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ABSTRACf 
Genetic and enrir'olaatea.tal variabilities of root dry matter content 

(RDMC) of cassava (Maillot ncrdenta CnUltz) cioaes (ac:cessions 
ud breediDg lines) were ea-ted at dilferent barvest montbs (8 or 
12 montbs), seasoas (- ud dry), and locatioos (tluee altitndes). 
To asseas the possibility of obtainiafl hisJ>er dry ma-yield throagh 
selection for RDMC, _.;. stndies hased on F, Y&riability and 
porents-otrspring repeasions also were condneted. Age of plant, sea· 
son, and location signifiamdy affeded root dry matt .. contenL Tem· 
peratnre appeared to be an important factor related to the effed of 
location. Tbe hisJ>est RDMC wu obtained with 8 JOODth-old plants 
barvested at the beginlliDa of the dry season in the high altitnde 
location, whüe the 1oweat ommed with 12-month-old plants bar· 
vested at the begillllia& of the wet season at tbe low altitude location. 
Tbe clone etred was hi&hJy significant ud a bl'oad-sé- heritability 
of 0.87 was obtainecl Clone X location intenlction wu also signif
iamt, but the magnihde of this etred was much smoller than that 
of the clone effect. Geooeti< analysea suggested tbst inheritauce of 
RDMC was controu..J ..U.Iy by polygeni< additive factors. Nurow
sense heritabüities raaainl ñoao 0.51 to 0.67 were obtained. There 
was no iatlication of aeptive response iD root dry matter content 
after inteasive mass selectioD for root fresh yield. Tbe data indicate 
tbst RDMC can be iDcftased by simple breediDg techniquea such 
u phenotypic mass selectioa. Selection of dones at oae location was 
largely vólid for othe< locations; however, final seledion should be 
made at each specific location for maximmn potential gain. 

Ad4itioul illdu - MaiJoot ucuk•ta CnUltz, Selection, Her
itability, Geaotype X eaviromaellt iDteraction, Starch. 

CASSAVA (Manihot esculenta Crantz) is one ofthe 
most important calorie-producing crops in the 

tropics. It is efficient in carbohydrate production, 
adapted toa wide range of environments, and tolerant 
to drought and acid soils (Jones, 1959; Rogers and 
Appan, 1970; Cock and Rosas, 1975; Kawano et al., 
1978; Cock:, 1985). The major portian ofthe economic 
product, cassava roots, is consumed as human food, 
both processed and unprocessed. 

The potential for genetic improvement of the crop 
has been demonstrated, and considerable progress has 
been made in increasing yield potential and stability 
(CIAT, 1977, 1978, 1981; Kawano et al., 1978). Cas
sava root yield traditionally is expressed as fresh weight; 
bowever signilicant varietal differences exist in root 
dry matter content (RDMC) (CIAT, 1975, 1976). Con
sequently, relatively little attention has been paid to 
genetic improvement ofRDMC for an increased total 
calorie yield. 

Fresh root yields of up to 80 tfha per year with 
experiment stauon conditions and up to 60 tfha per 
year under farm conditions bave been reported, while 
RDMC varied from 20 to 40% (CIAT, 1978, 1979, 
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1980). On the average, about 90% of root dry matter 
is carbohydrates with 4% crude fiber, 3% ash, 2% crude 
protein, and 1% fat (Holleman and Aten, 1956; Barrios 
and Bressani, 1967; Lim, 1968). Root dry matter con
tent is believed to be positively correlated with eating 
quality when the root is consumed after boiling. More
over, most processing is oriented to reducing the mois
ture content of the root and recovering the starch in 
one form or another. lncreasing dry matter content 
would thus improve the extraction efficiency of in
dustrial processing and, because price differentials for 
roots are usually paid on the basis of dry matter con
tent, it would increase farm incomes. 

We measured RDMC of cassava clones in different 
environmental conditions and observed its genetic be
havior. The objective of this work was to examine the 
genetic and environmental variability of root dry mat
ter content, and to assess the possibility of obtaining 
higher dry matter yield through selection for RDMC. 

MATERIAI.S AND METHODS 

Experimental Sites. The CIAT Experiment Station is lo
cated in the medium altitude plateau in the Department of 
Valle, Colombia. The clima te in V al le is usually character
ized by two short dry seasons with relatively well-distributed 
rainfall, however, a departure from this general pattem oc
casionally occurs. The soils are generally fertile. 

