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ABSTRACT

Delay in wheat sowing in rice-wheat cropping system is perhaps the one of the major factors responsible for low crop yield.
This reduction in yield is due to the sub-optimal temperature during the germination, stand establishment and supra-optimal
during the reproductive growth. In this study, performance of wheat cultivars (viz. Lasani-2008, Faisalabad-2008, Shafaq-
2006, Sahar-2006 & Inglab-91) sown on November 10 and December 10 was evaluated. Crop emergence was impaired when
sowing was delayed owing to low temperature prevailing during stand establishment, which resulted in poor stand
establishment and reduced the number of productive tillers and ultimately the final yield. With delay in planting, high
temperature (32-39°C) at reproductive stage during March and April reduced the patterns of dry matter accumulation as was
evident from decrease yield related traits and the final yield. Nonetheless an increase in grain protein contents was observed in
late sown crop. To conclude cultivar Inqlab-91 ontogenically being more plastic performed well in late sown conditions;

nonetheless cultivar Faisalabad-2008 was at the top when planted timely. © 2010 Friends Science Publishers
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INTRODUCTION

Importance of wheat (Triticum aestivum L.) crop may
be understood from the fact that it covers about 42% of total
cropped area and 32% of total rice (Oryza sativa L.) area in
rice-wheat system in South Asia (Igbal et al., 2002).

Uniform stand establishment and early vigor are the
principal determinant of crop performance (Chivasa et al.,
1998). Amongst the factors limiting the uniform stand
establishment poor quality seed (Radford, 1983), poor
seedbed preparation (Joshi, 1987), low moisture (Harris,
1996), conventional sowing (Radford, 1983), late sowing
and sub-optimum temperature at sowing (Farooq et al.,
2008) are more important in our region. Late planting
affects the growth, yield and quality of wheat, because early
sowing produces higher yields than late sowing due to
longer duration. Each day delay in sowing of wheat after
20™ November onward in decreases grain yield at the rate of
36 kg ha™ day” (Hussain et al., 1998).

Temperatures below or above normal alter plant
functions and productivity. In late planted wheat, low
temperature prevailing during germination substantially
affects the germination and seedling emergence.
Germination is a critical process, as temperature below
12°C result in poor and uneven emergence (Timmermans et
al., 2007). Therefore, the rate of emergence and final

emergence percentage are important factors in determine the
crop potential in various temperature of wheat production
cropping systems. In late planting season, temperature of
soil can be expected to be below 10°C, which affects the
seed germination and stand establishment. Poor crop
establishment results in few tillers and finally decreased
grain yield (Farooq et al., 2008). Short period of high
temperature stress i.e., > 35°C at reproductive stage can
decrease the grain weight (Wardlaw & Wrigley, 1994),
reduced the grain quality in wheat (Randall & Moss, 1990;
Savin et al., 1996).

Late planting results in poor tillering, reduces the
tillering period and more chances of winter injury (Byerlee
et al., 1984; Joshi et al., 1992). Generally wheat like other
cool season crop is seeded early to take maximum period for
growth and development toward maturity before the
(possible) heat stress. However, mid-season seeding of
winter wheat for any locality is usually most favorable,
whereas late sown wheat suffers more winter injury, which
produces fewer tillers and may ripen in lower grain weight
and number of grains per plant (Razzaq et al., 1986).

The genotypic response of wheat to planting dates
varies for yield contributing characters due to different
genetic potential. The decline becomes prominent in the
cultivars requiring more days for heading under normal
planting. Increase in temperature cause shortens of heading

To cite this paper: Sattar, A., M.A. Cheema, M. Farooq, M.A. Wahid, A. Wahid and B.H. Babar, 2010. Evaluating the performance of wheat varieties under

late sown conditions. Int. J. Agric. Biol., 12: 561-565



SATTAR et al. / Int. J. Agric. Biol., Vol. 12, No. 4, 2010

period (Tashiro & Wardlaw, 1999). Similarly, cultivars
matured earlier when planted late, indicating the forced
maturity due to high temperature. When optimum condition
was provided by the wheat cultivar, grain filling period was
higher as compared to late sown condition under high
temperature stress at maturity.

