# '(@%# +7# '2*'*.(7&'%#

@*27,7#G)7# /7#@)7+7#7P@-(,*2#@%2# -*# # +(0727&,(*#7&'27# -*# ,*&'(+*+#+7#*1)*#7&#7-#

7/'2*'%#+7#"M#,.#+7#@2%0)&+(+*+#.(7&'2*/#G)7#-*#,*&'(+*+#+7#*1)*#7&#-%/#7/'2*'%/#

(&072(%27/#+7972H*#/72#,*/(# (1)*-#7&# '%+%/# -%/# '2*'*.(7&'%/=#J+7.K/#7/#&7,7/*2(%#

,%&/(+72*2#.*8%2# (.@%2'*&,(*#+7# -*#L).7+*+#7&#7-#7/'2*'%#/)@72(%2#+7#"M#,.#+7#

@2%0)&+(+*+#+79(+%#*#-*#.*8%2#,%&,7&'2*,(D&#+7#-*/#2*H,7/#7&#7/'7#7/'2*'%6#.*8%2#

*(27*,(D&#8#.*8%2#072'(-(+*+#G)7#7&#-%/#7/'2*'%/#.K/#@2%0)&+%/=#

#

#

#

#

#

#

#

#

#

#

#

#
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77..  CCOONNCCLLUUSSIIOONNEESS    

#

Del Contenido de Humedad en el suelo: 

!# $%&'(#)*+#,-+#.'-/0%,1,*,(+#,(#(+&0,1-2#*#34#5#67#8(%&9:(&'-+2#(;1+&1<#0%*#

,1/('(%81*#,(#8-%&(%1,-#,(#=0:(,*,#8-%+&*%&(2# )*#80*)# 5*# &'*%+/-':*,*#*#

)>:1%*#/)08&?*#(%&'(#)-+#6#5#)-+#"#8(%&9:(&'-+#*#)-#)*'@-#,(#&-,-#()#818)-#,()#

80)&1A-2#*&'1B01B)(#*)#&1.-#,(#+0()-#C/'*%8-#*'81))-#*'(%-+-DE#

!# F# 34# 8(%&9:(&'-+# ,(# .'-/0%,1,*,2# )*# )>:1%*# *.'-A(8=*B)(# ,(+8(%,1<#:>+#

*))>#,(#GHG#(%#'(1&('*,*+#-8*+1-%(+#*#)-# )*'@-#,(#&-,-#()#818)-#,()#80)&1A-2#

+1(%,-# (%# )*# (&*.*# ,(# /)-'*81<%# :>+# (A1,(%&(# (+&(# =(8=-# C(%# 3"# ,(# 3I#

/(8=*+#+(#.'(+(%&*'-%#)>:1%*+#.-'#,(B*J-#,(#GHGDE##K*B(#+(L*)*'#&*:B1M%#

N0(#%-#-80''1<#)-#:1+:-#*#)*#.'-/0%,1,*,#,(#67#8(%&9:(&'-+2#.0(+&-#N0(#)-+#

A*)-'(+#,(#)>:1%*#8*)80)*,-+#(%#B*+(#*)#8-%&(%1,-#,(#=0:(,*,#(%#()#+0()-#

*#,18=*#.'-/0%,1,*,#+(#(%8-%&'*'-%#(%#*.'-;1:*,*:(%&(#()#!7O#,()#&1(:.-#

,(%&'-#,()# '*%@-# 8-%+1,('*,-# 8-:-#*.'-A(8=*B)(# C1%8)0+-#*)@0%*+# /(8=*+#

(+&0A1('-%#.-'#(%81:*#,(#KKDE#

!# P-+# &'*&*:1(%&-+# .'-B*,-+# %-# .'-A-8*'-%# ,1/('(%81*+# (+&*,9+&18*:(%&(#

+1@%1/18*&1A*+#(%#()#8-%&(%1,-#,(#=0:(,*,#(%#()#+0()-#(%#)*#@'*%#:*5-'9*#,(#

)*+#/(8=*+#,(#'(@1+&'-E#

!# P*+# /(8=*+#(%# )*+#N0(#+1#+(#.'(+(%&*'-%#,1/('(%81*+#8-''(+.-%,1('-%#*# )-+#

,9*+# +0B+(80(%&(+# *# .'(81.1&*81-%(+# +0.('1-'(+# *# )-+# 37# ::#

*.'-;1:*,*:(%&(2#)-#80*)#.0(,(#,(B('+(#*#)*#,1+&*%81*#(%&'(#8-%&'*+#C6#:D#

5#()#&1.-#,(#+0()-#C/'*%8-Q*'81))-Q*'(%-+-DE##

!# R*,-# N0(# %-# +(# '(*)1S*'-%# :(,181-%(+# ,(# 8-%&(%1,-# ,(# =0:(,*,# *#

.'-/0%,1,*,(+#:*5-'(+#,(#67#8:# C.-'# /*)&*#,(#(N01.-D2# %-#+(#,(+8*'&*# )*#

.-+1B1)1,*,# ,(# *.-'&*81-%(+# (%# ()# +(%&1,-# A('&18*)# .'-A(%1(%&(+# ,()# :*%&-#

*809/('-E#

#

Del Rendimiento de grano 

$%#)-#N0(#'(+.(8&*#*)#'(%,1:1(%&-#,(#@'*%-2#()# &'*&*:1(%&-#T#/0(#()#N0(#.'(+(%&<#

)-+# '(%,1:1(%&-+#:>+# *)&-+# 8-%# 4EUV# &-%# =*Q32# +(@01,-# ,()# &'*&*:1(%&-#K2# ()# R# 5#



Conclusiones 

!"#

 

$%&'()*&+*# *(# ,# -.&# "/"01# "/"2# 3# "/2# +.&# 4'56# 7*89*-+%:')*&+*/# ;.# *<%8+%*&=.#

=%$*7*&-%'8#8%>&%$%-'+%:'8#*&+7*#+7'+')%*&+.8#?@AB*31#C/C"D/#

#

De la materia seca total y su partición. 

E(# +7'+')%*&+.# FA*# 97*8*&+G# )'3.7# '-A)A('-%G&# =*# )'+*7%'# 8*-'# +.+'(# $A*# *(#

+7'+')%*&+.# H1# 8*>A%=.# =*# (.8# +7'+')%*&+.8# I1# ,# 3# $%&'()*&+*# *(# +7'+')%*&+.# J#

?@*8+%>.D#-.&#22K/021#22C/CL1#2L0/"M#3#L!M/L!#>#7*89*-+%:')*&+*/#E&#*8+*#-'8.1#'(#

%>A'(#FA*#*&#*(#7*&=%)%*&+.#=*#>7'&.1#&.#8*#97*8*&+'7.&#=%$*7*&-%'8#8%>&%$%-'+%:'8#

*&+7*# +7'+')%*&+.81# +'&+.# *&# )'+*7%'# 8*-'# +.+'(# -.).# *&# ('# 9'7+%-%G&#

-.77*89.&=%*&+*#'#('8#9('&+'8#-.&8%=*7'='81#?@AB*31#C/C"D/#

#

Del Análisis de algunas variables fisiotécnicas. 

N*89*-+.#'#('8#:'7%'O(*8#'(+A7'1#&P)*7.#=*#4.Q'8#3#=%R)*+7.#=*(#+'((.1#)*=%='8#*&#

9('&+'8#*89*-S$%-'8#'# ('8#FA*#8*# (*8# ((*:G# 7*>%8+7.1#&.#8*#97*8*&+'7.&#=%$*7*&-%'8#

8%>&%$%-'+%:'8# *&+7*# +7'+')%*&+.8/# N*8A(+'=.# $%&'()*&+*# *8+'+A7'8# 97.)*=%.#

8A9*7%.7*8#'#(.8#L/C#)#*&#+.=.8#(.8#+7'+')%*&+.81#&P)*7.#=*#4.Q'8#*&+7*#62#3#6"#3#

=%R)*+7.#=*(#+'((.#=*#4'8+'#2/"T#-)/##

 

Del Coeficiente de Absorción Foliar 

U.8# :'(.7*8# =*# V# .O+*&%=.8# *&# (.8# +7'+')%*&+.8# ,1# I1# H# 3# J# $A*7.&# =*# C/200!1#

C/266K1# C/KLK# 3# C/LTLL1# 7*89*-+%:')*&+*/# J*# *((.81# (.8# +7'+')%*&+.8# ,1# I1# 3# H#

*8+A:%*7.&#=*&+7.#=*(#7'&>.#=*#C/2#'#6/21#H..)O8#et al,#?6!00D/###

 

Del porcentaje de luz Interceptada: 

