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Summary Soybean, Glycine max (L.) Merrill, a native of Eastern Asia is an ancient crop with hundreds of uses for food, feed and industry, contains about 18 22 % oil and about 40 - 42 % protein. In addition to its nutritive value, the nitrogen symbiosed from nodules on soybean roots could improve soil nitrogen status, in some cases up to 300 kg N.ha-1. This study was carried out in Sulaimani region at two locations, Bakrajo (35 o 33N, 45o 21- E, 750 masl) and Kanipanka (35o 22- N, 45o 43- E, 550 masl) during the growing season of 2004 to evaluate the response of four soybean varieties: Century-84 (MG II), NARC-2 (MG II), Willams-82 (MG III), and Hutcheson (MG V) to three planting dates ( May 7th , May 22nd , and June 7th ) and three rate of phosphorus fertilization ( 0, 60, and 120 Kg P2O5.ha-1 ). The design of split-plots within factorial experiment with three replications was used. The combination of planting date and phosphorus fertilization were implemented in the main plots and conducted with Completely Randomize Block Design (C.R.B.D) and varieties were implemented in the sub-plots. Means comparisons were carried out by Least Significant Difference (L.S.D) at a significant level of 5%. Parameters such as growth characters, yield and its components, seeds oil and protein contents were evaluated. According to the results of this study there are differences among the varieties in these growth characters (Table 4): At Bakrajo, Century-84 obtained the shortest period to 50% flowering (62.41 days), Williams-82 obtained the shortest period to maturity (135.15 days), Hutcheson obtained the maximum number of branches.plant-1 (6.00 branches), but Century-84 gave the highest plant height (124.82 cm) and maximum number of nods.plant-1 (22.74 nods). At Kanipanka, Century-84 also take the shortest period to 50% flowering (62.11 days), Williams82 obtained the shortest period to maturity (128.19 days), while Century-84 provides highest plant height, maximum number of branches.plant -1, and maximum



II



number of nods.plant-1 (101.78 cm, 8.48 branches, 21.59 nods) respectively. In relation to yield and its components (Table 12), varieties had significant differences in these characters: At Bakrajo, Century-84 obtained the highest seed yield (1747 Kg.ha-1), Hutcheson gave the maximum values for 100-seed weight, number of pods.plant-1, and weight of seeds.plant-1 which were 13.83 gm, 60.73 pods, and 24.56 gm respectively, while Century-84 gave the maximum values for weight of pods.plant-1, number of pods.nod-1, number of seeds.pod-1, weight of seeds.pod-1, harvest index which were 84.56 gm, 4.15 pods, 3.63 seeds, 0.43 gm and 0.23 respectively. At Kanipanka, Hutcheson obtained the maximum values for seed yield, and number of pods.plant-1 which were 2391 Kg.ha-1, and 56.05 pods respectively, while Century-84 gave the maximum values for 100-seed weight, weight of seeds.plant-1, number of seeds.pod-1, weight of seeds.pod-1, and harvest index which were 15.67 gm, 27.71 gm, 3.78 seeds, 0.56 gm, and 0.38 respectively, but Williams-82 obtained the maximum value of 42.98 gm for weight of pods.plant-1. Also there are differences among the varieties in seeds oil and protein contents (Table 20): At Bakrajo, Hutcheson and Williams-82 contained the highest oil and protein percentages of 25.12 %, and 40.85 % respectively. At Kanipanka, Hutcheson and NARC-2 contained the highest oil and protein percentages of 22.27 %, and 46.18 % respectively. Planting in three different dates gave different significant values (Table 5), thus at Bakrajo, planting on June 7th gave the shortest period to 50% flowering, the shortest period to maturity of 63.86 days, 133.31 days respectively, but planting on May 22nd gave the highest plant heights, and maximum number of nods.plant -1 (118.67 cm, 20.86 nods) respectively, while planting on May 7th gave the and maximum number of branches.plant-1 (5.47 Branches). At Kanipanka, planting on June 7th gave the shortest period to 50% flowering, the shortest period to maturity, and the highest plant heights of 62.97 days, 125.17 days, and 99.75 cm respectively. Planting dates gave different significant values in relation to yield and its component (Table 13). At Bakrajo, planting on May 7th gave the maximum values for seed yield, 100-seed weight, weight of seeds.plant-1, weight of seeds.pod1



