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Physiological basis of genotype­
temperature interactions 
in cassava 

Cassava (M anihot esculenta Crantz) is one of 
the most important calorie-producing crops in 
the tropics. This crop is successfully grown in 
zones between the latitudes 30° N and S, at 
altitudes from sea level up to about 2,000 m in 
equatorial regions, with annual precipitations 
ranging from 500 mm to G,000 - 8,000 mm and 
soil pH between 3.8 and 8. It tolerates practi­
cally any hot climate, but a critical point seems 
to exist somewhere between 18 and 20°C of 
daily average temperature, below which the 
plants do not grow normally and the yields 
decrease markedly.1,2,4,5,01 

In this paper an attempt is made to define 
how temperature effects the growth and yield 
of cassava and in consequence to determine if 
specific genotypes exist which are more suitable 
for different temperature conditions. 

.Four varieties of low, medium, high and very 
high vigor (M Col 22, M Col 1J3, M Mex 5!) and 
Popayan, respectively) were planted in three 
sites at Colombia; Km 27, CIAT and Caribia 
with mean temperature of 20°, 24° and 28°C, 
respectively. All plots recived 200: 200 : 300 
kg/ha of N: P 20 5 : K20 so as to give a high 

fertility level in all sites. Twenty-centimeter 
cuttings were planted obliquely on ridges at 
J x 1 m spacing. Each variety was planted in 
5 X 12 m plots in a randomised block design 
with three replicates. Fungicidal applications 
were made to control Phoma leaf spot at Km 27 
and superelongation disease at Caribia. Har­
vests were taken at 8, 12 and lG months after 
planting. 

As shown in Table l, Popayan was the 
highest yielder at 20°C at both 12 and lG months 
but was always the lowest yielder at 28°C 
among the all varieties tested . M Col 22 was 
the lowest yielder at all harvests at 20°C but 
was the highest yielder at 28°C at 8 and 12 
months although it showed a slightly lower 
yield than the highest yielder (M Mex 59) at 
1 G months. These results clear! y indicate that 
there is a genotype with temperature interac­
tion for yield ability and effect of natural selec­
tion is highly significant on the varietal adapta­
tion . 

The rate of root bulking during a period 
between 8 and 16 months was closely related 
to differences in mean LAI (Fig. l) with a 
marked optimum LAI for root production at 
LAI 3. Previous work has shown that cassava 
has an optimum LAI of 3- 3.5 under CIAT 
conditions (24°C).3, 7> The data presented here 
show that this optimum LAI exists over a wide 
range of temperatures. 

The components of LAI were analysed so as 
to determine the manner in which temperature 

Table 1. Root yields of cassava varieties showing contrasting responses to 
different me:in temperatures of 3 sites where they were grown 

f! 

. l\<lonth~ after planting 
20°C 24°C 28°C 

8 12 16 8 12 16 8 12 16 
Fresh yield (t/ha) 

M Col 22 2.7 9.3 13.3 22. 1 27. 7 48.3 23.9 39.4 53.l 
:M Mex 59 9.2 22.8 32.8 25.3 38.8 57. 0 21. 3 30. 4 60.3 
M Col 113 14.2 24.2 28.6 16.4 26. 1 51. 3 20.2 23.9 55.0 
Popayiln 10. 7 28.9 39. 7 6.3 15.7 13.3 4.6 9. 4 13. 2 

Ory yield (t / ha) 
MCol 22 0.9 3.3 5.6 8.4 11. 5 18. 0 8.8 14. 2 18. 4 
M Mex 59 3. 0 8.2 12.9 8.2 14.2 18.1 7.5 10.1 19. 7 
M Col 113 ,1. 5 8.4 15.6 5.4 10. 0 19. I 6.2 7.5 17.0 
Popayan 3. 1 10.7 16. 2 1. 9 5. 1 2.6 1. 1 2.2 3. 0 

For fresh and clry root yields effects of temperature and temperature x variety interaction were 
significant at L % and 0. 1 % levels respectively. 
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foig. 1. Hoot dry weight increase as related 
to m<"an LAI during a period from 
8 to 16 months after planting. 

6 . 

affects LAI. The LAI is determined by the 
following parameters: (1) number of active 
apices, (2) rate of leaf formation per apex, (3) 
leaf size, and (4) leaf life. 