Carimagua Experiment Station, operated by the Instituto 
Colombiano Aaropecuario (ICA) and CIA T, is located in the 
middle ofthe LLanos Orientales in the Department ofMeta, 
Colombia. The soils are extremely poor, and the climate is 
characterized by pronounced dry and wet seasons. 

Caribia Experiment Station, also operated by !CA, is lo
cated on the northem coast in the Department ofMagdalena, 
Colombia The soils are medium to higb in fertility, and the 
climate is characterized by a moderate wet season, followed 
by a long dry season. 

Climatic and edaphic data for the three locations are pre
sented in Table l. In general, CIAT, Carimagua, and Caribia 
represent higb, low, and medium yielding environments, re
spectively, for cassava production. The genotype X envi
ronment experiment was conducted in these tbree stations. 
All the other field experiments were conducted at the CIA T 
station. 

Genotype X Environment Experiment. Eigbt germplasm 
accessions and breeding lines (Uanera, M Col 22, M Col 

Tolo l. Climatic and oc1apb1c data far tbree ezpetinwtal olteo. 

Altitude Cml 
Anuual avg temperatuN C'Cl 
Annual pncipitation Cmml 
Length of dry......, 

(IDOilth8 with 1ess than 
50 mm rainfall) 

SollpH 
Soi1 organic matter (%) 
P CBray 111 Cmglkgl 
K (cmoJCK•IIkgl 
Al(% sat) 
Al (cmol(%Al .. )lkgl 
Soil tu:ture 

CIAT Corimopa Coribia 

1000 .. 
900-1200 

2-41twice) 
7.4-7.8 

6.8 
45-55 
o ... 
o 
o 

Clay 

200 60 
28.6 28 

1800-2800 1160-1460 

• 5 
4.1-4.7 6.2-6.8 

4.3 2.1 
1-2 69-114 
0.08 0.16 
86 o 
3.5 o 

Clay Ioom s...dy Ioom 
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1468, M Coll684, CM 342-170, CM 507-37, CM 523-7, and 
CM 728-2) were planted in yield trials at the three experi
mental sites, following the method established by the CIAT 
cassava breeding program (Kawano et al., 1978). The plant
ing and harvesting times were adjusted such that harvests 
at 8 and 12 months after planting corresponded to the be
ginning of the wet season or the beginning of dry season, at 
each si te (Fig. 1 ). Neither irrigation nor application of fun
gicide or pesticide was made al any experimental si te. A total 
of500 kgfha ofdolomitic lime, 75 kgfha N, 150 kgfha P,O, 
and K20, and 10 kgfha Zn were applied only lo the exper
iments at Carimagua. Each clona! plot was 5 X 6 m in size 
in which cassava stem cuttings were planted at 1- X 1-m 
distance. Each yield tria! had two replications. Root samples 
for determining dry matter content were taken from the in
side plants in each clona! plot for each replication, age (8 
and 12 months), season (wet and dry), and location. 

Genetic Study. Fifty-six unselected F, hybrid clones from 
a cross between M Col22 and M Ven 270 (moderately high 
X high RDMC) and 133 F, clones from a cross between M 
Col22 and M Mex 59 (moderately high X low) were planted 
in an unreplicated single-row tria! al CIAT in May 1975. 
Five 20-cm stem cuttings of each clone were planted in each 
of 189 rows. The planting distance was 1 m between plants 
and 2 m between rows. Twelve rows of each of the three 
parental clones, for a total of 36 control rows, were also 
planted in four replications. A year later, the three inside 
plants in each row were harvested. 

A total of 435 unselected F, clones from 37 crosses were 
planted in the same manner. These clones included a wide 
variation of root dry matter content in their parentage, and 
each cross was represented by at leas! six unselected F, clones. 
Three rows of each parental clone were also planted in three 

replications. Similar trials with different set of crosses were 
continued in succeeding years, consisting of 32 crosses in 
1976, 45 in 1977, 25 in 1978, 23 in 1979, and 30 in 1980. 