E(#-.)9.7+')%*&+.#=*(#9.7-*&+'Q*#=*#UAW#%&+*7-*9+'='#$A*#8%)%('7#'(#=*(#-.&+*&%=.#

=*#4A)*='=1#*(#+7'+')%*&+.#H#$A*#*(#FA*#97*8*&+G#*&#('#)'3.7S'#=*#('8#$*-4'8#=*#

7*>%8+7.#(.8#9.7-*&+'Q*8#)'3.7*81#8*>A%=.#=*#(.8#+7'+')%*&+.8#I1#,#3#J1#(.8#-A'(*8#

$A*7.&#=*#!6/2"1#!C/TT1#!C/KM#3#0!/!2#X#7*89*-+%:')*&+*1#-'(-A('=.8#9'7'#*(#=S'#

6K#=*#8*9+%*)O7*#=*#LCCM#?P(+%)'#$*-4'#=*#+.)'#=*#='+.8#9'7'#*(#-R(-A(.#=*#Y8+'#

:'7%'O(*D/# # ;.# *<%8+%*7.&# =%$*7*&-%'8# 8%>&%$%-'+%:'8# *&+7*# +7'+')%*&+.8# *&#)R8# =*(#

!CX#=*#('8#$*-4'8#=*#7*>%8+7./#

#
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De la explicación de los rendimientos obtenidos. 

$%#&'(&#'&%()*+#'&#,+%,-./&#0.&#&1)'(&#,)&2(3#2&4.-32)*3*#&%#*&5&%*&%,)3#*&# -+'#

2&%*)6)&%(+'#+7'&283*+'#*&#639:#&%#;.%,)<%#*&-#()5+#*&#(23(36)&%(+#*&#,35(3,)<%#

*&# --.8)3=# ,+%# -+# ,.3-# 5.&*&#&15-),32# -3# 23:<%#*&# ,367)+#*&-# 2>4)6&%#?9*2),+#*&-#

'.&-+@#A#0.&#&-#&;&,(+#*)2&,(+#*&-#42.5+#,+%;+263*+#5+2#-+'#B-+0.&'#CDCCC#'+72&#-+'#

2&%*)6)&%(+'#*&#639:#&'#63/+2#0.&#&-#*&-#42.5+#*&#-+'#B-+0.&'B#CCD#CE@#
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88..  RREECCOOMMEENNDDAACCIIOONNEESS  

$%# &'(%&)# *&# &+,&# ,-()# *&# ,./0-/1+# (2&*&# 3&+2%,13# *-45/-%# /210*)# +&# &+,6#

1/)+,2'731*)#1%#2+)#*&#'182-013-1#&0# %1#'19)351#*&# %1+# %17)3&+#/2%,231%&+:#;-0#

&'713<)=#1>0#9#/210*)#0)#+&#,2?-&3)0#*-4&3&0/-1+#&?-*&0,&+#&0,3&#%)+#,31,1'-&0,)+#

(3)71*)+# &0# &%# (3&+&0,&# ,3171@)# *&# -0?&+,-<1/-A0=# +-# +&# /)0+-*&31# 82&# %1#

-'(%&'&0,1/-A0#,./0-/1+#*&#/1(,1/-A0#in situ *&%#1<21#*&#%%2?-1#(2&*&#3&+2%,13#+&3#

201#1%,&301,-?1#?-17%&#(131#182&%%)+#%2<13&+#*&#*-45/-%#1//&+)=#*A0*&#0)#+&#*-+()0&#

*&# 1<21# (131# &%# 3-&<)=# &0# /29)# /1+)# %1# B131*1# (13/-1%C# (2&*&# +&3# 201# 72&01#

)(/-A0=#*1*)#82&#+2#/)04-<231/-A0#&+#'6+#+&0/-%%1#82&# %1#*&%#+23/)# ,31*-/-)01%#9#

(3)()3/-)01#3&+2%,1*)+#+-'-%13&+:#

#

$0#%)#82&#+&#3&4-&3&#1%#,-()#*&#+2&%)=#+&#*&7&#)7+&3?13#82&#%1#,&D,231#+&1#%)#'&0)+#

13&0)+1#()+-7%&=#91#82&#+-#&%#1<21#+&#-04-%,31#/)0#31(-*&E=#*&#()/)#)#01*1#+&3?-36#%1#

/)%)/1/-A0# *&# /)0,31+# 1# %)# %13<)# *&%# +23/):# F131# 4-0&+# *&# -0?&+,-<1/-A0=# %1#

/)%)/1/-A0#*&#(1+-%%)+# 41/-%-,1#71+,10,&#&%#1//&+)#(131# %1# ,)'1#*&#*1,)+=#1+5#82&#

.+,)+# *&7&0# +&3# /)0+-*&31*)+# 1%# ')'&0,)# *&# &+,17%&/&3# &%# &D(&3-'&0,)# &0#

/1'():#

#

$0#/210,)#1#%1#+&%&//-A0#*&#%1#+&'-%%1=#.+,1#*&7&#/)33&+()0*&3#1#201#?13-&*1*#*&#

/-/%)#/)3,)#82&#<1310,-/&#&0#/-&3,1#'&*-*1#82&#&%#1()3,&#*&#1<21#1*-/-)01%#*&7-*)#

1# %1# /)%)/1/-A0# *&# %1+# '-/3)/2&0/1+# +&1# +24-/-&0,&# (131# /)'(%&'&0,13# &%#

171+,&/-'-&0,)# *&%# 1<21# *&'10*1*1# ()3# &%# /2%,-?)=# %%&?60*)%)# 1# ,.3'-0)# *&#

'10&31#+1,-+41/,)3-1:# #G01#?13-&*1*#*&#()3,&#'6+#71@)#1%#2,-%-E1*)#1825=#192*1351#

,1'7-.0# +-# +&# /)0+-*&31# ,)'13# *1,)+# *&# H1*-1/-A0# I),)+-0,.,-/1'&0,&# J/,-?1=#

+)73&#,)*)#/210*)#%1+#(%10,1+#1%/10E10#+2#'6D-')#*&+133)%%)=#91#82&#1%#-0,3)*2/-3#

&+/1%&31+=#710/)+=#+-%%1+=#&,/:=#+&#/)33&#&%#3-&+<)#*&#1%,&313#%1#/)04)3'1/-A0#*&#%1+#

'-/3)/2&0/1+=#()3#%1#'-+'1#31EA0=#+&#3&/)'-&0*1#82&#&%#/)0,3)%#*&#'1%&E1+#+&1#

/)'71,-*)#/)0#K&37-/-*1+#9#0)#*&#4)3'1#'1021%:#

#

L,3)# 1+(&/,)# 82&# 3&+2%,1# -0,&3&+10,&# &+# (3)713# &+,1# ,&/0)%)<51# &0# %2<13&+# /)0#

(&0*-&0,&+# (3)020/-1*1+=# *1*)# 82&# 1%<20)+# 12,)3&+# '&0/-)010# 20# 7&0&4-/-)#



Recomendaciones 
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$%&'&()$*# $*# $*+$',)$+&,)-(# %,# $./$0# 1# ,2# ,*# 3,'3(# %,# 4/,# ,*# /2(# %,#

+&'5('/,)'$2#$1/%$#$#,6&-$5#,)#'&,5-$#+,%&%$#*$#,5(2&7)8#

#

9&)$*+,)-,0# 2,# 5,'(+&,)%$# :5(;$5# %&2-$)'&$2# ,)-5,# '()-5$2# +,)(5,2# $# *(2# <#

+,-5(20# :$5$# $2=# ,)'()-5$5# $4/,**$# 4/,# :5(:(5'&(),# *(2# +$1(5,2# ;,),>&'&(2# ,)#

,4/&*&;5&(#'()#,*#,2:$'&$+&,)-(#,)-5,#:*$)-$28##

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#
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99..  LLIITTEERRAATTUURRAA  CCIITTAADDAA  

"

#$%&'()*+" ,-" .-" /" .*)012(3+" 4-" 5-" 6!!7-" 5('*8&92" #$%*:;%('<:='*20*:#0>9?@()*-"

A(B*)0*>(20<" C(" D))&$*8&92-" E2&F()?&C*C" #%092<>*" ,G*B&2$<-"

,G*B&2$<+".(H-"

#'F*)*C<+",-"/".<2C)*$92+"I-"6!JK-"Uso de microcuencas y coberturas para la 

producción de cebolla de temporal en el Norte de Guanajuato-"

,DL#=" M" N0<-" =)&>()*" 5(%2&92" ,&(201@&8*" L<)(?0*'" /" #$)<B(8%*)&*-"

DODL#=-";#5P-"N0<-".QH&8<-"

#2*/*+" N-" .-" 6!KRS-" Captación “in situ” de agua de lluvia bajo diferentes 

tratamientos al suelo para la producción de rábano-"TD",<2$)(?<"C("

'*";<8&(C*C".(H&8*2*"C("'*",&(28&*"C('";%('<-"

#2*/*+" N-" .-" 6!KRU-" Microcuencas de captación de agua de lluvia para 

cultivos de maíz, girasol y hortalizas-"42V"#F*28(?"(2"'*"42?(W*23*"/"

'*"D2F(?0&$*8&92-"6!KR-",<'($&<"C("=<?0$)*C%*C<?+",G*B&2$<+".QH&8<-"

#2*/*+"N-".-" 6!KX-"Different soil treatments for harvesting water for radish 

production in the Mexico Valley-"=B-"N*)/"Y-"L-"Z(C-["=)<8((C&2$?"&2"

0G("\*0()"G*)F(?0&2$"?/>B<?&%>-"=G<(2&H+"#)&3<2*-"

#2*/*+"N-".-"6!JJ-"Research on Rainfall Collection for Agriculture Purpose in 

México-" D2V" =)<8((C&2$?" <@" 0G(" D20()2*0&<2*'" ,<2@()(28(" <2" A)/'*2C"

L*)>&2$-"#>*)&''<+"]%?G'*2C+"^(H*?-"E-;-#-""

#2*/*+" N-" .-" " 6!!_-" Investigación sobre aprovechamiento  de la lluvia en 

zonas agrícolas de temporal deficiente-" D";&>B<?&%>"2*8&<2*'" ?<U)("

8*B0*8&92" ` in situ” " C(" *$%*" C(" ''%F&*" " /" >*2(a<" C(" (?8%))&>&(20<?"

