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CIAT is a nonprofit organlation devoted to the agricultural and economic development of the
losland tropics. The Government of Colombia provides support as host country for CIAT and
hirnishes a 522-hectare farm near Cali for CIA's headquarters. In addition, the Fundaci6n para la
l'ducaci6n Supvrior ITS) makes available to CIAT the 184-hectare substation of Quilichao,
situated near Santander de Quilichao, Departamcnto del Cauca. Collaborative work with the
Instlituto Clohbiano Agropecuario ( ICA) is carried out on several of its experimental stations and
similar w ork is done %kith national agricultural agencies in other Latin American countries. CIAT is
:inanced by a number oidonors represented n the Consultative Group for International Agricultural
Research ('GIAR) l)uring 1979 these donrors are: the United States Agency for International
l)ehclopnent II[SAIl)), the Rockefeller Foundation, the Ford Foundation, the WK. Kellogg
I-oundation, the Canadian International l)evelopment Agency (CIDA). the International Bank for
Reconstruction and l)evelopment (IBRD) through the International Development Association
(II)A) the Inter-American l)evelopment Bank (IDB). the European Economic Community (EEC)
and tMe .o.ernrnents oil Australia, Belgium. the Federal Republic of Germany, Japan, the
Netherland.,& Norsav. S%, terland and the United Kingdom. In addition, special project funds are
supplied by various of the aforementioned entities plus the International Developmen ' Research
"entre (lI)RC)of Canada and the llnited Nations Development Programmer UNDP). Information

and conclusions reported herein do not necessarily reflect the position of any of the aforementioned
agencies, tfundations or gos ernments.
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Foreword

In 1978 CIAT completed a year of solid progress - both in the
generation and the inter-institutional transfer of technology. After
several years of external and internal reviews, program modifications
and staff changes, 1978 was a year of stability with the various
interdisciplinary research teams building on the solid foundatioft of
clearly defined objectives and sharply focused strategies established in
previous years.

The results now beginning to emerge from our various programs
have created a sense of wonder and excitment. Many of these research
results attack basic problems of food production and resource use;
they are meant to provide broadly based solutions; and we have
indications to believe they are valid and adaptable at all economic
levels of production and usually over extensive geographic areas. Our
excitement, then is justified, especially when we begin to think of what
these results can mean in improved human welfare when they are
applied by farmers throughout our areas of influence.

While we are optimistic and excited about our developments in
technology generation, we are aware of the important gap between
developing new technology and applying it to increase food
productivity by a large number of farmers. In past years we have
directed considerable efforts toward strengthening national progr. ms
and increasing their capacity to adapt and utilize new technology
under locational conditions. We have vigorously moved in this
direction by out-posting regional service program staff and by
increasing numbers of participants in our training programs. Not only
do we expect a better technology transfer mechanism from these
strategies, we also know they will provide an important feedback
connection assuring us that our technology is broadly applicable and
as useful as possible under real farming conditions in our areas of
concern.
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Our research programs themselves are increasing their efforts to
insure that technology under development is appropriate to varied
climatic, edaphic and socio-economic conditions in the countries
served. Programs also are doing their utmost to help disseminate new
technology as effectively as possible. Consequently, you will note
certain themes running through activities reported this year. Among
the most important ones are a minimum input philosophy, expanded
work in regional collaborative testing and on-farm validation of
technology.

The minimum input philosophy dirtctly relates to our statement of
objectives which identifies producers and consumers with limited
resources as major beneficiaries of our technology. If consumers are to
benefit, it is important that increases in production be achieved at
lower unit costs. Low unit costs can be achieved through biologically
based technology, which is usually scale-neutral. To assure that
producers with limited resources have access to benefits of this
technology, it should not depend on large amounts of purchased
inputs. Increased fertilizer use will probably be essential to meet
growing food requirements; however, other factors are of greater
relative importance as production constraints on the non-cereal
commodities represented by our major programs.

Among such other important constraints are diseases, insects and
adverse soil conditions. We have made great progress in finding genetic
solutions to these problems, not only through narrowly focused
solutions to single problems, but solutions which provide insights into
entire complexes of insect-disease-environmental relationships. We
have reason to believe that genetic differences exist and can be
exploited for efficient use of important elements such as phosphorus
and potassium. Two of our programs involve legume,; increased
efficiencv of biological nitrogen fixation can reduce the need for
nitrogenous fertilizers and we have made important strides in
obtaining this efficiency. All of these efforts and results will contribute
to decreasing the dependence on pesticides and relatively expensive,
frcquentlyv scarce fertilizers and still provide optimum yields with
reducd risks.

Our reports this vear also document a quantum jump in the amount
and quality of collaborative testing of CIAT's technology in regional
and international networks utilizing procedures worked out by mutual
agreements in various workshops. Continuing back-up support and
guidance are provided by the extensive travel of the home-based staff
and out-posted program staff.
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t .,-AI programs are also rapidly increasing their collaboration with
national programs in establishing on-farm trials for technology
validation. This level of testing is an essential component of our
technology generation strategy: in addition, it provides a logical
btginning for technology transfer. One of the important problems is
the large difference between yields on experiment stations and in
farmers' fields. We must know for a given technology whether this
difference can be removed under the constraints of real farmers and
whether they will adopt the new technology- only if we have positive
answers to both questions can we be certain we have produced
improved technology. Because this stage of generation is so critical, we
have worked this vear to increase our involvement in it and expect to
continue expanding and learning from it.

The results and progress we are reporting are encour .ging. This,
however, is only the beginning. Most of our programs are only five to
eight years old. but old enough that the exciting results are emerging at
an accelerating rate. These results are moving into the hands of
national programs, many of which are managed at various levels by
professionals who have completed some stage of their training in
CIAT's own training programs. Until now, the Center and its
programs have not been sufficiently mature that many of the results of
CIAT's past efforts are being applied by farners.

Now, however, the Center is ready to begin demonstrating its
maturity, a maturity to be measured by the quantity and, ultimately,
the degree to which the new technologies are included in the
adaptive validative research endeavors by our national program
clients and are finally adopted by their farmers. We are fully confident
that in the next several years we can report important progress in this
essential phase.

John L. Nickel
Director General
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Cassava Program
The cassava program has three major serious disease problems encountered in

objectives: (I) to develop a simple these areas. Research in this area has been
technology to increase production in areas greatly increased and, on experimental
where cassava is already widely grown; (2) plots, yields of over 30 t/ha have been
to develop technology for cassava consistently obtained. However, in this
production on the acid, infertile soils; and, area problems still have to be overcome,
(3) to assist national agencies in their particularly those associited with the
efforts to adapt this technology to local production of large quantities of high-
conditions and increase cassava output. quality planting material and improved

disease resistance.
The first objective is rapidly being

reached and in the North Coast of The measure of success in the
Colombia, representative of a large transference of technology is always
proportion of the world's cassava growing difficult to define, nevertheless, it appears
areas, the CIAT-developed technology that progress is being made. CIAT-
package has been tested by farmers. The produced seeds have been planted in
use of improved varieties, stake selection several countries and the selected lines are
and treatment, optimum plant population
and good weed control tripled yields. It is noeion i yield trials .International yield trials have been planted
important to note that this was doneithorut to ne haty thiscas net, in more than ten countries and material haswithout the use of any purchased inputs, been multiplied in Asia to start the

except for the very cheap (US$ 3/ha)stake Soe utheast Asian trials early next year.

treatment. Although yields were

spectacularly increased, certain marketing
problems were encountered due to the low Continued contact with the large
starch content of the CIAT-selected lines, number of former trainees suggests that
This knowledge has led us to concentrate within national agencies there is a growing
on me:hods of increasing starch content, interest in cassava and that due to
mainly by selecting lines with higher levels. collaboration with CIAT and the

dissemination of CIAT-developed
In the acid, infertile soils the technology technology, increased production may

is not yet as far advanced due to the very soon become a reality in certain countries.
Cassava Program A-1



PHYSIOLOGY

The Physiology Section has continued fertility levels and the plant type required
to evaluate characters associated with high for multiple cropping.
yield potential of cassava. In 1978
emphasis was on determining the Branching Pattern of Cassava
branching characteristics of different
clones, how branching habits are affected The predominant form of branching in
by different growing conditions and on cassava occurs when the main apex
obtaining a firmer basis for recommending produces an inflorescence. Once this
extended leaf life to attain high yields. occurs the apical dominance is apparently

broken and two to six of the axillary apices
Earlier physiology studies were directed immediately below the main apex develop

to determining the ideal cassava plant type into approximately equal sized branches
for near ideal conditions, including (Fig. I). The most common number of
monoculture production. Mucii of the branches is two or three at each branch
world's cassava, however, is grown on point, however, some clones produce four.
poor soils with limited fertilizer and in
mixed culture. Work was intensified to It has been shown that changing the
define how cassava responds to different branching habit can markedly affect yields

and that optimal branching patterns for
high yields exist (CIAT Annual Reports,
1975, 1976 and 1977). Therefore, it is

. important to determine the genetic
variability in branching habit and how this
is affected by ecological conditions. The
time for forming the first branch, under
conditions at CIAT-Palmira, depended on

\r the variety (Fig. 2). Variety M Col 72 did

10M Mex 59
M Col 22
CIMC 406 -A M Col 72 (none)

Col /

2t-

A-JA J A A

6010 180 240 300 360

Days to branching

Figure I. Mature cassava plant showing typical Figure 2. 1ine to branching for four cassava varieties
branching pattern. at CIA'.
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not branch in the one-year trial while M
Mex 59 branched first about 60 days after (eM Col 22, 20°C

planting. The time interval between branch 0 M Col 22, 28°C

formation appeared to be constant for a 5 AM Max 59, 20 0C

variety but differed between varieties (Fig. LM Max 59, 28 0C
2). This constant interval between 4

branching points is important in deter-
mining the ideal plant type; for example,
from this data it would appear impossible . 3

to obtain a variety that branched solely at
20 and 30 weeks and then stopped. Further 2
studies with a computarized simulation
model, employing a constant branching
interval, suggest that optimal yields can be 1
obtained with types that branch at 30
weeks or at 30 and 45 weeks.

10 20 3'0 40 50
The variety M Col 113 tends to produce Weeks after planting

four branches at each branch point. The .- ------ .-

time interval between branch points tended Figure 4. Effects of mean air temperature on time to

to increase at higher branch levels. When branching for t'wo cassava cultivars.

the number of branches at each branch
point was restricted to one, the constant At cooler temperatures branching in M
time interval was maintained (Fig. 3). This Col 22 was delayed and the interval
suggests that when branching is very between branches increased (Fig. 4).
profuse, some internal competition Hence, it appears possible to select
mechanism delays the branching at higher varieties that are insensitive, in terms of
levels. branching habit, to a broad temperature

range.

OControl Three -varieties were grown at CIAT-
ORestricted branching Quilichao at low, medium and high fertility

4O levels. The tinie to first branching and the
time interval between branches was little

3- affected by the fertility level. However, at
lower fertility the plants produced fewer
branches per branch point and the percen-

tage of plants branching at the higher
points was much reduced or no high-level

1- branches were formed. The net effect of
fertility on the number of active apices per

, 200 ,50 30 plant differed for each variety (Fig. 5). M
50 100 150 200 250 300 Col 22 did not respond to changing fertility

Days after planting levels and CMC 40 responded slightly.
.... . With M Mex 59, however, the final active

F igure 3. Effects of restricting number of branches at apex number per plant was four times

each point on time to branching of variety M Col 113. greater at high than at low fertility levels.
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( 40.... - C...MC .. 4 . . 0 -... Response to Fertilizer

20i The variety M Col 22 was grown in pots
of Carimagua soil at high, medium and low
fertility levels and harvested after 13 weeks.
Fertilizer treatments were 300, 150 or 0 kg

40 N/ha and 600, 300 or 0kg of P 2 05 and40 M ol 22K20/ha; all treatments received 150 kg
i ZnSO4/ha and 2 t/ha of dolomitic

c20 limestone.

Large differences in total dry matter per
M e80 plant were found (Table 1) and these were• > M Mex 59 /

- closely related to the Leaf Area Duration
0 60- -s high fertility (LAD) per plant during the same period
Z o medium fertility (Fig. 8). This suggests that the differences

0 low fertility(Fg
40 in dry matter production per plant were

due to differences in leaf area and not to
2differences in leaf efficiency.

Photosynthetic rate of fully expanded
(r leaves was measured about halfway

2 4 6 8 10 12 through the experiment (five weeks).

Months after planting Photosynthetic rate was little reduced by
low levels of potassium but was reduced

Iigure 5. Ittects of three lertility levels on the number
1l jitlivCe apiceS per plant in three varieties of cassava. "

60

Leaf Life

Last year it was suggested that a long leaf I

life was advantageous for high yields and 40-
results wz-re presented on the effects of
changing leaf life on yield up to nine
months after planting (CIAT Annual >

Report, 1977). The one-year harvest data 0
show that yield increases with leaf life up to " 20
a level of 90-100 days (Fig. 6). The data
suggest that yield increases of about 25%
can be expected by increasing leaf life from
50 days to 100 days. The photosynthetic
rate of old leaves was only slightly less than
that of younger leaves, up to leaf ages of 90- 50 100
100 days (Fig. 7), suggesting that older Mean leaf life (days)
leaves continue to make very uselui .-. --

contributions to the total photosynthesis I-igure 6. llects of leat lile on yield ofcassava ,ariety

of the crop cinopy. I (ol 72.
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E. 0I lO00pE/tri/sec

- I L I I I I I
10 20 30 40 50 60 70 80 90 100

Leaf age (days)

Figure l7 'hP to,'Ynthtic rate v, leases of cassava variety M Col 72 at two light levels.

about 20% by low levels of nitrogen and by low levels of N, P and K, with K having
phosphorus (Fig. 9). Reductions were the smallest effect.
small compared to the reduction in dry
matter produced, hence reinforcing the M Col 22, CMC 40 and M Mex 59, non-
hypothesis that differences in dry matter vigorous, medium and very vigorous
produced were due to differe.-ces in leaf varieties, respectively, were planted at the
area and not leaf efficiency. CIAT-Quilichao station at low, medium

and high fertility leveis. Applications of the
)ifferences in leaf area per plant were three basic elements were the same as for

mainly due to differences in leaf size. Leaf
formation rate was only slightly decreased / ........ . '"

y=0.4x + 12

1 abhlc I rz0.8 1

60
Drs matter production of cassava 13 e ek
after planting in pots of Carimagua soil
fertilired at different lesels of N, P and K'.

I clt /llm almhed (kg hia) l)rv matter 40

N 1'W( K ) g plant)

II 6)0 0)0 67 hi-

60 N( ,)1 bx) 73 :h b

10~ 600( WO S2 a 20[

10) 0 .6l0) 48 d 1 _ _I

300 . ) 0)) 6WO h6 100 150 200

0) 60)0 0 7) ahe LAD (dm 2/week/plant)

100 60)) 30) 74 ah
I :IN NNC)0ht ,.4 ,origilia pl aton piecet ap-

rx iL , iattii p 211 v Figure 8. l)rs %%eight of pot-grown 13-week-old plants

2 \.duhe , I,)Ihk cd hs tie arrie letter% are not o cassava variety 'M Col 22 as related to the Leaf Area
' gPOI llAII(, In, cili dt file 0 05 10,l I)ttration (ILAD). (Thie 20-nim planting piece initially

-weighed 15 g.)
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- 30-
0

E

M

0

01 20
E

10
0 0 Complete fertilizer

0 A~no N
Ono P
Ano K

500 1000 1500
Ught level (pE/ml/sec)

Figure 9. Photosynthetic rate of individual leaves of cassava variety M Col 22 grown under different fertilization
rates.

the pot trials reported above. In addition, In the past a close relationship was
plots received 1.5 and 0.5 t/ ha of calcic and found between root growth rate and Leaf
dolomitic limestone,- respectively, and Area Index (LAI) with an optimum LAI
stakes were treated with ZnSO4 before for root growth of 2.5-3.5. In this trial no
planting. marked optimum was obtained as can be

seen in Figure 11. Root growth rate,
At the final harvest 12 months after however, tended to be less at higher LAIs.

planting, there were no significant There was no tendency towards greater
differences between varieties nor variety x root growth per unit LAI at higher
treatment interactions on yield. Yields fertilities, suggesting that the main effects
were significantly greater at the high and of fertility were on source size, not
medium fertility levels - 13.5 and 11.9 efficiency.
t/ha of dry roots respectively - than at the
low level, 5.4 t/ha of dry roots. At the six- The LAIs attained by M Mex 59 at high
and nine-month harvests there was a levels of fertility were greater than those
variety x treatment interaction significant obtained in most trials. Normally, when
at the 5% level. Both M Col 22 and CMC LAI is greater than 3.5 lower leaves are
40 approached maximum yields at all shaded so much that they drop. This
levels of fertility nine months after planting apparently did not occur in this trial (Fig.
(Fig. 10), whereas at high and medium 12). Leaf life was only slightly less for
levels the yield of M Mex 59 increased leaves tagged from 4-8 months at high
markedly between nine and 12 months. M fertility where LAIs above 6 were obtained
Col 22 and CMC 40 can be considered as and remained above 3.5 for a long period.
early varieties under these conditions. Thus, high fertility may prevent leaf drop;
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A high fertility
6 o medium fertility

6 0 low fertility

4-

3

2

1

15 CMC 40 M Col 22 M Mex 59

0

10-

>

0
0

> 5

II I I

3 6 9 12 3 6 9 12 3 6 9 12

Months after planti.,g

I igm c I0I litects of three fertility levels on the Leaf Area Index (LAI) and dr' root yields of three cassava
%allefics.

nevertheless, at the low LAIs of M Col 22 variety and fertility level at the 12-month
there was no consistent effect of fertility on harvest suggests that varieties can be
leaf life (Fig. 12).

A50
The IAI was increased by increasing the 2 50

fertility levels (Fig. 9). Higher fertility A 0
levels increased the rate of leaf formation i
per apex about 2V0; (Fig. 13), increased E03 30-
leaf size (Fig. 14) and increased the number 0
of active apices (Fig. 5). In these trials -
cassava grown at l'w fertility levels ' 2 highfertility
restricted its leaf area development; o a medium fertility
however, the proportion of total dry 10* elow fertility

0
matter harvested found in the roots, 0

I I
measured as the Distribution Index (root 1 2 3 4 5 6 1
growth rate divided by crop growth rate) L
was much greater at low LAIs (Fig. 15). < .
Thus, even with no fertilizer applied all igure II. Cassava root growth rate in relation to
varieties yielded more than 5 t/ha of dry Leaf Area Index (LAI) from 4 to 9 months after
roots. The lack of an interaction between planting three varieties at three fertility levels.
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100

80 I I I I

100
M Col 22

80- A high fertility

o medium fertility
g low fertility

1 3 4 5 6 -7 8S

Months after planting when leaf was tagged

Figure 12. Leaf life of three cassava varieties at three fertility levels.

selected that yield well at low fertility but because when the fertility level is low it
also respond to higher fertility levels, as tends to conserve a high level of nutrients
was the case in this trial, in the leaves by reducing its LAI (Table 2).

Plants with this low LAI have relatively

It is frequently stated that cassava is a efficient leaves in terms of photosynthesis.
crop that yields well at low fertility levels. It Furthermore, due to the restriction on leaf
is also suggested it has this capacity development, less energy is utilized to form

Cassava Program A-9



M Mex 59

20-
A high fertility
O medium fertility 30

e low fertility
15 200

.0

i I I

400 CMC 40

E 300-

2 4 6 8 10 A 200-

Months after planting

Figure 13. Cassava leaf formation rate per active apex
at three fertility levels (aiean of three varieties). I I I I

M Col 22 A high fertility
leaves and stems at low fertility levels o medium fertility
giving a very high Distribution Index. 300 low fertility
Although relatively small amounts of
carbohydrate are produced almost all is 200
transported to the roots at low fertility
levels. 100

Multiple Cropping 2 4 6 , 102 4 6 8 10

Last year it was shown that beans and Months after planting
cassava could be intercropped and high ____

Land Equivalent Ratios (LER) obtained Figure 14. Leaf size of three cassava varieties at three
(CIAT Annual Report, 1977). It was also fertility levels.
observed that higher LERs were obtained
with cassava variety M Mex II than with Annual Report, 1976 and 1977). In this
M Col 113. This year the bean variety experiment there was a nonsignificant but
Porrillo Sint~tico, a black bean of indeter- positive correlation between bean yield
minate growth habit, was intercropped and cassava fresh root yield suggesting that
with 20 cassava genotypes of widely it is possible to select cassava types for high
varying morphological characters. There yield potential in monoculture that also are
was a strong negative correlation (r= suitable for multiple cropping with
- 0.495*) between bean yield relative to Phaseolus beans. These varieties will be
monoculture and cassava top growth three late-branching.
months after planting. Normally, top
growth is greater in early branching types The same 20 cultivars were planted with
and it has been suggested that high- the soybean cultivar ICA Tunia. This
yielding types will be late branching(CIAT soybean has a 125-day growth cycle
A-10 1978 CIAT Annual Report



Table 2.
1 50 o 04-6 months after planting

. 6-9 months after planting Conentration of N in leaves of cassava plants
grown in the field at Cartmagu at different
fertilizer livels (28 to 32 weeks after planting).

Fertilizer applied
100 (kg/ha) Leaf area Leaf

0 
per plant nitrogenS ,=N K 20 (din 2) (%)

0 0 76 4.2

so 0 300 163 5.0
•0 100 0 94 5.3

100 300 198 5.1

200 0 119 5.0

200 300 156 5.0
I I I I l I

1 2 3 4 5 6
LAI.-- LAI It appears that the short-cycle PF.nI'4so!

bean can complete its growth before the
Figure 15. Apparent Distribution Index (ADI) (root cassava covers the ground and hence yields
growth rate, crop growth rate) as a function of Leaf well with cassava. On the other hand, the
Area Index (I.AI) during two growth periods. (Fallen

leaves not included in crop growth rate so values grain-filling period of soybeans occurs

greater than 100(' are possible.) when cassava needs to be reaching full
ground cover if it is to yield well. Hence,

whereas the Phaseolus beans used in the two crops compete and it is difficult to

previous experiments al! have growth select a cassava variety that yields well and

cycles of less than 100 days. Cassava and also allows soybeans to attain good yields.

soybean yields were negatively correlated Planting soybeans at the same time as the

(r = - 0.347). cassava rather than two weeks after, as in

100 x 11 M Max 59

0C 60-

- 40

>
-' 2 Total cassava biomass
(D 20-
: 0 Soybean

0
1 month with 1 month 1 month with 1 month

before cassava cassava after cassava before cassava cassava after cassava

Soybean planting date

Figure 16. Relative yields of cassava and soybeans as influenced by different soybean planting dates.
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this experiment, might alleviate this
problem. t Cassava

w24- Beans
To study this possibility, soybeans were Input

planted simultaneously with the late-
branching M Mex II cassava and soybean Low Input
yield was indeed little reduced (Fig. 16). "20
The root yield in this trial was very 1.6
variable; however, the total cassava
biomass was not greatly reduced (Fig. 16). 1 2.2

00

Mixed cropping is most frequently ~ 41.8 "5.

utilized by small farmers, using few ..
" 12- 1.4resources. When cassava was grown with U it,

beans and no insecticides were used, 10Mono. Asso. Mono.Assoc. 1.0
populations of pests on both crops were
reduced (CIAT Annual Report, 1977). System
Bean and cassava yields were almost the
same in monoculture as in mixed culture Figure 17. Effects of two input levels on yields of
without applied insecticides (Fig. 17), associated cassava and beans.
suggesting that under low input system,
mixed cropping is very advantageous, reduced in all cases, although differences

were rot significant. Shading at the 50%Early Growth level for the first three montls markedly
reduced yields. This suggests that early

Cassava is highly sensitive to weed vigor and growth are very important in
competition in the first 90 days of growth determining yield and if this is true, then
(CIAT Annual Report, 1974). This quality of the planting piece is vital in
suggests that early vigor is very important determining early growth and hence, final
in determining yield. When CMC 40 and yield. When cuttings were stored for up to
M Col 22 were shaded for two-week two weeks before planting, without any
periods (50%shading) during the first three treatment, germination was greater than
months after germination final yield was 90% but yield was markedly reduced.

ENTOMOLOGY
During 1978 the Entomology Section of important species of this genus were

completed its studies of the biology of the conducted. Studies were also begun with
cassava hornworm (Erinnyis ello) and two other egg parasites -- Teleilomus sp.
intensified work to understand the biology and Chrvsopa sp. The hornwoim larva
and parasitic activities of several species parasite Polistes was studied in the field to
which attack the hornworm. determine optimum means of establishing

colonies. Several insect species were
During a two-year study in an important identified which attack Polistes.

cassava growing area of Colombia, 57%
parasitism of hornworm eggs was observed Screenings were done to search for host
due to Trichograinina. Biological studies plant resistance to whiteflies
A-12 1978 CIAT Annual Report



(Aleurotrachelus sp.), mealybugs ovipositional period was 3-4 days.
(Phenacoccus gossypii), the lace bug Male/female pairs in a cage produced an
(Vatiga manihotae) and mites average of 850 eggs, but when groups of I I
letran vch,*s and Monon"vchellus). Some pairs were caged, females laid an average of

natural resistance was observed for each 448 eggs (Table 3). Females laid
species. throughout their lives but laid more than

70% of their eggs in the first seven days of
Effective chemical treatments were

developed to protect planting stakes oviposition (Fig. 18). The maximum daily
against termite attack where this pest is oviposition of a female was 500 eggs.

economically important. Meanegg fertility was 88%(Table 3), but
this varied in the mass-reared population

Cassava Hornworm during the different seasons of the year.

Despite a high hp. ching rate larval mortali-
Biology ty was greater than 80% mainly due to a
To develop an integrated control granulosis virus (Baculovirus).

program it is necessary to understand the Females and males were separated in the
biology, behavior and interactions that pupal stage by the position of the genital
exist between the pests and their natural opening. The male's genital opening
enemies. (gonopore) is; on the ninth abdominal

Adult longevity of the casstva segment with the eighth segment being free

hornworm (Erinnyis ello) was studied in whereas the female's genital opening
field cages (251C, 80% RH) where adults reaches the eighth segment. The sex ratio
were fed a 79; honey solution. Adult (2914 pupae observed) was I female to 1 12

females lived up to 19 days (avg. 8.6 days) males.
while males had shorter longevities (max.
15 days and avg. of 7.0 days). The T q) (the Biological Control

time in which 50% of the population dies) Studies of Trichogramma received
was 6.6 days for females and 6.2 days for special emphasis because it is found
males. parasitizing E. ello eggs year-round in

The fecundity of females mass-reared on cassava plantations and because it is easy
green material was determined. The pre- to mass-rear and release in the fields.

I able 3.

Fecundity and fertility of the cassava hornworm (LErtnnvis elio) under field cage conditions'.

No. ol Values

observations Max. Min. Avg. (SE)

F:ecundity

(eggs female) 10 groups ot

II pairs 1374 132 448 (23.5)

Individual

pairs 1852 200 850 (249)

Fertility ( ) 4440 eggs 98.8 77.7 88

I 25-C and 80"i RH.

Cassava Program A-1 3



- No. eggs/female

90 tU 95% conf. range t I
(U.L.Ik. R ±2S I

S - ILI

70 4* I

0 I

0
I I

I j II

o. 40 II

E 30 IZ/

20 1
"II II ,I

10 S

0 _2 4 6 8 10 12 14 1-6 18
- i

Adult age (days)

Figure 18. Average fecundity of 52 adult innis ello femalcs.

Between February 1976 and March The parasitic ability and sex ratio of five
1978, parasitized and unparasitized Trichogramma species were studied with
hornworm eggs were countt! i- cassava adult wasps collected from liberation
plantations in Armenia and Caicedonia, programs on cassava plantations to con-
Colombia. A positive relationship was trol the hornworm. All species parasitized
fon'd between the total number of E ello E. ello eggs; the most effective species were
eggs and the number of eggs parasitized by a native Trichogramma (93%) and T.
Trichogramma (Fig. 19). Percentage par- australicum (90%) and the least effective
asitism remained fairly constant over the was Trichogrammatoidea armigera (42%).
two years. Hornworm eggs and parasitism Preliminary studies in the laboratory
of these eggs by Trichogramma were found relimnductd in therlaboratory
at every sampling. Average parasitism over we r nted i twooher ciesroftwo years was 57% (SE 0.91). particular interest in biological control

because they attack the egg stage of the
The sex ratio of native Trichograrr ma hornworms.

collected from four locations was deter- The parasite Telenomus sp.
mined in the laboratory. In all the locations (Hymenoptera: Scelionidae) has a marked
females out-numbered males. The overall preference for hornworm eggs. In the
mean was 3.6 females to I male (range of laboratory (240C, 75% RH), an average of
less than I to 21 females per male). Natural four 7elenomus adults emerged from each
egg mortality of Trichogramma was hornworm egg (400 eggs observed); the
i9.5%. time required for adults to emerge from
A-14 1978 CIAT Annual Report
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120- 80

M1 100 70

0*60s
80-

50"

. 60 -40

40 -30 w

402

202 20 10

Feb. Dec. Jan. Dec. Jan. Mar.
1976 1977 1978

Date

FigL re 19. Relationship between numbers of eggs of Erinnyis ello and eggs parasitized by TRichogramma from

1976 to 1978 in Armenia and Caicedonia, Colombia.

Telenomus eggs was 11-14 days. populations was studied. Males were not
Preliminary observations indicated that found in nests having fewer than 50 cells. In

one female Telenomus can produce up to larger nests males increased with in-

150 offspring, creasing numbers of eggs, larvae and
pupae. The Polistes male's function is to

The Neuropetera Chr*sopa sp. is a mate with females leaving to start new

general predator in cassava fields. It has colonies. Therefore, for successful Polistes

been observed eating hornworm eggs and colonization programs in cassava fields it is

is known to attack mites, scales and preferable to introduce large nests with
mealybugs. In a laboratory study, the last many cells so that these can establish
nymphal instar consumed an average of 17 strong new colonies.
hornworm eggs in 24 I' ours.

Polistes populations were observed to be

The predatory capacity of Polistes was regulated not only by climate and insec-
observed to be determined principally by ticide applications but also by several other
the number of Polistes larva and not the insects associated with their nests. Ten
number of adults. The maximum number Hymenoptera, four Coleoptera, two
of E. ello larvae consumed by Polistes Lepidoptera, two Diptera and one
larvae daily was i. I and the minimum was Psocoptera have been found associated
0.08 (mean of 0.47, SE=.004). with Polistes.

The relationship between the size of the Of these insects,Oxysarcodexia, a larval
Polistes nest and sex ratios of the and pupal parasite of Polistes, seems to be

Cassava Program A-1 5



one of Polistes' principal natural 6nemies. mellonella, a species easily and cheaply
This parasite has been found in several raised.
regions of the Cauca Valley of Colombia,
generally attacking nests with more than Of 1200 of E el/o collected in the
200 cells. Of 412 nests examined, 17 %were Caicedonia, Armenia and Cartago areas of
attacked by O.xysarcodexia This insect in Colombia, 70% mortality was observed,
turn is parasitized by several natural chiefly due to an unidentified disease and
enemies including Pach.vneuron sp. and three Dipterous parasites: Belvosia sp.
Brachvneria conica. (Tachinidae), Sarcodexia innota (Sar-

cophagidae) and Thysanomyia sp.
Podisus sp. (Hemiptera: Pentatomidae) (Tachinidae) (Fig. 20).

(soldier bug) are also predators of . ello.
In the laboratory (24.50C, 75%RH) In Caicedonia, Armenia and Palmira,
Podisus females survived up to 82 days eggs and larvae of another hornworm
(avg. of 42.8 days) (Table 4). The female species, Erinnvis alope (Drury), have been
lays a maximum of 1400 eggs during her found on cassava. This species was
lifetime with an average fecundity of 715 previously recorded in Colombia on
eggs, female. Carica papaya L. but not on cassava.

The egg fertility was 79.4%. The egg The life cycle of E. alope is very similar
incubation period was 4-5 days and the to that of E. ello; the two can be easily
nymphal period was 20-24 days. differentiated in the egg, larval or adult
Preliminary observations showed that stages (Fig. 21). The most notable
each Podisus consumes an average of 100 difference is in the adults. E. ello adults
E. el/n first or second instar larvae in its have light grey front wings P.,id reddish-
lifetime. Colonies of Podisus were main- orange back ones while F. alope have dark
tained and increased on larvae of Galleria brown front wings and yellow back wings.

I able 4

Biological c.ycle, fecundity and fertility of Podisus sp. (Hemiptera: Pentatomldae) under laboratory
conditlonsl

No. of
observations Avg. SE

I olt nn n lhaI
(ic intar,) period ldays) 150 20-24

1 ongc lt ot Ie .. le
adults (WaN t,) 16 42.8 10.7

Iciunrdui (Cggs temalc) 16 715.4 97.8
Iggs pcI Cl, tcr 1463 26 1.25
I gg incutihation cmiod (tlalys) 1463 4-5

ILL tertility Cf') 1092 79.4 2.25

I 2S (' ijji 7511 RII.
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F I.'Irc 2i I'radI. iar itI a rid itdult Idazeso tf htvann i-a sp. (fachinidae). a parasite (if the larvae of the caisava

),-tI fcd ,piiitz;ir o, LI / u0/1)/ in altack stored planting material and grow-
i-i. h t %, ht .cll h(lA ing plants, Ili shpecies Iound in ('Colombia

Is prothabl.Iv ( Pqt i tl'ril'. iig'tr, a1 species
Termites I toln .sia.

I ci iilc, 'tic 'Oliletinlre t prohem in Ihirt,-one combinatitns of stake
ertailn cassat'ia-growing areas where they treatments were tested to determine their

i tiirt-21 Ad it t s tve ,,t .I t%4, %pcies of the cl sIva hornworr: on the left. .-r#inniti alope (I )rtlrv).
I ,11 il 1 ,,I!, , I 1 1.t " ! .rC'.t !l'h I Li , I ron \klnes ariJ reddtQh-hr u,\ii ha tcl %tliilt I . ,. pi fio\c dark
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effectiveness in controlling termites. The Host Plant Resistance
best combination was captan and-carben-
dazin 2 ga.i. of each.'liter of water in a 10- In another trial at Espinal, 300 cassava

minute stake dip and later application of cultivars were evaluated for field resistance

0.025 g of aldrin dust around each stake. to whiteflies. Although there were high

I-or this treatment stake death was 5%,c and populations on all cultivars some did not

the termite attack after 150 days was 5%. show chlorosis or deformation of apical

I hc five best treatments did not differ leaves. These tolerant cultivars were M Col

significantly. 336, M Col 339, M Pan 70, M Ecu 72 and
M Bra 12.

Vhe effectiveness of a fungicide!insec- Biological Control
ticide combination can be seen in the
tollowing examples. When only aldrin was rwo new pupal parasites of
dusted on the ground at planting, termite
attack after 150 days was only 13% but Aler us spwer fod e-nu(certus sp. (H ymenoptera: Eulophidae)
stake death was 34('. When only captan and Amitus sp. (Hymenoptera:
and carbenda/in were applied, stake death Platygastrida). Both were observed at
from pathogenic attack was only I% but CIAT-Palmira, Armenia and the
after 150 days 37.4w'i of the plants were Caicedonia regions of Colombia. The
attacked by termites. Stake death after percena rion of Colomba. 1he

applying inaneb and mancozeb was 14%', percentage ot pupal parasitism was 56.1%
but the termites had attacked 64%(b of the among almost 6000 pupae observed.
stakes after 150 days.

Mealybugs and Scales

Whiteflies Studies of the biology of Phenacoccus
goss'vpii and the search for resistance and

Yield Reduction natural enemies continued.

W hitefl ies (Aurotrachelus sp.) cause Under greenhouse conditions (29°C,

leaf yellowing and deformation of the 50% RH), 2-month-old plants of 12

growing points and a sooty mold grows in varieties were infested with two egg sacks

the sugar excretions of the insect. (300 eggs/sack). The rate of population
development of Phenacoccus varied on
different varieties. Varieties with the lowest

In the Espinal, Tolima area of Colombia populations after 70 days (M Ven 208, M
where whiteflies are numerous throughout Col 689 and Bra 27) can be considered
the year, CMC 57, CMC 40 and M Mex 59 more resistant than those with high
were treated with monocrotophos (E.C. mealybug populations.
1.5 cc a.i. iliter of water) every 20 days
until the harvest at 10 months. Female P. gossypii are parthenogenic

and produce males as well as females (10

lreated plants showed lower grades of females observed). An ant, Brachy'mvrmex

intestation and fewer pupae and yielded sp., is associated with mealybug pop-

more than the untreated ones (Table 5). ulations; the ant feeds on sugary excretions
Yield loss due to whiteflies depended on of mealybugs and protects them from some
the variety planted. natural enemies.
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table 5.

Yield reduction from whitefly (Ah euroirachelus sp.) attack on three cassava varieties grown at Espinal,
Trolima, Colombia.

Treated' Untreated % Difference ininfestation grade
Fresh Infestation grade Fresh Infestation grade between treated
root root and b ntreated
yield Popu- yield Popu- Yield and untreated plots

(kg plot) lation Pupae (kg plot) lation Pupae loss Popu-
Variety (S') (SE) (SE) (SE) (SE) (SE) ( i) lation Pupae

CMC 57 3.31 0.57 0.28 0.77 3.92 3.17 76.7 85.5 91.2
(0.41) (0.19) (0.12) (0.27) (0.27) (0.23)

(CMC 40 5.35 0.82 0.21 2.57 4.75 4.87 52.0 82.7 95.7
(10.60) (0.23) (0.110) (0.43) (0.17) (0.08)

M. %Iex 59 3.63 0.71 0.17 2.41 4.70 4.65 33.6 84.9 96.4
(0.74) (0.21) (0.07) (0.67) (0.16) (0.10)

I With inonocrotopho, at 1.5 cc ai liter ct %%ater.
2 Infestation grade%. Iopulation (adults, nymphs and pupae), 0 = no infestation; I lewes than 2( ol jeaves

Inleted. 2 =21 .40 1 of the leaves infested; I - 41-60('[ (f leaves infested; 4 = 6 1-80'; of leaves infested: 5= 8l-
100'; o1 lCarS esnIfct. P'upae., 0 = no pupae; I = fewAer than 5 pupae leaf; 2 =6-10 pupae leaf; 3 . 11-25

lppae eat, 4 : 26-50 pupae leaf: 5 more than 51 pupae leat.

Biological Control Palmira. During this period 2203 varieties
in the cassava germplasm bank were

In CIAT-Palmira several new parasites evaluated for resistance. The results are
and predators of Phenacoccus gossYpii presented in Table 7. All of the varieties
were found (Table 6) (Fig. 22). were attacked and 59.8.% of the materials

had ratings of 3 or more.Black Scale

The natural populations of Sai.v.etia Mites
miranla were low in the cassava growing
areas of Armenia, Caicedonia and Varietal Resistance
Palmira, due to the high rate of parasitism
(79.1 %(,' of 3000 observations) by Anagjvrus Screening for resistance to three species
sp. and Surtellista sl;. (Hymenoptera: of mites continued under screenhouse,
Pteromalidac). greenholise and field conditions. To date,

2120 varieties have been evaluated under
Lace Bug screenhomse conditions for resistance to

7etranvchus urticae. In the first cycle
In May and June, 1978 populations of (unreplicated), 96 varieties were selected.

Vatiga manihotac were high at CIAT- Replicated trials of these 96 materials
Cassava Program A- 19



Table 6.

Predators and parasites of Phenacoccus gossypii observed in CIAT-Palmira, 1978.

Order Family Species Association

Coleoptera Coccinellidae Olla sp. Predators of

Curinus eggs, nymphs and

colobnhianus adult females

Cichmneda

sanguinea
Cryptognatha

auriculata

Ilippodamia

con vergens

Pentilia sp.

Prodilis sp.

Azya sp.

Ilymenoptera Encytidae Anagrrus sp. Parasite of

nymphs and adult

females

Ilemiptera Rcuviidae Zelhs sp. Predators of

Emesaya sp. nymphs and adult
fem.,les

V 4'

Figure 22. Two predators of the mealybugs (Phenacoccus gossypii) on cassava: on the left, Curinzs

,lomianu.%, on the right, ,:4a sp.
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table . counting the number of webs per leaf (avg.
nine leaves per variety). From this and two

Evaluation of 2203 cassava varieties for previous evaluations, 250 varieties were
damage b) 1,atg'a manhuotae during a natural selected as promising materials.
infestation in the field.

No of
I)anragc .. l.C 'arcle "; per ci, Biological Control

0 0 0 A beetle, Oligota minula (Coleoptera:
i 277 12.57 1 Staphilinidae), is an efficient predator of
2 607 27.55 A. lanajoa. The larvae and adults eat all
1 920 41.76 stages of the green cassava mite. Oligota
4 309 14.03 adults were counted at 6 a.m., 9 a.m., I
5 9 4.09 p.m., and 4 p.m., to study the distribution

I i =, I .na. I l ylo, pots on Iov~r of the predator population in a plant and
Ic,,cs, 2 = wtit, '.tlhm, spots on ioer lea'. c population fluctuations throughout theI ict'.c 

,  
i t \cII),)4 "3 = u l t , ~ c '. ' . p o l%, o n

'ace,.,.c .... tnd I . = . ,,uh-,cIlt a. uslcin day. High populations of Oligota did not

4 1iutl ing a.kdr.urg I f u)leoes and curling uflctuate significantly during the day.
M ... li c .,,. , t .... ud ,Id ,, ll t Plan ithin the first 14 leaves (top to bottom)
d__ t tI,.nt d . 1cul . c... .c me l . . / that were sampled, the greater predator

populations were on the fifth to eighth
leaves (Table 8). It is important not to

resulted in the selection of 17 promising apply any insecticide which reduces the
%aricties. population of this predator.

[valuation for resistance to the Fr
Molhnonvche'lhl.r mite also continued in the
greenhouse and field. In the first un-rctedselectn cile In the grenhou The major species found in the Armenia105 varieties were selected from the 2116 and Caicedonia cassava growing areas ofevahrated. In wele second replicated cycle 1 Colombia is Anastrepha manihoti. Besidesol the 105 aieties chosen earlier were the damage caused by larvae, this fruit fly is

selected ts promising varieties. Two cycles associated with a bacterial pathogen
ol field evaluations for resistance to the (Erwinia carotovora pathovar
V011n IThelltu.s mite yielded 71 varieties 4arotovora). This pathogen reduces the
that appeared to he resistant. quality of planting material subsequently

causing reduced yields.

( recnhoiisc and laboratory studies were
begun to characteri/c the mite resistance An experiment to assess the usefulness
( 1. lrti('ae and .tionotrchelu. tanajoa) in of two insecticdes to control this pest was
several xariezies.-1 ie preliminary results done between September 1977 and Oc-
indicated that both species generally tober 1978 in Armenia. The insecticides
prefer. and lay more eggs on, the more (Fenthion EC 0.5 cc a.i./lt.. Ometoato EC
susceptible varieties. 0.4 cc a.i./lt), were applied every 15 days

during the growing season. Treated plots
Itc gernipla.,n hank (2231 cultivars) at had over 90% clean seed and damaged seed

('I Al was again.,valuated for resistance to from these plots was only slightly damag-
the Ohk,'onvchni peruvianus mite by ed.

Cassava Program A-21
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Table 8.

Fluctuation and distribution of OQigota minuta populations at four times of the day on cassava variety M

Col 113 at CIAT-Palmira over 42 days.

ILeal position. Time Avg. adults
top to bottom per 48 leaves

of plant 6 am. 9 a.m. I p.m. 4 p.m.

I 0.9 0.3 0.6 1.1 0.69

7.0 1.7 2.1 2.6 3.36

3 14.4 6.5 7.7 8.8 9.36

4 14.4 11.8 12.8 15.0 13.50

5 25.0 16.3 19.2 17.8 19.58

6 21.9 18.5 19.8 20.0 20.05

7 19.5 19.8 21.0 19.8 20.03

8 13.6 18.0 18.4 16.6 16.65

9 12.8 16.4 14.4 13.6 14.30

10 10.2 12.9 12.3 10.6 11.50

II 7.1 10.2 9.9 8.2 8.85

12 4.7 8.0 5.8 5.9 6.10

13 3.5 6.7 5.5 4.8 5.13

14 2.5 5.4 3.7 4.3 3.98

!\Ng. adults

per 48 leaves 11.3 10.9 10. 10.7 10.93

Multiple Resistance most important insect is the stem borer

(Chilomnima clarkei) (Amsel), which at-

In cooperation with the Pathology tacked 78% of the varieties. With respect to

Section, 14() cassava cultivars were diseases (see Pathology Section). 14

planted in two replications in Carimagua varieties were selected as resistant to the

to identify materials with resistance to complex of pathogens in the area. Of these

pests populating the ecosystem of this part 14, eight had not been attacked by

ol the Ilanos Orientales of Colombia. The Chilonima.

PATHOLOGY

Wide Type Resistance identified. Combining these useful
characters into one variety, however, poses

Sources of resistance to all major a very real problem for the breeding

diseases of cassava have been found. program as it requires a very large number

Furthermore, sources of resistance to of crosses and several generations of

several insects and of tolerance to adverse testing before the objective can be

soil and climatic conditions have been achieved. Thus, emphasis has been on
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identifying lines tolerant to many factors Hence, work has concentrated on two
that normally reduce yield. If such lines can regions, each one having different adverse
be identified, the time to develop varieties factors that can greatly reduce yield. The
that are both high-yielding and tolerant first region, Popayan is not representative
to these adverse factors can be greatly of large areas where cassava is grown; it
reduced. does, however, illustrate that certain lines

do possess resistance or tolerance to a large
Popayan Ecosystem number of adverse factors.

It appears almost impossible to develop The test site at Popayan has several
single lines that are tolerant to these adverse factors of which the most impor-
adverse factors in all ecological zones. tant are a low pH (4.4), low mean

I able 9.

Some climatic and edaphic characteristics and diseases and pests causing reduced cassava yieldsat
Popayan, Darien, Carimagua and CIAT-Palmira, Colombia. S

Site

I-actol Popayv~in Darien Carimagua CIA- Palmira

Climatic
Mean temperature (C) 18.0 (+) 19.5 (+) 26.1 1 - ) 24.0 (-)
Rainfall mm ear) 2500( ) 1500( ) 2031 ) 1000(+)

Rainfall duration (mo) 6 (bimodal)( 1 6 (birnodal) I ) 8(unimodal) (+) 5 (bimodal)(-

Edaphic

pll 4.1 (') 4.3(+) 4.7(+) 6.8(
Al concentration high Nt) high (+) high (+) low

Soil Iclity good (.--) med. low 1+) low (+) good -

Soil te\ture clay loam I ) silt loam (-) sandy loam ( --) clay (_)

)iseases

Iloina eat spot + +.

.ntlihract' se + + +

White leI spot + +

Iacterial blight - - + -

S p e re lo n g a t io n .... +

lIrtmn leal spot - + +

Cercospora leaf spot - - + +

Pests

Mites + + + +

lhrips + + + +

Scale insects .. + +

S tein bo rers -... +

I Factor ratings: * severe damage; :t moderate damage; - no damage.
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Table 10.

Reacticns of nine cassava varieties to some ecosystem characteristics that may induce yield reductions at
Popayan, Colombia, and overall varietal evaluations under field conditions.

pH Low Overall

low neutral temperature Phoma evaluation
Variety (4.4) (6.4) (18.OC) leaf spot Anthracnose Thrips Mites in the field

CMC 92' 11 R R R I R I R
Sata Davio' R I R R S R - R
R/amarillal S R R R R R - R

R / negrita' I S I R S R - R
CMC 40 R R S S R I S S
" Col 22 S S S S R I S S
M Mex 59 R R S S I I I S
" Col 113 I I ! S R R I S
CMC 39 I I R S S R I S

I Regltnal '.a t ices
2 Varietal reactions: R resistant; I moderately resistant; S susceptible.

temperature (180C; min. 40C, max. 230C) (Table 9). Lines yielding well in Popayan
and severe incidences of Phoma leaf spot, also yielded well in Darien; the correlation
anthracnose, thrips and mites (Table 9). of yield of 15 varieties in Popayan and
Reactions of several lines to these adverse Darien was r2 = 0.94. This suggests that
factors are shown in Table 10 and yields of although different ecosystems exist,
three lines over time are shown in Figure representative sites can be used for selec-
23. The line M Col 22 is susceptible to most tion and that results from one site can be
of the adverse factors and its yield in extrapolated directly to sites having similar
Popayan is always low. CMC 39 is tolerant adverse factors. No significant correlation
to all factors except Phoma leaf spot and
anthracno:e; in general its yields are -

reasonable but fluctuating. In 1974, for OCMC92

example, rainfall was low in Popayan; oCMC39
Phoma leaf spot and anthracnose were not | AM Col 22
severe and CMC 39 yielded well. Cultivar 25-
CMC 92 was tolerant to all adverse factors 20
and has shown very stable yields. These
data show that at least in the Popayan .2 15
ecosystem, cultivars having wide type 10
resistance to the adverse factors can be
selected. The germplasm bank was screen-
ed under Popayan conditions and seven __
wide-type-resistant cultivars identified. 1973 1974 1975 1976 1977

Year

Several cultivars were tested in both Y-

Popayan and Darien. The latter has an Figure 23. Yields of three cassava varieties in the
ecosystem somewhat similar to Popayan Popayan ecosystem over 5 years.
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was found between yields at CIAT- dividual factors is much more common
Palmira and Popayan, demonstrating that, than resistance to all factors (Table 1I).
at least for Popayan-type conditions, While only 0.6% of the clones were
special lines are needed. resistant to all factors, incorporating these

few lines in the breeding program and
Carimagua Ecosystem combining them with lines of high-yielding

potential should enable rapid progress.
While the Popayan area represents a

relatively small portion of the world's From the above observations it appears
cassava producing areas, the conditions at that great interaction exists in Manihot
Carimagua are representative of much esculenta between cultivar reaction and the
larger areas under cultivation with tremen- ecosystem. While there are cultivars with
dous potential for increased production. wide type resistance, they are limited to
Caiiinagua has many factors that can ecosystems with similar characteristics.
adversely affect yield which are different Nevertheless, by selecting in ecosystems
from those in Popayan (Table 9). with many adverse factors, selected clones

may be adapted to areas with similar or

Of 2200 clones of the germplasm bank fewer adverse factors. For example. all
grown at Carimagua, 14 showed moderate clones resistant to cassava bacterial blight
resistance to the local adverse factors (CBB) and superelongation disease in
(Table 9). Ten of the 14 were Carimagua were also resistant on the
morphologically similar or identical, North Coast of Colombia. The clone M
suggesting that only five morphologically Col 1684 was originally selected in
different cultivars showed wide type Carimagua, where ii showed good
resistance to the adverse conditions in the resistance to the adverse factors of that
Carimagua ecosystem. Resistance to in- ecosystem. In regional trials (see Regional

I abh" 11.

Relationship between varietal reaction to superelongation disease and other leaf arid stem diseases of

cassava present in the ecosystem at (arimagua, Colombia.i

No. of varieties

I eaf and stem disease rating'
S itperelongat wit
disease rating, 2 3 4 5 Total 1

1 3 5 19 137 164 12.17

3 1 5 19 184 209 15.50

4 2 5 36 187 230 17.06

5 2 4 43 696 745 55.27

1 otal 8 19 1 17 12(14 1348 100
r 11.611 1.41 8.68 89,31 100

I I'lantineg %as at the heginning 4 the rainyN season in April.

2 Sipereligatitn rating 2 leaf spol (caikers.I - cankers on leaf and petioles; 4- cankers on leaves, petioles arid
,ter. and elongation. 5 -elongation and diehat:k.

3 LeaI ind stem disea'es rating- 2 = less than 30"; leat fall, leaf lesions: I = up to 80%r leaf fall. stem injuries; 4 =total
deh.tition. slight thchack. 5 severe diehack or plant death.
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.1 '

Figure 24. Evaluation for disease resistance in cassava at Carimagua. a severe-stress site.

Trials Section) this variety has yielded well aggressiveness. Generally, isolates with
in areas with similar or fewer aJ"erse different degrees of aggressiveness were
factors. Hence, it appears that by carefully found in most cassava growing areas
selecting at sites that have many adverse affected by this pathogen.
factors, broadly adaptable clones can be
obtained. Results of effects of temperature on

disease severity indicated that widely
Cassava Bacterial Blight fluctuating day!night temperatures (range

of 10&-30WC) favored disease severity more
I hirty-five physiological tests to 67 than relatively steady temperatures (± 50C).

isolates of anttlimtonas manihois and Disease severity also appeared to be
six of A'wthnolnas cassavae were done. positively related to water-holding capaci-
Generally, no major physiological tv of the soil, possibly because the CBB
dilferences existed among isolates of X. causal agent is a vascular pathogen. These
manihotis, except in the rate of utilization factors may explain moderate CBB infec-
of certain carbohIyd rates. Few tions in areas with sandy soils and/or
physiological differences were found stable temperatures, independent of the
between X. manihoti. and X. cassa\,ae; rainy season and total rainfall in a given
polysaccharides produced by both period. For example, eight months after
organisms appear to have different planting 312cultivarsat Carimagua (sandy
chemical compositions, loam soils. 2400 mm rainfall. 160-290C

mean night/day temperature) and at
G;reenhouse clipping inoculations with NIedia Luna (sandy soil, 1320 mm rainfall

5t0 X. manhlotis isolates on nine cassava and 231-329C temperature), all but one
varieties showed differences in cultivar was susceptible at Carimagua
A-26 1978 CIAT Annual Roport



Table 12.

Reaction of 312 cultivars to cassava bacterial blight at eight months after planting, in the ecosystems at
Carimagua and Media Luna, Colombia.

No. of varieties

DDisease rating at Carimagua'
Disease rating

at Media Luna
2  2 3 4 5 Total %

2 0 I 43 253 297 95.19

3 0 0 3 6 9 2.89

4 0 0 0 6 6 1.92

5 0 0 0 0 0 0

Total 0 I 46 265 312

q 0 0.30 14.73 84.94 100

I Is,,ease rating: 2- angular leaf spots and blight; 3 - leaf symptoms and stem exudation and cankers; 4 dieback
and or total defoliation; 5 = dieback of more than one-half of the plant, or death.

whereas only six were rated susceptible at moreover, planting must be at the begin-

Media Luna (Table 12). ning of the rainy season.

Controlled inoculations showed that Apparently the severity of diseases such
isolates from both locations have a similar as CBB and superelongation (see next

rate of agressiveness and that the difference section), which need long periods for the

in disease reaction was mainly due to occurrence of the exponential phase, can

climatic and edaphic effects. Studies be reduced by programming planting with

related to the progress of CB$ epidemics the rainy season. However, since the

on susceptible varieties planted at cassava-growing cycle is about 12 months

Carimagua at the beginning of the heaviest and cuttings from the previous crop are

rainy season and 32 days afterwards,

showed that despite the high inoculum
potential present at the later planting, (a) ' A b X 400

full expression of disease symptoms was 4 logya+bA "4A

delayed 30 days, and (b) disease progress E
was higher during the first planting than . 3 - " " 300E

the second because of decreased rainfall .
and its distribution (Fig. 25). i 2- 200.S

:0c

From these epidemiological studies, it 0 1_ ,, OO__ __ 100

appears there is a strong ecological - April May June July Aug. Sept.

interaction with CBB severity. Conse- Tme _/

quently, when screening for CBB
resistance in the field, certain environmen- Figure 25. I)evelopment ofacassava bacterial blight

tal (rainfall duration, amount and distribu- epidemic at Carimagua on 100 susceptible varieties
t 10 plants, variety) planted in April (A) and 25

tion; fluctuating temperatures; and in- susceptible varieties planted in May (B), in relation to

oculum potential) and edaphic (soil monthly rainfall, aI = y intercept - initital disease

moisture) conditions must be present; present; b1  rate of disease development; X = time.
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generally used for the next planting, these The distribution of cultivars (1348) per
diseases can seriously affect the stability of disease rating, as a superelongation
a variety if resistance is not present. epidemic developed at Carimagua. showed
Moderate resistance could be enough for an initital bimodal distribution ... 'une
areas (like Media luna) where en- formed by two groups -- one including
vironmental and / or edaphic conditions do those rated 4-5 (susceptible) and the second
not favor disease establishment and group rated 1-2(resistant). As the epidemic
development, increased with time, the distribution

became unimodal (Fig. 27). In contrast, theSuperelongation Disease distribution formed by the increase in CBB
epidemics was always unimodal. This

The development of superelongation behavior of superelongation epidemics
epidemics on susceptible varieties planted could be due to: (a) the existence of an
at Carimagua at the beginning of the heavy early-type of resistance present in some,
rainy season and 32 days afterwards but not all cassava varieties, which is
showed the same pattern as that observed broken by plant age; (b) the presence of
for CB1. At the second planting, there different biotypes (races) of the pathogen
were also (a) a delay in full-symptom with different inoculum potentials; or, (c)
expression, and (b) a higher disease small differnces in the rating system both
epidemic during the first than the second between 2-3 or 3-4. Experiments to
planting (Fig. 26). The rainfaii .-ffect on confirm any of these factors are in
this disease is understandable sinct spores progress.
require free water for germination (CIAT
Annual Report, 1976). This also suggests The possible relationship between
great disease 'environmental interactions; varietal reaction to superelongation versus
where rainfall is scattered, disease severity leaf and stem disease in the Carimagua
is ieduced. Similarly, when screening for ecosystem (Table 1 1) showed 12.2% of the
resistance to this disease, it is very cultivars to be resistant to superelongation
important to plant at the b-eginning of the (a single disease) but only 0.6% resistant to
rainy season, the other leaf and stem diseases (CBB,

anthracnose and Cercospora leaf spots).
g lOg a + b X j

A A 00 Frog Skin Disease

300 f Studies on mechanical transmission of
/ this disease within cassava varieties were

I c 2 2o0c undertaken using infe','ed knives; similar-
l, several known viro, i fferential plant

11 0 oO species were inocula:,. - by sap-rubbing
nApril May June July Sept. inoculations. It appears that disease

S"rime transmission by infected knives is relatively- high; none of the differentials inoculated
I igure 26. ) evelopnment of a superelonga tion by sap-rubbing showed infection. Plants
epdri " at iCi ar Iiagua oin 1) susceptible varieties from open-pollinated seeds produced on
Ii ) plants arety) planted in April (A ) and 25 plants

ski, o '.pl Ihlc viaieties planted in Ntay(lL), in relation to diseased were healthy; disease
l,niho. onifall. a= y intercept - initial disease transmission through pollen has not been

P . rate ol ditsease deselopmcnt; X = time. investigated. Attempts to produce disease-
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June o CBB

o Superelongation

- 656

0 I 1 I 0

1 L July

CM
. 0 0 ,

100 Aug.
- - - - - -1104 E

Us U
EU.> <

10 1300
Sept.

Oc 0
1 2 3 4 5

Disease rating

Figure 27. Distribution of cassava cultivars per disease rating according to increase in epidemics of cassava
bacterial blight (CBB) and superelongation, in relation to accumulated rainfall at Carimagua.
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free plants by meristem culture are under respectively, when comparing clean plots
way in CIAT's Genetic Resources Unit. with those containing residues. Root r,'

incidence in both varieties was also higher
Other Cassava Diseasls in plots with residues than in clean ones,

and yields were reduced 17 and 32% for M
A C.-;oanephora sp. was found Col 22 and CMC 84, respectively, in plots

associated with CBB in plots at Carimagua with residues (Table 13). If these plots are
and Media Luna. It appeared to induce continually planted to cassava, infestations
faster blight occurrence and leaf fall. of these soil-borne pathogens can be
Preliminary studies showed that the fungus expected to increase drastically. However,
penetrates through wounds on the plant. this depends on environmental conditions

and soil characteristics. If soil is infested, it
Evaluations for resistance to Cercospora is necessary to eliminate cassava plant

brown and white leaf spots were made on residues and use fallowing or crop rota-
373 varieties at Media Luna, where both tion.
diseases are endemic. More varieties were
found resistant to white than to brown leaf Protection of Vegetative
spot. Moderate resistance to both diseases Planting Materials
was also identified in several varieties.

Tool Disinfectants
Root Rot

Cuttings were immersed in solutions of
The effect of plant debris from previous several disinfectants commonly used to

cassava crops on root rot incidence was disinfest tools to determine if these
determined on plots at CIAT-Palmira chemicals affected subsequent rooting of
where cassava had been cultivated for two cuttings. None of the following common
consecutive cycles before the experiment. disinfectants affected rooting: for-
After harvesting the second planting, maldehyde (5%, pH 3.4); mercuric chloride
which showed no root rotting, plant (1%, pH 4.3); sodium chloride (1%, pH
residues were removed from some plots 5.5); alcohol (70c, pH 6.6); Inextra
and incorporated into the soil on others, detergent (2%, pH 10.5); calcium
Germination of selected cuttings of M Col hypochloride (0.5%, pH 11.7); sodium
22 and ('MC 94 was reduced II and 20%i, hypochloride (1%, pH 11.8); trisodium

lablc 1.3

IEffechs of plant residues from a pre ious cassava crop on germination, root rol incidence and fresh root
i ield. at (IAT'-Palmira.

Yield
( mt' l Root rot Rool yeld reduction

i (1 22 No wt.irdiic., 84 4 2 1 27 5
22? .itlh rcSLIUV 73 4 1,5 228 17.0
I NO rCSIU.CS 7 3 4.4 28.8

A "3 ,.1 W978 rCIAT,, 5 ) 6. l 19.4 32.0
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phosphate (19.5%, pH 12.1); Limpido soap
(20%, pH 12.3); and sodium hydroxide (1 captan/BCM (3000 ppm each)
(0.6%, pH 13.0). The chemicals with low 2 malathion (1 ml/liter), captan/BCM

pH are useful for preventing dissemination I (3000 ppm each)
of fungi and bacteria with infested tools 3 malathion (11 ml/liter) treat. then
and those of high pli can prevent dis- captan/BCM (3000 ppm each) treat.
andtoe of viruses. p nr4 captan/BCM (3000 ppm each) treat.
,smination of viruses, then aldrin 2.5 (1 g/cut.) dusted

5 Inexit (5 g/liter) and
Fungicides captan/BCM (3000 ppm each)

6 guasthion (2 mg/liter, triona (15 ml

Several fungicides were tested alone and liter) and captanr/BCM (3000 ppm each)
in mixtures, at various concentrations, to 7 captan/BCM (3000 ppm each)

and malathion (1 ml/liter)
determine their protective effects as dips 8 Control
for cuttings. The mixture of captan
(nonsystemic) and BCM (systemic), each lOO
at 3000 ppm, was the best treatment. It: (a)
protected against a broad range of fungal
pathogens; (b) had a prolonged effcct,
especially when cuttings were stored; (c)
erradicated some fungal infections- and (d) 0

had some effect in increasing plant size
after bud germination.

Fungicide/ Insecticide Mixtures I

To integrate disease and insect control
on cuttings, the captan! BCM mixture was
combined with several insecticides. CoM- .H
binations which provided 100% rooting of 1 2 3 4 5 6 7 8

cuttings and bud germination after 60 days Treatments
of storage were the following: (a) The
fungicides with malathion EC ( I ml/'liter of

water). [he malathion must bc mixed with Figure 'i Germination and rooting of cassava stakes

the water before adding the fungicides, to after r .ing with mixtures of captan/BCM plus

prevent incompatibility effects. W hen the jflSC( es and storiog for 60 days.

fungicides were mixed before the
malathion, a reaction occurred which attacks during an experiment at Media

totally inhibited rooting and germination l.una. Because the fungicides greatly

of cuttings (Fig. 28). (b) A dipping decrease or eliminate rotting of cuttings,

treatment in a solution of malathion EC (I this prevented termite attacks, which

ml:liter of water) and, after the cuttings appeared to occur commonly on dead

dried, dipping with the fungicide mixture. cuttings or plant stem tissue.

(c l)ipping with the fungicides and then
dusting each cutting with I g ofaldrin 2.5. Storage of Cuttings

The latter treatment was one of the best Cassava growers commonly store cut-

to not only ensure rooting and bud tings for the next planting but, heavy losses

germination, but also to reduce termite occur because of poor rooting and/or bud

Cassava Program A-31



germination and a decrease in plant vigor, were prevented by treating cuttings with
These are due to: (a) dehydration of fungicidal/insecticidal solutions before
cuttings; (b) microbial or insect attack; and packing in po'yethyelene bags or by adding
(c) early bud germination which wastes sodium alginate to the solution, which
available nutrients. Work was done in 1978 made it unnecessary to store cuttings in
to solve each of these problems. bags.

Cutting Dehydration Ninety percent of the 20-cm cuttings
rooted and buds germinated after 12 weeks

Cutting dehydration was prevented by of storage when treated with captan/BCM
storing in polyethyelene bags or by treating and kept in polyethyelene bags at room
with sodium alginate (Agricol), a water- temperature (Fig. 29). About 95% of the
soluble gel. A dry film of this gel allows 20-cm cuttings from long stems (70-cm)
oxygen interchange by the cutting but rooted and buds germinated when stored
prevents water loss. for 10 weeks on a dry floor at room

conditions (240C, 80% RH) after treatment
Disease/insect Damage with captan/BCM (2000 ppm each) (Fig.

30). Similarly, 90% of the 20-cm cuttings
l)amages from diseases and/or insects rooter and buds germinated after 90 days

*Stacked loosely

A Paper bag.

A Polyethyelane bags

100 Fiber bags

0

40700 ppm mixture 8000 ppm mixture

4 8 12 4 8 12

Weeks of storage

)
Figure 29. lFiftts on germin ,ton of 20-cm cassmv a stakes of er ratine t with 3 concentrations of
captan B( mixillres and subsequent storage hy diflerent methods.
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of storage when they were dip-treated in a
* Resting under shade captan/BCM (3000 ppm) plus sodium
o Resting. on ground alginate (10,000 ppm) solution and kept at
A Resting, on wooden base room conditions.
A, In field clamps
.)Room environmental cond. Treating cuttings immediately after

harvesting, regardless of later storage time,
1increased yields of fresh roots/ ha (Figs. 31

and 32).

When short cuttings (20-cm long) were
treated with fungicides before storage,
yields were always higher than the control
and the difference increased with time of

I I storage (Fig. 31).

Effects of fungicide treatments on yield
on long cuttings were not so great as with
short cuttings, however, the increase was

100-- considerable (Fig. 32).

/ Bud Germinationc
' Theoretically, early bud germination

cp.C could be delayed or accelerated by growthcregulatorS. Several chemicals were found

that inhibited or accelerated bud germina-
tion and shoot growth. Investigations

0 I I I began on their use before and after cutting
storage.

100 Ecosystem Influence on
Cutting Production

In addition to the studies reported in the
first part of this section on negative

maneb/dlaconil production factors in ecosystems, the
Pathology Section also studied how these
factors affect production of plant materials
for cuttings. Heavy reduction in cutting

4 6 a 1ID production per plant arid the rooting of
cuttings was observed in severe NPF

Week of storageecosystems like Carimagua and Popayan.
Preliminary data indicate cutting produc-

Figure 30. Germination of 50-cm cassava stakes after tion in such ecosystems appears to be
treatment with mixtures of two fungicides (4000 ppm) related to the level of resistance to the NPF
and subsequent storage, present in each ecosystem.
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"01- M Col 946 M Cdol 9J46

8L Mcpa 200pr ah deconi/manb (4000 ppmn each)

40- BM/captan (2000 ppm each)

0 Control

:o *Pre-stor. treat.
60- APro-plant. treat.

- %Pro-sior. + pro-plant. treat.
M Col 803

40- M Col 803 dconil/maneb (4000 ppmn each)

BCM/captan (2000 ppm each)

203

1 2 3 4 1 2 3 4

Storage period (weeks)

t-igure 31. Fresh root yield from cassava plants obtained from 20-cm stakes treated with mixtures of two
fungicides before and after storage.

Table 14.

Cutting production of ieveral cultivars In the CIAT and Carimagua ecosystems.

CIAT Carimagua

Cuttings Rooting Rootint Cuttings Rooting
(ultivar plant Oi) (%) /plant (%)

M ('ol 113 15 100 95 1 63

M ('ol 0,38 12 100 90 3 60

NI ('ol 845A 12 100 80 I 0

Ni Col 1351 12 100 80 I 50

M (ol 1684 10 100 98 3 83

ILlancra It0 99 94 I 37

% Ilan 19 8 100 100 3 80

M Vn3 8 100 93 I 70

M Fcu 82 I0 100 100 3 70

I Rooting of cuttings trom UIA I planted at ('artntagua
2 t..ng 11 cuttings at Carlrnagua produced from Carimagua material after the first growing cycle.
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6-M Col 946 M Col 946

- BCM/captan (200 ppm ea.) daconil/maneb (4000 ppm ea.)

20-

" c L J_ . .... I I I I I
J0

- Control

, Pre-stor. treat.>" 60 - APre-plant. treat.

- .Pre-stor. + pr-plant treat. M Col 803

40- M Col 803 daconil/maneb (4000 ppm ea.)
BCM/captan (2000 ppmn ea.)

! II I I

2 1 2 3 4

Storage period (weeks)

Figure 32. Fresh root yield from cassava plants of stakes from 70-cm cuttings treated with mixtures of two
fungicides before and after storage.

Cutting production per plant can be planting material from previous crops or
reduced so much that an introduced, from the nearby area; (b) production of
nonadapted variety or hybrid may dis- certified planting material and shipping
appear after a few growing cycles. Similar- from production centers is expensive and
ly, rooting of cuttings decreases con- risky; and, (c) great ecological interactions
siderably, suggesting that introduced apparently exist in cassava, then cutting
cultivars could also disappear after a few production 'plant variety should be con-
growing cycles (Table 14). sidered an important factor in selecting for

adaptation and stability.
Since (a) growers commonly take

VARIETAL IMPROVEMENT

Principal activities of the Varietal parental genotypes, hybridization, F,
Improvement Section are identification of seedling selection, observational yield
Cassava Program A-35



trials in single rows, replicated yield trials,
and identification of the most promising
materials for multiplication and regional r= 0.517"
trials by the Agronomy Section. All these *

activities are done at CIAT, and obser- - .
vational and replicated yield trials are also
carried out at Caribia (North Coast of o
ColombiA) and Carimagua (Llanos Orien- S 20 o o

tales). A major addition to these routine
activities in 1978 was the introduction of • • °0o

F, seedling selection at Carimagua. 6

CIAT, Caribia, and Carimagua repre- 0 10 4.

sent a high-yield environment, a more

representative cassava growing area, and a Yield at CIAT (t/ha)

high-stress environment, respectively. - - - -

Root yield at CIAT was significantly Figure 34. Relationship between cassava fresh root

correlated with the root yield of the same yields of the same genotype at CIAT and at

genotype at Caribia (Fig. 33). Significant Carimagua (with no cassava bacterial blight present).

correlations also existed between root yield (Data are from 1976 and 1977 replicatied yield trials.)

att CIAT and yield'of the same genotype at be justified. How much of the deviation
C'arimagua, both in the presence or from the main correlation axes in Figures
absence of CBB (Figs. 34 and 35). This 33, 34 and 35 is due to genotype x
indicates that those genotypes observed to environment interaction, and to ex-
be low yielding at CIAT generally yield low eroment er ction nd to ci
outside CIA'. The early elimination of perimental error, still needs to be clarified.

low-yielding genotypes at CIAT may thus Approximately 45,000 hybrid seeds,

3800 selected lines, and 600 advanced lines

60

-o r= 0.640""
S. . 30

40- i/ OO°00 0 • 0O 0 -•

20- 0

S0 0 0 gooo 00oo 0

20 
1000 0 0

100

- o o10 30 50
10J 30 50 Yield at CIAT (t/ha)

Yield at CIAY (t/ha)

Figure 35. Relationship between cassava fresh root

I igmtc 13 Reltionship hetween cassava fresh root yields of the same genotype at CIAT and at

N hcII', I the mise gelt otope at (IA I and at Caribia. Carimagua (with cassava bacterial blight present).

Il)at.i hi[~ tim Nt76. 19J7. I97X replicated yield (Data are from September planting 1977-78
replicated yield trial.)
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were evaluated in F, seedling selection, Yield and Adaptation
observational yield trials, and replicated
yield trials, respectively. Nine promising In all six replicated yield trials at CIAT
lines were delivered to the Agronomy and Caribia, CIAT lines (F1 lines hybrid-
Section for advanced testing. Ap- ized and selected by the Varietal improve-
proximately 32,000 seeds, of which 18,000 ment Section) yielded higher, as an
are hybrid seeds from controlled crosses, average, than selected germplasm
were given to breeder/agronomists in 18 accessions (selected by the same section)
Latin American and Asian countries. (rables 15 and 16). Yield levels of both

CIAT lines and selected germplasm
A period of one year each is necessary for acce.,ions were far higher than yields of

hybrid seed production, F, seedling local cultivars. At Carimagua, CIAT lines
selection, an observational yield trial, and and selected germplasm accessions had
a replicated yield trial. Thus, the advanced about the same yield levels which were
lines which were evaluated in replicated much higher than the local cultivar (Table
yield trials at CIATduring 1978 are mainly 17). The best CIAT lines outyielded local
from hybridizations made during 1974. cultivars by 200-350w .
Lines evaluated in replicated yield trials at
Caribia and Carimagua were from CIATlines such asCM 305-38, CM 321-
hvbridiations of 1973. From this year 188, and CM 323-375 yielded well atCIAT
onwards the Varietal Improvement Sec- (more than 50 tha) and Caribia (more
tion can provide reasonably comprehen- than 40 t/ ha), suggesting they are not only
sivedata for the promising materials which high yielding but also widely adapted.
have been sent to the Agronomy Section Since the range of environmental
for multiplication, conditions between CIAT and Caribia are

I i ic I 5

R,[esuilis if cusaa reiplicaieed %irhl( trials, at ('I:% I, 1977-7h.

1 1 I11

h'e h root Root |'ich rItl R il I rcsh root Root
'lcldx dr . iatter .iclds tN I ilittcl % Id s dr. ma ter

(1 111 haIC1 11 chanl I } ) Contet.'l (t ha ) conterit

.1l l cntlpcs 2, 14)) 14) 3 1.2 34 I .359

L\% Oc. local C1IItIIAi 22 S 286 23 3 1115 IN 9 .341

\%L, o ln c i .;ai ," Is Ml 12t, 27 N1s 27 6, .354

V All ',c[ tCkd

d, l, .I Ct"IITIh 24 X 11h 32 345 30.2 347

\ A tll (IA I ImcS 2S 9 141 412 .15 356 .3(4

tp ( IjA I hric, 51 3 .343 5 4 362 530 371)

Mauximwn whldc 54 2 350 79 2 154 67 2 .375

i( AI 440-51 (NI 4S-I I ((AI 321-18hi

1 1 22 1 pt. p1mlted I % i, 1977. har'c,l d 22 Sia, 14178 II 121 idrnol pe. pla,tr. d 24 Sipl 1177. hafc.t j
24 ',pt '9 III ' I gcnt)o , planled I N = lf-7. hl,Hrc'led I I No% 197L

2 I 1 TI!f.1 ai %I ( ,1 22
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lable 16.

Results of casssava replicated yield trials at (aribia, 1977-78.

Trials'
I II Ill

I resh root Root Fresh root Root Fresh root Root
yields dry matter yields dry matter yields dry matter
(t ha) content (t/ ha) content (t/ha) content

Ag.. all genotypes 26.7 .285 30.4 .309 29.7 .286

Ag.. local cultivars 16.9 .324 26.7 .366 - -

Avg.. control culti.ars 23.2 .261 20.6 .306 17.3 .291

Avg.. ,11 selected

ceiniplasin accessions 23.8 .287 22.0 .339 23.8 .298

.% g., all (IA I iles 27.5 .284 32.1 .305 30.6 .283

A vg, top I0 (IA I lines 39.7 .296 41.7 .311 37.9 .284

. aiLimtn ,ielder 49.4 .299 51.9 .284 54.6 .302

(CM 309-277A) (CM 323-403) (CM 305-38)

II at darihit. 64genotpes planted with locally prepared planting stakes 17 May 1977. harvested 19 April 1878.
11 at (aribia; 30 genotpes; planted with locally prepared planting stakes I I Oct. 1977, harvested 5 Sept. 1978.
III on-arin field trial near (ienaga; 23 genotypes; planted 23 Nov. and 7 Dec. 1977. harvested 23 Oct. 1978,

2 1 lancra and M CoI 22

representative of a major portion of release as a recommended cultivar(s) if
cassava growing areas, these advanced they perform well in regional trials.
lines should be candidates for future

lithlc 17,

Results of cassava replicated yield trials at Carimagua, 1977-78.

Trialst

Fresh root Fresh root Root
yields yields dry matter
(,' ha) (t' ha) content

Ag., all genotypes 5.3 15.4 .276

Avg.. local cultivar 2.5 9.8 .263

Avg.. control cultivars2  2.2 12.3 .270

Avg.. all selected
gerinplasis accessions 5.4 13.5 .280

A\ g.. all (IA I lines 5.3 16.0 .268

A,,\g.. top 10I (IT lines 6.5 21.2 .283

Miaxinitum yielder 12.0 24.6 .271

(M Col 618) (M Col 1684)

I 1 2 sgcntvpes: planted9June 1977, harvested 18 May 1978.11 - 43 genotypes; ptanted 20Sept.andl28Nov. 1977,
har.eted 2 Oct. 1978,

2 1 I Inera and M ('ol 22.
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Selection for such characters as eating Annual Report, 1973 and 1975). Genetic
quality, starch content, and ease of harvest resistance is considered the best measure
is highly important now that high yield for protecting cassava against yield reduc-
capacity and wide adaptability have been tions from these diseases. While many
demonstrated. For high stress conditions genotypes which were originally believed
like Carimagua, the priority continues to to be resistant under moderate infection
be a combination of high yielding ability turned out to be susceptible under heavy
with disease and insect resistance. infections, new genotypes have been

identified as resistant. The effectiveness of

Promising Lines presently available resistance under
different field infection levels of CBB and

Table 18 provides information on superelongation was analyzed.
several promising advanced lines. All are
being multiplied by the Agronomy Section At Caribia, CBB is always present and
and many were planted in the 1978-79 can infect cassava plants from the early
regional trials. The first group of promis- stage of growth; however, the level of
ing lines are from the 1973 hybridizations, infection has been low to moderate. Under
when little was known about genetic these conditions, yield reductions on
resistance to diseases. These lines do not highly susceptible plants is about 20% and
possess comprehensive resistance to dis- incorporation of resistance into susceptible
eases and may be unfit for high stress genotypes can increase their yields 30%
conditions such as are found in the Llanos (Table 19). Planting stakes taken from the
Orientales of Colombia and Campo CBB-infected Caribia field were used in
Cerrado in Brazil. two of the three replicated yield trials there

(Table 16). Yields of CIAT lines were still
The second group of promising lines is very superior to those of local cultivars.

from the hybridizations of 1974 and after When CBB infection is moderate, prepara-
when increasing emphasis has been given tion of good planting stakes may not be a
to disease resistance in the hybridization problem. Moderate resistance is apparent-
and selection program. From these ly all that is needed for this environment.
materials, high yielding lines with disease
resistance and favorable agronomic At Carimagua, cassava plants are
characters seem to be emerging (Table 18). heavily infected by CBB unless special

precautions are taken. With early season

Genetic Resistance planting (in April and May), heavy

to CBB and Superelongation infection occurs in the early growth stages
(three months after planting) while with

Among the numerous diseases which late season planting (September and

attack cassava plants, cassava bacterial October), heavy infections come only after

blight (CBB) is the most devastating and the start of the next rainy season (seven to

superelongation is the most conspicuous, eight months after planting). Yield reduc-

with a possible exception of African tions on highly susceptible plants are about

cassava mosaic which is not reported in 30 and 70% for late and early season
Latin America and most of Asia. Infection plantings, respectively (Table 20).

with either disease during early growth
stages can severely decrease yields of Cassava plants suffer from CBB infec-
susceptible cassava genotypes (CIAT tion both in fresh root yields and in root
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I able 19.

Cassava ields at different levels of cassava bacterial blight (CBB) resistance in four replicated yield
trials at Caribia.

Avg. fresh Yield
(ili N o. of root yield range
rating, genotypes It ha) (t ha)

1 0

2 69 27.3 10.749.7

3 82 26.7 11.3-51.7

4 52 25.0 10.0-41.9

5 13 21.2 12.6-33.5

I t'lt Iheld resistance rating 6.-10 rnonth% after planting: I no disease sv'mptoms: 2 disease symptoms only on
Ica e, 3 =lnested leases and stenls; 4= dichac k in 5)'; ol plant,; 5 deathordiehack in 50"i of plants.

dry matter content. High susceptibility used, however, with early season plantings,
reduced root dry matter content of cassava higher resistance levels a,e desirable. A
at Carimagua about 229% (Table 21). Low series of resistant genotypes recently iden-
root d ry matter content at Carimagua may tified by the Pathology Section will be an
he attributed to CBB infection as well as to important addition to hybridization
other environmental factors such as schemes.
tempcrature.

At Carimagua, cassava plants are always
For late season plantings under infected by superelongation disease. Heavy

Carinagua conditions, presently available infections occur in patterns identical to
resistance is highly effective if clean seed is those of CBB, when cassava is planted

i1Ci 20

( asa, ia , ils at different le els of cassa% a bacterial blight ((BB) resistance in plantings at tio times of
il be sai n at ( arintagua.1

I ak plallt I .\prl-\.a.): I ate planting (Sept.-Oct)

*\s . leslh Yield A\g. fresh Yield
ItIM \oI root % ,tld tankc No, ot root vield range
tttti i cTnotp (I hi ll tt hal gcnotypes ft ha) (t, ha)

2 2 1I I 10.2-12 0 2 19.6 17.0-22.2
3 6 6 5 4 t. ') 5 7 17.6 8.0-24.6

4 7 5.1 1. )- 1 1') 16.1 10.4-24.0

5 I0 .0 2..- 5 . 19 13.6 4.2-23.3

I e ),it :etult',iluI' iuk , l ii it~lf ud ia h pLintlilt tlrlw

2 R tglrl l" I IM CA,-l.11cd Im ,14 11th i et 1 .tl1 t111g
RIem ..lo , ('1111 c,jll,lled mntlh,t t.1,11c! plallilliv
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'I able 2 1.

Cassava root dry matter content at different levels of cassava bacterial blight (CBB) resistance in a late-
season-planted, replicated yield trial at Carimagua.

Avg. root Avg. root dry matter
(lili No. of 1dry matter content without CBB
rating' genotypes content infection at CIAT

1 0

2 2 .325 .349

3 7 .285 .342

4 19 .271 .345
5 19 .253 .360

I I".aluatcd N nionthstaiter planting. [or ratings. se, footnote to table 19.

early or late in the season. Yield reductions roots are not so serious as those from CBB,
in htghly susceptible cultivars are about 17 presently available levels of genetic
and 30% with late and early season resistance are highly effective.
plantings, respectively (Table 22).
Superelongation does not reduce root dry Selection for CBB
matter content in highly susceptible and Superelongation Resistance
materials as drastically as does CBB (Table
23). Significarnt improvement has been

observea in the reaction to CBB among
Because the effects of superelongation genotypes evaluated in observational yield

disease on yield and quality of cassava trials at Carir-,gua from 1974 to 1978

I ihl 22.

(assa,,a ields at different leIels of Superelongation disease esistance in plantings at two times of he
season at (arimagua.1

lal\1 plttting ,I .,ItC plati ttw g (00.)'

,tpct- A g. flesh Yimld Avg 2resi Yield
clotgattton No of loot ,icld range No. of root yield range

r;t1tg: rc t0t\ pC (I fla) (t I1,1) gcnolypes (1 1i:1) (t ha)

II - , -

2 iS 22 2 12 2-3-.0 5 Y0.6 IN. 1-24.3
If 21.6 13 9-331 Ii) 22 5 15.3-36.8

4 10 1 7 9.(f-32.3 14 20.7 16.0-25.0
5 12 15.2 10.4-24.01 211 17.6 10.4-24.7

I \1l plariit g, .,iec kept tee ,I t;r,l ' hictrm l bight ((l tt) rilections

2 k at ,Li erls lttl, Irig I tt hA I it t'd I rn lt ligsSolo trrco t I - ti disease s ,vnrptoiits,; 2 dis.ase e S yiptotas only on
1lit c.. I 1dn: re d S T.rpt o Ie% l .. ,1 1t ill plants ild occsional %teni elhrirgatio;r; 5 50"; of plaint show stern

gl ll. S let , koy -.1  t lsse Ilet tetr'lrr
I 0tt; t1111 " replnCMCeL d e lf i htl esdt01.1 teni nnnintlhs tlter plintinig

4 I),a I lott ttnnt , rtlelhL 'ted seld Oi;tls esilititl 1iO ilntni h iter pl atlntg.
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I ihht 23.

(Uasa a root drv matter content at different levels of superelongation disease resistance at Carimagua.'

S peCI- Ag. root Avg. root dry matter content
Clo ongiltl No., ti dry matter without superelongation

ItllnI 'lfelo Tpes Content infection at CIA'l

I If

2I .319 .349

If) 317 .342

4 1ff .311 .354

12 .297 .338

I I I.tlt I I I "p], .it, I ' d1 ii I I Illk c\p r rhclrt, cr
+ 

ktin lte t cat .rt' i d. b iri l hl fLht ('1ff inte.tIlini ,

11 I ihllt.e,! tI thri h lt1' ,0 fl 11Ci III MA\ 'C ilO IiiC 2 to I hl e 22 hor ralng,

Fable 24). Since all the lines evaluated in The correlation of CBB rating of the same
these trials have been sent from CIAT, the genotype between 1977 planting and 1978
only input for improving CBI3B resistance planting was highly significant (r
during this pet iod has been the inclusion of 0.693**). Many lines have consistently
('1313 resistint gentypcs sLtch as M Col shown good resistance.
047 and M Col 638 as parents and the
elimination of extremely susceptible Comparing CBB reactions of the same
getotvpes such as M Col 113 in the CIAT lines in Carimagua(heavy infection)
hyhrid iation program. After one cycle of and Caribia (moderate infectioo), many
Selection at Carimagua improvement was genotypes with a 2 rating at Caribia were
even more marked (lower row in-Table 24). highly susceptible at Carimagua while

1iu11ma thalnge itl reaction-, ofeassatsa gnitOel . to ca%%a\ I bacterial ]hlight(('lIB)i ('arimagua.l

i , 2 0nit. pCe Ag. rating of
triuner c:ih (Ill) itinlw X.!. rating of control cultisars

I t2 4 5 total population l.anera NI (ol 22 NI Col 638

0, " o if 14 36 52 4.37 3.27 4.17 20()

9r . \I 1 19 ,70 .\Il p l tin g , k,%. er e p u rpo sel v k ep t Itee of ( "'Slt

Itcl I ' "  0 3 27 64 0 3.74 3.33 3.64 2.73

\,', 11) , 0 3 21 44 33 4.106 4.35 4.50 3.18

1. 9> 1 6 31 43 19 3.76 3.87 4.73 2.67

elift on e C\.le
o~l 'cle.cll~n at

t lItltLvitl't 0 25 47 26 2 3.02 3.50 4.00 2.50

Il . tm, ' r; i I Alr t i !, c 'vpl fir velected pipuilairttln vIch is planted as ai replicated yield trial

a ssla a 11) ho (Plilr Al.tirl4,
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Iahic' 25. interaction of CBB with cassava genotypes
(see Pathology Section).

(omparison of camsala bacterial blight ((BS)
reactions of the saame genotpes when planted
in obser, alional Nield triols .at (arimagua and From these results it appears that using
(aribia. resistant parents field-selected at

Carimagua in hybridizations is a highly
.. )I ,,typc, - efficient means for improving cassava

CllB rBtr.e B I- genotypes for C1313 resistance.
ill i' ,l Il I 2 3I 4 5

The same type of population improve-1 0 7 s 5 0 ment was observed for superelongation
2 (1 14 3,9 55 40 resistance (Table 26)as forCBB resistance.
3 )) 2 is 47 (1d A major part of the improvement from
4 u 3 Ix 52 1974 to 1978 may be attributed to including
5___0 1 39___ __ such genotypes as M Ven 218 and M Col

1684 as parents, eliminating genotypes
such as M Col 113 and M Mex 55 in the

practically all the genotypes with a 2 rating hybridizations.
at Carimagua remained resistant at
Caribia (Table 25). (ienotvpes with suscep- Again a great improvement was made
tible reactions at Caribia were always when one cycle of field selection at
susceptible at ('arimagua. This obviously Carimagua was applied (lower row in
occurred because of the difference in Table 26). The correlation of'superelonga-
infection intensity rather than by racial tion ratings of the same genotype between

la01c 2t,

. lnnual c'hange in reaciion % of cas,,ai a genot.,pe, I %nperelongation diea%, in (arinagua.'

tnlll Calch .' 'g 1,1111IF A ,g, l lli of

,tp u h n ilt'll tantlr :- ofl 1111,11 control ctjlntlsJ

I'l11)tIIt.V dalet1 2 3 4 Population I latncht M Cotl 22 M (',, 61S;,

1, 1 7-1 1) 3 15 2,) 53 -1. 11 4 2.1 400 1 50
r~I tr ),,1 0 44 25 2- 1 74 1 15 4001 A W1

M~} t , 35 21 40) 3.93 .51 3. 25 2.0
)ct. 197h, 0 4 9 Is 69 4.54 2.75 4.50 .1.25

'I tj Ie 11) 7 0 4 29 50 17, 3.79 3 75 4.11 .3.25
\ , 1,7r  0.4 7 32 33 27 3.79 3 94 4.1(, 3.7

%la% I978 • 13 21) 34 27T 3.72 3.53 3.93 3.29
\fi\ 19-8

om suleutonli. ;11
'aim agua (0 21 4. 17 15 3.34 3.00 5. 00 35))M

I I , ll "tf 'i'llhlS ,told 411,11, C\4 pt I25 ,. e d pt"ptllti \%hih is p lred its it 1p74atd 5,))) d I)il

.w 'inl,,rtt ~q 0.4 7, 3~%ltll2,t33H rdll27 ,14 43 7
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plantings in 1977 and 1978 was highly l.lanera - M Ven 218 = M Col 22 - M
significant (r = 0.656"*). Many lines have Col 113; and, superelongation: M Ven 218
consistentl shown high resistance. M N Col 1684 = M Col 638 >- lianera >

M Col 22 > M Col 113. This suggests that
Genetic Behavior of CBB the field resistance of these diseases are

and Superelongation continuous traits and polygenically con-

Resistance trolled.

In a field trial at ('at imagua with six Depending on the parental genotype, F

germplasm accessions in 15 replications, populations differed drastically in CBB
('BB and superelongation ratings of some and superelongation resistance (Table 27).

accessions varied widely. For example, the Almost all the F, lines from crosses

('B1B rating of %I Col 638 fluctuated between parents susceptible to both dis-

between 2 and 5 and the superelongation eases (SM 76-66 x CM 157-9, SM 76-66 x

rating of llancra, also from 2 to 5. On the M Mex 59) were susceptible to both

othcr hand, ratings of susceptible diseases. On the other hand, the cross

genotypes such as M Col 113 were always 5 between M Col 638 (resistant to CBB,

for both discases. moderately resistant to superelongation)
and M Col 1684 (moderately resistant to

A statistical analysis revealed that the six both diseases) produced a high proportion

;icccYsions differed from each other in the of F, lines resistant to both diseases.

follo"ing manner: ('lI (resistant to Crosses of M Col 638 with M Ven 218, M

susceptiblei): N ('ol 6.3 - NI ('ol 1684 Pan 70, M Pan 114, and M M ex 17 (highly

.ihku

I)iffertence in iassaa bacterial blight (( lilt) and superel mg;Iiom resistance arning diffrtnit I't
pIol lalimi s gripin in ohe fraliial ield trials.

' I [I .ch
I ; tI li

h rith IlI.C 5 icstil

Il l ili 's It, ',IP rI-

uCSihlated hih II,. lelc hI' ( H 'lil t lolip tilln

%1 ,-' , " I \ 1 , - 71)" 11 11

51\u (65n \ SI kit, Ils 711 II 11 10. 56\ ,d h,4 0 \1[ , ~ t  IIll I 19). 0)

1 Wcn I \i 70 0 1 .4 I0 W 1.1
'1 \ n -\1 ( I n l "SI II I h," 4

1 ,I ,, \I I'. i 1 I I S I 6.I 17 12(0

SI I \IV . SI '.1 114 1 24 0.8 S9 14 12.9

\N I , ,\ lc I 64 9.6 )4 1 6 172

S1 Il ,, i s\l ii I4 112 111 71 45 152

1 1' 45 119 '0 215

\1I ,I t.I".1 ', 13 5I 01 2 21 9.5
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susceptible to C BB, resistant to
superelongation) produced a high propor-
tion of superelongation resistant F:, lines.
These crosses also included a fair number
ot F" lines resistant to both diseases. The
cross between M ('ol 638 and 'NI 309-56
(resistant to ('I3B, susceptible to I.
supcrelogation) produced an extremely X
high proportion of ('BB resistant F, lines. " , ".
Iloweser. most of these F: lines were '
susceptible to superelongation. A,

Although the resistance is obviously a
continLoUS trait. tour basic groups of
germplasm accessions and I populationscan eastly be identilied and are shio\nt in 'l

I ahle 2 . 1 hese groupings suggest that
('IM and superelongation resistances are
genetically independent of each other and
hoth can he combined.

Correlttions betmeen average ratings of Figure 36 Ohsersing hreeding tines in the field ai
parents and ratings of* corresponding IF ( r,im.

laiic grIItllpilngs if d'.as5rai gernplasinl acest'sions and I I) piilatiuis aIccording Io their re't' imi s to
cassia a ihrial IWilgil 1( ti1ll) mill stw~erehl, gatimi (lisvasr.

Ru~ll;.,i, hncI poplilanlhls

S:'.,!.t'rlc li l ( tl N (I I N \ 22 .NI T-6 \ (I1 15'-9
",l. ))'lhl. 1 Ii .[lpt'CILI~~fll ,TI and I NL's 5 \ SNI '6h-6,, % M N lc\ 51)

I ( l 113 N \1 (o 22
%I (,I1 22 \ \1 Mex 59

%I (o 113 \ M Mex 5)

k I',~la In h ( 'lilt

StL'ptlht,' Iii 't l o,.'lt hl ('N .ll1-S1. N (on t.35 x ('N\ 309-56

Slilcth I M Veln 218. M Nle\ 17. NI (olB3S x \I \ en 2Is
h, i 'upeldllpatloi I Pin 7() ,mit NI (..l kIl x NI NL'S 7

M Pan 114 'dI Os \ \I 'an 71)
%I (,I 1,5 \ N Pan 114
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0 3

C 
0

; ' 3 4 5 A. g 4 ueeogtinrtn o*aet

u.4 -

- 6

0
mD

r=O0.758**

3 4 5

_3L 4 5 1 Avg. superelongation rating of parents

Avg. CBB rating of parents ) Iigure38. Relationship of superelongation reactions

. . .hwetween parents and their corresponding F, pop-

I-iulrc 37. Relationship ot cassaxa bacterial bhliht ulations. (l)ata are from observational yield trial.)

(('ii) reactions betw ecn parents and their corr spon-

ding I-I populatin ([)ala are from ohsersational
CI:ti.. Field Selection of Seedlings

for Disease Resistance
populations were highly significant for

('1 and superelongation (Figs. 37 and In the May 1978 planting at Carimagua,
38). This indicates that an important plants suffered not only from CBB and

portion ol field resistance to CBB and superelongation but also from anthrac-

superelongation is controlled by additive nose.
genes. Thus. a relatively simple scheme of

hvbridiation will be effective. The correlation between combined

Ihi, 2'1

lelati nshiIp Iet ts en combined seiires of paretital g n tpis for cassa' a bacteria[ blight ((BB),

,up rehongation a.nt anthracnoe and surial i of corresponding I11 seedlings.

No ol liumilic, in elicnl percentile group
Ot ,tr ingIA tltpllng ,cclings

m at'td ~ c~ I'; 0- 10 1O-21) 2(-3 . 39"()-4) 40-50 50-100

2€) I o1 o I o1 2

2 S0 5 5 4 2 0

) I 5 5 7 7 2 1

6 S I0 I0 7 4 0 0

4 1) 5 13 Is 7 4 0 I

4.5 12 It) 12 I 0 0 0

,,) I) 8 I 1) 0 0

Cas.s1cav a :W 'ic pllled Vlh rgakeA,
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relalitionhi ) i et len C;Si, %a bac Ie rial hlight (( IB) rafing of parentl line and ipercentage of ( BHH-
iifected teedlings among offpring.

+o ofl I;II Il1.
,  

III Lich pILtIl I 1i L'I'Ii j1 p (it
('lit-inteted slphrig ,C'dlI ,.,

,,! 1CiI'n ll h t_.+ 11-'11C1]i
-  

560tI f - (1 "71.SO) W(.90( 90.100M

2 (1 7 C)

l 2 216 ti19I t

. i I I 8 21 15
ii 3 12 30

scores of parental genotypes for the three infection came after many seedlings had
diseases and survis al percentage of the already been killed by ('B and anthrac-
correspoinding F seedlings was highly nose. These results suggest that the high
significant ( Iable 29). correlation of data in Table 29 must have

occurred mainly through inheritance ofAlso highly significant was the corrcla- CBB resistance from parents to offspring.
tion hetween ('1113 rating of parents .and Field selection of seedlings may, therefore,
percentage of (_13li-infected seedlings in turn out to be the simplest and most
offspring (lahle 30). IHowever, the same effective method of screening large
type of correlation for superelongation was riumbers of genotypes for multiple disease
not el significant (r 0 0. l6*). [his maycr resistance.
has e occirred becatuse the superelongation

AGRONOMY

I )uiriog, l978 tegirmal trials s cre I he Rapid Propagation Unit multiplied
hiirvcsted oill 1iinC sites in ('olom hia. Ilhese 34 newv hyhrids and 19 selected varieties
trials included tle first littne selected dlring the year. Part of this material was
h'+hrids from the I ( 'A-(IAI hreeding sent to 14 countries and the rest was
pll grali..\ t ls Cr altitude testing sites. itiili/ed hv various sections of the CIAT
(TA I -selecctd %arietics and hvhrids hase pr ograIm.
yielded ant aserage of 62; more than local
ilaterials and 140 ' more than the ('olorn-
hian as+erage. during lfou cycles of testing. lie Cultural Practices Section com-

pleted a series of trials to define the proper
Outside of ( (oinhia. regionil testing nanagemient of planting materials to

has been iniciea.sinv. A second trial sas obtain higher yields.
harscsted it Fctiiador aind the first cycle
complcted in (Costa Rica. Seseral other
countries are ilso conducting trials ich Two mechanical harvesting aids for
include (IAI -selected materials. lifting cassava roots from the ground were
A.48 1978 CIAT Annual Report



evaluated and compared with the manual environmental conditions are suitable and
system of harvesting. other grain legumes where conditions are

too severe for I'has eohs.

['valuations o multiple-cropping
systems with cassava and grian legumes A trape/oidal planting design was tested
continued with emphasis on the and found satisfactory for evaluating
cassava I'ha.wolu. vulgari.y system vhere cassava under various plant densities.

Regional Trials

Regional Trials in Colombia averaged about 27 t/ha, some 421T more
than the local varieties.

[he nine regional trials in Colombia
were harvested. Table 31 shows some The hybrids evaluated in this cycle were
ecological and edaphic characteristics of preiiminary selections that had not vet
these sites and Fable 32 shows the yields of passed all the usual requirements for final
test materials and local varieties. With the selection by the Varietal Improvement
exception of results at Popayan, selected Section. The yield data indicate that much
varieties and hybrids yielded considerably room for improvement exists within the
more than local varieties. Ihis reconfirms hybrid selections before they surpass the
the need of selecting materials for coo!er yield of M Col 1684.
regions which are of secondary priority in
the ('assava Program. Of the sonic 2500 High-elevation Sites
accessions in the (IA cassava germnplasm
collection, only 9"i originated from areas At lereira, variety CMC-59 produced
with altitudes over 10) meters. I Ising this only Vi more than the local variety
criterion of altitude, data on the regional and M Col 1684 and CMC-40 yielded the
trials are discussed in two groups those same as the local. In I1opavan, tile local
frt'm seven sites low'er than 1300 meters variety C'MC-92 his not been out-yielded
and thos loin two sitesabove 15(0 meters by introduced varieties or hybrids.

[lable 31).
Production Cycle

Low-elevation Sites
The average length of the cycle from

lhe two best-yielding viricties on the seeding to harvest was 443 days for high-
low-elevation sites were M Col !684, a elevation sites and 345 days for low-
bitter variety best-suited for industrial elevation sites. The longer cycle in the
purposes, which yielded an average of former zone allows only three test cycles
37.4 t! ha over all sites and CM('-40, which during four years while tour cycles were
averaged 26.9 t ha. [ven though diseases possible at the lower sites.
were present in various severities at Media
L.una, ('arimagua, Nataima and (IA I- After four years of testing the average
Quilichao, NI (ol 1684 yielded 97"( more yield at low sites has been 72 kg ha day
than the averages of the local varieties. At compared to 62 kg ha day at the two
the same time the five best hybrids higher sites. Over the four testing cycles at
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lahle 32 (continued)
N3

Sites

Media CI'A-1- CIAT-
Luna Carimagua Rionegro Nataima Palmira Quilichao Caicedonia Pereira Popayin

Varieties
and hybrids Fresh root yields it ha)

Other varieties

and hybrids 19.0 (15)1 32.1 3)
z  2h.0 (14)' 51.6 14P' 19.7 (2)' 43.4 (81 32.7(11)

15.2)I F 46.1 (5) 18.6 7F JO.7 10F 31.2(9)1

12.1 (2)' 27.9 (6) 38.5 (9) 6.5(12)

35.3 (8)

33.3 (11)

26.1 (12)

17.5 (13)

Regional varieties 5.6(16) 10.1 (17) 12.9 (18) 22.0 (23) 24.2 (20) 45.7 (20) 12.1 (21) 40.1 (21) 40.0 (22)

10.0(19)

A\ erage, including

regional ,arieties 14.0 22.7 19.5 24.3 25.6 39.2 25.1 34.7 17.2

Best promising

variet. or hybrid 25.6 36.1 40.1 36.7 31.3 52.6 39.3 43.4 32.7

w I ength cl the gr,,,ing season at each site .s gnncc in Table 31.
I and 2 Var\itic, and hhrlds appro'ed for the second and third %ear of esaluation, respectively, at the bite.CD
3 ",arieces that completed three ,ears ot ealuation in the same site.

5I nderlined figures denote that promising materials Aere used as checks at these locations.
-4 Other 'arteries and h hrids.( I 1I Ven 77:(2) %1 Col 677;(3)CMC 99-NI Cut 1529.(4)HMIC-7;(5)HMC-I;(6)CM
> 337-7 (7) I ('ol 1292; (Si CMC-59- I Col 1488; (9 ('IC-57= %I Col 1486;A 10) 1 Ven 168; 11I)M Col 561;(12)M

Col 655A; ( 13) I Cuol 673; (14) CNI 323- 375; 15) Chiro7a
Regional sarteies: ( 16) Secundina: 17) CJC-9 . \ Col 1438; (18) Colombiana; ( 19) Venezolana; (20) M Col 113;
(21)Chiroia Galicaza; (22) CNIC-92 = I Col 1522. (23) CNIC-84 = M Col 1513.

0
:1



Iable 33.

Average yields of the three best promising varieties at eight sites in+Colombia under 1300 m altitude,
compared with the best local variety, during four testing cycles.

Cycles

I974-75 1975-76 1976--17 1977-78 Avg. Site

Site Promising ILocal PIomising Local Promising I Prcal Iromising Local Promising Local

(aiiccdonlat 37 3 32.3 25.1 15.1 51.2 41.2 .3;8.1) 12.1 37.8 25.3

arimaguat 6.2 3.8 25.6 22.9 23.9 17.3 32 2 10.1 21.9 13.5

CI\ I -I'ahmra 40.6 26.8 30.9 22.1 42.6 22.5 3. I 24.2 36.3 23.9

(I I -Q1tlichao - - - - - 51.3 45.7 50.3 45.7

F I I -,ln11h 22.4 22.3 28.4 26.2 - - 25.4 24.2

M edia I ma 2(,7 17.7 17.6 4.0 17.1 5.7 23.9 5.6 21.3 8.2

Natalina 41 I 33.6 28.4 16 3 33.6 8.1 33.2 22.11 34.0 19.9

Ro ,tII cgr o 29.7 15 7 21 9 11.7 45.2 16.1 35.2 12.9 33.)) 14.1

-\\g (C tic 10 3 21 7 24.5 15.9 34.6 19.6 34.8 18.9 31.1 19.2

lower sites selected varieties and hybrids employed in the regional trials. These
have yielded 62% more than local materials practices are:
and have averaged 140% more than the
national yield (Table 33). At the higher I. Good soil preparation.
sites the advantage of introduced over local
materials is only 4"1 (Table 34). 2. Planting at the beginning of the

rainy season except at Carimagua where
Consistency of' the data over four years planting is done in September to reduce the

ol regional trials in Colombia indicate with severity of damages from diseases. Results
sufficient confidence that farmers can of the first cycle trial (planted in June)
douhle the yields of local varieties using the show the low yields to be expected at
same simple, low-cost cultural practices Carimagua from early planting (Table 33).

I htc 34

A erage ,,iels of the three best promising ,arieties at two sites in Colombia above 13110 m altitude,
compared with the best local ,ariet', during four ears (three testing cycles).

CycIes

1974-75 1975-77 197 7-78 Avg. Site

P 1c I 1r-misg I ocal Prornising I ocal Promising I ocal Pr onising Local

'cia 19.8 10.9 44 5 45 8 41.5 40.1 35.2 3,1.3

I'!oX 5 14.5 13.3 14.3 34.6 40.0) 19.5 22.9
A,\g ("'clc 15.3 15.7 28.9 30.0 38.0 40.0 27.3 28.5
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3. Selection and treatment of the No fertilizer was used in these trials
stakes by submerging them five minutes in except at Carimagua and CIAT-Quilichao
a fungicidal suspension of mancozeb and where soils are acid and infertile. At those
maneb (2.2 and 1.25 g/liter of water, two sites plots received 500 kg/ha of
respectively). dolomitic lime (100-mesh), I t/ha of 10-20-

20 fertilizer banded one-half at planting
4. Planting stakes vertically, and the rest 60days later, and 15 kgZn/ha.

5. Planting at a density of 10,000 Plots were not irrigated nor protected from

plants, ha. insects or diseases.

6. Good weed control. Regionhi Trials
Outside Colombia

7. Planting in ridges on heavy soils
where rainfall is above 1200 mm/year. In the second cycle of regional trials

lahlc 35.

Yields of promising ICA-CI AT cassava varieties harvested in international regional trials during the
1977-78 cscle.

Sites

Santa Clara. Pichilingue.
Costa Rica Ecuador

Varietic,, Fresh root yields (t, ha)

%I (l i684 30.3 23.6

(AI('-K4 = i (ol 1513 26.2 20.6

%I ML.x 59 27.9 12.5

(AI( "-40) %I o 1468 22.0 26.4

I I'm 70 16.2 21.0

M \ c1 I 6, 21.1 23.4

" ('ol 677 13.1 13.0

I (oI 6'55\ 10.6 11.8

NI Mcx 1' 17.9 25.0

\Il' I R-2o 26.7
('NiC- 7T h M ('ol 1515 21.8

Ni Col 22 19.7
M Vcii 2IN 24.3

Ni Col 561 21.4

NI (ol lost) 13.8

Regional varieties

Salc nc ci 14.8

YCii1i de I I ic, o3.6

Quintal 15.0

er ae. t- ilcil. 1n-id

rcionl l"arictl.,  20.1 19.8

ltc, p ,I i ,lliig ,;rtllv 30.3 26.7
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completed in Ecuador, CIAT selections Mites, thrips and superelongation had
were again superior to local vaiieties some effects on this trial.
(Table 35). The three best varieties
NIFF, 20, CMC 40 and M Mex 17 In both Costa Rica and Ecuador the
yielded 40", more than Yema de liucvo,
tebvarieties M ol 1684 and CMC 40 yielded
important insects or diseases affected this Well, indicating that the two materialsimpotan insctsor iseaes his could be widely adapted.
trial. [ he variety M Mex 59 which yielded

best in the previous cycle (28.3 t ha) was
next to last this season due to flooding of The results of all regional trials
th,- plots where it was planted. demonstrate that adequate technology

exists to increase cassava production and
lhe first regional trial ir Costa Rica was that there are some selected varieties that

harvested. The majority of introduced can produce more than local materials.
varieties from CIAT outyielded the local These superior varieties are being utilized
variety and the average yield of the best as parents for selected crosses by the
three was some 90% higher than the local. Varietal Improvement Section.

Cultural Practices

Management of Planting conditions, both upper and middle stakes
Material from a vigorous variety can be used. Stakes

from the lowest part of stems of vigorous

Maturity of Stakes plants are not recommended.

('assava stake cuttings were taken from Planting Depth
the upper (youngest) middle and lower
(maturest) parts of stems of I-year-old Stakes 30cm Iong from cultivarCMC 40
plants of* three varieties. Cuttings %,.ere were planted vertically in ridges, 10, 20and
planted vcrtically, irrigated when rainfall 30 cm deep. Y ields and harvest indices were
was deficient a rid replanted its necessary to not significantly different because of
provide a complete stand. Stakes from planting depth but root formation along
Ul.ncr and middle stem sections always the buried section of the stake was affected.
germinated well but lower stakes from the Roots were clumped around the base when
cultivar %I Mcx 52 germinated poorly stakes were planted only 10 cm deep, but
Hlable 36). Plants from tipper stakes were distributed along the stake and with
yielded highest in thc very vigorous varicty peduticles if stakes were buried deeper.
%I %Icx 59 die to tlheii high harvest index. I)uc to the ease of planting and harvesting,
It is probable that the lower early .igor stakes should be planted vertically only I0
provided near-optimum leaf A rea Indices cm deep.
IAIs) and hence, highest .Nields in this

treatment. %ean restilts of performance f Stake Length
the three varieties suggest that cuttings
from the upper part of tile plant yield
highcst (Fig. 39), but that tinder good Stakes 20, 40 and 60 cm long were
Cassava Program A-55



Effects of origin and nilaturitl tf planting stake% on germination, hiar ne~ index and sield of three CUSbr

I resh rol yields

,I1 NlakIi ( illlnitaioi fotial comrmiercial

\.1 \hs", t,2

ippel 93.1 0.34 ii 1 8.5 a !2. H a
iilillc 91.1 0.30 a 18. I ia 13.1 a

hI'm 74.5 0.29 a 16.8 a 10.2 a

S1 MC\ SI
ti1pet 93.6 h 0.35 a 17.4 a 12.0 a
illiddle 96.9 a 0.26 b I 1.8 b 6.2 b
hmkcr 98.5 it 0.26 h 12.5 h 6.4 h

M ( • 41
11i;'l 100 it 0,49 it 28.8 at 26.3 a

Ii1II)Oe 100 (1.50. i 31.5 a 27.9 a
100 ci (Iti 0.44 ia 26.4 h 22.5 h

S ' ; [ . l id l ihlil Illlril Ihian ,t? ihi l ht s tt ., liet Mlini. lttr ire hi %i.rilicanth n illeren ilt P.

U Upper stem
M Middle stem planted in the field at CIAT-Palmira. All

20- L Lower stem stakes were carefully selected and treated.

lie 20-cm stakes yielded significantly
r-' more than the other two treatments (Table

- 16- 37).

12i Planting Position

U M U M L
ot 11 roots Commercial Stakes from 10 varieties were planted

.40 roots 100 vertically, slanted and horizontally on
, .38 98 - different dates to cause seasonal influences
" 6 on germination. Vertically planted stakes

196 always germinated the best and the
S34 "94 a dvantage was greatest when rainfall

49  , during the first 30 days was least (Table
.32- 2 6 38). When a similar trial was planted and
30-. UML UM 9 taken to final vield at I I months, germina-

Stion was highest and yields were

1liticg9 tictkli , i significantly higher fot vertically planted
t ' i t.'c L'iiil,itoii.n I ni'.e itidi.\;t ll stake . ([able 39). The rate of shoot

I i.1 1 C I I lIi J ' %, + . l , emergence was significantly greater for
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lahle 37.

Effect of length of the planting stake on gerinination, harvest index and yield of cassava.

Fresh root yields
;takc

4hulg) 6 ( icrillinlation total commercial

fcli ( llares index 0) ha)

20 77.9 al 0.38 a 30.8 a 27.6 a

41 78.4 a 0.36 ah 27.4 h 24.0 b

60 77.1 a 0.34 b 27.5 h 23.9 b

I \ean, whintluir c'tii l ollothii t e h. the same letter are not signtcltantfl% different at P 0 05.

stakes planted vertically or slanted than for Spatial Arrangements
the-e planted hori/ontally (Fig. 40).

Cassava varieties M Col 22, M Mex 59

Cutting Angle and CMC 40 were planted at densities of
10,000 and 15,625 plants/ha, in square and

I hie manner of'uittng the stakes rectangular patterns. Yields within the
Ihk o aned dit ctnot snifnta s varieties did not differ significantly for the

sq u relv or angled did not signficantly two treatments (Fig. 41), corroborating
atfect stclds. Roots were more untiformly sinilar results observed last year (CIAT
distribttted, howevcr, on squarely cut Annual Report, 1977). Planttng density
stakes, suggesting that this system is best. and selection of the best-adapted varieties

appear to be more important than the
Irom these results it is recommended planting pattern for obtaining high yields.

that carefullv selected and treated cuttings, [he fact that a 2-m (between rows) x 0.5-m
cut sqnarely 20 cm long, from the upper (within rows) pattern yields the same as a I
and middle parts of vigorous plantsshould x I-mn pattern has important general
be planted ertically 10 cm deep to provide agronomic implications. The wider row
highest _iclls. spacings may enabse easier control of

I .tblc 15

.ff ct f f stake position and time of planting on germ i nation of cassavau.

PIelcentage getotna)ion

a,tilall, a itting %ertical slanted hori,rital

dIc linst 30 d;t., (nint) posiution position position

,trclh 21 215 97 5 9W.5 9 .0
Ma t 10 100 100) 91.5

.JIls 2) 25 91,5 X8) 54.0

ept if1 I I, 99.0 96.0) 95.0

I \ssa tv ,a i lit arictics
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I ah, 19

E~ffects of planting poiti on t germinalion, hari est index and .ield of cassa a.

If,,e",h tooft %.,CLIS'

I I llIl, ng (, Iu I nllit ill I oa I coIImercat
i, n (r Iar'cst iltdex

(I flit)

\c7~ca! ,0.2 a 036 a 31 I ,1 27.4 a

Sn11cd S5,(, a () 36 0 27 6 h 24 2 h
Hot 1/on5al 56 h 0.35 a 270 h 239 h

I Chvv I . itcI'
M cmt',l ' ,It11l11 , l iIlllll hlol, krtd f+,l ilt Ow N llv' ]vt'tel are 11(1I Nn.lh +'I !,tlit '[ (11 t 1' 1 1t O DS))'

weeds, allow easier harvesting of mixed signi Iicantly a IIect yields at either ('lAT or
crops and permit uncultivated bands to be Caribia (Table 40). A planting density of
left het ween rows to assist in controlling 10- 15,000 plants ha tended to produce
erosion. higher total yields than either 5000 or

20.000 plants ha densities, at both
Long-term Fertility Trials locations. Similar trends were found for

comlnercial root production (Figs. 42 and
43). lhere were no significant interactions

I) ne to serious disease and insect between planting density and fertiliier
pI oblcnis at (arimagua, long-term lertility levels. Compared to the first cycle, yields
test1ng %% as (I seont iniied there.[he second decreased at ('IAl. despite more rainfall in

ele trials at (AI A I Talruira and Caribia tile second vear. At ('aribia, yields remain-
werc har\,csted during 1978 and tile third cd lairly constant.
cycles planted. Results were similar to
those reported last .year ('IA I- Annual
Rcpot, 1977). Siginificant dilferences(lp= l 41 shows changes in te soil
(0.0)5) 1 yield w,,ere found between varieties fertilitv status at the two sites after the
but fertiliier applications d id not second cropping cycle. III Caribia, where

no 11 is applied, both the fertilized (N-K-
Zn) and check plots have shown the same P

100 content in the soil: at ('IAi , the P-
90 - lertilied plots show more P) than in the
80'+- check. However, at both sites the P content

® 80- in the soil is decreasing. This study will
.. 70- continue for at least t.ree more cycles.

a) .'.Vertical planting
E 60-w 50- Slantod Trapezoidal Planting Design

50 I Horizontal

18 22 26 30 341 Planting density trials in cassava are
Days after planting costly because of the large areas required.

Adapting the fan design of planting(CIAT
Ii i 41 I ilcc tAkc plat inoptfttn inaverage Annual Report, 1974) to parallel rows with
encitgct.c rates of 10 casi% iarlties, over 4 distances varying only between plants
plhanting ,tas,,n resulted in the design shown in Figure 44.
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"01

40-

" 30-

- 20

EE E E

'1'0

10,00 15,62

E E t

0-. N I
M ColI22 M Max 59 CMC 40 M Col22 M Max 59 CMC 40

10,000 - - - --- 15,625

Plants/ha

Figure 41. Effects of various square and rectangular planting patterns on fresh root yields of three cassava
varieties planted at two densities. (Figures within the hars are plant spacings.)

The pattern is characterized by its simplici- plants/ha to be studied with four
ty of establishment. This design permits 12 replications, in a total area of 1200 M 2.
planting densities between 500 and 20,000

I able 40

Effects of fertilization on yields of four cassava varieties grown at two locations.,

Varietal fresh root yields (tIha)

I reatment CMI" 40 M ('ol 22 M Mex 59 Chiroza

Control 33.4 a: 24.h a 20.5 a

Fertilitedi 33 ft a 23.6 a 19.3 a -

Carihia

Control 31.9 a 31.7 t - 18.1 a

Fertilied 36.6 a 35.1 a 17.9 a

I Meins (it 4 planting densities
2 Means within a cOllin lolloed hy the inie letter are not significantly different at P. 0.05.
3 51)1, w N, IX) kg 1',0S and 11X) kg K2() ha
4 51 kg N. 150 kg K2t) and 20 kg In ha
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40-
40- 4G~ ~ ~ ~ ~~~~II 4040.......... "4

CMCCMC/

3 /o30 M Col 22

S20-

M Col 22L'K
20-

52101 2

- Chiroza

Total roots 10
I A Total rootsio~b.Comorcil rots*Commercial roots

10 I 15 2105 10 15 20

ig r ............... pl. n ...... . ...on fres
Plants/ha. 10' Plants/ha x 1 01

I'turc 42. Ithct' of planting deisitv (in fresh root Figure 43. Elfects of plantig density on fresh root

yjcld ot, three cass a iairit,:s gtw at tIAI yields (it three cassava varieties grown at Caribia.

either 11,000 or 8000 plants/ha. The same
Ihirteen of these trapezoidal designs yield decreases were observed at both sites

were harvested at four locations (Fig. 45). with some of the varieties in the long-term
Four cassava varieties were involved fertility trial (see Figs. 42 and 43), in-
although not at each location. The shape of dicating this may be an actual situation and
th, curve indicates that higher yields can be not a design defect.
produced with higher planting densities.
Yield data from the four locations are The other two sites, Carimagua and La
shown in Figure 46. At ('IAT, two trials Idea, showed similar yield trends, although
were planted with M ('ol 22 and one with at different levels. Yields of each variety
CNMC 84; in Caribia, M Col 22 and CIMC across locations are shown in Figure 47. A
40 were the varieties used. At both variety M Col 22 was planted at the four
locations yields decreased at densities of sites in a total of six trials, CMC 40 at two
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Table 41.

Soil fertility status of plots at CI AT-Palniira and Caribia initially and after one or two cassava harvests.

Organic matter (C) P, Bray 11 (ppm) K (meq/ 100 g)

I.ocation control fertili/ed control fertilized control fertilized

CIA' I

initial 3.8 3.8 36 36 0.55 0.55

after Ist harvest2  4.1 4.2 46 51 0.49 0.54

alter 2nd harvest 4.0 4.0 31 41 0.42 0.45

C'arihial

initial 1.9 1.9 81 81 0.13 0.13

after Ist harvest 2  2.3 2.4 93 96 0.12 0.13

after 2nd harvest2  2.1 2.0 66 67 0.12 0.12

I 50 kg N, IM1i kg 1',), and IM0 kg Kt'ha applied annually.
2 A ,erage of 12 %imples
3 S 0 kg N, 151) kg K,() and 20 kg Zn ha applied annually.

ost ro 5000 plants/ha

O( m between plants)

0 0 0 000 00 0 0 0

Cassam Program r ide

) o\ _, , -ll, 'S
Usfu plnt C o o too

o ~~ o \o 0 0 • o

S/ (0. m between nts)

Figse u rplants T coa dsfo\ th std of plntn deste of casaa
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*Totai roots Weed Control
-a 40 - ACommercial roots

f 30- Weed control is a basic factor of cassava
0 -0.o-__- production technology. Chemical control~2 is important to increase labor efficiency

-~ and reduce weeding costs. Cultural con-
o. ........ trol, through intercropping, relay crop-

3 7.5 9.5 11.0 12.9 15.7 ping, rotation, and growing cover crops, is
ta 1on the other hand --- a low-input but

labor-intensive alternative. Present
1 gulc 415 I' llcci I planting denitv orl cia a lrcsh research is directed to developing effective
toot citck ot total adI commercial roots weed control systems using both chemical
fro mt tout \arictie a( to r R.Itrrrii,. harm td fom and cultural m ethods.
I3 trap'zodal lanm ri )

sites in three trials, ('MC 84 at two sites in Screening of New Herbicides
one trial each and M Mex II in two trials
at one site. Fxcept for the latter variety, Five pre-emergent herbicides and three
which suffered seriously from drought, all experimental compounds were tested
varieties responded to higher planting against the standard recommendation of
densities. diuron and alachlor. Herbicides were

applied at the recommended, twice the
I lie results show the modified fan design recommended and four times the

can he used to ohtain preliminary informa- recommended rate to assess selectivity and
tion where io data is available on planting weed control efficiency. Variety CMC 40
density anvd yield response. was planted at CIAT-Palmira on heavy

/ CIAT Total roots Caribia
40- ",Commercial roots

30-

.20-

10 -  "

40 Carimagua La Idea

O t -- J - l ' ' lI I I I

5.3 7.5 9.5 11.0 12.9 15.7 5.3 7.5 9.5 11.0 12.9 15.7

Plants/ha x 101

Iignte 46 1Ilcct co plitrtitr dcr it
% 

oi I rtsh root iel itI f ca1 a, va% I t for ilocation%. I AN rages of two or more
;rctw' pc: locationr. ri~Ing it irape/orial planting design.)
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* Total roots
A Commercial roots

40- MCo22 M Max 11

30-

20--- 10 -  i- ="

I

> 40 CIIC 84

30 ______________

20-

10-

5. 7.5 9.5 11.0 12.9 15.7 5.3 7.5 9.5 11.0 12.9 15.7

Plants/ha x 10'

l-~Ii If 11cc t pltit irig density in I resh root yields o ff r cassava varieties planted ina t ra pi.oidal design.

clavoa soil on ridges at at I x I-rn tages are shown for only six products as the
spacing. D~uring the first three mionths after other four were discarded for non-
planting, the trials received at total of 257 selectivity (pendimethylin) or inefficiency
mm11 of precipitation (rain aInd sprinkler (dichlorfop, QSC-09377 and QSC-0377).
IrrigAtion) distributed ats follows: 105 mm
tife first monith. 88 mm the second month, Control of broad-leaved weeds 80 days
and 64 rmm during the third month. af ter appfication (I)AA ) was superior with
Control plots had heavy natural in- oxadiazon and oxvfluorfen and acceptable
festa tio us of ciomm on pUrsla ne (I'ortulaca with tetraffloron and the diuron ialachior
ioh'raii'a). pigi cd f nwranthus sp.) check, while 11 269 10 and metolachior lost

mornaing plr (Ionr'ia lcharifOIW), most of' their effect one month after
application.

gil scg ta ss ( 1<eusinv irui('a). red ,I

spangleti p (li'puochlou flil/Ormis) and -evdwes oto a
ber m udagrass Winodn dict in). In narrow-evdwdscotlwa

efficient wtth the check treatment, ox-

One rodct auw chmicl ij~r to adia~on, H 26910 and oxyfluorfen, the
)neprouctcauedcheica inuryto latter again providing more than 95%

cassava when appliedf at thfe recommended control at 80 [)AA.
rate. A*\t the higher rates, chemnical i urN
uisually peaked 3-4 weeks after application
and thent declined. [ able 42 gives the Compared to the diuron/alachlor mix-
maximumi iuuirv rating and selectivity and ture, both oxad iazon and oxyfluorfen
the reconmended amounts for each appeared to provide longer overall weed
prodtlct. I igures 48 and 49) show the control, but because oxadiazon ranked
percentage s% ecd eiut rol at the higher in maximum injury to cassava, only
recornm11ieudf ratles for broad-leaved and oxyfluorfen, is being considered for further
narrowk-leaIVed weeds, respectively. lPercen- testing.
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hable 42.

