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BREEDING MAIZE IN SURINAM 

Considerations and results 

G.A.M. van Marrewijk, Centre of Agricultural Research in Surinam (CELOS)* 

SUMMARY 

Maize is grown on a very l imited scale in Surinam. It is thought, however, that this crop 

may play an important part, in the governmental schemes for the spreading of agriculture and 

the diversification of agricultural production. A pre-requisite for the promotion of maize grow-

ing is the availability of varieties with high yielding capacity and other desirable agronomic 

traits. 

After considering the different possibilities of variety improvement, viz. selection in local 

land varieties, importation or local production of hybrids, development of synthetic varieties, 

an outline is given of breeding work at the Centre of Agricultural Research in Surinam (CELOS). 

This includes a survey of breeding objectives, selection criteria, the available breeding stock, the 

breeding methods applied and the results obtained. 

To conclude, some reflections are given with respect to the continuation of the breeding 

work. 

MOTIVATION 

The production of maize in Surinam is very limited. It is mainly grown as a catch crop on 

fresh-cleared forest landandasa second crop after rice. Total acreage was about 250 ha in 1974. 

Generally use is made of local land varieties of unknown origin. These are very heterogeneous 

and have a low production capacity. Average kernel yields are at a rate of 1200 kg/ha. 

Attempts to stimulate maize production by improving the yielding capacity have been 

undertaken repeatedly by the Suriname Agricultural Experiment Station and other govern-

mental institutions since the early decades of this century. As early as 1930 maize varieties 

originating from Java were imported to Surinam and grown in observation plots in different 

parts of the country. Other introductions, amongst them hybrid varieties, fol lowed, but proved 

far from successful since in a manual on the growing of maize (issued in 1956) it is stated that 

"no exotic varieties have been found so far which perform better than the local blends". From 

1960 onward the experiments with maize were intensified. Particular attention was paid to 

hybrid varieties and synthetics with good performance in tropical areas, especially the Caribbean 

region and tropical America. 

At the 7th Annual Meeting of the CFCS Huiswoud et a'. (1969) reported that in an orien-

tation trial comparing a number of introductions with the local variety, the hybrid variety 

X332A appeared to be most productive with a converted yield of 3.9 metric tons/ha versus 1.5 

t/ha for the local population. 

'Present address: Inst i tute of Plant Breeding, Agricultural Universi ty. Wageningen, The Netherlands. 
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In 1964 the Suriname Agricultural Experiment Station started an inbreeding programme 
with local, Central American and North American materials aiming at the development of 
synthetic varieties. The last were eliminated soon by Puccinia sorghi, but inbred lines were 
produced of the local (lg) and of the Central American (lg) material. This served as part of 
the starting material of the breeding work at the Centre of Agricultural Research in Surinam 
(CELOS), which wil l be discussed in the parts to fol low. 

CONSIDERATIONS WITH RESPECT TO BREEDING METHODS 

In the early sixties the discussion was concentrated on the question in what way maize 
growing in Surinam could be stimulated most effectively. In theory, the following systems 
could be adopted: 

— selection within local populations; 
— introduction of open-pollinated exotic varieties or composites; 

importation of hybrid seed; 
— development of local hybrids; 

— development of synthetic varieties. 

Arguments in favour of selection in local land varieties were the disappointing results with 
former introductions. Exotic open pollinated varieties, provided they have superior yielding 
capacity, are attractive because they allow the farmer to produce his own sowing seed. Main 
attention in the discussions, however, was focused on the remaining alternatives. It was realized 
that the explosive gain in maize yield in the US corn belt since 1950 was greatly based on the 
use of hybrid varieties. 

Hybrids unmistakably have many attractive features, the main of which are (i) high produ-
tivity as a result of hybrid vigour, (ii) uni formity, which facilitates mechanical harvesting and 
cultivation measures, (iii) easy combination of dominant characters such as disease or pest 
resistances. On the other hand they also have obvious disadvantages: (i) their genetic homogeneity 
may l imit their adaptability to widely divergent conditions of soil and climate, (ii) owing to 
their genetic uniformity hybrids are vulnerable to epidemics of diseases and pests, (iii) hybrid 
seed, as a result of its comparatively complicated breeding procedure, is expensive, and (iv) the 
use of hybrid seed forces farmers to buy new sowing material each season, 

[Especially the two last-mentioned points are a serious drawback for the introduction of 
hybrid varieties in developing countries wi th a majority of family small-holding. Development 
of locally adapted hybrids by governmental institutions might reduce seed prices as compared 
with import of foreign seed material, but it requires considerable developmental cost and the 
availability of a well-organized system of seed propagation and seed distribution. Under the 
prevailing situation in Surinam a local hybrid industry could not be recommended. 

Let us turn now to the last alternative: development of synthetic varieties. Synthetic 
varieties are compositions of a number of genotypes with a high general combining ability. 
Through that synthetics combine in them hybrid vigour and genetic plasticity. Their hetero-
geneity (as compared to hybrids) makes them better suited to areas with changeable growing 
conditions, while their composition enables the farmer to save his own seed for the next crop. 
Therefore they may be of value in developing countries, especially those having marginal grow-
ing conditions and with an acreage too small to support a hybrid seed industry (Allard, 1960). 

80 

Symposium on maize and peanut, Paramaribo, 

Nov. 13 18, 1978 



Breeding maize in Surinam: considerations and results 

Based on the above considerations in 1969 a breeding programme was started at the Centre 

of Agricultural Research in Surinam (celos) aiming at (i) the improvement of local varieties by 

recurrent selection, and (ii) the development of synthetic varieties from local andexotic material. 

BREEDING WORK AT CELOS. 

Recurrent selection for phenotype 

Introductions! remarks 

Recurrent selection is a cyclic process in which the number of acceptable genotypes in the 

breeding stock is gradually increased. In all systems of recurrent selection setfed progenies of 

selected plants are allowed to intercross freely in the next generation to provide genetic recom-

bination and to avoid inbreeding depression. The most simple method of recurrent selection, viz 

recurrent selection for phenotype, is visualized in fig. 1. 