?%B()@&8&*'(?" *" 2&F('" B*)8('*-" b7" M" bJ" C(" ;(B0&(>U)(-" c*8*0(8*?+"

c*8*0(8*?-"4C&0<)(?V".-,-"#)>*2C<"d($*?B&"N%3>e2"/".-,-" " I<)$("d-"

^<F*)";*'&2*?-""

]*''Q2+";-"I-"#-+"N*'*)3*+"N-".-"#-"/"f)0&3+".-"5-"f-"b__X-"Historia de los sistemas 

de aprovechamiento de agua de lluvia-" gTD" ;(>&2*)&<" O*8&<2*'" C("

G&C)e%'&8*"("P&C)<'<$1*-";<8&(C*C",<'<>U&*2*"C("D2$(2&()<?-"b!+"R_"/"R6"

C("<80%U)("C("b__X-"#)>(2&*+",<'<>U&*-"



Literatura citada 
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$%&%'()# *+,+-# ,%../0)# 1+# 2# 3/&%# 4+,+# !556+# Caracterización de nueve 

genotipos de maíz (Zea mays L.) en relación a área foliar y 

coeficiente de extinción de luz+# 789:/:;:)# 0<# =>.)8)&?%+# @%';A:%0# 0<#

=>.)8)&?%-#B8/C<.9/0%0#$<8:.%A#0<#D<8<E;<A%+#D<8<E;<A%+#

$F7=-# !5G"+# El cultivo de maíz en México+# # H0/:)./%A# 4<I/'%8%+# $<8:.)# 0<#

78C<9:/>%'/)8<9#=>.%./%9+#4JI/')-#F/9:./:)#@<0<.%A+##

$744KL+# M""N+#Enfermedades Del maíz: Una guía para su identificación en 

campo+#$;%.:%#H0/'/O8+#P.)>.%&%#0<#&%?E#0<A#$744KL+#4JI/')+#F+@+#

$1Q=R=-# 9S%+# Boletín Cactus No. 10+# # $)&/9/O8# Q%'/)8%A# 0<# R)8%9# T./0%9+##

4JI/')-#F+#@+##

$)8'<U'/O8-#$+#V+-#4<80)E%-#H+#4+-#=80./)-#H+#V+-#*%8><A-#3+#=+-#*)0.?>;<E-#W+#X+#
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9<&<9:.%A# 0<# /8C<9:/>%'/O8# '/<8:?Y/'%+# B8/C<.9/0%0# V;Z.<E# 0<A# H0)+# F<#

F;.%8>)+#D<8<'/%-#F>)+#4JI/')+##=>.)Y%E+#D)A;&<8#6+#Q)+#!+#

$))&[9# V+-# W%AA# F+1+-# 3)8># X+P+# 2# X';.A)'\# V+4+1+# !5GG+# # Técnicas en 
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A%# =A/&<8:%'/O8+# H9:;0/)# 0<# A%# @=1+# */<>)# 2# 0.<8%`<+# Q)+# aa+# *)&%-#
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AANNEEXXOOSS  

Cuadro A 1. %&'()'*$ +,$ '-$ ./*0-01'1+-+$ +,$ '')21-$ *()//1+-$ ,3$ '*4$5,4,4$ +,$ 6)31*$ -$ 7*21,50/,$

+)/-38,$,'$.,/1*+*$+,$!9:#$-$;""#<$=*38,(1''*4>$=?@1(*<  

Año Precipitación 
Precipitación 

ordenada 

Número de 

orden 

Probabilidad 

de lluvia % 

1985 A9;$ BAC<;$ !$ D<##$

1986 AC;<B$ #C9<;$ ;$ 9<"9$

1987 DA#<:$ ##9<D$ A$ !A<BD$

1988 AB"<B$ #DB<9$ D$ !:<!:$

1989 A9D<9$ #D#<#$ #$ ;;<CA$

1990 #C9<;$ D9B<9$ B$ ;C<;C$

1991 #D#<#$ D9!<9$ C$ A!<:;$

1992 BAC<;$ D:!<9$ :$ AB<AB$

1993 D:"<!$ D:"<!$ 9$ D"<9!$

1994 D9!<9$ DD9<!$ !"$ D#<D#$

1995 D!;<;$ DA#<:$ !!$ #"<""$

1996 A:A<C$ D!;<;$ !;$ #D<##$

1997 ;9;<C$ D"C<A$ !A$ #9<"9$

1998 D9B<9$ A9D<9$ !D$ BA<BD$

1999 D:!<9$ A9;$ !#$ B:<!:$

2000 #DB<9$ A:A<C$ !B$ C;<CA$

2001 AD:<9$ AC;<B$ !C$ CC<;C$

2002 ADB<;$ AB"<B$ !:$ :!<:;$

2003 ##9<D$ AD:<9$ !9$ :B<AB$

2004 DD9<!$ ADB<;$ ;"$ 9"<9!$

2005 D"C<A$ ;9;<C$ ;!$ 9#<D#$

!""E
!7

=
F

!
" $

G*3+,H$

$

F$I$F/*0-01'1+-+$+,$*()//,3(1->$,3$J<$

=$I$7K5,/*$+,$*/+,3<$

7$I$7K5,/*$+,$*04,/2-(1*3,4<$

7$I$;!<$

$

$

$

$

$

$

$
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Cuadro A 2. %&'()$*'+,+-&.()$/0$,&$(1'/02+30$./$,&)$2*45&)$./$'/0)+30$6$/)7*/4-($./$8*9/.&.$./,$

)*/,(:$;&4&$,&)$;4(7*0.+.&./)$./$"<=":$="<>"$6$>"<#"$29?$@(0'/2+,,(?$@AB+2(?$=""#. 

$

Prof. 0-20 cm 
PO =4.31 

 
 

Prof. 20-40 cm 
PO =2.95 

 
 

Prof. 40-60 cm 
PO =2.30 

T 
(atm) 

Ps 
(%) 

EHS 
(atm) 

 
T 

(atm) 
Ps 
(%) 

EHS 
(atm) 

 
T 

(atm) 
Ps 
(%) 

EHS 
(atm) 

!C$ !"?#C$ !D?E!$ $ !C$ !"?>F$ !G?DC$ $ !C$ !!?FC$ !G?E$

!>$ !"?G!$ !F?E!$ $ !>$ !"?C>$ !#?DC$ $ !>$ !!?D!$ !#?E$

!E$ !"?GF$ !G?E!$ $ !E$ !"?CD$ !C?DC$ $ !E$ !!?DF$ !C?E$

!=$ !"?FC$ !#?E!$ $ !=$ !"?##$ !>?DC$ $ !=$ !=?"#$ !>?E$

!"$ !!?"!$ !>?E!$ $ !"$ !"?F=$ !=?DC$ $ !"$ !=?=E$ !=?E$

D$ !!?!!$ !E?E!$ $ D$ !"?D!$ !!?DC$ $ D$ !=?EE$ !!?E$

F$ !!?==$ !=?E!$ $ F$ !!?"!$ !"?DC$ $ F$ !=?>>$ !"?E$

#$ !!?>D$ !"?E!$ $ #$ !!?=G$ F?DC$ $ #$ !=?GE$ F?E$

>$ !!?D!$ F?E!$ $ >$ !!?#C$ #?DC$ $ >$ !E?!C$ #?E$

=$ !=?#G$ #?E!$ $ =$ !=?EC$ >?DC$ $ =$ !E?DE$ >?DC$

!$ !E?CD$ C?E!$ $ !$ !E?=$ E?DC$ $ !$ !>?FG$ E?DC$

"?C$ !>?D=$ >?F!$ $ "?C$ !>?>E$ E?>C$ $ "?C$ !#?=$ E?>C$

"?>$ !C?#=$ >?G!$ $ "?>$ !C?"F$ E?EC$ $ "?>$ !#?FD$ E?EC$

"?E$ !G?CE$ >?#!$ $ "?E$ !#?D!$ E?=C$ $ "?E$ !F?#E$ E?=C$

$

$

$

$

$

$

$

$

$

$

$

$

$

$
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Cuadro A 3. %&'()$*+$,-+./,/'&./01$(.2--/*&$*2-&1'+$+3$./.3($*+3$.23'/4($*+$5&678$921/(:;(4/+5<-+8$