Recommended doi,,, injur. ratings and %eecthi1is classification% of nine pre-ernergenl herbicides
esaluated in cv:eva plantings at (lIA-Palmira.

M ax it'+IN~+, tittin at e

Rcc itilnicmid 2X 4X
dti ,is recor Iut nded rCCi t. 11111ert(de1d iccom t ruil ed Sclccti% it

Ilchbicidc ( kg a I hl) attioit alliou fit itnount to cassiit,

tctralluorrin l )) 0.( 0.1) 5 0 15), nod. sc .ectl%e
dichhioop 1.40 0)0 0.(0 0.) highly ,selecti% C
0 S(--09 377 I 51) 0) 0 o.3 3 0.U highly selectivc
( ,S('-(177 0.75 1).0 0. 0 0.) highly selective

pertdimcthlirn 1.3) 20 (3) 3.8 (3) 8.3 ( 3) non-scelctie
If-26911) 4 0 ) 0 ().3 (.1) 1,) (3) mood %elective
uXNlIIuortett I.0 0.0 1.3 (3) 41) (4) mod. selectise

mI I ach hI r I .)0 (0.) 0.3 0.6 (3) 1mod, selectlre
(I\;dl I/Il 1.5)) 0.)0 0.7 (2) 4.7 (2) mod. selctive
h ll l alachlr ) * I 14 0S.-) 1.0 (3) 3.5 13) mod. selective

I tLIV 0 h tii simul. III • corpletlrl killed
2 eIccIIt Iu I I I Ns .h leth 1 vtt" e I) It] r Nr e en at 4.\ en tI r itron iendet rate; e i d SClCt IIe LIIN 111. t i 2X it ld

4 X e I iC L ded rIu e ti i Late. io-jlv.I ct • I L ir
,  

il I t _ % 't recilll leded rate

I \rr iti 11 ccks ter al lictio -Ahei aNtl t t InTI r o rt ctr ted

Integrated Weed Control

100- 1 The variety M Mex I1I was planted in
monoculture and associated with bush

90- beans (variety Porrillo Sint~tico) to
evaluate four weed control levels under

6 80 monoculture and intercropping con-
ditions.0

o 70-

6Without any control, weeds grewH-26910on + Falahl,, vigorously in cassava monocIt,.(r- .and2P H-2691 0ur produced more than 600 g div m:nter/m2

?L 50 -rioxyfluorfen
* metolachlor in 45 days. In the cassava! bean associa-

40 n oxadiazon tion, less than one-third this amount was
* tetrafluoron produced; the intercropped beans were as

0 _ L___ _ t L I efficient in redt.uCing weed growth as was14 2128 35 50 65 80
th. pre-emergent herbicide mixture used in

Days after application the cassava monoculture treatment.' In the

I le prC-Ctltiergetnt iit\tt.ee It this trial ",its linuronFigure 48. -Broad-leaved wced control ul six pre- i0.5 kg ti lia) and Iluioroditeit (2. I kg a.i. ho.
etnergeit icrbcit s iII casss . I lie Illixtll Its sclect tic flllsa %a aid beans.
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100,

90-

80

C

0 70J OdUron - alachlor
(m xadiiazon 

w

60 oxyfluorfen

CP
I m t o la i h o r--

n° 50 a H-26910

A tetrafluoron

40-

14 21 28 35 50 65 80

Days after application

I' IMI 49
t  

NMIII -]tC;t%L-d %.%t-Cd co' .I~ h l 4 i xlM pre.-emlcrl~ent he.rhioc , in cas,,a

CoIntjnnonstls Ilalual conti ol tlrcitent little not increase yields further. [his agrees with
%. ced ross\!h sas alloved and therefore the tie previous obseration that in the
difference,, het '.ccii imlountls of e ced, ill intcrcr pping systen, one pre-elnergent
uionio lltulc and ritCrCopped phtis erc application ssa.s tifficient to keep weeds
smauill (I i SM). \\,ced Lm T om l tii Z ,,tswks beloi an econormicalv critical level.
heloiu banm h1ll"%xl ditlmonstlitated clearly
thtl in lh i ntei Ci 1ppI ie. tiatlllti a single ('.tsa. yields ,,itho t weed control

pa e-c'niei appleltoln to %, t .crc 44(' greater when intercropped with
kecp ."Ccd. tt a: ho k and .co iol lical; be s than in nlonoctilture. Yields il-
ilrHup ;mint l'\ - In hh llaor lltre, creased in Cass a"a llorlO c lt ire ats weed
hio\,et\ c. a in1lekc hicide tleatllent did control was improved bill remained
Iut m i i;t.'.11,et l. " e id .,cd intestaItiou unchanged with intercropping. W ith good

Iit, i hweed control, cassava yields were 151'( less
ticiiot In iISSOCiations than in monnculture (Fig.

ntecrtppd bans ni on\ effectively 52). These data suggest that cultural weed
contrl~d, weeds tliui~ghioit their growth control by intercropping is effective and
cvcle, hilt herc eaIs had bcen grown that beans grown with cassava niav have a
tuget her wIt It casa. at at considerable prolonged weed-depressing effect.
resid itl d,:lpliCi rg ffet( (ont weeds was
oh i cd I( dIla%, oi more after bean
Iar lct (tIL 51) lurthermore, dtia showed that at a low

input level, greater total yields are achieved
)I % be;ill %idi, iiciwd t rorm 2.) t ha with intercropping than with monoculture.

itl i , ri ,k.d e(tittol to 2.2 t ha in the Also the vield-stabiliing effect of inter-
ticatnienit \il nti oii pre-encergcnt her- cropping was clearly demonstrated. liese
bicidc hut te itntc seed control did ohservations undoubtedl. reflect part of
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70OF

60 Fj1Cassava monoculture
600

F Cassava./bean association
E

cDc

400
E

200

J -- ......... ... I, +
No weed Pro-emergent Pre-emergent Continuous

control herbicide herbicide + hand weeding
1 hand weeding

Ielutc SI) Weed tttt dry matter in two cass'ava crtopping ysvtem j mder 4 weed control ssntenis, 45 days after
p l;m it 1mg.

the reason why small farmers may decide the cassava/dry bean association is im-

t1d 1hpt intercropping as a production practical.
svstcm. Cassava/Dry Bean Intercropping

Multiple Cropping The cassava variety M Mex II was

planted at 1.8 x 0.6-m spacing in mono-
With the advances made in defining the culture and intercroppcd with beans. In

physiological basis of cassava/bean inter- intercropping treatments, the bush bean
cropping ((IAT Annual Report. 1976 and variety Porrillo Sint6tico was planted
1977) interest has been focused on the simultaneously with cassava and the
agr on iitnic potential of the intercropping climbingcultivar 1313-635 was sown nine
S,,stem. Intensification oft land use by months after the cassava. The five
gioitg two bean crops with cassava in treatments in the experiment are shown in

onc , car waN attempted and an economic Figure 53. The plots were fertilized by
analvsis of various intercropping options banding 30kg N, 30kg Os,50kgK20,5
\%w, prepared (scc Economics Section). kgZn and I kg 13/ha at establishment; the
Wotk was begun with cassava grain same amounts were applied again when

legume intercropping systems on both climbing beans were planted. When clim-
acid, inlertile soils and tder hot, humttfid bing beans germinated, the cassava plants
conditions. lBoth arc environments where were completely defoliated in one-half of

A-66 1978 CIAT Annual Report



800

=-- Cassava monoculture

-- Cassava/bean association

600

E

400-

")

'0

200-

No weed Pro-emergent Pre-emergent Continuous
control herbicide herbicide + hand weeding

1 hand weeding

I lLi i \ f c. d it l r litter in twn c;i ,V;t cropping s ,icmns iunder 4 %%ecd control ,vs te1n, 135 da%,,aftr
111lttirMIL Li d l ;11 ;l, A titer 11CMut i l ,r'N,

each pht. I lese same cassava plants were defoliated, compared to the undefoliated
dcli ated less intensively 34 and 68 days treatment (Fig. 54). Yields of all systems
latier. are shown in Table 43.

('asava fresh root yields were 5-10 t lha
loskcr in tie defoliated plots than in [and Equivalent Ratios (l.ERs)
HIindefolated treatments. Ilhe effect of calculated from single rnonocuIlttre yields
different cropping systems oil yield was of cassava and bush beans were
masked hy tile strong yield depressing generally higher when cassava was
influence (it defoliation. Yields Of tin- defoliated. [he maximum ratio of 3.04 was
dcloliated cassava reflected tile normal achieved in the intensive, three-crops-per-
mrionocttlte intercropping relation with year system. Without defoliation yields of
yields lrtni plots intercropped with bush climbing beans were low but an I.E R of
hc11n1 1,-ing 12-1 i lower than 2.19 was still attained by growing one crop
trZiuinocltilrc yields. When climbing beans of cassava with tw% o bean crops (Table 43).
only x%cc intercropped, cassava yields
,ctc not reduced. (1 ibing bean yields The results showed that intensive
%kere th ck, tiles as high when cassava was cassava, bean intercropping is technically
Cassava Program A-67



sh m-gli rvig cassava Cannot use efficient-H Cassava monocuture Iv during caril' growt 11 stages 'A huie

28r Cassava bear1 intercropping cliihi wlla bias lutili.'e the cassava steis for
stipport tsi\,Irds tIre eld of the ';ieSSa1 ;

241 1hilh Iip t f Low Input gto l th cycle.

20!

Intercropping with Other Legumes

a, (';i.assaa dr, bean associations h'ave

>_their \ell-defirncd area of applicahilitv on

8 fertile soils at intermediate elevationls with

rican tenperatttres of IX'-2(1('. II owever,
4 tlese arc not prevailing conditions in

alli cassa\ a gro n ig areas hcre Ii igi
0 , rellipcraituries or poor soils, in addition toPret mullionl t tlliericolot Nol weed

anlithiII(i ha tnid w llil control lie',i\ \ iIisc~i'. and insect stresses. linit (ry

bean pi udtility. I-or tiese reasons, w'ork

\; s b eir to explore the intcrcropping

. , . , ,' ,t. sui~tahilit' and adaptation range of three

otlci glain !cglillics cowpeas ( I'igna

Icleilthe. I hc bti-h hcrii uilili/c 11ihi. ' mOuiz(ha), nitingbeans (Wiga radiata)

no tmWIc t ire aid cl t lsorilllc' % hich tic aidl planuts (.fraihi.% hi'po avt').

Carssatva

Cassava

Bush Ciaiil,

Cassava
Rush~a~'usClinibing b~eanls

C assavaCl 
m i g W n

1911 t Oct Nv Dec 'Jan 1Feb. Mar. 1April' May IJunci Juy rA g. Sepo

17 Dato

I I liil .i lph i ta ias;i be.1ul Ctl p111 n 1 v-'! " tl nu tir I.
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Figure 54. Effects of caissava shading on yields of climbing he'.hs. On the left, a good 1.7-t/ ha yield of beans waS
ohtained when cass,IV I was defoliated; on the right, in undeloliated casisva shading reduced bean yields to
aboutL 05 t ha.

One cultivar of each legume species was of 1.5 x 0.75 m for cassava, with legume
planted in monoculture and simultaneous- rows 0.75 m apart, was planted. However,
ly with cassava on the highly acid, infertile when legumes were spaced 0.9 m apart.
soil at CIAT-Quilichao. Plots received they )ielded consistently better than when
modest applications of amendments -0.5 closer (Table 44). Cassava is still to be
t/ ha ofdolomitic lime and 100 kg N, 105 kg harvested.
POs, 35 kg K 20, 3 kgZnand I kg B/ha.

A sinilar trial was planted in a hot,
In monoculture, cowpeas yielded more humid climate on the Colombian North

than 2 t/ha and peanuts, almost 2 t 'ha, Coast. Although mungheans showed good
indicating the high potential of these adaptation to these conditions with a
species under the poor soil conditions at monoculture yield of 2.3 t/ha, inter-
this site. When the two were intercropped cropped legume yields were disappointing-
with cassava, cowpea yields dropped 9.8%T ly low. This could be attributed to the very
and peanuts yielded 15.3% i less than in vigorous growth ofcassava which seriously
monoculture. Both species can intercrop shaded the legume,, from their early
successfully with cassava without seriously development onwards. Modifying the
depressing their yield potentials (Fig. 55). intercropping techniques with regard to
Mungbeans produced much less than the cassava genotypes, spacing and planting
other two legumes, indicating their poorer times appears to he necessary for achieving
adaptation to this environment, satisfactory result,;with intercropping in

this environmert.
Because of the poor soil conditions, crop

development was expected to be much less
vigorous than at CIAT.,Palmira. Mechanical Harvesting
Therefore. in addition to the standard
cassava planting pattern ( 1.8 x 0.6 in) with A gommercial cassava harvester and a
legume rows 0.9 m apart, a closer spacing mechanical ha vesting aid were tested tn a
Ca,' ava Program A-69



Table 43.

Yields of cassava and beans, Land Equivalent Ratio (LER) and Area-Time Equltalency Ratio (ATER)
in various cropping systems at CIAT-Palmira.

Cassava Bush bean Climbing bean
fresh root yield yield

Cropping system /it/ha) (t/ha)' (t/ha)l LER2  ATER 3

Cassava defoliated:

Cassava monoculture 18.9

CassavaIbush - b ans ........ ........ 17.9 2.0 - 1.86- 1:19 ":

Cassava/ bush beans/

climbing beans 19.0 2.0 1.7 i104 1.56

Cassava/climbing beans 20.9 - 1.4 2.05 1.36

Bush bean monoculture - 2.2 1.54 - -

CV (%) 29.8 6.2 12.7

SI) 5.7 0.129 0.198

Cassava undefoliated:

Cassava monoculture 28.2 -

Cassava/ bush beans 23.0 2.0 - 1.73 1.07

Cassava/ bush beans/

climbing beans 24.8 2.0 0.6 2.19 1.24

Cassava/climbing beans 31.4 - 0.5 1.45 1.20

1uNh bean monoculture - 2.2 1.5'

CV (%) 23,7 6.2 30.3

SI) 6.3 0.129 0.167

I At 14'1 itnoisare
2 Calculated on the basis of single crop yields
3 Area- ime -quitalcncy Ratio according to iliehsch (1977).

P t Y I Y

ATER = f - tu. ' _ ~
i I

growing poriod of crop i in monoculture

total time of intercropping system

I
N' = yie:ld (I Oult) f crop i in tronoculture

- ield of cropm i in association It/ha)

4 Itush bean monoculture yields obtained during the period when climbing beans were grown.

friable clay-loam soil at CIAT-Quilichao. by Richter Engineering Ltd., Boonah,
The commercial harvester, hereinafter Australia, and the harvesting aid, Lifter B,
called Lifter A (Fig. 56) was manufactured was designed and built at CIAT.
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in compact arrangement, of CMC 84, with
intermediate size roots, and of M Mex 11,
with long, spreading roots. All aerial plant

.. . parts were removed by hand before
tY harvest.

Performance Compared to Manual
Harvesting

L.ifter A left roots fully exposed on the
top of the row and partially loosened the

I gure 55 (Cassava and peanuts growing well in adhering soil. Lifter B did not fully expose
.1',ncIatiuii o, a highly acid. infertile soil ;it ('IAT-0,)tltln hao, roots in the row (F ig. 57).

Root losses were greatest with manual
General Performance harvesting and least with Lifter B. Lifter A,

which left almost as many roots (leavings)
Io evaluate the harvesters, the variety as the manual system, also produced the

(hirota, which is difficult to harvest most hrokn roots. Lifter B penetrated the
manually, was planted in beds, ridges and soil more deeply and loosened it more
level in I-in rows and at different intra-row throughly than was possible with Lifter A
spaiLings to vary populations from 5000- or manually. Also the one-row design of
2(,000 plants ha. In addition the two l.ifter A, with its narrow working width of
lifters were tested in level plantings of M 0.81 m, allowed for potential root losses on
Col 22, a variety with short, conical roots botf, sides of the row. Lifter B, with a

, 011c 4.

Yields of three grain legumnes groi n in monoculture and intercropped with cassaia on ant acid, infer.
tile soil at (IAI-Quilichao.

( "issaVa ILegutme row Monoculture Intercropped
spacing spacing yield yield

I cY1 im1c and SMllcts Om) Olt) (kg ha)' (kgiha)

C k,,pcai
I VN 201-I1)) I's X 0,6o 0.90 2156 1945

1.5 X 0.75 0.75 1943 1775

t 1inghca l
1350 %Ig SO- IOA) 1.8 X 0.) 0.90 632 363

1.5 x 0.75 o.75 374 125

IVeililt
(I('A lim 76) I.9 x ).61) 0.90 1822 1543

1.5 x (.75 0.75 1420 1213

I , 4 [.' lllt tlih
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%%orking width of 1.92 m, harvested two number at higher densities but was not

s at a time and, conseq uently. losses clearly influenced hy planting systems.
only nccired Ifrom one side of a ro\\ in IPlantinig systems and densities also did not

each pa'', I hits sitisfactorily explain t he appear to influence cutting or skinning

cla.tl\cl\ gcatlcr aimiint of root loss ad ( Iible,; 46 and 47).
hicalkint i)bser.d %\ith I itter A. I oses oft
miiran,ill\ htII.'ested r0ots ,hM,ed that Varietail Differences
.itl tlil Ii)i Iscrll i the "olI betorc
i l,.,stmne, [in rC o[k ts v. cic 1ltI iI the \'areui is and h.irvest systems affected

ci oiiid (icc'rrircte tf cut rots aind howh the amtiount of leavings and root

kIIImn Lg sCe h1%. and apt+icnit, nt damage ( [able 48). W ith the diflicult-to-

thlit cd K ah n sv,ten ( I able 45; harvest %l Nit-x I, losses from leavings
were two to three times higher with manual
h',irxesling than with mechanical systems.

Influences of Planting System I his agrees s,,ith results from the first trials

hcre ,,;arietv ('hiroia, also difficult to
InnIlp;tFI) upilit in', stcms id den- har~et, sh,,wcd the greatest amotnt of

'll Ws, lc, !n, itih me Cxcptin lc:vings when harvested manually.
tctdefd tl he greLa.iilcst Ini h +-dcnsit., ridge
pltlitli!s Aind siliallest iII htgl-dcnsit,,, n the other hand, with the intermediate
h.' c-plined cass aa. For so:) ctonditilns and easy-to-harvest varieties, losses were

at (IA I -)nnnichiai. Ileel-planted cassas.to i with manul harvesting but somewhat
hafd the n CCnils di tidmitc,.l r,,ot greater in the mechanical systems.
.s. sln s\ ith IlIt IrI'l rots expMI1ndig ,,lmotnntstft)rokenlroots were surprisingly
hrIinIals il nll dirc1tions. Ridge- high in the short-rooted M C' nl 22, with M
planied caasst a. it the tither hand, rooted M ex I I in second place. Consistency of the
tIIIII( dc jl . [I()dtlIl' hlg, 101g [((isAIMI! e feepl\ .0 pr* Iu~fiicng big long Ots root tissue rather than root siue appeared

ilcne the I idges. prtcilrh la l'w t o influence the amount of broken roots in
ileisitles Ihis, priibatblv explains, the this trial. With one exception, no root

ntcrlt loses ili this te cutting was observed. M Mex I I appeared

most susceptible to skinning while M Col

Break ing increaised with totil root 22 was almost never affected.

I ,ilik' -i',

t rf ita tni tt i f I t, thcchiiti it'l , ictnd the mannuil ).1 eni fti h art' e in I thie cssvai' ar itit

( hiirillt i, Ht ( I A I -{ 1il l t it'lO.'

ritken ( Cut Skinning
I 

'
Ilia s I its rootits scale

it 11.1) ( 1 (1,;)

1i I6,2 I ) o.0 .)0

I li \ 1 55 17.0 0,5 1.5

Iinct Ii 1 21 3.3 0. 1 IH)

S l ih.iixt i uII i .llh -.el plalilliip. IrchI
5  

roof vclid ill it i I . \iliie are i in ii three plaiing

\ :, i , il l .I It - ij i t"c ii ili w ,kililulig, III u ne-iali ir Ill te i loit siirfacel damiged
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I ahle 40v

Effects of three planting systems with the cassaa variety (hirora on ,he performance of two mechanical
lifting des ices, at (IAl-Quilichao.'

Broken Cut Skinning
PIlin .lea', ing', roots roots rate
sNsteii t ha) (11 (1,1) (0-l)0

I lter A

Ridged 2.1 16.8 1.5 2
Bedded 1.4 19.5 0.0 1

I Cecl 1.2 17.7 0.0

I IteI 11.

Ridged (.5 4.1 0.3 1

Bedded 0.2 2.7 0,0 1
1xi cl 0.0 3. I 0.0 I

I i 0l.I h i.tcslid I I n.ntihN tter planting fresh root yield of 31 t hit; values are means of 10.(0M). 15AX0
.od 20.l00 plorl. h,. den.ll1w.

2 S ee I..mle 2, I ile" 45

Work Efficiency Labor requirements for various stages of
the harvesting operation were analyzed

Net working rate of Lifter A was with and without the lifters. Cutting of
calculated to be about 0.2 ha/hour While stems required 25 man-hours/ha (9%) and
Litter B harvested 0.5 ha/hour. manual lifting of roots took 44 man-

I alhk ,17.

Effects of planting densities of the cassava variety (hiroza on the performance of two mechanical lifting
desices, at (IA1 -Quilichao.1

Broken Cut Skinning
I )eI N:v Ieavings roots roots rate
(plants ha) (I ha) (¢) (C) (0-10))

I liter A:

I10.O(X) 1.3 14.9 0.9 1.7
15000 2.1 19.3 0.3 1.3
20,) 0 1.2 2(.0 0.2 1.)

I tcr It:

10),000 0.6 2.1 0.3 1.0
I 5,o()0) 0.0 1.2 0.0 1.0
20,0MK) 0.1 6.6 0.0 1.0

I ( a,,sasi. hill e% tcd I I nionths alter planting, fresh root yield of 31 t, ha; ,alues are nieans of three plarting

Ie ' "r rte 2. l ahle .IS
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I able 48.

II rvest evaluations of three ca%%ava i rieties w hen haorested manually or with mechanical systems, at
(IAT-QuiIichao.1

I' csh root Broken Cut Skinning
It ir, c,,t Sield e.avings roots roots rate

Vaiclts 's',Lifl It ha) (I ha) (I() (Ci) ( W-OF

%I Mic\ I I alilual 1.03 1.5 0

I titer A 19.0 0t.59 7.6 0.0 5

L.itter Bt 0.37 2.4 0.0 2

('MC 84 manual 0.28 0.9 0.0 1

I 4ilte A 20.9 0.68 6.9 0.0 3

I. tter 1 (t. 5x 2.0 0.0 0

%I tol 2 - anual 0.29 0.4 0.0 0

I Ilt,.r ,, 15.6 0.42 62 1.0 I

I flt.It B 0,44 11.2 2.0 0

I \ .iiw, ,it Utc ll, 1i. 111l t im l de'lie it 5O0011, I.0X( :nit 20.()0 plant, ha
2 ",co t i,,,i ic 2 I .hli *t;

hours ha (16"'i. The remaining 75ri of the manual harvesting. Damage must be kept

time '204 hour.;) was used to separate roots low in cassava for the fresh market or when
from stems, collect the crop and sort and roots are to be stored. Root damage was

package roots. When roots were lifted by greater with I.ifter A but for industrial
machine, this portion of total time was processing of root,, this would not matter.
sia ed and harvest efficiency increased
20'i. I hese data agree well with obser- IHarvesting cassava for fresh consump-

tIitons during commercial manual tion implies a number of activities which

ha rvstitmg in the (a icedonia area. where cannot easily be mechani/ed if root
eight men harxcst sIx tons of fresh roots Ii damage is to be avoided. Therefore, labor

a tl sc en fours, i efficiency of ( h.o5 requirements remain high. Even if stems

t m-dav (eight htoti rs, ~are cut and roots lifted by machine, these

two operations together would only save
Agronomic and Socio-economic 25( . of the total man-hours required.
Implications Therefore, workers are not displaced from

jobs but using machines would relieve
wdth machines operated easily under a them of the most physical part of the work.

widle range of crop conditions anod hoth

efficicntly lilted tile cassava crop. inder
taost conditiotns, leavings from nechani - lthe working caracteristics of lifter B

ed lilting wcre less t1han those from n uanI together with its low cost favor its use in an

har,,esting. Altho ugh hoth it plemaents integrated manual!nmechanical harvesting

work on the principle of passing a share or system which could be adopted even on

,bltadc beneath the root!., no significant small farms where cassava is produced

direct cutting damage occurred. lhe mainly lor fresh consumption.

overall break ing and sk inning dimsn;,;' wit h
Iif terlI,.sashlow and cotuparahle'. : ,t' ()n the other hand, I.ifter A provides
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possibilities for fully mechaniing the lifting tile roots. This system appears to
cassava harvesting process. A collecting have potential were large-scale cassava
device could be coupled to the lifter and a production for industrial processing is
forage cutter use( to remove stems prior to practiced.

SOILS AND PLANT NUTRITION

II igh levels of Al and low levels of P in maintaining stable Al and P concen-
the soil appear to be the main limiting trations in solution at a pH that the plant
lactors for cassava production on the vast, will tolerate. Only at pH 3.5 could the Al
acid, infertile ( )xisols and I J Itisols of Latin and P be kept from precipitating, but plant
America. Ihe Soils and Plant Nutrition growth at that pH was very stunted and
Section concentrated much of its work root rot problems were frequent. A
(I ring I978 on seeking to identify cultivars preliminary trial showed that plant
that tolerate these two adverse factos. growth in culture solution increased

markedly as ptl increased from 3 to 5 and
A ficld screening methodology was ) concentration increased from 0 to 16

te,,tcd to evaluate materials lor tolerance to ppm (Fig. 58).
soil acidity and low levels of 1). In tests to
tind the external P1 requirement ofcassava, Rather high levels of P and Al are
the level of ).1)25 ppm P) in soil solution was needed to screen varieties for tolerance to
determined to he the critical level for the high Aland low P and these two conditions
crop. Experiments were also conducted to can only be combined at extremely low pH
,,tudy lime I' and N P interactions in field levels not normally found in the field. Thus
plantings. it appears that screenings for Al and P

tolerance in nutrient solutions have to be
l.imitcd wolk was done with several done separately if the pH is to be at a level

cover crops to evaluatc their effects on where near-normal plant growth can be
cassava yields wlher used to prevent obtained.
crOsi m and for weed control. Reduced
yields of cassava werc generally observed Field Screening
Mhen cov; crops were grown, although
benefits from erosion prevention, weed Low-phosphorus Tolerance
control ani establishment of a forage crop
\kould prohahly offset any reductions in Thirty cultivars were planted in CIAT-
catssava yiels. Quilichao at two levels of applied P, 0 and

200 kg P2O /ha, to evaluate their
Screening in Nutrient Solutions tolerance to low levels of P. Plant height

was measured at 3.5 months and final root
High-aluminum. yield recorded at 12 months to determine
Low-phosphorus Tolerance whether tolerance to low P could be

evaluated from plant height or as total
Attempts to simultaneously screen plant growth at 5.5 months, instead of

cultivars in nutrient solutions for high waiting one year to measure root produc-
levels of Al and 'ow levels of P were tion. Unfortunately, 13 of the 30 cultivars
unsuccessful because of the difficulty of were seriously affected by frog skin disease,
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'OF 16 ppm P, 0 AI pH 5, 0 AI pH 4, 4 ppm P

E 4j

I-- 0 [ -J- -- I I I
3 4 5 6 0 4 8 16 0 3 10 30

pH P (ppm) Al (ppm)

Iwurc ss I-toot, ,t P and AI 0 mcntratlins and pil in nutrient solution on total dry matter production of
-ilN;I%,I plIn n t 3 ;S i, ;( L itk Irt'ittIIcIIt %%,CIL! e'sgt l0 krt.

a probletn that is only apparent at harvest. External Phosphorus
.A\mlong the remaining 17 cultivars, the P- Requirements of Cassava
tolerance itdcx at 5.5 montis was best

correlated (r 0.4X) witth the index oh- Ihe external P requirement of cassava

tai.ned it 12 minth s, but the correlation was determined by planting the cultivar

was not significant. I hIs tolerance index IHanera at CIAT-Quilichao in plots where

il, calculated as I lohr,',: i (broadcast triple superphosphate) was
applied at II rates from 0 to 2590 kg
P.:(), ha. Ihese rates corresponded to P

Yield at 1) 1' concentrations in the soil solution ranging

Yield at 2(X) kg P,(). froni (t001 to 0.2 ppm, as determined from

F-sirrbtion isotherms. All plots were

Yield at 0 1 unitnrmlv lertilied with 500 kg lime, 100

IHighest yield at 0) P I kv N, 100 kg K J) and I0 kg Zn/ha.

ftigure 59 shows the response to P in

(orrelation v, as much less bet.een 1) terms of root and foliage production and

toleratce (determined front plant height: harvest index. Root vields increased from
20.0 to 47.6 t ha by 1) application but were

'lant height at ( 1) rather variable at the high-11 levels. Foliage

Plant height at 200 kg P,(), productiotn increased more markedly
than Fort yi,.ld, causing a decrease in

ttan with that determined iri i root vield. har'.cst indcx from 11.79 to 0.66 due to P

application.

Ihtc highest yielding cultivars were M

Cll 131. M (ol 308 and NI ('ioi 676, whose Figure 6 shows the relation between

single row yields werc equivalent to about root yield and the P vu:ncentration in soil

50 t ha. Cultuva rs with tile highest P- solution. The external 1) requirement,

tolerance index were NI Col45 and M Col equal to 951,'( of maximum yield, was

260. estimated as between 0.015 and 0.025 ppm
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tigUiit 5t I lie clcct u I' applicatimion itld- ca saa ,o ts (tresh hasis) and foliageand on harvest index, at
('IA I -Q tlichat)

P in the soil solution. This corresponds to requirement in soil contrasts sharply to a
values ohtained with cass:tva in Hawaii, very high P requirement in nutrient solu-
Malaysia and Nigeria ranging from 0.(X)6 tion.
t( 0,04 ppm P. I hus the external P
rcqtietncnt of casaa appears much
lower than that of other crops such as Lime/Phosphorus Interactions
ma i/e (0.06 ppm ). heans (0t.06 ppm) orpotati (0.20 ppm). [his relatively low P Under the extremely acid (pH 4.4), low-P (2 prm P, Bray 1I) soil conditions of

CIAT-Quilichao, most crops respond
dramatically to applications of both !ime

50 and P. To determine the response to and
4 the interaction between lime and P by
3: cassava, ii systematic design experiment

S20- was planted in which P levels increased
lo .. from 0 to 380 kg P 2Os/ha in 20-kg

0o . , , _ ... , . .... . .. _. increments, from row to ro , in one

0.02 0.06 0.10 0.20 direction. Lime levels were increased along

P in soil solution (ppm) the perpendicular axis from 0 to 3600
kg/ha in increments of 200 kg. Lime was

I lgtr: 60 Relatiminhip hetsmeen cassava fresh root broadcast and incorporated and the P was
yeldIs 11jI P cotcentrtid on in the soil solution for banded along the stakes. In this design
%arett I lttera, at CIA I 4)uilichao each plant is a different treatment
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3.6 t/ha lime. Figure 61, showing the

40- average response to 1) and lime, indicates
that the main response was to P, with only
a minor response to lime. Maximum yields

- 36 both without or with lime were obtained
~ Ne,.,with 300-400) kg P2O 5/ha. This cor-

roborates previous findings in Carimagua
(Fig. 62) that on the average cassava will

30 tolerate an Al saturation of about 80%,
and Ca levels of 0.025 meq/ 100 g that in
this case resulted in a pH of 4.7. On the

LL 25 P (X all levels of lime) CIAT-Quilichao soil (pH 4.4, 82% Al
A Ume (X all levels of P) saturation and 0.48 meq Ca/ 100 g) cassava

Ume (t/ha) yields were thus not affected by either high
1 2 3 4

20L ..._ L_______ ____ Al or low Ca, and no significant lime
0 100 200 300 400 response was obtained. This extreme

Kg P206/ha tolerance to acid soil conditions makes

cassava a very useful food crop for the
Figure 01 Aserage reponse ol cassava variety extensiveacid Oxisols and Ultisolsof Latin
1 lanera to applications of lime and I', at (IA - America. In these soils the main limiting
Qtilichiai, element would be P with minor responses

representing a specific combination of P to be expected to N, K and Zn (Fig. 63).

and lime. The trial had 324 treatments in an
18 x 18 matrix and four replications. Plants Figure 64 shows that the harvest indexwereharestd idivdualy ad yeld of decreased consistently with applications of
were harvested individually and yielbs of both P and lime, indicating that both
roots and tops were recorded. materials stimulated top growth more than

Soil p1i in the treatments increased root growth.

linearly from 4.1 to 5.1 and Al decreased Nitrogen/Potassium
from 3.8 to 0.5 meq/ 100 g as lime levels Interactions
increased. Yields increased from 19 to 45
t/ha from applying 300 kg P2Os/ha and A systematic design experiment similar

X, 42 varieties

100

80

S60-

40
Crit. level 80% Crit. level 0.25 meq

. 20

0 120410 ldO 0 0.6 F 1.0 1.5
% Al sat. Ca (meq/100 g)

Figure 62. Relationship hetweeri the relative yield of cassava (avg. 42 varieties) and percent ge Al saturation

and (a coidet.
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0 100 200 30 40bi

lo the one described above was planted to
test the interaction of N and K. Nitrogen Kg K20/ha

levels increased irom 0 to 30 kg N haarld
K levels also increased trom 0 to 3X0 kg hitc' I I tlcc\ i,, lic.s I'. ", cld K janplci iiatC IAn,hatic~t ,l L\h', itl c~oi..o',;o '.,oricty) I korwrro. ;Ii (lIAlI
K;() ha, in increments of 20 kg of each 01111h0ha,
1crtili,ei. loth materials were handed at
planting and the cultivar llanera was 0. 15 meq M(X) g and no response to K
seeded. would be expected. However, due to the

IArge K removal by cassava roots (about
Yields increased from 22 to 34 t ha with 1)0 kg K () '25 t fresh roots), soils may

applications of 360 kg . and 360 kg becoime depleted in K after several crop-
K2() ha. Response tt) K was only minor pings and some response to K applications
(Wig. 63) but plants responded significantly \would he expected after severa! crops.
to about 300 kg N 'ha with a slightl
negative response at higher rates. The Ilarvest index decreased with increasing
rather large N response is surprising in a applications of N and K, indicating 1hat
soil with 6.8"iorganic mlatter, but shows top growth was slimulated more than root
the very hw contribution organic matter growth1. I his agrees with previous data
makes to satisfying the plant's N req uire- from Carinmaguw (CIAJ Annual Report,
nient. The virgin soil had a K content of 1977) hut is contrarv to the belief that
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applications of K stimulated carbohydrate Levels of applied P1 and K increased from 0
trarslocation fron tops to roots and would to 300 kg P20 s and K -(01 ha, in increments
hence increase the harvest index. The latter of 20 kg of each, applied as triple
nay be true under nutrient solution superphosphate (TSP) and K('l. Nitrogen

c0 iulitiius of extreme K deficiency, but has (urea) was applied over all treatments at a
not been ohser, ed in the field, rate of 100 kg N/ha. The fertilizers were

banded at planting time and the variety M
Hlased on a price ot (ol.$2.X) kg of Mex 59 planted.

roots an t cost oft CoL.S17.31 kg N,
27.42 kg I'.,, and 14.97 kg K() and The control treatment (no P or K
751) t lime, net economic returns were applied) yielded 35 t 'ha. Maximum yield
calculated for each combination of lime of 51 t/ha was obtained with 44) and 60
ard P aind of N and K Maximum returns kg! ha of ['205 and K20, respectively. On
werc ohlained with 300 kg Pl()5 combined the average, yields of cassava grow., on the
Nth 3.0 t littre ha and with 340 kg N dark sand soil increased most after
combincd ith ,0) kg K ,( hia. IIowever, mediuM and low applications of P and K,
the cconomicall, optiiii rates would be respectively. The K content of 0.12
hcl iI one iicluded risk factors, interest meq' 100 g in the dark sand is above the
ot capital, etc. estimated critical level (about 0.10

meq, 100g) and the P content is also abovePhosphorus/ Potassium the estimated critical level of 10 ppm (Bray
Interactions 11), consequently explaining the moderate

response. Figure 66 illustrates the averageS tudics done at i edia lua, oan Colom- response of K and P fertilization over all P
bia's North (oast, included two trials using and K levels, respectively.
the svstcmnltic design described earlier.
Rainfall ,strihution for the area is shown [igure 67 shows that both K and 1)
in igt1rrt+5and thesoilanalysesof the two applications consistently decreased the
mio st corm mon soils are shfwn in [able 49. harvest index, again indicating that fer-

3001

FE250W

C 00
= 150 -

n) I 
AS

J A S C N D j F M A M J J A 0

Month

1977 1978

I' gure 0 " j' til,itmc raitfll at \tt'ta I una during the cas,,av growing cycle (Sept.-.1tiy). (W.a Idea farm.
iltitudc 10 1lt;d,

1
. ,lnc ut1111. 2.S
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I itble 49.

Chemical anahl.se
, of dark and while sand soils (coluvio-alluvial soils, series arenera) at Media Luna,

('lornhim.

I,

S)epIth B )MI ray II pit Ca ME K Na (E"

(m) (;) (ppm) (meq IlOig)

l)alk 'and -II

(-21 1 25 13.6 6.6 1.64 0.3K 0.12 0.07 2.0

21-40) 1,7(1 3.8 6.6 0.55 0.15 0.10 0.05 0.8

I Ight 'and Soil

(1211 1.105 4) 5.8 0.62 0.18 0.05 0.1) 1.1

2040) o 75 2.2 5.0 0.38 (1.1I (0.15 0.04 ()7

tili/ation stimulated top growth more than provided highest yields over all K levels

root growth, (Fig. 69). A maximum yield of 59 t/ ha was
attained with 280 and 180 kg/ha of P20 5

l.igure 68 shows the negative effect of P and K 2 0, respectively. This P x K fertilizer

and K tertililtion on the root starch rate also produced the highest net profit of

content of M Mex 59 roots. US$2728, ha, while in the dark sand soil,
maximum net profit of US$2528/ha was

On the white sand soil. the control achieved with 40 and 60 kg/ha of P05

treatment yielded 34 t,'ha. Intermediate and K0 andayield of5l t/ha. Prices used

levels of I(X)-120 kg KO,ha produced were US$0.57/kg of P20s, 0.70/kg of

niaxmnun root yield increase over all levels K 20 and 50t for fresh cassava roots.

of I and high levels of 240-280 kg !P2O, ha
Higher yields and sound economic

40 .581
-561 - K (X all P levels)

20- K (X all P levels) X .54,

- 10-
'+ Kg K20 /ha to .50 1

0 Kg K20/ha

T 50 
Z

. (X all K levels)
3.54

21 P (X all K levels) 1 .52
, .52or 1- 00408012 160 200 240 2801

Ol 40 80 120 160 200 240 1 2 4

Kg P20 5 1/ha Kg P2 05 /ha

"IgI e t' " llet'6 6t vz ions lesel, of K aid P on fresh I-igure 07 Eflc.ts o %arious Ic ls I I K and I on the

ri.t t, I ca'd o al a vr r lets MI NIte 59, on dark sand harvest index 01 cassava S ainetv M Mex 59. on dark

,I'l al %it.eia I ma ,and soil at Media I una.
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25.0- K (X all P levels) 60 K (X all P levels)
24.4-

23.8 0 • 0,,,,,, 4

. 2 3 .2 2 0

22.6 0
:2\ Kg K20/ha

S22_.0__L_±_ __ I j

0
Kg K20/ha 060

"u 2 .6 IP (X all K levels)
24.6-

A r
024.1

0 20-
n- 23.9

A P (, all K levels) 
i 0,

23.6- 0 40 80 120 160 200 240 280
Kg P2 0 5 /ha

23.2-

22.8 -- t1 A Figure 69. Effects of various levels of K and P on fresh0 40 80 120 160 200 240 280 root yields of cassava variety NI Mex 59, on white
sand soil at Media luna.Kg P205 /ha

lIgurc 68. I htS ot ,uIou*, leels of K and P on the help reduce weed problems. In addition to
r[,ut starch conteitit casaa variet., NI Mex 59, on erosion control, intercropping with a fast-
dark sand oill at Nledia tuna. growing grain legume can supply cash

income for a farmer in 3-4 months afterresponses can be produced with low levels planting cassava while undersowing forage
of fertilizer on the dark sand soil while in legumt.s may enable these crops to be
the white sand response is found to higher permanently established at minimum cost.
levels of fertiliter. However, not all legumes are compatible

with cassava; either the legume does not
The moderate yield response of cassava tolerate the acid. infertile soil conditions in

to medium levels of applied fertilizer on the which cassava i, frequently grown or the
dark sand soils agrees with other results legumes compete excessively for light and
reported in the Agronomy and Economics water.
sections of this report.

To test compatibilities, cassava wasCover Crops with Cassava planted with various legumes seeded
simultaneously with the cassava andBecause of its wide spacing, slow initital between the rows. At CIAT.Quilichao,

growth and extensive soil disturbance at highest yields were obtained without any
harvest, cassava is a crop with a high cover crop and cassava yields declined as
erosion index. Also, cassava is one of the the competition of thecover crop increased
few crops that will still produce on a (Fig. 70). The cover crop neither increased
h-avily eroded soil, thus worsening a bad the N level nor decreased the P level in
situation. Erosion can be reduced by cassava leaves, indicating that the N
protecting the soil between rows with live contribution and nutrient competition of
or dead mulches, both of which may also the legumes were minimal.
Cassava Program A-83



, _ _ -ly and competed for light during the critical

40 CIAT-Quilichao early growth phase of cassava. Although
cowpea yields were very low, the cassava
never recuperated from this early competi-
tion. Kudzu (Pueraria phaseoloides) and

30- velvetbean (Stizolobium deeringianum)
grew vigorously, climbing above the
cassava canopy and competing seriously
for light, but at a later and less critical stage

20" than did cowpea. Siosanthes guyanensis
20- .- reduced cassava yields because of its strong

M competition for water during the dry
,_ season. During this period it caused

E - complete defoliation and grew even taller
10- . )C

l c ® than the cassava.

U N . - Under the different climatic conditions
>' -> of Carimagua (Fig. 70) cassava yields were'-OL i> > t

.. . .... . ~ not affected by Stilosanthes which grew
Cover crops poorly because of disease problems and

20v -lack of vigor. Beans produced slightly

better than in CIAT-Quilichao but still did
2 ) Carimague not compete seriously with cassava.

Desmodium ovalifolium produced a dense
but low soil cover, ideal for controlling
erosion and did not compete much with

cassava until the latter began to lost its

leaves at the end of the gowth period.

10 - -" Kudzi, cowpea and espccially the extreme-
= ly vigorous Indigofera competed excessive-

0 " _, ly with cassava, reducing yields to 50-60%
0 N > , N of normal.
E 7n 6 0 N o

> E It would appear that cassava seldom

0 - * benefits directly from the presence of the
0 5 v0 cover crop; however, the benefits of the

01 1 a U . cover crop for erosion and weed control

Cover crops and establishment of a cash or pasture crop
could compensate for reduced cassava

i.gurc 70 1) tcctsol producirgvariotis covcr cropson yields. D. ovalifoliurn combines the
ireh root stci of cassava, at (IA 1-Quilichao and favorable characteristics of easy establish-
"a miatiala. I.AII vcld o co'er crops are tor grain, ment, good ground cover and minimal
tiles, olhcrNec indicated ) competition with cassava.

Beans, perennial peanuts and soybeans
grew poorly because of toxic levels of Al Maximum Yield Trial
and M n in the soil, and thus competed little
with cassava. Cowpea grew very vigorous- To determine the yield potential of
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cassava in Carimagua when nutritional The root yield data, shown in Table 50,
and water restraints were eliminated, eight indicate that disease-tolerant varieties were
highly promising cultivars and hybrids not necessarily high-yielding, and vice
were planted in t soil having considerable veisa. Also, the heavv fertilization rates
residual effects of previous fertilizations, produced very vigorous-looking plants.
I wo Iha of lime were applied and plants but with rather low root yields and low
were lertili/ed with I t ha of 10-20-20 and harvest indices. inder these conditions,
20 kge / n ha. banded at planting. Ihese less vigorous varieties sut as M Col 1684
lertiliation rates were considered and CM 308-197 had the highest harvest
agroiiomi;iallv )ptmltlm, if not excessive, indices and highest yields, while the more
I he effect of water stress was determined vigorous varieties such as %I Mex 59.
hv supplying hi-wkeekly irrigation In the I.lanera and M Col 638 were probably
Surr1,,ws to one-half the plots during the over-fertili/ed and produced excessive top
tolr-month I drv season when rainfall was but little root growth. A similar effect was
cr los. Irrigation d tring the dry season observed in the regional trials at CIAT-

lesulted in taller plants with much better Quilichao ( [able 32, Agronomy Section)
leat retention compared kilh non-irrigated iII which NI Col 1684 yielded twice as much
plants. loxever, these differences dis- as M Ntex 59 when fertilied, but was
appeared soon alter the onset Of the rainy outvielded by this vigorous variety when
season. At that time some varieties became not fertilized.
infected % ith cassava bacterial blight
(('IB) and Others .u.tIered lfnm severe . Although dry season irrigation slightly
superelonation disease ( lable 50), ()nl increased yields in most varieties, itdecreased the yield of CM 308-197, andM C ol 38 and (Al 309-41 remained had no significant overall effect. Thus,
reasonahlv freC of diseases ilnd retained under the climatic conditions of

rnuoh of their foliage throughout the (arimagua, water stress during the four-
grom'h cycle. In contrast, ('NI 308-197 was month dry season did not appear to
scrouslv a fcctcl b\ (h BB. significantly restrain cassava production.

I rt',h ro l ijk ih (o liar% 'st indics o teight 'asa, c lii% airs erj ~n io ( arimagua 4ith and 'A ithmnl
tuplp)h'Itleutial irrigalion duiring lit d rs seasoni.

b\( pl rcI'l n ' i h i- 1 1 ,lit ig'] }1 ,IrIt.ii I

11 I 1% h W 1 0 1 h ,it it, I h it

%I ( d, 16,S4 \ f 1 6 5 11 1 (4 0.624 \1 o"%,,]V} S S 27 S 1 I}1 ),7.1

', \Cn I1s -27o 25 4 () 60 0.59

%I lo)..i 4 I N1 S 24 o 2.1. 1 0 55 0.54
fI 'ani I 1-1 S 211 17. 1). 4 049

%I \,\ ic ) S S 22 1 20 3 0 56 (.49
\t N 1 I I 3 (1 45 (.45
I arier I N1 \ 15 I1 14.S (144 1)42

! P" .-j1, !, i hL ,l iid'..ielt le , t il. R
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ECONOMICS

The 1974 to 1976CIAT Annual Reports Existing Systems
presented results of an agro-economic
survey of cassava cultivation in Colombia. Details of the farming systems are

[he objective of this study was to define summarized in Table 51 and Figure 71. The

and measure the factors constraining yields overall system typifies small-scale

of cassava in Colombia. Results served as agriculture in the coastal zone. Cassava,
bases for establishing program research maize, and sesame are the principal crops.
objectives. In 1977, the Economics Section Cassava is the most important crop for

moved to the second phase of assisting the both on-farm consumption and cash
technology development process by es- income. The soils of the area are sandy and
tablishirg on-farm trials in which different very low in both K and P. The low moisture
technological packages developedat CIAT retention capacity of the soil, a high
would be evaluated under actual farm evapotranspiration rate and a five-month
conditions, before their release to national dry season combine to make lack of
institutions. Objectives of these trials are moisture a major constraint on plant
threefold: (I) to measure the productivity growth. Soil and climatic factors severely
of improved cassava production limit the variety of potential crops to those

technology under actual farm conditions mentioned, and cowpeas. This feature is

(2) to define factors limiting cassava yields indicative of cassava growing areas in that

that may have been overlooked in design- the. are usually in the more marginal

ing technology at the research station (i.e. zones.
adaptive. sitc-sp(cilic research); and, (3) to
provide a prelimnnary assessment of The cropping pattern and, in turn, labor
potential constraints to adoption of the utilization is largely defined by the rainfall

noc, technology, distribution (Fig. 71). The primary plant-
ing season is in April-June at the begin-
ning of the rains when cassava and maize

Farm Trial Site are planted in association. The peak for
labor demand is in this period, as planting

I hc first on-farm trial area for testing and the first two weedings overlap. Ground
and evaluating CIAT cassava technology is prepared by -hired tractor services. A
was established on the North Coast of second planting period follows in the
Colombia. in the village of Media Luna. August-September period when the
Ihis 'oastal zone accounts for 33c of farmer usually plants sesame and oc-
Colombia's cassava production. In terms casionally cassava, if he has not done so
of agro-climatic potential. the area is earlier. This system provides employment
broadly representative of a large portion of in what would be a slack season before the
Latin American cassava producing zones, cassava harvest begins in January. In the
including coastal areas of Colombia and 1977-78 season the harvest period was
Icuador and northeastern Brazil. Finally, longer than normal due to market unccr-
the area is reflective of small-farm produc- tainties and limited access to the fresh food
tion systems, the principal source of market. Farmers have a flexibility of four
ca"Saxa production in L.atin America. months in choosing when they harvest.
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lahle 51.

Production systems, yields and net income on nine farms in the Media Luna, ('olombia area.

Production system Yields Net income
crops Area principal secondary' from crops

Farm Size principal secondary (ha) (kg ha) (Col. pesos)

1 3.7 cassava maize 3.7 8700 177
2 10.1 cassava maize 2.0 8350:- 19,130

fallow 7.1

3 4.2 cassava, maize 3.5 65981- 46,175

fallow 0.7

4 2.9 cassava: maize 0.6 8000/- 16,399

sesame 1.5 750

fallow 0.8

5 12.0' cassava, maize 6.9 4300/- 2

cassava sesame 4.0 5028/377

sesame 0.5 700

fallow 0.6

5.8 cassava maize 1.6 9185/- 42,028
cassava sesame 2.0 4550! 150

fallow 2.2

7 4.9 cassava maize 4.4 6672'- 2

cassava cowpea 0.1 5180!217

fallow 0.4

3.2 cassava maize 0.4

cassava sesame 2.1 5120,309 27,032

sesame 0.3 200

fallow 0.4

9 3.8 cassava maize 2.8 8934 - 36,100
cassava sesame 1.0 5230 413

Avg. 5.6 cassaa maize 2.8 7340 17" 36,106
cassava sesame 1.0 5120 283

sesame 0.3 678

1 In all hut one ca,,w nau/e had alreadY been hars.ested by the beginning of the survey and was therefore not
ohersed

2 All the ca a%.i haid not been hars ested
3 Ilt inles 4 0 ha , ,i %,ith another farmer.
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(280 0 Cassava labor dist.
- Rainfall dist.

240 0 - Sesame labor dist. 12

200 10

E 160 8 >.

. 120- 6

80  .4
4 .2

A M J J A S O N D J F M A M J

Ist season L Pit. I Harv.

cassava I Weed.

Sesame Pit. Weed. Ha .I

2nd season P t Harv.
cassava Weed.

I tgio -1 ,aitill pattern. labor rcqulrements and cropping activity distribution throughout the growing
' i o r thc NMCdli I u0 L;glon.

II ow e% er. where farm size is four ha or less, food market is through trucker-middlemen
due to the limited land farmers will harvest residing in the village who coordinate
bcfore the next planting season no matter deliveries to wholesalers in the urban
what prices are expected. markets. Prices vary from 3.0-3.5 Col.

pesos/kg in the urban market, while the
Average yield ofcassava over all systems starch manufacturer pays a constant price

was 6.7 t ha. Yields were significantly of 1.9 pesos/kg. The starch manufacturer
lower when grown with sesame, averaging is basically a buyer of surplus from the
only 5.1 t ha compared to 7.3 t/ha when urban market and any sub-qualitycassava.
grown with maize. Also, yields were much
lower when sown in the August-September Technology Tested
period and averaged 4.8 t/ha. The local
variety, Secundina, yielded as high as 9.2 The CIAT regional trials program had
t ha, a normal yield according to farmers identified two varieties, CMC 40 and M
interviewed. Mex 59, that were widely adapted and

yielded about 22 t/ha in the regional trials
Farmers have access to two markets, the in Media Luna. The baseline survey had

fresh food markets in the major coastal shown yields in the coastal zone to average
cities and a large capital-intensive starch only about 4 t/ha, indicating good poten-
manufacturing plant. Farmer access to the tial for CIAT selections.
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Field trials were done on 0.! ' ha plots. sion and input delivery system is essential
On each of nine farms the two varieties to obtain adequate yields with selected
selected by CIAT and the local variety varieties. Table 53 shows that the reason
Secundina were grown. Three farmers underlying the low yields ofCIAT varieties
grew only the CIAT varieties (at 10,000 without stake treatment is the very low
plants2 ha); three farmers grew the CIAT- germination rates, especially for CMC 40.
selected varieties, planting material of' Low plant populations combined with
which was treated with a fungicide/insec- increased weed growth were the primary
ticide mixture; and three farmers used the factors responsible for the low yields.2

fungicide/ insecticide treated CIAT
varieties and also applied 500 kg,ha of 10- A simple gross margin calculation (Ta-
20-20 fertilizer. The first set of trials was ble 54) shows that CMC 40 grown with
planted in September 1977 during the high-input levels was the most profitable.
secondary planting season, and results are However, the advantage in using fertilizer
reported here. Additional sets of trials is not conclusive. In the case of M Mex 59
using a revised methodology were planted fertilizer use produced a loss in income.
in May and September 1978 and have not While with CMC 40 fertilizer was
been harvested, marginally more profitable, one-third of

the farmers would have lost money in
Productivity and Profitability applying fertilizer. Fertilizer application is
of New Technology

I I lie esults oI the local technology are hiased
,ima ard c'ompared Ito ields under acital

Yields from the trials are presented in tarner managemernt. I his \%ias becautse. firstly.

Table 52. The basic recommended C1AT Secundina did 1t01 gCrrlate nell and was ntOt
replinted, as ftl IeTS %% ouid h te done, secontl.,

technology optimum plant populations, Secttinuthia dos 10t ti \%cll in thedrv Neason ard is

selected and treated planting material and therefore'. utisull, planted at the he'ingiing ti the
rains1' seaon. in t a., and. third ,, the Sectridin ma

CIAT-selected cultivars gave a substan- plots %%ere not \Neded on as tinmel*, a b ,is as
tital yield , , vantage over Secundina (iarmers'licltsand losses ini thed di seasont,' erc as

-IiltcI us 601; of the planrts
grown with local technology.' However,
the results would appear to indicate that 2 ()tten tatine hae c onsiderahlc dela N hetmcen

cuttiten uttd platting stakes I here '\aas somc cla%
stake selection and treatment are essential hetnen cutting and pltnting 1it the (IAI

if selected varieties are to yield reasonably material and. in lheie case, the stake treutnent
,it, highk eltecti in coine'nhattng Io

, gerrinifla-
well. This implies that an effective exten- tn.

lable 52

Fresh Aeight casasa root ields ouf three sarieties grostn in on-farm trials at Media tuna. according to

cultural treatments.

Varietal yield, (t ha)

( "W 40 k. Mex 59 sectnditra

I leatirlert Ag. SI) V) ,\.g ,1) WV) A\g. SI) ((V)

I radthtior il (eotitrol) 46 I7 (37) .1 1.4 ( 15) 2 0 0.7 (35)

Ntake treatmnrt I
't I A 31.9 (3 ) 13,6 5 5 140)

Slke trealierill

atid ltettilier 174 3.4 (20) 13.9 9.5 16 )
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I able 53.

Percentage plant losses of three cassava varieties grown under three treatments in on-farm trials at

Media L.una.

losses of ('MC 40 losses of N Mex 59 losses of Secundina

months after planting months after planting months after planting

I' 4 II I' 4 11 1' 4 II

I raditional (control) 55.3 63.4 74.2 30.8 38.8 49.8 4.8 21.8 64.4

Stake treatment 0.8 1.3 3.0 5.9 10.2 25.3 - - -

Stake treatment

and tcrtii/er 1.1 3.4 5.8 7.2 21.2 33.5

I I oes Altr one monlth "ere due to poor gernination.

therefore, if not unprofitable, at least very Secundina combined with CIAT cultural
risky under these agro-climatic conditions. recommendations was not tested(although
These results highlight the fact that subsequent trials will include this variable).
fertili/er recommendations for cassava are This situation -emphasizes the fact that
location-specific and must first be based on quality characteristics, as they affect
detailed trials for soil and climatic con- prices, heavily influence the relative
ditions and for varieties common to that profitability of new technology, even with
region. Otherwise, the farmer risks sub- a substantial yield advantage.
stantial capital losses.

Yield Constraints
Hecause of the price differential between

CIA F selections and the local variety (see The Cassava Program has identified
later paragraphs on marketing con- improved, high-yielding varieties as the
straints), the profitability advantage of principal means of increasing cassava
CIA F-selected varieties is not clear, since productivity in Latin America. CMC 40

lahlc 54

Gross margin,' from producing three cassasa %arieties under three cultural treatments in on-farm trials
at Medi Lunt.

(M U 40 M Me\ 59 Secundina:
I eattltet ((l peos,(

I 1idiltontl (contio l 10 14.415 17.5(H)

St kt" tic.,tnlcnt 20I3S 21.913

St.ike treit ment

itdI lCt Ib/er 22.953 17.52S

! r fir 'lqztt r trc~l'c,,. .r p rt.I 55 pe, ,rs kgr s ei (,t'hr (. \t('4llaid 51 Mes 5q,,und3 .5 pe,,os kgh(or

St ild ol I t i

7 \ cIt t I h,r rr,. iIIe, ,1s helre ilrrc rtlcctus e ' I ir-laiil eI.lds
, 

See. I .thlr 52 Iis ",e.ld,, used trr .]clulte

oTIlT II C IT'
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and M Mex 59 have been identified as the major yield constraints are related to
most widely promising varieties, until climate. Two research possibilities for
hybrid lines are developed. As an input for
the research process an evaluation of yield 3 Figure 72 was constructed as follows: (1) Max-
constraints and the means to overcome imum yield represtnts the median of the average of

the two highest vinlds in each year of the regional
thm is usel'Ul. trials in Colombia; (2) the next lower level of yields

represent the highest yields achieved at Media
luna during the four years of regional trials

Yield-constraining factors of the CIAT- (planted in September); (3) the third levelofyields

selected varieties planted in the September represent this year's results from the regional
trials; and, (4) the rest follows from the farm level

season are presented in Figure 72.3 The results.

Potential yield Increment

39.5

Locationn! Potential yield Increment

(Temp./rain.) 10.2 34.5

Locational

(Temp./rain.) 5.5

29.3287

Seasonal 6.8 Seasonal 51
(Rainfall) (Rainfall)

23.6
Fertility 23. 0.3__________

22.5 23.3

Fertility 4.3
Pests

18.2- (incl. weeds) 9.7

Pests 5.1
(incl. weeds)

13.1 13.6
Poor stake
germination 4.4

Poor stake and pathogens
germination 8.5 9.2
and pathogens

4.6 n Variety only 9.2

Variety only 4.6

CMC 40 M Max 59

I gtue '2 ('unstavnt. on Nelds of (IA I -selected cassava varieties during the secondary planting season at
%le d I ull&
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overcoming these factors are better of 15 t/ha. Under actual farmer manage-
adapted varieties or more timely planting ment, less intensive weed control and lower
within the rainfall cycle. Using fertilizer to plant populations due to intercropping
overcome the fertility constraint has been would reduce yields even below this level.'
shown to be either risky or unprofitable.
Pest control, including weeds, therefore Marketing Constraints
seems to be the principal means of raising
yields enough to provide adoption incen- 'Ten families in Media Luna were given
tives to farmers. Stake selection and three kg each of the two selected varieties
treatment are both economical for over- to sample for eating qualities. Variety
coming at least part of this constraint, CMC 40 was only rated fair to poorand M
especially for CMC 40. Yields could be Mex 59 was rated poor by all.
increased above the 13 t:'ha average for
stake treatment, as the trials showed that Farmers were asked to evaluate the
termites caused a lr-gi proportion of the factors they considered most important in
stake losses for M Mex 59 (Table 55); sciecting a new variety for adoption. As
('MC 40. on the other hand, appeared to primary factors, 83% mentioned high
have some resistance. This damage can be starch content and the rest mentioned high
reduced by changing the stake treatment to yield. As secondary factors, 17% men-
include aldrin (see Entomology Section). tioned high starch, 66% mentioned high
Better weed control could possibly raise yield and the other 17% said high germina-
yields further, but with the limited data, tion was important.
this effect cannot be separated from effects
of pathogens and insects, particularly These answers reflect two important
cassava bacterial blight and mites. Both factor!; about farmers' response to the
could only be controlled with more marketing situation. First, quality in the
resistant varieties, fresh food market is determined principal-

ly by root starch concentration. High
I igurc 72 also shows the striking starch content is a necessary, but not en-

ditlerences in yields under optimal con- tirely sufficient, condition for producing
ditions and those obtained under typical cassava of marketable quality. 'The second
production conditions. Cassava yields with
these varieties tinder these conditions + a i he.,c cllnt, altc ro e fh r o mtine\car \'. hcnt.' irtlci21 plalnt stalkes produced f-rom
could be potctially ivaised to a miaxilmu.ll these othe 'arctcs.

tihic 5'

Percentage of ilants of three cassava sarieties that we.re infected by termites when grown under three
cultural treatnient' in on-farm trials at Media Luna.

Varieties

I r t ll Secttdn a i MIl 4o NI Mlex 59

I . lttlrnatl (Colltlf ) 25.9 8 I 18.4

,tltkc ait 0 7 4.5

St,tkc l t'i l tln

and fltihitt 3 I 19.0
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factor is that farmers' access to the market become equally profitable. Although a
depends on producing cassava of suf- substantial price difference between the

ficiently good quality. Farmers see their local and industrial varieties could induce
principal market as the fresh food market consumption of lower quality cassavas,
where low-starch cassava is simply not this is not likely.
saleable. i.e. price differentials between
varieties of varying quality do not exist. Research Implications

However, on the North Coast, unlike the These above results show the impor-
rest of Colombia, the large starch tance of high starch content (probably at

manufacturing company exists as an least 30%) as a principal characteristic to

alternative market. In this situation the be sought in new varieties, especially if
farmer can choose between higher yields there is to be a beneficial impact on the

and lower starch content and, therefore, food market. All industrial uses also put a

many farmers planted a small section of premium on high starch content. Because

their land to the CIAT-selected varieties, of its effect on prices, starch concentration
becomes as important as yield in variety

In areas where only a fresh food market development.
exists, these varieties will not be adopted,
due to rejection by traders and Starch contents of the various varieties

wholesalers. 5 Where there is an expansive planted in the Media Luna regional and

industrial market and the varieties yield farm trials are shown in Table 56. The

about three times more than local varieties, variety M Col 22 has been introduced in

a dual market will develop in which later farm trials as a potential variety
different varieties supply different having a high starch concentration. The
markets. With the movement out of local data show starch content varies widely
varieties prices in food markets will between varieties, with the local variety
probably increase until the two varieties consistently having the highest concentra-

tion of root starch. Ranking of varieties by

S icauelot thL interaction bet%%een ctiro niental their starch content has been relatively
Jactor, ,and Starch ctitett (see discusstton onl constant through the years, indicating
reseld l 1 1ttplicati onl', , the interesting situattion
ariws that these %arietle may produce cassava ol genetic differences for this characteristic.
acceptable market qtality %dhen grown at higher
atIitudes. Mlarket qUaltatv is. theretore, a function
o, ariety and the coulition under %tich it is Table 57 shows the average starch
gin . content for the same seven varieties across

I able 56.

Percentage starch content of four cassava varieties grown in various trials at Media Luna.

Regional trials On-farm
trials

Variety 1975 1976 1977 1978 1978

(MC 40 27 24 26 26 18

M Mex 59 25 27 28 22 24

%i (l 22 33 28 30 26 -

Secundina 33 33 36 27 33
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Table 57.

Average root starch content of seven cassava varieties grown in seven sites.

Mean starch Standard
Altitude content deviation

Site (masl) (%) (1%)

Media Luna 10 29.4 3.3
Nataima 430 31.7 2.4
Rio Negro 480 27.0 5.3
CIA F-Palmira 1000 33.7 2.4
L.a Zapata 1100 33.6 2.6
Caicedonia 1100 38.7 2.6
Pcreira 1480 35.6 1.5

seven regional trial sites. Differences definite negative relationship between
between sites are significant, indicating starch content and temperature, par-
that starch content is also influenced by ticularly for M Col 22, a variety exhibiting
environmental factors. For each of three a genetic characteristic of high starch
varieties, a simple linear regression was concentration. Yield, on the other hand,
done reflecting the hypothesis that starch did not in general appear to be associated
content was a function of average with starch concentration.
temperature and the general vigor of the
plant, measured by yield in a given loca- Root starch content has been shown to
tion. be a principal determinant of marketing

quality, which, because it determines either
Regression results (Table 58) showed a access to the market or price paid, heavily

Table 58.

t.inear regression results of relationship between cassava root starch content and the mean temperature
at a given location, for three varieties.

Variety Regression' R-square

CIMC 40 SC =54.2- 1.01 Temp + .001Y .52

(1%) (NS)

M Col 22 SC =63.3 - 1.35 Temp + 0.16Y .63
(1 'C) (10%)

-M Mex 59 SC= 44.0 - 0.61 Temp + 0.08Y 13
(15 ) (NS)

I i. =%,tarch content, I etp .- temperature, Y =yield; values in parentheses are significance levels of regression
coellicients
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influences farmer adoption of the variety. Economic Analysis
This characteristic is genetically deter- of Cassava/Bean
mined but is also highly influenced by Intercropping Systems
environmental conditions, cultural prac-
tices (see fertility results in the Cultural A simple economic analysis of cassava/
Practices Section). and disease attack (see bean intercropping systems was done on
tile cassava bacterial blight results in the data generated by the Cultural Practices
Varietal Impro em. ut Section). To get a Section. The systems may be considered
gross indication of the interaction between relevant to a zone between 1000 and 1500
variety and environment (representing m where bean and cassava cultivation
climatic, edaphic and pathogenic factors) a overlap. These systems are not amenable to
Spearman rank correlation was used to tractor utilization and therefore are es-
evaluate the ordering of varieties by starch pecially relevant to small-scale farmers
content between eight regional trial sites in who tend to be more labor-intensive.
1975. Nevertheless, the systems under study are

relatively input-intensive, emoloying her-

Of the 21 possible pairings, only two bicides, fertilizers and frequent spraying of

correlations were significant from ,,ero at fungicides on beans.

the 10"i probability level or less. While
not conclusive because of the limited Resources used in the various systems

number of varieties in the test, this are presented in Table 59. Generally, as the

nevertheless indicates that all research systems become more complex both labor

disciplines in the program need to consider and input utilization intensify. There is,
starch content in conjuntion with yield as a however, a major complementarity in the

principal evaluation criterion in their trials bush bean, casava association in that

and that each discipline has a potential role weeding labor is substantially less than for

in isolating the various factors that monoculture because of the shading effect

influence starch content. of the beans. This reduces the incremental

I ,dhlc 59

Resource utili/ation and costs for %ariou, c-msaia/hean intercruipping %)%tems.

Iahori Labohr Input I orl Incremental

wceding ttil COsts, Costs Ctst" cost,

'tcni Wiai-days tI) IS ( ol.) (S Cul. I (S (' l.I (S C 1.)

(assia inonoculture 44.5 M6.5 l).650 7012 17,662

(ass\a hash hc;ais 0 7) 0 990)) 905 1 9,05 2143

Cassa a climbing bea I (9 5 13h I) 15.2MX 16.557 32.357 14.695

assds a. clbinhing hein (Ile 09,5 159.5 17,950 16,,557 34,5)7 16.845

',ssa, h sh hcan (I t, 25.0 132 0 15.2M8 19,45f) 34.650 16.988

chnihing hean (Ile 25(0 15610 17,65(0 19.45)) 37,10t) 19,438

liush heanr 11utun(gluu 1'.)) 6h.) 12,6)X) 16.031 28.631 -

I I ,r t-i nl. rl rlt'ito sn mecl)ha1 ,iIl land prtparAt Ioll

11I1, tlu 'c -, "? , ,l n 'hatlltal latnd plcpatl.It1'l1I

4 sI , rid il, d. rIi cisai dchhated ait Q nrlllih
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I ahlc 60.

Net profit per ha for various cassava/bean intercropping s stems when cassava prices vary'.

Cassava price (S Col.)

System 0.5 1.0 2.0 3.0 4.0

('asavt inonoculture -3562 10.538 38,738 66,938 95,138
('assas hush beans 15.695 27.165 50.195 73,195 96,195
('assava climhing beans (1)2 -4657 11,043 42.443 74,443 105,243
Cassava climbing heans(IIF 9543 19,993 40,893 61,793 82,693
(assava hush beans (1)2 16.150 28,550 53,350 78.150 102,950

climbing heans (11)2 37,200 46.700 65.700 84,7(0 103,700
Bush bean nmnoculture 15,769 15,769 15,769 15,769 15,769
I lican price, Acre con,tant at $ Col. 12 kg for black bush beans and S Col. 24 kji for white clinhing beans.
2 See Iotnote 4. 1 ahle 59

cost of intensifying the system. There could very wide range of relative prices, both
also be an additional benefit of erosion monoculture systems were always less
control due to the early growth of the profitable than the associated cropping
beans, an important aspect in moun- systems.
tainous zones where this system would
predominate. Finally, no expenses are The incremental costs in Table 60 point
incurred for a support system for climbing out the rapid cost increases in moving from
beans which utilize the cassava stems as cassava monoculture to more complex
supports. associated cropping systems. Considering

f =6 B-C, cas mva/bush b an"The high Land Equivalent Ratios and ce monbue
over monocuttura

the cost complementaries would suggest a A B-C. caasaua/buah bean/
distinct income advantage for the inter- climbing bean
cropping systems. Net profitability of the 90 8-c catava/bush bea/e
various systems were calculated and are 800 climbing been averc limbi~ ban ove

sownsThe systems were " 700 c ve/bush beanshown in 'able 60. hB-C, cassava/climbing beanevaluated at different cassava prices to 0over monoulture
_= 600 oe ooutrdetermine whether the optimal system 0

varied according to relative prices between . 500
cassava and beans. The most intensive .5 400
system cassava defoliated at nine : 300
months in association with two crops of
beans . was the most profitable system E 20
over a range of relative prices. Only at very 100
high cassava prices w as the undefoliated 0 . . 01." 1 4 -
cassavaclimbing beans association the 0 1.0 2.0 3.0 4.0
most profitable system, reflecting the Cassava price (Col.ai/kg)
apparent positive impact of the association Figure 73. Bienefit-Cost (B-C) ratio of investment in
on increased cassava yields over the diflerent intercropping systems ovei a cassava
monoculture. More significantly, across a monoculture system.
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that small-scale farmers are the primary system, was substantially lower but still
users of associated cropping systems, risk within an acceptable range, i.e. more than a
considerations and limited capital 50% return, across all price levels except
availability require a high return on very high relative prices. These results
capital. l)ata in Figure 73 show the indicate that the most profitable systems as
marginal rate of return on increased capital well give a sufficiently high marginal rate
outlays over the cassava monoculture of return to cover risk and high capital
costs. The high productivity of the costs. Moreover, :t would not be
associated systems is reflected in the high recommended to change to just a
rates cf return. The cassava!bush bean cassava:'climbing bean system at very high
system yields a very high rate of return on relative prices. The rate ofrcturn is not that
in,,estment in the associated bean svsten much higher and risk of price changes
across a wide range of relative prices, substantially affects both profitability and
indicating the profitability of this system returns on capital. The importance of the
over monoculture. The rate of return over bush beans in these associated srystems,
the cassava bush bean system in adding a therefore, is crucial.
climbing bean system. the most profitable

INTERNATIONAL COOPERATION

The Cassava Program's international Latin America
cooperation activities are designed to link
research generation and technology Scientists from the cassava team
application through the creati( n of strong traveled during the year in B-'livia, Brazil,
links between CIATand national agencies. Colombia, Costa Rica, Cuba, the

Dominican Republic, Ecuador and Hon-
Progress in Latin America during 1978 duras to assist in establishing first inter-

included the strengthening of existing national trials and;or to initiate or
cooperative networks, an increase in the continue collaborative activities related to
amount of promising germplasm material cassava research and production. In
moving into international .z:ling, and Colombia, close work with the Instituto
extensivL travel by members of the cassava Colombiano Agropecuario (ICA) has led
team, especially the outreach specialist for to the extens. ve propagation and distribu-
latin America. tion of promising materials by ICA

agronomists to local farmers. In Erazil, the
Ihis was the first full year in which a entomologist from the cassava team has

member oi the cassava team was stationed spent most of 1978 working with that
in Asia as an outreach specialist for that country's national cassava program.
region. E-mphasis there during 1978 was )n
introducing promising clones for propaga- International Trials
tion and later distribution and testing. At
the same time preparations were made to After extensive evaluations in coopera-
establish a research network in tionwith ICA, at l0locations in Colombia,
Southeastern Asia that will manage testing promising materials were sent during 1978
of' this material, to 14 countries in l.atin America and other
Cassava Program A-97



regions of the world for local testing. varieties, to farmers in several regions of
International regional trials, which includ- Colombia. Regional trials are being
ed m,-crials furnished bv CIAT, were planted by ICA agronomists in several
harvested in Argentina, Costa Rica. locations of the North Coast and other
Ecuador, Mexico and Veneiuela. [he rLgions, using varieties recommended by
respectic national programs are responsi- ICA after joint ICA, CIAT evaluations.
hle for the later recommendation and
mutiplication of varieties. Costa Rica. W )rk by local scientists has

erradicated cassava bacterial blight from
Within-country Activities major cassava growing areas Former

trainees from CIAT are conducting the
Bolivia. Planting material for an inter- second cycle of an international trial with

national trial was so-tit and the CIAT promising varieties sent from CIAT. Also,
outreach specialist assisted local several regional trials were initiated with
agronomists in planting the experiment, the best varieties harvested in the first
One of the agi nomists, from the I niver- testing cycle.
sidad Gabriel Rent Moreno, had par-
ticipated in the intensive production course Dominican Repuhlic. Agronomists who
at CIAT, in May 1978. Relationships were had received training at CIAT have
also established with the Instituto established the first international trial in
Boliviano de Tecnologia Agropecuaria San Cristobal. One of these agronomists
(IBIA )to increase collaborative activities also arranged for the Under-secretary of
and training in cassava for agronomists of Agriculture for the Moca region and
that institution, several farmers to visit CIAT. The CIAT-

trained agronomists are now teaching the

Brazil. The network of regional trials sim e imro vedi culturalw rac ties

that the ('IA! agronomist assisted in m eodo o v ed by C at cal
planingin 977wer plnte ths vi~r methodology advocated by CIA T to local

planning in 977 were lanted this 1ear farmers. The CIAT-selected variety CMC
40 (originally bred in Brazil) is widely

agronomists. Seeds from controlled grown in the country.
crosses made in CIAT by former Brazilian
trainees have been evaluated at Cruz das Recently, scientists from the Centro de
Almas and are being multiplied for DesarrolloAgropecuario(CENDA) have
extensive evaluation.S.Dsrol goeui (E A)hv

requested planting materials of promising

Plans are being made to exchange varieties for local evaluations.

cassava germplasm grown in test tubes
using the tissue culture technique. The Mexico. late in 1978 the Coordinator of
Director of the Centro Nacional de Mexico's cassava program spent a week at
Recursos Gendticos (('ENARGiN) and CIAT seeking logistical support to imple-
the tissue culture specialist of CIA'Is ment the National Cassava Program,
Genetic Resources lUnii have exchanged planned in 1977 with CIAT's assistance.
visits to pre,)are for this activity. This program, when it becomes

operational, should have tremendous
Colomhia. ICA is multiplying, dis- impact on cassava production in that

tributing and selling disease-free planting country. Several former trainees from
material, including CIAT-selected CIAT participate in this program.
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Plant materials of sex eral CIAT-selected Southeast Asia
varieties hak c already been sent to Mexico
where they ark being grown and evaluated Major emphasis has been placed this
bv agrnmimis there, year on the introduction of promising

clones to be distributed later throughout
O(tetr co )ultries. Planting materials have Asia. Material in the torm of cuttings was

been sent to \rgentina and Veneiuela for introduced to the Philippines and mul-
inteinational trials. In Iiondurasthc first tiplied in quarantine using the -apid
international trial was planted in June propagation technique. Great care has197i , under e suprxision of a former been taken in the quarantine process -.nd(19A I trainee, n pcrio. a special project no problems have arisen in the process Atf 'inced by th P e'anadian International present, a total of 2.5 ha of promitiingI)aelopment Rcsearchcnt Itel)R('is material are in the field and ready f')r

distribution to other countries inheing terminated in 1978. (CIA'] cassava

scientists pro\ ided some assistance to this Southeast Asia in March 1979. While the
prolect and an evaluation of it,, - material was being propagated
compl ishnents will dctermine the extent of preparations have been made to establish a
future Lo!lahorati, c activities. The research network that will manage the
C'assa a Program Coordinator visited regional testing of introduced material.
Cuba and the exchange of planting
material, training and other cooperation in Apart from the vegetative cuttings sent
c:issata production is now in progress. to Asia a large quantity of sexual seed has
C ontacts kere maintained with programs been sent to India, Thailand and Malaysia.
in (ivana and Suriniam. Material from CI AT has shown very high

harvest indices and good Cercospora
resistance in India and these materials are

Training Activities now being used in the breeding program
there. In Thailand, a number of seedling

i ko intensive one-month courses in selections have been made, multiplied and
casava production technology were held are now in advanced yield trials. In
during 1978 at ('IAI. In the first one Malavsia the seedlings are still in the initial
during aI inulr', and February, participants selection phase.
cine no,,tl\ from outside Latin Anerica.
Principal funding for participants in this
course vc ka. prtvided by the Il)R(" (see A directory of Asian cassava workers
Stmlhcast Asia section). was compiled and produced so as to

determine who was working in cassava and
In the sccone course, in Mav, 46 where. National cassava programs. are

prtlessionals from 12 I atin .\nierican already established in India, Thailand,
cotntries participated. Principal funding Malavsia, Indonesia and the Philippines.
fot his course ss fron If)RC and the After careful selection it total of 25

nited Nations I )evelopment Programme. researchers from these programs attended

a one-nmonth intensive research and
I wvelxc agronomists from ninecountries production course at CIAT. All of these

completed longer term training at the have returned to the national programs
('enter during the year. and another 10 except for two who are receiving further
weie still in training at the end of the year. training.
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The outreach coordinator for Southeast of the Philippines, Indonesia and Sri
Asia has visited the six countries in which Lanka. CIAT has helped in planning and
CIAI is actively working. India. Thailand, organizing their programs. which are still
Malaysia. Indonesia, Philippines and Sri very new. In the Philippines the coor-
Lanka. lhe first three programs are the dinator organized a short intensive course
largest etablished ones and the main on rapid propagation of clean plant
emphasis has been on keeping them material as lack of suitable material has
ahrei,st of ncw advances at CIAF and been a major limitation on the increased
providing feedback to CIAT on advances production in that country.
sithin the national programs. In the case
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Beef Program

CIAT's Beef Program became fully Its principal unknown characteristics
operational this year, with field research are its tolerance to Brazilian spittlebug
activities at CIAT-Quilichao, Carimagua, species, animal production during the dry
Brasilia and a network of 14 established season, and its weed potential in crops. The
regional trials throughout the target area. Instituto Colombiano Agropecuario
Following the objectives and work plar (ICA) and CIAT have agreed to a joint
described in the 1977 Annual Report, the release as "Pasto Carimagua cv. 621" by
main accomplishments can be summarized early 1980, provided the unknown
in terms of developing germplasm, questions are satisfactorily resolved and no
technology components and setting the significant negative factors are found
stage for technology transfer activities, during the 1979 experiments.

Germplasm Seven accessions of three forage legume
species, Zornia latifolia (CIAT 728),

Andropogon gayanus CIAT 621 has Desmodium ovalifolium (CIAT 350) and
shown outstanding performance as a Stvlosanthes capitata (CIAT 1019, 1078,
highly productive forage grass for Oxisol- 1097, 1315 and 1405) continue to show
U ltisol regions. It has entered the Category promise for potential release and have
5 (pre-release) stage, which includes large- entered animal production trials at the
scale seed production. Its principal Category 4 level. At this time it is not
attributes are: (1) excellent growth and dry possible to ascertain which species is
matter production in acid, infertile soils superior. All are showing good persistence
with minimum inputs; (2) exceptional during their second year under grazing
tolerance to drought stress, burning and pressure trials, are adapted to acid, infertile
high levels of Al saturation; (3) low P and soils, have good self-propagation
N requirements; (4) no known disease or mechanisms, show no major insect or
insect attacks; (5) excellent seed producing disease attacks, and have good nitrogen
ability; (6) compatibility with legumes; (7) fixation potential.
adaptability to low-cost pasture establish-
ment systems; (8) acceptable nutritional In addition, Z. latifolia has a very high
quality and high intake due to very high protein content and grows vigorously
palatability; (9) high animal production during the dry season. D. ovalifolium is
levels during the first year. aggressive enough to form good mixtures
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with Brachiaria decumbens but is suscepti- Carrying this thinking to the laboratory,
ble to a nematode attack and its seed a new acid media was developed to screen
production potential at low latitudes is Rhizobiun strains for acid soil tolerance.
unproven. Some S. capilata accessions This facilitates the selection for Rhizobium
show three persistence mechanisms: abun- persistence on acid soils, since lime

dant seedling production, regrowth from pelleting is only effective for the first

the crown nodes (like alfalfa), regrowth generation of nodules.
from axillary and terminal buds. All three
legume species were found tolerant to Other significant technology
burning, which may add to their per- developments include the discovery that
sistence in cases of accidental burning or a the type of ttichoma and secretions on
need for periodic burning of some Stvlosanthes stems may explain their
associations, tolerance or susceptibility to stemborer

attacks, the design of simple mechanismsThe germplasm evaluation process for estimating root length and leaf water

continues to funnel a large number of potential in tropical grasses, the develop-

legume and grass accessions through ment of an Andropogon de-awner, the

Categories 1, 2, 3, and 4 evaluations at effectiveness of rock phosphate

CIAT-Q uilichao, Carimagua and Brasilia. mf nic ranunes in ro i beter ha g
minigranules in providing better handling

Iwo browse-type, shrubby legume species properties without affecting reactivity, and
have been promising under acid soil the verification of simulation models
conditions: l)esmoditm gyroides 3001 and described last year by actual data gathered
several lines of Iiucaena leucocephala this vear. In addition grass/ legume pasture
resulting from selection or breeding for persistence was defined by economic
acid soil tolerance, coupled with adapted analysis to be at least six years.

acid-tolerant rhiobia. Also several late-

flowering Stylosanthes guiaensis types
from the Cerrado appear to how promise Putting some of the available technology

for anthracnose tolerance. together as a practical package, a breeding
herd systems trial in Carimagua showed

Technology Components that the strategic use of improved grass
legume pastures occupying 10I. of the
grazing area increased beef production by

evelig sectios ohent ogm are 250% during its first year of operation, and
developing technology components to turn

acid soil infertility, and plants adapted to appears to be highly profitable.

it, into assets rather than liabilities. Low
density space-planting systems provide Knowledge of the Target Area
significant savings in seed, fertililer and
machinery, and have produced pastures Although the research results are most
ready for gra/ing within a year. Low soil encouraging, more time is needed to
fertility inhibits weed growth while the determine whether the new grass/legume
pastures establish themselves, either from pastures are significantly persistent in
reseeding or stolon growth. L.ow reactivity order to be truly profitable. While research
rock phosphates, abundant in tropical continues, advances have been made in
America, are efficiently utili,,ed because understanding the target area both
soil acidity dissolves the rocks rapidly and physically and production-wise, and in
makes them available to pasture species developing cooperative relationships with
tolerant to high levels of Al. national institutions.
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Interpretation of a wealth of climatic, collection and evaluation, and brought
soil and landscape data shows that the together much of the present knowledge on
potential evapotranspiration during the soil/ pasture/ cattle relationships in the
rainy season effectively separates savannas target area. For the first time, a tropical
from two types of forested areas. Inter- forages research network began to func-
pretation of the target area survey strongly tion in Latin America.
suggests that two evaluation sites for
Category 2 and 3 germplasm should be Fourteen regional trials have been
established in jungle areas. planted in Bolivia, Peru, Ecuador, Colom-

bia, Venezuela and Nicaragua to test the
The in-depth study of beef production adaptability of promising germplasm.

farms in the Llanos and the Cerrado Fifteen additional trials are to be planted in
(EIES project) is providing reliable Brazil in December 1978, and additional
quantitative data on actual production trials in Central America and the Carib-
systems and excellent opportunities for bean are projected for 1979. The first 6-
validating new pasture technology at the month forages course trained 21
farm level. Animal health surveys show collaborators from research and develop-
significant differences in the extent and ment institutions of Brazil, Colombia,
importa ice of diseases in different parts of Bolivia, Peru, Ecuador, Venezuela, Pan-
the target area. Meetings with ama, Nicaragua and Cuba. The second
collaborators from many national research course is scheduled to start in February
and development institutions helped 1979.
develop a manual for forage germplasm
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TARGET AREA SURVEY

In mid-1977 a survey of the Beef During 1978 the analysis of climatic data
Program's target area, the Oxisol and was completed, as was aerial recon-
Ultisol regions of tropical America, was naissance and field work in South
initiated in order to classify the land America. A total of 237 land systems have
resources in terms of climate, landscape, been identified so far, in the areas where
and soils, and provide a geographically work has been completed (Fig I). The
oriented economic synthesis of the region, collated data for each land system are
which would serve as the basis for the being stored in a computerized retrieval
Program's transfer of technology strategy. system, which also has the capability of
The methodology used and initial results drawing special purpose maps.
were described in the 1977 Annual Report.

r---1 Map work
El Completed maps L_' Map work in progress I Mapfork

maps ...... J L.[:]for 1979

- Target area limits

114' 102' 90o 78
°  

66' 54* 42' 30'
36'- 36'

I Target Area

24' 24
°

_o.. , - v .. 1  ,

, ,. . . . 4 . .. . , .. -

36' 1 36'

12 7bL , r 12

114' 102' 90, 78' 66' 54' 42' 30'

IgUre 1. Status oland systems mnap %%ork for the target area of the ('IAT Beef Program.
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Climate MAI between 0.68 and 1.0 little stress and
MAI values . 1.00 no water stress.

l.ong-term climatic data of
meterological stations in the target area With the completion of the water

were assembled and analyzed. Figure 2 balance analyses, it was decided to map

shows the approximate locations of the and collate climatic parameters. Data from

stations and Figure 3, an example of the the central savannas of Brazil showed that

data output of one, including a definition the total wet season (months with MAI>

of the parameters. The moistureavailabili- 0.33) potential evapotranspiration

ty index (MAI) predicts the probability of throughoi't that region was remarkably

drought stress. When MAI - 0.34 serious constant. A map of lowland tropical South

drought stress is highly probable. MAI America was then made where four major

values between 0.34 and 0.67 show stress, a regions with total wet season

80, 65* 50 °  35°

~~ ~ ------- - ---- i

10*

20' 20

30 30-0 i

Figure 2. Locations of meteorological stationls in the South American region
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FORMOSA LA T 15 32 LON 'i7 18 912. METROS

JAN FEV MAR ABR HAI JUN
TEMP HED 22.0 22.1 21.9 21.5 20.1 39.0
H.R. MED 84. 78. 77. F.. 52. 38.
PCT SOL 44. 52. 53. 66. 7 G. 87.
RS MED 494. 523. 492. 486. 459. 452.
PR"CIP. 252. 214. 227. 93. 17. 3.
ET POT 141. 135. 1qo. 132. 125, 115-
DEF PREC -111. -69. -87. 39. 108. 112.
DEP PREC 176. 138. 1576 51. 0. 0.
MAT 1.25 1.02 1.12 .38 .m .00

JUL ?.GO SET OUT NOV DEZ ANUAL
18.9 20.7 22.A 22.9 21.9 71.6 71.3

36. 1 1. 69. 78. SR. 91. 66.
88. 85. 61. 'I1. 3A. 33. Fl.

471. 52?. 507. 510. 460. 430. 484.
6. 3. 30. 127. 255. 343. 15GO.

123. 144. 143. 149. 127. 121. 15E%.
117. 141. 113. 22. -128. -221. 35.

0. 0. 1. 78. 179. 248.
.00 C0 .01 .52 1-41 2.04

1 Mean temperature in o(,. by Hargreaves method, in mm.
2 Mean Ii relative humidity. 7 Precipitation deficit= POT ET - PRrCIP
3 Mean i possible sunshine. (water balance) in mm.
4 Incident mean solar radiation (Langleys, day) 8 Dependable precipitation (in mm)

estimated from PCT SUNSHINE =(PRECIP x 0.7) - 10
5 Mean rainfall in mm. DEP PREC
6 Estimated potential evapotranspiration 9 Moisture availability index _

POT ET

Figure 3. Example of the computer printout of climatic data for a representative meteorological station used in
land s ,stens classification, wtth definitions of the parameters used.

evapotranspirations of less than 910, 910- encompasses areas under semi-evergreen
1060, 1061-1300 and greater than 1300 mm seasonal vegetation which experience three
were easily delineated, as these classes to four months of dry season. The areas
followed the natural clustering of the with more than 1300 mm are the tropical
potential evapotranspiration figures (Fig. rain forest regions with less than three
4). The 910-1060 mm class had a mean of months dry season. The similarity between
987 mm, an SD of 54 mm and a CV of the total wet season potential
5.5%; the 1061-1300 mm class had a mean evapotranspiration map (Fig. 4) and the
of 1178 mm, an SD of 71 mm and aCV of length of the dry season map (Fig. 5) is
6%. The < 910 mm region, encompasses clear. This parameter, therefore, apart
areas with more than six months dry from equating usable energy for plant
season with "caatinga" or other forms of growth, provides for a broad first ap-
semi-arid or arid vegetation. These are proximation of the length of waterstress in
largely outside of the target area, although the target area. Potential evapotranspira-
they include some Oxisols and Ultisols. tion during the rainy season is clearly a
The 910-1060 mm areas correspond neatly most useful parameter for classifying
to savanna vegetation regions such as the climate for growth of perennial species
Cerrado and the Llanos, with four to six such as pastures.
months dry season. The 1061-1300nm belt
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555 45* 7

Tropical South America

........ Total Wet Season
. i eEtevapotranspiration

S[ 910 1061-1300,

910m100E> 1300 mm,

co 'leeydfeetcrusacsfr lns fe h avia . ofhghrlad

10
°

*

. i ... s.... , 35
°

8 5 0 7 5 ' 6 5 
° 

*5 4 5 '

Figure 4. Total wet season evapotranspiration in tropical South America.

Landscape very quickly becomes saturated with water

and the land generally inundates to the
It was shown that there are two extent that cattle must be shix~ed to higher

con, -letely different circumstances for lands. Often the availabl"z.y of higher lands
cattle production in the savannas of Brazil. within a reasonable distance is limited and
The first is characterized by well-drained a shortage of wet season pasture results.
lands, principally Oxisols, where the major Nevertheless, at the present time, such

limiting factor is lack of pastures during lands carry more stock per unit area than
the dry season. The second is characterized the well-drained lands, and ale well
by poorly drained lands, mainly Ultisols thought of by cattle producers.
(Aquults) with flat topography. These soils
have a heavy texture horizon that impedes In central-west Brazil, 52% wr 126
drainage under a lighter texture topsoil. million ha would classify as well-drained
With the onset of the wet season the topsoil (mainly Oxisol) savannas, 8% or 20 million
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~Tropical South America

• Dry Months 1o
(MAI <,34)

'~~ 4nt, 6 months
i. I I4 olth Am

formations ~ ~ ~ ~ ~ ~ ~ ~ 3. inldn 25 milomaooit eena trasdsetngthe

contin reasofmontrstn sol,]n

,0 lo

171
2/ 0

(igurs 5. rn months (Moisture Avaiability Index .34) in tropical South America.

ha as seasonally flooded (mainly Ultisol) tablelands, tills and valleys and lowland
savannas and the remaining lands as other plains. Many systems are well-watered
formations including 21 million ha of with perennial streams dissecting the
Entisol (sandy soil) savar nas. countryside at regular intetals. All

contain areas of contrasting soils, and
In lowland eastern Colombia 20% or 12 these have been summarized and separate-

million ha would classify as well-drained ly described as land facets within land
(Oxisol) savannas and 7%T or 4.5 million ha systems. This variability is clearly very
as seasonally flooded (Ultisol) savannas, important to practical farming.
and the remaining 46 million ha or 739;: as
other formations, mainly forests. Vegetation

The delineation of land systems. es- The vegetation throughout the study
pecially in central Brazil, has emphasized region ranges from deciduous forests, to

the exciting contrasts between flat savannas, semi-evergreen seasonal forests
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and finally, to tropical rain forests. This feeding. Clearly, these sites should be on

gradient follows the broad classification of representative soils from a physical
total wet season potential evapotranspira- and chemical point of view.

tion (Fig. 4). However, within these areas,
variations occur due to differences in soil Soil
physical and chemical properties. The
physiognomic forms of Brazilian Cerrados In the delineation of the land systems,
described as "campo limpo" (grassland), soil physical characteristics have played a
"campo sujo" (grassland with occasional predominant role, particularly with respect
shrubs), "campo cerrado" (open savanna), to slope, drainage and water-holding
"cerrado" (intermediate) and "cerrad5o" capacity. As already noted, soils have been
(closed savanna with continuous forest described separately in the land facet
canopy) have been shown by Lopez aitd descriptions within a given land system. It
Cox of North Carolina State University to was observed that the water-holding
follow a fertility gradient. The,'efore, the capacity of many clay Oxisols approaches
considerable controversy in the Brazilian that of sands.
literature concerning the origin of the
Cerrado vegetation has been effectively In assessing soil fertility characteristics,
resolved: the Cerrados may be considered the procedure followed was that of: (1)
as one climatic zone, with a constant total identifying toxicity problems, particularly
wet season potential evapotranspiration Al and Mn and, (2) subsequently iden-
that ranges from 910 to 1060 mm within tifying deficiency problems.
which the fertility gradient will determine
the physiognomic form of the vegetation. Throughout much of the region studied,

exchangeable Al levels were found to be
It was interesting to observe in the well- high. In Brazil particularly, it was observed

drained savannas that beef cattle actively that farmers often apply massive, and
browse shrubs and trees, especially during costly quantities of lime assuming that the
the dry season. Brazilian workers have Al should be neutralized completely to
shown that at the height of the dry season, overcome toxicity problems. However,
over 60"; of animal intake comes from crops vary in their tolerance to high levels
shrub and tree browsing in the Cerrados. of exchangeable AI, the degree of which
The availability of protein-rich forage may be expressed approximately in terms
during the dry season is critical on the well- osf the percentage Al saturation of the
drained lands, thus the attention being effective cation exchange capacity. Conse-
given to selection of grass and legume quently, for many crops it is not necessary
cultivars that can maintain forage quality to neutralize all the exchangeable Al, but
well into the dry season is well-justified, merely to apply enough lime to decrease
Deep rooting species such as the grass the percentage Al saturation to levels that
Andrologon ga vanus and the legume do not alfect production. Therefore, an
St.vlosanthes capitata were seen to main- equation to estimate lime requirements at a
rain forage quality during the dry season specific level of Al saturation was
when introduced to these areas. The developed:
evaluation of total wet season as opposed
to total dry season evapotranspiration will mcq (,a 100 g soil_ 1.5[l - RAS(AICa+ Mg)i1!
help to locate sites that will give a realistic required (or liming -

selection pressure on forage cultivars
thought suitable for improving cattle The values for the elements on the right
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side of the equation are expressed in terms species seen growing, relatively small
of meq/ 100 g soil in the original exchange applications of P2 0 5 (50 kg/ha or less)
complex of the unlimed soil. RAS is the appear to give satisfactory response once
required percentage Al saturation. When Al toxicity problems are overcome,
the estimated lime requirement using the preferably by cultivar tolerance.
fac!or 1.5 is greater than the chemical lime
equivalent of the exchangeable Al, a closer Zinc deficiency has been reported, but
agreement to measured data is obtained by only with excessive lime applications.
substituting this by 2. Nevertheless, Zn levels in soils are often

low as are Mg, P, and S levels.
Molybdenum and B levels may prove

The equation can be used for estimating deficient in some soils for some crops.
approximate field lime requirements by Exchangeable Na levels are often very low
simply changing the expression meq in the ;avanna regions, and this un-
Ca/100 g soil to tons of lime/ha and doubted!y points to the need for common
multiplying the other side of the equation salt in helping to improve beef cattle
by the apparent specific gravity of the soil. nutrition in those regions.
The use of the equation requires no special
soil analyses, only a I N KC I extraction for In order to facilitate indentifying possi-
the determination of exchangeable Al, Ca ble toxicity and deficiency conditions, a
and Mg. When tested against experimental procedure of carrying out a regression
data from Brazil, Colombia and the U.S., analysis on the chemical analyses of 15 to
the estimated lime requirem.':nt by the 20 soil samples was followed wherever
equation showed correlation coefficients sufficient data could be found.
above 0.99** when compared with actual
data. Its use could lead to considerable
savings in lime applications not only in the Bibliographic References
region of interest but also in the rest of the
world. It is a practical development of To date, some 4500 bibliographic
CIAT's stated low input philosophy, references and abstracts of work relevant

to the impact area have been incorporated
It is possible that some areas are affected into a card system.

by Mn toxicity problems, but little infor-
mation was available relevant to the area The entire study is scheduled to be
studied. completed by mid-1979, after which

additional efforts will start in the inter-
The most common nutrient deficiency pretation of the data collected by Program

throughout the region, apart from N, is soil scientists, agronomists, animal scien-
undoubtedly P. However, for the forage tists and economists.

PLANT INTRODUCTION

During 1978, this Section continued its and maintenanc of germplasm; (3)
focus on: (1) assembling germplasm preliminary e'ialuation of germplasm;
through direct collection and exchange and,(4) identification and classification of
with other institutions; (2) initial increase germplasm through a reference herbarium.
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Collection and Introduction Initial Germplasm
of Forage Germplasm Increase and Maintenance

Three major germplasm collection Much of the Section's work during 1978
expeditions were conducted in 1978: in consisted of germplasm multiplication, to
Panama, in collaboration with the In- produce sufficient seed or vegetative
stituto de Investigaci6n Agropecuaria de material for preservation, preliminary
Panama (IDIAP) and the Banco Nacional evaluation and distribution. Under
de Panama (Fig. 6); in Venezuela. in screenhouse and field conditions in CIAT-
collaboration with the Fondo Nacional de Palmira and CIAT-Quilichao, for almost
I nvestigaciones Agropecuarias 2000 accessions seed was harvested or
(FONAIAP) (Fig. 7); and in Brazil, in plants are presently still in pots or in the
collaboration with the Centro Nacional de field (Table 2).
Recursos Genticos of the Empresa
Brasileira de Pesquisa Agropecuaria
(CENAR(iN-FMBRAPA)(Fig. 8). Dur- Preliminary Evaluation
ing these systematic expeditions and of Germplasm
several occasional collections (mainly in
Colombia) a total of 1458 accessions were Preliminary evaluations in CIAT-
assembled. Furthermore, 416 accessions Quilichao during the year since October
were acquired through germplasm ex- 1977 provided the following results.
change with other institutions (Table I).
With these additions during the year, From among 53 Zornia spp. accessions,
CIAT's tropical forage germplasm collec- seven were selected which proved to be
tion, specialiiing in materials originating more vigorous thar or as vigorous as the
from regions with acid, infertile savanna control (CIAT 728) (Table 3). All seven
and jungle soils, increased to a total of 478 1 ecotypes are native to and were collected in
accessions (Table I). the Colombian Llanos Orientales. Selected

Paaaama8

B117lAAnlm)
ioos 0

Figure 6, Routes of systcrnatic forage gerniplasm collection in Panama (CIAT! IDIAPi Banco Nacional de
llanarna)..lanuar' 1978.
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Figure 7. Routes Of Ss~tematic f'orage germplasm collection in Venezuela (CIAT/FONIAP), February 1978.

l-O-S

Figure 8. Routes of systematic forage gerrnplasm collection in Brazil (CIAT/CENARGEN-EMBRAPA),

September-October 1978.
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Table I.

Introduction of forage germplasm through direct collection and exchange with other Institutions during
1978 and total accessions in the forage germplasm bank as of Nov. I, 1978.

Introductions during 1978

Direct collections Total

Occasional accessions
(enera Panama Venezuela Brazil collections Exchange Total in bank

Stylosanthes 39 57 190 43 53 382 1204
N'smodium 56 42 33 68 32 231 670

Zornia 21 29 76 27 22 175 316
Aeshunomene 32 36 46 30 16 160 255
Mfacroptilium igna 21 24 14 44 42 145 401

Centro.emna 21 37 23 18 38 137 325
Galatia 12 25 18 26 7 88 168
,.Irai/his I 2 3 48

Miscellaneous legumes' 111 83 48 104 47 393 1110
Grasses 3 157 160 284

I otal 313 333 449 363 416 1874 4781

I ( ahml'. ogtttum. PAjrarta. 1'eramni.m. 6/ine, Rhvnchwia. Ca.sia. Crotalaria. Tephrosia. Eriosema. Clitoria,
/rm/, l' in/era. i/a aena and others.

fable 2.

material is classified in Category 2 by the
Forage germplasin under initial seed increase ;-iupain's Germplasm Committee.
for mainte.ance and working collection.
during 1978. Of 13 Centrosema spp. accessions, three

No. of were selected as superior to the control
Genera accessions (CIAT 438) (Table 4). While two of them

are genetically improved materials in-
,tvha/o 'h 469 troduced from Brazil (Centrosema
Ih,%modlim) 247 pubescens CIAT 5122 and CIAT 5124,
,,rnia 178 bred by Dr. Aryno Serpa, Unidade de

.it.h(/.IIhEi,' 107 Execugao de Pesquisa de Ambito Estadual
A/car,,ilduan ligna 176 (UEPAE) at ltaguai), the most outstand-
( e.ntr, .sepa 125 ing ecototype was CIAT 5065, an accession
(/ala/tia 72 from a 1977 collection expedition to the
A.rac /,.v 47 Colombian Llanos Orientales.
M iscellanretu's legumes- 289

Girassev& 248 Within a group of 26 accessions of

several Aeschynomene species, wide varia-
Total 1958 tion was observed with regard to plant
I(ahpt,,,nmm, I'iraria. leramnus, Gieife, type, longevity, growth habit, l:afiness,

Rh in h,,a, (.ia,. Crtala. 7iphrosa. drought resistance and adaptation to the
Irime',a. (t,oru Imhg,fe'ra. Lu'aeria. and Ultisol (pH 4.0 in the introduction plots) at
minthers
t.\lhrpreliminaryealuation. CIA T-Q u i I ic ha o. The species

Aeschynornene histrix, Aeschynomene
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Iable 3.

Preliminary evaluation of 54 Zornia spp. accession, for vigor/productivity as rated during monthly
evaluations In CIAT-Quiitchano.

Mean vigor during:

Estab- Ist 2nd
CI..A I lish- dry Re- dry Obser-
No. Origin ment season growth season vations

728 Meta, Col. 3.0 3.0 3.0 3.0 Control
9203 Meta, Col. 1.3 2.0 2.2 2.0
9214 Meta, Col. 1.3 2.0 2.4 2.0
9215 Meta. Col. 2.0 1.5 2.0 3.0
9220 Meta, Col. 4.0 4.0 3.4 3.0 Selected
9225 Meta, Col. 2.7 2.0 3.0 3.0
9245 Meta, Col. 3.0 3.0 4.0 3.0 Selected
9258 Meta, Col. 3.7 3.0 4.6 4.0 Selected
9260 Meta, Col. 3.7 4.0 4.4 4.0 Selected
9270 Meta, Col. 4.0 4.0 4.6 4.0 Selected
9286 Meta, Col. 3.0 3.0 4.0 4.0 Selected
9295 Meta, Col. 3.7 4.0 3.8 4.0 Selected
9164 Vichada,Col. 1.3 2.0 '2.0 1.0
9179 VichadaCol. 3.0 4.0 3.0 4.0
9278 Vichada, Col. 1.3 2.0 2.0 2.0
9190 Valle, Col. 3.7 3.0 2.2 2.0
9518 Valle. Col. 2.3 2.0 1.6 1.0
9559 Ca uca. Col. 3.0 3.0 2.4 2.0
9576 (atuca. Col. 3.3 4.0 3.4 2.0
9577 Narifio, Col. 3.0 3.0 2.0 2.0
93114 1 olina, Col. 4.0 3.0 2.2 2.0
93107 Anaonas, Brat. 2.0 2.0 1.8 2.0
9208 Ainaonas, Bra,. 2.0 1.5 1.0 1.0
9309 Dist. Federal, Braz. 2.3 2.0 1.4 1.0
9046 (ioiiis, Bra,. 1.3 2.0 2.0 2.0

5 iccess. Mato (irosso, Bra,. 2.7-3.32 0 0 0 Annualecotypcs
24 access. Mato (rosso. Bra,. 1.3-2.7 1.0-3.0 1.2-2.8 1.0-2.0

1 Rating from Ito 5 in comparson vth control accession ('IAT 728:0 = dead plants: I = much less and 2 = less
\ ipor than control. 3 = same sigor as control; 4 = more and 5 = much more vigor than control.

2 Rangc hctccn lovcst ind highest indisidual ratings.

brasiliana and Aeschvnomene paniculara, Out of a group of 31 accessions of several
which so far have been unknown Macroptilium and Vigna species, after one
agronomically, were identified as poten- year of observations none of the materials
tially promising forage species for acid soil tested could be considered well-adapted to
conditions. Four accessions (CIAT 9665, the CIAT-Quilichao environment. Most of
9666, 9681 and 9690) were selected for the accessions behaved as annuals, and
further evaluation in Category 2. those with a longer life cycle were severely
Beef Program B-15



Table 4.

Preliminary evaluation of 14 Centrosema spp. accessions for vigor/productivity as rated during
monthly evaluations in (IAT-Quilichao.1

Mean vigor during

Estab- I st 2nd
CIA I lish- dry Re- dry Obser-
N o. Origin ment season growth season vations

438 Hybrid 3.0 3.0 3.0 3.0 Control
5122 liv brid 5.0 4.0 4.0 4.0 Selected
5123 1ihrid 3.0 2.0 3.0 3.0
5124 Iliybrid 5.0 4.0 4.0 4.0 Selected
5052 Vichada, Col. 3.7 4.0 3.0 2.0
5063 Meta. Col. 2.7 3.0 2.5 2.0
5065 Meta, Col. 4.0 4.0 4.5 5.0 Selected
5105 Cauca, Col. 2.3 2.0 2.3 2.0
5106 Cauca. Col. 2.7 3.0 3.0 2.0
5130 Valle. Col. 2.7 2.0 2.0 2.0
5125 Antioquia, Col. 3.3 3.0 2.8 2.0
5109 Mato (;rosso. Bra;. 3.0 3.0 3.0 2.0
5111 Mato (irosso. Bra,. 1.7 1.0 0 0
5114 Mato (rosso. Bra,. 2.7 3.0 3.0 2.0

1 Rating Irmi 0I to 5 in comparison with control accession CIAT 728: 0 -dead plants; I - muchlessand 2= lessvigor
than c n'trol 3 samnhe vigor is control. 4 - more and 5 - much more vigor than control.

I able 5. Table 6.

Forage legume germplasm under preliminary Specimens of tropical forage plants, savanna
evaluation in (lAT-Quilichao during 1978. vegetation and weeds in CIAT's reference

No. of herbarium, as of November I, 1978.
Species accessions No. of

specimens
.it V,,.saithev (allt ata 87
,t ilouathev tracteata 20 CIAT forage germplasm
/oria spp. 231 I
I )e.m ohum spp. Gramnineae 51
(erect hro, se types) 24 Ii'gurninosae 194
l )e.,mi,,dm haroatum 129
.. e% h Iit'llier spp. 36 Savanna vegetation
" euirmeo,,a %pp 43
.faarotiiuo Gramtineae and CYperaceae 35
I ,gna spp. 62 Lvguminosae 55

(1h'pogonium spp. 82 Other families 60
(ala'ta spp. 79

ieraria iasoloidles I I Weeds 96

Total 804 Total 491
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affected by fungal and bacterial diseases, continued with the specimen collection
Furthermore, during 1978 new preliminary increasing to 491 exsiccates through
evaluation plots with a total of 804 October 1978 (Table 6). A major acquisi-
accessions from 10 genera, were establish- tion was the weeds collection previously
ed (Table 5). In these experiments, special held by CIAT's former Weed Control
emphasis was given to genera and species Section.
which a!,eady have been identified as
promising for the Beef Program's target Plans for 1979 include decreased field
area. collecting and concentration on

characterizing and cataloguing existing
Reference Herbarium accessions. Fhe rate of collecting is

expected to increase again in 1980, par-
Development of a reference herbarium ticularly in Africa and Southeast Asia.

FORAGE BREEDING

The objective of the Forage Breeding crossing as yet. The F, plants are being
Section is to breed for specific com- raised and some are already producing F,
binations of desirable characteristics not seed. By February 1979 it is hoped that
likely to be obtained via plant exploration, quantities of F, seed of all diallel com-
Initial crossing was aimed at: (I) recom- binations will be available for planting out
bining certain desirable characteristics of populations at CIAT-Quilichao. The plant
Stylosanthes capitata; and, (2) introducing populations will ble oversown with An-
or strengthening acid soil tolerance in dropogon gavanus and selections will be
('entroseta, Leucaena and Panicum max- made under periodic grazing.
in nm.

Centrosema pubescens
Stylosanthes capitata

Eight diverse ecotypes of Centroserna
Twelve promising ecotypes of S. (one proved not to be Centroserna

capitata were selected in conjunction with pubescens) were selected for vigor and high
the legume agronomists for inclusion in the tolerance in a pot experiment with
half-diallel crossing program. The Carimagua Oxisol (pH 4.5, 90% Al
ecotypes represent a range of vigor, saturation). These are now entered in a
maturity, seed production and adaptation. half-diallel crossing program to combine
The aim is to combine high yield and seed vigor and tolerance to grazing (in conjunc-
production, ability to grow in the dry tion with a suitable grass), insects and
season, active nodulation, high anthrac- diseases, with high tolerance to very acid
nose and stemborer resistance and adap- soils, as well as adaptability to soils of
tability to soils with pH values from 4.2 to higher pH. With theaim of overcoming the
6.0. It is of interest that central Brazilian slow early growth of Centrosema, active
ecotypes appear intolerant of higher prH's, early nodulation and efficient P uptake will
while the Venezuelan ecotypes used in the be important selection criteria.
program are tolerant.

A number of the crosses have been
Only a few of the diallel combinations achieved and F: seeds should be available

(about 6 of 78) have not been obtained by in February 1979 for plant populations to
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be grown at CIAT-Quilichao and incorporate greater drought resistance and

evaluated in conjunction with A. gayanus better seed production in the current CIAT

under periodic grazing. 350 accession of D. ovalifoliurn which
associates so well with Brachiaria

Leuceiena decumbens. Breeding could markedly
increase the range of adaptability of this

Populations of fertile progenies from valuable legume and adaptation to the

several backcrosses between Leucaena Brazilian Cerrado would be very impor-

leucocephala (cv. Cunningham) with 104 tant.

chromosomes and Leucaena pulverulenta
with 56 chromosomes were screened for Panicum maximum
vigor and tolerance in a pot experiment
with Carimagua Oxisol. A number of Sexual plants propagated from a selec-

intolerant plants were retained as control tion made by Dr. Wayne Hanna, Coastal

material, and a range of promising well- Plain Research Station, Tifton, Georgia,

nodulated plants with vigorous root U.S.A., have been planted at CIAT-
development selected. Six L leucocephala Palmira. In addition, several plant pop-
varieties were also grown in the Carimagua ulations derived from crossed seed from

Oxisol. the same station are available. Numbers of

plants of each of CIAT's P. maximum
All the above Leucaena plants are now introductions are also established in the

growing at CIAT-Palmira for studies of block.
edible forage and seed production,
mimosine levels and chromosome Several crosses are being made using the

numbers. An important aim is to obtain better apomictic P. maximum introduc-
sufficient quantities of seed for screening tions (e.g., Makueni) as the pollen parents

!asge populations for acid tolerance in a and the sexual material as the females.

sand culture system. It is hoped that some Good quantities of crossed seed are being

of the vigorous plants from the preliminary produced and germination of some will be

screening in the Carimagua Oxisol will attempted soon. P. maximum seed has a

combine high edible forage production dormancy period of several months but it

with low mimosine levels and high may be possible to break this dormancy by

tolerance to acid soils. Selected lines from germinating in Petri dishes with 0.2%

this material will be grown at CIAi- KNO i. Plant populations from the crosses

Quilichao, Carimagua and Brasilia. will be grown out for: (I) selection for

tolerance to acid conditions (low pH, high

Desmodium ovalifolium Al, low Ca, low P) in the sand culture
system; (2) selection for drought tolerance

/),stmodium ovalifolium flowers need to and dry season growth; and (3) selection

"trip" to form seed, so it is possible its plant for disease resistance. Once a superior

populations vary to a degree. A apomictic plant has been identified it is

preliminary screening of a large D. "fixed" because of the nature of apomixis.

ovalhiolium population for acid tolerance It can then be multiplied and evaluated

is in progress in the sand culture system. without delay.

A number of Desmodium heterocarpon A number of selections made from the

introductions have been obtained for populations raised from the crossed seed

crossing studies. It may be possible to from the Coastal Plain Station are already
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being evaluated fordrought resistance, etc. apomictic plants in hybrid populations is
at Carimagua, in collaboration with the being investigated. This will obviate the
Grass Agronomy Section. A cytological need for time-consuming progeny testing.
method for rapidly identifying sexual and

LEGUME AGRONOMY

During 1978, ecotype evaluation of and after grazing (Table 9). Active growth
promising legume germplasm continued at during the dry season with abundant
Carimagua and CIAT-Quilichao, and production of nutritionally valuable leaves
started in Brasilia, with the arrival of the is one of its most important characteristics
Forage Agronomists at the Cerrado (Fig. 9). Occasionally, insect and disease
Center. attacks produced severe defoliation, but

plants recuperated completely withina few
At Carimagua, as a result of systematic days.

evaluation of 177 accessions in introduc-
tion plots during 1976-77, 32 lines were Desmodium ovalifolium
selected for observations under grazing
(Table 7). T":se accessions which had After a somewhat slow initial growth, D.
shown outstanding promise, were sown in ovalifolium 350 has a great potential of
larger areas. A total of 12 ha were producing dry matter during the rainy and
established with the selected lines in early dry seasons, outyielding other
associations with two grasses (Brachiaria promising species such as S. capilata. Later
decumbens and Andropogon gavanus); in the dry season, however, production of
grazing started in December 1977, using a D. ovalifoUum drops sharply due to
flexible grazing system with an average defoliation(Fig. 10). This lack of resistance
stocking rate of 3.5 animals/ha. to very severe drought limits its potential to

areas with a dry season not longer than
Data taken during nine months in this three to four months. However, regrowth

grazing area as well as in parallel cutting and production of nutritious dry matter
experiments confirm Zornia latifolia starts immediately after the onset of the
(CIAT 728). Desmodium ovalifoliumn rainy season, and regrowth is faster than in
(CIAT 350) and several Stylosanthes the case of S. capitata (Fig. 1i).
capitata accessions (CIAT 1019, 1078,
1097, 1315, 1405), as highly promising Due to its stoloniferous growth habit, D.
legumes for conditions of the Colombian ovalijolium is aggressive enough for
llanos Orientales and similar areas, association with stoloniferous prostrate

grasses such as Brachiaria decumbens
Zornia latifolia which is known to be legume suppressing.

Figure 12 shows that under cutting, it is
Out of five Zornia spp. accessions, the possible to maintain stable grass/legume

late-flowering ecotype CIAT 728 (Z. mixtures of D. ovalifolium and B.
latilofia) proved the most productive, in decumbens. In mixtures with a tufted grass
terms of both dry matter and protein such as A. gaanus, the persistence of D.
production (Table 8). The superiority of ovalijolium indicates a good shade
this accession was not only evident during tolerance. Under grazing, however, due to
the establishment phase but also during an apparently higher palatability of A.
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Table 7.

Evaluation of legume accessions in introduction plots at Carimagua.' (Summary of selected lines).

0U

0 w 0
.. ,- Q 0 :2

CIAT 'a. % N *;' 0
Species No. Origin < 0 a C V) a C V) C6

Stilosantes

hurnilis 1222 Maranha1o, Braz. 2 3 4 I 3 4 2 b

1303 Maranhao, Braz. 2 I 4 I 3 4 2 b

hurnata 147 GuArico, Ven. 2 2 3 I I 2 2 b

1040 Magdalena, Col. 2 3 4 3 3 2 4 b

capitata 1007 CPI. Braz. 2 3 3 4 4 2 3 b

1019 Minas Gerais, Braz. 4 3 4 4 4 4 2 a

1078 Bahia, Braz. 4 4 2 z 3 2 2 a

1097 Bahia, Braz. 2 4 2 2 3 2 2 a

1315 Maranhao, Braz. 2 3 4 2 2 4 2 a

1318 Maranhao, Brat. 2 3 4 2 2 4 2 a

1323 Maranho, Braz. 2 3 4 4 2 4 2 a

1325 Maranhio. Bra7. 2 3 2 2 3 2 2 b

1328 Maranhao. Brat. 2 3 4 2 2 2 2 a

1338 Piaui, Brat. 2 3 4 2 2 4 2 a

1339 Piaui, Braz. 2 3 4 4 2 4 2 a

1342 Piaui, Braz. 2 2 4 2 2 4 2 a

1405 Mato Grosso, Bra,. 2 3 2 2 2 2 3 b

bracteata 1281 Dist. Fed., Braz. 2 3 2 2 2 4 3 b

sp. 1093 Bahia, Bra,. 2 4 3 2 2 3 I b

Iesmodiurn

harhatum 3040 MaranhaIo, Braz. 4 2 1 2 2 2 2 b

3063 Cauca. Col. 4 2 I 2 2 2 2 b

conuM 367 Unknown 3 3 3 2 4 2 3 b

388 Bahia, Bra/. 3 2 3 2 4 2 3 b

3005 Guiana Fr. 3 2 I 4 4 2 3 b

3033 Maranhdo. Braz. 2 2 3 2 2 2 3 b

3042 Monagas, Ven. 3 2 4 2 4 3 I b

,vali/olium 350 Malai.,a 2 2 4 4 4 1 4 a

tornia

hti/olia 728 Meta, Col. 4 4 4 3 3 2 2 a

sp. 902 Bra/il 4 ! 4 2 4 2 3 b

883 (ioi~is, Braz. 4 3 4 2 2 2 2 b

897 Mato (rosso, Bra,. 4 3 4 2 2 2 2 b

Alacroptilium sp. 535 Barinas, Yen. 3 4 3 3 2 4 4 b

I Rating ss,,lern 4 ."crv positle to factor; 3 = positive; 2 = intermediate; I = negative.

2 Stat I a . %r promising; h = promising.
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1able 8. . . CIAT accession 3063 of D. barbatum (a
species native to the Quilichao area) were

Dry matter )ields, protein content(%N x 6.25) about equal to those of D. ovalifolium. In
and protein ields of five Zorniu accessions in all cases the lowest yielding species was D.

arimagua. (Six months after owing.) scorpiurus which disappeared completely.

LA I D~Protein
N,. (kg h,. ( ) (kgh,) Stylosanthes capitata

728 4917 16.3 801.5

883 3564 10.9 388.5 According to. differences in flowering

897 3389 11.4 386.3 time, the two previously identified S.
8021 18X3 9.2 173.2 capitata types (an early-flowering ecotype

from central Brazil and a late-flowering
s14' 617 9.8 60.5 ecotype from the coastal region of Bahia)

\,,,u, l .,,t~pC. performed differently during the dry
season (Fig. 10). M id-season ecotypes were

also identified.
gavanus during the rainy season, D.
ovaliolium tends to dominate the grass. Whereas the early flowering ecotype
With B. decurnhens, however, a stable CIAT 1019 stops growing at the onset of
grass legume mixture was maintained the dry season and drops its seed heads
under grazing (Tahle 10). (which at the end of the rainy season

represent 60-70% of the total dry matter),
Of six Desmodium accessions tested in the late-flowering CIAT 1078 continues

mixed swards with B. decumbens, growing actively and its leaves and seed
Brachiaria humidicola, A. gayans and heads represent a valuable source of
I'anuictm maximum at CIAT-Quilichao, protein during the dry season (Fig. 11).
I). ovali/oliuin 350 was the most produc-
tive and most persistent legume, mainly in Grazing experiments showed that the
association with the prostrate Brachiaria high seed production potential of the early
spp. accessions (Figs. 13 and 14). In and mid-season flowering S. capitala types
mixtures with tufted grasses (Andropogon (CIAT 1019 and CIAT 1315, respectively),
and Panticum). yield and persistence of through spontaneous generation of large

A ailablt forage of five lornoa accessions under grazing in (arimagua.

