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Abstract , 

Three independent factors-photoperiodic response, pest resistance, and soil moisture- 
retention capacity-frequently combine io determine sorghum and millet yields. The duration 
and time of occurrence of the different developmentphases (vegetative, flowering, andfruiting) 
of a cultivar depend on the planting date and photoperiodic response, in relafion to available 
water and pest incidence. These last two factors are in turn determined by rainfall distribution 
and the water-holding capacity of a soil. This is demonstrated through a probabilistic model of 
the climatic period correspondicg to the growing period and a model for evaluating the fitting of 
cultivar cycles based on relative yield, Y I 1  O0 

A. Date r 

Introduction 
There is no apparent relationship between day- 
length (photoperiod), water-holding capacity, and 
parasitism but in reality, sorghum and millet yields 
are determined to a large extent by the combined 
effect of these factors. This can be illustrated with 
the help of two models: 

* The frequency model of the climatic growing 
period is a geometrical model that combines the 
physical characteristics of the soil and atmos- 
phere, and describes this growing period in pro- 
babilistic terms of its duration and time of 
occurrence. The principle of this model was 
presented at ICRISAT in 1978 at the Interna- 
tional Workshop on the Agroclimatological 
Needs of the Semi-Arid Tropics. 

A model for evaluating the effect on yield of the 
fitting of cultivar cycles to the statistical 
characteristics-duration and time of oc- 
currence-of the growing period as established 
by the frequency model. 

The second model is based on the hypothesis 
that dry-matter (DM) production is afunction of the 
sum of instantaneous values of relative evapo- 
transpiration; i.e. the ratio of actual evapotranspira- 
tion to potential evapotranspiration (AET/PET) 
(Franquin 1980 a ): 

t2 AET Y i e l d  (DM) = f ( l  a t )  

Dry-matter yield for the entire growing period of a 
cultivar and for 1-day intervals can be formulated 
as: 

AËT Y i e l d  (OM) = i d  -=-- 
PET 

This differs slightly from de Wit's (1 958) formula, 
Y = m(T/Eo), yet at the same time confirms it, since 
AET and PET are substituted by transpiration Tand 
pan evaporation EO, respectively; the time factor or 
the duration d (in number of days) of the growing 
period is explained;.tñ is then for AET = PET, the 
daily average DM rate that is determined by photo- -- 
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synthesis (in relation to radiation and temperature) 
and soil fertility. 

The product i3d,the!e!ore represents, for a par- 
ticular year, thë yield YO for the year when AET = 
PET. Hence. , .. .. - 
Y/hd = Y/Y, = ( 3 )  

- AST 
PET 

Given that there is little variation in m from one 
year to another in the tropics (identical soil and 
plant density, and photosynthetic saturation due to 
light and temperature), the yield Yo varies each 
year with d. In fact, the duration of a photosensitive 
cultivar, for instance, varies according to the plant- 
ing date and hence the photoperiod. If do is the 
optimum duration for yield; the potential interannual 
yield is mdo. If this potential yield is 100, the variable 
relative duration is 6 = d/do with O,< 6 <l.Thus: 

(4 )  

It is supposed that there is a linear relation 
between yield Y and6, the relative growing period, 
at least in the first approach. 

But the duration of the different development 
phases of a plant do not vary in the same way; 
some may even remain constant. For example, in 
the case of three phases, when each phase is 
weighted by an exponent kl according to the water 
requirements, the following equation is obtained: 

or, more generally: 

P AËÏ kj Y/100 = Il 6. (-) . 
i = l  ' PËT ' 

The kl coefficients show, in relation to the water 
factor, the relative importance of each phase in 
determining yield (Jensen 1968). If i3 is supposed 
to remain almost constant in the tropics, this for- 
mula can be applied to any photosensitive or pho- 
toinsensitive cultivar, whether or not 6i varies with 
photoperiod and/or temperature. For a photo- 
insensitive cultivar under optimum temperature 
conditions throughout the growing period,b. values 
are equal to 1. Hence, for a three-phase 
development: 

This is Jensen's formula (1968), which is also 
applicable to a photosensitive cultivar that is sown 
every year on a fixed date, with6, equal to 1. 

