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ABSTRACT

Thirty wheat varieties (10 varieties each of early, medium and late maturing groups) were
sown on November 10, 1988; November 30, 1989 and December 20, 1990 with three
replications in randomized block design. Observations on 10 randomly selected plants in
each plot were recorded for phenophases, growing degree-days summations, and
photothermal units. The duration from commencement of crop emergence to flowering can
best be explained by photothermal units for different genotypes except cultivars WH 157
and HD 2122. On the contrary, the duration from flowering to physiological maturity is best
explained by the number of degree- days in all the genotypes irrespective of their maturity
groups. The varieties WH 157 and HD 2122 may be recommended through out the globe
provided the temperature is not the limiting factor.

Key words: Wheat, photoperiod, temperature, phenophases, growing degree-days,
photothermal units.

Although many climatic factors influence the growth and development of plants but
photoperiod and temperature are the most important factors. In recent years, interest has
increased in preparing crop simulation models for estimation of different phenophases. The
most of the models are based on heat units.

The heat unit system has been widely used as a guide for planting schedules for an
orderly harvest of crops and as an index in making crop zonation maps. Furthermore, it has
been adopted to manipulate flowering time of parent varieties in cross-pollinated crops for
synchronizing the flowering time for breeding and seed production. The use of
photothermal summation was reported to be more efficient in prediction of flowering in
peas [1] and barley [2]. Rawson [3] has shown with the assumption that rate of development
increases linearly with increased temperature, as intrinsic in the heat sum concept, is not
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correct at higher temperatures. As proposed by Angus et al. [4], Rawson [3] also supported
the use of curvilinear models to estimate development time. The information regarding
photoperiod and temperature makes it easier for planning the shuttle breeding programme
[5] with the aims to break the undesirable association like active seed filling period and total
duration of genotype {6] and the drought tolerance and the nonresponsiveness of genotypes
of crop species [5]. Thus, it is clear that such knowledge is to be used in breeding though
one has no control on these natural factors. Little information is available about the
relationship between phenological events and weather elements at varietal level in India.
The present paper is, therefore, an attempt to give an account for heat and photothermal
indices needed for different phenological events of wheat varieties.

MATERIALS AND METHODS

Thirty (Raj 821, Sonalika, WH 291, HD 2285, P 1200-5, HD 2270, VW 120, Raj 2184, HD
1925 and HD 2122; WH 283, WG 377, Red Poll, HD 1981, UP 262, CPAN 1676, CPAN 1907,
CPAN 1830, Raj 1579, and HD 2236; WH 147, HD 2009, Kharchia-65, Chat, NP 846, C 306,
WL 711, HW 517, WH 157 and Kalyan Sona of early, medium and late maturing groups,
respectively) wheat (Triticum aestivum L. em. Thell) varieties were sown on November 10,
1988; November 30, 1989; and December 20, 1990 with recommended package of practices
(120 kg N, 60 kg P20s5, 30 kg K20 and 25 kg zinc sulphate per hectare) under irrigated
condition (irrigations 22, 45, 65, 85, 105 and 120 days after sowing) in a randomized block
design with three replications. The occurrence of different phenological events were closely
observed from the ten randomly selected plants in each plot. The degree-days during a day
were calculated by subtracting the base temperature from the daily mean temperature [7].
The summation of degree-days for the days required for a phenophase is the product of
days and average temperature [8]. The daily effective photoperiod for photoperiodic
responses was estimated as per procedure given by Keisling [9]. The photothermal units
were calculated as a multiple of the average length of day and the summation of degree-days
{10]. The value of base temperature was taken as zero [11]. The coefficient of variability for
heat units and thermal units is applied to the standard deviation when it is expressed in
percentage of the mean of the sample [12].

RESULTS

EMERGENCE TO FLOWERING

A multiple of the average length of day and the summation of degree-days referred to
as photothermal unit, provides a less variable unit of measurement of the interval between
emergence and flowering than the use of degree-days summations alone irrespective of
different maturity groups of wheat varieties as shown in Tables 1 and 2. Nuttonson [10]
reported that a multiple of the average length of day and the summation of degree-days
(photothermal units) provided a less variable unit of measurement of the interval between
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phenological events than the use of
degree-days summations alone.
Similarly, Reath and Wittwer [1] in
pea found the photothermal
summations for flowering less
variable expression than the
degree-days summation. Iwata [7]
found that substituting night length
for day length of photothermal units
could be applicable for measuring
development of the short day plants.
Rawson [3] examined some
advantages and problems associated
with the use of thermal time or heat
units to estimate heading time in
wheat grown under high
temperature during the vegetative
phase. Nonlinearity at higher
temperatures is a particular evidence
when development is delayed either
by short photoperiod or by
unsatisfied vernalization response,
may be partially associated with
carbon limitation and slowing or
cessation of primordia production
on the growing apex.

