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o ine Savarne Foosvatem of Soubth America there are approximately
Lo s YiAio hepteares of mcis solls (Ovieanls.s, 16 million of whilcn

ave found in Onjombra (Cochrane et al, ,1985), and the majority

ot
¥
M

R Thiere are Adecuste ifo annual crapning or for

r
zstablishment of improvad vastures. As a result of economic and
CoilrATION pressures,  there is  current need to  intensify
=rrzaultural production bv means of transforming thes native

z:vernnss into annual crops or into improved pastures. During the

4

lzst 1R vears the Internstional Center of Tropical Agriculture

AR “ointliv with national research and extension
imstitutions, has bheen developing improved agricultural systems
Lo fEde amvipranment (Pigler ard Toledo, 1993)y; however, 1t =

noesipise e these svstems to bhecome non—-sustainahbhle. For

-

tamnle 2fter 5 iea-e ot sortinuous cropping of upland rice. the

= -

rracaction decreases to non-sustainable economic levels due to

v-ent pommenction and Tto o a decrease in the socils?

nutrients

1

=serve (Seguv et &l., 1988). In the same way, continuous

Souring i onner =rnusl o crops such o as mAalne and  sovbeans,

veclts in erosion problems. im the other hand, pure-grass

res tend o degrade arter several vears of grazing, uhless

sgeguatelv fertilized (Buschbaker, 1986; Uhl and Buschbaker,
5

; Vera and Sere, 1G85).

Some associated grass/legqume pastures perform well under common
commerclal exploltation conditions in the region. However, there

are economic limitations for their establishment or reclaiming
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v os tohew rave harome degraded. These pastures recuire a minimum.

“aptrial investmert --land preparation, fertilizers and seseds-—-

n

- erupte wotarizahment and renlazim. and generallv, producer

are not o willino “o anvest enouch in thess practices. (Vara and
To s SRy when the nastures include & well manacged forage

iegume among its components, it is fto be expected that rice will

rnenetit from converting the increase in oxvgen content in the
=1l 1nto rendering more vield. In the case of degraded
saTiires  the fertilizer added to the rice crop is expected to

zeTimutatae The the arowth of the seed bank on the soil allowinag
o ircorrnorste the legume in the ecosvetem.

This nhant=r has been divided into two components: (1) the use

-

~f 2. r1r'isnd vice crov to establish a orass—legume nasture in the
neTive esavanng© and (Z) the use of an uplznd rice crop and =&
e Trmer 2 T rearlaim fecreded mastures.

The fivel ahdestive conseisted in determining whether it would b

D

r
fs
o
D
1

sannesfully and permanently establish  an improved

= /laouma pasture in an Oxisol when orown in association with

kA

voand rice The =econd obijective was to identify the best
methnd for establishing the grass/legume/upland rice mix in the
native savanna or on degraded pastures. The procedure applied
ronsisted of establishing rice monocrop, and also the mix, in
plats larger than 2,500 mz, te compare the yield components of
the gsernond (rice grain and dry matter of the pasture) 1 vear

after planting.

Work Methodoloay



nomation and s0ils

sorothe first obijective of the study. two trials (Trials 1 and
21 were conducted in the Matazul Farm, located 40 Xm =ast of

Husstn LOopsz Municipalitv in the Lepartment of Meta, (Coleombia).
Tne tarm is located at 4° 19' North and 72 39' West; at an
altitude of 160 meters abhove sea level; the average mean
temrerature is 27°% and with a 2,200 mm of rainfall. The drv
period goes from December to March, followed by a bimodal rainy
SEAR0OT . in the mantns of Julv and August there are short term
guration drv periods - 1 to 2 weeks. The soils are Oxisols
‘ropert o hapiustox isohvperthermic) with a pH of 4.5 and low
Ca Avallability (meg/100 gy, Hg (0.08), K (Bray 2) (0.1=, and P
romvo Ly fZ2ma/a) and an Al saturation greater than 30%. In both
triare native savanna was burned followed immediately after by

- rAard areparation Tor  the plantinog of the rice-pasture

b

assaciation.