, and harvest index which were 1892 Kg.ha-1, 12.79 gm, 21.90 gm, 0.41 gm, and
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0.18 respectively, while planting on May 22nd gave the maximum values for number of pods.plant-1, and weight of pods.plant-1 of 53.72 pods, and 70.46 gm respectively. At Kanipanka, planting on June 7th gave the maximum values for seed yield, weight of pods.plant-1, and weight of seeds.pod-1 of 2713 Kg.ha-1, 34.34 gm, and 0.47 gm respectively. In relation to seeds oil and protein contents (Table 21), planting in three different dates gave different significant values, thus at Bakrajo planting on June 7th gave the highest percentages of protein (41.37 %). At Kanipanka, planting on May 22nd gave the highest oil percentages of (21.79 %), but planting on June 7th gave the highest protein percentages of (47.07 %). Application of phosphorus fertilization causes various significant values (Table 6). At Bakrajo, the fertilizer rate (60 Kg P 2O5.ha-1) gave the shortest period to 50% flowering (67.75 days), and maximum number of nods.plant-1 (20.50 nods), but the rate (120 Kg P2O5.ha-1) gave the shortest period to maturity (145.28 days) and highest plant heights (116.69 cm). At Kanipanka, the fertilizer rate (120 Kg P2O5.ha-1) gave the shortest period to maturity (138.19 days). In relation to yield and its components (Table 14), at Bakrajo, the fertilizer rate (120 Kg P 2O5.ha-1) gave the maximum number of pods.plant-1, weight of seeds.plant-1, and harvest index of 56.98 pods, 22.81 gm, and 0.18 respectively. At Kanipanka, the fertilizer rate (120 Kg P2O5.ha-1) gave the maximum values for seed yield, and 100-seed weight of 2486 Kg.ha-1, and 14.99 gm respectively, but the maximum value for harvest index (0.37) was obtained without the application of phosphorus fertilization. Concerning the effect of phosphorus fertilization on seeds oil and protein contents (Table 22), at Bakrajo, the fertilizer rate (60 Kg P2O5.ha-1) gave the highest oil and protein percentages of 24.84 %, and 42.54 % respectively. At Kanipanka, the fertilizer rate (120 Kg P2O5.ha-1) gave the highest oil and protein percentages of 22.29 %, and 45.86 % respectively.
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Introduction Soybean, Glycine max (L.) Merrill, a native of Eastern Asia, originated from the wild progenitor Glycine ussuriensis and is found in Korea, Taiwan, Japan, China, and adjacent areas of Russia [1, 2, 3, 4]. Soybean is an ancient crop with hundreds of uses for food, feed and industry, since it constitutes man’s richest source of plant protein and oil. This is especially significant in developing countries where the quantities of protein for human consumption are insufficient. In addition to its nutritive value, the nitrogen symbiosed from nodules on soybean roots could improve soil nitrogen status, in some cases up to -1



300 kg N ha [1, 2]. Soybean is classified as an oil seed crop, contains about 18 to 22 % oil and is highly desirable in the diet, but the seed contains twice as much protein as oil, with about 40 - 42 % of a good quality protein. Therefore, it is the best source of protein and oil and truly claims the title of the meat/oil that grows on plants [5, 6]. Today soybeans are gown to the extent in most parts of the world. In Asian countries, the growing area of soybean has been expanded during recent years; however, the yields generally average less than 1000 Kg -1



-1



ha , while those in the developed countries are almost 2000 Kg ha [7]. In 2003, the total world soybean production was 190 million tons and the United States of America alone has the largest area under its cultivation and produces 34% of the world's soybean production which is equivalent to 65.8 million tons. Soybean is also grown in other parts of the world including Brazil 28% (53.3 million tons), Argentina 18% (34.0 million tons) , China 9% (16.2 million tons), India 4% (6.8 million tons), Paraguay 2% (4.0 million tons) and others 5% (9.8 million tons) [8]. th



In the 17 century soy sauce was a common item of trade from the East to the West and the Western world fully understood the connection between the cultivation of soybeans and its utilization as a food plant. The soybean reached
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Europe quite late. It must have reached the Netherlands before 1737. The soybean was introduced into North America in 1765. For the next 155 years, the crop was grown primarily for forage. The rise to prominence of soybeans as a grain crop started in the 1920's during which the American Soybean Association was founded by Morse [9]. There are 13 recognized maturity groups (MG) for soybean varieties. These are designated as MG 000, 00, 0 and I through X, the higher the number the later the maturity and the further south the variety [10], with two types of stem growth habits, indeterminate and determinate. Flowering activity of indeterminates is spread over a 3-5 week period once the critical day length has occurred. In indeterminate types, flowering begins at the lower nodes and progresses upward on the plant. The longer flowering period allows these types to adjust to the effects of short-term stress or unfavorable environmental conditions. Indeterminates have terminal buds that continue to grow several weeks after flowering and at maturity have a relatively even distribution of pods on the stem, but with fewer pods toward the tip of the stem. Determinates have terminal buds that cease to grow when the plant starts to flower, thus they have a short flowering period. At maturity, the determinate plants also have a rather dense cluster of pods on a terminal raceme. Indeterminate varieties are almost taller than determinate varieties when maturity is approximately the same. Most varieties in Maturity Groups 000 to IV are indeterminates and most varieties in Maturity Groups V to X are determinates. There are a few exceptions to this general rule [11]. Although soybeans are adapted to a temperate latitudes, substantial increases in the tropical acreage and production indicate a considerable adaptive potential, and the limitation in the yields, root with the risks of diseases, insect, pests and poor managements [12]. The most economical measure in increasing the yield of any crop is the selection of varieties/cultivars having wider adaption and tolerance to diseases and insect pests [13, 14].
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Most soybean varieties have genetic yield potentials well over 6725 Kg -1