=(1'+./33(>$=?@8$A""B8$

Fecha 
Lámina 
(mm) 

 Fecha 
Lámina
(mm) 

 Fecha 
Lámina
(mm) 

 Fecha 
Lámina 
(mm) 

 Fecha 
Lámina
(mm) 

02-Jun #8A$ $ !C:923$ B8D$ $ AC:EF($ !8G$ $ "C:H.'$ "8B$ $ !C:;(4$ GB8I$

03-Jun !"8A$ $ !D:923$ "8#$ $ AD:EF($ G8D$ $ "D:H.'$ "$ $ !D:;(4$ "$

04-Jun !D8B$ $ !G:923$ !8!$ $ AG:EF($ !!8I$ $ "G:H.'$ C8A$ $ !G:;(4$ "$

05-Jun "$ $ !B:923$ "8B$ $ AB:EF($ "8C$ $ "B:H.'$ "$ $ !B:;(4$ "$

06-Jun D$ $ !#:923$ !8I$ $ A#:EF($ "$ $ "#:H.'$ !8D$ $ !#:;(4$ "$

07-Jun "$ $ !J:923$ "$ $ AJ:EF($ "$ $ "J:H.'$ "$ $ !J:;(4$ "$

08-Jun "$ $ !I:923$ !8!$ $ AI:EF($ "$ $ "I:H.'$ "$ $ !I:;(4$ #8!$

09-Jun "$ $ A":923$ "8B$ $ C":EF($ "$ $ !":H.'$ !B8I$ $ A":;(4$ "$

10-Jun "$ $ A!:923$ "$ $ C!:EF($ !8B$ $ !!:H.'$ "$ $ A!:;(4$ "$

11-Jun "$ $ AA:923$ C!8C$ $ "!:K+,$ D8J$ $ !A:H.'$ "$ $ AA:;(4$ "$

12-Jun "$ $ AC:923$ !"8A$ $ "A:K+,$ "$ $ !C:H.'$ "8J$ $ AC:;(4$ "$

13-Jun "$ $ AD:923$ "8G$ $ "C:K+,$ !8I$ $ !D:H.'$ D8D$ $ AD:;(4$ "$

14-Jun "$ $ AG:923$ "$ $ "D:K+,$ D8!$ $ !G:H.'$ "8!$ $ AG:;(4$ "$

15-Jun "$ $ AB:923$ "$ $ "G:K+,$ #8#$ $ !B:H.'$ "$ $ AB:;(4$ "$

16-Jun B8B$ $ A#:923$ "8G$ $ "B:K+,$ !8C$ $ !#:H.'$ "$ $ $ $

17-Jun #8I"$ $ AJ:923$ #8J$ $ "#:K+,$ "$ $ !J:H.'$ "$ $ $ $

18-Jun !#8B$ $ AI:923$ "$ $ "J:K+,$ !G8I$ $ !I:H.'$ "$ $ $ $

19-Jun "$ $ C":923$ "$ $ "I:K+,$ "8B$ $ A":H.'$ "$ $ $ $

20-Jun "$ $ C!:923$ "8#$ $ !":K+,$ "$ $ A!:H.'$ "$ $ $ $

21-Jun "8B$ $ "!:EF($ "$ $ !!:K+,$ "$ $ AA:H.'$ "8D$ $ $ $

22-Jun "$ $ "A:EF($ G8!$ $ !A:K+,$ "8G$ $ AC:H.'$ "$ $ $ $

23-Jun C8A$ $ "C:EF($ "8A$ $ !C:K+,$ G$ $ AD:H.'$ "8J$ $ $ $

24-Jun "$ $ "D:EF($ C8C$ $ !D:K+,$ "$ $ AG:H.'$ "8J$ $ $ $

25-Jun "$ $ "G:EF($ !!8J$ $ !G:K+,$ "$ $ AB:H.'$ C$ $ $ $

26-Jun "$ $ "B:EF($ G8#$ $ !B:K+,$ "$ $ A#:H.'$ "8C$ $ $ $

27-Jun "$ $ "#:EF($ "$ $ !#:K+,$ A8#$ $ AJ:H.'$ C8D$ $ $ $

28-Jun "8D$ $ "J:EF($ #8C$ $ !J:K+,$ !8A$ $ AI:H.'$ "$ $ $ $

29-Jun "8A$ $ "I:EF($ "8C$ $ !I:K+,$ !8I$ $ C":H.'$ "$ $ $ $

30-Jun G8I$ $ !":EF($ !$ $ A":K+,$ "8J$ $ C!:H.'$ "$ $ $ $

01-Jul D$ $ !!:EF($ D8D$ $ A!:K+,$ "$ $ "!:;(4$ "$ $ $ $

02-Jul C8J$ $ !A:EF($ "8G$ $ AA:K+,$ "$ $ "A:;(4$ "$ $ $ $

03-Jul "$ $ !C:EF($ "$ $ AC:K+,$ !A8B$ $ "C:;(4$ "$ $ $ $

04-Jul "$ $ !D:EF($ A8G$ $ AD:K+,$ "$ $ "D:;(4$ "$ $ $ $

05-Jul C8J$ $ !G:EF($ "8D$ $ AG:K+,$ "$ $ "G:;(4$ D8#$ $ $ $

06-Jul "$ $ !B:EF($ "$ $ AB:K+,$ !8!$ $ "B:;(4$ "$ $ $ $

07-Jul "8A$ $ !#:EF($ "$ $ A#:K+,$ "8G$ $ "#:;(4$ "$ $ $ $

08-Jul "$ $ !J:EF($ B8A$ $ AJ:K+,$ "$ $ "J:;(4$ "$ $ $ $

09-Jul A8D$ $ !I:EF($ "8G$ $ AI:K+,$ !8D$ $ "I:;(4$ "$ $ $ $

10-Jul A8A$ $ A":EF($ "$ $ C":K+,$ !B8A$ $ !":;(4$ "8A$ $ $ $

11-Jul "$ $ A!:EF($ A8I$ $ "!:H.'$ #8!$ $ !!:;(4$ C8J$ $ $ $

12-Jul !G8D$ $ AA:EF($ "8A$ $ "A:H.'$ "8!$ $ !A:;(4$ "$ $ $ $

L2+1'+M$N)'&./01$=+'+(-(30F/.&$*+3$O(3+F/($*+$P()'F-&*2&*()8$=(1'+./33(>$=?@8$

$
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Cuadro A 4. %&'()*+$,*'$-(./*.0,($,*$123*,&,$4)&5036/)0-($74)&42&84)+2*'(9:$-())*+;(.,0*./*+$&$'&$

;)(<2.,0,&,$,*$"$=!>$-3?$@/&;&$<*.('A40-&B$@+/&C'*-030*./(?$D(./*-0''(:$D6E?$F""G?$

$

Fecha 

Profundidad: 0-15 cm 

Tratamientos 

A B C D 

"F=H2.$ "?"IJ>$ C$ "?!"I"$ &$ "?!!"F$ &$ "?"IJK$ C$

">=H2.$ "?!J>K$ &$ "?!J#G$ &$ "?!JIL$ &$ "?!JJI$ &$

"L=H2.$ "?!F>G$ &C$ "?!FIF$ &C$ "?!KLK$ &$ "?!F!!$ C$

!!=H2.$ "?!!"L$ C$ "?!F!#$ &$ "?!F!L$ &$ "?!"#I$ C$

!K=H2.$ "?!"#I$ &$ "?!!J"$ &$ "?!!GF$ &$ "?!"FG$ &$

!>=H2.$ "?!"I"$ &$ "?!!!"$ &$ "?!!JK$ &$ "?!"J!$ &$

%&'()*+$ ,*./)($ ,*$ -&,&$ <0'&$ +*420,(+$ ;()$ '&$ 30+3&$ '*/)&$ .($ ,0<0*)*.$

+04.0<0-&/05&3*./*$&'$.05*'$"?">$,*$&-2*),($-(.$'&$;)2*C&$,*$M2N*O?$

$

$

Cuadro A 5. %&'()*+$,*$-(./*.0,($,*$123*,&,$4)&5036/)0-($74)&42&84)+2*'(9:$-())*+;(.,0*./*+$&$ '&$