I)ec. 1977 Sept. 1978 Oct. 1978
(belore first (alter last (after 4 weeks

IA I graiing) graiing) resting period)

No, l)ry matter (kg ha)

728 4917 848 1990

883 3564 203 516
897 3388 425 723
8021 1883 493 1493

8141 617

I AtXiual ecn,, ?,pe
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Zornia

4000 JStems

Leaves N

E0

M 3000N 12.6

0 12.9 N N 9.3
2000 0

-N 0,',

1 0 50 j 0. 9.0

. E CL C
.- 0- C

1000 -'C 0 0 .
N 21.8 cm . 2.1 2.

0. -L9 U)13.1 226.3 217 22.5 6

23.6 27.4ccO
N 11.2

Sept. Feb. Mar. Apr. May June July Aug.
1977 1978 Month

Figure 9. I)r: flatter yields of leaves and stens of Zornia latifolia CIAT 728 associated with Andropogon
gar-anus during establishment at Carimagua. (Figures along bars represent protein percentages.)

quantities of seedlings, represents an Although this seems to be true also for an

important self-propagation mechanism of association with B. decumbens (Fig. 15),

these accessions (Table 11), thus con-
tributing to a stable grass/ legume mixture. 400

o Desmodium ovalifolium 350

A Stylosanthes capitata 1078 LStylosanthes capitata 1078
* Stylosanthes capitata 1019

o Desmodium ovalifolium 350 300
* Stylosanthes capitata 1019

5000-
Late Dry season

rainy season
" 4000 .M

.. 200

3006 o

E 2000 100

1000

I I I I Jan. 9 Feb. 2 Mar. 10 Apr. 4
Oct.77 Nov. Dec.Jan.78 FebMar' Month

Month >

- Figure II. Changes in protein yield of in-

Figure I0. Dry [fatter production of three selected florescences 'seed heads and leaves of three selected

legume accessions in pure swards, during eight legunes in a pure sward during the dry season

sequential groiwth periods after a standardization cut (January-March) and at the beginning of the rainy

in the late rainy season at Carimagua. season (April) at Carimagua.

B-22 1978 CIAT Annual Report



in connection with its high seed produc-
A S. capitata 1078 tion potential, S. capitata has another

1.6 -0 D. ovalifolium 350 - characteristic. Due to hard seed coats,
eS. capitata 1019 cattle apparently cannot digest all the seeds

1.2 ;-paa10, and these are dispersed through the feces
0.8- (Fig. 16).

0.4- On the basis of these data, Z. latifolia
, , / CIAT 728, D. ovalifolium CIAT 350, and

0 1 3 5 7 S. capitata CIAT 1019, 1315, 1405, 1078
Brachiaria decumbens DM It/ha) and 1097 (the latter also a late-flowering

type from Brazil) have been included in
2.0 - Category 4 (animal production ex-

1.5 - periments) of the Beef Program's list of
promising legume germplasm (Table 12).

0.5-
0 Evaluations of new germplasm (material

0 1 3 5 7 collected or introduced in 1977) were

Andropogon gayanus OMI (t/ha) initiated by establishing space-planted
Andropogongnu___ DM ) introduction plots with a total of 350 new

Figure 12. Relationship between three selected accessions. After initial observations of
legume accessions and two grasses (Brachiaria their adaptation to the Carimagua en-
dec'umhens and Andropogon gayanus) in mixed vironment, these accessions will be grazed.
swards at Carimagua.

further conclusions can only be drawn
after evaluating the persistence of the new Stylosanthes guianensis
plant generation. To date, observations
indicate that maintaining a stable mixture Species. evaluation in mixed swards
with A. gayanus under grazing is feasible. under cutting and grazing continued in

Table 10.

Available forage of Ok.smoditam ovalfoiiurn 350 and two associated grasses (Andropogon gavanus and
Brachiaria de cumbens) under grazing in Carimagua.

Dec. 1977 Jan. 1978 Mar. 1978 Sept. 1978
(before first (after first (end of (after last

grazing) grazing) dry season) grazing)

Species Dry matter (kg ha)

1. ovalifolium 3639 (59)1 1854 (77) 680 (68) 2660 (74)
A. gavanus 2527 541 318 929

Total 6166 2395 998 3589
1). ovali/olitin 2147 (28) 1107 (45) 853 (41) 2390 (56)

B. decumhens 5429 1332 1196 1845

lotal 7576 2439 2049 4235

1 Numbers in parentheses are the percentage legume dry matter in the sward.
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2.0

1.5

. 0  E , : = C E * .E
= - . E C -----

C, - - - S -m

E ~ E

0 E E E E1.0 -

0.5 . -0

9 0 N 0 E

- - -_ . - 0= -

D. ovalifolium D. heterocarpon D. heterophyllum D. barbatum
350 365 349 3063

I- gure 13. 1)ry matter yilds (means of four cuts) of four Dstnoditun species in mixed swards with four grassen

under a six-%keek cutting regime at (IA! -Quilichao. (Figures in bases of bars are the percentage legume at first

and last cuts.)

2.0-

E

1.5E

E ~' E
E 0

1.0 u E U
2 EU

- EE
2 E E E
ao. E

0.5 E.

o- m

0-- 0-

D. ovai- D. hetero- D. hotero- D. bar- D. scorp- D. scorp-
folium 350 carpon 365 phyllum 349 batum 3063 iurus 3022 iurus 3030

I igure I I)r. nita ier ,,telds (mea ns ot hur cuts) ot six /)r,.vtmhi/r accessitns in mixed swards with IHrar/hiaria

dIt'(irh0,tH diii IP (ttturn Ina tntion under ;a six-week cutting regime at CIAT-Quilichao. (Figure, in bases of
hats are the peicentigc legtne at first and last cuts.)
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Table II.

Self-propagation of three Stvh,santhe.% capitata ecotypes associated with two grasses under grazing in
('arimnagua.

S. capitata Associated March 1978 June 1978 Sept. 1978
accession with (seedlings/m 2 )

1019 Brahiaria 2341 165 135
(early) Andropogotn 1188 187 141

1315 /Irachiaria 266 116 68

kmidseason) Andropogon 140 56 35

1078 IBrachiaria 0 0 5

(late) .-tndropogon 0 0 8

CIAT-Quilichao and El lAmonar (near gayanus, Hyparrhenia rufa and P. max-
Quilichao) with germplasm that had inum entered its third year (second year of
previously been identified as potentially grazing). Since the first two years were
promising for the Quilichao environment, extremely dry, anthracnose had not been

important. In 1978, however, there was a
The grazing trial with two Sivlosanthes severe outbreak of anthracnose. Further-

guianensis accessions (CIAT 136 and 184) more, as S. guianensis plants grew older,
in mixtures with B. decumbens, A. stemborer infestations increased con-

siderably. Mainly due to these factors,

, ; J . l ' f : : ' " ' .

AA
X,+ 0

Fiue1.Self-propagation of Vt~Iosanthet ravitata '

through secdling% in a gra, ed mixture with &lac/tiaria Figure 16. Self-propagation of Siylosarnhes through
dee-uoibens at ("a 1110,gua. an iial feces at C.arimagua.

Beet Program B-25



I able 12.

('IAT forage legume accessions classified as promising Categories 4 and 3 (materials for animal production and grazing pressure trials, respectively), as of Novem.
ber 1. 1978.

Selection criteria (blanks represent unknown)

- C

E 2 - L-

Cate- CIAT 7R"" , . j "- 2 =- --- "
gor). Species No. 0 . Z Cs,.= -- z- :r Z E Y < ,'- '-

4Zornia lafifolia 728 + + + + + + + + + +
D,.Nnodium ovalifolium 350 + + + + + + + +

So losanthes captata 1019 + + + + + + + +

Stvlosanthes capitata 1078 + + + + + + + + +

Stylosanthes capitata 1097 + + + + + + + +

Stvlosanthes c apitata 1315 + + + + .+ + +

St~vlosanthes capitata 1405 + + + + + + + +

Pueraria phaseoloides 9900 N,) + _ + + + + +

Cetrose.a h,e.,.- , 1-33 438 + + + + + + +

Desmodiwum hete, 'ph-vllum 349 N
t  

+ + + + + + -+
D.!= Codarocal.Vx)ogyroides 3001 N + + + + +

So orsanthes hamata 147 + + + - + +
S Stivlosanthes capitara 1318 + + + + + + + +

St vlosanithes capitata 1323 + + + + + + +
Sttlosanthes capitata 1325 + + + + + +

Stlosanthes capitata 1342 + + + + + + -

I A= dapted at a higher soil fertility l vel.

0 r'oaze atr 4 +
O 1 oaie cptr 38 +



plants of both accessions tended to This finding in effect downgraded S.
disappear. This tendency was somewhat guianensis from the Program's promising
stronger for CIAT 136 than for CIAT 184, categories list but does not mean that the
and more accentuated in mixtures with B. species is discarded as such. Future work
decumhens and A. gavanus than with the with this species will concentrate on the
other two less vigorous grasses (Fig. 17). late-flowering, fine-stemmed ecotypes
Consequently, further evaluations of these which have shown good anthracnose and
accessions have been discontinued in areas drought tolerance (CIAT Annual Report,
where anthracnose and stemborer are 1977, p. A-22). According to preliminary
important. It is also important to note that evaluations, these latter S. guianensis types
it took two grazing years to determine the are also showing promise at the Cerrado
persistence of these legumes. Center.

1001 Brachiarie decumbens

10 1 1 1 I I I I I I I I I

100 Andropogon gayanus

W; 100 Hyparrhenia rufa

Ch

01

100 *.Panicum maximbmn

)S. guiafleflis 184

e S. guianensis 136

Feb. May Aug. Nov. Feb. May Aug.

1977 1978

1ime 17 li~ltai I cw'n po~ iin lim ~o Sit ib ,xwii/w guanenis sp p accessions in association with four grasses

diing [tic tirst mso '.ais iindcr graiing ai -' I irnionar (tiar ('IA 1-Quilichao).
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Cantrosema hybrid 438 evident in a cutting experiment where
Centrosema had considerably 1,igher

The Cenrosema grazing experiment, protein contents than Z. latif' - -nd D.
with five accessions, entered its second year ovali/olium (Table 13).
under grazing in rmixture with A. gavanus
at El Limonar. V : h the exception of the In another cutting experiment, in which
low-yielding local accession CIAT 456, no productivities of three Centrosema lines in
differences were observed between the association with A. gayanus and P.
tested lines. Although the percentage of maxirnum were compared, a mixture of the
Centrosema diminished considerably dur- hybrids 438 and 442 outyielded the other
ing the second year of grazing, mixtures two accessions in either association (Table
tended to stabilize at a low value of 10% 14).
botanical composition (Fig. 18).

Browse Legumes
An interesting finding was that An-

dropogon gavanus, when associated with Species with an erect growth habit, such
Centrosema had higher protein contents as Desmodium (= Codarocal x) gyroides
than when associated with S. guianensis 3001 and Desmodium sp. 3019 have
(Fig. 19). A similar tendency also was significant potential as browse plants. In a

Centrosema spp.

•438

2.0 469

E
1.0

0

100

.2

0
cL 50-
E
0

Centrosema (k of 5 spp.)

L I J _ I I I I I I I I I I J
Feb. May Aug. Nov. Feb. May Aug.

1977 1978

I'llUrt IS PlILC ltIlI t1I lcldi itrt hotnical corliosiltion of tic ('nlt'i w mI spp. ICc',sioslS gro i i h11
A.Iropo,,ni a iantw dutrmg thl first to.r \ears utidcr gra.ing ll Ii i.lI n.Ir ( nc T (IAI -(Quliclao).
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(

A Centrosema sp. 438

* 7 S. guianensis 136
A A. gayanus (with Centrosema)
0 A. gayanus (with S. guianensis)

0 1 1 I L _ . I I I I I I I I I I 1 I
Feb. May Aug. Nov. Feb. May

1977 1978

I gult t I? 'licijll Iottnt 4 (1troena ,,pp..tihuoi/ea.v g anenli.i and ..Indropogon gavanus under
gr m/iue ;it I I I inlomnii I ncar (IA I -()tdichaoi,

cutting experiment where no major effects potentially capable of producing high
of different cutting heights and intervals yields of dry matter and crude protein, far
were observed at CIAT-Quilichao, D. in excess of the best herbaceous species.
gyroie's 3(01 yielded considerably more However, previous experience with this
dry matter but only slightly more protein plant has shown it to be of poor productivi-
than 3019. Over a 40-week period, both ty on acid soils. Consequently, large
species produced very high levels (1000- quantities of lime are necessary for
150) kg) of protein ha (Fig. 20). establishment and maintenaince. As soon

as seed of Ieucaena leucocephala x

The leguminous shrub Leucaena is Leucaena pulverulenta populations from

Prottein content i A N x 6.251 (if three legurnes in ociation with .atdr p'io'! gaya at (IAT-

Q uilichao. I Icans oif 6 Cut's.)

'; Protein ol iegro i ,aiter

,c'eclon 4 weeks 6 Aceks 8 weeks

I INI' 11,, 0 ",Iahl'tIid 35(4 13.0 1.8 12.1

/ r??I:j I,101b '28 13.0 15.5 19.8

(, 'ttr,,ma p X45 20.5 21.6 22.1

D n ioin If:ssi f121

I). , , li/ihtim 11.3 9.2 8.1

/ tOh 11.5 9.4 8. I

c in,wia sp 12.5 9.6 10.5
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[able 14.

Dry matter production of three Centrosema lines In mixture with Andropogon gayanus and Panicum
maximum at CIAT-Qulllchao. (Means of 5 cuts).

Dry matter yield (kg/ha)

Mixture Grass Legume Total % legume

,4. gavanus + CIAT 438 442 1244 258 1502 17
.4. gayanus + CIAT 845 1188 148 1336 II

A. gavanus + CIAT 413 1463 110 1573 7

P. maximum * CIAT 438 442 775 357 1132 31

P. ,,aximum * CIAT 845 714 189 903 21

1. mfaximum + CIAT 413 813 212 1025 21

the Forage Breeding Section are available, mimosine lines. Hopefully, this new
the CIAT Forage Agronomist at the material will be available for evaluation on
Cerrado Center will begin research to the Cerrado during the 1979-80 rainy
select acid-tolerant, vigorous, low- season. Meanwhile, an attempt will be

C1AT 3001

8.0

6.0 CIAT 3019

Nm

V 4.0

1E

2.0
Protein yield (kg/ha)

Cutting height: 25 cm 50 cm 25 cm 60 cm
Cutting interval

(weeks) 10 5 10 5 10 5 10

I igure 20. 1 otal N iclil of dry matter and protein of two Desmodium browse-type species under different cutting
tegimes, oer 4(1 we i,s,at CIA l-Quilichao.
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made to improve the productivity of These include an anthracnose-resistant S.
existing cultivars utilizing a combination guianensis, four lines of S. capitata,

of inoculation/pelleting techniques. Three Stylosanihes bracteara, two lines of Cen-

important Leucaena cultivars, Peru, Cun- trosema, D. ovalifolium and Z. latifolia.

ningham, and Giant Hawaii, will be Where possible, Brazilian commercial

inoculated with new Rhizohium strains varieties will be used as controls. These

collected on acid soils and pelleted with activities mark the initiation of the Beef

rock phosphate or lime. The present Program's third major research site in

commercial Rhizobium strains NGR 8and germplasm evaluation, at the Cerrado

CB 81 will be used as controls. The most Center.
promising treatment or treatments will
become the controls against which new New experiments established during

lines of Leucaena will be scieened. 1978 in CIAT-Quilichao included a
Macroptilium atropurpureum evaluation

In the future, legume bacteriology project, selected for acid soil tolerance in

studies will be extended to include field Australia and planted with A. gayanus.

testing of new Rhizohium strains for
herbaceous legumes. However, first it will Germplasm Classification
be necessary to identify the promising
species before attempting to increase The germplasm classification scheme
productivity still further by inoculation developed by the Beef Program's Germ-
and pelleting techniques. plasm Committee essentially followed the

selection criteria established in 1977 (CIAT

New Activities Annual Report, 1977, p. A-15), with two
modifications. These include: (I) the

Svstematic evaluation of Category 2, 3 elimination of the selection criteria "Adap-
and 4 germplasm was initiated at the tation to medium soil fertility" and

('errado Center in late 1978. A total of 352 "Adaptation to high soil fertility", and, (2)
accessions of Category 2 material of the addition of a new criterion "Auto-
St VI ) I s a n the's, Ae sc hy n o men e, propagation" (AP). Based on experiences
(Ilopoigonium, Macroptiliur, Cen- with germplasm evaluation under grazing,
tiosenia, (;alactia, Zornia, htieraria, this plant characteristic was considered an
l'ixn otium, "lera mnus, Vigna, important part of a fo:age legume's ability
Soemlferingia. and Liucaena were to survive and/ or to spread under grazing
planted in triple replicates. Two replicates in mixtures with grasses. Auto-
(one gra/ed) mixed with A. gayanus will be propagation may be due to aggressive
sited on a l)ark Red l.atosol (Oxisol), and stoloniferous growth or free-seeding habit
one replicate, on a Red-Yellow Latosol coupled with ready germination of fallen
(also an Oxisol). Ihese two soil types seeds or seeds passed through animals'
represent 58i of all Cerrado soils. A digestive tracts.
similar program with grasses will begin
during the 1979-80 rainy season when With data expected from the Program's
CIA F will have expanded its collection of regional trials and work at Brasilia, major
I'anicuin and .,lndropogon ecotypes. changes in the classification scheme will be

necessary to account for environmental

Fourteen highly promising legumes that differences between the various sites. Plans
have performed well will be evaluated for 1979 include the quantification and
under graiing as Category 3 materials, sub-division of several criteria.
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Present status of promising germplasm grazing experiments described in the
included in the two most advanced Pasture Utilitation Section, pre-cultivar
categories (Category 3 grazing pressure release (Category 5) will be considered in
trials, and Category 4 animal produc- the near future.
tion trials) is shown in lahle 12. Blanks in
the selection criteria for Category 4
geriplasm ( in which I 'uera r ia At thV, point it is not possible to predict
phaseoloides is included as a commercial which accessions of the three most promis-
control) refer mainly to "Nutritional ing species /. latiolia 1). ovalIfoliUml
quality" and "Nitrogen fixation potential", and S. capitata - will be the best under
which need to be quantified. However, specific environmental conditions. Work
considerable liveweight gains obtained planned for 1979 at the three main research
during the various graing experiments, sites, and throughout the target area via
and in-fi:ld observations on nodulation, regional trials, are expected to provide
indicate that these factors are not limiting, much of the additional information needed
If Category 4 germplasm continues to before the technology transfer process
show good persistence during present begins.

GRASS AGRONOMY

The major research activities of the lower mean leaf area indices (LAI). Mean
Grass Agronomy Section during 1978 lAl's were lower because more drastic
were: (I) to determine the drought clipping reduced the LAl's of erect species
tolerance, response to defoliation, (see Fig. 27).
response to fertility, and nutritional
quality of selected promising accessions; Figure 22 shows that although the soil
(2) to classify grass accessions according to was at field moisture capacity (FMC) on
their relative promise: and. (3) to develop May I I (following heavy rains), by theend
techniques to facilitate future research of the first growth period (June 15),
activities. Criteria for classifying grass Brachiaria dccuunhens 606 had reduced the
accessions are given in I able 17, page B-43. soil profile water content of the top 2 m by[able 18, page 1-44 shows the current 62 mm, and Andropogon gayanus 621 had
classilications based on 1978 results reduced it 44 mm. By the end of the second
reported iII this section. growing period (August 2), B. ch'cumbens

had reduced the profile water content a
Drought Tolerance total of 141 mm, and A. gayanus a total of

101 mm. By September 7, the difference in
lhe drought tolerance of 17 accessions profile water content was calculated to be

in Categories 3 and 4 were studied in 33 mm, 187 mm below FMC for B.
('IA l-Quilichao. Figure 21 shows the dry (hcumhens and 154 mm below FMC for A.
matter poduction of tie 12 most impor- gavanu..
tant ones averaged across eight fertility
treatments at the end of the April-June fable 15 gives typical values of plant
rainy season and early and late in the June- water potential and leaf diffusive resistance
September dry season. Erect species were on the abaxial surface measured in A.
generally more productive than prostrate gavanus 621, B. decumhens 606, Panicum
species early in the dry season, probably ,na.vimun 604 and Hi-parrhenia rufa 601
because of their reduced water use due to during the June-August dry season in
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A. gayanus 621 P. maximum 622 P. maximum 604 B. brizanlha 665

2-

B. decumbens 606 H. altissima 663 B. humidicola 679 H. rufa 601

2-

,1V

B. mutica 6047 B. decumbens 6012 B. radicans 6020 P. plicatulum 600

2-

I II III I II III I II III I II III
Growing season .

l-igu:e 21 I )ry matter ( [)M I) yield o1 12 grass accessions averaged across eight fertility treatments and cut at six-
"eek inter als at the end (if the April-June 1978 rainy season (I), and early (11) and late (111) in the June-
Septernher 197h dry season, at CIA i-Quilichao.

CIAT-Quilichao. Although differences of plant water potential. This is shown in
were not always significant, in both CIAT- more detail in Figure 23. The diffusive
Quilichao and Carimagua, A. gayanus and resistance of the abaxial leaf surface
P. maximum normally maintained a appears to be most sensitive to plant water
higher plant water potential relative to H. potential in P. maximum, where stomata
ruja and B. decumbens. In contrast, A. always closed before plant water potential
gayvanus and B. decumbens tended to reached -20 bars. The diffusive resistance
maintain lower diffusive resistance values of B. decumbens is apparently the least
than the other two species. sensitive to low leaf water potential since

relatively low abaxial leaf water potentials
These data suggest that the four species were observed even when plant water

do not close their stomata at the same level potential approached -30 bars. A. gayanus
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0 fObserved moisture

E o B. decumbens
W - Estimated moisture

-100

0

.200 o

50 Effective
precip. (mm)
0 1 JI ! I , I ,!, , , , ,I

May ----------- June --- I ----- July------- Aug. - l - Sept.-

Date

IFigure 22 ()ber% ed and estimated soil profile moisture content at ('lAT-Quilichao. (Soil profile water content
%as at field capacity on the tir,t sampling date in May).

and II. rula were intermediate in their In summary, the yield advantage of erect
sensitivities to plant water potential. species over prostrate species during the

early part of the dry season (Fig. 21) was
Table 16 shows the rooting density and probably due to their conservation of soil

rooting density per unit LAI in the same water because of lower mean LAI's (Fig.
four species. Although no significant 22). By the late dry season this advantage
differences in rooting density were ob- appears to have disappeared, and B.
served,the rooting density per unit LAI of decumbens 606 yielded slightly more than

. decumhens was notably inferior to the A. gavanus 621 and P. maximum 604, and
other species. much more than H. rufa 601. This was

Plant water potential and leaf diffusie resistance in four grass species .,m two dates during the June-
September 1978 dr. season at (IAT-Quilichao.

3 Aug. 19781 10 Aug. 19782

Water I)iffusike Water l)iffusive
potential resistance potential resistance

I c',et pC (hars) (see cm) (iars) (sec cm)

Pain wt maiximtim 604 -13.42 a' 26.41 h -10.38 ab 15.84 a

. lr,,iit i iajiinu 621 -15.50 a 13.45 a - 9.51 a 12.36 a

Iliparrhttii rua 6(11 - I 196 b 36.72 c -13.13 b 37.45 h

lrt0/iarta dettm!le'tn 606 -19.)8 b 16.34 a -12.43 ab 14.06 a.

I \p(' 1,1iit I. I s ek. I Ik V.ioth. I \ I 5

2 I \pcimicnt 2.3 A scck' ,l re'ro. th, I \1 I tI (cse pt in I? de um , ti . I \t I
Iclean,, c1,,thi co

l
unini (clo ed hN the .arne letter are not signiicantl f dillerent at 11 = 0.05
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A. gayenus 621 P. maximum 604

60•

40"

* .. n.. • • • .

u 20 -• - .,

00*
20 " .4...'

'-*o ":':."" "

*

oiB. decumbens 606 H. rufa 601 ,

.- 60

40°°

lab• 16.

20-8 s0-120 40-9 8012
Panu tm MM M . . t 0 t 13A 06

:. *. .. :

Am~~ropm:,,p.0 *0**nt 62 0 , . i .3a 2. .6a

0 -10 -20 0 -10 -20 -30

Plant water potential (bars)

[igure 23. Relationships between plant water potential and leaf diffusive resistance of the abaxial leaf surface in
Befr grass spB-35 at ('lAl-QuilichaO.

[ able 16.

leaf -tea index ( l.AJ )andl rot density at 40-80 end 80-120cfm soil depths, for four grass species grown
at ( I..V-Quilichao.

Roots Roots LA I

40-X(0 80-120 40-X0 80-120
I.'l,,r pe I.AI (cm cnmT ) \cmltm1)

riztlm Ttl stnwn;rt~t 604 1.2 1.5 a|1 0.7 at 1.3 ab 0.61 a
r.'aul, , , 'rt, urtt~ 621 1.3 2.2 a 0.3 a 2.5 a 0.36 ab

Ilijparrhcptiij rt/a 6(11 I 0) 2.3 a 0).5 a 2.4 a 0.51 a

Ilrac/rarsleTIITTI/,tn 6016 2.0) 1.2 a 0.4 a 11.4 h 0.1I1 b

I tle- ict ,IrIre c'ltrriri I.I1oi,.et h' the ,,irne letter ire niot ,,ignificantly different it the (1.015 level.
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probably due to its ability to maintain open Response to Defoliation
stomata under drought stress (Fig. 23).
Since B. decurnhens 606 also had the Twelve accessions were evaluated to
lowest mean values of rooting density and determine the effect of clipping height on
rooting density per unit LAI, rooting regrowth. Figure 24 shows their response
density probably is not a major determi- to a single clipping to 0, 5 , 10and 15cm.Of
nant of drought tolerance in these species. the prostrate species, Brachiaria radicans

B brizantha 665 B. decumbona 606 B. decumbens 6012 B. humidicola 679

100"

50-

0
a mutica 6047 8 radicans 6020 H. altissima 663 A. gayanus 621

i o y

E 50-

E

0 .

H rufa 601 P maximum 604 P maximum 622 P. Plicatulum 600

100 -

50-

0 5 10 15 0 5 10 15 0 5 10 15 0 5 10 15

Cutting height (cm)

I igure 24 I(ck pis oft 12 gras accessions to clipping height at ('IA I -Quilichao.
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6020, Brachiaria mutica 6047 and area in determining the regrowth rate of
Itmarthria altissima 663 were most tropical grasses. Regrowth in the dark
susceptible to clipping to ground level or 5 (regrowth potential) has been shown to be
cm. Of the erect species, A. gavanus 621 positively correlated with the amount of
and A' maximum 604 were the most reserve carbohydrates in the stubble. No
susceptible, correlation was found between regrowth

potential and either total regrowth or the
Since defoliation by burning is common mean relative regrowth rate of II grass

in tropical savannas it is important to accessions. However, data in Figure 26
know how promising accessions respond show that in the three most proluctive
to this practice. Figure 25 shows that A. erect and three most productive prostrate
gayanus 621 and both accessions of P. accessions a positive correlation existed
maximun (604 and 622) were very resis- between either residual dry matter or
tant to burning. Although Brachiaria residual LAI and regrowth. Regrowth in
species recovered from burning, they did so erect species was more sensitive to the
more slowly than erect species, and amount of residual material than was
burning could not be recommended as regrowth of prostrate species. There were
standard practice. negative relationships between either

residual dry matter or residual leaf area
Considerable controversy has been and the mean relative regrowth rate. These

centered on the relative importance of data illustrate the importance of main-
reserve carbohydrates and residual leaf taining sufficient residual dry matter and

A gayanus 621

1 00 P imaxmum 604

P. maximunm 622

- 80 H hUtdicola 679
,_r B decumbens 606

E B brizantha 665

60, B mutica 6047

c B. decumbens 6012

40 H ufa 601

H. alfissima 663

. 20- P piIcaulum 600

or B radicana 6020

L.S.D.

I nguc 25 Rv..p onc ,I 12 grass acce . n,, tt, it standard burning Itaimerit i the begiiilning of the dry season at
IA I ouilichao.

Beef Program B-37



Y 1.06X + 73.6 Y= 316.6X + 115.3

300 r 0.80 r - 0.65

A

AA
= 2o0

100

__ .____ I _____________

Y_ 0.061 - 0.00016X Y 0.0451 - 0.0305X
V r 0.85 r - 0.60

I 0.06-

0.04-,
0- 0

00

0.2 0

L I" II iI I I

- 0 100 200 300 0 0.5 1.0

Residual dry matter (g/m 2 ) Residual leaf area index

* A. gayanus 621 oi B. decumbens 606
O P. maximum 604 A B. mutica 6047

A B. radicans 6020 * P. maximum 622
(cv. Makueni)

Figure 26. -fleets ol residual dry matter and residual leaf area index (in regronth and mean relative growth rate

in six grass accessions.

leaf area after grazing, especially in erect mining the minimum fertility levels

grasses. Figure 27 shows that after severe necessary to produce adequate growth.

defoliation (clipping to 10 cm) two erect Figures 28 and 29 show first-year rainy

and two prostrate accessions had similar season growth response curves of selected

relative growth rates, but because erect accessions to varying levels of N and P

accessions were left with much less residual fertility in Carimagua. Accessions are

dry matter, their actual regrowth rates arranged in decreasing order of fertilizer

were lower for the first few weeks. response. With high rates of N, Brachiaria
hrizantha 665, B. decumbens 606,

Fertility Response Brachiaria humicola 679 and A. gayanus
621, produced over 2.5 t/ha dry matter

Knowledge of the fertility response of (DM) basis during an 18-week period

grass accessions is important in deter- without application of fertilizer P, and
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B. brizantha 655 B. decumbens 606

8 -0.08

6 " 0.06

4- -"0.04

2 -0.02
) ---- Standing crop

o - Relative growth8 0- 0
0)

A. gayanus 622 H, rufa 601 0
8 0.08 =

- -0.06
6

-4 0.04

2 0.02

I 000 20 40 0 20 40

Days after cutting

I i v lc 2 l. tanding, crop anlid rciatic Fro th rate in tomi grs., accssihlf, alter s,'e re (c1'olialion at ('IAT -

produced over 5 t ha DNI with the conditions of both low N and low P
application of 50 kg P O 5 ha. fertility.

In most regions of the Beef Program's
target area the routine application of Nutritional Quality
fertili/er N is not economically feasible. It
therefore becomes important to identify Ihe nutritional quality of tropical
accessions which have adequate growth grasses is often limited by the DM
rates with minimal inputs of N. Figure 28 digestibility or the crude protein (Cl)
shows that BI. bri:atndha 665, I d'cunmbens content of material consumed. Figure 30
6,06, A. gavanus 621, II. ru/ a 601, and P. shows the mean rainy season I)M
maximtum 604 yieldcd at least 4 t ha I)M digestibility of 12 accessions. It is notable
without fertiliver N. but \, ith adequate P. that cven when grab samples are taken to
.l. gavranus 621. B. i'cUMb'ben 606, and B. eliminate the error associated with whole-
brizantha 665 performed best under plant samples, A. gayanus 621 and B.
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o H 663~irl ll H '.~f. 001 P n'ilmm604 6 d-umbers 6o05

.

8mult.- 6047 B d..-mI...6012 P Pl~I.M.1m 600 A glv..U. 821

C _____ _____--- -_--

0 200 400 200 400 200 400 200 400
0 0 0

N lkg/ha)

Figure 28. Response ot 12 grass accessions to N fertilization at Carimagua. (Sums of three cuts in rainy season;
All treatments received 200 kg P20 5 , ha.)

Hu.601 P "'.--22 j 6bm.nh. 6 P -- 604

44

0 A V .ug .621 H iIl.n.663 f fl -l~* 04 6 h.,,,dCoI. 879

6 ,.dll.n. 6020 8 d'lnbl.:uil 606 R dlulal, 6012 P IhetAli.n, 600

100 200 100 20 100 20o 100
0 0 0

P2 (kg/ha)

-ligure 2'). Response cf 2 grass accesions to P ferfilization at Carimagua. (Sums of three cuts in rainy season;
all nalte IC.n t receied 400 kg N, ha, vear).
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H, altissima 663

documbens 606

B radicans 6020

B. brizantha 665
60 B decumbens 6012

w ! P maximum 622
i B rnutica 6047

" I 
P

maximum 604
[ l l " "= "H ufa 601

- A gayanus. 621

50 humidicola 679

0-

U

40- I Plicatulum 600

L. S. D." . .

I I.u1c1t. 10( i C .\ ll dt 111.1diil d11VC.tlh11ihl1 h% Ct'llul;i-c as ,o ut grah , ,iple, of ix-%cek-old regro , th in the rain.
Co di t l cl cIhi tetilil,% lIcat|tiien its ( ari1il guit

humidi'ola 679. are among the lowest in treatments to be measured simultaneously.
I ) I digcstibilit,. Its ease of construction and handling in the

field are additional advantages. The
Ihe N or ('P content of grasses growing co rre I at ion coefficient between

on s.ils hs in N often limits animal ncasorements with the hydraulic press and
gr B)\th in the tropics. Figure 31 shows the the pressure chamber was 1.90.
ntea n N content ol grab samples of the six-
\eck tegro% t of 12 :accessions taken front Root length per unit volume of soil
los -N treatments. 1. ,,a aanu.s 621, (rooting density) is a widely accepted

It hough relativel\ lom in I)I digcstihili- measture of root system "activity". One of-
t . l has rclatnivelv high le, els of N. II. the most time-consuming steps in measur-
Ulto mta 063, although the highest in [I ing rooting density is measuring the root
digesttihility, is low in N. 11. htumidicola is length of the samples of roots. A technique
low in both I)N digestibility and N. was developed s, hereby root samples are

passed hy the sensing head of an automatic
Improvements in Methodology leal area meter. and the root "area" of the

sample is correlated with root length
)ther activities during the year involved estimated by conventional means. The

adapting the ('amphelI-Brewster hydraulic regression coelficient between the conven-
press (1Fig. 32) to estimate leaf water tional technique and the root area techni-
potential in tropical grasses. This method que was 0.85. The root area technique
is about twice a,. rapid as the Scholander requires approximately one-tenth the time

pressure chamber and alloss up to four of conventional mneasuring techniques.
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P maimn 604
P pcatulurn 600 12.0 12.0 -.

A gayanus 621

B 1...ianthe 665

B documbens 6012

P I a..... 622 o10.0

H ,ufa 601

1 5 8 decumbons 606

z 0

H altnssirna 663 II I I / / .L B hum,,dcl, 679 8.0 :'3
S//..i.. 6047U

Bwias620

1 .0
6.0

L. S. D K-
I igurlC Ca IL nfl N al[d CrTudc p1 I1il .1 c'nt, I gra h mpIcN -0 Nix- cek- d regpi \mth in tile rainy scastln at

I I 111,iiugi anld (! I -Qi11hL l (I In t r, Illc I m it h II V i I ng r (1 k5 N ha .\ Car.

In cooperation with the ('limatology sub-tropical environment was adapted for
Unit, a coimputeri/ed !:oil water balance use in the tropics. In CIA'--Quilichao the
modcl utilizing soil, plant, and climatic model i.redicted the water content of
inputs and developed for use in a humid profiles under B. ecumbens and A.

gayanu.v with an error of less than t 15 mm
throughout the period from May to
September 197M (see Fig. 22).

The soil water balance model was used
to estimate the transpiration from a
clipping frequency experiment conducted
by the Legume Agronomy Section. When
transpiration calculated by the model was
regressed on dry matter yield, a high
correlation (0. 95) was observed. Although
the relationship between transpiration and

. dry matter production must be determined
at a given location, the technique could be

.-.. very valuable for the simulation of

i'gr e 32 \dapted Camhell-Brewster hydraulic seasonal growth or growth during years
pi 's, with different precipitation totals.
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COI a hl:- I,

Summar. of esaluation, of promising grass accessions included in Categories 3, 4 and 5. (Blanks indicate unknown reactions to condition%.)

-=- d-

_--- -_. -
-_-- .= .= .

CI IN .-. - -- ---- , -- J. .,. -

- z

Specie.s and '

(IA I Nn ----

iaatmnus 621 *+ + + + + 4 5

i-achigaria /'ri.attha 665 + + + + + - 3 3

Bra, hiaria itcnh N + + + 6 - + + 4 4

Bra;, hwuria de totmhe,: 664 + - + - 3 S1

ira harta kl r'wun% (' ) 12 + - + + - 3 S

tira, hIaria huamtdi,,ia 679 + + + + + + - - - + 3 4

Jra, luaria hunutdt 'ola 6013 + + + + + + - - - 3 S

Bra,, hiartl ulllti a - - + + + - - + 3 3

tra, Izaria radlican, 6020 + + - + + - - + 3 3
Ira, Inara ru:tzt zitNt 6019 + - - + + + - - 3 S

I,,- hi,,a 1,, 'xi taBIa N)17 + + + 3 3

/h'earrtria alzi. mia 663 +- + + + - - + 3 3
1li arrhc-iia rt, ,4)! + - + + + - - + + - 3 S

ItA/im ,ra ,/ilra 6)S +- - + - 3 S

RIa11?4 axuimum 6)4 + + + + + + + + + + 3 4

'1aiml cc, , max imum 622 + * + + + + + + 3 4

t'a"l,,lum ,lt(atltu/ic 6)00 + + + + + 3 S

I u• .cc..pendcd from ILurIher c', ullion



Classification of Grass Fahle 17.

Accessions
(ategories of promise and their implications
for grass germplasm e~ aluation.

A l l g r a s s a c c e s s i o n s w e r e c l a s s i f i e d f o r _g r a s s _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

according to our knowledge of their (acg,,, I pC of c.aluation
agrotonli," behavior and their promise
,viin the Program. Table I7 isasummary I ,I ltanical characteriiation2. Adaptation t ,oil and
of the evaluations used for each category. chiale in CIA I -Quilichao
Iable IX sum a ri/es Current evaluations 1. Disease and insect

of accessions in Categories 3. 4, and 5 resistance

:iccording to the selection criteria es-
tahlisled tn 1977. Approximately 40 2 I. Responseto 2 ertilitylevelsin

iiccCsSions atre currently in ('ategorv 2 and 2. Persistence and
are being evaI hiatcd unider coim mon grazing comrpatliy with legumes
anid in association with a common legume under common grazing

in ('arimagta and ('IA l -Quilichao. 3. I)rought resistance
4. )isease and insect

resistance
Andropogon gayanus 5. Nutritike value

In I1973 ..Indr ogtm gavantus 621 was 3 I. Regimal trials
illtrodtcd I rom Shika, Nigeria by Dr. 2. Fertilit% requirements

Bert G,;r of the ('IA Beef Program. It 4 . S'+ stemls ot cetahlishment
h;is, beenl extensiel', c~aluated at ('IATF- 2. Seed ptoduction systems

P;tltnira. (arinragua. 1I1 .imonar and ., Sstels ot Ijtilhalion and
( I\ I -Qtuilicltao. It is included in the Beef 1 tanagcIn ent (ImaI

P ogiatti's reio nal trials, atid as a result t' produCtIon trials

its pro nsc tor the acid. infertilc soils of the
tarLeet area it %%as promoted this %,ear to 2. ('ompletion oi research prior
(atcgorv 5 lI ablcs 17 and iX). t

PIcl11i ar. r:inl% altll anittial gain
data ile A is(, promising. hti' adequat, drv begin in 1979, and a final decision
scansntt data are not \et available, regarding a joint release with the Instituto
Ne ert heles.,.1. i,'a iatn 621 is suficiently ('olomhiano Agropecuario (ICA) will be
pio isitg that hasic seed pioduction will made in late 1979.

SEED PRODUCTION

I his Section c ot inued to meet two increase of experimental lines with seeds
basic ohblectis: ( I) seed production for being used within the Beef Program.
cxperimental purposes and production of Ilowcver, with increasing emphasis upon
foundation seed of itew cultivars. and (2) certain species, an expanded research
de.elopment of rele ant technology for eflfort \kasdefined. collaborators identified
cotmerci;al lorage see(l production. and projects initiated both in Colombia

and in locations at higher latitudes.
I'riinar\ emphasis has been upon seed
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Seed Increase season available at Carimagua is therefore
an advantage within the establishment year

Seed increase is confined to accessions but is basically a disadvantage in the
nominated to the promising list by the following years. Plans were made to
Program's Germplasm Committee. Initial initiate seed increase at Brasilia ( 17°S
seed production targets are consistent with latitude), both to exploit the higher
the five categories assigned. Seed was latitude and to help fulfill the expanding
prioduced frotm 35 accessions at three seed requirements for experimentation in
hcations in (olombia during the year. the Cerrado.

A large part of this seed increaseeffort is Seed Production Technology
pla nt propagation. Seed production plots
ate estahlished either hy vegetative Crop Mnturity Patterns
propagation, single plant transplanting or and Harvest Methodology
direct field seeding. A total of 12 ha of new
ci op area %kas established and the average Brachiaria ,curnbens. A crop was
total area under seed increase was 15 ha sampled over a one-month period exten-
during 1978. (lA l-Quilichao was the ding from early seed maturity until
ptincipal location %kith I0haof crops while complete seed shattering (Fig. 33). The
.3 ha were niinaiitained at Palm ira and 5 ha objective was to record hand-harvested
of ncw plots were established at seed yield and quality and to identify the
(m-iiagua. I lie transition from the rainy optimum harvest period.
season to drv season at CIAl Quilichao
duing I)ecember 1977 was prolonged, lis seedling crop of'relatively low plant
catrising ad\erse effects upon flowering density flowered over an extended period
s\ nchr mi/ation. especially in ('metravvtna. commencing in early .luly. As a result, seed
t itraria nd Stvh tzwrthes capitata. With i maturity showed a very broad peak in that
tex. e.\ceptiorns, harvesting was done more than 50 kg. ha of pure seed was
niantuill\ tt, a oid contamination and for harvestable for a two-week period and
ync'mtel efllicency ot cecovery when work- even 75(ri of' maximum yield of pure seed
inr * ith relativ1ch silall crop areas, was recoverable over seven days. After the
II reitm g s: during Janiar,-ILebruary total population of inflorescences reached
aMrid ;igail n ri ng J1ul-A ugust at CIAT- a plateau by A ugust 2, a tnaximum yield of
(,hi licha a nd lP;irira. and d uring 89 kg ha of pure seed was recorded by
N 0.ciii c at (aMrim.gua. lotal produc- August 9. This coincided with marked
tii aiomited to 2468 kg of graded seed changes in the relative proportion of
I able I ,), \itfh eriphases upon .Aln- "imnmiature", "inature" and "shattered"

,rum, .,n ,'alatu\ and accessions of S. infloresconces. At maximum yield of pure
qutd seed, the percentage of mature in-

florescences declined markedly from a
I he present production locations all peak of approximately 70(i while percen-

shae tlie restriction of little variation in tage shattered inflorescences increased
dr, season length fuc to their low latitude, markedv above 10'i. The unit weight of
IPalaniira and ) ulilichat have hi-modal pure seed was approximately 400 mgi 100
rintlll patterns and the effective natural seeds at maximum vield of pure seed but
en ,Wg ie sson is restricted to three continued to increase for another eight
months instill icent tor all species within davs toia maximum of 450 mg, !0N seeds.
Icestablishnicnt.year, lie longer growing Seed germination data are needed to
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I ablc 19.

Sumnmarn of forage seed produced during the period October 1977-October 1978.

Total seed
No. of production

Spccic Accessions (kg)

( ninTlsr ppia Sp. 3 31

I h"it'(1 o ili ,pp. 8 83

i i, ow ,' htu 2 117

h,1, t1a tw , epl1hla 2 I0
%/(I, r,,itthumt Np I I I

PIt.,raria iphaw,,loith,% 35

Sti, , nisll's , apial a 5 404

.%1 i, W1/h1 e'lvalkI, A 3 20

A ,) / ,MIaMa 2 72

StI , ,lt 'h i N I iiilaloi:, 2 62

.N1 ,'rt11OtWS /j Ii1 9

, ini,' %LJ , abi a 1 32

A,rua jp 1 10

I ,I'il Icgir rc'l.l 33 1012

I 'i'.,.~ t'a rlanlo 1 1400

fira, it.irlw de( um/'et.s I 56

I otal glassus,: 2 1456

1 I IT I . ,d f-d , I "'.d 1,C1 . > 1i 5 I pUitt

2 ( l.l ' yrlided 'Ccd.> 40 ptli

conclude this study, hut the unit weight threshing (Table 20). Relative recovery
data indicate that despite the deceptive rates were quite consistent over the wide
attraction of significant quantities of ripe range of yields encountered, with the
seed on the plant and on the ground, it combine recovering an aveiage of 59% of
could he disadvantageous to harvest before the pure seed recovered by the manual
the peak of maximum yield of pure seed. method. Unit weights of pure seed,
Ihus, easily identifiable indices of this however, differed markedly with the

critical period are required. The utility of combine consistentlv recovering a heavier
the proportions of mature and shattered seed fraction. 457 versus 388 mg '100 seeds.
inflorescences to serve this function will be This probably reflects the fact that after
tested further. three days of sweating, manual threshing

removes many more pure, but smaller and
Pure secd yields were estimated in three partially immature seed than does combine

commercial lots by both direct combine threshing immediately after cutting. Thus,
harvesting and by manual cutting, field the 4 11T difference in recovery of pure seed
s%%eating for three days and then manual by the two methods does not indicate gross
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1
d ,ccd p')pu tli I l l I ',ce'dliiig 'otp itt flrai/,iarial

inefficiency by the comhine. Ihe final and manual threshing was the most
compariso n of relative harvest efficiency efficient; (2) other promising harvest
will he hased upo n relative yields of pure strategies; and, (3) the role of mechaniza-
live seed. tion. Five basic methodologies were

compared in two unreplicated experiments
.,indrojiii%,in ,'aywiat . [Iring the in different fields and pure live seed

harvest ofl seed increase areas in .January estimates are presented for seed of different
and . uily. exploratory investigations were ages (Table 21); thus, comparisons are
made of the relative efficiency of alter- valid only within each experiment.
native harvest methods. [he objectives

were to determine: (I) if the traditional In January all methods were initiated at
practice of ma.nual cutting, field sweating what was judged to he optimal plant
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I ahe 20. the ground (over 100 kg/ha), indicating a

o of high degree of seed shattering. Thus, when
(omparion of manual and direct combine compared to the manual method, two
hraehtrin oe, 1mthen., methods including the combine (3 and 4)

confound methodology and time of
Direct harvest and reduce the interpretations

Con tl pil I , So' combine Manua1 ltl

which can be made. The potential of

Pure ,ced Nicld 35 59 recovering seed from the ground becomes

(kg ll more apparent as sampling was continued

i l5 1for 12 days after the point of optimal plant
harvest and a maximum of 100 kg/ha of

STt ..ciht ,I pUrC 45pure live seed was collected on July 19.

,,.I.d111 1I) Again, very high seed germination was
recorded, 431" compared to an average of
20% for other methods. It is not valid to
compare the combine-involved methods 3

harvest maturity. Therefore, the method of and 4 to the traditional hand-harvest
recovery from the ground was obviously method. Comparing methods I and 5
not at its maximum potential. The indicates 301;. losses due to threshing by the
traditional manual method provided combine after sweating as opposed to
highest yields of pure live seed, 34 kg ha. A manual threshing. Again, there was a small
re-threshing step added to the manual advantage to windrow pick-up as opposed
method provided 10i more pure live seed, to direct combining.
but this seed had a low germination
capacity (25"'i), and probably a short Overall, it appears that the cheapest and
slorage life; thus, re-threshing is not most efficient harvest method for A.
recommendced. -ven at this time, the gayanus is the traditional manual method.
rccollection from ground was the next In regions where crop maturity coincides
most efficient method, recovering 24 kg' ha with a dependable dry season that reduces
of pure live seed mainly because of the very the risk of damage from unseasonal
high (74";) seed germination. Direct rainfall, recovery of shattered seed from
combining versus windrow pick-up by the the ground appears very feasible and
comhine four days after cutting recovered would be facilitated by r,,,v spacings of
13 and 17 kg ha pure live seed. respective- approximately 1.5 m. Obviously, with
ly, indicating the combine recovered at best large crop areas, combining would become
5("i of viclds obtainable by the traditional feasible even with lower efficiency of
manual method. Comparison of the recovery. These investigations will be
traditional method versus windrow pick- continued.
up indicates that 501.' losses can be made
by the cornbine during threshing alone, The traditional hand-harvest method
even after sweating. used with nany tropical grasses including

.4. gayanus, includes a field sweating phase
Yields in the .J ulv crop were higher than where flowering stems are cut and stacked

the January crop. [he manual method was in heaps for three to four days. Concern is
initiated on July 7 but a mechanical often expressed that conditions within the
problem delayed combine treatments until heap may adversely affect seed germina-
.lulv II. l)uring this period there was a very tion. Tests conducted upon hand-
significant increase of seed recovered from harvested seed with post-harvest
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I able 21.

Results of evaluations of harvest methodology for Andropogon gayanus.

Expt. 1, January Expt. 2, July

Pure live Pure live
Pure seed seed Pure seed seed

Germina- Germina-
tion Yield tion Yield

I)ate Yield 7 [no. 7 o. ViMld 3 o. 3 too.
Ilarsest method 197H (kg ha) (C%) (kg ha) (kg ha) ('i) (kg ha)

I raditional m;iniiual
ct1tting. field

stacking. Jan. 23 69 50 34 - -

rit1d threshing July 7 - - - 262 18 47

I 'Saint as I. plus

re-Ihreshirg Jan. 23 II 25 3 - -

2. Reciier% from

gplroiid lan. 23 32 74 24 -

July 7 - - 104 27 28

July 12 208 35 73

July 19 - - 232 43 1(0)

3 l)iect conhining Jan. 23 32 41 13 - -

.h1ly II - - 47 25 12

4 liial cutting,

III wilt s il-

o inllC ind Jan. 23 33 50 17 - - -

Lonihine pick kil . ul 12 - - 64 22 14

S . linitial Ma u lt iiig

Midl I clid stia kirig

iilh inhine Jain. 23 32 52 17 - -

th. shig Jul, 7 - - - 233 14 33

treatments of 0, 3, 6 and 9 days sweating, Regional Seed Production

resulted in 83, 78, 63 and 441'i germination, Potentials
respectively, at 10 months. These results Identifying appropriate geographic
indicate that while sweating in properly regions for seed production is of fun-
constructed heaps for three days has no damental importance to the development
adverse eflects, longer periods can reduce and economics of commercial seed produc-
germination. lion and any research effort to support this
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enterprise. Geographic regions where seed (especially Penniseturn setosum, Cenchrus
(not forage) production is optimized sp. and Acanthosperurn australe) and the
provide favorable combinations of presence of the budworm Stegasira bos-
climatic, edaphic, agronomic and queella in all Stvlosanthes species. High
econonic factors to consistently promote first-year, hand-harvested, pure seed yields
both high yield and quality of seed, plus were recorded in A. gayanus, 290 kg/ ha; B.
consistent recovery at harvest. (enerally, ch'cumbns, 96 kg/ ha; Brachiaria ruzizien-
the legunies are more demanding in this sis, 160 kg/ ha; and (alopogonium
regard than most grasses. CIAT, as an muconoides, 9(0 kgiha.
intcrnttional institution, is well-suited to
coiidinate such a widespread project, one Andropogon gayanus. Nitrogen
Mitch will also assis, the development of response: An established stand at El
seed supplies required for the Beef I.imonar (near CIAT-Quilichao) provided
Pt ogram's experimental activities, an experimental area to investigate effects

of N rates and application methods on
.\ lormal prolect proposal was yield of pure seed. The stand was burned

de0 cloCpdt and sent to potential on August 25, received adequate rainfall
collaborators at locations over a range of after September 14, commenced flowering
latitudes, total annual precipitation and in mid-October and matured in mid-
.casiintl temperature regimes but )ecember. Nitrogen applications are
cmpiasiiing regions 'ith marked seasonal described in Table 22. Considerable
distributtion of rainlall and low or /ero difficulty was encountered in determining
Inicidence of trost. Plantings of a variety of the optimal harvest date. One replication
legMIIes and grasses, nomninated by the was harvested on December 19 and the
coll;ihmrtlors at ('I .\I, were made begin- remainder on l)ecember 27. There were no
nig in Noc mber 1978 to define differences between treatment means
phenodgy, scd vields, incidence of' pests based upon data from all four replications.
and diseases', arid ithcl htparallmLeters relating II owever, there was a significant difference
to conincical production potentials. hetween repetitions related to date of
(tlihiratiin has been confirmed with the harvest, clearly indicating that the
("ctllto de Iesq tai Agropecuaria de I )ccember 27 harvest was too late and that
('cratdos 1(.',\(') at Brasilia, 17'S; the any possible treatment differences could
I ~pincsa de I 'csqtitisa AgropeCtra Lie not be recorded at that time. Therefore, the
Minas (ictais (.PAMI() at SNle I agoas, unreplicated data from the l)ecember 19
IS' S. iid I elix ainda. 17 S, in Braii: at harvest warrants independent comment.
S,,tnta ('iu/, 17 S. ,s iti the (entro de Ihese data indicated a strong trend for
Inscstluacitiri \gricola I topical (('IAl). puie seed yield to increase with levels of
S:IIta ( i1/, anid at talle die Sajta. 17"S, increasing N. A pure seed yield of imore
., it I lhe ('ooperacii I ccnica del ( ohier- than 200 kg ha was recorded with both 200
no Sill/i) t('() I I-t') in loilisia; and \with and 300 kg N ha applied in two split
the Institt (Coonibianio Agropectiario applications. Ihese investigations will be

( I, At, it Vallcdupar, ( oloimhia. continued,

\ pIC tli nlr\ Cxperi nient conducted iii I)e-awnirg: With the A. gayanus

,'fllbc~brtiii sithIi the Beef Program spikelet being very hairy and having a long
I oragce ,\ .iilii,,t at (CIAt), Brasilia as.ri, seed masses naturally tend to clump

(111 tI 197 X indicalcd the pitential severity and do not flow easily. A de-awner or de-
,t \ cd pihletis in legume establishment boarder was developed to overcome this
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1'hbl 22.

Effect of N applications upon pure seed ield of Andropogon gayarlus at El Limonar.

Nitrogen application Yield of pure seed
(kg ha) (kgiha)

Sept. 20 Oct. 14 lotal Dec. 19 Dec. 27

0 0 0 1I1 68

100 11 100 134 66

201) ( 200 163 60

50 150 200 206 80

50 250 300 225 80

difficulty which complicates seed process- easy check on the minimum quantity of

Ing. inert matter present in a seed sample but
does not define the real nature of the pure

Basically, this machine includes a metal seed fraction.
cylinder 71 x 30 cm with protruding rubber
fingers. an uppet concave with a ribbed An International purity test (where the
rubber surface, and a curved semi- pure seed fraction is only those spikelets
cylindrical lower concave made up of which contain a confirmed caryopsis) was
screens with variable apertures. A range of developed defining the pure seed fraction
cylinder speeds from 250 to 750 rpm are as the basal spikelet containing a caryopsis
available from three pulleys and Jlearance but excluding the awn, any free caryopsis
between the drum fingers an,'. the curved or parts thereof and germinated spikelets
concave screen is adjustable ftom I to 5cm. excluding the awn Inert material includes
Seed Is fed manually from :i small hopper basal spikelets without caryopsis, all upper
into the centrail revolving cylinder and are spikelets, all awns, as well as soil, sand and
withdra%%n by a hasal auger. lhe machine vegetative plant parts, etc. The separation
has a capacity of approximately 50 kg hr. of a 6-g sample into its three component

fractions pure seed, inert matter and
I'uritv analysis: I)eterminations of both weeds is very laborious and requires

yield in standard tertus of pure seed and of approximately four hours.
germination of the pure seed fraction
require a standardiied method of purity An attempt was made to develop a more
analvsis. rapid indirect means of estimating Inter-

national purity, exploiting the relationship
A "quick" or "Irish" purity test was between caryopsis content (expressed as a

developed usinga l0-gsample and defining percent based on number) and Inter-
a pure seed ,is any basal spikelet plus national purity (expressed as a percent
appendage. The main value of this test is its based on weight) of the Irish pure seed
speed and the fact that 100 tnintus Irish Iraction of any sample. Using a wide range
purity equals the minimum level of inert ol samples a linear regression equation of
matter its would be defined by the Y 1.099 X. (R2  0.993), was defined
International definition of purity. The where Y= International purity of the Irish
Irish purity test, therefore, provides in pure seed fraction and X = caryopsis
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content of the Irish pure seed fraction. For seed fraction, and (c) multiply this value by
a given seed sample the procedure to percentage Irish purity. Wh.e this method
calculate International purity indirectly is: is providing data closely approximating
(1) determine Irish purity and caryopsis values derived by direct determinations of
content- (b) from the equation determine International purity, its utility remains
the International purity of the Irish pure under investigation.

PLANT PATHOLOGY

l'he Plant Pathology Section com- members of the indigenous flora, were
menced activiiies in July 1978. The major hosts to anthracnose at the three locations.
aims of this section are to detect, identify In addition, two species of Colhtotrichum
and assess diseases of germplasm under were involved, C. ghwosprioides and C.
evaluation and to develop control dematiutm, and on any particular acces-
measures for damaging diseases of promis- sion, symptoms caused by both fungi were
ing forage species. identical.

I he primary activity this year was Although anthracnose was widespread,
initiatii, of extensive microflora surveys its severity varied considerably among
of germplasm currently under field genera and accessions. At all locations,
esaluation and of related indigenous anthracnose, primarily caused by C.
species to determine the incidence and glvosporioides, was severe on
severity oft pathogenic organisms. Stylosanthes guianensis accessions. Most

Styhvlsanthes capitata plantings at
Anthracnose Carimagua and Quilichao were only

slightly infected or unaffected. At El
Anthracnose is the m( st damaging I. imonar, although stem lesions were

disease A4 tropical forage legumes in numerous in 2.5-year-old plantings of S.
('entral and South A merica. Australia anrd ,apitata (CIAT 1019, 1078, 1097 and
IFlorida. In Central and South America, 1405), their effects appeared minor. Past
this disease had been reported to be caused screening of stylo accessions to C.
by one 1iung is (olI, tfrichunr ghtlosporioides (CIAT Annual Report,
.Ioo.v1Iorioids, and only Stvhosanthe s 1976 and 1977), together with field obser-
species have been r"ported to he affected. vations, had shown .S. capitata to be highly

tolerant to anthracnose. A studv of this
Because of its importance, a specific tolerance is being initiated.

survey to determine the occurrence and
severity of anthracnose at Carimagua, El On Zornia accessions, slight to
Lirnonar (near CIA I-Quilichao) and the moderately severe leaf spotting was caused
Quilichao sub-station was initiated. Fit- by C. dematium at Carimagua and by both
teen random isolations were made from Col,'totrichun spp. at Quilichao. C.
accessions with suspected anthracnose gloeosporioides causet die-back in several
lesions. lo date, results have emphasized plantings of Pueraria phaaseoloideS at
the widespread occurrence of anthracnose Carirnagua. Anthracnose fungi caused
tlables 23, 24 and 25). Most legume genera minor leaf and stem lesions on other
currently inder evaluation, as well as legunies. l)t'smoditam ovalifolium was the
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Iable 23.

"requefnc (if occurrence on tropical forage Iegunles of anlhracno%e-ca Ui ng fungi ( (C' lhotrichum ',pp.)
al ('arinagua. (Mean of 15 randorn ikolation% per accesi)n).

*CCSSl.nltl ShIITjIg OClurtncr' it

iC deImatlum

o ccullcnce 1342. 1497. 1504, 1520. 1533. 1342. 1497. 1535. 1728

1535. 1642. 1728
Sl ght Ocurlrenc 10119. 13151. 1499 1504. 1521, 1533, 1642
Moderate occurrence 1078 1019, 1078, 1499
Seti occur! -c . 1315

No occurtence 1533, 1551, 1569 136. 1553, 1569. 1571
Slight occurrcnce 1486. 1578 1480. 1486. 15113, 1533. 1549,

1551, 1562. 1565, 1573. 1649
Moiderate occurrence 1481. 15(13. 1549. 1565, 1571. 1578

1573
Severe occurrence 136, 1553. 1562. 1649

No occurrence - 147

Severe occurrence 147

.Nt rio iiitlthl.s
sihmilthes

No occutrrence 1303

NIOdeCI. occurrence - 1303

111gruiai,

No oc'c rj re ic - 1614

SC t C i I ii ftenc 16114

cont illued
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I :ihk 23. ( contlllld)

Accc~smons shim~ing occutrrece oIf

S pecles C gloso ) rtade' C. demaum

No occuiteiice 1583 1583

No (IccuiITetce 9874

Slight Iccllrc - 9874

No occwimecc Native

No occlittnc. 5001 5061I

M1odeci t )ccll (ce 4.38

scdl I colltctce -438

ballt (iu

No. ((cd cimenc Native

Slight oCCII ncIIC - NMtive

No oi(Ctrteite 349

Sltght o)ccurrncetC - 349

I ).xoullmhlo

Jlcer 'rt p r(ot

No I(cculretlce 305 365

Of 14 -i Pl *III

IpIll/P/ldI

No o CCII Ill 3501 350
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Accsr sn, sh)in rig occurrence of

Sp t it' C. ,KC 'o s ri .It, C. denit,!t,,

It~l niti Ir pp

N, cclIrrerce 964. 9152 9152

MIm cl tc ocurrence - 964

Nl occur I lice Native

,cric occtllrence Native

%lht~roitihumI .pp.

No occtllclicc - 4049

slihlt ccilre ce 4115 4115

M')(efillo t occ'iile ,c , 4049

Ihicll Ill

N "cciii crce - 990)

S.c)It' iccuIrrcrcc 9900

NI oct ulcnce 947 1, 9844

Ihelt "Cti'lleltCe Natlic 9471, 9844

%\ tim it e 't iclle ce |Native

,'I ltl +i .

NI .IcCIIIICIICC 9166. 9199, 9203, 9225, 9226, 9258
9245. 925X, 9284. 9292, 9602.

9644, 99 15

Slill llcculrencc 729 9166. 9203, 9225. 9226, 9245

9)602. 9644. 9915

Midtim ,' ,'tgillilli C 72M, 9199. 9284

StPOqCr C B-559292
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1 ahle 24.

Frequenc. (if occurrence on tropical forage legurnes of anthracnose-causing fungi (Colleu irichum spp.)
at El Iimonmar. near ( IA'l-Quilichao. (Mean of 15 random isolations per accession).

Acccsins shoAtrig occUrlence of

% [lck IC'S tIhwo,,V rimad(,% C. dematin~

NO OCCur rchc - 1078, 1097, 1342

Slight ccitir.eu'ce 1342 1405

NIodclatc occu.trewx I 1019

Scic ,ccurrcncc 10191, 10781. 1097'. 14051

, 1 r~p'' I'l/'

Noi(CCIr rtlle 1200 64-A, 151-A, 184. 191-B,

1135. 1152, 1175. 1200

1705

Slight ccurr et't 1152, 1175. 191-A

M tlcratc occri reict 151 -A, 11351

Sccre occurrcncc 64-A. 184 141-A. 191-1-

1705'

it I' ntw.%

No .ocutrctnce 118, 147

%dcratc occurictnc 118

Sc\ trre octt Ic.e 147'

rrrlotle

Slight ccrrence 1314

N I jt it t rlet , ta te r12 ce 1304

No , 'CIJIItC11CC 1043. 1044

Mlatc occulaeI. ce 1041. 1044

contnrrred
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I able 24. (continued)

Accessions showing occurrence of

>,peclc,, C. gooe.portou. (', COnanwn

. I If, \t ll t''

No occurlcnce 1074-A, 1132
Slhtht i ccurrencc 1132

Secsec occurlence 1074-A

(a l, 
I
p 'gr plltn

Mt14 ?It l ldl. '

No occui lIle Sp.
\lo t eiaic occui ren te Sp '

/ )' otll u ll l

No occurrence 350 350

I ]'ppio ctlooi
I)II'rilthtilrilihef'eroclarp;opl

No occurrence 365 365

)1'.%ppl* h01

No occurrence 367 367

Sligll o'cul rence Native Native
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I able 25.

Frequency of occurrence on tropical forage legurnes of anthracnose-causing fungi (C 'oltotrichum spp.)

at (IAT-Quilichao. (,Mean of 15 random isolations per accesionl.

Accession shoking occurrence ot

Spccle.. ( ,'Il,,ovpriothis (. demat on

No occurrllnce 1325, 1495, 1499. 1520, 1728 1315, 1325. 1342. 140-5

Shh? occurerlce 1342', 1497. 1516, 1519, 1535 1019, 1078, 1097. 1497, 1535.

\Ioderate occurrence 1019. 11197. 1315'
,  1499, 1520

Sc'.ele occurrence 1078', !405 1495, 1516. 1519. 172h

Iqll1l~h'lC i IA

No o :currence 1162. 1175. 1825. 1829. 1832. 64-A. 184. 1062. 1135. 1175,

1833, 1838. 1842. 1856. 1871. 1698, 1735. 1749. 1755, 1763

1905 1425, 1826, 1829, 1830. 18X32

1833. 1838. 1842. 1846, 1856,

1863. 1867, 1871. 1902, 191)5.

Slight occurrence 1135. 169K'. 1831 136

MI oderate oc:urrence 1826

Severe occurrence 64-A. 136. 184. 1735. 1749,

1755. 1763. 1846. 1863 , 1867,

1912

Al vlo.% an Ore.%

hlaia

No occurrence - 118, 147

Slight occurrence 147

Seere occurrence 118

C ,nirmoe'nmiJ spp.

No occurrence 4042, 5175, 5177. 5196 438. 4042. 5062. 511)7. 5108.

5175. 5177, 51 6

Slight occurrence 5(162, 5108

Sc.ere occurrence 438, 51117

S C\kical Mtale plodticltion

B.. 1978continued t
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I ablc 25. (continued)

Accessions showing occurrence of

Species C gl,,eosporioide. C. dematiun

Il'.) Pll I/ 'liPltd

N 'CC IILce 350 350

I I-mpohilli

barhatoppi

"11.0t i occurl reice - Native
SOC LIC OC.C.lll IClltC ,Na~livel 1

(hii, 'a %trilala

Slight ,cctlicte - 964
Nctcre occurience 964

11a, ropuihtiU spp.

No occurrence 4014, 4015, 4050, 4133 535, 4009, 4014.4015, 4050

4133
Slight occllrrence 535
%l Idermle occurrence 4009

Icntla ,,pp.

No occurrenc. 4188. 9546 4120, 4139, 418M. 9546
Mo Lderate occurrence 41201. 4139

/oroa spp.

No occlllence 9472. 9651. 9925 9166. 9292. 9472, 9051. 9771,

9925
Nlight 'ccIItlilce 9)66
%lodcslte octClI t'llce 729, )2)2. )771 728

Bal e p lP ra qa nBll
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only promising forage legume not affected guianensis germplasm accessions from

bv anthracnose. Colombia were more susceptible to

anthracnose than gerniplasm from

(oletotrichun isolates are being Venezuela and Brazil (Table 26). These

collected from most-affected accessions, observations suggest that further collec-

Screening trials to evaluate resistance of tions of S. guianensis should be made in

promising legumes to anthracnose fungi Venezuela and Brazil where anthracnose

and to determine host ranges are in pressures appear to be more selective han

progress. If legume mixtures are used, it is in Colombia.

essential to determine whether
( olhetitrichum." pathogenic to one legume

could ;Jfect other legumes. The importance of evaluating germ-
plasm under a variety of ecosystems is

At ('arimagua. newly established S. stressed.

11hC 2t

F i ulati n of ainthracnose on Sit arithe% guianeavi in introduction plots (for grazing) at (arimagua.

Date Preliminary
I ' I planted anthracnose evaluation i

t()I gi 197, II October

I If, Meta. (ol April 29 3

tS,2 Meta. (CoI April 29 3

15-IK Mieta. (oI April 29 2

15 71 Mta. (o. April 29 3

1563 teta. (ol .1 tie .3 3

1549 Meta. ot, li tine 3 3

1577 Meta, (Co litle 3 2

15to4 Meta. (' .[titne 3 1

1551 "ieta, Col, June I I

1552 Meta. Cto. tlne 3 3

1572 Meta. Col. hne 3 3

1573 Meta (ol. June .3 2

M566 leta. Col. .itle 3 3

1557 Meta, Col. .111l\ 21) 2

1568 Meta, Col. .1 uv 20 4

1574 Meta. (Co. .11hv 21

1553 Meta, Col. July 2(0 4

15W M eta. Co I tll 2)

156 1 Meta,. Col .1it, 20

1505 leta,. tol Iliv 20 2

1559 Nteta, (ol .1 ul, 2t1

148() Vichatt. (ol litle 3 2

14f% 1 ichidi, C l .ltttie 1 3

I h i I, l 1 m 0 11" '1I1;1tfacn -C. I - in I CL mird ito tei %pot tloy. 2 otItoletate leaf and or teni

, I , - '~e" ' p. , i tm t ,iraiit . 4 so cielr del halatior , plant death
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I ahle 26 (ContInuled)

Date Preliminary
(I- Iplanted anthracnose evaluation i

No. Origin 1978 II October

14X4 Vichda, (ol. June 3 0
14SI Vichidai. (ol. June 3 3
14S2 V'hIda' (Col. June 16 0
1479 \I chada, (I .C(.1 ' 3
57 5 VIchada. (ol August 8 4

14's \Ichadi. (o, August 8 4

47' ( iuct. ( ol June 3 0
h',4. (,tiltk~. (. '1 July 20 1

16r49 ( .ti... 1 August 8 4
1 5801 I JIum. .uly 20 3
1531) Vcntucli April 29
1523 VCnC/lIela June 3
15111 Ventc .'w.i June 3 3

-19i \ V.,uclLI June 16 0
1511 k \cncI/IilaI July 20 1
1521 VCIICllCL July 20 0
SS.;1I Vcncela July 20 0

I51 Vcncicla Julv 211 0
511' \cnc. eliCL August 8 0
51 11 \erle/uela August 8 0
1498 Venc,uela August 8 0
1 U5 dil June 16 0

I1785 lihail Juily 2(1 0
'I0 I .71 l; July 20 0

I '41 lra, .July 8 0
(.4 8Ira/1I August 8 0

640 ira/il August 8 0
I 1.151 ltraill August 8 0
I Pan1 a'i|Oaii April 29 1
10100 " .;ic June 3 1

161102 Hlele Julv 210 0
I 160l 9elie J ,,y 20 1
15()' Belile .J ul : 0
1598 Iteli/v July 8 0

1 lt el.e July 8 0
15N;5 Bellie July 8 0
1('22 IclIeC August 8 0
15I ICtlbIc August 8 0

15S9 ( iiuat iala I iiy 20 3
I144S 'ciador A ugust 8 2

1,1.l it, v h l n . .InifhridtIiii tc I =iiimor Itl nid it stein spolting, 2=nioderaie leat int or steni
ndleloft . 4 = Preo.eie de hallBi6 plant det1h
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Blight Inesmodium species for resistance to A.
javanica is in progress.

Blight, caused by Sclhrotium rolfsii, was
first detected in Carinagua in 1977 and Camptomeris Leaf Spot
was again observed from August to

October 1978. he i lungus attacks two- to ihis disease, caused by Catnltoneris

thrcc-intOnth-c cd S. ctpitata plants near the 'iucaenae, is specific to lI'ucaena species.

sc ii surfacec. causing wilting and plant IVreviccusly, it has been recorded only from

dCath. (IA 1 I1 HWas lethe most susceptible (aribbean islands, Vene/ucla and, in

while 1078. 1315 and 1328 were oc- February 1978, from Mexico, where its

cassionallv aftccled. .\Ithugh, at present, incidence was sporadic but its effect often

discase incidence is low" blight is a severe. Newly established plots of

potentially important disease due to the IAucaena h'ucocephala CIAT 734 were

ahilit, (,f lii ngal sclerotia to survive in the severely affected by ('. h'ucaenae at CIAT-

cil for many years. x periments have Quilichao in September 1978. Small

been initiated to screen promising legume brownish spots or chlorotic patches

accCssiccs against S. rolffii and to study appeared on the upper surface of diseased

arliatccn in susceptibility with age of leaflets while the fungus sporulated

accessiocn 1(119 profusely as black pustules ol the lower

surface. HIcavily infested leaflets turned
yellow and there was considerable defolia-

Root-knot Nematode tion. Periods of try weather favored the
disease. 'his potentially damaging disease

Several plantings ofl 1). o valifolium will require basic study it Ieuct'ena is

('IAI 35(0 at (arimagna, F I. imonarand further considered as a tropiL al forage

(IA I-(Ouilichac were affected by the r()ot- legume for this regiocn.

knot neitatode, .Vciidogvnt, javanrica.

large galls dCvCopCd on roots of infected Cercospora Leaf Spot
plants which were chlhrotic and stunted.

Severely infected plants died. ()nIy At ('IAT-Quilichao and Carimagua,
%egctativclv prcopagated plantings off I).

/icclihim.i at (arimiagia and Q uiliehao most plantings of Panicum maxziiun were

ckhc uffeted Srveys ,ndigeno atfected by Cercospora leaf spot. In-
were affected. Surveys of indigenous lestations were more severe in the wetter
legumes. i uciuditng l,.sntucirwi species. at

ariinaga. ICIimc c na r~ m and cie, Qu at environment of Ca rinagua. The reddish
failed tc)detect rc cot-knit nmatodes, with brown spots enlarged and coalesced on
failed texcto t rimatoe, win- leaves of all ages, producing extensive

areas of necrotic tissue. Studies on the
igccIus I'sinioclcun growing near ain effect of Cercosp.ora sp. on yield of P.

infected /). ovalilolium planting, was ,axitn anl ficI aluations for

infected. It appears that introduced i- are heii, iated.

ected 1). ovalifolium material and 'or soil,

possibly from soil used in Jifty pots from

'IAl -I'ainira where cassava and the Rust
co1mposite Blins plohsa are hosts to this
nenatcde, are responsible for the presence Accessions of Macroptiliun and Vigna

of rcot-kncct nematode at Carimagua and species were moderately to severely

Ouilichai. Screening of all promising affected by the rust, Uromyces appen-

leguimes and many accessions of diculatus, at CIAT-Quilichao. Large red-
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dish brown sori containing uredospores on Zbrnia sp. CIAT 9203; by Cercospora
developed profusely on both leaf surfaces. spp. on accessions of Centrosema, Galac-
Macroptilium sp. CIAT 4050 was severely tia, Macroptilium and Vigna by Cer-
affected with many leaves turning yellow cosporidiun sp. on several Aeschynomene
and falling. This disease will warrant accessions and by Dreschslera sp. on
investigation if ,acroptilium and Vigna several Zornia accessions. Other fungi
are further evaluated as forages. commonly isolated from leaf spots includ-

ed Curvularia spp., Drechslera spp.,
Powdery Mildew liptosphaerulina spp., Pestalotia spp.,

Phoma spp., Phomopsis sp., and
'owdery mildew, caused by ('dium sp., Stemphylium spp.

was observed on accessions of Macrop-
tiliwm and Vigna species at CIAT- Grasses
Quilichao. Several plants of Macrptilium
sp. CIAT 4195 were killed. At present, Potentially pathogenic fungi isolated
however, disease incidence is low. from leaf spots on grasses included

Alternaria spp., Curvularia spp.,
Other Potentially Drechsh'ra spp., and Colletotrichun
Important Fungi grarninicola. Inflorescens of P. maximum

were sporadically affected by Fusarium
Legumes spp. and a smut (Ustilago sp.). No

potential plant pathogens have been
,M oderately severe spotting of leaves and identified as attacking Andropogon

stems was caused by Alternaria alternata giayanus 621.

ENTOMOLOGY

The objective of the Entomology Sec- Life Cycle Studies
tion is to develop pest management
systems for tropical forages in the Beef Stemborer
Program's Target Area. These systems are
designed to avoid or minimize chemical The stemborer, tentatively identified as
controls. Zaratha sp. in last year's report, was now

identified as Caloptilia sp. by D.R. Davis
Studies this year concentrated on the of the Beltsville Agricultural Research

biology, ecology and population dynamics Centei, U.S.A. Caloptilia sp. attacks
of insect pests together with the develop- Stivosanthes species at the three major
ment of a screening system for host plant field research sites ofthe Beef Program, in
genetic resistance to the stemborer. In the Colombian l.lanos and ('auca Valley of
addition, hiological contr ol agents and Colombia and in the Cerrado of Brazil.
forage and animal marnagement practices The female oviposits on the plant stem;
were identified and evaluated as com- eggs are red, elongated and about 0.42mm
ponents of integrated control systems, long with a corrugated surface. The
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incubation period is approximately II corrugated surface. The incubation period

days at 25°-30'C. Newly emerged larvae is about five days; at the time of hatching

-ire about 0.6 mm long, of a creamy white larvae are creamy yellow with a dark

color with a very well differentiated anal reddish pro- and mesothorax and are 0.5

plate. larvae then penetrate into the stem mm long. l.ast instar larvae grow to 6 mm,

and continue their developmentattaining a becoming pinkish in color. The larval

length of about 7.5 rm. The larval stage period lasts about 18 days and the pupal
averages about 58 days. Pupation occurs stage, 9 days. Under field conditions the

inside the stem and after 18 days the adult budworm is found feeding on terminal

emerges. Vhe adult sternborer is a branches, before the plant starts flowering.

incrolepidoptera, brown-grey in color, 5 The budworm's life cycle is shown in

mm long with very long filiform antennae. Figure 35.
[he life cycle of this stemborer is shown in
Figlure 34. Biological Control

Budworm Larval Parasitism

Information on the biology of the stylo Stemborer larval populations are

budworm, Stegasta hosqueella Chambers, parasitized by wasps identified as a

was obtained under field conditions from llymenoptera, family Eupelmidae,

Stvlosantuhes caJpitata 1019. Females lay Anastatus sp. and Hymenoptera, family

their eggs on the trichomes of' the external Braconidac, Bracon sp. (both determined
bracts of the inflorescences. Eggs are by Paul M. Marsh of the Beltsville

elongated and creamy white in color with a Agricultural Research Center). Although

Adults --

.,,r ,. ""'' x"" .:, '-n. .,,,.: Eggs
..- plant st. . .. , , +1 days

Pupae 
Larvae

18 + days , 58 + days
insd th einside the stem

nals the sltem ,

IFigure 34. Itte cycle (i the stenihorer (Cahiptilta sp.) attacking Stilosant/u'r.
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Adults ... . '''"-.---

- 4C-- "' Eggs

6 5+days

9 + days _
9 daysLarvae

18 + days

igutc 35. I r cycle of the hud , rm (.S'lea ta houqtel/a ('hani hc.is)) attacking StyImulrathes.

both species are found parasitizing the determine the .-fficiency and functional
stemhorer under natural conditions, ap- and numerical response of these parasites
parentlv Anastatu. sp. (Figure 36) is mo0re as potential components of an integrated

pecific than Biraon sp. (Figure 37). Both control system. &acon sp. is found in
species oviposit in the stembrer larvae CIAT-Quilichao and Carimagua, but
where the parasite larvae develop. *Inastatus has only been found at El

L.imonar, near CIAT-Quilichao, where
Further studies will be conducted to populations are established. At Quilichao

4:

Figure 36. Stemborer parasite Anarttui sp. Figure 37. Stemborer parasite Ilra,', sp.
,l it L W.noptera; family: F:upeltnidade). ( 1%rmetuptera; fanily: Braconidae).
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tile stemborer infestation is presently very
low.

Stemborer Pathogen

A fungi alfecting steinhorer larvae was
founed in the flield it (lA I -Quilichao. 'he

Iungi i s p i habl .Spitaria and studies of its
itnfluence onl the stc inrr will he con- /
tinuled.

Budworm Parasitism

I hrcc difterent parasites have been
found attacking hudworm larvae: Blracon ire 3w). B rid orurra rai l

( 1k nc p l r'h lcrdi; iarntitsv Iiraicnnjidfiw)

sp. (saie is the steinborer parasite) i

I rite no p ten a, fainilv ! raconid ae, (1) /.f'lrl .Scrriing. IUsing gerrnplasim

1/1,41 1,1 ,1 arid i lnl\ienoptera. fallily material planted at CIA i'-Quillchao.

It Ilc1ilL'<c. qht'rlris )p. 0 gillres 38 and ('arinagua and elsew% here by other sections

. otf the Beef Progra.n, evaluations are made

throughout the year. )uring natural
Host Plant Resistance mitbreaks, data on tunnel length, larvae

sic aild nunbers, and plant phenology are
Screening System recorded.

S incec the stelnhorer is the most impor- (2) ()v iuitn I'refe're'i ' ]%t. I[or this

tanl pest affect ing .I illn 1U11vh'.% accessions. test cages wvcee designed in which

cinipha,,s has becn giserr to dcclopiuig a . ,lhma1nihe'.% plants are randomly placed.

,cr ecuiing ,stIclli to c\iaiatc (IA I orilage Plant material is infested with males and

clrlplastl Imr ttolerance or res,IsI'lc is feiales ot (Iorl,/htltj sp. I he plants reialin

quickk as possible. Fhe systei consists (A in the cages three to four days under

three teps. stenhorer stres afterxkards they are

reu ined and replaced by another set which
is infested with a iew group of males and

femiales. (vipoitihrn Cailuations arc made

by recoirding the ntubcrs ot eggs tound per
plant ecotypc tested.

(3) I'vedin; t relfrren't i',s Stems of
several pri ntlising S 'i lisairih'.s accessions
are placed oin Petri dishes infested with

stemborer la a., pro iding the larvae with

the opptitunitv to inlest and penetrate tie

ecotype prefer red.

Population Dynamics
I Ilit I id ikorfn parasite ( helhriu.% sp

I nI. ' i. ltai ni ia rtlldier A study was initiated t)n identify the
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orders, families and species of insects Characterization of Effects
lfond more frequently on the dilferent of Anthracnose/Stemborer
vcot\,pcs (4 lelulnes and grasses, and to Attacks

Uiderstand insect popilat ion f1lOVs and
prlcerer'ce. Insect Anollctiotn and t
catalol tot tile raii insects found oil In order to understand and to differen-
10oIrges an 'ufnIues were dc,eoped. Iligl tiate the effects of anthracnose and
populatioms v cte rcc(rded duiing the first stemborer ol St'uloanthus guianensis 136
yea; id satnplhng. ,pec[es ot Ifomoptera pastures an experiment with either
app:ir to he po tential pests at both (.'I A] - Itugicide ( benomyl), insecticide (car-
Qrrrlhch1o (I gure 40) and ('arinagua. boluran) or fungicide 'insecticide
IIgure 41 -hows insect orders t( he more treatmenirts :,s designed. The experiment
c% crl, d ist ri h'uted on il ndro j,''gi,,n %% as located in an A. gianensis paddock
atl,111% lhan mii )Ilier species. Mlanv of at (arinlagta. )ata from one year of
liese c,. are henelicial ones obseisations (rahle 27) showed: (1) that

ill viep Vera, I) iptcra includirig insect reduced ftorage production was due to
pollrrirll)is, somi e Ilcmiptera and anthractiose attacks and not to stemborer
'oflcptcra. infestations: (2) that defoliation was

Homoptera L Homiptera \ Lepidoptera

Diptara I Hymenoptera Coleoptern
60 Stylosanthes Stylosanthes Desmodium

fuianonsis capitata ovalifolium
136 and 184 1019, 1078 350

1097 and 1406

N 4673 N 473" N 386

S 0~ L

C

Brachiaria A:ndropogon Panicuin
u. 60 - dacumbens gayanus maximum

606

40- N 953 N 384 N 756

204~

ILLIlC .10 I ,qu.'nC,. I appc. lace M, dilerrnt irsct mdrs on Nome legurnes and grasses in samplings a1t
(' t,.\14 lh l,, I'5 N n.,iher it insects tbserved.
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Table 27.

Effects of fungicide. In'ecticide and fungicide/insecticide treatment, on the incidence of anihracnose
and stemborer infestations on S tih.anthes guianensis 136 pa,,ture yields at (arinagua during 1978.

fill ilentO

I rtscicid
t ' ( heck It;1ettL'dc :u gicidC hiv'.icidc Gra/ed

Slcnbotrcr intc~tain;tt ; )'I XC) 5.3 7 8 4.5 3.3

I )elohal Cm " ) SA7 51.7 43.4 44.1 54.)

1 ic; h InlbtF: i kg ha 2041 210 3740) 3780 -

I )i ;nd t kg ha) W ) 0I 1 ) 1172

greater on treatments not receiving the 1019 had the lowest percentage of infesta-

fungicide; and (3) the treatments receiving tion, while S. capitata 1078 showed the

the fungicide provided the highest forage highest (Figure 42). However, the infesta-

production. J he percentage of sternborer tion levels (number of larvae per plant)

infestation throughout the year was low, were low in all cases except for 1078 which

and the infestation level was less than one showed more than one larvae per plant

L:irvae per plant. Bascd on these (Figure 43). When both the percentage and

preliminar. results sternbrcr cannot he level of infestation were recorded for

considered a limiting factor in forage Styhosanthes plants in pure stands without

production, at least during the establish- grazing, S. capitata 1097 and S. guianensis

meni year. Ilis experiment will he main- 120) showed the highest percentage and

tained two inure years. level of infestation (Figure 44).

Field Evaluations Bases for Host Plant Resistance

Stemborer infestation was monitored at As a result of field evaluations certain S.

('arimagua throughout the year. Field capilata ecotypes have been identified

plots of Stylosanthws accessions planted which consistently .how low stemborer

alone or associated with grasses, and damage; these include accessions 1019,

with or withoit .raing were evaluated. 1405, 1342, 1339, 1338 and 1325.

Comparing S. capitata 1019 against S. Most ILepidoptera, when reaching the

capitata 1078, in association with adult stage, search for food sources of

Brachiaria d'ecurnhens and A. gavanusand nectars and honeydew and insect's are

with and without grailing, accession 1019 frequently found visiting plants that

showed less infestation than the latter provide these foods. It is possible that

under both situations (Figure 41). Also, II female stemborers are bting attracted by

ecotypes in association with grasses and stylo accessions that have morphological

under grazing were evaluated during the characteristics of the stein with glandular

year. Results showed some variability in tiichomes having exudations on the tip of

infestation among the ecotypes. S. capitata the hair. Usually, these exudations contain
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100 = 1019

F-- 1078

80

E,- 60

E
40

= 20
0.

Brachiaria Andropogon Brachiaria Andropogon
decumbens gayanus decumbens gayanus

Grazed Ungrazed

I I'Urt: .41 InfeItationi p lcuc itIags i t (.[nih rel (( UjIpj'ljti p.) o t\ Mo ecot , pc of ,ttl'lt'/io; he' ilpit 00 II
;as*,VIci ) t , %ith tm o gr sss m / i l l a %ith ou ptlJ\ llh li/ gl, aIt C'tlill];ag[l;, 19TH.

50- I With B. decurnbens

:7- With A. ,gayanus
40

30

E

20

410c
01019 1007 1338 1325 1318 1342 1323 1328 339 1315 1078

Ecotypes

i.'11tiic 42 111 tit oin U Irmo n lit lenitt thmer (( a/iilth/ l p ) (,iud ,1 iirt c ccoii.pcs of .til vha. / w.%

Boof1 Ildtll III -69Illl det pi ,/ing M ('lll]l i;, 1978
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20
With B. decumbens

1.6- With A. gayanus

S1.2

1 0.8

E
4 0.4I

1019 1007 1338 1325 1318 1342 1323 1328 1339 1315 1078
Ecotypes

I'11liic 41 Nw Iii hi. "I ,tCeihtrlet 1( 11I' lt /p ih , I IPt.r%, h"I d on 11 f , * c,,:L Pe ot S tIe , 1 pinte., ('apilatla in
Ivu,, t)L'tl h m dll her l I 

" 
/ring it (' tnal; tia, ]978

sugars that act as insect attractants and could be used as a tool in selecting
often serve as stimuli to oviposition. This accessions resistant or tolerant to stem-
morphological characteristic of the plant borer attack.

80 -'MI,; Stemborer infestation i 32

Levels of infestation
2.8

60 2.4 _

m -2.0
E

*3 40 1.6 0

E
- 1.2 c

20 0.8

-0.4

1339 1338 1405 1325 1323 1318 1342 1315 1200 1097

Ecotypes . ... ,-

B 0 l' c't .f c-_ I pld t
, 

,,l d iv i itt ihci if ,tcliihurcr% rccord'd o1 c It't An SiIoan lepor
1 pclt ,,a~Ld. nlohil gluling a! I (;rla;glI. IlS7;".
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jA B

C''A

-I' I l I \ A' ! ,' 11h011 + CO . ',i ,s t., h ,arving tricho me tir ctr. t (A ).' it.it n',n i% 136 %;ith glan iluar

m l N Up/,n it .1 .. ,11 ,o I I+ it: , "o " c ] .) irldh .

\-(.. hb ti \Ni,.1 h',x sv ill glahu', 1405 hich do not have glandular
is it JIll.Yh be p i,,lbc to obtaill plants trichornes have shown less stemborer
\,ilfh desIable "; t aC produciLon qs;i)litics daimage (F-igure 45).
that ak'-() Ictill| + fill,, t lpl[hohogical faltti

hir ritance+l~lt~ tit stenlbtute1

iased oin these results chemical a nalyses
II i IrlCiiiiiIhV [,c ch. tile ,tenihorer ot tolal carbohydratc aind protein contents

ha, bcen o hsers"cd to pre c accessIIis with betwecnl tie It,,( types of' plants have been
vlantlilati tchiors I.. ,m' I 3and initiated to better identify Causes of

.. r 0,, 1197 and 1178) while S ieistance or tllrancC to stetnborer
S, 14 and .S, (1tuta III) arid damnirage.

SOil, MICROBIOLOGY

I he olccti,.e of the S(il 1 Micrtobholoo tie legtime Rlitzobiun svmbiosis. hI'l
Section is to ,naxiliii/e th, benefits (ot icsearch st'ategy is: (I) to maintain and
hiological riitro)ecr lixatiori to adapted augment he ('IA F Rthi:ouiu germplasrn
orageS in) the acid, iletiks oils of Itropical resource; (2) to evaluate tile symbiotic

I atir Amrli,.a. Priolit has been .i',err to litrogen fixation potential of ' Rhirtliumn
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strains with adapted legumes: and, (3) to Strain Se!ection
test the synhiotic potential of selected
stra ins iln field situations, initially at ('IA I- Strains of Ahizolitum for forage legumes

Q(ilichar, (,ainitaguia and Brasilia, and which are nominated as promising by the

then i egimal trials throughout the Beef Beef Program's (Germplasm Committee

Ignrkjttl's target area. continue to be selected by the five-stage
prograin outlined last year, (('I AT Annual

Rhizobium Collection Report, 1977). One change from previous
method ology is that the soil used in pot

Irc numbet of strains in the ('IA I trials at Stage Ill is nrot sterilited.

Iittr btuzh collection f o tropical forages
doubled diring 1978 to 2043 through Stage I
dmat ions by collaborato s ( principally R. (Aseptic Tube Culture)

A, I )ate of (the (nilnr ea Ith ii scientific ,S/l vosanw. capitata. Forty-three

aind Iridtustnial Research ( )rgaiiiiationW lsl ()) lilsh tic, Aus laia) and strains o1 IRtizohium isolted from roo~t
IR () li"isie tiis t ) eatrn nodules of .S'tlosanthe.v species from

thrriigli coldletting trips' to e istel-ut
various soil types were tested with two S.

\I. SIc.l (('I, ) (II. A a. it radr apiata genotypes (ClAl 10)19 and 1079).

(( .Rlt) ( 'lI l. arAid ).rorticsecr nrail Notdutlation did not occur in any host

) of genotype by strain combination. When the
cdition (1 tire catalog of strains of stand;ard agar rooting medium was

fmr o fturagtp legurties %kts aicidified to p1i 4.9, however, 15 strains

published and is availjble produtced nodulation ol S. capilaa 1019.

It is concluded that S. c'upitata has an acid
Rcsclcd that tlolc tsilica gel and ootg I requiretient ftor nrrdulation. S. capitata

r) l kil tat a lougilicak gllile l a i exhibited grcater specificity in its strain
dt nt Idiffer ',rgnicarrltly iii the rate" a.t

h cli theY dessicac nlodules Ill storige requirernit thain S. gaiwinirsis ('IAI 136,
S, haiata PI 40264A and S. tramata PI

c.)ItIre is ililit af ile eurii In stirre 3XX42, each oii which nodulated with all 43
itofl', is grea',ter arntl tire lesel ofl conl-

strains.
i 1ili ll ). orug ii' lli o I l i LiriaI isol;al t )1

plttcs is I duc 'd M c In ( a( I, Is IId . /or.i11a spp Fight out of 15 strains of
Rhizobtitn tested with /ornia sp. CIAT

It is no ,, kniosn th t ;a key factor ill past 728 forned noldules tinder the test con-

failurcs of isolating /IJr-obuitilrl from ditions.

notdulcs if plitts (especially Stu,.vanth.s Mfa'roiptithtr vp. ('IA T535. Only half

'pp.) grn ownig ti acid soils wis hecause of the Rhizo ium strains tested with this

rairv such stratins, havearn acid reqtirh- bust ftormed nodules, indicating, a much

irrcit lft gr rt, th and cannrot grow oit the higher degree of specificity of sitrain

stadatrdpinedh(ptlr7)isedt forislaton requirement than occurs with the very
Ihat /dtcs that th, stich collecid- promiscuots Maeroptilitim .tropur-

[Ilreutn cv. Sirattro.
of stria ,is sMhich wCre oiginally iso lated

onttr rrrrIu., lnun-acid media may not be Stage II
the rot alid nor fruitful approach. (Sand Culture with pH 7 Nut.rient
(ollec:tig activities have been increased Solution)

using :id riedlia to isolatc and maillilnSlti

Cult rim c. Dl'sttnodium ovalifolim CIA T350. The
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ranking of 39 strains of Rhizohimn in
order oft their nitrogen fixing potential with 250
this host is given in Figure 46. The best 250

non-('lAI isolate was 26th in etfec- .9 200,
tiveness. Variation in strain effectiveness 1 *

IM 150-
can he altibuted mainly to differences in
thle mnass of nodules formed (Fig. 47) rather -2 100-
than the rate at which the nodules function > 5 Y 108X 24.7
(specific nodule activity). r 0.98

0 5 1
,'tilovartih's (apita! CIA'1 7' 1019. The 0 5 1 5 2. 'v/(sanhe~ cailaa (//17"/19.TheNodule dry weight (mg/plant__.

result of this experiment (Fig. 49A) Nodul...r.. weight.(mg/plant)

indicated that growth requirements of the I' guie .17. ( oirhlalcz btieen notdule rnas mnd dry
plant have not been met satisfactorily by I1llttr prodcltlorl hiy I)e wirmi ,vaibh/liuni 350 in

ie mediun used roitinely in this stage. ,lni hliot associ; , til h 15 strains R/h izub+tum.

(IAT 71, it strain known to be effective
with S. capit aa, was ineffective. Work Macroildium s. CIAT535. The wide
continues to develop a nutrient solution spectrum strain CFi 756 was moderately
suitable for sand culture of S. capitata. effective with this host (Fig. 48B). The

300

N control

- 200

E

1 00[Uninoculated

control

Ilo M-I qw-0 aim cti-m z P oM' 01a 0 0 m 2' . 0

Rhizobium strains

I' mlre .1 . /Rhu h.,/ ltl ill "cle.'n ll ftor /rt ov,nr lodtlum val/ r+ p 350 Idurinrg Stage I). u tipper confidence
loit (I) ;) it, incaln (if uiniiioctla|td control.)
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0.07-- N control 1.4
AB

0.06- 1.2

N control

0.05 1.0

Uninoculated
c control

CL 0.04 o. 0.8

S 0.03' > 0.6-

0.02[ 0.4-
I ! Uninoculated

0.01-- 0.2 control
. . . . . .. . . l _

0 tozWW r M 0 r

Rhizobium strains Rhizobium strains
I

Iti ic 4' I /i:,,iPtPPI ,tll ll ,ck h' ll It (A IS 1 hntlt r/'t' ( ap rlatt l l,. sp.ilIlI).lfacrtltliuu p 535. du ing

strains C(IAI 320, 420 and 3 18 were more spectrum inoculant strain for acid soils. CB
elfective. 756, a strain often used to inoculate

S.vt'/oanthtes, was confirmed to be ineffec-
Stage III live with this S. capitata accession.
(Pot Culture in Site Soil)

lornia vp. CIA T 728. Strain C1AT 7 1,
St i'/santhe, Capilala (1. T 1019. originally isolated from Stvlosanthes

'l ants inoculated with the best strain in nodules, proved to be one of the most
this trial vieldcd double the drv matter of effective strains on this taxonomically
uniiioculdated control plants (Fig. 49A). closely related genus (Fig. 4913). Strain
I lic strin ('IA I 71. which to now has been (lIAI" 103, which had been recommended
recommended for S. capitata only on the previously for Zoria on the basis that it
basis of high elfccti itv with S. gtuan visi was t lornia isolate, is only moderately
and genetic cimipatability with S. capitata, eltective with this accession.
was confirmed its at highly effective
nitrogen fixing syibiont for this host and lksmodiun distortum CI/A T335. Only
has increased attractiveness as t wide 3 of 12 strains of Rhizohium that were
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20- A

16 N control

Uninuculated

12 control

8- 1
40 0 ZM ZB 4 N O ) . .. .

u N control

Uninoculated
- 32 -- control

"*0

24

16- - - N . . . . . . . .

40- C

30
Uninoculated

control

N control

20-
N m m N 0)

Rhizobium strains

I- glLe 41) Ihtmrhl m Ntl i i tin sel 1t'I11 at StagC I1 I I I A)Sr vhoanttw. (upita a 1019; (01) /ornia sp. 728; and,

With modium h. ot,, 33S

highly effective in nitrogen fixation in sand Cn ro w vma hybrid brasilianum x
jars were capable of nodulating and fixing virginianum CIA T 438. The ranking of
nitrogen tinder acid soil stress (Fig. 49C). effectiveness in nitrogen fixation in acid
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soil in the presence of competing native tant modifying role which the soil can play
strains of Rhiohium for the best 10 on the legume/ Rhizobium symbiosis and
strains from Stage II (CIAT Annual urges caution in over-dependence on the
Report, 1977) differs from the order of standard sand jar test to select strains of
merit under optimal plant growth con- Rhizohium for a stress condition.
ditions (Fig. 50A). J he best strain under
stress in site soil was eighth in effectiveness Stage IV
in sand jars. Also, several strains that were (Field Trials)
very eflective in sand jars fixed no nitrogen
in acid soil. It was particularly surprising CIA T-Quilichao. Data from the field
that strain CIA I' 324 which was 49th trials with Dsmnodium ovalifoliurn 350, S.
among 50 strains in sand jars gave the guianensis 136, Centrosema hybrid
second highest yiel in the Stage Ill trial. brasilianum x virginianum 438, Galactia

striata 964, D. distortum 335, Macrop-
Ihsmodium heterol'hdv/lurn CIA T 349. tiliwm sp. 535, D. heterophvlihm 349, S.

Only I out of 10 strains of Rhi:ohtiun that capitata 1019, S. capitata 1078 and
were fully effective in nitrogen fixation at feraria phaseoloides 9900 are sum-
Stage II was fully effective in nitrogen marized in Fable 28.
ixation under stress in acid soil (Fig. 5013)

Carimagua. Results of the field trials
Stage III results emphasize the impor- with D. ovalijolium 350, S. capitata 1019,

N control

A- Uninoculated 4-niou~e N control
4-oNntntoo

.U 3 3-culaud

CL control
.

2- 2-

0-

Rhizobium strains J

I'igure 50, hliouon ,,train %election hor Stage III tor (A) ('entroveia hybrid 438 and (B) Des,,odiin
heterol, 'itHum 349.
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I able 2h,

Sumniary of field trial, of Rhi:.lidir ,train, and inoculation technologies at (IAT-Quilichao.

i nocu'lation rceponsec

(its I'; tf uninoculated control)

SpecteN and l,, 2nd 3id 4th

accoi.n, nlinhei [test Ircitmtent' ctlt Cut cut cut

.", h, ?toi/I' Lfiwi,' t tSt 136 CI A 1 79 lome pellet 52.5 28.3 43.3 14.8

( ,'ir,' wma i' h rid 438 CIA I 590 lime pellet 17.4 I 5. I 4

(111ta, Iw wrwta 9164 C('I Al 378 Rll' pellet j(.7 0 0) 0
I)c'ipld,,,hu,,, m odh!,11m 35() (IA I 299 lime pellet 111.1) 35.6

t'i/mjmtpm ,/ter 335 ('Its I A I 299 nit pellet 34.1 20.3 3.2

ta, r,,, otlli sp. 5.15 (l A, 319 lim e pellet 711.9 -

lh'm ,hutm hti''r l'h+i tHum 149 (I 1 I X R P pellet 48. -

Itt'O1t11 hittw+ I'l t' 991H<) (' I 1 "79 RI' pellet 61.1 3.3

St Ilottl'hr' <, 1111) ( IA I 71 R P pellet 0

't1,t"aio t .'i 1i o tt'ot 1117,S (IA I 1I RIP pellet 12 1 -

I NITl, hli. 1, ) ti , 1 t il d t th i .lIteli iins ind thtec i titi lattii techiiligig ,.

S. calhata 1078 and Macroptilium sp. 535 stresses of the region. With S. capitata
are summartied in Table 29. The experi- accessions neither 1019 nor 1078 survived
tfent with Macroptilium has been ter- into the second year under small plot, pure
initiated due to lack of host plant adapta- sward conditions. Adult plants of 1019
tion to the soil, climatic, insect and disease were virtually eliminated by spider mites

Ilihle 2')

Siuininarl, oif field trial s of Wit:tibtu strains ani inoculation technologies at (eirimagua.

IntculIdtion response

I (a%, 1' of uninoculated control)

, fpccl., :id Ist 2nd 3rd
,tCctitttlt ntlnh'r Best trt )nen'l cut

2  
cut cut

l)',otiitt itatl, tu,hrm 350 CIA 1 46 RP pellet 22.3 0

.itt liun t' i'/lIflal 1119 ( IA l 71 line pellet 39.5 -

.'it~litnrthtt iO/tttatit l117W CIAI no pellet 15.1 0 4.1

.la rilqthm p 535 ('IA I 318 linte pellet 98.3 41.3 1.6

1 N dl d ti ld i ll . III IliCiC 'elected ltrrit n t hre itInoclt.l iton technollogics.

1te111V titelcil ' cpertincd on tIII, rod ctiti e:ictl species, bitt %;% tsually around 3 motllhs.
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and in 1078 stemborer reduced the popula- I abe 3.

tion of mature plants to near zero. These
results are inconsistent with the observed Liquid medium for selecting acid-adapted

behavior of these accessions in mixed sin% of Ri:uhvn.1

pasture with grasses. Some useful data may Inredient Quantity

he obtained on the persistence of in-
troduced strains in soil and their ability to KII '(O) 68 mg

nodulate new seedlings but it is not KII1'() 87 mg
possible to study the inoculation response ('A(l.211() 39.4 rug

for more than one growing season with this \lgS0 4.7112() 74 mg

experimental design. Future experiments I'. e, Na ) I A 36.8 mg

with these accessions will be performed in M( ':.411(2 ) 0.49 mg

larger plots with mixed swards. /nS04.711 M( 0.29 rng

('i('l 211() 43 jig

Acid Tolerance by Rhizobium Na2M o 1.21 1() 12 jg
('L, 6IIz() 1.2 jig

Results for field and pot trials show that Sodium gltanlate 220 mg

a response to inoculation with selected I hiamrrnine 100 jig

strains of Rhizohium is the rule rather than Ilitinv 250 jig

the exception although response tends to Armhir,,e 10 g

be reduced over time. It is likely that Distilled water It) nile liter

protecting the inoculant strain with I ith 0 1 (1(11 ring)

pelleting at the time of sowing permits an I, I dtc tltcd and added after autotlavirng the

early and high percentage infection by the ..d,
effective introduced strain thus giving a -

marked initial response. A critical point is pi (Fig. 51) and will enable the effect ofAl
reached when the primary nodule popula.- and other acidity stresses on Rhizobium to
tion decomposes (after 2-3 months) and the be determined.
rhizobia must survive in the acid soil as
free-living soil saprophytes. Multiplication /E 1.5 Strain 1460
!it low pH is extremely important for :r

reinfection of the legume root, competition 12Ln 1.25-

with native strains of Rhizohiurn for t
nodule sites and persistence in the soil .7 1.03
microtlora. Research was therefore
directed at developing a medium to test for 0.75-
this character.

0 0.50

Alkali production by tropical rhizobia i
has been an obstacle to developing such a 0.25
test causing the pil to rise from its initial S

value of around pitl 4 to above p11 8, . 0

thereby confusing interpretation of the - 0 5 10 15 2025 30 3

result,'. A stable acid medium which Culture age (days)

eliminates the ability of RhizohitnM to Fi gure 51. R"elative gro~wth of RI-o hn,!,m %trains

produce alkali was developed (Table 30). (IA1 1461, origmnating from an acid %oil (pit 4.5).

The med ium permits selection of strains and ('1)2126, from analkali %oil (pil 8.5). in a defined.

genuinely capable of multiplication at low acYi medium (initial pl 4.2).
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l)emonstration that alkali production le'ucaena has revealed that there is not, as
by the tropical rhirobia depends on the was thought, a block of nodulation of
culture mediun reopens the debate over l,'.waena below pH 5.0. A wide array of
whether these microorganisms actually s:ains from differing soil types were
produce alkali in the rhiosphere of their capable of forming effective symbioses in
host and whether it was correct to attribute acid conditions (Fig. 52). A few strains
an e olutiotary and ecological role to the were exceptionally effective and are being
process. It has been considered that lack of investigated further.
alkali production by the non-typical
Rhizobium tor lucatrna ltuccelhala is Inoculation Recommendations
the prime reason for this species' lack of
adaptation to acid soils. Parallel ex- Vhe inoculation recommendations for
perinients at ('IAI-Qilichao and promising legunle accessions (as ofOct. 31,
('arinlagua employing identical treatments 197'1) are given in Table 3 i. In some cases
and a recently assembled collection of there is a change (improvement) from last
strains of uhzoium isolated from year's list. During 1978, 86 kg of peat-

40 A (Carirnagua)

30

20 N control

Ncontrol

10-

0.11
r- N co n tro l

B (CIAT Quilichao)

30 Uninoculatod

control

10 [ 

~l 
~

0 a Z M MDo N, W 0 ' n r M~ N M q N a) F. r, P- v ,

Rhizobiurn strains

:1 ldll t 5 2 R e y o o s t ,wI,' a a Il ,r t I, l o h mnt) iIotl tt I % ith si t in s o I I?/ ti. to'I'i in a V t a c id so il sites.
(* - ty pt1 Cotilld lce h l)t (9s , ) l I ill [l ocullt d contr l.)
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lable 31.

Current inoculation reconmmendations deieloped for certain promi,.ng forage legumes.

(IA I Rhi:ohimn
S 1cchL'. No strain Technology

(ategors 4

lI).t"hio n ,ul ahlethiAo 350 (C IA1 299 lime pellet

l'I'rarII ,haria ,l 990W Cl'AT 71 lime pellet

.%[lI m tA , UpatW I019 1078 CIA I 71 lime pellet

, ,orma .10 l11l,,ha 728 CIA1 71 lime pellet

(ategor 3

( u , ',m,,m,j h r iid 438 CI AT 590 lime pc!let

/ 5'idium hetzero;lhillhum 349 CIAT 31 rock phosphate

pellet

(altlgor) 2

%I I manl I diI pl., IfI 136 184 CIAJ 71 lime pellet

based inoculum were produced; 45 kg were were requested by national and inter-

used for research in Colombia by CIAT national research institutes, respectively,
and the I nstituto Colombiano while 25 kg were sent to private entities.
Agropecuario (ICA), and 10 kg and 6 kg

SOIL FERTILITY AND
PLANT NUTR!TION

Research on the nutritional re- promising germplasm accessions. The

quirements of promising grass and legume properties of the main soils used, the

germplasm, and fertilization technology Quilichao Ultisol and the Cat magua and

designed to efficiently meet such re- Brasilia Oxisolswere described in the 1977

quirements was conducted CIAT-Palmira, CIAT Annual Report (pages A44 and

CIAT-Quilichao, Carimagua and Brasilia. A45). Data from Brasilia are reported in
Emphasis this year was on: (I) N re- the Pasture Development section.

quirements of the main tropical grasses,
and the N contribution of associated Nitrogen Requirements
legumes; (2) P requirements of the main of Forage Grasses
grasses; (3) more efficient use of cheap
sources of P, primarily rock phosphates Although nitrogen fertilization of forage
and its alteration products- and, (4) grasses is not considered feasible for the
development of systematic techniques for target area, basic information is needed to
estimating nutritional requirements of quantify their N needs and to ascertain the
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potential contribution of legumes in mix-
tures.

a P. maximumThe N responses of Amdropogon o A. gayanus 621
gayanus 621, rachiaria decumbens 606 0 B. decumberi 606
and Panicun maximum were determined 2 8 Grass/legume mixture
in a small plot experiment at Quilichao,
where the grasses received a basal 22
application of 150 kg P20 5 'ha and 60 kg
K',"ha, followed by a maintenance ~ 2
application of 50 kg P20/ha, 50 kg
K20, ha and 50 kg MgSO 4 six months
later, thus satisfying the plant's nutritional i
requirements while maintaining an acid > 16
soil environment (pH 4.5, 67% Al satura-
tion. with no lime applied). 14

Response to N is shown in Figure 53, "2ft .s.D. (0.05) 1.4where the contrasting behavior of the three 0 s 1 2
grasses is evident. B. decurnbens and P. N50 100 200
maximunm produced significantly less dry N fertilization (kg/ha/year)matter than A. gayanus without N ( 13.6 vs ...-21.3 t ha year). B decumhens responded igure 53. Nitrogen responses of three forage grassesth.3t eB. highes reo d grown alone and in association with Stylosanthespositively to the highest rate of 400 kg . tianensis 184, in an Ultisol from CIAT-Quilichao.
N ha, while P. maximun required 200 kg (Sum of 6 cuts per 'ear.)
N ha for maximum growth. In sharp
contrast, A. gavanus showed a significant the first five cuts. The high N-supplying
response only to 50 kg N ha. The dry power of this Ultisol is evident from thematter yields of A. gayanus were high uptake values without fertilization
significantly superior to those of B. and is probably due to its high organicdlecumbens at all N rates, suggesting that matter content (about 7%) and the fact thatthe former utilizes available soil N better this trial was initiated in the first year after
than the latter, plowing. Uptake of native soil N, measured

in check plots, was about 200 kgTable 32 shows the N uptake values for N/ha/year, with no signifikant differences
iahle 32.

Nitrogen uptake of three grasses during the first 10 months of growth (5 cuts), at CAT-Quilihao.
N Anlrol)ogon Panicurn Brachiariaapplied gavanu 621 maximum decumbens W6(kg ha Year) (kg'N,'ha)

0 225 184 192
5) 268 234 243

(() 315 291 249
200 323 355 264
40Be 94 336 374
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between grass species. The superior
behavior of Andropogon, therefore, does 0 positive control
not appear to be due to its higher capacity 6 267 kg N/ha
to take up native soil N, but rather to a v 133 kg N/ha
more efficient use of N in dry matter V 67 kg N/ha
production. Table 33 shows the lower 0 33 kg N/ha
overall plant N content of A. gayanus. 0 0 kg N/ha

g negative control

The black squares of Figure 53 indicate 16
the estimated N contributions of
Stvlosanthes guianensis 184. By placing 14
the dry matter yield of the association of
the N response curve and extrapolating to 12

the X-axis, it is estimated the legume
contributed the following amounts of N, x 10
expressed in equivalent amounts of in- ,
organic fertilizer N applied: 40 kg N/ha 8 -
with A. gayanus, 60 kg N/ha with P. 8

naximum and only 15 kg N/ha with B.
decurnhens, (due to its aggressive growth 6
habit). 4 -

1 2 3
Anothtr N experiment was established Years pasture established

on 0.25-ha enclosures in B. decumbens
grazing trials of different ages in Figure 54. Effects of N fertilization and pasture age
Carimagua. Several N rates were applied, on dry matter production of Brachiariadecumbensin
All treatments received a basal application graiing paddocks at Carimagua. (Positive control:
of 50 k. P 2Os/ha, 60 kg K 20/ha, 20 kg 700 kg N ha. 0.5 t lime ha + basal treatment +
S/ha and 20 kg Mg/ha, except for an micronutrients; negative control: no fertilizers or
unfertilized "absolute or negative check" lime.)

and a "positive" check which received 0.5 t
lime, 700 kg N, 100 kg P205, 100 kg K2 0, 20 kg S, 20 kg Mg, 10 kgZn, 5 kg Cu, 1 kg

B, and 0.2 kg Mo/ha.
lable 33.

Plant nitrogen content and protein equivalent Figure 54 shows the first year's results (4
ofthreeforagegrasieesundercuttingregimesat cuttings). Urea was the N source. Dry
Quilichao. (Mean of 5N rates and 5 cuttings in matter production in the negative check
10 months.) averaged 6 t/ha/year. Yields from plots

N Protein receiving moderate levels of P, K, S and
Species " ((V) Mg, but no N, sharply decreased with

increasing age of the pastures. This result
t,ropogi correlates with the decrease in liveweight

aiwanwu 621 1.58 9.9 gains shown in Tables 43 and 44 and gains
anicum shown in Tables 43, 44 and 45 of the
MaMIMnM 1.75 10.7 Pasture Utilization Section.

lira htaria

,h', onhen.s 66 1.93 12.1 These differences in pasture age were
J gradually offset by N fertilization, there
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being no difference at 267 kg N ha/year Quilichao Ultisol and the Carimagua
with a dry matter production of 12 t'ha, Oxisol to provide a sufficiently wide rangetwice that of the negative control. This of P rates to determine the external (soil
shows that N is limiting B. (h'cumhens test) and internal (% plant P) critical levels
production in Carimagua grazing trials during the establishment year. Although
and that the N deficiency increases with both experiments include different iock
increasing age of the pasture. The positive phosphate sources only the triple
control with heavier fertilization plus lime superphosphate (TSP) data are presented
and micronutrients increased dry matter here.
production to about 15 t ha'iyear, almost
three times the negative control. Since I kg The Quilichao experiment consisted of
c., [lveweight gain pays for only I kgofN at two mixtures: A. gayanus 621 and P.
Carimagua, N fertilization is not presently mavimurn, each associated with Cen-
economical. These results point out the troseina hybrid 438.
need for associating legumes with grasses
as a cheap source of N. Figure 55 shows the growth rates of the

two grasses for four cuts as a function of PPhosphorus Requirements rate. P. maximtm showed a fast initial
of Forage Grasses growth rate with maximum at 200-400 kg

P2O5 'ha with growth decreasingTwo experiments were i',tahl ,cd n the afterwards, particularly during the two dry

1st cut (Jan. 2. 1978) 2nd cut (Apr. 10, 1978)
100[ (rainfall: 540 mm) (rainfall: 160 mm)

80P.m m
60 9 A. gayanus

40 L. ,
>- ] 0 051)" 10

2301 IL S D (0 05)- 3

o 3rd cut (June 8, 1978) 4th cut (Aug. 10, 19781

80 (rainfall: 532 mm) (rainfall: 200 mm)

r0 60-

40 - ------- I L S D. (0 05) 4

20 JIS (0.051 9 Z * g S

0 50 100200400 800 1600 0 50100 200 400 800 1600

P applied (kg P2 0 5 /ha)

Iigtire 55. Flect, of i' ;n gros th rates tf t.o graNses associa ted %kith ('trr ttr ema hvbrid 438 during the
establishment Near at (IA i -Quilichatv
Beef Program 
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season harvests (2 and 4). A. gayanus grass which increased sharply with in-
started very slowly, but gradually sur- creasing P level. These preliminary data
passed P. maximum in growth rates. show that A. gayanus has lower P
Figure 56 shows the overall effect of the requirements than P. maximum, and
establishment year. P. maximum respond- therefore may be more compatible with a
ed positively up to 70 kg P2 Os/ha/year, legume like Centrosema hybrid 438.
while A. gavanus produced its maximum
yield at 0 kg P2Os /ha. In Carimagua, a similar experiment

including B. decumbens was established
Figure 56 also shows the effects on the with Desmodium ovalifolium 350 as the

associated legumes. Centrosema produced associated legume. The P rates were lower
much more dry matter with A. gavanus because P fixation in the Carimagua
than witi P. maximum, showing a clear Oxisol is about half that of the Quilichao
response up to 80 kg P2 0 5 /ha. When Ultisol. Figure 57 shows that B. decumbens
mixed with Panicur, Centrosema's responded much more to P than the other
response to P was negative, probably two species. B. decumbens and A. gayanus
because of excessive competition by the reachedmaximumyieldsat50kgP 2O 5 /ha

while P. maximum responded positively
up to 100 kg P2 O /ha.

12- O P. maximum
e A. gayanus The internal and external critical levels

10- of P calculated for three species on the
Carimagua Oxisol are shown in Table 34.

8 This confirms the similar critical levels of P
a for A. gavanus and B. decumbens, whichI p

4 "
20 0 B. decumbens

C A. gayanus
\ 2 . P. maximum

S16
7. 0 L 01

4 '- 12-
4 Centrosema (A. gayanus) M

oCentrosema (P. maximum) A

3 "I

2- 0 0 I~

4

1 0.

50110200 46 '800-11 -00 100 200 400 0

Papplied (kg P20,/h:) ' P applied (kg P205/ha)

hytre 56. 'islorsry ns of-id pgn
'ai a and tmnicumi ma vitm m in CIA 1-Q uilichao ivgort 57. I he elfeet of P ondry matter pi eduction of

anid tts contrasting ellect on the associated legume three tropical grasses grown in an Oxisol. at
((t'otr 'ma). Ca riniagu .
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Iahle 34. than A. gayanus, although both species are
External and internal critical levels of P for well-adapted to low P availability.
three grass species during the establishment
year under a cutting regime on a (arimagua The Phosphorus Project
Oxisol.

Critical levels The overall objective of this project is to
develop a P management strategy for the

aeail.P intenal principal cropping systems of acid soils of
(Bray Ill P in tissue the Latin American tropics.

Species (ppm) (%)

The high P fixing capacity and low total
..tndropgon and available P in these soils in tropical..a,n, 621 5 0.11 Latin America are well-documented in
traihiaria the 1977 CIAT Annual Report. Although
,hcuml 7 0.12 low P status predominates in vast areas of
I,,o,,, tropical Latin America, the region is

nabomUM 6-101 0.15 blessed with known major phosphate rock
I , ,,.I-dcf,,,ed deposits (Fig. 58). In order to characterize

these rocks according to their relative
agronomic effectiveness, samples fromare lower than those of P. maximum. The most of the major known deposits areCarimagua data indicate that B. being screened and compared in green-decumnbens may utilize P more efficiently house trials with P. maximum as the test

Sardinata ,Lobatora

COLOMBIA.'

J 0... ' "S"' .- /FO S a do Mr~ocaun

o. BRAZIL
Bayovar 

Oid

PERU'

Cata.. Patos do Minas

OArext

Jacupiraronga

Figure 58. Major known phosphate rock deposits in tropical South America.
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crop. In addition, many of these phosphate 1',
rocks are being altered chemically and 1-
thermally to ascertain if the agronomic 16

effectiveness of the materials can be
significantly increased. Preliminary in- 14-

dications are that phosphate rocks which m-
are partially acidulated (20%) with HI P0 4
and those which are fused with magnesium M 10-
silicates show very good potentials from If CtAT-Quilichao
both an initial and a residual standpoint. In . -
addition, the physical mixtures of E6
powdered phosphate rock and TSP also
appear quite promising.

Soil Test Calibration
02550100 200 300 400

Although many of the acid, infertile soils P applied (kg P205 /ha)

of tropical Latin America are classified
differently, their P status is relatively the Figure 59. Effect of triple superphosphate additions
same. As a result, it has generally been on soil test P, for soils from two locations in
assumed that these soils would react about Colombia.

the same to similar applications of fertilizer
P. To validate this, several soil samples markedly on the Carimagua soil (Fig. 60).
were taken from selected field experiments In all cases, however, the available soil P
with known amounts of added TSP, from increased with each increment of applied
both the CIAT-Quilichao Ultisol and P. It is also interesting to note how
Carimagua Oxisol, and Bray II P similarly the two soils reacted to the
measured. Figure 59 illustrates the similar varying lime rates when soil pH and
behavior of the two soils to all levels of percentage Al saturation of the effective
applied 1". In addition, it should be noted cation exchange capacity were considered
that even species requiring low P (2.5 to 6 (Fig. 61).
ppm P, Bray 11) will likely need P
applications of from 50 to 100 kg
11,0s, ha. A greenhouse experiment was also

conducted to determine the effect of rate
and source of P on yield of P. maximum

Lime/Phosphorus Experiments grown on two limed and unlimed Colom-
bian soils. The amount of lime added was

An incubation experiment was con- that calculated to neutralize 80% of the
ducted with the Quilichao and Carimagua exchangeable Al. This amount was un-
soils to determine the effect of varying derestimated for the Quilichao soil because
levels of lime and P, as single of the influence of the high organic matter
superphosphate (SSP), on the availability content. Lime did not generally influence
of P as determined by Bray !1. Generaliy, the yield of P. maximum, however, yields
there was no apparent interaction except at did increase with increasing increments of
the highest rate of applied P (400 kg P up to a rate of about 300 ppm P for all
P,0s ha) and lower rates of lime where carriers except TSP, which leveled off at
the P availability appeared to increase about 150 ppm P (Fig. 62 and 63).
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Figure 60. 'Ilfcct of var\ ing levels of applied single superphosphate and lime on availability of soil Pon two soils
from Co lombia. after 30 days incubation.