Yor the second obiective, three Trials were conducted ( called
Trials 3, 4, and 5, in this Chapter). Trial 3, was performed at
the (JAT-Carimagua station, located in the Colombian Eastern
Plains at 4 36' North and 71 19' West of Carimagua, at 175
meters above sea level. The s01l at the experimental site is
ultic haplustox, of fine kaolin c¢lay. Trials 4 and 5, were
performed respectively at the Santa Cruz and El Trigrillo farms,
lozated approximateiv at 195 and 200 km West of the CIAT -
Carimagua station, under similar ecologic conditions. The values
o1 w0t cests ftor the three sites fall under these ranges: pH

4.2-4.5; Available F 1.5~2.0 mg/g; and K, Ca and Mg (meq/100 o)
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= 0.06-0.10, 0.15-020 and 00.6-0.08 respectively. The effective’
cation exchange capacity has between 80% and 90% of Al

=aturation.

Planting

Lot

o a:i the Trials for planting rice in monoculture the soil was

Turrowed at 17 com distance, and for the planting of the mix it

was Currouwes at. 3d om distance. 1n order to prevent competiticn
rVoThe nastare. bor the grass and lesoumes trials (Trizls 1 and

reerz wWere anniied pyv Sroadcasting immediatelv berore
vranting the rice. in Trials 3, 4, and 5, no grass seeds wWere
Lae pun 2stabiishment was rtained with the seed bank and

stplons present in the scil.

For the pianting of Trials 1, 3. 60 kg/ha of the CT 6196-33-11-1~
3 rice line were used {(Line 3, the most advanced in 1989 for
disease resistance). In Trial 2, 80 kg/ha of the CT 6947-7-1-1~
i-7-M (Line 6 with similar characteristics to Line 3 of 1990)
were usea. In Trials 4 and 5, 8Ukg/ha of the CT 7244-9-2-1-52~1
(Line 23, which turned out to be equally resigstant to diseases

in 1991) were used,

in Trials 2 and 4, (as a treatment) and in Trial 5, early soil
preparation was made by means of burning followed by two passes
a7 cnissel plow at 40 cm depth. These practices were performed

&1 the beginning of the dry season (early December), followed by.
A 1&ler tand preparation. In the same Trials (2 and 4 - and aé
A treatment} and in Trials 1 and 3, land preparation consiste@

AT rurning tne vegetatlion — unless an earlier preparation had
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ireadvy been done - followed by two passes of disc plow to

&
Zestroy aggregates in the scil and incorporate the fertilizers
hrnadcasted two weeks before planting at the start of the rainy

seasnn in May. The rice was harvested towards the end of August.

wloET et rlent s wersa  not sppli=d as & treatment, basic

“errvaltization (kg/ha) was done as follows: application of N (R0kg

N ES 20 o oAt 2B gavs: 70 k3 =t 20 davs; and 30 at 60 days
artear plarnting). P (50 ko) (25 Huila rock phosphate and 25 kg

c 'y iyv.e =uperphosphate, except in treatment 2, in which only

W

the triple superphosphate was used): K (100 kg KCl) split in
ications of 30, 50, 20 kg, simultanecus with the N

4
- i

i
ppiication. 7n {5-zZnsot {except in Trials 1 and 3); and 300
ko/ha of dolomitic lime (31.3% Ca and 4.7% Mg, broadcast and
incorporated with the last raking 2 weeks hefore planting. P was
broadcast and incorporated before planting in Trials 1 and 3.
£ and n were applied to the seed at the moment of planting in
trials 4 and 5. Huila rock phosphate is an apatite having medium

st lity o in ammonium nitrate a2t pH 7.0, with a P content of &%

tCnien and Hammond, I-%%
‘ragtment and experimental desiagn

Trials 1 and 3, at each selected site, and Trial 5, had a random

Dincr Adeassgn with 3 rerlications. Trial 2 and 4, had a split-

plot design with three replications.