ha . A variety's performance in a previously conducted yield trial is a measure of its performance in that environment and production system and does not assure satisfactory performance under a different set of conditions. When a set of varieties is tested for yield over a range of environments, their rank order commonly changes, which indicates that some varieties are better adapted to a specific environment than others [15]. A recent analysis of soybean variety test data over ten years in Minnesota showed that the average performance of a variety across three locations in one year was a better predictor of how that variety would perform at any location in the following year than were three-year averages from any location. In other words, it would be better to choose a variety for planting next year by selecting the one that performed best at all variety test locations this year than by using multiple year averages from just one location that is closest to the farm. Of course, using multiple-location averages over multiple years would be even better, but multi-year averages often are not available, especially on new varieties [16]. Soybean plants are classified as "short-day plants" which means the plants will develop vegetatively until a critical daylength is reached that "triggers" the flowering response [17]. The soybean plant is peculiarly sensitive to the number of hours of darkness to which it is subjected each day for the hours of darkness determine whether or not it will produce flower. Plants of certain varieties are incapable of producing flowers unless they receive 10 or more hours of darkness each day. All varieties flower more quickly with dark periods of 14- 16 hours than they do with shorter ones. This sensitivity to darkness determines the latitude where a variety may be adapted [3]. The date of planting has more effects on soybean grain yield than any other production practice [15]. Planting on time is necessary to obtain enough plant growth and development for good yields. If planting is delayed beyond the optimum date, yields will be reduced. Likewise, planting too early can reduce
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the yield because of poor stands caused by cool soil temperatures or because day lengths are too short, causing plants to flower early then reducing vegetative growth [18]. Soybeans require an adequate phosphorus supply during the early stages of growth to optimize crop yield. Plants have evolved strategies to enhance their ability to access and utilize available phosphorus for the production of viable seed. It is important to recognize phosphorus deficiency and to manage cropping systems to ensure providing adequate levels of available phosphorus to the crop during the early stages of crop growth [19]. It was found that each ton of harvested soybeans removes about 13.33 Kg of P2O5 ha



-1



from the field. Because the soybean plant takes up only a small



portion of the phosphorus applied in the year of planting, maintenance of adequate soil test levels is important. The soybean plant has a very fibrous and extensive root system, and row application of fertilizers is generally not needed in soils with medium to high phosphorus levels [15]. In Kurdistan region, based on the precious scientific records, there has been no detailed studies carried out on soybean, apart from one observational experiment carried out by FAO (Sulaimaniyah Sub-office) in the growing season of 2002- 2003 on several new imported varieties of soybean [20]. Thus, lack of scientific researches and information on these aspects necessitated the present study and has given rise to the concept of our project to provide an unbiased evaluation of variety characteristics and performance under different environmental conditions, planting date and phosphorus fertilization to facilitate the selection of varieties appropriate for our region and also to determine the optimum planting date and the amount of phosphorus fertilization to be applied, and their effects on growth characteristics, yield and its components, seeds oil and protein content.
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Literature Review 1- Variety Choosing



the proper variety is one of the most important decisions a



grower has to make, and a successful soybean production depends on selecting the best variety for any particular farm [16, 21]. Although success of a variety depends



on



several



interrelated



climatic,



agronomic



and



economic



considerations. A variety development is dependent upon sufficient genetic variability among the genotypes to permit effective selection. It is, therefore, important to select soybean lines which have the ability to tolerate to unpredictable agronomic and climatic conditions [22]. Each variety has a maximum yield potential that is genetically determined. This genetic yield potential is realized only when management and environmental conditions are perfect, and such conditions rarely exist. The performance of a variety may vary from year to year, even one variety may outyield another variety by 400 to 545 Kg or more within the same field. Selecting a variety that is yield-stable within a region and across years will more accurately indicate the variety performance and stability [21]. Generally, the varieties that mature earlier have a higher yield potential than later varieties where irrigation is used. Irrigation tends to delay maturity, and the early varieties have responded better to irrigation [17]. Harvestable yield is obviously an important characteristic to consider when selecting a soybean variety [16, 23]. Although improvements in yield do not occur at a rapid pace, development of new, disease-resistant varieties and integration of those varieties into cropping systems account for approximately half of the improvements in soybean yields in Kansas. This genetic contribution -1



-1



represents an increase in yield of 6.7 - 13.5 Kg ha year [23]. In general, the
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more locations and years that are included in a comparison, the more reliable the comparison will be. For example, the average yield of 'Hutcheson' and 'Accomac' in the full-season variety tests in 1996, 1997, and 1999 is exactly -1



equal to 3410 Kg ha , which is 103% of the average of all other varieties tested. These averages include 15 test-years (3 years and 5 locations per year). To calculate the yield of 'Accomac' as a percent of 'Hutcheson', it could be found that, over those 15 tests, 'Accomac' ranged from 86% to 120% of 'Hutcheson'. Obviously reliance on data from any one of those tests would have provided a very erroneous conclusion regarding the relative yield potential of those varieties. However, to compare the yields of the two varieties averaged over locations in each year, it could be found that the range is much smaller 'Accomac' yielded 94%, 104%, and 102% of 'Hutcheson' during 1996, 1998, and 1999, respectively. Clearly, the multiple location averages give a much more accurate indication of the relative yield potential of the varieties [16], In Pakistan, during the growing seasons of 1998, 1999, and 2000 the productions were found to be 1764, 3232, and 2466 Kg.ha



