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Abstract 

 
A field experiment was conducted at Nuclear Institute for Food and Agriculture (NIFA), 

Peshawar, to identify high yielding bread wheat genotypes against terminal heat stress in the central 
agro ecological zone of NWFP. The genotypes included in the trial were selected on the basis of 
yield performance and other agronomic characters under normal and late planting conditions from 
NIFA Observation Nursery (NON) sown during 2001-2002. For the confirmation of their desired 
traits the selected genotypes were again planted under the same sowing conditions during 2002-
2003 using two different sowing dates as a separate factor. Statistical analysis of the data revealed 
that significant differences in days to heading, days to maturity, plant height, biological yield, 
spikes per m2, 1000 grain weight (g), grain yield kg ha-1 and hectolitre weight (kg) were observed 
for all the genotypes with respect to early and late sowing dates. The results indicated that the 
overall performance of the genotypes was the best with respect to normal sowing.  Though all the 
characters were negatively affected as a result of late sowing yet the genotypes CT-01217, CT-
01222 and CT-01085 with grain yield of 4745, 4334 and 4334 kg ha-1 respectively performed well 
with respect to harvest index (40.5, 31.0 and 36.5%) and medium plant height character (89, 92 and 
91 cm) as compared to those of the best check line (Bakhtawar-92) which is an indication that some 
bread wheat genotypes among existing germplasm may have in built resistance/tolerance against 
terminal heat stress under late planting condition.        
 
Introduction 
 

Wheat is an important cereal all over the world and our country Pakistan as well. It is 
a staple food on world level and is used in the form of different products. It accounts for 
more than 80% area and production of all the cereals grown in the country. The area 
grown under wheat in the country is estimated to be about 8.494 million hectares with an 
annual production of 23.52 million tonnes (Anon., 2006-2007). The demand for wheat 
due to overwhelming increase in the population has been raised than the previous. The 
per capita availability of wheat is 137.02 kg/annum which is too low to meet the 
requirement of the population increasing at the rate of 2.1% annually. In order to meet the 
demand for food within the country we need to increase the production at least by 04% in 
accordance with the population growth rate. 

Wheat is recommended to be sown in late October or early November. Though 
timely sowing of wheat is a prime condition to achieve the maximum yield per hectare 
yet there are several constraints (viz., delay in rain fall, unavailability of irrigation water 
and machinery at proper time, sowing of wheat after sugarcane and rice crop etc.) which 
prevent timely sowing of the crop. Apart from other biotic and abiotic stresses 
responsible for low wheat productivity in the province, terminal or late heat stress during 
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the grain filling period of the normal as well as late planted wheat is also considered one 
of the major environmental factors drastically reducing wheat production in most of the 
wheat growing areas under different agro-ecologies of the country including NWFP 
(Subhan et al., 2004). This situation is definitely responsible for low yield per hectare. 
Any delay in wheat sowing beyond third week of November has been reported to result 
in a yield reduction of 35-45kg/ha per day. A loss up to 10 million tones per annum has 
been reported because of late sowing of the crop. High temperatures during the later 
phases of wheat development and particularly since the beginning of heading and after 
anthesis (terminal or late heat stress) are thus considered as an important factor limiting 
wheat production in different wheat growing areas of Pakistan. Increased heat tolerance 
in late planted wheat is very essential to enhance and stabilize wheat productivity in the 
country. Breeding for selecting genotypes with increased heat tolerance is therefore, one 
of the most vital objectives in wheat improvement programme.  

In order to compensate yield losses in wheat caused by late sowing, breeders are 
searching wheat genotypes that have increased heat tolerance under late planting 
condition (Reynolds et al., 1998; Irfaq et al., 2005). The present study was carried out in 
order to select genotypes among the existing wheat germplasm with in built 
resistance/tolerance to terminal heat stress associated with late planting so as to utilize 
them for development of high yielding, widely adapted and good quality varieties 
suitable for cultivation under late planting conditions in NWFP and elsewhere in the 
country. 
  