;)(<2.,0,&,$,*$!>=K"$-3?$@/&;&$<*.('A40-&B$@+/&C'*-030*./(?$D(./*-0''(:$D6E?$F""G?$

$

Fecha 

Profundidad: 15-30 cm 

Tratamientos 

A B C D 

"F=H2.$ "?!F>L$ C$ "?!KLL$ &C$ "?!JKI$ &$ "?!FJ>$ C$

">=H2.$ "?!#L!$ C$ "?!IJ"$ &$ "?!IK"$ &C$ "?!#I#$ &C$

"L=H2.$ "?!LLJ$ &C$ "?!#KF$ &C$ "?!#J>$ &$ "?!LJ>$ C$

"I=H2.$ "?!LGG$ &$ "?!#!!$ &$ "?!#"G$ &$ "?!LJJ$ &$

!!=H2.$ "?!GL#$ &$ "?!#"#$ &$ "?!LG>$ &$ "?!>IK$ &$

!K=H2.$ "?!>K!$ &$ "?!GG"$ &$ "?!>#I$ &$ "?!>"L$ &$

!>=H2.$ "?!GG#$ &$ "?!GG"$ &$ "?!GIF$ &$ "?!GF>$ &$

%&'()*+$ ,*./)($ ,*$ -&,&$ <0'&$ +*420,(+$ ;()$ '&$ 30+3&$ '*/)&$ .($ ,0<0*)*.$

+04.0<0-&/05&3*./*$&'$.05*'$"?">$,*$&-2*),($-(.$'&$;)2*C&$,*$M2N*O?$

$

$

$

$

$

$

$

$

$

$

$

$

$
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Cuadro A 6. %&'()*+$,*$-(./*.0,($,*$123*,&,$4)&5036/)0-($74)&42&84)+2*'(9:$-())*+;(.,0*./*+$&$ '&$

;)(<2.,0,&,$,*$"=!>$-3?$@/&;&$<*.('A40-&B$%*4*/&/05&?$C(./*-0''(:$C6D?$E""F? 

$

Fecha  

Profundidad 15 cm

Tratamientos 

A B C D$

!G=H2.$ ":!I>"$ &$ ":!I#G$ &$ ":!I#F$ &$ ":!I>E$ &$

!#=H2.$ ":!IIF$ &$ ":!I#!$ &$ ":!IJK$ &$ ":!IIG$ &$

E!=H2.$ ":!EJI$ &$ ":!I!K$ &$ ":!IIK$ &$ ":!E>!$ &$

EI=H2.$ ":!E#K$ &$ ":!I!I$ &$ ":!IIG$ &$ ":!EFE$ &$

E>=H2.$ ":!!J>$ &$ ":!EKK$ &$ ":!EK#$ &$ ":!!IG$ &$

EG=H2.$ ":!!K>$ &L$ ":!E""$ &$ ":!E"E$ &$ ":!"JK$ L$

E#=H2.$ ":!""J$ &L$ ":!">"$ &L$ ":!"#K$ &$ ":"##K$ L$

"!=H2'$ ":!">"$ L$ ":!!"E$ &$ ":!!!!$ &$ ":!"G"$ L$

"I=H2'$ ":!">>$ L$ ":!!"G$ &$ ":!!!G$ &$ ":!">I$ L$

">=H2'$ ":!"K!$ &$ ":!"K#$ &$ ":!"GI$ &$ ":!"I"$ &$

"G=H2'$ ":"##F$ &$ ":!">F$ &$ ":!"K>$ &$ ":!""E$ &$

"#=H2'$ ":"#>"$ &$ ":"##!$ &$ ":"#J#$ &$ ":"#I#$ &$

!!=H2'$ ":"#FF$ &$ ":!""!$ &$ ":!""I$ &$ ":"#>I$ &$

!I=H2'$ ":!EFE$ &$ ":!I!"$ &$ ":!E#G$ &$ ":!EGJ$ &$

!>=H2'$ ":!!J>$ &$ ":!E"G$ &$ ":!EEI$ &$ ":!!EK$ &$

!G=H2'$ ":!"FI$ L$ ":!!!"$ &L$ ":!!>>$ &$ ":!"KF$ L$

!#=H2'$ ":!">G$ &$ ":!!II$ &$ ":!!IJ$ &$ ":!">#$ &$

E!=H2'$ ":"#FE$ L$ ":!"JK$ &$ ":!"JJ$ &$ ":"#>K$ L$

EI=H2'$ ":!F!G$ &$ ":!F>I$ &$ ":!FFE$ &$ ":!FEF$ &$

E>=H2'$ ":!I!E$ &$ ":!IKJ$ &$ ":!KI#$ &$ ":!IEJ$ &$

EG=H2'$ ":!EI!$ &L$ ":!E>K$ &$ ":!EJ"$ &$ ":!!#G$ L$

E#=H2'$ ":!EIJ$ &L$ ":!E##$ &$ ":!E#K$ &L$ ":!EIF$ L$

I!=H2'$ ":!"F>$ L$ ":!!EF$ &$ ":!!EK$ &$ ":!"G"$ L$

"E=M4($ ":"#E!$ &$ ":"#JE$ &$ ":"#JK$ &$ ":"#II$ &$

"K=M4($ ":"#J"$ &$ ":!"IJ$ &$ ":!">F$ &$ ":!""!$ &$

"F=M4($ ":!EF!$ L$ ":!IE#$ &$ ":!IEF$ &$ ":!E#"$ &L$

"J=M4($ ":!!GG$ L$ ":!E!E$ &$ ":!E!K$ &$ ":!!G#$ L$

!"=M4($ ":!!I!$ &$ ":!E"!$ &$ ":!!#K$ &$ ":!!II$ &$

!E=M4($ ":!EGJ$ &$ ":!IE"$ &$ ":!II"$ &$ ":!E#J$ &$

!K=M4($ ":!!KK$ L$ ":!!J#$ &L$ ":!!#J$ &$ ":!!G!$ &L$

!F=M4($ ":"J#!$ L$ ":!""#$ &$ ":!""F$ &$ ":"#EF$ L$

!J=M4($ ":"J#"$ &$ ":"#"G$ &$ ":"#"K$ &$ ":"J>G$ &$

E"=M4($ ":"#!J$ &$ ":"#>K$ &$ ":"#G!$ &$ ":"#!J$ &$

%&'()*+$,*./)($,*$-&,&$<0'&$+*420,(+$;()$'&$30+3&$'*/)&$.($,0<0*)*.$+04.0<0-&/05&3*./*$

&'$.05*'$"?">$,*$&-2*),($-(.$'&$;)2*L&$,*$N2O*P?$

$

$

$

$
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Cuadro A 7. $%&'()*#+)#,'-.)-/+'#+)#012)+%+#3(%4/25.(/,'#63(%31%73(*1)&'89#,'(()*:'-+/)-.)*#%# &%#