-1



respectively [22], in addition,



during the growing seasons of 1997 it had been found that NARC-2 genotype yielded more than Williams-82 genotype [24]. Genotypes low in protein could be discarded prior to the expensive procedure of yield evaluation. Negative genetic correlations between yield and protein content have been reported [25]. These negative genetic correlations between yield and protein content suggest that independent culling for protein content would result in a correlated response of lower yield [26]. Attempts to increase yield through increases in seed number or seed mass have been somewhat unsuccessful due to the compensation that occurs between these components [27]. Soybean seeds are receptacles for assimilate and that yield-limiting factors occur somewhere outside the seed because of the compensation that occurs between seed mass and number [28]. Yield decreases resulting from drought stress depend both on the phenological timing of the
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stress and on the degree of yield component compensation [29], another research reported that yield is more influenced by changes from flowering to physiological maturity compared with the emergence to flowering period [30]. Numerous studies have indicated that seed number (per unit ground area) was responsive to altered environmental conditions during flowering and pod set [30, 31, 32]. The negative effects of stress are particularly important during flowering, seed set, and seed filling where stress can reduce yield by reducing number of pods, number of seeds, and seed mass [33, 34, 35], some noted that (genotype x environment) interactions often involve a “specific adaptation” component (i.e., a consistent superiority of some genotypes over others in specific environments but an inverse performance rank in other environments) [36]. Cultivar adaptability to a region and its influence on soybean yield and yield components could be affected by growth habit and planting date [29]. Some studies showed that yield advantages between cultivars were correlated with seed mass, partially as a result of the number of seeds available for filling, the duration of the filling period, and total photosynthate production. Seed mass was overall significantly correlated with yield (r = 0.33; P = 0.001) [37, 38, 39, 40]. Seed size is not directly correlated with yield potential as several smaller-seeded varieties have high yield records and vice versa. Seed size is markedly influenced by the environment during the seed enlargement period of growth. Seed size reduction caused by moisture or other stress at the seed-enlargement period can reduce yield substantially [17]. The correlation among all yield components was significantly positive. A positive association between days to maturity and plant height, weak positive among days to maturity and pods per plant, 100- seeds weight and beans yield was noticed. Plant height showed weak positive association with pods per plant, 100-seeds weight and seed yield. Pods per plant also have positive but weak correlation with 100-seeds weight and beans yield. A strong positive association between 100-seed weight and beans yield was observed [22, 41].
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Number of days between stages can also be influenced by temperature, day length, variety and other agronomic factors [42]. While others stated that difference in days to maturity could be the result of photoperiod where different lines respond differently to a particular photoperiod [41]. Similarly, tall plants might be the contribution of sufficient soil moisture in the early vegetative stages [22]. The excess of soil moisture in the month of September, at late reproductive stages, and ambient temperature which ranges from 30.1 (maximum) to 14.5 °C (minimum) might have played an important role to enhance the days to maturity, plant height, number of pods per plant and 100seeds weight. Heavy rainfall at late reproductive stages, full pod (R4) and beginning seed (R5) [42] might have decreased seed yield [22]. In Pakistan and USA, days to 50% flowering vary from 41 to 53 days and these differences in flowering could be attributed to differences among various genotypes [24, 43] and there were wide variation due to genotypic response in the number of days to maturity which have been reported to be in the range of 82 to 120 days by some scientists [24, 44, 45, 46, 47]. Other researches showed that plant height varied from 79.5 to 107.0 cm and this shows that genetic potential for gaining height is higher in some genotypes than others and plant height was considered a typical varietal characteristic [24, 44, 48]. Taller varieties are generally more susceptible to lodging. Shorter varieties tend to outyield taller varieties when irrigation is used [17].