1st 
season 

FIRST CYCLE 

O 

o 
selection and 
setting of supe-
rior phenotypes 

season 
2nd intercrossing of 

progenies 

BULK 

SECOND CYCLE 
repeat as above 

Fig. 1. Diagrammic representation of recurrent selection for phenotype 
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With two seasons per annum a cycle can be completed wi th in one year. As selection occurs on 

the basis of the phenotype only, this method is most effective for characters with high herit-

abil i ty, i.e. for characters wi th simple inheritance and restricted genotype-environment inter-

action. Under some conditions, e.g. high selection intensity and an environment which maxim-

izes the heritabil i ty, selection for quantitative characters such as yield can by this method be 

successful. In our breeding programme a modified phenotypic recurrent selection procedure 

was chosen to fulf i l the above mentioned requirements. 

Selection objectives and criteria. 

Main objective of the breeding programme was to raise the yield of the local land race to 

the assumed economic minimum value of 3000 kg'ha. Since yield is affected by a large number 

of different components a combination of the fol lowing characters served as selection criteria: 

1. Plant characters, including plant height, flag leaf position, firmness (stem circumference), 

tassel size, number of days to flowering and synchronization of male and female flowering. 

2. Ear characters, comprising ear insertion, ear length, mid-ear circumference, ear fi l l ing and 

husk closing. 

3. Kerne/ characters, i.a. kernel shape, kernel insertion, kernel type, kernel yield and 1000-

kernel weight. 

Most of the attention was devoted to the distraction of recurrent selection products from a 

local blend, registered as accession number 68054. In later years some other breeding stocks 

entered the programme. 

Materials, methods and results. 

The selection was initiated in 1968 wi th two generations of negative mass selection against 

strikingly off-type plants in a heterogeneous mixture of local origin. From this pre-selected 

breeding stock 40 superior plants were chosen in 1969. Their off-spring were selected in three 

successive steps on the basis of (i) synchronization of female and male flowering, (ii) plant habit 

and ear characteristics, and (iii) kernel characteristics respectively (troika selection). To minimize 

environmental variance stratified selection was applied. This means that thf? field was divided in 

a number of grids and that the best performing plants were chosen wi th in each grid. This pro-

cedure enhances the probabil ity of selecting the superior genotypes (Gardner, 1961). 

Synchronization between silking and tasseling proved an important selection criterion. With an 

increase in gap between male and female flowering the percentage of seed set after selfing 

decreased rapidly (table 1). 
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Table 1. Relation between the number of days from tasseling to silking and seed set percentage after Sfilfing 
in a local mai^e variety. 

No. of days sample 91 -100% 76-90% 51-75% 26-50% < 25% 0 5 seeds 

< 7 58 41 23 3 6 — - — 

8-9 8 7 25 7 36 3 1 7 12 

10-11 132 8 6 3 6 9 25 16 

12-13 111 2 2 17 11 24 44 

> 1 4 102 2 13 35 

Out of a total of 4000 plants some 111 passed the troika selection. Their selfed progeny 

was sown in bulk for propagation by random mating giving rise to the first cycle composite. 

Part of seed was tested for yielding capacity. As the yield equalled 4900 kg/ha (Anon., 1972a) 

the remainder was released as selection 68054CS1. This first all-suriname selection was tested at 

several locations by governmental services and private farmers with varying success, lit was' 

also adopted as the standard variety of maize in experiments executed at CELOS. 

Two further selection cycles were realized in 1972 and 1 973 in which closing of the husks 

and the angle between main stalk and ear ware added to the selection criteria of the first cycle. 

Husk closing is correlated with resistance of the ",an against borer attack, whereas outstanding 

ears facilitate harvesting. The second and third cycle selections were released under the names 

68054CS2 and 68054CS3 respectively. 

Caribbean blend. Ears of superior open-pollinated plants of a selection field comprising 

some hundred Caribbean composites obtained from CIMMYT, Mexico, grown in 1971, were 
2 

put together and named "Caribbean blend". The bulked seed was sown on a 1500 m block 

on heavy clay soil to test performance and yielding capacity. Despite extremely unfavourable 

growing conditions in the early stages, caused by water logging and soil capping, which resulted 

in incomplete and irregular emergence and growth retardation, the ultimate general performance 

was good and kernel yield amounted to about 3900 kg/ha. It was concluded that the "Caribbean 

blend" is a valuable source for recurrent selection, reduction of plant height and improving the 

uniformity of seed characteristics being the primary selection goals. However no further breeding 

work has been undertaken as yet. 

Njoenjacobkondre population. Since all the selection work on the aforementioned material 

was executed under the conditions of the coastal plain, the resulting selections wi l l be particularly 

adapted to the locally prevailing soil and weather conditions. This was demonstrated clearly by 

the comparatively poor performence and yields of the 68054CS-selections on the sandy loams 

of the Zanderij formation. Therefore an additional selection programme should be started in 

this region. Some prelimmary work was done in 1972 with a grain mixture collected in Surinam's 2 
interior near the bush negro settlement Njoenjacobkondre. This was sown on a 1200 m area. 

Selection was severely impeded by differences in crop stand which reflected the irregularities in 

soil conditions, To avoid the effects of environmental variability the five best performing plants 

of each row were selfed and harvested. Their bulked grain together wi th some 40 kg f rom open 

pollinated plants of good appearance was reserved for further selection. The material, however, 

was lost as a result of unadequate storing. 
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Development of synthetic varieties. 

IntroductionsI remarks 

As stated in section 2 synthetic varieties can be considered as a compromise between the 

favourable and disadvantageous features of hybrid varieties. On the one hand they have a cer-

tain amount of hybrid vigour, resulting in a fair yielding capacity. On the other hand they are 

less homogeneous which implies loss of uni formi ty, but increased f lexibi l i ty. Synthetic varieties 

can be made in various ways, but I will avoid to engage in speculations about the most effective 

method. Al l synthetics have in common that they are selected on the basis of high general com 

bining abil i ty, in other words on the assumption that all components of the variety combine 

well for yield or other desirable characters. Starting from the relation developed by Sewall 

Wrigth: 

- P 
F2 = F« , in which 

n 

F2 = the estimated value (e.g. yield) of the synthetic variety, 

F^ = the average yield of all possible single crosses between parents, 

P = the average yield of the parents, and 

n = the number of parents, 

it is obvious that the yield level of the synthetic can be enhanced in three different ways, viz. 

high number of parental lines, 

choice of productive parents, and 

— choice of parents giving hybrid vigour in all single cross combinations. 