Many high yielding wheat cultivars had been
suggested for general cultivation in the past. These cultivars
are losing their yield potential owing to segregation and
climate change. Here the performance of newly evolved
cultivars was evaluated under late sowing condition to
identify the best-suited cultivar for late sowing.

MATERIALS AND METHODS

This experimental work was done at the Agronomic
Research Area, University of Agriculture Faisalabad (24°N
to 37°N 61°E to 76°E) asl = 3000 m during 2008-09 in
Randomized Complete Block Design (RCBD) in factorial
arrangements with four replicates. Soil was clay loam in
texture. Experiment was conducted to find out the
performance of five wheat cultivars (Namely, Lasani-2008,
Faisalabad-2008, Shafaq-2006, Sahar-2006 & Inglab-91)
under two sowing dates (November 10 (normal) and
December 10 (late)) at the agro-ecological condition of
Faisalabad, Pakistan. Experiment was laid out in the net plot
size was 7.5 m x 5.0 m. The crop was sown in 25 cm spaced
rows using single row hand drill with seed rate of 110 kg ha’
"on each sowing date. Fertilizer was applied @ 120-100 kg
NP ha™. All phosphorus and one third of the nitrogen was
applied as basal dose; Rest of the nitrogen was applied in
two equal splits each with first and second irrigation. The
crop was harvested on 13 April, 2009. Daily minimum and
maximum temperature was recorded during the growing
season of the crop (Fig. 1). Experiment was visited daily to
record the daily emergence count. Time to get 50%
emergence and mean emergence were calculated following
Farooq et al. (2005) and Ellis and Roberts (1981),
respectively.

From start of physiological maturity, growth traits
were examined five times during growth season at 15-days
interval; leaf area index (LAI) was calculated using the plant
samples taken from a randomly selected unit area of each

Fig. 1: Summary of meteorological data (2008-2009)
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plot. Leaves were removed and measured the leaf area. Leaf
area index (LAI) was calculated by taking the ratio of leaf
area to ground surface area. Crop growth rate (CGR) was
determined following Hunt (1978). Crop was harvested
when fully ripened to record data regarding agronomic and
yield related traits following standard procedure. Harvest
index (HI) was taken as a ratio between grain yield and
biological yield.

Data were statistically analyzed by using Fisher's
analysis of variance (ANOVA) and least significantly
difference (LSD) test at 5% probability level was applied to
compare the treatments’ means (Steel et al., 1997).

RESULTS

Various wheat cultivars showed difference among the
seedling emergence and stand establishment of wheat on
different sowing time (Table I). In the cultivars of wheat,
time to start emergence, time to 50% emergence (Esy) and
mean emergence time (MET) was reduced when planted on
Nov. 10. Minimum time to emergence and Es, were
recorded in Faisalabad-2008 that was statistically similar to
Inglab-91. Minimum MET was recorded in Inqlab-91.
Lasani-2008 and Sahar-2006 took maximum days for
emergence when planted on Dec. 10. Maximum Esy and
MET were recorded in Shafaq-2006 followed by the Sahar-
2006 when planted on Dec. 10 (Table I).

Wheat cultivars showed difference in plant height,
fertile tillers, spike length, spikelets per spike, grains per
spike, 1000-grain weight and grain yield on different
planting time (Table II). Maximum plant height, fertile
tillers and grain yield was recorded in Faisalabad-2008
when planted on Nov 10, while Inqlab-91 gave maximum
spike length, spikelets per spike, grains per spike and 1000-
grain weight that was at par with Faisalabad-2008 in case of
number of grains per spike and 1000 grain weight when
planted on Nov 10 (Table III). Minimum plant height, fertile
tillers, number of grains per spike and 1000 grain weight
were observed in Shafaq-2006 when sown on Dec 10.