7- OCarimagua Oxisol .,,10
o Quilichao Ultia , ul

3 1

CaCO 3(t/ha)

Iigure 61. Effect of varying rates of lime on soil pH- and percentage Al saturation on two soils from Colombia,
,titer 30) days incubation.
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Figure 62. Effect of rate and source of P on yield of Panicum maximum grown in the greenhouse on a
limed and unlimed Ultisol from CIAT-Quilichao. (Average of 5 cuts.)
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Figure 63. Effect of rate ;nd source of F) on yield of Panicum maximum grown in the greenhouse on a
limed and unlimed I nceptisol from lPopavan. Colombia. (Average of 5 cuts.)
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Phosphorus Incubation Mixtures of Phosphate Rock
Experiment and Triple Superphosphate

An incubation experiment was con- One possibility for improving P
ducted with a Carimagua Oxisol to availability in phosphate rocks is to mixdetermine the changes in P availability them with an acid-forming material such as(Bray I) due to rate and time of reaction of TSP. By using a material such as TSP there
six different ) carriers. Available P is also the added advantage of supplying Pdropped markedly during the first incuba- in an immediately available form.tion period (16 days) and remained Accordingly, a greenhouse experiment was
relatively constant thereafter, regardless of established to study the effect of ratio ofthe P) carrier(Fig. 64). This was somewhat TSP to phosphate rock on yield of P.
surprising as one would expect the more maximum, grown on a Carimagua Oxisol.soluble TSP and basic slag to decrease in Results would indicate that the ratio of Pavailable P with time due to fixatior as TSP to phosphate rock varies markedly
Apparently. a state of equilibrium is as far as availability of P to the P.reached and the levels of available P maximum is concerned, especially at the
remain constant, the level of which is lower rate of applied P(Fig. 65). For Pescadetermined by the rate of applied P and phosphate rock, a 75:25 ratio of TSP to
relative solubility of the P carrier, rock is superior, whereas with Huila

P added (ppm) N600 
0150300 F 0300200 t 600

TSP Basic slag A 1200
Basic slag

150 
Tennessee

rock phos.
1 00k

50

- -- __ __ __ __ __

=3 L." . .. . .......... '' ' i -.. .a t~ -.a __ . .........

E

a r Gafsa Pesca Huila

150 rock phos. rock phos. rock phos.

1

50 %...... . - - : - "

.L. , _JL_

16-66 186 550 16+6-6 186 550 16166 186 70

35 35 35

1 .I vgl' 1 ( h'inIIcs i f f.;iilihj .( ray 1). duc to talC ol reactmn t (A ix itterent 1) carriers ,ith a Carimagua
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3.0 = 1st cut

3.- 2nd cut

2.5

Peaca Huila
2.0 rock phos. rock phos.

1.5

1.0-

0.5
.c
UL

0 % Rock. phos. 100 75 50 25 0 100 76 50 25 006

% TSP 0 25 50 75 100 0 25 50 75 100

150 kg P2 05 /ha

> 4.0 Pesca Huila

rock phos. rock phos.S 3.5-

3.0

2.5

2.0-

1.0-

0.5-

% Rock phos 100 75 50 25 0 100 75 60 25 0
'4TSP 0 25 50 75 100 0 25 50 75 100

300 kg P2 O./ha

[igure 65. Effect of ration of rSP to rock phosphate and P rate on yield of Panicum maximum grown in the
greenhouse on a Carimagua Oxisol.

phosphate rock a 25:75 ratio appears granulated to determine the effect of
optimum. At the higher rate of applied P aggregate size. Furthermore, granulation
the ratio effect was not so clear, probably of these mixtures would insure intimate
due to increased amounts of TSP. contact between the phosphate rock and

the TSP so that acid from the TSP would

It is difficult to explain why, at the lower be more likely to react with the rock and
rate of P, the 100%TSPdid sopoorly(Fig. not be dissipated in the soil.
65). Since all sources were finely ground,
perhaps the soluble TSP was fixed and Long-term Effects
therefore unavailable to the plant. Results of Different Phosphate Rocks
of this experiment do suggest. however,
that a similar trial should be conducted in A long-term field experiment with B.
which finely ground materials are decumbens was established in 1976 at
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Carimagua to compare effects of six Figure 67 shows excellent performance of
phosphate rocks with TSP. Application the phosphate rocks when compared with
rates range from 0 to 400 kg lP20/ha, all TSP. In any given time the phosphate
broadcast and incorporated into the rocks appear equal to and, in many
topsoil. To date the grass has been cut instances, superior to the TSP, especially
seven times; results are given in Figure 66. from a residual standpoint. The overall
Although yields differed markedly at first, performance of the P carriers is given in
due to the P carrier, after seven cuts total Table 35.
yields are remarkably similar for all
carriers at any given rate of applied P. It might be concluded that with time one

20-

15-/

O7 Tenn. rock phos.
e Huila rock phos.

10- v TSP (annual)
0 Pesca rock phos.

i] TSP
a Gafsa rock phos.

Fosbayovar rock phos.

25 50 10O0 400

P2 0 5 (kg/ha)

pigiirc 6,6. [Itcclt of I' carrier and rate of application on yield of &achiaria decurnhens grown on a Carimagua
(),\ isol. ( I otal t 7 cutting .)
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-I "I 4006 0- o O
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140-
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4 0
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3 6 13 16 22 25 28 3 6 13 16 22 25 28

Months after application

Figure 67. Initial and residual effects of five phosphate rocks relative to TSP applications on Brachiaria
decutnhens yields on a Carimagua Oxisol. (TSP considered as 100%, with actual yields given in parentheses.)

P source is just as effective as another in a are indications that Zn might also be
long-term forage production scheme. reaching deficiency levels in the plant tissue
However, this may not be true since other (Fig. 68). To insure validity of experimen-
essential nutrients probably became more tal results, it would appear that a complete
limiting than P, thus creating this I, Aing tissue analysis monitoring scheme must
effect. Figure 68 illustrates quite vi clv the become,,, a integral part of the on-going P
extreme K deficiency which ocs.urt,.d rescarch prigram.
between the second and fourth cuts. There
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Table 35.

Relative agronomic effectiveness of phosphate rocks from several sources as determined by yield of
Ikachiaria decumbens grown In the field at Carimagua.(Sum of 7 cuts taken over a 28-month period.)

Relative effectiveness (%)

P2 05 applied (kg/ha)

P source 25 50 100 400

Triple superphosphate 100 100 100 100

Huila rock phosphate 96 110 96 109

Pesca rock phosphate 111 81 101 104

Gafsa rock phosphate 110 75 108 99

Tennessee rock phosphate 112 78 88 106

Sechura rock phosphate 125 90 87 98

0.3- 2

o.20

IL 0.1 io.- -- Huila rock phos. % ,.1

Huila rock pho.

2nd cut ,  .
S 0 4th cut

I I-OI .  I I 1

35-

E 30-

zo 0-

. 2 0 - i r k ,

S 15

10

5K7 _ _ _ _ _

0 50 100 400 0 50100 400

P205 (kg/ha)

Figure 68. Effect of two P carriers and application rates on selected essential elements in Brachlariadcumbens
grown on a Carimagua Oxisol.
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OHuila rock phos. minigranule
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100 200 400 800 * N.C. rock phos. minigranule

P20 6 (kg/ha) 6 N.C. rock phos. regular granuleP26 kgha 01(0 () I
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Figure 69. Fffect of rate and granule size of Huila

phosphate rock on yield of Panicurn maximum grown ,, P2 0 5 (kg/ha)
on a Carimagua Oxisol in the greenhouse. (2
cuttings). Figure 71. Effect of rate and granule size of North

Carolina rock phosphate on yield of Panicum
naximum grown on a Carimagua Oxisol in the

Granule Size greenhouse. (2 cuttings).

Of Phosphate Rock creates certain problems since the product
is usually quite dusty and hard to spreadIn general, phosphate rock must be evenly on the field. A greenhouse exper-

finely ground to be most effective. This iment was established to determine the

effect of granule size of phosphate rock on
> yield of P. maximum grown on a

12 Carimagua Oxisol. The granules were
made by granulating finely ground
phosphate rock with a 3.3% KCI binder.

10- lThree particle sizes were used: powdered
(< 200 mesh), minigranules (- 48 + 140

.2? 8 ' mesh) and regular fertilizer granules (-16 +
-2 16 mesh). Figures 69-71 ilustrate quite

6 clearly that the minigranules are as
effective as the powdered materials at all
application rates. Th- use of minigranules
would eliminate most of the physical

2 * Florida rock phos. ground problems of handling finely ground
Florida rock phos. minigranule phosphate rocks.

A Florida rock phos. regular granule
0 100 200 400 8 0 Developing a Phosphorus

P2 05 kg/ha) _ _ Research Network
Figure 70. Effect of rate and granule size of Florida To date, 16 field experiments have been
phosphate rock on yield of Panicum maximum grown
on a Carinmagua Oxisol in the greenhouse. (2 established with several crops on represen-
cuttings). tative sites throughout Colombia, and at
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Table 36.

List of established and proposed field experiments of the Phosphorus Project.

No. of
Location Crops Status' exper. Cooperators

Colombia
PopayAn Beans E I
Carimagua B. decumbens E I

Cassava E I
PeAnuts/Rice E I
P. maximum P I

Quilichlio Cassava E 2
B. decumbens E 2
Rice/Peanuts E I
Maize/ D. ovalifolium/

P. maximum P I
Villavicencio Lowland rice/Peanuts E I ICA

Upland rice/Peanuts E I ICA
B. decumbens E I ICA
P. maximum P I ICA

Peru
Pucallpa . decumbens E 2 IVITA

P. plicatulum /
C pubescens E I IVITA

Yurimaguas Rice/ Peanuts/Soybeans E I CRIA I-NCSU

Brazil

Cerrado Center Cassava P I EMBRAPA-

CPAC
Soybeans P I EMBRAPA-

CPAC

Venezuela

Jusepin Maize/Peanuts P I U. ORIENTE

I F = established, P= proposed.

Pucallpa, Per6. Early in 1979 several phosphate mateiials which will then be
additional field experiments will be es- field-tested.
tablished in Brazil, Colombia, Peri6, and
Venezuela (Table 36). In addition, Although the Phosphorus Project is an
greenhouse and laboratory studies are integral part of the Beef Program, it also
underway to screen for promising has equal research responsibility to other
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crops, most of which are preceeded by or legume germnlasm has been classified in
grown in rotation with tropical pastures in categories b_.ed on previous evaluations,
Oxisols and Ultisols. an evaluation system has been adopted

which is compatible with the established
categories. The preliminary selection

Systematic Estimation which has been used in the Grass and
of Nutrient Requirements Legume Agronomy sections (CIAT An-

nual Report 1977), represents the cs-
tablished selection criteria. Within this

The Soil Fertility and Plant Nutrition parameter, the Plant Nutrition section will
Section was established in June 1978. Its use the following criteria for selecting new
fundamental objective is to understand, germplasm:
within an acceptable level of precision,
nutrient requirements of forage species
grown under acid, infertile soil conditions. 1. An evaluation based on visual

symptoms of deficiencies or mineral
toxicity. The objective is to characterize

In most cases, nutritional requirements the factors contributing to general adapta-
of the promising grasses and legumes tion to conditions at CIAT-Quilichao and
accessions have not been determined and Carimagua.
this lack of information presents an
important gap. The specific objectives of
this section are the following: (I) to 2.mlein fo te an ce obycharacterize and define analytical methods simple and rapid techniques. The objective
foractrizso and pfineanaytitissuet o is to characterize the factors contributingfor acid soils and plant tissue; (2) to t lt l r n eto Al tolerance.
evaluaite the introduced germplasm by a
rapid method which will determine
preliminary selection criteria; (3) to deter- Existing material in introduction gar-
mine the critical nutritional requirements dens at Quilichao and Carimagua and
of the promising germplasm. newly introduced material will be

evaluated by assigning values for visual
Activities began with an evaluation of symptoms of deficiencies or toxicity; these

the CIAT soil and plant analyses will be confirmed with foliar analysis
laboratories, including the analytical including controls. In addition to
methods used for soils and plant tissue, providing information for selecting

tolerant species, this system will allow
charting of symptoms of foliar deficiencies

For routine soil analysis from CIAT- and mineral toxicities which will facilitate
Quilichao and Carimagua the extraction future evaluations.
methods adopted are: IN KCI for ex-
changeable Al, Ca and Mg, Bray II Germplasm will be screened for
extractant for P and K, and finally the tolerance to Al by using the differential
double acid extract for micronutrients. At correlation of the radicular system techni-
the moment, the analytical laboratory is

que. This technique uses a hematoxilinadapting to a system for analyzing a large solution having a high affinity for Al and
permits the differentiation of the
meristematic tissues which also have a

Keeping in mind that the grass and direct affinity for Al.
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The original hematoxilin method was interpretation these .studies will be done in
modified slightly to adjust for the germina- the glasshouse using soils from Carimagua,
lion characteristics of forage seeds and the with most of the nutrients to be studied. To
initial growth of the forage plants. This study Mn toxicity, soils from Quilichao
technique should permit evaluating a large will be used.
proportion of the Category I material in a
relatively short time. At each nutritional level it will be

possible to study various species which will
For materials in categories 2, 3 and 4, a be subjected to the following evaluation:

quantitative determination of nutritional (I) production ,f dry matter (aerial part

requirements has been adopted using the and roots); (2) rate f growth (GR, RGR);
critical concentration method. This foliar analysis; ,.nd (4) rate of nutrient
method uses the Cate-Nelson interpreta-
tion technique which is widely accepted
for its simplicity and acceptable precision. Once these parameters have been deter-

mined they will be subjected to two types of
evaluation to determine the critical

Since research in the area of fertilizer nutritional requirements: (a) dispersion
requirements isdynamic, it is convenient to diagrams, and (b) linear discontinuous
use an easy model to manage where the models.
results are easily calculated and can be
interpreted rapidly. Once data are analy7- Finally, the results will be interpreted by
ed, it will then serve as a basis to revise and multiple nutrients through the combina-
make necessary adjustments for tion of linear discontinuous models by
succeeding experiments. Also, this method individual nutrients. For each species,
will be useful for readjusting previous these criteria will be used to formulate the
results. fertilizer requirements which will be

initially evaluated in CIAT-Quilichao and
Studies on nutritional requirements will Carimagua and later in regional trials

be initiated in 1979. To facilitate rapid throughout the Program's target area.

PASTURE DEVELOPMENT

Research on pasture development was and (5) introducing legumes into native
conducted at CIAT-Quilichao, Carimagua Ccrrado.
and Brasilia with the overall objective of
developing low-cost methods of es- Crops as Precursors
tablishing and maintaining improved for Pasture Establishment
pastures. Advances were made in: (I) using
crops as precursors to pasture establish- The possibilities of establishing pastures
ment; (2) low density seedings; (3) deter- while growing crops were studied at
mining components of cofiventional es- Quilichao and Carimagua. The inter-
tablishment methods; (4) strip plantings; cropping potentitals of key grass and
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legume pasture species were tested with pastures were planted at the same time as
crops having a wide range in growth habit, the cassava, S. guianensis decreased
gro%%th duration, plant architecture and cassava yields about 20% but established
fertility requirements. An experiment on itself well, reflecting a positive intercrop-
[he Quilichao Ultisol tested the establish- ping effect. Mixed grass/legume pastures
nient of pure .S1'vamthe. iuianensis 184, proved too competitive for cassava. Root
and mixed s ,ards of that legume with yields decieased drastically and the pasture
Brar hiarQ hecumtens or Panicum na.v- had to be cut while cassava was growing,
imtm under stands of cassava, beans, rice. an unlikely practical situation. R: max-
corn, sorghum and peanuts. The com- imurn depressed cassava yields more than
hinaion, were planted in October 1977 at B. decumhens, presumably because of its
tmo ,oil fertility levels: "loW' 0.5 t ha of erect growth habit. There were no signifi-
doloimitic lime, and 100 kg !1,0 ha as cant differences due to fertility. Whcii
triple supcrphosphate, and "high" with 4 pastures were planted 60 days after the
t ha ot lime. 4(N) kg 1'(), ha and 100 kg cassava, growth of both grasses and
K,() ha. all broadcast and incorporated legumes was poor, probably due to low
into the top 15 cm of the soil. The crops light intensity and anthracnose attacks in
\'erc sprinkle-irrigated when required. The S. guianensis. Likewise, when pastures
result, Nkith cassava, rice and beans at were broadcast 210 and 300 days after
Quilihthao ire stirmarized below. cassava planting, stands were poor. The

only practical alternative seems to beCassava simultaneous planting of the pasture
legurme with cassava.

Ihe ,aricty ('hiroza planted at 1.2 x 0).8
ti gre%, very well and yielded up to 53 t ha Rice
ot fresh roots in 12 months when grown in
monocultui- (Fable 37). When the three The variety CICA 8 was drilled in 30-cm

I.,hiz. I ',

F" fect (if %intianeous intercripping of cassa,a (c% . (hirowa (Callina /) and pasture production(3 culs)
on ,he I Itisol at (I A I -Quilichao.

('la \'o (roots) Pastures (dr% matter)

,tI1,n -) Initer Mni ot- Inter-
Icrt; tult u re cropped R : culture cropped RYel S'SCL 

I
eS' fI ) ( Ii )

I m tk C ssd., a , Sg 15 t, 35 2 S4 2 1 ) 48
( Asm Ika , Sg * I'm 5' S Q 17 (, 6.2 103

('assata ,e d 42 4 17 o 44) 6I) ,4 92

HilI (I,j a Sy 53) 1 4 65 27 1 ,5 56
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rows and mrnaged as an upland crop but results indicate that with vigorous, short-
without serious water stress due to fre- statured, high-yielding rice varieties,
quent sp7.nkle-irrigation. Rice growth was pasture establishment is feasible.
so vigorous that the pasture,; performed
poorly (Table 38). When planted at the Beans
same time, forage grasses did establish
themselves, hut produced only about 32% Beans were also tested, to evaluate the
of the dry, matter of pastures without rice. potential of an early maturing crop with

high fertility requirements. The results of
S. guianernsis alone produced very little, the first crop (Table 39) showed high yields

It was affected by anthracnose when grown at the high fertility level and no effect on
with rice, but much less severely when bean yields of interplanting pastures
grown alone. When pastures were planted roughly halfway in the bean life cycle.
45 and 60 days after rice, so few plants Pasture production was decreased by
established themselves that measurable dry about half in the presence of beans.
matter was not produced. Ricc yields were Nevertheless, the fact that the pastures had
high, particularly at high fertility. At the no detrimental effect on bean yields
low fertility level, rice yields actually indicates that pasture establishment via
increased about 27% -when pastures were intercropping is highly desirable in this
interplanted: this effect practically dis- short season crop.
appeared at the high fertility level. The
reasons for this unexpected observation Pasture Development
are Hot understood, in the Llanos

A second experiment was established in The Carimagua Pasture Development
July 1978 with the same rice variety unit initiated a number of new trialsduring
planted attworow spacings 30and45cm) 1978 primarily emphasizing low input
to provide less competition for the pastures pasture establishment methods and
used, I)'.smmoiumn ovaifoium 350 re- pasture maintenance and management
pli-:cd S. guianensis because of its better systems. This expanded effort was made
anthracnose and shade tolerance. The possible by the addition ofa plant nutrition
legume was planted with B. ecumbtens. specialist who has assumed responsibility
each between alternate rice rows at 14, 30, for much of the liming and nutrient
45 and 120 days after rice planting. Rice requirement research previously done by
was harested 180 days after seeding. Rice this group.
yields were even higher than before,
reaching a maximum of7.7t ha. Figure 72 )uring establishment of a number of
shows that rice yields were severely new trials, some important lessons have
affected by interplanting pastures 15 days been learned relative to establishment
after rice seeding. but rice yields ap- methods. A number of new tria!s were
proached maxiMum when interplanting plant,d where native :;avanna had been
was delayed to 45 days and pasturegrowth graed rather intensively, resulting in
was still reasonable. The optimum point changes in botanical composition and the
for the intercropping systern seems to be presence of many more weeds than are
between 30 and 45 days. fhis figure also normally encountered in virgin native
showsthe highly competitive natureof this savanna. Serious prcblems with weed
intercropping svstcm. lhe wider row is compe'ition occurred in several trials
better for pastures and vice versa. The where P was applied broadcast prior to or
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Table 38.

Intercropping effects of rice (var. CICA 8) and pastures (3 cuis) planted at different times on CIAT-
Quilichao Ultisol. (First rice experiment planted 12 October 1977).

Rice (grain) Pastures (dry matter)

Mono- Inter- Mono- Inter-
)avs of culture cropped culture cropped
pasture
seeding Fertility RY2  RY

alter rice level Species, (t'ha) (%) (t/ ha) (%)

0 iow Rice + Sg 2.27 2.80 123 2.15 0.04 2
Rice + Sg + Pm 2.65 3.38 128 5.97 2.31 39

Rice + Sg + Bd 3.06 3.82 125 6.99 1.96 28
Mean 2.66 3.33 125 5.04 1.44 29

High Rice + Sg 4.59 5.04 110 2.67 0.02 1

Rice + Sg + Bd 4.54 4.18 92 9.60 3.98 41

Rice + Sg + Bd 6.53 4.80 74 8.96 2.03 23

Mean 5.22 4.67 90 6.98 2.01 28

45 Low Rice + Sg 2.27 3.19 140 2.15 0.00 0

Rice + Sg + Pm 2.65 3.82 144 5.97 0.00 0

Rice + Sg + Bd 3.06 4.32 141 6.99 0.00 0
Mean 2.66 3.78 142 5.04 0.00 0

High Rice + Sg 4.59 5.14 112 2.67 0.00 0
Rice + Sg + Pm 4.54 6.37 140 9.60 0.00 0

Rice + Sg + Bd 6.53 6.20 95 8.96 0.00 0
Mean 5.22 5.90 113 6.98 0.00 0

60 Low Rice + Sg 2.27 3.61 159 2.15 0.00 0

Rice + Sg + Pm 2.65 2.40 91 5.97 0.00 0

Rice + Sg + Bd 3.06 3.10 101 6.99 0.00 0

Mean 2.66 3.04 114 5.04 0.00 0

High Rice + Sg 4.59 5.23 114 2.67 0.00 0
Rice + Sg + Pm 4.54 4.90 108 9.60 0.00 0

Rice + Sg + Bd 6.53 6.20 105 8.96 0.00 0

Mean 5.22 5.44 104 6.90 0.00 0

I Sg Stvisanthes guianensiv 136; Pm Panicum maximum: Bd = &achiaria decumbens.

2 RY, Relative Yield = Intercropped yield x 100
Monoculture yield
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14 Low fertility, Low fertility,
30-cm rows 45-cm rows

12 * Rice
10- o B. decumbens +

D. ovalifolium

aa-

6

2 4-
2D
- 0 I I .

; 14 High fertility, High fertility,
CL 30-cm rows 45-cm rows

12-

0

S 10-

R 6

4-

M 15 30 45 120 M 16 30 45 120

Days after planting rice

Figure 72. Effects of time of intercropping rice (var. CICA 8) with Desmodium ovalifolium and Brachiaria
d'cumbens as affected hN fertilitv level and rice row spacing, at CIAT-Quilichao. (July 1978 planting. M
ononocultures for rice or pasture ,pecies.)

at planting time, thus necessitating either tablished grasses and legumes. For exam-
chemical or manual post-planting weed pie, new seedlings of A. gayanus rarely
control. Irk contrast, trials that were row- survived or grew appreciably in the
seeded with band-applied fertilizer had no presence of a rather thinly established
serious weed problems during the es- stand (about 20,000 plants/ha) of A.
tablishment phase. The most severe weed gaanus. In a low-density seeding trial
problems were encountered when both (1000 plants/ha) with A. gayanus, a radius
seed and fertilizer were broadcast. This of approximately I m around mother
experience emphasizes the importance of plants (originally seeded plants) was
band or localized placeme-nt of fertilizer essentially free of any new seedlings.
applied at seed time. After the pasture is Beyond that point the stand of new
established, broadcast fertilizer applic- seedlings was excellent. Another example
ations are appropriate, is that of Sty'losanth_s capitata seedlings.

In the presence of established plants of S.Several observations during the season capitata, seedlings developed in a
underscore the importance of competition moderately vigorous manner, but in the
of grass and legume seedlings with es- presence of established grasses, the
Beef Program B-101



Fable 39.

Effects of intercrupping beans (var. I'A-Tui) with pastures (I harvest) planted 45 days after beans at
CIAT-Quilichao. (Oct. 17. 1977 planting.)

[lean grain yields Pasture DM yields

Mono- Inter- Mono- Inter-
tcttitv culture cropped RY2 culture cropped RY

leel Species, (t ha) (%C) (t ha) (%)

I Beans + Sg 1.08 1.0" 100 0,80 0.37 46

Beans + Sg +Pm 1.06 0.9; 86 2.03 1.27 62

leans + Sg + Bd 1.22 1.24 102 1.70 0.93 55

Mean 1.12 1.08 96 1.51 0.86 57

Iligh Bean + Sg 1.57 1.58 100 1.40 0.85 61

Bean Sg + Pm 1.63 1.47 90 6.06 2.19 36

liean - Sg + Bd 1.67 1.84 110 2.29 2.11 92

Mean 1.62 1.63 100 3.25 1.72 53

1. .sit Nn ani it'l grzaticlr o 136. Pm - Paicunm ,ulmum. Hd z &a(hiaria dtlcirnibens.

lntcrcrtpped -ield
2 'RN- Rdeiioc %ield =

Monoculture ",scld

seedlings were dwarfed and exhibited Complete coverage had been achieved by
severe K and Mg deficiency symptoms. It is May with Brachiaria humidicola,
well-known that pasture plants generally
have higher nutrient requirements i :

(nutrient concentration in soil solution) in 100 ixi s Aec, .n: P oanum
100- maximum. Andropogon

the seedling phase than after establish- goaanus, Brachiariament. It seems logical that competition humidicola, erachiaria
radicana. Pueraria

from established plants would aggravate 80 phaaeoloides, Cynodon

this situation, thus requiring special hybrid

maintenance when seedling survival is
required to thicken stands. 60 :

a t

Pasture Establishment

Work continued in low-density seeding >
experiments which were previewed last .9 " -
year (CIAT Annual Report, 1977,pp. A 61- 20 P4

63). Ten species were planted at 1000
hills"ha with initial fertilizer applied only
in the hill. After establishment was 0

assured, fertilizer was broadcast between Species
hills. Preliminary establishment data were
prestnted last year. Percentage coverage of Figure 73. Percentage coverage provided hv stolons
the plot area, used as a measure of and or seedlings in May 1978 from a low--density
establishment, is shown in Figure 73. planting (1(000 hills ha) made in September 1977.
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Brachiaria radicans. a Cynodon hybrid, A. establishment, all species excepting S.ga.;anus, P. maximum and Pueraria capitata had provided essentially completephaseolohides. The extremely low fertility cover. Figure 74 shows the condition of A.of the soil was an effective weed control gayanus in May, shortly after the begin-mechanism and almost none were present. ning of the rainy season. Stand counts,Initial stands of S. capitata 1078 were very shown in Table 40, averaged over 150poor and reseeding was not successful, plants/M2 for A. gavanus developed fromtherefore reliable data are unavailable for the 1000 plants, ha in the original seeding.that species. Stand counts for P. maximum were much
lower, ranging from 5 to 15 plants/: 2 , butjrv June, nine months after seeding, B. entirely adequate for pasture establish-

hunidiui/a. B. radicans, P. maximum, A. ment.
.'avanus and P. plha.svoloides (kudzu) were
ready for grazing. At that time, the kudzu The low density planting system ofmat was not well-rooted but after grazing, pasture establishment shows considerableit was thoroughly anchored to the soil. The promise for reducing initial investment in( l'n oht hybrid provided cover but is too fertilizer, labor, and seed which are allpoorly adapted to be considered for this often critically limiting resources in
co system,. developing areas. From this early ex-

perience a number of new trials have beenBy September 1978, i.e., one year after established. In one, the interaction of

/ .

Figure 74 ,idrepoton gayanuts established via low-density seeding method at Carimagua. The large "mother"pI.trii, tcc plaiitcd in SeIptemhr 197'. spaced 3.16 In apart (1004) hills ha). I he began seeding in Noeznher at111c cild of ti . ,ru,,, 1 and Lc rniriatiln iO'Ccurrd after first rains of the next rainy seaso n in Match 1978.,c'd o'ttd htto t , holl , t et k s field cultilator and appear to hae been weeded in riis, . Stand counts it)
\priI I >,s ,t ucd 1501 plants in:
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Table 40. (burned and unburned) on establishment

Effects of P and K on stand counts from low of three legumes (D. ovaifolium, S.

density seeding of Andropogon gavan. s and capitata and P. phaseoloides) associated
Paniurn maximum at (*arimagua, 1978. with A. gayanus will be evaluated. Another

1', 0, kg ha trial tests the interaction of tillage methods
and grass species.

0.5 I 3 9

(plants m2) Conventional establishment methods

.4. gawanus 97 170 144 176 are also being studied in trials planted
I'. mav rflo 4.K 6.3 6.6 13.2 during the year. The interaction of tillagex

K, 0 kg ha species x date of seeding includes conven-
0 0.5 1.5 tional seed bed preparation and the stubble

I. .avanu. 136 160 146 mulch sweep method of controlling native
1. maximum 6.4 7.3 9.5 savanna and preparing the seed bed.

Another trial is designed to test the
interaction of methods of seeding and time

tillage methods with planting density of A. of seeding of legumes relative to time of

gayanus is studied. In another, the effect of seeding of grasses. Four associations

the stage of developmer of native savanna composed of S. capitata, P. phaseoloides.
A gayanus and P. maximum are included.

-. ...... Early evaluation indicates that seeding in
28-day rotation alternate rows or alternate pairs of rows

[_Consumed provides the best balance. Broadcast
2" Not consumed seeding and fertilizer application has

-P. phaeoloide B." a~cumts resulted in excessive weeds and poor

species balance.

Pasture Maintenance and
42-day rotation Management

1 The kudzu/grass strip seeding experi-
ment initiated in 1975-76 and described in0, the 1977 Annual Report continued in 1978

with some modifications. B. decumbens

4 56-day rotation remains strongly competitive in 56- and 42-day rotations and maintains good stands

even in the 28-day rotation (Fig. 75 and

2- 76). It has invaded the kudzu strips,
especially in the 56-day rotation. This is

1 iJ sufficient time for B. decumbens to

o0_ _ _ produce seed and most of the invasion

0 8 16 24 32 40 48 appears to be via new seedlings. There is

Weeks much less invasion in the 42- and 28-day
rotations.

Figure 75. I:tlect of grating frequency on dry matter On the other hand, Melinis minutiflora
production and forage consumption of Pueraria
ihaseoohdh.% and kachiaria decumhens seeded in and Hyparrhenia rufa began to decline in
alternate 2.5-in strips. at ('arimagua. the very early grazing cycles under all three
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preferential grazing of M. minutiflora and
28-day rotation H. ruja also contributed to their failure.

4 Brachiaris d&CumbenabMeinu minutiflorC Both are relatively palatable in the rainy
P. phaboloideuLfPuerariaphaseoloido $  season. The rapid decline of M.

fminuti/lora is shown in Figure 76. The data
2 for H. ruja are almost identical.

0 8 6 2 2 4 The two grasses which were displaced by
kudzu were replaced late in the year by B.

humidicola and P. maximum after disking
lthe grass strip to control the invading

2, kudzu. Both species are expected to be
:i sufficiently aggressive to maintain stands

• 1- li- H [I with kudzu. They appear to be much more

0 .... ill like B. decumbens in vigor and rate of dry
8 16 24 32 40 4b matter production, based on observations

5 56-day rotation in a number of other trials at Carimagua.
4,

3 _ Figure 75 shows that legume production[I is negatively correlated with grass produc-
2 L tion. Total legume productionl to date has

1.fl been greatest in the 28-day rotation and
o [j [j~ least in the 56-day rotation. Total grass

8 16 24 32 40 48 production has tended in the opposite

Weeks direction with greatest production in the
56-day rotation. Total combined produc-

[igUt. 76 -flect tt gra/ing frequency on total dry tion was greatest for the 28-day rotation
matter production ti two pasture associations, at and least for the 56-day rotation. It appears
("arlnagua. that the 42-day rotation would result in the

best compromise for production and

rotations, and had essentially disappeared persistence of both B. decumbens and

by mid-1978 from the 2.5-m strips where kudzu.

they were initially seeded. They were
displaced by kudzu from the alternate 2.5- During the 1978 grazing season, it was
m strips. The failure of these two grasses observed that B. decumbens within the
was due to a number of factors. Initial kudzu strip benefited greatly from the
stands of all species were good with the improved fertility environment whereas B.
exception of H. rufa, which was han- decumbens only 2.5 m away in the middle
dicapped from the outset. Both species of the grass strip is grossly N-deficient.
have relatively slow growth rates under The grass appears to be improving at the
Carimagua conditions, compared to B. expense of the legume in the legume strip
decumbens which recovers rapidly after and declining rapidly for lack of N in the
grazing and produces much more dry grass strip. It is possible that the legume
matter in a given rest period than the will now rapidly improve in the grass strips
others. The design of the experiment did as grass competition decreases. There may
not permit separate grazing of the three be (in space) an example of ascending
associations and as a consequence, grass declining legume and subsequently,
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declining grass ascending legume cycles The validity of this type of rotational
that are observed in time under field grazing experiment is subject to question
conditions. It may be possible to design a and it is difficult to extrapolate from the
paddock with spatial distribution which research experience to farm conditions.
would encourage this cyclic change in Based on the promising results with B.balance but with the cycles out of phase decumbens and kudzu and the apparent
I rom one strip to the other, providing fora longevity of kudzu, we have initiated a new
more continued availability of forage and trial on spatial distribution of the two
more constant pasture quality within the species in which the strip width of each
paddock. species is varied from 0 to 8 m while

maintaining the strip width of theThe kudzu in this experiment was associated species constant at 4 m. The
established in 1975 and the grasses were new trial will be grazed continuously with
established in early 1976. Although the grazing piessure adjusted to foragelegume is declining in the B. decumbiens availability. Data will be taken on per-
association (Figure 75) it has persisted sistence of species, invasion of strips, weedthrough three dry seasons and appears to incidence and efficiency of N transfer to the
be a productive, rather long-lived pasture grass.
species for savanna ecosystems similar to
that of Carimagua. It does require higher An additional trial related to
fertilizer input than S. capitata and Zornia maintenance and pasture management was
latilolia. initiated in 1978 to study the interaction of

100 B decumbens A. gayanus P. maximum

75-

50- 00

25

030 60 90 1200
.~100- Fallow Native savanna

eDac. 13, 1977*~75- D .. Dac. 30, 1977
E , 

- Jan. 9. 1978
0 50 - an. 30, 1978Cn9

A Feb. 13, 1978
25- 

.. Feb. 27, 1978
I

0 30 60 90 120030 60 90 120

Depth (cm)

I'gure 7. Moisture extraction prt files under faIlow', ground, native savanna, Brachiaria decumbens,
.lndrop op g, eiaan and Paitc'u n ,a. nw ,tw during the 1977-78 dry season at Carimagua.
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P levels and pasture associations. Two subsoil. P. maximum is a relatively poor
grasses and two legumes (P. maximum, A. summer performer and is apparently
gayanus, S. capitata, P. phaseoloides) are unable to utilize subsoil moisture as
combined in four associations which are effectively as the other two grasses.
each fertilized at three different P level:.
The grasses and legumes included differ It is speculated that for legume/grass
markedly in their P requirement, thus P associations for sa'vanna ecosystems where
level should have a strong effect on relative the dry season is severe and long, the most
competitiveness and productivity of the drought-tolerant grasses may not be the
components of the associations. most desirable since they would obviously

compete more strongly with the legume for
Subsoil Moisture Availability limited moisture. A less competitive grass
to Pasture Species that tolerates the dry season well and

recovers quickly in the following rainy
At the beginning of the 1977-78 dry season may in fact be a more desirable

season sets of Bouyoucos blocks were companion grass for legumes.
installed in a, number of different profiles
to a depth of 1.20 m to follow the Fertilizer Maintenance
extraction of subsoil moisture by several Requirements under Grazing
grasses. The results are preliminary and
additional work will be undertaken in the Small enclosures in grazing paddocks
coming dry season. In Figure 77 it can be are used for testing for nutrient responses
seen that P. maximum and the native in B. decumbens grazed at three stockirg
savanna displayed almost identical rates. A large N response has been
moisture extraction capabilities. Both observed, but we are still unable to show
pastures were relatively inefficient at responses to P and K treatments using two
extracting moisture at the 90- and 120-cm replicates of a complete 3 x 3 factorial.
depths compared with 4. gavanus and B.
decum/'ens, both of which dried the profi!e Pasture Development
completely to the 90-cm depth and ap- in the Cerrado
parently dried it somewhat greater at
120 cm than did the other two pastures. A review of available edaphic and
Under fallow, although some moisture was nutrient response data for crops and
lost front the subsoil it remained quite forages shows that little information is
moist throughout the dry season, even at available for predicting the most important
the 30- cm depth. It should be noted that soil limiting factors for forage grasses and
the values obtained are not soil moisture legumes of interest for this area.
content but are conductance values and Phosphorus fertilization requirements for
therefore, should not be taken as precise establishment is well-known for some
moisture measurements. crops and possibly B. decumbens but little

is known regarding establishment and
These observations correlate well with maintenance requirements for forage

apparent drought resistance of the species legumes or grass; legume associations.
observed. A. gavanus and B. decumbens Most of the work in 1978 related to
are both noted for their good performance establishment methods has been done with
during the dry season. This may be largely cultivated pastures. There is little informa-
due to their ability to root deeply, taking tion on native pasture improvement,
advantage of stored moisture in the including legume introduction in native
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savannas. Traditionally, improved limiting for both legumes in the LVA soil.
pastures in the Cerrado of Brazil have been A significant response to Mo was observed
developed by expensive mechanized clear- with Centrosema. Other deficiencies will
ing, plowing, liming and complete seed bed probably show up as nutrients are ex-
preparation for pure stands of grasses or tracted by additional harvests.
grass, legume associations. Legume per-
sistence has always been a problem and at Based on these findings, experiments
present most farmers and research workers with S, Ca, K and Mo have been initiated.
are pessimistic about the potential of Spray application of other nutrients will be
grass: legume associations. Maintenance tested if they are identified in the pot
fertilization and better grazing manage- experiment as potentially limiting.
ment would probably overcome some of
the problems of persistence.

Establishment RequirementsLimiting Fertility Factors

Cerrado soils are typically P-deficient
To identify these factors a series of but the amount of P required for pasture

exploratory pot experiments was initiated, legume establishment and maintenance is
All major, secondary and micronutrients not well-defined. As a basis for selecting P
except N, P. Cl and Fe were included in a levels to be used in field experiments, a
2s factorial with one-quarter of a replica- preliminary pot trial was performed with
tion. Phosphorus and Fe were considered the same legumes and soils previously
in satellite experiments, P being applied as described. An additional objective was to
a constant in the factorial experiments, check the validity of the P and Ca levels
Two test plants representing high and low chosen for the previous experiment.
fertility requirements were used in two
experiments with two Oxisols. the Latosol Four levels of P equivalent to 50, 100,
Vermelho Escuro (ILE) and a Latosol 200 and 400 kg P/ha as calcium
Vermelho Amarelo (LVA). A striking monophosphate and 0, 100, 500 and 1000
visual plant response to S was observed in kg CaCO 1/ha were used. Plant responses
both soils with both test plants. Plant are shown in Figures 78 and 79 for the LVA
response data in terms of dry matter are soil. Plant response to CaCOI was
available only for the I.VA. They confirm
the S deficiency observations and show
other deficiencies as well.

The drv' matter production of the o155-1

('entrosema hybrid 448 was doubled when 7.5
30 kg S ha was applied. Calopogoniwn -
nuctuoitdes also responded significantly ! 5.0 3 applied (mg/pot)

to S. Both legumes responded to Ca Awhen 2 2.5- 100
500 kg ha was added as CaCO ,,. This I-as 10 500
been interpreted as a nutrient response i 0 1000 1
more than a liming effect of CaCO; Plant 50 100 200 400
and soil analyses are being performed to P applied (mg/pot)
check this hypothesis.

'igtmre 78.( 'alo/p, .'gotjilmtin fd( 'otiot)lv respontise to
Potassium has also been identified as Ilmeand 11 or a Red-vellhs laostol at Brasilia. Brazil.
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for establishment of an A. gayanus/S.
capitata association using triple

10. 0 -superphosphate, AraxA rock phosphate
7.51 and Yoorin, a thermal rock phosphate.

Aiain plots will be divided next year to
5.0 "", O3 app ied (mg/pot)cdetermine residual effects and optimum

2 2.5- 00 A 500 maintenance rates.o L.. 100 "'100O

60 100 200 400
P applied (mg/pot) Establishment Methods

Figure 79. Centrosema hybrid 438 response to lime A field experiment was established in
and F on a Red-yello,, Latosol at Brasilia, Brazil. January 1978 to test several methods of

legume introduction into native savanna
detected for both species at levels with various degrees of tillage. Three
equivalent to 500 kg CaCO 3 /ha but not legume species - S. capitata, C.
above this level. Response to P was high mucunoides and Glactia striata -- were
even at levels as high as 200 and 400 kg selected, based on previous information
P/ha. This indicates that large amounts of available at CPAC. Burning was included
P are necessary for maximum seedling as a treatmcnt to eliminate excessive
growth in the field, mature vegetation accumulated in

previous years and improve seed/soil
Based on previous results a field experi- contact.

ment was initiated this year to evaluate
three sources and several rates of P. A 20-day drought followed planting and
Sulphur,Ca, K, Zn, and Mo were included growth was reduced by the short rainy
at uniform levels, based on resultsuf the 28 season but establishment was successful
factorial experiment and information with some species and method-. Stand
available for other cropz. The objective is counts are shown in Table 41 for April and
to determine P fertilization requirements August observations.

I able 4 1.

Effects of establishment methods on stand counts of three legumes introduced in native savanna
(Brazilian (errado, I,' soil). (Means of 20 observations in April and 40 observations in August.)

St ylosarthes Calopogonium Galactia
capitata 1405 nutcunoides strinta

April 78 August 78 April 78 August 78 April 78 August 78

Methd (plants, m)

O)versow4ing .:. I ." I -:1 ." I 3 I
Burning & oersowing 2 I 8 3 2 < I
I)isking & osersowing 2 2 31 12 13 4
Btutning, disking &
olelsosing 4 2 29 16 10 5

Sod-seeding 2 I 32 17 12 4
Burning & soa-seeding 3 .. 1 40 16 8 4
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Pasture Renovation planting in strips (1.50-m wide rotovated
band); and (5) N fertilizer application after

There are vast areas of pure grass disking, with no legume introduction.
pastures as well as grass/legume
associations in which the legume compo- Three species were planted for each

nent has disappeared in the Cerrado of establishment method. C mucunoides, a
Brazil. Ihe dominant species are B. well-known legume adapted to Cerrado
d'cur-ihens, It. rufa and At. minutilora. conditions; Centrosema hybrid CIAT 438,
1hese pastures decline in productivity after more productive at relatively higher soil
a few years, probably due primarily to low fertility levels and D. ovalifoliurn CIAT
soil N availability as a result of a low rate of 350, probably the legume best-equipped to
organic matter mineralization under graz- compete with Brachiaria.
ing. In addition, forage quality declines,
especially during the dry season in pure The experiment will provide informa-
stands of these species. l.egume introduc- tion on adaptation of species for associa-
tion in grass swards is known to increase tion with existing Brachiaria and on
total production, improve forage quality methods most suitable for legume in-
and incorporate N into the system as well. troduction. The grass/ legume associations

which succeed will be compared to N
/B. ecumhens dominates almost all fertilized Brachiaria.

other species in association. There is a clear
need to identify adequate species and
methods of establishing legumes in old Other Experiments
Brac'hiaria swards.

Additional field and pot experiments
A field experiment was started this year designed to help interpret the experiments

to test several methods and species for outlined above have been initiated. Two
renovating a three-year-old Brachiaria pot experiments are in progress to study
pasture. Fhe renovation methods tested in Fe, Ca and Mn and sources of S in two
8 x 12 m plots in a randomized complete major soils using two test plants. Two field
block design are the following: (1) over- experiments have been established on old
sowing Brachiaria; (2) oversowing experimental sites with contrasting levels
Brachiaria after disking: (3) sod-seeding o' available P and pH, to study the effect of
I-in wide Furrows 50 cm apart); (4) these factors on grass, legume associations.

PASTURE UTILIZATION

[he Units of the Pasture Utilization Nutritive Value
Section of the Beef Program conducted
activities at Carimagua, CIAT-Quilichao of Andropogon gayanus
and Brasilia. All activities are related to Intake and digestibility trials were
evaluating Category 4 material from the conducted with several promising forages
standpoint of the use that animals can at Quilichao. employing crated wethers
make of this promising germplasm. offered forage in increasing quantities.
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The digestibility of Antropogon t
gavanus CIAT 621 was determined using E - 40 !
hay cut during the dry season after 44 days > 4
of regrowth. The hay was offered at four 35
levels between 50 and 200gofDM/W.75/- U
day. Figure 80 shows a quadratic O
relationship between forage consumption .-T 25 Maintenance
and digestibility. Maximum digestibility of .t 20
60i was attained at a level of consumption .a I Iof 60 g. Moreover, Figure 81 shows that the 6 50 100 150 200
consumption of digestible DM was above Forage offe'ed (g DM/W./day)
maintenance at forage levels of 50 g and
over, indicating a good degree of utiliza- Iigule 81. Effect of amount of forage offered onlion. consumption of digestible I).M of l,rdropo.on

gaua,t. 621 ha', made from a 44-day regrowth cutNutritive Value during the dr. season and fed to crated wethers.

of Desmodium Species
relationship is clearly asymptotic and verylh.vmodium ovali/fliurn 350 was fed similar for all forage ages. Maximum DMfresh, unchopped at levels between 30 and intake was reached between 80 and 90 g of240 g of I)M W- 'day, and at five plant DMI/W- 75 offered. including the forage cutages averaging 50. 80, 100, 125 and 145 during the dry season. Digestibility in-days of regrowth. The last trial coincided creased as the level of consumptionwith the beginning of the dry season at increased, reaching levels of around 60% inQuilichao. all cuts, which can be considered adequate
for tropical forage legumes (Fig. 83). TheFigure 82 shows the relationship increase in digestibility with increasingbetween the amount of D. ovalifolium forage consumption can be explained byoffered and its consumption. The the increase in leaf consumption as shown
in Figure 84. It is important to observe that

Fo e (g D / the intake of digestible dry matter was70- Forage offered (g DM/W "/day) above the approximate maintenance level
A 10050 of 25 g/W. 75 /day (Fig. 85).LL65- ,.1506  200 , Figure 86 shows the average crude

protein (CP) and P contents of leaf and60 ", A stem at each age. Protein is not particularly

high, but its level in the leaves is quite
55- adequate for animal growth and reproduc-

tion. Leaf P is insufficient for growth or
50, ,reproduction in spite of the application of40 50 60 7 0 200 kg P2O05/ha at establishment. The

Fg ccritical levels of protein and P are generallyForage consumed (g DM/W'/day) considered to be 7-10% and 0.2%, respec-

Figure ?sff Relationship hetween forage offered, tively.
forage con um ed nd dgeStbhility f I.ndropogongaianm. 021 hay made hiont 44-day regrossth during rhe digestibility and intake of threethe dry season. Desmodium species were compared when
Beef Program 
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Figure 82. Relationship hetween stage of regrowth, forage on offer and consumption of green Desmodium

ovalilollum 350 fed to crated wethers.

cut for hay, during the dry season. D. distortum. The difference reflects the much

ovalijolium 350 and Desmodium more drastic selection for leaves occurring

heterophyllum 349 are species of interest as forage availability increased; at 40 g of

for Oxisol and Ultisol areas. Desmodium DM offered the low digestibility of D.
distortum 335 was included as a positive disiortum was associated with near total

control since it has been previously found consumption of the woody main stems of

to be of high nutritive value although not the legume. D. heterophillum and D.

adapted to acid soils. Figures 87 and 88 ovalijolium appear to be very palatable

show the intake and digestibility values of species of high intake potential in spite of

the three legumes with increasing levels of decreased possibility of selection for

forage offered. The high nutritive value of leaves.
D. distortuin is again demonstrated by its
linear increase in intake and digestibility Grazing Management
up to the highest level offered. D. of Legume/Grass Associations
heterophyllurn had higher consumption
than D. ovalifolium but both reached near The effect of the rotation interval on the

maximum intake at 80 g of offer. survival and productivity of Centrosema

Digestibility of the latter two legumes did hybrid 438, was studied in two experiments

not change with increased forage offer or at Quilichao. In one experiment, Cen-

consumption, in marked contrast with D. trosema was mixed with Panicum max-
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green Dt,.modntm ovalifolium 350.
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Figure 85. Effect of amount of forage on offer and stage of regrowth on consumption of digestible dry matter by
crated wethers.

imum var. Common, Brachiaria 8
decumbens and A. gayanus 621 and grazed 8
at three intervals - 4, 6 and 8 weeks - at
low and high grazing intensities. In all [ 70
mixtures, forage yield tended to increase as
the rest periods increased, the increase

0

e Leaf protein
") Leaf P I0,

A~~ Stm D. o~alifolium
18 A Stem protein 0 A D. distortum /

U40-
16 - // D. heterophyllum

14 0.16
0.14 '  30*12 14 2

,,-, 0.13 . IS10 0.12 40 80 1208C 0.11 Forage offered (g DM/W.75/day)
6

50 70 90 110 130 150 Figure 87. Effect of amount of forage offered on
Plant age (days) consumption of Desmodium ovalifolium,

*-- Desmodium distortum and Desmodium
Figure b6. Effect of plant age on protein and P content heterophylluz hay cut in the dry season and fed to
of leascs and stems of Desmodiuni ovalfohlujn 350. crated wethers.
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Figure 90. Effect of graiing inter\-al on dry matter
1-igure 5&. l~ttect 01 aitfttit o~t f,)rage offered on IM availability of mixtures of Centrosena hybrid 438 and

dig st lihiht of I'm)e dtium 0 vahlohtun, l)'tnlodium the grasses Panicuro maxiltm var. Common,
ara(hiaria det't~c r'en.s and Andropo(go gayanus 621do 0 rtwol and Ir ,ucuoit hOtU( jitlln |l cut in dornthransaddrveanatarm:a

the dr season and ted to crated Aethers. during the rainy and dry seasons. at Carimagua.

but was large in the following dry seasonbeing more pronounced in the C'en- (Fig. 90).

trosema/ Andropogon mixture and less in

B. d ecumbens (Fig. 89). This increment The effect of the companion grass on
was not observed in in the first rainy season legume content of the mixtures is presented

in Figures 91 and 92 for the rainy and dry
seasons, respectively. The legume content
was low in the mixture with B. decumbens
and P. ,naximum in the first rainy season

4and decreased to nearly nil in the following
4-j dry season. A. gavanus, on the other hand,

allowed good legume persistence while still
maintaining a reasonable DM yield,
particularly with the longer rest periods

Companion grass: (Fig. 89). The data from the first two10

AB. decumbens grazing seasons indicate that only A.
2,. P. maximum gayanus will allow this legume to persist
o A. gayanus under the conditions of the experiment.

4 6 8 In the second experiment, legume/grass
Grazing interval (weeks) associations are being continuously grazed

at a stocking rate of 2 animals/ha. All
mixtures contain Centrosena, one of theFigure 89. Effect of grazing inter~al on mixtures of two Stylosanthes guianensis, 136 and 184,

(enrowopa hybrid 431 and each ot three grass, 'nd one of the grasses P. maimum var.
Pani'cum niavi mum %ar. ('ommon. Bratitaria n
det-o'pithe and .Iitdropfifot raianu: 621. Common, B. decumbens and A. gavanus
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4 6 8 igure 92. Effct of grazing interval on legume4 8 content of pastures containing mixtures of C('n-

Grazing interval (weeks) tro.eoa hybrid 438 and one of the grasses Panicum
oaxiium. Brachiaria ecumhens or .4ndropogon

1-iguie 9l. Iflect of grazing interval on legume .gavanu.i 621, during the dry season at CIAT-
content of pastures containing mixtures of Cen- Quilicha o.
trwnema h v rid 438 and one of the grasses Panictm
mlili l. llr (hiarn d'cu inhe'ns or Andropogon
i,'iamii% 621. during the rainy season at C'IA!- quantities are large, indicating a problemuilichao of understocking. This will be corrected by

increasing to 3 animals/ha in subsequent
621. Table 42 shows the available DM for years. Under continuous grazing, yield of
each of the mixtures during the first rainy A. gavanus has been severely reduced. This
season and the following dry season. In all can be partly explained by insufficient
cases DM availability decreased, but the initial stand resulting from vegetative

able 42.

Forage availability of mistures of (entrosi',ia CIAT hybrid 438, Stylosanthes guianensis 136 and 184
and one of the grasses Panitum maximurn, Brachiaria decumhens and Andropogon gayanus 621 in
continuously grated plots at (IAT-Quilichao.

)M .%icld in rainy season (t ha) )M yield in dry season (t /ha)
1f B. A. P. B. A.

o inilerat ma.\i",,n n tiecumbens gavanus maxiownz decurnhens gs,'anus

(e'troenc, 2.5 3.8 3.4 0.9 0.5 2.4
S'. ,uiu '.c t1.5 2.8 2.9 0.2 0.2 0.8
(rass 3.9 3.2 1.2 3.3 2.6 0.2
1otal 9.3 11.6 9.0 5.2 3.7 3.6
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propagation, and by a strong preference of during 233 days of grazing for an average
the steers for this species. By the end of the daily weight gain of 704 g/steer.
dry season the contribution of A. gayanus
had decreased to less than 5% (Fig. 93). Two new experiments, similar to thoseThe other two grasses have become above, have been established at Quilichaodominant and the legume has decreased to to determine the most adequate grazing10 to 20% of the stand. Both introductions management for mixtures of D.of S. guianensis are rapidly disappearing. ovaliolium 350 and two of the grasses.

Under continuous grazing, B. decumbensFrom results obtained thus far, it will not be included and A. gayanus will
appears that A. gajvanus should not be occupy most of the area in the mixture toglazed when initial plant populations are avoid its elimination by preferential graz-
low because it can be grazed out rather ing.
rapidly.

Animal Production PotentialTwo animals continuously grazing a I- of Pure Grass Pastures
ha paddock have gained 164 kg each

Brachiaria decumbens
" P P. maximum

B B. decumbens The B. decurnbens trials at CarimaguaA A. A.gayanus continued into their fourth year in order todetermine the most appropriate year-
Weeds round management. This year's results are
S. guianensis presented in Tables 43 to 45. Liveweight

__ Centrosema gains are similar to previous years with the
exception of certain treatments withGramineae variable dry season/rainy season stocking

rates. It is important to note that B.P B A P B A100- decumbens is capable of producing asmuch as 260 to 280 kg of liveweight

80 gain/ha/yr. Forage availability ranged
from I to 2 t/ha of green DM during the

60 rainy season and 0.2 to 0.5 t/ha during the
dry season. Recovery at the beginning of
the rainy season (April) is rapid, but as

=40 shown in Figure 94, it is slower at the
higher stocking rate. Rainy season forage

20 availability had been restored by May, in2 every case. Figure 95 shows a similar
S_ _ situation when stocking rates are higher in

0- Rainy season Dry season the rainy season, clearly demonstrating the
need to wait at least one month after rains
start to establish rainy season stocking

Figuic 93 iotala I.orn positon (if plots cormpri ,ed rates.
of niiatrures of ('eir,,.ema hybrid 438. Sti(,lauthe.s
gulQalev.ic . 136 and 184 and one of the grasses
I1aneul maimuIm, Hrathiara dh'c'rjnhens and Pasture productivity in Carimagua is

[,~ ' tiaian62! undercontinuouscortnron fairly stable over time in spite of large
g.a.,jg, it (IA I-Quiilchao. seasonal variations. Differences tend to
Beef Program 
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I able 43.

The effect of stocking rate on Itveweight changes of steers grazing Brachiaria decumbens at constant
stocking rates throughout the year at Carimagun. (Fourth year of grazing).

Stocking rate Gain per animal Gain per hectare
(animal ha) (kg) (kg)

I )r Rainy )ryv Rainy Dry Rainy
seaoin season, season season Total season season Total

09 o.9 -8 86 76 -7 77 70

1.3 1.3 2 71 73 3 92 95

1.7 1.7 3 73 77 5 124 129

1 3 das ofl yraiing. December to March.
2 251 dao, of griving. March to November.

cancel out in consecutive seasons due to Nevertheless, weight gains during the dry
compensatory gains as shown in Figure 96 and rainy seasons were excellent, reaching
for continuously grazed and set-stocked B. a maximum of 314 kg/ha and gains per
hcunhens. animal of 114 kg at 1.7 animals/ha

stocking rate (Table 46). These are only
Panicum maximum first year results and as such are of limited

value because it is well-known that P.
Panicum maximun var. Common was maximum is a fast-growing, nutritious

sown.luly 1977, with the application of 140 grass with high nutrient requirements,
P2 0.5 /ha as basic slag, and has been particularly for N, which is usually
continuously grazed at 0.9, 1.3 and 1.7 depleted rapidly in tropical soils.
steers ha since February 1978. At that
time, the pasture was already tall with an Andropogon gayanus
excess of dr-y, old material. It was necessary
to increase stocking rates in May and June An experiment was seeded with A.
1978 to reduce the forage available. gay'anus 621 in August 1976. Vegetative

I ihlc 44

lhe effect of rainy season stocking rates on lives, eight change of steers grazing Brachiaria decumbens at
low stocking rates during the dry season.(Third year of grazing.)

Stocking rate Cain per animal Gain per hectare
nltnzal ha) (kg) (kg)

I D1% Rtlnt [)rv Rainy season I)ry Rainy
se C 111

I  
Si1 l s esilo Farly late seasoln season Total

t).7 1.62 15 36 63 11 127 138
0 " 2.14 10 25 5S 7 146 153
o7 3106 37 45 66 26 233 259

I do . Ih nl I)r.ccctlthot to March
2 (,lim svion lstck i hg rt es t t're lo it r-esahlshed until lay 5. 197H toallo' recovery of the pastuires. Early rainy

csl,,tl Ihi l In IlcIl t, M,1. S7 dojs and late rainy season from Ma, to November, 194 days.
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Table 45.

The effect of dry season stocking rate on Ilveweight change of steers grazing Brachiaria decumbens at
medium stocking rate during the rainy season. (Second year of grazing.)

Stocking rate Gain per animal Gain per hectare(animal ha) (kg) (kg)

)r, Rainy ry Rainy season Dry Rainyseason t  season- season Early Late season season Year

0.72 2.16 20 29 49 14 127 141
1.03 2.08 27 38 104 28 255 283
1.36 204 13 24 87 18 210 228

1 83 days, from December to March.
2 167 das s. Rain. season stocking rates %ere not re-established until May 5, 1978 to allow recovery of the pastures.

Early rain season from March to May, 57 days and late rainy season from May to November, 194 days,

material was taken from this planting and gayanus grows very rapidly, requiring high
used in May-August 1977 to plant two stocking ra:es to maintain reasonable
more similar experiments. The first experi- pasture height.
ment was stocked in December 1977, at
0.9, 1.3, and 1.7 steers/ha, and the other Table 47 summarizes the comparison of
two in June 1978, at 0.9, 1.3, 1.7 and 1.63, the forage availability of the three main
2.34 and 3.06 steers/ha. Grazing manage- grass bpecies presently being used in
ment of these experiments was not easy Carimagua. Care must be used in inter-
because the plants were slow to establish, preting those data, since the ages of the
particularly when vegetative material was pastures are different, but they serve to
used. Almost a year was required to point out the large biomass production in
accumulate sufficient growth for safe
grazing. Once established however, A.

* Low stocking rate
/0 High stocking rat (0.7 - 1 .63 animal/ha)(1 .7 .3.0- r) High stocking rate

animal/ha) (0.7 - 3.06 animal/ha)
3.0 0 Low stocking rate -

(0.9 animal/ha) 2.0
2.o,0
201.0

2 1.01
0,-0

J JASONDJ FMAMJJAS

.-- 1977 - - 1978----4-- 1977-, ,-- 1978--
Season

Iligure 94. Effect of stocking rate and season on Figure 95. Effect of rainy season stocking rates and
amount ol forage on offer in Brachiaria dee:.- :ihens season on amount of forage on offer in Bachiaria
pastures gra/ed continuously at constant year-round decumhens pastures grazed continuously at low (0.7stocking rates (rnedium stocking rate not shown). ani,..aliha) stocking rates during the dry season.
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Tables 48 and 49 show the protein and P
120- content of B. decumbens and A. gayanus to

-be fairly similar during the rainy season.
100- During the dry season, however, B.

decumbens has 1% more protein and P at
80o equivalent stocking rates ( 1.7 animals/ ha).

Protein content of the green forage of B.
E decumbens during the dry season was
E 60 Dry season much higher when it was grazed during the

A Rainy season previous rainy season at 3.06 animals/ha
40 than at lower stocking rates. This explains

the higher dry season weight gains observ-
ed for animals grazing at the highest
stocking rate.

Brachiaria humidicola
-20

; _ _ i_ _ Brachiaria humidicola, a grass well-
1975-76 1976-77 1977-78 known in Brazil and other areas of the

Grazing year world, has been incorporated in the list of
promising species for Carimagua. B.

Figure 96. Effect of year on liveweight changes of hurnidicola is a strongly stoloniferous
steers grazing Brachiaria decumbens. Data are plant, which by virtue of its ability to root
averages of three set stocking rates, 0.9, 1.3 and 1.7 at stolon nodes, covers the ground rapidly
steers ha.

and competes particularly well with weeds.
B. humidicola was planted at Carimagua in

A. gaanus and the difficulties in grazing it May-June 1978 and will be grazed begin-
properly. ning in 1979.

1ahle 46.

The effect of stocking rate and season on liveweight gains of steers grazing Panic'mo ,naximum in first
grazing year at (arimagua.

Stocking rate Gain per animal Gain per hectare
(animal hal (kg) (kg)

I )ry Rainy 1r) Rainy Dry Rainy'
se'ist11) seasor season season Total season season Total

.) o9 9 127 135 8 172 180
1.3 1.3 I1 II1 121 15 232 247
1,7 1.7 13 96 114 23 291 314

1 27 d is, I chmar, ti Matrch
2 251 dt.,' sn, ckitg rate as increased fror Ma, 4 to June 21. 197h to 2 7, 3 9 and 5.1 steers ha. respectiscly. to

ictlitcc clit csc'c 1Nic :tCClnulatttnI oI torage.
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Iable 47

The effect of season forage availability and stocking rate on three grasses continuously grazed in
(arimagual.

Dry season Rainy season

,4. ,aivantus B. decumhens A. gavanus B. decumbens P. maximum2

Stocking rate
(steers ha) (t dry green forage ha)

0.9 3.7 2.1 7.7 1.6 2.4
1.3 3.3 1.4 4.2 1.1 1.6
1.7 5.5 1.6 4.7 0.8 1.7

I Number of .,years under grating: .4. gatants and P. rnainurm, one year; B. decurnhenr, four years.
2 Not sampled in the drY season, Grating started in February 1978.

Animal Production Potential animal production potential. Grazing
of Grass/Legume Pastures started in November 1978.

Seven legumes have reached Category 4 For areas of extensive or semi-intensive
of the Program's germplasm classification grazing where native savanna is plentiful,
system: Pueraria phaseoloides (kudzu), D. the concept of establishing a limited area of
oval/folium CIAT 350, S. capitala (CIAT legume/grass pasture seems the most
1019, 1315, 1405, 1078) and Zornialatifolia logical and feasible technique for increased
CIAT 728. Replicated 2-ha plots of each reproductive performance and calf growth
species were sown at Carimagua in (see the Animal Management Section
combination with A. gayanus to measure report). Another alternative is to establish

Iable 48.

The effect of stocking rate and season on the chemical composition of Brachiaria decumbens at
Carimagua, 1978.

Stocking rate
(steers ha)

Drv Rain% Plant Protein P
season season Season part (%)

1.7 1.7 Rainy Green 7.00 0.15

Dead I
Dry Green 3.50 0.13

Dead 0.82 0.10
0.7 3.06 Rainy Green 6.70 0.16

Dead - -
Dry Green 6.61 0.20

Dead 2.03 0.08

1 Samples not available for analysis.
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Table 49. stocking rate with the lowest stocking rate
(1.5 animals/ha) resulting in gains of 582

Chemilcal composition of Andropogon g/day as compared togains of 343g/dayat
gaYanus 621 in two seasons of the year. the highest stocking rate (2.7 animals/ha)
(Stockinj rate .7 animals/ha all year.) (F ig. 97).-- (Fig. 97).

Protein P Neither stocking rate nor P2 0 5 level
Plant resulted in differences in average daily

Season part M) gains at the two intermediate stocking rates
R(1.9 or 2.3 animals/ha). The gains of bothRainy Green 7.04 0.16 these groups were superior to those from

Dead 2.94 0.05 the highest stocking rate (Table 50) and
Dry Green 2.43 0.09 nearly equal to gains of the lowest stocking

D rate. Thus, their gain/ha/day was greater
------ than that of the low stocking rate,

especially at the 2.3 animals/ha stocking
small areas of pure legume as protein rate. The relationship of individual and per
banks to be 6sed during times of protein hectare gains are shown in Figure 98.
stress, particularly in the dry season. P.
phaseoloides is a legume which normally At the beginning of the experiment, the
does not thrive under continuous grazing pasture was estimated to contain 40%
but which covers the ground rapidly and legume and 60% grass. As the rains began
effectively competes with weeds. It was to diminish, the availability of B. ruzizien-
planted at Carimagua as a protein bank in sis decreased with increased stocking rate
combination with native savanna and B. and paddocks with 2.7 animals/ha
decumbens. Grazing started in November appeared to be almost pure S. guianensis,
1978. indicating a preference for Brachiaria over

Stylosanthes during the rainy season.
Animal Production Trials
at Brasilia The number of grazing days (Table 50)

was directly related to the stocking rate,
One grazing trial was started at the i.e., as the stocking rate increased the

beginning of the rainy season, utilizing a number of grazing days increased even
legume-based pasture (Brachiaria ruzizien- though the higher stocking rates were
sis x Stylosanthes guianensis cv. removed from the experiment first. When
Endeavour) which had been established the number of grazingdays is multiplied by
the previous year as part of a larger average daily gain, there is no difference in
experiment designed to study methods o( total weight gain between the highest and
managing the Cerrado for agriculture. The lowest stocking rates and the two in-
effect of two levels of P2 0 5 (120 and 240 termediate stocking rates are superior to
kg/ha applied during establishment) and both high and low stocking rates in total
stocking rate on animal performance are weight gain.
being studied. The experiment was grazed
from one month after the rains began until As in Colombia, anthracnose has
the animals began losing weight in the destroyed about 90% of the S. guianensis
following dry season. plants during this trial, confirming the

need to eliminate susceptible cultivars
Animal gains were inversely related to from the germplasm evaluation flow.
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Figure 97. Effect of stocking rate and season on distribution of steer gains on a &achiaria
ru.i-wnsis StYhvsanthes guianensis pasture in the Cerrado.

Table 50.

The effect of stocking rate and P fertilization on growth of Zebu steers in irachiaria
ru:i:iensis Stleosanthes guianensis pastures at the Cerrado Center, Brazil. (December 1977 to August
1978).

Stocking rate (steers ha)

1.5 1.9 2.3 2.7
(kg P2 05 ha)

Parameters 120 120 240 120 240 240

Days on experiment 238 238 238 224 224 224

Daily gains per
animal (g) 582 492 481 514 519 343

Daily gains per
hectare (g) 878 934 913 1177 1188 929

Total weight gain ha during
experiment (kg) 209 222 217 264 266 208
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1.2 compare the effect of grass alone plus N
versus grass/ legume associations for grow-
ing weaned beef calves. Grasses and
legumes to be used are B. decumbens, A.

X 08- kggayanus, S. capitata and Calopogonium
.9- kg/ha/day mucunoides. Brachiaria and

kg/animal/day Calopogonium are the most commonly
K found improved pasture species in the

0.4Cerrado. They are being compared with
> two relatively new species.

S.5.9 2.3 2.7 A second experiment is designed to
Stocking rate (animal/ha) study the effect of different levels of

_____ pasture nutrition and weaning age on
Figure 9X. Effect of stocking rate on steer gains on reproductive performance of lactating
Brachiaria decumhens Styh'santhes guianensis Cows.
mixed pasture in the Ccrrado.

A long-term experiment which began in
Unlike Colombia, however, there is the last quarter of the year is designed to
vigorous new seedling growth at the start study the effects of: (1) the length of the
of the 1978-79 rainy season, which should breeding season; (2) strategic use of
extend the life of the legume component. improved pasture during the breeding

season; and, (3) weaning ages on the
Three new experiments were initiated reproductive performance of beef cattle in

during the year. One is designed to the Cerrado.

ANIMAL MANAGEMENT

The two units of the Animal Manage- Evaluation of Beef
ment Section of the Beef Program, at Production Systems
CIAT and Brasilia, are developing im-
proved beef production systems utilizing The Beef Production Systems Evalua-
the improved pasture technology being tion project (ETES) is being conducted
developed by other sections. Activities jointly by the Animal Management and
during 1978 concentrated on: (1) evalua- Economics sections, with support of
tion of existing beef production systems in Animal Health and in collaboration with
Colombia, Brazil and Venezuela; (2) the EMBRAPA's Cerrado Center (CPAC) in
strategic use of improved pastures in Brazil, and FONAIAP's Centro de In-
Colombia; and (3) management of test vestigaciones Agropecuarias del Nor-
herds. Herd management experiments in oriente (CIARNO) in Venezuela. The
Brasilia were started during the year but prevailing beef production systems of the
no results are yet available Colombian and Venezuelan Llanos and
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the Cerrado of Brazil are being evaluated perimental results from Carimagua, which
in technological and economic terms. show low productivity during the dry

season of both Melinis and HyparrheniaWithin each region, farms representing and poor adaptation to acid soil conditions
different technology levels have been of the latter. In almost all cases, H. rufa is
selected and monitored in relation to found on land which was originally forest.
natural resources, applied management, The area under B. decumbens is increasing
physical inputs, production, animal health rapidly, since it has shown good adap-
and economic conditions. Three regional tability, high production and relative
teams visit the selected farms three or four superiority during the dry season. High
times a year to collect data. interest for this latter species is rather

disturbing, because establishment costs are
Uanos of Colombia high and its productivity over time

(productive persistence) is unknown. Also,
In this region, on-farm data collection the spittlebug risk and related management

started in October 1977. Up to October problems are often overlooked.
1978, four per.odic studies at 17 farms(out
of 20 initially), have been done. Two In general, there is a lack of knowledge
studies, corresponding to late rainy and of how to manage this pasture. Data in
early rainy seasons, provided a full set of Table 51 summarize pasture utilization in
data on animal performance. The other terms of stocking rate. Farms show highly
two served as follow-ups, mainly for variable stocking patterns. Stocking rates
updating of records, vary from 2.9 to 12.5 ha/A.U./ha (0.08-

0.34 A.U./ha).
Another major activity in coopers:ion

with the CIA I Data Services Unit, was the The mean figure observed, 5.9 ha/A.U.,
development of a computerized data is considered adequate and is contrary to
processing system to store and analyze a the general opinion that L.lanos farms are
data bank of: (1) non-varying farm understocked Fhe optimum stocking rate
descriptors: (2) variable farm descriptors, on native savanna for maximum animal
(3) pasture utilization (animal inventory by performance is not precisely known, but at
paddock); (4) individual performance of Carimagua breeding herds are managedlemale stock; (5) individual performance of under similar stocking rates, 6 to 7
male stock; and (6) expenditures and ha A.IJ.
income. Final analyses will be made aftertwo years of observation. lehminarv The mean availability of sown pastures
analyses have been run for files 3, 4 and 5. per animal unit is 0.36 ha, A. U. In general,

farmers give breeding stock little access toTable 51 shows pasture availability on sown pastures, but prefer to utilize them
the selected farms. Average farm size is with male stock or cows culled for sale. In
about 2900 ha, of which 5C(, is sown most cases, sown pastures are also used for
pastures and the rest, native savanna. A recovery of cows in extremely poor
high variation of total sown pasture area condition, such as those lactating during
and of the three species have been found, the dry season. This "strategic" use to
Brachiaria decumbens is the predominant avoid cow losses during the dry season is a
grass, while Melinis minutillora and, common management practice.
particularly, Hvparrhenia rufa are decreas-
ing in importance. This confirms ex- Table 52 shows the herd structure, i.e.,
Beef Program 
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Table 51.
IO

Pasture insentories and animal stocking in relation to amounts of sown pastures on 16 farms in the Colombian Lianos.

Sown pastures

Species (-) Overalt Sown Sown
Total Total I of Cattle stocking pasture pastures per

Farm areat  sown area total Brachiaria Melinis HI-parrhenia stock rate asailability breeding
No. (ha) (ha) area decumbens ,inutii/ora rufa IA.U.) (ha A.U.) (ha A.U.) cow (ha)

2 1060 272 26 62 20 18 292 3.7 0.93 0.1
4 3050 22 1 27 73 0 610 5.0 0.04 0.0
5 810 143 18 50 0 50 238 3.4 0.60 0.5
6 1590 231 15 47 5 48 398 4.0 0.58 0.3
7 4950 457 9 27 25 48 969 5.3 0.47 0.0
8 380 162 43 10 0 0 130 2.9 1.25 3.0
9 470 0 0 0 0 0 131 3.6 0.00 0.0

11 5250 52 1 0 0 100 436 12.5 0.12 0.0

12 4430 161 4 94 6 0 558 8.3 0.29 0.0
13 1410 0 0 0 0 0 258 5.6 0.00 0.0
14 1700 30 2 17 83 0 325 5.3 0.09 0.0
15 3580 164 5 21 79 0 930 3.8 0.18 0.0
17 2240 321 14 1 99 0 329 6.7 0.98 0.0
18 8890 144 2 38 33 29 1101 8.3 0.13 0.0
19 3950 20 I 0 0 100 377 II.1 0.05 0.0
20 2860 65 2 77 23 0 559 5.3 0.12 0.0

Mean 2910 140 5 35 28 25 488 5.9 0.36 0.06

I Includes nativt, savanna, gallery forests and sown pastures.
2 Dependent on degree of utilization by breeding cows.



Table 52.

Herd structure of 16 farms In the Colombian Llanos.

Animal categories (%)
Breeding 

TotalFarms cows Bulls Heifersi Steers, No.

2 36 2 24 38 315
4 49 3 33 15 674
5 50 3 31 17 265
6 46 4 34 15 460
7 40 3 35 23 1038
8 37 3 36 24 145
9 43 4 31 22 145
11 36 5 33 27 517
12 24 2 26 48 603
13 44 2 35 19 282
14 44 3 34 19 369
15 34 2 37 25 1046
17 33 3 34 22 369
18 40 4 30 26 1219
19 40 2 30 27 412
20 33 2 32 33 627

Overall

mean 39 3 33 25 530Total 3324 258 2833 2779 9194
I Heifers and steers include suckling calkes and steers include cull cows for fattening.

the proportion of animals in each major fattening (on Brachiaria) and is thus notcategory. Approximately 39% of the total representative of the Llanos. Seven farms
stock are breeding cows (females which (e.g., farm 12) are also engaged withhave calved). This figure is typical for a fattening, but as a rather marginal or
cow-calf and stocker operation, with low tentative operation.
reproductive rates, advanced age of heifers
at first calving, and advanced marketing A high proportion of heifers, which areage of steers, kept for replacement, are common in the

herds. This explains the age structure of theFarms 4, 5 and 6 have a well-above- breeding stock given in Table 53.
average percentage of breeding cows (and a
low proportion of steers) indicating The average age of cows is 76 months,
operations tending towards the cow-calf indicating a relatively short productive life.type and selling steers at a rather young Only 8% of total breeding stock has beenage. classified as old cows (over 9 years of age).

The farm sample includes one case(farm In the total sample of 196 palpated10) of management oriented towards heifers, between 2 and 4 years of age, only
Beef Program 
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Table 53.

Relative age structure of breeding cows in 16 farms of the Colombian Llanos.

Age classes

No. of Young Medium Old> 108 Mean
Farm observa- <60 months 60-108 months months age
No. tions (%) (%) (%) (months)

2 55 44 42 14 74

4 0 -I - - -

5 73 37 62 I 71

6 46 46 46 8 68

7 79 4 96 0 73

8 49 18 79 3 71

9 44 25 68 7 71

I1 73 45 55 0 59
12 65 25 69 6 75

13 72 26 74 0 70

14 56 22 71 7 78

15 0 - - -

17 47 9 55 36 106

18 73 14 74 12 84

19 43 25 70 5 80

20 50 26 52 22 84

Overall
mean 8252 26 66 8 76

I Information not available.
2 I1otal number ot observations.

37% were pregnant. These 72 pregnant The low proportion of old cows is
heifers were 38 months old, with average probably not related to longevity of the
weights of 305 kg. These figures generally female population as such, although
indicate that renlacement heifers produce continuous nutritional stress may have an
their first calf at more than 4 years of age. effect. The main reason for short lifetimes
Therefore, the average productive lifetime of cows is their high beef value, i.e., if cash

of a cow, including first gestation, can be is needed, farmers prefer to sell old cows
estimated to be 4 to 5 years, not much (rather than young steers, which next year
longer than the raising period. If these might have a higher value). This culling of

results are confirmed next year, together heavy (often pregnant) cows, has an
with the calculated average calving rate of adverse effect on the herd's reproductive
50%, one can expect a cow to produce 2 to level.
2.5 calves during her lifetime. It has to be
considered that young cows, particularly Table 54 summarizes thr" adoption of
first calvers, are less efficient than old herd management technology by the
cows. Therefore, the age structure shown farms. Application of techniques I to 4
in Table 53 may explain the low reproduc- has a direct (active) effect on herd output,
tive indices. while the others may have an indirect
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1able 54.

Frequency and degree of adoption' of herd management techniqoes on 16 farms of the Colombian Llanos.

I echnolog Farm Relative
Iadoption

component 2 4 5 6 7 8 9 I1 12 13 14 15 17 18 19 20 (%)

I. Mineral supplementation 4 8 10 4 8 10 8 8 6 4 8 4 10 10 8 4 702. Animal health program 6 8 8 6 8 10 6 10 4 4 6 8 10 6 - 8 703. Culling - 10 10 2 2 2 2 2 - - 2 2 5 2 - 2 304. Weaning 4 10 4 8 4 10 8 10 4 4 4 4 10 4 - 10 605. Herd subdivision 4 10 4 10 4 10 - 10 4 - - 4 8 4 - 4 506. Production records - 5 5 - - 5 - 2 2 - 2 2 - 207. Seasonal mating - - - - - - - - - - - - - 08. Technical assistance - 5 3 - I - 3 - - - 3 1 3 209. Dehorning - - 5 - - - - - - 5 - 5 2010. Animal identification - 5 5 - 5 5 - 5 5 - 5 5 5 5 - 60

Relative management
level(%) 24 81 72 40 4 70 - 36 63 33 16 47 40 75 41 10 44 46

I Techniques I to 5had• maximum ratin of 10 points; techniaot, 6 to ]On maximum of5 Points. Therefore, a total maximum of 75 points can be achieved.

,=
M.



(passive) effect. A maximum of 10 points throughout the year. Most ranchers are
(according to degree of adoption) was aware of a natural concentration of calving
computed for techniques I to 5, and a during late dry season, consistent with
maximum of 5 points to techniques 6 to 10. Carimagua findings. Since ranchers corn-
This quantification does not imply applica- monly gather their herd only once or twice
tion of appropriate technology, a year, during early and late rainy season,

ages of nursing calves vary widely, corn-
Contrary to general opinion, mineral plicating weaning at a given age. In this

supplementation is quite common on the case, farmers prefer to wean calves at a
farms, i.e., all farms supplement animals rather old age, approximately 10 months.
with minerals, although mostly in a more
or less restricted manner. An overall Restricted or seasonal mating is not
average estimated daily intake of 48.6 g/ practiced on the sampled farms, norlhas it
A.U.iday(17.7kg/A.U./year)wasrecord- been heard of outside the sample.
ed, with a mineral mixture of about 5% P, Ranchers believe that "it doesn't work",
equivalent to 2.8 g P/A.U./day. It is because "cows will fail to conceive". This is
interesting to note that most owners and consistent with the fact that successful
even cowboys are well aware of mineral adoption of seasonal mating requires good
deficiency and its relation to abortions and managerial skill. This knowledge gap
low fertility. The degree of adoption of emphasizes the importance of the
mineral supplementation is mainly limited Carimagua experiment, described later in
by cash availability, this section.

Animal health practices (vaccination, While individual animal identification
parasite control, navel disinfection of new- and branding is quite common, individual
borne calves) also show , relatively high performance records are seldom kept
adoption level, although most of the except for controlling the cattle inventory.
technology has not been developed for the
llanos and therelore may he inap- Data in Table 54 show an enormous
pr, priatc. potential to increase herd productivity by

transferring known management
[he culling of' unproductive cows is technology such as culling and seasonal

.ieldom practiced because it requires some mating, which can be adopted at a low cost.
basic techniques such as individual animal On most farms, the existing infrastructure
identilicattion and production (abortion, (e.g., corrals and fences) would need only
calving, calf mortality) records that imply a minor improvement for these practices.
high ()errail management level. The poten-
tial of adopting this management practice Table 55 gives an estimate of the
is considered high, because it could be done reproductive performance of the breeding
relatively cheaply and would assure a herds, in relation to the body weight of
stronr , imrediate impact on reproductive cows according to lactation status. Since
efficiencv of breeding herds. farmers do little to improve pastures, the

nutritional condition of the cows, and the
Little systematic weaning is practiced on resulting reproductive indices, are ex-

the farms; ini many cases weaning occurs pressions of the forage production poten-
natufallv (cows stop producing milk ).This tial of the savanna. According to results
ik related t the conmtin s mating used on obtained at Carimagua, the mature body
all farms, v'th calves being horn weight ofa dry cow commonly found in the
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Yable 55.

Reproductive performance' of breeding stock in 16 farms of the Colombian Llanos.

Cow Body weight of cows (kg) Estimated
age

Farm (months) Drv cows I.actating cows calving Reproductive
(mrate2 index1

No. ,X No. X No. (%() ( ' )

2 74 29 317 26 302 45 0.78
4 -4 107 320 - - 34 0.85
5 71 39 297 33 284 57 0.74
6 68 25 348 22 299 77 0.94
7 73 58 303 25 290 42 0.67
8 71 15 410 31 356 67 1.09
9 71 21 344 20 313 54 0.85

II 59 44 326 29 298 51 0.96
12 75 50 308 16 283 38 0.59
13 70 45 344 27 285 59 0.79
14 78 42 306 14 272 48 0.73
15 32 303 26 289 56 0.85
17 106 23 337 23 310 52 0.91
18 84 31 298 41 261 44 0.83
19 80 28 279 16 264 30 0.56
20 84 23 312 26 276 45 0.92

Overall
mean 76 622 318 375 293 49 0.81

I Based on data obtained in Ma% - June. 1978.
2 Calculated from lactation and pregnancy status (%ee te.%t)
I ,um r I proportin of lactating aid pregnant cows.
4 lnt.naitit it a%allable

Llanos under adequate pasture-based !'"77 until October 1978. The following
feeding conditions for satisfactory formula was used: Number of lactating ( l-
reproductive performance is about 400 kg. 6 months) cows plus number of pregnant
On the farms, average weight of dry cows (3-9 months) cows divided by total number
was 318 kg (in the early rainy season), of cows in the sample.
approximately 20% below the estimated
optimum. On some farms, the nutritional Because of the known natural within
stress appeared to be extremely high. For herd variation of calving rates between
example, in farms 18 and 19 lactating cows years, these figures have to be com-
averaged only 262 kg. On only four farms plemented with one more year of observa-
did lactating cows weigh more than 300 kg. tion. However, the average rate of 49%
These inadequate feeding conditions are appears reliable and agrees well with the
the main cause of poor reproductive 52% reported from a former survey (CIAT
performance in the Colombian Llanos. Annual Report, 1974). According to the

initial hypothesis, variation between farms
The estimated calving rates in Table 55 is high, ranging between 30 and 77%. The

correspond to the period from November close relationship between nutritional
Beef Program 
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condition (body weight) and reproduction The relative distribution of breeding
is evident. cows, according to pregnancy and lac-

tational status, of a total sample of 988
Table 55 also shows values for the observations is shown in Table 56. Only 2%

reproductive index, obtained by adding of lactating cows were found to be
together all lactating and pregnant cows pregnant. The survey reported in 1974
(lactating pregnant cows are rated twice) indicated 9%. This finding again confirms
and dividing by the total number of cows in that the vast majority of lactating cows are
the sample. This index quantifies the not able to reconceive, primarily due to
proportion of actively reproducing cows nutritional stress. The average cow has to
over a period of approximately 18 months, recover for several months from lactation
and is therefore a better parameter to after weaning, resulting in an average
compare the reproductive status'of a herd calving interval of approximately 24
than the estimated calving rate based on months and corresponding to 50%calving
single observations, rates.

'he best arid worst reproductive indices Table 57 gives the average body weight
(farms 8 and 19, respectively) coincide with of young stock, within age categories.
the highest and lowest cow weights. Based Fattening operations are excluded so
on this index, it is estimated that ap- results refer to cattle grazing savanna only.
proximately 10 to 15% of the cow popula- Also, the results of the two weighing
tion should be culled, because of extremely seasons are shown. No significant
poor reproduction or infertility, differences were found in age within

I ehI 5e .

l)l, ributlon of breeding cows in relation to pregnancy and lactation status, based on 988 observations in
the Colombian lanos.

Lactating lactating

Dry months months Mean

l'regnancy ('

Open 21 23 13 57

Pregnant

3
rnonths 16 I 17

Pregnant

'-- 3
mnonths 25 I 26

M ea i'

(lactaition 62 23 15 1]00
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Table 57.

Body weights of animal stock, by age categories, on sampled farms of the Colombian Llanos.

Early dry Early rainyOverall mean season season

Age Age Weight Weight Weightcategories No. (months) (kg) No. (kg) No. (kg)

Female stock

Weaners 195 8 138 87 129 180 145
- 2 years 267 16 185 89 191 178 182

2 - 3 years 226 27 250 105 245 121 254
3 - 4 years 193 38 267 118 259 75 279

>4 years' 100 52 280 62 272 38 294
Cows (dry) 1245 76 309 632 300 613 318

Male stock:

Weaners 187 8 136 III 138 76 132
- 2 years 273 16 184 125 178 148 189

2 - 3 years 90 26 232 38 240 52 227
>3 years 23 49 259 19 259 4 258

1I aie not et caked.
2 ( asi rated and tLncastrated.

categories during these seasons. While the necessary. For this purpose, extensivedata have not been fully analyzed, sex and recognition trips were made. Based on theseasonal effects appear not to be impor- findings that in sub-regions I and 2 dairytant. Females in category over 4 years of ranching prevails (60 to 80% of the farms
age are heifers which have not calved yet. use beef cows for milk production), it was

decided to concentrate efforts andCerrado of Central Brazil resources on sub-regions 3 and 4, where
beef production systems definitelyFour major ecologically homogeneous predominate. Nevertheless, the increasing

sub-regions of the Brazilian Cerrado were importance and trend toward dual-identified by the Target Area Survey purpose ranching may have implications
Section and are: (I) Central-west Minas with the Program's orientation.
Gerais; (2) Southern Goids; (3) Northern
Gois; and (4) Central Mato Grosso. From May onward, farms were pre-

selected, and by September, eight farms inActivities started in January 1978, as the Central Mato Grosso area and seven farmsCIAT special-funded Animal Scientist in Northern GoiAs were identified andjoined the CIAT-CPAC team. Due to initial data collections to characterize thephysical limitations to cover these four vast farms were concluded. For records ofsub-regions, an initial screening was individual animal performance a sample of
Beef Program 
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1900 head of cattle was identified and comparable, with breeding stock represen-
numbered. The selected farms are shown in ting 45-47% of the total stock.
Table 58.

The main difference between the two
Fahle 58 shows a relatively high varia- sub-regions appears to be the proportion

tion in farm size, herd size, and actual of planted pastures on the farms, being
stocking rates, ranging from 2 to 5 ha/ head higher in Mato Grosso (24% of total
of' cattle. Nevertheless, it is interesting to pastures) than in GoiAs (14%).
tiote that the mean figures for both regions Nevertheless, in both regions the only two
are verv similar. Also, the herd structure is important species, Hyparrhenia rufa and

I haIAteritic% of ,elected farm.s in the (errado of Brazil.

Area (ha)
Cattle Stocking

I rmin I cchliog. I vpc (i Sown rate
IcC Operation-' Total, past. Cows Total (ha/animal)

So-region: ( entral NIto(1 (;rsso

NI 'R 2000 400 - -

2 N, " 1700 310 88 300 5.6

I C 2000 550 300 503 3.9

4 II it' 5450 1200 520 1200 4.1

5 I. C. R 990 250 305 442 1.9

I [ C, R 4400 I00 460 1135 3.4

M C 1126 215 210 419 2.4

%I CR 1467 220 120 307 4.2

\Iean. lto (irosso 2400 500 290 615 3.6

',uh-region: Northern (oian

II CR 1630 288 200 593 2.0

Ii I. C 700 250 120 255 2.2

I1 I. C 870 50 90 244 3.6

12 CI CR 31 () 5W0 348 661 4.6

I CI CR 3560 100 308 791 4.4

4 I 1 3370 3W0 300 540 4.0

t5 C ' 21(g) 275 420 816 1.9

\IcaI \.rlciwi (i,,s 22WX' 250 255 560 3.2

% II % I ! I ,I
A I 14 ,, , Kail ,t n~pg

,,t .nv rm s.o' -* S ,m"n pas.ture I oud No. of cattle.
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Brachiaria decumbens, have been found in Breeding Herds Management
the same two-thirds: one-third proportion, Systems
respectively.

The main objective of this large experi-
Comparing these findings with results ment is to evaluate the strategic use of

from the Colombian Llanos, there appear improved pastures on cow-calf type
to be no major differences in farm area and production systems in tropical savanna
herd size. Cerrado farmers appear to have regions.
a higher stocking rate (3-4 ha/head in
Brazil), than in the Llanos of Colombia(5- Strategic use is defined as a temporary
6 ha/head). A significant difference can access of the breeding stock to improved
also be observed in the proportion of sown pastures, during critical periods of,.the
pastures on the farms (Cerrado 14-24%, reproductive cycle(calving, early lactation,
Llanos 5%). While in Brazil the most reconception). For a rational strategic use
important sown pa~i::re species is If. rufa, of improved pastures, a seasonal restricted
B. decunhens and M. 'ninutiflora mating appears to be essential.
predominate in the Llanos. In both
Cerrado regions, almost all farms do some The experimental objectives were
cropping (rice mainly), although at a described in the 1977 Annual Report. The
relatively small scale. On the Llanos farms, final design is shown in Table 59.
commercial crops were not found.

Approximately 10% of the total area
Also some differences can be observed in utilized by Herds 2, 4 and 6 is improved

herd structure. While on the Cerrado farms pastures, i.e., 120 ha of grasses (mainly B.
over 45%1/ of the total stock are breeding decumbens, but associated with M.
cows, on the l.lanos farms only 36% are minutilora and partially with A. gavanus)
cows. This indicates that Brazilian and 30 ha of Stylosanthes guianensis 136
ranchers sell their stock at a younger age planted in August-September 1977, with
than their Colombian counterparts. low fertilizer inputs (47 kg P 2Os/ha, to all

plus 10 kg S/ha on legumes).

Eastern Uanos of Venezuela Strategic use with 20 high-priority (early
lactating) cows per Herds 2, 4and 6 started

)uring 1978 an agreement with in the late dry season (February 15 till
FONAIAP was signed. Among other April 30, 1978). During this peiod,
collaborative research activities, the ETES stocking rate of the legume paddock was
Project will be carried out as a joint 1.6 A.U./ha, and in the grass paddocks
venture. In October, a CIAT Animal (during establishment), 0.36 A.U./ha.
Scientist joined the multidisciplinary team
assigned to the project at the ('IARNO From May until September, grass and
regional center in Maturin. Initially, the legume paddocks were grazed intermit-
northeastern I.lanos region has been tently, at an average stocking rate of 1.6
selected, with possibilities to expand into A. U./ ha. The periods during which Herds
the central l.lanos later. Pre-selection of 2, 4 and 6 had access to the improved
farms has been concluded, providing a pastures are shown in Table 59.
hasis for final selection. Data collection
concerning animal performance will start The native savanna pastures had an
early in 1979. average stocking rate of 0.15 A.U./ha.
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Table 59.

Treatments In breeding herds management systems experiment, during 1978 at Cailmagua.'

Pastures

Time
on improved Mating periods

No. of pastu:¢s Duration
Hterds Cows Type (days) Months (days)

1 54 Savanna 0 Jan-Dec. 365
only

3 54 0 June-Sept. 120
5 54 0 May-July 2  90

2 54 Savanna 114 Jan-Dec. 365
+

4 54 Improved 155 June-Sept. 120

pastures
6 54 91 May-July2  90

I Within herds, 50'T of calves will be weaned at 6 months and 50% at 9 months.
2 A second mating period of 90 days, during December 19 7 8-January 1979 is planned.

These pastures are burned in sequence Phosphorus content in the mixture varies
(within paddocks) 2 or 3 times per year. from 7 to 8%. Average consumption has
Some of them include a high proportion of been 58 g/A.U./day (21 kg/A.U./year);
good, productive low areas (up to 50%). In (2) A complete animal health program,
an attempt to eliminate paddock effects, all including control of infectious diseases
herds on savanna are rotated monthly (foot-and-mouth, brucellosis, malignant
throughout all paddocks. edema, pasteurellosis and black leg),

external (every two months) and internalThe experimental herds were formed in parasites (calves twice a year, adults once a
December 1977. Cows were selected with year), and care of newborne calves (par-
the only criterion being proven fertility- ticularly navel disinfection). (3) All bulls
at least two calves for old (born in 1969) are supplemented with 0.6 kg of cot-
cows and one calf or pregnant for young tonseed meal during the dry season and are
cows. Replacement heifers must weigh 280 kept on improved pastures during rest
kg by 3 years of age. Culling of infertile periods. (4) Individual animal checks every
cows is routine. All herds are comparable two months, during data collection.
in age and physiological (lactation and
pregnancy) status. I n August 1978, another Therefore, general herd and pasture
16 heifers were included so that each herd management is near feasifle optimum, in
now has 56 breeding females. relation to the environment and present

state of knowledge.
The routine management program for

the six herds includes: (1) Year-round ad From September 1977 to August 1978,
libitunt mineral supplementation. the experimental breeding herds had the
B-136 1978 CIAT Annual Report



following average performance: calving In October, lactating cows of Herds 2, 4
rate, 72.5%; preweaning calf mortality, and 6 were 31 kg heavier than comparable
9.9%; adult mortality, 1.5%; and, abor- cows of the savanna herds.
tions, 0.6%.

In analyzing the effect of pastures onIn the same period, these traits were not body weight of cows by lactation periods, it
yet infl' enced by experimental treatments, becomes evident that improved pastureBut the high calving rate, due to selection supplementation is particularly effective
and culling in December 1977, resulted in a during early lactation, when nutritional
high proportion of lactating cows during requirements are highest. Figure 100 shows
mating periods, thus permitting the study the weights taken in June and August.
of reconception during lactation. Although all differences are significant,

differences due to improved pasturesA significant effect of the pasture during the first half of lactation is about 30treatment on weaning weight of calves was kg, and only 10 kg during the second half.
observed from June onwards. All calves
that conceived during 1977 (with con-
tinuous mating in all herds) were weaned at Table 61 provides results of the weighing
9 months of age. In Table 60 the results of in October. The differ'ence between early
June and August are shown. Although lactating cows has increased to 43 kg, to 23
cows from Herds 2, 4 and 6 had access to kg for late lactating and only 18 kg for dry
improved pastures during late lactation for cows.
only an average of 160 days, they weaned
11% (18 kg) heavier calves than cows A pregnancy diagnosis was done at thegrazing only native savanna, end of October (Table 62). Conception

rates were cal'culated over total cows, andThe effect of pastures on body weight of over "able" cows, defined as cows which
cows, according to their lactation status is calved 90 days or less before the end of the
shown in Figure 99. While dry cows with mating season, and therefore have
access to improved pastures showed an recovered from normal lactation anestrus.
almost constant, pusitive difference corn- The conception rate for able cows ispared to the cows with access to native approximately equivalent to overall con-
savanna only, there are continuously ception rate, once the reproductive cycles
increasing differences between lactating of the breeding herds are adjusted to the
cows. respective mating seasons.

I able 6).

Paiture effet on weaning weight of calves during the raint sesmon.

Calf weight (kg)

Savanna + lV'(
)s erall mean Savanna only sown pasture

Weaning N, o No. of No, of Differ-month obser, Mean ohserv. Mean observ. Mean ence

June 56 76 26 166 30 185 19
AugLst 2S 179 15 171 13 189 IN
I otal 84 177 41 168 43 !86 18
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. 10% impr. pastures, only

* savanna only, lactating
10% impr. pastures, lactating

A savanna only, lactating
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I I. l I it I

Feb. Mar. Apr. May June July Aug. Sept. Oct.
Weighing datm

Pasture treatment

Mating seasons

Figure 9. Efect of pasture systems on body wkeight of cows, according to lactation status, in the Breeding Herds
Management Systems, Carimagua.

Of particular interest is the reconception In Table 64, conception rates in relation
rate of lactating cows, since low reproduc- to mating periods are given. Possibly
tion rates generally found under tropical pregnancies in Herds I to 4 are slightly
savanna conditions are closely related to underestimated. Although results are not
the fact that most cows will not conceive quite conclusive, it appears that a 3-month
until after weaning. mating period (Herds 5 and 6), during the

early rainy season (May -July), particular-
The pasture effect on conception rates ly in combination with improved pastures

is shown in Table 63. The savanna herds (see Herd 6 in Table 62) assures a high
also show relatively high indices as a result conception ability, possibly due to the
of high management level. Nevertheless, a "flushing" effect. Adoption of restricted
25% increase in herds supplemented with mating periods appears feasible, and does
improved pastures can be observed. This is not necessarily have a negative effect on
explained through the high (68%) reproductive rates during the first year of
reconception rate of lactating cows, due to adoption. The adoption of short mating
better nutritional condition. periods makes possible the practical
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.. presented in the Economics Section
380 [:]Savanna onl suggest that the limited strategic use of

ESavanna+ 10% improved pastures with breeding herds is
350 sown pasture i  an attractive alternative for beef3 producers, once legume-based pastures

become available and persist forat least six
- years under Colombian Llanos conditions.

ITest Herd
300

At Carimagua, the Section manages
the ICA-CIAT Test Herd, with the major
objective of producing suitable cattle for
grazing experiments. At the same time,25 new management techniques, adapted to

Dry First half Second the environment, can be validated under
half practical, extensive, commercial produc-

Lnctation status tion conditions.

I-gure 0. Effect of strategic use 0o sown pasttres on The Test Herd uses about 5900 ha, of
body ,eight ot coA , in relation to lactation status, T
during the raini% season at (arimagua (means for which 160 ha (3%) are planted with B.

AI e t) decumbens. Average stocking rate of the
savanna pastures varies between 6 to 7

strategic maiiagement of improved ha/head. The present cattle stock includes
pastures. 267 breeding females (158 cows and 109

mated heifers), and 11 bulls (3 San
Ihe results obtained during this first Martinero and 8 Zebu). The project also

experimental year were used for an overall receives weaners from Carimagua ex-
evaluation of the two basic systems: "A" on periments and raises them until they are
savanna only with the best possiblt used again in grazing experiments or are
management, and "13", savanna plus 10% sold.
of improved grass plus legume pasture.
Analysis of the 1978 data showed that 10% Cows are mated from April I until
improvd pastures increased the annual November 30. All animals are
liveweight output to 23 kg ha, that is 2.5 supplemented ad libitum with minerals.
times that from system A (9 kg. ha). Bulls are supplemented daily with 500 g

cottonseed meal during the dry season.
Ihcre are indications, however, that the Soft culling based on reproductive perfor-

stocking rates of the improved pasture can mance is practiced. The herds are gathered
he increased from 1.6 to 2.0 A. U./ha, that three times a year. At this time animals are
the age of heifers at first calving can vaccinated, dipped, weighed, identified,
decrease to 3 years and pre-weaning calf males are castrated, calves near 9 months
nortality can decrease to 5 :1. In this case, of age are weaned and, once a year, cows
system B could produce an output of 30 are palpated for culling.
kg ha Year. or 3.5 times more than system
A. Overall mortality was 1.8%and of calves

before weaning, 5.4%. Due to extensive
Corresponding economic analyses management, the latter figure might be
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Table 61.

Body weight of cows according to lactation status and herds (October 1978).

Lactation status

Dry First half Second half

hlerd (No.) (kg) (No.) (kg) (No.) (kg)

Savanna only

I 29 391 9 330 18 326
3 38 373 7 335 II 325

5 32 370 I1 301 13 336

Savanna + improved pastures

2 27 407 10 365 19 345
4 37 395 9 367 9 358

6 39 387 7 351 10 360

Means
Savanna only 99 377 27 320 42 329
Savanna + improved

pastures 103 395 26 362 38 352

['ahle 62.

(onceptions in breeding herds management systems experiment according to palpation done at end of
October 1978.

Herds

Savanna +
Savanna only 10%, improved pasture

Parameters I 3 5 2 4 6

'I Otal cows 54 54 53 52 52 52
Able co%% s' 50 47 38 49 43 44
Pregnant cows 30 28 26 39 31 37
Oerall conception ( -) 56 52 49 75 60 71

Conceptlion of able
c', s I'i ) 60 60 68 80 74 84

'onceptimn o Ci total

lactating Cow s (I (,) 22 6 21 62 28 53
(onceptioln ver lactating

able ciwvks tc() 25 9 38 69 56 78
I Ahie to cncencl. i th more than 90 days between calving and end of mating season.
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Iable 63.

Pasture effect on conception rates.

Conception
Overall Conception, lactatingPJasture conception able cows' able cows,treatment (() (() (%)

Savanna only 52 63 24
Savanna - 10' improved

patures2  
69 79 68

I Able 10 cuncels' (usc r 9(0 days betvmeen caking and end of mating period)
2 ragc I 12(0 dai son ipr ,, :lastures

underestimated. The average weaning and indicating that, although body weightweight of 67 calves (weaning in November was satisfactory, the mating period andnot included) was 143 kg (males 144 kg, particularly the season of the year were not
females 139 kg) at an average of 9 months adequate.
of age. Eight abortions (5%) were record-
ed. The following numbers of animals were

provided to other research projects atFor the period between October 1977 Carimagua during the year Legumeand September 1978, the calvings Agronomy Section, 20 female weaners;registered are shown in Table 65. For Animal Management Section, 55 femaleHerds I to 3, average calving rate was 58%, weaners; Pasture Utilization Section, 160similar to that reported last year. The 109 steers and male weaners; Mineral Supple-heifers of Herds 4 and 5 were tentatively ment Studies (ICA), 335 heifers; and Beefmated for 45 days only during October- Production Studies (ICA), 114 steers. InNovember 1977, resulting in 34% calving addition, the Test Herd handles calves

fable f,4.

Effect of mating perlod, on conception rates.

Conception,
Overall Conception, able lactating

conception able cows cowsMating periods (%) (%) (%)

Continuous
(Herd, I * 2) 65 70 47

4 Miintbs
(lerds 3 - 4)- 56 66 32

3 Months
(lerd, 5 . 6( t  

60 77 58

I SiCe Ma.% 1978
2 I)uring Jine.July. August, September 1978.

I)urlig Mi . Juie, JulY 1978.
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Table 65.

Calvings recorded In Carlmagua Test Herds.

Mated cows" Calving rate

Herds heifers Parturitions (%)

1 61 35 57.4

2 47 30 63.8

3 50 27 54.0

41 52 (20F (38.5y

5' 57 (17) (29.8)

Total 267 129 (48.3)

I Heifers mated only during Oct,-Nov. 1977.
2 Values in parentheses are low reflecting the short mating period for heifers in Herds 4 and 5.

from other projects. A main calf producer suitable animals were sold, and 56 animals
was the Breeding Herd Management were consumed at the Center.
Systems experiment. Another 68 non-

ANIMAL HEALTH

This section continued the monitoring leptospirosis infection in the Colombian
and surveillance of animal health problems Llanos and a report on the artificial
at three levels of intensity. The macro-level leptospira infection in well-nourished
consists of an animal disease inventory of cows. The micro-level studies are directed
the target area and is an integral part of the to obtaining information for devising a
Target Area Survey. Macro-level studies practical preventive medicine approach for
will provide general background inforina- control of specific conditions already
tion for any condition that could affect defined as important.
cattle productivity in the area.

Macro-monitoring
Intermediate level work comprises the

surveillance at Carimagua, the ETES Animal D;sease Inventory
Project, miscellaneous surveillance from
the Cerrado Center in Brazil and an area in Data has been obtained from regions of
Paraguay, and a description of problems the target area, especially in Brazil,
arising from pasture toxicity (toxic Colombia and Paraguay.
plants.).

Brazil has considerably more informa-
At the micro-level, studies were con- tion on disease aspects than any other

ducted on a parasite profile at Carimagua, country in the target area. The informa-
the epidemiological study of a natural tion, however, is in the hands of local
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institutions, individuals and private prac- standpoint of meat loss, but also because of
titioners and will require considerable dangers of human infections.
effort to collect and assemble.

Second, brucellosis infections appear
Table 66 describes conditions found in very high (15-18% prevalence) in somethe states of Mato Grosso and (oiAs with regions, however, the high figures come

priorities as they appear now, with limited from specific farms and the disease is not
data. As more quantitative data are randomly distributed. The official
collected, the information will be more prevalence figures for the Mato Grosso
dependable, show 9.43% reactors and for GoiAs, 11.60%

reactors, the latter figure being the highest
Imir conditions merit attention. First, for the country.

considerable numbers of tuberculosis
lesions are fiund at slaughterhouses in beef A third important condition is bursitis,
cattle from this area of Brazil. In Mato an infection of the bursa underneath the
(;rosso mly, 1166 carcasses were con- hump in Bos indicus cattle. Its nature has
demnned in 1977 because of' TH. This not yet been determined. Bursitis hasinlection is important not only from the increased considerably in the last two

Sume conditions, affecting heef cattle health in the %',tes (if Mtato Grosso and (oiis, Brazil. (Preliminary
inf,,rmatiin for the Animil IDisease In',entor. of the l'argelt Area Surve.)

Tentative( , ,iti ,, ( )h '%,i la oll, priority

I ihtr u h]i, I 1h carcasses condemned in Mato

(ir',sui in 197' 1
lii lh i, Some regions with 15- I'; prevalence. I
B1iiills '41 c eCS ;It siitghtelhoLtlSe in Main

(ros o in 1977. 1
Internal tlasites Malliil ('oe'ria and Hat'mninhux

species I trcaled durinig dr, season) I
B]oltIlsll Irolduced aS 1 const'ctlicC: to

mineral deliclencics. 2
1Io ic plants Six ouitardiig .\nlao. D)aina da mite.

Frva (ale,. Faeira. Hairhialinao,
Piriqultcira. 2

A spichal
nern to" u)te Io ,'Ialiitli rmihl/ ol 't (toxic

plant ) 2
i'cstc ,ecar" llILifii.d mlosti, oi ( dcllcielc. 2

AIMplillOts Priiarii, in cals k , 3
"'cste Rchar" lrohahk iiirili,nal 25'; deaths in

nilhtcin (it ls in -4 rlo ihs old Calves). 3
RihIs Iin 1 hpl ts. in otfhircaks

1 15 c ,es in (;,,i s ii one mno th) 3
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years, causing some meat losses. The last [able 67.

condition is internal parasites, which are Causes of cattle mortality in the Carimagua

seriously impairing calf growth in the area. Researth Station In 1978.
Problems are beilg produced by parasites No. of
of the Cooperia and Itaernonchus species. Condition cases
Two treatments during the dry season are
being advanced as efficacious. Malnutrition (clinical) 27

Unknown 26
The information from Colombia will Sinking in mud or

come primarily from previous studies wate-ing holes 17
reported in CIAT Annual Reports, data Bone fractures 15
that is being obtained from the ETES and Snake bite 6

other projects described below, and infor- Polyarthritis 4

mation that is being collected from photosensiti/ation I
Colombian institutions

total reported deaths 96'
l)ata from Paraguay to be used for this Total animals in station 2600

disease inventory is described below under Mortality rate 3.7%
miscellaneous surveillance, these are I Only from animals that had been ear tagged.

results from direct laboratory examination Some calves that died before they were branded

of serum samples sent to CIAT are not included

laboratories.

Intermediate Monitoring all ages but is most common in cows over 8
years and in weaners from 12 to 18 months.

Carimagua Surveillance
Two other factors affecting mortality are

Slie main health problems occurring in cattle becoming mired in mud and quick-
Caritnagua are calf mortality and sand at water holes, which accounted for
malnutrition. 17 cases during 1978, and bone fractures,

which caused 15 deaths in the same period

Calf mortality is most common in the (Table 67).
lirst lew days of life: many calves just
di.,appcar and are not even seen in closely The conditions responsible for treat-
observed and managed herds. It appears ment procedures are mainly uterine infec-
that some animals are born prematurely, tions, polyarthritis and malnutrition.
some at full term but weak and others are
lost inside hushy areas. Data from two ETES Project
herds (64 calvings) showed 9.6 (' mortality
in calves under one month of age. The The second visit to the 17 farms of the
breeding experiment herd showed 23 ETES Project (see sections of Animal
deaths from 233 calvings, a 9.9"i mortality Management and Economics) was useful
rate. M ost of this calf mortality is for gathering the first set of information on
registered as unknown (Table 67) for the internal and external parasites. There are
reasons given. A stronger effort should be observations for assessment of infestations
madc to atalvie these cases better. due to Dernatobia hominis, ticks,

Stephanofilaria, internal parasites, and lice
al nutrt ion causes deaths in cattle of (Table 6h).
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Iable 68.

Summary data of internal and external parasites identified from animals in farms of ETES Project In the
Colombian I.lanos, examined at beginning of the rainy season.

Internal parasites' Dermawbia hominis Stephanofilaria

Interpretation
Infection (No. of (egg, g (No. of (No. of
level animals) ( .) feces) animals) (1) animals) (%)

(lean 85 61.1 0 1.430 96.3 487 38.7
1 (s 38 27.3 1-500 44 2.9 589 46.8
Medium 10 7.1 501-5500 4 0.2 103 6.3
Iligh 6 4.3 > 5500 - 0.4 80 6.3

lvtal animals
examined 139 1485 1259

I snchide, reinallodcs dnd protoioa

The criteria for the evaluations has come External parasites showed low levels of
from previous work at Carimagua and in infestation. In 8 of the 15 farms sampled,
some Llanos farms. It is continuously no ticks were found and in the rest only
tested for improvement. 10% of the animals had low infestation

levels. This will have to be further
In tests for internal parasites, 10% of the evaluated against the level of

adult animals and 20 of the calves going hemoparasites. For the fly, D. hominis, at
through the chute are sampled. levels of this sampling96%of the 1430 animals were
infestation are classified as clean, low, clean and only 0.7% had medium to high
moderate and high. From 139 animals infestations requiring treatment.
examined, only 4.3i had high infections Stephanofilaria is a cutaneous microfilaria
(over 55(0 eggs per gram of feces), 61.1% that produces a verminous dermatitis.
were clean, and 10 farms had animals Forty-eight percent of 1259 animals ex-
classified only in the low infection level (50 amined had at least one focus of infection
to 500 eggs per gram of feces). It appears on the underside of the abdomen and 6.3%
that internal parasites, at the beginning of had more than three foci. The significance
the rainy season, produced mainly low of this infection in relation to productivity
infection levels on these farms and do not has not been evaluated, and it might be
constitute a herd problem. However, there worthwile to look into its relation with
are individual animals that would have other external parasites.
benefited from treatment at this time. The
results of this preliminary sampling will be One farm which had continuous reports
evaluated against the data obtained from of calf and weaner losses was followed in-
further samplings and with data from the depth to monitor the problem. Fifty
parasites profile being constructed at animals were examined for ecto- and
Carimagua and reported below. endoporasites, urinalysis, hematology,
Beef Program B-145



blood chemistry and antibodies for infec- using as standards previously obtained
tious diseases. In general, the exams mean values, is working satisfactorily, for
revealed animals at a low nutritional level blood parameters. Better standards are
and severe management deficiencies, since required for evaluating internal and
salt off,'.d did not contain minor mineral external parasite burdens, including their
elew :, calves' navels were not dis- antibody reactions.
inle, cd an] dead animals were not buried.

Miscellaneous Surveillance
fhere was a complex mixture of disease

prohlems with inadequate handling. Six Cooperative work with the Veterinary
calves had high counts for Coccidia, a Diagnostic Laboratory of the Ministry of
protozoan that accounts for a bloody Agriculture in Paraguay and Cerrado
diarrhea. I wo calves had high counts for Center of EMBRAPA in Brazil, was
ro u nd -w o rim of t he fam i I ly initiated last year. Work was started to
I richostrongylidae and one calf had a high gather some information on animal health
count for Ascaris round-worm. problems of beef cattle. Serum samples for

detection of infections associated with
In relation to hemoparasites, reproductive and nutritional problems

.lnada.sma is not a problem on this farm, were received from those laboratories this
ho~seve, Iahtesia argentina is highly year. As was decided previously, samples
endemic. fUenty animals had strong were used for the following serologic tests:
antibody reactions, and this could account plaque micro-agglutination for Leptospira
for clinical cases of babesiosis. Fick counts spp., passive hemo-agglutination for infec-
at the end of the dry season were high for tious bovine rhinotracheitis (IBR) virus,
t",) animals. fogether with the low complement fixation antibodies for
nutritional levels, all of these parasite ,.naplasma marginale, and indirect im-
burdens are contributing to the low munofluorescent test for B. argentina and
prodLluctiv it. !3ahesia higemina.

I lhe overall health status revealed 25 of Paraguay
the 50 animals examined to be in bad
clinical condition. Iwelve animals (241:i) A total of 274 serum samples from four
h:d lo. hemcglohin and hematocrit levels, different areas of Paraguay were tested for
aud 6 had low total protein blood plasma any evidence of infection in beef cattle with
le els- these were aninals with anemia and the agents mentioned above. Table 69
h\ popiote nemia. S(0( en/yme was high shows the results of the serologic survey of
in 1) animals and indicates critical energy the bovine serum samples tested against
suppl.v or a hepatic lesion. Iwo animals different reference antigens. The
sh"11oed 4 obvious infectious disease at the prevalence of IBR antibodies in beef cattle
momlent ot examination as indicated by the from those areas of Paraguay was very low
high neutrophil blood cell count. Mean (2.5%) which could indicate that IBR virus
bhlood paauicters in this herd were low in activity is also of low importance there.
comnparison to means from cows of the However, the disease has been found in
experimental herd in Carinagua, reported beef cattle of tropical America (Target
la,,t ,ear. Area), so this information should be

considered for further studies.
I-or this lari, the procedure described

to evaluate nutritional aiid health status, With the exception of Leptospira
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Table 69.

Antibody preialence for different infectious agents in beef cattle from Paraguay and Brazil.

PIaraguay' Brazi 2

Antigen (1P ( I ) (P T) (%)

IR virus 4 274 1.5 6 165 3.6
l.'ptospira spp.

L hehdoinads 86 274 31.4 40: 167 23.9
. hardlo 112 274 40.9 58, 166 34.9

I.. polU a 0,274 0.0 3 167 1.8
.. iItI 82 274 29.9 22 167 13.2

I. wlrc 106 274 38.7 64, 167 28.3
'ila'/hiltm mfirk'll(ah' 4 274 1.5 0 166 0.0

Jthet,' w ari.,ntma 12 274 4.8 14 166 8.4
Al/l'i-Sl /,tie'MMI 9 274 3.3 9 166 5.4

. a)i.i)nm rli I ahorahlrN ol Ilht M ilnr of Agriculture.
.2 Ilt,l,d ( t (r~d e'ntoi I! MIIH ,\t'At.

pomona (0(). prevalence) antibody pre- Center were tested against the aforemen-
valences for the other leptospiras tested tioned antigens to evaluate antibody
were rather high. LIt'spira hardljo should prevalences. Results are summarized in
be of some consideration because it had the Table 69. IBIR antibody prevalence was
highest antibody prevalence (46.9W4 ) of the 3.6%, a very low figure possibly reflecting a
leptospiral agents and 27 animals showed lowactivity of I BR virus in the specific area
titers - 1:800 for it which means that or herd where the samples originated. A
disease prevalence for chro ic cases was wider survey may be indicated to get more
9.8Vi. Titcrs higher than 1:800 were also dependable figures. Considering the
detected for the other leptospiras tested, different species of leptospiras tested, all

demonstrated infectious activity among
The antibody prevalence for A. beef cattle of this specific area. lA'ptospira

marginae, B. argentina and B. higernina sejroe and L. hardjo were notoriously more
was relatively low, however, results in- prevalent than the others while .. tpomona
dicate that diseases caused by these agents had a very low prevalence rate. Twelve
arc present in those areas of Paraguay and animals had titers > 1:800 for L. hard/o but
probably in an eniootic form. only two animals showed titers > 1:800 for

.. sejroe.Future studies over time should beFutue stdie ove tim shuld e lhere was no indication of infection fordeveloped in beef cattle in Paraguay in There as no aonoinfcin foA. tnarginah, but B. argentina and B.order to get more information about the hige'mina showed antibody prevalences of
epidemiological implications of these and 8.4"{ and 5.4%}., respectively, suggesting
other infectious agents in that area. that babesiosis is present in the area and

Brazil may be enzootic.

Further studies should also be con-
Sera from 167 cattle from the Cerrado sidered for this area in Brazil.
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Brachiaria decumbens Toxicity that Phytomices chartarum, the fungus
reported in some areas of Brazil, was not

There were two reports of Brachiaria detectd although sampling may not have
detcumhens photosensitization during the been repeated long enough.
year; one occurred at Carimagua where
two heifers (18-24 months old) of a group Data obtained from the Natimial Beef
of 20 in the pasture showed marked lesions Center of EM BRAPA, in Campo Grande,
in the skin. [hey were pasturing B. shows that 252 sick animals and 57 deaths
ch'cumhens and the lesions started to were found inapopulationof 1950 animals
recede after the animals were removed pasturing B. decumbens from seven
from the pasture. One heifer died and the municipalities in the State of Mato Grosso
lesions found at necropsy were of a liver do Sul, in 1977.
tissue darnage and skin necrosis. The
cultures from pasture material revealed l)espite these and other reports, and
mostly saprophytic species but also one considering that large numbers of cattle are
possible animal pathogen, ti'sariwm, pasturing B. decubnhens, it appears that the
described helow. intoxication produced by this forage

affects only a very small proportion of
[he second documented report of B. animals exposed (I to 5(i). It occurs

dvc'umnhn. toxicity was on a farm 50 km primarily in cattle under 14 months of age
west of Carimagua. where 123 sheep were and if affected animals are moved to other
introduced into a B. de'cumhens pasture. pastures soon after showing signs of
Sixteen animals died within three weeks intoxication they will gradually recover.
%ith swollen faces, edema, weakness and [here is a neglibible figure of animals that
anemia. When the animals were taken die, primarily from liver tissue damage.
troli the pasture no more deaths occurred. The symptoms and lesio.is indicate a
I lhe lesions in one animal necropsied were photosensitiiation, and the ultimate cause
lisCr nccr,,sis onMd facial edema, is not known.

Iisc farms in the ('olombian l.lanos Micro-monitoring
with pics Otis report,, of photosensitivity
o crcI 1 dll cd to st tUdy possible relation- Internal Parasite Profile
ship s+,th piosttnc...\lI had B. ,h'ctmmwnv
asttires. Vegct;Listle material (stems and Work began on the study of the natural

leascs) witi lcsimos (dead material) was evolution of internal parasites in the
coilleetcd and tra sterred with adequate savannas of the Colombian l.lanos. The
humidits to the laborator, svhere direct result of this work will be preventive
obscrsatiors arid cnt tires for fungi were medicine control procedures specifically
cond hcted. adapted to the prevailing ecological con-

ditions. Control procedures should conse-
I'ricipal fi ngi ohbtained were Fusarion, quently he less costly. Two herds of 50

Ih'ltmintho.sprtm, ('urvtilaria and pregnant cows each (6-9 months of
.,'it,'rmp( ra. It appears that F"tlariunm pregnancv) were chosen for monitoring.
(detected in three farnis) could be t I lhe animals were placed in a native
possiblc a geit of to\,icits' in cattle. saianna pastureat a stocking rate of 6.5to
hosses er, extracts of this tlingis were 7 ha A.U.
Inccted intraderniall iri rabbits and no
t<iim i ,as detected. It is interesting to note Proportionate areas of savanna have
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ahble 70

Average fecal egg counts for internal parasites in calves from Carimagua, 1978.

Fecal content (eggs/g)

No. Total
animals all Trichostron- Strongy-

i)ate examined species gylidae Ascaris Ioides Eimeria Moniezia

March 6 8 373.4 0 42.4 331.0 0 0
April 5 18 141.2 35.1 76.1 30.0 0 0
May 9 15 612.7 540.3 12.3 42.6 30.8 0
hlne 6 29 338.4 197.6 0.9 77.6 54.6 0
July 5 31 912.2 198.7 78.7 120.8 513.8 0Aug. 2 36 2 457.4 459.9 74.1 32.3 1 862.3 28.6
Sept. 134 5567 302.3 24.0 27.0 173.7 29.1
Oct. 2 37 416.2 238.9 0 12.1 149.4 15.7

been burned sequentially and the manage- second parasite affecting calves in early life
ment is generally similar to that used by in this region is of the family
farmers in the area. Animals receive a Trichostrongylidae (several genera). Theycomplete mineral supplement. No treat- reach a peak in May at the beginning of the
ment is applied to control internal rainy season, but seem to be well-parasites. The animals are subjected to the controlled by the calves until the October
standard vaccination scheme for the farm. sampling.
In group 1, the calves were born from
March through July and have been
sampled monthlv by complete fecal ex- 9 Total
aminations and blood parameters. The 10o -. Trichostrongylidae
cows are also being studied through fecal A Eimeria
examinations. Fecal samples are being
analy/cd for total egg counts (Sloss test) 80
and lung-worm larvae counts (Baerman w

test). 60

1 he results of the first eight months of \
sampling showed that calves are affected
rapidly in the first few days of life with
parasites of the genus Strongvloidhes. 20
Larvae of this parasite penetrate readily
through the skin. The infestation however 0
appears to he under control at this time M A M J J A S 0
(I able 70 and Fig. 10 1). This parasite is Date, 1978responsihle for nearly all of the com-
po r-lded average egg counts for several tIgure 101. Averages of total lecal egg counts for
parasites from April through .i une. The internal parasites in co%%s from Carimagua.
Bo ef Prog ram 
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Ihe t:imeri proto/oa (at least four of age. The analysis and evaluation of
species identified so far) are beginning to blood parameters in these animals is
energe as the mnst pathogenic internal underway. The second group of calves is

parasite for calves in this area. The calves being formed with animals calved at the
re gradually being in',aded by this end of the rainy season and these ex-

pito oan Much reached the highest level animations are in progress.

in A ust,,, t'..o mnlths after the peak of the
;tn% season. I he intection level, however, [he results ofthecowexams revealed, in

ha, decreased considerably in the last two general, low parasite burdens for most of
stmplings. I hc (i'ccidias are responsible the sampling period. In March and April,
lor iiist )I the compounded average egg the first exainnations, parasite counts
cronts for sc'ea l, parasites fioni .)lune were very low. They increased gradually
thlI ,Ulh S(:ptit'llCl (1]ie. I) lIhe levels reaching their higheol level in August
t infection reached b,, t:tne'ria ('oc- (Table 71) at tile same time that the

ctdras) ill this period goe, 'els be\ ond the coMpounded egg counts from the calves
Ic.,cls cim,,idered in itiher regons is :cached their peak. In fact the shape of the
pr IIMcCIi cliicall,, sick , animals ( .500 curve (Fig. 102) is very similar to the one

egg t .Cc,) I owvecr. none of the for the calves, although the scale is much

alfctcd ca , es had liedt vet 1om1 this smaller for tile cows. parasites of the
infcction. c'en though the vhave not been Irichostrongylidae family are mostly

titied. () tile other hand, figures given responsible for the compounded average of
in I ;blc 70 are t'.erages. and there are internal parasites for the cows.

indl.idual cal,,cs that are beginning to
Sh,'.'. irai k,.'d 'anMiia as, a consequence of Ii one of the samplings, a 9-year-old cow
igh (Ci ccidial int..ct ions. It will be showed several eggs with characteristics of
intccsting to see file pattern (of this it Irernatode. later ill I I-year-old cow

ilckfctiiri as the ctl'.cs get older and other also showed some eggs with identical
parmiietels ane alafcd. I hev will be conformation. With this lead a search was

1,oirtiid eI alter 'C.eaing lip to I molths nade in animals slaughtered fc: meat at

i r,ge f t ileg o iiu t, for i ertrnal pIrusites in om s from ( arimagua.