At CELOS determination of the general combining ability was done by polycross and top-

cross tests. In a polycross test each component is nested against all the other potential compon-

ents of the synthetic; a top-cross is effectuated by crossing all the components under investiga-

tion wi th a common tester variety. Components are definitely chosen as parents in a synthetic 

variety, on the basis of the performance of their polycross or top-cross progenies respectively. 

The breeding objectives and selection criteria were similar to those formulated in foregoing sec-

tions. 

Materials 

Breeding stock for the synthetic variety programme consisted of the fol lowing materials: 

- 16 inbreds (lg) of local origin, and 

82 inbreds (lg) extracted from two Central American composites, handed over by the 

Surinam Agricultural Experiment Station (MA-lines), 

104 Caribbean composites, obtained from CIMMYT (CC lines). 
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Methods and results 

Local inbreds 

The local inbreds were pre-selected in early 1970 as to reduce the number of potential compo-

nents for a synthetic variety. Considerable variation between lines was observed for mean plant 

height (164-214 cm), mean ear number (1.26 - 2.74) and mean kernel yield (47-76 g), the 

other relevant characters showing a smaller range. Synchronization between silking and tasse-

ling was existent in nearly all lines. Finally ten inbreds were selected for participation in on 

polycross and two top-cross trials. 

0 = S E E D L INE 

X = P O L L I N A T O R P L A N T S 

IN EACH OF T E N ISOLATED PLOTS A N O T H E R I N B R E D WAS U S E D 

AS T H E S E E D L INE 

X X X X X X X 

X o X o X o X 

X X X X X X X 

X o X o X o X 

X X X X X X X 

X 

X 

X 

o 
X 

O 

X 

X 

X 

o 
X 

O 

X 

X 

X 

O 
X 

0 
y my<r> A O m 
X 

X X X X X X X 

X O X X O X 

X X X X X X X 

X O X o X O X 

X X X X X X X 
0 9 0 M 

6 . 3 0 M 

Fig. 2. Composition of a polycross trial plot 
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The polycross test was performed by planting each of the 10 selected lines on an isolated 

plot, surrounded by pollinator plants originating from a mixture of equal numbers of kernels of 

the nine other lines (fig. 2). The top-cross test was laid out on each of two separated locations, 

and consisted of alternating rows of the 10 selected inbreds and the tester variety (fig. 3). As 

such seived the heterogeneous local land variety, 68054. At the one location the inbreds were 

emasculated prior to pollen shedding, at the other the line pollen was allowed to compete freely 

with the pollen of the tester plants. Seed lines of polycross plots and top cross blocks were 

harvested separately and seed was put together per line. The bulked seed was used in a compara-

tive yield trial, laid out in randomized blocks at two locations. Two replicates were planted on 

heavy clay soil at the CELOS grounds and four on a sandy loam soil at the Experimental Citrus 

Plantation Baboenhol, 80 km south of Paramaribo. Each block comprised 30 plots, viz. 10 

progenies of each the polycross, the non-emasculated top-cross and the emasculated top-cross. 

Plots consisted of 7 rows of 13 plants spaced 90 x 30 cm. The two outer rows and two plants 

on both ends of the remaining rows served as guards, leaving 45 record plants. 

= T E S T E R ROW 

= EMASCULATED SEED LINES 

= NON-EMASCULATED SEED LINES 

( 6 9 ) 3 4 5 , ETC = LINE (69 )345 ,ETC. 

B 

6 9 3 4 5 -347 -349 -352 -353 

I 

0 . 9 0 M 

I I 

24 3 0 M 

-354 -355 -356 -357 

I 

-35 8 

I 
I 
I 

Fig. 3 . Lay-out of trop-cross trial blocks. A and B distantly separated. 

S. 
o 

At the CELOS grounds emergence and growth was excellent and no conspicuous decay of 

the photosyntheti.7.ing organs was found unti l the ripening stage. Plot yields ranged from 4870 

to 8420 g corresponding w i th 4000 to 6930 kg/ha. 

As a result of low and ill-distributed precipitation and heavy borer attack, emergence and 

growth were poor for the blocks on sandy loam Percentages unoccupied plant hills per plot 
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two weeks after sowing ranged from 0 to 70. Despite f i l l ing up and large fertilizer applications 

emergence remained irregular and the growth was retarded. Differences in chemical composition 

and physical structure of the soil were held responsible for the irregularities observed. In some 

plots hardly any plant reached the stage of kernel-filling. Plot yields varied from 202 to 3065 g, 

corresponding wi th 170 — 2520 kg/ha. Even by elimination of the effect of the low number of 

harvested plants by converting the yields on the basis of 40 plants/plot, i.e. the mean value 

found in the clay replicates, the results remained far below those on clay soil, viz. 504-3565 g 

per plot or 410-2930 kg/ha. 

The large differences between the results of the two trial locations made it impossible to 

consider them as replicates of the same experiment. At Bahoenhol both within and between 

block variation was so big and undirectional that there was no point in analyzing the results. 

Consequently the choice of lines to be used in a synthetic variety was based only on the results 

at the CELOS grounds. These are presented in table 2. The final selection of six lines occurred 

on the basis of average performances in the polycross and top-cross tests. This was done by 

adding up for each entry the ranking numbers in each of the three tests. 
j 

Equal proportions of the six superior lines were mixed and bulk-seeded on a 1200 m 

block early in 1972. The open-pollinated ears were harvested in bulk and released as synthetic 

variety SR 1. 

Table 2. Average dry kernel yields (12% moisture) of polycross (P), emasculated top-cross (T ) and non-emascu-

lated top-Cross (T I progenies and the sum of their ranking numbers | T R ) on clay soils at CELOS 

(December 1971) . 

x = selected line. 