Protein content was also influenced by planting time.
Maximum protein content was recorded in Inqlab-91 that
was similar to Faisalabad-2008 sown on Dec 10, whereas
Shafagq-2006 planted on Nov 10 gave minimum protein
content (Table III).

Similarly LAI was also affected by genotypes and
planting dates. Cultivar Inqlab-91 attained maximum LAI at
75 days after sowing (DAS) followed by Faisalabab-2008
when planted on Nov 10. Under late sown condition Inqlab-
91 produced maximum LAI at 75 DAS which was lower
than Nov planting (Fig. 2).

CGR was different among wheat cultivars on different
sowing time. Higher value of CGR were observed in
November planting (Fig. 3) in all cultivars. Maximum CGR
was recorded in Inqlab-91 followed by the Faisalabad-2008
under early planting whereas; minimum CGR was
produced by the Sahar-2006 under late planting.
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Table I: Effect of different sowing dates on seedling emergence and stand establishment of wheat cultivars

Cultivars Time to start emergence (days) 50 % emergence time (days) Mean emergence time (days)

10 Nov. 10 Dec. 10 Nov. 10 Dec. 10 Nov. 10 Dec.
Lasani-2008 6.00d 8.00 a 8.35f 935¢ 9.74¢ 10.75b
Faisalabad-2008 525e 6.75¢ 782¢g 9.16 de 9.86¢ 10.30 9¢
Shafaq-2006 7.00 be 7.25b 9.05¢e 10.10a 10.12d 1095 a
Sahar-2006 6.00d 8.00 a 8.26 f 9.67b 9.55f 10.70 b
Inqlab-91 550e 7.00 be 796 g 9.22 c¢d 920¢g 10.14d
Mean 5.95 7.40 8.29 9.49 9.69 10.58

Table II: Effect of different sowing dates on agronomic traits and yield components of wheat cultivars

Cultivars Plant height (cm) Fertile tillers (m?) Spike length (cm) No. of spikelets/spike No. of grains/spike
10 Nov. 10 Dec. 10 Nov. 10 Dec. 10 Nov. 10 Dec. 10 Nov. 10 Dec. 10 Nov. 10 Dec.
Lasani-2008 90.10b 8228c  389bc 354 de 10.75b 9.36¢ 18.75a 17.63cde  49.00bc  41.00d
Faisalabad-2008 94.87 a 79.55d  442a 414 ab 1037 ¢ 922¢ 17.75 bed 16.98 ef 5375ab  41.00d
Shafaq-2006 738le 7093 f 390 be 319f 10.11 cd 9.79d 16.70 f 17.08 def 42.25d 39.00d
Sahar-2006 88.64 b 8233¢c  396bc 368 cd 1020 ¢ 9.01e 18.62 ab 17.98 be 52.50ab  41.00d
Inglab-91 79.14d 79.03d  375cd 332 ef 1158 a 10.10cd  19.02a 17.88 be 5750 a 44.00 cd
Mean 86.30 78.82 398 357 10.60 9.49 18.13 17.20 51.00 41.10

Table I11: Effect of different sowing dates on agronomic traits and yield components of wheat cultivars