2- Planting Date Planting date can be placed in two categories, optimum and acceptable. The optimum time frame is set when the fastest, most uniform emergence will occur. Acceptable dates are broad, and planting can range from early April to mid-July successfully [49]. Because soybean flowering is controlled by the photoperiod, planting date affects the size of plant attained before flowering begins. Soybeans planted later have less time to develop vegetatively and thus will be smaller in size [17]. Soybean planting date can have a big impact on
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yield .Although soybeans can tolerate a reasonable wide window of planting date with little impact on performance, research has shown that extreme planting dates early or late can reduce soybean yields [50]. Highest yields are generally made when soybean is planted between May, 10th and June, 10th. Planting before May, 1st usually causes premature flowering, plant stunting, and reduced seed quality. Planting after June, 10th reduces plant growth, axillary limb branching, root nodulation /nitrogen fixation, and yield [10]. Planting dates of May, 10th to 20th provide long enough times of development for adequate vegetative growth with the indeterminate soybeans and provide good yield potential. Another study showed that planting after June, 1st generally results in lower yields due to reduction in the vegetative size of the plants. Pod formation and seed-filling periods are critical for the highest yield of soybeans. The photosynthetic rates of soybeans are highest at flowering and pod filling. Stress at these critical times, caused by drought, excess heat, mineral deficiency, etc., can cause the greatest yield reduction [17]. Plant soybeans as early as possible after April, 25th as soil conditions permit; if possible, complete planting by May 20 th. Soybean response to planting date is important not only in years when planting is delayed by inclement weather, but also when weather does not disrupt the normal planting season. Early season freezes, hail storms, flooding, and other situations can reduce crop stands to a point where late planting is necessary. When planting is not delayed by weather, the response of various crops to planting date is useful information for deciding which crop to plant first [51]. The first concern regarding when to plant soybeans is appropriate soil conditions, i.e., weather dry or wet. Planting into wet soil may result in excessive soil compaction and the crop may suffer from restricted root development throughout the growing season. Wet soil also may prevent closure of the furrow when planting to protect the seed from drying out and to have good soil-seed contact necessary for rapid emergence [52]. In most soybean production areas of the USA, delayed planting generally shifts reproductive
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growth into a less favorable environment where days are shorter and temperatures and insolation are lower; there may also be less available soil moisture [53, 54].The yield loss from delayed planting cannot be eliminated by irrigation [55, 56]. Environmental conditions during soybean seed-fill, primarily temperature, can affect grain quality characteristics especially protein and oil. In general, seed-fill temperatures for a given planting date were lower for the later maturity varieties. Similarly, as planting dates were delayed, temperature during seed-fill also decreased; in addition, protein and oil contents may show wide variation with respect to planting date [57]. Protein content was unresponsive to planting date from late April to early June, a late June planting date elevated protein content, and oil content generally decreased as planting date was delayed; this was probably due to the effect of temperatures during soybean seed-fill. For most varieties, protein content increased and oil content decreased with delayed planting [57]. Soil temperature is an important aspect. The optimum temperature for soybean germination is 30°C. Seed planted into soil that is 10°C germinates slowly, and emergence will probably be reduced [51]. Soil temperatures of 13°C allow germination to begin, but emergence will be slow. Once temperatures reach 18°C, emergence should be fairly rapid. Soybean seed germinate and emerge faster with soil temperatures of 20 - 30°C and 50 - 55 % seed moisture. Given this fact, good seed-to-soil contact is essential; under these conditions, soybean seedlings should emerge in 5 - 7 days [49]. The various soybean maturity groups differ in the length of time it takes to reach harvest maturity. Once soybean plants have flowered, early-maturity groups progress through each reproductive stage more quickly than later maturity groups. However, yield and seed quality of early maturity soybean varieties may be significantly reduced if there is a lack of adequate soil moisture during seed fill in August [58]. Early planting date means colder soil and slower emergence than later