Entry Descent P T T Average SR 

kg/plot kg/plot kg/plot kg/plot kg/ha+ 

1 6 9 3 4 5 x 8 .0 7.1 7.2 / .4 6 0 8 0 6 .5 
2 6 9 3 4 7 6 .2 6 .2 6 .8 6 .4 5 2 7 0 24 

3 6 9 3 4 9 * 7.4 7.2 7.1 7.2 5 9 3 0 7 

4 6 9 3 5 2 * 6 .7 6.7 6.9 6 .7 5 5 5 0 16 
5 6 9 3 5 3 6 .4 7.0 6 .8 6 .7 5 5 5 0 17 .5 
6 6 9 3 5 4 5.9 6.6 6.6 6.4 5 2 4 0 26 
7 6 9 3 5 5 x 5.8 6.9 7.4 6 .7 5 5 2 0 16 

8 6 9 3 5 6 6 .2 6 .2 6 .9 6.4 5 2 8 0 21.5 
9 6 9 3 5 7 x 5.3 7.1 7.2 6.5 5 3 5 0 15.5 

10 6 9 3 5 8 * 6 .2 7.1 6.9 6.7 5520 15 

+ based on factual p loi yields. 

Centra! American lines. 

The 82 lg lines derived from two Central American composites were planted for observa-

t ion and final selection wi th in and between lines in 1970 and 1971. Lines differed largely for 

plant height and number of ears per plant (table 3), but proved more uniform wi th respect to 

most ear and kernel characteristics. Ear length means varied from 9.3 to 16.3 cm, and mid-ear 

circumference from 9.0 to 13.4 cm (table 7). Common features were (i) orange to yellow kernel 
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colour, (ii) regular seed insertion and ear-filling, (iii) small kernels of the f l int type. Af ter selfing 

and selection 41 lines (ly) remained, which were sown in a top-cross block in alternate rows 

wi th 68054CS1 as the tester parent. Final selection between these led to the choice of 16 of 

them. Table 4 shows the values for some characters of the selected lines. 

Table 3 . Average flag leaf height and average ear number/plant for 8 2 Central American inbreds in two 

subsequent large dry periods (T970 and 19711. 

Flag leaf height 

(cm) 

No. of fines Ears/plant No. of lines Flag leaf height 

(cm) 1970 1971 

Ears/plant 

1970 1971 

5 0 - 99 5 CI.5 - 0.9 7 _ 
100 - 149 59 28 1.0 - 1.4 51 10 

1 5 0 - 1 9 9 17 53 1.5 - 1.9 23 3 3 

2 0 0 - 249 1 1 2 .0 - 2 . 4 1 21 

2 .5 - 2.9 - 13 

3 .0 - 3 .4 - 5 

Table 4. Plant height, ear number, ear length distribution, kernel yield and general performance for 16 selected 

Central American inbreds (1^1. Average values based on random samples of 2 0 plants. 

S = < 10 cm; M = 10-15 cm ; L = > 15 cm 

++ = very good; + = good; (+) = fair; ± = average. 

Line Av. plant height 

(cm) + extreme 

values 

Ears/plant Ear length Kernel yield Esti-

mation 

Line Av. plant height 

(cm) + extreme 

values 

filled unfilled L M S 

total 
<g> 

per ear 

Esti-

mation 

70174-5 242 (200-290) 1 .00 1.15 22 11 2 3 9 2 8 112 ++ 

70161-4 17C (110-2151 0 .95 1 .10 6 21 3 2 1 7 9 73 + 

70161-11 188 (155-215) 1.00 0 .90 5 21 4 1746 58 + 

70170-9 199 (170-240) 0 . 9 0 0 .40 6 21 2 1485 51 + 

70181-15 224 (185-245) 1.00 1.05 10 18 2 1883 63 + 

70194-3 ,4 216 (170-255) 1.05 0 . 8 0 10 22 1 1977 6 0 + 

70208 -6 ,17 208 (160-270) 0 .85 1.05 18 7 5 1928 64 + 

70161-12 198 (165-220) 1.00 0.95 10 18 1 1997 6 9 ( + ) 
70172 11 199 (175-235) 0 .95 0 .55 7 22 3 1874 59 ( + ) 
70182-3 , 189 (145-260) 1.10 1 .10 4 22 5 1751 56 (+) 

15,17 

70195 -5 , 199 (140-250) 0 .85 0 .75 8 13 9 1478 4 9 (+l 

6 ,13 

70161 7 173 (155-205) 1.00 0 .85 0 23 5 1229 44 + 

70177 1, 182 (125-230) 0 .90 1.05 0 13 13 9 4 9 37 + 

7,15 

70189 19 185 (150-220) 0 .95 0 . 9 0 6 17 1 1281 53 + 

70193 1, 2 1 9 (130-270) 0 .85 1.45 0 27 1 1540 55 + 

6 , 1 0 

70210-17 , 2 0 1 (150-250) 0 .65 1.05 5 13 8 799 31 + 

19 
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Eleven MA top-cross progenies were tested at the end of 1976, selection 68054CS2 serving 

as the control. The progenies were tested both on heavy clay (CELOS grounds) and on sandy 

loam (Coebiti). Each of the trials was laid out in a randomized block design with four replicates. 

Nett plots consisted of 6 rows of 17 plants spaced 90 x 30 cm. As the seeds had been stored 

already for over four years, precautions were taken to obtain a complete plant hill occupation. 

Depending on the germination percentage as determined on seed in petri dishes, two to five 

seeds per plant hill were sown and seeds of the less viable entries were pre-soaked in tap water 

during one day before planting. Unoccupied hills were f i l led up immediately after emergence. 

Table 5. Aveiage numbers of harvested plants and average dry kernel yields (12% moisture) of 11 M A top-

cross progenies at different locations iMarch, 1977) . 

x = selected tine. + - control . 