We found that amongst early
maturing genotypes, cv. HD 2122 is
a photoinsensitive genotype (Table
1) for flowering events, while all
other genotypes except cv. WH 157
(Table 1) are photosensitive for this
event. Nuttonson [2] observed that
photoinsensitive variety Trebi of
barley did not improve the
consistency of the photothermal
units compared with degree-days
summations for any of the growth
period. On the other hand,
photosensitive cv. Olli of barley

Igbal Singh and Phool Singh

[Vol. 56, No. 3

Table 1. Comparison of coefficients of variation for growing
degree-days and photothermal units from emergence
to flowering and flowering to physiological matur-
ity in wheat varieties of different maturity groups

Variety Emergence to Flowering to physio-
flowering logical maturity
growing photo- growing photo-
degree-  thermal  degree-  thermal
days units days units
Early maturing:
Raj 821 16 1.6 19 5.6
Sonalika 3.4 15 1.6 4.6
WH 291 21 0.6 31 6.8
HD 2270 1.8 02 27 6.2
HD 2285 4.2 2.2 12 46
P 1200-5 2.7 0.7 22 5.6
VW 120 9.6 79 24 55
Raj 2184 14 04 4.7 79
HD 1925 8.6 7.4 34 6.1
HD 2122 1.1 16 36 6.9
37+09 24108 27+03 6.0+03
Medium maturing;:
WH 283 33 14 1.8 49
WG377 37 21 0.6 26
Red Poll 34 1.4 0.1 5.6
HD 1981 54 37 0.8 26
UP 262 52 36 1.0 36
CPAN 1676 55 35 1.0 35
CPAN 1907 52 4.3 13 30
CPAN 1830 4.1 32 1.1 36
Raj 1579 73 57 0.9 3.0
HD 2236 39 25 09 38
47+04 32+04 09+01 36+03
Late maturing:
WH 147 4.2 29 28 54
HD 2009 49 35 44 6.9
Kharchia 65 45 3.8 48 75
Chat 45 28 38 9.8
NP 846 3.6 1.6 4.0 6.5
C306 19 0.6 49 74
WL 711 4.6 3.0 41 6.6
HW517 31 1.1 3.9 6.5
WH 157 0.7 1.2 54 79
Kalyan Sona 2.5 0.6 3.3 6.0
35+04 21+04 42+02 70+04
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provided more consistency of the photothermal units than degree-days summations. Thus,
the effectiveness of an application of the photothermal unit or degree-days summation
systems for plants depends upon their sensitivity to photoperiod and vernalization
requirement. We found that cv. WH 157, a late maturing genotype has low coefficient of
variability for growing degree-days than for photothermal unit reflecting its
photoinsensitivity and thermosensitivity. All the varieties, irrespective of maturity groups
except cv. HD 2122 (early maturing) and cv. WH 157 (late maturing), are photosensitive for
flowering. Singh and Singh [13] reported that cv. WH 157 is a photoinsensitive and
thermosensitive (low temperature) variety. We found that amongst early maturing
genotypes, varietal variations in coefficients of variability for photothermal units from
emergence to flowering for early maturing group were greater than it exists amongst
medium and late maturing genotypes (Table 2). Amongst early maturing genotypes, it
varied from 1.1 (cv. HD 2122) to 9.6 (cv. VW 120) (Table 1). Late maturing genotypes are
most sensitive to photoperiod for flowering than other groups (Table 2). Similar results were
reported by Major et al. [14]. Medium maturity group was the least sensitive to photoperiod
(Table 2), which might be a wider adaptable group for flowering events.

The photothermal units required to complete the duration from emergence to flowering
for early, medium and late maturing genotypes were 9864.4 + 87.4; 10655.6 + 72.2; and
12070.8 + 30.4, respectively (Table 2).