Selection. One-thousand eight-hundred and fifty cassava 
accessions collected throughout Latin America were planted 
in a single-row tria! in May 1973 (Yield Tria! 1 ). Five 20-
cm stem cuttings per accession were planted in each row. 
The planting distance was 1 m between plants and 1.4 m 
between rows. Twelve months after planting, the three inside 
plants were harvested, and fresh root yield, harvest index 
(roo! fresh weightftotal plant fresh weight), and RDMC were 
determined. 

Based on harvest index and root fresh yield, 230 accessions 
were selected and further evaluated in a yield tria! planted 
in November 1974 (Yield Tria! 2), following the same pro
cedure as for the genotype X environment experiment (Ka
wano et al., 1978). 

Based on root fresh yield and harvest index, superior clones 
were selected from every yield tria! as parents for the hy
bridization program. The resulting F, hybrid progenies were 
selected through F, seedling trials and single-row trials. Se
lected clones were planted in yield trials and superior clones 
were recycled in hybridization, selection, and yield trials. 
This cycle was continued until the May 1980 planting of 
Yield Tria! 12 in which a total of 286 selected hybrid clones 
were evaluated in the same manner as described above. 

In all the yield trials, six relatively high-yielding accessions 
(Llanera, M Col22, M Colll3, M Col 1468, M Col 1684, 
and M Ven 218) were included as controls. 

All the experiments described here were part of a com
prehensive breeding program, and a complete randomiza
tion of entries in yield trials was not made. However, the 
six control entries were randomized in each experiment with 
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Fig. 1. Monthly rainfall and dates of plantings and barvests of genotype X environment experiments at three locations. (Harvest month, 8 
or 12; and season, dry or wet, are indicated at eacb barvest). 
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Table 2. Starch, carbohydrate. aud dry matter conteot iD cassava 
root parta of 20 germplasm accessions. 

Part of root 

Parenchyma 
Stareh 
Soluble carbohydate 
Dry matter 

Peel 
Starch 
Soluble carbohydrate 
Dry matter 

Whole root 
Stan:h 
Soluble carbohydrate 
Dry matter 

PeeUWbole root fresh weight 

t Based on variation among clone means. 

Mean :t: SDt 

% 

31.0 = 3.1 
34.1 ::t: 3.0 
37.7 ± 2.4 

17.1 ::1:: 2.1 
19.4 ± 2.1 
24.2 ::1:: 1.9 

28.5 % 2.7 
31.5 ± 2.6 
35.3 ::1:: 2.4 
18.1 ± 2.3 

two to four replications. All the breeding lines in yield trials 
were planted with two replications. 

Measurement of Root Dry Matter Content. Eight bulked 
12-month-old roots were sampled at harvest from each of 
38 accessions randomly selected from a yield tria! in May 
1915, 16 hybrid clones in November 1975, and 25 hybrid 
clones in May 1976. Specific gravity of each sample (of the 
whole root, including the peel) was determined from the 
weights in air and in water. The same samples were chopped, 
sliced, dried in a forced-air drying oven at 1o•c for 3 days, 
and weighed. Root dry matter content obtained from fresh 
and dry root weight was regressed on the root specific gravity. 
The resulting regression equation was used to estímate RDMC 
of severa! thousand samples evaluated in this study. 

Determination ofComponents of Root Dry Matter. Eight 
bulked roots, from each of 20 moderate to high-yielding 
germplasm accessions with different RDMC, were sampled 
in two replications after the November 1975 harvest (Yield 
Trial2). The sampled roots were separated into parenchymas 
and peels, then analyzed for dry matter content, soluble car
bohydrates, and starch, using the methods described by Mor
etzki et al. ( 1966) and Yoshida et al. ( 1972). 

RESULTS ANO DISCUSSION 
Components of Root Dry Matter. The peel com

prised about 18% of the fresh weight of the root (Table 
2). Starch, soluble carbohydrate, and dry matter con
tents were much higher in the parenchyma than in the 
peel. Dry matter content of the whole root seems to 
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Fig. 2. Regression of RDMC on root specific gravity. 

be the most recommendable unit for field studies be
cause it is the simples! to define and measure. 

Regression on Root Specific Gravity. Regression of 
RDMC on specific gravity was highly significan! in 
each harvest, and the regressions of different harvests 
did not ditfer (Fig. 2). Thus, the common regression 
equation Y = 158.3X - 142.0 (r = 0.84), where Y 
represents the percentage of RDMC and X is the root 
specific gravity, was used to estímate RDMC from the 
root specific gravity measurements taken in other sam
ples. 