Feli*L ciiiiic t I eggs g)

N1111io ill I

I ),th C'.jiiiiCf spccls gtf'f dP" tI mil,'rltl °follpr'si C'ptlria

' t h 5 9. 8.)6 0 ) 1.2

47 4 3 3.2 1 I.1 0

.11' 'I 47 25s 19.7 4.9 0.9 0.25

47 IS.6 9 4 8.6 1.3 0.17

Iul,. . 4X 35.7 22.6 7.7 5.3 0.06
45 103, 1 74.3 23.3 5.2 0.1

I 45 29,9 28.1 0.5 1.3 0.02
i, 2 51 21.5 17 1 2.) 03 0.07

B JiO 1978 CIAT Anntmul Report



and completed in July 1978 on the25001 * Total commercial hed used for this study. The
W Eir-leria observation period started with 100 cows

2000 Triho- and 7 hulls and ended with 83 cow!: and 6. '. 
"ostrongylidae hulls. he herd graied continuousl1 on 400

ASrnhi of native savanna in a farm 65 km east of
u 1500 t'tPrto I.ope, in the McItai rgion of

( olorbia.

, , , n o u r i s o l a t i o n s o f I h a , l ,,. w e r e
obtained from urine cultures pcilformed

i ntider field condtions. Serum ,ilihodies
to . hardjio were used to cdluate
evolution of the infection and one-third ot

0 l the animals were given two inlection ofDate. 1978 Streptc(rnvcin (October and I)ecemher1976), a second third of the cows received
I2 \\c l,ti . , I , l ~ c n S trep tom lycin o n ce 'A p ril 19 7 7 ) a nd th e

111tvin.u l mddIC-, II cM tIl l l (',u11rMAY1d. rem ainder did not receive any antibiotic.

Fhe inlection was reported last year tothe ('arinagua lxperimental Station. have diminished considerably asa whole in
F rout 35 apparently healthy animals the herd from . ulv 1976 through . uly 1977.
observed from Mav through August, 14 ftowcver , comparing the numnber of a ni-
(4 "()') had in the rumens several adult eals that previously had low infections
lorms of a Ireniatode classified as wkith the new, chronic infections occurring
arP / /h.A t,,ed i pp. [he parasite 'as in both the untreated and treated groups

als,, flund in the rumen of a 14-nionth-old I.ig. 103), one can see atn over;!1 increase
,t .'e it the s;lutc tmle that a t I. higemilla if] tile latter. A lthough tile infection
inlcction %as diagnosed. Ihis is tile first generally decreased in the herd in the first
time ithi, parasite has kcen describcd inl Va- hsapast entolcittle gra/ing tropical savannas in ('olom- reflection of the treatment, but also a resultha. ,and probably in similar savannas of of the natural evolution of the disease.
smith America. [lie significance of the ( urves of the untreated group atd the two
infcction in relation ito productivity will hi: ireated groups have the same shapes and
tttlhe evaluated, do not differ markedly, except for group II

that had new chronic infections from July
Natural Leptospira Infection 1976 through February 1977. A reduction
under High Nutritional Stress of chances of acquiring the infection could

have occurred iII the untreated groups as a
I tie purpose of this study was to result of fewer le'to.vp -a being e.liminated

understand better tite pathogenesis, by the treated groups, since all animals
epidemiological diagnosis and effect oti were in *he same pasture.
p odutivity of leptospira infections while
at tile same inie observing the effects of In relation to abortions, II occurred
antibiotic treatment. from September 1977 through July 1978, 3

in Treatment 1, 3 in Treatment II and 5 in
Observations were started in July 1976 the untreated group. Some abortions
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- . 1 antibiotic injection

0 0 untreated
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1 I ( tniie m tturatl Infectcd 'k ith h4-pl pra hardji, that had high levels f reaction over iwo years (July
I7,t- un 1)781, .i a coinuicic l farfu in the ( "o inhu in ilanos.

occurIred in animals not showing evidence year for breeding cows in the Colombian
of l,'i)tospirei infection. It might be that Llanos. Consequently, it appears that
management factors accounted for some of animals with chronic l'ptoslpira infections
these losses. NIoreover, animals whose do not have blood changes resembling
inlectiomis, detected h% serology, had high those of malnutrition. The disease is
titers iitially ended the two-year observa- masked by deficient nutrition due to its
tion period with very similar high rcac- effects hut with appropriate tests could be
tons. It appears then. that treatment with readily differentiated.
antihiotics is tsed in the trial does not
elimmte the infection from chronically
afltctcd aniial;tls (ones with high titers). Studies on Pathogenicity
I lhce is evidence that more frequent of Leptospira hardjo
antibiotic treatments will reduce the
Infection, h'kev , r, this is not practical in Io test the ability of L hardjo as a
the field, pathogen, an intensive study was started in

1977 to evaluate its infectivity and its
At the beginning of the observation pathogenicity by experimental inoculation

period it , as though t that somc blood into carefully selected pregnant cows. A
parmctleers were useful to detect affected strain of I.. hardj'o isolated from naturally
a ninials. IIvvcr,,ariations tend to be infected cows from the Colombian llanos
c.chcal and in the final analysis, there are was adapted to laboratory conditions and
no differences between infected animals used for these experiments. Levels of 6 x
arnd cattle with no detectable infection 10, cells of I- hardlo were inoculated
( I able 72). In tact, all values for the herd as intravenously into each of 10 animals. Two
a ttli, and values from infected animals more pregnant cows were used as non-
ae \kithin the mean values reported last inoculated controls. Urine samples for
B3152 1978 CAT Annual Report



lahl '72.

Mean value% of fie blood paranelr% of beef cattle from the Colombian I.Ianos in a herd naturall)
infeted with I plio ra hardp.

Pa ra me Ir s

I otal
Pa'cked i!em'iplobhIn proein ('reaIiit) Phosphorus

.\renta, , cell 'olunic I g I' (g - ) (rg M ) (fig I(X) Mrll

Hcld total 3h. 6 13.2 7.3 2.3 4.7

iitcclc cmk', 41,2 141) 8.1 2.5 4.0
( hfi'llk il t wntl H, 4d,ih F', l t ters

,  
I Kimf )

isolation of lJ'ptoysira were taken time (seven months into the experiment)
periodicall; from all animals and in- when leptospiras were not found. The
,culatcd into hanisters and tubes con- results suggest that cows get re-infected
taining artificia 1l media. Serum samples within a short period of time with L. hardljo
%cre also taken during the experimental and may he chronically infected, or that a
period to determ inc the antibody levels latent infection may be established in
that animal, de\,elopcd alter the challenge cattle.
.ri I. hardj). (1irrical and pathological

obseClations ,a cre described for each cow All inoculated cows reacted against the
durin Ihe experiment. Blood samples .. hardio antigen and developed a
%kere used to detrmie packed cell volume serologic response with variable levels
PC\'). hem ilobhhin, total protein, during the time post-inoculation. Figure

alhunin. urea. urcic nitrogen (OWN) and 104 shows the mean antibody levels
creatinin. (reciprocal logarithm) throughout 302

da's post -inoculat ion for the group of
.. hardjo Was detected in 9 of the 10 animals challenged. Antibody response

co,,s inoculated. I he leptospira were \as detected at the first sampling (four
mainl, dfetected hv urine cultivation ht days) after challenge. [he antibody level
also, hy direct exali fnation of urinc under peaked sharply at 13 days (mean titer
dark ground illumination. Shedding of 1:700), then decreased to the lowest level at
leptospira, in mrine was detected from four 73 days. After that time the mean antibody
das to 11 months post-inroculation. Six of titers oscillated within a narrow range,
the cow's shed leptospira s in the urine for varying between 1:40 to 1:115 for two
less than fise rnorth, after Ime challenge, months. lhe antibody response after 142
I\ o cos,, stopped shedding leptospiras for days slowly increased to itermediate
two iormths, after which lcptospiras wcre antibody levels ( 1:200) which continued
derected fto scsercal das and disappeared until the end ofthe experiment. 'The second
again ()lie coi,., shed the bacteria in urine risc of the curve indicates that re-infection
from 23 da\ s to 10 months post- of the animals occurred and this is
inoculation with only a short period of explained by, the shedders (in the urine)
Bunf Program 
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Days after challenge

liguic 1(4. Mcn'; s i.tio c lt, lr (Il pl.mcII) ,l t c , in<ci.iated %kith I4'puiupira hardu, al Cariniagita.

described above. A latent infection es- values for both experimental and control
tablishcd in these animals could also show animals were within the range determined
a similar serologic response. If animals last year for Zebu breeding cows on the
remain infected as has been seen in the last expenmental station at Carimagua with an
Period of tile experiment, it chronic form of adequate nutritional level. Mean values for
the disease caused hv I.. hardlyo should he BUN and creatinin were 4.6 mg/ 100 and
possible. 2.3 rug; 100, respectively. These results

suggest that the nutritional level has little
lahle 73 shows tle alterations observed influence on the level of leptospira

in cows inoculated with .. hardlo. The infection. IH owever, they could be additive
most significant Icsions from the stand- as explained before.
point o! productivity are the retained
placentas and metritis which occurred in Immunoglobulin G (IgG) and im-
hall of the exposed cows. Hlowever, the munoglobulin M (IgM) concentrations
effect on the neonate is also highly were determined in sera from the group of
significant. [-ight calves were born weak cows experimentally inoculated with L.
and three had edema and icterus in the hardco. A chromatographic column with
internal surlacesl. I)FAl-Cellulose for extraction of im-

munoglobulins, the method described by
Neian values of some blood parameters Lowry, etal. for protein quantification and

were established for control and ex- the method of electrophoresis for protein
perlinental animals. IHemoglohbin, lPCV, identification, were used for deter-
total protein, albumin, and urea mean mi nations of immunoglobulin in the serum
B-154 1978 C1AT Annual Report



Iable 73.

(linico-pathological alterations obher~ed in pregnant co , after challenge with leptospira hardio,

( i ros, le ions II istopathology

Retined Perimetiritis, Calf
('m No placenta M etlits K id ne Ner it Pararmetrilis condition

I ((ontrl) Normal
. ((iontni + 4 Normal
24 + + Weak
I0 + + + Weak
2(0 + Weak
6' + + + Weak
33 + - Weak

64 + Weak
5 + + Normal

- -+ + Weak

42 + + + + Weak
+ + + + Not

determined

samples. ('oIcentrations of IgG and lgM test and the concentrations in the serum of
among inoculated animals tended to be lg(i and IgM.
higher than concentrations of Ig's in the
control group Iheri' is some relationship A test vaccine is currently being tried to
between the antihodv le'.el for L. hardlo evaluate its effect in controlling some ofthe
detected by the microscopic agglutination clinical signs of the disease.

ECONOMICS

In 1978 the Economics Section was Costs of Pasture Establishment
engaged in: (I) evalIuat ion Of improved beef
production techntology components: (2) Costs of different pasture establishment
aticipatimt of the expected profitabilitycl i methods in the Carimagua region were
legume-based pastures on cow-calf farms estimated using 1978 prices. The methods
in the Colombian I. lanos through sirnula- considered we e: (I) plowing plus two
tion: and. 3) anticipation of the expected diskings; (2) three diskings; (3) two
distribution of benefits of increased beef diskings: (4) stubble mulch sweeps used
production arming consumers of different once; (5) low density seeding with stuhh!,.
income levels in urban areas of Latin mulch sweeps; and (6) low densitv, ior
America. spaced planting) with two diskings.
BeRof Program B-155



Methods I through 3 are conventional. Method: 0 1
F'or a description of methods 4 through 6 - / 3
sCC Pasture Fstablishnent Section of the A 60 - A4
(IX I ANniual Reports, for 19)76, 1977 and [0 a6
1978. UD 40

I l lollosin tieI crtria were used in 20 '
estimating the Costs for eachi method:

50 100 200 300 4001
A tractor of 75-78 11P with no Area planted (ha/year)
alternatie usc on the farm except for
pasture estahlishinle It and I tuxc 105. 1 and plcpa;ii n -ostN usilng ;lternaiive
llaintenalince. pIlc' 1 c ihlhahb lIIiII c Ieth ds.; i I rlicilui of the
I)ircc lbo,- costs were charged aica plamed per >ear.
acco rding to nime worked in each
method, plus equipment preparation
and transportation time req uired. Since each system has a different
I )cpreciation of eqtipmcnt W;ZS establishment period, in order to make the
charged according to uw. systems comparable, all cost items in each

)cpreciat ion of facilities (shelter) system are capitalized up to the moment
and tool" according to lime. the pasture is at its lull carrying capacity.
Interest ( I t;) on ecquipment was Capitalized establishment costs for 100
charged according to lime, ha year and two alternative fertilizer and
Ni aintenarice of eq uipment accor- seed costs are reported in Table 14. Note
dinrg to tI.W. that for the currentlv recommended levels
Repirs Of equipment according to of fertilizer for legume grass mixtures
UNC. (medium: 50 kg of' P2 O -* 25 kg of K20 +
(Cocflicicrits of time ha and fuel 20 kg tf S + 20 kg of Mg'ha).,the fertilizer
cuns ii ript iolr hr or each act vitv cost accounts Ior 42 to 60"i of total cost,
were direct estinates obtained from depending oin the establishment method.
the ('IA I -Quilichao and ('arimaguastite In Figures 106 and 107, the total

capitalized cost of each method is depicted
for medium and low fertilizer and seed

Costs presented in this report corres- costs, respectively. These figures clearly
pol(id to Mcthd: 1, 3, 4, and 6. The cost of show that establishment cost varies greatly
Method 2 falls consistently between those among the methods considered. Second,
of MIethods I and 3. [ile cost of Method 5 economies of scale exist for each establish-
consislenthI falls slightly below that of ment method. 14 owever, alternative
NIMethod (,. methods could compensate this bias,

resulting ii an overall "scale-neutral"
I lie ptst tirc cstahisirinei cost is divid- technology. [he lower seed costs of the low

cld into: land preparation cost, fertilizer density orspaced planting system (Method
cost and seed cost. )uc to the influence oif 6), have this effect.
lixed costs, land preparatior cost per
icctare varies according to the area Since in its present stage of'development
wrked per ,ear. Ihticse are depicted in this method appears to be more feasible for
I igure 1)5 for every method. plarting small areas, it partially compen-
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Tahle 74.

Pasture establishment costs' using alternative methods, for 100 ha/year.

Establishment costs (USS'ha)

Land CapitalizedMethod preparation Fertilizer Seed total

I- Medium 48 64 34 153
l.oss 48 45 17 116

3- Medi Urn 30 64 34 133
lo w 30 45 17 96

4- Medium 20 64 34 122
Low 20 45 17 86

6- Mediumr 32 64 3 106
l.o 32 45 2 84

I I'rices ,d 197X.

sates the economies of scale present in the although not necessarily proportionately
other systems. This is especially so when i.e., the cost of a 35-HP tractor is more
seed costs are high. It should be kept in than half that of a 70-HP tractor. Hence,
mind that smaller and less expensive the development of establishment methods
eqtuipment would also reduce unit costs, appropriate for small farms is a reasonable

objective. In this way alternatives which
... compensate the hin-method economies

Method:* 1o of scale are d ,.oped.

1 Method:. 1
6 A3

140- 
'.4

120 0
1000 I

100 r 0 80 -" --- --- - .

50 100 200 300 400! __.. . ,

1 50 100 200 300 400

Area planted (ha/year) /: ;010 20 30 4

, I Area planted (ha/year)

I igure 106t ],ital ct'a i hih llernt Cts',, using alter-

IWilt. p;i, ttr c Ahl. 221hinen i tho s, asu rnirg Fig!Ire 1(7. 1otal et hhnCient Cost U sinF alter-
lehu cnltihiet (I'S$€:,4 ha) trd Neetd ('S.34 hal naitie pasture estahlishtert inethiIs. asstmin low

Progr aertim/er 0-1S45 ha) and Need mS$16 ha} costs.
Beef Program 
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Selected Parameters over time. System 2 simulated in 1977, was
of Herd Systems considered more representative of produc-

tion systems in the lianos. Results ob-
In [able 75, selected parameters of tained during 1978 in the EVES project

several herd s stens for the l1anos are (averages of 16 farns monitored in the
presented lor comparative purposes. Vhey area) yielded similar calving and adult
co rrespond to the Hterd System Experi- mortality rates to those in System 2, but
ment lII SI ) reported in ('IAl's 1977 greater calf mortality. Results obtained
Annual Report, to the Breeding Ilerd this year in the HIIMS (System 8) with
M\ ar cilent Sstcrn H IIMS), the LTIS strategic gra/ing of Brachiaria decumhens
project, aid the (.arimagua Test Hlerd and St losanthes guianensis (10% of total
desribed ilr the .\rimal Management area) are similar to those of System 9, a
Sect ion ot tlis. report. and to the systems simulated breeding herd strategically
% hInch were s,nilatcd in1 1977. in Systems I gra/ing a legume-based pasture.
through 6. coiAs graie native savanna, and
ir '-,,, stetns 3 and 4, some an imaIls also flody weights of cows and calves for all
,cC;asronalllv gr a/c introduced grasses, syster,,, * ,, presented in Table 76. The low

body weights of lactating cows in Systems

Sstem I results rn d, lecmasing herd I through 3 explain the low calving rates

Seltecltd paraineters if ct'ual aid .imulated herd ',stemni ill th ( olombion ]anr ,, .

Mortality rates t )
(bscrati n ('at', Ig

5,',..tcm period (Nears) rate t') ('atkes Adults

1 11 0 F (t1cLIds 2- ) 4 46 26 5

. SitIokll dcd" Illatir s- 50 8 5
I I 1 1, Hari I 49 13-14 4-54

S It', heid 2 58 6 2
5 IIl Ileids -!) 4 65 12 5

F. I M e lteid, 1-3-5) I 63 10 1.5

InrcUCHli' Pastures

HI M eds 6-7) 4 64 10 5

till %is M clds 2-44o I 79 10 1.5

I(1' Ira, iuaria (I n' itti/'c

,1 iiltllllh ed- I e'ui c-i;sed plIt lire 77

. F h F i' ' ir~ t S i ~ ii

B 515 iIcr8' t1978 \IhAcln'iir An'nulrRiepor
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Iahle 76.

Body weight of cows knd calves in selected systems in the Colombian I.lanos.

Calves (kg)
Cows (kg) Age in months

s tctn' [)ry Lactating 9 18

safnna only
I list ullcid% 2-31 302 272 117 150
2. Siiiilated OIMIa .i) 302 272 117 150

FI I lrmn) 318 293 136 184
4. Iest herd n.a. n.a. 143 n.a.
5 II le I llcilk 4-5l 334 305 147 175
I, fillII Ilcids 1-3-5) 377 320 168 n.a.

Introduced pastures
7. I Ill, If id ,71 325 297 132 165

%tchmsll muttlioral - sa%annaI

S lIM 1 lcid, 2-.1-(,) 395 363 186 n.a.
10' Ifi /liiari dIt unmibe. +

.S't L 4 i ilii[]h' i'ji 'imis * sav'nna
SSimtilated Icgumme-hamsed pasture 370 330 170 210

I l lafntt ri i s t . sce lilto te la ic 75 Source: CIA I Annual Reports. 1977 and 1978.

observed. [he average body weight for 375 healthy cows did not suffer lactational
lactating cows in the ETES project is 293 stress and therefore tended to be in the
kg. Many of the animals in this sample heavier weight intervals.
have :t low probability of' reconception

uttring lactation since their weight is These probabilities help explain the
substantially below the sample average, observed calving rates obtained in the

different systems and give support to the
Calving frequencies as a function of cow practice of strategically grazing improved

weights at mating, for 2-month intervals in pastures to increase body weights of
11SE, are presented in Table 77. The individuals cows beyond the critical
adjusted frequency figures could be inter- conception weight of 300 kg. For heifers,
preted as the percentage probability that the equivalent critical conception weight is
an open cow within a given weight interval approximately 270 kg.
could calve if exposed to the bull for a
period of two months. In this sense, Simulation of Strategically
probabilities increase rather markedly up Used Legume-based Pastures
to weights of' 280-2T) kg. Reduced
probabilities beyond the 360-379 kg weight Even though there is as yet no proven
interval are due to the fact that no culling persistent legume-based pasture available
based on reproductive performance was for the Llanos, there are some issues that
made in the l!SE. Infertile but otherwise could be addressed in anticipation of.such
Bent Program 
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I able 77.

CalIs ing frequency as u function of cow weight at mating, at two-month welphing intervals, IHerd Systems
Experiment.

No. of Adjusted Relative
a frequency frequency

(kg) observations births 1a.) (%!

2244 300 I 0.1 0.1
220-239 137 9 6.6 2.8

240-259 229 34 14.8 6.3

2611-27' 414 1015 25.4 10.7

2s0-299 402 125 31.1 13.1

404- 319 358 105 29.3 12.4
1,20-119 282 97 34.4 14.5

3444-359 124 37 29.8 12.6

164-379 106 31 29.2 12.4
54o-3,9 59 9 15.3 6.4

400-41) 32 I 3.1 1.3

4204-4404 23 4 17.4 7.3

I tal, 2466 558 236.8 100.0

a package. Would the target legume-based The parameters of the native system are
pasture be profitable at the farm level'? those of System 2 described in Tables 75
flow many years should it persist in order and 76. The parameters of the target
to be profitable? Htow is its profitability system are roughly those of System 8, in
affected by establishment and maintenance the same tables, except for slightly lower
costs? body weights of weaners and culled cows.

Such parmnieters correspond to a system in
Obviously, the exact answer to these which a legume-based pasture(10% of the

questions will depend on the particular farm's area) is grazed strategically by
circumstances of each farm, farmers' lactating cows and replacement heifers.
access to resources, the opportunity cost of Although based on experimental results of
capital and management, and the attitude only one year, these parameters are
of farmers toward risk. However, a considered feasible as a target at the farm
tentative answer could still be obtained in level. In addition, the following were
terms of expected profitability of moving assumed for this system: (a) heifers reach
from the "typical native system" to the mating weight (270 kg) at 2.5 years of age;
"target system". For this purpose, both (b) stocking rates of 1.0 and 2.0/A.U./ha
s ,ystens were simulated over a 22-year are feasible for improved pasture in the dry
period, starting with the same initital herd and rainy season, respectively; (c) intake of
of 190 cows for a commercial ranch of 2500 mineral mixtures of 21 kg/A.U./year; (d)
ha. Once the herd is stabilized, the target bull:cow ratio of 1:20; (e) hard culling
swvtem produces nearly 300Q%- more output during the first 2 years; (f) 20% annual
per hectare than the native system. culling rate of cows and bulls for the
B.160 1978 C1AT Annual Report



Iable 78.

Establishment cost' estimates used in simulation of strategic legume-based pastures.

Fertilier (kg ha) (osts (1!S$ ha)

I Celk IA), K ) S Mg Fcrtlli/cl I illage Seed Total

hIgh 1I00 25 20 20 94 42 34 170

NicdIiitii 50 25 20 20 64 42 34 140
1 10 1 , 0 1 41 42 17 100

remaining .'ears: (g) the farm could not buy with that obtained with the native system
replacement heifers or cows- and, (h) 1976 (System 2), which was estimated at 8. 1%
prices, per year (CIAT Annual Report, 1977, pp.

A-102).
In order to perform a sensitivity

analysis, three levels of pasture establish- These results are encouraging.
ment and maintenance costs were con- Strategically grazing a legume-based
sidered (lables 78 and 79). The "medium" pasture which persists for at leat six years,
levels correspond to current costs, and to with medium establishment and
current (tent~ativc) fertilizer recommen- maintenance costs, appears to be
dations. economically attractive for cow-calf

operations. As anticipated in the 1977
Ihe results of the sensitivity analysis, Annual Report, pasture persistence

expressed in terms of rates of return to beyond six years is of less economic
incremental capital and management of importance when grazed strategically,
alternative pastures with different fertilizer compared to continuous grazing by a large
requirements, but yielding the same animal number of animals.
output per hectare, are presented in Table
80. Such rates of return are to be compared Figure 108 through III illustrate the

j ;tlc 71)

Nim-nerance cost' estimates used in simulation of strategic legume-based pastures.

Fertilier (kg ha) Total
Cost

12

I eC els I, () K, 0 S Mg (tSW ha)

Ifigh 40 2(0 10 10 50, year
% cd iu 20 I0 5 5 28 year
low (cvery 2 vear,,) 20 IO0 5 5 141year

I 197Tt, ptccs

2 I oclhdj1ig ippicirn,ui Costs
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Table 80.

Relurns to incremental capital and management of Improved pastures having identical animal
performance with the same stocking rate, but requiring different fertility levels, and of varying
persistence.

Pasture persistence (years)
(mt (US$ ha)

6 8 10 12
E :stahlishm ent M aintenance Return('f )

50 year 10.1 11.1 11.8 12.6
170 28 year 15.3 16.0 17.2 17.8

1 4 Iye a r 17 .9 19 .1 2 0 .5 2 1.3

50, year 12.7 13.0 13.5 14.2
140 28 year 17.31 18.1 19.0 19.5

14 /yea r 20 .5 2 1.8 2 2.9 2 3.7

50 year 15.1 15.3 15.9 16.1
100 28 year 20.9 21.7 22.1 22.2

14vear 25.0 26.0 26.8 27.2

I Dccreascs to 10 9 if pastures persist oril 3 years

cash flows for selected situations. It can be A word of warning is in order. The above
seen that reducing establishment costs, and simulated results have ignored production
especially maintenance cost, would subs- and market risks, and hence may
tantially affect profitability. Farm cash overestimate the expected returns. Also the
flow is improved, and due to probable technology has yet to be validated at the
difficulties of farmers in obtaining supplies farm level. Hence, it is reasonable to
of the appropriate fertilizer mix, adoption conclude that for cow-calf operations, the
becomes more likely, current strategy of the Program of screen-

_ 28,000- Total 28000 ncremental

: 21.000 0 ncremental U)r21,000-

t ,0 0 0 0 0 0IV 

?7 
0 -1 

4 , 0 0 0
0 700 -

0 7000 "o

0 5 10 15 20 
0 5 10 15 20

Years Years

Figure Ilo tal aid icreiental annual net income Figurc 109. I tal and incremental annual net income
for high estahlishmoent and maintenance costs, for for medium establishment and mainteiaiucccusts,, fi
pastutte persistence o l six years. pasture persistence of six years.

B-162 1978 CIAT Annual Report



81, demand for beef in tropical Latin
28,000 eTotal America during 1960-1975 grew at an' ,Incremental21,000na ,= - average annual rate of 5.6/. Except for

21 00[ - - Central America, production increases
14,000 during that same period lagged significant-

E
7000 ly behind, averaging 3.6% per year in theS 0....... tropics. Future trends, based on the
70 observed growth rates of population, per...... . . capita real income and beef production

0 5 10 15 20 project a very large "potential" increase in
Yars beef consumption for the next decade and

S Ipiic 10 I1 (,I tal Ink wnte l!allnual rcT hi,,Mc a half . W hile Central America and the
tol mt'liiim i1,t0hhicr1t l tjnri cc c temperate region are expected to continue
P 11.Ihit Cr'iitctIT 0112 %cut, as net exporters, Mexico and the rest of

ing selected species for the lanos which tropical latin America will likely become
require low inputs is appropriate. For net importers by 1990. This projected gap

between the supply and the demand forother regions with less fertility stress, beef in the tropics would Imply an
selection of species of !4.w fertility rc-
qtirements will be less critical, pcrovided increasing trend in the real price of beef.
that: (a) on-larm input: output price ratios I )ue to the importance of this commodity
are equal to or more favorable than in the in the budget of low-income families in

lans; and, (N) that there are ro serious these countries, price increases would have
problems in the supply of inputs. a considerable effect on income distribu-

tion and in total protein intake of these
Distribution of Benefits groups.
among Consumers from
Increased Beef Production Objectives of the Study

In view of the above analysis, it wasA eacturies dng toe mst 1ean considered important to study the poten-American countries during the last I15years tial (ex ate) economic benefits to be
is th, iact tha! demand for beef (at constant fro inese d beets ton
real prices) has been growing at a faster expected

due to research in pastures and forages forrate than production. As shown in [able the acid infertile soils of tropical Latin
0 Total America, their distribution between

28.000 Incremental producers and consumers, and among
21,0 - - consumers of different income strata. The

4/ "study dealing with the latter aspect ofE ' OL/ distribution of benefits among urban
E 7000 -
U 7 consumc~s was inititated in 1978. A

0o 1 ... previous (' Al V' udy had dealt with this
Z . quest ion for the case of ("ili. Colombia, a

7 00 _- . . . . - summary of lihe fesults pertinent to beef is
0 5 10 15 20

Years shown iii Jabl' 82.

N ' \,';c l . ", ;lanl (. N\ucrt. "( 1fill P h'Iciti al
i'tgure I I t .Ioai nut iicreiinintaI iririiil lil hrliU , 

1 
c f Iict' \cctcr tii the In ccccrtic (ic rll.':? ,I1-1ile II otl ndIn renel tlla 1111aI etIn o le I AtH ll tl.;, /?? PIIcectfings d , thte IV W orldIc r t ' m a nilc h r,1 rrh l rn i d 111( tlfl i ll fe ll a|n .e c ,i % . i l I (,i v'I I, o ocI* In )(tI) Ul 11t1 Vcci lt AiV c r c .

p tture per isiercc ot 12 veairs. - c.clnllllll, .\ tlglli I978. Ill pie',
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Table 8 1.

(rowth of demand at constant real prices and production of beef in Latin America, 1960-1975.

Growth rate of

Demand' Production2

Region and Country (%)

Tropical Latin America 5.61 3.6
Mexico 5.3 5.2
Venezuela 6.9 5.1
Ecuador 7.5 4.2
Brazil 6.9 3.9
)ominican Republic 5.8 3.7

Colombia 5.2 2.0
Peru 4,7 1.4
Bolivia 4.0 0.0
Surinam 6.2 0.0
P;araguay 3.1 -1.1
Central America 5,23 5.8

Honduras 4.6 8.3
Costa Rica 5.2 7.1
Nicaragua 5.2 6.7
P:anama 5.9 5.3
Guatemala 5.6 4.6
I:I Salvador 4.8 1.8

Carihbean 3.7 1.0
Guyana 4.1 2.6
IHaiti 3.3 1.2
.I tmaica 4.4 0.4

Temperate Iatin America 2.01 0.3
Argentina 1.7 0.5
Chile 3.0 0.2
iruguay 1.3 -1.2

I.atln America 5.1) 2.2

I d i' - * ty *i ,? y

1 - growth rate of demand
growth rate (f population
growth rate ot real inctmoc per capita

Ly ircinc elasticity of dcnrand
2 Slatigher only
.1 Avcage veighted hy population
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Fable 82.

Budget allocation and elasticities of demand for beef by income strata, Call, Colombia.

Per
capita Income

income Family spent on Income PriceIncome USS sile beef elasticity elasticitystrata month) (persons) (%) (4) (%)

1 5 5.9 10.5 1.52 1.46II 9 6.3 10.1 1.35 1.31
III 13 68 12.1 0.99 0.99
IV 26 6.3 9.5 0.67 0.69
V 59 6.7 10.3 0.47 0.50

S,, rccs I' iinst up- \ nder , n. "l)ecosiri.naking on Vood and A.gricult ural Research Policy: The Distribution ofHenelt Itei Nt, .Agrculhnral I hcliiuiilogp Aminng ('onsumer Incoime Strata"..4griculural Adr. (4),

1'. Pinstrup-A dcrsen and Fhlahcth (aicedo,"I he Potential Impact of Changes in Income Distribution
n I n.. d Demand ;ini Human Nutrithio' .4. A . f. August 197M.

A question arises as to whether the Econ6mica Latinoamericana (ECIEL),proportion of total income spent in beef and coordinated by the Brookings Institu-could indeed be expected to remain tion. The data refer to a large number ofconstant across income groups, as was families interviewed in the following citiesobserved in that study, and yet income and countries: BogotA, Cali, Medellin, andelasticity decreases as a function of income. Barranquilla, Colombia; Rio de Janeiro,Also, the fact that average family size Recife, and Porto Alegre, Brazil; Caracasvaried without a consistent pattern among and Maraca~bG, Venezuela; Quito andincome strata, could have been due to the Guayaquil, Ecuador; Lima, Peru; Asun-grouping criteria, to sample design, or was ci6n, Paraguay; and Santiago, Chile. Insimply a peculiar :haracteristic of the addition, data became available from apopulation of Cali. Therefore, there was a similar family budget survey for S~oneed to verify whether the results for beef Paulo, Brazil, which was carried out inconsumption previously obtained for Cali 1971-72 by the FundaSao do Instituto dewere equally valid for other urban areas of Pesquisas Ecoriomicas (FIPE) of thet.opical Latin America, and if not, what University of S5o Paulo, and whichimplications this would have on the results included 2380 families. All of these surveysand conclusions which had been derived contain information on family income andearlier, expenditures, plus several socio-
demographic characteristics of thePreliminary Results households.

The Jata used arc from consumer
expenditure surveys which were under- Preliminary results were obtained fortaken in several Latin American urban the four Colombian cities as well as for Saocenters between late 1966 and late 1969 by Paulo. Table 83 contains a selection ofEstudios Conjuntos sobre Integraci6n descriptive characteristics of the sample of
Beef Program 

B-165



Iahlc h3.

Selected descriptive characteristics of the sample of families in a survey (n distribution of benefits from
increased beef production jamong urban consumers.

Average per capita

Number of
i'. t% Per capita I otal I otal I ood Average persons in

a:.d .-x pend ittire expert- nmonelaIy expen- family families
a ftiILI range ditore incomle diture sie interviewed

(1S$ month) ( persons)

(olombia'

S3.9 - 16.6 12.0 11.0 6.3 7.5 1427

II 16.7- 27.9 22.0 21.4 10.9 5.8 1103

11 28.1 - 620 40.8 39.8 16.1 4.7 894

IV 62.3 - 514.0 137.1 143.2 37.0 4.0 761

Ia ranqutilla:

1 4.2- 17.X 12.6 10.1 7.9 7.4 1262

II 17.9- 280 22.0 19.0 13.3 5.7 972

III 28.3 - 56.5 40.5 42.0 19.0 4.9 835

IV 56.7 - 399.5 115.5 113.1 32.5 4.0 682

C:Ii:

I 3.3 - 15.6 10.5 9.7 6.5 6.9 1019
II 16.0 - 29.6 22.2 20.6 12.5 5.5 813

III 29.7- 61.2 41.9 38.8 19.0 4.4 650

IV 61.4 - 541.7 1296 136.5 37.0 3.5 517

Medellin:

I 2.0- 131 8.9 9.1 5.1 8.1 1492

II 13.1- 26.2 18.5 18.4 6.6 5.9 1087

I1 26.3 - 56.7 38.8 41.1) 16.8 4.4 811
IV 56.8 - 721.2 124.7 151.2 31.9 3.9 718

Brazil'
.Sa o JPaulo.

I 5.1- 28.0 21.2 25.4 11.1 5.5 3273

II 28.1- 44.8 37.6 45.2 17.1 4.4 2618

111 449- 75 6 60).9 76.1 23.3 4.1 2440

IV 75.M - tn42.0 141.2 179 5 39.5 3.7 2202

i 1" 11ille .o cIa,.t,,lcd i t iu c e m qu rtiesa ccrding to aerage per capita expenditurc: each quartilc eprcrew ts 25
p('Clitte ,t th" tldlllhvr

2 At plti,,c .. I . I d IIlar of1 $15 52 Source .IA I, eomrated front I-anily Budget Survey ('CEl)E-Brookings
In 'tit tm ' I6 '67)
At pilcc, I 1 . I t,,l1ai, I r SS 12 Surite (I A I, etrrnated (trn I-anily litdget Sur ey(Il-ll'|1-E nsersity of Sao

6 a-166 19A1-7l72)
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I able 84.

Allocation of family income and expendltures to beef consumption and Income elasticity of demand for
beef, by city and income strata.

Expenditure in beef as
Food percentage of:total Income

(ountry, cit, expen- Food Total elas-and income diture expen- expen- Total ticityquartile ((%) diture diture income (%)

('olombia!
BHgoti I 54.1 18.6 10.0 10.6 1.09

II 49.9 18.4 9.2 9.4 0.83
IIf 40.2 18.5 7.5 7.5 0.52
IV 28.0 14.3 4.0 3.7 0.20

Total 36.3 16.5 6.0 5.8

Harranqtuilla: I 64.0 23.1 14.8 18.0 1.01
II 60.6 24.8 15.2 17.3 0.62

III 47.3 23.3 11.0 10.6 0.58
IV 33.7 21.2 7.1 6.1 0.52

Total 45.7 22.7 10.4 9.9 -

Cali: I 64.6 24.2 15.6 16.4 1.28
II 56.5 24.3 13.7 14.7 0.77

III 45.2 23.3 10.5 11.4 0.42
IV 31.2 18.6 5.8 5.5 0.41

Total 42.4 21.6 9.1 9.0 -

Medellin: I 57.9 23.1 13.3 12.9 0.79
11 50.8 23.0 11.7 11.3 0.88

II1 43.9 23.1 10.2 9.5 0.64
IV 27.8 15.8 4.4 3.3 0.38

Total 37.6 19.8 7.4 6.3 -

Bruzijl
Saio Paulo I 52.5 9.5 9.0 6.7 0.86

II 45.5 12.5 8.8 7.0 1.18
III 38.3 12.8 6.5 48 0.47
IV 26.8 13.4 4.6 3.6 0.43

lotal 40.8 12.0 6.0 4.6 -
t airnjtes arc classified ito income quartiles accordtng to aserage per capita e.xpendilure each quartflk represents
25 ' of the 7aiihcs

2 (tI I. eslirnated frot Farnd Btudget Surev (Ct]tDF-Hrookings Institution, 19h6-1961)I CIA I estirated Iron farndv Budyet Sursey WIPlFU.rnversity of Sio Pauto. I97!-1972)
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d., itwluded iII each Of tile surveys. income groups according to average per
Families are classified into incomlle quar- capita expenditure of each family,
tiles, each one contining 25' of the resulting in sharp differences between
households in the ,,aniple. In Fable 84 tile strata, and a clear pattern in family size,
Inltin prclimniniirv estlilates ,htajll .c from which diminishes as income increases.
tilte ,tircv data ,ire preseitcd. Ilhese With respect to beef consumption by
citist ,)l ii set il dcscriptlve statistics income strata, tle new results show a larger
althng with ceoin nictrnc estimtes ohtaimed share of the budget devoted to beef in Cali,
h t tilting lung, el curscs or expenditure Medellin, and Barranquilla compared with

iunctions,. I he ligurcs shown Ior income tile previous estimate of 10 to 12%. Mole
clast ,icits ,.eve estirmted by fitting double- important is the fact that the proportion of
l,)g legtcitns bctwccn per capita beef the total budget spent in beef clearly
cxpenditiic and total per capia expen- decreases as income increases, and thus is
ditlirc. In ill cass elasticity cstinates were consistent with a decreasing income
si'ilticiiit at P1 0.05 elasticity of demand.

As nl\ hc iwtcd, bcee expenditure
cttnlipI i',,, appivitmiitclv 2011 of the food Preliminary Conclusions
bidgct in the ( 'oltihilan cities and 12'7 in
Sio IP:jll t, "ith slightlv higher figures for Although the two ('IAT studies on the
lttwcr than tI highel incotml stlata. [he distribution of benefits among consumer
pltp,[tt, ltt tti total hai;ilv incone devoted income strata from increased beef produc-
t, bed cotislption is alsot high, ini- tion present certain differences, the follow-
dicaing thie importaLce tif tills Ct1- Ing conclusions based on the earlier
nioditv lft consumers of all inctime estiniates for ('ali still stand and, on the
i ips,. I his, i, partlculaillv so tot the low basis of these preliminary estimates, seem
ItICtinC ,tlitIt:; . ,tich k pcnds 1)tt0 less thillin to be applicable to other urban areas in the

.-;,o , intl ; it,, inuch its I 8 ; region:
(B I MIL 1111u l,t) (d It" t,0till HIC0111~C M) i)Ctet.

Willh resp1ct to niitrie claisticitics if I. If the supply tf any one oi the 17 food
dCllillt l ftLn bef, It niA, be SCen that1 ill cummoditics (considered in the previous
CeieIl thee figures awe high. especiallY inl CIA I study) is increased by 10i , the
ti C W l It.li lo k itncititie ijuartiles sshich largest absolute consuner benefit is ob-
,:ltO he ltit de V 'lcrt.'nCC l beet c thsenp- tained from beef. It should be pointed out,

however, that this conclusion ignores the
tiehit ttit-ecttttmiic strtai as is ex- costs involved in increasing supply:

pcclcd Imti a,. litcii. 2. A 10 t' in,ircasc in beef supply pro-

sides a larger net impact on protein intake

Ihe iciilt , r( all llav be Corpared tit atnong protein deficient groups than a
the plc', c"t estlilites shttmon in I able Sl. similir incrtase ill the supply of any other
Ialici . families .erti, cltssilied according single food I his conclusion now seems
itt thtei ttdtil nctlC, tid ellphasis was ce inmire strngly supportcd.
placed ttn scpalting lt(w, income conl- 3. ( '0o1sullnei bClielits Iront an expanding
,iItier,,, illsuch atI i'i.as thilt sti, I, II. and bcef supply are expected to be distributed
Ill -,hot", relit clv,,malltlhffcrences i total less regressil,'cly than current income
pet capith leIIIC lnicid. tile cti., results distribution. Ihis conclusion is also rein-

ati tibt;inicd Ittin caltrs.ilstti fainilics into iorced hv the study underway.
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TRAINING AND REGIONAL TRIALS

Activities of the [raining and Regional Management of Tropical Pastures was
Irials Section concentrated or. efforts of held during the second semester of 1978.
deeloping and strengthening a network of Twenty technicians from eight countries in
scientists and technicians working on the the Target Area participated, representing
production and utilization of forages on research and development institutions as
acid soils with low nati,.e fertility in the shown in Table 85. Principal objectives of
tropics. I his network will validate, adopt the course were to offer specific training in:
and a.sist Ill the transfer of technology (1) the identification, interpretation and
dselopcd hv CIA I and national research validation of new forage production
rIst ititolis. Nt tile ,aine tittle, contacts technologies; and, (2) the development of
s..e ic estahli .,hed with national research strategies for the introduction of adequate
and dcchoplqiment Institutions for all management practices for improved
collahIoratlfc activities of the Program, pastures to assist beef producers. Course
epecially those related to regional trials, participants spent 25%'. of the time at

CIAT-Palmira, on the theoretical phase,
Training and another 60' on practical training at

Cl A'-Quilichao and selected farms in the
I )uring 1978. 39 professionals received surrounding area. The remainder of the

training In the arious disciplines of tile time, including course evaluatioas, was
Program. Iv selecting technicians from spent on study trips to the Colombian
national Institutions that work in Latin Niirth Coast and the Hlanos, especially at
.\nicrtican countries comprising the Iarget the (iarimagua station.
,\ rca of the Beefl IPrograin. strengthening of
the research capacity for validation of Regional Trials
iechnlog, at the regiunal level is being
acc il pl ished Table 86 shows the locations and

edaphic and climatic characteristics for
I'in atonig these orolessionals, eight sites where regional trials for the adapta-

sitrig tescarch associates are par- tion of forage species selected by CIAT
ticipating In research pi ljects in several were established or projected for planting
disciplincs of the P'rogranm in coilaboration in 1978. Twenty-five localities, throughout
wit hi universities inl Canda,. France, the Target Area and with varying levels of
mex c,. the t nited Slfate,, and Western lettility and soil moisture, offer the
(Ierniianit. Ilhis skork fultills some of the Program an excellen, opportunity to verify

q irelrncnls for obtaining the MS, Phi) the production rotential of promising
o)r ettuialent degrees. In this manner the forage legume and( grass species, in
c,:l P rgr;im i rI, cntributing to preparing comparison with check species considered

resarch leaders wkho will strengthen most productive in each locality (Tables 87
co llahorative links ,.%ti national in- and 88). Evaluationtl will be for periods of
stitilonis arid thc tiversities in countries at least two years under conditions of
has rg the rios advanced technology, cutting and grazing that are common for

each site, in order to select the most
I li lirst Course on Research for the productive species to be evaluated for their
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I ahle 85

Distribution b) countries and Institutiona of research and development of participants in the First
Coure on Research in the Management of Tropical Pastures.

National institution for

(ountry Research l)evelopment Total

Iti', I 0 1

Bhalt 3 4 7
Colombia I 3 4
(thi I 0 I
NialaI I 2
I~anaina 0 1
Veilr 2 i 3

VenekiclaI 0
I oAl l0 if) 20

animal production potential when collecting, classifying, preserving, dis-
associated with grasses and legumes. tributing and evaluating native tropical
lPreliminarv results -indicate that the forage species. The manual will be publish-
promising grass Andropogon gayanus 6?.1 ed in Spanish, Portuguese and English,
is performing well at all sites where it is during 1979.
being evaluated.

The second conference, a Seminar on
Conferences the Production and Utilization of Forages

in Acid, Infertile Soils of the Tropics, had
he Beef Program assisted in sponsoring

two important conferences in April 1978,
with a total attendance of 257 scientists and ( Accession% of grasses under evaluation in
otht professionals. regional trials for adaptation of for.age species

selected by (IAT.

The first conference was a Workshop on , of
the Collection, Preservation, Distribution Specie (IA I No. locations
and Characterization of Forage Plant
Genetic Resources, organized in qollabora- i..indrol,,wi giianul. 621 25
tion with the U niversity of Florida Br'ihirta dec'ombns 616 25
(U.S.A.) and sponsored by the U.S. 1aitmil ma nienm
Agency for International Development. Wl(rrmmol 60J4 25
Sixty-eight persons representing 40 in- Ivparrhema ru/a (heck 12
stitutions in 20 countries attended this ,hh/ mmutilh,ra ('heck I
work shop. I,.vuilum Iluatli n C'heck I

I)gnurta , e'ui/enm Check I
Its principal objective was to produce a I)iitaria t l'do: ('hctk I

manual that would serve as a guide for (v/i, hrio (ihari (heck I
establishing a coordinated system of
B.170 1978 CIAT Annual Report



I able xb

Locations. collaborators and characteristic% of the jones Ahere regional trialk for adaptation of forage germplam are established.

0

Soil characteristics-3
A ntual A %atL AI

Principal Date ,I1 pfecip. Climate, P satur.
Location Institution collaborator planting Im mmi Soil pH (ppm) t

Bolivia
San Ignacio C1AT G. Sauma Jan. 18 1142 II 1Itiol 5.5 5 19

Ecuador
Santo Domingo INIAP R. Santilin Feb. 15 3230 III Alfisol 5.7 5 0

Peru
Pucallpa IVITA V. Morales Feb. 28 1708 Ill Ultisol (4.2) 2 61
Yurimaguas CRIA-1ll D.E. Band.' May 9 2002 IV Ultisol 4.0 2 85
Tarapoto CRIA-I1 H. Schiere May 9 1150 (1i1) Ultisol 4.5 4 88

Venezuela

Jusepin Univ.
Oriente C. Alcal. June I 1052 I Ultiol 5.8 (7) (20)

El Iigre CIARNO 0. Parra June 8 1234 11 Oxisol 5.1 (3) (70)
Atapirire IUTET 0. Parra June 9 1023 II Oxisol 5.1 (b) (2j)
Calabozo CIARLI.ACEN D. Escobar June 12 1326 11 Inceptisol (6.0) (h) (0)
Uracoa FUSAGRI N. Tafur June 13 1325 11 Ultisol - - -
Guachi Univ. Zulia I. Urdaneta June 15 2740 I Ultisol 4.0 3 52

1 Based on potentital n apotranspiration during the rainy season 1 <910: 11 - 910-1060: III= 1060-1300: IV > 1300.
2 Numbers in parentheses are estimated. Data for P are sariable extractants.

w,



I-able '6jcontinued)

-a

Soil characteristics'

Annual Aail. Al
Principal Date of precip. Climate, P satur.Location Institution collaborator planting (mm) (mm) Soil pH (ppm) (%)

Colombia

Santande- de
Qutlichao CIAT Mar 20 1845 - Ultisol 3.8 4 70I.a l.ibertad ICA R. Perez July 13 2639 IV Oxisol 4.7 11 78El Nus (Medellin) ICA S. Monsalve Sept. 21 2200 - Oxisol 4.9 4 15

Nicaragua
Nuesa Guinea INTA D. Padgett July 26 2894 IV Ultisol - -

BraziP
Sate Lagoas EPAMIG N. Costa December 1209 I1 Oxisol (4.8) (2) (75),.3oiania EMGOPA M. Sobrinho 14S7 II Oxisol (5.0) (5) (70)Beltm CPATU A. Serro" 2762 IV Oxisol (4.8) (2) (75)Paragominas CPATU A. Serrfio 1068 Il1 Oxisol 6.4 6 2M arabi CPATU A. Serrdo 198S III Oxisol 5.4 5 14S. do Araguia CPATU A. Serrao 1727 Ill Ultisol 5.2 5 0w Maralo CPATU A. Serro (2000) 111 Lltisol 5.1 5 830 NIacapa CPATU A. Serrao 1309 11 Oxisol 5.1 5 75
Itacoatiara CPAI-U A. Canto 2101 11I Oxisol 4.6 5 27Boa Vista CPATL A. Canto 1941 11 Oxisol (5.3) (51 (20)Porto Velho CPAT" A. Serr~o 2232 II Ultisol (5.1) (3) (75)
Guiomar Santos CPAIU A. Serr~o (2200) Ii Ultisol 6.5 3 0I Ba,ed on ptent;i e'apotranspiration during the rain% season: 1<.910: 11=91o0--06; l1l= 1060-1300 IV > 1300

V)" 2 Number, in parenthe~ec are estimated Data for P are variable extracts0:3 Protected



I ahle 88

Specie. and ecotspes of forage legumes and recommended Rhizohiin %Irain% under evaluation in
regional trial% of adaptation for forage species %elected by (IAT.

Rhi:ohitdin
strain No. ofSptcic ('IA I No. ('IA I No.) locations

At I %a tlill% 'dlapnlolw I X4 71 4
St 1. a,/t h , n t. t 136 71 25
"i h~ini,~ (alitt,! 1019 71 25
,t I /,, the plitu a 1415 71 25

't 1,, a ll/Ill " uliula 1078 71 17
st h'i th,' , uJI'ltIt 1097 71 17
Ai 1 , znt~i, hal 'ila, 147 71 25
/ l,',,, ,,i to'ir, truqh v ill,, 349 81) 6
/ 't,, "I:,,,p )a all/, Idtm 350 46 25
If,:, ri,tm p 535 313 25
c ltt , ' wp Sp. 438 590 25

/lrma htoia 728 103 15
PIt-rarta pjaw,)Iih tc. Check 79 25
( e'pr,,cma Itthei cto ('heck 590 7
Vfa r, fithtdm atr rl wretum (heck 79 5
kj( r, ,p i ,,m ti hr' ( "heck 79 1

/,rma ,p (Ihll"c) ('heck 103 1
St; bla% iht h u u'tt s, c lolleld ('heck 71 2

189 participants from 69 institutions in 23 produced in Spanish, Portuguese and
countries. English, for distribution in the first part of

1979.
Principal objectives of this seminar were

to review the state of knowledge on Both conferences included meetings toproduction, management and utilization discuss mechanisms of collaboration
of forages under conditions of acid, between national, regional and inter-
infertile soils (Oxisols and [Iltisols) of the national institutions and the CIAT Beeflatin American tropics and similar areas. Program in order to enhance the develop-
Ilhirty papers were presented in seven ment and transfer of technology on pasturegroups, including a series on experiences in production to beef producers. Participants
transfer of technology to beef producers, also visited the experimental stations at
Proceedings of the seminar are being Quilichao and Carimagua.
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PUBLICATIONS
Aycardl, E. 1978. La Leptospirosis una cnfermedad poco conocida en los bovinos de carnc. Veterinario

Prictico. March 1978 (3):1

Aycardi, F., V. Sanclemente y J.M, Cortis. 1978. Prcvalencia de anticuerpos para el virus de rinotraqueitis
infecciosa en ganado de carne en Colombia y aislamiento del virus de casos clinicos. Veterinaria y
Zoot6enica. 3(X85-86): 14-19.

Buol, S.W. and P.A. Sinchez. 1978. Rainy tropical climates: physical potential, present and improved farming
systems. I'rans, XI Congr. Int. Soc. Soil Sci. (Edmonton, Canada) 2:292-312.

Corrier, D.E., J.M. Cortis, E.R. Aycardi, E.A. Wells, NI. Bohorquez and J.J. Salazar. 1978. A survey of cattle
health problems in the eastern plains of Colombia. British Veterinary Journal 134: 101-107.

Couto, W. 1978, Aigunias alternativas para o desenvolvemento das pastagens no Cerrado. In: Gartner, A.
(ed):Ecologla das Pastagens Nativas. Centio Nacional de Pesquisa de Gado de Corte, EMBRAPA,
Campo Grande, MS.

Date, R.A. and lalliday, J. 1979. Selecting Rhizohium for acid infertile soils of the tropics. Nature 277:5691 pp.
62-64.

ilalliday, J., (;utlerrez, F. and Sinchez, G. 1977. Rhiohiurn strain selection for tropical forages adapted to
acid, infertile soils. Proceedings VI American Rhizobium conference. University of Florida, Gainesville.

liIaliday, J. 1978. Comparative physiology of nitrogen-fixing symbioses. In. Proceedings 2nd Latin American
Botanical Congress. Brasilia, Brazil (In English and Spanish). (In press).

Ilalliday, J. 1978. Maximiing N fixation in tropical forages. In. Limitations and potentials for biological
nitrogen fixation in the tropics. pp. 344-345. Ed. J. Dobereiner, R |I. Burris, A. Hollaender. Plenum, New
York.

Ilalliday, J., and Graham, P.||. 1978. Coal compared to peat as a carrier for Rhizobiumn. Turrialba (in press).

Iloweler, R.11. yJ.I. Spain. 1978. Fertilitaci6n potsica en algunos suelos de clima cilido. Suelos Ecuatoriales.
9(2): 59-07.

Jones, C.A. 1979. The potential of .Indropogon gayan s Kunth for the Oxisol and Ultisol savannas of tropical
America. Ilerb. Abs. 49: 1-8.

iLe6n, L.A., A. Riaflo, E. Owen, M. Rodriguez y L.F. Sinchez. 1978. Investigaciones realizadas en Colombia
sobre el uso de diversas fuentes de f6sforo como fcrtilizante. ICA-ABOCOL, BogotA, 32 pp.

Paladines, Osvaldo. 1978. Sistemas de producci6n ganadera en el tr6pico de America. In Proc. IV Congreso
Mundial de I'roducci6n Animal. Buenos Aires, Argentina. August 1978. (In press).
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Bean Program
Previous reports of this Program have were distributed (88 color, 62 black) to 34

documented the search for outstanding countries. Ninety-five different varieties
germplasm, and the gradual strengthening have been included so far in these trials,
of bean hybridization activities at CIAT. with the 1978 IBJYAN being notable for a
The year 1978 marked new gains for the marked increase in tie number of CIAT-
Program with the movement of large bred materials included. Rust, bean golden
qtnantititcs of hybrid material toward mosaic virus (iGMV) and common
advanced generation testing. A total of bacterial blight nurseries were also dis-
1464 materials of which 937 were selections tributed.
from the breeding program were screenedin the Bean leamn N ursery (V EF) and 7(u)in te Ben Tem Nuserv(VFF and7W ther major advances included: (1)materials, including 200 breeding selec- thtr mor advaceinc p m
tions, were evaluated in the Preliminary imbnation of a breeding program for
Yield Irial (EPL). he screening of these climbing cultivars to be grown in associa-
lines for factors as diverse as yield, tion with maize; (2) establishment ofitepertur conitrn fliters to limit sied
tolerance or resistance to rust, anthrac- temperature conditions likely to limit
nose, common bacterial blight (O('MV), nitrogen fixation by bean root nodules: (3)identification of bean cultivars tolerant toand KI' poa.ita. as well as sensitivity to
photoperiod demanded excellent coor- low soil P; (4) micro-regions of bean
di nation a rid cooperation, and production in Latin America were iden-
demonstrated again the integrated mutl- tified and an agro-climatology survey
tidisciplinary approach adopted by tie initiated: (5) on-farm trials demonstrated
bean team. Results from the i-A in that low cost agronomy practices could
particular were spectacular, demonstrating increase farm yields 5V(, and were
major gains in yield among colored profitable in the main productin zones of

beans in Colombia; and (6) intensificationmaterials and a very high proportion of of the breeding work for anthracnose,
breeding lines resis!ant to BCMV. Many
lines demonstrated multiple disease ngular leaf spot. and ither conditions''mmon to cooler climates.
resistance with gains in this area generally
greater than had been anticipated.

As in previous years much emphasis was
The program continued to emphasize given to postgraduate training and to

international yield and disease resistance documentation. Two bean courses were
testing. In 1978, 150 International Bean held, with participation by 59 scientists
Yield and Adaptation (IBYAN) nurseries from 14 countries.
Bean Program C-1



BEAN PROGRAM ACTIVITIES IN 1978

The principal objective of the bean agronomic practices and using the
program is to increase yields of Phaseohs minimum technical inputs to obtain

. vulgaris.in.. I.atin America, Given the . good yields.
comparative advantage of international
centers in germplasm evaluation and (3) The training of scientists from
manipulation, and the need for additional national institutes to facilitate their
trained scientists and research support in work in bean research and exten-
national bean programs, it is hoped to Sion.
achieve this goal through four strategies: (4) Close collaboration with national

bean programs and with other ins-(I) The production of improved ge~ni- titutions working with the crop.

plasm having high yield and with
resistance to the important To fulfill these strategies the Bean
pathogens and pests of the region. Program in 1978 was active in seven major
Initial focus has been toward bean areas: (I) screening of cultivars for desired
rust (Uromyicesphuseolis), anthrac- traits; (2) hybridization of. promising
nose (Colletotrichum lih, mlde'U- materials and evaluation of their proeiiy;
thianwn), bean common mosaic (3) evaluation and improvement ofcurrent
virus (BCMV), common bacterial agronomic practices; (4) in-depth studies
blight (Xathomonas phaseoli) and of specific problem areas; (5) validation of
the leafhopper, Empoasca technology in on-farm trials; (6)
kraemeri. The improved materials postgraduate training; and (7) cdilabora-
must additionally be acceptable to tion with national programs and other
the consumer in grain type and institutions.
cooking quality.

Since many of the areas of research(2) The development of a complemen- undertaken depended upon the mul-
tary package of agronomic prac- tidisciplinary cooperation of bean team

-rices, suited to the improved germ- members this report is not presented by
plasm but based on simple discipline areas, but by research topic.

SCREENING OF CULTIVARS FOR DESIRED TRAITS

In 1976 the International Board for been extcnsively characterized. While the
Plant Genetic Resources (IBPGR) urgency for germplasm evaluation abated
designated that CIAT would be responsi- somewhat in !978, it still remained amajor
ble for the collection, management, evalua- component of the research program, with
tion, and distribution of Phaseolus germ- inputs from virtually all disciplines. Major
plasm. The germplasm bank facility at activities are detailed in the following
CIAT now contains approximately 21,000 sections.
entries, more than 11,000 of which have
Bean Program C-3



Screening for Resistance
to Pathogens and Pests .

Resistance to Pathogens 4-4

I ititor i lidies III tis area souight
utimtelrrrl ith icFitance t) hert comoliln
IllI aC \lllls (O(' M V), ILM atthrall oll l ,se,
ciittrr o)ir h',ctcrlI bliglht anId :illgtilill leifspo (t W(IA I rcsA n c ,tin ul IReports.<,uc, 19'74-I177)! , bcn.,.~l~i , i, I :

.\ iableh re'sistmi fl irc IiUC c h ic ben4
idtit eile fm these pmrtitigeris. Lerttploiis ~
Imis tlsi ticen) la~ced tit n sctlirg fotr i

,IC' et I'10 hrItI golden[I ithe _ h is I C I I IIN
r (NI V t, ..1 +tro h. ( i'ro/oi) ra aridl wevb

blight (Ml ilntlip i rt% (l 'iwt 'rtA ), [ )ls- I1,t. I h1wcuililiii Ut hvain plants., in the

ltittiotll bet t i, ;i iltblc resistance . , i patds

sHILuIce hi-, bten Sotl tilt tiUne i.'tritiC
,tItludc e tll tritlr titli -'l diseis t'Wecs. atta chLd t) the mouth of the bottle(lFig. 2).
I ir lI.. tit,.'c lt'~ bett a t'lCo itl ctd
itnipros clielt III screcting tnietlods, and a I'idlhwivirg this methodlogy 1158
ciiisideriition lit ,train Ireilleniy Ir tlte materials (ipproximatelv 16,(X)0 plants)
A ttitlt wec manually inoculated and evaluated

• /u i o d t ell% 1'' i' i rt I to ' l( f i d , . . .

Inmhriwttoo' /Aalwi.mr I hle Coll .i-, a-
tit 1t IW AI \r-ittltd pl:ants witth heart
til se i t. 1 isit e \1 t11s. arld the lo, illnoclla- .

lil i* t ictte.' tiNl ili tied tint !f( 'NI V -
",iceptibhL' nitICtiI, hil ctI pli'tCJd tile -

caltiii i) iertjtlasrrt ,cC.'siiiii, aofd gem ," a o l

brc,.in;g lties :11 past \'ears Ih+e rtcthitd k ".
detailed hc( litits tlse pritlrn .

S.irtiss, the toctilutih l as hiibauied Ion't
12-, v-old I )iac'l ( 'allirlt scedlirtm , gr)w., n
frt Im ( M\I'-iilectCd Need iltd ,s "is
,Crohiit+icl aeaId li)r the prt,cncc Of
beatll Iligic ;itit] bet'll smoithtll tmosai c
S ititr s. t i r tIt irtoctilti)i t. t h ie %ifs tias

Ithei exII actcd I I : I I V) in t 0 1 VI .

tUt)assriIIt phosphate bilter. ptI -. iit m %

iticulated (wcmiring dis1NtI)orble gloves) ' +'. .:-

wiIth the uilt a ste'rile cilct sec lol t pad ; ,
(Jig. ! 11t tile field, the tIil iiittl \\t:, I iito I itd inoculati ono it b an plants using
pt llied Into 11)-itnl plastic bottles, aliL !,,, ',hI tppered %;ih sterilc che cs'tihth

dispensed isiltgi a sterile chcesecloth pad I.I,
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under ,lashtl , conditions without a both pathogens since some entries were"Ingle ,.'iaC k-() ,-nmtiinatto, and with an killed by the anthracnose fungus beforeI riocilkitti t firerrc of 95- 100( 1 in 13CMV symptoms could be expressed.
,tceptibc n11MLiei,rII In order to expand However, this method is very useful ir. a

peCCenlt l, Cv11r;ity (lirrlit-d to practical program designed to efficiently10. 501) FLirrr. 2) tla, c ' .'lc) it td,, to identify resistance to multiple pathogens.
detc itlllr r t. ribrirty i ofscreening tnder
seril-coltillcd :miditions was under- Sources of Resistance to the Floridatakenl 2),>1 plants being manually Strain (ISA 5) of BCMV. Recent studiesln ctlkilc t fidei sceenhouse conditions, have shown the Florida strain (USA 5) inft icic -.'\,l', ,riauzl to that obtained in the natural infectionsof beans grown atCIAT.
g Llii,,hrst Since this strain can overcome the

resistance of two groups of cultivars notIo i titcider.cing the use of bottles to attacked by the type strain of BCMV used
f ~peii~c, the inoculurn facilitated the in initial screenings, a search for resistancenoculition a nd c aluation ()f 4684 bush to 1'sM V ISA 5 has been undertakenaid cin hrig bean naterials in 197813. and among CIAT germplasm materials. Inresulted In rulctiou rattcs of between 80) 197813, 290 promising lines, 104 otherand '0;. I he use of containers and germplasm accessions, and 35 otherdisposable sterile cheesecloth pads kept materials were screened. Of these, 120, 54colitarint lon in field screenings to 0. 1"i and 15 respectively, proved resistant (orof the i CiiltCd materials. The contami- synptornless) to strain USA 5 of BCMV.
nnt vii,, sas ,crologically identified as
soutihcn heain imosaic virus, a seed-borne Ah'thodolgr for Evaluation of
pat Ih.ocn Resistanme to Angular Leaf Spot. For

evaluation of resisiance to angular leafI r urther lacilitate the screening of spot, a spore preparation is obtained fromgerniplis, and breedrting materials the plates of V-8 agar grown 10-15 days in thepraclrca lity of multiple inoculation dark at 19'C. Conidia are harvested in(I . V ard anthracnose) under con- water by rubbing the sporulating coloniesrodled conditions Xka", studied, with a soft wire brush. A spore concentra-
tion of 10 4/ml is used in the inoculationsNearly 31)0 enitics ( 10 seeds each) vere with Triton or gum arabic added to obtain

planted il lts in the glasshmise, in- uniform infection. A disease evaluationoCulatCd se'.cen days later with B(UMV and scale based on the percentage leaflet area24 hours later " ith a mixture of anthrac- affected is utilized to measure resistance.it ,se race,, incu bated for 12 days in a moist On a I-5 scale, immune materials (1) showcla.ber at moderate temperatures, and no infection; (2) resistant materials havecvalua'ed for resistaric to the composite less than 2,j of the actual leaflet areaineUnat ri. infected; (3) intermediate, 3-10% actual
leaflet area infected; (4) susceptible, 11-25%Nlaterial,, hich 'were resistant to actual leaflet area infected, and sometimesW-(' V and ant iricnose were efficiently limited chlorosis: and (5) very susceptible,detected Nithlin 2) days after planting inore than 26 actual leaflet area infected,

Selections could then be successfully and often accompanied by chlorosis
transplanted for seed production or subse- and, or defoliation.
quent field trials. It was impossible to
detreniine the reaction of e,,ery entry to Sources of Resistance to Powder,

Bean Program 
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Mih'ld . A natural and severe epiphytotic Evaluation of resistance.,to infection by

of powderv mildew (rv.siph' pyolgoni) R. solani. S. rojsi, and Pthium spp.

occurred in it nu,serv v! wer 1400 (primarily Pv.thium aphanidermatum and

germplastr accessions pk.iited in Popayan Pi-thiun h,bar tanum) was most efficiently

(Fig. 3). Subsequent disease evaluations accomplished by measuring the percentage

identified the Iollowing 18 accessions germination and survival of plants when

which were highly resistant: G-1841, 2092, subjected to natural or artificial iioculum

2325, 2351, 2546, 3038, 3716, 3777. 3783, pressure in the glasshouse or field. No

3791, 3988, 4721, 5508. 6636, 6638, 6640, correlation was found between lesion

6641 and 7464. depth and or frequency and yield loss

magnitude because of the increased growth

Root Rot.i. CIA V has been developing compensation and reduced plant competi-

met hodology to eva iuatc germplasm and tion between surviving plants in inoculated
progenies to: resistance to infection by trials.
Rhtizo)ctonlia olin, Sclerotiumt roll/ ii,

Fusarium sp. and Pt/ium sp. [Field and t aluation of resistance to infection by

glasshouse inoculatio'm and natural in- lusaritn solani f. sp. phaseoli was most

festatiori trials were utilized to select efficiently accomplished by determining

evaluation sctles MwhKih would be most the depth of lesion development in seedling

efficient and practical for tile 1iean hypocotyls according to the following

Program to utilie during progeny scale: (1) Resistant, no lesion development;

developnicnt. (2) Intermediate, shallow lesions confined

'°2i,% ,.

S i t t t % i c ~ l l ., l d t + , ~ ~ I t l ' l ~ l ~ l t i rt t r e p i d e m i c of p o w d e r ' m i d e r , t n a g e r m p t a s m n u r s e r y

tll~ttl',A. ;7' :-I;+ Il,',l
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to the outer 50% of the cortical tissue; (3) filiformis and other cultivars in various
Susceptible, lesion development extended stages of selection for resistance to Em-
to the midpoint of the cortex or beyond, poasca. The best materials selected from
but nat into the vascular system; and (4) the different nurseries and selection stages
Very susceptible, lesion development are being used to form part of the
extended into the vascular system and/or International Nursery for Empoasca.
pith region. Resistant parental materials
are being utilized by the breeding program, Of all the materials studied, about 400
and seedlings will be evaluated in advanced (10%) showed high levels of resistance to
generations with replicated family testing leafhopper damage. Table I lists the
at a planting density of 20-30 plants/m2 cultivars classified as being most resistant
under the high natural field infestation to E. kraemeri in 1978. Among the 27 best
present in CIAT-Palmira fields. Indirect materials, 63% are black-seeded. As in
selection pressure against progeny suscep- previous years not many sources of
tible or highly susceptible to Fusarium resistance were found among red beans. Itsolani and/or other root rot pathogens is should be emphasized that there were some
being exercised in ca; lirr generations. non-black beans which had visual damage

classifications less than 2. Climbing()ther ev . iation me ,ds utilized dur.- materials studied showed low resistance
ing liowerinLi or post-1t ,ring stages were levels; the majority of them changed their
discarded b-.aiwi, 1 r,,ifounding cffects growth habit from Type IV to 1I in the
caused by physiological root senescence, presence of E. kraemeri attacks.
planting depth, root wounds and secon-
dary infection internally, adaptation, and Tetran)vchus desertorum. In 1977,
environmental factors. Additional studies screenhouse evaluations were initiated on
arc required to determine the correlation bean varieties and cultivars for resistance
between seedling and adult plant to the red mite (Tetranychus desertorum).
resistance, especially with regard to S. The optimumperiodofinfestationofthese
rol/vii. materials was found to be 15 days after

seeding and a visual scale was developed toResistance to insect Pests evaluate mite damage. A total of 561
varieties were studied of which 124 were

hDnp(asca kraemeri. Evaluations for very susceptible and 139 were selected for
resistance to the leafhopper (Empoasca more detailed studies.
krawneri) were conducted on ap-
proximately 4000 materials derived from This year for the first time, varietal
screening work in the various disciplines of resistance to the red mite was studied in the
the Bean Program. field, beginning with a group of 64

varieties. The materials P- 83, 84, 85, 179
The following groups of materials were and 301 showed resistance while P- 52, 172,

evaluated: International Bean Yield and 217, 277 and 363 were classified most
Adaptation Nursery (IBYAN); Inter- susceptible. This experiment included the
national Bean Golden Mosaic Nursery varieties Oregon 58 and 58R and CRIA-i,
(IBGMN); the PreliminaryYield Trial-F 3  which had been evaluated as resistant in
(Climbing Beans); the 1978 Preliminary Peru. In the scre!enhouse, they exhibited
Yield Trial (El) and the 1978 Bean Team more resistance than other lines but in the
Nursery (VEF); as well as introductions of field Oregon 58 and 58R were susceptible,
Phaseolus acutifolius and Phaseolus suggesting that it is necessary to do studies

Bean Program 
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Table I.

Cultivars and varieties of Phaseolus showing the highest grades of resistance to Empoasca kraemeri,

during 1978 evaluations,

Average Total materials:

Nursery or Identifi- Primary classiti-
other source cation color cation' Evaluated Resistant 2

Rust Nursery (iBRN) G124 White 1.4 135 27

(1976-77 plantings) G4463 Black 0.9

G5773 Black 1.2

G5942 Black 1.1

Selection Stages G8058 White- 1.2 296 _ 92

G8059 White 1.0

G8062 White 1,2

G8475 Black 1.0

International Golden Sucre 7 Black 1.8 235 21

Mosaic Nursery G 1257 Black 1.8

(IBGMN) 61157 Mottled Cream 1.0

1978 Bean Tearn 78 VEF 89 Black 1,2 2221 204

Nursery (VEF) 78 VEF 92 Black 1.2

78 VEF 276 Cream 1.1

7h VEF 460 Black 1,2

78 VEF 846 Black 1.4

78 VEF 1006 Variable 2.0

1978 Prelininary P14 Black 1.7 780 36

Yield Trial-Bush Beans 1P785 Black 1.8

(78 El)

Preliminary Yield FFO016-23-3-

Trial-F, Climbing CM-CM-CM Brown 2.0 300 4

Beans FF0594-7 Black 2.0

FF0611-1 Black 2.0

FF0623-29 Black 2.0

Other P/a.wohis spp.

Itaseolus, acutiIius G3568 Black 1.2 93 23

G4401 Black 1,2

65917 White 1.3

Ihawolh. Iillornis NI-31 Cream 1.6

I Acrage o",o replications and three observations, on a scale (if 0-5:0 =high grade of resistance: 5 = no resistance.

2 Resistant: average classification z 2.
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correlating evaluations from the resistance and delayed maturity was found.
screenhouse, field and laboratory and Some selections from breeding nurseries
determining which selection methods were identified for the latter two characters
should be followed, and a lanceolate leaf type was also

identified and appears promising.
Also this year, the species P. I-lowever, these are associated with excep-

actiti/i/ius var. acutifolius and P. tionally low productivity. Purification and
acutifolius var. latifolius were evaluated determination of their genetic worth is
in the field for mite resistance. Generally, underway.
these materials showed a higher grade of
resistance than P. vulgaris. Some P. Climbing Bean Cultivars
acutifolius accessions had little damage up
to the end of the vegetative period. Though th,: available collection of

climbing beans in CIAT (1950 accessions)
had been adequately screened at Palmira in

Germplasm Evaluation previous years, little was known of its
performance at other altitudes. To study

for Architecture and Yield this all cultivars were planted at three

highland locations, Popaydin, La Selva,
Bush Bean Cultivars and Obonuco, using monoculture, relay

cropping and ditect association with
During 1978 more than 6000germplasm maize, respectively.

accessions were evaluated for lodging
resistance, foliage type, maturity, and pod A preliminary screening in the first
and seed charactkristics. semester with 30 materials demonstrated

that in selected materials any imagineable
lype 11 and Ill lines with medium to response of growth habit to temperature

large seeds, small foliage, outrigger (mul- and other climatic factors could be found
tipodded) inflorescence, and one line (Figure 4). For example, G2540 (white)
(G8063) with male sterility were identified climbed more than average at all three
from germplasm bank growouts (Table 2) locations; G413 (yellow) was better
but minimal variation for lodging adapted in climbing response to cool

l dhk 2

t hlta ,,Idi tdI.,r% selections made for interesting architecture and .ield characters.

No. of
Chartrer (romvth habi! entries Sourccs

I o(lgIng rc.litancc I1 7 tlreeding nurseries
Sniall htolagc It. III 9 (icrnplasm hank

I ,nicoliatc ciat ii 2 Breedin u nurscrics
IDLclacd n1at1Ir1t, I. II. Il 7 Brecding nurseries

I arl n tt tv I, II (ierrnplasin hank
( )Iitriiig nIl rc',cclicc I 2 (Giermplkisi hiink
Medill to laige ,ced II. III 22 (ierniplsim hank

Male stcrits III I (icrntplasm hank
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+60 -
50 _- - G2540

-70

+30
> G3565

a +20,-
E

O +10k

01
.6 72 83 133 Avg. plant height

S -10- 30 varieties (cm)

Z -40 - G413

o -50 G1813

-70 - 1
ICA- Obonuco Popayan Palmira Location

2700 m 1850 m 1000 m Altitude (masl)
131C 18°C 240C Avg. temperature

Figure 4. Change in height (It grom th for four climbing bean varieties caused by differences in locational
altitides

temperatures whereas G3565 (white) was plants showing BCMV were rogued out.
better adapted to warm temperatures. Evaluations were made for climbing
G 1813 (yellow) showed a stable response to adaptations, earliness, pod set and disease
temperature, but climbed less than average incidence. The first results from ICA-La
at all locations. Flowering response was Selva in relay cropping have shown that
also highly variable: only two materials 24% of the collection climbed well (true
(G3371 and G2545) demonstrated satisfac- type IV). Those demonstrating exceptional
tory pod set and growth habit stability at highland adaptation originated mostly
all locations, from Mexico, Turkey and South Africa.

There are, however, relatively few
The complete screening of all materials accessions available to date from Andean

was planted in the second semester in zone countries.
unreplicated hill-plots, using three bean
plants plus, where associated, three maize
plants in the same hill This has proved to creening for Tolerance
be a very cheap and effective means of in Moderately Acid Soils
evaluating large quantities of material in a
small land area. The nurseries were not While beans are riot normally grown
protected against diseases except that any under highly acid soil conditions they are
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often planted in circumstances of low Mean yield at low P
phosphorus and moderate soil acidity. 860 kg/ha

P 3.0 Growth habit
Preliminary screening of the promising _- Red materials * I

bean varieties (P-lines) for tolerance to low o . II
levels of soil phosphorus was carried out at [L 2.5 - III
the Popayan site. From this screening it .

appears that dry beans (P. vulgaris) can 0 2.0
be divided into four categories of P 0 0

requirement: (I) inefficient at low P level o 1.5- 0 oc-1.3 kg/kg
and non-responsive to applied fertilizer, (2) '2 o

inefficient at low P level but responsive to r 1. 0-
fertilizer; (3) efficient at low P level but 1 A 6

non-responsive to fertilizer; and (4) ef- o. 0.5 A
ficient at low P level and also responsive to
fertilizer. 0

500 1000 1500
Yield at 50 kg P2Os/ha

Plants in category I may be rejected as Y at 5 -...........
worthless for breeding and/or agronomy. Figure 5. Evaluation of promising lines at low and
Category 3 plants would be of value only high P applications, at CIAT-Quilichao. 1978A.
when they have other advantageous
characteristics.

to the category 4 plants previously men-
Screening for low soil P and acid soil tioned.

tolerance in 1978 was carried out at the
CIAT-Quilichao substation. The experi- The two ICA materials, P692 (Diacol
ment included both lime and P treatments Calima) and P637 (Linea 17) both with red
and was designed to permit evaluation of seed and of growth habit I have a high
both tolerance to low P and to soil acidity efficiency factor in using applied P and
and Al toxicity, their yields at low P were also reasonable.

Other good materials from the 1978A

'he results from the screening of 188 screening are listed in Table 3.
CIAT promiing lines for tolerance to low
soil P at Quilichao are plotted in Figures 5, Only iof 188 materials tested survived
6 and 7, according to the seed color. The andieed or tHan 100 g
efficiency factor plotted on the ordinate nindpos(1141 . e.A/10gafiscipecifactor ptes sted o tesdinae (Table 4). To determine more realistic limeaxis is specific for the semester of testing, levels for screening, 60 bean varieties (30
and P source, and is derived from the blacks and 30 colored) were planted info rm ula: bak n 0clrd eepatdi

plots limed with 0, 0.5, 2 and 6 t lime/ha as
Yield at high P level - Yield at low P level calcitic lime. Initial Al content in this test

Difference in units of POs applied was lowerthan intheotherexperiment(3.5
meq./ 100 g). Figure 8 shows the average

Since bean yields are subject to soil and response and the response of the variously
climatic variation, yields will vary eveiy colored beans to liming. As in previous
planting season. Only beans that remain in experiments (CIAT Annual Report, 1973)
the upper right-hand quadrant are chosen black-seeded cultivars proved more
as tolerant to low soil 1). These correspond tolerant to acid soils than cultivars of other
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Colored I o Growth habit
7.0- materialsI I

Mean yield at low P A II
6.0 990 kg/ha A III

..- 0 0 IV
0 .00

,

s 4.0-
~A

0 A

3.0 A 0

0 0 A A C2.2k/kP 2 05

S 2.0-
I. 0 0

1.0- 0 *6;

A

500 1000 1500 2000
Bean yield at 50 kg P205/ha (kg/ha)

Figure 6. Evaluation of promising bean lines at low and high levels of P application, at ClAT-Quilichno. 1978A.

Growth habit4.0 A j CI4.0- all

Black materials A II

0 IV

Mai yId at low P

1160 kg/ha

03.0-
0~

A
0 0
AA

c A
o 2.02- 

0 oC.1.8 kg/kg/P 205

A
a.

0 A

A

1.0 A A
C 0

500 1000 1500 2000

Bean yield at 50 kg P0 5 /ha (kg/ha)

Figure 7. Evaluation of promising bean lines at low and high levels of P application, at CIAT-Quilichao, 1978A.
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I able 3.

PIhasehi vularis materials tolerant to low levels of soil P selected from 188 cultlvars tested at CIAT-
Quilichno, during the first semester 1978.

CIA I' Country Yield (kg ha)

Seed Promising Growth of 50 kg 330 kg Eff.color No. habit origin P2 0 5 ha P205iha factor'

Red I4 IV U.S.A. 1050 1360 1.2
11543 II Venezuela 960 1540 2.3
P1637 I Colombia 860 1500 2.6
1692 I Colombia 820 1490 2.7

Black P6 III U.S.A. 1390 1930 2.2
1P9 II1 Guatemala 1590 2110 2.1
1337 II U.S.A. 1310 1760 1.8
11382 11 Venezuela 1490 1940 1.8
P1420 III Venezuela 1370 2020 2.6
I423 II Venezuela 1470 2030 2.2
1'499 III Mexico 1300 1830 2.1
P527 IV Venezuela 1450 1920 1.9
P566 III Honduras 1190 1500 1.2
1)700: II Guatemala 1230 1880 2.6
1'717 IV Guatemala 1450 2270 3.3
1)752 II Chile 1300 1840 2.2

Colored P46 Il U.S.A. 1220 2140 3.7
1260 IV U.S.A. 1940 2720 3.1
11402 1 Venezuela 1360 1970 2.4
1)4762 II Costa Rica 1280 2120 3.4
P482-' III Costa Rica 1290 2460 4.7
P589 IV U.S.A. 1290 3070 7.1
l1654 II Costa Rica 1220 1900 2.7
11749 IV t. S.A. 1200 1880 2.7

1 IIiclenco factor [lficienc of use ot P lcrilier cxpresscd as :atio of

N reld at high V Ilccl - Yidd at lo; F' levcl
lft ference ol ferttiter units hetween high and tio lesels

2 .-\1,., ioictanI i estrenir acid wiiil coiiditions.

colors. Average bean yields increased from
0.51 ha at pH 4.0to 1.6tihaatpH5.0(6.0 Seening for Tolerance

hit .aC . applied). There was marked to Drought
variation in yields at lower lime levels and
it was not possible to establish a critical Research has continued on the develop-
level at which effective screening for acid ment of a screening method for the
soil tolerance could be undertaken, identification of water stress-tolerant
Bean Program C-13



I able 4.

I'haeohIo.s vulgarm materials that survived the extreme acid soil stresses (86% Al saturation and pH 4.1)
at (IA I-Quilichao. during screening in the first semester 1978.

CIAT Country Yield (kgiha)

Seed Promising Growth of without with 5 t/ha
color No. habit origin lime of lime

Red 11623 1 Costa Rica 130 970

P'692 I Colombia 190 1490

Black 11337 II U.S.A. 120 1760

11699 IV 1l Salvador 170 1930

1'700 I1 Guatemala 140 .1880

P709 II Guatemala 150 1810

Colored 1166 1 U.S.A. 280 940

11476 II Cota Rica 350 2120

P4x2 III Costa Rica 170 2460

11473 Ill B ratil 170 1220

1'786 Ill Bratil 200 1610

germplasm. Results are available for two same three-day period. Irrigation was
large screenings (100 and 168 materials) suspended in the stress treatmentjust prior
during the two dry seasons at CIAT- to flowering (50% of plants with one or
Palmira. l'he method used was a field more flowers per plant) and control plots
screening in which the entries were sown so were irrigated to avoid stress. The number
that all commenced flowering over the of stress days applied differed in the.two

experiments due to the incidence of 10 nmm
of rainfall in three light falls in experiment

2.0 r F 7818 during the stress period. A total of 14
stress days were applied in experiment
7728 and 29 in 7818. The yield reductions

were more severe in 7728 compared to
7818. A series of problems incluirtg,

1.0- : principally, lateral soil water movemtnt in
1 ED 7818, chlorotic mottle in susceptible en',rios

0 rin 7728 and variable plant density with
A 30 black some varieties, caused variability betweenm0. 5 K

5 brown and yellow replications in the stress treatment. Corn-
e 13 whit and cream parative yield reduction percentages due to

12 rd and pinkt llt 0

o L red.......r stress for 19 cultivars included in tbe two
0.5 2 6 experiments, as controls, are sho*ft ih

Lime (t/ha) Figure 9. Data were excluded for thre
varieties which suffered from the probln
of lateral movement of water from the fion-

II le. \ letgL re,,ptlfle ot bhtns It ,. .lriou,,colors,

i d iI r. ;irl olh, 
co rs d ., wI ttal number ot % arietles stressed to the stressed plots, in 7818. The

to lime applications t (l.I I -Quilichao. consistency of these data suggests that the

C-14 1978 CIAT Annual I1epo1rt



R70 r 0.80 3P006

6N P757

0. 6025 P675
i~60- 0 P588 7

.25- /4-13
- P

o I•

520 *P225" 45 0 *e E / Y= 1288+1.36X

40r 0.72

1,€ 15 P750
10 30 40 50 60 70 I0 - - -

0 -4 -8 -12'7 Yield reduction (Expt. 7728)1
Stem water potent. (Bars) )

Figure 9. Comparison of yield reduction (control Figure 10. Relationship between accumulated
yield -stress vield) (control yield) due to water stress dilfer,-ntial conopy temperature (,T) for six days
for 19 control %arieties in two screenings at CIA F- during the dryving cycle for seven cultivars versus the
l alnira.( Ihree entries excluded from the data set due moean (n=8) stem water potential measured during
to explainable variability between replications in one four hours around noon. for one day during thecycle.
trial.) Experiment 7728.

screening method may b: reliable and that account for some of the low stress
relative water stress tolerance does exist in experienced in these latter materials these
Phaseolus germplasm data do suggest that large differences in

yield reduction due to stress was present
On most of the stress days during the among these entries. P730 has been

drying cycle, canopy temperatures for the
wet and dry plots (on either side of a I-m 30
path) were determined using infrared P P006
thermometry between 1100and 1400 hours P757
each day. The daily difference in canopy L

Etemperature (AT°C) was summed for the 25whole stress period ( EAT) and is used P588 *P675

here as an index of the stress received by C / 4-13
each stressed plot during the drying cycle. 0
The relationship of A T to stomatal : 20 P P 225
resistance and plant water potential is Y 14. + 1.Y=V- 14.22 +1.24X
shown in Figures 10 and !1. These data o r = 0.89""

UPsuggest that AT can be used as an index of < 1 P7internal water stress levels. The scatter 15
diagram of percentage yield reduction 0 -4 -8 .12
versus zAT for 127 cultivars in experi- Stomatal resistance (sec/cm) /
ment 7818 is shown in Figure 12. The
number of entries in each quadrant is Figure II. Relationship between differential canopy
shown in the body of the figure. The temperature W-) for six days during the drying cycle
materials with low yield reduction and low for sesen cultivars versus mean stomatal resistance

i n= 16) of exposed canopy leaves measured four hoursstress are in the bottom left quadrant of the around noon, for one day in the cycle, Experiment
diagram. While soil variability could 7728.
Bean Program C-15



P759 (I)
75-• P539 (11) 77EP149 (11)

1 8• 
•  77EP126 (III P271 (1) • n 4 8

65- 0 l 77EP140 111)
65 P7850 *0P561 (11)

- Mean yield P P566 • 77EP8 ill)

reduction 52.6'7 0 0 1*
55 1 0 : -0 0.o •

- 0. %45 6 a °

0 7 60 0

P692 (110 til P635,0

35 4G04826 (i)S n 44 OP492 111)
" P43B 1111 •

-O *P730 (111
S-*- Mean T -75.8°C

25- 077EP171 (11)

PHI coef. 0.45 P < 0.0001

0 P637 (I)
15

- _ _ J I I I I I I I I I I I

25 40 55 70 85 100 115

Mean accum. diff. canopy torp. I T *C)

Figure 12 Yield reduction due to water stress in 127 entries versus mean accumulated differential canopy

ternpcrattlre, l:Xperinent 7816. I)ata for 41 entries were excluded due to problems of soil variability and , or due

to rectllperitliol alter stress %kas relieved. (Mean of three replications for each entry.)

previously identified as stress tolerant. considerably delayed in the stress plots in

P637 has not been identified in previous these latter materials.
experiments. Confirmation of the relative
stress tolerance of these materials will be Continued methodological research is
necessary with further experimentation, required before conclusive data on water
The direct use of 2 AT methodology as a stress tolerance in P. vulgaris can be
primary screening technique for stress obtained. Precautions to avoid the sources

tolerance in advanced materials appears of varia.bility mentioned here are planned

to have promise. for future screening experiments. Soil
textural changes, particularly in relation to

Data in Table 5 from experiment 7818 variable occurrence of sand layers in the

show materials which had a high degree of subsoil, may be an added source of

s:ress tolerance and a generally low stress variability which will need to be considered
index. Contrasting materials with a low in siting future screenings.
degree of tolerance are also shown for
comparison. Certain cultivars not shown Screening for
in Figure 12 or Table 5, mainly from Type Temperature Adaptation
I11, proved to have a high degree of flower
abscission under stress but showed a st'ong A series of replicated experiments were
yield recuperation through pod set on conducted at six sites at various altitudes in

secondary flowers once the stress was Colombia (Table 6) during 1978, with 250

relieved. The final m-. rity date was selected promising germplasm accessions

C-16 1978 CIAT Annual Report



'Fable 5.

Mean control yield, stress yield, percentage yield reduction and accumulated differential canopy
temperature (2" &T) for 23 days during a 29-day post-flowering drying cycle for 10 entries showing low
yield reductions due to stress compared to four entries with high yield reductions. (Experiment 7818,
CIAT-Palmira, 1978).

Yield (kg/ha) Yield
reduction 7- AT

Indentification Control Stress (%) (OC)

Stress tolerant group

77 F1 107 378 230 39 62

1'43X 372 255 31 45

G4826 369 240 35 56

'77 E-l 171 360 265 26 54

i'192 355 224 37 57

1),37 345 286 17 46

N78 340 208 39 63

1'730 335 234 30 50

11635 266 161 40 75

I1492 254 170 33 57

Stress susceptible group

1'539 441 127 72 92

1'271 273 78 71 96

77 1' 149 410 99 76 109
77 I11 140 431 143 67 109

Mean ot 127 53 76

and advanced breeding materials from tion to a wide range of temperature
CIAT. All four growth habits were conditions (mean temperatures 120 to
represented. The objective of this work was 27°C) in a large, representative group of P.
to define the overall temperature adapta- vulgaris germplasm. The experimental

[able 6 .

Locations in Colombia selected for temperature adaptation studies of bean germplasm.

Mean
Altitude temperature

Location I )epartamento Collaborator O(masl) (OC)

Santa Ie Antloquia tVni%. Nal. ie Wedellin 350 27.0

I-I Itrecho ('auca l'livate tarmer 520 26.0

l.A I -I)al1mia \alle 1001 23.9

l'opayin (auca Sec. de Agricultura 1880 17.6

%l anl/ales (aldia I niv. de Calda, 2351 16.0

lasto Nariio ICA - Obonuco 2710) 12.7

Bean Program C-17



conditions were designed to minimize At the low temperature site only 67 of

disease, insect and differential soil effects the 250 entries actually set seed with

and to optimize the water environment, reproductive failure occurring at all stages

through irrigation, where necessary. The up to failure to fill apparently fertilized

physiological effects of temperature per se embryos in some lines. The higher yielding

could then be evaluated without the cold tolerant group included material from

confounding influence of other en- Colombia (P637, P590 and G5772) and

vironmental effects. Data for 1978A for from Kenya (G8042). The Kenyan and

three locations where these conditions Colombian highlands are homoclimatic,

were largely met are available and are and further evaluation of the Kenyan

shown in Table 7. The complete data set for collection at high altitude is planned.

all six locations will be analyzed when
available.

I ablc 7

Vield data for the highest ielding I'haisolu vu gari. materialI from among 250 entries at each of three

locations hasing different temperature regimes.1 in colombia.

Yield (t ha. 14"') at:

Idertit in;,,i habit Santa I- -Iiopay,111 Pasto

(ru III e1,hc,,t , ider c it high ternpcratture, Sarnta t-d)

11589 IV 2.23 3.10 0.00

I II 2.22 2.72 0.00

I1,2 II 2.14 2.63 0.00

1"51II 2 14 2.66 0.00

tI 100 06- II 2.12 2.87 0.00

(im ,,p 2 II iglhc.i y clcr, at miderate ternpt r we { Popayin)

PIV 1.22 3.32 0.00

1 10' 0.96 3.28 0.53

1144 IV 1.53 3.27 0.19

I"- II 2.10 3.22 0.00

(1222- IV 0,96 3.21 0.14

(i ulp I I I izhc,,t .ildcrs at low temperattore% I Wato)

Ih." 1 1,63 2.02 1.41

(i5752 I 0.02 1.88 1.32

(; s042 I 0.64 1.32 1.04

115i0 IV 0.02 1.83 0.94

l'0h6 IV 1.26 2,72 0.92

, tc ican ,tld 1.2(. 2.38

I S 1) 11.47 0.69

C.V. 'I 23.5 17.9

ni p1cIIltIT (I S.ini]'I Mciin. 2 M .MC.1A % M n..22.1;1'opayin- Mean. 17.9. Max..23.9. Min.,t1.0;

0-1'8 , Mean. 12 7. IIA. 1Anu. R 9,
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A very larg: break in adaptation exists used to further define the most appropriate
between 17.9' and 12.7°C, exemplified by strategy with respect to future screenings
the highes: yielding group out of the 250 for "wide" adaptation to temperature in
entries at Popayan which yielded very advanced materials. Preliminary target
poorly or failed to set seed at Obonuco. By area study data (see page 49) suggest that
contrast, materials such as P589 (IV) and the majority of beans are in fact grownover
P518 (1I) performed quite well at both a relatively narrow range of mean
Santa Fe and Popayan. temperature conditions compared to the

range in this study.
The complce data for the temperature

adaptation study at the six locations will be

HYBRIDIZATION OF PROMISING MATERIALS
AND EVALUATION OF THEIR PROGENY

Mainstream Breeding Activities remained on resistance (I gene) to bean
common mosaic virus (BCMV), rust aid

In 1977 the Bean Program developed a anthracnose (screened at Pcpayan) and
system for the sequential evaluation of tolerance to Frnpoasca. Materials also had
hybrid materials. This is outlined again in to demonstrate good plant architecture
Figure 13. Virtually all phases f this and yield potential. As a result of these
program were in operation fer the first evaluations 185 families have been selected
time in 1978 with advanced generation for inclusion in the 1979 EP.
testing at the Bean Team Nursery (VEF)
the Preliminary Yield Trials (EP) and Bean Team Nursery
International Bean Yield and Adaptation
Nursery (IBYAN) levels. This activity The 1978 Bean Team Nursery (VEF)
required major inputs from virtually all included 1464 materials of which 510 were
team members, and other Center Staff promising new accessions from the germ-
including the Data Setvices Unit, and plasm bank, 937 were selected advanced
calledforamajorlogisticandcoordination generation breeding materials and 67
effort and the development of several new materials had been suggested by national
testing methodologies. These challenges bean programs. Within the trial, accessions
not withstanding, results were excellent. were evaluated simultaneously for

resistance to BCMV, rust, anthracnose,
Mainstream Crossing Program common bacterial blight and Empoasca

and for adaptation at CIAT-Palmira and
In 1978, the number of hybridizations Popayan. ['able 8 summarizes results from

effected at CIAT was somewhat lower than these evaluations and Table 9 characterizes
anticipated due to difficulty in obtaining some of the most promising materials.
screenhouse space. During the year 558 F,
populations were evaluated at CIAT. Major points observed from results
Emphasis in early generation testing included: (I) virtually all materials showed

Bman Program C-19



Ge'ipfasm Introductiona from national special p oiecta:

Be nk I and intemrona l program, VF. EP, IBYAN, ESE, etc.

I arental Selection for Hybdizetion_ ___'_

700 crosoa yearly. CIAT-mehhdu"eI
end highland sitete

Screening of Segregating Populations & Families

(various generations)i

Palmira 1000 meal Popeymn 1800 rnul

Rust Colrroirichum
SCIVMY Isariopsis /

Bacterial Might Asrochyra'

Leafhoppers Cercolpora

50-100 selected segrgaig
bulk populations to
national programs

upon specific requet

IS7ledins, National and Selected lines

uni m fo international Germplam 
uniform for

1,01 et.lnce prog
r
a
m
s Bank resistance

reaction reaction

I/
r SIFRI

VEF: Uniform Screening Nurseries _____ SFR_

2000-3000 reloctions. non-replicated nurseries
Simultaneous clean seed production for EP

F EP: Preliminary Trials
500-800 &elections, replicated trials within Colombia - _

Simultaneous clean seed production for IBYAN

IBYAN: International Bean Yield & Adaptation Nursery
120-140 selections, replicated trials

August: distribution in Latin America _ _

February: distribution worldwide
Simultaneous clean ead production for ESE

ESE: International Been Elite Trial

20-30 selections, replicated trials worldwideJ.

Figure 13. Program for simultaneous and sequential development and evaluation of bean germplasm proposed
by the CIAT bean program in 1977.
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Table 8.

Summary of evaluations for 1464 entries in the 147! Bean Team Nursery (VEF).

Insect and Disease Evaluations

Bean
common Common
mosaic bacterial

Category Leafhoppers virus blight Rust Anthracnose'

Resistant 15 1211 5 206 188
Intermediate 165 0 35 67 59
Susceptible 1292 180 1373 782 1173
Variable 0 65 0 407 17
Not evaluated 2 8 51 2 27

Adaptation Evaluations

CIAT-Palmira Popayan

Excellent 0 0
Cood 12 9
Average 539 305
Poor 805 446
Very poor 91 687
Not evaluated 17 17

Agronomic Evaluations

Seed size/Co!or

Large! Variable colors 12
Medium/ Variable colors 187
Small/ Black 622
Small, Red 100
Small 'Other colors 543

1 Reaction to mixed inoculation to two isolates each of the beta and gamma races.

resistance to BCMV; (2) resistance or evaluated will pass to the 1979 Preliminaryimmunity to the rust races present at CIAT Yield Trial (EP). All selected materialsoccurs in 24.3% of the materials; (3) high have resistance to BCMV, while 73.5, 38.9levels of resistance to bacterial blight have and 17.8% are resistant to rust, anthrac-been obtained, but the number of materials nose and Empoasca, respectively. Sixteenpossessing this resistance is limited; and, of the selected lines are well-adapted at(4) good materials exist in a range of seed both CIAT and Popayan and resistant tocoat colors. BCMV, rust and anthracnose; five of these
lines also show resistance to angular leafOne hundred eighty-five of the materials spot.

Bean Program 
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I able 9.

(haracteristics of the best entries for major grain t~pes recorded in the 1978 Bean Team Nursery (VEF).

1978 VEF No.

Character I 81 1164 i 740 2068 1787 1176

Origin H.brid Ilybrid Hbrid Germ. Bank Hybrid Hybrid

Seed color Red White Cream Pink mottl. Brown Black

Seed sie Small Small Small Medium Small Small

l)ays t) l1ower 38 41 39 35 38 42

Grow t h habit 3 3 2 2 3 2

BCM\ R R R R R R

Bacterial blight' 4 3 2 4 2 3

Rust R R R 1p3  S IP

I.calhopper' 2.3 2.7 3.7 3.7 3.2 3.5

.\daptation:-

(IA I -l'alntrra 4 3 4 3 3 3

Popaan 3 3 3 4 4 3

• nthracnose R S R R R R
A-ngular Ieal Spot' 3 3I

I -,rcd twn I -5. I lesti,i,trit. 5 tilk ,usceptible

2 SomC iho Io.n I highls adaIpied. 5 - poorly adapted.

1Incrit ncidaltc , ',ti sinall pustules.

Preliminary Yield Trial, 1978 further study have this property. This has

made it possible for the program to

While the first Preliminary Yield Trial implement the decision that all CIAT

(EP) contained more than 700 materials, materials to be included in international

within the range suggested in Figure 13, trials must have this trait. This will

approximately 500 of these were promising eliminate the possibility of accidental seed

germplasm selections and only 200 ad- transmission of the pathogen. (2) There

vanced hybrid lines from the breeding was a major shift in the proportion of red

program. Materials were evaluated for and colored lines yielding in excess of 2.0

yield (at CIAI-Palmira and Candelaria) t/ha. While approximately 7% of the

and for photoperiod sensitivity, resistance germplasm accessions from these color

or tolerance to BCMV, rust, angular groups yielded over 2.0 t/ha, 46-48%of the

leafspot, bacterial blight and Empoasca, breeding selections did. The best yielding

and adaptation (at CIAT-Palmira and materials in each color group are shown in

Popayan). Results for the trial are sum- Tables II and 12.

mariied in Table 10.
At both locations CIAT advanced

The results show significant gains in breeding materials, in all seed colors,

several areas: including the following. (I) outyielded promising lines and germplasm

Virtually all hybrid selections included in bank materials. Some of these promising

the trial showed resistance to BCMV. lines are the progenitors of the CIAT

Almost 99% of the selections made for advanced materials. Furthermore, of the
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lIable 10.

Percentage frequency of selected traits in germplasm and hybrid selections esaluated by Bean Program
disciplines in the 1978 Preliminary Trial (EP).

Selected germplasm Hybrid selections

Seed color No. of Seed color
No. of

(haracter Black Red Other entries Black Red Other entries

I. Yield > 2(9 g rin2  3.17.0 7 72 455 61.5 46.4 48.5 ,277
2 .\daptation >215 444 2 2 10.5 498 29.1 7.1 13.9 277
I liacterial light -.3 5'' 11.5 494 31.3 472 44.3 71.4 47.5 278
4 Intcnncd or Resist.. Rust 6.4 28.4 14.1 401 57.1 35.7 34.7 278

5 Resi, mr Segreg. Resist,
7\ 72.6 5.6 40.3 208 99.3 8.9 96.0 274

A. .\ngular Ica Ipot 03) ,.8 2N.2 41.5 4(4 293 68.4 48.5 267
? I eathoppcl A 30 641 I14.3 21.1 493 6'.8 32.1 29.7 278

Photopc od 1nsCnr 1; c
wr Shghtl', scnNrtjo 95.8 54 6 8s.8 150 81.8 56.3 62.3 206

9 1 2 . 3- 5 , 7 0 0 500 19.5 10.7 5.9 278
I10 I•2'5'6 0 (0 500 4.0 .0 3.5 278

1 ( rhitwd ,.L.ric I, r,-phcled trl,. tn i n Iocloion,

2 R,.iti ,cfl, S - ',. .* I por
K'R1nnw .n ic hi . . ,wep lc. 4 'tuccptthlc. 3 rcsitant. 2 highl, reirtant I t rnim une.

10 best materials in each color group at or altitude may need to be taken into
least 50", have good resistances to at least account in evaluating the materials for
two major disease pathogens or insect wide adaptation. (3) Table 12
pests. This suggests that substantial gives the breakdown of the results for
progress has been achieved in incor- photoperiod sensitivity in 353 advanced
porating good resistance, with high yield breeding lines, 206 of which were from the
ability. This is especial-v true in the red and EP trial. While photoperiod response is
colored materials whereas the improve- not being used as a strict selection criterion
ment in yield of the black seed color lines at this stage, it is interesting to note a
was not as dramatic. Growth habit If marked increase in the proportion of
dominated in the best CIAT breeding insensitive lines in the advanced breeding
materials, however, there were a few material compared to the combined data
outstanding type II lines in the top 10. for previous screenings of germplasm
Many of the promising lines are inferior to collections. There is, however, some
the CIAT advanced lines and the germ- indication of a decline in the proportion of
plasm accessions, suggesting that the photoperiod insensitive material from the
addition of new parental material to the select germplasm to the advanced breeding
breeding program would be advantageous. lines (Table 10). Although not part of the

EP system a total of 541 other promising
The best yielders at CIAT-Palmira were lines and breeding selections were

not necessarily best at Candelaria. This evaluated in yield trials during 1977-78.
suggests that factors besides temperature Outstanding entries are listed in Table 14.
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Table II.

A-vrage )ields, compared to the means of the group, of outstanding materials included In 1978
Preliminary Trials (EP), at CIAT-Palmira.

Yield (tha) of:

CIAT breeding Promising Germplasm ICA breeding
materials lines materials materials

Red materials

Best material 2.94 1.87 2.24 2.34

Mean of 10 best materials 2.05 1.48 1.44 1.60

Mean of all materials tested 1.72 1.19 0.97 1.25

(22)1 (12) (12) (30)

L1S.1). ((.05) 0.60 0.48 0.45 0.66

C.V.(%) 21 24 28 32

Blick materials

Best material 2.62 2.24 2.05 2.11

Mean of 10 best materials 2.33 2.02 1.82 1.75

Mean of all materials tested 1.84 1.51 1.41 1.45

(122) (110) (47) (32)

.S.1). (005) 0.68 0.53 0.73 0.60

C.V. (q) 23 22 31 24

Colored mateials

Best material 2.55 2.00 1.78 2.24

Mean of 10 best materials 2.20 1.73 1.48 1.87

Mean ol all materials tested 1.79 1.23 1.09 1.33

(64) (51) (36) (35)

I.S.I). (0.05) 0.54 0.56 0.49 0.51

CN. (1') 19 28 27 23

I Values in parenthee are the numbers of materials tested in the group

International Bean Yield the trials have been sent to countries in
and Adaptation Nursery Latin America (Table 15).

The network of international yield trials During the first two years of operation

of beans was initiated in 1976 when the of the network, the principal source of

International Bean Yield and Adaptati n experimental materials was the CIAT

Nursery (IBYAN) program was put into Phaseol',s germplasm bank. In 1976, 20

action. During the three years that this varieties were tested, all of them having

research network has operated, 48 coun- been furnished by national programs; in

tries have participated and a total of 348 1977, 39 new entries were tested with only

experiments have been distributed two of them being lines developed by

throughout the world. Eighty percent of CIAT. In 1978, however, 36 new materials
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Table 12.

Average yields, compared to the means of the group, of outstanding materials included in 1978
Preliminary Trials (EP), at Candelaria.

Yield (t/ha) of:

CIAT breeding Promising Germplasm ICA breeding
materials lines materials materials

Red materials
Best material 2.91 2.20 2.03 1.84
Mean of 10 best materials 2.50 1.91 1.82 1.62
Mean of all materials tested 2.34 1.54 1.51 1.35

(13)' (30) (20) (23)
I..S [). (0.05) 0.82 0.82 0.66 0.33
C'V. ( .) 21 37 27 15

Black materials
Best material 3.55 2.75 3.01 2.44
Mean of 10 best materials 2.88 2.66 2.79 2.29
Mean ol all materials tested 2.02 2.12 2.24 2.06

(117) (92) (43) (31)
L..S.I). (0.05) 0.71 0.45 1.05 0.29
CV. (1) 23 13 29 9

Colored materials
Best material 2.92 2.83 2.48 2.20
Mean of 10 best materials 2.69 2.20 2.20 2.04
Mean o1 all materials tested 2.08 1.61 1.58 1.63

(64) (18) (35) (32)
I..S.1). (0.05) 0.67 0.97 1.04 0.28
C.V. C) 20 36 4) 10

I Values in parentheses are the numbers of materials tested in the group.

were evaluated and 30 of them were CIAT lines from CIAT in these two trials
breeding lines. In summary, up to now this exhibited yields as high as ICA-Pijao, the
testing network has evaluated 95 materials, best black variety now commercially
including 32 lines from CIAT, under a wide available in Colombia. The varieties for
range of agroclimatic conditions(Fig. 14). temperate zones- Pinto Dorado and

T6rtola Diana-are not suitable for the
Table 16 shows the results for the 3rd environmental conditions at either CIAT-

IBYAN (1978) of colored grain, locally Palmira or Popayan, although both
planted in the first semester at CIAT- materials are excellent yielders in Chile,
Palmira and Popayan. Yields of the CIAT their zone of origin.
lines were excellent, with levels attained
that previously were only reached by The 1978 IBYAN for black-seeded
black-seeded beans. The five best colored materials showed a group of very promis-
Bean Program C-25



Iable 13.

Summary of photoperiod screening results for advanced breeding lines (EP stage) at CIAT-Palmira.
1978A, compared to the distribution of photoperiod sensitivity in all germplasm collections previously

screened.

Classification of photoperiod response,

Growth 4 4-10 11-20 21-30 >30
habit I 2 3 4 5 Total

252 - - - - 25

(I00) (100)

11 194 28 46 3 4 275
(71) (10) (17) (I) (I) (100)

!11 29 6 13 4 I 53

(55) If (25) (7) (2) (100)

Total 248 34 59 7 5 (353)

(70) (10) (17) (2) (I) (100)
". lDistribution'

in germplasm

collection 41 12 23 12 12 (100)

I Range of das ol flowering delay in 18 h days compared to natural daylcngth (12 h 20 m).
2 )ata in bod. of table is number of entries in each classification by growth habit and the percent for each growth

habit in brackets.
3 See [able 34, page H-37, Annual Report 1977.

ing breeding lines including FF2-6-3-M- and Popayan and the last one yielded the
M, FF24-l-M-CB-M, FF26-6-l-M-M-M highest of all materials at Popayan (Table
and FF28-6-l-M-M-M. The first yielded 17).
particularly well at both CIAT-Palmira

I able 14.

Best promising materials and breeding selections in yield tests during 1977-78.

Trial
Growth Seed Yield mean

Identification habit color (t/ha) Site (t/ha)

FF 28-0-1 II Black 3.4 Popayan 2.8

13(00 II Black 3.3 Popayan 2.8

FF 26-6-1 II Black 3.3 Popayan 2.8

ICA Linea 39 II Black 3.1 Popayan 2.4

|F 1964-I-CM (8-C) II Cream 3.1 Popayan 2.3

FF 2-6-3 II Black 2.9 CIAT 2.5

FF 16-20-I-M.M. It Red 2.8 Popayan 2.3

FF 28-6 II Black 2.8 Popayan 2.4
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Table 15.

Number of trials of the International Bean Yield and Adaptation Nursery (IBYAN) dispatched during
1976-1978.

Trials dispatched

1976 IBYAN 1977 IBYAN 1978 IBYAN I

Region and Trials Data Colored Black Colored Black
country dispatched received seed seed seed seed

South America

Argentina - 1 2 2
Bolivia 3 - - - I I

Brazil 15 9 3 II 16 16

Chile 4 3 2 3 3 2
Colombia 7 6 8 4 4 4
Ecuador 5 2 1 2 I -

iuyana - - I I -

Ieru 6 5 I 2 5 3
Uruguay - - - I - I
Vene/uela 4 I - 3 - 3
Total 44 26 15 28 33 32

Central America and Mexico

Beli/e I -I I 3 I
Costa Rica I - 2 4 4 5
I'1 Salvador 5 5 - 4 5 4
Guatemala 2 5 - 5
Itonduras 4 3 5 2 !I 3
Mexico 3 3 I I 3 5
Nicaragua 3 2 I - 2 -

Pa naima I - 2 -

I otal 20 13 10 17 30 23

Caribbean
Cuba - 1 3 3
l)om. Republic 3 2 3 3

Haiti I 2
.Jamaica 2 2

Puerto Rico -I 1
I rinidad & Tobago I - 2 I
Iotal 5 2 8 2 12 4

'I hrough NoN. 31). 197H.

continued
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Table 15. (continued)

Trials dispatched

1976 IBYAN 1977 IBYAN 1978 IBYAN I

Region and Trials Data Colored Black Colored Black

country dispatched received seed seed seed seed

North America, Europe

and Oceania

Australia I I
Bulgaria - I

Canada I I I 2

Great Britain 2 2 - I

Portugal - I I

Russia I -

Spain - I

United States 2 2 2 1 I

Yugoslavia I - - -

Total 8 6 6 3 3 2

Asia

India I
Iran 1 I -

Israel I I I

Japan 2 I - -

Vhe I'hilippines I I 6 6

Syria - - - - I
I hailand 4 I - - -

Iotal 9 5 7 7 2

Africa

Carneroons I
F~gypt I

Gabon 3

ILesotho I

Nialawi I -

South Africa I I

Swailand I I

I an/ania 3 I

Iotal 4 2 4 I 8 I

(rand Total 90 54 50 58 88 62

I Ihrough No%. 30, 1978.
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I "I observed for each line at CIAT and the
CIAT breeding lines photoperiod classification are shown to the

n fmea left of the cluster groups. The clustering
L Selections fronm Germplasm Bank had been very efficient at discriminating

both growth habits and the photoperiod
SOOF classification groupings within a growth

habit. This means that cultivars within
each cluster grour. beh,,.ved similarily in
terms of phenology at world locations and
that the clustering was in agreement with

80 the independent photoperiod screenings at
CIAT. The position of some outlying
cultivars, e.g., P643 and P539, can be
explained in terms of days to flowering

.2 60- differences measured at CIAT or as a
10 result of photoperiod/temperature in-

teractions. These data open the way for the
E development of phenological models
0 which will be used as an integral part of the
z 40 target area study and possibly, at a later

stage, in defining adaptation zones for
advanced material following photoperiod
screening at CIAT.

20- Similarly, the data in Figure 16 shows
the mean yield for the 20 international
entries in the 1976 IBYAN at each of 41
locations versus the mean growing season
temperature at those locations. The mean

1976 1977 1978 temperature conditions at the two prin-17 Years cipal CIAT bean research locations inYears Colombia (Palmira and Popayan) areshown as vertical lines. The hand-drawn
Figure 14. Cumulative numbers of new materials
tested in International Bean Yield and Adaptation curve represents the approximate limits of
Nurseries (IBYAN), ovei three years. the data with the exception of one tropical

Mexican locatior (sub-humid, irrigated).
The highest yielding locations,Chile (CHI)

Physiological and Methodological Im- and Israel (ISR),both have Mediterranean
plications of the 1976 IBYAN. Studies climates with warm days, cool nights, high
have begun on physiological implications radiation and relatively disease-free con-
of results obtained in the 1976 IBYAN. As ditions. The three lowest yielding
a first step in this evaluation, the flowering locations- coastal El Salvador (ELS) and
phenologies of the 20 international entries the Philippines (PHI)-had high
weregroupedforsimilarityofperformance temperatures, high humidity and high
across world locations(latitude range 0' to disease pressure. The high-temperature
530). The cluster groups defined by the Colombian location (Santa Fe) was sub-
cluster analysis on days to flowering are humid and disease free but irrigation was
shown in Figure 15. The growth habit not adequate to pre'ent severe stress.
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"Table 16.

Yield for non-black varieties and advanced lines in the Third International Bean Yield and Adaptation Nursery (IBY AN), grown at CIAT-

Palmira and Popayan in 1978A.

Palmira Popayan

Pedigree Growth Yield Rank Yield Rank

Entry or name Seed color habit (t ha) order (t i ha) order

Best S CIAT breeding lines'

FF 16-3-M 1P459 x P4 Yellow 3.4 1

FF 16-3-1-M P459 . P4 Yellow 3.3 2

FF 16-26-2-M P459 .- P4 Red 2.8 7

FF 12-13-I-%l P459 x P567 White 2.8 8 2.8 7

FF 16-10-2-CM-M P459 x P4 Red-Brown- Yellow 2.8 9

FF 16-10-I- CM-M P459 x P4 Red 2.9 I

FF 16-20-1-M P459 x P4 Brown-Yellow 2.9 2

FF 16-20-2-M P459 x P4 Brown-Red 2.9 3

FF 16-20-3-M P459 xP4 Pink-Yellow 2.8 5

Mean 3.0 2.9

Stzndard P-line entries'

P402 Brasil 2 Brown 1 3.2 3 2.7 9

4 13
P 13756 White I1 2.7 10 2.7 i3

o P692 Diacol Calima Red (mottled) 1 2.6 19 2.6 14

Mean 2.8 2.6

C

* I Common entries for every trial.

continued



Table 16. (continued)

Palmira Popayan
Pedigree Growth Yield Rank Yield Rank

Entry or name Seed color habit (t ha) order (t ha) order

Entries from national programs'
INIA-Chile Pinto Dorado Cream (mottled) 1 2.4 24 2.6 16
INIA-Chile Tortola Diana Grey 11 1.9 25 1.9 25
Mean 2.2 2.2

Local checks
ICA-Pijao Black 1i 3.1 4 2.7 12
C-63 S-630-B Cream 11 3.1 5 2.6 17
Puebla 152 Brown I1 3.0 6 2.8 4
Flor 76 Red I 2.7 15 -
Porr. Sintetico Black II 2.6 18 2.4 23
Neo-2 White I 2.7 10

Mean 2.9 2.6

Mean of 25 materials 2.7 2.6

L.S.D. (0.05) 0.5 0.4

C.V.(%) 11.28 8.71

I Common entries for every trial.
0I



Table 17.

0 Yield for black varieties and advanced lines in the Third International Bean Yield and Adaptation Nursery (IBYAN), grown at CIAT-Palmira and Popayan in
1978A.

tj Palmira Popayan

Growth Yield Rank Yield Rank
Entry Pedigree or name habit (t/ha) order (t/ha) order

Best 5 CIAT breeding lines'
FF 2-6-3-CM-M F7  P459 x P6 I1 2.9 3 2.8 3
FF 49-1-1-M-M Fs (P459 x P8) (P8 x P568) 111 2.8 4
FF 24-9-I-M-CB-M Ft (P459 x P488) (P459 x P568) it 2.8 5
FF 831-CB-CM-CM Fs P346 x P720 II 2.7 7
FF 1282-CB-CM-M F5 (P538 x P337) (P556 X P685) 1I 2.6 9
FF 28-6-l-M-M-M Ft (P459 x P568) (P488 x P568) II 3.0 1
FF 26-6-l-M-M-M F6 (P566 x P568) (P459 x P568) II 2.8 2

FF 551-CB-CM-M F5 P511 x P5 11 2.6 6
FF 45-2-M-M-M-M F5  (P459 x P568) (P8 x P568) I1 2.6 8

Mean 2.8 2.8

Standard P-line entries'
P675 ICA-Pijao II 2.9 2 2.3 18

P737 Jamapa II 2.6 10 2.4 15

P566 Porrillo Sintetico I! 2.3 18 2.1 24

Mean 2.6 23

Entries from national programs'
INIA-Chile Negro Argel II 2.8 6 -

ICA 77A 10103 Venezuela 44 x Jamapa !1 .2.7 8 2.4 13

Mean 2.8 2.4

Local checks
Ex Rico II 3.0 I 2.8 4
ICA-Tui II 2.5 12 2.6 7
S-166-A N-555 11 2.5 13 2.4 14
PI 309804 11 2.5 14 2.7 5
Venezuela 2 II 2.1 23 1.4 25

Mean' 2.5 2.4

L Mean of 25 materials 2.5 2.4

L.S.D. (0.05) 0.5 0.4

C.V. (%) 12.46 9.37

I Common entries for every trial J



Growth Photo- Cluster
habit period group

response no.
class

II 3N P566
11 3N 1 P560
11 3N P757
II 3N P459

,, 1N 2 IP65 !-
II 1N P3 0 2  J

11 2N 3 P 5 1 2

2N P524

II 1N 4 IP643

II 2N 5 1 P539

Ill 2N I4B
III 2N 6 P498

III 2N IP758

I 4A 7 1 P637

I 3N 8 IP402

II 1N 9 P756
I 2N IP392

I 4A 1 P692

I 4N P755

1 1 N 11 1 P759

Figure 15. Cluster analysis diagram of similarity of flowering phenology at 27 world locations of the 1977
IBYAN (right of vertical line) compared to independent evaluation of photoperiod sensitivity at CIAT(left of
line). I'hotoperiod classes: I= <4 days flowering delay in 18 hours (h) compared to 12 h 20 min; 2 = 4-10 days;
3 :: I 1-20 days. 4 7.21-30 days 5> 30 days. N= normal flowering (in IN h) when flow..ring commences;
A= ahnormal fossering with abscission.

The position of most ofthe Brazilian and such as disease and soil problems in Brazil
Peruvian locations at "optimum" andl possibly low radiation at the Peruvian
temperatures but with very low yields irrigated sites. The position of many of the
suggests that other factors were operating other data points can be explained on the
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CAN Cenada

CHI Chile
Mean Temperature COL Colombia

Popayan Palmira DOM Dom. Rep.

ECU Ecuador

ELS El Sol.

HON Hondurse

ISR terael

3000- MEX Mexico
NIC Nicaragua

PHI Phillipines

UK Unit. King.

USA United States

o A Peruj

o Brazil
OHON

>- 2000- *USA MEX
CNCOL HON 0 O0MEX

E *CHI
;. O

u K  
COLO

CCL
X 0 01W COMO COL NIC

/ .
1 eUK 0 ELS

1000- / 
0 COL

/A *

TAN

0 0 COL

EL EL\

15 20 25 30

Mean growing season temperature (°C)

Figure 16. Mean yield across 20 common entries in the 1976 IBYAN versus growing season mean temperature
for each of 41 locations where temperature data were provided. Data points for Brazil (BRA), Peru (PER) are
separately identified. Chile (CHI) and Israel (ISR) have the two highest yield levels. Other rountries identified
hy first three letters.

basis of agronomic problems encountered two sites are probably ideal for the
at each location. The cooler high latitude evaluation of adaptation to temperature in
locations in the United Kingdom (UK), advanced materials, at least for bush
Japan (JAP) and Canada (CAN) are beans. The analysis of individual cultivar
grouped closely together. The responses to temperature within the
predominance of the locations between the IBYAN data set will assist in defining the
mean temperature limits set by CIAT- relationship between yield evaluations in
Palmira and Popayan suggest that these Colombia and world performance.
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Bush Bean Breeding - resistance of ICTA-CIAT selections with
Specific Problem Activities resistance reported by Brazilian workers.

Separate projects have been developed An integrated breeding, selection, and
Io- several traits %%here evaluation of the progeny testing scheme for BGMV im-
gerruplasm availahble has failed to reveal provement was developed during 1978
adequate diversity. It is planned that these with the collaboration of national program
projectS w ill enhance levels oif disease or scientists (Figure 17), with the objective of
insect tolerance, and build architecturally obtaining a complete cycle of recurrent
better plants having enhanced yield poten- selection and intermating each year.
tial.