Three major development phases have been 
considered for sorghum and millet crops: 

The vegetative phase-from germination to 
floral initiation, of relative duration 61 ; 
The flowering phase-from floral initiation to 
fruit setting, of relative duration6z; 

The fruiting phase-from fruit setting to grain 
filling, of relative duration63. 

If the cultivar is completely photosensitive and 
there is little interannual fluctuation in temperature, 
the relative durations& and63 may be equal to 1 
(the time of occurrence of the second and third 
phases is almost fixed). The relative duration 6 of 
the vegetative phase alone varies according to the 
planting date. If grain yield and not dry-matter pro- 
duction is considered and MET (maximum evapo- 
transpiration) replaces PET, the following equation 
is obtained: 

The optimum length of the vegetative phase can 
be deduced through field experiments or deter- 
mined by the first possible planting date or inferred 
from the equations in Annexure 1. 

In this paper, the completely photosensitive cul- 
tivars are discussed first, followed by photoinsensi- 
tive and relatively photosensitive cultivars. 

Completely Photosensitive 
Cu I tivars 

The duration and time of occurrence of the flower- 
ing and fruiting phases remain quite stable, pro- 
vided that these sorghums and millets are sown 
within a certain time interval (up to 2 months).The 
duration di of the vegetative phase alone varies 
according to the planting date. This duration (dl) 
plays an important role in determining crop 
productivity. 

Curtis (1 968) has shown that the photosensitive 
sorghum varieties that are traditionally grown in 
Nigeria generally head towards the end of the 
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heavy rains.This can be seen more clearly from the 
monthly average rainfall curve for a station that is 
intersected by the mean PET and PET/2 curves 
(Fig. 1). When the points of intersection of these 
curves are numbered from 1 to 4, it can be seen 
that these varieties head near intersection 3 and 
therefore flower between intersections 3 and 4. 

The same phenomenon was observedfor photo- 
sensitive millet samples collected from villages in 
Upper Volta by Clement et al. in 1976. These sam- 
ples were sown on 1 July at ICRISAT Center, Kam- 
boinsé, near Ouagadougou, and the female 
flowering dates were recorded. Figure 1 shows that 
the flowering dates of the samples collected near 
Ouahigouya (13O55'N) in the north, at Ougadou- 
gou (12O 21 ') in the center, and at Bobo-Dioulasso 
(1 1 1 O') in the south, fall between intersections 3 
and 4. At Kamboinse'. the female flowering dates 
generally occur between intersections 3 and 4, with 
a margin of 5 days more or less, depending on 
whether the station is further north or south of 
Kamboinse'. 

Yield of a photosensitive millet variety (Sanio) 
from Bambey, Senegal, was highest in those years 
when the heading date (2O'Sept) was almost fixed 
and near intersection 3 (Cocheme' and Franquin 
1967; Franquin 1969). The deviation of the variable 
date of this intersection and thedate20 September 
accounts for 55% of the variance in yield. 

Cocheme'and Franquin (1 967), Franquin (1969), 
Curtis (1968). Kassam (1 974), and Wien and Sum- 
merfield (1980), who reported the same kind of 
observations for photosensitive cowpeas, give the 
following explanation of the effect of the flowering 
date on yield in relation to the end of the rains. If the 
flowering date is very early, the grain is damaged by 
pests and diseases; with delayed flowering, the 
crop escapes the direct impact of the rains on :he 
earhead, but grain filling and physiological maturity 
are incomplete due to lack of water for fruiting. 

The local photosensitive varieties generally 
meet these contradictory requirements better than 
the more northern or southern varieties. Through 
natural selection, these sorghum and millet varie- 
ties have grown to adapt themselves to two 
extremes of the local environment-the direct 
impact of rain on the plant and inadequate water in 
the soil. This adaptation is related to theirresponse 
to photoperiod and temperature, two factors that 
hardly change over the years at a local level. For 
any location, those cultivars should be grown 
whose flowering dates 'are compatible with water 
availability and pest incidence. 