Cultivars 1000-grain weight (g)  Biological yield (t/ha) Grain yield (t/ha) Harvest index (%)  Protein contents (%0)
10 Nov. 10 Dec. 10 Nov. 10 Dec. 10 Nov. 10 Dec. 10 Nov. 10 Dec. 10 Nov. 10 Dec.
Lasani-2008 43.68 de 3841 f 12.38a 11.75a 438 be 3.80 cd 3535a 3234a 846 f 10.56 b
Faisalabad-2008 50.33b 4351 e 19.10a 14.03 a 595a 3.68 cde 31.15a 26.20 a 894 ¢ 10.71 ab
Shafaq-2006 4595 cd 3473 g 1350 a 10.88 a 3.68 cde 3.55 cde 2722a 32.64a 8.26f 1021 ¢
Sahar-2006 4245e 4194 ¢ 1725a 1335a 5.23 ab 323 de 30.29 a 24.16 a 9.05¢e 1051b
Inqlab-91 53.16 b 4734 ¢ 15.80 a 12.70 a 533a 4.10 be 30.70 a 22.05a 9.40d 1097 a
MEAN 47.11 41.18 15.60 12.54 491 341 32.38 27.38 8.82 10.59

Mean values sharing the same letter for a letter do not differ significantly (P = 0.05)

DISCUSSION

The early sowing resulted in better development of the
grains due to longer growing period. As timey planted
wheat had more time for the dry matter accumulation to
produce the higher grain yield (Spink et al., 2000; Shahzad
et al., 2002). The short growing season cultivars like Inqlab-
91 gave better grain yield in late sowing. These results
suggest that cultivars should be chosen to suit the seasonal
break, which may vary from November to December.
Under late sowing, early germination and seedling growth
are very important for better stand establishment of wheat
crop. Cultivar Inqlab-91and Faisalabad-2008 germinate
earlier, which reduced the time to start emergence and mean
emergence time and attained the good stand establishment
as compared with other cultivars. This might be due to the
ability to tolerate low temperature during the germination.
Benjamin (1990); Stewart et al. (1990) reported that low
temperature during the germination and early seedling has
detrimental effect on the crop establishment and
productivity.

Tillering starts after the completion of the germination
and reaches to the maximum at the end of the vegetative
growth stage. Maximum number of productive tillers
contributes to the highest yield. For late sown condition,
cultivar Faisalabad-2008 and Inqlab-91 produced more

number of productive tillers due to better germination and
stand establishment as compared to other cultivars those had
poor stand establishment. Poor emergence and stand
establishment result in fewer fertile tillers (Farooq et al.,
2008). The pattern of the tillering is affected by the sowing
dates due to change in temperature and contribution of
tillers to grain yield is maximum during the early planted
crop and decreased with delayed planting (Table II).

Under late sown condition, minimum LAI and CGR
was recorded in Sahar-2006, Lasani-2008 and Shafaq-2006,
which might be due to sub-optimum temperature during the
vegetative growth phase, as leaf development and dry
matter accumulation greatly depends on the prevailing
temperature (Warrington & Kanemasu, 1983). Thus in
response to an increase in temperature, the leaf area remains
too small to support the required growth of the seedling. In
addition the low temperature slows down the rate of leaf
initiation (Warrington & Kanemasu, 1983), which may
decrease the LAL

Under late planting, the cultivars showed the
significant difference for all yield and yield contributing
parameters. Cultivars Inqlab-91 and Faisalabad-2008
produced the maximum number of grain per spike, spike
length and 1000 grain weight, which might be due to more
production of dry matter and ability to tolerant heat stress
during the reproductive phase. Due to sensitivity to high
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Fig. 2: Effect of sowing dates and cultivars on leaf area
index of wheat
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Fig. 3: Effect of sowing dates and cultivars on crop
growth rate of wheat on two sowing dates Mean + SE
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temperature Sahar-2006, Shafaq-2006 and Lasani-2008
cultivars produced the low grain number and weight. High
temperature induces modifications in plants may be direct as
on existing physiological processes or indirect in changing
the pattern of development (Downton & Slatyer, 1972).
Low grain yield in late planting crop is resulted from
thermal stress, which causes by higher temperature (>
32°C), which prevailing during grain filling. High
temperature stretches the period of grain filling resulting in
reduced development of grain ultimately decreasing the
grain number and grain weight in wheat crop (Guilioni et
al., 2003). Both grain numbers and weight are susceptible to
the thermal stress, with increase in temperature the number
of grain per spike were reduced at maturity (Ferris et al.,
1998). Overall, it seems that reproductive phase (of wheat
crop) is hampered by heat stress, which then affects the
fertilization process leading to reduced crop yield.
Furthermore higher protein contents were recorded in
cultivars Inglab-91 and Faisalabad-2008 as compared to the
other cultivars might be due the more tolerance to high
temperature. Quality and physio-chemical characteristics of
the wheat flour and bread are also changed due to high
temperature stress during the grain filling peroid (Perrotta,
1998) with changes in protein content of the flour (Wardlaw
et al., 2002). The synthesis of heat shock protein i.e., late
embryogenesis abundant (LEA) protein in the wheat grain
increases the protein contents as a result of high temperature
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and is believed to have a protective role under environmental
stress in late planting wheat (Reynolds et al., 2001).