Our regression equation was nearly indentical to 
those obtained by Grossman and Freitas ( 1950), Keat
ing et al. (1981), and Umemura et aL (1983) in their 
studies of the relationship between cassava RDMC 
and specific gravity in Brazil, Austrialia, and Thailand, 

Table 3. Root dry matter content (%) of eight clones barvested at differeot locatioos, harvest mootbs, aod seasoos. 

Location 

CIAT-Palmira Carim.agua Caribia 

Harvest month 

8 12 8 12 8 12 

Season 

Clone Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Mean 

% 

Llanera 30.8 31.8 26.4 30.6 30.3 35.8 33.0 32.3 29.1 28.9 24.3 30.7 30.3 
M Col22 34.5 35.6 27.1 32.0 ~8.2 30.6 30.5 30.6 32.6 33.8 28.9 31.4 31.3 
M Col1468 28.8 33.8 30.1 27.5 28.4 27.7 19.5 28.9 27.8 26.0 20.2 29.1 27.3 
M Co. 1684 32.1 32.5 28.1 29.2 27.8 29.1 27.6 29.3 30.2 34.1 29.2 32.0 30.1 
CM 342·170 35.0 35.4 28.6 33.4 29.2 31.8 26.6 28.1 29.3 32.3 27.7 29.1 30.5 
CM 507·37 30.1 30.5 27.8 30.0 28.1 33.7 31.4 32.0 29.1 31.0 26.1 30.7 30.0 
CM 523-7 37.1 37.8 34.6 37.4 33.2 32.7 33.8 35.5 34.2 35.4 31.4 30.2 3-4.4 
CM 728-2 29.7 32.7 29.2 31.2 29.0 32.6 28.3 31.0 29.5 32.4 26.6 30.9 30.3 

Avg 32.3 33.8 29.0 31.4 29.3 31.8 28.8 31.0 30.2 31.7 26.8 30.5 30.5 
LSD 10.05) = 2.62 

t Wet = beginning of wet season; dry = beginning of dry season. 
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Table 4. Root dry matter content at different harvest month, 
seasou, and loc:atiODS. 

Harvest month 

8 12 

Season Season 
Grand 

Wet Dry Meen Wet Dry Mean mean 

% 
Location 

C1AT 32.3 33.8 33.1 29.0 31.'1 30.2 31.6 
Carimagua 29.3 31.8 30.6 28.8 31.0 29.9 30.2 
Caribia 30.2 31.7 31.0 26.8 30.5 28.7 29.8 

Avg 30.6 32.4 31.6 28.2 31.0 29.6 30.5 

Season 
Wet 29.4 
Dry 31.7 

t Wet = beginning of wet season; dry = beginning of dry season. 

respectively. The estimation of root dry matter from 
specific gravity measurement may have a universal 
application in cassava. 

Genotype X Environment Interaction. Root dry 
matter content varied from 20 to 38% depending on 
clone and environment (Table 3). In all locations 
RDMC tended to be higher at 8 rather than at 12 
months after planting, and higher at the beginning of 
the dry season rather than the beginning of the wet 
season. The CIA T location gave the highest RDMC, 
followed by Carimagua and Caribia (Table 4). An anal
ysis of variance indicated that the effects of clone, lo
cation, month of harvest, and season were highly sig
nifican t. The interactions between clone and location, 
and between location and month of harvest were also 
statistically significan! but the magnitude of these ef
fects was much smaller compared with that of clone, 
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Table 5. Heritabillty of RDMC based on parent-offspring regres
sion. 

Year of planting 

1975 
1976 
1977 
1978 
1979 
1980 

No. of crosses included 

37 
32 
45 
25 
23 
30 

Heritability (bl 

0.62** 
0.63 .. 
0.51** 
0.59** 
0.63 .. 
0.67 .. 

•• Significant at the 0.01 probability level. 

Table 6. CompariBOD of fresh root yield and RDMC between two 
trials. 

Planting date 
Kind of clones 

No. of clones 

Fresh root yield of 
controls ttlhal 

Fresh root yield of all 
eDtries (t/hal 

Root dry matter content 
of controls (%) 

Root dry matter content 
of all entries 1%1 

Correlation coefficient 
between root fresh 
yteld and RDMC§ 

Yield trial no. 