As temperature increased from 20° to 24°C, 
leaf size increased and reached its maximum 
size earlier. Leaf life decreased as tempera­
ture increased and leaf formation rate increased 
over the range of 20°- 28°C; the changes in 
leaf life, and leaf formation rate with tempera­
ture were more marked with the temperature 
change from 20° to 24° than from 24° to 28°C; 
some varieties produced more branches than 
others at each temperature. However, with 
all the varieties the branching occurred earlier 
as temperature increased to 24°C and then was 
delayed as temperature increased to 28°C. 

Combination of these changes in LAI com­
ponents in relation to temperature resulted in 
the increased LAI with the temperature in­
crease from 20° to 24°C due to earlier branching, 
increased leaf formation and leaf size. As 
temperature increased further, the reductions 
in branch number and in leaf life caused a 
decrease in LAI in Popayan and M Mex 59 
(Fig. 2). 
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Pig. 2. Mean LAI (leaf area index) at 8- 16 
months after planting of four varieties 
at three temperatures. 

LAI was actually measured by destructive 
sampling only at 8, 12 and 16 months because 
of the limited experimental area. However, 
light interception, which is closely related to 
LAI, was measured throughout the growth 
cycle. At 28°C 80% or more of the incoming 
light was intercepted by all varieties during 
the period from 4 to 16 months. At 24°C light 
interception was more than 90% from 4 to 6 
months, causing the rapid leaf fall with leaves 
formed in 2-4 months, but afterwards it 
decreased especially in M Col 22 and M Mex 59. 
At 20°C light interception by M Col 22 was 
never greater than 50%, and the only variety 
that maintained interception value more than 
80% for most of the growth cycle was Popayan,, 

The maximum yields obtained at 16 months 
at 20°, 24°, and 28°C were 40, 57 and 60 t/ha 
(16, 19 and 20 t/ha in dry matter) respectively. 
It shows that high yield can be obtained at 
each temperature by selecting varieties to be 
used. At 20°C LAI and light interception are 
generally lower than those at the other sites, 
and the insufficient LAI was the main factor 
limiting yield. In the least vigorous variety 
M Col 22 maximum light interception was less 
than 50% and yield was extremely low. 
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At 24° and 28°C the extremely vigorous 
variety Popayan showed excessive LAI and 
extremely low yields whilst lVf Col 22, M Col 
113 and M Mex 59 maintained LAI near the 
optimum and produced high yields. It suggests 
that although LAI is the main factor limiting 
yield at 20°C, the balance between top and 
root growth is the most important factor at 
24° and 28°C. This balance is optimized when 
LAI is maintained at about 3. 

The existence of different yield abilities of 
va.rieties at different temperatures shows that 
the special genotypes are needed for tempera­
ture lower than 24 °C. However, the existence 
of phenotypes which are suitable to all tempera­
tures from 20- 28°C is suggested. 

Recent simulation data3•7, suggest that in­
creased leaf life is associated with high yield 
ability. At lower temperatures leaf life is 
longer, and, therefore, if LAI could be increased 
by some means, the productivity even higher 
than in the hotter areas could be expected. 

1) Castro, C.: Boletin cle Tn£onnacion No. 105, 1- 15. 
Ministerio de Agricultura, Colombia (1964), 

2) Cock, J . H. & Carlos Rosas, S.: Symp. on cco­
physiology of tropical crop. Km 22-Rodovia, 
Ilheus-Itabuna, Bahia, Brazil (1975). 

3) Cock, J . H. et al.: Cro/>. Sci., 19(2), (1979). 
4) Jones, W . O. : Manioc in Africa. Stanford Uni­

versity Press, Stanford, Calif. (1959). 
5) Kawano, K. ct al.: Crop Sci., 18(3), 377- 380 (1978). 
6) Rogers, n. J . & i\ppan, G.: In Proc. Int. Symp. 

on Tropical Root Crops., 7\)-82, Univ. Hawaii, 
Honolulu (1970). 

7) CIAT: Annual Report. Centro Internacional de 
Agricultura Trcpical, Cali, Colombia. {1974, 1975 
& 1976). 

Received for publication, September l, 1979 

Yukio IRll<URA Tropical Agriculture Research 
Center, Japan (Presently in Hohllaido National 
Agric11/111ral Exper,im1mt Station, Japan) . 

James H. COCK Ct11t·ro Tntcnza.cional de Agric1.1!t·ura. 
Tropical, Ca.ti, Colombia. 

I{azuo KA \,VANO Cent·ro Intcrnacio11al de Agr-icultw•ti 
Troj>ical, CaU, Colombia. 


	13-4-263
	13-4-264
	13-4-265