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planting, but this will not necessarily influence yield. The recommendations of optimum planting date for soybeans begins with the date at which the mean soil temperature reaches 13 - 15.5ºC at 5 cm depth, or during late April to early May. Research results support planting around May 1st, but not before the middle of April. The most important factor to be considered when determining planting date is to plant into good seedbed, as poor conditions can negate the positive effect of early planting date on soybean yield [50]. Planting date had an effect on soybean yield components with the early plating date having greater seed number, pod number, and harvest index than the late planting date. There was a difference in the development of yield components associated with planting date [29]. Soybeans have a unique ability to yield well when planted over an extended time period. This permits them to complement other crops in cropping systems [51]. For the best yield results, soybean are planted early enough to allow sufficient time for the plants to develop most of their vegetative growth before flowering occurs in late June and early July. Early planting may increase the risk of frost damage in April [58], and had 2% higher harvest index than late planting date. Some cultivars had a more efficient utilization of assimilates during seed set than others [29]. Some scientists had shown that harvest index to be a stable characteristic of cultivar with respect to variations in water availability and photoperiod [59]. However, the association between harvest index and seed yield has been contradictory [60, 61], and other found no correlation between harvest index and yield [61], whereas some scientists have found a relationship between increased harvest index and improved yield potential [60]. Harvest index was significantly correlated with yield and with all other yield components, but with an inverse relationship between harvest index and seeds per pod [29]. It is obvious that harvest indices give a good indicator for dry matter accumulation and their redistribution between plant parts. The latter is affected by environmental condition and the growing pattern of the variety in which they affected the balance and shift between vegetative and
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reproductive growth periods [62]. Also planting date affected pod number, with the early planted soybean having 12% more pods per square meter than the lateplanted soybean [63], and early planting date produced 3607 seeds.m-2, or 10% more seeds than the late planting date (3238 seeds.m-2) [29], another study showed that early planted soybean would take advantage of favorable soil moisture conditions and seed number decreases consistently with later planting [63]. The primary cause of low yield in the late plantings for all cultivars was fewer seeds per square meter. Thus, an evaluation of the environmental conditions during flowering and pod set and the plant process or characteristics that determine seed number may provide some explanation for the lower yields [54]. Seeds per unit area in soybean are closely associated with canopy photosynthesis and crop growth rate (CGR) during flowering and pod set [54, 64, 65]. Thus, insolation and temperature did not provide a consistent explanation for the lower crop growth rates and seed numbers in the late plantings. Previous research associated lower yields in late plantings with lower insolation and temperature [56, 66], but non-environmental factors may also play an important role [54]. Radiation use efficiency (RUE) measures the ability of a crop community to convert solar energy into dry matter and, as such, is an important aspect of crop productivity [67]. Variation in RUE may help explain the variation in productivity across planting dates [54]. Seed mass will decrease with delaying planting [68, 69]. It is not a surprise given the small and inconsistent differences in yield between early and late planting [70]. Large yield reductions attributable to late planting have been reported [71, 72], and soybean will yield less than early-planted one, but the loss in yield of soybean will first become more severe past early June. The reason is that in addition to temperature, soybean maturity is influenced by day length. Soybean is photoperiod sensitive, this means that the length of day and night strongly
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influential when the plant begins flowering. Late-planted soybeans go through growth stages much faster than early-planted soybean. It is primarily the vegetative development before flowering that is shortened by planting delays. Soybean planted later will not develop the same biomass as soybean of the same variety planted earlier [73, 74]. Yield losses are variable, but after mid-June, yields decline rapidly. Potential yield loss of 2 - 2.5 % per day for late planting after June 15 can be expected. Late-planted soybeans have more limited root systems and cannot withstand long periods of drought. Near-ideal rainfall distribution is needed if late plantings are to succeed. Late plantings are also more likely to require insect control [49]. Evaluation of late-planted systems with a crop simulation model provided evidence that, in the absence of water stress, lower levels of insolation during reproductive growth were a major contributor to the yield loss, with temperature only becoming important for cultivars that matured in late October or early November [66] . Early season soybean production has increased in acreage over the last several years due to grower success. The interest in early planting of earlier maturing varieties has really changed the picture regarding soybean plantings. Earlier maturing varieties commonly referred to as Group IV's which have allowed growers to increase yields by avoiding late summer weather patterns that are typically hot and dry. Although Group IV's are not drought tolerant, this avoidance is the best option available [49]. Earlier planting may reduce stands due to the inability of emerged beans to tolerate freezing temperatures. If it is intended to plant soybeans after mid-June, the best variety choice is an early to mid-season, adapted variety. Non-adapted varieties do not have the yield potential given a later than average freeze date, and later varieties might not fully mature. Indeterminate varieties are much more suited to the stressful conditions associated with late plantings and have greater yield potentials than determinate varieties for late plantings .These recommendations apply to double crop situations as well. When soybeans are planted later than mid-June,



