CHAPTER I

INTRODUCTION

Food security is facing new challenges due to increasing the world population and the impacts of climate change on agriculture and food supply now-a-days. An enormous increase in food production is necessary to supply sufficient food for a rapid growing world population. FAO (2013) states that the further increment in population will create inadequate food consumption levels, pressuring for further increase of food supplies. Therefore, to feed the rapidly growing population of the world, food production should be heightened.

Wheat (Triticum aestivum) is one of the leading cereals in the world. It belongs to the botanical sub-tribe Triticeae, tribe triticeae (Hordeae) under the family of poaceae (Gramineae) (Briggle and Reitz,1963).Wheat (Triticum aestivum L.) is a staple food for more than 35% of the world’s population, and a source of food and livelihood for over one billion people in developing countries (Metwali et al., 2011). According to USDA (2014) one cup whole wheat grain contains 33% protein, 29% carbohydrate, 5% fat and currently about 65% of wheat crop is used for food 17% of animal feed and 12% in industrial applications.  Wheat has a prominent position among cereals. It is high source of protein, good source of fibre and good in manganese and magnesium in unrefined state. Its area and productivity is increasing rapidly across the globe, due to its wider adaptability and sustainability under diverse agro climatic conditions (Kumar et al., 2014). Wheat grain is used to make flour, breads, biscuits, cakes, cookies, pasta, noodles and also for beer, other alcoholic beverages or biofuel (Knott et al., 2009). Using statistical methods, Lesk et al. (2016) recently demonstrated that losses of production of 9–10% of cereal crops are caused by drought and extreme weather. FAO estimated that the world would require additional 198 million tonnes of wheat by 2050 to accomplish the future demands, for which wheat production need to be increased by 77% in the developing countries (Sharma et al., 2015). However, temperature anomaly distribution is changing toward higher temperatures and the anomalies are increased (Hansen et al., 2012). Such a situation over the crop growing season has already been reported to reduce wheat productivity in the many regions of the world (Fontana et al. 2015; Mueller et al., 2015). It is recognized that almost 50% of wheat cultivated land in the developing world is under rainfed condition (Reynolds et al., 2014). The release of heat tolerant wheat variety is demand of time in Bangladesh due to global warming or climate change. Optimum time of wheat seeding is 15 to 30 November in our country but it can delay up to 7 December in Northern part of Bangladesh due to cool weather compared as that of other parts of the country.  Abiotic stresses are serious problem in many parts of the world especially for rainfed agriculture in circumstances of rapid change in climatic conditions. Among prevailing abiotic stresses, drought and heat are the most significant and severe factors inhibiting plant growth and production (Naeem et al., 2015). Wheat yields are reduced 57% from their potential because of drought spell on at least 60 million hectare in the developing world (Hlavinka et al., 2009). Water stress at all stages of plant growth affects the grain yield, but when it takes place in critical stages of growth, grain yield is sharply decreased (Subhani, 2012, Hanif et al., 2013, Zamurrad et al., 2013). KulKarni et al. (2008) reported that crop yield is reduced by 70-80% due to a drought spell during the reproductive stage. Global climate models predict an increase in mean ambient temperatures of between 1.1-6.4ºC from 2071 to 2100 (Barrow and Hulme, 1996; IPCC, 2007). The climate change is projected to high temperatures and drought, to climate variability, and to reduced water availability, hydropower potential, and crop productivity (Semenov, 2007; Semenov and Halford, 2009). Heat stress due to increased temperature is now an agricultural problem in many areas of the world. Many studies have reported that high temperatures cause an array of morpho-anatomical, physiological, biochemical, molecular and cellular changes in plants (Wahid et al., 2007; Barnabás et al., 2008; Almeselmani et al., 2012). There is an increasing evidence on the significant negative effects of heat stress on yield and yield components during the generative phases (Farooq et al., 2011; Semenov and Shewry, 2011; Balla et al., 2012). Elevated temperature induces pollen sterility and seed abortion, resulting in lower seed weight, and also significantly affects flour yield and dough quality (Hays et al., 2007; Altenbach, 2012). High temperature accelerates flowering and grain maturity, which is paralleled by reduced crop height, leaf growth and number of tillers per plant (Rahman et al., 2009; Zhang et al., 2010). Yield loss or less productivity due to heat and drought is now a new insight into the effects of drought and heat stress, especially post-anthesis grain development of wheat. Therefore, it has now become important to evaluate the new high yielding wheat varieties, tolerant to the severe climatic conditions peculiar to drought and heat stress. There are various factors, which are responsible for low yield of wheat crop in the country but among these sowing time and varietal selection are of primary importance. Wheat is the main crop of winter season and it has its own definite requirements for temperature and light for emergence, growth and flowering (Dabre et al., 1993).  

Selection of suitable crop varieties according to the agro-climatic conditions may play crucial role in realizing the optimum production of any crop commodity (Singh et al., 2008). Delay in sowing results in poor tillering and crop growth is generally slow due to low temperature. In late planting the wheat variety should be of short duration that may escape from high temperature at the grain filling stage (Phadnawis and Saini, 1992). Late sowing results in reduction of yield contributing characters like number of tillers and number of grains per spike (Ansary et al., 1989). Efficient and purposeful utilization of water is, therefore, important under water shortage conditions. Different responses of wheat genotypes to moisture stress are well documented (Ashraf et al., 1998). Hence there is a need for selection of such wheat varieties which could mature and produce better yield with limited supply of water.Yield loss or less productivity due to heat and drought is now a new insight into the effects of drought and heat stress, especially post-anthesis grain development of wheat. Therefore, it has now become important to evaluate the new high yielding wheat varieties, tolerant to the severe climatic conditions peculiar to drought and heat stress.  The release of new varieties is a continuous process and different varieties perform differently under different sowing condition. Through applying irrigation and maintain optimum sowing time overcome the drought and heat stress on wheat. Considering the above facts the present study has undertaken with the following objectives:

i) To evaluate the effects of drought stress on growth, physiology and yield of different advanced lines of wheat.

ii) To observe terminal heat stress effects (under late sowing) on growth, physiology and yield of different advanced lines of wheat.

iii) To find out the interaction effect of various irrigation levels for minimizing the effect of drought and heat stresses on the production of wheat crop.
iv) To evaluate the performances of various advanced lines under different growing conditions are compared to newly released variety, BARI Gom32.

CHAPTER II

 REVIEW OF LITERATURE

The IPCC 2007) noticed that global climate change have a major impact on crop production. CIMMYT-ICARDA (2011) estimated   that 20-30% of wheat yield losses will occur by 2050 in developing countries as a result of an assumed temperature increase of 2-30 c on a global scale. The Organization for Economic Cooperation and Development (OECD, 2003) estimated a rise in temperature of 140 c by 2050 and 2.40 c by 2100 in Bangladesh. It is assumed that by the year 2025, around 1.8 billion people will face absolute water shortage and 65% of the world’s population will live under water-stressed environments. Tolerance to water stress is a complicated parameter in which crops’ performance can be influenced by several characteristics (J. Ingram and D. Bartels, 1996). Drought stress has a considerable impact on plant growth, although the ranges of reductions are highly variable due to differences in the timing and intensity of the stress imposed and cultivar used. As well as heat stress effects on physiological, biochemical, growth and development and yield reduction in wheat. Therefore, to know how drought and heat stresses affect on the growth and yield of wheat and identification of suitable varieties is an important step to resolve this threat to crop production and to achieve high yield even under drought and heat stresses. An attempt has been made in this chapter to present a brief review on research approaches in relation to the phenology, physiology, growth, yields and yield contributing characters of wheat as influenced by optimum sowing condition, late sowing condition, irrigation and drought. 

2.1 Effect of temperature stress on phenology of wheat genotype during optimum and late sowing condition

Munsif et al. (2015) conducted a field experiment at the Research Farm of the University of Agriculture, Peshawar to evaluate the effect of high temperature on phenological development  and yield of dual purpose wheat cultivars sown on various planting dates from early to normal viz., 15th, 30th October and 14th November and were given cut after 70 days of sowing. They observed that the days to booting, heading, anthesis and physiological maturity were significantly affected by sowing dates, cultivars and cutting treatments. Booting, heading, anthesis and maturity were significantly delayed in cutting as compared to non-cut plots. It is concluded that early sowing on mid October had prolonged phenological traits and higher yield of wheat with long stature plants than later sowing (15th November).

Khavse et al. (2015) conducted a field experiment at Indira Gandhi Agriculture University, Raipur, India to study the effect of high temperature on phenology, accumulated growing degree days, photo thermal unit helio thermal unit, heat use efficiency, radiation use efficiency and performance of wheat varieties grown under five date of sowing viz., 25 November, 5 December, 15 December, 25 December and 5 January. It was reported that the duration of different phenological events started decreasing right from tillering and continued in all the stages as the sowing was delayed after 25 November. The decrease in duration at these stages varied differently for different varieties.

Alam et al. (2013) conducted a field experiment at WRC, BARI, Dinajpur, Bangladesh during to study the effect of temperature stress due to using varying sowing dates viz., 30 Nov, 15 Dec, 30 Dec & 14 Jan on phenology of four wheat genotypes viz. BARI Gom26, BAW 1051, BAW 1120 and BAW 1141. They revealed that the genotypes faced higher temperature from 19.3 to 26.80C since 28 November, 2012 to 09 April, 2013 due to late seeding conditions which reduced the duration of booting, heading, anthesis and physiological maturity stages resulting of decreasing the yield of different genotypes.

Al-Karaki (2012) conducted an experiment during the 2008/2009 in a semiarid location, in Maru, Northern Jordan to study the effect of high-temperature stress on phonological development and yield relationships in durum wheat cultivars sown under semi-arid environment. It was observed that grain yield was negatively correlated with growing degree days (GDDs) to maturity, while positively correlated with GDD to heading. Increasing GDD to heading resulted in higher grain yield, while increasing grain ﬁll duration had little effect. Rapid grain ﬁll rate was positively correlated with grain weight and negatively correlated with grain ﬁll duration.

Ram et al. (2012) carried out an experiment and they observed that date of sowing had significant difference in days taken to heading and maturity. The crop sown on November 5 took significantly higher number of days to earing than one earlier and later five dates of sowing. However, October 25 date of sowing took significantly more days for maturity than later dates of sowing. The late sown crop completed its life cycle at an accelerated pace, leading to shortening of days taken to heading and maturity.

Laghar et al. (2012) conducted an experiment at Nuclear Institute of Agriculture (NIA), Pakistan to study the effect of heat stress on developmental stages of twenty advanced wheat genotypes on three different sowing dates on October 28th (Early), 21 November (Normal as per previous recommendation) and 1st January (late sowing). They studied that significant difference was observed for heading date of wheat genotypes at various planting times. Mean heading time of wheat genotypes was significantly (p<0.05) reduced (60.4 days) at late sowing (SD-3) as compared to normal 67.1 and early sowing (69.4). Maturity period of wheat genotypes showed significant reduction with late sowing. The mean maturity time of wheat genotypes at early (28th October) sowing was higher (121.8 days), whereas it was linearly and significantly (p<0.05) reduced (116.3 days) at normal sowing (21st November) followed by late (01st January) sowing (104 days).

Hakim et al. (2012a) conducted an experiment and they observed the highest reduction in days to heading (DH) (14 and 19%) in the variety Shatabdi under LSD and VLSD, respectively. Days to maturity (DM) reduced with the delaying of sowings and the highest reduction (9.91 and 15.2%) of DM was recorded in E-69 while the minimum reduction (4.5 and 10.2%) in the genotypes E-72 under LSD and VLSD, respectively.

Hossain et al. (2012b) conducted an experiment in a research field of the Caspian Scientific Research Institute of Arid Agriculture (CSRIAA), Salt Zaymische, Chernoyarsky District, Astrakhan Region, Russia, during the period of April to July, 2011 to study the effect of temperature stress on phenology of four spring barley and two spring wheat genotypes under two stress (early and late) conditions. It was reported that high temperature due late sown followed by deficit soil moisture affected all stages from germination to reproduction, finally reduced yield. On the other hand, low temperature due to early sown significantly influenced the germination and stand establishment of crops resulting lower grain yield.

Hosssain et al. (2012c) conducted an experiment it was concluded that heat stress significantly affected phonological stages. Due to heat stress the highest yield reduction observed (46%) was in Sourav followed by in Sufi (43%) and the lowest reduction (27%) was in Shatabdi followed by Bijoy (32%). Hossain et al. (2012d) conducted a field experiment at Wheat Research Center (WRC), Dinajpur, Bangladesh to see the effect of heat stress on phenology of three wheat varieties of Gourab, BARI Gom25 and BARI Gom26 under two sowing conditions: optimum sown (OS) (sown on November 15) and late sown (LS) heat stress condition (sown on December 27). They reported that LS heat stress significantly reduced the plant life cycle over OS. The days of booting stages were reduced by 14% in BARI Gom26 and by 4% in BARI Gom25 due to LS. Under high temperature stress, the required days to first visible awn reduced by 14% in BARI Gom26 and by 8% in BARI Gom25. The highest reduction (25%) due to heat stress for required days to heading was recorded in BARI Gom26 and lowest (14%) in Gourab. In LS, all the three varieties showed a reduced life span to complete anthesis due to heat stress.

Hossain et al. (2011) conducted a field experiment at the research farm of WRC, Dinajpur, Bangladesh to investigate the effect of high temperature on developmental stages of eight modern wheat varieties viz., Sourav, Gourab, Shatabdi, Sufi, Bijoy, Prodip, BARI Gom25 and BARI Gom26 on eight sowing times viz., 8 Nov., 15 Nov., 22 Nov., 29 Nov., 6 Dec., 13 Dec., 20 Dec. and 27 Dec. It was claimed that days to physiological maturity decreased significantly from early to late sowing. The varieties sown on 8 November need maximum days for physiological maturity as compared to late sowing condition (27 December).  

Amgain (2011) conducted an experiment at the Agronomy Department of Rampur Campus, Nepal to study the effect of high temperature on phenology of four maize genotypes under grown on three seeding dates of September 1, October 1 and November 1 in 2009. He investigated that the number of days required to attain different phenological stages were short for the early winter and gradually long for late winter plantings. The heat use efficiency (HUE) was found to be higher under normal planting as compared to the late plantings. Popular maize variety ‘Rampur Composite’ was found to be the most suitable to produce stable HUE than the other varieties tested.

Chakrabarti et al. (2011) conducted an experiment in the farm of Indian Agricultural Research Institute (IARI) to investigate the effect of temperature on phenology of wheat varieties viz., HD 2851, PBW 343, HDR 7, HD 2936, and HI 849 on seven sowing dates viz., 7-Oct, 21-Oct, 7-Nov, 25-Nov, 7-Dec, 27-Dec, and 7-Jan. They reported that phenology of wheat crop was significantly affected by late sown induced high temperature. The varieties sown during the month of October took more time to reach the anthesis stage than varieties sown in November and the varieties sown in late during December and January reduced the days to anthesis. Crops sown in later dates (7th & 27th December and 7th January) reached anthesis stage earlier with lesser thermal time. Days to maturity were 42 and 47 days earlier in January sown aestivum and durum wheat as compared to 7th October sown crop.