Fit t ing of Completely 
Photosensitive Cultivars 

A completely photosensitive cultivar usually flow- 
ers on a fixed date (except for a very late planting), 

' but the duration of the vegetative cycle (d) varies 
with the planting date. In fact, only the duration (dl ) 
of the vegetative phase fluctuates, while the flower- 
ing and fruiting phases (dz and &) remain practi- 
cally constant in duratbn and time of occurrence. 
All. other things being equal, crop production 
depends on duration dl of the vegetative phase and 
"relative" productivity (Y / loo) on the relative dura- 
tion& of this phase. 

Based on equation 8, the position in time of such 
a completely photosensitive sorghum or millet cul- 
tivar is adjusted as in the following example: 

The duration of the flowering phase is constant 
(dz = 50 days) and fixed in time,fromthe second 
10-day period in August to the third 10-day 
period in September; heading occurs in the 
second IO-day period of September (actual 
case at Ouagadougou). 

The duration of the fruiting phase, which follows 
the flowering phase, is constant (d3 = 30 days) 
and fixed in time, and continues through 
October. 

The duration di of the vegetative phase, which 
precedes the flowering phase, varies according 
to the planting date. This planiing date is simu- 
lated at the beginning of each of the 50 annual 
water balances which are in turn simulated for 
1 O-day intervals (Fig. 2). The 10-day period for 
planting is the first 1 O-day period when rainfall is 
usually equal to or higher than PET/2 (average 
35 mm at Ougadougou). Under these condi- 
tions. the planting period extends over 2 
months-from the first 10-day period of May 
(Ml )  to the first 1 O-day period of July (Jyl). The 
vegetative phase covers ten 1 O-day periods, 
from M1 to the second 1 O-day period of August; 
this is the optimum duration, do.The durations di 
are related to this optimum duration. do = 10. 
Therefore, when the crop is sown in Jyl the 
vegetative phase covers four 1 O-day periods; 
hence 61 =0.4; if the 1 O-day period for planting is 
the first one in June (Jl), d1 is then equal to 
seven 1 O-day periods, hence61 = 0.7; and so on. 

The water balances were calculated on the basis 

- 

207 



25 

JY 
1 1 J 1 1  ~ 

J JY A S O J 

\- 

I l  

10 15 5 
L" 

Figure 1. Frequencies of female flowering dates at the Kamboinsé station (near Ouagadougou) of 
millet samples. collected in  villages near Ouahigouya (north). Ouagadougou (center), Bobo- 
Dioulasso (south). The flowering dates fall between intersections 3 and 4 of the average monthly 
rainfall curves and PET and PET/P  curves. At Bobo-Dioulasso, millets flower earlier than at Kam- 
boinse' and at Ouahigouya, a little later. 

208 



of available water capacity (AWC) of 50,l  OO. and 
150 mm. 

In the extreme case of a crop sown in MI, the 
sequence of the crop coefficient K related to the 
water balance is as follows; the brackets serve to 
mark off the phases: 

(0.50-0.50-0.55-0.65-0.80-1 .OO-1.1 O 
-1 .1 0-1 .1 0-1 .1 O) 

. . (1.1 0-1 .1 0-1 .1 0-1.1 0-1.1 O) (0.9R-0.70-0.50) 

In,the other extreme case of a crop sown in Jyl ~ 

. the sequence of K is as follows: 

(0.50-0.50-0.55-0.65) 
(0.80-1 .OO-1 .1 0-1 .1 0-1 .1 O) (0.90-0.70-0.50). 

Figure 2 shows an annual water balance estab- 
lished on these principles, with an AWC of 50 mm 
for the Ouagadougou station near Kamboins6. 