C E L O S C O E B I T I 

Entry Descent Plants har- Kernel yield/ kg/ha Plants har- Kernel y ie ld / kg/ha 

vested/olot plot (kg) vested/plot plot (kg) 

25 7 0 1 7 4 - 5 * 9 8 12.0 4 3 0 0 9 7 10.7 3 8 8 0 

26 70161-4 99 10.0 3 6 3 0 9 0 9 .6 3 4 8 0 

27 70161-11 9 8 9.6 3 4 8 0 8 1 8.9 3 2 3 0 

28 70170-9 8 0 9.4 3 4 1 0 81 8.2 2 9 8 0 

17 7 0 1 8 1 - 1 5 * 9 6 10.2 3 7 0 0 9 7 9 .9 3 5 9 0 

18 70194 -3 ,4 * 94 11.3 4 1 0 0 86 8.7 3 1 6 0 

19 7 0 2 0 8 - 6 , 1 7 * 97 10.4 3 780 91 9 3 3 3 8 0 

20 70161-12 95 10.1 3 6 7 0 9 6 9 .6 3 4 8 0 

21 70172-11 93 9.9 3 5 9 0 8 8 9.4 3 4 1 0 

2 2 68054CS2+ 93 9 .0 3 5 6 0 6.3 2 2 9 0 

23 7 0 1 9 5 - 5 , 6 , 1 3 * 9 7 10.4 3 7 8 0 94 10.7 3880 

24 7 0 1 9 3 - 1 , 6 , 1 0 * 9 7 11.8 4 2 8 0 87 9 .2 3 3 4 0 

Though kernel yield was the main criterion in the top-cross progeny test, some other plant 

and ear characteristics which bear importance for maize growing on a practical scale were also 

evaluated, including early vigour, growth rate, plant height, f lowering synchronization, ear 

number, ear size, and ear attachment. These evaluations were made on random samples of 10-

20 plants per p lot . 

A t both locations plants grew undisturbed resulting in a regular stand and comparatively 

high numbers of maturing plants (table 5). On clay soils dry kernel yields ranged from 9.4 to 

12.0 kg/plot (3410-4360 kg/ha), of the top-cross progenies yielding more than the control 

(table 5). The MA-progenies were surprisingly productive at Coebiti wi th plot yields between 

8.2 and 10.7 kg (2980-3880 kg/ha). Al l top-cross populations outyielded the control by far, but 

seed set of CS2 may have been negatively affected by mistakenly detasseling of the plants. 

Though statistical analyses did not reveal significant differences between the entries, five 

lines were chosen as components of synthetic variety SR2 on the basis of the average perfor-

mance on the two soil types. Along wi th dry kernel yield, plant height and seed production 

per ear were used as the decisive criteria. 
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Caribbean composites 

As a result of their heterogeneous make-up, the C IMMYT composites were highly variable 

for all measured characters. Differences between accessions, however, were much bigger than 

within-composite variation. Al l 104 accessions were tested in two successive years, 1970 and 

1971. Compared to the foregoing year, the 1971-planting performed considerably better. This 

became manifest mainly in plant height but also in a character as ear number, which is thought 

less sensitive to environmental conditions (table 6). Most stems were f irm wi th circumference 

Table 6 . Average flag leaf height and average number of ears per plant lor 103 Caribbean composites planted 

in subsequent large dry seasons (1970 and 19711. 

F lag leaf height 

height (cm! 

No. of composites Ears/plant No. of composites F lag leaf height 

height (cm! 1970 1971 

Ears/plant 

1970 1971 

100 - 149 50 10 0.0 - 0.4 3 -

150 - 199 53 20 0 .5 - 0 .9 33 1 

200 - 249 - 6 2 1.0 - 1.4 59 15 

250 - 299 - 11 1.5 - 1.9 8 4 6 

2.0 - 2.4 - 34 

2.5 - 2 .9 - 7 

values of 7 cm or more. Though there was also a considerable variation in ear and grain charac-

teristics some general features can be summarized' 

ears large, thick, and well-filled, 

— grain insertion often irregular, 

grains large, alabaster white or ivory, more or less dented, sometimes shrinking and/or 

sensitive to bolting. 

As to ear length and mid-ear circumference variation appeared to be huge. Average ear 

length varied f rom 10.9 to 21.8 cm, average mid-ear circumference from 10.6 to 17.2 cm. The 

distribution of values for these characters is shown in table 7. For a comparison also the values 

Tabie 7. Frequency distribution of average ear length and average mid-ear circumference for 104 Caribbean 

composites and 82 Central American inbreds grown in 1971 . 

Ear length 

(cm! 

Caribbean composites Central American inbreds Ear length 

(cm! size circum ference size circumference 

9 .9 . . 2 7 

10.0-11.9 5 i 1 17 40 

12 0 -13 .9 14 56 4 0 24 

14 0 -15 .9 26 31 2 0 — 

16.0-17.9 3 2 6 3 -

18.0-19.9 22 - - -

20.0-21.9 5 — — -
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for the Central American inbreds are given. 

Some hundreds of well-performing pre selected plants were self-pollinated. Af ter hand-

harvesting the ears were scrutinized for ear and kernel characteristics. Minimum criteria for final 

selection were (i) ear size > 20 cm, (ii) mid-ear circumference > 14.5 cm, and (iii) see yield over 

160 g. Th is led to the ultimate choice of 44 plants. 

l^-lines of the selected plants were sown in a top-cross block in alternate rows wi th tester 

variety 68054CS1. Very variable lines were discarded beforehand and the remaining ones were 

evaluated according to the selection criteria. Ultimate selection yielded 16 lines. Table 8 

summarizes the values for important characters in the selections. 

Table 8 . Plant height, ear number, ear length distribution, kernel yield and general performance for 16 

lines selected from the Caribbean composite:!. Average values based on random samples of 2 0 plants. 

S = < 1 0 c m ; M = 10-1 5 cm; L = > 15 cm. 

++ = very good; + = good = (+) - fair; + = aveiage. 