Nahar et al. (2010) conducted an experiment at the experimental field of Sher-e-Bangla Agricultural University, Dhaka, Bangladesh during November, 2008 to April, 2009 to study the effect of high temperature on phenology of BARI released modern varieties viz., Sourav, Pradip, Sufi, Shatabdi and Bijoy on two sowing conditions viz., one is normal growing environment (sowing at Nov. 30) and the other is post anthesis heat stressed environment (sowing at 30 Dec.). It was reported that the varieties phased a significant level of high temperature stress due to late seeding that also significantly affected the required days to germination, booting, anthesis, maturity of all varieties including the yield as compared to normal sowing treatment. Due to high temperature stress days to booting reduced by 3, 2.88, 14.71, 9.79, 12.65 % in Sourav, Pradip, Sufi, Shatabdi, Bijoy, and the days to anthesis reduced by 11.59, 10.83, 12.95, 11.83 and 12.74% in Sourav, Pradip, Sufi, Shatabdi and Bijoy, respectively. The days to maturity also reduced by 15.61% in Sourav, 14.24% in Pradip, 15.13% in Sufi, 13.26% in Shatabdi and 8.8% in Bijoy at late sown induced high temperature stress condition. Rahman et al. (2009) conducted a field experiment in research farm of WRC, Dinajpur, Bangladesh, during wheat season of 2003-04 with 10 wheat genotypes viz., ‘Gen/3/Gov’, ‘PB 81/PVN’, ‘Fang 60’, ‘Kanchan’, ‘Sari 82’, ‘HI 977’, ‘HAR 424’, ‘PF 70354’, ‘Opata’ and ‘Fyn/Pvn’ on two sowing dates optimum sowing viz., November 17 and late sowing viz., December 21 to investigate the effect of high temperature on phenology, grain filling period. They reported that reduction in the number of days to anthesis, maturity as well as grain filling period due to late sowing over normal sowing were 8.90, 12.80 and 20.10%, respectively. The genotype ‘Gen/3/Gov’ seemed to be the best entry for late planting with reasonably more growth periods and high yield.

 Sikder et al. (2009) conducted an experiment at the research farm of HSTU, Dinajpur during 2006-07 to study the effect of high temperature on phenology of wheat cultivars viz., Gourab, Sourav, Kanchan and Shatabdi (as heat tolerant), and Sonora and Kalyansona (as heat sensitive) sown on November 30 and December 30. They reported that for all the phenological stages plants of normal sowing condition needed higher heat units than the late sowing condition. At the earlier phenological stages phenothermal indices decreased with late sowing compared to normal sowing but increased at the later stages.

Haider et al. (2003) carried out a field experiment at University of Rajshahi, Bangladesh to investigate the effect of high temperature on phenology and accumulated hit units on four genotypes on two sowing dates viz., 25th November and 15th December. They reported that the late sown plants had significantly shorter phonological stages and lower growing degree of days than the early sown plants in all the four cultivars.

One degree rise in average temperature during reproductive phase can cause severe yield loss in wheat (Bennett et al., 2012; Yu et al., 2014). Day and night temperature around 300 and 25°C, respectively, may have severe effects on leaf development and productive tiller formation in wheat (Rahman et al., 2009). Increase in temperature of 1–2°C reduces seed mass by accelerating seed growth rate and by shortening the grain-filling periods in wheat (Nahar et al., 2010). Wheat is a winter cereal and a relatively narrow temperature range from 120 to 200 is considered optimum for its reproductive development (Farooq et al., 2011; Al-Khatib and Paulsen, 1999).Therefore, temperature higher than the optimum can induce heat stress, which affects crop growth and productivity (Wahid et al, 2007; Farooq et al., 2011).Wheat plants can be affected by heat stress at any development stage (Cossani and Reynolds, 2012).

Temperature is a modifying factor for all stages of wheat development including germination, tillering, booting, ear emergence, anthesis and maturity since it can influence the rate of water supply, nutrients uptake and other substances necessary for growth which varies variety and phenological stages (Wahid et al., 2007). The period immediately around flowering is especially sensitive to heat stress (31-400c), as this can influence floral fertility, grain number and weight, and grain yield (Moffatt et al., 1990; Ferris et al., 1998; Calderini et al., 1999b; Wollenweber et al., 2003). There are yield penalties associated with both chronically high temperatures (mean temperature between 18-250c during growth cycle and day temperature up to 320c during grain filling) as well as heat shock at mid or late reproductive stage of wheat and grain filling where temperature is >32°C (Wardlaw and Wingley, 1994).

Exposure to high temperature can cause considerable morpho-physiological damage, which hastens leaf senescence (Wang et al., 2011), reduces photosynthesis (Ristic et al., 2007) and pollen viability (Saini and Aspinall, 1982), and also reduces starch biosynthesis (Zhao et al., 2008) and water soluble carbohydrates (WSC) reserves (Wang et al., 2012)  and shorten the grain filling period (Dias et al., 2009). Elevated temperature between anthesis  to maturity,  affects grain yield of wheat due to shortening of grain filling period to accumulate current or reserve photosynthesis as compared to normal conditions. Photo assimilation is more likely to be yield–limiting under stress than in temperature environments, especially as stress typically intensifies during grain filling , when demand for assimilates is greater (Farooq et al., 2011).

Temperature is modifying factor in all stages of wheat development including germination, tillering, booting ,ear emergence, anthesis and maturity since it can influence the rate of water supply and other substances necessary for growth , varies with plant species ,variety and phonological stages (Wahid et al., 2007)

Kokic et al. (2005) predicted a decline in wheat yield (>15%) due to warmer and drier conditions in the southern and western regions of Australia with the greatest yield losses in the western regions. As a consequence of climate change  in the Indo-Genetic plains, 51% of its area might be reclassified heat-stress prone mega- environment 1(ME 1) by 2050 instead of favourable and high yield potential ME 1, which represents 15% of global wheat production (Ortiz et al., 2008). It has been reported that the global daily mean temperatures have significantly increased from 1950 to 1990 (Easterling et al., 1997), which had been above normal during several winter crop cycles over the past 15 years (from 1991 to 2005), which contributed to the reduction in potential wheat yield expression (Ortiz et al., 2008).
2.2 Effect of temperature on growth of wheat Genotype during optimum and late sowing condition

Mumtaz et al. (2015) conducted two year field experiments  at the Research Area of Agronomic Research Station, Bahawalpur, Pakistan, in which six selected genotypes (V1-Aari-11, V2-Aas-11, V3-Meraj-08, V4-Millat-11, V5-Punjab-11, V6-Seher-06) were sown at six different sowing date with 10 days intervals during winter season to evaluate the effect of sowing dates on yield of selected wheat genotype and found that wheat sown on 11th November performed better with respect to  number of tillers m-2, than that late sowing of wheat caused reduction in these attributes. Sing (2015) observed that the normal date of sowing (Nov. 22) enhanced significantly the biomass yield of wheat over late (Dec. 30) and very late (Jan. 11) sowing.

Upadhyay et al. (2015) stated that the effective numbers of tillers were significantly superior for the crop sown on 20th November followed by 10th December sowing, whereas number of tillers was significantly lowest for the crop sown on 30th October. Effective number of tillers decreased with early and delayed sowings.

Jat et al. (2013) showed that dry-matter accumulation is higher in 20th November sowing and minimum in 23th December sowing. Hossain et al. (2013) conducted a field experiment in the field of Wheat Research Center (WRC), Dinajpur, Bangladesh during November to April 2007-08 and 2008-09. Eight spring wheat cultivars were evaluated under three heat stress conditions (early, late and very late). They reported that that stress did not negatively affect flag leaf area in ‘Prodip’ and ‘Sufi’, flag leaf dry matter partitioning in ‘Prodip’, ‘BARI Gom26’ and ‘Shatabdi’; above-ground dry matter partitioning in ‘Shatabdi’ and ‘BARI Gom26’; seedling emergence in ‘Sufi’ and ‘BARI Gom-26’; tiller production in ‘Sufi’ and ‘BARI Gom26’.

Hosssain et al. (2012a) observed that early sowing produced the highest number of productive tiller plant-1 than late sowing. Plant population is an important growth parameter to get maximum yield. It is fully depending on seed rate, genotypes, percent germination and environmental condition (Hossain et al., 2012b, 2013). Seed germination is one of the most important phases effecting yield and quality in crop production (Almansouri et al., 2001). Further, the interaction between seedbed environment and seed quality plays an important role in the establishment of a crop (Khajeh-Hosseini et al., 2003). Al-Karaki et al. (2007) and Hossain et al. (2012a) stated that the combined effect of high air temperature (27-33°C) and water stress (-3 to -0.9 MPa) was most critical to reducing germination rate and percentage than individual stressor effects. Water shortage in soil postpones and reduces seed germination, causes unequal seedling emergence, and results in variation in the number of plants/unit area, ultimately decreasing seed yield and quality (Hampson and Simpson, 1990).

Wheat tillers grow from the axils of the main shoot leaves. The potential number of tillers varies from variety to variety and depends on environmental conditions (Hossain et al., 2012). Samre et al. (1989) identified that maximum number of tillers m-2 (92.0), when the crop was sown on 5th November on loamy sand soil of Punjab. Similarly, 15th November crop sown recorded highest average tiller numbers plant-1 (2.0) in Akola (Patil et al., 2001).

Tahir et al. (2009) reported that the crop sown on 1st December produced more number of fertile tillers m-2 (327.66), while significantly minimum number of fertile tillers m-2 (189.55) was obtained when crop was sown on December 30. Wazid et al. (2004) reported that the average number of tillers m-2 was 320, 316 and 255 in 10 Nov., 25 Nov. and 10 Dec. sowings, respectively. Suieiman et al. (2014) reported that optimum sowing increased (141) productive tillers m-2 than late sowing (121). Anowar et al. (2007) stated that the early sowing recorded more tillers m-2 than late sowing.

Yadav and Raghuvamshi (2006 & 2007b) noticed higher plant stand m-2 (122.6) with crop sown in 1st week of December as compared to planting in the 1st week of January (111.9) on clay loam soil of Madhya Pradesh. Sowing on 1st November resulted in the highest mean seedling emergence m-2 (179.3) in Peshawar, Pakistan (Shah et al., 2006). Mohammad et al. (2007) reported that tillers m-2 ranged from 387 (CT-8) to 581 tillers (CT-7) for normal sowing and 223 (CT-14) to 414 tillers (CT-7) for late sowing. Shah et al. (2006) observed that the highest number of 292.67 productive tiller m-2 were produced when crop sown on 1st November which was at par with 16th November sowing (282) while lowest number of 31.25 productive tiller m-2.
Kumar et al. (2005) reported significantly higher dry matter production was recorded from crop sown on 15th November (35.4 g m-2) as compared to that of 30th November and 15th December sowings. Wazid et al. (2004) reported that early sowing (1 November) Increased  plant population from 200 to 300 plant m-2 and 400 plant m-2 than late sowing( 25th December). Hossain et al. (2012c) observed that the plant population m-2 of all genotypes was higher in early sowing followed by optimum and late sowing, due to the available soil moisture at the time. He also reported that from early to late sowing reducing plant population m-2 (decreased by 12–70%). Mumtaz (2015) reported that wheat sown on 11th November showed maximum average germination m-2 (207.50) than crop sown on 21st December sowing (186).

Singh and Pal (2003) reported that delay in sowing by one month and two months from normal date of sowing (25th November) reduced the number of tillers plant-1 by 0 and 18% respectively at Indian Agriculture Research Institute, New Delhi. Hameed et al. (2003) conducted an experiment at Malakandar Research Farms NWFP Agricultural University Peshwar, Pakistan to study the effect of planting dates of wheat variety Fakhare Sarhad in three sowing time namely 25th October, 10th November and 25th November and concluded that tillers m-2 was significantly affected by different planting dates significantly. They also observed that early sowing (25th October) had significantly maximum tillers m-2. Subhani (2010) showed that tillers m-2 less reduction (15.38%) under late planting conditions (January).

Kulhari et al. (2003) reported that biological yield was found to be maximum (96.61q ha-1) in crop sown on 1st November and minimum (82.7 q ha-1) in 1st December sown crop on sandy loam soil of Jaipur, India. Shivani et al. (2003) stated that dry matter accumulation decreased with delay in sowing from timely (21st November) to very late (7th January) on sandy loam soil of Jharkhand, India. Sharma et al. (2000) recorded more dry matter in 25th November sown crop as compared to 25th December sown crop (84.3 q ha-1) at Hisar, Haryana. In wheat irrespective of wheat cultivars, maximum dry weight was observed under normal sown conditions when compared to that of late sown condition at Indian Agriculture Research Institute, New Delhi (Gupta et al., 2002).

2.3 Effect of temperature on yield and yield attributes of wheat genotype during optimum and late sowing condition

Bendidi et al. (2016) conducted an experiment  to determine the effects of sowing date on the growth and yield of different bread wheat genotypes in two locations of Morocco (the plain of Sais; Douyet and the Atlas Montaigne; Annoceur).  The chosen dates were: 1st and 15th November in Douyet; 1st and 15th December in Annoceur and three bread wheat varieties (Achtar, Mehdia and Arrehane). Results revealed that seedlings in 1st November in the Sais region and 1st December in the Atlas Montaigne increased grain yield for 11.15% compared to seasonal sowing, and any delay in bread wheat sowing might reduce wheat yield. Joshi et al. (2016) reported that late season heat stress due to late sowing decreased 1000-grain weight and grain yield by 67.3 and 47%, respectively.

Gupta et al. (2015) showed a considerable reduction in yield and yield components in heat stressed wheat plants, however, heat tolerant genotypes such as RAJ 4083 and RAJ 4037 could maintain higher yield by maintaining relatively higher grain weight and grain number. Singh and Uma (2015) conducted an experiment at College Research Farm, Bichpuri, Agra with seven wheat genotypes namely DBW 88 (G1), DBW 17 (G2), SD2967 (G3), BPW 621-50 (G4), HD 3086 (G5),WH 1105 (G6) and PBW 550 (G) sown on three dates of sowing i.e., normal (22nd Nov.), late (30th Dec.) and very late (11th Jan.) and noticed that the normal date of sowing (Nov. 22) enhanced significantly the grain and straw yield of wheat over late (Dec. 30) and very late (Jan.11)sowing dates.

Mumtaz et al. (2015) showed that wheat should be sown from 11th November to 21st November to get high production. Upadhyay et al. (2015) conducted an experiment to quantify the performance and variability for yield and yield contributing characters of wheat against different sowing dates (30th October, 20th November and 10th December) under rainfed conditions at Ranichauri Campus, V.C.S.G. Uttarakhand University of Horticulture and Forestry, Bharsar with three  wheat varieties viz.,VL-616 (V1), UP-1109 (V2) and UP-2572 (V3) and concluded that November sown variety UP-2572 was found to be superior over UP-1109 and VL-616 for all yield and yield attributing characters of wheat in mid hill region during the study period.

An experiment was conducted by Khavse et al. (2015) to study phenology growth and yield of wheat in relation to agro-meteorological indices under different sowing dates. They reported that the crop was on 25 November took maximum calendar days. Growing degree days, photo thermal unit, helio-thermal unit to attend different phonological stages till maturity, which reduce significantly with subsequent delay in sowing times. The grain yield recorded in 5th December was statically at par with 15 December. The significant reduction in grain yield of timely sown varieties was recorded when sowing was delayed beyond 5th January. Among the varieties higher grain yield of 2807 kg/ha was recorded in varieties Kanchan, which was significant superior over Sujata (2486 kg/ha), GW273 (2447kg/ha) and Amar (2310 kg/ha) among the varieties Amar took highest calendar days growing degree days, photo thermal unit, helio thermal unit to reach the maturity. The variety Kanchan recorded the highest grain yield at 05th December sowing as compared to all other sowing date.