:(';1-+/+%+#+)#<"#,2=#>.%:%#;)-'&?3/,%@#$)3).%./4%=#A'-.),/&&'9#A5B=#C""D= 

#

#

Fecha  

Profundidad 30 cm

Tratamientos 

A B C D#

!EFG1-# "9C!<H# %# "9C!IJ# %# "9CC""# %# "9C!H!# %#

!JFG1-# "9!JE!# %# "9C"CI# %# "9C"DH# %# "9!JID# %#

C!FG1-# "9!JDK# %# "9C""H# %# "9C"C"# %# "9!JKC# %#

C<FG1-# "9!J<C# %# "9C"HJ# %# "9C"!K# %# "9!JCE# %#

CKFG1-# "9!DII# %# "9!I<C# %# "9!I!H# %# "9!DIH# %#

CEFG1-# "9!DHI# L,# "9!E!!# %L# "9!EHC# %# "9!D<J# ,#

CJFG1-# "9!KDH# %L# "9!DH!# %# "9!DHI# %# "9!K!<# L#

"!FG1&# "9!HJD# L# "9!KE"# %# "9!KE!# %# "9!HI!# L#

"<FG1&# "9!HJK# L# "9!KK"# %# "9!KEC# %# "9!HJD# L#

"KFG1&# "9!H!!# %# "9!HK<# %# "9!HEE# %# "9!H"J# %#

"EFG1&# "9!<!!# L# "9!<DJ# %L# "9!<J<# %# "9!<CD# %L#

"JFG1&# "9!CDH# %# "9!<"D# %# "9!<<"# %# "9!CDC# %#

!!FG1&# "9!HCJ# %# "9!HD!# %# "9!HJK# %# "9!<IJ# %#

!<FG1&# "9!I<C# %# "9!IH!# %# "9!IKH# %# "9!I!K# %#

!KFG1&# "9!DC<# %# "9!E<H# %# "9!EEC# %# "9!DI"# %#

!EFG1&# "9!K!J# L# "9!KEJ# %L# "9!DDE# %# "9!HJH# L#

!JFG1&# "9!KKK# %# "9!DK<# %# "9!DKH# %# "9!KJ!# %#

C!FG1&# "9!<D!# ,# "9!KKI# %L# "9!KID# %# "9!H"C# L,#

C<FG1&# "9C"<"# %# "9C"<J# %# "9C"<H# %# "9C"<<# %#

CKFG1&# "9!JI<# %# "9!JII# %# "9C""<# %# "9!JHE# %#

CEFG1&# "9!EDD# %# "9!EJ"# %# "9!EJK# %# "9!ECJ# %#

CJFG1&# "9!DEE# L# "9!EE<# %# "9!I"K# %# "9!DDD# L#

<!FG1&# "9!K"I# L# "9!KEC# %L# "9!KJH# %# "9!K"H# L#

"CFM3'# "9!<"D# %L# "9!<IC# %L# "9!HCJ# %# "9!<""# L#

"HFM3'# "9!<ID# %# "9!H"J# %# "9!HH<# %# "9!<IJ# %#

"DFM3'# "9!KK!# L# "9!D"!# %# "9!KED# %L# "9!KEC# %L#

"IFM3'# "9!K<K# L# "9!D"!# %# "9!D!H# %# "9!KKK# %L#

!"FM3'# "9!KIE# %# "9!D!J# %# "9!D"<# %# "9!KIH# %#

!CFM3'# "9!K<E# L# "9!KID# %# "9!KIJ# %# "9!KHK# %L#

!HFM3'# "9!HCK# %# "9!H<K# %# "9!H<I# %# "9!<J<# %#

!DFM3'# "9!<<E# ,# "9!HKC# %# "9!H!D# %L# "9!<EI# L,#

!IFM3'# "9!C"H# %# "9!C<!# %# "9!CCH# %# "9!C""# %#

C"FM3'# "9!CCE# %# "9!CDI# %# "9!CEH# %# "9!CCH# %#

$%&'()*# +)-.('# +)# ,%+%# ;/&%# *)31/+'*# :'(# &%# 2/*2%# &).(%# -'# +/;/)()-#

*/3-/;/,%./4%2)-.)#%&#-/4)&#"="K#+)#%,1)(+'#,'-#&%#:(1)L%#+)#N1O)P=#

#

#
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Cuadro A 8. #$%&'()"*("+&,-(,.*&"*("/01(*$*"2'$3.14-'.+&"52'$20$62')0(%&78"+&''()9&,*.(,-()"$" %$"

9'&:0,*.*$*"*("!;"+1<"=-$9$":(,&%>2.+$?"@%&'$+.>,<"A&,-(+.%%&8"A4B<"CDDE<"

Fecha 

Profundidad 0-15 cm

Tratamientos

A B C D 

CCFG2&" D8DHH!" $" D8DIDE" $" D8DHI;" $" D8DHH!" $"

CJFG2&" D8DKKK" $" D8DHJC" $" D8DHLC" $" D8DKHJ" $"

CEFG2&" D8!C!J" $" D8!CJH" $" D8!CJ;" $" D8!!HH" $"

CHFG2&" D8DIK!" $" D8!DEJ" $" D8!DEL" $" D8!D!C" $"

LDFG2&" D8DH;;" $" D8DIDE" $" D8DIDH" $" D8DHID" $"

D!FM(9" D8DIJH" $" D8DIIJ" $" D8!DDC" $" D8DI;E" $"

DLFM(9" D8DIHL" $" D8!D;!" $" D8!DJL" $" D8!DDK" $"

D;FM(9" D8!D;I" $" D8!DIE" $" D8!DIL" $" D8!D;K" $"

DKFM(9" D8DIJJ" N" D8!DCJ" $" D8!D!K" $" D8DIJH" N"

DIFM(9" D8!!JH" $" D8!!KI" $" D8!!H!" $" D8!!;K" $"

!!FM(9" D8!DJ;" $" D8!!D;" $" D8!!LL" $" D8!DE;" $"

!LFM(9" D8DHHJ" $" D8DICC" $" D8DIDH" $" D8DHKE" $"

!;FM(9" D8DHJC" N" D8DHKK" $N" D8DHIE" $" D8DHJE" N"

!KFM(9" D8DHDE" $" D8DHJD" $" D8DHLE" $" D8DH!!" $"

!IFM(9" D8DKH;" $" D8DHLC" $" D8DKIK" $" D8DKID" $"

C!FM(9" D8DKEE" $" D8DHD;" $" D8DH!D" $" D8DKJH" $"

CLFM(9" D8DHK;" N" D8DIDE" $N" D8DILD" $" D8DHHC" $N"

C;FM(9" D8DHLL" $" D8DHIC" $" D8DHKL" $" D8DHLI" $"

#$%&'()" *(,-'&" *(" +$*$" :.%$" )(20.*&)" 9&'" %$"1.)1$" %(-'$" ,&" *.:.('(," ).2,.:.+$-.3$1(,-(" $%"

,.3(%"D<D;"*("$+0('*&"+&,"%$"9'0(N$"*("O0P(Q<"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"
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Cuadro A 9. $%&'()*#+)#,'-.)-/+'#+)#012)+%+#3(%4/25.(/,'#63(%31%73(*1)&'89#,'(()*:'-+/)-.)*#%# &%#

:(';1-+/+%+#+)#<=#,2>#?.%:%#;)-'&@3/,%A#B&'(%,/@->#C'-.),/&&'9#C5D>#"==E>#

Fecha 

Profundidad 0-15 cm

Tratamientos

A B C D 

""FG3'# =9!!HI# %# =9!"<J# %# =9!"<"# %# =9!!KI# %#

"HFG3'# =9!!JL# %# =9!!LI# %# =9!!LK# %# =9!!E=# %#

"EFG3'# =9!HLI# %# =9!HLJ# %# =9!HIL# %# =9!HKI# %#

"IFG3'# =9!<HJ# %# =9!H"K# %# =9!H=!# %# =9!<K<# %#

<=FG3'# =9!!""# %# =9!"E=# %# =9!"!L# %# =9!!JE# %#

=!FM):# =9!"<"# %# =9!<!K# %# =9!"LH# %# =9!"EI# %#

=<FM):# =9!"IJ# %# =9!<J<# %# =9!<JJ# %# =9!<==# %#

=JFM):# =9!<<L# ,# =9!H=J# %N# =9!H<E# %# =9!<EE# N,#

=KFM):# =9!<HL# %# =9!H="# %# =9!<I"# %# =9!<H<# %#

=LFM):# =9!HIK# %# =9!J=I# %# =9!J!=# %# =9!HLJ# %#

!!FM):# =9!H!<# %# =9!HK"# %# =9!HE=# %# =9!H<<# %#

!<FM):# =9!"I!# %# =9!<JI# %# =9!<<!# %# =9!"IH# %#

!JFM):# =9!!<!# %# =9!!L<# %# =9!"=J# %# =9!!EH# %#

!KFM):# =9!!J=# %# =9!"=H# %# =9!"="# %# =9!!JJ# %#

!LFM):# =9!!I=# %# =9!!LJ# %# =9!!LI# %# =9!!IJ# %#

"!FM):# =9!!<!# %# =9!!IE# %# =9!!I=# %# =9!!"I# %#

"<FM):# =9!<="# %# =9!<"L# %# =9!<<K# %# =9!<=J# %#

"JFM):# =9!!<=# %# =9!"=H# %# =9!"=!# %# =9!!<<# %#

$%&'()*# +)-.('# +)# ,%+%# ;/&%# *)31/+'*# :'(# &%#2/*2%# &).(%# -'# +/;/)()-# */3-/;/,%./4%2)-.)# %&#

-/4)&#=>=J#+)#%,1)(+'#,'-#&%#:(1)N%#+)#O1P)Q>#

#

#

#

#

#

#

#

#

#

#

#

#

#
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Cuadro A 10. $%&'()*#+)#,'-.)-/+'#+)#012)+%+#3(%4/25.(/,'#63(%31%73(*1)&'89#,'(()*:'-+/)-.)*#%#&%#