Line Av. plant height Ears/plant 

(cm) + extreme filled unfilled 

values 

70049 -18 2 2 6 (200-250) 1.00 1.00 

70104-2 2 6 2 (220-310) 1.00 1.00 
70117-10 281 (245-335) 1.00 0 .70 

70015-12 243 (210-285) 0 .95 0 .70 

70032-16 268 (180-310) 1.00 1.00 

70082-4 219 (165-250) 0 .95 0 .60 

70084-22 242 (205-285) 1.00 1.15 

70054-6 2 3 0 (200-290) 1.00 1.00 

70084-21 2 0 8 (140-235) 1.00 0 .95 

70084-23 214 (155-245) 0 . 9 5 0 . 9 0 

70065 23 2 1 0 (155-250) 0 .95 0 .95 

70079-23 199 (140-245) 0 .75 0 .90 

70085-5 2 9 9 (195-270) 0 .90 1.00 
70085-8 243 (205-285) 1.00 0.85 

70092-21 259 (220-290) 0 .95 0 .55 

70095-4 2 3 6 1215-280) 1.00 1.15 

Ear size Kernel yield Ksti-

L M S (g) matio 

total per ear 

18 7 0 3 0 1 6 121 + 
21 10 0 3053 98 + 
25 4 0 2 9 8 9 103 + 

16 11 2 2 9 5 1 102 (+) 
15 12 0 2 1 8 6 81 (+> 

6 2 2 1 2 5 7 3 8 9 (+> 
22 5 0 2 7 6 1 102 <+> 
1 7 10 0 2741 102 + 

18 9 2 2 0 4 1 70 + 

19 10 0 2521 8 7 + 

6 16 3 1594 64 ± 

14 11 2 2173 80 t 

9 16 1 2519 9 7 + 

12 12 2 2526 97 + 

11 10 1 1866 85 + 

11 16 0 2343 8 7 

Twelve CC top-cross progenies were tried out in completely the same way as the MA-entries 

except that no control variety was included. A t Coebiti patches showing poor growth were 

observed. In these many plants died shortly after emergence or did not reach matur i ty. Of 

course, this adversely affected the mean yield per plot of the respective entries. Therefore a 

corrected yield was computed from which plots wi th less than 70 occupied hills were excluded. 

In spite of this correction all yields except one (entry 1) were below 2500 kg/ha (table 9). 
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Table 9. Average numbers of harvested plants and average dry kernel yields (12% moisture) of 12 CC top-

cross progenies at dif ferent locations (March, 1977) . 

At Coebiti plots wi th less than 70 harvested plants left out of consideration (see text ) . 

+ - corrected; x = selected line. 

Entrv Descent 

C E L O S C O E B I T I 

Entrv Descent Plants har-

vested/plot 

Kernel yield/ 

plot (kg) 

kg/ha Plants har-

vested/plot 

Kernel yield/ 

plot (kg) 

kg/ha 

1 7 0 0 4 9 - 1 8 * 8 6 12.4 4 5 0 0 91 + 8.3 3 0 1 0 

2 70104-2 81 10.3 3 7 4 0 78 5.4 1960 

3 7 0 1 1 7 - 1 0 * 8 8 10.9 3 9 6 0 9 2 6.7 2 4 3 0 

4 70015-12 8 8 9 .7 3 5 2 0 9 3 5.4 1960 

5 70032-16 75 9.5 3 4 5 0 82 + 5.4 1 9 6 0 

6 70082-4 8 6 10.7 3 8 8 0 9 5 + 6.2 2 2 5 0 

7 7 0 0 8 4 - 2 2 * 87 11.9 4 3 2 0 8 0 + 5.2 1890 

8 7 0 0 5 4 6 6 8 7.7 2 8 0 0 80 + 4 .7 1710 

9 7 0 0 8 4 - 2 1 * 89 11.7 4 2 5 0 91 + 5 .5 2 0 0 0 

10 7 0 0 8 4 - 2 3 * 8 8 11.3 41 CO 9 2 + 5 .5 2 0 0 0 

14 70085-8 8 7 10.4 3 7 8 0 9 1 5 B 2 1 1 0 

16 7 0 0 9 5 - 4 * 88 11.4 4 1 4 0 9 2 + 5 .8 2110 

On clay-soil plants grew well and plot yields amounted from 7.7 to 12.4 kg corresponding 

with 2800-4500 kg/ha. A t composing a synthetic variety of CC-lines (SR3) only the results on 

clay soils were taken into consideration. Comparing the results of the MA and CC progeny trials 

it is obvious that the respective performances on clay soil are not very divergent. A t Coebiti, 

however, CC-progenies are outclassed by far by the MA-progenies. Though this partially might 

be explained by differences in soil condit ion - the MA and CC progenies were tested at dif ferent 

sites of the experimental garden - it looks as if the CC-material is only suited for heavy soils, 

whereas a synthetic variety which is based on MA-lines can be cultivated both on clay and sandy 

loam soils. The different habit of MA- and CC-progenies is visualized in table 10. 

Trials with the CELOS-selections. 

Since their release the CELOS selections have been tried at several locations and by various 

potential users, including private farmers, extension officers and the Agricultural Expenment 

Station Reported results, however, are scarce. The author compared performance and yield of 

68054CS2 with eight tropical Pioneer hybrids in two similar experiments, one on heavy clay soil 

(CEL OS-grounds), the other on sandy loam at Coebiti (Anon., 1973). 
On clay soils the local selection flowered 10-15 days later than the hybrids and about the 

same delay was found wi th respect to ripening time. 
Though CS2 had the highest number of ears, i t was less productive than the hybrids because 

of its smaller ears and low kernel weight (table 11). However, according to Duncan's mult,pie 
range test, only the yields of X304B, X105A and X101A were significantly better than that of 

CS2. 
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Table 10. Comparison of dry kernel yields of CC and M A top-cross progenies at two locations 

CC-progenies MA-progenies 

Entry Kernel yield ( t /ha) B/A Entry Kernel yield (t/ha) B/A 

C E L O S ( A ) Coebiti (81 C E L O S (A) Coebiti (B) 