Upadhyay et al. (2015) highest straw yield (2455 kg/ha) was recorded in October sown and least in December sown crop (2312 kg/ha). Higher harvest index (37.25) was obtained from early sowing (20th November) than late sowing 20th December (33.09). Song et al. (2015) observed a significant reduction in the rate of grain filling in wheat cultivars at day/night temperature of 32/22°C when compared with that of 25/15°C.

The simulated median temperature impact on declining wheat yield varied widely, and the average yields for the periods between 1981 and 2010 decreased; ranging between 1 and 28% across 30 sites of the world; for an increase in temperature of 2°C; and this value rose to between 6 and 55% for a temperature of 4°C. Also they estimated that global wheat production falls by 6% for each 1°C of further temperature increase. The low latitudes showed a marked increase in simulated yield variability with higher temperature than that observed at high latitudes. This greater relative yield decline was due to the higher reference temperature (Challinor et al., 2014).

Heat stress hardly affects the protein concentration of grain in wheat (Lizana and Calderini 2013), but a strong correlation was observed between leaf nitrogen content and grain protein (Iqbal et al., 2017). Mondal et al. (2013) stated that the effects of heat stress on plants are very complex resulting in alteration of growth and development, changes in physiological functions, and reduced grain formation and yield. Jat et al. (2013) carried an experiment at Agricultural Research, Varanasi, Uttar Pradesh, to study the effect of sowing dates and fertilizer levels on growth and yield of wheat (Triticum aestivum L.) in two sowing date (20 November and 23 December) and showed that sowing dates significantly affect the 1000-grain weight that was decreased with delay in the sowing dates (23 December).  

Kiss et al. (2013) conducted an experiment Martonvasar, Central Hungary to carry out detailed phenological analyses of 18 wheat genotypes (KT Hasab, Bajnok, Fleming, GK Gonco Gruia l, Plainsman V, Mv. Aprod, Mv. Bodri, Mv. Csardas, Mv. Kokarda, Mv Kolompos, Mv. Palma,  Mv. Taller Mv. Toborzo, Mv. Verbunkos, Mv. Walzer, Mv213-10 and Marquis) in three sowing times for determining the effect of sowing date on individual pheno-phases, and observed that sowing date had the single greatest effect on the start of intensive stem elongation. The longer vegetation period had a favourable effect on the spikelet spike-1, but had no influence on thousand-kernel weight and grain spike-1.

Sokoto et al. (2013) stated that spikelet’s spike-1 decreased with delay in sowing from 21st November to 2nd January. Sing (2015) that normal sowing (22 November) produced more spikelet’s spike-1 (15.28) than delay sowing 30th December (14.53).

 Reduction in 1000-grain weight on account of late sowing is also due to high temperatures in March, April and May when temperature raises and late season heat stress is more likely to occur during grain filling period. Lower 1000-grain weight as a result of late sowing was also documented by Mohammadi (2012). 

An experiment was carried out by Ram et al. (2012) to investigate accumulated heat unit requirement and yield of irrigated wheat (Triticum aestivum L.) varieties under different crop growing environment in central Punjab. They reported that the crop sown on October 25 took maximum calendar days, growing degree days, photo-thermal unit and helio-thermal unit for 75% earing and maturity which got reduced significantly with subsequent delay in sowing time. The significant reduction in grain yield of timely sown varieties was recorded when sowing was delayed beyond November 15. Among the varieties ‘PBW 621’ recorded the highest grain yield which was statistically on par with ‘PBW 550’. The timely sown wheat varieties like ‘PBW 621’, ‘PBW 343’, ‘DBW 17’ and ‘WH 542’ took highest calendar days, GDD, HTU, PTU and PTI for earing and maturity.

Said et al. (2012) carried an experiment Agricultural Research Institute, Tarnab, Peshawar, Pakistan to investigate the effects of various sowing dates and seeding rates on the yield and yield components of wheat (Triticum aestivum L.) four planting dates (1st November, 15th November, 1st December and 15th December) and reported that significant differences were found among the planting dates for 1000-grain weight. Maximum number of 1000-grain weight (40.2 g) were produced from 1st to 15th November followed by 1000-grain weight (32.1 g), were produced from late sowing (15th December).

An experiment was carried out by Laghari et al. (2012) to study the effect of high temperature stress on grain yield and yield components of wheat (Triticum aestivum L.). They reported that the late sown (January) crop exposed to terminal heat stresses during grain development period and, therefore, the grain yield (1425 kg ha-1) and its associated traits were significantly decreased. However, ten genotypes produced significantly higher grain yield (>1400 kg ha-1) and matured earlier than other genotypes and were found to be tolerant to heat stress. Overall, six genotypes [DH-12/1, NIA-8/7, NIA-Amber, MASR-7, NIA-10/8 and NIA-9/5] produced high grain yield and were identified as best suitable genotypes for heat tolerance. Early sown (October) crop utilized long time for ripening, showed escape mechanism and matured earlier and thus produced high grain yield (4189 kg ha-1) along with improved yield characteristics. Numerically higher (8.79 cm) ear length was recorded from ‘Shatabdi’, when sown on 15th November compared to 1st November (7.51cm) and 30th December sowings (5.40 cm) (Hossain et al., 2012a, 2013). Hossain et al. (2012b) reported that in stress conditions (early and late sown condition), all genotypes had shorter spikes (decreased by 2 to 25% in early and by 18 to 40% in late sown condition). Hossain et al. (2012c) reported that all varieties showed more Spikelet spike-1 in optimum sowing, due to a more favourable environment than early and late sowing. High temperature (soil, air) and deficit soil moisture (drought) stress in early sowing and low temperature stress in late sowing reduced individual grain weight, which ultimately affected 1000-GW (Hossain et al., 2012d).

Nour et al. (2011) carried an experiment at kafr El- Hamam, Sharkia (Egypt) to study the effect of two sowing dates i.e.25th of November (Normal date) and 25th of December (Late date) under three different nitrogen levels on yield and yield components of eight wheat genotypes (Gemmeiza 9/Dovin-2, Sakha93/ Dovin-2, Giza 168/Dovin-2, Dovin-2, Shandawee l, Gemmeiza 10, Sides12 and Sakha 93). After experimentation they found that normal sowing produced the highest number of spikes m-2
Heat stress reduces the number of grains leading to lower harvest index in wheat (Lukac et al., 2011). However, the influence of heat stress on both the number and size of grains varies with the growth stages encountering heat stress. Grain-filling stage in wheat is very sensitive to high temperature (Farooq et al., 2011).

An experiment was conducted by Singh et al. (2011) to study the effect of high temperature on yield attributing traits in bread wheat. The experiment was conducted under normal and late sown condition. They reported that the parent HD 2851, P8W 520, and HS 448, and the crosses HS 448 × PBW 520, UP 2614 × K 209 and PBW 520 × HD 2851 for grain yield per plant were least affected under late sown conditions. Heat stress intensity (D value) clearly indicated that grain yield pant-1 biological yield per plant and grain spike-1 suffered revively under late sown conditions.  

Refay (2011) conducted an experiment at Agricultural Research Station near Reyadth, Saudi Arabia to Study the influences of genotypes, sowing dates and their interaction on grain yield and yield component character of bread wheat of two promising lines viz., KSU-105; KSU-106 and introduce cv. Yecora Rojo, as well as two planting date (November 21, December, 21) and concluded that delay sowing is associated with substantial losses in grain yield estimated by 7.98% as compare with early sowing and early sowing date is suitable for obtaining maximum yield.   

However, the grain growth rate and duration decreased in plants having different grain weight stability (Vijayalakshmi et al., 2010). Even high temperature of above 30°C during floret development may cause complete sterility in wheat depending on genotypes (Kaur and Behl 2010). However, wheat plants are capable of adopting a heat shock by developing thermo-tolerance for the improvement of the grain quality and yield (Sharma-Natu et al., 2010). The number of effective tillers m-2 produced by the crop sown on 15th November, 5th December and 25th December were found to be 87.2, 83.8 and 79.7, respectively (Kaur et al., 2010). Crop sown on 23rd November recorded significantly higher number of effective tillers m-2 (351.7) than 21st December and 4thJanuary sown crop, but was found at par with 7th December sown crop in Pusa (Pandey et al., 2010).

The reproductive stage is considered to be the most temperature sensitive period in wheat. The main sensitive trait to temperature (high and low temperature) stress at this stage is spikelet spike-1 (Sangtarash, 2010). High temperature during the flowering stage decreases grain set in almost all field crops due to lower fertilization caused by pollen sterility and/or ovule abortion. Similarly, a higher decline in grain number is observed when drought occurs at or immediately after anthesis in wheat (Sangtarash, 2010).

Khokhar et al. (2010) conducted an experiment at Wheat Research Institute, Sakrand, Sindh to determine the effects of planting dates on growth and yield of different wheat genotypes (V-7001, V-7002, V-7004, MPT-6, Abadgar- 93, and Anmol-91) in four planting dates i.e., November 1 and 15, December 1 and 15 and concluded that maximum grain yield could be achieved with wheat planted in first fortnight of November and any delay in wheat planting might reduce wheat yield.

Subhani (2010) conducted an experiment at Wheat Research Institute, Faisalabad, Pakistan to study the effect of temperature on development and formation of grain of ten wheat genotypes (viz., Inqilab-91, AS-2002, GA-2002, Manthar, Ufaq-2002, 00125, 00055, 01180, 00183 and 99022) that were planted on November (normal planting) and January (late planting) and explained that the maximum yield reduction of 53.75% was noted under late planting conditions. It is due to heat stress intensity was high (0.538), which ultimately reduced the grain yield under late planting conditions. They also observed that genotypes Inqilab-91, 00125, 00180, and 00183 were better yielder under normal planting conditions.

In Pusa, Pandey et al. (2010) noticed that the crop sown on 23rd November recorded maximum harvest index (41.0%) and it decreased significantly with subsequent delay in sowing. Delay in sowing from 15th November to 25th December reduced the harvest index from 38.2 to 37.7% in Haryana (Kaur et al., 2010). On loamy sand soil of Haryana delay in sowing from 15th November to 25th December significantly reduced the number of grains ear-1 from 42.9 to 37.1 (Kaur et al., 2010). Pandey et al. (2010) reported that delay in sowing from 23rd November to 4th January significantly reduced the number of grains ear-1 from 45.4 to 34.9.

Temperatures above 20°C between spike initiation and anthesis speed up the development of the spike but reduce the number of spikelet’s and grains per spike (Semenov 2009). In wheat, the anther produced under 3 days heat stress during anthesis was found to be structurally abnormal and non-functional florets (Hedhly et al., 2009). Heat stress generally accelerates the rate of grain-filling and shortens the grain-filling duration (Dias and Lidon 2009a). In wheat, grain-filling duration may be decreased by 12 days with the increase of 5°C temperature above 20°C (Yin et al., 2009). Crop sown on 31st October on loamy sand soil of Punjab recorded maximum (500.7) number of effective tillers m-2 (Gill, 2009 Singh and Uttam (1999) estimated yield loss @ 39 kg/ha/day for each day delay in sowing from optimum sowing date. It was reported that about 1.3% reduction in grain yield occurs for each day delay after the first day of December. Wiegard and Cellular (1981) also reported that increase of each 1.0oC in mean daily air temperature during grain filling of wheat resulted in decrease of 3 days in grain filling period.
While, late planting affects germination, growth, grain development (Haq & Khan, 2002) and produces poor tillering due to winter injury in low temperature (Tahir et al., 2009). Normal sowing prolongs the duration of tillering  and produces more number of tillers, number of spikes, grains spike-1 and grain weight that ultimately boosts up grain and straw yields (Ishag, 1994). Rajput & Verma, (1994) also observed that normal sowing time gave higher grain yield than late sowing.

Day/ night high temperature of 31/20°C may also cause shrinking of grains resulting from changing structures of the aleurone layer and cell endosperm (Dias et al., 2008). Heat stress adversely affects pollen cell and microspore resulting into male sterility (Anjum et al., 2008). Night temperatures of 200 and 23°C reduced the grain-filling period by 3 to 7 days (Prasad et al., 2008a). Increased grain protein content is associated with sedimentation index and intensity of essential amino acids. With decreased levels of amino acids, heat stress decreases the sedimentation index (Dias et al., 2008). Kumar et al. (2008) reported that wheat sown on 21st November recorded higher number of spikes m-2 (414.2) than that of 22th December sown crop (374.7). In Nasik, timely sown crop (21st November) recorded higher number of grains spike-1 (47.0) than that of late sown crop 22nd December (42.0) (Kumar et al., 2008).

Ali et al. (2008) reported that spike length depends on the inherent character (genetic makeup) of the genotype, which changes in different environmental conditions. Variation in spike length among genotypes was also reported by Shah et al. (2006), Pandey et al. (2007), Singh et al. (2008) and Pandey et al. (2010).

An experiment was conducted by Dias and Lidon (2009) to study the evaluation of grain filling rate and duration in bread and durum wheat, under heat stress after anthesis. They reported that bread and durum wheat exposure to high temperatures signiﬁcantly decreased grain weight and hastens physiological maturity (shortening the grain ﬁlling period). High temperatures signiﬁcantly affected the rate (on a growing degree day basis) and duration (on Julian day units) of grain ﬁlling. The grain ﬁlling rate, on a thermal time basis, was positively associated with the ﬁnal grain weight and the estimated maximum grain weight. The duration of grain ﬁlling does not appear to be a limiting factor for genotype grain weight stability, being mainly ﬁxed by temperature. Grain weight of the controlled plants was positively correlated with the ﬁnal and maximum grain weight of heat stressed plants. It was concluded that a high grain ﬁlling rate and a high potential grain weight are major traits that can be useful to improve heat tolerance of Triticum under Mediterranean environments.

Kabir et al. (2009) conducted an experiment to evaluate the stability of 8 wheat varieties (Sourav, Gourab, Shatabdi, Sufi. Bijoy, Prodip and two advanced line BAW 1059 and BAW 1064) at eight different date of sowing (Nov. 8, Nov. 15, Nov. 22, Nov. 29, Dec. 6, Dec. 13, Dec. 20, and Dec. 27) and found that sourav was the more stable for grain yield and November 29 is the most optimum time for planting of wheat crop.

Hossain et al. (2009) conducted an experiment to know the effect of different sowing times (Nov. 8, Nov. 15, Nov. 22, Nov. 29, Dec. 6, Dec. 13, Dec. 20, Dec. 27) on yield of wheat genotypes (eight wheat varieties; Sourav, Gourab, Shatadi, Sufi, Bijoy, Prodip, BAW 1059 and BAW 1064) and concluded that all the tested wheat varieties may be sown from November 15 to December 6 for good yield (3.5t ha-1) and after that to December 20 for considerable yield (3.0th-1). For extremely late condition (up to December 27) line BAW1059 may be recommended. Sourav, Shatabdi, bijoy and BAW 1064 may be sown in 2nd week of November.