To summarize in timely sowing, cultivar Faisalabad-
2008 out-yielded other cultivars; whereas under late
planting cultivar Inqlab-91 performed better followed by the
Lasani-2008 and Faisalabad-2008.

REFERENCES

Benjamin, L.R., 1990. Variation in time of seedling emergence within
populations. Adv. Agron., 44: 1-24

Byerlee, D., A.D. Sheikh, M. Aslam and P.R. Hobbs, 1984. Wheat in the
Rice Based Farming System of the Punjab: Implication for Research
and Extension. Pakistan Agricultural Research Council, Islamabad

Chivasa, W., D. Harris, C. Chiduza, P. Nyamudeza and A.B. Mashingaidze,
1998. Agronomic practices, major crops and farmers’ perceptions of
the importance of good stand establishment in Musikavanhu
Communal Area, Zimbabwe. J. Appl. Sci. South Africa, 4: 9-25

Downton, J. and R.O. Slatyer, 1972. Temperature dependence of
photosynthesis in cotton. Plant Physiol., 50: 518-522

Ellis, R.A. and E.H. Roberts, 1981. The quantification of ageing and
survival in orthodox seeds. Seed Sci. Technol., 9: 373-409

Farooq, M., SM.A. Basra, H. Rehman and B.A. Saleem, 2008. Seed
priming enhancement the performance of late sown wheat by
improving chilling tolerance. J. Agron. Crop Sci., 194: 55-60

Farooq, M., SM.A. Basra, K. Hafeez and N. Ahmad, 2005. Thermal
hardening a new seed vigor enhancement tool in rice. J. Integr. Plant
Biol., 47: 187-193

Ferris, R., R.H. Ellis and T.R. Hadley, 1998. Effect of high temperature
stress at anthesis on grain yield and biomass of field grown crops of
wheat. Plant Cell Environ., 34: 67-78

Guilioni, L., J. Wery and J. Lecoeur, 2003. High temperature and water
deficit may reduce seed number in field pea purely by decreasing
plant growth rate. Funct. Plant Biol., 30: 1151-1164

Harris, D., 1996. The eftects of manure, genotype, seed priming, depth and
date of sowing on the emergence and early growth of Sorghum
bicolor L. Moench in semi-arid Botswana. Soil Till. Res., 40: 73—
88

Hunt, R., 1978. Plant Growth Analysis, Vol. 96, pp: 8-38. The institute of
biology’s studies in biology, Edward Arnlod (Publ.) Ltd

Hussain, A., M. Magsood, A. Ahmad, S. Aftab and Z. Ahmad, 1998. Effect
of irrigation during various development stages on yield, component
of yield and harvest index of different wheat cultivars. Pakistan J.
Agric. Sci., 34: 104-107

Igbal, M., M.A. Khan and M.Z. Anwar, 2002. Zero-tillage technology and
farm profits: a case study of wheat growers in the rice zone of
Punjab. Pakistan Dev. Rev., 41: 665-682

Joshi, N.L., 1987. Seedling emergence and yield of pearl millet on naturally
crusted soils in relation to sowing and cultural methods. Soil Till.
Res., 10: 103-112