Trial 1, rice vs. rice/pasture association after native savanna
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£ 19891 inciuded 3 treatments, each of which done in nine plots’
cf 100 mx 100 m. Rice Line 3 was planted in all plots alone or

[

ses/legumes: Andropocon

w

tion with twn mives of ara

cREROT

4]

5
A

&5/1edq
Fevanus cov Carimague -1/ Sitvicsanthes rapitata cv. Capica or

Caop . s aIorvane jra o ov, Lienero) {entrosema acutifoiium cv.
vLrhana . Pianting rates for 4. gsyanus. F. dictyoneura., £.
2 -cTaly Aawo (. gcutiiozum were 10, 3. 3, and 4 ko/ha,

~ troael o = anout the =2ifect of the time of soil preparation

he method of fertilizer applicstion on rice establishment

e
(S

+

znd
a~d production as monocrop and in association with pastures after
native savanna (1990), - the main plots consisted of those with
=ev iy and late land preparation;:; the subplots were rice in
monocrop (Line 6€); rice + (B, dictyoneura + C. acutifolium); and

+ A. cavanus + S. capitata); and the sub-subplots consisted

rioe
oi application of fertilizer with the seed by broadcasting.

The =ize ©on the main plots were 150 x 1%0 m., the subplots wers
0 x 100 m  and the sub-subplots 25 x 100 m. These latter were
o the faejd to tacititate mechanical cuitivation, the total

~rea was Y% has. and planting rate was ecual to the one used in

m

For Trial

3. — rice in association with grasses and legumes, and
in grass—-alaone pastures (1989), three adjacent sites were

selected that had been previcusly planted with different pasture -

tvpes:

{11 B, decumbens + P. phaseoloides 10 years of establishment; -



<) R. gesumbens aione, 10 vears of establisnment: and (3) natilve

SEVENnna . " =zach pasture two levels of P, and three levels of
M o.- ¥ N were applied as treatment in 400 m‘ plots. The P

sl e waere 25 and RS0 Fo/ha (R0% TSP ~ A0% Yuila rock thosphated.
sevelz {urea), were 0 and 40 ka/ha applied In dosaves of

20. and &0 days after plantinc.

L 3%

a &t 2
ko/ha of N distributed in dosages of 30, 20,

he same freguency of the pricr application.

in Tris. 4, reclaiming of degraded B. Decumbens pastures with

rire grovping and legume based pastures (1990), the B. decumbens

§

rastures had 10 vears of establishment and had been managed under

mrvimum  raking to move the soil  and without fertilizers

arnnlicetion. The main plots were those of early and late land

cemEYET I, . ang The sub nlcots - with snd without - seed planting
or O Tarniigts (kag/lha)yr O acutifolioum (4 kaoshe). The main
aorictss owares 200 om ox 100w, and the suhplote were 200 m

Eom fnr & totel area of o ohas.
’ 2. 5 - reclaiming of degraded pastures of B, humidicole. -

wze none nsing the rice cron with and without legumes (15%1), due

Tne rusticitv andg aggressiveness of this species 1t is seidom
tound in & degraded state. However, for this experiment it was
possihle to find a B, humridicola sligtly degraded pasture with
# high percentage of weeds, due to overgrazing and to the lack
of an adeonate fallow period. The treatments consisted of
planting or not, Arachis pintei (4.5 kg/ha) + DPesmodium
ovalifolium (1.2 kg/ha). The size cof the plots were 150 m x 50

m, for z total area de 4.5 ha.



" 21! the trials plant emergence was measured at 20 davs after
wlanting. rice dryv matter production (grain and chaff) and
-y the serial part of associated pastures (grass + legume
+ waed ), The measurements were made in elicht different sites
f 1l on o w i m, rendomly located at =ach plot. Grain producticn
nf commercial rice in the total experimental area, was determined
by wsing a combine harvester. Scoil pH and P, K, Mg. 21 Zn, Cu.
5. B. and M.0 soil contents were determined for each treatment
nrinr to fertilizer application and after rice harvesting, by
mixine several subsamples of each replicaticon. In a similar
tashion the nutrient content was determined: crude protein, P,

E. K. Ca. Mg. 5. and Zn in plant samples in each treatment.

results

w3
.
M
[
s

The ew uplangd rice Line 3. showed good vield (more that 2 t/ha)
with a moderate fertilizer application, and did not show a
sicnifinent vield decrease when planted with improved tropical
pastures on low fertility acid Oxiscls (Figure 1). Weeds, an
important proplem 1n pastures systems, were observed in all
treatments, probably resulting from the greater fertility under
this new system, or by introduction in either rice or pasture

seeds.