Wheat plants experiencing heat stress early in grain filling were found to have high content of grain protein (Castro et al., 2007). Khan et al. (2007) conducted an experiment at Wheat Research Institute, Faisalabad  to assess the effects of heat stress, genetic variability and character association in wheat  of twelve spring bread wheat varieties/lines, sown on 10th November and 10th January and showed that number of spikes m-2  declined (29.61%),  sown on 10th January as compared with 10th November sowing. Khan et al. (2007) conducted a field experiment at Wheat Research Institute, Faisalabad to assess the effects of heat stress, genetic variability and character association in wheat. Treatments were twelve spring bread wheat varieties/lines were sown on 10th November and 10th January and found that grains per spike was declined 8.24% when sown on 10th January. However, wheat sown on 20th December recorded higher number of grains ear-1 (39.2) as compared to that of 29th December, 9th January, 19th January and 29th January sowings. Khichar and Niwas (2007) reported that 20th November sowing crop produced more number of ears plant-1 than that of 20th December sowing crop at Haryana

Sowing on 1st November resulted in the greatest mean productive tillers m-2 (297.7) in Peshawar (Shah et al., 2006). Natu et al. (2006) reported that the decrease in harvest index by late sowing (28th December) as compared to normal sowing (27th November) was ranged by 7.5, to 9.9% respectively at Indian Agriculture Research Institute, New Delhi. Ahmed et al. (2006) conducted an experiment in Jebel Marra (Sudan) on farmer’s fields to investigate the effect of four sowing dates; early July, mid-July, early August and mid-August and two sites of three cultivars of wheat; namely, Debira, El Nelein and a local cultivar (Donki) and concluded that the early sowing (July) produced, more spikelet’s spike-1 compared to late sowing. Sowing on 16th November resulted in the greatest mean harvest index (35.7%) in Peshawar, Pakistan (Shah et al., 2006). At Indian Agriculture Research Institute, New Delhi a pot experiments were conducted by Natu et al. (2006) and noticed that ear number per pot was found to be higher in normal (27th November) sown crop as compared to that of 28th December sown crop and the decrease in number of ears pot-1 due to delayed sowing by one month ranged from 16.4 to 30.76%.

The crop sown on 1st week of December recorded more number of grains ear head-1 (21.0) compared to November sowing on clay loam soil of Madhya Pradesh (Yadav and Raghuvamshi, 2006 & 2007b). Choudary and Singh (2006 & 2007) reported significantly higher number of grains spike-1 (43.4) when the crop was sown on 10th December as compared to the crop sown on 5th January (32.5). Significantly higher number of (376.2) spikes m-2 were obtained in 10th December sowing as compared to that of 5th January sowing (352.4) (Choudary and Singh, 2006 & 2007).

An experiment was carried out by Sil et al. (2005) to study yield and quality parameters of wheat genotypes as affected by sowing dates and high temperature stress. They reported that with delayed planting, the development of plant organs and transfer from source to sink were remarkably affected, which was reflected by overall shortening of plant height, reduction in number of internodes, days to heading, days to maturity and grain filling period and ultimately in the reduction of yield and yield components. The protein content of the genotypes was higher in late condition, possibly due to low grain weight. Genotypic responses were almost similar and in the same direction, however, the intensity varied.

Sardana et al. (2005) reported that grain ear-1 were marginally higher (43.5) in case of late sowing done on 19th November compared to that of 4th November sowing on sandy loam soil of Punjab. However, crop sown on 4th November, recorded significantly higher number of ear heads m-2 (228.1) compared to that of 19th November sowing (201.0) on loamy sand soil of Punjab (Sardana et al., 2005).

On sandy loam soil of Jharkhand, timely seeded crop (21st November) produced maximum spike bearing tillers m-2 (353.0) as compared to that of moderately late, late and vary late sown crop (Shivani et al., 2003).

After experimentation they found that normal sowing produced the highest number of spikes m-2. Maximum number of productive shoots m-2 (480.1) was recorded with crop sown on 15th November (Singh and Ahmad, 1997). Sandhu et al. (1999) recorded a maximum (59.0) spikes m-2 when the crop was sown on 25th October in loamy sandy soil of Punjab, India.

Gupta et al. (2002) recorded maximum number of ears per plant under normal sown conditions over late sown condition at Indian Agriculture Research Institute, New Delhi. Aslam et al. (2003) obtained the highest mean number of fertile tillers m-2 (356.0) in 30th November sown wheat crop at Pakistan. The negative effect of late sowing on spike number per m-2 and biological yield was also reported by Ayeneh et al. (2002) and Rane et al. (2007), respectively. The crop sown on 25th December on sandy loam soil of Panipat obtained more number (49.8) of grains ear-1 compared to early sowing (Dhaka et al., 2006a).

Wazid et al. (2004) stated that the 10 Nov. sowing significantly enhanced the number of grains spike-1, the average number of grains spike-1 was 37.4, 34.6 and 35.5 in 10 Nov., 25 Nov. and 10 Dec. sowings, respectively. Dixit and Gupta (2004) obtained higher harvest index (38.1) when the crop was sown on 25th November than the 10th and 25th December sown crop in Uttar Pradesh. The reduction in ear length under delayed sowing during December 30th could be explained in terms of altered phenology resulting in early heading reported by Mishra et al. (2003), Shah et al. (2006) and Kaur et al. (2010).

Haider (2002) reported that early sown plants (November 15) had the highest spike length, grains spike-1 and 1000-grain weight and late sown plants (December 5) resulted the lowest values of these parameters of wheat. Gupta et al. (2002) stated that crop sown at normal date recorded highest (45.7%) harvest index compared to that of late sowing in Indian Agriculture Research Institute, New Delhi. High temperature in the reproductive stage, forced premature death in more distal and basal florets; as a result, grain number decreased drastically (Oosterhuis and Cartwright, 1983).

Wazid et al. (2004) reported that Early sowings significantly enhanced the number of spikelet’s per spike (10th November 14.20 and 25th November 13.1) over late sowing (12.8). In Maharashtra, Singh and Ahmed (1997) observed higher number of grains ear-1 (44.6) under late sown conditions (15th January) compared to that of 15th November sowing (44.4). In Maharashtra, wheat sown on 27th November recorded more number of grains ear-1 (40.9) than that of 7th November sowing (Jadhav and karanjikar, 2001).

At Indian Agriculture Research Institute, New Delhi, Singh and Pal (2003) reported that delay in sowing by one month and two months from normal date of sowing (25th November) reduced the number of grains spike-1 by 14 and 29%, respectively. Shivani et al. (2003) stated that timely seeded crop (21st November) produced maximum number of grain spike-1 (39.9) compared to that of moderately late (7th December) late (21st December) and very late (7th January) seeded crops in Jharkhand.

Rane et al. (2003) noticed that timely sown crop recorded maximum number of grain spike-1 compared to that of late conditions on loamy sand soil of Haryana. On loamy sand soil of Haryana, delay in sowing from November 22nd to December 22nd significantly reduced the number of grains spike-1 from 50.9 to 45.8 during 2000-01 and from 52.0 to 43.6 during 2001-02 respectively (Mishra et al., 2003). Shivani et al. (2003) noticed that wheat 1000- grain weight was significantly higher under timely sowing (43.7g) than late sown conditions in Jharkhand. Gupta et al. (2002) also stated that crop sown at normal date recorded highest harvest index compared to that of late sowing. Samre et al. (1989) found maximum 1000- grain weight of (47.9 g) when the crop was sown on 15th October as compared with late sowing on loamy sand soil of Punjab.

Jain et al. (1992) reported that delay in sowing from 20th December to 29th January reduced 1000-grain weight of wheat from 40.8 to 31.6 g on vertisols of Madhya Pradesh. Tewari and Singh (1993) reported that delay sowing from 15th November to 15th January decreased 1000-grain weight from 41.0 to 37.9 g on silty loam soil of Pantnagar. Similarly, Singh and Ahmed (1997) reported that delay in sowing from 15th November to 15th January reduced 1000- grain weight from 48.7 to 37.9 g at Kanpur, Uttar Pradesh.

Sandhu et al. (1999) found that the harvest index was the highest in normal sowing but decreased gradually with delay in sowing. Several authors have reported that heat stress is responsible for reduced crop stand, shortened life cycle, reduced tiller number, suppressed biomass production, decreased fertilization and grain development, reduced spike size, spike number per m-2 and grain number per spike as well as grain weight, so that all these changes are translated into reduction in final grain yield (Gibson and Paulson, 1999 and Ayeneh et al., 2002). Badaruddin et al. (1999) and Modhej et al. (2008) based on these findings, it is clear that 6th of December was the most suitable sowing date for grain yield.

Ansari (2002) while studying the influence of seeding time on wheat grain yield observed that wheat planted on November 10, displayed more grain yield (5777 kg ha-1), followed by November 1 (5411 kg) and November 20 (5234 kg). He noted that each successive delay in sowing beyond November 10 significantly reduced the grain yield. Shah and Akmal (2002) conducted experiments on four wheat varieties sown on October 24 to December 11 with 15 days interval and reported that grain yield decreased by 28 percent when sowing delayed by 45 days in the season. They further concluded that early sowing favoured the varieties.
Khan and Salim (1986) observed that early seeding resulted in higher yields as compared with late seeding. After studying sowing date effect on production potential of three wheat cultivars Kumar et al. (2000) reported better grain yield in 20th November sowing than 1st November or 10th December sowings. A yield reduction of 27 and 52 percent was noted by Iqbal et al. (2001) when wheat crop was sown on December 15 and 31, respectively. Akhtar et al. (2006) concluded that regardless of varieties/cultivars, better yields were obtained when wheat was sown after 15th and before 30th November. The duration of heat stress seems to be an important factor affecting final yield response to high temperatures. For example, Rawson and Bagga (1979) in a pot experiment showed an inverse relationship between duration of heat stress and yield parameters.

Harvest index was also affected by the late seed sowing. This result might be due to the greater negative effect of late sowing date and late season heat stress on reproductive phase and grain yield rather than vegetative phase and biological yield. These results are in agreement with those found by Badaruddin et al. (1999). Sandhu et al. (1999) found that the harvest index was highest (38.8%) in crop sown on 25th October and decreased gradually with delay in sowing on clay loam soil in Punjab. In late sowing condition, wheat crop faces high temperature stress. Heat stress lowers the grain yield significantly. Researchers have pointed out that wheat yield is considerably affected by sowing date (Chio et al., 1992; Liszewski, 1999; Michiyama et al., 1998; Pecio and Wielgo, 1999).
2.4 Effect of water stress/irrigation on the yield and yield attributes of wheat genotype during optimum and late sowing conditions

Abdel-Motagally and El-Zohri (2016) raised wheat genotypes in soil which had 50% FC and recorded that grain yield decreased by 28.3% along with reduction of number of spike (19.8%), length of spike (14.5%), and 1000-seed weight (18.2%). Daryanto et al. (2016) also observed that grain yield reduced by about 21% due to 40% water reduction. So, it can be concluded that yield reduction of wheat depends on genotype, stress intensity, stress duration, and age of plant. Wheat yield under drought stress suffer serious moisture deficit throughout its growth period from seedling to full maturity (Bilal et al., 2015). Drought stress at reproductive phase directly hampers the yield of plant by hindering the tiller surviving rate, number of spike, length of spike, number of fertile spikelet, grain ear−1, grain size, and weight (Hasanuzzaman et al., 2013). Dhayal et al. (2012) recorded that withholding irrigation only for 10 days reduced the spike number plant−1, grain number spike−1, and grain yield by 5.88%, 4.44%, and 6.31%, respectively

Considerable positive and worth mentioning association has been observed for grains spike-1 with total grain production in diverse bread and durum wheat genotypes, and grains spike-1 was observed 50–68 in irrigated condition while under stress 32-50 grains spike-1 were found (Jatoi et al., 2011). Irrigation skipped at tillering, heading, or anthesis stage considerably decreased the yield of grain in different wheat cultivars by hampering the yield contributing factors (Taheri et al., 2011; Khan et al., 2012; Naveed et al., 2014).

Kilic and Yagbasanlar (2010) investigation depicted that under drought conditions grain filling periods and spikelet’s spike-1 were associated with high grain production. Under drought condition decreasing pattern was experienced in morphologically yield contributing characters like plant height (PH), grains spike-1, spikes plant-1, 1000-grain weight (TGW) in wheat.
Scarcity of water or drought stress is one of the vital environmental constraints affecting crop yield worldwide. Yield loss through drought-induced stress possibly goes beyond losses from other environmental constraints, because both duration and intensity of drought stress are very critical for crop production. Water scarcity during vegetative and reproductive stages of wheat plant caused severe reduction in grain yield (Johari-Pireivatlou, 2010; Taheri et al., 2011; Khan et al., 2012; Naveed et al., 2014; Maqbool et al., 2015).

Drought stress reduces grain yield of wheat through negative affecting the yield components, i.e., number of plants per unit area, number of spikes and grains per plant, or unit area and single grain weight, which are determined at different stages of plant development (Francia et al., 2013; Hossain et al., 2012; Farooq et al., 2009).

Spike length, spike number plant−1, grain number spike−1, number of fertile grain, etc. are the major attributes which determined the yield of wheat. Hampering yield contributing factors due to withholding water at tillering and anthesis stage finally reduced the grain yield by 21.5% in wheat plant (Akram, 2011).

Withholding water after anthesis reduced 1000-seed weight, grain, and straw yield by 10.6%, 26.3%, and 28.5%, respectively (Johari-Pireivatlou, 2010). Kiliç and Yağbasanlar (2010) conducted an experiment in drought condition with 14 wheat genotypes and observed that the grain yield of all genotypes decreased by 50–66% than the well- watered plant (Gonzalez et al., 2010). Drought stresses at post anthesis reduce the grain-filling period, which will result in shriveled grains. During pre-anthesis growth, higher floret fertility is translated into a higher potential grain number per unit area while grain weight depends on the degree to which post-anthesis conditions support grain-filling. The negative relationship between water stress conditions and either number of stems or number of spikes per m-2 at maturity has also been reported for other wheat genotypes (Rebetzke et al., 2008; Dreccer et al., 2009, 2013).

 Mirbahar et al. (2009) recorded that no irrigation at pre- flowering or post-tillering stage reduced length of spike, number of spikelet’s, grains spike-1, and 1000-grain weight of all tested wheat varieties. Under drought stress condition screening of wheat genotypes to evaluate these yield contributing characters are suggested in hybridization programs for water deficit tolerance. Various research scientists have reported considerably positive relationship for effective tillers plant-1 in wheat which depicted negative relationship with 1000-grains weight (Ali et al., 2008).

Creation of water deficit up to 80% after anthesis reduced kernel number and kernel weight ear−1 by 3% and 28%, respectively (Plaut et al., 2004), which is the ultimate reason of yield reduction. Gupta et al. (2001) carried out an experiment by withholding water supply to wheat cultivar at anthesis stage and discovered that the grain and biological yield of wheat decreased by 51.5 and 41.4%, respectively

Drought stress leads to reduction in number of fertile tillers per plant, grains per spike and 1000-grain weight (TGW) which ultimately cause noticeably low grain productivity. Relationship between plant height , leaf area and wheat grain yield has been noticed at booting and anthesis phases which cause improvement in grain yield under water deficit condition(Gupta et al., 2001). Some morphological characters such as root length, tillering, spike number per m-2, grains spike-1, number of fertile tillers plant-1, 1000-grain weight, peduncle length, spike weight, stem weight, awn length, grains spike-1and affect wheat tolerance to the moisture shortage in the soil (Jhonson et al., 1995; Moustafa et al., 2014; Blum, 2005). 

Drought stress is one of the main limiting factors for wheat yield in the semiarid regions of the world. Insufficient precipitation causes water deficits at various growth and development stages (vegetative, reproductive, and grain development) and has a negative influence on the physiological processes of the plant, subsequently affecting yield as well (Abed et al., 2000). The problem of drought is acute in many developing countries, where about 37% of the wheat growing areas are semiarid and have low soil moisture content, thus presenting a limiting factor for higher yield (Rajaram, 2001). The impact of drought stress depends on the plant growth stage and may affect potential yield and yield components.