Empoasca kraemeri
Common Bacterial Blight

Breeding for resistance to Empoasca
Crosses are being evaluated from the kraemeri has progressed through three

intermating ot selections from 1698 and generations of intermating and recurrent
P'684 progenie, and several mainstream selection since the initial single and double
families that demonstrated blight crosses were made(Table 18). F I progenies
lesistance. Breeding activities are being are divided into screenhouse (female) and
intensified to increase genetic resistance to field (male) groups, utilizing F2 seed from
A'anthoniona. phas'oi, which appears to the previous cycle to progeny test under
be one of the most widespread and yield- lE'mpasca pressure in the field. Parents are
limiting factors for bean production in selected and intermatings made on the
Latin America. Results from screening an basis of the progeny test.
array of germplasin from the bank and
hybrid progenies, suggest that black A field comparison was made of
materials do not enjov the same advantage materials produced by different amounts
as in other diseases. and methods of selection (Table 19). Each

material was evaluated visually for Era-
Bean Golden Mosaic Virus poasca datnage (0 -z no damage, 5 = highly

susceptible) and dry seed yield per plant.
[he national program in (;uatemala has The superiority of more highly selected

conducted replicated yield trials, under materials is apparent. The mean squares
BiiMV pressure, of 1'4 and I:- families variances are sufficiently similar between
from selections of t,e first group of crosses groups to be regarded as coming from a
evaluated in Centra! America (CIAT single population for the two characters
Annual Report, 1977). Results of those evaluated. Comparisons between groups
black-seeded progenies, tested by the indicated that pedigree selections from the
Instituto de Ciencia v lecnologia Agricola base population, and selections used as
(ICA) in nionoculture and in association females for the third crossing cycle, were
with mnaiie, appear very promising. superior to the base population.

A total of 766 F and t: populations The relatively poor performance of
were distributed anmong four collaborating selections used as males for the third
cointries during 1977. G reater priority has crossing cycle is perhaps explained by
been given to increasing HGMV resistance confounding effects from a heavy attack of
in non-black materials. Additional crosses chlorotic mottle in the nursery where these
have been made to recombine the selections were made. Results from Em-
Bean Program C-35



Feb. - May j Intermatings, generation of 100-200 F1 hybrids

June- Aug. Production of quality F2 seed

Sept. - Dec. F2 nurseries, with spreaders, planted in Guatemala, El
Salvador, Dominican Republic. and Brazil (2 locations)

F3 selections progeny-tested in same locations where

selected. Remnant seed planted at CIAT in February. and
Jan. - April reduced to selected parents on basis of family data from

international test. Harvest best 8-10 plants from superior

families as bulk (F4 seed)

Generate new
F1 hybrids Advanced progeny and yield

testing varies with the national
program. Selected families enter
the International Bean Golden

Mosaic Virus Nursery

Figure 17. Genetic improvement for resistance of beans to bean golden mosaic virus.

poasca breeding are most encouraging in Table 20. About 400 F3 families and 128
when one considers that selection pressure F 2 populations, primarily interesting for
is being exerted in favor of non-black architectural characters, were screened at
offspring, while most of the Empoasca- Popayan during the 1978B season. Ap-
resistant parents are black-seeded or proximately 45 F1 families and 483 single
mulatinho (beige). plant selections from 48 F2 populations

with anthracnose resistance and good
Plant Architecture adaptation were selected for further

evaluations.
Based on available germplasm, improve-

ment projects were initiated in the 1978B Drought Tolerance
season for lodging resistance, small
foliage, early maturity, and delayed flower- Materials with moderate levels of
ing and foliage senescence. Numbers of drought tolerance were identified by the
parents used and crosses made are shown team physiologist. Based on those results
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table ix. It is aimed mainly at breeding bean
varieties suitable for associated croppingStages in deelopment of intermating and systems with maize. Within the range ofrecurrent selection for resistance to Empoasca temperatures most important for bean

SPP. production in Latin America (see p. 49),
production from climbing bears tends

1976-77 224 single and double crosses towards the cooler end of the scale. That is,
among original Empoasa they are mostly found at present in the
parents, highland regions of Central and South

I() selections evaluated 1977. America, planted in direct association or
54 families itt 1978 VF[. relay cropping with maize. The most

important temperature range for South
1977 175 intermatings and three America is thought to be covered by two

54ay crosses locations in Colombia, Popayan (1850 m)
15 ne%. parents added and ICA- La Selva (2200 m), and for
from germplas-n. Central America by CIAT-Palmira (1000

Initiated interinating and m) and Popayan. A fourth location, ICA-
progeny testing. Obonuco (2700 m) is being used to test

lest 3) families to 1979 VEFI. materials forextreme highland adaptation,
Inheritanie studies nititated. thus covering almost completely the whole

temperature range of probable production.
197 - 135 1ltermatinigs.

Progeny tested in field 197811. Crossing Program and
28 best families to 1979 V FF Early Generation Selection

19a9 Internating, progen testing, During the year a total of 231 climbing
and selection. bean crosses were made, all of them simpleE-mphasis to larger, non-black crosses involving two parents only and
grin types, divided into projects according to

I xariine related IPhaseolu. preferred colors for which later selection is
speces., directed (Table 21). A backcrossing

program in collaboration with ICA
(Colombia) was also begun for highland
adapted climbing beans of favored con-and additional observations, 12 sources of mercial grain type for the Andean coun-

drought tolerance and 4 leading cultivars tries and the highlands of Mexico andgrown in the target areas were selected to some Central American countries. Theinitiate the breeding project. Six crosses recurrent parents selected were:
were made for improvement of drought Cargamanto (large grain cream/redtolerance, however, the current screening mottled); Ecuador 51 (large grain yellow);
technique appears inadequate to evaluate and ICA L.32980 M (4) (large grain red).
segregating populations and early genera- These varieties have useful agronomic
tion families, characteristics for relay cropping and

association with maize at meanClimbing Bean Breeding temperatures below about 20°C. The
backcrossing program aims to introduceDuring the year the climbing bean resistance to anthracnose and BCMV to

breeding program has developed rapidly. the varieties mentioned.
Bean Program 

C-37



Iahle 19.

Mean Enpoax ,a scores and s ields of eight groups of materials representing different stages of selection,
esaluated under K-r;',aua pressure at (IAT-Palmira.

t:mloaft a score' Yield (g, plant)

Mean Mean

(Gernoplanm group No. Asg. squares Avg. squares

Parents and single crosses 59 2.39 .812 15.4 46.63

Initial palrents: 19 2.34 X.)8 16.3 58.42

)ouhlc crosses 40 2.44 .884 16.8 41.57

i ass secotn I romi double

crosses 40 2.16 .870 17.6 68.07

'edigrcc s0ections from

sinle crosses 40 2.08 .851 17.9 60.51

NSC\ germplasmr 15 2.33 1.062 14.9 82.39

iales for fourth crossing

cscle 67 2.26 .861 18.6 49.15

I-ernile's to[ h oulh .Lcrosslng

cscle 37 1.91 .909 19.7 58.00

I R,iltiv stalc ,,I I-5 i h hitlu ciant. 5 , highk ,uiceptiblt

2 (1is isbc I she hawt ' pp .II rhi.

1 \e'" hanuk ,i v-jl.,j jj.i iiii jltc d I,, clss rg h ick

A total of 129 F, hybrid populations Progeny Testing and
were also planted and evaluated ftir Preliminary Yield Trials
BCMV, rust and anthracnose resistance.
Plants showing resistance or tolerance A total of 300 progenies from single

were selected individually for plant type, plant selections made in CIAT-Palmira

pod type and seed color, were tested in the first semester of 1978 in

parallel evaluations: in the screenhouse for
Iable 211

Summary of parent% use(d in field crossing lable 21

sork b., the Bean Program, 1978.
Ii brids made according to project color in the

No. ot No climbing bean crossing actiities. ('IA' Bean

parents ol Program, 1978.

I'rolect No. of Percentage

I . ithi h ac'lo,, res ic. 'c 22 10 Color h. brid vat ll ris of total

2 I odgi rig icsistilice 4 14

I Small holiage 5 Black II1 48

4 I)rught tolerance 4 6 Red 57 25

5 tl tcero'ls 15 14 Yclhov 23 10

t NI v~'cla ties 01 29 142 Cream is 8

(ofee 15 6

Iotal 79 291 White 7 3
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Table 22.
SSome selections of climbing beans made from progeny testing and preliminary yield trials, in 1978.

Identification Reaction to:
No. of F2 Yield (kg ha)Climbing single plant Leal- Anthrac- Growthbean code Cross selections hopper' BCMVz nose 3  

Palmira4 Popayan5 habit Coloir

16 P459 x (2115 4 2.5 R U 503 1801 I1 b Red248 G3762 x G3738 9 2.5 R R 2004 1342 IV b Black259 G,5710 x G3736 6 5.0 R R 1452 1042 I' a Cream

mottl.615 (1813 x G3738 5 3.8 R R 1574 II11 IV a Yellow
623 (;3130 x G3738 15 2.2 R R 1573 1123 IV a Black623 (3130 x G3738 20 3.2 R S 1590 2257 IV a Black
623 (313(0 x G3738 29 2.0 R S 1262 1991 IV a Black3632 (;881 x (2540 16 2.8 R S 1385 1478 IV b White

I Mean ot three ratings: salles up to 3 indicate acceptable tolerance.
2 (ilasshousc seedling test: R = unitorm resistance.
3 Under field inoculation R = resistant. U- uncertain. S = susceptible.
4 Sosn at 40.00) plants ha with matte at same density, with two insecticide applications only.5 Sown at 40.0(X) plants ha heloa, mature maize stalks at same density with two insecticide applications only.
6 Uniform color, bulk selected at har'est.

09



BCMV; in the field (Popayan) for anthrac- practice or most appropriate system for the

nose; in the field (Palmira-dry season) for area. It is believed to be the first ever

Einpoasca; and in preliminary yield trials international trial of varieties selected for

two replications) in Palmira and Popayan. :,Lisociated cropping.
This methodology is only possible given
the large quantity of seed produced by Its objectives are to make available to

climbing bean single plant selections, national programs the best materials
selected by CIAT from the germplasm

(f these materials 74; proved fully bank or from breeding, and to evaluate

resistant to BCMV and 22% had accep- progress from year to year of CIAT-
table levels of tolerance to Enpoasca. Data selected materials relative to local control

for some outstanding selections are shown varieties in a wide range of environments.
in Table 22.

Because of strong local consumer
International Bean Climbing Trials preferences the trial is divided according to

color : Black, with nine varieties and one

The first International Bean Yield and control; Red, with nine varieties and one

Adaptation Trial for climbing beans control; and other colors, 24 varieties and

(IBYAN-climbers) was organized during one control.
1978. While based on the methodology
already developed for bush beans, the The trials are being distributed in

collaborator may either plant September of every year. In September

simultaneously with local inaize, or in relay 1978, 19 trials were sent to 13 countries,

cropping depending on the common mainly in Latin America.

EVALUATION AND IMPROVEMENT OF
AGRONOMIC PRACTICES

Response to Plant Density relationships of plants at any given density
was shown to be important. Thus for a type

To evaluate how plants of different I plant with limited branching the yield at

growth habit respond to plant density 55 20 plants/m 2 varied from 1300kg/hawhen

cultivars of growth habits I, il and III were rows were 1. 0 m apart and seeds packed

grown at 8 established plants/ m2 (a density within the row, to almost 1900 kg/ha when

common in farmers' fields) and 24 rows were 0.4 m apart (Fig. 19). A similar
plants,,im2 (a value commonly found to be result occurred with the type I1 Porrillo

optimum in CIAT bean trials). Yields for Sintetico (P566) but was much less

the 55 varieties at each plant density are noticeable in the case of P498.

shown in Figure 18. In general, type I
cultivars responded strongly to higher Maize/Bean Association
densities while type !1 cultivars showed a
moderate density response, although again Growth and Development
the two highest yielders at low density of Maize and Beans
(P498 and P758) were of this growth habit.

Analysis of growth and development for

ln furtherstudies on this topicthespatial a type IV bean variety grown in direct
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350- /
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P491
0

40% response -20% response

P758
300-. .
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250 P0

Q- IP589

00
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Bean yield at 8 plants/m 2 (g/m }

Figure 18. Yield of selected cultivars from growth habits l-IV in monoculture without support when grown at 8
plants m3 compared to yield measured at 24 plants i m. at CIAT-Palmira, Experiment 7807, 1978A.

association with maize (an ICA brachytic 20-30% have been recorded. On the other
hybrid was used to ensure lodging hand, the 5 1% yield reduction in beans is a
resistance) was studied in 1977-78. Yields common figure in most direct associations.
of both crops decreased heavily when Leaf area curves for the two species are
grown in association (Table 23). The bean shown in Figures 20 and 21. The early
variety climbed vigorously on the relatively competition from the maize was associated
short-statured maize with a resulting 45% with a slower rate of leaf area development
decrease in yield of maize. In recent in beans and lower maximum leaf area
experiments at CIAT-Palmira with nor- compared to monoculture. Leaf area
mal height maize, maize yield reductions of duration (LAD) was reduced in beans by
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-.. ...... . the maize competition while maize had a
2.1 P692 (1) P66 (Il) lower LAD after flowering, presumably797 , due to more rapid leaf senescence arising
1.9/ from the bean competition. A comparison

of the reduction in LAD and yield/LAD
1.7 values for the two species suggests that the

. beans suffered a greater reduction in the
LAD but less relative reduction in efficien-
cy of the LAD. The vertical profile of the

.1.3 bean leaf area, placed above the majority
. 7 of the maize leaf area in the later phase of

growth, probably contributed to shading
and more rapid senescence of the maize

1.9- I~sleaves with a resulting greater reduction in
4 1 betw..n maize leaf efficiency.

row@

1.7 1 0.4 m
0 0.6 ,, In a second trial three maize genotypes

1.5 A 0.8 m (ICA H-210, the brachytic maize used in
A 1.0 mn the previous experiment; Suwan I, a

1.3 CIMMYT selection of intermediate
10 20 30 height; and La Posta, a tall maize from

Plants/n 2  CIM MYT) were grown in association with
10 bean genotypes. In associated culture

Figure 19. Response of three bean cultivars of with 40,000 maize plants/ha, La Posta
different growth habits to various planting densities
and between-row distances. consistently out-yielded Suwan 1, with the

Table 2"

Yield and other key parameters for the direct association of maize (var. ICA H-210) and a climbing betan
(P589) compared to monoculture of both species, CIAT-Palmira, 1977B.

Monoculture Association Monoculture
'arotteter maize Maize Beans beans

Yield. (kg ha)' 5734 3185 ( 55Y 1943 ( 49)2 3925
Cobs or pods m- 4.1 2.8 ( 68) 163 ( 63) 258

Grains cob or pod 453 280( 62) 5.6 ( 811 6.9
Dean sie frag bean) - 183( 97) 189
Harvest index ((i) 32.6 29.6 ( 91) 57.4 ( 94) 60.9

)ays to silking flowering 59 62(105) 49(102) 48
i)ays to physiological maturity 117 129(110) 102(109) 94
Yield per day (kg ha day) 49.0 24.7 ( 50) 19.0 ( 46) 41.7
I cal area duration' (I.AD) 176 141 ( 80) 119 ( 64) 185

Yield IAI), 3.25 2.26( 70) 1.63( 77) 2.12

I Grain misture content' 15% mai.'e. 141 beans.
2 Percent of %alues in monoculture of each species.
I I Al) emergence to physiological maturity (m2 days/m').
3 I eif area efficiency (g m

2 days m') (yield on 14 or 15% basis).
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6 o Monoculture OMonoculture
* Association 0 Association

4-
5-

x 3

4-0

Extrapolated valuesL/"

Flowering Physio. mat.

2-0 MA M A

16 30 44 58 72 86 100114128

Days after sowing

Figure 21. Leaf area growth curve for ICA--1210
brachytic maize hybrid when grown with bean

Flowering cultivar P589 (IV) in association and in monoculture,
A Iat CIAT-Palmira.!Physic. L .t

_ 4 Phso_ __I lVa plants were more productive in
9 23 37 51 65 79 9 monoculture and may therefore be

Days after sowing preferred for relay cropping with maize.

Figure 20. leaf area growth curve for bean cult,rar
1'5X IV) when grown in monoculture and in Effect of Maize Genotype
ass)ciation vith naie (ICA t1-210), at CIAT-
Pilinra. I97SA A trial was carried out with several
ICA hybrid generally lowest yielding (Fig. - Maizes CA H-210
22). In ontrast bean yields we'e generally % Suwan 1
greatest when planted in association with o La Posta
Suwan I. Two extremely vigorous bean G2258 P
cultivars, G2258 and P503 (Type IVb) " 1.6
performed extremely well in association 14~ P503,P9

(Table 24).,0 P589

1.0
The price differential of beans:maize in .g

Colombia is more than 3: 1. At above 2.5:1 Z ,
it was more economical to use Suwan I in ,
association than the higher yielding La 0.21
Posta (Fig. 23). When a price ratio of 3:1
was assumed, there was no difference in net 1.6 3.4 3.2 4.0 4.8
income between the type IV and IVb bean Maize yields (t/ha, 15%)
cultivars. However the type IVb showed
increasing advantage as the bean:maize Figure 22. Yields of four c!imbing bean varieties and
price differential increased (Fig. 24). Type three mtai/es, at CIAT-Palmira.
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Table 24.

Yields of 10 climbing bean cultivars in monoculture (on trellises) and in association with three maize
varieties, at CIAT-Palmira, 1978.

Yields (kg/ha) Mean Association/
Yield in in association with: yield in monoculture

Identifi- Growth monoculture association yield
cation habit (kg; ha) H-210 Suwan-I La Posta (kg/ha) (%)

62258 IV b 3499 1563 1669 1298 1510 43
P503 IV b 2062 856 1320 924 1033 50

11589 IV a 3610 902 1108 636 882 24

11105 IVa 3214 1205 526 668 799 25
P326 III a 3513 893 762 656 770 22
G2801 IV a 3872 821 825 640 762 20
P526 IV a 3263 851 737 603 730 22

P758 Ill b 3310 597 509 476 527 16
1P732 IV a 1762 343 704 321 456 26

P472 III b 1757 371 313 268 317 18

Mean 2986 840 847 649 779
.S.D. (0.05) 519 364 364 3(4 210
F test 21.15"** 7.99*** 10. 14** 5.25*$* 20.030**

maize genotypes in direct association with
the climbing bean, P589, to determine an 8o - 0 OW

ideal maize type for association. While
maize yields were reduced in every case as 70 - vA (Iv)

0 . P326
(111b)

50 ASuwon 1
(inlrmed. height) . 50

30 - , C A -H 2,O1 -

30
-6(brachylic) 3

20-
20

1010

1 2 3 4 6 7

-10 Price Ratios - Beans:Mlize Price ratio& - Beans:Maize

(maize price contant at 8 Col. Posos,/kg) (maize price contant. 8 Col. Pesos/kg)

(Total costs it. - 37.317 Col. Pesos/ha) (Total costs eat. 37.317 Col. Pesol/ha)

Figure 23. Net income at various bean: maize price Figure 24. Net income at various bean:maize price
ratios for three maize genotypes in associationwith 10 ratios for the highest yielding bean varieties of each
climbing bean varieties, (Mean yield data). plant type in association with the maize Suwan I.
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shown above, taller maizes did not suffer as different ages of the crop. The bean variety
much as the shorter or brachytic maizes Diacol Calima was seeded in beds with 0.5
and maizes with a high percentage of root m between the ridges. All the chemical
lodging tended to do relatively better in treatments were in pre-emergent
association (Table 25). Root lodging was applications.
greatly reduced by association in almost
every case, due to a physical anchoring Practically all the combinations of
effect of climbing beans planted on either herbicides were equally effective in con-
side of the maize. Stem lodging, on the trolling weeds. Bean yields with the
other hand, increased in association in chemical treatments were statistically
almost every case. Maize genotypes for similar to hand weeding up to time of
association should, therefore, be flowering (Table 26).
reasonably tall and as resistant as possible
to lodging. Phosphorus Fertilization

of BeansEvaluation of Herbicides
Studies at Popayan (CIAT AnnualPrevious studies have shown that for Report, 1977), using rates of fertilization

local conditions at CIAT-Palmira, the from 0-2060 kg P20 5 /ha as triple
combination of linuron and fluorodifen, in superphosphate, showed beans to have a
pre-emergent applications, adequately high P requirement. When these plotswere
controls the majority of weeds that develop p!anted a third time to assess residual
in bean fields, effects, yields were maximum at 1280 kg

P20 5 /ha.
In order to find the most economical

formula for controlling weeds, an experi- The external P requirement, calculated
ment was conducted during the first as 95% of maximum yield, was determined
semester of 1978. Five compounds were to be 0.06 ppm P in soil solution, the same
evaluated in various combinations and as for maizeand not very different from the
compared with manual weeding at 0.056 and 0.08 ppm determined in 1977

I 25.

Relationship of 'ields of seven contrasting maiie genot.pes in association "sith the climbing hean %ariet,
P589 to maize ields in monocullure, at ('LT-Palmira. 1978.

Yield Mono- Stalk Root
association culture lodging i lodging 1" ti/ c monoculture height

ilts, I 1 (Cin) niono. asc. 1110110. assOC.

A 11-2119 139 262 I 4 77 17
I it I)osta 76 256 I 6 43 25
\tigua \ Rep. l)orninicana 89 246 2 9 81 51
.\niarillo subtropical 81 232 I 26 87 41
ICA 11-210 65 191 I 0 2 2
%leicla I ropical Blanco 78 240 3 1 22 8

iCA-7431 1r. 2 79 228 I 0 6 2
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0 Table 26.

Effects of combinations of several heibicides applied pre-emergence on grain sields of Diacol Calima beans, at CIAT-Palmira, 1978A.

Percentage control of:

grassy vccds broadleaf weeds

Application 14 21 28 14 21 28

rate Toxicity Yield-

Treatment (kg/ha. a.i.) days after application index' (t, ha)

fluorodifen + linuron 2.1 + 0.5 99.3 99.3 98.3 100 98.3 95.0 0 2.0 a3

pencxalina + linuron 0.66 + 0.5 99.3 100 93.3 97.6 99.3 94.0 0 2.0 a

penoxalina + nitrofen

+ DNPB 0.66 + 1.44 97.6 99.3 95.6 95.0 92.3 76.6 0 2.0 a

metolachlor + linuron 0.66 + 0.5 98.3 97.6 98.3 99.0 98.3 92.6 0 1.9 a

fluorodifen + nitrofen

+ DNPB 2.1 + 1.44 100 100 95.0 99.3 97.3 91.6 1.6 1.8 ab

metolachlor + nitrofen

+ DNPB 0.66 + 1.44 100 i0O 100 96.0 90.0 85.0 0.3 1.8 ab

Hand-weeded at 7, 14

and 21 days 2.0 a

Hand-weeded at 21 days 1.8 ab

Hand-weeded at 28 days 1.8 ab

Hand-weeded at 14 days 1.7 abc

Unweeded control 1.3 c
-II

I Toxicity scale: 0 = no toxicity, 10 = complete kill.
2 Average of four replications.

3 Means followed by the same letter are not significantly different at the 0.05 level.
Major grass and broadleaf weeds included: Echinochioa colonum, Leptochloafliformis. Poriulaca olearacea and Arnaranthus dubius.
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beans maize, beans

beans I
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0 beans, 2nd seeing
e beans. 3rd seeding
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o !
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0.02 0.04 0.08 0.08 0.10 0.12

P in solution (ppm)

Figure 25. Relative yield of maize (data from Hawaii) and three consecutive seedings of beans (at Popayan), asalfecttd h) concentration of P in solution determined by sorption isotherms.

10,C

A 1lst harvest

9.0 3 2nd hanest,% 3rd harvest

.0 a Total Y. 2469 9.0 1P205 ) - .003 (P2 05),8. J(9.6) (6.0)

. RI - .91
7.0 jIt - values are in parentheses)o < /

6.0-62-5-9.0.- .008 (P205 IS a
p e3ans

5( /0 P20 6 -1154 (economic optimum)

4.0-

2.0 i .

1.0 -""'

0.5

200 600 1000 1400 1800 2200

P20 (kg/ha)

1I Lure 26, R espone of hans (var I uasano) over three harvest to applications ofP, 05, at Popayan. (Data from
R II, IIh cler and A I con).
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(Fig. 25). Although maize and beans seem N and 390 kg P20 5 /ha. However, near
to have a similar external P requirement, maximum yields were obtained with 160kg
beans are more seriously affected by sub- N and 200 kg P2 0 5.
optimal P3 levels than is maize.

Figure 27 indicates the average response
A similar trial at CIAT-Quilichao to P and N. It is clear that the P response

obtained maximum yields of 1.93 t/ha with was much more marked (from 0.3 to 1.7
the application of 1680 kg P2 Os/ha, but t/ha) than the N response (from 1.0 to 1.7
801T of the maximum yield was obtained t!ha). Although yields increased about one
when only 76 kg P2 0 5 ./ha was supplied. t/ha by P application in the absence of N
['he critical P content of leaves was (but not by N application in the absence of
estimated to be 0.39C 11, a value very P), it is clear that maximum yields are
similar to those reported earlier for Popa- obtained only with the balanced applica-
van. tion of both elements at this site.

Results from the Popayan trial were Target Area Agro-climatology
subjected to economic analysis. From this Study
analysis, and taking into account residual
elfects, an economic optimum of I 154 kg The purpose of this study is to provide a
Pd,) ha was obtained (Fig. 26 While data management and analysis capability
handing of fertilizer to improve eftLc,:ncy to answer questions on various aspects of
could probably reduce this requirement to bean production areas in Latin America. It
perhaps 30M kg P)s ha, near optimum is envisaged that enquiries will be made at
Yields could only be obtained a a produc- two distinct levels. First, the goal orienta-
tion cost of (0,00 ('ol. Pesos ha. While tion level to decide on research and
this would return a net income of 15,(X)0 breeding priorities or tactics; and second
Pesos ha. it is doubtful that risk-avoiding the product dispersal level-- to determine
farmers would consider this type of the probable impact and region of adapta-
investment. I hus, while this type of
experiment provides useful data on critical

concentrations of P it is unlikely to have
inuch application in hean program target 2.0
4. _, i s.

Interaction of Nitrogen and 1.6-

Phosphorus in CIAT-Quilichao 1.2- -

A system atic design trial was planted "
with variety l)iacol Calima to determine , 0.8 V
the interaction ot N and P in ('IAI*- P(Xalllvelsof N)
Quilichao. [wentv levels of N, from 0 to 0.4 N X all !evls of P)
4(X) kg ha, were combined with 21) levels of'
P from 0 to 400 kg P) 0 ha by _. -. L L1
systematically increasing the two elements 0 80 160 240 320 400
in perpendicular directions. Plots were I N or P 2 0 5 (kg/ha)
tn: eacn with tNwo bean rows I ii long.

I 1guc 2' Average response of )iacol Calima to
It ighest yields were obtained with 380 kg aIpphcatios of P and N at CIAT-Quilichao.
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tion of new CIAT products, either germ- each micro-region for use in more exact
plasm, technology or a combination of studies of seasonal variation and crop
both. hazards.

The method chosen was to define more Agronomic and Edaphic
or less uniform, bean growing, micro- Micro-region Data
regions as a basic unit for data collection
and analysis. Each micro-region can then In this section two main tasks present
be categorized by climatic, edaphic, themselves. The first is the implementation
agronomic and economic parameters. of a retrieval system for the data. This
Using this information on a micro-region needs to be a system capable of accepting
basis it will be possible to estimate both the data with relativelv diverse structures and
extent of current practices and problems that can make efficient use of empty data
and the possible agronomic consequences space. To this end the CDC data language
of changes to the system. The data fall into INFOL is being translated to run on the
two basic types described in the next IBM 370 system available to CIAT. The
sections. second main task is the geographical

definition of the bean growing micro-
Meteorological Data regions. These units, defined by

geographical coordinates, will constitute
The long-term mean meterological data the basic element for the data files. This

have a readily specified numeric form, but task is now in progress as a cooperative
may be used in many different ways. team effort.
Therefore, a task-specific data retrieval
system has been developed to store these Data Interpretation
data in minimum space and to deliver them
to an applications programmer with The ability to derive quantitative results
minimum difficulty. A series of direct from the data depends, in many cases, on
access files hold information on the being able to calculate the effects of
station, institute and country of origin of climatic and agronomic practices in each
the data, and the data themselves, linked micro-region considered. The first priori-
by keys within and between files for fast ty is to be able to definethegrowingseason
access. The data are stored as cocfficients length in terms of crop phenology. This
of a 12-point Fourier transform and can be depends on photoperiod and temperature
very quickly reconstituted to form an array and the relationship changes from cultivar
of means for periods of any length required to cultivar. Predictive equations for these
by the applications programmer. Long- relationships are being developed, using
term monthly mean data from a wide data from the IBYAN trials.
variety of sources have been processed into
a system of sequential work files and are at Preliminary Results
present being edited and transferred to the
retrieval system, where they will undergo Although the data are not yet in efficient
further rigorous check for consistency and machine retrievable form, some tentative
accuracy, results have been compiled. Figure 28

shows a breakdown of bean production of
In later developments of the study it is Central and South America by mean daily

intended to collect representative daily temperature during thegrowing season. As
meteorological records where available for the, e results were compiled from
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a-

6.3%
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4.7% America

3.6%

E 2 16 1.4

0 94 0.7%

0. 70.0% 0.07%0 . . .. .. .... .

E 39.8%

1 10-
C 9.1-
0 - Brazil, Paraguay,

Argentina

28

cc6.5

6 Andes

3.9%

2 1.54

071 4
1 1'

0 L I 5 ;

17.5 20.0 22.5 25.0 17.5 20.0 22.5 25.0

Growing season temperature (*C)

't ire 28 IPro portion( total hean production in Central and South Arnerica, h%- regiono and temperature
iegies % it hin regions

preliminary estimates of the bean growing shown should be quite reliable. The total

micro-region boundaries they should be distribution for thearea(Fig. 29)showsthe
regarded as preliminary. However, it is felt magnitude of the bean production which
that the overall form of the distributions was not allocated to specific growing
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regions. This residual is grown in small -
areas that could not be accurately es-
timated or included in the analvsis and may Unallocated
well be distributed about the margins of the E 50 -
temperature distribution, although even in j OD 552,;

this worst case the overall relationships will 2 40-
change little from that shown. C 30

Not unexpectedly, the distribution for or
Central America shows a tendency 
towards a slightly higher modal c 20
temperature regime, whereas that for the 194

Andean countries tends to a cooler regime.
lhe majority of the production, particular- 2 10 1544

Iv from Mexico and Brazil falls within the
range 20'-22.5.'. [he overall temperature , L 71
range proved to be much narrower than < 17.5 20.0 22.5 25.0 >
expected, and suggests that undue Growing season temperature (*Ct
emphasis on screening for extreme -- /
temperature adaptation may be un- I *pr mv2l. Ilioportono it tt,Ial hean production in the
warranted for all but the marginal target ica %tchih liin .s ithin t. i. gro%,ring
situations. Itt IPCIMu I cgttes

IN-DEPTH STUDIES OF
SPECIFIC PROBLEM AREAS

Physiology of Yield the dwarf pigeonpea had the highest
absolute yield. L.eaf area duration (LAD)

Comparative Studies from emergence to physiological maturity
with Other Legumes was highly correlated with yield (r : 0.90),

implying that the efficiency of the availabh.
Research elsewhere has suggested that leaf area (yieldi.AD) was relativ,+,

I'ha./eohus vulgaris is an inefficient species similar for the five species. Leaf arc.
with respect to grain production. growth curves of the five species are shown

in Figure 30. The rapid growth of leaf area
A comparative growth analysis study of in P/wseolus is notable and contrasts with

five grain legume species was conducted the very slow growth of leaf area in the
under irrigation* at CIAT-IPalmira to small-seeded pigeonpea. The common
evaluate this hypothesis. Adapted bean variety had the highest harvest index
representative genotypes (Table 27) for and the lowest dry matter production
each species were chosen on the basis of (minus leaves and petioles at maturity).
varietal evaluations previously conducted Based on these limited data it
by the ('IAV Special Studies Unit and would appear that, among these grain
others. Yield and associated parameters legumes, the representative of P. vulgaris
are shown in lable 27. The two most was an extremely efficient producer of
efficient entries on a yield:day basis were economic yield. Experimental conditions
the cowpea and the common bean while were not ideal due to periods of poor
Bean Program C-51



0 ::iihk 2-

N ield and other selected parameter meaured on Fioe grain legurne% pecie, for comparatie growth anal.%e%, CIAT-Palrnira, 1978A.

I ota I ))ia s to I ot).i t
'.%illd %leld- dr% FHar~ct \aximurn
14'" Iki ha physii. matter' Itdex, node no.' LAID Yield LAD

SpcCICO ikg hat d.% lloering maturity Ikg ha) C I l:) Im- day m2 ) (g m- day

C ija1 tt4j (t]lirt

(pigconpea l 2693 22.6 73 119 5776 39.6 1684 192 1.40
Pttaseohio vulkart.

(common bean) 2560 29.8 40 86 3250 66.9 801 154 1.66
I tpa tWit uata

(coy pea) 2423 30.7 49 79 4397 46.8 691 175 1.38

in." ,u It

( ibean) 2297 21.9 35 105 3706 52.7 610 176 1.30
I t ?it radia

( munghean 1653 24.0 41 69 3271 42.9 213 95 1.74
I..S 1). (0.05) 551 6.2 - - 800 13.1 - 52.3 -
C.V. (-) 12.6 13.0 - - 10.4 14.2 - 17.5 -
r (versus yield) - 0.46 0.40 0.58 0.61 0.26 0.81 0.90 0.54

- I (ulti.ars and source% Pigeonpea 31)8111. from IITA; Common bean Puebla 152 (P498). from Mexico; Copea -Tvn 201-ID. from IITA; Soybean -
w ICA-I unia. from ICA-Colombia: and Mungbcan 2010M-314. from AVRDC.
O 2 I)as from so ng to final physiological maturity.

3 Mimi, leaves and petioles at maturity.
4 Yield total dr f matter
5 % egetati.e node number from growth analysis samples.

E 6 Integrated area under fitted leaf area cure from emergence to physiological maturity.

0

a
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Figure ii) i.eat area growth curve for fiv e grain legume species versus days from emergence; curvesdefived from
predicted salue of eqtiitions of the tormI.A .- at h sin t * c sin 2t + d cost+ e cos 2t. v here t time and a-e are
coefficients. R - salues for all species ranged from 0.95 to (.96 S, ith replication (n - 31 effects removed. Data
points, are predicted s alues at each sampling dat,

drainage. Ihe experiment will be repeated correlated with yield. Harvest index was
in 1979, particularly in view of the rather only slightly higher, on average, in the type
poor performance of the soybean entry. II lines. Differences in maturity were not

sufficient to explain the yield differences.
Growth Analysis Experiments The higher leaf area duration of the higher
on Phaseolus vulgaris Germplasm yielding lines was associated with higher

dry matter production (r 0.87). Thus,
len selected cultivars from growth where maturity differences were not very

habits I and I1 were evaluated to check great, there were large differences in leaf
earlier preliminary conclusions about the area duration (LAD) leading to high yield
importance of physiological characters in per unit area and per unit time in material
yield determination in beans. lhe overall with high LAD. The marked inferiority of
yield level in the experiment was not as type I materials is again clear in these data.
high as normal, due to periods of poor IBYAN data for 1976 (CIAT Annual
drainage and a moderate attack of corn- Report, 1977) support this conclusion fora
mon blight. A summary if key parameters number of locations.

is presented in lable 28. As if group the
type II varteties out-yielded the type I lines. [he maintenance of a high leaf area
Yield per da., total dry matter and total index for as long as possible, i.e., within the
green leaf area duration were all highly environmental limits, is one of the key
Bean Program C-53



0 1ahh: 2S1
61

Physiological parameters for 10 Pha.seolus vulgaris CuntitArS from a comparative grointh analfsis experiment. CIAT-Palmira. 1978A.

Total )a s to:

N icid Dail% dry Harxest

Growth 4'' \ ield' matter index ph,sio. LAD Yield LIAD

Culti.ar h.:hit (g : M , m- da%) Ig ml ("i) lo~cring maturit. 1i-' da.s m) g m:days m:)

P548 II t 2.41 277 58 392 76.S 156 1.19

11566 1 172 2.24 264 56 3h, 76 - 159 1.08

P56 II 15, 2.10 2142 56 34.0 75.0 108 1.46

P643 II 156 1.95 263 51 38.7 80.0 128 1.22

1'524 II 148 1.9c 210 62 39.7 75.2 129 1.15

11759 I 127 .,s0 215 52 31.5 71.0 101 1.26

1' 7, I 127 177 213 51 31.0 71.5 88 1.44

1'402 I 113 1.61 202 48 37.7 70.0 91 1.24

11635 I 103 1.36 214 43 31.2 75.5 109 0.94

113t2 I 75 1.10 116 56 34.2 68.5 60 1.25

Mea n. habit iI 164 2.13 251 57 3S.0 76.7 136 1.22

Mean. habit 1 109 1.53 202 52 33.1 71.3 90 1.23

I S1) 10051 27 0.35 57 t0 1.0 1.3 27 0.28

C ' 13.7 13.3 17.6 11.8 1.9 1.2 16.5 15.8

-J
COr I% e t,ti eld) 0.99 0.85 0.47 058 0.74 0.87 0.05

1 I )at ino .. v. I g to final ph) siological maturity.

2 - haix',t," tnintiU lea.es and petioles.
3 .\ra under litted leaf area curne from planting to phyvological maturity.

0A



factors necessary to increase yield, at least accumulation of the cultivars P498, P566
in bush beans. This can he achieved either and P635 were further studied using
by increasing the leaf area within the same weekly sampling to establish profiles of
time frame or by increasing the length of development and N2 fixation under three
the growth cy-le (see previous CIAT different growth temperature regimes.
Annual Reports for a fuller discussion of Temperature influenced both the onset,
these conclusions), intensity and duration of N2 (C2H 2 )

fixation. Thus while maximum fixation
Temperature Effects increased from 33.8 umol C2H 4
on Symbiotic Nitrogen Fixation producedplant/hour at 35°-25°C day-

night temperature to 73.0pmol C 2H4
Studies in previous years have suggested produced plant/hour at 250 - 150C, this

that high soil temperature could be a major peak in fixation was increasingly delayed
limiting factor t) N, fixation in beans. To as growth temperature was reduced (Fig.
evaluate this possibility, controlled en- 31). In the 250 - i5'C treatment, this delay
vironment studies were undertaken at the in the onset of fixation led to falling leaf N
Biotron facility, IUniversity of Wisconsin concentrations and visible N-deficiency
(U.S.A.). symptoms at the 28-day harvest (Fig. 32).

Preliminary studies evaluated growth In this study the influence of
and N. (CI1t) fixation in five bean temperature on N fixation by beans was
cultivars inoculated with different strains less than anticipated, and given the average
of Rhizohium. lhirtv days after planting, growth season temperatures for beans
N, (C 1 ) fixation at 300 - 20°Cday-night discussed on page C-48 is not likely to be a
temperature was considerably above that major limiting factor for bean production
at 35 -25 C , hut little difference in plant under field conditions. It is possible,
weight was observed. [here was a strong however, that delaying the onset of
strain-temperature interaction (lable 29). fixation at lower temperatures might

necessitate the use of starter N dressings.
fhe growth, N, (C., 1) fixation and N [his possibility is being investigated.

I .,hJ.. 21)

N ariaiii)n in hih:, ,hnm sirain re'sponse to Irmiperalir%. ( Mream id fi t I'l tc' ' uls ar cutil ar's. )

Id.c. IIII Ii" ( IA 1 0 2 IT,1,0uht__ _

ML1tirt'dh a-, ll'I en.rdfl~ !m l ant ' mur i

S S (t I? 1191 ]1 H) o )2 1)
lo 2 ( I It,- I X8 0)

St 'asured I)) planl '.IVilt g pilan )
i' .i( 499 2 06 3 W

242 4 5 2 48
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75- 3o2oC 300o20'C 25- 1 5C
.P498 302

0

A P635

* P566

60-

0

C 2 4 24

0

SDays after planting .
1-igure 31. Nitrogen (C',11, ) fixation in three bean cultivars as, influenced hy day night temperatures.

4.35.25C 30'-20'C 253015-C0 4.5

. 5

z
S3.0-

A P635
2.5

2.0 _L l __l I I I I _L -- - __ _L21 42 21 42 21 42

Days after planting

Figure 32. Nitrogen content of leavesof three bean cultivars as influenced by different day/ night temperatures.
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Importance of Nematodes -Palmira (3000/500 ml), Restrepo
in Bean-Producing Regions (3800/500 ml) and Rio Negro (4800/500
of Colombia ml) may indicate some damage to beans at

these sites. Damage to beans in H uila could
To evaluate the importance of be expected because of the very large

nematodes in bean-producing regions of population of spiral nematode (9700/500
Colombia, a total of 112 soil and 66 root ml).
samples were taken from eight bean
production areas. These included research Meloidogyne spp. occurred on 9 of 10
plots on CIAT stations at Palmira, farms sampled at Rio Negro with
Popayan and Santander de Quilichao; Meloidogyne arenaria the predominant
ICA stations at La Selva and Paste; and species. Soil samples frequently contained
on-farm trials in the Huila, Restrepo, large numbers of larvae (5100/500 ml). In
(Valle) and Rio Negro (Antioquia) regions. this limited sample, cultivars P706 showed
Nematodes were extracted from soil by larger galls than P590. Occurrence of
centrifugal-flotation in sugar solution. Meloidogyne spp. was favored by the
Washed roots were incubated 24 hours at coarse soil textures and long history of
24°C in shaken water to extract en- monocultured beans at Rio Negro.
doparasites. Collections of Pratvlenchus
and Meloidgyne were identified to
species. Aphelenchus, Aphelenchoides, Five of six farms visited at Restrepo
Ditylenchus, Tivlenchus, and Psilenchus were infested with root-knot nematodes,
were not included in the survey. probably Meloidogyne incognita. Crop-

ping practices at Restrepo favor
Eighteen genera of plant parasites were maintenance of Meloidogyne spp. in bean

collected from bean soil (Table 30) and soils. Aracacia xanthorhiza, an excellent
three genera from bean roots. Three genera host of Meloidogyne spp. (10,100/500 ml),
occurred generally in soil and root is frequently interplanted with beans and
samples. Ih'licotv-'0chus, Pratylenchus tomato, another good host, may be rotated
and Meloidogvne occurred in 66% and with beans. Bidenspilosa (Compositae), a
lXi, 37' and 62%, and 36% and 41% of common weed in bean fields is another
soil and root samples, respectively. Since good host of Meloidogyne.
H'licot vlenchus is primarily ecto-
parasitic, relatively low recovery from Meloidogyne hapla occurred in all soil
roots would be expected. Populations of samples from Popayan. M. hapla is
Aeloidogvne spp. from root samples generally not as destructive as southern
represent egw hatch during 24 hours species. However, at Popayan, seedlings
incubation. lhese populations are not are subjected to high populations
necessarily indicative of relative degrees of (4800/500 ml) which would increase the
root infestation. effect of nematodes on beans. Root rot was

common at Popayan. Since M. hapla can
helicot i'nchus spp., while quite increase root rot incidence, this species

generally occurring in bean soils, were could be causing losses in this way in
usually present at frequencies less than addition to direct pathogenicity. B. pilosa
10M) 50X) ml soil. Ihere is no literature is important at Popayan in maintaining
concerning the pathogenicity of high populations throughout the plot area.
Htelicovlenchus to beans. However. un- lack of crop rotation also contributes to
usual population development at CIAT population increase.
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Soil from La Selva was infested with numbers in both the La Selva and Rio
Meloidogyne spp. Since root samples with Negro samples. Since P. penetrans, in
females were not included in these samples growth chamber work, can stunt bush
identification cannot be certain, yet larval beans at populations of l/plant, the field
measurements indicate M. incognita is the levels reported must have been injurious to
predominant species. M. incognita com- bean growth. Associative cropping of
monly occurs on vegetables and weeds at maize and beans would favor P.penetrans.
La Selva.

Cultural and Biological Control
Meloidogyne spp. occurred in soil of Insect Pests

samples from Pasto but galled bean roots
were not collected. Nematodes could have Studies with Empoasca kraemeri
been reproducing on weeds. The species Studies continued on the influence of
has not been identified but the cool soil aluminum and other mulches on Em-
environment at Pasto would favor M. poasca kraemeri populations and bean
hapla. yields. Covering the soil with aluminum

and with rice straw reduced nymphal and
Meloidogyne spp. levels found in this adult populations of the leafhopper,

survey would undoubtedly cause yield compared to the control treatment without
reducions in beans. chemical protection or mulching, both

for the susceptible variety Diacol Calima
Pratylenchus penetrans and (Fig. 33 and 34) and for the resistant line

Pratylenchus crenatus were present in high P14 (Fig. 35).

(.5

A Insecticide-treated

0 Control

c+ Straw mulch
Aluminum foil

a 3-

E
Z 2-

5 15 25 35 45 55 65 75

Days after planting

" igure 33. Effect of various soil covers on nymphal populations of Empoa.ca kraemeri, with bean ,ariety l)jacol
Calima.
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25 V A Insecticide-treated

* Control

o Rice straw
20- Aluminum foil

15-
JE

4 10

5-

5 15 25 45 55 65 75

Days after planting

I-igure 34. -Itcct of v,' riotus soil co%ers on adult populations of Empoaswa kraenieri. with bean variety Diacol

35 A Insecticide-treatid

0 Control

30 ' Rice straw 1.%Aluminum foil \

25

20

4 15

10

5

5 15 25 35 45 55 65 75

Days after planting _

I'gure 35. EIffect f various soil covers on adult populations of A-mpoma kraerneri, with bean variety P14.
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able 31 ly, although it produced 400 kg/ha more

Yieldsofasusceptiblevariety(DacolCalmrn) with the aluminum mulch than did the
and a resistant variety (P14) of P'haseolu , unprotected control (Table 31).
'uIyarui under different treatmnents for the Differences between the controls of the

control of fnpoasca kraermeri. varieties were significant, showing again

Yield * 1, a the importance of varietal resistance on
yields.

I)iac 1)l
I reatment ('altma 1'14 To complement the cultural practice

studies and as basic essential information
ltcied ,h on the design of traps for population

inseccilde I574 a' 1541) a dynamics studies, the behavior of
,\1hlnln1tinI lod ni lch 14510 a I35 ah leafhoppers and chrysomelids was in-
Pi"ce ra . 11h.1h Ioftl h 1445 ah vestigated with respect to the surface color

___, __(,,___73 c. 1(01 h _ _surrounding the bean plant. Colors green
,h .,imc .cocr .... ri, and especially yellow, attracted the most

,, ,,.T.1 .,, he. , . E Lnmpoasca adults; black and straw colors
.. . .---. --- gave a mixed or intermediate response.

With ('alitna, yields were significantly Aluminum and white were definitely
dilerent between the aluminum and rice repellent colors. Response of the
straw mulches and the control. Being chrysomelids to colors was not so marked
resistant. P 14 did not respond significant- as for leafhoppers (Table 32).
lahle 32

I? C",)IntsI if / ",i i a A cI'.e;trrt rid 'hr% ,ottnielid adult, to surface colors surrounding tie bean plant.

I I I \pt 2 FxpI. 3 Ixpt. 4

o. ,of I ! a adtlt, per plant
62 ,' 4.2 it 3.6 b 11.8 bc

l 5 h 1.7 be 2.2hc 14.4 b
A'5 h 3.6 a, 5.6 a !8.9 a
2., hc 0.8 c 1.5 cd 2.1 d

Ilt 1.7 'd 2.8 ab 2. be 14.6 h
0,9 cd 0.4 c 0.9 cd 0.9 c

hi t 0.2 d 0. t c 0.3 d 4.2 d

Nt. of chr., onelid adults per plant
.6 , a 1.6 ah 1.6 ah 1.4 a b
I 2 ai 1.8 ah I.8a 1.7 an

i) , ,,) ) an 1.4 ab 1.0 ahed 0.7 b
hI ,'n 1. X th 1.2 ah 1.3 abc 1.5 ah
'A h1c u) os h 0)9 ih 0.1 2.2 a

0 " an 0 h (0.3 cA 1.4 ah
'5 ah (0.5 ah (1, hod 0.6 h

S , I 1 1 I .1 1 Id I I h .pt i. , 01.i1 ale ,t)'Ih. d k' the Sire sl te tI e nt sgI1 lt allka r dillereti at the
I.iii I P r co l [
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Studies with Grain Storage Pests fable 33

In collaboration with ICA and CARE, Comparative survival of larvae of )iahroica
halteara and Cerotoma fatialis fed with the

and at the farm level, a study was done on maize hybrid ICA 11-207 or the bean variety
controlling insect pests of stored beans. Diacol Calima.

Treatments included soybean oil (3 mli kg I.ive I). live C.

of beans), harvest residues (25% by aalteata faciali.
weight), pyrethrins (1.7 ppm) and the ..%ge ot _larn ae oin (in1 on on

unshelled pods with beans. The experiment (days) maiie beans mai/el beans'

was done at four locations, three in the

Cauca Valley of Colombia (1000 mash 1 20 20 20 20

where conditions were adequate for 4 20 (0 0 19

iahrot's suhfi.ciatus attacks. The fourth 19 4 13

experiment was at Popavan (1900 masl) 12 is 2 12
where conditions were favorable for
.lcanthoscelides obtectus. slrsi. al 90 10 0 60

- ,uf dosa W Il( In (
Ater Iour months of storage, the

unshelled beans at Popavan had 34%
danagc !ron .canthoscelide.s and 39' of
the pod, were pertorated. Untreated beans observed on seed treated either with oil or
and the treatment with harvest residues pyrethrins throughout the nine-month
both had 2('; damage. No damage was experiental period.
I ,dhl :.

N inher if thrsso elit( la. ,at fI ound inr the soil of ,,,,,sIcifated hean and maile crops three to six vieeks

after planting heans.

),i , \Elic pl'tl lll! lar"*iat iln lar~ it. 11)

"!I"l ,i%,ith l"."'I ... -.

.l 1-1 t,, hchic 11 0 I a

t4 IL,1.%,, altc l 0 () 0

.' 14 dl hehort iI I1 I (1Y6

siiiiiiiici,|isi. 3 4 0.3 0.3

14 da% atter II I. 1 0

,  1.4 das hetmr. 2 25 0.2 1 2

S,,iii ta nei lsk II 23 0.9 1.2

1.1 d.t ,uiLe 4 0t 0.4 II

41 14 doss hchrc I 12 0 I (I

',im uuI,ollt oh', I 4' I) I 2 9

4 Joi .ilcl r (I I
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I ahle 35.b Foliar area, in terms of percentage foliar area of the control, after bean plants were infested with 10
lar ae of I)trotica aheata per plant, under greenhouse conditions.

)a.,, alter planting %%hen infested

Intair 1 4 7 14 21 Average

I-irt 994 0 "3) 05.7 102.7 98.2 102.2 96.1
Second I I ) 12 5 75.7 73.5 96.0 89.3 67.7
I hird 12,t S 5 7 6 II 98.3 104.7 33.8

In beans stored in the Cauca Valley, the to 4 and 3 to 5 days, respectively. Thefirst attack by Zahrotes occurred at nine prepupal stage was 3 to 4 days and the
months into storage. All treatments greatly pupal period, eight days. The period frorreduced insect attack compared with the egg to appearance of the adult is tht!s 26 to
control. On only one farm was a light 32 days.
attack of bruchids noted in beans treated
with oil. Also in the laboratory, Diabrotica

balteata survived better on maize than onBiology of Cerotoma facialis beans, while C.facialis did not develop on
maize (fable 33). In the field, in associatedlo complement information reported cropping systems, the highest incidence oflast year (CIAT Annual Report, 1977), chrysomelid larvae on bean roots occurred

more studies were done on the biology of 35 days after planting and when planting
Cerotoma facialis, another important was at the same ime as the maize. The
chrysomelid pest of beans. In the lightest attack occurred when maize waslaboratory, eggs hatched within 4 to 5 days planted two weeks earlier than beans
and the tiree larval instars lasted 4 to 5, 3 (Table 34).

I i"' ii,

A \ tirage ihlper trall Iplant , ar. [)ia'l ( aliia) itinlder differcnt periods of attack at sario ,s Iet ,s of
infet',tatii I iia /r1 i hlia alult%.

N of itilts per plat
[a L ., Aiter

.'lh l ;thtllII2 4 {

, I t c k N-' u r : Y l e l ( L ! p l i t l t , I A , r a g e

x -I q3 0 8 2 5 0 1 2 . 0 o 0 > ) 2 . 1 6 h ,

I5-22 2.59 3.5 .3j7103 .5.18 3.)9it
22-21) 267 2,( 2-.47 2 25 2.51) ab
29-36, 2.53 2 46 2 4x 2.2 2.44 ib

-1i e 2.72 c' 2.x c 2.52 cd 2.1 i d
I .\ erajge ilhut, hdl,,t'd hs lie sfle ktter are .' ii Sigr11ilL,,iit df titri t 1l0l I 10Vl
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In expanding tle w ork on larval damage In the field, high ilestation levels by

ol 1). halwaia on hean plants ((IAI adults (4 to 6 per plant) did not severely

Al liI Report, 1977), it " as found that reduce hean production, except when

piants less thanl 14 da\s atter seeding had damage occurred in the first two weeks

the ri,' seere dalmiage trom third Instar after planting. and to a lesser extent,

liarvac Scverc damagc was not obsr- ed Onf during tile llotwcring stage ( lable 36).

oLder plant,, possihlt, because ol their

to her ,tI',ns (I able 35).

VAIIDATION OF TECHNOLOCY IN ON-FARM TRIALS

I ai11 lcv l acti, Ii's irc escscntial in all utiliie tertili/cr because tile residual effect

phae, Of intrCiiationl agricultural ol the prcviouIs crop is still available and

progrtm. 1Ii 1hc initial stages Iarm beans are mostly grown on soil with good

iriter\c ,i s dentif conslraint. to yield fertility. Planting is still conducted prin-

increase,, iiv current x arictics and cipally by hand although there is some

pIactice,, a oid ser" c;is as a input into general mechaini/ed planting. Ini the predominant

eCailch desigi. (,rhni binig this constraint manual planting system, each hill receives

Ildclit It Icatli 10 wit \it h the hreeder's two or three seeds and the distance between

jlkrueritoni the fcasihility of obtaining the holes is variable. I[is planting techni-

desired plant characleristics permits delini- que results in low plant population and no

tion of a strategy ,r gcrrumplsrl et, aliation distinct planting pattern. Weeding, when

and ctiosi,,e priOIrans In the Bean done, is carried out three weeks after

tlPr orirr this sta.ge aks c'eltiallv finished germination. I nlortunatelv, the planting

il) 19S aill pr nra r, eriphasis mo, cd and weeding times of bean in both

fto\,'ild thc tcIllg of profili,irg new semesters coincide \with the coffee picking

ir let, and 'agrtioiomic practices, ard Ot season, when very high daily wages can he

the tck'hiiti i harriers which could limit carned. IHence. weeding is done irregularly

thcir success at the farm levcl. In 1T978 the or not at all.

icmir P r,)ani undertook on-tarrii studies

In 111 ili (i Colombia) i and Antquia Effects of Different Factors

(( 1)ii bii in Huila On-farm Trials

Huila Based on experimental results and
previous farm level testing ((IAT Annual

Current Situation in Huila Report, 1977) the technologies evaluated
in 1978 were; (I) Increased density in

Beans arc gcneerallx plant ed toll owin rg u1n1 IOcut tire: Poptilation density was
01ore valuable crops such as tomatoes, increased fron 9 to 18 plants m 2; (2)

either i inion, c lItiirtr ititercr:pped with Curative spraying: I elds were sprayed

mai.'e. Ii the legior theas ,clrge altitide is once to control anthracnose and Em-

0)( t,, 1 250 masl with an a, crage p1 asca' (3) U se of ('ertified or "cleaner"

tetiperatiire o 21 Cand an arnual rainfall seed (disease-free or nearly so) of the

of 1200 mri. I thc priniary growing season Colombian variety, Calima. Cleaner seed

Ior be ian , in this region is firou %larch to was produced tinder rainfed conditions but

lilv - itll a "econd season from September with intensive chemical protection. (4)

iuntoI )eccember. Most larniers do not Different levels (0, 200 and 400 kg/ha) of
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the complete fertillier 10:30:10 were On those farms with a fertility problem
applied. (defined as below the critical level ofoneof

the principal nutrients)' the combined
I onoculture yields tjrdir normal effect of all four technologies was

larmers' conditions were ta ,-o,!d hy ex- necessary to raise the yields to equivalent
cellent rainlall distribution and reached levelsof the other group (Fig. 36). On these
1"44 kg haltl ig. 36 )when thcre was rio soil soils fertilizer use did increase yields. The
filttills probleit. the 1iiili/ato0 n of hetter simple agronomy changes with farmers'
agi onmnli practices \,ith the farmer's seed seed only increased yields 151,.
Ili 'e .l \ICelIS 11) 1561 kg ha, tir 0'i.
l ,liesc aglon lni pratcticcs ,are low-cost Yield increase is not a sufficient valida-
on.,, tix ls ng cliratic spraimg after the tion of new technology. Profitability and
pc',( p h l'rn (anthr'itense or 'mpoua) risk nuist also be considered. On farms
%%a" ld. Itielld iIll the held and veding at
tie ippareill optitiiti tile before flower- of- ' . l'r,/ t ,:h Iatuenwnt of
t f12 I he ue,,c )I lCalltel seed slightly %,, o: tiw /<,/i, hon wile and Sons, Ntr,
miro t \eld' hs 1311 kg ha. 't \ i N

I ,rt~tl,*I= kil haI fer1111ty Mr-r asf

I I 1 0 i o h h~ (k g 1 W

1677

Agrcurnl)iy *),ll~ll,
____________________188

I++1 i_ _ _ _40 120 40 kq h.
N P K

14H9

A~j .......... limt c. 1 l((5 97
20 60 21 ki h.

9 lhllt v Iiulu. ( s N I K

55

1292

C 1 .... .. .. .. 9

Md,

I i lls++ f+h*

Popayan Tr,,,, 65 I .... ...... h,- 1 h
hun)It 'otI '.<.llll ql Vfr~l [),Il ot (W ...l++

2 1 Ik~d , .I" q~l - miit v 'lr yrl si , .lll~ tl h,- op+t .il I ;+o ff c, 0 ......li lul+v |

r t 211[t kh+ I tlce.'t, ,,'I 111lttl,,v 1 l ,l h ' o+il ' 0,l ht In ll .1ril it lak I I Lut1a, o' hlrnbla.I 1, S AT
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without a fertility problem the choice is definition of minimum initial nutrient
simple. All other technologies besides levels. In most cases, in these alluvial soils
optimum weeding with curative spraying and often following the highly fertilized
decrease income. On farms with a fertility tcmatoes, fertilization was not profitable.
problem the high fertilizer, improved seed Neither was seed quality very important.
combination was more profitable, but also Certified seed from the Cauca Valley
invok ed higher production costs than the actually gave lower yields, although not
weeding curative spraying treatment with significantly lower, than farmers' seed. It is
the tarnier's seed. The farmer could choose important not to underestimate the farmer,
Itoni the low cost technology of good who correctly preferred his own seed to
a gr nom with his own seed (E') or the certiied seed. Finally, curative spraying,
!imorc protitable hut higher cost use of along with weeding at the optimum time
tertilizer and cleaner seed (B" and ( (t"Fig. gave a reasonable yield increment and vAs

profitable with farmer's seed. Moreover,
these yields of almost 1.7 t/ha help define

It was possible to determine the payoff the breeding requirement. A new variety
to tertili,",trn with soil tests and the with different seed type characteristics(the

same color) would probably need to yield

at least 2 t, ha on farmers fields in Huila to
r22... improve upon farmers' seed with good22; -it h

- . a.I" i,. agronomy practices, and therefore be
mal"'"I accepted by farmers.

18 A Antioquia

W On-farm trials in Antioquia were in-
o 14. itiated in July 1978, and so only

S. preliminary results are available. The
technologies evaluated were: (1) Improved

S10 density and better support systems; (2)
,,,, , 1WImproved anthracnos&. control with

Z r ,,r1 tn~r . , , chemicals; and (3) Inoculation withZ mll'.T + E[ C rnd I" H C,

6 , rhizobia at several P levels.

While results of this study will be

14 18 22 26- -- available in detail in 1979, the problems

Total cost ('000 Pesos 'ha) identified in the inoculation technology,
evident soon after planting, have prompted

F H C ..... : , C - , ,,rr , , ,,r , ........ ,, ,f - pro t.,J:,, detailed studies at the farm level.

.... i I i ,, I,' ,I0l .. .. Inoculant Studies in Antioquia

H ' rnr,,rtn l " Iii,,l 0 ' /ij i K qcood qrrliPr. P K

p, ..... Initial studies indicated two major
1- - 1 "'0"1l '"40 .. h) N i K problems in the inoculation methodology:
.... ,1 . p-. . . (l) compctititon for nodule sites by native

i. . ,,, , ,, ,) 2 .,, soil rhizobia, and. (2) need for fungicide

\- ,W '" Nlt, , . d t,,tll , ",t, ;le hctla Ioi application to overcome root rot problem s

tl:, H l!' lt , I,' l 1,, laOri ,)Il eIlcr ll , and the possible deleterious effect of this
+:., r, ,I ,,,, th , Ill. , ( ohihi. I1.XA on applied inoculants.
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Fifteen farms were surveyed for in-
cidence of native soil Rhizohium. Most
probable number counts of soil at planting
showed populations of Rhizohium from I
102 to 58,880 cells:g soil (mean 6344
rhizobia g soil). For most soils competi-
tion between native soil rhizobia could be 31.7,umol C2 H4

expected, and must be studied. A corn- produced/plant/hour

plicating factor is that more than 30q/, of
the isolates tested reacted serologically
with antiserum against CIAT 57, the
normal inoculart strain. Furthermore,
many of the rhijohia isolated from nodules
of test plants were ineffective in N 2
fixation, with fixation (C :14) levels in 10
farms surveyed at flowering varying from 0 Figure 38. Variation in N, (WAH) fixation rates in
- 31.7 jiniol C 11H4 produced 'plant 'hour farmers' fields, in Antioquia.

0.-g. 38). More detailed studies of inocula- as are studies on achieving compatability
tion problems in this region are underway. between inoculant and fungicide on seeds.

COLLABORATIVE ACTIVITIES UNDERTAKEN
IN 1978 WITH NATIONAL PROGRAMS

AND SPECIFIC INSTITUTIONS

Numerous collaborative activities in- (IBYAN, IBRN et.) in the region.
eluding distribution of IBYAN ex- Cooperation in technical reunions,
periments, rust resistance nurseries and including the PCCMCA meetings.
germplasin and hybrid materials have been Selection of trainees for bean courses
discussed in the previous sections. at CIAT and advanced degrees.

Collaborative Activities in Cen- Major advances in 1978 have been in the
tral America and the Caribbean identification of collaborators to receive

IBYAN and other nurseries, and an
In late 1977, and following requests from increased efficiency in the prompt delivery,

several governments, (lIA relocated one planting and supervision of CIAT trials.
of its hean scientists in Costa Rica, Numerous trainees for short courses have
charging him with coordination within the been identified, and four candidates
region of the following activities: suggested for MS degrees.

Collaborative Activities with
Supply of ('IA i vcrmplasm to Other Institutes
national programs
Supply of advanced hybrid material to Cornell University
national programs.
Supervision of international trials A collaborative study at Cornell Univer-
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sity (U.S.A.) has studied phytochrome Rothemsted Experimental Station
controlled photomorphogenic effects on At Rothamsted (U.K.) the
stem elongation in indeterminate beans. photoperiodic sensitivity of the cultivar
This effect, controlled by a single gene, P566 (CIAT Annual Report, 1975) was
could be responsible for growth habit used to evaluate the effect of delayed
instability in particular lines and en- flowering on N 2 fixation. As in the
vironments. The screening of CIAT germ- previous study a six-day delay in flowering
plasm material for this trait is underway, markedly increased yield. Nitrogen fixa-

tion was similarly increased, the yield of
Oregon State University more than 3 t/ha in the later flowering

treatment being obtained without added
Studies at Oregon State University fertilizer N.

(U.S.A.) and CIAT compared mulching
effects on symbiotic N 2 fixation, and the Plant Breeding Institute,
distribution of C" labeled photosynthate Wageningen
to nodules at different stages of plant
development. Collaborative studies at Wageningen,

the Netherlands, funded through the
Mulching lowered maximum soil Dutch government, emphasize breeding

temperatures, reduced temperature fluc- for resistance to necrotic strains of BCMV
tuations, and slowed soil moisture loss. and to races of anthracnose not currently
Nitrogen fixation rates were tripled, and identified in Colombia. This permits
nodule weight increased 50%. Differences breeding activities dangerous to undertake
in the carbohydrate content of leaves and in Colombia.
roots were also noted.

University of Gembloux, Belgium
Distribution oft0' labeled car bohydrate

in the cultivar P498 differed with leaf node Studies at Gembloux, financed through
treated. l.eaves at node 4, treated 35 days the Belgian government emphasize wide
after planting, translocated 86(.; of the ('" crossing between P. vulgaris and other
label to roots, nodules and lower stern. At lPhaseolus spp. and the collection and
flowering 19i, of the label was recovered in characterization of additional germplasm.
nodules. Photosynthate from leaves at Fwo Belgian technical experts are current-
node 8 did not pass to nodules. lv at CIAT and coordinate this research.

TRAINING

Some details of CIATtraining activities courses. lwenty-one countries were
are provided in the previous section on represented, the greatest number of
international collaboration. The Bean trainees being from Bra/il (20), Colombia
Program in 1978 received two IPosidoc- (12), Honduras (9) and Costa Rica and
toral Fellows, two Visiting Research Peru (6). Principal discipline specialities
Associates, four Research Scholars. 28 were agronomy (I I) plant pathology (9)
Postgraduate Interns, two Special and plant breeding (7).
Trainees and 59 participants in short
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PUBLICATIONS

Coyne, D.P., J.R. Steadman and H.F. Schwartz. 1978. Effect of genetic blends of dry beans (Phaseolusvulgaris) of different plant architecture on apothecia production of Sclerotinia sclerotiorum and white
mold infection. Euphytica 27: 225-231.

Davis, Jil.C. 1978. Mejoramiento de frijoles volubles para sistemas de siembra en asociaci6n de malz. In Proc.XXIV Reuni6n del PCCMA, San Salvador, 10-14 de Julio de 1978. (in press).

Eskafi, F.M. and Schoonhoven, A. van.1978. Comparison of greenhouse and field resistance of bean resistanceto bnpoasca kraemeri (Homoptera: Cicadellidae). Can. Entomol. 110, 853, 858.
Francis, C.A., Prager, M., Laing, DR. and Flor, C. 1978. Genotype X environment interaction in bush beancultivars in monoculture and associated with maize. Crop Science 18, 237.

Francis, C.A., Prager, M. and Laing, D.R. 1978. Genotype X environment interaction in climbing bean
cultivars in monoculture and associated with maize. Crop Science 18, 242.

.... Francs" C.A., Flor, C.A., PragerN M.and Sanders' J.H. 1978. Density' response in two croppingsystems. FieId
Crops Research I. 255.

Francis, C.A. and Sanders, J.II. 1978. Economic analysis of bean and maize systems: Monoculture versus
associated cropping. Field Crops Research I, 319.

Graham, P.1. 1978. Some problems and potentials of field beans (Phaseolus vulgaris L.) in Latin America.
Field Crops Research I. 295.

Graham, P.11. and Rosas, J.C. 1978a. Nodule development and nitrogen fixation in cultivars of Phaseolusvulgaris I.. as influenced by planting density. Journal of Agricultural Science (Cambridge) 90, 19.
Graham, P.11. and Rosas, J.C. 1978b. Plant and nodule development in climbing cultivars of Phaseolus vulgaris.. , grown in monoculture or associated with Zea ma's L. Journal of Agricultural Science (Cambridge)

90, 311-317.

flalliday, J. and Graham, P.H. 1978. Comparative studies of peat and coal as inoculant carriers for Rhizobium.
Turrialba (in press).

Kretchmer, P.J., Ozbun, J.L., Kaplan, S.L.. Laing, D,R. and Wallace, DW. 1977. Red and car-red effects on
climbing in Phaseolus vulgaris L. Crop Science 17, 797.

Kretchmer, P.J., Wallace, D.i. and Laing, D.R. 1978. Inheritance and morphological traits ofa phytochromecontrolled single gene in beans Phaseoluh vulgaris I.. Crop Science fin press).
L.aing, D.R. 1978. Competcncia en los sistemas de cultivos asociados de maiz-frijol. hi Proc. VIII Reuni6n deMaiceros de la Zona Andina y I Reuni6n Latinoamericana de Ma1i. Lima, Pcr. May 1978. (in press).
Laing, D.R., Rachle, K.O. and Giraldo, G. 1977. Preliminary evaluation of mugbean material at CIAT. InProc. of Ist. International Mung Bean Symposium. l.os Bairos, August. (in press).
Munivar, F. and Graham, P.i1. 1977. S upervivencia de Rhizohiuin trifoii en tres portadores. Revista ICA

(Colombia) 12, 225.

Schoonhoven, A. van. 1978. Use of vegetable oils to protect stored beans from bruchid attack. J. Econ.
lintornol. 71, 254-256.

Schoonhoven, A. van., Piedrahita, J., Valderrama,R., and Gilvez,G. 1978. Biologia. daflo y control del Scarotropical lylphagotarsonemus latus (Banks) (Acarina: Tarsonemidac) en frijol. Turrialba 28, 77-80.
Schoonhoven, A. van, G6mez, L.A. and Avalos, F. 1978. The influence of leafhopper (Enpoasca kraernerOattack during various plant growth stages on seed yield. Entomologia Experimentalis et Aplicata 23, 115-

120.
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APPENDIX A

Description of growth habits of moderate climbing ability on supports andl'haseohus vulgaris L. used in this pod load carried evenly along the length of
Annual Report the plant.

TYPE I: Determinate growth habit; TYPE IVb: Indeterminate growth habit;
reproductive terminals on main stem; with vegetative terminals on the main stem with
no further node production on the main eavy node production after flowering
sten after flowering commences, commences; branches not well-developedcompared to mainstem development;

strong climbing tendency with pod loadTYPE II: Indeterminate growth habit; mostly borne on the upper nodes of the
egetati e terminals on main stem with plant.

node production on the main stem after
f llweing comlh ences erect branches NOTES: The growth habit classification
borne onl the lower nodes of the main stem; h sb e x a d df rt eci b n y e

has been expanded for the climbing types
ercct plant with relatively compact canopy;ptlC_ develop'ent variable depending on since the 1977 Annual Report. Type IIIii a lop nti aal geotype . materials with some tendency to climb arenow recognized as Type Illb and Type IV

has been divided on the basis of vigor andTYPE Ilia: Indeterminate growth habit; pod distribution.
vegctati c terminals on the main stem with
in4idC prod nt1 in On the main stem after he most important distinguishingS, t i ela tli .cv heavily brani- ed with lh mot i pora t d sig ih n%tis;ible numrel tifl prha tate branches features of the growth habits areas follows:
hmtt (n ,fc thm" ct node guide develop- terminal raceme on main stem for Type 1;hii .. t \,im te ll gonerally sh wing no indeterminate with erect branches forType: orit ut enealshonn II; indeterminate with prostrate branches

for Type Ilia; indeterminate with semi-

climbing mainstem and branches for typeIN PiF M11b: I tidcterniinate growth habit; Illb; indeterminate with moderate climb-
eclati c ternnrinas (in thc nain stem with ing ability and pods distributed evenly upMt, pr)ilict ili n the main stem after the plant for Type IVa; indeterminate withthscim ieg: elati\lv hca vilv Iranched with aggressive climbing ability and pods,tiriablc ninnber (it taciiltativelv climbing carried mainly on the upper nodes of the

bric hes hi ine on the hmwer nodes; main plant for Type IVb.
stein giide devclopnient variable but

ing climbing ability. Growth habit is not necessarily a stable
characteristic since changes in growthI1NPLI I VI: I 1idcterminatC growth habit; habit may occur from one location tocgetaiti.t et ernirals on tie main stem with another. The classification of growth habitlic;w,  nodc production after flowering for a particular genotype is only useful in aconmrence s branches not well-developed defined environment, particularly withcoimptred to main stem developtnent; regard to climbing ability.
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APPENDIX B

List of Promising Lines of Phaseolus referred to in the 1978 Bean Program
Annual Report.

Program CIAT
Promising Accession Identification

No. No. or Registration Source

P4 X4 G2115 P1 310878 USA
P006 2005 P1 3 10 739 USA
P( )9 2959 Pecho Amarillo GUA
P014 2146 P! 310 909 USA
1P046 0101 PI 151-380 USA
P083 0239 P 169 775 USA
P084 0241 Pl 169 779 USA
1P085 0244 PI 169 784 USA

l'115 0380 PI 171 790 USA
1'166 0677 P1 181 892 USA
'172 0706 PI 183 705 USA

1'179 0684 PI 181 996 USA
1'217 128(1 P1 205 208 USA
P225 USA
11260 1098 P1 282 074 (Ocanero) USA
11271 1659 P1 300 680 USA
1P277 1675 '[ 304 120 USA
P300 1757 PI 308 913 USA
11,02 820 PI 309 804 USA
1'326 20)6 PI 310 740 USA
';37 2045 P1 310 797 USA

1'353 2327 PI 311 992 USA
1'16; 2541 PI 313 654 USA
I' IK2 3647 Actopan VEZ
'192 (4498 Sanilac USA

1'402 380)7 Brasil 2 (Bico de Ouro) VEZ
1'420) 3607 C.C.G.B. -44 (1-462) VEZ

'423 3842 Colombia 1-1156 VEZ

l'.13S 3131 F. negro (GUA-0325) GUA
1'449 3451 Guanajuato 116A MEX
1145.x 14454 ICA Tui CLB

1,459 3645 Jamapa (1-810) VEZ

1'472 3465 Michoacan 12 MEX

1'47(, 40X) Nep Bavo 22 (C-286) CRI

1'482 3994 Olie Brown (C-236) CRI

1'142 3341 Puebla 87 MEX

1'49h 3353 Puebla 152 MEX

'499' 3359 Puebla 172 MEX

1'5111 3371 Puebla 298 MEX

'512 4122 S- 166-A-N (N-555) CRI

Ps IX 3689 S-315-N (1-957) VEZ

PS24 4421 S-630-B (C-63) CRI

I'526 3872 Trujillo 3 VEZ
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Program CIAT
Promising Accession Identification

No. No. or Registration Source

1'527 3874 Trujillo 7 VEZ
P538 G3709 Veranic 2 (1-980) VEZ
p539 3776 Venezuela 2 (1-1062) VEZ
1'543 3800 Venezuela 72 (1-1075) VEZ
('548 3792 Venezuela 48 (1-1079) VEZ
1'560 3834 51051 (1-1138) VEZ
'561 4152 50609 (N-283) CRI

1'566 4495 Porrillo Sintktico HON
1'507 5478 Tara PRI
115o8 5479 PR-70-15R87 (PR-5) PRI
('588 4455 ICA Huasafio CLB
l5,9 2525 PI 313 624 USA
I': )0 5702 Cargamanto CLB
l'? 1 4458 27R CR1

('635 4452 ICA (iuali CLB
('tV' 4523 l.inea 17 CLB
1',-3 4459 NEP - 2 CRI
l'e54 4035 S-490 B CRI
1',5 4525 Linea 32 (CA I'ijato CLB
I ',84 132(0 M 207 262 (Hllalnepantla 64) USA
' ,92 4494 Diacol Calima CLB

1,6935653 Fcuador 299 ELS
1,98 5476 Jules USA
(',)'g (5652 Mexico 309 ELS
'700 5706 .lalpatagua 72 (;UA

1'
7

)t 57141 Roio 70 EIS
1'748 4473 1 itan C1tl.
1't09 4485 lurrialha I GOiA
Jill(7 571] Coip (hinialtenaigo 2 GUA
1'72( 4832 1'l 2W8) 974 USA
1'23 5213 lirasil 1096 (1-113) BRZ
1-'31) 2206 I'1 311 818 USA
I12 2545 ['I 313 658 USA

;x 4524 Linca 29 CIR
1'49 2303 ('I 311 359 USA
I"' Si .1128 Santo lormis XN N-595 CRI
(''52 3758 Negri) Argel CItl
4'S 4460 ('ompadour 2 CRI
(''S 4445 UFx-rico 23 CI.B
''5' 4461 ('orrillo I ('RI
1''58 4446 Ex-puthla 152 1 Brow% n seeded) N1 t'-X
1445 076 Red kloud USA

5141 BRZ 8445 Michoacan 75 BRZ
1540 I'l 284 703 USA
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APPENDIX C

List of CIAT accessions (not classified as Promising Lines) of Phaseolus

referred to in the 1978 Bean Program Annual Report.

CIAl
Accession Identification
No. or Registration Source

'. vulgarts
G(0124 PI 163 372 USA

0413 P1 173 017 (Barbunya) USA

0881 PI 203 958 (N-203) USA

1257 PI 201 300 USA

1813 P1 309 796 USA

1841 P1 309 866 USA

1873 P1 310 531 USA

2092 P1 310 0.54 USA

2227 P1 311 861 USA

2258 Pl 311 904 USA

2325 P1 311 990 LISA

2351 PI 312 030 USA

2540 PI 313 653 USA

2545 PI 313 658 USA

2546 PI 313 659 USA

2801 P1 319 597 (F. Almendrilla) USA

3038 [AS (107) Guatemala

3130 F. Negro (324) Guatemala

3134 1. Negro (329) Guatemala

3371 IPuebla 298 Mexico

( 355 Oaxaca 39 Mexico

1716 Snandresi El Salvador

3736 Alabama I USA

373 Beurred' Paul lnat France

3762 Negro de (uatemala Venezuela

3777 VenCuela 4 Venezuela

3783 Venezuela 24 Venezuela

3791 Veneuela 47 Venezuela

3988 51054 Costa Rica

4463 I urrialba IN Costa Rica

4721 San Martin 8 Peru

826 Pintado Brazil

5508 Re/avch Iran

5710 G.N UI. 31 USA

5752 Bountiful 181 USA

5772 Diacol Andino Colombia

5773 ICA Pijao Colombia

5942 PR-70-15R-55 (PR3) Puerto Rico

6436 ('ultivar de |lai'. 226 Haiti

6638 47 Haiti

6641) 157-A IHaiti

66,11 Cultivar de I laiti 157-B ttaiti

:464 Far-lan-tou (NI-275) Chna
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(IA I
Accession Identification
No. or Registration Source

8058 59 3 (Pop. x Nep 2) Uganda
(G 059 59 4 (Pop. x Nep 2) Uganda

8O)62 59 7 (Pop. x Nep 2) Uganda
806 60 I (Pop. . Nep 2) Uganda

356X Oaxaca 43 Mexico
441)1 Oaxaca 8K Mexico
5P1- PI 319 443 USA

I' /10110tt0

1157 P1 299 388 USA
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Rice Program

TheprincipalobjectiveoftheCIATRice points with countries of Latin America,
Program continues to be raising yields in making available to them the new tech-
order to increase and improve rice produc- niques and improved or segregating plant
tion in Latin America and meet demands materials.
for both quality and quantity.

In the future, the Rice Program will
Strategies for solving problems that continue to form a strong network of

limit these yields are the formation of technical personnel in the different coun-
vd iieties that meet the needs of production, tries of the region. These technicians, many
quality and adaptation and which also of whom will have received training at
incorporate resistance to diseases and CIAT, can provide valuable support and
insects common in the region so that contacts in the programs of the countries,
prxuction costs and input use may be receiving material! from breeders and new
decreased. agronomic techniques through the

Regional Testing Program. Personnel in
Agronomy designs and tests cultural the network will test, validate and dis-

techniques to make improved varieties as seminate these new materials and prac-
productive as possible in the different tices, bringing about the transfer of
environments, with the view to increasing technology.
yields, lowering costs and reducing the use
of chemical products to favor rice growers
on small areas who may have available adapted for Latin America by CIAT has
labor but may not be able to afford been well-accepted by medium- and large-

scale farmers but not by the small farmers,ticese who are the main objectives, in order to let
these farmers know about the method,

demonstration plots will be made available
The International Rice Testing Program where the advantages of the system for

(IRTP) furnishes the primary contact small farmers may be observed.
Rice Program D-1



BREEDING

I)t.vClopnent of high-viding varieics alreadv bcn evaliated in replicated yield
trt Yield mid production stahilitv and trials at I(A-lalnira. Stahiliation of
reductionl of cost input, continued to blast resistance through pyramiding has
Itghliuht acti.oitic, ti the CI A I -I(CA ric heen the hasit ohjctile of the project
hiedine [pil, cion durin 1 79 I he malor rather than a yield increase per i'. Ihe
luicthitld attailniln these V()A, is breeding three top edichcrs, of the 55 lines alreadv
Jill t n. to the ll l a prtodution ,Ield tcsted are shown in fable I.
c(r'uIs t it." stn h ] is ri, c blast (liri l/aria
,,rt :ac'), I~a hlanci s i ,. the lIaI htppe Multilino Varieties
(. 'c+ ' LnI .' r , ir / ild sheath bliight
(( oriii'tp! \uJ ,'A. It: ] lie I and the FI generations of the

third and linal backcross B O I)for a fiye-
Rice Blast compolICnt IultilinC with five different

-,)tireS of rcsistance ( I lep, C'olombia I,
ice bli, t I, the itio bhiological cons- Carreo i. )i,,,,i Ilatil and (46-15) with

taint ..! . .d . , ,,,+"' mr tble resistanrice t() t ,w recur,:ent parent , cr, planted at ['A-
pathogen pi lert Prihlaria oriro t.w continie" Itlnimra atid I a I Iberta I lie recurrent

t he the t do0ii Ilt objcctivc of tile patent phi.i tt p-h een reconstiltlted
Brcedi Sctit I -p )ithlI of ritit aid ili tlie third hackeros,, and acceptahle
~i r geles fill tile achieve t if, ,table phlirtt lp llllllti\ Is s os rved
hla,.t i ,esitric I, b in, piirtied, thitlth iitmn g dill nit isogelnic liet in the I F if
p~iatiding ) ii;tji gcnes., multilines, L'enriin. I aluatio)n of the 1t l' lines
pvrlartind,.d nfiiltlnes ind connlli;t!o I tlo ick bhlas and grainm qualits under field
11ii11or gTIC". expoire at I it I ihCrtiid is being Con-

tinllud.

Pyrarniding Major Genes

Ihe ,cond itxckcr ss, for an expanded
A t()tal ,oh 20,0Wtt I- plants wciceselcc - intltlinc prtiject \%itl seen ditferent

ted Irou 5 7 iltiplt crose a, ong geograplihicyill dli',ersec Sonles of
It) imp,( ifarent ties c;ili resistatli lictianc' wit set ti (IfheICnt gCtIically
factors tlo (l ttari'ie s I Ctep. ( 'lotibi divlse riirrnt'n parents W((IAI AniTl
I, 1 )isi 1litu11. ( 46-1 S and (ir .oii. lIw RpI rlt. "'1 \certcom1pleted and the final
lines 'A cre a)h',i c! and c al,it ed thr wOtih
thle F.1 lc;itl t* toi pliii ( tpt. lu sit le I ,
It) bl t r if lnt hmiduu ( 'ppei AS ',',, l',d w iid I1t'rfu nin tsr f tir am iraiitid rc. line.
,rill t l itl\ \ fHi i of S() pl)illi g I I
prjiugclllt "l ,  etc ibsib t f itl l . till- I (.: , ,
rtejlictlct ph)t. at !( ..A-Palriola Stati on,
iid 9) of these I , progellic eie selected
i replicated oield trials. I he selccted 2' "12 lit
itris are e:xpecteul io) combine resistatiec Jil-
factors from three )I fto dor I rifferent I \ 11' lIIi
sources ()f tile () scelt.Ced liles, 55 have
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backcross is being attempted. Raminad Under blast bed conditions, almost all
Strain 3, the source of resistance from the varieties exhibited a resistant reaction
Thailand, has already succumbed to blast with a few restricted susceptible type or
and is being withdrawn leaving only six moderately resistant types of lesions. As
sources of resistance. varieties from the same continent are likely

to be characterized by the same group of
Pyramided Multilines genes, to avoid duplication and for the

combination of resistant factors from
)evelopment of a six-component different continents, crosses were effected

pyramided multiline with each isogenic am;ing varieties among countries. The F
line carrying resistant factors from three populations are being topcrossed to high-
different sources of resistance (CIAT yielding, widely-adapted varieties that
Annual Report, 1977) was attempted have proven to be susceptible.
through intercrosses among B3F pop-
ulations of the first multiline. The crosses Crossing of Susceptible Varieties
were completed and the Fl populations
have been planted. Building up the rate reducing type of

resistance (ho,'izontal) from a completely
Concentration and Utilization susceptible base has been strongly ad-
of Minor Genes vocated as a means of achieving stable

resistance to diseases. Exposure of F2
Twelve varieties from four different populations originating from susceptible

countries ([able 2) said and reported to varieties to heavy disease pressure, selec-
exhibit the rate reducing (horizontal) type tion and subsequent intercrossing of
of resistance to rice blast were obtained resistant individuals (a system of recurrent
and observed in the blast beds and under selection) for the gradual accumulation
field infection, and build up of minor gene resistance is

I thlc 2

(haracteristic, of the rice varieties reported to demonstrute the rate reducing is pe of resistance to rice
blast.

Retctio l o Counirv region

Vat .i', I'lant type (irain quality So gata of, origin

otlohcelckiin I all Poor Susceptthle W. Africa

Sliakoko I all Poor stuceptible W Africa

().S Ia Iall Poor Susceptible W. A [rica

68-X3 1all Poor Susceptihle W. Africa

IR 1\ I I I)warl Poor S uiscepithlc W. Alrica

I R\ I 10 Dwat i Poor Stiscepible W Africa

lI .\ I I ltel tictlt e Pto r Slisceptible A' Alrica

1.11)111 ;Ii a ltierll t cGooltd (utl Riesisi t auirilant

(tu114,1t I iwal (i ud Resisitnt Surinaim

S 5 s ill )lsri (;tuod Resisttnt Strilli ll

I' [hulll, (t o d lst epible .)i pilln

I. I -.o2 I Ns.tti (iotod Reitant Philippines
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being attempted. Twelve high-yielding, Iable 4.
susceptible varieties (Table 3) were selected Backcrosses accomplished to develop
and 66 possible intercrosses among them tolerance to sheath blight.
ire being made. Their segregating pop-
ulations will he planted in La Iibertad for C'(I(A 9 2 x Bahagia
observation and selection of any resistant 44 ) 7 2 x Ilahagia
individuals for a second cycle of crossing. C- C 2 x apo -cho-z

(C'A 9 2 .x lapoo-cho-,

Tolerance to Sheath Blight UWA 7 2 x I aplo-cho-/
444( x K8

Varietal resistance to sheath blight ., 2 x K x
(('orticiim .sasaAii) has not been detected
up to now0; what is available is mere
tolerance. lntercrosses were made among populations for sheath blight tolerance.
lapoo-cho-z, K 8 and Bahagia, three Hence, the F2 populations were mass-
varicties reported to be tolerant in inter- selected to be planted and evaluated during
national sheath blight nurseries and each the coming season. The F2 populations
single cross was topcrossed to CICA 4, planted in PanamA were also mass-selected
('I('A 7, ('I'A 9 and Line 4440. Nine F1  under moderate disease pressure to be
populations frorn the nine different top- advanced to the F3 generation.
cros!,cs %,ere planted in Monteria and
Panamii. Additionally, F, populations of Two F, populations (Bahagia x 73-805
the hackcrosses ( l'able 4) were also planted and Bahagia x IR 262) brought from Sri-
in the same locations. Lanka were selected and observed at

Palmira through F2 . Twenty-one F5 linesPoor field infection of sheath blight in derived from the said two crosses were
Monteria precluded the evaluation of the yield-tested at CIAT and PanamAi. Ad-

ditionally, the 21 lines were also evaluated
for tolerance to sheath blight under field
infection in Panani. Three of the 21 linesljtefero for leti %'ccutilton oe minor bwere observed to be tolerant to sheathiiitercrovsttl for tbe accumulation of mimir

gene resistance. blight (Table 5) in P1anami where the
I.. evaluation has been only under moderate

, ,.t I,' , field infection. A final conclusion should
- await the confirmation of the observation

I F i He -2 M Il 1541 k oh 67 under severe disease pressure. Of the three
.).l", I, 21115-2,1 t!ll l-2 x Pdlta I I lines observed to be tolerant, two are also
),74 '1."97 I N65.;) \ IM 15291 found to be resistant to blast, even though

21 k 14 9- 2 If R 15.11 x ifb (,7W, the parents involved are susceptible.
Is,, I"%, W 262 IliK \ 60 x I RI5t NIs,,s ,.Resistance to Bacterial
M ,o2 IN 1 , S".l, Leaf Blight

( 1(\ 4 1R I 1k 2
Int I R ![ lot!ma \I \1naral Upgrading of l.ine 4440, CICA 9 and
I 1e1 II P,10 S k I K I"'9- ('ICA 4 for resistance to bacterial leaf
1 '!9)-2 I1 2(,2 \RtC111mila blight (Xanthomonas or ' zae) is being
Itg 34. I1~ i" €I 1k K 20 attempted through backcrossing to three

resistant donors, Remadja, Pelita I/l and
Rice Program 
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I ahlic 5.

a' i u timln of I- rivte I i sfEr I i nerai e tw h eath blight And l ieI(I lpotentiH L

S h..a 11 N Yield, 'i lit

I11' M'.c t ight lila,t (K i hal control

'i(,2 lil..0I N S' 1- " k (314) xS'4 I109

()(,b I,01h "'I,, \ 1 I R 1-4) O0 51 110

!i209 l~ig~ 11<111l 2El '(2 S I oil-" 126
( R. \ 1, (( mitlh S, R 798ii5 100(

I i a I \ I f( ''15 (I

I - l"I'i l. 0 1h-I> R i r vl_ ,all tll ?thC t ." i i . idt. Ii1 m '

lig 66-1. 1 he third and final backcross is A single dominant gene controls resistance
being, made to each of the recurrent in 11-5.
parents. With progressive backcrossing, a

(liluitio0n li rcsistance is being observed. As Other Breeding Projects
iesistance to bacterial leaf blight is
rep 'ltCd to he sinply inherited (under Earliness

inal,,r gencs) the )hscrved dilution of

resistanc-e Aith progressi, e backcrossing is Varieties with maturities of 100-110 days

contrarv tEE Cepectatlitn. tre preferred by farmers in the Colombian
rice /ones of lolima and the North Coast.

Genes for Resistance Populations (F,) of 17 three-way and

to Plant Hopper double crosses involving the four early
maturing varieties, IR 36.74-5461, CICA 7

.'%vail,,ility ol di illerent genes lEor and IR 22, with three different sourcesof

icsistatice to tie plant hopper (,S'ogaiode. blast resistance, Tetep, "olom bia I and C
WE 'it+'LI ) is highly desirable in view of the 40- i5, were planted and observed.
pEssibilit es of physiologic specialiation Segregates maturing 15 to 20 days earlier

of the insect. len different resistant than Cl(A 9 and combining good grain
valicties were crossed and backcrossed to type and plant type were identified in
liluebonnet 50 a susceptible tester. [he several populations. Eleven promising
ill - aind tie F- populations were populations of the 17 were mass-selected
evaluated in the greenhouse. Iigh sterility for pla it type, grain type and earliness, to
in crosses inoolving MIudgo and RI) 3 be adanced to the F, generation.
precluded a meaningful classification.
I)ata from the I generation from five Improvement of ft 90-2
crosses did not lend tlhenmseives for
ineaningliul classification and interpreta- fig 90-2 continues to exhibit wide

tion even Ithotligh seedlings from the same adaptubility and high yield potential over
populilt ions had bccn screened a. second locations and seasons. Its commercial
tine. I)isagreernent prevails between the acceptability depends on the rectification
first and the second screenings. From the of its blast susceptibility and grain quality
asailable data, the resistance of IR 8 is improvement. Sixty-four F, populations
under the control ofla moiogenic recessive, involving Hg 90-2 crossed to diverse
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sources of blast resistance were planted. good grain quality, blast resistance and
I wenty-seven of the populations matured wide adaptability characterize CICA 8.

during the year, and 16 of them were However, particularly under rainfed or
Identified its promising and mass-selected upland conditions, a noteworthy defect of
to he id',anccd to the FI generation, moderate to severe lodging has been

observed in this new variety. Ninety-seven
Additionally. 26 ditferent [2 progenies different [ , progenies of the first

of the thid hackcross of fg 90-2 to letep backcrossof(CICA8toBg90-2andBg9O-
(fig 90-2 x l etep) were planted and 2 to CICA 8 were planted for observation
observed. Segregants combining blast of the incorporation of improved lodging
resistance witi i-Mroved grain quality and resistance in CICA 8.
Hg 90-2 phenoype wei identified.

Evaluation of Selections Derived
Also, 74 F7 progenies derived from the from Segregating Populations

first backcross oi Hg 90-2 to C('ICA 7 were Obtained from Sri-Lanka
planted with the dual objective of
transferring CI\ 7grainqualityand blast A total of 768 single plant selections
resistance of Colombia I to Bg 90-2. were made from eight different F2 pop-

ulations of multiple crosses brought from
I hree backcross lines of IR 8 said and Sri-Lanka (CIAT Annual Report, 1977).

bcliitd to combine genes for blast Of these, 90 promising lines were observed
re.,istarnce frm Ictvp and Carreon were ii unreplicated 5-m long, 6-row plots. A
obtained troni the International Rice final 51 selections were retained and
Research Institute (IRRI) and were top- included in two different replicated yield
crossed to 27 single crosses involving trials. One of the trials containing 23 lines
(ICA 4. CI'A 7, ('ICA 8, CICA 9, 4414 matured (luring the year and the perfor-and fg 90-2. Five thousand F2 plants from mances if the top four yielders of the 23
each top-cross were planted for combining lines are presented in Table 6.
IR 8 plant type, early vigor, acceptable
grain quality, diverse sources of blast Evaluation of Introductions
resistance and high yield.

Eighty-five different advanced breedingRectification of the Defect lines and varieties obtained from IRRI,
of CICA 8 Ecuador, Perl, Africa, Japan and Surinam
tligh Yieli, al improved plant type, were observed in single row plots. Among

I'erfiorinince, if ti." rice lines derived froni %egregating populations, brought front Sri-l.ankil.

Yield ; ofin (nc (kg ha) conirol

.1 t ig, 90-2 ' tIR 1541 A oh 678 10,093 09
21iic h'ha I I oh 078 x IR 15291 1(,041 I9
.'12 1 I'1 90-2 x IR 1541 x oh 6781 10.041 109
24,S 1R2Ii M . 2 90 . lig 90.2 x PIelita I 10,.24 1ii

I( A I( M iA ) 9252 100
Ii,1 '910-7 12,015 129

Rice Program 
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them. suitahle donor parents for early eliminates laboprious hand pollinations in
,bi,. sahnlitv t oleraice. field resistance to recurrent selection breeding. Additionally.

blast and tolerance to Rhvnco.vporhmt chenlically induced male sterility also
w'crc identified, eliminates the complications and draw-

backs of cytoplasmic male sterility.

Chemical Induction of Male Sterility
luse diffcrent concentrations of F threl

S iccstIlI chmCial induction of male (l)O, 1500, 2(X)0, 30(), 4(X)O and 5000
S'tel li itll \Miic . ( Ititcin .ti'idi)with ppm) were used on CICA 8 to investigate
i lthiel (2 chfotoet,,Iphiosphonic acid) has the possibilites of inducing male sterility in
hccn repiteftcd, rice. The three highest rates produced male

sterility ranging from 42 to 5111. More
A cclmiitCi I selection breeding recent investigations suggest an earlier

procdiuic i ev he appiopiare for the application to cotucide with the initiation
sUiic. ul imtplemcntation of' a breeding (Ii meiosis with a second application to
ptuogiam lot hori/oital resistance to rice follow three days atier the first. The
blast. ('hcilicallv induced male sterility investigation will he repeated.

AGRONOMY

Planting Systems system for eliminating red rice.

Maximum Production at Least Cost In each one of the three planting sys-
per Unit of Time and Area temns, ratooning was practiced after the

first rice harvest, to compare yields from
this practice with destroying the stubble

In hi dtet it)i ciiif the planting system during repreparation of the field and
fIr irrigated lice that pros tcds highest reseeding.
,,iels i1 the least time aind at the least c ost,
hice l ,cc Ct(lg ,,,,,'s, veic comnipared otn I 1w tr'lsplanting systern provided the

puddled ,oils it (C'lAl-PIalnrira. I he Ihe,t yields at least cost, for the first harvest.
%atiet v ( l( 'A 8 w,,as planted hv either: I I ) and resulted it the best returns (lable 7).
hroadcast rig ti"v ,eed ()ft(, div irtund ind

then irrigalting it: 12) hr,oadCalsling 1[C- Planting Distances and Densities
gcriliiateid sced omn) "oil that had been for Transplanted Rice
pItpaICred tlldelrs trL'l, aittd, (3) tratisplan-

tite iii as ei ,geof fout plalltiat spacings of I he %,iict, ((A 8 was transplanted at
10 \ 1 C iill ia so il plepilred tlider ser distancesof 2)x20. 30x30 and 40 x 40 cm
Mid CorceCd wiltllh %iitCi ll tWne 01 hetsvcen plants and between furrows; at
trtliplaitlitg, cach distance, two, four or six plants were

set fii each hill. lihe experiment was
I latnsplaiting has been dtnlotstated to planted at (II-I Palnira on soil that had

be a pprmpriitc for piescntin, weed eomu- been prepa red under water and which was
petition and it the same lit1te is t good completely free of weeds at the time of
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I able 7.

Calculated yield of dry paddy rice ofvariety CICA 8 and estimated costs of production for three planting
systems.

Production Average production costs per hectarel
'lanting fit drv_
den,,tv paddy rice Machinerv labor Inputs water Total

'itriig SSte,,m (kg ha) (kg ha) (_ g)

Itoadcasting div seed
off d r', soiI, A ithI

later irrgation 151) 6662 285 2019 1594 3898

IBl oardcaIs. rig [1te-gi nlll-

IIc(I ed O i Satcd

Noll 80 7562 285 1906 1477 3668

I ranisplnin ng If, 30 x, 1i)

cm I %ith 4 25-li\-ld

Needlings '1 flooded

silb 20 7871 285 2604 928 3817

• \'cnragc I'0 ( Almwinhn Ist i 'c%,i, tranflormed to the iaerrgc pice of ine kg of (in. patd rice Does not
IId ah M I| Fid. Innhihgemient. iechinlcl .rssnlanc. capital aird oilneresi, transporttdion. dr~iag aind other

transplanting. Development of the crop
was similar for all treatments although the Ie S.
closer distances favored the most rapid ...

covering of the ground with rice foliage. ('alculated yield of dry paddy rice of variety
(ICA 8 under conditions of different

Yields were better when rice was transplanting distances and densities.
transplanted at the closer distances, lin- Yied (kg ha)
regardless of the number of plants per hill. piIning
This indicates that the variety CICA 8 can ditanice Seedlings N ol

he planted at a spacing of 20 x 20 cm at I ii per fill densities

densities from two to six plants per hill.
Placing an average of four plants per hill 2 2 550(,

decreases the risk of empty spaces that 4 8724

cause seedling death when rice is i, 8654

transplanted at only one plant per hill. $628
30 \ 30 2 85)7

The number of effective tillers for best 4 8533

productivity those that form and mature 6 8333

properly was better per unit area at the 8458
smaller distances because there were more 0 .. 2 77N)

hills. This effect diminished as the planting 4 7925
space increased and was not influenced by 7 7839
the number of plants per hill (Tables 8 and 7841
9). -
Rice Program D-9



I ahle 9

Populations (f effective tillers per area and per hill for (ICA 8 at different transplanting distances and

densities.

I etleceNo. of erlectrpe nillep

distallce cedling% X of per transplanted
(ci) per hill per m: d,:nsitics hill

2o x 2o 2 372

4 409

6 411

.397 16
30 x 30 2 402

4 307
6 294

334 37
40 x 40 2 326

4 333
6 213

290 48

The number of effective tillers that each with the variety CICA 8. The poor
plant produces at each hill is less at a performance of this variety in ratoon
distance of 20 x 20 cm than at the wider permitted the variety Juma 57 to produce
spacing distances, but the total yield was more total rice than did CICA 8.
higher and the total number of tillers per
unit area was increased, indicatinga better Table 10 shows the yields of the nine
utilization of the space and energy that the varieties in the experiment and confirms
plant needs during the reproductive phase. results presented earlier (CIAT Annual

Report, 1972) of the high regrowth
At the 20 x 20 cm spacing, more seed and capacity of ()ICA 4, which produced 30%

more man-hours are required for as much rice in ratoon as it did in the first
transplanting, however, the higher produc- harvest.
tion makes up for these factors.

As the number oftillersis only one of the
Rice Yields in the First Harvest factors affecting yield, there was no
and from Ratooning correlation between the number of effec-

tive tillers and yields (Table 10).
The behavior of nine improved rice

varieties transplanted at distances of 30 x Weed Control
30 cm with one seedling per hill showed
that yields in the first harvest are not a Weed Competition with Rice
good indication of the production from
ratooning because of varietal differences in When weeds are not properly surpressed
performance under rationing. they can affect the development and later

yields of the rice crop. At certain stages of
The highest yields in the first harvest and development, the rice plant is most

the lowest in the ratoon harvest were both susceptible to weed competition.
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Iable 10.

Yield of dry paddy rice and tiitering effectiveness of nine rice varieties In the first harvest and in a ratoon
harvest.

Yield (kg ha) Average number tillers plant

Rat,. n Ist Ilar,.est Ratoor,
Is! t,

Vari't ha i ',.¢. Ratoon harvest iuail t)fectise InfctIcctke Ef'lective Inefecciise

(( ('A 6046 111) 1 96 6165 25.6 2.6 22.3 17.0

C'lA 9 5110 .178 8.25 6271 21.3 2.3 20.6 10.0

I InII, 57 554; 1 566, 2S 25 7109 28.1 2.3 26.3 23.0

I lkal 2 521,' 421 8. 04 5657 270 21 17.6 9.6

Intl 4926 115 8.42 5341 28 1 1.0 22.3 13.0

('I('.\ .* 4143 1456 33.52 5799 33.0 2.3 28.6 23.6

)( \ t6 4256 71 1644 4956 29.3 3.3 34.6 22.6
(IA 7 421 991 23,41 5224 27 6 4.3 36 3 27,3

(R S 24(3 591) 23.95 3053 25 3 3.0 37.3 26.6

In experiments to find the most effective weeds were removed manually or con-
time of controlling weeds, the smallest trolled chemically during the first 30 days
amount of weeds(dry weight basis) and the after planting. When weed control oc-
highest rice yields were obtained when the curred between 30 and 50 days, production

was affected, but the most drastic decrease
I .,. l in rice yield and the largest growth of weeds

occurred when they were allowed to grow(alculute(I rice .,ield% llnd (irt ', s eight ,of %,seed%

mccrording to the differenl tinies "hen "reds freely during the first 70 days. Weedings
coimpeted iith the rice 'ariets ( ( 8. after 70 days did not have any influence on

increasing rice yields (Table 11).

li-'c: Mililth" Jr s
I a cc pikd Wced dr% Weeds adversely affect plant height,
t siced., ricc s'.eght tillering and siue of the rice panicles that
,,~,~ ,s ,i F 1 i: develop, in a manner similar to effects of

the time of competition on eventual yields.
i 7715 -3 The stage of development of the rice plant

7.16 in which it is most susceptible to weed
15 (ploa il) 7210 - competition occurs at 30 days of age,
2(1 7(5)) 4 i therefore weed control should be early and
9) f,6 9 (96 effective.
0.-141-90 603) 1 305

41) 5031 39N Effectiveness of Pre-emergent
5o .147(, 51l3 Herbicides in Soil Prepared
7)1 912 sunder Water and Planted
90 21) 1075 with Pre-germinated Seed
N c%%ecdtig (57 1195

.... ... . The planting system in which pre-
Rice Program D-1 1



germinated seed is distributed over soils spraying and preventing problems of
previously prepared under water increases volatility, commercial hormonal her-
yields and lowers costs, compared to the bicides were distributed mixed with urea
traditional planting system of broad- being applied as fertili/er. Observations
casting dry seed over dry soil, and then were made on their weed control effec-
irrigatingit. Ilowever, not all pre-emergent tiveness, the response of the plant to the
herhicides can be used with pre-germinated fertili,,er and any possible phytotoxicity.
rice because somre of the rice remains
unco ered and the he'rbicide comes into I reatnrents compared were the follow-
direci contact \,ith seed during the early ing: spraying the herbicides mixed in water
germinating stage. as opposed to impregnating the urea with

the hormonal herbicides 2,4,5-T, 2,4-),
'he herbicides RII X817 and ox- picloran and MCPA, all at rates of 0.24

yluorten 2 ('F. did not decrease pop- and 0.36 kga.i. ha, when rice plants of the
ulations Of rice seedlings and provided CICA 9 variety were 14 days old. The
good initial weed control when used in pre- fertilizer with the h-.rbicides was spread
emergence applications, over the plots.

In preli ini nary observations, oxadiazon,
at I kg a. i, ha. and diniethametnine, at 1.8 No treatment differences for the con-
kga.i. ha, both decreased rice populations ditions studied were observed with respect

when applied over pre-germinated seed. to broadleaf weed control and phytotoxici-
No decreases were noted when both were ty; plant response to the fertilizer was

applied r\%er seed -hat had been distributed normal.
dry,, irrigated and then spiayed with tile
herbicides.

Effects of Planting System
Mixturns of Post-emergent on Weed Control
Herbicides

Transplanting has been shown to be
I lhe herbicide propanil, in post- effective for preventing weed competition

emergent applications is selective and does in rice because of the advantage that the
not have residual effects. For this reason, seedlings have over weeds so long as
mixtures of propanil with other products trarrsplanting is done on soil free of
are heing sought to provide a residual growing weeds and is covered with water.
etfect without decreasing its selectivity. tIo integrate weed control methods one can

lhe experinmental product Rli 5205 complemfent transplanting with

decreased rice plant populations and applications of' herbicides although on

phvoto ciy poblms romwhih rce soils t hat are not highly infested with weedphyvtotoxicity problems frote which rice

di seeds, chemical control is at times notd id n ot rec o v e r .Ih 1 c o m p)o u n d s R H| 2 5:  12 n c s a r ,
and RII 2915 gave good control of weeds necessar.
and only howet slight txicitv to rice: they treatment in wereol hIn a tramn nwhich dry seeds wr
are being considered as ptrom iig broadcasted oi dry, weed-free soil, both
Materials. the rice and the weed seeds that were in the

Hormonal Herbicides ground received the water necessary to
Using Urea as the Crrier germinate at the same time, initiating

competition from the first stages of
With the objective of decreasing costs of development.
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Pre-gerninated seed on soil prepared According to the results in Table 12, for
undh.r water and still saturated with water ('IAT conditions, the aquatic weeds are
has a small advantige over planting dry most abundant in fields prepared tinder
seed on dry soil, but it is not enough to water with the grasses being next in
pro vidc complete protection until harvest, importance. The predominant species in
rot cve1i xvith herhicides and ir igation, each of the four groups were: aquatic

weeds Lmnwocharis .ava, Heteranthera
l-or clea ning fields of red rice and for ren'forn lis, Jussiaea leptocarpa, and

producing harvests that aire inmost pure and Sphentoclea zeylanica; Grasses --
freest of weed seeds. transplanting has t-chinochhoa colonum, (horis pol.vdac-
adantages over direct seeding. tv/a and li'ptochhoa /~/i/ormis: Cyperacea

weeds ('.perus ferax. C ;erus flavus,Influence of Transplanting C(vperus diffusus, ('lpwrus brev'folius and
Distance on Populations and 'leucharis spp.; and Broadleaf weeds-
Wood Development Euphorbia hypericifolia. E-cipta alba and

lkwrhaavia d 'cumen's.
\Vhcr tra nsplant i ngseedlings of 25 to 3(1

day'S of age at a distaince of 20 x 20 cm, the Weed Control
seedlings have an advantage over the in Transplanted Rice
v ceds ,roin their development and tile
toiagc of the growing crop covers the area In order to evauaate the chemical control
aind prevents Iunlight from reaching weed of weeds in transplanted rice, manual
plan's. I liesc eflects are, of course, most weeding was compared with several com-
picm tunced at close spacing of 20 .L 20cm, iercial herbicides.
decreasing as the planting distance widens
ti 10 ( 41 cm where the elfects of weed Treatments providing the highest yields
C nlpe!itin are most pronounced (fable were: hand-weeding followed by
12). treatments receiving the granular herbicide

1B M

' :',ci ,It) i ;itih iii rtre ct'ttirdjrig in lrancm,| iul ilg tdi', lc ,, toid dInIiit,,,.

1I1 I .it s 1 1111~i V ;!,1C l t i kjla pe l 
, 

i 'faflulle(asIn:
tJ* I', ,I h '. I .. l ) . . . . ... .. . ....... .... .

an ltthill Iu nlc Ihiutdlc:ci (ilt.ti. (I IIIjiL ds;' I~m

.' ,i . is, 41 5 28 0 29.5 285
. Su 6 2 3 410 S 21.0 168

6, I 141 51) .5.5 141
, 2% 1 233 S610 4(1.3 377

.1 ((no 2o1.3 41A) 5).90 230

5 4(1.3 31.3 .18.3 208
•111 i ; , 'I I3.) 97,o 315,5 821

.1 1.1l 72 1 73.6 199(1 485
11] 1 o11 77 .1 14411 461

I ital 4n2 II 425 .178 7 S72. I
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,)xyfluorfen (at 0.254cga.i. ha. applied five employed for preparing land under water,

days after transplanting): oxylluorfen for example tractors of 70 or more It P with

applied twice (at 5 and 15 days); ox- rotatory cultivators having large blades,

yfluorten (at 0.5 kg a.i. ha, applied five the hardpan of the soil i- lowered. As work

day's aftr, seding): and propanil applied continues with machinery, during combine

twice (2.0 kg a.i. ha each application, at 15 harvesting or subsequent land preparation,
and 25 days after transplanting). All equipment frequently becomes buried,

pro, idcd yields above 8 t ha ( [able 13). causing lost time and a danger of damage
to the machines. To decrease the depth of

Propanil (at 4 kg a.i. ha) ciotrolled the hardpan base it was decided to prepare

.,ccds well but ricc yields were less than in rice agronomy lots at CIAT first in dry soil

those treatments with the same amount without any flooding but having a

divided. Although treatments with ox- moisture content suitable for this type of

vfliorfen had larger populations of weeds preparation, and afterwards introducing
than those plots receiving propanil, the water to flood the soil. Then, the ground
yields Aere higher in the former case. was leveled using smaller two-wheeled

tractors !hat are too light to get stuck. The

Machinery rice grows well in well-prepared soil and
the machinery suffers less wear and is more

Soil Preparation efficient.

Prepaiing soils by cultivating under Mechanized Transplanting
water is a tillage system for rice that has the
advantages of: good weed control, Transplanting rice with machinery is

preparing the soil for efficient irrigatioi,, more demanding than manual tiansplan-

,lnd savitg ()t irrigation water and fer- ting because of the soil preparation and

tiliter. II owever, when heavy machinery is moisture involved. Mechanized work is

Effects f '.iri'us . .. ,,,,, ,,..h ., nc, id, and weeds pre-ent at harv t.

Weed
,,\otint When applied Yield of dry weight

applied (days alter dry rice at harvest

lieat" ,1i (kg ai. h;a) transplanting) (kg ha) (gm2 )

Iland \ cedln 8486 4.0

.... (2 5 8257 70,0

,o\lhlrlrIl 07.5 ' 0.25 5, 15 9229 5.2

o)\5ltiittcI 0. 50 5 5I67 112.7

I' ,p I1 2.0 2.0 15. 25 8144 38.7

1ipalul - 2.4. 5-1 2.1 + 02 15 7837 68.1

pi,,piI ,4.0 15 782h 22.0

2 0 15 7482 70.5

2. ,. I (1.2 15 7227 155.0

2. -. s I ( 4 15 7163 78.5

(h, k 4101 567.0
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made more difficult by: (1) soils that were spacings and under three levels of N.
previously prepared under water with Planting either variety at a spacing of 20 x
tractors heavier than 70 IlP because a very 20 cm with one plant per hill did not
deep soil layer has been removed; (2) soils influence the number of tillers per plant at
prepared when dry. and then flooded 95 days of age when N was applied at 0, 80
without any other cultivation or leveling and 160 kg/ha. However, increasing
because the seedlings do not have good fertilizer levels did cause increased tillering
anchorage; and, (3) soils prepared under when plants were spaced at 30 x 30 cm.
water and having good support, but with a
layer of water less than 5 cm deep, because Entomology
the equipment did not plant. This is most
serious in fields that were not well-leveled. The Hydrellia is a miner insect that

breeds primarily in rice fields that are
[ransplanters were efficient in fields prepared under water and that are irrigated

prepared under water when used with two- by flooding permanently or frequently.
wheeled tractors that did not sink into the Because the tlydrellia is an insect whose
soil and on soils saturated with moisture natural habitat is a high moisture one, for
but without a layer of water, initial control it is necessary to drain the

fields, removing favorable conditions for
Fertilization the pest. When, however, drainage is

impossible because of drought damage to
Influence of Planting Distance plants, chemical control is preferable using
and Levels of Nitrogen granular insecticides spread over thedamp
on Plant Height and Tillering soil or even on the water surface when

water is not moving.
"[he varieties CICA 8 and IR 22 were

compared in plantings made at two The granular insecticides carbofuran

fatlt 14

Ct. IS f o iran I sp lanting dist ance- arid three N ier els on plan I height Iand numnber of tillers in tuo rice
S arirli'. at 95 (lass.

I ,ansplatuih g N I'lant
distance applied height Tillers

I I lct (cil) (kg fla) (cm ) per plant

(1(A S 20 x 20 0 94.5 20,0

80 975 19.0
160 106.0 17.5

30 x 30 0 99.5 26.5
80 98 5 33.5

160 108.5 36.5
I R 22 20 x 2(0 0 84.5 9.0

8O 87.5 8 .5
160) 97.0 22.0

30 . 30 0 86.5 25.0
80 92.5 33.5

160 90.) 35.5

Rice Program D-1 5



and diazinon were applied at rates of0.6 kg Seed
a.i., ha, to control the insect. Diazinon
proved to be a more rapid and effective Basic Seed Multiplication
control than did carbofuran, confirming
earlier published reports (CIAT Annual
Report, 1970). During 1978, through agreements

Hola Blanca and Sogatodes between CIAT and ICA, basic seed was
multiplied in the CIAT fields through the

Information was received on the efforts of Station Operations. ICA

presence of the insect Sogatodes and of delivers the seed obtained under pure

symptoms of the disease Itoja Blanca in methods and CIAT transplants this seed to
,iCC ;iCids In Ecuador. To study the insure the highest multiplication factor.

problem, identify the species of insect 'he seed is harvested, dried, sorted and

involved and the symptoms of the disease, delivered to ICA as basic seed.

visits were made to the rice-growing zones
of (tluavas and Arenillo where the insect
nlncstation had lowe:red and evidence of the The complete production process is

viius Ivkas not serious, under the supervision of the Rice Program
and the Seed Services Section of ICA,

In agreenment with technicians from that which guarantees the purity and quality of

cotntrv, it was suggested to INIAP the final product. Varieties and quantities

that Is should acquire installations and multiplied during 1978 were: CICA 8

train technicians at ('IAT, so that studies (23,350 kg, in March), CICA 4(18,000 kg,

cOU~d be initiated to serve the varietal in April), IR 22 (37,850, in November),
improvement programs and provide a CICA 8 (43,000 kg, in December) and

slution to the problem. CICA 7 (18,000 kg, in December).

TRAINING

During the first semester of 1978, 10 and Area; and the other on Planting
trainees from various countries of L.atin Densities using Pre-germinated Seed on
America attended a four-month rice Soils Prepared under Flooding. These
production course at CIAT. When this experiments were estabiished so that other
ended, two of the professionals from Peru trainees could harvest them during the
and one from Mexico remained at the second semester.
('enter for an additional month of training
in plant breeding while one trainee from In the second semester, two courses were
Ecuador received an additional month of organized---one a production course and
training in agronomyv, the other, on present knowledge in rice

production.
Trainees were responsible for produc-

tion plots in the field and also participated The production course had 10 par-
in the design, seeding and management of ticipants from eight countries of Latin
two experiments: one on Maximum America. It lasted for three months, during
Production at Least Cost per Unit of Time which time the trainees received training in
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different aspects of rice productio(0 and remainded fil an additional nmonth to
designed and participated in the planting coililUe woOrkillg ill aglonlm. and
and mianagelmeit oI II experilent Ol the tlanlsfer of techlologv
Behavior of CI('A 8 with Respect to N,
Weeds and Planting e)nsitv. Arn impor- I lhe colrse ,n pesent knowledge in rice
tant part of this training was the study trips IldUCl in \,a s attended hy 25
made to) the different ricc-groxking /ories of agr,,iiuist, I rorn ICA and the lederaci6n
('olorlhia, including the Valle del ('auca, Nacwral dc. Arroceros (IlIl)FRRO/Z). It
('auca. lolinra, Nicta, Santander and Ce- %atd for two weeks during which
sit. In these locations, the' observed the cipiai, 1as on preparing fiels hv the
rfiffelent production stages otl cOiiliercial ,.,tncil l lo ding, plalling Of pre-
tarms as well a s ,ork in the transfer andI - flo ding plantingCcttitrriitcd seed anrd transplant ing
adoption of techl noliy.

C'lof~erences ot different types of Ii order to train Latin American
cultural practices, alternating with prac- agi onomiss in field work using cultural
tice, i the field, laborathor, and techniques that can iincreasc yields at loxw'er
greellhotes. conmplemented this training. costs, participants in the rice production
Sininais gixern by the trainces about their , rsl,. during the filst seme;ster planted
,m,. l colultries and the individual vork o1 1)11. s % ith pre-gerinirateid seed. broad-
-C lewing the literature and speaking cutirigit at r.
about technical ,, ork befoet their peers pitrparcd urnler flooding.

helped fulfill the objectixes of training and
facilitated group coriniUiicatilo. Sccding (k.esities and their respective

yiCls v.crc: 8) kg ha of' seed. ,.349 kg ha
I hice Of tht, 10 traines Ili tile pro(dic- Of rice: 50 kg. 7(0)0 kg: I1) kg. 0)54 kg:

tiou ci c il tile second scmester and. 14) kg. 5.145 kg.

INTERNATIONAL RICE TESTING
PRO(;RAM FOR LATIN AMERICA

In order to help national rice programns IRRI: (5) assembling and orgari'ing data
to achieve their main obective if in- of nurseries distributed in 1977.
creasing rice prod uction and prloductivity.
the activities of tile Internatior al Rice
]testing Program (I R I'll) for I tn Results of IRTP Nurseries
America Iii 197X were directed to ac- for Latin America
cOmliplishing the folloving strategies: ( I) Distributed in 1977
evaluating mult iplying elite basic gerrr-
plasln from IRRI. (IA I a d national Il mid-1977, 96 sets of six specific
prograrns: (2) selecting entries suitahle and iiirerie for I.atin America were sent to 19
approplit, hr testing t hrough specific I.'itin American countries (CIA I, Annual
niuirseiWe rtfiie'.ted by naional progams: Reprt., 1977). Most countries received the
(3) ideritifying problems and needs of rice nur:-ries on time, planted them during the
production ill .atiri America (4) iden- rn;ii 0rox ing season and rettr:,ed the
tifying personnel fol trainig at ('IA I and dala. lahlc 15 shows the percenttage of
Rice Program D-17



lable 15

IrD)ata sets returned from International Rice Testing Program Nurseries for Latin America, for 1977
planting%.

Number of sets
1977 Data % of

Nurseries' Dispatched returned data received

VIRAI.-P 28 18 64
VIRAI-lT 28 17 61
VIRAl .-S 22 13 59
V I R A\ I.-I- 5

VIAVA I. 9 6 66
VI)SAI. 4 - -

I )tal 96 54 56

I \ IRAI -I z liteiin.itinll Rice Yield Nitiirrv arly Maturing; VIRAl-I = International Rice Yield Nursery
iiti m \ltiing, VIRAl -S I iternatinalI Rice YNield Nurscry Upland, VIRAl -F'= International Rice Yield

Nursti ID)tcp WViiii; VI\VAI ! Interniaticoral Rice Sheath Ihlghit Nursery, and VIOtSAI = International Rice
S,ilhlits mirud \ k,ilhii% ( )hsefratwn l NiIir e

data received of each nursery. These local checks in locations with good rain
percentages are rather high and give a good distribution. But they were inferior to the
indication that this international coopera- local check (IAC 47) under unfavorable
tion is well accepted. It is expected that this upland culture like Uberaba, MinasGcrais
cooperation would greatly increase as and CNPAF, Goiania in Brazil.
national programs become more conscious
of its benef'its. Yields of the best five entries of the

VIRAL.-P were as high ats those medium
The data received of various nurseries entries ofrthesVIRAL-a. Inote aerage

was analyzed and results were sum- yies of t5 ltio n yie o fr

marized. The final reports are tinder yields of 15 locations, yields of four
publication. locations where VIRAL-P was plantedunder upland conditions with good rain

Yield data 4 the best five entries of distribution, were included. Under these
iel , d ata P of theS best fieupland cnditions the average yield for

Vrsln-d] TIaleI and YiRld-s arte these entries ranged from 4.0 to 5.5 t/ha.
presented in [able 16. Yields of the
VIRAI-I best entries are high when one
considers that they represent an average of From the yield nurseries of early and
13 locations, and four of them were grown medium maturing varieties, several
under upland conditions for which these promising lines have been advanced for
entries were not recommended. Under yield trials and regional tests by national
irrigated conditions these entries yield over programs. Thirteen lines were selected in
6.0 t /ha. Nicaragua, 4 in Bolivia and Honduras, 5 in

Peru and 2 in Panama. Colombia selected
The best five entries of the yield upland 12 lines for further yield trials and 10 as

nurscry (VIRAL-S) yielded better than donor parents.
D-18 1978 CIAT Annual Report



I .Ih+le I 6.

Aerage yield and growth duration of the hest rile entries in each of three International Rice Yield
Nurseries frorn (IAI-IRRI. planted in 1977.