Ficure 1. Paddy rice production (14% moisture) of Line 3,
and pasture biomass in rice monocrop and in the
association with pastures. Matazul Farm, Eastern

Plains of Colombia, 1989

Treatment? Rice Grass _ Legume Weeds -
!
, {t/ha) DM t/ha) b
)
Fice in monoarap £.23 & - - 0.6ha
tice + Bd- s 2.09 a 1.22 a 0.21 b 0~-&7a -
!:
Di~= + Ag-8¢ 1.950 2 177 & 0.44 a 0.43a
‘H
i
nMEL . 0,82 0RO ND.14 G.22
a Fice line 77 €£196-33-11-1-3 (No 33}, Bd = Brachiarie
dictvoneura: Ca = Centrosema acutifolium: Ag = Andropogon
Gzyanus; Sc = Stylesanthes capitata.
~

Averages in the same column followed by similar letters do

not vary significantly (P < 0.05) according to Duncan's

test |

~=  &absorrption of nutrients calculation ner unit of area in the
serial bilomass. indicates that the rice c¢rop was the main

Lot oy omong apecies.  but it also suggests that pastures
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compete with rice specaially for P, K, and Mg (Graph 1), although
not affecting grain production. In general the A. Gayanus +
sryilosanches capitata pasture absorbed more P, K, Ca, and Mg than
the L. decumbems + (. acutifoiium pasture. S5o0il analysis showed
that tne ¥, K, Ca. and Mg contents were ogreater after harvest
(Figure Z), except for Zn which was signifiicantly reduced. Aside
irom the Ln, the solls atter the first narvest were chemically
petrer Tnan tnose oI the original natlve savanna, pastures
Gevagoben well Wlth the resicual Tertiizty, and initially they

were ready ror rignt grazing, and later Ior permanent grazlng.

Trias 2

Karly soirl preparatlion resulted 1in an increase cof 1 ton/ha in
rice opreoaustion 1n all treatments in comparison with late
preparation (Figure 3). Monocrop rice yilielded an increase in
production when fertilizers were broadcast under early soil
preparation conditions, but no differences were observed when
tertilizers were applied under late land preparation conditions.
in association with pastures, fertilizer application with the
sesq atways resulted in significantly higher rice yields (Figure
3. wWeeas' ary matter production was inferior with this latter
way of fertilizer application, when compared with broadcasting

when tThe lana preparation was late. (Figure 3).

11



COFlAR fig. 1 DE PAG. 238

RKice establishment and production when planted in a

Brachiaria decumbens pasture that had [Ibeen
estaklished for 10 vears. CIAT- Carimagua, Eastern
Flains of Colompia 198%. E&Sn= Native savanna; Bd = B.
decumbems,;, Bd =+ Pp = B. decumbens + Pueraria

fhReseqlrolaes.
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“1gure 2. Wutrients availiability in the soll {(kg/ha, before and
after a rice crop in the associated syste or rice-
pastures, for pasture estabiishment. Matazul Farm,

Llanos Orientales de Colombia 1989.

$ci1l status *® P K Ca Mg Zn %

} U L A

Before rice cropping 3.2 54.6 68.0 14.4 0.74

: :
. After rice cropping 9.1 67.1 112.0 31.2 0.46 ﬁ
| ::
' After rice cropping +Bd-Ca 11.8 89.2 124.0 28.8 0.42 |

t After rice cropping +Ag-Sc 19.6 70.2 116.0 28.8 0.42

a. Bd = B. dibtﬁaheu}a?- Ca = C.Aabﬁiffgliumf"vAg=A.“§éyéhﬁ5,

S0 = S. capitata

13
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lrial J

Froduction of rice planted after B, decumbens + P. phaseololides
yielded more than 3 t/ha (Graph 1.) in all treatments, including
those in which no N was applied, or in those receiving only 25
kg/ha; However, when the dosis was doubled, F (50 kg/ha) no
efrect was observed on vield. When N applications were increased
Trom U to 80 kKg/ha, rice praduction increased in 0.5% t/ha. Poor
naady rice vieids 1.3 tsha) were opserved wnen rice was planted
in pastures of KA., decumbens alone without N application, with 25
va/na or 50 Kg/ha of F. However, the application of 40 kg/ha of
. increassed production to 3 t/ha, and the application of 80
RO/0a resurted on an aaditional  increase o0of 6.5 t/ha. Ne
istference in race production was ioune oy applying different
cLooers ool BO Rice producition when plantea afitser native savanna
was 10w {less then 2 t/ha), being inferior to that obtained by
pianting rice after 1mproved pastures. The initial soil analysis
at the three sites indicated that K, Ca and Mg status

was hetter in imoroved pastures than in native savanna.