Drought stress can reduce grain yield, and an average yield loss of 17% to 70% in grain yield has been estimated due to drought stress (Nouri-Ganbalani et al., 2009). An understanding of yield components and yield compensation strategies of a wheat crop in a particular environment is the key for a successful breeding program. Morphological traits, such as number of grains spike-1, fertile tillers plant-1, 1000 grain weight, peduncle length, spike weight, stem weight, plant height, and grain weight spike-1 influence the tolerance of wheat (Passioura, 1977). Drought indices, which represent a measure of drought stress based on the reduction of grain yield under drought stress conditions in comparison to irrigated conditions, were used for identification of drought-tolerant genotypes (Mitra, 2001).

Drought at tillering stage causes reduction in the number of tillers m-2 and LAI (Hussain et al., 1987and Sharif, 1999). Similarly, drought at booting stage results in the decrease of ear length, stem length and number of spikelet’s spike-1 (Jamal et al., 1981). Water stress at anthesis reduces pollination and thus less number of grains formed spike-1 which results in reductions of grain yield (Nazir et al., 1987). Water stress effect the crop phenology, and leaf area development, and thus results in low yield (Gallagher et al., 1983). The rate and duration of crop growth, therefore, need to synchronize to water availability to get the maximum grain yield (Monteith, 1983). Sharif (1999) showed that irrigation enhanced the grain yield by improving the growth of the crop by enabling it to intercept more radiation over non irrigated crops. Shehzadi (1999) conducted an experiment to see the effect of different water regimes on growth, yield and anatomy of wheat. She found that plant height, number of tillers, number of spikelet’s per ear, ear length, 1000 grain weight, grains yield per plant and biomass per plant showed decreased response to stress. However water logging after anthesis resulted in maximum yield.

Qadir et al. (1999) studied the effect of water stress on growth and yield performance of four wheat cultivars and concluded that stress during vegetative growth cause the reduction of leaf area index of the crop which mainly contribute toward plant development and drought stress during the reproductive growth or development reduces the number of fertile tillers per meter square, grains per spike and 1000-grain weight. Thus reduction in final grain yields of the crop. The results show that water stress during vegetative and reproductive development is equally injurious to wheat crop for final crop yield. Zhang et al. (1998) examined that correlation between grain yields was strongly influenced by the pattern of water use during the course of the season. Adequate water supply at or after anthesis not only allows the plant to increase photosynthesis rate but more importantly gives the plant extra time to translocate carbohydrates reserves to the grains and as a result grain yield increased. Farshi (1998) collected data from field experiments and stated that irrigation applied at 65% available soil water depletion (applied in 11 irrigations) gave the highest wheat grain yield.

2.5 Water relations in heat and drought stress     

Plant water status is generally found to be most erratic under changing ambient temperature. High temperature seems to cause dehydration in plant tissue and subsequently restricts growth and development of plants. During flowering, a temperature of 31°C is generally considered as an upper limit of maintaining water status of a crop (Atkinson and Urwin, 2012). With a concomitant increase in leaf temperature, wheat plants exposed to heat stress substantially decrease the water potential and the relative water content in leaves, and eventually reduce photosynthetic productivity (Farooq et al., 2009). Simultaneously, the rate of transpiration and plant growth are severely affected. Almeselmani et al. (2009) observed that high temperature (35/25°C) imposed after tillering showed a significantly reduction of water potential in wheat, and the reduction was higher in genotypes susceptible to heat stress. In general, different antioxidants are associated with dehydration tolerance and are stimulated under heat stress. This is because of increased transpiration in stressed leaf and dropping of osmotic potential (Ahmad et al., 2010). Heat stress causes alteration of plant water relations (Hasanuzzaman et al., 2012, 2013), reduction of photosynthetic capacity (Almeselmani et al., 2012; Ashraf and Harris 2013), decreases of metabolic activities (Farooq et al., 2011) and changes of hormones (Krasensky and Jonak 2012), production of oxidative reactive species (Wang et al., 2011), promotion of ethylene production (Hays et al., 2007), reduction of pollen tube development, and increases of pollen mortality (Oshino et al., 2011) in wheat. According to FAO (2015), the wheat plant requires 450-650 mm water for better growth and yield depending on climate and length of growing period.Relative water content (RWC) of leaves has been reported as direct indicator of plant water contents under water deficit conditions (Lugojan and Ciulca, 2011). 

Momentous pattern of divergence can be observed in Relative water content (RWC) among diverse genotypes during various plant growth stages. The highest Relative water content (RWC) might be calculated at crop vegetative stage (Almeselmani et al., 2011).

Under water deficit condition proline perform many functions like act as osmolyte contributes in the maintenance of membrane and protein, scavenging free radicals. Moreover after the severe damage of stresses proline contents provide adequate reducing agents that assist in mitochondrial oxidative phosphorylation and production of adenosine triphosphate (ATP) for revival from damages of various stresses (Hare et al., 1998). The primary site of proline contents accumulation in response to drought stress in crop plant is cytosol (Ketchum et al., 1991). Severe water deficit stress restricts the photosynthesis by damaging the chlorophyll components (CC) and changing the photosynthetic machinery (Iturbe-Ormaetxe et al., 1998).

Leaf relative water content indicates the water status of plants relative to their fully turgid state (Moayedi et al., 2011). Genotypes that maintain high levels of leaf water under water deficit conditions are less affected by stress and are able to maintain normal growth and yield (Beltrano et al., 2006). In wheat, water balance among genotypes is disrupted when relative water content decreases in leaves under water deficit conditions (Molnar et al., 2004; Dulai et al., 2006) and a positive correlation between grain yield and leaf relative water content has been observed (Schonfeld et al., 1988; Tahara et al., 1990; Merah 2001). If water retention capacity of wheat genotypes is increased, the yield of rainfed wheat could be increased or at least stabilized. Transpiration contributes to 90% of water loss through its stomatal openings. Maintaining better stomatal control over transpiration is critical for combating photosynthesis inhibition under drought stress (Bota et al., 2004).

CHAPTER III

 MATERIALS AND METHODS

The present experiment entitled “Evaluation of some advanced lines of wheat in respect of growth, physiology, yield contributing attributes and yield under high temperature and different levels of water stress conditions” was conducted to evaluate the performance of some advanced lines of wheat under high temperature and drought stress conditions; to identify heat tolerant and drought tolerant wheat varieties for future breeding programs and to study the morphological, physiological, biological changes of growth, yield and yield attributes under heat and drought stress conditions. The field experiment was designed to achieve the objectives of the study and executed following standard procedures and methods. The details of the materials and methods i.e. location of the experimental site, soil, and climatic condition, materials used, design of the experiment, data collection and procedure of the data analysis those were  used or followed in this experiment. The experiment was carried out in the research field of Bangladesh Wheat and Maize Research Institute, Nashipur, Dinajpur in the season of 2018-19. The number of tillers m-2, spike length, number of spikelet spike-1, number of grains spike-1, leaf water content, number of spike m-2, 1000-grain weight, plant height and grain yield are determined. The detailed materials and methods are described below: 
3.1 Experiment conducting period and geographical location

The experiment was conducted in the Rabi season of 2018-19 (from December 2018 to April 2019) in the research field of Bangladesh Wheat and Maize Research Institute (BWMRI), Nashipur, Dinajpur, Bangladesh. The geographical position of the area is between 25°38´ N, 88°41´ E and 38.20 m above from the sea level. 

3.2 Soil characteristics of the experimental plot 

The area is situated in Agro Ecological Zone (AEZ) of Old Himalayan Piedmont Plain (AEZ-1) (BARC, 2012). The soil is sandy-loam and reaction is strongly acidic (pH ranges from 4.5 to 5.5). The organic matter content of the soil is 1.0% and its fertility is poor (Bodruzzaman et al., 2005). Morphological, physical and chemical properties of the soil are presented in Appendix II and Appendix III.
3.3 Climatic and metrological conditions of the experimental place 

The geographical location of the experimental site is under the subtropical climate and its climatic conditions is characterized by three distinct seasons, namely the winter season from the month of December to February and the pre-monsoon period or hot season from the month of March to April and the monsoon period from month of May to October (Edris et al., 1979). Temperature data was recorded regularly by HOBO U12 Family of Data Loggers (MicroDAQ.com) at the meteorological station, WRC, Nashipur, Dinajpur, Bangladesh. Weather data on weekly minimum, average and maximum temperature, and rainfall during experimental period, were recorded regularly at the meteorological station of BWMRI, Nashipur, Dinajpur and presented in Appendix I.

3.4 Treatment and design of the experiment

The experiment was laid out at split-plot design with three replications. Four levels of irrigation viz. i) No irrigation (drought condition i.e. water stress), ii) one time irrigation (moderate water stress), iii) two times irrigated condition, and iv) three times irrigation (normal water condition). On the other hand, six genotypes viz. BARI Gom32 (V1), BAW 1147 (V2), BAW 1243 (V3), BAW 1290 (V4), BAW 1297 (V5) and BAW 1317 (V6) were allocated in the sub-sub-plots. There were two sowing times which was allocated in the main plot (viz. optimum sowing: 6 December and late sowing: 23 December). The unit sub-sub-plot size was 3 m × 1.5 m. 

3.5 Land preparation

The field was first ploughed with power tiller. Then it was kept as exposure to sunshine for 7 days prior to next ploughing to destroy pathogen, aerate soil and be fed some harmful insect-pests by bird etc. Thereafter, the land was laddered and ploughed crossly to obtain good tilth condition. Generally deep ploughing was done to create a good tilth, which was necessary for better root expansion of seedlings, and thus is attained better crop yield. Laddering was done in order to break the soil clods into small pieces followed by each ploughing. All the weeds and stubbles were removed from the experimental field. 

3.6 Application of manures and fertilizers  

Each of the main-plots was fertilized @ 100-27-50-20-1.25-1-5000 kg ha-1 as N-P-K-S-Zn-B-Cowdung. The source of N, P, K, S, Zn & B were Urea, Triple super phosphate (TSP), Murate of Potash (MoP), Gypsum, Zinc sulphate and Boric acid, respectively. All of the fertilizers and two-third of Urea were applied as basal dose during final land preparation. One-third of Urea was top dressed after first irrigation. To protect the seeds from insect infestation, Furadan (granular form) is applied 15 kg ha-1 in the final land preparation.

3.7 Seed treatment and seed sowing

Before sowing, seeds were treated with Provax 200 WP at the rate of 3g kg-1 seed (marketed by Hossain Enterprise CC Bangladesh Ltd., an agrochemical company, in association with Chemtura crop, USA; Provax is a fungicide containing carboxin and thiram). Provax 200 WP is a used to control soil borne fungi and thus enhances germination of seeds 15-20%, and protects seedlings from damping off disease (Hossain and Teixeira da Silva, 2012). After preparation of land, well-treated seeds (@120 kg ha-1) of each variety/line was sown followed by continuously line sowing where lines distance was 20 cm apart each other. Distance between seeds was maintained from 2.0 to 3.0 cm and seed depth into soil from 2.0 to 3.0 cm. 

3.8 Intercultural operations

Furadan 5G was broadcasted @ 10 kg ha-1 for controlling soil borne insect. A blanket dose of N-P-K-S-B-Zn @ 100-27-50-20-1-1.25 kg ha -1 was applied as basal to the experimental plot from urea, TSP, MoP, gypsum, boric acid and zinc sulphate, respectively. All of TSP, MoP, gypsum, boric acid, zinc sulphate and two-third of urea were used as basal during final land preparation. Rest urea was applied as top-dress at 18 days after sowing (DAS) followed by irrigation. Provax-200 treated seeds of five wheat varieties were sown in lines 20 cm apart on 21 November 2013, at the rate in accordance with the treatment. Natural mulching was done at 28 DAS. Four irrigations were made at 18, 50, 73 and 88 DAS. A hand weeding was done at 45 DAS. Initial plant populations were recorded at 12 DAS. Tiller production was recorded at 30, 40 and 50 DAS. Numbers of spikes per m-2, plant height and spike length (cm) were recorded at physiological maturity stage. Yield and other yield attributes were recorded after harvesting the crop. Crop was harvested on 24 March 2013. Yield sample was taken from 2.5 m × 2.5 m area, avoiding border effect and the plants were cut at ground level. The grain yield and 1000-grain weight was adjusted to 12% moisture. Straw yield was taken sun-dry basis. Recorded data were tabulated in proper form for statistical analysis and analyzed by analysis of variance with the help of computer package MSTAT (Gomez and Gomez, 1984). Mean differences among the treatments were compared with the Duncan’s Multiple Range Test (Duncan, 1955).

3.9 Other intercultural operations
Rest amount of Urea was applied as top-dress at CRI (Crown Root Initiation) stage followed by first irrigation (Zadoks stage 2.1). The second irrigation was applied at late booting stage (Zadoks stage 4.5) and another was applied at early grain filling stage (Zadoks stage 7.7). Each sub-plot was kept free from weeds by applying affinity @ 2.5 g litre-1 water at 27 DAS after 1st irrigation. Tilt was sprayed two times @ 0.5 ml litre-1 water, one just before spike initiation and another was applied 15 days after full heading to control fungal disease, Bipolaris leaf blight (BPLB) caused by fungus, Bipolaris sorokiniana. Each of genotypes was harvested after its maturity. 

3.9.1 Thinning

Emergence of seedling was completed within 4-9 days after sowing. Overcrowded seedlings were thinned out for two times. First thinning was done after 15 days of sowing which was done to remove unhealthy and lineless seedlings. The second thinning was done at 10 days after first thinning. 

3.9.2 Weeding

Weeding was done to keep the plot weed free from weeds which ultimately ensured better growth and development of wheat seedlings. The newly emerged weeds were uprooted carefully. The mechanical hand weeding was used starting from 20 DAS, three times, an interval of 15 days. Identified weeds were Bathua (Chenopodium album L, Shakhnatey (Amaranthus viridis L.), Durba (Cynodon dactylon L.), Mutha (Cyperus rotundus L.) Herbicide affinity @2.5 g lit-1 should be applied for controlling weed.

3.9.3 Mulching

Mulching was done at 28 days after sowing (DAS).
3.9.4 Irrigation

Three irrigations were applied at crown root initiation, booting and grain filling stage. Data were recorded on yield and yield contributing characters. Data was analyzed using MSTATC program and mean separation was done following DMRT.

3.9.5 Insect and pest control

The crop was attacked by different kinds of insects (cereal aphid and grasshopper) during the growing period. The experimental plots were sprayed at 35 days with appropriate insecticides to control the insecticide. The insecticide was applied to the plot after irrigation at afternoon. Two guards were appointed to protect the wheat grain from birds from middle last February to harvest. No infestation of disease was found as such no control measure was taken for it.

3.9.6 General Observation of Experimental Field

The plots under experiment were frequently observed to notice any change in plant growth, other parameters were noted down immediately to make necessary measures. 

3.9.7 Harvest and post-harvest operation

The crop was harvested when it reached maturity. At maturity, when leaves, stems and pods became yellowish in colour, then the plants were harvested. One square meter area from the central position of each plot was harvested for yield data and it was converted to ton per hectare. The harvested plants were tied into bundle and carried to the threshing floor. The crops were sun dried by spreading on the threshing floor. The seeds were separated from the plants by pedal thresher and thereafter were cleaned, dried and weighed. The weights of the dry straw were also taken from the same demarcated area and were converted to ton per hectare.