Chapter Two: Literature Review



14



vegetative growth is reduced. Without changes in planting patterns a large portion of the available light energy is lost, evaporative water losses are greater, and weeds are more competitive. Late-planted soybeans are shorter and sometimes have lower podding heights. Narrow rows and slightly higher planting rates provide a better chance of maximizing yields [51]. Even though early maturing varieties have increased in popularity, they are not essential. Just using early planting of maturity Group V can improve yield levels as well. Planting date recommendations once encouraged later plantings, but new genetics, temperature requirements for germination, and the potential increase in yields from earlier plantings have shown a need to change from what was once practiced. A real opportunity exists to plant soybeans earlier than is traditional, and given soybeans' abilities to handle weather extremes such as cool weather; growers need to capitalize on this option by planting a portion of the soybean crop before cotton. For many growers, this could mean planting an entire soybean crop early [49]. Soybean flowering (R1) [beginning bloom (One open flower at any node on the main stem)] [42, 75] occurred on average close to 6 weeks after emergence for the late plating date and at around 7 weeks after emergence for the early planting date [29]. There were some indications that floral bud could be initiated at any node if daylength was sufficiently short [76], flowering influenced to some extent by temperature. High temperatures hasten flowering. Given a very warm vegetative period, flowering can start before the dark period begins to lengthen. Soybeans planted in May are the most productive. Yields were considerably lower after mid-June [51]. Premature flowering was a concern in the 1970's and 1980's. Nearly 80 % of the State's soybean crop is planted with varieties in MG's IV and V. To take full advantage of the increased yield potential from early planting, these varieties should be planted in midApril. Despite planting at this time may take 10 to 14 days to emerge, but evidence shows that the longer emergence period does not cancel the effect from the earlier planting. There is no apparent advantage to planting early maturing
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varieties earlier than about April 10th. However, in the future, growers may move planting dates even earlier if earlier maturing varieties are developed that will provide sufficient vegetative growth. A lot of interest has been expressed concerning planting full-season varieties early, but planting date information is incomplete. Tests should answer these questions, but it appears many of the new varieties are not as photoperiod sensitive as are older varieties. Just taking advantage of timely planting, not necessarily using Group IV's, can contribute to increased yields [49]. Combining early-maturing soybean cultivars with early planting to shift reproductive growth into a more favorable environment (i.e., avoid drought) increased yields at several southern USA locations [77, 78, 79]. It may be possible to use an analogous strategy with late plantings. Early cultivars in late plantings could also shift reproductive growth into a more favorable environment, although in late plantings the primary objective would be an improvement in insolation instead of avoiding drought [66]. It was concluded that, despite cultivar differences in yield components and their development, the ability of cultivars to compensate among yield components were affected by planting date variability [29]. Some researches indicated that planting dates had a significant effect on plant height of soybean varieties. Maximum plant height of 104.7 cm was attained by early planted crop [80]. Other studies showed that plant heights were greatest from mid-May to mid-June and are shorter with earlier and later planting dates. Podding height dropped off considerably in July [51]. Reduced plant height with delay in planting may be due to quick changes in photoperiod, which accelerated development towards reproductive stages and hence less time was available for vegetative growth. Low temperature during the last week of October and early November may also be the reason for minimum plant height in delay planting [80]. Other researchers have also found that plant height generally decreased with delayed planting [66, 80]. Epps grew about 5 cm taller than Williams 82. The difference in plant heights of the two varieties may be
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genotypic in nature. Interaction between planting dates x varieties was significant and both cultivars at early planting dates attained maximum plant height and a decreasing trend in plant height was observed with delayed planting. However, the rate of decrease in plant height of Epps was noted about 0.79 cm height reduction with one day delay in sowing, where as in Williams 82, the reduction in height was about 0.54 cm. This resulted in more differences in plant height at the earliest date of sowing and fewer differences at the last date of sowing; also planting date had significant effect on number of days to maturity of soybean varieties. Early planted crop took maximum number of 147 days to maturity. A steady decrease in number of days to maturity took place when planting were delayed to August. Minimum days to maturity with delay in planting may be due to quick changes in photoperiod and temperature as in case of plant height. Significant differences were observed between number of days to maturity of the two cultivars and Epps took more days to maturity than Williams 82. The difference in number of days to maturity among cultivars may be genetic in nature. Interaction between planting dates and varieties was significant, between cultivars at early planting dates took maximum days to maturity and a decreasing trend in days to maturity was observed with delayed planting. It is concluded that early crop planted in first week of May took maximum number of days to all morphological parameters compared to late crop planted in August [80].
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3- Phosphorus Phosphorus (P) is essential for plant growth and metabolism and it has been difficult to separate its specific role in symbiotic N2-fixation in legumes for its effect on the host plant [81, 82]. Soybean plants which depend on symbiotic association with Bradyrhizobium japonicum can fix up to 200 Kg ha-1 yr-1 N [83], and have a higher internal phosphorus requirement for optimum nitrogen accumulation, than nitrate-dependent plants [84]. The rhizobial population increased by 2.6 times with P application and enhanced the soybean nodulation significantly [85]. An increased phosphorus supply increases whole plant nitrogen concentration and growth in soybean [84, 86, 87]. Phosphorus fertilization increased the nodule weight, nodule numbers, N, P, K and Ca uptake significantly [86, 88], and its deficiency in soybean results in reduction of nodulation, nodule mass, nitrogen activity, total N2-fixed, and consequently grain yield, and the best yield were obtained with 70 Kg P ha-1 [86, 89, 90, 91, 92] . Also phosphorus fertilization increased total N content of the soil significantly due to biological nitrogen fixation, which is an energy required process and P is directly involved in energy synthesis. A significant positive relationship ( r = 0.42 ) was found between available P and organic carbon [93] . The organic carbon content was increased to a maximum of 15 % at 26 kg P ha -1 level. This may be attributed to total increase in root and leaf biomass, which is generally retained in the soil. Available P content of the soil was increased to a maximum of 112% which in turn increased the P uptake of the grain significantly and a maximum increase in yield by 49% was recorded with 26 kg P ha-1 level [85]. Normally, soybean plant is not highly responsive to direct applications of P unless the soil contains low available levels of the nutrients. Nevertheless,
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profitable yields can be attained only if adequate levels of these nutrients are maintained in the soil [17]. Soybean can produce maximum seed yield with relatively low levels of available P in the soil. P application is not likely to increase seed yield at soil P concentrations above 12 ppm P. Available P in soil was estimated by the method outlined by Olsen [94], which is used for soils with pH of 7.3 or greater [23]. These soils were classified in three fertility classes, low ( less than 5 mgKg-1 ), medium ( 5-9 mgKg-1 ) and high ( above 9 mgKg-1 ) according to rating limit of Muhr [95]. The application of P to the soils varying from low to high in available P, which is resulted in increasing dry matter yield and P uptake by soybean. The magnitude of dry matter yield response to applied P was higher in low P soil than in medium and high P soils. In low P soils the dry matter yield and total P uptake by soybean was increased significantly by the application of P up to 40 mg P 2O5 Kg-1 soil. In medium and high P soils, significant increase in dry matter yield and total P uptake was observed by the application of P up to 20 mg P2O5 Kg-1 soil [96].The following equations can be used, if a P2O5 recommendation for a specific soil test value and a specific yield goal is desired: P2O5 Rec. = [1.55 - (0.14) (Soil Test P, Olsen, ppm)] (Yield Goal)



[97]