:(';1-+/+%+#+)#!<# ,2=#>.%:%# ;)-'&?3/,%@#A'(2%,/?-#+)&# )&'.)# B# &&)-%+'#+)&# 3(%-'=#

C'-.),/&&'9#C5D=#EFFG= 

Fecha  

Profundidad 15 cm

Tratamientos 

A B C D#

EHIJ):# F9FKKH# L# F9FMEN# %L# F9FMN<# %# F9FKK"# L#

EMIJ):# F9FH!K# L# F9FHK!# %L# F9FHM<# %# F9FHEM# %L#

F!IO,.# F9!!F<# %# F9!!EM# %# F9!!NK# %# F9!!!!# %#

F"IO,.# F9FMKN# %# F9!FH"# %# F9!FEG# %# F9FMGE# %#

F<IO,.# F9FKKK# %# F9FM"K# %# F9FMF!# %# F9FKHG# %#

FHIO,.# F9FK!N# %# F9FK<M# %# F9FK<M# %# F9FK!N# %#

FMIO,.# F9FHEG# %# F9FHKE# %# F9FHK<# %# F9FHFK# %#

!!IO,.# F9!EK"# %# F9!EGH# %# F9!EK!# %# F9!EGE# %#

!"IO,.# F9FMGN# %# F9!F"H# %# F9!F!K# %# F9FMHG# %#

!<IO,.# F9FK<!# L# F9FMEF# %# F9FM!H# %L# F9FK<M# %L#

!HIO,.# F9FHG!# L# F9FKGM# %# F9FKE<# %L# F9FHHM# %L#

!MIO,.# F9FHEE# L# F9FHK!# %# F9FHKH# %# F9FHFE# L#

E!IO,.# F9FGK<# L# F9FHNK# %# F9FHNM# %# F9FGMK# L#

E"IO,.# F9FH"N# %# F9FHG"# %# F9FHGM# %# F9FH""# %#

E<IO,.# F9FHMG# %L# F9FKNM# %# F9FKNF# %L# F9FHMN# L#

EHIO,.# F9FHHM# %# F9FHMN# %# F9FK!G# %# F9FHKK# %#

EMIO,.# F9FH"K# %# F9FHMN# %# F9FKF!# %# F9FH""# %#

"!IO,.# F9FH!H# L# F9FH<!# %L# F9FH<E# %# F9FH!G# L#

FEIP'4# F9FHF<# %# F9FHNN# %# F9FH"G# %# F9FHF<# %#

FNIP'4# F9FGHG# L# F9FH"M# %# F9FHEG# %L# F9FGMG# %L#

FGIP'4# F9FHN!# %# F9FHHH# %# F9FHHK# %# F9FH<K# %#

FKIP'4# F9FGMH# L# F9FHG"# %# F9FHNG# %L# F9FHFN# %L#

!FIP'4# F9FHK"# %# F9FKE"# %# F9FKE!# %# F9FHGH# %#

!EIP'4# F9FKH"# %# F9FMF<# %# F9FMEF# %# F9FKHE# %#

!NIP'4# F9!"G"# %# F9!NFF# %# F9!"KE# %# F9!"GG# %#

!GIP'4# F9!!EM# %# F9!E!E# %# F9!EFG# %# F9!!"K# %#

$%&'()*# +)-.('# +)# ,%+%# ;/&%# *)31/+'*# :'(# &%# 2/*2%# &).(%# -'# +/;/)()-#

*/3-/;/,%./4%2)-.)#%&#-/4)&#F=F<#+)#%,1)(+'#,'-#&%#:(1)L%#+)#Q1R)B=#

#

#

#

#

#

#

#

#

#

#

#

#

#
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Cuadro A 11. $%&'()*#+)#,'-.)-/+'#+)#012)+%+#3(%4/25.(/,'#63(%31%73(*1)&'89#,'(()*:'-+/)-.)*#%#&%#

:(';1-+/+%+#+)#<=#,2>#?.%:%# ;)-'&@3/,%A#B'(2%,/@-#+)&#)&'.)# C# &&)-%+'#+)&# 3(%-'>#

D'-.),/&&'9#D5E>#F==G>#

Fecha  

Profundidad 30 cm

Tratamientos 

A B C D#

FHIJ):# =9!F<<# %# =9!FGH# %# =9!FHG# %# =9!FFK# %#

FLIJ):# =9!!F<# %# =9!!"G# %# =9!!G!# %# =9!!!=# %#

=!IM,.# =9!N!L# %# =9!N<G# %# =9!N"=# %# =9!N<F# %#

=<IM,.# =9!NNK# %# =9!NLH# %# =9!NL<# %# =9!NGG# %#

=NIM,.# =9!<FL# %# =9!<L"# %# =9!<L<# %# =9!<!=# %#

=HIM,.# =9!FF!# %O# =9!FH<# %O# =9!FHK# %# =9!F=<# O#

=LIM,.# =9!!GH# %# =9!FF"# %# =9!F"H# %# =9!!GK# %#

!!IM,.# =9!KNL# %# =9!KN"# %# =9!KNG# %# =9!KN<# %#

!<IM,.# =9!"!!# %# =9!"K"# %# =9!"GG# %# =9!"F<# %#

!NIM,.# =9!<="# %# =9!<HH# %# =9!<K!# %# =9!FLK# %#

!HIM,.# =9!FHH# %# =9!<FH# %# =9!<<K# %# =9!FKG# %#

!LIM,.# =9!!G<# %# =9!F!"# %# =9!F!=# %# =9!!<<# %#

F!IM,.# =9!=H!# O,# =9!!GK# %# =9!!"!# %O# =9!=GL# ,#

F<IM,.# =9!!=G# O# =9!!HG# %# =9!!K<# %# =9!!FN# %O#

FNIM,.# =9!FFN# %# =9!FNL# %# =9!FNL# %# =9!F<!# %#

FHIM,.# =9!F<=# %# =9!F<K# %# =9!FN<# %# =9!F<<# %#

FLIM,.# =9!F=H# %# =9!F<<# %# =9!FF<# %# =9!F!N# %#

<!IM,.# =9!!=K# %# =9!!NN# %# =9!!N!# %# =9!!=K# %#

=FIP'4# =9!=""# O# =9!!F!# %# =9!!=L# %O# =9!=NN# %O#

="IP'4# =9!=<!# %# =9!=LH# %# =9!!!<# %# =9!=<H# %#

=GIP'4# =9!=L<# %# =9!!FK# %# =9!!<K# %# =9!!=!# %#

=KIP'4# =9!="H# %# =9!!=F# %# =9!!=N# %# =9!=NG# %#

!=IP'4# =9!!KN# %# =9!FFH# %# =9!F="# %# =9!!G"# %#

!FIP'4# =9!FL<# %# =9!<!F# %# =9!<FL# %# =9!FK=# %#

!"IP'4# =9F=NL# %# =9F=LN# %# =9F=K<# %# =9F=HG# %#

!GIP'4# =9!HK<# %# =9!KHL# %# =9!K<H# %# =9!HHG# %#

$%&'()*# +)-.('# +)# ,%+%# ;/&%# *)31/+'*# :'(# &%# 2/*2%# &).(%# -'# +/;/)()-#

*/3-/;/,%./4%2)-.)#%&#-/4)&#=>=N#+)#%,1)(+'#,'-#&%#:(1)O%#+)#Q1R)C>#

#

#

#

#

#

#

#

#

#
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Cuadro A 12. $%&'()*#+)#,'-.)-/+'#+)#012)+%+#3(%4/25.(/,'#63(%31%73(*1)&'89#,'(()*:'-+/)-.)*#%#&%#

:(';1-+/+%+#+)#!"#,2<#=.%:%#;)-'&>3/,%?#@%+1()A<#@'-.),/&&'9#@5B<#CDDE<#

Fecha 

Profundidad: 0-15 cm 

Tratamientos 

A B C D 

!FGH'4# D9!DDI# ,# D9!DJK# %L# D9!DII# %# D9!DMD# L,#

CDGH'4# D9!DFJ# %# D9!!KD# %# D9!!CF# %# D9!DEI# %#

CCGH'4# D9!D!J# %# D9!!DI# %# D9!!!"# %# D9!DCF# %#

CKGH'4# D9DIIC# L# D9!DJE# %L# D9!!D!# %# D9!DDJ# L#

CEGH'4# D9DI!E# %# D9!DD"# %# D9DIIK# %# D9DIMI# %#

$%&'()*# +)-.('# +)# ,%+%# ;/&%# *)31/+'*# :'(# &%# 2/*2%# &).(%# -'# +/;/)()-#

*/3-/;/,%./4%2)-.)#%&#-/4)&#D<D"#+)#%,1)(+'#,'-#&%#:(1)L%#+)#N1O)P<#

#

Cuadro A 13. $%&'()*#+)#,'-.)-/+'#+)#012)+%+#3(%4/25.(/,'#63(%31%73(*1)&'89#,'(()*:'-+/)-.)*#%#&%#

:(';1-+/+%+#+)#MD#,2<#=.%:%#;)-'&>3/,%?#@%+1()A<#@'-.),/&&'9#@5B<#CDDE<#

Fecha 

Profundidad: 0-15 cm 

Tratamientos 

A B C D 

!FGH'4# D9!EE!# %# D9!JD"# %# D9!JC!# %# D9!EM"# %#

CDGH'4# D9!JMD# %# D9!J"I# %# D9!J"F# %# D9!JCM# %#

CCGH'4# D9!EIE# %# D9!JKD# %# D9!JMK# %# D9!EJ"# %#

CKGH'4# D9!EKJ# %# D9!J!C# %# D9!EFK# %# D9!ECI# %#

CEGH'4# D9!""E# %# D9!E!"# %# D9!EDK# %# D9!"EM# %#

$%&'()*# +)-.('# +)# ,%+%# ;/&%# *)31/+'*# :'(# &%# 2/*2%# &).(%# -'# +/;/)()-#

*/3-/;/,%./4%2)-.)#%&#-/4)&#D<D"#+)#%,1)(+'#,'-#&%#:(1)L%#+)#N1O)P<#

#

Cuadro A 14. Q%.'*#1./&/A%+'*#)-#&%#+).)(2/-%,/>-#+)&#4%&'(#+)#R#,'(()*:'-+/)-.)#%&#.(%.%2/)-.'#S<#