3.10 Data collection

A brief out- line of the data recording procedures were as follows:

3.10.1 Phenological data

 During the crop cycle of both sowing times the dates the dates of booting, heading, anthesis, and physiological maturity were recorded using the scale proposed by Zadoks et al. (1974).
3.10.1.1 Days to booting

Days to booting were recorded by counting the days taken from the date of sowing to the date when about 80% booting was completed. This stage is defined as that period characterized by a swelling of the flag leaf sheath which is caused by an increase in the size of the spike as it grows up the leaf sheath. The developing head within the sheath of the flag leaf becomes visibly enlarged during the booting stage. The booting stage ends when the first awns emerge from the flag leaf sheath and the head starts to force the sheath open.

3.10.1.2 Days to heading

Days to heading were recorded by counting the days taken from the date of sowing to the date when about 80% heading was completed. The heading stage starts when the first awns emerge from the flag leaf sheath and the head starts to force the sheath open and it ends when full emergence of ear is completed and that is ready for anthesis.

3.10.1.3 Days to anthesis

Days to anthesis were recorded by counting the days taken from the date of sowing to the date when about 80% anthesis was completed. The flowering or anthesis stage lasts from the beginning to the end of the flowering period. Pollination and fertilization occur during this period. All heads of a properly synchronized flower within a few days and the embryo and endosperm begin to form immediately after fertilization.

3.10.1.4 Days to physiological maturity

Days to physiological maturity were recorded by counting the days taken from the date of sowing to the date when grain growth stopped and it is visually determined when the peduncle turned green to brown colour or yellow in colour. However, complete loss of the green colours of the glumes was used as indication of physiological maturity.

3.10.2 Crop growth parameters

3.10.2.1 Plant population m-2
Plant population were counted at 20 DAS from randomly selected 1 meter of 5 rows (total 10 rows and row to row distance was 20 cm).

3.10.2.2 Tiller number m-2
The number of tiller m-2 was recorded at 24 days after sowing and 49 days after sowing.

3.10.2.3 Plant height (cm)

Plant height was taken from the randomly selected plants on each plot. The measurement was taken prior to harvest from the ground level to the tip of the upper most spikelet’s on the spike.

3.10.3 Yield contributing characteristics

3.10.3.1 Spike m-2

Spikes meter-2 was recorded at physiological maturity stage.

3.10.3.2 Spike length (cm)

Spike length was measured with a meter scale from the base to the tip of the spike of ten randomly selected spikes and the average value was recorded as spike length in cm.

3.10.3.3 Number of spikelet’s spike-1
Total number of spikelet’s from ten randomly selected spikes from each plot was calculated and then averaged to have the number of spikelet’s spike-1.
3.10.3.4. Number of Grains Spike-1
Ten spikes were selected and the total grains from total spike were recorded and averaged to number of grains spike-1.

3.10.3.5. Thousand grains weight (g)

Thousand grains were counted from randomly selected samples of each plot and the weight (g) of grains was recorded after sun drying by an electrical balance. TGW were converted at 12% moisture content (Hellevang, 1995).

Y (M2) =100-M1/100-M2 ×Y (M1)
Where, Y (M2) =grain weight at 12% moisture

Y (M1) =grain weight at actual moisture %

M1=actual moisture % and 

M2=expected moisture %

3.10.3.6. Grain and straw yield (t ha-1)

 Crop was harvested for yield measurement. The crop of each plot was bundle separately, tagged properly and brought to threshing floor. The bundles were threshed and dried in open sunshine and then grains were cleaned. The grain and straw weights for each plot were recorded after proper drying in sun. Grain yield were converted at 12% moisture content (Hellevang, 1995).
3.11 Data processing

The crop was harvested plot-wise at full maturity according to treatments. Before harvesting, spikes were counted in one m length from randomized selected 5 rows of sub-plot. Sample plants were harvested separately with sickle from an area of 3 × 3 m (i.e., 3 m long, 15 middle rows), avoiding border effects. The harvested sample crop of each sub-plot was bundled separately, tagged and taken to a threshing floor. The bundles were thoroughly dried under bright sunshine until fully dried, then weighed and threshed. Threshed grains of each sub-plot were again dried with sunshine and weighed; lastly grain yield was converted into t ha-1. On the other hand, 10 plants were chosen randomly outside sample area from standing crop of the field to measure spike length (cm), to count spikelet (s) spike-1 and grain (s) spike-1. Thousand grains was counted and weighed, expressed in gram (g). To obtain the actual yield of all genotypes, grain yield weight was adjusted at 12% moisture by the following equation (Hellevang, 1995): Where, Y (M2) = weight of grain at expected moisture percentage (generally 12% for wheat); Y (M1) = weight of grain at present moisture percentage; M1 = present moisture percentage; M2 = expected moisture percentage.
3.12 Data analysis 
The whole experiments were repeated three times in this study. The mean (±SD) was the average of three biological replicates. Letters on the bar indicate significant difference at P ≤ 0.05 levels (Duncan test) among different treatments compared to untreated control. The data were obtained for different parameters were statistically analysed to observe the significant difference among the temperature and drought and wheat genotypes and their interaction. The significance of the difference among the treatment means was estimated by using split- plot design. The whole experiments were conducted one time. The mean (±SD) was the average of three biological replicates. Statistical analysis was performed using the software SPSS 23.0 followed by General Linear Model (multivariate).
CHAPTER IV
RESULTS AND DISCUSSION
Performance of one wheat variety and five advanced lines of wheat varieties compared with one wheat variety (BARI Gom32) under different level of irrigation, heat and drought stress conditions have been presented and discussed in this chapter in relation to different parameters, such as tillers  meter-2 at 24 days, tillers meter-2 at 49 days, plant height, spike length (cm), number of spikes m-2, number of spikelet spike-1, number of grain spike-1, 1000-grain weight (g), grain yield (t ha-1) and leaf water content. Findings of different parameters were explained below.  

4.1 Effect of irrigation on the tillers production of wheat genotypes under optimum and late sowing conditions at 24 DAS
Tillers production of advanced lines of wheat was insignificant under sowing time and various level of irrigation (Fig.1). Tillering mainly depends upon the green photosynthetic area which is responsible for carbohydrate formation, grain filling and final grain yield. It has the great agronomic importance as this may compensate the difference in number of plants, partially or totally after crop establishment. Numerically the highest number (339.0) of tillers production m-2 at 24 DAS was obtained from advanced lines BAW 1290 at optimum sowing and in one time irrigation. On the other hand, the highest number  of tillers m-2 (388.7) was observed in the advanced lines BAW 1243 at late sowing and in three times irrigated conditions, whereas the lowest number of tillers m-2 (173.7) was observed in BAW 1317 at optimum sowing and two time irrigated conditions. On the contrary, the lowest number (182.3) of tiller m-2 was observed in BAW1317 at late sowing and with no irrigated conditions. The advanced lines BAW 1290 produced superior tiller m-2 at 24 days in one time irrigation. But the lowest number of tiller m-2 was observed in the advanced line BAW 1317 at optimum and late sowing both in irrigated and non-irrigated conditions. The potential number of tillers varies from variety to variety and depends on environmental condition (Hossain et al., 2012). 
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Fig. 1: Effect of sowing time and different levels of irrigation on tillers production (m-2) of wheat genotypes at 24 DAS. The mean (±SD) was the average of three biological replicates. V1= BARI Gom32, V2= BAW 1147, V3= BAW 1243, V4= BAW 1290, V5= BAW 1297, V6= BAW 1317
The tillering ability of late sowing crop was lower due to low soil moisture (drought), high soil and air temperature, and low RH, which ultimately reduced the number of tillers plant-1 (Hossain et al., 2012). Maximum tiller production on 15 November sowing was due to extended vegetative phase weather during this period. Similar results were also reported by Samre et al. (1989), Patil et al. (2001) and Singh and Pal (2003). 
4.2 Effect of irrigation on the tillers production of wheat genotypes under optimum and late sowing conditions at 49 DAS 

Tillers m-2 was insignificant under the present investigation (Fig. 2). Numerically the highest number (717.7) of tillers m-2 at 49 days was obtained from in the advanced lines BAW 1290 at optimum sowing and in one time of irrigation. On the other hand the highest number (421.3) of tillers m-2 was observed in the advanced lines BARI Gom32 at late sowing and in three time irrigated conditions. Whereas the lowest number (287.7) of tillers m-2 square was observed in BAW1317 at optimum sowing and in two time of irrigation. On the contrary the lowest number (241.7) of tillers m-2 was observed in BAW1317 at late sowing and with no irrigated conditions. The advanced lines BAW 1290 produced superior tillers m-2 at 49 days in one time irrigation.
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Fig. 2: Effect of sowing time and different levels of irrigation on tillers production (m-2) of wheat genotypes at 49 DAS. The mean (±SD) was the average of three biological replicates. V1= BARI Gom32, V2= BAW 1147, V3= BAW 1243, V4= BAW 1290, V5= BAW 1297, V6= BAW 1317

But the lowest number of tillers m-2 was observed in the advanced line BAW1317 at optimum and late sowing both in irrigated and non–irrigated conditions. Tahir et al. (2009) noticed that total number of tillers m-2 were significantly more on 20thNovember than the 20th  December  (Alam et al., 2013; and Isalm and Jahiruddin, 2008). BARI (1984) also reported that 20 November sowing produced the highest number of effective tillers per hills. Irrigation skipped at tillering, heading, or anthesis stage considerably decreased the yield of grain in different wheat cultivars by hampering the yield contributing factors (Taheri et al., 2011; Khan et al., 2012; Naveed et al., 2014). Early sowing significantly increased the number of tillers, where in the contribution of tillers towards final yield was maximum on October-20 which decreased in late sown crop especially at the end of December when the temperature was too low for germination (Wajid et al., 2004). The high temperature also reduced the number of tillers in late sown crop because the period between anthesis and senescence was shortened by relatively higher temperature (Akasha, 1968). Differences in number of tillers among varieties might be attributed to their genetic diversity (Shah et al., 2006). 

4.3 Effect of irrigation on the leaf water content of wheat genotypes at optimum and late sowing conditions
Leaf water content was significantly influenced by date of sowing and irrigation level in the present level (Fig. 3). High temperature and drought condition seems to cause dehydration in plant tissue and subsequently restricts growth and development of plants. 
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Fig. 3: Effect of sowing time and irrigation levels on the leaf water content (%) of wheat genotypes. The mean (±SD) was the average of three biological replicates. The mean (±SD) was the average of three biological replicates. V1= BARI Gom32, V2= BAW 1147, V3= BAW 1243, V4= BAW 1290, V5= BAW 1297, V6= BAW 1317

The highest (78.7) leaf water content is found from advance line BAW1297 of wheat variety with three time irrigation at optimum sowing condition. On the other hand, the lowest (68.5) leaf water content is found from the advance line BAW 1290 of wheat variety at optimum sowing condition with no irrigation. At late sowing condition the highest (74.8) leaf water content is found from the advance line BAW1243 of wheat variety with two times irrigation. On the contrary the lowest (67.1) leaf water content is found from the advance line BAW1290 of wheat variety without any irrigation. Leaf relative water content indicates the water status of plants relative to their fully turgid state (Moayedi et al., 2011). Genotypes that maintain high levels of leaf water under water deficit conditions are less affected by stress and are able to maintain normal growth and yield (Beltrano et al., 2008). In wheat, water balance among genotypes is disrupted when relative water content decreases in leaves under water deficit conditions and a positive correlation between grain yield and leaf relative water content has been observed (Schonfeld et al., 1988; Tahara et al., 1990; Merah 2001). Gupta et al. (2013a) reported that 450C temperature about 2 hours after 7 days of germination reduced length and dry mass of shoot and root and decreased the chlorophyll and membrane stability index. Pradhan and Prasad (2015) reported that 340/260C (day and night) temperature about 16 days at the grain-filling stage increased leaf temperature and decreased leaf chlorophyll content, and the maximum quantum yield of photosystem-II; decreased in individual grain weight and grain yield.

4.4 Effect of irrigation on the plant height of wheat genotypes at optimum and late sowing conditions
Height of the crop is mainly controlled by the genetic make-up of a genotype and it can also be affected by the environmental factors (Shahzad et al., 2007). Plant height was significantly influenced by date of sowing and irrigation level in the present level (Fig. 4). The highest plant height (96.9 cm) at harvest was obtained from in optimum sowing and with two times of irrigated condition whereas lowest plant height (72.0) at harvest was observed with two times of irrigation. The highest plant height (93.7cm) at harvest was obtained from in late sowing and with three times of irrigated condition whereas lowest plant height (73.3) at harvest was observed and with two times of irrigation. The highest plant height was observed in BAW 1147 in both optimum and late sowing in two times and three times of irrigation level. The lowest plant height was observed in BAW 1297 at optimum sowing time and with no irrigation. On the contrary BARI Gom32 produced lowest plant height at late sowing with no irrigation. BARI (1984) reported that the tallest plant (76.83) when sowing was done on 20 November and shortest with 30 December sowing.
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Fig. 4: Effect of sowing time and irrigation levels on the plant height (cm) of wheat genotypes. The mean (±SD) was the average of three biological replicates. The mean (±SD) was the average of three biological replicates. V1= BARI Gom32, V2= BAW 1147, V3= BAW 1243, V4= BAW 1290, V5= BAW 1297, V6= BAW 1317

These results are partially supported by Baloch et al. (2012) who stated that increasing trend in plant height with the advancement of sowing dates up to November and thereafter decreasing in plant height.  Sial et al. (2005) reported that case of delayed planting, the development of plant organs and transfers from source to sink were remarkably affected, which was influenced and also reflected by overall shortening of plant height. Zia-UL-Hassan et al. (2014) reported that sowing dates remained significant in terms of plant height of modern cultivated wheat. Qasim et al. (2008) reported that plant height varied for different cultivars of wheat. Al-Musa et al. (2012) reported that among BARI varieties, BARI Gom26 produced the taller plant (47.91). Islam and Jahiruddin (2008) also concluded that plant height varied significantly due to various wheat varieties. Plant height is an inherent character and varies with genotype and environmental conditions (Hossain and Teixeira da Silva, 2012d). Ahmed et al. (2010) also found similar results in early and late sowing conditions. On the other hand, Khan et al. (2007) found, a positive and significant association between plant height and all morphological traits at the genotypic level. Plant height is the morphological characteristic associated with moving the carbohydrates, especially under stress conditions. The reduction in plant height in response to drought stress can be due to the relative reduction of inflammation and water loss of the protoplasm, which contributes to the reduction of turgor pressure and cell division (Hossain et al., 2012).
4.5 Effect of irrigation on the spike length of wheat genotypes at optimum and late sowing conditions
Spike length was significantly significant by the date of sowing and the level of irrigation under the present trial (Fig. 5). The length of spike plays a vital role in wheat towards the grains spike-1 and yield (Shahzad et al., 2007). 
[image: image5.png]Spike length (cm)

14 No irrigation ~ E1One time irrigation ~ RTwo times imigation ~ EThree times irrigation

A

)

V1 V2 V3 V4 Al V3 V4 Al V6

Optimum sowing Late sowing





Fig. 5: Effect of sowing time and irrigation levels on the spike length of wheat genotypes. The mean (±SD) was the average of three biological replicates. The mean (±SD) was the average of three biological replicates. V1= BARI Gom32, V2= BAW 1147, V3= BAW 1243, V4= BAW 1290, V5= BAW 1297, V6= BAW 1317