Materials and Methods  
 

Field experiment was conducted at experimental field of Nuclear Institute for food and 
Agriculture (NIFA), Tarnab Peshawar during 2002-2003 in order to study the effect of early 
and late sowing on the performance of wheat genotypes. The objectives of the study was to 
select genotypes with tolerance to possible terminal heat stress caused by late sowing in the 
wheat growing regions of NWFP, Pakistan. Based on high yield performance and other 
agronomic characters viz., days to maturity, Plant height (cm), Biological yield, (kg ha-1), 
Spikes / m2, 1000 Grain weight (g) and Grain yield (kg ha-1), out of 134 nineteen promising 
wheat genotypes were selected from NIFA wheat observation nursery during 2001-2002 
including Bakhtawar-92 as check cultivar (Table 1). The nursery was initially introduced as 
International Bread Wheat Screening Nursery (IBWSN) from CIMMYT, Mexico in 2000-
2001. Table 1 represents yield performance and other agronomic traits of 18 different wheat 
genotypes selected from 134 lines of NIFA Wheat Observation Nursery during 2001-2002. 
The selected genotypes were re-evaluated in the replicated yield trial with a plot size of 3 
m2 per entry for the confirmation of their desired traits during 2002-2003. Using 
randomized complete block design the material was planted in three replications on two 
different sowing dates with a gap of 33 days i.e., 17-11-2002 and 20-12-2002. The sowing 
dates were used as a factor. 

The test genotypes, viz., CT-01001, CT01004, CT01008, CT-01030, CT-01073, CT-
01079, CT-01084, CT-01085, CT-01163, CT-01183, CT-01217, CT-01222, CT-01239, 
CT-01244, CT-01250, CT-01264, CT-01354 and CT-01382 were used as a second factor. 
The meteorological data regarding average rain fall (mm), monthly minimum and 
maximum temperature and intensity of solar radiation (Ca m-2) were obtained from 
Agriculture Research Institute Tarnab, Peshawar. 
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Data regarding days to heading, days to maturity, plant height (cm), biological yield, 
(kg ha-1), spikes m-2, 1000 grain weight (g), grain yield (kg ha-1) and hectolitre weight 
(kg) were recorded and statistically analyzed using MSTATE-C software. For significant 
F-ratios, New Duncan’s multiple range test (DMRT) was applied for comparison among 
the treatment means. 

 
Results and Discussion 
 

Figures 1, 2 and 3 represent meteorological data regarding average rain fall (mm), 
monthly maximum and minimum temperature and intensity of solar radiation (Ca m-2). It 
is evident from Fig. 2 that the average minimum and maximum monthly temperatures are 
approximately in the same range in both the cropping seasons. However, maximum rain 
fall was recorded for 2002-2003 especially in the month of Feb, 2003 (Fig. 1). As a result 
the intensity of solar radiation remained slightly low during 2002-2003 as compared to 
rabi 2001-2002 (Fig. 1). 
 
Days to heading: Highly significant differences in the mean values were observed for all 
the genotypes under the influence of different sowing dates, within the same dates as well 
as among different genotypes. The average values of both normal and late sowing 
conditions, Table 1 and Table 2 reveal that minimum days to heading were recorded for 
CT-01222, CT-01217 and CT-01008 (110, 111 and 111 respectively) representing 
earliness of the genotypes where as maximum days to heading were recorded for the 
genotypes CT-01250, CT-01030 and CT-01079 (118, 117 and 116 respectively). The data 
of the previous year regarding the character under consideration are in harmony to those 
of the final year (Table 1) 

Highly significant differences in the mean values were observed for all the genotypes 
as a result of the interaction between genotypes and sowing dates (Table 2). The present 
findings are in agreement to Irfaq et al., (2005) which ratify the result that reduction in 
days to maturity in association with late sowing is the cause of terminal heat stress. In 
general all the genotypes took more days to heading under normal sowing as compared to 
those of late sowing. 
 