1 4.5 3 .0 0 .67 25 4 .4 3 .9 0 .88 

2 3.7 2.0 0 .54 26 3 .6 3 .5 0 .97 

3 4.0 2.4 0 . 6 0 27 3 . 5 3 .2 0 .91 

4 3 .5 2.0 0 .57 28 3 .4 3 .0 0.88 

5 3.5 2.0 0 .57 17 3.7 3 .6 0 .97 

6 3.9 2.3 0 .59 18 4.1 3.2 0 .78 

7 4.3 1.9 0 .44 19 3 .8 3 .4 0 .89 

8 2.8 1.7 0.61 20 3.7 3 .5 0 .95 

9 4.3 2 .0 0 .47 21 3.6 3.4 0 .94 

10 4.1 2 .0 0 .48 22 3.6 2.3 0 .64 

14 3.8 2.1 0 .55 23 3.8 3 .9 1.02 

16 4.1 2.1 0 .51 24 4.3 3 .3 0 .77 

Mean 3.9 2.1 0 .55 3.8 3.4 0 .91 

Table 11. Average values of ear number, kernel weight and kernel yield for eight hybrids and local selection 
68054CS2 grown on two soil types. 

Clay soil Sandy loam Yield ratio 

Entry 

ears/ 1000-grain yield ears/ 1000-grain yield clay/sandy 

plant weighi (g) (kg/ha) plant weight (g) (kg/ha) loam 

X 1 01 A 1.00 277 4 8 0 0 1.05 248 3175 1.52 

X 1 05 A 0 .97 282 4 9 0 0 0 .99 267 3 4 5 0 1.42 

X 3 0 4 A 0 . 9 2 299 4 4 7 5 0 .94 2 8 0 3 3 0 0 135 

X 3 0 4 B 0 .99 295 5050 0 .99 267 3 3 0 0 1.53 

X 3 0 6 A 0.93 2 9 0 4 3 7 5 0 .97 2 7 9 3 1 7 5 1.38 

X 3 0 6 8 0 .91 325 4 2 0 0 0 .97 2 8 7 2 6 5 0 1.59 

X 3 5 2 0 . 9 6 308 4 2 0 0 1.07 3 0 3 3 5 2 5 1 .20 

X 3 5 4 0 .93 285 44 2 5 0 .89 2 4 6 3 2 7 5 1.35 

6 8 0 5 4 C S 2 1.07 274 4 0 0 0 1.05 2 4 8 3 0 5 0 1.31 

Average 0 9 6 293 4 5 0 0 0 .99 2 6 9 3 2 0 0 1.41 
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More detailed measurements were done at Coebiti. Again CS2 lagged behind the hybrids 

for flowering and maturation. In average plant height and place of ear attachment it exceeded 

by far the hybrid varieties (table 12). With respect to the average number of ears per plant no 

large differences were found. Kernel yield and grain weight were lower on sandy loam than on 

clay (table 11), X306B being the lowest producer fol lowed by CS2. Yield differences, however, 

were less obvious than on clay; none of the hybrids appeared to be significantly superior to the 

local selection. This might be explained by a larger adaptive value of the synthetic. The relative 

f lexibi l i ty of the synthetic can further be illustrated by the relative yields on clay and sandy 

loam (table 111. Only one hybrid (X352) was more stable than CS2 in this respect. Crude 

protein percentage ranged from 9.9 to 11.8, CS2 having the highest content. 

Table 12. Plant height, flag leaf position and ear insertion for eight hybrids and local selection 68054CS2 

grown on sandv loam. 

Entrv 

Plant height (cm) 

total (t) flag leaf (f) 

t a r insertion 

(e! (cm) t-f t /e 

68054CS2 233 192 118 41 2 .0 

X 1 0 1 A 202 160 71 4 2 23 

X 1 0 5 A 212 167 72 45 2.9 

X 3 0 4 A 199 163 74 36 2.7 

X 3 0 4 B 204 159 73 45 2 .8 

X 3 0 S A 203 161 72 42 2.8 

X 3 0 6 8 199 153 66 4 6 3 .0 

X 3 5 2 204 161 75 43 2.7 

X 3 5 4 205 157 68 48 3 .0 

In an experiment comparing different tillage systems at Coebiti, CS1 yielded between 

2410 and 2980 kg/ha dry kernel weight (12% moisture) depending on the tillage procedure 

(Vander Sar, 1976). 

Much lower yields were obtained for CS3 on sandy and sandy loam areas of the same 

experimental garden (Consen-Kaboord et al., 1975). Here dry kernel yields (15% moisture) 

ranged from 1420 kg/ha on sand to 2320 kg/ha on sandy loam. 

Synthetic variety SR1 was tested in 1972 both at CELOS and Coebiti (Anon., 1972b). Dry 

kernel production amounted to 4070 kg/ha at CELOS, but on the sandy loams, despite high 

doses of fertil izer, only 1940 kg/ha was realized. 

Local selections CS1 and CS2, the Caribbean blend (CB) and the synthetic variety SR1, 

propagated both at Coebiti (SR-Co) and at CELOS (SR-Ce) were tried at the experimental 

garden Tijgerkreek West in 1975 (Anon., 1976). The relevant data are presented in table 13. 
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Table 13. Yield data of some maize selections and composites at Tijgerkreek West (adapted from Anon. , 

1976) . 

Selection Ears/ Ear weight Kernel yield 1000-kernel Crude protein 

plant (9) (kg/ha) weight (g) (%) 

CS1 1.3 103 4 6 3 0 299 10.7 

CS2 1.2 113 4 6 3 0 303 11.2 

SR-Co 1.3 36 4 0 1 0 275 11.5 

SR-Ce 1.3 87 4 1 0 0 285 11.5 

CB 1.0 173 5 6 9 0 3 8 3 10.1 

LSD (Scheffe, 10%) 1 0 3 0 0.8 

The Caribbean blend yielded significantly higher than all of the Surinam selections, its protein content being 

lowest of all except CS1. 