As millet or sorghum yields were not available, 
the coefficients obtained in an experiment con- 
ducted under irrigation by Jensen and Sletten 
(1965) are used here to calculate the k1, k %  and lo 
coefficients of equation 8, which are 0.5, 1.5, and 
0.5, respectively. The next step is to calculate, for 
each of the 50 annual water balances based on 
three AWC values (50, 100, and 150 mm), the 
expression: 

The mean values, calculated over 50 years, of 
each of the three multiplicative terms of equation 9 
and the mean values of Y/1 O0 for each of thethree 
AWC values are given in Figure 3. The frequency 
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Figure 3. Variations in  relative terms of yield 
corresponding to the vegetative, flowering, and 
fruiting phases according to AWC values (50, 
100,150 mm) and the sowing date. The com- 
bined variations in these terms bring about vari- 
ations in relative yield (YAOO). 61 varies with the 
sowing date, from 0.4 (Jy l )  to 1.0 (MI). Yield 
decreases with the sowing date (i.e. with 6 1) 

and increases with AWC (50,100,150 mm) for 
the flowering and fruiting phases. 

Table 1. Frequency distributions of AWC/lOO for 
three values of AWC. 

AWC: AWC: AWC: 
Y/100 50" 100" 150" 

0.01 -0.1 o 111111111 II 
0.1 1-0.20 11111111111111 111111 1111 
0.21 -0.30 11111111111111 11111111 11111 
0.31 -0.40 111111 II 111 II 1111111111 
0.41 -0.50 11111 1111111111111 11111111111 
0.51-0.60 II  111111 111111111111 
0.61-0.70 1111 1111 
0.71-0.80 1111 1111 

Mean 0.23 0.40 0.45 

21 o 

distributions of AWC/100 for each of the three 
AWC values are compared in Table 1. 

In Figure 4, the water deficits during the flowering 
and fruiting phases are seen through a frequency 
representation in time. These deficits, represented 
by the dotted areas in the figure, are bounded: 

1. On the left, by continuous curves, obtained by 
applying the principle of the frequency period of 
vegetation (see Introduction) to the water balan- 
ces. The curves at the bottom of the figure, 
related to the flowering phase, show the 

Figure 4. Representation in frequency and in time of water deficitsaccording to AWC values of 50, 
100, 150 mm: above, deficit in relation to  AET/MET > 0.50 in the fruiting phase; below, deficit in 
relation to AET/MET> 0.90 in the flowering phase. The duration of the deficit is expressed in terms of 
probability, which decreases with the AWC. 
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observed probabilities of exceeding 0.90 
AET/PET; the curves at the top related to the 
fruiting phase show the observed probabilities 
of exceeding 0.50 AET/PET; these AET/PET 
levels have been somewhat arbitrarily fixed to 
represent the minimum value required for ade- 
quate yields. However, it is possible to choose 
any other threshold values in the water 

. 2. On the right, by broken curves, Corresponding to 
the 1 .O0 probability of exceeding the 0.90 and 
0.50 threshold values on the last date of the 
flowering and fruiting phases. 

. balances. 

Conc lus ion  

It is quite clear that for a late-heading cultivar that 
avoids the impact of rainfall on the earhead, the 
water deficit during the flowering and fruiting 
phases would be much higher. However, this risk is 
reduced as the water-holding capacity of the soil 
increases. 

Another alternative is to identify an early- 
heading cultivar with pest resistance for soils with a 
low water-holding capacity. 

Remarks 

The rate of increase of Y / I  O0 (see the frequency 
distribution) is higher for 50 to 1 O0 mm than for 1 O0 
to 150 mm for a cultivar that heads during the 
second IO-day period in September. 

The water available during the vegetative phase 
always appears to be adequate, irrespective of 
AWC (Fig. 3) and the simulatad planting date (first 
1 O-day period with total rainfall exceeding PET/2 
or an average of 35 mm at Ouagadougou). I f  this 
does not occur in reality, it is because water is lost 
through runoff and should be checked. A water 
balance calculated on the basis of 5-day intervals 
would probably reveal water deficits more fre- 
quently than one calculated on the basis of 1 O-day 
intervals. Excess rain during the vegetative phase 
may depress yields. 