In optimum sowing time, advanced line BAW 1147 given the highest spike length when two irrigation was provided followed by advanced line BAW 1317 at three time irrigation (Fig. 5). The lowest spike length was obtained from advanced line BAW 1290 when irrigation was not provided. It can be occurred due to high temperature as it reduces the life span of wheat (Reynolds et al., 1985). These findings are supported by Baloch et al. (2010) who reported that optimum sowing dates resulted in better spike development due to longer growing period. It was noticeable that the spike length was reduced gradually across the late of sowing time. On an averaged genotypes performance, the biggest spike length was determined in BAW 1147 (12.7) at optimum sowing in two time irrigation. The very high spike length reduction was observed in BAW 1290 (8.1) at late sowing with no irrigation. In optimum sowing but no irrigation BAW 1290 produced lowest spike length (8.4). Hossain et al. (2012d) also observed similar result who reported that in stress condition (late sowing) all genotypes had shorter spikes (18-40%) which ultimately reduced the final yield. Chowdhury (2002) conducted an experiment with four sowing dates and reported that spike length decreased with delay in sowing date from November 15 and the lowest spike length were recorded in December 15 sown plants. Same type of experiment as sowing date and result was also found by Ahmed et al. (2006) and Anwar et al. (2007). This results are in agreement with Alam et al. (2013) and Islam and Jahiruddin (2008). Maqbool et al. (2015) also reported that spike length decreased by 8-16% and grain yield decreased by 19-42% in three tested varieties under water scarcity at anthesis stage. Hefni et al. (2000) reported that the spike length of wheat differed among cultivars using with different type of varieties. Drought stress at reproductive phase directly hampers the yield of plant by hindering the tiller surviving rate, number of spike, length of spike, number of fertile spikelet, grain ear-1, grain size, and weight (Hasanuzzaman et al., 2013). Maqbool et al., (2015) also reported that spike length decreased by 8-16% and grain yield decreased by 19-42% in three tested varieties under water scarcity at anthesis stage. In optimum sowing, BARI Gom32 gives the lowest spike length during no irrigation that means at drought conditions. In late sowing condition, during one time irrigation BAW 1147 gave the highest spike length followed by advanced line BAW 1317 when provided three times irrigation.
4.6 Effect of irrigation on the spikelet spike-1 of wheat genotypes at optimum and late sowing conditions
The number of spikelet spike-1 is another important factor to get higher yield. Spikelet spike-1 was significantly influenced by the date of sowing and drought stress in the present trial (Fig. 6).  In late sowing (LS) condition, the plant is exposed to extremely high temperature which reduces the pollen viability and dries the stigma causing pollination hampered. In timely sowing (TS) condition, the highest spikelet was attained from BAW 1147 (19.9) in two times irrigation and in one time irrigation spikelet was (19.6) in BAW 1147and the lowest from BAW 1290 (13.8) and BAW 1297 (14.1). The spikelet of all advanced lines and variety was significant. In optimum sowing, during two times irrigation, advanced line BAW 1147 produced the highest spikelet followed by advanced line BAW 1243 (during two times irrigation) (Fig. 6). On the other hand, at late sowing condition, during one time irrigation, advanced line BAW 1147  produced the highest (18.7) spikelet followed by advanced line BAW 1243 (15.5) (during one time irrigation). But the highest spikelet spike-1 was counted from BAW 1147 while it was seeded on 6 Dec and from BAW 1147 (19.6) seeded on 23 Dec. Suleiman et al. (2014) reported that sowing dates have significant effect on yield components that decreased with delay in sowing date and the highest values were obtained when cultivars sown on 1st November. Shafiq (2004) revealed that early sowing increased spikelet spike-1 compared to late sowing. Ulukan (2008) and Qasim et al. (2008) also observed through their experiments as sowing time effects the spikelet per spike. The spikelet number spike-1 was reduced under heat stress as reported by Shpiler and Blum (1986).
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Fig. 6: Effect of sowing time and irrigation levels on the spikelet spike-1 of wheat genotypes. The mean (±SD) was the average of three biological replicates. V1= BARI Gom32, V2= BAW 1147, V3= BAW 1243, V4= BAW 1290, V5= BAW 1297, V6= BAW 1317.

Dhayal et al. (2012) recorded that withholding irrigation only for 10 days reduced the spike number plant-1, grain number spike-1, and grain yield by 5.88, 4.44, and 6.31%, respectively. The difference in spikelet spike-1 might be due to the genetic makeup as realized under the field condition. This finding was commensurate with the observation made by Kabir (2009), who reported that the spikelet spike-1 of wheat differed among cultivars. The reproductive stage is considered to be the most temperature sensitive period in wheat. The main sensitive trait to temperature (high and low temperature) stress at this stage is spikelet spike-1 (Sangtarash, 2010). High temperature in the reproductive stage, forced premature death in more distal and basal florets, as a result, grain number decreased drastically (Oosterhuis and Cartwright, 1983). Similarly, Hossain et al. (2012d) reported that all varieties showed more spikelet spike-1 in optimum sowing, due to a more favourable environment than early and late sowing.
4.7 Effect of irrigation on  the grains spike-1 of wheat genotypes at optimum and late sowing conditions
Number of grains spike-1 is an important yield contributing parameter and has a direct effect on the grain yield of wheat. Number of grains spike-1 is also one of the major criteria to influence grain yield of wheat. Heat stress, singly or in combination with drought, it is common constraint during anthesis and grain filling stages in many cereal crops of temperate region (Nahar et al., 2010). Grains spike-1 was significantly influenced by the date of sowing and irrigation level in the present trial (Fig. 7).
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Fig. 7: Effect of sowing time and irrigation levels on the grains spike-1 of wheat genotypes. The mean (±SD) was the average of three biological replicates. V1= BARI Gom32, V2= BAW 1147, V3= BAW 1243, V4= BAW 1290, V5= BAW 1297, V6= BAW 1317
In this study, terminal high temperature imposed by late sowings had significant effect on number of grains spike-1. Among the tested genotypes, BAW 1147  significantly resulted in the highest ( 50.9) number  of grains spike-1 at optimum sowing times with one time irrigation and other genotypes performed similarly. At optimum sowing condition the lowest (29.9) grains spike-1 was observed from advanced line BAW 1297 of wheat variety without irrigation. At late sowing condition the advance line  BAW 1147 of wheat variety produced the highest (49.9) grains spike-1 with no irrigation. The lowest (28.8) grains spike-1 was observed from advanced line BAW 1297 of wheat variety without irrigation. During optimum sowing at one time irrigation, advanced line BAW 1147 produced the highest number grains spike-1 followed by advanced line BAW 1147 when two irrigation were provided (Fig. 7). On the other hand, at late sowing condition, advanced line BAW 1147 produced the highest grains spike-1 followed by BAW 1147 (when one, two and three irrigation was provided). Kabir(2009) reported that the grains spike-1 of wheat differed among cultivars. Different wheat genotypes have significant effect on grain spike-1 observed also by Rahman et al.(2009). WRC (2003) reported that the varieties Shatapdi produced the maximum grain spike-1. Withdrow water for 22 days from wheat plant decreased spikelet fertility rate by 22% as well as grain number by 38% Prasad et al. (2011). Dhayal et al. (2012) recorded that withholding irrigation only for 10 days reduced the spike number plant-1, grain number spike-1, and grain yield by 5.88, 4.44, and 6.31%, respectively. reported that The number of grain spike-1 in wheat is influenced by sowing dates and genotypes (Rane et al., 2003; Sardana et al., 2005; Kumar et al., 2008; Kaur et al., 2010; Pandey et al., 2010). It is due to altered phenology resulting in early heading and forced maturity due to heat stress, less time was available for grain formation which resulted in reduction in number of grains. Islam et al. (1993), He and Rajaram (1993), Al-Khatib and Paulsen (1990) and Bhatta et al.(1994) also observed the reduced number of grains per spike in different magnitude under late sowing or high temperature condition compared to optimum sowing temperature. Lower grain number spike-1 due to seed sowing on 6th November was due to coincidence the anthesis and the fertilization phases with cold weather during January, whereas the reduction after 6th December was due to a higher temperature during reproductive phase. These results are in line with Badaruddin et al. (1999) and Modhej et al. (2008). Considerable positive and worth mentioning association has been observed for grains per spike with total grain production in diverse bread and durum wheat genotypes, and grains per spike was observed 50-68 in irrigated condition while 32-50 under stress (Jatoi et al., 2011). Similar observations are in line with those of Tahir et al. (2009). The introducing drought stress can result in a serious reduction of grain numbers. Additionally, drought at the period of stem elongation causes a reduction in the number of grains per unit area due to its negative effect on floret formation and fertility. This reduction might be linked to reduction in plant growth that resulted in reduction in the capacity of source and sink size in drought-stressed plants compared to full-irrigation plants. Also, a decrease in photosynthetic rate due to pre-anthesis drought has been shown to be associated with a reduction in grain numbers per spike (Fracia et al., 2011).
4.8 Effect of irrigation on 1000-grain weight of wheat genotypes at optimum and late sowing conditions