Altura 

(cm) 
Q 

(nm) 
Afacumulada 

(m
2
) 

F 
[m

2 
área foliar  /m

2
 sup. terreno] 

Ln (Q0/QF) 

CKD#6Q0 )# CCDD# G# G# G#

CCDGCKD# C!DD# D<DD# D<DD# D<D"#

CDDGCCD# CD"D# D<MJ# D<MJ# D<DJ#

!FDGCDD# !""D# D<IM# D<IM# D<M"#

!EDG!FD# !M"D# !<""# !<""# D<KI#

!KDG!ED# I"D# C<CC# C<CC# D<FK#

!CDG!KD# "DD# C<FF# C<FF# !<KF#

!DDG!CD# M"D# M<IK# M<IK# !<FK#

FDG!DD# K"D# K<JK# K<JK# !<"I#

EDGFD# C"D# "<EJ# "<EJ# C<!J#

KDGED# !"D# "<I!# "<I!# C<EI#

CDGKD# MDD# E<M"# E<M"# !<II#
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$%&$# !'$# "()"# "()"# &("*#

 

Cuadro A 15. +,-./#0-1213,4./#56#2,#45-57816,91:6#452#;,2.7#45#<#9.775/=.64156-5#,2#-7,-,8156-.#>(#

Altura 

(cm) 
Q 

(nm) 
Afacumulada 

(m
2
) 

F 
[m

2 
área foliar  /m

2
 sup. terreno] 

Ln (Q0/QF) 

?&$#@Q0 )# !*'$# %# %# %#

?$$%?&$# !A$$# $($$# $($$# $($A#

&A$%?$$# !"$$# $(!?# $(!?# $(&$#

&"$%&A$# !!$$# $(?&# $(?&# $('B#

&)$%&"$# *$$# $("$# $("$# $(BB#

&&$%&)$# !!$$# $(*B# $(*B# $('B#

&$$%&&$# ''$# !()"# !()"# !(&B#

!A$%&$$# "$$# &(!B# &(!B# !(!A#

!"$%!A$# )'$# &(B'# &(B'# !()B#

!)$%!"$# ?'$# ?()B# ?()B# !(B&#

!&$%!)$# ?'$# ?(A*# ?(A*# !(B&#

!$$%!&$# ?$$# )(?A# )(?A# !(AB#

A$%!$$# &$$# )("$# )("$# &(&A#

"$%A$# ?$$# )(BB# )(BB# !(AB#

)$%"$# '$$# )(*&# )(*&# !(?"#

&$%)$# ?'$# '($B# '($B# !(B&#

$%&$# &'$# '(&A# '(&A# &($'#

#

Cuadro A 16. +,-./#0-1213,4./#56#2,#45-57816,91:6#452#;,2.7#45#<#9.775/=.64156-5#,2#-7,-,8156-.#C(#

Altura 

(cm) 
Q 

(nm) 
Afacumulada 

(m
2
) 

F 
[m

2 
área foliar  /m

2
 sup. terreno] 

Ln (Q0/QF) 

&"$#@Q0 )# &&$$# %# %# %#

&)$%&"$# &!$$# $($$# $($$# $($'#

&&$%&)$# !)$$# $(?!# $(?!# $()'#

&$$%&&$# !?$$# !(&?# !(&?# $('?#

!A$%&$$# !$$$# &(&&# &(&&# $(B*#

!"$%!A$# '$$# ?($!# ?($!# !()A#

!)$%!"$# ''$# ?('B# ?('B# !(?*#

!&$%!)$# )'$# )($?# )($?# !('*#

!$$%!&$# &?$# )()"# )()"# &(&"#

A$%!$$# !'$# )(B'# )(B'# &("*#

"$%A$# &$$# )(*!# )(*!# &()$#

)$%"$# )$$# '($!# '($!# !(B$#

&$%)$# ?$$# '(!&# '(!&# !(**#

$%&$# &$$# '(&)# '(&)# &()$#
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Cuadro A 17. $%&'(#)&*+*,%-'(#./#+%#-.&.01*/%2*3/#-.+#4%+'0#-.#5#2'00.(6'/-*./&.#%+#&0%&%1*./&'#$7#

Altura 

(cm) 
Q 

(nm) 
Afacumulada 

(m2) 
F 

[m2 
área foliar  /m

2
 sup. terreno] 

Ln (Q0/QF) 

89:#;Q0 )# 8:::# <# <# <#

89:<8=:# !=>:# :7::# :7::# :7:=#

8?:<89:# !=::# :7:"# :7:"# :7!!#

88:<8?:# !@>:# :78"# :78"# :7@A#

8::<88:# !:>:# :7A@# :7A@# :79?#

!=:<8::# 9>:# !79"# !79"# !7!8#

!9:<!=:# 9::# 87@!# 87@!# !78:#

!?:<!9:# 9::# 87A:# 87A:# !78:#

!8:<!?:# >::# @7@># @7@># !7@A#

!::<!8:# >>:# @7":# @7":# !78A#

=:<!::# ?>:# ?7::# ?7::# !7?A#

9:<=:# 9::# ?7@=# ?7@=# !78:#

?:<9:# >>:# ?7>!# ?7>!# !78A#

8:<?:# ?>:# ?798# ?798# !7?A#

:<8:# @>:# ?7"># ?7"># !7"?#

 

Cuadro A 18. B'/&./*-'#-.#C)1.-%-#36&*1'#-.+#2)+&*4'#-.#1%D,#6'0#.&%6%#E./'+3F*2%7#

  ESTABLEC. VEGETATIVA FLORACION 
FORMACION  
ELOTE Y LLENADO 
DEL GRANO 

MADUREZ 

Duracion (días) !@# 99# @"# >8# !:#

UC (etapa) !GA=# 8!G:?# !"G!8# 8:G=A# @G89#

UC/DÍA/ETAPA :G!># :G@8# :G?9# :G?:# :G@@#

PMP (4.3 cm) 
+UC/DIA (L*) 

?G?># ?G98# ?G"9# ?G":# ?G9@#

!òptima (%) !!G8?# !!G99# !8G:@# !!G="# !!G9=#

HB#;.&%6%I#J#H('#B'/()/&*4'#6'0#.&%6%G#217#"

!K6&*1%#;LI#J#;MNI#O#;!7@8#;$%I#P#;@:#21#;Q0II#P#!::7#
$'/-.R#

!K6&*1%#;LI#J#B'/&./*-'#-.#S)1.-%-#36&*1'G#L7##
;MNI#J#MT1*/%G#217#
$%J#$./(*-%-#%6%0./&.#-.+#().+'G#F0#21

<@
7#

Q0#J#60'E)/-*-%-G#217#
#

Cuadro A 19. U%+'0.(#-.#5V#6'0#.&%6%#E./'+3F*2%#-.#+'(#W+'X).(#Y#Z#YYY7#

Etapa fenológica#
Bloques I y III 

A B C D 

Establecimiento !7::: !7::: !7:::# !7:::#

Vegetativa # :7A:8 :7A>A :7A99# :7A:>#

Formación del elote y 
llenado del grano 

:7@=8 :7?A8 :7?A!# :7@=8#
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Floración # $%&'( $%)*( $%&+,# $%&*!#

Madurez # !%$$$ !%$$$ !%$$$# !%$$$#

Khidr # 0.707 0.763 0.751 0.710 

Cuadro A 20. -./0123#42#56#701#28.7.#92:0/;<=>.#42#/03#?/0@A23#BB#C#B-%#

Etapa fenológica#
Bloques II y IV 

A B C D 

Establecimiento $%",) !%$$$ !%$$$# $%+'!#

Vegetativa # $%"+( $%+') $%+'(# $%+$+#

Formación del elote y 
llenado del grano 

$%)'( $%'&" $%(+'# $%(!)#

Floración # $%&+! $%)!* $%)"*# $%&*(#

Madurez # !%$$$ !%$$$ !%$$$# !%$$$#

Khidr # 0.682 0.760 0.767 0.707 

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#
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Figura A 1. $%&'()#*+#,+-)./-#0#1)2%+&34#*+#5%6+*(*#*+7#)%+74#*+7#).8.4#+9:+&.6+-8(7;#<4-8+=.774>#
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,
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!E

!"

@BFAG">A
D)

!A#9#BB>GAEA""AH
,

!@>CAFC

!C

!"
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