An early planting increases yields (Fig. 3), as it 
extends the duration of the vegetative phase. How- 
ever, due to the IOW rainfall, there is no further 
increase if the crop is sown before the IO-day 
period M1, which marks the limit of the optimum 
duration do (ten 10-day periods for the vegetative 
phase). 
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Photoinsensitive and Relatively 
Photosensitive Cultivars 

Expressed in terms of the "sum of degree-days,'' 
the duration of the completelyphotoinsensitive cul- 
tivars appears to beconstant. Evaluated in terms of 
the "number of days," the duration remains con- 
stant if there is little variation in the night tempera- 
ture, as during the rainy season. 

As photoinsensitive cultivars are of short dura- 
tion (70-80 days or even less), they do not havethe 
same yield potential as the photosensitive cultivars 
whose vegetative phase can be extended. Photo- 
insensitive millets are found in northern Upper 
Volta where the growing season is very short, but 
they are also grown in the south in the region of Leo, 
for example, where they are used as a stop-gap 
crop. 

Photoinsensitive cultivars are flexible, since their 
flowering date is not fixed, unlike completely photo- 
sensitive cultivars. This makes it easier to syn- 
chronize their flowering and fruiting phases with 
optimum moisture availability. They can also be 
sown at the beginning of the rainy season as a 
stop-gap crop. Their duration should be extended 
to 100 days, for example, to increase their yield 
potential. 

The relatively (not completely) photosensitive 
cultivars are also useful, since their duration 
increases as the crop is sown earlier (but not too 
early). Like photoinsensitive cultivars, they have 
fixed flowering and fruiting dates only if their plant- 
ing date remains fixed. When there is little variation 
in the planting date, the relatively photosensitive 
cultivars behave like the photoinsensitive cultivars. 

Fitting of Photoinsensit ive 
or Relatively Photosensit ive 
Cult ivars 

The fitting of the flowering and fruiting phases is 
facilitated by using a model of the "frequency cli- 
matic period of vegetation." Such models were 
constructed for Ougadougou by simulating water 
balances (Fig. 2) based on an AWC of 50 (Fig. 5) 
and 1 O0 mm (Fig. 6). The outer line represents the 
"semi-humid" subperiod determined by the proba- 
bility that AET/PET is equal to or higher than 0.50. 
The inner line defines the"humid" subperiod deter- 
mined by the probability that AET/PET is equal to 
or higher than 0.90. 

If a photoinsensitive cultivar of 1 O0 days, under 

100 

90 sz 
4: cl 80 

70 
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10 

Figure 5 .  Fitting the flowering and'fruiting phases of a 100-day sorghum or millet variety within the 
frequency "humid" (Inner line) and "semi-humid" (outer line) subperiods at Ouagadougou. The 
humid subperiod is determined by the probability AET/MET> 0.90. The "semi-humid subperiod is 
determined by the probability AET/MET >0.50. AWC is 50 mm: the favorable planting period is only 
20 days (J2+J3) and the probabilities of fitting the flowering and fruiting phases do not exceed0.38 
and 0.42, respectively. 

the temperature conditions at Ouagadougou, or a 
relatively photosensitive cultivar, also of 1 O0 days, 
are sown on the same date. the duration and crop 
coefficients would be: 

(0.50-0.55-0.60) (0.80-1 .OO-1.10-1 .I O) (0.90- 
0.70-0.50). 

The flowering phase of 40 days is the most criti- 
cal period for yield in relation to water availability. I t  
should be fitted to the highest probability within the 
humid subperiod (Fig. 5 inner line). This probability 
is: 

0.70 (on 1 Aug) x 0.54 (on 1 O Sept) = 0.38 

For this apparently optimum adjustment of the 
flowering phase, the cultivar should be sown in the 
first 1 O-day period of July (Jyl ).But it is not possible 
to plant a cultivar during the same 1 O-day period 
each year. This interval should be made more flexi- 
ble and increased to 20 to 30 days. If the flowering 
phase is moved back one, two, or three 1 O-day 

periods, corresponding to sowings in J3, J2, and J1, 
the probabilities of fitting the flowering phase would 
be 0.34, 0.31, and 0.1 2, respectively. Since the last 
probability is very low, the planting period would 
cover three 1 O-day intervaIs-J2+JB+Jyl . As the 
flowering phase would then coincide with maxi- 
mum rainfall, the cultivars should also be resistant 
to pests and diseases. 