Trial 4

tThe results of this trial {(Figure 4}, indicate again a high yield
for Rice Line 23 (more than 3.4 t/ha) and a good degraded pasture
recovery. No differences were found between early and late land
preparation treatments. with or without the introduction of

forage jegumes.

15



Figure 4. Rice and DM production (t/ha of pastures and weds in
the reclaiming o B. decumbens degraded pastures.

Santa Cruz Farm Eastern Plains of Colombia, 13590.

Lreitment hite® B, cecumiers O ariciroliur S, cenitata Keads b
LErUV Lreharat.on

1:

|

. . P . ]

WL _ECyRS T G442 ¢.11 & 6,17 & 0.053 & ;

[ h

RILEOUT egune 3.0 g G.ofF & -~ -- (.14 & p

|

LETE DIBUETALLLI F

|

y

I

RiLn iequme 1.46 @ 0.57 a 6.1 a 0.i7a 0.23 a i

b

|

: Y

v WiTRoul iequme }.46 @ 0.7¢ & -- -- 0.19 a !

: ' ;

I

[ |1

¢ IRS .57 §.29 {.08 _ .11 i

: T A

;

e DTSSR T T T oo — e

a. Dice Line CT 7244-9-2-1-51-1 (Bo. 23

¥ hveresues of 2 same coiumn followed by same letters do mot presnt significant variation (P ( 0,05} as per

Dyncan's zest
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liring the early preparation, grass burning was difficult due to
& lack of plant materizal in the degraded pasture. At the moment
ST rice narvesting the B. cecumbens pasture was recovered and
readv for grazing. 7The legumes were Tound in the same conditions
rasses and <The c¢ondition o©of the grass-tegume

e

D

assacliation was excelient, with a ratio cf (M.S5.) DM of 1.5:1 and

Sovy enEayels pefore nne Triag ano arter the rice harvest (Figure
. snowed that nutrient leveis were not artected ny fertilizer
soplication to whe crop, i1n contrast with tne 10 vear well

fertiiizeqe pasture ( see Trial 3, above).

17



Fraure 5. Futrients avallabiiilty status in the so0iil (kg/ha)
pefore and after a rice crop in the reclaiming of degraded B.

cerunnens pastures.  Santa Cruz Farm, mastern Plains of Colombia.

S0ii status P K Ca Mg S Zn !

. Betore the crop 6.6 31.2 152.0 12.0 22.7 0.42
i

)

. ATter the crop 4.6 46.8 120.0 16.8 21.8 1.12 |
I

i

" After rice crop+ i
]

S.capitatad f

)

C.hcutifolium 6.6 54.6 176.0 19,2 33.4 0.74 |

e e A e e - — S —]

inatialily, the rice presented poor growth with foliar symptoms
o smeveie Mg deticiency; despite that B, hnumidicola developed
weil. Tne soi1l analysis results (0.11 amd 0¢.06 megq/100 g Ca and
w3, resnectively) and tissue analysis (0.21% of Ca and 0.04% Mg)
contirm the Mg deficiency in the rice crop, as well as the low
.evels ot Ca. When applying 135 kg/ha pf Ca and 160 kg/ha of Mg
as cnhlorides in an additional treatment on a different plot, a
good recovery of the rice crop was observed. With this

additional treatment rice yields doubled the figure of the non

18



Tresatea plot (Graph 2.) despite the aggressive growth of B,

numidiconia. Both species and the legumes were well establiished,

R

= Uatlon was continuved under grazlhg,

i9



Discussion

High rice vielas (Z to 3 t/ha.) can be obtalned when planted in
zssoctation witn pastures and with moderate 1nput application.
in pastures established simultaneously with rice planting, yields
Sbhhainea were petween 0,41 and 2.54 t/ha of DM for the grasses,
and ©0.07 and 0.44 t/ha DM for the legumes, without affecting
rioe vieids., The estaplishment of rice/pastures associations
ajiiows 10O Keep a 1ow weed level assuring soll coverage throughout
e Veay. rriiv researcnh done (CIAT, 193%) indicated that with
e=r1v lang preparation it is possible to obtain twice the rice
SFoauetIon Lhal with oa late land preparation. In Trial 2, the
ettect or earlv land preparation in addition to the suppression
51 weeds, was aue to tne K o+ NH, release from Al--chlorita/Al-
vermintuiite after the postharvest drving and moisture. (Sanz and