Yield t ha)
Days to

I )C,. tt i I)rigin Avet age R ange Rank maturity

%I RA I.-I, 1977, planted at 13 locations'

IR 2S S-19 IRRI 5.9 0.5- 9.3 I 139
II 1 115 India 5.8 0.5 - 8.9 2 135
li, 1"5- Sli-lanka 5.7 0.5 - X.7 3 137
It 542h-l'n-fh Indonesia 5.6 0.1 - 10.4 4 137
(I..\ ) CIA I -IUA 5.5 0.5- 7.8 5 135

VIr A ,.-S. 1977. planted at Il 0locations

(I( A X t'l,. I -I('A 3.4 0.1 - 6.6 I 128
1 R 1129-43 (- IRRI 3.3 0.2 - 5.8 2 129
1I R 17 i)-I 5-It- IR RII 3.1 1.6 - 5.0 3 122
1+211 ' - IRRI 3.1 0.4 - 5.0 3 120
Ik .0 IRRI 3.0 O1 - 5.2 5 121

N I RA I-'. I W77. planted at 15 Iocatiolln '

I I 2 SI I1R1k 19-. 4- -3) Ind a 5.8 0.9 -8.7 I 123
I4 -I'-S,5-.. I Indonesia 5.7 2.9 - 9.2 2 125

( AI-ICA 5.3 2.5-9.6 3 128
l I . ' I D- Bangladesh 5.3 2.5 - 9.0 3 128
I R I .22f-,1 IRRI 5.3 2.7- 7.6 3 119

I -v I +,,tcyImld 1'. (,irdonai . Wtc ico, t trder unfla s rahlc uplanad cmtlnd tns
2 I -k % .h i riicspnd 1,, unta lh UptAid LO nthht0r., IhaBl ) and high %is to I lavrahle upland in lIolivia.

I c, r l i' . ' Licd m cpond to uplanl co'diltwns

Evaluation of IRTP lodging), susceptibility to Sogatodes. late
Nurseries from IRRI maturity, short grain and poor milling and

cooking qualities were discarded.
1977 Nurseries Therefore, only those entries combining

good plant type (semi-dwarf or in-
In the second semester of 1977 (August- termediate in height and resistance to

)ecember) se,,en nurseries(Table 17)from lodging), resistance to Sogatodes, early
IRRI were planted at CIAT for evaluation and medium duration, long and medium
and seed multiplication. The germplasm size grain with good milling and cooking
was evaluated tinder field conditions, for qualities, and good yield were selected to
plant type, maturity, lodging resistance form seven specific nurseries for Latin
:tnd vield. and under laboratory con- America which were requested in the
ditions, for Sogatodhes resistance, grain Second Conference of the IRTP, held at
tvpe at,l quality. All entries having poor CIAT in November, 1977('Table 18).These
plant type (tall. leafy and susceptible to nurseries were distributed in March 1978
Rice Program D-19



ihl 17 and had good -fain quality (Table 20).

IRIl' 1977 Nurseries from IRRI ealuated at
'IAT, in the second sernester, 1977. The germplasm of the Observational

Nursery (VIOAL) was combined with
No. of upland and lowland entries and most of

N o.t entfries them with intermediate stature. This
material will perform better than the dwarf

IRYN+l 28 11 types under upland conditions, especially

1 R N% 25 7 in countries with problems of weeds and

I RON 153 23 irregular rainfall distribution.

IRON 391 37
F:tries of the blast nursery (VIPAL)IISIlyN 54 originated from the 7th IRBN-77 of IRRI

I RSI ION 74 25 and were evaluated for blast reaction underI R S:A I )N 77 25
bed conditions at the Palmira and l.a

I IR N. l ltcrnttorml H ice Y cid Ni wr I.ibertad stations of I('A. Lines showing
resistance in both locations at seedling

It R N I .gti,,i.iI pit R ' I stage and having desirable agronomic

iH Rl)\ I -lt lal, ,,,n I pland P c traits at CIAT-Palmira were selected to
h,..,..... N: ,form the blast nursery for L.atin America.

nI \ Io Ilt lnatto al RiLC (Ohst'l*. llollalS .... i.ii This nurser' was complemented with 67

.10. Vc,, C 1l,1t Niii. entries from the CIAT-ICA rice breeding
IR% ~ \II lls hiicin.ith'i.I RiiC Sticti ttlI program.

ll l - 1 1 .h f I l t' 'l t s llll n
IRN'\ 1 ) In - tcrn.itt,i.Il t<Ix S,i[Iniii. , It

• , I,i.,,,c (I , , ,li, l 1978 IRRI Nurseries

In .June 1978, 14 nurseries were received

for those countries with planting dates from IRRI. Table 21 shows the type of
between May-June, and in August for nursery and number of entries. These

those countrics that plant in October- nurseries were planted at CIAT-Palmira in
November. August for evaluation, seed multiplication

and selection. [he germplasm of various

Tables 19 and t0 show the principal nurseries was harvested and will be
characteristics and yield of germplasm evaluated tinder laboratory conditions for

included in the yield nurseries of medium .Sogatodcs resistance and grain quality in
duration (VIRAL-T) and upland varieties early 1979. The selected entries would be
(VIRAIL-S). The VIRAI.-T included three the basic material for distribution through
lines from India; four from Indonesia; two specific nurseries for Latin American

from IRRI, Philippines;and oneeach from countries in 1979.
Sri l.anka, Taiwan, Colombia and Sur-
inam. Yields fluctuated from 5.3 to 8.4 Monitoring Tours
ha.

One of the activities of the IRTP relates
Among the germplasm included in the to monitoring tours that are organized

yield upland nursery (VIRAI.-S) seven with participation of rice scientists of the
lines k rom India, Indonesia aid IRRI) national program-,. In 1977 and 1978 two
showed good yield potential (above 8.0 monitoring tours w. %, xoimnized, one far
t/ha), were highly resistant to Sogatotes Central America trld ?A..xico, and a
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I able I8.

IHTP Nurseries for I-mlin Arnerica distributed in 1978.

N o. of No. of Yidd rang&Nij t crs e  
entries sets (t ha)

II{. \I -I 14 26 5.3- 8.4
VIR.\ -S 19 31 3.3- 9.4
%IJOAI 60 37 4.0- 10.5
S11'..\1 185 31 -

V IA.\1 20 II 4.0 - 8.6
\( )SAI 25 7 4.7- 12.0
VI8I.1. 8 5 4.5- 8.9

11)t11 331 148

I [IS L .- -I Interntional Rice ield Nurer Medium
I\I S Intei natiori;l Rice Yield Niitel'. - rplarindS, Ii ) %i I S t Iii lri i.,irl] t )hierxcr',ll l +NU rers

I II lrleltrriinal Ihce till1s N urw %

S. I 55-I 1 IielliiiII Rice Sheath Ilhit Nusery
I( i.-1 Irile[ ,t(imi Rice S ;Illllt alnd .lkalllnl,( Ohsers lionil Nurser%
IR \1 - t fit ,ill-i l IRice Yteld Nur,.sr - I)eep W ater

2 l I ,i,iticd -It I I i r i t irlgiied-itraiisplarited coldlit:ons

second one for the Southern Region of and research activities in Panamd, Costa
South America. Rica, Guatemala and Mexico (states of

Campeche and Morelos).
The objectives of these monitoring tours

were the following: (I) to observe the National program leaders of each visited
perlormance of the germplasm from the country, the coordinator of the CIAT Rice
internatimal nurseries and material from Project in Central America and four
national programs; (2) to get acquainted scientists from IRRI, including the coor-
with the cultural system in the ,egion and dinator for Latin America, participated in
the research activities being conducted by this monitoring tour.
the national programs; (3) to determine
specific problems limiting rice production
which can be overcome with improved A detailed report covering the different
varieties; and (4) to identify personnel of activities and recommendations of the
national programs for training at CIAFr or group was published in early 1978 and
IRRI. distributed to technicians and decision-

makers in rice research of the region.
Monitoring Tour to Central America
and Mexico This monitoring tour was very in-

teresting and the group had the opportuni-
This monitoring tour was made between ty to observe production-limiting

Nov. 7-13, 1977 to observe the rice culture problems such as sheath blight, leaf scald
Rice Program 
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I abck 21. 6-20, 1978. Among the participants were
three Brazilian rice scientists, one each

197h IIWI Nur~erit rtct'i,,tuI in mid-97Hfnr 1from Argentina and Per6; three scientists
li,.luatlim at (l\1. Ifrom IRRI and the rice breeder from

N". CIAT. The group visited, in Brazil, the
l\Ic cltrtc,, rice research activities of EMBRAPA,

IAC and IRGA, in the States ofGoias, Sao

Yivitd Paulo and Rio G rande do Sul, respective-

ly; the National Rice Program of INTA in
1< ' N-I 25 Corrientes, Argentina; the Rice Program
S~R N-.I 2H of the Ministry of Agiiculture in Caacup6,

1 N I 20 Paraguay; the Rice Program of the Centro
II KNA 2N de Investigaciones Agricolas del Tr6pico

(CIAT) in Santa Cruz, Bolivia; and the
I) h~ter alio.Iia National Rice Project of Perfi in Chiclayo.

IR IRON 91 In each country tile group had the
I1( IN\ 3X9 opportunity to meet administrators and

RI II)N 511 rice researchers and observe the problems

I RI IN 201 affecting yields on the commercial scale.

IR\RI)N 137

It(I IN 237 A report covering the rice area produc-

I,.I) 72 tion, observations and recommendations

of the group was prepared and edited in
I)ikeases and hiI Il October 1978. This report was distributed

to rice technicians and all personnel met by
I IItIs 74 the group in this monitoring tour.
IRSIIIIN 20)

IRSIN 20 Some highlights of this monitoring tour

.. . . . . .and the report follow.
I ltd l5(17

Brazil. In Brazil 80% of the total area

and blast diseases in Panama, Costa Rica, planted in the 197 /-78 season (5.9 million

Guatemala and Mexico. Soil problems ha) was upland, 12% irrigated and 8% was

such as Fe deficiency were also affecting a combination of both systems. These
yields in (;uatemala. systems contributed 67%, 28% and 5%,

d irespectively, to the national production.

Hlie group leartied that semi-dwarf Most upland rice is considered as the

improved varieties perform well under unfavorable upland type, that is, upland

uplatd conditions with good rainfall rice with drought and soil fertility

distribution and good management. problems. The upland area is concentrated

ilowever, good seedling vigor is essential in the area of"Cerrados" with soils of low

in the sem i-dwarf types for upland culture. fertility and high Al content, and irregular
rainfall distribution. Two to three dry

Monitoring Tour to the Southern periods are very common during the rice

Region of South America growing season. In 1977-78, 45% of the
upland rice area of Sao Paulo State

I his monitoring tour was held March (365,0 ha) was lost to drought.
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Other problems affecting upland rice, ." ., :

production are blast, brown spot and leaf . I."i

scald diseases and insect damage -)f
I.ja.smpopiallm. ligntosellus, ants and .- "
weeds.

Field observations of IRIT nurseries • '*

Irom IRRI and ('IAT planted under
upland conditions in the Experimental l

Stations of EM IRAPA in (oiania, and
IAC' in (iampinas. indicated that semi-d\ -ltpes are not appropriate l'or the . "::"::7- : "

upland culture in Ilrai. Provision of
interitnediate or tall stature varieties %kith
resistance mainly to both drought and ! ,
blast is i necessity which cannot be ignored Figure I White heads caused by the stink hug

for Iltail during tile next 1 -I5 years. IW,ra.,, hnl/ 'atiteftr%). \tro", shnsss the initial
'Itlln~lwC o1n the. Itnll

\ ri'itd a. I he mnitoring tour group idamage. IHowever, varietal resistance to

visited t 1 acital dtationnofoiat the latter insect was noticed. In VIRAI.-T,
lnsttlto Nat~nil d e Tcc oI og ia line IR 223-399-5-6 was highly resistant.AgropeCUitt izt (I I IA ) in (_orrientes wherei iescarh ia I iis arreing where itand line IR 2071-586-5-6--3, planted in an
ice te,,ea rei activities are being con- adjacent plot, was the most susceptible.

ducied. AIso some commercial rice crop',

01 the tcvi~n were observed..At this staionu
I'aragua v. In Piaraguay the group visited

the ,rotip i bscr, ed the following problems•'a rice farm in Arroyos v [steros. 50 kg
atlottin told. northeast of Asunci6n, where the rice

program of the Ministry of Agriculture
I lie t ice s.attcr ,c% I1 and t,link bug wias conducting a regional trial with

itsc ts. ,ta ight head, and brown spot were int oduced material from ('IA F, Brazil
all prtobletis and \%ere present on Fortunra and Argn*ina. In general. the material
and liliebtmitict 5(0. the main commercial iMUt rod ue1d from ('IA I had very good

i.,tlelics. and (tt sot11e genetic material . l adaptation in this area. I he grutwth of
lhc ill,.irai as vCll a, in IR IT nurseries ('I(A (i. ('I('A 7. ('('A 9 and ('WI(A was
fron (I\ I -1 R RI It kaw, ititeresting to nornial. Fxcellent commercial crops of
ctitl itud k tiosk the damage Of stink bug. (ICA 6 and (I(A 7 were ubserved on this
(f /raca hui vitr. similar to that larin under irrigated conditions, at
cautsedt hs st'nhtei itlig. It.() Supti-Ct htrsesting time. Yields of 5.5 t ha had
be itarletics like I'ortutia and luchonnet been obtained. It is important to mention
5(1 ifaltv.zi t 2' ' ws estimted, that 's hen tall varieties like Illuebonnet 50

MIl IFortuna kcrc cultivated On this farm.

..\niont the IR 1 P nurserics ohbserxc d clds avera.ged 2.8 to 3.5 t hax. and now,

s. ctI lie VI*\V.\ I . VI RAI -P and %\ith sctni-d\karl varieties yields have been
VIRAL- I ,ent from (I I I\I in ate 1977. doubled
I lie gertiplastii ( these tlrse,,es ,.as at
boming stage and sho wed severe damage lkuliva. Rice productioi in llivia is

Callsed by the rice %kater \ee'i insect, tlotallv tinder upland cotdition-,. Some (0-
stunting, foliar ellowing and caf miner 7().(X)O ha arc platted annually and 70' O'

Rice Program D25



this arca is concentrated in the State of lines, including the susceptible check were
Santa Crui, especially in the northern killed. However, lines JR 2145, JR 2153-26,
region were tile average rainfall ranges )A 29, Patnai 23, SR2613, 1357-c-Md-10-1,
Irom 1200 to, I8(H) am. I he RIce Program IR 2055-481-2-1-2 showed tolerance.
t the (Centro de I nvestigaciones Agricolas

del Iropico (C IA I ) of Santa ('rui has its Several commercial rice crops were
hC;itlq lolartcs at the Agricultural Ex- observed in the Chancay Valley; these were
ptritiental Station o! Saavedra fLIAS), severely affected by a drought prevalent in

6) ki flortheast ot Santa Cru. Rice the country during .anuary and February.
reec CItif nder tI upland conditions was [he water level of tle 'in ajones reservoir
nititated li I tL)S) h% the introduction of had decreased to its minimum level and
,alicttes and oip to) It's, has rccollelltlided sufficient wat-r for irrigation was not being
I )rirtdoi. 13 luchonnet, Bluebelle, IPico supplied. Ihe monitoring team learned

Ncgi o ;li(t] )Dj, n If, 1974 tile progran that about 50' of the rice area in tile
he,'a ,i t caltiatc sceni-dwar material (hancay valley was lost to drought.
Itoni I<RI and ('IAI and has selected However, excellent rice fields not affected
ttcc hite,, ron IRRI lR 2042-178-1, IR by drought were observed with Naylamp
l25,1-4;()-3 and IR 184(-3-2) and'threce and I nfil varieties. Yields of 7-8 t 'ha were
i ontl ( 'l. I (( 0( . ,. line 44-10 and (I(',\ estimated.
Q) (rhich w.er, InI seed nultipications.

Individual Visits
I he nionitoring group observed tile

ret, oril trials being conducted in Individual visits to Cuba, the
s etL ra. I YrtaCeC ;1n d San IPed ro rice )ominican Repuhlic, Ecuador, Mexico

area,, I ie pr bleirn s limiting yield in these and lPanana were accomplished to
trials o.%ere blast, br rwn spot, stem hhrers evaluate IRI nurseries, observe the
aind drught, especially in Saavedra. But breeding material of national programs
vc)Id Imlateriatl wkas identified in the IRBN and detect some constraints limiting rice
aid VI R.\ I -S nurseries %vhichi was prid uctior..
ccOiMiii ICled Ir seed increase.

Aniong tile germplasm (.I the IRTP
I'grti I lie grouip visited tile Fxperimen- nurseries, several promising lines were

;d "tittan i i(if \ ista Florida in Ulhiclal:1, detected as resistant to H oja blanca in
,..hct. tile National Rice Project has its Ecuador: to leaf scald and sheath blight in
h,'adq uarter- T here tile team observed the Panama; to salinity in the Dominican
breeding material of tir program which in Republic and toalkalinity and Zn deficien-
general. sholV. ed .,uperirrtv to breeding cy in Ciudad Atamirano. State of
linl,, i ntroduced from IRIRI and CIAI. (iuerreror, in Mixico.
,\r ny the introduced material Bg 90-2
ild .1una 58 k, cre tire best entries. ILinc It was interesting to learn that rice
I'NA 40-25 oi tie pro ramn was (utstand- culture in the ( uavas region of Ecuador is
Ilil. a lypicai :aiafcd rice .rca (Fig. 2), m.n'tly

transplanted and belongs, in general, to
!na reseaich larim of tile L niversitv small farmers who transplant rice as water

Pedro Ror/ (iallh), tile group tIbserved the frotm flooded area!; c.Luncs down. This area
Salinit,, and Alkaihnitv Observational is appropriate for growing dt.el, water rice
Ntrsry I VIOSAI.) fromo CIAT, which was varieties; the potential area is estimated at
pilnted iii a highly saline area. Several 50,(X) ha.
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-. , .

F":gir' 2 I Ypicl rainfd rice crop in the (iua l l irrgi tn of tcuador

In comenercial rice criops. siirne ,.pecific crops ,,crc osberved in thesec in ntrties vith

Mtid oliied prohIlCenI', we r dCtectcd liigh-,ihelling lrlctles rccontnelid.d hi,

alcctill, Yield. Ilhesc %%,re the rIot i'dititliill pI091ia's ind icatirg that

rienlliltuc t" itl (11iriLi+i. 'nMrili /n pIohlcriI ,,ill he ditiiitished ;ind Yields

it lw Tic." in ('larll;i git.+, ("t a irik [ ,hotld iCCe'as 1:i dlyK i11I the' ieal I lture.

(iciierre'.' , Mi.i nd , lnit, Ill thc

northln rii'ce area t ttu Iomoniricari Seed Distribution of
l(epuhlic Varieties and Promising Unes

)et ici , s Ili ,arid prliatMitiol and .AM thel acii'.it, o)I the I 1 P Project is

Ilclin we,,e noticed ill Commerciai rice c(n-cernCd st, ib the se.d (istrihntioii (I

IeIlds of ( 'uba ,tnd dit I ))Illinicain .arictics mitd prnomising lintes requcsted by

Reptiblic. A red rice ilfestation w is Institution oI sovcial cintries. I leIIC 22

another pt ciemll olhse d in 'ai tlils vdll athe ititiiltitv if see] dIsp~itchICd in

c'+incrnti l crops. es I iaLlllk I the I

1)mmninicat Republic. Pai iina and M cx -

Ici. Ihiese priblcins a pparentlv v.cic Release of ClCA 8,
iCC1+tuitted ts ;i result d Ia changt ftlow a High-yielding Variety
tall rice aietics to sciii-thwart t.%pcs

Ili the son md seiester if 1977. basic

)espite the abot, lachors. 'xcclleit rice seed ninltiplication (I l.inc 4440, selections
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Table 22.

Rice seed dispatched from CIAT to Latin American countries during 1978.

Varieties and lines disributed (kg)
Bluebonlet LineCountr. CICA 4 CICA 6 CICA 7 CICA 8 CICA 9 50 4440

Bra/il 50.0 50.0 50.0
Bolivia 100.0
Costa Rica 50.0
(olombia 50.0

c:ctiador 0.0! 6.01
Panalmi 50.0
Paraguay 100.0
Putero Rica 1.0 1.0 1.0
D)omlinicain Republic 55.0
Swrinam 0.05
I ruguiax 0.05 0.05 0.05
Vcnc/,llcla 50.0

I otal 1.0 1.05 50.05 505.05 51.05 0.0! 6.01

ik I

% I

i" j '. 41 ; 
' f... t

.4.4

:-,Yi I'Y -,

Figure 3. Dr. MJ. Rosero. IRRI Liaison Scientist for Latin America, explains the characteristics of CICA 8
durin 1its presentation to farmers in , field day at CIAT. in February 1978.
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Table 23.

Yield and milling qualiti of ('(A 8, compared with six commercial varieties.

Milling ricePaddv vields it hal yields ('; (prain
length WhiteVariety I rrigated I pland Tota I lead (mm) center'

(I(A 8 6.9 5.4 68.0 59.9 7.0 0.6
('A 9 6.7 3.9 72.5 69.1 7.0 0.6
(ICA 7 5.5 - 67.8 59.5 7.2 0.4
(ICA 6 5.5 4.1 71.8 69.0 6.8 0.6
(ICA 4 6.1 3.7 70.5 66.7 6.8 0.6
IR 22 5.3 73.0 66.4 6.8 0.2
Bluebonnet 50 4.1 3.3 69.2 58.5 6.8 0.4

I ' ,craee 41 rigated and t, upland regional tests in main rice areas of Colombia made hy ICA from 1975-1977.2 Itasd on 5 k t of padd, rice; head rice are A hole and three-quarter size of grain.I I \ppcaan ' 0 nil led rice or, a 0-5 scale 10) ahsence I s, hue center; 5) s, hite center throughout the grain.

I and 10, was continued on 4.5 ha each This variety originated from a cross(CIAT Annual Report, 1977). Incommon between CICA 4 and FI (IR665-23-3-1 xagreement with the leader of the National Tetepl made by the cooperative CIAT-Rice Program of ICA, it was decided to ICA Project, in 1972. Tables 23 and 24release selection I as a commercial variety, summarize the ma~n characteristics ofICA named this line as CICA 8 and its CICA 8 in comparison with othercommer.
presentation to farmers was made in a cial varieties.
field day held in February, 1978 (Fig. 3).

I able 24.

Incidence of (iseases, on (I(A 8 and five commercial varieties under irrigated regional tests in Colombia
from 1975-1977i.

Blast (L-Sheath blight (C): ILeal scald (.i Neck
Varictx Range Average Range Average l.eaP Range Average

('lU. 8 4-21 13 0-15 9 2-3 3-10 5
( 'A 8 -20 12 0-20 12 3-5 5-30 [5CICA 7 5-16 10 0-20 13 2-3 5-70 13((A 6 I-Is 14 4-06 4 3-5 10-60 25
(I(A 4 13-24 18 0-10 7 4-5 5-80 31
IR 22 6-IS I1 0-10 8 4-5 10-70 26

I ),iii obsclred (iri 41 regional tests conducted hy National Rice Program of I('A.
2 I h)onz: ph, riru , t,, h'ri, (( triiiu4,i wAI ii).

Ri pi hIt ... p-m l ir:ac,
4 hir ,r i or:av.

11li d oi W- scal I(1-2 res sant. 2-3 moderate]. resistant; 3-4 moderately susceptible; greater than 4: susceptible.

Rice Program 
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Seed of CICA 8 was distributed to Latin recommending the variety for commercial
American countries (Table 22) for semi- production conserving its original name,
commercial tests. Some countries, like but in Paraguay the variety is being
PanamA, N1xico and Venezuela are promoted as Adelaida i.
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Swine Unit

International cooperation activites, Experimental results of the nutritive
particularly training, are a major part of evaluations of ensiled cassava roots
the Swine Unit's program to increase the suggest a good potential for this conserva-
efficiency of production of this species in tion process for humid tropical regions and
Latin America. Twenty professionals from for small-and medium-scale farms, where
national institutions in 10 countries of the the final product could be used for feeding
region participated in the four-month swine. The utilization of diets containing
Third Postgraduate Course in Swine 20 and 40% levels of cassava leaf meal for
Production. The Unit's cooperative growing and finishing pigs was also
programs with national institutions in evaluated. Acceptable results were ob-
Bolivia, Costa Rica, Ecuador and Peru tained when this meal was fed at the lower
have also intensified their training ac- experimental level to partially replace
tivities at local and regional levels, conventional protein sources.

Validation of technology oriented to Thirty-five fermentations were done
solving problems limiting swine produc- during the year with the 3000-liter fermen-
tion has also expanded in the cooperative tor in the pilot plant for producing single-
programs of the respective countries, cell protein utilizing grated cassava roots
Technology transfer to swine producers is as the energy substrate. Concentrations of
being emphasized through extension ac- 34 to 35% crude protein were obtained
tivities and technical consulting by swine from the sun-dried biomass after average
specialists in the national programs. fermentation periods of 21 hours. The

principal difficulty at this level of produc-
Research activities in the Unit during tion was encountered during harvesting

1978 were primarily directed to evaluating and drying of the final biomass.
feeding programs based on cassava roots
and products processed from roots. By The total quantity of biomass material
adding sugar cane molasses to diets based produced enabled nutritional studies to be
on cassava meal, pigs utilized these diets conducted with pigs. The single-cell pro-
more efficiently. A series of experiments tein (fermented with the fungus Aspergillus
was done on ensiling chopped cassava Jumigatus 1-21A) was the only protein
roots; using this process, roots were source in diets which were compared to
conserved for a minimum of six months, diets with soybean meal as the protein
Swine Unit 
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source. Nutritional quality of the single- glucoside contents in cassava roots and
cell protein was good for feeding swine, if it root products suggest it is necessary to
is adequately supplemented with study in more detail the effect of methods
methionine. Results of blood parameter of storage and processing on changes in
analyses suggest that the single-cell protein content of this toxic component, especially
is not toxic to pigs. Samples of organs and for products that are to be used for feeding
tissues have been taken for animals. These feed materials normally
histopathological analyses. contain the root peels, which show higher

cyanide levels than the parenchymatous
Results from measuring the cyanogenic tissue.

TRAINING

Third Postgraduate Course marketing and analyzing costs of produc-
In Swine Production tion. Workshops, examinations and

documentation exercises were utilized in
The Third Postgraduate Training this phase to insure that participants

Course in Swine Production was held became familiar with library information
between July 17 and November 17, 1978. sources and research results irom CIAT
Twenty professionals participated from investigations.
institutions involved in training, research
and swine promotion activities in 10 Latin Practical Activities in CIAT
American countries. The objective of the
course was to train these professionals in Two aspects of swine production were
integrated systems of swine production to emphasized during this phase of the
provide effective support to the Latin course: (I) planning and practical work in
American swine industry, management, health, selection, reproduc-

tion and feeding; and, (2) conducting
The course was conducted by a group of experiments planned jointly by trainees

specialists from various areas of swine and instructors. These experiments in-
production, in governmental and private volved early weaning, heat synchroniza-
institutions and firms, and scientific tion, artificial insemination, and restricted
personnel of CIAT's Swine Unit, Data feeding of pigs during finishing. All
Services Unit and Training Office. Train- activities took place in the CIAT Swine
ing activities (luring the course were 'nit.
distributed among production theory (36('i
of total time), practical activities iII CIAT Study Trips
(21 %), study tours (14C,) arid work on
commercial farms (28(). For :','., weeks course participants

traveled in the most important swine
Production Theory producing zones of Colombia. Twenty-five

swine farms under various systems of
The initial part of the course was production and 16 agro-industrial com-

dedicated to conferences and seminars on panies involved in the production, process-
selection, genetic improvement, nutrition ing and marketing of swine supplies and
and feeding, management, health, products were visited.
E-2 1978 CIAT Arnual Report



Among some of the important manage- Cauca Valley, near CIAT. Farms utilized
ment systems and other activities observed were commercial ones dedicated to
were the following: integrated swine dairy breeding, raising and fattening pigs; swine
systems where manure from the swine unit populations ranged from 500 to 2000 headwas utilized for pasture fertilization; per farm. In cooperation with 'he owners,
utilli/ation of whey from milk processing farms had been selected previously with the
plarnts for swine feeding; operations of objective of analyzing each operation and
plants producing balanced rations for pigs; developing a simulated production
use of kitchen wastes and similar garbage program, based on resources available on
in swine feeding; the process of marketing each enterprise.
through organized sales, and slaughtering
and processing cf pork; and, the swine Among the principa! activities the
development programs andactivities of the trainees accomplished on farms were:
animal science and veterinary medicine establishment of production registry
sections of the Instituto Colombiano systems; programs for selecting reproduc-
Agropecuario (ICA), especially the tion animals; management instruction for
preventive measures that have been taken personnel of the farms; iarranging in-
in relation to African swine fever. stallations and programming their rational

utilization according to production flow;
Work on Swine Farms formulation of rations and establishment

of feeding programs, treatment, removalGroups of two trainees each were and utilization of swine wastes; and,
assigned to work on swine farms in the sanitation programs.

INTERNATIONAL COOPERATION

Bolivia The Swine Unit at the UBGRM is being
utilized fully and up to this report, 166[he (IA I Swine Unit has continued to farrowings have been obtained with

provide consulting to cooperative projects satisfactory experimental results (Table 1).
at the U niversidat Boliviana Gabriel Ren6 Training activit.-s for producers and
Mioreno t JB(iRM ) and to the Rural De- students recently graduated from the
velo.nent Commission Inter-American university have been developed during
I)evelopment Bank activities, in 1978. Five short courses, each lasting one
NI iinteagtLd. (' httquisaca. month, were offered for swine producers of

tie region.
)uring 1978. the breeding herd at the

W116RM ,ts increased to 200 sows to Research projects done during 1978 as a
satistv the growing demand for improved part of the CIATUBGRM cooperation
animals in the project's area of' influence, included tie following experiments:
PresentlY. ibout 11)) pigs a month are utilization of rice by-products, evaluation
beitig distributed to the promotional of dry yeast (Saccharomyces cereviciae) as
programs. l-itt\ purebred pigs were also a protein and energy source for swine
deliscred to the Heifer Project for distribu- feeding, and the evaluation of commercial
tion to small farms (i the region, through additives in rations for nursing pigs. Most
agricultural cxtension programs, of these experiments are thesis projects of
Swine Unit 
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Table I. level. Installations utilized are of simple
.. .construction and, as much as possible,

Summary of the reproductive performance pastures are on marginal areas or other
obtained in the tniversidad Boliviana Gabriel sites not suitable for crop production on
Renk toreno-Ileifer/(AT Cooperative the farms. Areas required for pasturingProject. have been calculated to be 1.5, 3.0 and 4.5
Paramcer Value ha, for 15-, 30- and 45-sow units, respec-

tively. The feeding system is based on
1rotal tarro",ings 166 maize on the cob that is produced on the
F crtdit i1 ; )  

85 farm, plus a protein supplement produced
IVarrmin(m , car 1.6 at the Project site.The first results from the
Pigs litter it lairroing X.5 demonstration herds and one of the
Pigs litter at vcanig. 56 da5, 76 commercial herds are presented in Table 2.
itli vClght (k&) 1 25 The productive performances were

Wcaning vcight. 56 dtaiS (1,,g) 13 satisfactory.

In addition, a work-study program has
students of the Faculty of Veterinary been initiated in connection with the
Medicine and Animal Science. demonstration herds whereby the par-

ticipants receive training supervised by the
The Swine )evelopment Project in professionals in charge of the project, as an

Chuquisaca expanded its programs of indispensable requirement to obtaining
credit and piomotion for swine production credit for Project activities.
during 1978. Credit is restricted to man-
datory joint financing for maize growing CIAT collaborated in conducting a
and swine production: three sizes of swine production seminar, organized by
enterprises have been established - 15, 30 the Rural Development Commission of
and 45 breeding sows. Chuquisaca. The one-week seminar

brought together 30 professionals from the
In the demonstration herds, manage- Swine Project and regional credit agencies.

ment and production systems are being In addition, three Bolivians attended the
tested that can be implemented at the user swine production course at CIAT this year;

I ahle 2.

Summary of the reproductive performance obtained in the swine herds of the Rural Development
Committee/lInter-American Development Bank Project.

Committee's
Demonstration Demonstration coimmercialP raimeter Unit ( 15 sows) t nit (30 so.%s) herd

I ital larrtm ings 33 26 243
Pigs litter it t;rr ing 8.0 6.5 7.8
Pigs litter at veaning. 56 days 6. 1 5.3 6.2
Birth %eight kg) 1.4 1.3 1.5
Weaning weight. 56 days (kg) 15.6 16.6 12.5
NIortality. hirth-%weaning ( ' ) 19.4 18.9 19.9
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one professional was from the UBGRM Ecuador
and two represented the Chuquisaca Swine
Development Project. The Swine Programs of the Instituto

Nacional de Investigaciones
Agropecuarias (INIAP) continued toCosta Rica develop research and swine promotion
activities in their areas of influence.International cooperation work in CostaRica has had a major impact during 1978, The Swine Program of the Santathrough the activities developed by the Catalina Experiment Station has enlargedSwine Program of the Ministery of its extension activities to more than 10Agriculture and livestock in the banana agricultural cooperativ.es in the Andeangrowing zone of the Atlantic Coast. In region near Quito. Similar activities aremid-ycear the Center for Research and being initiated in the region (Provinces ofSwine Promotion at the Los Diamantes El Oro and Guayas) under the SwineExperiment Station, in Guipiles, was Program of the Boliche Experimentinaugurated as part of an agreement Station. Based on results ofa partial surveybetween the Ministry, the National of the farmers of the region, it was foundAssociation of Banana Growers and the that the majority of the small- andCentral Bank of Costa Rica. This center medium-scale farms raise a few pigs underhas facilities to produce improved founda- traditional systems of subsistence produc-tion breeding herds and for conducting tion. Extension work from these stationsapplied -research in swine feeding and consists of technical consulting for themanagement. Activities at the center were producers, especially regarding simpleinitiated with purebred pigs imported from building installations for housing pigs, inthe United States; pigs produced in the furnishing boars ofimprovedbreedsandin

foundation herd will he distributed prin- calculating simple diets utilizing as muchcipally to banana producers in the Atlantic as possible by-products of the crops of thecoastal region. region (barley, wheat and potatoes, in the
Andean re~ion, and bananas, rice andResearch 'activities are oriented to sugar cane, in the southwestern region).evaluating practical feeding systems utiliz- Normally, practical training in the Swineing waste bananas as the principal energy Program Units of INIAP is provided tosource. CIAT's Swine Unit has personnel of the cooperatives beforecollaborated in development of this new initiating technical collaboration at thecenter, especially through planning the production level. With this objective andresearch work, technical consulting and for demonstration purposes, thatched hutspostgraduate training, or sheds made with local materials have

been constructed in which a limitedLittle progress was made in the number of pigs can be housed in semi-Cooperative Swine Project at the Universi- confined, controlled conditions.
ty of Costa Rica, principally because
construction of the swine unit has not Activities in the Swine Program at thebegun. However, by utilizing rented Santo Domingo Experiment Station haveinstallations, some experimental work was been restructured and are now oriented todone and purebred pigs have been produc- validating technology especially fored in the foundation herd to furnish management and feeding. Experimentalbreeding stock to farmers of the region. results will serve for implementing trials or
Swine Unit 
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practical applications at the regional or themselves and performed satisfactorily in
local levels, principally for the western the tropical conditions at Pucallpa. Studies
region. of the effect of the seasons on litter size and

weight of piglets at birth, and at 21 and 56
The CIAT Swine Unit has provided (weaning) days show that these parameters

collaboration through periadic visits and were not affected, at least over the two-year
tecnnical consulting according to the new observation period (1977-1978).
focus of activities of the Swine P, agrams of
INIAP. Two professionals from these During 1978 experimental work was
programs participated in the swine produc- completed on the utilization of locally
,an course at CIA" in 1978. available inputs, especially rice polishings

and cassava roots, in feeding programs.
The principal trials done were: utilization

Peru of fresh cassava roots with protein
supplements based on fish meal containing

Activities of the Swine Program of the 20, 30 and 40% protein, during the growing
Instituto Veterinario de Investigaciones period; levels of 50 and 90% rice polishings
Tropicales y de Altura (IVITA), in supplemented with fish meal in swine
Pucallpa, has been oriented to the con- growingdiets;and, the effect ofthe number
tinuation of gaining records of swine of daily feedings of a diet based on rice
production on the Program's farm and to polishings, ,during the growing and
conducting research work, especially in finishing periods. In addition, trials are still
some aspects of feeding. Distribution of being done on utilizing swine manure in
foundation stock to swine producers of the fish production in ponds (jointly with the
region has continued, but for economic section of fish production) and for fer-
reasons extension activities and consulting tilizing cassava crops.
outside of the Program have been limited.

I Three Peruvians participated in the
l)ata of rcproductive performance and swine production course in 1978. The three

litter production for three consecutive professionals represented IVITA, the
years (1976-1978) confirm partial results Ministry of Agriculture and Food, and the
reported earlier (CIAT Annual Report, Technical University of Piura, respective-
1977) in which Yorkshire pigs adapted ly.

RESEARCH

During 1978 research activrities in the cassava varieties as well as for products
Swine Unit focused on utilizing cassava in derived from cassava. A new methodology
swine feeding. Studies included the effect was used which permits the root content of
of adding sugar cane molasses to swine this toxic compound to be measured more
diets based on cassava ;neal, the process of precisely.
ensiling and utiliuing silage of cassava
roots, feeding of cassaa leaf meal, and the Cassava Meal
production and evaluation of single-cell
protein utiiting fresh cassava roots as the Previously reported experimental
energy substrate. In addition, the cyanide results (CIAT Annual Report, 1976)
content was determined for roots of some demonstrated that cassava meal can
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furnish the largest part of the caloric protein for growing and finishing periods,
requirement of pigs, substituting partially respectively.
or completely conventional energy
sources, especially the cereals. The prin- Results of the experiment are presented
cipal limitation in the practical utilization in Table 4. Pigs fed the cassava meal rationof cassava meal in swine feeding programs had a growth rate (average daily gain)is its relatively high cos!., compared to slightlylessthanthosefedthecontroldiets.
other energy sources. Moreover, hclusion The addition of molasses improved perfor-of high levels of cassava meal results in mances both in diets based on sorghumrations with a very powdery texture or and in diets of cassava meal. Improvementappearance, was more marked with the cassava meal

which provided a feed conversionOne possible solution to these problems (feed/gain) better than that of the otheris the addition of sugar cane molasses to three experimental groups. Results of thisreduce the quantity of cassava meal in the experiment, like those of the previous one,diets and to improve their physical con- suggest that adding molasses to diets basedsistency. The feasibility of employing on cassava meal helps to improve swineincreasing levels of molasses with a diet performance in the growing phase, bybased on cassava meal has been increasing diet consumption when in-demonstrated (CIAT Annual Report, creasing levels of molasses are used or by1976); however, management of this type improving the efficiency or feed conversionof feeding requires much labor to readjust when levels on the order of 10 and 20% areperiodically the levels of molasses to be utilized in growing and finishing periods,
used. To simplify the management of this respectively.
system, two molasses levels were tested:
10"i during the growing phase and 20% Root Ensilage
during the finishing period. The composi-
tion of the experimental diets for the In tropical regions with high precipita-
growing and finishing periods are shown in tion and high relative humidity it isFable 3; the diets provided 16 and 13% difficult to dry chopped cassava roots to

Iercentage composition of experimental rations based on cassava meal and containing two levels ofmolasses.

Experimental ',ariable
Sorghum * so.hean meal (control) Cassava meal + soybean neal

s' it hott , ith 'Ait hour withI tigietdiet 111 olsse folasses molasses molasses

S,, ght1ml1 "7 (s51' 65 (W0)
( "aS. cii I1cal 

65 (72) 55 (51)
So,. heitll i11c I ill 21 ( 16) 31 (24) 31 (25)
\i '(m~,e:, 1(20) - 10 (20)
I't s : 4 4 4 4

Cl ,t' t'l I II 1,i]t'i ntht,* , are letls ,t ingredients in finishing rations.
' rtt\ orp,, siti,mn h ieiial. X7.5"i; idi.'ed salt. 7 5'i; premixed minerals and ,itamins. 5".
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Fable 4.

Results of feeding rations based on sorghum or cassava meal and containing two levels of molasses to
pigs during the growing and finishing periods.

Experimental variable

Sorghum + soybean meal (control) Cassava meal + soybean meal

Parameter without with witheut with
molasses molasses molasses molasses

No. experimental days 112 112 119 112
Pigs group 9 10 9 10
Average liveweight (kg)
I nitial 16.5 16.1 16.0 16.2
Final 95.9 99.0 93.3 93.7

Avg. daily gain (kg) 0.71 0.74 0.65 0.69
Avg. daily consumption (kg) 2.35 2.52 2.22 2.22
Feed:Gain ratio 3.3 3.4 3.4 3.2

produce meal. One practical method for Silos are made with wooden walls lined
conserving chopped roots under these with sheet metal (2.3 m long, 1.5 m wide
conditions is to ensile them. The Swine and 1.2 m high, giving a total capacity of
Unit this year conducted several studies of 4.1 iM3). In such a portable silo set over a
ensiling cassava roots and evaluating the concrete floor five tons of cassava were
final product for nutritional quality, conserved for six months. The surface of

the ensilage was covered with plastic over
Cassava roots were washed to remove which was placed wood shavings and tiles

excess dirt and then were cut in small to prevent the entry of air; the silo was kept
chips with a mechanical chipper. These covered with a canvas to protect against
chips can be packed in silos (Fig. I) when it rains.
is necessary to preserve considerable
quantities of the product, or in Chemical Changes in Ensiled Roots
polyethylene bags (Fig. 2), for small
quantities. Figure 3 shows results from measuring

Figure 1. Silo made of wooden sides covered with Figure 2. Cassava root ensilage stored in polyethylene
licc't nci il I r c IS ,I c Iin cassa a roots. hags.
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Figure 3. Changes in dry matter content and pH of ensiled cassava roots, over time at CIAT.

the dry matter content and the pH of initial and final samples of ensiled cassava
ensilage samples during the six months of are presented in Table 5. Non-nitrogen
storage. Ensiled roots included a mixture extract (soluble carbohydrates) was es-
of the varieties M Ven 270, M Mex 53 and timated in this case by differences and the
M Col 655A. Marked variations, possibly content was above that reported for
due to the sampling technique, were samples analyzed specifically for car-
observed in the dry matter contents and bohydrates (Fig. 3). The most important
total carbohydrates. Tendencies observed changes observed were the reductions in
were an increase in dry matter and a moisture content and nitrogen-free extract
reduction in the total carbohydrate and increases in fat (ether extract) and in
through the ensiling period. Initial and crude fiber. Chemical analyses of samples
final contents of dry matter and car- taken from the silo throughout thestorage
bohydrates were 34.5 and 39.1% and 90 period varied widely; part of this variation
and 80%, respectively. The concentration seemed to be due to the sampling system
of dry matter and the reduction in total
carbohydrates was due to the loss of water lable 5.
and utili7ation of the carbohydrates in
anaerobic fermentation during the ensiling Percent€ge dry matter chemical composition
process. A rapid decrease in pH, from 4.5 of fresh and ensiled (6 months) cassava roots.
to 3.7, was observed during the first seven Fresh Ensiled
weeks after the ensiling process was Component roots roots
initiated. Although the concentration of
volatile fatty acids was not measured, the Dry matter 34.6 39.1
decrease in pH should have been partly due Crude protein (N X 6.25) 2.8 3.2
to production of these acids, especially Fat or ether extract 1.2 2.0
lactic acid, as products of the anaerobic Crude fiber 2.4 5.5
fermentation that utilizes the root starch as Ash 2.3 2.9
the energy substrate. Nitrogen-free extract' 91.2 86.5

1 Estimated indirectly hy difference.

Results of the chemical analyses of the \_
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(done at different depths with a soil The protein supplement employed to
sampler) and to the fact that the mixed balance the cassava ensilage furnished 42%
samples represented three cassava crude protein and contained the following
varieties. percentages of ingredients: soybean meal,

44; cottonseed meal, 44; bone meal, 9;
Effects of Adding Salt, vitamins and minerals, 1; and salt, 2
and Duration of Ensiling (replaced by 2% cassava meal in

supplements used with silage to which salt
To study the effects of the length of the had been added). The supplement was

ensiling period and of adding salt to the mixed with the cassava silage at the time of
roots to be ensiled, a nutritional evaluation feeding pigs on one day and on the
was conducted with swine during growing following day, only the silage portion was
and finishing periods. Cassava ensiled in offered.
polyethylene bags for a minimum of six
months was compared with roots ensiled Performances of pigs fed with rations
for less time. In addition, common salt was based on ensiled roots are shown in Table
mixed with one-half of each lot at a rate of 6. No differences in weight increase of pigs
2% of the fresh weight of the chopped were observed. Average consumption per
cassava at the time ensiling began. pig of roots ensiled for six months was

slightly less than that of animals fed with
Results of the chemical analysis of the roots for less time. In both cases, added salt

ensiled roots in polyethylene bags were decreased siage consumption but because
similar to those from cassava conserved in the same weight gain was obtained, this
a silo, but the crude fiber content (about diet produced a better feed conversion.
2%) of roots stored in the bags vas slightly
less; ash content (about 5.4-5.8%) was Additional experimental results have
almost double for the roots ensiled with demonstrated that similar performance
salt. can be obtained by mixing the protein-

I ahle 6.

Swine performance during the growing and finishing periods when fed ratiots based on cassava root
silage.'

Cassava roots ensiled -

for more than 6 months for less than 6 months
'arameter without salt with salt without salt with salt

Avg. liveweight (kg)
Initial 21.7 22.0 21.9 21.8
Final 96.7 95.7 96.6 97.0

Avg. daily gain (kg) 0.63 0.62 0.63 0.63
SAvg. daily consumption (kg)

t. 1silage 3.30 2.87 3.45 3.20
Supplement' 0.78 0.78 0.78 0.78

Feed:Gain ratio' 3.71 345 3.84 3.63

I Aerages for six pigs treatment, fed individually during 119-day experiment.
2 Supplement of prolein, minerals and vitamins that furnished 42% protein.
3 1a97ed in 9 0

A'u drR patter
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mineral-vitamin supplement with cassava (Table 8). Average weight gains of the
silage each day or every two days. Other groups fed with cassava root ensilage were
results also suggest that adding 10% sugar similar to the control group, except that
cane molasses to the ensilage and the the group fed with the supplement based
supplement mixture every two days on fish meal performed poorer than the
provides an improved efficiency of feed other groups. Pigs fed a mixture of ensiled
conversion during the periods studied. cassava roots and the protein supplement

based on fish meal consumed a smaller
Evaluation of Different total quantity of the mixture compared
Protein Supplements with the other groups. suggesting that

lower palatability of the mixture limited its
In order to evaluate various sources of consumption. The supplement containing

protein that could be utilized to supple- fish meal with cottonseed meal improved
ment rations based on ensiled cassava animal performances although they we:e
roots, an experiment was done with pigs not equal to those obtained with
during growing4 and finishing, utilizing the supplements based on soybean rnieal.
protein supplemients with compositions Generally, each animal consumed about
shown in Table 7. These supplements 3 kg of silage daily, a quantity similar to
furnished protein le.els between 41 Pr.d those reported in feeding programs that
52%, and according to the protein source used fresh chopped roots (CIAT Annual
furnished, quantities mixed with the Report, 1975).
ensiled roots varied.

Studies on the process of ensiling
Because of the limited availability of cassava roots and subsequent nutritional

ensiled roots, the trial was ended after 18 evaluations suggest this system of conser-
weeks. Groups of pigs fed with ensiled ving roots is promising, especially at the
roots and supplements with soybean meal small- and medium- scale farm levels and
or the mixture of soybean and cottonseed in regions with humid tropical climates
meal reached the normal expected weight where the drying process for producing
(90 kg) by the end of the experiment, while cassava meal would be very risky. Ad-
the other groups showed lower weights ditional investigations are being done to

I ahle 7.

Percentage compositions of supplements prepared with different protein sources for utilization with

ensiled cassava roots.

Protein source

Cortonsecd meal Soyhean Cottonseed meal Fish-
IJngrcdlicnt s;o'bean meal meal + fishmeal meal

C )ttonscd meal 44 - 48.5
Sos hean nieal 44 88 -

I ishmcal 48.5 97
lihinemeal 9 9
Salt 2 2 2 2
linerals and vitamins I I I I

Calculated protein I(1) 41 44 47 52

Swine Unit E-1 1



[ahle 8.

Performance of swine fed with rations based on silage of cassava roots combined wsith various sources of
supplemental proltin. _

Ensiled cassava roots +

Control Cottonseed meal Soybean Cottonseed meal
Parameter ratton * soybean meal meal + fishmeal Fishmeal

A'g liveweight (kg)
initial 16.3 16.1 16.3 16.2 16.2
Final 87.0 90.9 90.4 85.0 79.2

Avg. daily gain (kg) 0.56 0.59 0.59 0.55 0.50

Avg. daily feed
consumption (kg)

E"nsilage 2.85 3.10 3.01 2.98
Supplement (2.16Y 0.86 0.73 0.67 0.60

I-eed:Gain ratio 3.68 3.61 3.58 3.65 3.84

I A g. .t IMi pigs grmip 126,a, experiment. EInsiled r ts contained approximately 40"f dr% matter.
2 .\.g daii ctnla irm pltii m the c itrrol tailolli.
I Itiserl o 90'i dr mlatter

try and improve the ensiling process and to used for feeding pigs during the growing
develop an adequate management system stage was: moisture, 8.5; crude protein,
for feeding ensiled cassava roots to pigs. 17.2; total fat or ether extract, 5.8; crude

fiber 17.5; ash, 9.6; calcium, 1.8 and
Cassava Leaf Meal phosphorus, 0.3. Percentages are ex-

pressed in the dry sample that contained
Preliminary studies done by the Cassava 8.5% moisture; the moisture content of the

Program suggest that aerial parts of the fresh forage after chopping averaged 70%.
cassava plant (leaves and younger stems)
can yield good levels of dry matter and Nutritive Evaluation
crude protein per surface unit (CIAT
Annual Report, 1973). The green or fresh In order to increase experimental infor-
foliage has good feeding value for mation on the utilization of foliar protein
ruminants (CIAT Annual Report, 1976): and, especially meal of cassava leaves and
for ronogastric animals it could be young stems, an experiment was con-
utilized in dry form as a protein source. ducted with pigs during the growing and

finishing periods utilizing two levels of leaf
The cassava variety M Col 12 was used meal (20 and 40% of the diets) and adding

to produce vegetative matter. Entire plants sugar cane molasses to improve palatabili-
were cut 20 cm above the soil and then ty of the experimental rations. Diet
passed through a forage chopper. Chopped compositions are presened in Table 9.
forage was sun-dried iii trays or on
concrete floors; dried material was milled Although the experiment had two
to obtain a whole meal. The chemical replications per treatment, results in the
composition (in percentages) of this meal second replication differed significantly
E-12 1978 CIAT Annual Report



Fable 9.

Percentage compo-ition of the experimental diets for swine utilizing cassava leaf meal during growing
and finishing periods.

Soybean meal Cassava leaf mealIngredient control 20q 40%

('assasa meal 53.7 (49.8)1 40.5 (36.6) 27.0 (23.3)
Molasses 10.0 (20.01 10.0 (200) 10.0 (20.0)
Sos bean meal 31.6 (25.5) 24.8 (18.7) 18.3 (12.0)
(a,sa. a leaf meal - 20.0 40.0
lionemneal 4.0 4.0 4.0
Salt 0.5 0.5 0.5
M neral, and s itamnns (1.2 0.2 0.2
I N urhers in parcnt hc ,e prc pereentages of the finishing diets,

from those of the first, over all treatments. Experimental information suggests aData in 'Fable 10 are the results from the potential for incorporating relatively lowfirst replication. These suggest that the levels (about 20%) of cassava leaf meal inutilization of increasing levels of cassava swine diets. As these trials were done on aleaf meal tended to reduce pigs' perfor- limited scale, the actual cost of this protein
mances during growing and finishing source is not known. The pigs ought to be
periods. However, results obtained with able to utilize high levels of this class of20% cassava leaf meal, and even with 40%, protein during the gestation period, butare acceptable, taking into account the due to lack of raw materials, theseinitial weights of the experimental animals. experimeiits were not able to be done.
Total consumption of the diets per pig over
the experimental period was 276, 358 and Production and Evaluati6n
381 kg for the control diet and the diets of Single-Cell Protein
with 20 and 40% cassava leaf meal,
respectively. Activities with the CIAT pilot plant for

lable I!

iEffects of uiliting two le els of cassava leaf meal in sine rations during growing and finishing periods.'

Cassava leaf mealSoybean mealIarameter control 20Ve' 40%

A. g li e'c',c ht (kg)
Initial 15.1 15.1 15.3
Final 101.1 98.3 96.8

I )avs on experinent 119 147 147
A'g. daily gain (k) 0.72 0.57 0.55
.\g. dail feed

consumption (kg) 2.32 2.44 2.59
Feed:(iain ratio 3.2 4.3 4.7
I '\% fo ln plig group.

Swine Unit 
E-1 3



producing single-cell protein by fermenta- protein in the final dried biomass that has
tion of cassava roots progressed well resulted from more efficient utilization of
during 1978. Successful operation of the the cassava carbohydrate by the fungus.
3000-liter fermentor permitted sufficient
quantities of biomass to be produced for The principal difficulty had been
nutritional studies with pigs during grow- harvesting the biomass produced in the
ing and finishing periods. large fermentor and, especially, the extrac-

tion of water to sufficiently low levels to
Production permit rapid drying of the biomass. To

extract the water a special harvesting
Thirty-five fermentations were done machine (filter-press) has been used which

with the 3000-liter fermentor (Table 11). was designed and constructed at the
The substrate employed was grated fresh University of Guelph, Canada (Fig. 4). In
cassava roots from different varieties with addition, another press operated by a
the total quantities utilized varying hydraulic jack has been used. This device,
between 420 and 430 kg of cassava per constructed in CIAT's shops, )ermits
fermentation. The initial concentration of better extraction of the water from the
soluble carbohydrates obtained was about biomass and forms a meal cake which is
4% or 40 g/liter. The fungus Aspergillus easily milled in the cassava chopping
/umigatus 1-21A was used in all the machine. The meal from the ground
fermentations following the procedure biomass (with 65% water) can 'e sun-dried
previously described (CIAT Annual in 6-8 hours or dried in a forced air oven.
Report, 1976). Results with the 3000-liter
fermentor have been superior to those
obtained with the 200-liter fermentor last k
year, especially with reference to the crude

Production of single-cell protein from fresh
casava roots using .tIerg'ilui fligrniatu.% I-
21A in a 3000-liter fermentor.

Pit rimieL'tcl Vluel

lIcII ctil ix;i Icriicnihtion (kgi 423
C'olic [It tlll t Ik ll oI I tlblc

tit h .dritte g itcr

Initial 41.1

tirial 15.1
\%v pif (t tC rmlnt.ii;ion mlri'dturn

Initial 3.5

I mnail 5.2
(rude pofreiri it di\ hionls si;) 34.2

\g duatio it lermentationi (hrs) 21

A p.Lritit (t. ' t ie tln kg) 55.

A.FIK d rx 55.5is Figure 4. Partial extraction of water from single-cell
protein hiomass, utili,ing a filter-press constructed at
the I ni\ersit,. of Guelph. Canada.
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Nutritive Evaluation Experimental results of the nutritional
evaluation of the single-cell protein are
presented in Table 13. The nutritive qualityTable 12 shows the percentage composi- of the protein was good, and comparedtion of the experimental diets used for the well with soybean meal if supplementednutritional evaluation of the protein with methionine. The protein biomasshiomass for feeding pigs in the growing without methionine produced inferiorand' finishing periods. Previous results results; pigs needed three additional weeksobtained in Guelph and in CIAT showed to reach a final average weight similar tothat the single-cell protein had a marked those of the group fed methionine-deficiency in the sulfur amino acids --- supplemented, single-cell protein. Theseparticularly methionine. These ex- two experimental groups had similarperiments had also shown the beneficial average daily consumption rates per pig foreffects of sunplementing this amino acid the diets, but methionine supplementationduring biological evaluations with rats. In significantly improved weight gain andthe swine feeding experiments this year, feed efficiency conversion performances.single-cell protein was utilized as the only This latter parameter for the single-cellprotein source in diets, with (0.3c ,) or protein supplemented with methioninewithout adding Dl-methionine. The sun- appears slightly better than that obtaineddried protein biomass had the following with the diet based on soybean meal andchemical composition (in percentages): cassava meal, but the final weight of themoisture, 11.6; crude protein (NX6.25), pigs in the two groups is different and no35.0; ether extract or total fat, 3.0: crude definite conclusions can be drawn. Thefiber, 19.3; non-nitrogen extract, 30.0; ash, results of the performances of pigs fed with4.1; calcium, 0.2 and phosphorus, 0.8. The the diet based on single-cell proteintotal energy of the single-cell biomass was without methionine supplementation4260 cal/g, as measured in a calorimeter varied the most compared with the otherbomb. three e.xperimental groups.

I .hlc 1 2

Percentage composition of experimental growing and finishing diets for swine utilized for nutritionale.aluations of single-cell protein (S('P).

Cassava meal +
Sorghum * Cassava meal SCP without SCP withIngredient so.hean meal soyhean meal methionine methionine

* Sr linn 77,8 (85.4))
(asan, i mt-al l 66.1 (72.4) 52.8 (61.0) 52.5 (60.7)Soy.bean rue,,l 18.) (10.4) 29.4 (23.1 -

,'1.IldP mtt,,Ufttd 1-21A
hionui-ss 

43.0 (34.8) 43.0 (34.8)* Iotoemeal 3.5 3 5 3.5 3.5Salt 0.5 0.5 0.5 0.5M inerals and ', itamins 0.2 0.2 0.2 0.2)l.-niethionine 0.3 0.3
1 Nunhcrs in p.,renti c:,. ri' nercentaye, ot the finishing diets.

Swine Unit 
E-15



Fable 13.

Results of the nutritional evaluation of single-cell protein (SCP) in growing and finishing diets for
swine.'

Cassava meal +

Sorghum + Cassava meal + SCP without SCP with
Parameter soybean meal soybean meal methionine methionine

Days on experiment 112 119 140 119

No. ot pigs 7 6 6 6
Avg. liveweight (kg)

Initial 15.8 15.8 15.8 15.8

Final 94.4 95,7 90.0 90.7
Avg. daily gain (kg) 0.70 0.67 0.53 0.63

Total consumption pig (kg) 288.2 282.4 292.1 252.8

A'g. daily gain (kg) 2.57 2.37 2.09 2.12
Feed:Gain ratio 3.67 3.53 3.94 3.37

1 Aseragcs to)r pi ted indimdually throughout the experirient.

Eleven pigs (two from the group fed operating the pilot plant demonstrates the
cassava meal plus soybean meal and three technical feasibility of producing single-
from each of the other three groups) were cell protein using grated cassava roots as
slaughtered to assess carcass qualities and the energy substrate to obtain a biomass
to take tissue and organ samples for having a good crude protein content. The
histopathological studies. No significant nutritional quality of this protein is good
differences were observed in qualities of for animal feeding if it is adequately
the dressed carcasses, judged by supplemented with methionine, the most
measurements of dorsal fat and propor- linmiting amino acid. The protein biomass
tions of thedifferentcuts made. Samples of apparently does not adversely affect the
a total of 18 tissues or organs were taken heath of the animals that consume it.
from each pig, and these are being
analyzed. No gross changes were observed Security precautions normally observed
in any of the organ samples. Personnel of in operating a pilot plant can be considered
the CIAT Beef Program's Animal Health adequate protection for the nanagement
Section are collaborating in these studies. of the microorganism employed for

fermentations. The transfer of this
During the course of the experiment, technology requires, however, careful

blood samples were taken from all pigs for consideration of aspects such as economic
hen-otological analyses and other deter- feasibility and other factors that could
minations of biochemical parameters of affect production performance on a prac-
the blood. Results indicated that the single- tical, commercial scale.
cell protein fed to the pigs did not
significantly alter any of the parameters Cyanide Contents
studied, confirming results from previous in Cassava Roots and Products
experiments with laboratory animals at the
University of Guelph. Investigations reported in relation to the

nutritional value of the roots or products
Experience acquired over two years of derived from cassava and used especially
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for animal feeds show a lack of consistency cyanide/total cyanide and of total cyanidein the repeatibility of results. Some of in the parenchyma/total cyanide in thethese discrepencies are due to variations in peel are presented in Table 14.
the chemical compositions of the products,
which can he caused by various factors. Variations between roots of the same
Often the cassava variety used is not variety were considerable and have beenidentified and information related to the reported in similar studies done at thecyanide content in products used is not International Institute for Tropicalincluded. IUntil a short time ago. the Agriculture. The relation of freemajoritv of the analytical methods for cyanide total cyanide varied around thedeterminations were not fully reliable due 10% levei, especially in the peel. Totalto inexact and nonr,:producible techni- cyanide contents in the peels are ratherques. Recently, the Tropical Products high, even in varieties like M Col 22 whichInstitute (TPI), in the United Kingdom, is considered to be low in cyanide. Taking
developed an en/ymatic method to deter- into account that, for animal feeding, themine the cyanide content in cassava. The entire root including the peel is utilized,metho d surpasses the sensitivity, one can observe that the relationship ofreproducihility and speed of the quan- total cyanide in peels is about 15-25 timestiative met hods iued previously. In greater than the content in thecollaboration ,%ith I)r. Rodnev Cooke, parenchymatous tissue. In "bitter" cassavasho developed the nex fmethodologyat the varieties like M Col 1684, the cyanide
1111. the technique has been established in content in the parenchyma is very high,the CIAI laIhoratorlies. about one-half the concentration of the

peel.
iive roots from three cassava plants of

each of the arictics I lanera. \1 Ven 218, [he analysis for cyanide done in otherM Col 1684 and NI Col 22 were analyzed. products deri\ed from cassava, such asPlants had been gro\%n in experimental hits meal. root silage, leaf meal, fresh leavesof CI I Is ( assavi Program. Varietal and single-cell protein biomass were done
Inmpr s cmcnit Section. lotal and free %,ith too fewk samples to permit validcyanide contents were determined in the conclusions. In general, cyanide concen-
root peel and the parenchymatous tissue of trations of these products were much lessa central disk cut from each root. Average than those observed in samples from freshresults of these analyses in relation to free roots. For example, two samples of root

.......... ... - ............ ...-.-...

I l ,o I an(I freeyt [ I, i (It, etlnti ts in rh p evt I and ii a ( rencltii,, a of rit% (of fiour c a,,%a% a 'ariir I .

%Inc IccII pIia ltc \ IIcc ('% ilde flct tik

IppeeIr i il

1 5 N) q llsr3* i:2eI \Cr 21,,, 2 lo I11 55 1 is22
%t (I I'.S.1 _ , S" 2 I 401i , - Is s 1.2
%I d 22 1 )2 - 4 1 15.9 's4 5.1 1:15

i\ P1 -C I I 1 . 01 Ji I pniEl,- %c17 t ) I l ffih "id
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silage analyzed after six months of conser- The new analytical method will allow
vation showed contents of 30 and 38 ppm more precise studies to be conducted to
total cyanide, all of which was in the form mcasure changes in cyanide content
of free caxiide. following different methods of storage or

processing of cassava roots and products.
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Genetic Resources Unit
During 1978 the Genetic Resources Unit in 1977 to over 21,000 at present. More

has become established in its remodeled importantly, this germplasm is now active-
building, so that at the end of the year the ly being evr'!uated for genetic and
three cold rooms, the five laboratories, the agronomic characters and those materials
herbarium and the two threshing areas contaminated with bacterial and/or viral
were all fully utilited by staff of the Unit. A diseases are being multiplied under careful
year ago no germplasm was actually control, and in close cooperation with the
housed in the Unit: by the end of 1978 over Bean Program, to produce seeds free of
26,000 accessions of Phaseolus bean (four such contamination. Computerized data
species), tropical forage legumes and file systems have been developed to
grasses (some 23 genera), ;,nd cassava were facilitate the entry, updating and retrieval
being stored in the Unit. of information gained in field and

laboratory evaluations of germplasm.
During the year the Genetic Resources

Unit changed from being a collector of Responsibility for the tropical forages
other Phaseolus collections to become an germplasm held at CIAT (some 4500
active collector of unique Phaseolus accessions) has recently been transferred to
gcrmplasm in central Mexico, one of its the Genetic Resources Unit, where certain
centers of diversity. A one-month study of stages of evaluation and multiplication and
herbarium specimens in Mexico was all storage will take place. Some activities
followed by a thr,e-month field collection will be shared with the Beef Program,
trip done in cooperation with the Instituto especially field evaluation at CIAT-
Nacional de I nvestigaciones Agricolas Quilichao and Carimagua. A flexible data
(INIA). To mid-November, 120 seed management system able to accommodate
samples coveriPg 14 Phaseohs species, all evaluation inputs is being developed
plus 165 plant samples, mostly weedy cooperatively with the Beef Program.
(silvestris) types were collected in eight
Mexican states (from Durango south to Since April the plant physiologist has
Michoacan). Materials were also collected been able to test and set up methods that
under contract in Peru, Spain and Por- permit the rapid development of cassava
tugal. plantlets from meristem tissue cultures.

The time required between the taking of
The CIAT Phaseolus bean germplasm the small tissue sample and its develop-

has increased from some 13,000 accessions ment into a small plant ready for transfer
Genetic Resources Unit F-'I



into the field is only eight weeks. In and that of the Instituto de Ciencias y
A contrast, other techniques are being tested Tecnologia' Agricola (ICTA) in

that will permit storing the cassava Guatemala.
meristem plantlets in test tubes for at least
a year free of disease and other field In addition to obtaining materials from
problems. Towards the end of 1978 action various germplasm banks, CIAT has been
was taken to organize selected national involved with collecting Phaseolus
centers into a small network that will allow material in Peru (233 samples of P vulgaris

.. distribution of cassava germplasm as tissue..... and 39 of Phaseolus.lunatus) as well as in
cultures through national quarantine ins- Spain and Portugal (411 samples of P.
pection. vulgaris and 13 Phaseolus coccineus).

Collection for more Phaseolus germplasm
Phaseolus Germplasm in Mexico has also been initiated this year

in conjunction with the Instituto Nacional
Acquisition and Seed Increase de Investigaciones Agricolas (INIA),

utilizing an FAO associate expert and
Nearly 7500 Phaseolus accessions were partial funding by the International Board

acquired from other sources since January for Plant Genetic Resources (IBPGR). In
1978 so that the size of the present CIAT this field collection, attention is beinggiven
collection is more than 21,000 entries to wild Phaseolus species, since these may
(Table 1). Most of these new materials are be useful in the interspecific crossing
Phaseolus v'ulgaris sent here from the program done in cooperation with the
USDA Regional Plant Introduction Sta- Facult& des Sciences Agronomiques,
tion at Pullma, Washington to complete Gembloux, Belgium.
our collection of all 8554 Phaseolus
materials with P. I. numbers. Also includ- Of the 21,000 Phaseolus samples receiv-
ed in the new materials are the Norvel ed, more than 13,000 have been seed
collection from Mexico, the collection increased. This represents a major effort
from the Institute of Horticultural Plant which started in 1970, as each accession has
Breeding at Wageningen, the Netherlands, to be checked for disease and genetic

laihl I.

I'/awol a %mples on band, accessions increased and accessions evaluated in the Genetic Resources
unit. as ofr Noseniher 1978.

No. of' No. seed No.
Species accessions increased evaluated

A vuIlgaro% 19.910 12.61X) 9500

A, hinttu 1010 310 -

P cocciletto 431) 151) -

11. acutdloliu 70 60 60
Otier lhaieolho I() 51 -

I I clutde, :11111111s ol X wild speciee
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uniformity. Efforts in 197X wkere concen- for some of the 32 taxonometric and
trated on cleaning up a ,mjor part of the agronomic characters considered most
collection for major seed-borne diseases, important for this genus (Table 2).
such as bacterial blight, common bean llowever, since not all of these accessions
mosaic virus and anthracnose. This aspect have been evaluated for all 32 characters,
has been so important that materials efforts wert: made in 1978 to collect more
harvested inI the field have been stored as information. As in previous years, this was
distinct seed lots labelled as to presence or done by growing an accession in a 6-m row
absence of disease. More than 3500 at CIAl-a ,Iiira at the onset of the rainy
accessions have been grown at ('IAI- season. %Iore than 5W0 accessions were
Pahnira. lPopayin and ('lA-Quilichao in evaluated between April and .June and
April and %lay 1978. Another 5300) were another 23t) are being evaluated at the end
planted in Octoher and N ovembher at of the year. An important development in
('lAT-Palinira and at Plopayiin. 1978 was the identification of 200 lines of

P. lunatus which are uniform for seed
Agronomic Evaluation of Collection characters. These materials are now being

evaluati d at ('IAT-Palmira.
Since 197t1 more than 9500 accessions of

1). vulzari have been evaluated at CIAT From the 9500 accessions of P. vulgaris

l ihic 2.

haraclers t oluat ed at (IAI' -Pah ira for ihe P, ohaso %r , ar% gIerniplasm cmtlet ion.

No. of No. of
aCce sIoIs atccessionsI tir .tcrr ~e.aluaied ( hlrargctel evaluated

I)\ ,t cnI h lt.'tLL 44106 'od per plant 7238
II'.'pot -0 length 4386 Itranches N1.ith ports 4331
II pOls chr0 1  

8964) Brnchlr an Oe 4362
I cI Icn rth 4401 Seceds pe pod 4337

I cillcr ildth 441)1 Seed shape 7229
I am , lhciPlit 6521 MlIato ,ecd C010r 7827

Sits', at ,trier irnrg* 4373 Sccondar,. seed color* 1889
,,de.s it rraturWt%* 3457 'seed brilhalnce* 7230

I )as, to lhii crir * 4401 Secen . ihlrt 8457
I ) tio ,, Ilo%.errrg 43x6 Yield pet plant 4292
I h0%kct LilMr 8978 total dr; matter 4311
t'h,luopt ilrld s e , % ti .%, 6.)1 Rust 2172
(,, mth lrhrt 8997 A in1hrnact ,ose 456
Iinlheight*( 6968 1omrrol heati nosaic viris 823
tcll th1'nTCS, .139)9 I t.'re ial light 2762

R alceics f, l planit t') 7 13 t.t ,a%( a 5038

1 ( %ki. .th ,tcr kl eir. ho . ec O rn rlcrltlt h. hii: /'Iraw,,, i ernplasm Adsisory .omrrmittee iof the
Interln tional Board tiot Plnt Gierrtic Re tlres. in .hh 1,17N
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evaluated, some 600 sets of duplicates Germplasm Distribution
(involving 1400 accessions) have been
identified based on name and origin. This A total of 14,800 samples of Phaseolus
figure is expected to increase as more germplasm (mostly P. vulgaris) were
information on the materials gradually distributed in 1978. The distribution of
becomes available. materials outside CIAT was as follows:

South America (391 samples), North
Seed Storage America (190), Central America (6000),

Asia (200), Africa (856), Europe (376) and
During early 1978, standard methods Far East (346). Within CIAT nearly 6500

recommended by the International Seed accessions have been distributed to the
Testing Association (ISTA) were set up for Bean Program, especially to the breeders.
the Unit. Seed germination and vigor as
measures of seed viability are now deter- Data Management and Cataloging
mined routinely for Phaseolus bean
accessions using rolled papers maintained Management of germplasm dala is an
at lOCi relative humidity for seven days at integral function of the Genetic Resources
20"-30°C. Over 1750 accessions now have Unit. Sources of germplasm data include
been tested for germinability, of 1113 those from collection or introduction,
general accessions tested, 69.0( L:ad 90W maintenance, evaluation and distribution.
or higher germination rate. In contrast, For Phaseolus germplasm, a number of
%%hen 461 lots of clean seed were tested computer files to manage such data have
90.5"1 showed a germinability level that been developed in conjunction with the
high. While percent germination and Biometrics Section. Similar work has been
percent vigor (estimated as number of initiated for the tropical forages germ-
significantly larger seedlings in each plasm with the collaboration of the Beef
germination test) are only weakly cor- Program.
related in the general accessions, this
positive correlation was increased for the Some of the germplasm information
clean seeds to r = 0.597. This implies that generated should be made available to
when environmental factors, especially users at large by publishing a catalog. A
diseases, are removed, plant vigor may revised version of the "promising"
indeed be shown to be a genetic character, materials (803 selections of P. vulgaris)

catalog has been completed, with revisions
A simple method for seed drying based on seed characters and growth habit and

on desiccation at room temperature was updating of all field evaluation data.
developed. Numerous small lots of seed Similar work on the tropical forages
(typically less than I kg for Phaseolus germplasm in CIAT has been completed,
bean)are placed in desiccator cabinets over to make available a catalog with com-
silica gel for seven days. During this period puterized information on accessi a:'.
sccd moisture content drops to below 7.'i. numbers, genus, species, source, and origin
Such dried seeds, when packed into or collection site.
moist urc-proof laminated packs, maintain
this low moisture content regardless of Multivariate Analysis
amhicnt relative humidity. It is estimated
that Phaseohs bean germplasm kept at Multivariate amilysis has been explored
-10C and 7% content will retain 90%of its as an objective method to study genetic
initial viability for a period of 300 years. diversity in Phaseohis germplasm and also
F-4 1978 CIAT Annual Report



to investigate the interrelationships of plant height, nodes at flowering. racemesvariables currently under evaluation. Yo per plant, nodes at maturity, seeds per podtest this method, a new set ofI data has been and lO0-seed weight. Factor 2 accountedgenerated to pro'ide reliable information for 29('; of total variability and included
having wider gencetic and environmental leaflet length, leaflet width, stem thickness,bases. Replicated evaltation trials were dry matter yield and grain yield. Factor 3,done at (lA I'almira. (IAl-Quilichao. describing only 14(' of total variability,
a nd IP(opayan lsing both wide spacing (3) involved characters like length ofcin) and narr(% spacing (8 :nl) between hvpocotyl. days to flower, pods per plant,plants. I en iccessiois were randomly racemes with pods and duration ofselected front 1'. tugari.s, P. lunatus and flowering. Such results imply that selectionI'ha s 'h/ acthio/i.%, with some selection of a few key characters, with one or moremaride lot habit groups within each species. firom each factor, would provide a basis forI he characters recorded include the first 27 future evaluation over a wide range of.rotiolnic traits listed in [able 2. Neans environments. At present, growth habit,for tihe relatively more stable characters yield, and days to flower have been selected\wcre calculated icr ss locaticns, spacings as the minimtum "-haracters for evaluatingrid replications. and these . ere used for more than 6000 accessions of P. v'dgarismtlt varialt analyvsis. grown out between tie La Selva, Obonuco

and Popayan locations.
('luster atialvsis showed that genetic

dis ersits co tld be easily demonstrated by Cassava Tissue Culture
tlhe groupings of similar materials (e.g..
species arid growth habits) based on thet h o s sa i~ t lcs. S o m o v rla p in g tif P o te n tia l o f th e M e th o daboce ariabh.'s. Some ()verlapping of
habit gr oups within each species occurred, lhe exchange of cassava germplasm
but tilhi "as os erconie by normaliing all with other countries is basic to CIATPs roleariahcs, i.e. ptuttirig thii otn a, scafe if 0 in the improvement of this tropical crop.

th owever, many countries have createdCXteldCLd Into O. MoareaS where some strict quarantine barriers that prevent theiridicatitii of genetic diversity is now distribution of vegetative materialsncedctl. I[he first illvol~es identifying (Ilenetded. ie' tirsi, iro! c id edtii progethes because of the hazards of disseminating
iVCnttic diersit of tire advatriccdprogenies

pests and diseases. Similarly, conventional.cmltin, rml te beand bsirtie s and vegetative field cultivation often exposess cori df i i n tlie s td ofI si ilarities and these valuable m aterials to pests and
differerices ln tire gerniplasm bank diseases. Tissue culture methods can beaccessions ot P vtd/ ~ifar. used for the vegetative propagation of

cassava and such risks significantly reduc-I sing P. vidiari.% germplastn data from ed or eliminated. The potentially highthe I rminsik, Materials Catalog, last year propagation rates that can be achieved
75"t i the total genetic variability could be with tissue cultures, coupled with theiraccuinted hr by four principal com- freedom from microorganisms, small
ptments. IUsing the new data, only three space requirements and relatively simplecolmponents or factors are needed to handling procedures, make it feasible torepresent 83'i of the total variability, utilize these tissue culture systems for theI'actor I carried 40. of the total variabili- maintenance and international exchangetv: it included the characters growth habit, of cassava germplasm.
Genetic Resources Unit 
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Research was initiated this year in the rootless shoots to 0.1 mg/liter of both GA
Genetic Resources Unit, in cooperation and NAA, with 3% sucrose and at 28-300 C,
withi the Cassava Program, aimed at strongly promoted rooting in 90% of the
developing cassava meristem culture material.
methods for: ( I) conserivation of cassava
genetic resources in clonal orm for long Thus, the reponse of different cassava
periods of time and free of diseases; (2) varieties to meristem culturing seems to be
international tr-nsfer of %aluable cassava mainly related to their rooting capability.
germplasm in disease-free conditions; and. Based on the types of responses observed at
(3) rapid multiplication of materials. The this stage, two different media have been
cycle from meristem to plants in the field, designed: one contain,, the three hormones
passing through the test tibe and at the lowest conentrations and the
greenhouse stages, has been completed second contains only GA (0.05 mg/liter)
during the year. and BAP (0.02 mg/liter). For all practical

purposes, the latter should induce shoots in
most materials, while the former was

Cultre' Meolgiese d esigned to promote both shoots and roots
Culture Methodologies simultaneously.

In various experiments, ineristeta and In separate experiments nodal segments,
shoot tips of 10 cassava varieties were which comprised an axillaiy bud and its
subjected to ai array of concentrations of stending little leaf, were cut from the
cyto kin ins, gibberellin., and auxins a shoots that developed in vitro and were
supplements, either singly or in corn- cltured to form "nodal cultures". A
binations, to the mineral salt and vitamin medium that contained 0.01 mg'liter BAP,
meditim of Murashing-Skoog (witn 21" 0.1 mg liter NAA and 0.2 mg/liter GA
sucrose). The differentiation of a 0.4-0.6 Plus 3i sucrose supported rapid develop-
mm meristem tissue into a complete plant ment of the nodal cultures into complete
(Fig. I, A-C) was highly dependent upon plants in 90o!'- of the varieties. Depending
the appropriate regime of growthl upon the number of well-developed ax-
regulators and. to a certain extent, upon illary buds, three to six plants could be
the cassava varietv. lowA levels of' benzvlt grown from each shoot within a month.
aminopurine (BAP) combined with low
gibberellic acid (GA) concentrati6ns were Vhrec varieties were used to obtain
suitable for the differentiation of shoots in higher multiplication rates in meristem
90%, of the varieties, but rooting wAas
generally inhibited. Addition of 0.1
mg liter naphthalene acetic acid (NAA) to I ,gure I .eqtet Lial deselopment of cassava plants
the culture medium fa ored shoot and root orn :,+eristem culture: 1,.\) A dissected shoot apex

differentiation in three of the varieties sh,, img the domc-shaped apical meristem lanked hy
t..o pinmiordial leases {X4011). i l)ifferentiation of

when acting tog,.ther with GA and in 0' Sht and root r om a meristem alter three weeks of
of the material when combined with BAP cultureIX 1.2) ICA five-ceek-_old plant derived from

and GA. Slight increases in the concentra- meristem culture IX 1.0). (I)) A plant derised from

tion of BAP fa'ored shoot growth, but Inernstem tissue, alter potting at eight eeks (XO.5).
reduced rooting; however, the exposure of

Ie-lect ot temlperature on1 the growth of cassava shoot
cultures to low temperature (20'') tended tips alter lour months in culture. It: Incuhated at
to overcome the inhibition of rooting due 311- da and 25 (" night temperatures (C0.8). (F)

to BAP. On the other hand, transfer of IicIhated at 20-C (X0.8).
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cultures. (Inder the influence of high levels the intensity and the duration of the
of BAP (0 .05-0.2 r,g liter), multiple shoot thermotherapy applied prior to or during
cultures developed from a single isolated meristem culture are being investigated.
shoot apex in two of the varieties. Up to 20 Also, the effect of the size of the meristem
shoots could be produced due to higher tissue on the eradication of the disease is
rates of branching when the cultures were under study. The objective of this work is
rotated in liquid media. Chemical and to develop improved techniques to routine-
physical means ill he sought which could ly clean up valuable materials (Fig. 2).
enl;.rve the formation of multiple axillary
ane r adventitious shoots in meristem
cultures. Conservation of Genetic Resources

During the incubation of the cultures, Meristem cultures could be very
the temperature was controlled at 28' -  valuable for the long-term conservation of
30'C during tile day and at 24'-250C germplasm since large collections could be
during the night. Illumination was kept at stored in small spaces, with the risks of
about IO lux at the beginning of the disease contaminatio practically
incubation, then raised to about 2000 lux eliminated and maintenance costs greatly
for the next three to five kkeeks of culture, reduced. Two systems of the storage of
photoperiod was controlled at 14 hours. cassava germplasm as meristem cultures

are being studied.
lhe survival of plants during potting 1reeze-storage. A project has beens+ as raised from 50 to 90) by' a hardening t-ee.tra Apocthsbn

ttcs amet from50 to 90i bf ithreing h initiated, in cooperation with CIAT, in thetatent hich nsists of increasing theSaskatoon,
illurnination to 5000 lux and loosening test PrairieiRegi ato t askato
tube caps one week prior to potting. A ('anada to investigate the feasibility ofpo~tting substratte of vermiculite, line sand preserving eassava shoot apices at theand grasbl t::1 ov was used. After one temperature of liquid N (-196C). Rates ofweek in the laboratory, the pots ere tree/ing and thawing. as well as the use oftransferred to the greenhouse for further cryoprotective and hardening treatments,
gro (ig. 1,) and gradual exposuret will be evaluated for their effects on the
anbiejit conditions before field transplan- sursival of the meristematic cells.
tig. Minimum growth storage. Work is

under way at ('IAT to develop methods for
Disease Eradication the maintenance of cassava meristem

cultures at a minimum growth rate for
[he use as planting material of cassava protracted periods of time. Nodal cultures

stein cuttings infected %kith the frog skin of two cassava varieties were used as
disease results in highl., significant yield starting explants for storage. Results after
losssc,, ((IA I A unual Report. 1977). The four months of storage indicate: (I) the rate
use of meristem culture in combination of growth of the shoots in cultures
with 'herinotherapy for the eradication uf maintained at 20'C can be reduced from
the frog skin disease from infected varieties 5.5 cm month (;,t 30'C day and 25°C
has been initiated. Temperatures may exist night) to 0.5 cm month (Fig. 1, E and F);
at which pathogen host combinations (2) growth could be further reduced, with
should be grown to obtain maximum 100"i survival of the cultures, to the rateof
inactivation of the pathogen. Hence, both 0.2 cm month if the sucrose level of the
F-8 1978 CIAT Annual Report
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Ohe cnties)

MeristemCulture Meristem CultureINTRODUCTION

DISEASE In vitro
ERADICATION PROPAGATION

Healthy Clones STORAGE IO

"SEED" PRODUCTION Greenhous
(stem cuttings)

=FieldTrials lNational

Programs

Figurt 2. Outline of the various steps in the application of meristem tissue culture to cassava.

culture medium is increased to 5(7 , but Further research should provide definitehigher sucrose levels tend to reduce the information on optimal temperatures,survival of the cultures; (3) the addition of kind and size of explants for storage,low concentrations of BAP to the culture propagation rates and genotype stability ofmedium slows down the growth even the materials recovered from storage.further without reductions in survival; (4) International Transfer
cultures maintained at 15C became Interilas f
gradually chlorotic and senescent after one of G6rmplasr
month of storage. Tissue cultures initiated from 0.4-0.6
Genetic Resources Unit 
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mm shoot apices should be free of insects, countries. Similarly, these procedures
nematodes, and most fungi and bacteria, would allow introduction of new germ-
Obligate parasites, :;uch as viruses, should plasm to CIAT without disease risks (Fig.
be eradicated by thermotherapy and 2).
meristem culture prior to shipment in
vitro.

Training of personnel from recipient
Simple methods ,Ill be developed to countries in the appropriate techniques for

distribute cassava germplasm as aseptic recovery and multiplication of stocks will
meristem cultures from CIA] to other be a very important aspect of the program.
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Special Studies Unit
During 1978 the Special Studies Unit eight had average yields of 3 t/ha. All

concentrated on germplasm evaluations, except one line showed good or moderate
Trials initiated in previous years on resistance to virus and bacteria attacks.
cowpea (Vigna unguiculta), pigeon pea
(Cajanus cajan) and sorghum (Sorghum A second group of cowpea lines were
vulgare) were continued. Promising received from the International Institute
cowpea and pigeon pea lines were selected for Tropical Agriculture(llTA)forevalua-
in order to prepare international yield tion. These lines were planted in 1977Band
trials for both of these crops. Irial sets are observed for adaptability, resistance to
being distributed in Ltin America and diseases and pests, yield and other
results should be available in 1979. agronomic characteristics. Yields were

reduced by virus infection, high pop-Studies were initiated on lima bean ulations of Cvperus rotundus and by the
(Phaseohs hnatus) accessions in coopera- fact that cowpeas had been planted in thetion with the Genetic Resources Unit. same plot for four consecutive semesters.
Trials were planted in several locations to The best determinate lines were: Tvx-7-5H,
test adaptability and yield potential. These Tvx-309-1G, Tvx-1 193-9F, Tvx-1836-19E,
preliminary data will be used to orient Tvx-1836-90E and the local variety ICA
future breeding experiments. Mocari; yields for this group were between

2.5 to 3.2 t/ha. All lines had some virusInvestigations were begun on intercrop- infection. The best indeterminate lines
ping with cassava. These are being done by were Tvx-33-IG and Tvx-1836-157G with
a Postdoctoral Fellow working directly average yields of 2.3 and 2.5 t/ha, respec-
with the Cassava Program. tively.

Evaluation of Cowpea The best materials (a total of 32 lines)Germplasm were planted in 1978A for final evaluation
before preparing a yield trial. The plotAt the beginning of the year final where the plants were located had a high

selections were made of the best cowpea population of C. rotundus which was([igna unguiculata) materials evaluated in controlled by two applications of
semesters 1976B, 1977A and 1977B. Of the glyphosate. However, because of its
30 most promising lines planted in 1977B, aggressiveness, vigor and rapid develop-
Special Studies Unit 
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ment, cowpea appears to be a legume densities of 83,500 and 66,666 plants/ha;
which is rather resistant to (Yperus, Linder results will be available in 1979.
conditions of the Cauca Valley region.

Germplasm evaluation continues on the
Table I summariies *he yields of the 10 remaining cowpea lines, which were also

best lines over 1wo years. From the data it planted in 1978B. Selections will be made
is evident that yields have increased as the based on plant structure, seed quality,
virus-infecteJ plants were eliminated from growth habit and plant health and vigor.
the lines. Virus appeared to be a major
limiting factor in yielding potential. In Evaluation of Pigeon Pea
1978A the overall average yield was 3.7 Germplasm
t ha.

Evaluations of pigeon pea (Cajanus
From the results of the observation caian) materials began in 1977 with the

trials, 10 of the best lines were selected for multiplication of seeds from 26 lines
distribution in Central America by the introduced from IITA. In the first semester
IPrograma Cooperativo Centroamericano of 1978, 14 of the highest yielding lines
para el Mejoramiento de Cultivos Alimen- were selected and planted. Most of these
ticios (P'CMCA). Ihc principal objective lines are determinate, but some promising
of the trial is to test the adaptability of the indeterminate materials have also been
promising materials under different en- identified. At the same time, 10 new
%ironmental conditions in comparison accessions frcm the International Crops
with local varieties. lines selected were the Research Institute for the Semi-arid
same ones sho\ n in Thale I. Two of the Tropics (ICRISAT) were received. The
trials wcre planted at CIA] in 197813 at best-adapted lines from the total of 24

planted in 1978A were: ICRISAT
Ihic I materials 2786 and 14769, and IITA

selections TCc numbers 2263, 2308, 3D-
ields of selected line, if coipea (l rra 8111, 31)-8126, 31)-8129 and 4F-38, with

WIItId, ti ata) t % I -Palnira, 17-197N average yields of 3 t ha.
" Ii+h 41 hi)

From the materials planted in 19778 and
Int '  lq , II'C.\ I )711 I,97.\ 1978A, eight lines were selected for the

preparation of a uniform yield trial for
I x-tt-2 , 2,s , 3 , distribution by PCCMCA. The main
I \--156 -I 1 6 4 .3i objective of this trial is to test the
I \- h.- I e, 2 3 4 adaptability of these pomising materials
1\-966b-0lHI 2 , 2.s - 4.1 under different environmental conditions.
I \-13-21 I - 2.1 34 One trial was planted at CIAT in 1978B.
I \x-i's ;-100 I 2.7 35 Results are expected in early 1979.

1'n-154-1 t 3 f 3.4 3.3 4.1
I -1 5'-II 2.9 2.6 - 4.3 At the same time. other selections were
SI n-I I(i-. I 3.1 3.7 made and planted from the 24 lines studied
I un-201-11) 30) 3.10 3)) in the previous semester. Selection was

vut. II based on plant structure, color and site of

\1 hc, mgatod at ihe Inlcrndikr,,i Insilute the seed and ot her agronothic
hr I ,picl \gculirc ti . characteristics. These results will also be

ready in early 1979
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Evaluation of Sorghum toxicity ( 19.4 ppm). Lines planted on soilsGermplasm with residual fertilizer effects (pH 4.25,
complete fertili7er applied in the previousR 'plicated agronomic trial swere carried semester with 5 t'ha of lime) performedout with I0 sorghum (Sorhwuf vulgare) considerably better. These plots werelines selected in the second semester of harvested twice and yields recorded. The1977 Iro im 71 materials initially obtained 30 best-yielding lines averaged 2.65 t/ha,from ICRISAl and All-India ('oor- despite the rather poor soil conditions. Indinated Sorghum Improvement Program general, the plants were remarkably free of(AICSIP), Selections were made on the dieaseand insect problems. In plantingsatbasis of estimated yields, plant height, siue CIAT.Palmira and CIAT-Quilichao, theand vigor of the panicle, and earliness, major problems have been bacterial blight.

lcafhoppcr and, to a lesser extent, bean
lie materials 51)x61 6 2-14 and common mosaic virus. However, disease51)x6I 6 2-2 had certain desirable and insect problems were not so serious ascharacteristics, such as seed bitterness, those observed in Phaseo'us vulgaris

which caused them to he resistant to hird planted nearby.
athtack. IIeoweser, the materials A-22791
and 51) 36sorit-I8 did riot have bitter In the latter half of 1978, furtherseeds and showcd high and moderate agronomic trials were initiated with the 30susceptibility, respectively, to attack by best-yielding lines selected the previousbirds, semester. An experiment was planned for

climbing lima beans to test the yield andEvaluation of Lima Bean adaptation under different environmentalGermplasm conditions. Six P. vulgaris lines were
included in the same experiment (two linesIn early, I97X. obser\.ations on more than adapted to cool temperatures, two adapted300 lines'to lima beans (Phaxe,'A lu.hlattu.v) to moderate temperatures, and twothen held by (IA I wcre carried out to adapted to high temperatures) for com-Cmntinue ,..ork initiated bv the (jenetic parisons. The experiment was planted atResources I nit. fihe maiorit% of these CIAT-Palmira (moderate temperatures)inaterialIs (about 9O07 ') ere indeterminate and Patia (high temperatures). Results willin gros. tih habit and came frotm Brail. be available in early 1979.

.SmIe detc urinate lines from Peru and the
!nited States were also studied. From the Bush limas were planted at CIAT-total. 95 promising lines were selected on Palmira in the latter half of 1978 to testthe basis ot agronomic characteristics and yield and other agronomic characteristics,planted at (IA I-Quilichao irn May 1978. however, due to poor germination, this

trial was discontinued and the plots wereI he experiment at ('lAI-Quilichaio used to increase seed supplies of the bush
indicated that, with the possible exception varieties.
of co'. pea. lima beanis and several other
legumes tested were iot adapted for Fifty promising lines were given to thegrowth on the virgin soil there (pit 4.0). Bean Pathology Section for rust screening(;rowth virtually ceased alter a few weeks at CIAT-Palmira. Similar cooperativeand almost nothing was harvested from the testing is also planned for bacterial blightuntreated soil plots, possibly due to Mn and leafhopper (by the Bean Pathology
Special Studies Unit 
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and Entomology Sections. at CIAI- lima beans for human consumption in the
I'almira) and for golden mtosaic virus (by United States is 20 mg/ 100 g.) Further
Bean Program personnel in Costa Rica). cyanide evaluations will be made on

promising materials in the next semesters.
lhirtv-fi e accessions were analled for

cyanide content by the Laboratory Ser-
%ices group at CIAI. While most lines U.sing data from the above evaluations
showv)red very low cyanide levels, two and detailed plant character evaluations
contained more than 10 mg total cyanide under way in the Genetic Resources Unit.
per IN) g dry matter( 11.8 and 28.4mg 100 breeding studies with lima beans are
g). (I he maximum content permitted in planned for initiation in early 1979.
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Data Services Unit
Because of the continued expansion of develops and implements quantitative

computing services and the pending techniques applicable to the research needs
installation of CIATs IBM S/34 com- of the Center and provides training in
puter, the former Biometrics Unit was quantitative methods, through group or
renamed the Data Services Unit and individual instruction.
reorganized into two major sections during
1979 - the Statistical Services and
Computer Services Sections. Leaders of The Computer Services Section
both sections report to the coordinator of develops activities in the area of informa-
the Unit. tion systems and programming support to

satisfy the needs of the various ad-
The Statistical Services Section provides ministrative and research programs of the

statistical consulting for the planning, Center. In addition, personnel of the
design, analysis and interpretation of section are responsible for operating and
scientific experiments or projects maintaining the computing equipment of
developed in CIAT. This section also the Unit.

COLLABORATION
WITH RESEARCH PROGRAMS

Beef Program cows; (5) individual performance of bulls;
and, (6) economic costs and returns.

Evaluation of Beef Production Systems Up to now, information fram the first
Project. The Unit has provided assistance two data collecting visits to 17 farms
in systematizing the information collected selected in the Colombian Llanos Orien-
on farms included in this study. The data tales have been processed and analyzed.
bank for the project contains files for: (1) Detailed information on activities and data
static descriptions of each farm; (2) available may be found in the Animal
variable information for each farm; (3) Management and Animal Health Sections
animal inventories according to paddocks; of the Beef Program, in this Annual
(4) individual performance of breeding Report.
Data Services Unit G-1



Management of Breeding tterds and tation and resting during the dry season. In
Experimental Herd. The Data Services addition, the Unit collaborated in the
Unit has collaborated in these two projects statistical analysis of the data generated by
from the planning stages. Both projects research on the prediction of digestibility
were initiated at Carimagua in 1977. of tropical forages based on the cellulose

enzyme.
The principal objective of the Breeding

Herds Project is to evaluate improved Other Projects. Complete statistical
pastures and to study their utilization consulting has been provided for the
during critical periods of the reproductive different evaluations of rock phosphates
cycles of the animals. Information is and for experiments done by the Grass
generated bimonthly in this project and Agronomy and Legume Agronomy Sec-
includes measurements of reproductive tions of the Beef Program.
parameters and physiological variables of
the herds. Through the end of 1978, Bean Program
information from six weighing periods has
been processed and analyzed. Bean Information S stem (SIFRI).

During 1978 this system's services of
Study of the &osystems of West-central assistance to scientists in the CIAT Bean

Brazil In 1977 the Beef Program initiated a Program increased both in magnitude and
Target Area Survey. The first area selected scope. For this reason, the name of the
for evaluation was the west-central region information system was changed from the
of Brazil; information utilized was Information System for Bean Breeding
collected at 83 meteorological stations (SIFFRI) to its present designation as a
within the region. Objectives were to general system serving the entire program.
classify and construct maps of the soil
resources of the region, to faciiitate the The system provides assistance in
development of realistic strategies for developing activities to help meet the main
developing and transferring technology objectives of the Bean Program. This
and to identify priority geographic areas. assistance consists of maintenance and
The Computer Services Section is develop- distribution of information from the
ing a system for compiling, uo-dating, various disciplines derived from trials done
manipulating and retrieving th- informa- in the various selection cycles of materials.
tion collected for each land system of the These cycles are: (I) crossing and selecting;
s,'idv. (2) Uniform Evaluation Nurseries (VEF);

(3) Preliminary Yield Trials (EP); (4)
Pasture Utilization Eperiments. In International Bean Yield and Adaptation

1978 an overall analysis was made of Nurseries (IBYAN); and (5) International
experiments done at Carimagua between Trials of Elite Selections (ESE). Figure I
1972 and 1978. This experimental series shows how SIFRI interacts with the
consisted of the following projects: (I) various selection cycles.
Management of the native savanna in the
Colombian Llanos; (2) Burning manage- In each of these trials, the different
ment in the native savanna of Colombia; sections of the Bean Program conduct
(3) Effect of fertilization on the weight gain evaluations that are compiled and dis-
of steers grazing ,h'linis minutiflora at tributed through SIFRI to all members of
Carimagua; and, (4) Management of the bean team. Compilation of all informa-
,Mhlinis minutillora: Nitrogen supplemen- tion relating to a given material and its
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Germplasm Introductions Breeding
Bank from other Nurseries,Programs VEF, EP,

IBYANESE

Program Selections
1700 croses/year

F2

3
SIFRI

F5 E

Figure I. Interaction i(t Bean Information System (SIFRI) with the development and simultaneous and
sequet.ntial ealuation of bean germphasm.

distribution is of great importance during functions has been delegated to SIFRI,
the process of selecting improved varieties. including the assignment of materials for
For example, it is hoped that in the VEF the field and simplification of data collec-
and Ell trials SIFRI would produce a tion. To utilize these features, it is
series of reports to facilitate selecting envisioned that as soon as materials to be
material that should continue in the included in a trial are known, SIFRI can
selection process. Results from a trial run determine their assignment to the field;
of the process proved the operation of provide labels for distribution of the seed
SIFRI. and produce field books for collecting the

data according to the disciplines involved
Successively, a series of important in operating the trial.
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Because SIFRI is an expanded version Data analyses for the IBYAN which do
of SIFFRI, it provides such informational not require the capacity of a large com-
services as producing crossing information puter will be converted to run locally, for
to accompany seed sent to national processing by the new computer to be
programs and producing reports solicited installed at CIAT. In addition, because of
by these programs. Other information on the wide potential for using the informa-
the earlier SIFFRI features (now incor- tion generated in the IBYAN's, avarietyof
porated in the new system) is discussed in studies are anticipated for the future. In
the Biometrics Section of the CIAT particular, it is planned to utilize mul-
Annual Report, 1977. tivariate techniques that permit the ex-

ploitation of the essential tri-dimensional
The SIFRI data base has been ex- character of IBYAN information - over

panded, especially with respect to the files space, time and response.
for yield and the evaluations of the Border Effects, Plot Size and Numbers
accessions in the bean germplasm bank.Presently, the data base contains the RelctosiCimngBa Maz

Associations. Work done during 1978 wasfollowing files: germplasm bank, crossing a continuation of cooperation between the
bank, bank of promising varieties, bank of Agronomy Section of the Bean Programdisease reactions of promising material Arnm eto fteBa rga

locatri, and the former Biometrics Unit, to studyover planting seasonand various loceffects of differr -t plot techniques in bean
percentage germination and vigor of research.
accessions in the germplasm bank,
accessions evaluated by the Genetic Border effects: Two types of ex-
Resources Unit, and other special files. periments were conducted at CIAT-

Palmira to measure effects of broders in
When new computational equipment is climbing bean/maize systems.

installed, it is planned to maintain some
segments of the system locally, therefore The objective of the first trial was to
offering better service to users, study the effect of varietal competition and

non-seeded spaces on the yield of 36
International &,an Yield and Adapta- varieties of climhing beans associated with

tion Nursery (IBYA N). Through the maize hybrid ICA H-210. Effect of
November 1978, 54 experiments from competition was measured by comparing
1976, 53 from 1977 and 12 from 1978 had yields of plots with side borders with yields
been processed for these nurseries. The from plots without side borders,
following reports are provided for each considering one bed on each side as the
IBYAN experiment: preliminary repe' ts of border (lateral border effect). The effect of
lists of inconsistencies and suspicious data; unplanted spaces was measured by
overall statistical elements and tables of comparingyieldsofplotsinwhich50cmof
analyses of variance; a summary table head border was harvested to yields from
containing general information; statistics plots which had unharvested head borders
by variety for yield, yield components and (head border effect).
other physiological variables; and a table
of precipitation and maximum and The experimental design usedwasa6x 6
minimum temperature data. Also, lattice with three replications, The ex-
combined analyses are made to evaluate perimental unit was a plot of 24 m2 (four
the adaptability and stability of the beds 6 m long with two bean rows and one
materials utilized. maize row per bed).
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Average yields for each type of plot are is advisable to leave head borders, given
shown in Table I. J h,! analysis of variance the differential effects between varieties.
for yild indicates that effects from side In the second experiment, a more
bordl.rs were not significant, and that there detailed study was conducted at CIAT-
was no effect oflvarietal competition on the Palinira to discover the range of effect of
expected yield per plot. ()n the other hand, unplanted spaces in bean monoculture and
effects of head borders were significant at climbing bean/maize associations, utiliz-
1 % the average yield of plots in which head ing one bean variety and one maize variety.borders cre harxcsted (1021 kg'ha). [he experimental plot was an area II xlsurpassed vields from plots in which head

I, consisting of II furrows, I I m long.ho.ders cr 11.rot harvested (739 kg ha b Crops were harvested in I m2 units. From3.2the ield data the average yield per ring
uniform fol r all x arieties, as is indicated b, (numbered from I to 5) was estimated.the signiicae (t 5 ) the interactI was made p of plants seeded on thehor varlet%\ head border, and the Ring amtepflnscddnhtorgiine, I-.) )he horde and ,the perimeter of the plot and Ring 5 was the
significance 1-0 1 )1 4ofthe rgi ssion if the inte mor st ring. The trial thus perm itted the
o ci -cstirnlat in ofI yielh including the head measurement of the range of effect ofrder Ibi t~regyield ofbeas wthaot hea unplanted spaces at the levels of 0, 1, 2, 3,
yeliig a m tI ics slitn t,'ss erestmat i n and 4 m toward the interior of the plot.
of ield than those that yield low, ap- Trials were planted in two seasons, The
parently due to their different competitive first one, planted in October 1977, utilized
ahility. the bean line 11589 of growth habit IV and

the maize varietv ICA H-207, a tall()ne can cinclude that in experiments of material susceptible to lodging. In the
climbing bean,s mai/c associations there iH second seeding, in MIarch 1978, the same
ti, effect frrnt varietal ctmpetition hut bean line was planted with the maize

there is ai effect frotm Inplanted spaces. \ariety I(A 11-210. a short brachytic
I hus. side Iorders are not necessaryi' but it material resistant to lodging.

I t'rag. Y it I s,,f 3 %at liVio Iif cIii hinng htIan% in phiIs ,jiih and iIhoh ii I sidti itn(I hea (I b orders.

Phit atca .\%L! \tcld S11 '.V.tl *\'tt I IIC, , I 1

i 1';t,1 btlt'LI, 24 1134 233 2" 5
il \c.t~lig lLdc hurdcli .

'11,1 Cn1d "lttl g S1O -,Ill (if

head hodt- 20 736 191 26.10
\,,I hal.. sl, ng ,,It 1 Idrls

h d , 12 I08 234 23.3
- 'I i~ ,llt ! .I a'

.d , I ,. , 742 213 27.3
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Although a statistical analysis was not tion, maize in monoculture and maize in
done on results from the first planting association decreased significantly
because of partial losses from lodging, between Rings I and 2, although yield
bean yields by ring, in association, and in diflerences among the remaining rings
monoculture, and maize yields b, ring in were not significant. [he yield recorded in
association decreased inwards to Ring 3 Ring I surpassed yields ofthe interior rings
and then were constant from there on. In by averages of 31, 39, 27 and 29%
the case of monoculture maize, yields respectively for monoculture beans, beans
decreased between Ring I and Ring 2 only in association, maize in monoculture and
([able 2). Maize yields in ronoculture in maize in association. Also, an analysis of
the first three rings were inferior to those of variance was done on yields of I m2 plots,
associated maize, due to tilt. greater to study whether the effect of non-planted
amount of lodging. The large range ,,f spaces was different according to the shape
border effects, especially for beans it, of the plot. This model furnished three
association, was surprising and could be sources of variation: replication; position
attributed to the fact that the mai,,e planted of the plant within the row; and, the
was a tall variety, interaction row x position. Results of the

analysis of variance for each system
Results from the scCond planting were indicate that the effect of the shape of the

more reliable :and wcr eanalvied statistical- plot was not significant.
Iv. Table 2 shoms tie ticrage yield per ring
in each planting systenr, and Fable 3 shows Results show that non-planted spaces
the results oft tle analy'sis ol va ariance. lhe significantly affect yields in both
elfect of unplaiI ted spaces on beans iII monocnltu re and in associated climbing
association V,,as 1o0i nit derate tha i in the bean maize systems and that effects are
first trial, probably because thel mai/e independent ofthe shape of the plot. Given
chosen was a short-giok, Ing one. Yields of that the yield decrease was significant up to
beans in nionoculuirc, beatns in associa- Ring 2, it is recommended to leave I m of

I ,.bh 2

..A %, e' v ietis hN ritng in 1ean nit .ot'u, ltirt, e aiie niotuti lturt and beant i ' aiie ass c ialins, in studies

(n il it efft s of ttillphitl2,d , aitt.t.

Yields (kg hal

}''lan, l II I "1 'cu ll t'. licta ll
s 

inl isoc, to M aw.;IILI , 0in m onolo, tu~lre2 M ai:t ill association

King 1i)e l9)7 Sit 925 (NlS ( I7 it r 1 )tI ! 19'" \I;if. 11)7S ()cl 19- .1ar. 1978

I I 2 7I 64S 1211,  4" ON 5943 61102 2953
2 252 1791 h(64 195 7 4428 4741 4057 2171
1 22(3 3885 425 1 )14 431e 4134 184(1

4 2.175 41 12 1 31) 1118 1'$t 4305 .1655 22109
5 1965 18(4 2t',S 19701 3K9 4028 3404 2 10)

I S 1) ;t 51;

(kg htl W Ill' 48( tt 935 -l 573

1 Iilh c![iL . "1(' ) 11tl ,hci td '. 1., 1t,. (1! it . t' tn d tIntI% ic Idstrenotana Ii d %tatisI IcalII
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able 3.

Results of analyses of variance for yield by ring in four replications, in studies oh the effects of unplanted
spaces on bean and maire yield% in monoculture and association (March 1978 planting).

Ieans in Beans in N1a;ic in Maize in
Illlcl~ itti[L ZI!sUcIZItionI fonoculture atsociation

I )elgrce..- 
_________ ________

SOUIi .1 oreed- Mean M iea n M ea n MeanaI I nlt I'I o nI.101.1 skt irae I 1 square I square 1: square f:

Rcplic.Imloll .3 283,253 4. 1" 244,679 4.9* 2,654,249 7.2** 2.193,098 15.8"*
Rings 4 2,634,648 .177* 1.287,261 25.h** 2.301.775 6.2** 1.302.970 9.400
I 1,r 12 ho,.820 49,22 368.472 138,423

I otal 19

I S I) at 51 1kg ha 407 486 935 573
I S .) at I kg ha 571 682 1311 804

border in adjacent plots and non-planted 5.44), (r= 5, X= 4.00) and (r= 6, X= 3.11).spaces both in monoculture and associated From these, the researcher may choose asvstems, combination according to the total space
available. Generally, for the same level of()ptimum Plot Size ardl Number of precision (represented by d), the plot size

Replications. Based on results obtained in for climbing beans in monoculture is lessthe trial planted in March 1978, described than that required for climbing beans in
above, another study was conducted to association; likewise, the size of the plotdetermine optimum plot size and number required in trials of monoculture maize areof replications in each of four planting smaller than those required to evaluate
systens climbing beans in monocul ture, maize in association.
chibing b-ans in association with maize,
mli/e in m moculire, and maize Forclimbingbean maize associations in.tssociatcd with climbing beans, which the main interest is the performanceMethodology employed was according to of the beans, it is recommended to use thetlathew~av plot size and number of replications

according to the results calculated forI)ata in table 4 permit the rescarcher to beans in association; a similar case holdsdecide, for each system, the optimum for maize. If one is interested in perfor-
combination of replications and usable mances of both crops, then the maximum
areas of each plot, according to the plot sizeand number ofreplications shouldsignificance of difference one wants to be chosen between those recommended fordetect, as a percentage of the mean (d). For associated beans and associated maize.
example, in monoculture beans. for value
of d = 24"i, the following alternatives exist: Cassava Program
(r- 2, X 14.14) (r 3.N X .09), (r 4 X= Unlortn Yield Trials. During 1978 data

from four Uniform Yield Trials were
I I (atthcuas W tl If ( ,Icillent Plot Nie processed for the Agronomy Section, to-Ir,,n ,wna/ 5 V 27iJ-2sh study the heterogeneity of plots utilized
Data Services Unit 
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I ahc 4

Useful plot area fir sariou% combinalion of replication (r) numbers and differences (d) to be detected as
a percentage of the mean for climhing beans in monoculture, maire in monticulture and climbing beans
and maiie association%.

I 'se kil plot ireas (m-)

I d I '; I8'f 21 24r 27, 30)i

5 1.601 31.22 20.42 14.14 10.22 7.64
48 NO3: 12.09 22.52 1657 12.54 9.92
56.45' 38.91 28.41 21,63 17.1)1 13.72

121,841 81,97 5K.63 43.N6 33.95 27.00

29.52 17.8t 1 .68 8.09 5.85 4.37
30.62 20.14 14.13 11.3,) 7.93 6.22

37.33 25.72 18.78 14.310 1,25 9.07
78.42 52 76 37.74 2M. 23 21.85 17.38

19.86 12.02 7.86 5.44 3.93 2.94
4 22.(0 14.47 10115 7 47 5.70 4,47

27.83 19.1 I8 14.01 10,66 8.39 6.76
57.36 38.59 27.60 20.65 15.98 12.71

14,) 8,84 5.78 4.111 2.89 2.16
5 17.12 11.19 7.85 5.78 4.41 3.46

22.16 15.28 11.15 N.49 6.68 5.19

45.01 31 2S 21 66 10 20 12.54 9.98

11,3( 6.8 450 3 11 2.25 1.68
6 1. S1 L).(), 6 3' 4 f,9 3.57 2.81

I 8.404 12.68 26 7.5 5.54 4.47

10.92 24.84 17.7 , 13.29 10.29 8,18

2 ]licit.l I) I ll l it cill

.4 NI,,,,C Hi l .i tl, i

and to determine the si/e, shape and unplanted spaces. Each replication con-
number of replications appropriate for sisted of 16 rows of 16 plants each,
yield trials. Fable 5 shows the principal providing 256 plants or unitary plots. For
characteristcs for the four trials, cach plant, several variables were recorded

including: total weight of roots, weight of
[ach trial had for replications to allow commercial roots and weight of aerial

investigations ol efftects of horders and parts.
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lahle 5

Principal characteristics of locations and planting and harlesting information for four trials to study
esperimental methods for cassasa sield esalhations.

I rial I I nal 2 Irial 3 Trial 4

I ,"cah,,n (IA I -I'aiIIra ('IA I-Palmira Carimagua Carimagua

%Varle, Planted M %Iex I I M Mex 59 M Mex 59 NI Col 22
Plantin gdate Jan. 4, 1977 lX'c. 14. 1976 Ma', 13. 1977 Ntay 13, 1977
Ilal.c,,t dale Nt)%. 16. 1977 NoN. 16. 1977 April 16. 1978 April 16. 1978
,\Ic at halcst 316 days 37 d a 338 da\s 338 days
I tlltar phit I x I 11 I x In |).8 x 08 mn 0.8 x 0I 8 ni

To describe the procedure of analysis trial. The layout of this trial is shown in
titiliied, only details for the variable "total Figure 2.
root weight" will be discussed. for the first

3m 4rr~j.- 1mm1[ M- nf - 1 n3 m 16 m - -* 4 m-

, 7 \,

16 m Replication 3 Replication 2

N

2. m

Row 16

Col. 16 Col. 1

16 m Repiication 4 . Replication 1

IIN N

Row 1,

im

... .... ......... ........ . . .... . . .

igoure 2 .rrangement ofl c\ p lri enrlI t icld h sl ud i t el cIt eol borders and unplinted spaces in cassa, a
D r vla l U t).
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Borh,r effects otf cassava. First, a suggesting the heterogeneous character of
graphic analysis of' the plot was made by the soil in the plot.
constructing fertility maps. Figure 3 shows To confirm what the fertility map
tle fertility map t total root weight in thle suggests, an analysis of means of the rings
first replication. Note that in Row l0 and was done. A ring was defined as the
SOILuIs I and 16 thle two plantings of contiguous plants at the same minimum
greatest response predominate, suggesting distance from the border of the replication;
border effects. On the other hand, border that is. Ring I is the exterior ring of the
etcts are no~t pronounced in Row I. These replication; Ring 2, plants in Rows and
results clearly show the effects o f olumns 2 and 15, etc.
unplanted spaces. In Figure 3, one can se,
that the areas where border effects are Fable 6 is the table of analysis of
evident corcspond to the sides ot the variancc of total root weight in the first
perimeter contigtm us wit h Implanted trial. Both the Duncan multiple range test
spaces more than I In wide: Row I, and the minimum significant differences
hoss c er, which does not show border test show the seven interior rings to be
eflects, is adjacent to an unplanted homogeneous and different from the
corridor only I mu wide. Note also the exterior ring. Consequently, for the
presence of patches of varying fertility, analysis of siue and optimum form of the

16 kg/plant

K> [112419TRW 2.419

E1.W49 TRW4.456

/'12 7]4.456 TRW 6.494

..... ........ .6.494, TRW

8 0

44................... , ...... .. ...........

16 12 8 4 1

Column.

I il.c I eimitit a ip hr the hk l h l t,i ttm Weight I RW , hor Replication I. Cassava Uniform trial I.
1Ii "tilj+1k tin iffi .i,. 1)o1 f cr

, 
.l nd iiiiplaitief spICes Ill Cl,.;i\a (see Fig. 2).
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Iahe 6.

Anmalis of 'ariance for Total Root % eight in (a,aa Uniform Trial I.

SoIlrce ofi Degrees of Sumi of Mea n
%arll(l ) freedom squares squares F

R ueLs 7 7.086 1.012 2.93*
Slot 24 M.294 0.346

(o rected total 31 15.380

plot, the exterior ring can be elirnated from mined. Figure 5 shows the graph of CV
each replication, leaving 196 (!4 x 14) versus plot area. It is clear that in this
plants available for each replication, replication, it is of little advantage to use
Figure 4 is a graphic display of the mean plots larger than 16 m- for the harvested
yields by ring in Trial 1. area.

I able 7 summarizes the border effects To analyze the effect of the shape of the
for total root weight in each of the four plot, the partitions (1, 6), (2, 3). (3, 2) and
trials. (enerally. one border ring appears (6, I), ,! with areas of6 m2 are selected; the
sufficient, but in trials of confirmatory corresponding CV'sare 20.36, 14.08, 12.24
nature, it is recommended to leave two and 12.88%, respectively. Consequently,
border rows. being restricted to using plots of 6 m2 , it

v, ould be desirable to use the partition (3,Plot Size and Shape, and Replication 2) with the snyallest C.V. However, con-
Number. Adjacent plants were grouped sidering the other replications where the
into 49 shapes, each one of which simulates effect of the shape is less marked, given that
One partition of the replication. The 49 definite gradients are absent, then the
shapes correspond to the possible con- effect of the shape of the plot is of little
hinations of length and width: (I, 1), (1,2). importance. In these cases, square plots
.11.7): (2, 1), (2,2)... (2. 7);(7 I ),(7, 2).. should be used unless some other shape
(7, 7). offers better advantages for managing the

experiment.
For each simulated partition, ihe coef-

ficient of variation between the plots To determine the coefficient of
corresponding to that partition was deter- heterogeneity of the soil, the method

L.S.D. (0.05)
Overall (exterior

mean ring)Ring: 7 8 46 5 23 ............ -1
I : 6I  I I I I

3.50 4.00 4.50 5.00 5.50

Average total root weight (kg/ha)

I 1tiic 4 Mean vit.'lis h. ring in ('iasa.a Uniform I rial I.
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[able 7.

Summary of border effects for Total Root Weight in four cassava uniform trials.

I rial Results of Duncan multiple range test' Conclusions

1 7 9 4 6 5 2 3 I Significant border

effect in exterior ring

2 6 5 7 3 4 X 2 I Significant border effect

in exterior ring and

lesser effect in 2nd ring

3 H 7 5 6 3 4 2 I Significant border effect

in exterior ring and

much less effect in

2nd ring

4 7 4 6 5 3 2 8 I No significant border

effect

I Numbers identif. the rings esaluated. ring numbers linked by a line are not ,ignificantly different.

45-

40

30--

-E 25-

20-e00

" 15 -
'- 0

10 •

O, I I ? I I

10 20 30 40 50

Plot area (m2 )

ligure 5. ("ocltictent of %a rat,,n I otil Root \Weight ,ett, Plot Area. hr Replication l, Cassasa Uniform
Itial I. tot studlstrw elects oit botders an uti plainted spaces r I ,ssasai (wee Fig. 2 and 31.
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proposed by Federerl and the regression Utilizing this fact, the curves in Figure 6equation of Smith 2 were used. Table 8 were contructed to relate t, d and r. Thesepresents the averages over replications of curves are conservative approximations ofb, h', and the CV of unitary plots obtained the plot size when (t - 1) x (r- I) is larger than
for each response variable in each of the 14.
four uniform trials. The values of b and b'
la rg e r th a n I in d ica te in te rsp ec ifi c c o m - b e tw e e n t r i a s t o o l a rg e t e
petition, which is to be expected when between plots rreatd was too largerto becassava plants are spaced I m or less apart. practical. The great variability observed inUltilizing b' and the method proposed by this trial can be explained because the typeIlatheway!, the data in Table 9 was of plant utilized (variety M Mex 59) is notobtained which summarizes results in the recommended for the CIAT-Palmirafirst trial for total root weight. Note that ecosystem. The variety is a profuselywvhen d and r are fixed, the areas required branching, vigorous type under highremain almost constant for t > 10. fertility conditions and good management,resulting in excessive vegetative develop-

ment to the detriment of root production.
".l~t %ldl~lr ! h I", N : l

2 '11 I.h I I I 11 \L t'(11111 IC cI ki descrihllng Stochastic Model for Cassava!'CT,_ III 1L I I hC c '' I ;Igrlcuhiral ci 1p . Horn worm Studies. During 1978 a model.1. ,,'I,,! Air, i. 2,i 1) -2 was constructed that attempts to adequate-
I l. plc,%1 ,,, it ly represent the behavior of the cassava

I 1 lc S,.

.A eriige% oiter replications for the coefficient uf hetrogenitil b ), according to Smith', (W), according toFed erer. and for the ( otfficie el if Varialion (.) htl cen unitar plots.

Rci l iic %aial h h, C.V. )

I ,[;I 'li'glit I ,l,,k 1,461 1.257 42.34
\ ici~ot ii c,, Ic l 1i(. , 1.427 1.236 47.07
Wc\u it I .iCIii i' [ l, 0.947 I).990 34.25

I lii iict' i I r~t I, 0754 0l.889 108.13
k .glhtI of Ct"Iltl.'ti 'hi , r , ).O 5 0).871 120.15
WeigctI I pr ad! ll, 1.354 1.221 7277

li tal iL_ oii_ I I 1.16) I.141 72.80
\ CV01h .,I tmliI hIci til iooN 1.170 1.139 85.83

'\kC. , uciil a ieta , I 16 . 1 6 1. 170 47.01

4 l iIi %%cl.0 ,I .0 1. ,ts 1.061 1.)71 54.73
" .\ c ,, i , c rilt hiu li , r. 1)23 1)052 8). 19\ ' !eh ,, .1~I, 1I)X6 I,0lO 17,8 5

I "-,h~+ Il ii- \r ... Ii, i c~ :(r, c'll!urt..,,rt t", .wf+Itr utrIip \it i2
2 ~. 

. ii Sc IrclC ~ %i~i~ii~r~ I.glrc Sci 2'M 1)
2 lodc~cr, x,%, i 1112, I ; .,'i' ~t i 'trI: %.,c' ltl.aII -k ( o \c%4 York
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I able 9.

Size of plot required as a function of the number of treatments to compare (t), number of replications to
use (r) and the actual difference to be detected as significant (d, expressed as a percentage of the mean).
(Cassava Uniform Trial I for Total Root Weight data.)

r

d 2 3 4 5 6 7 8

5 242.1 137.9 101.9 82.4 69.8 60.9 54.2

5' It 185.7 122.3 94.3 77.8 66.7 58.7 52.5

15 173.4 118.4 92.4 76.6 65.9 58.1 52.1

20 168.0 116.6 91.4 76.0 65.5 57.8 51.8

5 80.3 45.7 33.8 27.3 23.2 20.2 18.0

It); 10 61.6 40.6 31.3 25.8 22.1 19.5 17.4

15 57.5 39.3 30.6 25.4 21.9 19.3 17.3

20) 55.8 38.7 30.3 25.2 21.7 19.2 17.2

5 42.1 24.0 17.7 14.3 12.1 10.6 9.4

15"i 10 32.3 21.3 16.4 13.5 11.6 10.2 9.1

15 30.2 20.6 16.1 13.3 11.5 10.1 9.1

20 29.2 20.3 15.9 13.2 11.4 10.1 9.0

5 26.7 15.2 11.2 9.1 7.7 6.7 6.0

20(' 10 20.4 13.5 10.4 8.6 7.3 6.5 5.8

15 19.1 13.0 10.2 8.4 7.3 6.4 5.7

20 18.5 12.8 10. 1 8.4 7.2 6.4 5.7

5 18.7 10.6 7.9 6.4 5.4 4.7 4.2

25"; M0 14.3 9.4 7.3 6.0 5.2 4.5 4.1

15 13.4 9.1 7.1 5.9 5.1 4.5 4.0

21) 13.0 9 1 7.1 5.9 5.1 4.5 4.0

I h I I-A 42 14 .- 5;. '1= 8(;

hornworm (Erinnis 'ello), of considerable relationship, host parasite relationship,
economic importance in cassava produc- etc. Presently, work is being done in the
tion, and two of its biological controls experimental estimation of these
the egg parasite Trichogranima spp. and parameters for later validation of the
the larval predator l~olites spp. model. The stochastic model was chosen

due to the characteristics of the problem,lhis model has as entries t ;e loliar area cpcal t ra aiblt n on

ot tile cassava crop at a given moment, the especially its great variability and com-

teinperattire, and parameters representing plexity.

certain biological characteristics of the Using the model, it is hoped to represent
insects such as life cycles, fecundity, sex quantitatively the biological knowledge
ratios, fertility, predator capture now known for this natural system. This
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representation, together with some initial Program which will permit meeting theconditions (population, foliar area of needs of the Cassava Program.
cassava, etc.) and control policies(quanlitv
and moment of liberating the Tricho,'ra-
ma, etc.) will permit the model to predict Also, in 1978. a series of experimentsthe tendencies of the hornworm, was processed on planting densityIrichogramma and IPoi te. populations, evaluations itt il ii ng a systematicas well as effects on the foliar area of the trapeioidal design. Experiments ofcassava. cassava bush bean associations were also

analy/ed to evaluate weed control effec-Other tro/ects. D uring 1978, the tiveness in monoculture and associatedVarietal Improvement Section of the conditions. Results suggested that the(assava Program has reinitiated the task cassava bush bean association is anof completing and updating existing effective cultural practice for controllinginformation about the cassava germplasm weeds. Nore detailed results for both of thebank. [he Computer Services Section is experiments may he found in the Cultural%,%(rking in the design atnd analysis of a Practices Section of 'he Cassava Program
system similar to the one used in the Bean report.
Data Services Unit 
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Rice Program Nursery for Tolerance to Sheath Blight
(VIAVAL-77), with 9 experiments.