Thousand-grain weight is a genetic character and least influenced by the environment. TGW is the most important factor of all yield contributing characters. It plays a vital role to increase the yield of any genotype sown in any time. Thousand-grain weight (TGW) was significantly influenced by date of sowing and irrigation level in the present trial (Fig. 8). The TGW decreased with the delay of sowing times in all genotypes. The maximum TGW (51.7 g) was record from optimum sowing of BAW 1317 with three times of irrigation. All genotypes performed better in TS condition. In case of all genotypes, TGW was decreased along with the delay sowing because, the temperature was increased but RH (%) was decreased with the delayed of seeding (Fig. 8). It is remarkable that of BAW 1317 produced the highest TGW (49.1 g) at late sowing with three times of irrigation. The lowest (47.8) thousand grain weight was observed in BARI Gom32 one time irrigation at optimum sowing condition. On the contrary at late sowing the lowest (39.1) thousand grain weight was observed in BARI Gom32 with no irrigation. It was showed that at optimum and late sowing BAW 1317 produced highest thousand grain weight in three times of irrigation. On the other hand, the lowest thousand grain weight was observed in BARI Gom32 at both optimum and late sowing condition with irrigated and non-irrigated conditions.
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Fig. 8: Effect of sowing time and irrigation levels on the 1000-grain of weight genotypes. The mean (±SD) was the average of three biological replicates. V1= BARI Gom32, V2= BAW 1147, V3= BAW 1243, V4= BAW 1290, V5= BAW 1297, V6= BAW 1317.
Chowdhury (2002) conducted an experiment with four sowing dates and reported that 1000- grain weight decreased with delay in sowing date from November 15 and the lowest 1000-grain weight were recorded in December 15 sown plants. Similar results observed by Rahman et al. (2009) and Ulukan (2008). Abdullah et al. (2007) found that 1000-grain declined progressively with delayed sowing and the maximum value was recorded at 25th October and the minimum value at 10thJanuary. These results are in the line with those of Shehzad et al. (2002) who depicted that 1000-grain weight which is the most important parameter for final yield. High temperature stress during anthesis to maturity induces leaf senescence that decreases availability of current assimilates to growing grain and also starch synthesis and deposition, which ultimately decrease individual grain weight. Again high temperature at this stage also decrease grain filling duration, which outweighs the increase in grain filling rate (Prasad et al., 2006a; Prasad et al., 2006c; Prasad et al., 2008a). Yang et al. (2002) reported about a 50% decline in average grain weight of 30 synthetic hexaploid wheat subjected to high temperature of 100C higher than the ambient (20/150C) at 10d after anthesis. Similarly yield and yield components were significantly reduced under late seeding conditions (Tyagi et al., 2003). Munjal et al. (2004), Alam et al. (2013) concluded that decreased weight in December 20 might be due to delay sowing that reduced in growth period and shriveling of grain with prevailing high temperature during milk and grain filling stage. Shafiq (2004) revealed that early sowing increased 1000-grain weight compared to late sowing. However, under stress condition, 1000-grain weight decreased due to a decrease in individual grain weight. In optimum sowing, all genotypes produced higher individual grain weight due to favourable environmental conditions at that time (Hossain et al., 2012d). High temperature (soil, air) and deficit soil moisture (drought) stress in late sowing reduced individual grain weight, ultimately affected 1000-grain weight (Hossain et al., 2012d). Asana and Saini (1962) stated that relatively high temperature during early grain development stage increased the initial rate of grain filling, enhanced the yellowing and loss of stem sugars and hence reduced final grain weight. Similar observation of reduction in 1000-grain weight with delay in sowing was also made by Shirpurker et al. (2007), Kumar et al. (2008), Pandey et al. (2010). Jedav and Karanjikar (2001), Kumar et al. (2005) and Shirpurker et al. (2007) reported that the reduction in the 1000-grain weight as the sowing was delayed also could be attributed to more number of shriveled grains formed due to prevailing high temperature at the time of grain filling. Withholding water after anthesis reduced 1000-seed weight, grain, and straw yield by 10.6, 26.3, and 28.5%, respectively (Johari-Pireivatlou, 2010). Abdel-Motagally and El-Zohri (2016) raised wheat genotypes in soil which had 50% FC and recorded that grain yield decreased by 28.3% along with reduction of number of spike (19.8%), length of spike (14.5%), and 1000-seed weight (18.2%). Reduction in 1000-grain weight on account of late sowing is also due to high temperatures in March, April and May when temperature raises and late season heat stress is more likely to occur during grain filling period. Lower 1000-grain weight as a result of late sowing was also documented by Mohammadi (2012). A subsequent decrease in 1000-grain weight in wheat with delayed sowing was reported by Joarder et al. (1981). Spink et al. (2000) also observed that delayed sowing shortens the duration of each development phase which ultimately reduces grain filling period and lowers the grain weight. Lower 1000-grain weight was found in late sowing (December 20 and 27), due to high temperature at growth stage, especially in grain filling stage. These findings are strongly supported by those of Spink et al. (2000) and Shahzad et al. (2002) who reported decreased 1000-grain weight with delay in sowing. Similar results have been reported in the past (Qamar et al., 2004; Subhan et al., 2004). Akhtar et al. (2006) reported that delayed sowing shortens the duration of each development phase which ultimately reduces gain filling period resulting in lower grain weight. On the other hand, the earlier sown crop enjoyed a prolonged growth period and favourable pre-heading conditions which have had a carryover effect on the grain weight via stem reserves or the setting of potential grain weight soon after anthesis (Ortiz-Monasterio et al., 1994). Many workers have also reported a decrease in wheat grain weight due to late sowing (Khan, 2000). This is because the delayed sowing shortens the duration of each development phase which ultimately reduces grain filling period resulting in lower grain weight. Late sown crop has to face increasing temperatures at the anthesis stage, which generally decreases weight per grain. The higher temperature coupled with desiccating winds during the month of March-April brings forced maturity of late sown wheat and results in reduction of test weight (Singh and Dhaliwal, 2000). The interaction showed significant differences between varieties and planting time.
4.9 Effect of irrigation on the spike m-2 of wheat genotypes at optimum and late sowing conditions
Spike per meter square was significantly influenced by the date of sowing and irrigation level in the present trial (Fig. 9). The economic yield of most of the cereals is determined by the number of spikes m-2. It has the great agronomic importance as this may compensate the difference in number of plants, partially or totally after crop establishment. It is evident from the data that sowing dates had significant effect on the number of spikes per unit area. Spike density is one of the most important yield contributing factors for wheat yield production. It is reported that around 500 effective spikes per square meter must be produced to get yield 5 t ha-1 of wheat (Rawson et al., 2000). It may be varied due to different stress conditions. In this study, both the main effect of terminal high temperature forced by sowing times and genotypes was significant on spike density. Spike density decreased with the delay of sowings. Under irrigated in three times and in TS condition, BAW 1290 succeeded to produce significantly the maximum number (376.0) of spike per unit area. On the contrary, the minimum number (162) of spike m-2 was observed in BAW 1147 at timely sowing in no irrigation. The genotype BAW 1243 produced second highest number (362) of spike m-2 and the value was statistically identical to the value (351.7) noted from BAW 1290 at timely sowing and in two time irrigation. The genotypes, BAW 1297 also resulted in higher number of spikes in late sowing conditions and in three times irrigated condition (spike m-2 318.7). 
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Fig. 9: Effect of sowing time and irrigation levels on the spike m-2 of wheat genotypes. The mean (±SD) was the average of three biological replicates. V1= BARI Gom32, V2= BAW 1147, V3= BAW 1243, V4= BAW 1290, V5= BAW 1297, V6= BAW 1317.
The advanced line BAW 1290 produced the second highest number of spike m-2 (318) in three times irrigation. In the late sowing under no irrigation condition, the advanced line of wheat variety BAW 1147 produced the lowest spike m-2 (171.0) than all other advanced lines of wheat. Among the advanced genotypes, BAW1290 and BAW1297 performed better both in timely sowing and in late sowing plants both in three times irrigated conditions. The negative effect of late sowing on spike m-2 was also reported by Ayeneh et al. (2002) and Rane et al. (2007). 
4.10 Effect of irrigation on the yield (t ha-1) of wheat genotypes at optimum and late sowing conditions
Grain yield was significantly influenced by date of sowing and irrigation level in the present trial (Fig. 10). Grain yield of wheat crop is the result of combined effect of various yield contributing components. Wheat is the most temperature sensitive cereal crop of all. In Bangladesh, early wheat faces high temperature stress at the vegetative stage and LS wheat is affected at two stages: germination by low temperature stress (<10°C) and at the reproductive stage by high temperature (>25°C), which ultimately affects grain yield (Hossain et al., 2011; 2012c). Every 1°C rise in temperature above the optimum (15°C) reduces yield by 3-4% per spike (Wardlaw et al., 1989a; 1989b). In TS condition, all the genotypes resulted in significantly higher grain yield and thereafter decreased yield with the delay of sowing times. The yield of all genotypes recorded from TS condition was significantly higher than those of all in LS conditions. The highest (5.6) grain yield was obtained from optimum sowing, whereas the lowest (2.4) grain yield was observed in late sowing. This might be for the adverse impact of heat stress particularly to reproductive stages. This result was similar to Mahboob et al. (2005) who reported that  delayed planting reduced the days days to heading, days to maturity and grain filling duration which ultimately  showed the reduction in yield components. Ulukan (2008) and Qasim et al. (2008) also found the effect of sowing date on reduced yield (ton/ha). Late planted wheat plants face a period of high temperature stress during reproductive stages causing reduced kernel number/spike (Bhatta et al., 1994 and Islam et al., 1993) as well as the reduction of seed yield. Numerous publications have been reported an increased wheat yield with early sowing and a reduction in yield when seeds sowing delayed after the optimum time (Bassu et al., 2009 and Bannayan et al., 2013). Hossain et al. (2011) observed that the highest yield was obtained wheat sown in November 22 to December 20 compared to November 08, 15 and December 27. This might be for the adverse impact of terminal heat stress particularly to reproductive stages. The grain yield ha-1 ranged from 2.4 to 5.6 ton ha-1 in this study. The advanced line BARI Gom 32 produced highest yield ha-1 at optimum sowing with two times irrigation. On the other hand, the advanced line BAW 1297  produced the lowest  yield (2.9 t ha-1) at optimum sowing condition with one time irrigation. This interaction between cultivar and sowing date for yield can largely be explained by differences in time to heading among the cultivars (Ortiz-Monasterio et al., 1994). All wheat varieties/lines produced poor grain yield when planted in December. This explains that the spikes population or mean seed weight in late planting could not compensate for the increases in the yield of earlier sowing due to high temperature at the anthesis stage and reduced season length (Naceur et al., 1999) and the low temperature of December which reduced germination of seeds and early vegetative growth.  The higher grain yield in early sown crop over late sowing was due to higher or comparable number of tillers m-2, more number of grains per ear and higher mean grain weight on account of intercepting more solar radiation over an extended period of growth (Ali, 1999). Smith and Humphreys (2001) developed simulation models to predict the effects of seasonal variation, sowing time etc., and suggested that early wheat sowing should be done to obtain high yields. Hameed et al. (2003) also observed better performance of wheat varieties when planted in last week of October or first week of November. The lower grain yield with delayed sowing was attributed to reduce number of grains due to high pre-anthesis temperatures (Fischer and Maurer, 1976) and cold temperatures. The reduction in yield may also be due to high post-anthesis temperatures (McDonald et al., 1983).
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Fig. 10:  Effect of sowing time and irrigation levels on the yield t ha-1 of wheat genotypes. The mean (±SD) was the average of three biological replicates. V1= BARI Gom32, V2= BAW 1147, V3= BAW 1243, V4= BAW 1290, V5= BAW 1297, V6= BAW 1317.
At late sowing condition, the advanced line of wheat variety BARI Gom 32 produced lowest grain yield (2.4 t ha-1) without any irrigation. On the contrary, the advanced wheat line BAW 1290 produced the highest grain yield (4.70 t ha-1) at late sowing with three time irrigated condition. In field conditions, most of the time, high tempertures follow drought, that is, drought and high temperature occur simultaneously causing significant yield loss (Lott et al., 2011). This is due to in late sown condition, climate and soil moisture were unfavourable (high temperature, low relative humidity in the air and low soil moisture) for crop production, which ultimately affected crop growth and yield (Hossain et al.2012d). Similar views were expressed by Tewari and Singh (1993), Singh and Ahamd (1997), Kulhari et al. (2003), Sardana et al. (2005), Kaur and Pannu (2008a), Dubey et al.(2008), Pardeshi et al. (2009a) and Muduli et al. (2010). Kumar et al. (2013) also reported significant variation of grain yield due to interaction of variety and sowing date. Al-khatib and Paulsen (1990) concluded that the high relative grain yield which was the results of stable or long duration of photosynthetic activity at heat stress condition. High temperature reduced the grain yield of wheat. Creation of drought onset of stem elongation stage reduced grain and biological yield by 47 and 23%, respectively (Shamsi and Kobraee, 2011). Daryanto et  al. (2016) also observed that grain yield reduced by about 21 due to 40% water reduction. So, it can be concluded that yield reduction of wheat depends on genotype, stress intensity, stress duration, and age of plants. Hasan (2002) stated that grain yield reduction was 2.6 to 5.8% in heat tolerant and 7.2% in heat sensitive genotypes for each 1°C rise in average mean air temperature from optimum condition during anthesis to maturity. These results are in accordance with Sharma et al. (2006) who stated that wheat yield in late sowing by the end of December reduce the grain yield by 30-40% compared with normal sowing.   Roman et al. (2013)  found that final grain weight was reliant on carpel weight at anthesis. The expected reason for reduction in grain weight in drought stress treatments might be due to drought influencing the emergent florets and lessening the weight of the carpel at pollination. The major objective of plant breeders in a crop-breeding program is the development of cultivars, or cultivars that are stable or adapted to a wide range of diversified environments. During the growth stages, plants may be exposed to drought stress. Therefore, the cultivars will be better when highly stable and able to produce good performance in these conditions. Similar findings have also been reported by Razaq et al. (1986) who recorded 58.2% reduction in wheat grain yield due to delayed sowing. A yield reduction of 27 and 52% was also noted by Iqbal et al. (2001) when wheat crop was sown on December 15 and December 31, respectively compared to December 01 sowing.
CHAPTER V

SUMMARY AND CONCLUSION

The experiment was conducted at the Research Farm in Bangladesh Wheat and Maize Research  Institute (BWMRI), Nashipur, Dinajpur during wheat growing season November 2018 to April 2019 to evaluate the effects of sowing times and irrigation levels on the growth, physiology and yield of different genotypes of wheat. The experiment comprised three factors naming Factor A: Two sowing times viz., i) S1=optimum sowing (sowing at 6 December), and ii) S2=late sowing (sowing at 23 December), Factor B: Six wheat genotypes viz., i) V1=BARI Gom 32, ii) V2=BAW 1147, iii) V3=BAW 1243, iv) V4= BAW 1290, v) V5 = BAW 1297 and vi) V6= BAW 1317, and Factor C: Four irrigation levels viz., i) No irrigation (drought condition i.e. water stress), ii) one time irrigation (moderate water stress), iii) two times irrigated condition, and iv) three times irrigation  (normal water condition). The experiment was laid out in split plot design with three replications. Data on the number of tillers at different days after sowing, leaf water content (%), plant height (cm), spikes m-2, spike length (cm), spikelet spike-1, grains spike-1, number of tillers m-2, 1000-grain weight (g), grain yield (kg ha-1) were recorded. Data collected during this study statistically analyzed using the software SPSS 23.0 followed by General Linear Model (multivariate).

In the present study it was noticed that high temperature due to arisen of late sowing and water regimes was a modifying factor in all stages of wheat growth and development of different genotypes. Sowing times significantly influenced the growth, yield contributing characteristics and yield of all wheat genotypes, and late sown plant produced lower number of tillers, leaf water content (%), plant height (cm), spikes m-2, spike length (cm), spikelet spike-1, grains spike-1, number of tillers m-2, 1000-grain weight (g), and grain yield (kg ha-1) in all genotypes.
The sowing time influences the growth, physiology and yield of wheat. In optimum sowing time, the maximum plant height (96.9), leaf water content (78.7), tillers m-2 at 24 days (339.0), tillers m-2 at 49 days (717.7), spike m-2 (376.0), spike length (12.7), spikelet spike-1 (19.9), grains spike-1(50.9), thousand grain weight (51.7), grain yield (5.6) were recorded respectively in BAW 1147, BAW 1297, BAW 1290, BAW 1290, Baw 1290, BAW 1147, BAW 1147, BAW 1147, BAW 1317, BARI Gom32. In optimum sowing conditions decreasing trends were observed in mostly in BARI Gom32, BAW 1297 and followed by BAW 1317. On the other hand, in late sowing condition the maximum plant height (93.7), leaf water content (74.8), tillers m-2 at 24 days (338.7), tillers m-2 at 49 days (421.3), spikes m-2(318.7), spike length (12.3), spikelet spike-1 (18.7), grains spike-1 (45.4), 1000-grain weight (48.4), grain yield (4.7) were recorded respectively in BAW 1147, BAW 1243, BAW 1243, BARI Gom32, BAW 1297, BAW 1147, BAW 1147, BAW 1147, BAW 1317, BAW 1290. In late sowing conditions decreasing trends were observed mostly in BARI Gom32 and then BAW 1147 and followed by BAW 1290 and BAW 1297. 

Irrigation affects the growth, physiology, and yield of wheat. Applying two and three times irrigation, most of the genotypes produced the maximum plant height, leaf water content, tillers m-2 at 24 days, tillers m-2 at 49 days, spikes m-2, spike length, spikelet spike-1, grains spike-1, 1000-grain weight, grain yield was observed in both optimum and late sowing condition, but there were no significant differences when two and three times irrigations was applied among the genotypes. Under control condition i.e. drought condition the aforesaid traits were decreased for all genotypes.  The highest (5.6) yield was observed in the genotype BARI Gom32 when two times irrigation was applied during the growing period. Under drought condition, the genotype BAW1147 recorded the highest growth and yield parameters and finally produced the highest grain yield (2.9). 

Optimum but drought condition BAW 1317 produced highest plant height (90.2 cm). But in late sowing and drought condition BAW 1147 produced maximum plant height (81.5 cm) than all other wheat genotypes. The maximum tiller m-2 at 24 DAS and 49 DAS was observed in BAW 1290 (V4) than all other wheat genotypes. Optimum sowing but in drought condition BAW 1317 (V6) produced the highest spike length (11.0 cm) among all other wheat genotypes. On the contrary, both in late sown and non-irrigated condition BAW 1147 (V2) produced the highest spike length (11.6 cm) than all other wheat genotypes which was followed by BAW 1317 (11.0) and BAW 1147 (10.7). In optimum but drought condition BAW1317 produced highest grains spike-1 (39.9). In late sown and drought condition BAW 1147 produced highest grains spike-1 (45.3) than all other wheat genotypes. The genotype BAW 1147 produced the highest thousand grain weight (51.7g) at optimum sowing with no irrigation condition. On the other hand, in late sowing condition BAW 1147 produced highest (49.1) thousand grain weight during no irrigation. In optimum sowing condition BAW 1317 produced highest (3.5) yield which is followed by BAW 1147(3.4) during drought condition. In late sowing and in drought condition BAW 1147 produced highest (2.9) yield than all other wheat genotypes. BAW 1147 (V2) produced highest yield because yield contributing characters viz; spike length, spikelet spike-1, grains spike-1, thousand grain weight was highest.
The advanced line BAW 1147 (V2) produced the highest spike length, spikelet, grain per spike, TGW and yield under drought stress both in optimum as well as late sowing conditions which was followed by advanced line BAW 1317 (V6). So, the advanced line BAW 1147 may be released as a variety for cultivation in late sowing for drought prone areas. 
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APPENDICES
Appendix I: Weekly minimum, maximum and average temperature and rainfall during wheat growing season in Dinajpur 
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Appendix II: General characteristics of soil of the experimental site

	General characters
	Description

	Location
	Research Field, BWMRI, Nashipu, Dinajpur

	AEZ
	Old Himalayan Piedmont Plain (AEZ-1)

	General Soil type
	Non-Calcareous Brown Floodplain Soil

	Parent material
	Piedmont alluvium

	Soil series
	Ranishankail

	Drainage
	Moderately well drained

	Flood level
	Above flood level

	Topography
	High land, 35.37m elevation


Appendix III: Initial soil physical and chemical properties of experimental fields and their interpretation according to fertilizer recommendation guide (BARC, 2012)

	Soil Characters
	Analytical value
	Critical level
	Soil test values interpretation
	Range of value used within the interpretation class

	Physical properties

	Sand (%)
	60.00
	-
	-
	-

	Silt (%)
	27.00
	-
	-
	-

	Clay (%)
	13.00
	-
	-
	-

	Textural class
	Sandy loam
	-
	-
	-

	Bulk density(g/cc)
	0.86-1.07
	-
	-
	-

	Field capacity (%)
	25.8
	-
	-
	-

	Permanent wilting point 
	11.6
	-
	-
	-

	Chemical properties

	Soil pH
	5.40-5.50
	-
	-
	-

	Organic matter (%)
	0.69
	-
	Low
	-

	CEC (meq/100g soil)
	5.60
	-
	Low
	

	Total nitrogen (%)
	0.07
	0.12
	Low
	≤ 0.09

	Available phosphorus (µg g-1)
	16.75
	10.00
	Medium
	7.51-15.0

	Exchangeable potassium (meq100-1 soil)
	0.17
	0.12
	Low
	0.18-0.27

	Exchangeable calcium (meq100-1 soil)
	1.45
	2.00
	Very low
	≤ 1.5

	Exchangeable magnesium (meq100-1 soil)
	0.81
	0.50
	Medium
	0.751-1.125

	Available sulphur ((µg g-1)
	17.53
	10.00
	Medium
	15.10-22.50

	Available boron ((µg g-1)
	0.15
	0.20
	Very low
	≤ 0.15

	Available zinc ((µg g-1)
	0.88
	0.60
	Low
	0.45-0.90


Source: Analysis of initial soil samples was done in SRDI, Dinajpur, Bangladesh
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