REFLECTIONS 

Agricultural production in Surinam is rather unbalanced wi th paddy rice in a dominating 

position. For many food- and fodder crops and their derived products Surinam depends on 

import. Therefore diversification and increase of agricultural production are put forward as 

major goals of Surinam agriculture! policy (Werkgroep Raamwerk Ontwikkelingsplan, 1975). In 

this scheme maize seems to play an important role. Maize is imported in increasing quantities to 

meet the local demand for poultry-feed and concentrated fodder for cattle. The value of imported 

maize displayed a rapid growth between 1971 and 1974 as can be seen from table 14. Large 

quantities of meat, mainly beaf, are imported in Surinam to a value surpassing Sf 10,- mil l ion 

per year. Expansion of the local beef cattle industry would require further imports of maize. 

Table 14. Local production and imports of maize in 1971 and 1974 in Surinam (from: Sjauw Koen Fa, 1976a) . 

Year Production Imports 

ha tons tons price value (Mil l .Sf) 

(Sf / ton) 

' 9 7 1 126 150 10 ,200 147 1.5 

1974 250 3 0 0 15,000 267 4 . 0 
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Sjauw Koen Fa (1976b) estimates the present amount of maize to replace today's import 

and to increase the local beef production at almost 20.000 tons per year. 

Promotion of the cultivation of maize can only be successful if it becomes a profit-earning 

undertaking and an attractive alternative for other cultures, such as rice. Sjauw Koen Fa (1976b) 

computed that at the present level of prices and costs and a minimum living of Sf 4500,- per 

year, the farmer should achieve a yield of 3000 kg/ha on coastal clay soils. Though there are no 

exact computations on hand for the Zanderij soils, a similar minimum yield seems required for 

a profitable culture, partly on the basis of high demands of manure with such poor soil types. 

When the maize breeding programme of CELOS was set up, an increase of the yielding 

capacity to an economically acceptable level was deliberately chosen for a main criterion. The 

selections obtained so far and the synthetic variety SR1 meet the basic requirement of a produc-

t ion of 3000 Vg/ha, at least on maritime clay soils. 

A further increase of the yield seems attainable once the synthetic varieties SR2 and SR3 

have been introduced and via selection in the Caribbean blend population. Especially SR3 may 

offer adequate possibilities for cultivation on sandy soils. Thus the first breeding goal has been 

materialized. 

In the second phase of the investigations one is to pay attention to the reduction of plant 

height (to reduce lodging) and to site and mode of eiar insertion (to enable mechanical harvesting). 

Tolerance to abiotic factors as water logging (especially on heavy clays) or drought (mainly on 

sandy soils) is another major objective, just like resistance to animal parasites as Spodoptera 
frugiperda and the corn-earworm, Heliothis zea. Fungal diseases do not seem to play such an 

important part as yet, but this may come to change when the maize area is strongly increased. 

It is possible that under the influence of natural selection pressure the local populations have 

obtained a certain degree of resistance. Thus, in an experiment to compare yields on Coebiti in 

1972, all hybrids were rather heavily attacked by southern corn leaf blight (Helminthosporium 
maydis), whereas the local selection 68054CS2 remained practically free from infestation. 

A last breeding objective is protein content and improved protein composition. As far as 

the former is concerned, selection CS2 appeared to be superior when compared with a number 

of hybrids. Imported opaque and flury-2 varieties generally performed badly at CELOS (Consen-

Kaboord, 1973). The CIMMYT composite KC2 (o 2 , f l 2 )and the Venezuelan variety Simeto (o2) 

were the'only ones to attain a yield of 3 tons/ha. They could be valuable progenitors in crossing 

programmes. 

ACKNOWLEDGEMENTS. 

The author is much indebted to lr. G.W. Hofstede and Ir. S.B. Hofstede-Van der Meer for 

continuing and supervising the experiments after his leave from Surinam. He gratefully acknow-

ledges the assistance by CELOS-workers and by students of Wageningen Agricultural University, 

during their practical training, who enabled him to execute the extensive programme. Thanks 

are due to Ir. I. Bos for his valuable comments and to Mr. J.S de Block for correcting the manu-

script. 

96 



Breeding maize in Surinam: considerations and results 

REFERENCES 

Allard, R.W., 1960. Principles of plant breeding. John Wiley & Sons, Inc., New York etc.485 pp. 

Anon., 1972a. Recurrent selection in maize, Zea mays L. CELOS bulletins 18:40-41. 

Anon., 1972b. Breeding synthetic varieties in maize, Zea mays L. CELOS bulletins 18:41-42. 

Anon., 1973. Performance and yield of tropical maize hybrids. CELOS bulletins 28:29-30. 

Anon., 1976. Graangewassen. In: Jaarverslag 1975, Landbouwproefstation Suriname (Bulletin 

101): 44-48. 

Consen-Kaboord, M.J., 1973. Opbrengst, eiwitgehalte en eiwitsamenstelling van tien maiscul-

tivars. CELOS rapporten 88:22 pp. (internal report). 

Consen-Kaboord, M.J., H.J. Veltkamp en K. Manniesing, 1975. Graangewassen. In: Jaarverslag 

1974, Landbouwproefstation Suriname (Bulletin 97): 48-53. 

Gardner, C.O., 1961. An evaluation of effects of mass selection and seed irradiation wi th 

thermal neutrons on yield of corn. Crop Science 1:241-245. 

Huiswoud, R.R., F .A. del Prado, E.W. van Brussel and F ,W. van Amson.Corn growing in Surinam. 

Proc. 7th Annual Meeting Caribbean Food Crops Society, 1969: 354-356. 

Sar, T, Van der, 1976. Tillage for dry crops in the humid tropics. Surin. Landb. 24:98-98. 

Sjauw Koen Fa, A.R. 1976a. Mogelijkheden voor de teelt van mais in Suriname. Deel I. (Doc-

toraalthesis Agric. University, Wageningen): 34 pp. 

Sjauw Koen FA, A.R., 1976b. Mogelijkheden voor de teelt van mais in Suriname. Deel I I . 

(Doctoraalthesis, Aqric. University, Wageningen): 46 pp. 

Werkgroep Raamwerk Agrarisch Ontwikkelingsplan, 1975. Het landbouwbeleid: een visie 

omtrent doelstellingen en middelen. Surin, Landb. 23:57-75 

97 