Rowell, 1%&8; Sylvester—-Bradley et al., 1988).

In this work, a confounded effect of components occurred when
early preparation of the soil was done : burning and chisel plow.
Research is being currently conducted to separate the individual
etfect o©of these components and to evaluate alternatives to
burning. Plant density in the pasture might produce a negative
impact on rice develcopment and production, especially if plant
density is high at the initial state of the crop. In Trial 1,
rice + B. decumbensys (. acutifolium and rice + A. gayanus/ S.
canrtata. the averace germination ot the pasture components wass
.o and G.o plant/mﬁ 20 davs after planting, respectively. fn_

frial 2, in treatments with late land preparation, this average

21



was 13.9 and 18.2 p]ant/mz. In the latter trial, rice production
wzs lower than in *he former, and pasture production was not

ztected hvy the initial plant densitv (Figures 1 and 3%.

improved pastures may be plowed and thevy spontanecusly re-
ssTahlisr when vianted witn rice. Rice vield (3.5t /ha) after the

n.anting of i1mproved pastures can be bigger than after native

& - T +ho= miont ocrur - even without N anplication - T
rnianting alter tne orass/legumes association, In all cases re-

asoriaterd pastures toaok nlarse,

Fh
hl

cElLablilshmnent o

Nutrieni ahsorprtion bv rice was reduced when planted 1in
2anaf1ation with pasturss on native savanna. However, P, Mo. and
Zn nompetition might limit production under those circumstances.
fem. an hoth years, after vlanting rice and rice/pastures, the
Ta and Mg levels in the scil remained higher than the initial
riciires. P and K, were hign atter the first vear of harvest
remaining at the same level during the second vear. This
indicates that atter rice harvest there is a significant residual
fertility in the scil that pastures can take advantage of.
pithough low P, K, and §, reserves in the soil suggests that
rastures can easily degrade unless the initial competiticon is
reduced. Zn is very low in these soils, was highly absorbed bv

rice and it was necessarv to apply it during the second vear.

Poorhis wori the contributicon of N bv the legume refers to a 10

T
;]_1
"
Q
n
L]
o}

cijation of grass/legumes. In CIAT's works at CIAT-
Carimecsua (CHAT, 1992) using pastures' productivity and legume

corTent In B, decumbers alone and in association with P,

22



asenloides, it was estimated that 80% to 390% of the potential
enefit of this legume in N fixation is obtained betwen years 3
to b, Inis indicates that it is not necessary to wait for 10

vears to reach such an important economic benefit.

Sadgh oorotin of an annual crop in a short term can be combined

with the iong term productivity and improvement of soil
rroweries provided by the grass/legume pastures. The
rice/pasture system improves the scil nutrients state by the
v1el T anptication of the masf important slements as fertilizers,
LY Luie Jegume N tixation and the O0.M. resulting from the abundant
biomass o1 the assoclated pasture. Froduction aliternatives:
annual crop and permanent pasture, might obtain mutual benefit;
thus, in cattle raising areas where no cultivation was possible,
the new upland rice lines developed and adapted to these ac:
tow tertility =scils might be used providing new production
options.
The large size plots used in this work 1n compination with the
commercial level production indicate that the system is feasible,
snd WT 48 L850 Teazsirte the commercial combine harvesting of rice
in the mixture of grasses/legumes. This large scale experiment
aistws e oangng loug-term studies under the real commercieal
svstem conditions in order to estapnlish, document and assess the
sustalabit tv decermining factors in a practical and direct
MEDTeY .
Jne wealth of speciles i1n the gallery tftorests of the natidé,

savanna (Burman, 1991) and their natural beauty make of them 4
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