Days to maturity: The mean values for all the genotypes with respect to days to maturity 
differed from one another under the influence of both the sowing dates (Table 1 and 
Table 2). Highly significant difference in the mean values for the character under 
consideration was observed as a result of the genotypes, different sowing dates and 
interaction between genotypes and dates (Table 2). Differences in the mean values for the 
genotypes were highly significant under the influence of normal sowing date (Table 3), 
whereas non-significant differences in the mean values were there under late sowing 
condition. Based on the average values of normal and late sowing, Table 1 and Table 2 
reveal that minimum days to maturity were recorded for CT-01264, CT-01008 and CT-
01382 (147, 149 and 150 respectively) representing earliness of the genotypes where as 
maximum days to maturity were recorded for the genotypes CT-01250, CT-01079 and 
CT-01183 (153, 153 and 152 respectively). The data of both the years regarding the 
character under consideration again reveal harmony for all the genotypes (Table 1 and 2). 
Generally, the duration required for days to maturity was reduced for all genotypes under 
late sowing condition as compared to that of normal sowing. The results coincide with 
those of Jain et al., (1992) who also recorded short duration to maturity for different 
wheat genotypes in response to late sowing under irrigated condition. 
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Fig. 1. Average rainfall during 2001- 2002 and 2002–2003. 
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Fig. 2. Average minimum and maximum temperature during 2001- 2002 and 2002 – 2003. 
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Fig. 3. Average monthly intensity (Ca/ m2) of solar radiation during 2001-2002 and 2002–2003. 
 
Plant height (cm): The genotypes CT-01163, CT-01073 and CT-01085 showed maximum 
plant height of 91, 92 and 93 cm whereas minimum plant height of 147, 149 and 151 cm 
was recorded for genotypes CT-01264, CT-01008 and CT-01222 respectively (Table 2). 
The character under consideration was adversely affected by late sowing (Table 1). Highly 
significant differences in the mean values for plant height were observed as a result of 
genotypes as well as interaction of different sowing dates (Table 3). Non-significant 
differences in the mean values were observed as a result of the interaction between 
genotypes and dates. However, it is evident from Table 1 and Table 2 that genotypes with 
tall stature took more time to heading as well as maturity. It is a clue towards the fact that 
there exist genetic relationship between plant height and duration to heading and maturity. 
The present results are in agreement with those of Shazad et al., (2002) and Irfaq et al., 
(2005) who also observed reduction in plant height of different wheat genotypes as a result 
of late sowing. The decrease in plant height must have been occurred due to shortness in 
growth period as well as photosynthetic period because of terminal heat stress in association 
with late sowing. 
 
Biological yield: Maximum biological yield of 2.3, 2.13 and 2.18 kg/plot was recorded 
for Ct-01001, CT-01163 and CT-01073 whereas minimum biological yield of 1.65, 1.6 
and 1.7 kg/plot was recorded for CT-01079, CT-01264 and CT-01239 respectively (Table 
2). The average values regarding biological yield (Tables 1 and 2) indicate that reduction 
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in the Biological yield occurred for all the cultivars as a result of late sowing (Subhan et 
al., 2004). Non-significant differences in the mean values were observed for all the 
genotypes under same date of sowing (Tables 1, 2). Based on combined analysis for both 
normal and late planting conditions, the differences in the mean values for biological 
yield were non-significant because of the genotypes as well as interaction between 
genotypes and dates. However, significant differences were observed as a result of 
different sowing dates (Table 3). Maximum and minimum biological yield was observed 
by genotypes CT-01073 and CT-01079 respectively (Table 2). In general, biological 
yield of all the genotypes was decreased under late sowing conditions. The results are in 
agreement with those of Gibson & Paulsen, (1999). 
 
Spikes/m2: Reduced number of tillers of 280, 290, 309 and 324 was recorded for CT-
01079, CT-01001, CT-01008 and CT-01239 whereas maximum number of tillers of 400, 
398 and 392 was recorded for genotypes CT-01183, CT-01222 and CT-01004 
respectively (Table 2).  Pronounced negative effect of late sowing was observed on 
number of spikes/m2 for all the genotypes (Table 1 and Table 2). Increased numbers of 
spikes were observed for genotype CT-01183 whereas very small number of spikes was 
observed for genotype CT-01001 under late planting condition (Table 2). The present 
results with respect to No. of spikes/m2 are in ratification to those presented by Ansary et 
al., (1989) and Shahzad et al., (2002) who also found reduction in spikes/m2 with delay in 
sowing. According to combined analysis under both normal and late sowing conditions, 
non-significant differences in the mean values for the character was observed because of 
the genotypes and interaction b/w genotypes and sowing dates (Table 2). The combined 
analysis as well as both normal and late sowing showed highly significant differences in 
the mean values because of different genotypes (Tables 2 and Table 3). Generally late 
sowing was observed to be associated with reduced number of spikes/m2 
 