May 1973 
Unselected gennplasm 

accessions 
1850 

12 

April 1980 
Selected hybrid 

clones 
286 

----Mean ± SD 

36.8 = 4.2t 

25.2 = 14.4t 

35.5 * LSt 

35.4 * 4.4f 

31.8 * 4.1 t 

45.2 * 10.24: 

32.2 * 1.5t 

33.0 = 2.9t 

-----,-----

0.295 0.234 

t Standard deviation based on variation within clone (noogenetic variation). 
t Standard deviation based on variation among clona! means (genetic and 

nongenetic variation). 
§ Phenotypic correlation. 

-e--. M COL 22 
....... ~ M VEN270 

3& 40 

M COL 22 ............... 

4& 

M COL 22 X M MEX59 

30 3& 45 

ROOT DRY MATTER CONTENT (~) 

Fig. 3. Segregation of two crosses (F1 populations) for RDMC. (Parental valoes are indicated with standard deriation). 
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location, or month ofharvest alone. Other interactions 
were not statistically significant. 

Temperature is reported to be inversely related to 
RDMC, within a certain temperature range (CIAT, 
1978; Irikura et al., 1979). Thus, the lower average 
temperature at CIA T may be the primary factor for 
higher RDMC there than at the other locations (Table 
1 ). Resumption of growth, using stored carbohydrate 
that occurs after a long dry season, may be the main 
reason for low RDMC in the beginning of the wet 
season. 

The highly significant clone effect indicates that 
RDMC is a relatively stable character and that selec
tion at one environment would be largely effective for 
other environments. From the variance analysis, a 
broad-sense heritability estímate of 0.87 was obtained 
for the clona! mean. However, the existence of clone 
X location interaction, though small in magnitude, 
suggests that final selection has to be made at each 
location. 
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Genetic Study at CJAT. The F, clones from crosses 
between M Col 22 and M Ven 270, and between M 
Col 22 and M Mex 59 showed a wide variation in 
RDMC (Fig. 3). 

Regressions of F 1 means on midparent value, in 
RDMC, were highly significant in all the trials (Table 
5, Fig. 4). A parent offspring regression coefficient gives 
an estímate for heritability based on the relative effect 
ofadditive genetic factors or narrow-sense heritability. 
Heritability estima tes thus calculated were from O. 51 
to 0.67. Because the parents and offspring were eval
uated in the same environment, these heritabilities are 
probably biased upward due to correlations of errors. 

Selection. The average yield of all germplasm acces
sions was 25 tjha of fresh weight with 3 5% dry matter 
content (Table 6, Tria! 1). With selection for harvest 
index and root fresh yield, average yield increased 
gradually from 1973 to 1980 (Fig. 5). Neither 1973-
1974 nor 1980-1981 were exceptional years in clima tic 
terms, nevertheless, average fresh yields of the later 

• • • 
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Fig. 4. Regression of F1 mean on midparent value for RDMC. (May 1977 harvest). 
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Fig. S. Change in means of varietal entries and controls in selection trials from 1973-1974 to 1980-1981 cropping year at CIAT. 
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trials (for example, Trial12, Table 6) were much higher 
than those of the earlier ones. This suggests that the 
yield leve! of the later population was 80% higher than 
that of the original germplasm accessions. 

The average RDMC ofthe population and the con
trols tended to decrease slightly from 1973 to 1980; 
however, the change was not significant. This may in
dicate that the relative RDMC ofbreeding population 
did not decline during selection (Table 6). 

One of the major selection effects during the early 
years was the elimination of low-yielding or low-dry
matter accessions. The genetic variability in these 
characters was somewhat reduced, although consid
erable genetic variability remained in the later cycles 
(Table 6). 

In the original germplasm population, root fresh yield 
was not negatively correlated with RDMC (Table 6). 
This absence of negative correlation persisted in the 
later population. 

Root dry matter yield is the product of root fresh 
yield and RDMC. Root fresh yield and dry matter 
content become competing components and a nega
tive correlation should arise between them when the 
assimilation by the crop reaches physiological ceiling 
and the variability in dry matter yield becomes limited 
(Kawano and Takahashi, 1968). The fact that there is 
no indication of negative correlation between fresh 
yield and dry matter content suggests that a yield pla
teau has not been reached, and that selection for either 
RDMC or fresh root yield may not necessarily lead to 
a negative response in the other. 