The conditions for fitting the fruiting phase (30 
days) also need to be examined in relation to pro- 
babilities associated with the "semi-humid" subpe- 
riod (the line on the right side of the outer curve, Fig. 
5). For ?he fruiting phase, the probability of success 
is very low (on 1 O Oct) for a sowing in Jyl ; it is 0.1 2 
(on 30 Sept) for a sowing in J3; and 0.42 (on 20 
Sept) for a sowing in J2. Lastly, the appropriate 
interval for sowina is reduced to two 1 O-day peri- 
ods: J2+J3. 

This interval is essential for obtaining stable and 
high yields. I f  thqplanting date is simulated as inthe 
case of a completely photosensitive cultivar (see 
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Figure 6. Same as Figure 5, but AWC = 100 mm: the planting period extends over 30 
days(JZ+J3+Jyl) and the probabilities of fitting the flowering and fruiting phases are 0.70 and0.98, 
respectively. 

earlier section), then the frequency distribution of 
Y/1 O0 can be compared, using the formula 

Y/100 = (AËT/MËT)Ya5 * (AËT/PËT)ie5 
(10) 

(AËT/PËT)-:*5 
applied to the simulated water balances: 

- for planting during the J2 10-day period: 
- for any plantings from M1 to Jyl.  

These frequency distributions are given in 
Table 2. 

If the same cultivars are grown on a soil with a 
moisture-retention capacity of not 50 mm but 1 O0 
mm. it is evident from Figure 6 that the interval 
suitable for planting increases from 20 to 30 days 
(J2+J3+Jyl) also considerably increasing the pro- 
babilities for fitting the flowering and fruiting 
phases. 

Conclusion 
A photoinsensitive or relatively photosensitive cul- 
tivar has greater flexibility for fitting than a com- 
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Table 2. Frequency distribution of relative yield for 
plantings in different 10-day periods. 

Any planting 
Y / l O O  (Ml-Jy2) Planting in J2 
0.21 -0.30 II 
0.31-0.40 111 
0.41-0.50 1111 
0.51-0.60 11111 
0.61-0.70 11111111111 111111 
0.71 -0.80 1111i11 111 
0.81-0.90 
0.91 -1 .o0 1111111 

11111111111 11111111111111111111I 
11111111111111111111 

pletely photosensitive cultivar, particularly if it is 
grown on a soil with adequate water-holding 
capacity. However, this character must be com- 
bined with good pest resistance, since the fiower- 
ing and fruiting phases are not fixed in time and 
may occur during the heavy-rainfall period. 
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Annexure 

Length of the Vegetative Phase 
and Number of Internodes 

In a completely photoinsensitive plant, the duration 
d of the vegetative phase depends solely on 
temperature. under light saturation conditions, 
according to the equation: 

d(T.-T,) 1 = Z(Ti-T,) = K ( A l )  

where Ti is the mean temperature (at night, for a 
short-day plant) on the day ¡;To, the base tempera- 
ture and K, a constant for the variety. 

In a completely photosensitive plant, the duration 
d is determined by both the photoperiod and 
temperature, according to the equation: 

d( f i -T , )  = z(T.-T,) = k , + E ' .  (A21 1 2a 

I l 
11.5 12.0 12.5 

Dark pe r iod  

This result, for a short-day sorghum or millet 
plant, is based on the following principles.The plant 
is regulated by acircadian rhythm consisting of two 
periods of 24 h, one of daylight sensitivity of dura- 
tion Ho, the other of darkness sensitivity of duration 
No(Ho + NO = 24).The oscillations of the endogen- 
ous system No/Ho form the basis to which the 
exogenous oscillations Ni/Hi of actual day and 
night lengths are compared by means of the phy- 
i tochrome. This information on the "imposed" fluc- 
tuation Ni/Hi (in relation to the "own" fluctuation 
NO /HO ) can be effectively introduced in the differ- 
ential equation of a forced harmonic oscillator set 
off by friction of day/night alternance: 

The integration, in relation to h (h = t / [24-t], 
O < t 6 24) of heat excitation related to a (Ti - 
To)-excitation with a minimum threshold m for 
floral induction-leadsto equation 2, in which a and 
m are parameters. 