International Nurseries. The Data Ser- For each nursery an analysis was done
vices Unit collaborated this year in by location and a combined analysis done
planning and conducting statistical over all locations; also, adaptability of the
analyses of five international rice nurseries: varieties was measured using methodology
the International Rice Yield Nursery for proposed by Eberhart and Russell'. A
Latin America VlRAL-76), with 15 ex- program of stochastic dominance was

periments; the VIRAL for Early Varieties utilized to analyze the combined data. In
(VIRAI.-), with 17 experiments; the addition, a FORTRAN program was
VIRAL for Verv arly Varieties (VIRAl.- written that produces tables with the most
l), with 18 experiments; the VIRAl, for important statistics for each location.
Upland Varieties (VIRAL-S), with 14 More detailed information may be found
experiments; and tile International Rice in the Rice Program report.

TRAINING

l)uring 1978 the Unit participated in the short course on the Statistical Analysis
following production courses: two inten- System (SAS) for scientific personnel and
sivc cassava courses, two bean courses, two trainees of CIAT. In this course, general
rice courses, one pastures and forages concepts of the SAS language and most
course. and one swine course. In these used system procedures were introduced
couttrses. confcrences covering the follow- and illustrated through practical examples.
ing ',uhiects werc offered: general introduc-
tion tostatistics and experimental design; Also during the year consulting was

designs most utilied in the respective provided to biometrics personnel of the
disciplines and programs: and illustrative Instituto Colombiano Agropecuario
examples. (ICA) in the manipulation of information,

techniques of multivariate analysis and
In October 1978. the Unit conducted a analysis of unbalanced designs using SAS.

I Iherhari, S.A. and Russell, W.A. Stability
paranciers lor comparing varieties. Crop. Sci. 36:
36-40.
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Station Operations
The Station Operations U nit is responsi- and the remaining 31% was for research

ble for providing machinery and irrigation support.
services to support research and other crop
production activities at the CIAT-Palmira Irrigation Services
and CIAT-Quilichao stations. In addition,
the Unit constructs and maintains all the Irrigation services were provided for a
roadways, fencing and irrigation and total of 1101 ha planted to crops other than
drainage structures. Services provided rice. Another 22 ha were flood-irrigated for
during 1978 are discussed in the following the Rice Program for a total of 200 days.
sections. Irrigation was provided to 'programs

according to the following breakdown:
CIAT-Palmirm. Beans, 494 ha; Station Operations, 410 ha;

Cassava, 110 ha; Beef, 56 ha; Special

Studies, 13 ha; Maize I I ha; and
Agricultural Machinery Utilization Maintenance, 7 ha.

In order to know more about the
A summary of the machinery services moisture status of soils on the station,

provided to programs is presented in Table Bouyoucos blocks were installed in several
I. Machinery was utilized an additional plots over the farm. After one year of
6986 hours for cropping and otherwise observations, it appears that moisture in
maintaining fields not assigned to research the CIAT soils drops from 100 to 60% over
(3310 hours), maintenance of plots and an average of eight days. This knowledge
borders of land assigned to research (1596 will permit irrigations in experimental
hours), maintenance of roadways (911 crops to be made on a timely basis.
hours), development and improvement of
new lots on the southern part of the farm Irrigation and Drainage Systems
(621 hours), and upkeep of canals and
ditches (548 hours). In summary, of the A total of 750 m of drainage ditches were
total time machinery was utilized, 36;, was constructed and 30 km of ditches including
for maintenance and improvement of the culverts under roads were cleaned of
station, 33% was for producing crops sediment. A total of 360 m of concrete
maize, sorghum, beans, rice and cassava) irrigation canals were constructed to bring
on land not assigned to research programs this system to a total of 1200 m of canals.
Station Operations G-17



Machinery services provided for research support arid other requests during 1978, (IAT-Palmira.

Machinery utilization
Propr ill oUnit No. of iequests Area prepared (ha) Time (hours)

leanll i'ogrini 172 (46.0)' 299.5 (59.6) 1505.9 (48.0)
(;ssala Prograin 85 (22.7) 84.2 (16.8) 791.0 (25.2)
ect P'iograin 48 (12.8) 36.6 (7.3) 202.7 ( 6.5)

Rice lrgram 25 6.7) 50.4 (10.0) 505.8 (16.1)
ipecial Studies Unliit 20 5.3) 15.4 (3.1) 30.8 1.0)
, S irle l lit 12 3.2) - 34.1 1.1)
(CIMMY1 (IAI M i /llUnit 8 2.1) 16.2 I 3.2) 65.3 2.1)
Maintenance 4 1.6) - - -

I otal 374 1tO 512.3 (100) 3135.6 (100)
S \ . ih,tr l en.ll' '.. ,irc ['crceni.iger,

Other Improvements CIAT-Quilichao

A program was initiated to re-level many Fable 2 shows a summary of labor inputs
of the research lots on the station in order at the CIAT-Quilichao substation during
to provide more efficient gravity irrigation. 1978. In addition to the consideraib!e
The U nit also located steel posts on each of amounts of time shown for maintenance of
the research lots with (he name of the lot the station, several other improvements
and the survey coordinates contained on a were completed during the year in an effort
plaque. to upgrade this research site.

Seed Production A deep well (170 m) was drilled to

provide irrigation capacity for the station.In collaboration with the Rice Program. Flow is at a rate of 94 liters per second. A23,3501 of rice(CICA 8) were produced to large pump was installed and a storage

provide hasic supplies of this new variety. p ump co nst aled and astrage

Under an agreement with the Instituto pool construced to receive and distribute
the water. Also, a conduction system was' olo2bian , Agropecuario (ICA) 37.850 t built to distribute irrigation water and

of IR 22. 17,50X) t of CICA 7, and 42,650t

of CICA 8 were produced as basic seed water for watering cattle.

increases.

Two existing buildings on the station
Training were repaired and are being used as an

operations office and a storage building.
l)uring 1978 five professionals(one each Other features constructed include a

from Bolivia, Brazil, Colombia, the machinery shed, corrals, a metabolism unit
)ominican Republic and Honduras) were for the Beef Program, a shed for housing a

trained in management of research stations forage dryer and sanitary facilities for
within the Unit. employees.
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Tahle 2.

Labor utilization in %upport of research and other operations during 1978, at CIAT-Quilichao.

Type of work

[ractor IrrigationI'i))gr;un or IVnit (hours) (hours) Man-hours

IBel I'rogiani 235 (43.0)l 1580 (67.0) 987 32.5)
lican lbrogram 13 (2.4) 243 (10.3) 90 ( 3.0)
(a ,saIa Program 42 (7.6) 274 (11.6) 208 (7.0)
I'll'i ho lrus I'ruject - 243 (10.3) 64 (2.0)
,pccail Studies )n1 - I0 ( 0.41 1

(l\)\IYJ ( .. I %laile U!nit 3 7 (0.2) 26 (1.0)
StatioM \.1IItetl aice 256 (46.5) - 1663 (55.0)

1I,,al 549 (100) 2357 (100) 3039 (100)

I l rm p h, i aciiti s e pei centages

Carimagua effort was placed on repairing and main-
taining roads on the station. A total of 35701 he responsibility for providing station loads of gravel was excavated and hauled

operations s-rvices at the Carimagua for road construction and repair. This
station is assigned to the office of the amount equalled more than 13,000 m2 of
Executive Administrator at CIAT. Given material placed on 43 km of roads in
the organi/ational structure at Carimagua, addition to the construction of another 16
the statiit operations superintendent ki. Twenty-four new drains were also
adrilnistei the hurnan, physical and installed.
financial resources of the station in basic
supp)rt oft the research work carried out by
scientists from b-ith (IA[ and the In- A total of 38.1 km of new fences were
Sttito ('olombiano Agropecuario (KIA). built and another 51.5 km repaired. Also,

in animal paddocks, seven new watering
tanks were built and three repaired. A largeHuman Resources water storage facility was constructed in
the pasture utilization area of the farm andI)uring the year. the number of support 2575 rn of polyethylene tubing installed to

staff increased .17"7 to reach t total of 130 distribute water to animals. 'Fen natural
employces providing 17,651 man-<Iavs of watering holes were excavated or
sork. N everthelcss, an additional 4.(t)0 modified, in efforts to prevent animal
man-hiours of ivertintc was needed losses from cattle falling into these areas
be% ccin .1atia iv athd October. and being lost.

Physical Improvements Two new corrals were also constructed
and various salt boxes and feeders bui't

\ cionsidcrable amount of time and and installed.
Stntion Operations 
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Machinery paign. Work was also done to guarantee
purity of the water on the station by

Four new tractors were added to the fleet eliminating some faults in the treatment
during the year to bring total capacity to system.
607 HP. Utilization was 1475
hours/machine year over 1978 including A large vegetable garden was established
three months of the dry season when little to help the station become self-sufficient in
field work is done and days lost to rains production of these foods.
during some six nonths. A total of 10,325
hours were worked with tractors. In cooperation with the Library from

CIAT-Palmira, the local library wasOther Services enlarged and the number of loans in-
creased, both of technical and recreational

Among other services for which the materials.
station superintendent is responsible is that
of health care, not only to Carimagua A small school was organized for
personnel, hut also to people of the nearby children living on the station. It is planned
region. )ental services were provided to a to offer some simple adult education
large number of persons during a cam- during the next year.
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Climatology
CIAPs meterological service completed meteoro!ogical observations for theits first full year of operation, with funding November 1977 to October 1978 reporting

by the Special Studies Unit and year follow.
operational maintenance by the Station
Operations Unit. Primary activities in 1978 CIAT-Palmira
were: (1) to establish a complete
meterological station at CIAT-Palmira; (2) Mean monthly temperatures were nearto transfer the Corporaci6n Aut6noma normal; however mean daily variation wasRegional del Cauca (CVC) meteorological 1.20C less than normal, reflecting astation from nearby Hacienda San Julidn reduction in the mean maximum and anto the CIAT-Quilichao substation; (3) to increase in the mean minimum
obtain agreements with the CVC and the temperatures.
Instituto de Hidrogratia, Metereologia yAdecuaci6n de Tierras (HI MA ), whereby -xcept for April and May 1978, the('IAT personnel would take responsibility period from November 1977 to Octoberfor maintaining instruments and analVing 1978 was relatively dry. This was primarilydata from the stations at CIAT-Quilichao due to below-normal precipitation sinceand ('arimagua, respectively, (4) to create a potential evaporation was near normal
meterological data bank with complete (Fig. I).
long-term daily data from ICA-Palmira,
CIAl-Quilichao and ('arimagua; and (5) CIAT-Quilichao
to modify and test a standard computer
simulation model to estimate the transpira- Although the mean annual temperaturetion and soil-water balance of crops. from November 1977 to October 1978 was

normal, mean monthly temperatures wereGeneral Observations below normal from November 1977 to
April 1978 and slightly above normal from]'he 1977 ('IAT Annual Report may be May to October 1978. Mean maximumconsulted for comprehensive long-term temperatures were, with the exception ofmean monthly precipitation, temperature. November 1977 and July 1978, slightlypotential evaporation, relative humidity higher than normal during the warmand hours of sunshine for the principal months and slightly below normal duringCIAT research sites. General the cool months. Mean minimum

Climatology 
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350. P Precipitation Popayan
mean precipt. Except for April, September and Oc-

tober 1978, precipitation was below nor-
- 20 mal. This was especially evident in JanuaryE 250 

1978 when rainfall was less than 30% ofE 
normal and was the driest January in 25200 
years (Fig. 4).

.15 Precipitation

100 
Figure 5 shows the long-term tendency

for precipitation in Palmira. From 1930 to
1977 both rainfall and rainfall frequency50 have tended to increase. When five-year
moving averages are ca!zulated, an ap-N D J M A M J J A S O proximate I l-year rainfall cycle is evident.1977 1978 Although data from many more years, Months would be needed to confirm such a cycle, it

I, urt.4 \lthh h , I,,t te p N r is probable that the next three or fouryears()iohL1 ,1J ,ntl!-tc'itl rtt.all of will have below average rainfall. During
the past 47 years the 12 consecutive months
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with the highest precipitation were istence of a significant dry season in ClAT-
September 1937 through August 1938 Quilichao. Long-term data from San-
(1645 mm). May 1958 through April 1959 tander de Quilichao (25 years) and
were the driest 12 consecutive months (574 Hacienda San Julian ( II years) indicate
ram), that the January-February dry season

normally observed at CIAT-Palmira does
I able I gives the monthly rainfall at not occur in the repgon of Santander de

('IAT-Quilichao, CIAT-Palmira, Popa- Quilichao. Nevertheless, analysis of the
van and Carimagua as percentages of the last four years ( 1, /5-1978) shows that the
long-term means and the 1977-1978 totals. mean rainfall in January and February has
Rainfall from November 1977 through been below average at Popayan, CIAT-
()ctober 1978 was approximately 20( Quilichao and CIAT-Palmira (7able 2).
bclow% average in ClAT-Quilichao and During the last two years the rainfall
(IA I-lPalmira and about 10% below during January and February at these
normal in Carimagua and Popayan. three stations has without exception been

below normal. Despite the general lack of
l)uring the last two years there has been precipitation in 1977-1978, there is current-

cOnsiderable discussion about the ex- ly no reason to believe that the January-

lahle I

Nlonthl. 1977-1978 rainfall as a percentage of long-term a~erages at four (IAT research stations.
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I ahle 2,

Mean rainfall in 1975-1978 and long-term a'erages during January and February in tations with
hinod al ditribution.

Rainlll i nn)

"11 nUdr Vehruar,

9- 19"- Ing- 1975- 1977- long-
19' T term 1 975 1978 term

a I\I-Imni 42 46 71 61 20 71
I I '9i ICIl 6.4 119 142 57 169

-0 IOS 122 125 157

Februarv dry season is more than an simulation model for estimating profile
OccasioNtl phenomenon in the area of moisture content on a daily basis wasSaintandcr de Q uilichao. obtained and adapted to tropical con-

ditions. The good agreement betweenWater Balance Model simulated and actual values makes feasible
irrigation scheduling and the simulation ofI catp ution \Aith the Grass Agronomy soil-water content and transpiration in

-Section (d the Beet Program, a computer previously executed experiments.

Climatology 
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International
Cooperation

International relations and technology International Cooperation
transfer functions, comprising the area of in 1978
International Cooperation at CIAT con-
tinued to support the Center's research Activities of the first five groups aboveobjectives of increasing physical and are discussed in their respective sectioneconomic productivity in beans, beef, reports which follow this introduction. Incassava, mai/e, rice and swine. These addition, the annual reports of the variousactivities have been directed to establishing commodity programs contain discussionscloser links with national programs and of their respective work in this area. Otherother international institutions, to secure International Cooperation activities dur-support and cooperation for facilitating ing 1978 included the following ac-

('IAlIs mi.ssion. complishments.

By coordinating the use of the resource Outreach Specialists
components below, all under the ad-
ministration of the Associate Director Under funding from t'.,: United Nations(eneral for International Cooperation Development Programme (UNDP) two(AD)G IC). the ('enter is capable of senior staff members were located in Costaworking collaboratively with national Rica(one in rice and one in beans)and oneprograms in their own countries to help posted to Bra/il (in tropical forages) during
them solve technological problems im- 1978. Those in Costa Rica are assigned topeding expansion of food production. serve the Central American and Caribbean
Units and other personnel resources within area, and the latter one, Brazil.
the International Cooperation . ctor are
the following: (I) Training and Con- By the end of the year, the followingferences; (2) )ocumentation Services Unit; numbers of staff were outposted:
(3) C'ommunication Support Unit; (4)
Seed Unit: (5) CIMMYT CIAT Regional Brazil: one in cassava entomology; andAndean Maie Unit; and (6) outreach three in tropical pastures and animal
specialists of the commodity programs and maragement.
outposted regional or bilateral outreach
specialists. Costa Rica: one in rice and one in beans.
International Cooperation 
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Guatemala: two in beans and two cassava and bean technology validation on
that are assigned to the cooperative farmers' fields were developed and con-
Instituto de Ciencias y Tecnologia ducted by ICA and CIAT in Colombia.
Agricola (ICTA)/CIAT project.

Philippines: one in cassava. Country Relations

Venezuela: one for the diagnostic study Excellent collaborative links continued

of beef cattle enterprises, with many countries in Latin America.

In all of the Central American, several ofAgreements the Caribbean countries, and most of
CIAT signed agreements for coopera- South America, CIAT administrators and

tion with the following countries and research and outreach scientistshavemade
institutions during 1978. In Venezuela. a numerous visits and contacts, exchanging

general agreement was made with the information, pinpointing opportunities for

national government while another agree- collaborative work, identifying trainees,

ment of collaborative support action in and in general, developing a series of
actions which have lead to a significantVenezuelaimprovement in outreach activities ofInteramericano de Ciencias Agricolas CIAT.

(IICA). Both general and specific
agreements for collaborative outrearch
action in seed technology (beans and Exploratory Studies
maize) were signed with the Centro
Nacional de Tecnologia Agropecuaria In preparation for added outreach
(CENTA), in El Salvador. activities, initial contacts made in 1978 by

the Director General and the ADG/IC in
In Colombia, new special agreements Kenya, concerning an East African Bean

were made with ICA for work at the Outreach Program will be complemented
Caribia Station in cassava, on basic seed in 1979 by another study mission in several
production of rice, on collaboration in the countries in East Africa, carried on most
ICA/CIAT rice program, and on im- likely with participation of a Dutch
proving pre- and post-quarantine systems Government representative arid bean
of disease and pest prevention for CIAT- scientists. A similar study will be con-
produced or exported genetic material. ducted in English-speaking countries of the

Caribbean with a UNDP representative,
Special outreach projects on models for also in 1979.
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Training
and Conferences

ClAT has reached a stage in its evolution accepting 314 persons into the various
when an increasing number of types of training programs during 1978.
technological components are becoming This total was a significant increase over
available for transfer to national ins- the 195 enrolled during 1977 (Fig. 1).
tituciones. Germplasm selections and new Participants came from 22 countries in the
hybrids, as well as associated technology Americas, 5 Asian countries and 2 Euro-
from the Center's commodity programs pean countries.
are entering validation trials at many
locations in client countries.

Training Philosophy
Training activities help satisfy three

important objectives which must be met if Training for Research Networks
technology transfer is to be successful.
Training first helps accomplish inter- CIAT commodity programs are giving
institutional transfer of technology, increasing attention to consolidating
Secondly, it helps to link research and technology validation networks, regionally
extension activities in target countries, as well as nationally. In the cases of
Finally, training strengthens national tropical forages for acid, infertile soil
institutions for acting cooperatively as well regions, beans and rice in Central America,
as independently in matters of adapting cassava in Latin America and Asia, and
and validating CIAT-generated swine in Latin America, these networks are
technology. In all three dimensions, being coordinated by regional outreach
training offers a product-capable specialists. Through these networks, the
professionals-- as well as a means to an purpose of the training and the task of
end- the transfer of CIAT's technology, followup are integrated with cooperative
which are both parallel and intimately research and validation trials. Research
related to the technology itself, networks are now closely monitored in

each program in a process of transfer of
CIAT's commodity programs and other technology materials, information and

units helped to meet the growing demand design and of feedback of information on
for trained professionals by selecting and results.
Training and Conferences H-3



320
309M Visiting Research Associates/Research Scholars 16

Postgraduate Interns for Research 61

Postgraduate Interns for Production

Short Course Participants

260

171

200- 192
22

60

'1 157
19

140 133
77 13

117 46

103 81
100 13 7

31 2
80-

2

22 6 23 31 62
50

143 54

318 16 41374

2 30 2

20 -2 23

12

1969 1970 1971 1972 1973 1974 1975 1976 1977 1978

Year

F"igure I. Number ol CIA I training participants by training categories, 1969-1978.

Need to Achieve Critical Mass critical masses by offering training
primarily through intensive 4-5 week

Before actions can be successfully courses. These short courses are mul-
applied and quality results obtained in tidisciplinary, covering the entire produc-
adaptative and validative research tion spectrum for a commodity. They are
networks, a minimum number of primarily intended for research scientists
professionals are required for each coun- having substantial experience.
try, It is preferable that they are organized
as a team. For this reason, CIAT's During 1978, 117 of the 314
programs are giving preference to creating professionals trained at CIAT participated
H-4 1978 CIAT Annual Report



in five of these courses: two in cassava, two sought, with a major d,.termining factorin beans and one in seed technology, being the specific needs of each country, in
Twenty-two percent of the training time, each commodity.
188 man-months, were in this category.

All training is conducted within eachDemand for Short-term Training commodity program or other unit and
more detailed information is given in thoseWhile longer-term !raining is desirable respective sections. Table I shows thefor equipping scientiss from national numbers of professionals enrolled inprograms with solid knowicdge, effective training at CIAT during 1978, according to

research skills and efficient working habits, commodities, training categories and man-
frequentlv national programs can not months.
spare the timie of their fes, scientists for
more than one or two months, or the
scientist doe, not wish to leave his job and Disciplinary Training
famiiv for a longer period. These factors versus Production Training
create a strong demahd for short, intensive
courses. ('IA Y staff recognizes that short-
term training has disadvantages for Some of the needs of national programs
younger, inexperienced professionals and require specialized training along a given
has serious limitations for developing discipline. Individualized, in-service train-
research skills and work habits, as the short ing categories serve this purpose well.
time invested does not facilitate learning by Other needs of both the national programs
doing. as well as CIAT, mostly regarding

technology validation and transfer, are
Importance of Medium- and best served by a multidisciplinary ap-
Longer-term Training proach where all relevant disciplines are

focused on the commodity from a research
While more than half the professionals standpoint. This approach is especially

trained in 1978 participated in short suitable for training for validative testing
courses, still 143 persons received medium- as a first step in transferring CIA's
term (4-6 months) or longer training. These technology. This latter approach is the one
tratinees represented 658 man-months or applied to the so-called production
78"; of the total time invested in training by courses. Figure 2 shows the schedule of
the ('enter. lhe categories of Postgraduate these courses in 1978. Table 2 shows the
Interns, MSA and Phl) thesis scholars, distribution by programs and disciplines
and other post-master Visiting Research and Table 3 shows the relative attention toAssociates still constitute the core of countries assisted. Fable 4 lists all persons
CIAl"s taining endeavors and are ex- participating in training at CIAT during
pected to have the most lasting and deep 1978.
effects on natimal programs over the long
run. Assistance to Within-country

Appropriate Balance in Traininl Training
Duration

CIAT continued to provide assistance toAn adequate balance between the within-country training in interested coun-various lengths of tiaining is constantly tries. A three-month course on rice was
T atmnin and Coriuirfricos 
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Number of profmsionals trained at (I AT in 1978 bs commodit% program.

(ateor% o Iraining

\ isltivn P'otgraduate Pograduatc Short
t'',doctora! R csearch Research Research Production Special Course

-'rogram (h! Ns.s~icat> Scholar, Interns Interns lrainees Participants Total

Bean, 210), 2 ( 12) 4 27h 29') ) 2 ib 5'. (59) 97(211)
Cassava 2 171 - (59 2 ( 13) rCi (70) 80(149)
Rice 14) - I (4) 21 (,,5) 6(16) 29(109

4eef 2(5) 4(35) 3(19) 20 (101) 1 (6) 30(166)
Swine 1) 21 81) 22 (82)

Others

Biometrics 1(8) 1 (5) 2(13)
Seed Production - 29 (29) 29 (29)

Sils - - 1 (12) (4) - 3(16)
Librar% and Information
Scr%:ce, 

- 1(7) 15 (30) 16 (27)
(- Station Operations

Management 5 (29) - 5 (29)I aborator,% Management 1 (5) 1 (5)

TOTAL. 1)78 5 (25) 6(26) 9(74) 49(218, 52(267) 12(48) 171 (188) 314(846)
1977 3 15 7 38 29 24 81 195

-CD I Numbers in parenthesis are man-months of training.
0



Program Jan. fFeb.j Mar Apv My Jue Jl Aug Sept Oct iNov Dec.

BEANS 

I30 30 13 312 21 38 122

IT
BEE__ _ _I_ _ _ _ 23[ __ ii _ _1_

CASSAVA I
14 30 13 1 46 30

RICE 24[ 10 23 
15_RICE

SWINE 171 21 117f t
OTHER Documentation 3 17 31 Tech.. 6 9 1

Station Operations Manageent
15 2-3

Figure 2. Schematic design of CIAT postgraduate training program during 1978. (Numbers in blocks are participants in the classes.)



Table 2.

Professionals trained at (IAT in 1978 b. commodit ,"discipline of specialization and c2tegor of training.

(Date!'r of train

Post- Visiting P-,',igiad uate Postgraduate Total('onimodilt discipline of doctoral research Research research Ioodiuctionl SpCCaI Short course Suh program commodityspecialiiation fellows o'Istcles schidr inttr n t rainees r irticipants totals programs

Beans agronomy I 18)' 10 1139) I (4")biometrics 
(22)1

entorn olhog - 3 151 1 (5) 4 (20)plant breeding 1 (8) - I(5) 5 (12) - 7 (25)
plant pathoogy - 3 (22) 5 (12) 1(1) 9 (35)
plant physiology - I(4) 1 (4)crop association - 2(9) 2(9)
production I (2) 1 (4) -- - 59(59) 61(65)
germplasn 

1 (4) 1 (4)Beant, Total 2(10) 2(12) 4(27) 28 (97) 2(6) 59(59) 97(211)

Cassava agronomy - 2(14) - - 2(14)biometrics 
1(12) I (12)

economics I (6) I (6)
plant breedings 

- 1 (9) 1 (9)
plant pathology - 2(7) 2(7)plant physiology 1 (!) - I(10) 2 (lI)sils 

1 (9) 21(1) 2(10)production - - (10) - 68(70) 69(80)CO Cassava lotal 2(7) - 8 (59) ' 2(13) 68 (70) 80(149)

> Rice plant breeding - 1(4) 2(2) 3(6)
* production - I (4) 20 (81) 1 (2) - 22(87)communication 

1(4) 1 1(1) 2 (51rural sociology - -
2(11)

Rice total - 1(4) 1 (4) 21 (85) 6(16) 29 (109)
I lgures in parenthesis are man-months of training.



I able 2. (contirued)

R('ategr- 
of training

S Conditot- 
Visiting Postgradute Postgraduate 

Total
odiscipline )f dctoral research Research research production Special Short courSm

C L L.e a l t t o p t c d -% h rt o u s ' u b -p r o g r a m c o m m co d i t y
r'0 |nello.s acates scholars ltern'. trainees participants totals programs0O Beef hiometrios 

- I IN
Ic( 4 )

0 ,i microbiologv 
1 (4)productton 
2-5(4 - '3) 1 (12) 11 (54) 2 (69)

animal health 2(19) 
1 (69)

pastures & horage breeding -_I)(101 9 (47) (17)
pastures & forage utiliation 

0 (57)1 (6) 
1 (6)Beet Iotal 

2(5) 4(35) 3(19) 20(I01) I(6) 30(166)
S%,ine production

animal nutrition 
2-)(81) 21 (81)

Swine total 
- 1(1) 21(81) 22(82)

Other units or disciplines:
io',metrics 

I (8) 1 (5)seed production 
2 2(3soils 

1 (12) 2(4) 2 29(29)
librar- and information 3(16)

St.% Ic'sstratn operations 
1 (7) 15(30) 16(27)

management 
5(29) 

.5(29)laborator,, management I(1) I(5)rotal other units or disciplines I (9) I (5) 1 (12) 8 (38) - 1(7) 44 (59) 56 (129)

5(25) 6(26) 9(74) 49(218) 62(267) 12(48) 171 (188) 314(846)

io _ _



T "able 3.

I Professionals trained at (IAT in 1978 classified b% countr% of origin and commodit. in Ahich trained.

Commodity ,or program

ibrav and Station

Seed Information OperationsCountry Beans Cassava Rice Beet Swine production Services Management Others Total

Latin America and
the Caribbean

Argentina I I I 1 5
Belize 1 2 - I 4
Bolivia 2 1 1 1 3 4 1 1 I 15
Brazil 20 22 I 9 1 - I - 55
Chile 5 - - - - 2 1 9
Colombia 12 7 I 8 4 7 2 1 43
Costa Rica 6 4 2 - - 1 - - 13
Cuba 2 2 2 1 1 1 - 9
Dominican Rep. 4 I - I - 2 i 1 - 10
Ecuador 5 3 4 - 2 4 - - 2 20
El Salvador 2 1 - 2 - - 5
Guatemala 5 - 2 - II
Guyana - 2 - - 2
Honduras 9 -I 12
Mexico 2 3 3 9

EI Nicaragua 2 - 2
Panama 4 - 2 3 1 1!
Paraguay - - - 3 1 4
Peru 6 1 6 3 3 - I 21

M Trinidad & Tobago - l
S Venezuela 4 3 1 l 2cn InI

(continued)
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U3

0o Fable 3. (continued)

o Commodity or program

librarv and Station
Seed Information Operations

Country Beans Cassava Rice Beef Swine production Services Management Others Total

Other countries

England 2 
2

India 5 -5
Indonesia 5 -5
%lala sia 4 - 4
Netherlands I - 2 3Phillipines - 4 - 4
Rep. of Seychelles - I I
South Africa - I 11
Thailand - 6 1 7USA 2I 3West German\ - - I - - - - 1 3

[oral 97 80 29 30 22 29 16 5 6 314

T



conducted in Panama, in cooperation with Financing 6f Training
the M inisterio de Desarrollo Agropecuario
(MII)A), and a1 two-month coUrSe if] rice Almost one-half (151) of the
s% as pr iCIded In FcuadotI, in cooperation professionals trained at CIAU last year
,It h the In,,titulo Nacional de In wcrt funded from th c(cnter's core budget,
vestigaciones Apropecuarias (INIAP). In with the remainder sponsored by public
Guatemala, ('IA I has been involved in a and private donors of which the United
six-Course cycle for rice and beans which N ations l)evelopment P rogra minme
the I ntituto de ('iCencias v [ectnologia ( NI)P ) was the major funding source.
(ICI A) has operated since 1976. This cvcle Table 5 shows the donors and number of
was concluded in mid- 1978, and ICTA ", ill training participants in each category
Contiutie to operate thle training progran. financed bv each major source.

CONFERENCES

Several major conferences, seminars and on Advances in Research. Directors of
workshops were held during 1978 which research frorn Argentina, Colombia,
directlv or closely supported varioues ('IA Ecuador, (6uatemala, Peru, Trinidad and
program strategies. Conferences, dates and Venei,,ela attended, as did representatives
attend ances are given in [able 6 of the ('anadian International Develop-

ment Association (CII)A), tile Swiss
Ill lrltiaa. the (enter hosted a (overnment. the Inter-American

Work shop onl International fiean Breeding I)evelopment Bank (1BI I)), the Instituto
I ral, in I attn America. I his conference Interamericano de ('iencias Agricolas
had 43 palticipants from 21 countries. (M(A), the Kellogg Foundation and

I SAIl).
In April. the Beef Program co-sponored

;I Setninar m Pas .tuc Production in Acid In Noembher, an IICA CIATworkshop
S.k oof the I r pic,, with, an attendance of was convened to review and evaluate the
I185 petrsons. I muted atelV before this I.atin American Agricultura; Economics
seminar, a Workshop ot the ('ollection. l)ocumentation ('enter (CEDEAI),
PrCservation, I) ist ri hti t Ion and operated bv ('lA-ls Documentation Ser-
Characteri/ation of( errnplasn Resoiirees vices U nit. Iwenty-three economists,
ot I ropical Forages was field, This communicators, documentalists a rid
meeting, held in collaboration with the agricultural scientists from eight Latin

riversitv of florida I .S.A.) arid the American countries, the U nited Kingdom
I:rnited States Agency for International and Canada attended.
Ietelopment Wl),Al)) had 115 par- )uring the year, CIAI staff presented
tcipnts. 126 internal seminars. [he Conferences

I ,entv-one spciallists attended the (ff ice also provided considerable logistical
International )cveloprnent Research Cen- support to training courses, the Public
tre (II )RC ('I .I Workshop on ('assava Information Office and commodity
IHarvesting and Pirocessing, also in April. programs.

In May, coinciding with the annual A total of 22 events were also held in the
meeting of the CIA] Board of Trustees, Conference facilities by organizations
the ('enter sponsored its annual Seminar outside of CIAT (Table 6).
H-12 1978 CIAT Annual Report



Table 4.

Professionals trained at CIAT during 1978,

Months of
training Status

completed as of

as of Dec. 31. Dec. 31.Name Country Program/I )iscipline 1978 1978

Visiting Research Associates

Arcia, (Justavo Nicaragua Beans/economics 2 p
Beebe, Esthepen LISA Beans/production 5 C
Bernd, Anette West Germany Rice/plant breeding 5 C
Byrne, David USA Cassava/entomology 12 P
Clark, Anne USA Beans/physiology 12 C
Debouck, Daniel Belgium Beans/plant breeding 12 P
l)elgadillo, Guido Canada Beef/pastures & forages breed. 12 P
Di)la, Jorge l.ui Nicaragua lieef/pastures & forages util. 12 P
lango, Fritz Cameroon Cassava/plant pathology 8 P

Galwey, Nicholas Unit. Kingdom Beans/agronomy 9 C
Garcia. Aurora Susana Argentina licansiplant breeding 12 P
Gepts, Ilaul Belgium Beans/germplasm 4 P
Jansen, Ilerdrik Holland Beef/pastures & forages breed. 12 P.lenrich Ilerbert West Germany Beet production 4 C
Laberry, Rafael Peru Cassava;plant pathology 12 P
I.evine, .loel Martin USA Becf!econiomies 9 p
I.ol, Bernhard West Germany Cassava/entonmology 7 P
Iyman, .Judith Mapes USA Beans/plant breeding 12 P
Plessow, Christoph West Germany Others/ biometrics 5 C
RoldA n, Diego Colombia Ric/economics 6 P
Sdicte/, I.uis Fernando Argentina Beeflsoil science 12 P
Scholles, l)ercio Brazil Beef/soil microbiology 2 C
Strobosch. Peter Jan IHolland Cassa va / rural sociology 5 P
Veltkatp, flendrik Jan Holland Cassavaplant physiology 4 p
White. Jeffrey LISA ieans/plant physiology 12 P

Research Scholars

AIvaiez,. (ermio Colombia lteansiplant pathology 12 P
Calo,. Favio Alberto Colombia Otherssoil science 12 C
Cardenas. Moises Mexico lieans/plant pathology I C
Charry. Alvaro Colombia Beefeconomics 5 C
I)e Cantillo, Stella Colombia Cassava/plant physiology 12 P
Gialindo, ,lose Colorthia leans/plant physiology 9 C
Garcia. Edmund o Colombia Beans/plant breeding 5 C
Garcla, Omar Colombia Ieef/animal health 7 C
G6me,. William Felipe Colombia Beef/production 12 C

Training and Conferences 
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I able 4.(contioued)

Mionths of*
trainling Statuis

complted as of
its oit Dec. 31, D~ec. 3 1,

Nam COnI (o Intv Program Discipline 197H 1978

Nladrtc~i. (~IMILi0 W. lrai [feel animlal health 9 P3
%iica~da. lleciecr~'i (u'11hut Beef' animal health 12 C
I'tcfli. logy~ (ulomhm (as~asa crnltmolog 12 p

eslp I III I Cillitrl "'1111011 Belcjs econmtcs 12 P)
kolamndl. ( tlo \oici Ictiiohr Bee pastuires & forages util. 3 11
"sithiy* \lii1till I II1~CO *rgCnlni Hearts ecionics 7 P

Pos~t)rlidLle Heseirch I nterns

-\hilci. I Oat (o~tI Rica Bean% igrooonm 3 C
\ciirli. I"'C WiI1i1r1i ECiiadtir 11can planit hteeding 3 P)
\cli01laiii f,,Igv I ('title Belcan agrol)iniv1 4 C
\Ilielliii. .oito I Ill/ la,'i Beansi plant bree'dinig 2 C
*\lr/. (iii1illfl A.. llolidulra% Hllsri ;igiornolli 6 C
\polialio. (Ce"Ir Afteliio l'crf Bearis pLirt hreeding 3 C
*\Alamol. Mlcl) Awrilni (o~la izca, Beansri ;griirior1i% 3 1)

;i".o. I- lisc.hI Honrduras' Beans~ crops iN~ciaitiIi 5 C
Csi'l I t4 niurid,( I- Cladl Rice CouIImuii1cation 4 C
liii Il"ga. ( esar Fclladol Bea~ns plairit hreeding I C
1,11i. 1 ki \Ierccdc, \iiA tinw i fle piastirc & Imaiges hrccd. 12 C

ILitl. Dan.iel BlI'l ( )IhCr laiiir'.l rIiilagclicil 3 C
I )a CosI elil\ Antiiti B1.1/11 licanl plilit piilo) 2 C
De lit Ia Per c~i~II 'il lcain plant hicecule 3P
Dey Sii,;i. I Iniilleiia Ililaiil Ils' crliliilg\ 7 C

(J/ic.RalacI Dam, DI ri Rep Hll a glolnin'. 4 C
Ilaitilirild. Sililiicl I'inalia~ lcI oll, nIicohlilov 3 C
leii.,rdc/, lui(Ce~l Nicaiin'ia Hlaji elioiloop 3 P)

Hllcr~ndc,. I ills *lIild ( lio111hia ( )licis Ittimn ,peiations mnag. 6 C
I Il illi. (Cek I.ni, B1.1/11 Ielcas' Critonlgo 6 C
Kano. Y'ili~gk liapirl (ivsaa ilitit lticydii 12 1)

I C/mili. I fIIS O lodiuas Iic,,i i rtulllc. 3 C
%NIcilia. losc lta/il Becan'. plant l1.111log\ 31 (
\Iclicitc/. (kIcal F I I Sail'al Icat i griini 5 C
*loa. Ilcinaid Cotai Rica Beaiii plt palllolgl 4 C
\Iiaii. Nclxon I C1.mdol Others. i phoiphaic 2 C

\ lioijania. ( hiium1piil I Itmiland Caii'a '.mll 9 C
iC(am lix Alheito Ictiadir Ilcari agronomy% 3 C
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lable 4.(conlinrued)

Months of
training Status

completed as of
is of Dec. 31, Dec. 31.Namrre Countrv Program: Discipline 1978 1978

N iuglllo Iladono Indonesia ('assava agronomY 5 C
()li\cha. Ihw Drail Beans plant breeding I C
trdfi./ I ills Factor (ilratellala Beans plant breeding 5 C

()rdofic/. I .llard, I I oidtur1as Beians germpla.sm 4 C
O )ti,. Ruhci Panama Beans agronomy 3 C
()s;ik. I hr t Ihtil fleetl biometrics 6 C
I'ncliec, . ]acI \'rne/uela Deais agronoiy 4 C
I'm,. lost Allicl Cuba Cassava plant pathology 3 C

, Ic [cnhadir Beans agronomy 5 C
P,1 re,. I .'lr;ix de Aintri Bra,'il Beans plant patholog. 4 C

h. I irikhn \Ioses Bolivia Others station operations manag. 6 C
( ,)Illllte In (iolonbia Deans biometrics 3 C
Re c, l.uan ol)m. Rep. Others station operations manag. 6 C
F,,dn Icss II Mexlco Rice plant breeding 3 P

* "'mud.. Ilt.rn irn ('olombia Beans plant pathology 2 C
SCultt1tlL. I lcctl)r ( 1ile Deains agronomvu I C
I i'tare/. I. htol Bra/il Others station operations manag. 5 C
I ,ol.vi. slolisik I hailand (assava plant breeding 9 C
I, rics..ti,,o I)soniirig' Ionduras ()tiers station operations manag. 6 C

hill. ( laudit Ilci nii (bile Beans crops association 4 C
Icclicuslnrikit, Kisidit I Ihailarnd Svkine animal nutrition 2 C
il. mIe. I iiklih Icirdorl Otiers soil pho.,phate 2 C

\thisi rk o I w I cuadol (assasa production It C
\Ii itamorta. \,atal.n Ihadand (assa a plant physiology 9 C

Postgradiule I'rnduction Interns

• hiilir,, .Iose X .Alklly] N'icaragua lieef pastures & forages prod. 6 C
. ulic, ls D old ia fleef pastures & forages prod. 6 C
Alhirdi., lose Ro rlto Chile Rice production 3 C
.\l',iel, Nlao Itilis, la Swine production 4 C
•\ripte,.. \nltlinl Ile[ .Swine prorduction 4 C
..\rrpiero, Sbii IBoli' [a Swine prorduction 4 C
\totegiil, Mli.Qucl II. \rgentinra Rice produLcniorr 3 C
.sall. Illge \Boliia Swine prodnctiun 4 C
II;iCe. ( )t'a Rub.n IParagualY Skine prrduction I C
Itentt1C. I' scI (Colombia leet pastures & forages prod. 6 C
ltiiti ,nn ( jabriel lanama Beef pastures & forages prod. 6 C

i rI IC. .\teiLndrLi IPel n Swine production 4 C
('[isri. Ilill.orerl/o (uha Rice productiion 3 C

Training and Conferencos 
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Table 4.(continued)

Months of
training Status

completed as of
as of Dec. 31, Dec. 31,Name Country Program Discipline 1978 1978

Clamorro, L.eandro Leon Colombia. Swine/production 4 C
Crivelli, Leopoldo Honduras Rice/production 4 C
Cruz., Francisco Cuba Rice/production 3 C
Cuesta, Pablo Antonio Colombia Beef/pastures & forages prod. 6 C
l)uque, Jairo Colombia Swine/production 4 C
l-slava, Efrain Colombia Beef/pastures & forages prod. 6 C
Flores. Adalberto Venezuela Beef/pastures & forages prod. 6 C
Gavidia, Carlos Eusebio Peru Swine/production 4 C
G6me , Joel Francisco Venezuela Swine/production 4 C
Gonzille,. John Jairo Colombia Swine/production 4 C
Guillen, Edgardo Guatemala Swine/production 4 C
Guillen. Jorge Arturo Costa Rica Rice/production 4 C
Guimaracs, Raimunedo N. Brazil Beef/pastures & forages prod. 6 C
Justino. Pedro I lbirajara Brazil Beef/pastures & forages prod. 6 C
I.')pe. Washington Peru Beef/pastures & forages prod. 6 C
1.6pe,. Gonalo Mexico Rice/production 5 C
I.6pez, Jorge Raul Mexico Swine/production 4 C
Marcolina, L.uii Brazil Swine/production 4 C
Nascarenhas. Raimundo Brazil Rice/production 3 C
Mentndez, ,luvenal Cuba Beef/pastures & forages prod. 6 C
Mont.s, Tomlis Alfredo Mexico Rice/production 5 C
M oreno, Mi guel Arturo Ecuador Rice/production 4 C
Morcra. Jorge Costa Rica Rice/production 4 C
Muehlmann, L.uiz Dlanilo Brazil Beef/pastures & forages prod. 6 C
Navarrete. Franklin E-cuador Rice/production 6 C
Orteg6n, uliin Fain Colombia Beef/pastures & forages prod. 6 C
tyola, Jo6 Abilio Peru Rice/production 4 C
Parsi. Jorge Armando Argentina Swine/production 4 C
PNrel, Alejandro Paraguay Swine/ production 4 C
Pinedo, Lois Alberto Peru Beef/pastures & forages prod. 6 C
Ihssato, ,los6 Roberto Brazil Beef/pastures & forages prod. 6 C
Poo. Melvin Bolivia Rice/production 4 C
Ramos, Clide lEdgardo Peru Rice/production 4 C
Re'itegui, Keneth Peru Beef/pastures & forages prod. 6 C
Rengilo, Octavio Colombia Swine/production 4 C
Rodrigue , .John Kleber Ecuador Swine/production 4 C
Rosales, Carlos Renrin Nicaragua Beef/pastures & forages prod. 6 C
Saavedra. Victorino Peru Rice/production 4 C
Salih, Alberto .Jos6 Venezuela Rice/production 3 C
Scavne, Ilugo Cksir Paraguay Swine/production 4 C
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Table 4.(continued)

Months of
training Status

compleled as of
as of' Dec. 3 1, Dec. 3 1,

Name Country Program/Discipline 1978 1978

Scott, Patrick Belize Rice'production. 3 C
Sih'eira, Jose Nilson Brazil Beef/pastures & forages prod. 6 C
Sobrinho, Jos6 Marcelino Brazil Beef/pastures & forages prod. 6 C
Torres, Victor Manuel Venezuela Swine/ production 4 C
Tl,. Franco Bclize Rice/production 4 C
Veladares, Alencar Brazil Beef/pastures & forages prod. 6 C
Ventura, C6sar Manuel Peru Rice/production 6 C
Vilchez, Luis Peru Rice/production 4 C
Villavicencio. Marco A. Ecuador Swine/production 4 C

Special Trainees

Boonekamp, Gerardus, Holland Beans/entomology 5 C
) Iiaz, Sonia Nicaragua Others/library and docum. 7 C
)elgado, Lilia Mexico Rice/plant breeding I C

Doorman. Frans Holland Rice!rural sociology 5 C
Gones de C.. .aine Brazil Cassava/ soils I C
.Jairin. Iduardo Ecuador Rice/communication I C
1.6pez. Csair Ernesto )om. Rep. Beef/ pastures & forages util. 6 C
.una, Uloria Costa Rica Beans/phint pathology I C

Marin..lavier Colombia Beef!soils 12 P
Rocha de V., Alicia Peru Rice'plant breeding I C
Rubio, Carlos Alberto Colombia Rice/production 2 C
Saldarriaga, .Jos6 Alfredo Colombia Cassava' biometrics 12 C
Van l)orsten. Frank IH olland Rice; rural sociology 6 C

Short Course Participants

Abarca. Edgar Costa Rica Beans/production I C
Acuila, Jos6 William Ecuador Beansiproduction I C
Adam. Clifford Seychelles Rep. Cassava/production I C
Agudelo, Orlando Colombia Beans/production I C
Aguilar, Roberto Costa Rica Cassava/production I C
Aguilera, Ciro Bolivia Cassava/production I C
Aqtlino, Jorge Alfonso Mexico Cassava/production I C
Alincida, FEvandro Brazil Cassava/production I C
Alves, Valmiro Brazil Cassava/ production I C
Alves, Pedro Brazil Cassava/production 2 C
Alves, Sehastiao Brazil Cassava/production I C
Angulo, NIstor Colombia Beans/production C
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rable 4.(continued)

Months of
training Status

completed as of
as of Dec. 31, Dec. 31,

Name Country Program 1 Discipline 1978 1978

Apolitan). ('esar Peru Beans production I C
ArmlijO. Marco Antonio Costa Rica Beans production I C
.\rgasasmita. Muchtar Indonesia Cassava production I C
Arguello. Iernand o Colombia Others seed production I C
Arseijo, ('sar Augusto Peru Beans pro(uction I C
A\ke, tlis Aiib Beli/e Others library and docurn, 2 C
Ava, Geitmiin ('olomhia leans production I C
Blalarc/o. Sergio Raul Ecuador Others seed production I C
Barhosa, Idltnltdo Brazil Cassava production I C
BIamIns. I uis Mario Colombia Others seed production I C
Ilairos, .uis lIrasulo Chile Others seed production I C
Htartra, Ana Peru ()thers librarv and docum. 2 C
IlarIco. (';niilo AUusto Panama Beans production I C
Bteriiardo, Fniliana Philippines Cassava production I C
Ilertoli. ldiiardo l'araguam Others seed production I C
Bill Baharoni. Bahattddin Malaysia Cassasa production I C
Borgcs. I esbia Venezuela leans production I C

ras o, Maria Ver6nica Chile Others, library and docum. 2 C
BuenaCio. Jorge Vene/uela Cassava production I C
hlstaMaiLite, (iiadalipe Colombia Others library and docum. 2 C
('ahallcro, Rene ('arlos Bolivia Others seed production I C
('ndal, ,la lirail Beans production I C
('arcclen. Raul Alberto Ecuador Cassava'production I C
( arnertr, Ielipe ['eru Beans production I C

arvaial. (iast6n Bodivia Others, seed production I C
(asco. F iuschio Honduras [leans production I C
('astillo. ('clenino F'cuador Cassava production I C
Castro, ('tsar NI desto Colombia Others seed production I C
t'hang-Yatu. Vielka Panama Others library and docum. 2 C
('hantanakOrn. Nisonti Ihaihltd Cassava production I C
('lieco. Andrea Mallori l)oni. Rep. Others library and docum. 2 C
('hellauia. NIolhank uuiar India ('assas production I C
('lhe s Wee, N king Malaysia Cassa ,a production I C
(olull. Renti Rolando (uatemala Beans production I C
(0wi/. Maro Mexicoi Cassasa production I C
I)a Costa. [clix Antonio Brail Beains production I C
)a Sils.a. (Corisal Irail Beans production I C

I)a slsa. Antti)io Brazil Cassava productiin I C
I )aIhii. S altI Cuba Beans production I C

a);phne, I'aiul South Africa Cassava production I C
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Table 4.(continued)

Months of
training Status

completed as of
as of Dec. 31, Dec. 31,

Name Country Program/ Discipline 1978 1978

Dfivila, Amilcar Guatemala Others/secd production I C
)e Carvalho, Walbert Brazil Cassaval production I C

l)e la Torre. Jaime Colombia Cassava /production I C
De Lima. Jose Otavio Ilhazil Cassava/prodt ction I C
De Moracs, Osmhar Brazil Cassava /production I C
l)e Oliveira. Sebastiao Bra/il Cassava/production I C
l)e la Cruz, .. esis if. Peru Beans/ production I C
l)elgadillo, Jos6 Bolivia Others/seed production I C
Dhiauddin. Janta n Malaysia Cassava /prod uction I C
Dia ,. Juatn Leonel Panami Cassava/ production I C
l)ia/. Arnulfo Colombia Others/seed production I C
IDua ngpatra. Pia Thailand Cassava/ production I C
l)uefias, Juan Jos6 Bolivia Others/seed production I C
lDuron, Carlos Ilonduras Beans/production I C
I'scalada. Rodolfo Philippines Cassava/ production I C

EIspindola, Evaristo A. Brail lieans/prodtuction I C
Flores. Juan Antonio El Salvador Others/library and docum. 2 C
Fraser, Ronald G uayna Cassava,/ prod uction I C
Furtado, Marcio .los6 Brazil Cassava /production I C
Goni/fle/, Rafael Dario Dom. Rep. Beans/ production I C
Gon/ilc/, Carlos Colombia Others/seed production I C
(uerra, Agnes Cristina El Salvador Othersi library and docum. 2 C
Guti~rre, Rosendo Bolivia Others!library and docum. 2 C
(4u/iiI, Cavetano Panama Others/seed production I C
Iferao, Fernando Colombia Cassava /prod uction I C
I lermosilla, .lame Chile Others, seed production I C
Ilernhndei. Frcddy Guatemala Beans/production I C
flcrnfindc, ,lulio C'U.ar Nicaragua Beans/ production I C
flim. Calixto Panama Othersi seed production I C
Ibaria. Ivan Ecuador Others/seed production I C
.aldin. ,Jaime Bolivia Ilea ns /prod uct ion I C
,hlnquetra. Arnoldo Brail Beans/ production I C
K cmp1l, Fr ancisco Bolivia Beans/production I C
I excuollair. Marie-Ange Costa Rica Cassava / prod uct i on I C
I.biicros Cilia Colombia Othersilibrary and docum. 2 C
,enli, Jose Omar Bra/il Cassava 'prod uction I C
:o/ad, J. esus IFfren Colombia Cassavafproduction I C

l Ja..lulio Enrique Argentina Beans, production I C
I*oua. .,1 OS NIoiss Colombia Cassava/production I C
Mancini, Simeone Colombia Beans,,production I C
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Table 4.(continued)

Months of
training Status

completed as of
as of Dec, 31, Dec. 31,Name Country Program/Discipline 1978 1978

Mark, Joseph Nicaragua Cassava/production C
Martine,, Ildeherto Guatemala Others/seed production C
Martinez, Mirna Veneiuela Cassava/ production I C
Martinotto, Valenti i Brazil Beans/ production I C
Matlicus, I uls Alberto Venezuela Cassava/production I C
Nlayacela, Celso Eduardo -cuador Others/seed production I C
Medal, Julio Ci.sar Nicaragua Beans/production I C
Nlcnindc., Oscar lidgardo El Salvador Beans/production I C
NIolina. Mario Alberto Costa Rica Others/seed production I C
NIondardo, uiclides Brazil Cassava/ production I C
Montilla, Biienvenido Dom. Rep. Beans/production I C
Mora, Bernardo Costa Rica Beans/production I C
Morales, I'alnira Guatemala Others/library and docum. 2 C
Morales. Salvador El Salvador Others/library and docum. 2 C
Moeira, Marco Aurelio Costa Rica Cassava/production I C
Moseley. Elio Partenio Cuba Others/seed production I C
Muiioz, Miguel Angel Colombia Beans/production I C
NUIMuo/. "'arquino Gilberto Ecuador Others/seed production I C
NI urgas. Rafael Colombia Beans/production I C
M uthukumara. T. India Cassava/production I C
Navarto. Francisco Mexico Beans/production I C
Nunes, oao L.icinio Brazil Cassava/production I C
Nunes. Alba Rejane Brazil Cassava/production I C
Ochoa, Francisco Mexico Cassava/production I C
Oliveira, Elias Brazil Beans/production I C
Ordoic/. L.eonardo Ionduras Beans/production I C
Or'tohe,. L.uis Factor Guatenalal Beans/production I C
Orellana, Silvestre Guatemala Beans/production I C
Orti, Ruben Panana Beans/production I C
'acht-co, R;lael Venezuela Beans/production I C

Pa lotnat, Ma nuel Philippines Cassava / production I C
I'eairs. Frank Honduras Beans i production I C
I'ereira, .Ioao Iuardo Brazil Cassava /prod uction I C
Perim. Sirval Bra/il Cassava/production I C
l'inI, 14)%6 Ecuador Beans/ production I C
Placido. I)ircelu Brazil Beans/production I C
l'itall, (;loria Irene Cuba Others/library and docum. 2 C

Portes. ToIs tie Aqtino Brazil Beans/production I C
I'uga, Bernardoa Panama Others seed production I C
Rajendran. Patterimadom India Cassava/production I C
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lable 4.(continued)

Months of
training Status

completed as of
Nalmc Country l'rogram')isciplinc as of Dec. 31, )ec. 31,

SonrgmDc e1978 1978

Rariji re, A lonso Colombia Cassava, production I C
R iheii, I cda (hoeo, Bra/il Others library and docum. 2 C
R ibej, arn Brazil ('assava production I C
Rio,,. Miazicl 'Jose Colombia Beans production I C
Ri\scri Relic (uba Beans production I C
Rotdigc'/. Sergio ,im Cuba Ca',sava production C
R)salo. Nliuit/a DI).I. Rep. Beans production C
SiLdiq\alln, Iillar Ind ia Cassava production C
Niichic,. itH Mcnanio I)om. Rep. Others seed production C
Scgura, I Ills (sta Rica (assasa production I C
NcpIledi. Ih ector Chile Beans production I C
,si'si, (aihm, Arturo Colombia Others seed production I C

Nil I. Antonio Braiil ('assasa production I C
S Ieira. Pedro Bra/tl Beans production I C

nth, hos, Beli/e Beans production I C
ei-'\ . Robert' I ndonesia Cassava production I Cn lo,,oi ,\tlledo Peri Cassaa production 2 C

Sperimi. Julia Ilehe Argentina Others hibraiy and diocurn. 2 C
Btt, Brenlja ( iti Cassa'a production I C

Sutirc,. MI gi cl Arturo Colombia C)thers seed production I C
loulllr. cilisi Nalaysia C'assaa production I C

I siii i. (ilherto Bralil (assava production I C
I iel,, ,axillno A I )oin. Rep. Others seed production I C
I hen. tos( I'r;icisco )ill. Rep. (assa\a production I C
I hirill lal, Rillialluail India (issav'a production I C
In res. Ilcl,lN;l BIil |Beans production I C
I ore. NI ari, I idel ;uiaterlnala )thers seed production I C
I gas, cl rliIdo I )inii.sio (hile Beans production I C
I iddanisa. Ren/o I Peru Heirns production I C
VallelS, ( iiillcril Colombia (assava production I C
Nlcuiri. Ialbiur Bra/il Cassava. production I C
\ilea. ( )torliel Hlonduras Others seed production I C
\illu1aiiei, Nllaito Philippines Cassava production I C
\'nss. \Ioiuc, Ilra/il Beans production C
Nistplileri. Seguul I ui/ Braid Beans production I C
Wi!laMis. I )a\n Irinidad &

Iohago (Cassasa prod uction I C
'ilit ullf)(1do . 'e Itloni I indullers; Cassava production I C

/cli'.a, Nelsoi .A\n tulh, Iriiduras Beans l'u ductimn I C
/cru.u. luis ()sskaldo Ve'e/iuela Beans production I C

Training and Conferences 
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[ able 4.Icoitmeudl

Months of
traininig Status

completed as of
as (of Dec. 31. 1 ec. 31,

Naloic C'o untIry Priogramn Discipline 1978 1978

Iiisdoctoriil I' lII(IA.

( ildcr l~ ii %hi ( oloiiihii Iteet eitllmologv 12 1

CaIdon't. ( &sao Colombia Itcans cntrilogp 7 p'

I V)C111% Ill 'ilt. Kiigdom li tm plant hrilitig 9 C
Bomm d o td WcsI (icrmiv ( Iticis spcciail I idics unit s 1)

Ilcislics ( I'm I '..A (,is~s plaot bicedinig 6 1
lolis. 'dCIC Austidla Bemis~ ioig 12 13

I ctine. Jll \Iiiiic Awiiamli (fect soi11lobiuldog 6 1)
I ii"ii 11i I SA\ (',sasa ecllolics 7 C
\rcindoi,. (aIl Perui (tiicis hioiietrics 9 C

\I lc.I icisco (oliilibii Bearis plantl patholop 6P
I( 'u. 'oi looih-ia (assa\ a ciitomolig 10 1)

1< lihinicli. I iiL'ciia ( 1hue heel animal licalili 12 P)
Wmii~l ~clidi SA lifauls piiidiictioii 2 C

I hiiit. I ciil Idnmsi C (ssasa lilitit plit iology I C
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Table 5. (continued)

"1 Category of Training
Visiting Postgraduate Postgraduate ShortPostdoctoral Research Research Research Production Special CourseSojrce of support' Fellows Associates Scholars Interns Interns Trainees Participants Total

Erpresa Brasilera de Pesquisa Agropecuaria-
EMBRAPA, Brazil- 

4(4) 4(4)
Empresa de Pesquisa Agropecuana de Ceara-

EMPACE. Prazil I (I) 1(I)
Empresa Maranhense de Pesquisa

Agropecuaria-E.MAPA. Brazii
Empresa Pernambucana de P--uisa I (1) I(I)

Agropecuaria-IPA, Brazil
Fondo Nacional de Insestigaciones 

I (1) I(I)
Agropecuartas-FONIAP. Venezuela - - 2(2) 2(2)

German Foundation for the International
Development - 1(5) - 1 (5)German Society Technical Cooperation - 1(3) 

1 (3)Inter-American Development Bank-IDB - 3(18) .3(18)lnstituto Agron6mico de Campinas. Brazil - - - 1 1) 1(1)
International Development Research

C.atre-IDRC. Canada - - - 5(41) - 18(18) 23(59)Ministerio de Agricultura, Cuba - - - - 2(2) 2(2)
Ministerio de Agricultura y Ganaderia,

Ecuador 
- - - 2(2) 2(2)4 National Science Foundation, USA - (4) - (4)

Uo Rockefeller Foundation. USA 1(6) - 1(6)Scminarios PanamcricanosdeSemilL, Chile - -
1 (1)

Technical University of Berlin. Germany - 1(4) 1(4)The Royal Society, London - 1(8) 
I-(8)

United Nations Development
Programme UNDP - - - 36 (156) - 58(58) 94 (214)

5(25) 6(26) 9(74) 49(218) 62(267) 12(48) 171(188) 314(846)
All or bulk o( financial support provided by or through organization indicated

5 Fiuirs in braeketi show months of training



Tahle 6.

Major evenls held in CIAT's conference facilities during 1978.

No. of[.);te Event participants

CIAT sponsored or co-sponsored
scientific exchanges

16- 19 Jan. Workshop on Intern;ational Bean Breeding
Trials in Latin America 54

II - 14 April Workshop on Coordinating and Planning for
the Collection, Preservation, Distribution
and Charactcri/ation of Germplasm Resources
of Tropical Forages 115

17 - 20 April Scmrinar on the Production and Utilization
of Forages in Tropical Acid and Infertile
Soils 185

25 - 27 April Workshop on Cassava Harvesting and Processing 21
9 - II Oct. Bean Program Advisory Committee Meeting 6
1 - 3 Nov. Workshop on Documentation Systems in

Agricultural Economics and Rural Development
in Latin America 21

CIAT organitational events

20 Jan. ICA-CIAT Phytosanitary controls 20
8 - I1 May Seminar on Advances in Research at CIAT 100
I - 2 Dec. Special UNDP/CIAT Project Advisory Committee 12

II - 15 l)ee. Internal Program Reviews 80

CIAT training courses

14 lan. - 13 Feb. Cassava Short Course for Asians 31
30 han. - 3 March Bean Production Short Course 30
27 Feb. - 15 Nov. Rice Production Course 10
3 - 31 May Cassava Intensive Course 48

26 June - 30 Nov. Pasture Management Course! 21
3 July - 3 Aug. Documentation Short Course 16

17 July - 17 Nov. Swine I'roduction Course 20
21 Aug. - 22 Sept, Bean Production Short Course 34
25 Sept. - 6 Oct. ICA-CIAT Rice Production Short Course 25
October 1 4 day,) Statistical Analysis System Course 104
6 Nov. - I Dec. Seed Technology Short Course 29
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lable 6 (continued)

CIAT ioed iti , lirns ird

13 - 17 Feb. U nioni of Banaina IExporting Counlitrie First
Meeting on Coordinated Research
Irogran 44

22 - 24 I.h. Fondo (lanadero del Valle ... Itili/ation

(l AgricultuLal a ubil-prodicts for Animnall
IFeed 120

21) - 30 March ASOCASA - Sugar Cane Ilarvesting 70
7 - 9 June Meeting of ICA Regional Directors 40

24 - 31 J uly Regional M eeting Catholic Relief

Services 62
I1 - 12 \ug. Association Veterinary Aviculture

S pecialists I n lihbition 110
14 - IN Aug. INIVAII... EIlirvard School Medicine --

Medical lidUCtion Md CurriculumL 40
6 - 8 Sept. A unual %feeling of ICA Parasitologists 15
8 - It) N ov. "IICNICAIRA - Water-Soil-Ilant Relationship 100
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Documentation
Services Unit

Although previously, efforts nad been the Semi-arid Tropic (ICRISAT), for the
concentrated on collecting a great deal of initiation of a sorghum and millet
information, primarily in support of documentation center.
CIAT's commodity programs, during 1978
the )ocumentation Services U nit entered a As a part of this expanded effort, a new
stage of expanded diffusion ,)f its informa- documentation service was begun in the
tion products and ideas due to the success area of Tropical Pastures, following the
of its new approach to inh rmation same philosophy of consolidated informa-
management. tion which had already produced en-

couraging results in other services, cover-
I'his tendency towards transferring ing areas of cassava and field beans.

informational services capacity to the
different countries was also evident in the Services
first Agricultural Documentation Course,
held during July and August with 16 The documentation service forTropical
representatives from II Latin American Pastures was started in early 1978, follow-
countries. ing the basic principles of" the Center of

offering support in specialized information
Fhe documentation service for to CIAT's research programs. A total of

Agricultural Economics and Rural 314 persons subscribed to this new service
l)cvelopment in Latin America entered a starting in March. Monthly delivery of
stage of institutional cornplementation and abstract cards in the three additional areas
collaboratior, during the year. Preliminary covered by the Center c3ntinued as before.
talks with tht- Instituto Interamericano de I his yeai brought a considerable increase
('iencias Agricolas (IICA) and their in the number of'subscribers in these three
AGRINTER Network, as well as results areas: 6(H) in Cassava; 700 in Beans; and
from a workshop on user needs, indicated 4(0 in Agricultural Economics.
the convenience of giving this system a
more collaborative approach, with gradual The number of photocopy requests
decentrali.ation of' input towards national continued to increase for the Contents
institutions, which are AG RI NTER Pagec., ,-ricultural Sciences, Animal
network nodes. Scie. ,c,,,i Agricultural Economics. This

year ii-. , pies of 11.,500 articles of the
Within this same framework, the Unit Cont,. . 'ages were requested, in the

provided consultancy services to the following areas: Agricultural Sciences
International Crops Researcn Institute for 5045, Animal Sciences -- 5676, and

Documentation Services Unit H-27



Agricultural IFcoronic.s 779. In addi- [nglish and Spanish. Iis publication has
tini, phitocpices were requested it 983 awakeied great interest amo ng technicians
dUllrcuentIsa ia icsull 1l abstracting working in this area. Numerous con-
Services. trihutions were received from users,

indicating that the publication is meeting
I/cscintlk the ( 'ontents Pages are being its findamenital objective of serving its a

distlibiuled thitmigh t'ko channels tnediumn of dillusion for the professional
d'licti rcs to Institutions in arinlots 1 ;1:11 itlcivities being conducted and is a com-
Amitcaiiil coquntlcs tind direct delixeries ilinications nedium among cassava
fllcln (IA I to peiso ls or instituiol. In workci,, throtnit ttii e world. The
liis ;ii, l Iarger audrenc is rleached and ticwsletter is distibuted free to subscribers

distribution is dcceutiraiiled to a certain (f the (assaa Information (enter and to
ttcit .\ total ol 13) Issues ire beingsent oilier interested persons and institutions
tiii ll ou agelciCes it) nine couinties dind %lorking in the different areas of cassava
I, (, i- s esIlC diIectiC rIomn (1 IA I. Ih produc tion.
ofrViatid II l [this ers ICC is Conistanll
Incfea'ing. Mtlich iildicates tie Ise t hiit it Other Publications

iLs is iitl i\ArICeIrSu e rviCe for I Itlifl
\1tciCii tcClllcians aitld sclintists. Following tile principle of consolidated

informmtion which guides the generalI he serx ice ()I specialli/ed sea relis activities ofl the l fnit, the ('assava I nforna.
induicted b , thc I )oculentation (enter tion ('enter published, in English and

hias alsi exsperrenced ;ir inie r;sirig de- Spanish, (as.sava Pests and 7eir Control
niiaid I )iiing 978, 134 searches were by cnlolo giss Anthony C. Bollotti
~c'ssed, stlrittlc d inI (lie follwing liard Aart van Schoonhoven; thisare;is: 5 I ('i ,assai. 45 in lieins 26 in monograph is a critical review of literature

Agnlicuhural Fcononllics and 4 iii I ropical on III'- subject. In addition, ('assava
Pisttilcs. Besides tile specillied searelies Oringr , written by former CIAT visiting
plrcessed iIn the I )ocuinentatllion ('enter, Scientist Rupert Best, was published inile I uhiar\ Reference servicC prepares IEnglish and Spanish is well. .This manual
sirt bibl itgraphies on specific subjects at describe,; it simple, small-scale method for
tIe r nF"1es ofI ()ITA I scientists. IlUrcniteof drying cassava.
these shlIt bibliographies were prepared
dliii ihc atei. ehae proceedings of tie Cassava Protec-

tion Workshop, held at CIAT inPIrtessing coilt minued tof serial November 1977, were also edited and
puhliciitimns li scientif'ic institutiolns and published early in 1978 by the Cassavaagricultural experiment stations, is well as Information ('enter.
Siuppleienirta rv iaterial ii the f'ori of
parmphlets..'\ total tot 1417 papers were Consultancy Services
pmi cessed and 989 panplr lets classified
tinder general subject titles aind stored in D uring June, the Unit Coordinator
[lie VCetlr cl flWe. served as i consultant to ICR I SAT to help

establish a documentation center onCassava Newsletter sorghum and millet, being financed by the
International )evelopment Research Cen-Numbers 3 and 4 of the Cassava tre IIl)RC), Canada. I he Center's man-

Newsletter were published this year in date follows CIAT's Cassava Information
H-28 1978 C1AT Annual Report



Center which has pros,. n to be a viable, America, social research methodology,
%kell-suited model for develOping coLtn- st tidy of information units, nature and type
tries. of documents, preparation of

bibliographical citations, information
Ior tkwo weeks. I('RI.SA I personnel search systems, procedures for selecting

Were trained InI handling the lermatrex and purchasing materials, overall
iilmirnattrm stoiage and rctriexal systenl classilication arid cataloguing, general
presCnt u-ed at (IA I , , rid inI preparing concepts :nd preparation of thesauri,
aia Ivtli al ahsttracts. Alsto. I)r I)D Dnald guides and practice in preparing analytical
I catherdale, romn II)R(" prepared ai abstracts, information storage and
sorehimit aid millet thcsaurus, an essential rctrieval systems, and information dis-
clcmcnt for Inde.Cxing and retriesing infor- s1e'n1nation methods, the latter emphasiz-
mtron1t cMItained in the collection of' rg preparatitn ol Contents Pages.
I ~t~fft,{iftctuncrits fiat I( 'RISA I alreadv
h,, .At the end of tile course each trainee

prepared a paper designed to evaluateAgricultural Documentation documentation knowledge acquired and to
Course assist in identifying is aptitude within the

reality of his country and institution and
I hci rIle ) Information Sciences in facilitate on-the-job arplication of the

national and International research in- newly acquired knowledge.
stiltliiotls arid III unvrities. s no%, i, beig
lceOoMIled in I aitin America, mid is being Evaluation of Documentation
manifcsted h thIe g ross . need to train Services
persomitel it) tills arcl lII rcsp"lls: to this
demnlld arid %ith the objective of nor- As at part of the periodic evaluations
lalinllng Irl-sers cc-fring, which had conducted in tile Prograrn and on the

been offcred ipoi requct rorn the (Wcision of tile (EI)EAI. Workshop, a
differlcll inlltutions, ite I )ocurrientatiOr survev was cirnducted arong ('FEAI.

erlvices, [I rt crlulclt.d ii liure-w,'ck short risers for evaluating some aspects of
cMuse lor iagricultural docunirent/ilists. present services. The study had four

)hjectiyes: (I) to deterri ne subject areas of
Slie cort rsc was mritccd to irds prac- ercatcst interest for users: (2) to evalunate

ic/ia k wledge (of basic elcincrits arid the useftIlIess of' the ('ontents Pages and
opcrations of art agrictlnural (locuitnctita- Abstracts services: (3) to determine who
tior centel, arid emipliasiled activit ies was using tile services according to
conducted b, (oCIA I 's I )octunienitlon prirfessio. academic studies, country andcntel It was dcsignied for professionals, t% pe of work being done, and, (4) toobtain
and lechniciats \korking if) tie field of irifitrirati orlthe nature ofdocumlentson
agriculttral rnfornrtiom. ;ixteenl trainees which ('TI )FAI. should place more

rormi tire follo r vi latit .\mercan courn- emphasis. as viewed by tire risers.
ties participartcd: A rgentit'. Helie.

livia,. lrajil. ,',, , (" . hii,, ,t,, 'l,,m fie answers received, tre iolihw-
I torirrcatn Republic, 1:1 Salv:rdor ng general prelirninary conclusions were
(Iratelala. Nc;iragta, P'anama ;rrd Peri. reached. One half of the users of the

('II)F.\I. services are econornists orI he 12-Unit coursecovered the following agricultural economists, and almost four
areas: status of ir!orniatiOnl In Latin out ofi five have advanced degrees, with
Documentation Sorvices Unit H-29



12% working in research. A large majority The most important conclusions were as
of the respondents believed the services to follows:
he very useful. and in fact, many kept
materials such as the Contents Pages for I There was general consensus on the
later retrospective searches. Regarding needand usefulness ofthedocumen-
those documents that CEI)EAI. should tation services rendered by
enphasile, users suggested the following CFI)EAL.
three in order of importance; journal
articles, theses and dissertations, and 2 It was recommended that
,Mineographed pamphlets or internal CEDEAL's original objectives be
reports of limited circulation (non- maintained but that they should be
conventional materials). [his can be limited to covering material of Latin
interpreted as an even greater need for American origin.
primary literature, an unanticipated find-
ing. I his would indicate that, at least in the 3 It was suggested to decentralize the
SOcial Sciences, latin American input of documents to CEDEAL
technicians do iot even have sufficient gradually through IICA's regional
acces, to Journal articles and much less to offices and in the latter case through
semipuhlished or unpnblished informa- national institutions making up the
t1011. AGRINTER network.

4 There was general assent regarding
CEDEAL Workshop the complementary character ex-isting between the services reiiered

by AGRINTER and CEDEAL. In
In No)ermbr 1978, IICA and CIAT other words, CEDEAL fulfills the

conduL .cd a .workshop, the main objective tu-ctions of l.evel II Lenters of the
ot Mhich wais to analy ie the possibility of' ACiRINTER system.
c)m hining efforts betxkeen IICA, ('IA]
and rc,,pcctivc I.at in Ar erican countries to 5 he participants specifically
start a collahorati,.e documentation suggested that the abstracts and
pr(grarn on agricultural economics and annu.al cumulalive volumes con-
mi:al dcelopment. lhirtv-one persons tinue being the major conce'n of
ttndcd the rrrcting, representing IICA C.E)EAL's services. They also

ICL(, 11la I ticCs 1lvrCsities in Argentina recommended that the Contents
aod ltaill. intetio)nal institutions and Pages service continue due to its
doctMcntat iun and resca-ch centers, in large demand and usefulness as an
addition to (IA I representatives. awareness service.
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Communication
Support Unit

In an effort to ensure that the various Production of Training
publics interacting with CIAT are provid- Materials
ed with systematic and relevant informa-
tion on the Center's objectives, activities, Throughout the year, efforts to produce
achievements, and future plans, the Com- didactic audiovisual sets (i.e., so-called
munication Support Unit was created in audiotutorial units) werecontinued. At the
the International Cooperation sector, in end of the year a total of 21 audiotutorial
July 1978. The principal functions of this units had been completed (Table 2); 12
Unit are: (1) to package and disseminate more were in final stages of production,
the results of CIAT's research to ap- and another 24 units were in early stages of
propriate audiences; (2) to maintain and production.
improve CIAT's image with donors, client
countries, and the general public; and, (3) Many of the units were successfully
to serve the publications needs of other utilized in various training courses offered
CIAT programs and units, by CIAT throughout the year. During the

second semester of 1978, the audiotutorial
The Urit is comprised of sections playback facilities (with 18 individual

devoted to: (I) analysis of information stations) became fully operational. Thus,
needs of the various client publics served many training participants at the Center
by CIAT; (2) message development (both could take advantage of the selection of
for print and non-print media); (3) message units for study on an individual basis.
production--composition/printing, pho-
tography, graphic arts; and, (4) distribu- Also, in the second semester of 1978, the
tion of informational materials. Communication Support Unit began to

distribute duplicated sets of theseSerial Publications audiotutorial units to national institutions
and other centers of agricultural training.In close collaboration with the Center's While this information dissemination

various research programs and units, effort was still very modest last year, it will
especially the Documentation Services constitute a major part of the efforts to be
Unit, the Communications Support Unit expended in the area of training materials
produced the serial publications listed in in 1979. Although audiotutorial units are
Table 1. still only produced in Spanish, it is
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Table I.

Publications Issued In the established CIAT series during 1978.

Press
"'Code .. 'ile Language Pages run.

CIAT-wide
02SEI-77 Annual Report 1977 Eng./Span. 424 3700
02SE2-77 Highlights 1977 Eng./Span. 64 6000
OISE-3 Noti-CIAT Eng,/Span. 4 8000

CIAT Visitors Brochure Eng,/Span 20 8500

Commodity-specific
ti2SlI1R-77 Aniual Report Rice Eng,/Span. 21 1050
02SF IC-77 Annual Report Cassava Eng,/Span, 76 2900
02SI IG-77 Annual Report Beef Eng./Span 124 1350
02SII-77 Annual Report Beans Eng./Span. 94 1500
02SF IS-77 Annual Report Swine Eng./Span. 16 1460
02SE I Ir-77 Annual Report Training Eng./Span. 21 400

tOS1-12 L.imiting Factors on Bean Productivity

in Colombia Span. 44 2500

06SB-i Evolution of' Bean Production in L.atin

America during the last Decade Span. 48 3500

071I1-1 Field Problems of Beans in Latin
America Eng./Span. 136 6000

06S(;-I The Economics of Foot and Mouth
Disease Span. 53 1000

031iSR-I International Rice Testing Program for

Latin America: Report of the
Second Conference, November 1977:
Cali, Colombia Eng,/Span. 37 1000

03EG-4 Proceedings of a Workshop on the FEcology

and Control of I-ctoparasites on
Bovines in Latin America:
August 1975: Cali, Colombia Ing. 186 1000

03SG(-3 Proceedings of a Workshop on lcmopa-

parasites, March 1975. Cali,
Colombia Span, 137 1000

(continued)
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ilble 1. (cntinuIcdL

Press
odt 1 it1e I.anguage Pages run

311H '. I Pro~ceedings tit a Workshop on ('assa'a

I otL' ctonil. NoIenllhbi, 1977

(A, (Colomnia 1 '1g. 244 1000

05- St I'tilatii tit Rice IP lshings in (iru.ing

and I-nillhng IatRm 1io Ilogs Span. 26 2330

,-S(-2 ( s'.".o' Pct, and tieir ('nt I FIng.iSpan. 76 3(X)
051:(-4 ( ass, I~a O lg Eng. Span. 26 40()

)ocurnentnttioii pulblication.
(HII1S(C-3 ('at,s.,t NeI slctter ::3 Ing. Span; V'; 3500
0OI FS('-4 ( ;.1 Nx ,Iti 4 [tig Span. I 3500
(11 N(1-4 \b',iral,t in (l t".a, Vdlllle IV LIng. Span. 174 3000
IsISl -I .\h't,.cl, "1 1 I eld Ieans. \I tne III Frig. Spi. 272 3O)
4)551 -4 .\ ,tIIt.S tIt .\grciIt l -ll;I l- i

III I itfit \Illellca Span. 2(,o 150W

recognized that at some future time these and placed in various magazines, news
units must also be made available in organs of professional associations, and in
English and Portuguese. In the case of the general newspapers in Latin America.
htter language, initial arrangements have
been made with the Empresa Brasileira de Visitors' Services
Asistencia T6cnica e Estencdo Rural
(EMBRAVER). the Brazilian national During the year, the Public Information
agricu!turaI extension organization Office of the Unit received and guided 6350
wherchy iis or;'anization will produce all visitors through the Center. These included
(1AV-generi;t!, units in Portuguese. By scientists, government representatives,
the end of 197N FMBRATER had ahcady production specialists, tarmers and general
started to work on the first 10 units visitors from throughout the world, but
supplied by CIAT. especially Latin American countries. The

number of visitors received in 1978 was
Other Message Products 70% above the number hosted the previous

year.
i)uring 1978, the Communication Sup-

port Unit also produced three audiovisual Communication Services
programs to provide systematic informa- to CIAT
tion about CIA'I's operations to visitors.
Ihree displays were assembled to represent The Communications Support Unit and
CIAI at various events in Colombia. the former Information Services Section
Finally. a limited number of articles about (during the first half of the year) provided
the Centel and its programs were produ-..d extensive communication services to the
Comunication Support Unit H-33



lahle 2.

/ Atiuloutorial units completed as of Dec. 31, 1978. (All are available only in Spanish.)

( 'Cde No litle

Uhnils in Rice

(.ISR- ). 02 Preparaci6n de suclos para el cultivo del arro,
hajo el sisterna de inundaci6n

04SR-05. 01 Latencia y pregerminaci6n de la semilla de arroz
04SR-0O5. 02 Morfologia de li planta de arroz
0.ISR -07. 04 [valuaci6n de lia tesistencia varietal del arroz a

sogata y al virus de ]a hoja blanca
04SR-07. 03 EIvaltaci6n ide li calidad dcl arroi

Units in Beans

04)tSt-0 . 02 ( 'ruiarnuento del Iri ol
04S1-)5. 01 Descripcitin y da 1'os de las plagas que alacan el frijol
01S11-06. 04 F]nfe rmedades catsadas por %irus y si control
O4S11-12. 03 Seinflia tie friol de buena caldad

tnils in ('assa'a

04SC-03. I I)escripci6n tic las enferniedades de li yuca
114,( '-06. 01 Sistenai de propagact6n ri pida tie hIj c,
04SC(-04. 01 Control de Erinnio ell (gusano

cachitn de li yuca)
011S( -02. 01 (lit tipo ideal de planta tie yuca para

rendinieltt. tiuioiitt

Unith in Weed (ntrotl

(MMW-03. 01 P'rincipio h;isicos para el inanejo y control de las
05Inale/as en los ptrerlis

04S'.f3. 01 iuia pnictica para cl control quimio de las
tllale/s. ell los' potrll toN

0I4'\-O01. Of Principtos hiliico, para el maneio \ control de las
Inalte/at ell l', .'tt i~os,

04"' W-0 1 05 I-actotes quc ctndlcltinon lI eliciencia de los herhicidas

.4 14WJIi 104 Ilerhiclas %tlod tie acluar v sintolnas de toxicidad
')II 102 Inlorniacin basica ohie ht cornpetlencta ente las

lnale/;Is t los cits s

C,:ntvr's reseatch programs, support units Immediate Future Plans
and thc adrirnistration. These services
included manu..:cript editing, photography, While continuing to fulfill its everyday
graph;,: afs, typesetting and printing, and services to the Center, the Corn-
all ot the Cen:,r's photocopying work. munication Support Unit has also iden-
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tified certain areas where expanded infor- In the area of training materials,
mational efforts are needed, production of audiotutorial units will

begin in two new areas - beef production
The Annual Report and the Research (especially tropical forages) and seed

Highlights publications will continue to be technology, to supplement those being
the main vehicle!s for providing the &produced in cassava, beans, rice and weed
scientific community and the public at control.
large, respectively, with technical informa-
tion about all of CIAT's activities. The To help keep the general public in-
Unit does, mmeover, publish technical formed of CIAT's goals, activities and
information in several of the established achievements, the Unit plans to produce a
series; during 1979, the Unit will attempt to set of informational brochures on the
increase the number of these technical Center and on specific commodity
publications made available to research programs. Also, planned are a 16mm film
collaborators and other contacts, and selected audiovisual programs for

visitors. Increased efforts will also be
More emphasis will also be directed to directed to producing and disseminating

commodity-specific newsletters intended an increased number of articles to existing
for bi-monthly publication. Two such mass communication channels.
newsletters will be started in 1979.
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Seed Unit
During late 1977 and most of 1978 the the long-term planning and support

Seed Unit functioned primarily with the required to each country needing
support of The Rockefeller Foundation. In assistance in seed technology. Thus, a
November 1978, an overall plan for location in the region is needed to provide
development of the Unit was ratified with special training opportunities, to offer
the signing of an agreement between the tech-ical collaboration to countries, to
Swiss Development Cooperation of the solve problems adversely affecting the
Swiss Confederation and CIAT. The qua-!Iy and quantity of seed, and to
agreement provides total support for three provide seed supplies of promising and
years with funds earmarked for two improved varieties for extensive testing
additional years. and multiplication.

Background CIAT offers many advantages as an
institution and location in the region forAs CIAT and other international and meeting these needs. Excellent training

national research centers succeed in facilities and information services exist.
generating improved technology, the need The technical base of the commodity
for a greatly accelerated effort in seed programs provides a solid core of produc-
production and supply becomes in- tion information needed for uccessful seed
creasingly clear. Progress has been slow in programs. Links with commodity
developing strong seed programs in Latin programs to solve seed technology
America and the Caribbean area during problems are possible. Some seed produc-
the past 20 years. Factors contributing to tion capability exists with the Station
this slow develop,-.ent have been lack of Operations Unit. The Genetic Resources
trained personnel, unclear and inconsistent Unit exists and several collaborative
policies, limited Breeder and Basic Seed activities are possible. A rapidly develop-
supplies for further multiplication by seed ing commercial Colombian seed industry
enterprises, problems in producing and exists in the area and a well-developed
storing seed, and poor marketing systems. quality control program is operating from

the Instituto Colombiano Agropecuario
Many individual countries in the region (ICA). Thus, CIAT provides many advan-

have difficulty in overcoming these tages as a center from which a wide range
problems. It is difficult for technical of assistance can be provided to seed
assistance agencies and donors to provide programs in the region.
;6eed Unit H-37



Objectives Activities in 1978

Based on the above needs and available In addition to overall planning and
resources, the Seed Unit will work to development of the Unit, the following
accomplish the following four objectives, related activities were accomplished in

1978.
(I) Train personnel in government and

private institutions primarily from all (I) A four-week training course was
Latin American and Caribbean countries organized for 29 professionals from 12
in various aspects and at different levels of countries. The course was partially sup-
seed industry and program development ported by the United States Agency for
and seed technology. International Development (USAID) and

three staff members from Mississippi State
(2) Extend technical collaboration to University (U.S.A.) assisted with conduc-

countries in the region to meet a wide range ting the course. Other assistance came
of needs with the aim of expanding the 'from ICA, in Colombia, the Instituto de
production of high quality seed of Ciencias y Tecnologia Agricolas (ICTA),
improved varieties with the emphasis on in Guatemala, and Dr. Ronald Echandi of
but not restricted to the commodities with the University of Costa Rica.
which CIAT works.

(2) The Unit Coordinator participated
(3) Conduct research in seed technology for three weeks on the Panamanian Seed

primarily in collaboration with CIAT Review Team during preparation of a
commodity programs and r' levant to report to the government of that country.
problems of the region.

(4) Provide a single seed multiplication (3) Assistance was provided in a training

and distribution capability which can: (a) course at the University of Costa Rica.

cooperate with commodity programs in
multiplying, drying, processing, storing (4) The Coordinator also participated in

and distributing advanced experimental the First Andean Sub-regional Sym-

material and Breeder and Basic Seed to posium on Seeds and the Andean Maize

collaborating countries for farmer trials Producers Meeting, both in Lima, Peru.

and further multiplication; (b) relate
closely to training activities in order to (5) Basic information was gathered on
make training as relevant and practical as seed programs in various countries of the
possible; and, (c) assist in the propagation region, with special emphasis on Panama,
and introduction of seed in the Latin Guatemala, Colombia and Peru.
American and the Caribbean area of
commodities of sister International (6) Assistance was provided in the
Agricultural Research Centers. preparation of audiotutorial training units.
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CIMMYT/CIAT Andean
Regional

Maize Unit
During 1978 staff of the CIM- Quilichao. Some 260 days were spent

MYT/ClAT Andean Regional Maize Unit outside of CIAT, conforming to the
dedicated 80% of their time to inter- philosophy under which the Unit operates
national cooperation activities and 20% to to reinforce national maize programs.
research at CIAT-Palmira and CIAT-

RESEARCH IN CIAT

Breeding for Reduced Plant little of the fallen maize. All maize breeding
Height programs in the Andean countries are

working to reduce plant height in their
materials.

One of the reasons for the lack of yield
stability in tropical varieties of maize is Because of the favorable agro-climatic
their excessive height which makes them conditions in the Cauca Valley of Colom-
susceptible to lodging, in turn, causing bia, maize plants grow higher than in most
high rates of ear rotting. This problem is other localities of the Andean Zone,
aggravated in modern agricultural zones making this area an ideal one for selecting
were crops receive sufficient inputs, es- for plant height. All maize materials being
pecially fertilizers. There maize grows bred and improved in CIAT have plant
vigorously and is more susceptible to height as a selection criterion. For two
lodging. Where maize is harvested groups of materials - La Posta and the
mechanically, losses from lodging can CIMMYT Germplasm Pools - plant
approach 40% when harvestors can pick up height is the primary selection criterion.
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La Posta reduced an average of 36 cm in the eight
groups (Table i).

La Posta is a variety with very good yield
potential (l It/ha at experimental levels), Breeding Populations with High
but also with excessive plant height (3 m) Protein
when planted under high technology.
When planted under low fertility con- Common maize generally contains 9 to
ditions with deficient or excessive moisture 11% of a low-quality protein deficient in
its height is reduced but the size of the ear, two basic amino acids - lysine (2% of the
and thus yield, does not decrease propor- protein) and trytophan (0.4%).
tionately.

Protein quality of maize can be im-Up to now, this variety has been poe yicroaigteoau-

subjected to a half-sib improvement system

but results with plant height have not been mutant gene. Although an opaque-2 maize
prmisultswithoug yield he tventl bn contains about 4% lysine and 1%promising although yield potential has trytophan, it has several other drawbacks:
been maintained. In the next planting ()yeddcess(-5)i eaint

cycle, a full-sib improvement system will be () yield decreases (5-15%) in relation to

used tc try and lower plant height of this normal maize because opaque-2 en-
promising variety. dosperlm is soft or floury and weighs less

pr than that of normal maize; (2) most

consumers do not like it because of its
CIMMYT Germplasm Pools appearance; and, (3) the soft endosperm is

attacked more easily in the field and in
These pools are basic breeding materials storage by pathogens such as Fusarium

with a wide genetic base. At CIMMYT and Diplodia, as well as insects.
they are managed in a half-sib system. In
the second semester of 1978, eight of these Despite these problems, genes that
pools were planted at CIAT and several modify the opaque-2 gene to produce a
full-sib crosses made between the lowest hard endosperm grain are available.
plants. In this cycle, plant height was Action of modifier genes is influenced

l rhl I

Selection% made for plant height in eight germplasm complexes from (INIMYT, (IAT 1978B.

Plant height Im)

Mat lI .X opul Range . Selce. Range

I'm,11 15 - ii o I riI:. I 1 \k hitc Ilnt 2 Is 1.65-2.65 1.85 1.65-2.05

Pool I6 1 I i ,llI rl% \r 1ttC I Dcrnt 2.17 1.65-2 64 1.84 1.65-2.00

P -l I Ilopicil I irk 'c A ,% I hll 2.13 1.60-2 55 1.84 1.60-1.95

P'oo IS I hopl l I alk ') cllo% IDci 2. i) 1.65-2.45 1.5 1.65-2.00

IPo l 1 In I r al Inircal mcd \k ie I Ill 2.32 1 65-2 N) 1.96 1.65-2.05
PI, 20 I 1, i 1 rr. 1 lictritid V. ru1 [)cr t 2 41 1 85-2 75 1.99 1.85-2.10
I' l 21 1to picarl Inicmed ello flint 2.38 1.80-2.75 1.95 1.80-2.10

I... 22I I roit+a[ Irt-t [m d Yclh\ IM)Crt 2.48 1.90-2.75 2.04 1.90-2.19
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somewhat by the environment and for this overall average being 6.5 t/ha and 54
reason, it was considered necessary to families surpassing 7/ha.
initiate an opaque-2 breeding program in
CIAT. The maize population PD (MS 6 ) The average height of the plants is still
HE 0 , was chosen as the base because it relatively high (2.56 m), however, 118
was one of the most stable populations families had height less than or only equal
available when the experiment was begun. to the average, indicating the possibility for

substantially reducing height.
Up to now selections have been made

through three cycles using a half-sib CIAT Brachytic Materials
system. For each cycle a sample of ears
selected for hard or crystalline endosperm The former Maize Program at CIAT
has been sent to CIMMYT forproteinand had produced a number of materials
trypiv)phan analyses; only materials with incorporating the br 2 gene for shortness.
the highest values are planted in the next All these materials are being evaluated
cycle. fully with the objective being to select and

distribute the best ones in the Andean
Through, he three cycles grown, protein Zone.

content in the population has been in-
creased from 8.50 to 9.18% while tryp- In the first semester of this year, 33
tophan levels have remained the same at materials from CIAT were planted and
about 0.72%. evaluated. Eight groups out-yielded the

Yieli Trials local check (ICA H E-212), producing from
6.7 to 8.2 tIha.

Ma,ze yields in the Cauca Valley of Early Materials
Colom, ia provide a good indication of a
variety's yield potential in other parts of Maize materials that mature early are
the Anden Zone, and, therefore, materials needed for several locations in the Andean
are alway tested at CIAT to obtain some Zone. A project for earliness was initiated
........ ,i of their value. Six yield ex- in the first semester of 1977 when 595

p riments were planted in 1978 with results relatively early families from CIMMYT
av,lalIe for three of them. materials were planted at CIAT. From that

Suwan-1 cycle 186 families were selected for

earliness, plant height and yield potential.
This is a yellow flint population In the next semester, only 20 of the 186

from Thailand which has been selected in families were selected for planting in a yield
Colombia for its Oiuld and resistance to trial in 1978.

downy mildew (Wnicilla). In 1977 1 kg of
Suwan- I seed was planted in an isolated lot All materials proved to be early-
and 250 plants were selected from the flowering, having a range of 49 to 52 days,
group at harvest. Selected material was compared to the earliest control (variety
essentially half-sib families. In the first Minita from Venezuela, 48 days) and the
semester of 1978. these families were latest, Suwan-! (55 days). One of the early
planted in replicated trials, selections yielded the highest (7.33 t/ha,

15% grain) in the test, 36% higher than
Yields of the faiiiilies indicated the high Minita. Nine other selections also out-

potential for this population with the yielded the 5.39 t ha of Minita.
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Development of Maize Tolerant ears selected in both replication (with and
to Low Soil pH and without lime. No treatments received lime
High Aluminum Saturation this cycle but other amendments were

supplied as in the first trial. From the
It is estimated there are some 850 million 1978A cycle, 120 plants were selected from

ha of acid soils or the South American both replications and were planted again in
continent. Up to now, it has not been a half-sib pattern.
possible to produce maize economically onthes ty es o sols ecau e h avy The reasoning for this breeding system isthes tyes o sols ecaue havy that because lime was only applied at theapplications of lime are needed if plants are
to develop normally. No maize varieties beginning of the project, the plot receiving
exist that are completely tolerant to acid lime is gradually becoming more acid and
soil conditions, the Al saturation level is increasing after

being lowered by the original liming. By
Inthesecond semester of 1977, aproject selecting under these conditions andIn te scon seestr of197, aproect recombining the genotypes selected, it is

for breeding materials tolerant to acid soils believed that genetic recombinations will

was initiated at the CIAT-Quilichao be obtained that are more tolerant tothese

substation. The soil there is an Ultisol with
types of soils. Selections made each cyclepe slightly above 4 and Al saturation of from the plot not receiving lime also

over 80%. A total of 192 materials from contribute some genotypes with tolerance
several sources were planted in single to acid soils.
furrows 5 in long in two replications, one
with 5 t ha of lime applied and the other Maize/Sugar Cane
without lime. All plots received 163 kg/ha Associations
urea, 10 kg ha Borax, 22 kg;'ha zinc sulfate
and 300 kg ha of triple superphosphate. Last year partial results were reported

(CIAT Annual Report, 1977) on an
In the first harvest a total of 76 ears were experiment to plant maize with sugar cane

selected from both replications. The crop to take advantage of the abundant solar
did not develop well because of dry radiation available while the cane is in
conditions when irrigation was not early development.
available, and for this reason, few ears
could be selected. In August 1978, the cane was harvested

(17 months after planting). Results showed
Because of these problems, in 1978A it that although the maize had yielded from

was decided to again include some 1.6 to 3.2 t! ha, the cane was not affected by
genotypes that had shown an acceptable the association. The average yield of the
vegetative development in the first cycle controls (cane alone) was 151 t/ha of cane
although yields had been low. Forty-five and 17.1 t/ha of sugar. The average yields
varieties as well as the 76 selections were of all plots with maize in association was
planted in a half-sib system in which the 151.5 t/ha of cane and an average
pollenizer was a balanced mixture from production of 17.0 t/ha of sugar.

H-42 1978 CIAT Annual Report



INTERNATIONAL COOPERATION

Germplasm Results of the introduction trial planted
in Bolivia, at Saavedra and Mairana in the

One function of the CIMMYT/CIAT state of Santa Cruz are shown in Table 2.
Regional Andean Maize Unit is to Results indicated that the varieties Tux-
promote the exchange of germplasm pefio Caribe, Pool 25 and Tuxpeflo I are
between the Andean countries. During adapted at both locations and yielded
visits made within the zone, varieties, substantially more than the best Bolivian
collections and populations are identified variety Cubano Amarillo.
that could be of general usefulness, and
these, together with materials from At Pichilingue, Ecuador, some of the
CIMMYT and CIAT sent to different materials from Colombia showed good
countries to be tested in observation trials, yield potential. Two populations, MB-219

and MB-29, yielded 6.2 and 6.1 t/ha,
In 1977-78, 72 normal tropical materials respectively. Some of the CIMMYT

from Colombia, Peru and CIMMYT were materials also showed good yield potential
sent to Bolivia, Ecuador and Venezuela. at this site. Seven varieties yielded more
These materials were tested in Bolivia and than INIAP 515 (4.9 t/ha) and one out-
Ecuador exclusively for yield and adapta- yielded Pichilingue 504 (5.5 t/ha), the two
tion. In Venezuela, the materials were local checks.
inoculated with oospores of Cenicilla to
test their reaction to downy mildew dis- In the trial at Maracay, Venezuela,
ease. under artificial infestation of oospores of

Iable 2.

Maize varieties from Colombia, Peru and CIMNYT that performed the best in a introduction trials

at two locations in Bolivia, 1977-78

Yield (kg ha) at:

% of of
Variety Origin Saavedra control Mairana control

I uxp, Caribe CIMMYF 7956 161 5333 125

Pool 25 CIMMYT 6185 I 5 5120 120

F [uX pefio- I C I MM YT 6615 134 4267 100

EIO Blnco Colombia 5382 109 4693 110

Blanco Cristalino CI N MYVT 6491 131 4053 95

Mtecla Amarilla C I M NIYT 6025 122 4053 95

P M-701 Peru 5236 106 4267 100

%iB 225 Colombia 4882 99 4053 95

Poh.- I Peru 4863 98 4053 95

Cubano Amarillo Bolivia 4954 100 4267 100

CIMMYT/CIAT Andean Regional Maize Unit H-43



downy mildew. 10 materials (seven from Breeding Methods
Colonbia and three from CIMMYT)
showed good resistance to the disease. One of the responsibilities of the

CIMMYT/CIAT Andean Regional MaizeFrom the results of these introduction Unit is that of advising and collaborating
trials and trials of experimental varieties in the implementation of breeding methods
from CIMMYT, in 1979, INIAP is testing for maize that will permit better use to be
nine varieties from which one or more made of the facilities available in the
could be released to the farmers, various countries, the people of each

country and the diverse ecological zones
At the end of 1977, 36 varieties of hard making up the tropical and highland

endosperm, opaque-2 maize were sent to Andean region.
Ecuador, Bolivia and Peru to be planted in
an observation lot. These materials came In this respect, a full-sib breeding
directly from the opaque maize program at program has been initiated in which the
CI MMYT. Results were provided for the Suwan- I population is subjected to cyles of
plantings at two locations and showed that progeny trials in the five Andean countries
Mezcla Tropical Blanco HEO 2 and and one cycle of regeneration of the
Mezcla Amarilla HEO 2 were the best population in accord with the data ob-
vielders at over 6 t,' ha at the two locations. tained in the localities the progeny trials

were planted.

Suwan-1 was chosen for the project
Regional Trials because it has a good yield potential and

resistance to downy mildew. At Maracay,
The year 1978 was the second year for Venezuela, 37% of the families from

planting Regional Trials of Tropical Suwan-I were resistant to Cenicilla (0 to
Varieties (ENZAT) and Regional Trials 10% of plants affected). Another 28% of
for Highland Varieties (ENZAS). These the families showed an intermediate
trials include the best varieties and !he best reaction (I I to 20% of plants affected) and
open pedigree hybrids from each Andean 35%weresusceptible(21 to 80% reactions).
country. Each councry contributes six
materials. Integrated Control of Heliothis

zea
For the ENZAT trial information was

obtained from three of seven locations Perhaps one of the most pressing
where it was planted and is presented in problems affecting maize in the Andean
Table 3. The table includes only the three highlands is attacks fiom the corn
highest yielding varieties or hybrids for earworm, Heliothis zea. Because maize is
each country, almost totally planted under subsistence

conditions in the highlands, the use of
Information is available for two of the insecticides for controlling this insect is

five locations where the ENZAS trial was considered very difficult to bring about
plant-d. The best variety at both locations because of the high cost and due to the risk
was Pairumani Compuesto 10, which was of environmental contamination.
also the best yielder in the 1976-77 ENZAS
in three of the four locations where it was For these reasons, the Maize Unit is
planted. cooperating in the implementation of an
H-44 1978 CIAT Annual Report



Table 3.

Results of the 1977-78 Iowland Variety Trial (ENZAT) in three locations of the Andean Zone.

Yield (t ha)

Bolivia Peru Avg.Variety at allNo. Identification Origin Abapo Saavedra San Rzmon sites

I ICA V-105 Col. 2.34 3.66 5.56 3.85
4 ICA H-210 Col. 3.11 3.22 5.28 3.87
5 ICA 11-302 Col. 1.28 3.11 5.83 3.40
8 Comp. Semicrist. 71 Ven. 2.40 3.51 5.33 3.74

II Var. Simeto White Ven. 2.13 3.66 5.19 3.66
12 Comp. Intervar. 68 Ven. 1.18 3.78 4.94 3.30
14 PNIC-5 Peru 1.97 3.01 5.66 3.54
16 POB-I Peru 2.03 3.66 4.34 3.34
I P MC-747 Peru 2.14 3.77 5.15 3.68
19 Suwan-I CIAT 2.32 4.60 4.52 3.81
210 Ant. x Rep. )om CIMMYT 2.90 4.01 579 4.23
22 Var. 3 Pichilingue Ecua. 2.61 4.00 4.33 3.64
24 Pichilingue 513 Ecua. 1.50 2.90 5.58 3.32
26 INIAP 515 Ecua. 2.30 3.41 4.44 3.38
27 Iuxp. P.B.C-2 Bol. 1.03 4.22 5.86 3.70
29 Cuhano Amarillo Bo. 2.22 4.41 5.03 3.88
30 Comp. BR2 Yellow CIAT 1.90 2.41 5.11 3.14

X 1.87 3.45 4.73
C.%, (1';) 29.6 24.2 27.1
1.S.D. ((0.05) 0.89 1.34 2.05

integrated control system for controlling Mexico. Up to the present, 46
H. -ea by integrating biological, chemical ptofessionals from the Andean Zone have
and cultural control methods. Work jas received training in research and produc-
been started to identify varieties of maize tion at the Center. Of the 22 who have been
that are resistant to this pest in five sponsored by the Andean Regional Maize
localities and trials with selective insec- Unit, 20 are still working in maize in their
tivides and biological agents such as respective countries. Of the 24 sent to
Bacillus thuringiensis have been initiated Mexico before 1976, only 8 are still
at eight sites, working in maize. Nine visiting scientists

sponsored by the Maize Unit have visited
Training the maize program at CIMMYT.

The CIMMYT/CIAT Andean Regional Development and Transfer of
Maize Unit has the responsibility, along Technology
with national program leaders, of iden-
tifying and interviewing candidates to The long-range effectiveness of a
receive in-service training at CIMMYT, national program is more probable when

CIMMYT/CIAT Andean Regional Maize Unit H-45



Table 4.

Results of 1977-78 Highland Variety Regional Trial (ENZAS) grown a, two locations.

Santa Catalina, Ecuador Cajamarca. Peru

Plant PlantVa r. Days to height Yield Days to height Yield
No. Identification flowering (cm) (t 'ha) flowering (cm) (t/ha)

I I'MC-561 113 189 3.0 99 243 5.2
2 I.M I FU 123 204 3.5 110 270 6.0
3 1PMV-461 129 236 5.2 114 253 5.0

4 I'MS 635 92 147 2.2 87 166 2.7
5 Comp. Amarillo l)uro 112 205 6.3 100 203 5.1
6 H.U. X () 118 182 3.2 104 211 5.2
7 1CA 453 133 215 4.1 116 265 5.3
8 ICA V-506 123 237 3.5 106 259 3.2
9 ICA V-505 114 220 4.3 102 249 4.0
10 iH 54-M PR-VII 116 237 5.7 102 243 4.4
I II CA V-555 120 215 3.6 105 238 3.4
12 Morocho Amarillo 131 236 2.8 124 257 1.6
13 INIAI' 176 131 264 5.8 120 281 4.4
14 INIAP 126 105 210 5.3 94 230 3.9
15 INIAI' 125 117 241 4.2 107 261 3.4
I INIAI' 153 118 220 6.4 104 282 4.3
17 INIAI' 128 125 207 4.3 108 269 2.6
18 INIAP 178 131 234 5.0 112 281 5.0

F 19 Ilairumani Choclcro-I 10b 185 1.8 97 222 4.2
20 I'airumani Choclero-2 104 145 3.1 97 232 4.3
21 Pitiuoani Comp. I) 123 214 6.7 104 260 7.2
22 Pairumani Aychasara-2 113 188 4.6 100 246 4.3
23 Pairumani Comp. 13 113 178 3.8 96 212 4.6
24 Pairumani TC- I 101 129 2.8 92 170 4.7

25 INIAP 101 Bco-Imperial

90 166 4.3 92 203 3.1

Averages 100 167 4.2 90 166 4.3

it: (1) is independent of outside aid for leaders in developing production programs
continuity; (2) efficiently utilizes all inter- which are autonomous, integrated, small
nal resources; (3) recognizes and answers farmer-oriented, and flexible.
the needs of the small farmer; and, (4)
maintains the flexibility to permit changes The strategy being used to attain these
for meeting various problems encountered. objectives is in four phases: surveying
Using this philosophy, the primary objec- farmers by regions, planning of the
tive of the CIMMYT/CIAT Andean regional program, placing on-farm trials,
Regional Maize Unit is to assist national and diffusing recommendations through
H-46 1978 CIAT Annual Report



on-farm demonstration trials. The higher altitudes. One factor which is
CIMMYT/CIAT team directly par- limiting across all domains is use of
ticipates in the first three phases. Programs fertilizer.
using this strategy are underway in three
countries. The agro-economic survey was also

completed in the Valley of Mantaro. Since
Program Development this area constitutes one agroclimatic zone,

recommendation domains were deter-Peru. In collaboration with the mined by agronomic practices with two
Programa Cooperativo de Investigaci6n domains- irrigated and non-irrigated
de Maiz (PCIM) and the Ministry of systems - being identified. Limiting
Agriculture a production technology factors in maize production are use of
program is in various stages of develop- unimproved varieties, lack of adequate
ment in five highland areas. fertilization, corn earworm and frost.

In the area of Callej6n de Huaylas the Trials planted in these three areas plus
farmer survey was conducted in 1977 and the areas of Ayacucho and Cajamarca
the first set of verification trials were included the following.
harvested in 1978. These trials were
designed to compare improved varieties Fertilizer Trials: 3 x 3 x 2 factorial with
from PCI M with local varieties under three three levels of N, three levels of P and two
levels of management. Although the data levels of K.
are inconclusive due to rather large
experimental error, indications are that the Nitrogen x Density: 32 factorial with
PCIM varieties are not significantly better three levels of each factor.
than local varieties under any system of
management tested. Trials were re- Verification; Randomized block com-
designed with the hope of diminishing the paring improved and local varieties at
experimental error to an acceptable level different management levels.
and were planted in October of 1978.

Levels of factors vary in accordance with
In the Cuzco area, the agro-economic farmer practices within the area.

survey was conducted. This survey includ-
ed the Valleys of Urubamba and Vilcanota Colombia. The program in Colombia
and the zone of Anta-Maras. Seven has centered around the identification of
recommendations domains were identified superior varieties for two distinct maize
and the relative importance of maize in areas - the Departmentos of Antioquia
each domain was determined. With the and Cauca. This work is carried out in
exception of the Valley of Urubamba and collaboration with both ICA and DRI in
the irrigated region of Anta, maize is Cauca and the Secretary of Agriculture
grown for family consumption. In the two and ICA in Antioquia. Variety trials
regions mentioned, 40 and 29%, respective- consisting of ICA varieties, CIMMYT
ly, of ,h, iiize is sold commercially. experimental varieties, ane. local checks

were planted in both regions, during 1978.
Limitiihg factors in maize production

vary across recommendation domains with The first in-service training course was
inseus and diseases being major factors at held in Medeliin in August and the second
the lower altitudes and frost damage at in December with 15 agronomists in
CIMMYT/CIAT Andean Regional Maize Unit H-47



attendance. A training course was planned a ,eoss location indicating the need for
for personnel of Cauca, but was cancelled better definition of recommendation
and is now scheduled for 1979. domains with respect to this production

factor.
A preliminary survey was made of the

Urab, region of Antioquia and the In September, the second cycle of on-
decision made to concentrate more on this farm testing was begun with the planting of
major maize area. A more detailed survey 26 trials in 13 locations. These trials were
is planned for 1979. The initial survey planted as a part of the in-service training
indicates the limiting factors in maize course conducted by INIAP and attended
production are scarcity of labor for land by 25 agronomists from INIAP, the
preparation and inadequate fertilization. Ministry of Agriculture and the
Development of an adequate minimum Agriculture Bank. The second phase of the
tillage system which includes economically training course was held in November.
sound fertility levels is one goal for the
program. The litoral trials were placed in the area

of Balzar. The most significant result of
Having tentatively identified superior these trials was that the economic analysis

varieties the program is now expanding to showed the level of fertilizer application
include fertilizer trials and fertilizer x used by the farmer was, in fact, the most
density trails. practical and economic choice.

Ecuador. The production technology Bolivia. Preliminary work has been
program. under the direction of INIAP carried out in Bolivia with plans to initiate
with CIMMYT collaboration, completed a collaborative production technology
the first cycle of on-farm testing harvesting program in 1979.
ten trials in the region of Imbabura. In
variety trials INIAP 101, derived from Venezuela. Collaborative research will

Cacahuazintle, was 45 days earlier than the begin between the CIMMYT/CIAT
local variety. In the initial farmer survey Andean Regional Maize Unit and
this was shown to be a desirable FONAIAP in early 1979. Farmer surveys
characteristic. Earliness allows the farmer will be done in the state of Portuguesa and
to market his "choclos" at a higher price, the area of Valle de la Pascua, by
while also allowing him to use the residual FONAIAP. Collaborative efforts will be
moisture for a second crop such as peas. centered in these areas for i979 with the
The results of fertilizer trials were variable establishment of fertilization trials.
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CENTRO SEGURC BOLIVAR
CARRERA 4 No 12.41

\ELEFONO. 7CI-146k~ffioue & caCALI- COLOMBIA

February 16, 1979

To the Board of Trustees of

Centro Internacional de Agricultura
Tropical (CIAT)

In our opinion, tne accompanying balance sheet and the re-
lated statement of revenue and expenditures and unexpended funds pre-
sent fairly the financial position of Centro Ipcernacional de
Agricultura Tronical (CIAT) at December 31, 1976 and the results of
its operations for the year, in conformity with generally accepted
accounting principles applied on a basis consistent with that of the
preceding year. Our exam-ination of these statements was made in ac-
cordance with generally accepted auditing standards and accordingly
included such tests of the accounting records and such other auditing
procedures as we considered necessary in the circumstances.

Our examination also encompassed the schedules of analysis
of grants and related expenditures, earned income, comparison of ap-
proved budget and actual expenditures and dates of receipt of grants
for the year ended December 31, 1978, which are presented as supple-
mentary information, and, in our opinion, these schedules oresent
fairly the information shown therein.

Financial Report I-



CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)
BALANCE SHEET

(Expressed in thousands of U.S. dollars)

December 31

ASSETS 1978 1977 1976
(IRRENT ASSETS: -

Cash 3,540 2,481 1.481
Account, receivable:

Donors 93 288 1,616
hi ployees 92 91 57
Others 992 1,091 425

1,177 1,470 2,098

I n'entories 678 549 345

Prepaid expenses 9 10 1I

Total current assets 5,404 4,510 3,935

FIED ASSETS:
Equipment 2,450 2.104 1,963
Airplane 664
Vehicles 1,575 918 685
Vehicles (replacements) in transit 74 192 149
Furnishings and office equipment 1,177 1,103 938
Buildings 5,616 4,954 4,773
Other 160 69 25

lotal fixed assets 11,716 9340 8,533

I otal assets 17.120 13,850 12,468

LIABILITIES AND FIND BALANCES

(IRRENT LIABILITIES:
Hank overdraft 182 18
Short-term port-iPn of long-term debt 200
Account,, payahle 1,702 1542 807

Iotaj current liabilities 2,084 1,542 825
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I)ecember 31

197H 1977 1976

F-orward 2,084 1.542 825

LONG-TERMI DEBT 650

Less - Shirt term portion 200

450

GRANTS RECEIVED IN ADVANCE 667 228 180

FUND BAI.ANCES:-

Invested in lisked assets 11.716 9,340 8.533

ilexpended lunds (deficit):

('Cre -

l'nrestricted 82 70

Working fund 206 701) 600

Capital grants 763 1.689 1,964

Special projects -

)onors 1.216 442 315

Other ( 64) ( 91) ( 19)

2,203 2.740 2,930

1otal fund balances 13.919 12,080 11.463

1 otal liabilities and fund

balances 17,120 13,850 12,468

I be notes on pages 1-6 and 1-7 are an integral part of the financial statement.
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CENTRO INTERNACIONAL DE AGRICUITURA TROPICAL (CIAT)
STATEMENT OF REVENUE AND EXPENDITURES

AND UNEXPENDED FUNDS
(Expressed in thousands of U.S. dollars)

Year ended
December 31

1978 1977 1976

Revenue: -

Core:

Operating grants -
Unrestricted 9.307 7,847 4,500
Restricted 320 3( 1.145

Working fund grant 100 1)0
Capital grants 786 .198 1.858

Total Core 10.513 K.755 7.503

Special projects 2.107 785 725
Earned income 502 499 339

I otal revenue 13.122 10,039 8.567

Expenditures: -
Core programs:

Direct research -
Beans 1.102 931 698
Beef 1.754 1.258 831
Cassava 939 743 573
Rice 204 239 206
Swine 180 144 150
Genetic resources 221 139
Special studies 55 62

4.455 3.516 2,458Research support 1.262 1.011 602

lotal research 5.717 4.527 3.060

International cooperation:
Training and conferences 754 798 634
Library and information services 853 693 515

lotal international cooperation 1.607 1.491 1.149
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Year ended
December 31

1978 1977 1976

.\drm,t ration ex penses 966 836 , 70

( c.'ral operaing Co,,t, 1,687 1.471 999

I ,chnlcail \d\ '.ior\ (onnlttee -Ex-

C 'IINV' Ot illuitiiq ei al re\Je\4 63

1I "1.1 (orc prlgrtaris 9.977 8.3818 5.178

p L, C IN' , 1.306 730 710
IPtlr irc o. l\cd am ets 2.376 1.Ll1 418

l 1 c; pentIiitire' 13.659 10.229 7.006

I \LC.1 FIt IC FLtIC i". er eC\pLndltures:

()peraig Lrants 82 1 70) { 233)

\ mi king lund 170 00
( ptl111ta1 eaint. 1.59(0) I 275) 1.779
NSpCcial pricect', 801 55 15

537) I 190) 1.561
I rliastet het%%e i htiidnt :

I lin Atrklng lund 664)

III Capital glaints 664

537) 1 9(0) 1.561

1 ncxpCndcd tMLS at heginling o[ year 2.740 2.930 1.369

[ IirCpn'Lded Itind, at end of \ear

(Nce halinct: sheet) 2,21)3 2.74(1 2.930

I he mInFts 'II p;gcs 1-6 anid 1-7 are at integlal part (it h[th Iiancial statement.
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)
NOTES TO FINANCIAL STATEMENTS

NOTE I - ACCOUNTING POLICIES:

The following significant accounting policies and practices of CIAT are set
forth to facilitate the understanding of data presented in the financial statements:

Inventories -

Inventories are stated at the lower of cost or market value, cost being
determined on an average basis.

Fixed assets -

Fixed assets are recorded at cost.

Depreciation -

In conformity with generally accepted accounting principles applicable to
nonprofit organizations, CIAT does not record depreciation of its property and
equipment.

NOTE 2 - FOREIGN EXCHANGE:

All foreign exchange transactions are controlled by the Colombian
government and, accordingly, all foreign exchange received in Colombia must be
sold through official channels. The following exchange rates were used to translate
Colombian pesos (P) to U.S. dollars ($):

P/Sl

Peso balances included in current Year-end exchange
assets and current liabilities 41.00 rate

Peso income and peso disbursements Average monthly rate of
for fixed assets and expenses 39. Ii exchange applicable to

sales of dollars.

NOTE 3 - OPERATIONS:

'he agreement with the Colombian government under which CIAT operated
expired in October 1977 and is in the process of being renewed. Officials of CIAT
are of the opinion that the original agreement will be extended for an as yet

16undefined period of time.
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NOTE 4 - ACCOUNTS RECEIVABLE FROM DONORS:

Accounts receivable from donors as at December 31, 1978 comprised:

sooo

Government of the United Kingdom: 59
Balance of 1978 grant (operating)

Others (special projects) 34

93

NOTE 5 - LONG-TERM DEBT:

1he long-term debt is payable to the Bank of America, New York in three
instalments between June, 1979 and June, 1981. The interest rate is 1 4% above the
prime rate of the Bank of America.

This debt is guaranteed by pledge of CIAT's airplane.
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(ENTR" INTERNAC'IONAI. I)E AGRI( t i.TURA TROPICAl. (CIAT)
StPL.EMENIARY INFORMATION

ANAIYSIS OF GRANTS AND REI.ATED EXPENDITURES
FOR THE I EAR END)ED BE(EMBER 31. 1978

I[Exprewed in thousands of 1.S. dollar%

SCHEDULE I

and general[ ,,[i npendliiure nperaihng It

Z a1. 1an lander in,
lund. F ned hinl lntrna l,nal] Xrn. lrnrrl nicinai,,nl unenpnded
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D..Itrdl nr 0
2

I A uniral,..

ni l,, rign 1-

I ran nal z lelnlrrnrn Agenci 1rq
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I i Ie h e :heiland, 2111

ii' R, neleller f un nda.hn II9J
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I rted Nitr..\gencn lilt

Irltc ni al .nfd [ icr ,pmcnIi 2.IM

Ine-.ic pplied in tea r 40

I oral tniit rd I lire 9734) 3.71"7 1.+7+ 934 1.6l33 3l 1<2

11h A V - rk Kellfgu 'ndan 
211

[ Il treinied ('tir 32) 2104 32 54 37

.m
I  t- rikiig Ilnd

Iniernaininal Iirnelmpmeni Annantlatitrn I00

3J Inc;tirn applied in iIht near 70
Balance€ Irtirr pren nun near 71)0

N I ransier In+ rapitial grants I 661~
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* SCIIEI)'L I
page 2 .inotratif

and general
Espenourenoperating to

t.] oeuarch and I ranrler to

f fund, hned 1 oral International -Adrnoi- irncral tlrernational unexpended
asailahie anEts research cooperation tration opelatin coopcration halance

t ap'tal giant,

Inter-Arric-an [)Oeclopncrin Bank 2z-

I ncirtimr i a! i )cloprncnt %olalon 520

ll,meL Ir-,- pr~,u car 1.6?oJ

I roist'r lit, frk rnbi lund 664

(5 ,cr nieci t t,! H ei ltg n 91 h 83

('II't I i(' nadlan Internathoal

[) s lp ni . ) 123 66 8 9 40

1he I old I-oaudhon 55 14 41

(ctnian \gcns or I echnical (oriperation. Ltda 70 63 7

Inter-')rleran l}eielipmrnt Hank 72 10 62

Ilernatinal Hoard for Plant Genctic Resources 25 25

lnteenatrn.l e Diprtent Research

(errte I( andai 336 153 43 13 12 113

Inteinatinal I eitilcr Itcslhpimnt Center 83 76 6 6( 5)

Iniclnai tnal Rice Research Insitute 8 83 5

I he Rickelller I undatin 70 20 s0

(rOerrncnt ift Sitrcrland 637 637

1 nilcd Kingdni - Mmnistl'I fl (0 rss l)c.¢Ielopment 8 8

t nited Nation, D- elpnient I'rogramm 699 483 19 18 179

Initcd State, Agen-s for International

Il)etopment 56 93 6 7 ( 50)

Other 45 3 15 27

1 o al spral projects 2.458 323 879 52 52 9 1.152

I otal grants and expenditures 15.862 2376 6.040 2.486 1.018 1.739 32 2.203

I 1 Includes balances brought forard from prcsous ear of I S$351.t)
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SCHEDULE 2

CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)
SUPPLEMENTARY INFORMATION

EARNED INCOME FOR THE YEAR ENDED DECEMBER 31, 1978
(Expressed in thousands of U.S. dollars)

Sourc-s of earned income:

Interest on deposits 171
Sale of farm produce and services 102
Use of CIAT facilities 159
Charges to programs for use of
airplane 70

502

Applied to:

Operations 432
Working fund 70

502
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SCHEDULE 3

CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)
SUPPLEMENTARY INFORMATION

COMPARISON OF APPROVED BUDGET AND ACTUAL EXPENDITURES
FOR THE YEAR ENDED DECEMBER 31, 1978

(Expressed in thousands of U.S. dollars)

Core unrestricted Core restricted Capital

Aproved Appioved Approved
budget* Actual budget* Actual budget* Actual

Programs
Direct research:

Beans 1,072 1,102

Beet 1,929 1,754
Cassava 959 939
R ice 300 204
S%% inc 196 180
Genetic resourx:e 25) 221
Special studi.s 98 55

Research support 1,286 1,262
International cooperation:

I r, ning and conferences 632 598 215 209

Library and information
services 799 775 25 25

Administration 903 934 29 32

Gecnral operating costs
and other 1,565 1.633 51 54

I otal 9,989 9,657 320 320

Capital

Fixed assets 2,444 2,376

lotal 2,444 2,376

Analysis of variances
Budget deficit:

transfer from w orking fund (664)

Budget surplus:
Increase of approved budget

not used 250
I ransfer to unexpended
balance 82 732

1otal 332 68

Re%, ised Budget approved hy the Board of trustees.
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CENTRO INTERNA( IONAI. I)E AG(RI(t LtRA TROPICAL ICIAT)
SUPPlIEMENTAR) INFORMATION

DATES OF RE( EIPT OF GRANTS
FOR TIHE YEAR ENI)EI) DECEMBER 31. 1978

SCHIEDUILE 4 (Expressed in thousands of U.S. dollars)
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