REFERENCES 
Barrios, E.A., and R. Bressani. 1967. Composicion quimica de la 

raiz y de la hoja de algunas variedades de yuca Manihot. Turrialba 
17:314-320. 

Centro Internacional de Agricultura Tropical (CIAT). 1975. Annual 
report. Centro Internacional de Agricultura Tropical, Cali, Co
lombia. 

--. 1976. Annual repon. Centro Internacional de Agricultura 
Tropical, Cali, Colombia. 

--. 1977. Annual report. Centro Internacional de Agricultura 
Tropical, Cali, Colombia. 

--. 1978. Annual report. Centro Internacional de Agricultura 
Tropical, Cali, Colombia. 

--. 1979. Annual report. Centro Internacional de Agricultura 
Tropical, Cali, Colombia. 

--1980. Annual report. Centro Internacional de Agricultura Trop
ical, Cali, Colombia. 

--. 1981. Annual report. Centro Internacional de Agricultura 
Tropical, Cali, Colombia. 

Cock, J.H. 1985. Cassava: New poten tia! for a neglected crop. West
view Press, Boulder, CO. 

--, and C. Rosas. 1975. Ecoph)'lliology of cassava. In Symp. on 
Ecophysiology of Tropical Crops, ltabuna, Bahía, Brazil. June. 
Comissao Executive do Plano de Lavoura Cacaueira. KM 22, 
Rodovia llheus, ltabuna, Babia, Brazil. 

Grossman, Jose, and Ary G. de Freitas. 1950. Determinacao do teor 
de materia seca pelo metodo de peso especifico em raizes de man
dioca. Revista Agronomica (Brazi1) 14:75-80. 

Holleman, L.W.J.,and A. Aten. 1956. Elaboraeion de la yuca y sus 
productos en las industrias rurales. Cuaderno de Fomento Agro
pecuario. Organizacion de las Naciones Unidas para la Agricul
tura y la Alimentacion. Bol. 54. 

Irikura, Y., J.H. Cock, and K. Kawano. 1979. The physío1ogical 
basis of genotype-temperature interaction in cassava. Field Crop 
Res. 2:227-239. 

Jones, W.O. 1959. Manioc in Africa. Stanford University Press, 
Stanford, CA. 

Kawano, K., and M. Takahashi. 1968. Studies on the interrelation
ships among plant characters in rice. 11. Genotype-environment 
interaction as a limiting factor for negative correlation between 
eharaeters. Jpn. J. Breed. 18:27-40. 

--, P. Daza, A. Amaya, M. Ríos, and W.M.F. Goncalves. 1978. 
Evaluation of cassava gennplasm for productivity. Crop Sci. 
18:377-380. 

Keating, B.A., A.R. Breen, and P.J. Evenson. 1981. Estimation of 
starch and total fermentables content in storage roots of cassava 
(Manihot esculentaCrantz). J. Sci. Food Agríe. (Australia) 32:997-
1004. 

Lim, H. K. 1968. Composition data of feeds and concentrates. Ma
lay. Agríe. J. 46:63-79. 

Moretzki, A., H.J. Teas, and C.F. Asenjo. 1966. An inexpensive 
laboratory method for cassava starch extraction. J. Agric. Univ. 
P.R. 50:252-253. 

Rogers, D.J., and G. Appan. 1970. Untapped genetic resources for 
cassava improvement. p. 79-82. In Proc. 2nd Int. Symp. on Trop
ical Root and TuberCrops, Univ. Hawaii, Honolulu. March. Uni
versity of Hawaii Press, Honolulu. 

Yoshida, S., D.A. Fomo, J.H. Cock, and K.A. Gomez. 1972. Lab
oratory manual for physiological studies of rice. International Rice 
Research Institute, Los Baños, Philippines. 

Umemura, Y., J. Limsila, and U. Cenpukdee. 1983. Ecological stud
ies and development of cassava breeding method in Thailand. 
Trop. Agric. Res. Ctr., Ministry of Agriculture, Forestry and Fish
ery, Tsukuba, Japan. 