Harvest index (%): In general, mean values regarding harvest indices were gradually 
increased for all the genotypes as a results of late sowing. Maximum harvest index of 
44.1, 43.8 and 40.5% was recorded for the Genotypes CT-01354, CT-01382 and CT-
01217 respectively. The results with respect to harvest index of the previous year are in 
harmony to those of the last year (Tables 1 and Table 2) and according to those of Irfaq et 
al., 2005. Non-significant differences in the mean values were observed as a result of 
genotypes and sowing dates whereas significant differences were found due to interaction 
between dates and genotypes (Table 3).  
 
1000 grain weight (gm): All the genotypes were negatively affected as a result of late 
sowing regarding 1000-grain wt. (Tables 1 and 2). Genotypes CT-1085, CT-01244, CT-
01163 and CT-01183 showed highest 1000 wt. of 39, 38, 36 and 35 grams respectively 
than check variety B-92 (34 grams) under normal sowing condition as well as under 
average between normal and late sowing dates (Tables 1 and 2). However, all the 
cultivars showed decrease in 1000 grain weight as a result of late sowing. It is evidente 
from the first two tables that all the genotypes responded in similar way for 1000- grain 
weight in both years. Al-Khatib & Paulsen (1984) urged that loss in grain weight occurs 
as a result of the injury caused by high temperature during the grain development period. 
Calderini et al., (1999) & Wardlaw. 2002 have suggested that reduction in grain weight is 
caused by high temperature during pre and post anthesis under field condition.  
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Significant differences in the mean values for 1000 grain weight was observed 
between different genotypes, dates and interaction b/w dates and genotypes under both 
normal and late sowing conditions (Table 3), where as non-significant differences 
between the mean values for different genotypes were observed and both normal and late 
planting conditions 
 
Grain yield (kg/ha): The mean values regarding grain yield (kg/ha) reveal that both the 
planting dates (Normal and Late) had differently affected the grain yield of all the 
genotypes. All the genotypes produced lower grain yield as a result of late sowing 
(Tables 1 and 2). However, the genotype CT-01217, CT-o1222 and CT-01085 produced 
maximum grain yield of 4745, 4700 and 4334 kg/ha under late sowing condition 
representing that the line was less affected by terminal heat stress under late sowing 
condition. Similar was the response of these genotypes in the previous year (Table 1). 
The results with respect to the afore-mentioned genotypes are in agreement with the 
finding of Sun & Quick (1991) who advocate that some lines may have built-in resistance 
against terminal heat stress. 

Significant differences in the mean values for grain yield were observed due to effect 
of genotypes, dates and interaction between genotypes and dates under both normal and 
late sowing conditions (Tables 2, 3 and 4). 

In general the present results are in agreement to those of Okuyama et al., (2005) 
Darwinkel et al., (1977), Kirby (1967), Jain et al., (1992) and Kumar et al., (1994) who 
found that delay in sowing is directly associated with consistent reduction in grain yield.  
 
Hectolitre weight (HLW kg): The number of kilograms contained in volume of one 
hectolitre (100 litters), the property of wheat seeds that refers to the compactness and 
density of the seed. Greater is the hectolitre weight higher will be the density and more 
compact will be the seeds. Rodriguez et al., (1978). This property is required during the 
storage, shipping and transportation of the dry seeds. It is evident from Table 1 and Table 
2 that the character under consideration was positively affected by late sowing. It is 
because reduced seed size is associated with late sowing therefore more number of seeds 
are accommodated per unit volume. CT-01073, CT-01354 and CT-01250 were the 
leading genotypes in connection to hectolitre weight on late normal average basis (74, 74 
and 72 kg per 100 litters respectively (Table 2). Same results are achieved from the data 
of previous year (Table 1) the mean square values represent that difference for HLW 
among the genotype, sowing dates and as a result of interaction between genotypes and 
sowing dates were highly significant (Table 3). The character under consideration is 
negatively correlated with yield (Rharrabti et al., 2001) and positively correlated with 
protein content (Schuler et al., 1994) of the seed.  
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