FLOWERING TO PHYSIOLOGICAL MATURITY

A summation of degree-days provides a less variable units of measurements for
flowering to physiological maturity than photothermal units irrespective of different
maturity groups of wheat varieties as shown in Table 1. Our results are not in agreement

Table 2. Growing degree-days and photothermal units and comparisons of their coefficients of
variation in different phases in wheat varieties of different maturity groups

Coefficients of variation

Group Growing Photothermal
degree- days units (emer- emergence to flowering to physio-
(flowering to gence to flowering logical maturity
physiological flowering) growing photo- growing photo-
maturity) degree- thermal degree- thermal
days units days units
Early maturing 1467.4+ 8.9 9864.4 + 87.4 37+09 24+08 27+03  60+03
Mid maturing 15734 + 8.2 10655.6 + 72.2 4.7+04 32+04 09 +0.1 3.6+03

Late maturing 1776.9 + 13.9 12070.8 + 30.4 35+04 21+04 42402 7.0+ 04
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with the results obtained by Nuttonson {2, 10} in wheat and barley. He worked on
temperature climate where the air temperature and photoperiod start decreasing with
flowering onward, whereas under our conditions reverse is true.

For duration from flowering to physiological maturity, medium maturity group was
most thermosensitive based on the coefficients of variability followed by early and late
maturing groups (Table 2). Amongst early maturing genotypes for duration from flowering
to physiological maturity, the maximum variation in coefficients of variability exists for
growing degree-days (thermosensitivity). It varied from 4.7 in cv. Raj 2184 to 1.2 in cv. HD
2285 (Table 1). This group may be used for breeding studies for developing high temperature
tolerant genotypes during grain filling period.

Growing degree-days required to complete the duration from flowering to
physiological maturity for early, medium and late maturity groups were 1467.4 + 8.9, 1573.4
+8.2and 1776.9 + 13.9, respectively (Table 2).

DISCUSSION

Temperature summation alone has proved to be an adequate method for predicting
development of field crops such as corn [15] which are not greatly affected by day length.
However, development of other crops, for example soybean [14], wheat [3, 10, 13], barley
[2, 16], pea [1], is affected by interaction of photoperiod and temperature. In our studies we
found that in wheat the flowering in most of the varieties is influenced by the interaction of
day lengths and growing degree-days, whereas temperature summation alone has proved
itself to be an adequate method for cvs. WH 157 and HD 2122 based on smaller coefficients
of variability. The thermal time concept in its simplest linear version does not apply to wheat
grown under higher temperatures during the vegetative phase.

Late maturing genotypes are more photosensitive based on the average values of
coefficient of variability for flowering than the genotypes of early and medium maturity
groups (Table 2). It seems that in late maturing genotypes, having longer crop duration, the
growth of the growing point from maximum primordia stage to boot stage is controlled
more by photoperiod [16] as compared to the growth of this phase in early and medium
maturity groups. There are certain exceptions in this statement. The cv. WH 157 is a late
maturing genotype but it is controlled by growing degree-days more than by photoperiod.
This is because of the fact that the floral inductions in cv. WH 157 is controlled by
vernalization genes [13] and the growth of the growing point from maximum primordia
stage to boot stage is not controlled by photoperiod. In this variety, vernalization response
is balanced by photoinsensitivity during maximum primordia to boot stage under normal
sown conditions. Amongst early maturing genotypes, there are certain genotypes like cvs.
VW 120 and HD 1925, which gave higher coefficients of va}iabi]ity for photothermal units
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for flowering as compared to other genotypes in this maturity group (Table 1). These two
genotypes, i.e. VW 120 and HD 1925 may be relatively less photosensitive than the
remaining genotypes of this group.

The commencement of phase from emergence to flowering can best be explained by
photothermal units for different genotypes except cvs. WH 157 and HD 2122. On the
contrary, the duration from flowering to physiological maturity is best explained by
growing degree-days in all the genotypes irrespective of their maturity groups. The cvs. WH
157 and HD 2122 may be recommended throughout the globe provided the temperature is
not the limiting factor.

It must be concluded, therefore, that because of the complex interactions among
development, temperature, photoperiod, radiation and vernalization response, the
successful use of thermal time in a linear form to predict flowering under tropical conditions
would be atbest a lucky situation. The serial sowing approach is less expensive as compared
to the controlled environments but this should be supported with the day length extension
using electric light at several sites differing in latitude as suggested by Rawson [3].
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