The number n of nodes or leaf internodes at floral 
initiation depends on the photoperiod and tempera- 
ture according to the equations: 

h 

$ 
I 2500- 

t- 
v 
W 

VI 

3 -y 2000 ' 
a, 
a, L 

a, U 
m 

1500- 

5 
v, 

1000. 
I 

I i 
.5 12.0 12.5 

Dark p e r i o d  

Figure 7. Data on a sorghum variety grown in Chad in farmers' fields. Right: fitting of equatiyn AZ in 
Annexure 1 to the sum of degreedays C (Ti-To) according to the,average dark period-Ni; left: 
fitting of equation 4 to the number of stem nodes according to  the average dark period Ni. 
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n=n,+a- 2a s i n  . 2 (7:)~ N,/H, ('Ti-T,) (A5) 
Ni/Hj 

where k a  represents the sum of temperatures 
and no the total number of nodes in the "juvenile" 
phase;sm/Za can be reducedto a single parame- 
ter, k: thus ko + k = K, k being the sum of tempera- 
tuFes between two nodes. 

These equations have been confirmed for 
sorghum cultivars, as can be seen from the statisti- 
cal fitting of equations 2 and 4 (Fig. 7). 
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Some Agroclimatic Aspects of the Sorghum Crop 
in India 

R.P. Sarker' 

Abstract 

This paper deals with the general climatic features of the sorghum belt in India, crop-weather 
relationships, and analysis of evapotranspiration data. 

The climate, mean rainfall, temperature, humidity, sunshine, and their variability are consi- 
dered during different phytophases of the sorghum crop; the minimum assured rainfall and 
moisture availability index suggest that sowing should be shifted to an earlier date. Three 
methods have been used for statistical analysis of crop-weather data: (1) Fisher's response 
curve technique establishes the influence of meteorological parameters on yield; (2) the 
selected period method identifies critical periods for different parameters; (3) curvilinear 
analysis shows the optimum values of different parameters for maximum yields. 

The analysis of evapotranspiration data identifies criticalperiods forpeak water consump- 
tion and shows that hybrid sorghum does not exhibit any physiological drying up during 
maturity. It is concluded that sowing sorghum 2 months earlier in aparticulararea wouldhelp 
avoid the stress period and thus give better and more stable yields. 

R&sumB 

Quelques aspects agroclimatiques de la culture du sorgho en lnde : Cette communication 
porte sur divers aspects climatiques de  la région productrice de sorgho en Inde, les 
relations entre les cultures et le climat et l'analyse des données sur /'evapotranspiration. 

Le climat, la pluviométrie moyenne, la température, /'humidit&. /'ensoleillement et la 
variabilité de ces facteurs sont étudiés pour diffdrents stades d'une culture de sorgho. La 
disponibilitg minimale de précipitations stables et /'indice d'humiditk utilisable indiquent qu'il 
faudrait avancer le semis. Les methodes utilisées pour l'analyse statistique des donnees sur 
les cultures et le  climat sont: (1) la technique des courbes de reponse de  Fisher pour 
determiner l'influence des parametres metéorologiques sur le rendement; (2) l'étude de  
differentes périodes pour définir les périodes critiques pour differents paramètres; (3) 
/'analyse curvilindaire pour Btablir les valeurs optimales de diffbrents paramètres pour 
obtenir un rendement maximum. 

L'analyse des donnees sur IZvapotranspiration a permis de determiner les périodes 
critiques de consommation maximale d'eau. On a alors constate que les hybrides de sorgho 
ne manifestent aucune dessication physiologique 2r la maturite. Dans certaines regions, un 
semis du sorgho avanc6 de deux mois permettrait dUviter la periode de  stress hydrique et 
d'obtenir de meilleurs rendements. 
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