Joshi, A.K., B. Rai and M.P. Sing, 1992. Technology for late sowing wheat
in eastern Uttar Perdesh. Indian Farm., 42: 15

Perrotta, C., A.S. Treglia, G. Mita, E. Giangrande, P. Rampino, G. Ronga,
G. Spano and N. Marmiroli, 1998. Analysis of mRNAs from
ripening wheat seeds: The effect of high temperature. J. Cer. Sci., 27:
127-132

Radford, B.J., 1983. Sowing techniques: effects on crop establishment. J.
Australian Inst. Agric. Sci., 7: 35-47

Randall, P.J. and H.J. Moss, 1990. Some effects of temperature regime
during grain filling on wheat quality. Australian J. Agric. Res., 41:
603-617

Razzaq, A., K. Zada and P. Shah, 1986. Effect of sowing dates and varieties
on yield and yield components of wheat in Peshawar valley. Sarhad
J. Agric., 2: 29-40

Reynolds, M.P., S. Nagarajan, M.A. Razzaque and O.A.A. Agreeb, 2001.
Heat tolerance. In: Ortiz-Monasterio, J.I. and A. Mc (eds.),
Application of Physiology in Wheat Breeding, pp: 124-135. Nab.,
CIMMYT, Mexico



WHEAT PERFORMANCE UNDER LATE SOW CONDITION / Int. J. Agric. Biol., Vol. 12, No. 4, 2010

Savin, R., P.J. Stone and M.E. Nicolas, 1996. Response of grain growth and
malting quality of barley to short periods of high temperature in field
studies using portable chambers. Australian J. Agric. Res., 47: 465—
477

Shahzad, K., J. Bakht, W.A. Shah, M. Shafi and N. Jabeen, 2002. Yield and
yield components of various wheat cultivars as affected by different
sowing dates. Asian J. Plant Sci., 1: 522-525

Spink, J.H., T. Semere, D.L. Sparkes, J.M. Whaley, M.J. Foulkers, R.W.
Clare and R.K. Scott, 2000. Effect of sowing date on plant density of
winter wheat. Annl. Appl. Biol., 137: 179-188

Steel, R.G.D. and J.H. Torrie, 1997. Principles and Procedures of Statistics:
A Biomaterical Approach, pp: 187-188. McGraw Hill Company,
New York

Stewart, C.R., B.A. Martin, L. Reding and S. Cenvick, 1990. Seedling
growth, mitochondrial characteristics and alternative respiratory
capacity of corn genotypes differing in cold tolerance. Plant Physiol.,
92:761-766

565

Tashiro, T. and L.F. Wardlaw, 1999. The response to high temperature shock
and humidity changes prior to and during the early stages of grain
development in wheat. Australian J. Plant Physiol., 17: 551-561

Timmermans, B.G.H., J. Vos, J.V. Nieuwburg, T.J. Stomph, P.E.L. Putten
and L.P.G. Molendijk, 2007. Field performance of Solanum
sisymbriifolium, a trap crop for potato cyst nematodes. I. Dry matter
accumulation in relation to sowing time, location, season and plant
density. Annl. Appl. Biol., 150: 89-97

Wardlaw, LF. and C.W. Wrigley, 1994. Heat tolerance in temperate cereals.
An overview. Australian J. Plant Physiol., 21: 695-703

Wardlaw, LF., C. Blumenthal, O. Larroque and C.W. Wrigley, 2002.
Contrasting effects of chronic heat stress and heat shock on kernel
weight and flour quality in wheat. Funct. Plant Biol., 29: 25-34

Warrington, 1J. and E.T. Kanemasu, 1983. Corn growth response to
temperature and photoperiod II. Leaf-initiation and leaf-appearance
rates. Agron. J., 75: 755-761

(Received 10 April 2010; Accepted 01 May 2010)