 P2O5 Rec. in ( Ib.acre-1 )  Yield Goal in ( bushels.acre-1 ) P2O5 Rec. = [1.55 - (0.14) (Soil Test P, Olsen, ppm)] (Yield Goal)(0.01665)  P2O5 Rec. in ( Kg.ha-1 )  Yield Goal in ( Kg.ha-1 ) The lack of significant positive grain yield response to P fertilization may be attributed in part to the high levels of P availability at the nonresponsive sites [98, 99, 100, 101] and a relative accumulation of P near the soil surface may decrease nutrient availability to plant in the dry periods [86].
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Application of P at 60 and 90 Kg P 2O5.ha-1 increased significantly the grain yields on soils with low or very low Soil Testing Phosphorus (STP) [92, 98]. Phosphorus fertilizer can be broadcasted or applied and incorporated into the soil prior to planting. With low soil test phosphorus levels, band application of fertilizer is more efficient than broadcasting [56, 102]. The producer should space fertilizer bands 25.5 to 37.5 cm apart and 7.5 to 15 cm deep. Generally, no great advantage exists for using a starter fertilizer with soybean [86]. If applied as a starter, the recommended placement of the fertilizer is in a band 5 cm to the side and 5 cm below the seed. Popup which is a small amount of fertilizer placed in contact with the seed [102], should be banded at least 2.5 cm away from the seed. Fertilizer should not be placed with the soybean seed due to the risk of seedling injury and loss of stand during germination [86, 102]. Little or no yield response to added phosphorus could be expected from soybeans grown on soils testing high in phosphorus. If soil tests show a low or, sometimes, a medium level, phosphorus application will usually increase yields [17, 101]. Soil phosphorus may build up to high levels since it does not leach to any appreciable extent where land has been repeatedly fertilized for years. In such situations, top soybean yields can be produced without direct phosphorus application [17]. Since phosphorus move very little in the soil, it is possible to "build up" or increase the available level of phosphorus in non-calcareous soil. The application of approximately 22.42 Kg of P 2O5 .ha-1 will increase the phosphorus soil test level by 1 [86].
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Material and Methods This study was conducted at two locations in Sulaimani region, Bakrajo (Lat 35o 33' ; N, Long 45o 21' ; E, 750 masl *), 5.6 Km west of Sulaimani and Kanipanka Nursery Station (Lat 35o 22' ; N, Long 45o 43' ; E, 550 masl) in Shahrazoor valley 35 Km east of Sulaimani [103], during the growing season of 2004. The metrological data of both locations shown in Table1 [104].



1. Studied Factors: A - Three different planting dates ( May 7th, May 22nd, and June 7th ). B - Three rates of phosphorus fertilization ( 0, 60, 120 Kg P2O5 ha-1 ) which was applied at planting date in the form of triple super phosphate, 45% P2O5 . C- Four soybean varieties were selected for cultivation in both locations, which have been provided by FAO (Sulaimani Sub-office). They were distributed among three maturity groupings, namely; 1- Century-84 and NARC-2 as a MG II [5, 24, 44]. 2- Williams-82 as a MG III [5, 80]. 3- Hutcheson



as a MG V [10].



2. Soil sampling and analysis : The representive soil samples were taken from both fields before tillage at (0–30) cm depth, these samples were air dried then sieved by using 2 mm sieves, then packed for analysis. Some physical and chemical properties were analyzed at the Department of Soil Science, College of Agriculture, University of Sulaimani, as shown in Table 2. a- Particle size distribution (PSD) was determined according to the international pipette method [105]. b- Soil reaction pH was determined by using a (LCE portable) pH-meter [106]. * masl: meters above sea level



Chapter Three : Materials and Methods



21



c- Cation exchange capacity (CEC) was determined by using an ion exchange process method [107]. d- Electrical conductivity was measured by using EC-meter (model PW9525, Philips Company) [108]. e- Organic matter determined by using Walkley and Black method [107]. f- Available P was determined by Olsen's method [107]. g- Total N was determined by Micro Kjeldeal method [107]. h- Calcium carbonate (CaCO3) was determined by the titrimetric method [106]. i- Ca+2 & Mg+2 were determined by EDTA titrymetry [106]. j- K+ and Na+ were determined by using (Corning 400 flame photometer) [108]. k- CO3= and HCO3= were determined by titration method using (0.01N HCL) [109]. -



l- Cl was determined by titration with (0.01N AgNO3), SO4= was determined by titrimetric method using (0.01N EDTA) [106].
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Table 1 : Metrological data of the two locations in Sulaimani region [104]: Rainfall



Months



P 50 (Mm/month)



P 75 (Mm/month)



Days with Rain



Temp. mean



(Days/month)



( oC )



DTR o



( C)



Days with Frost



Ref. Humid



(Days/month)



(% )



o



Sunshine



Wind Run



( % of Hrs )



( m/s )



MAI



Penman ETo (mm/d)



o



Bakrajo location (Lat 35 33' ; N Long 45 21' ; E, 750 masl) Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.



50.22 49.49 59.83 43.30 13.72 0.02 0.00 0.02 0.06 11.49 35.00 50.16



29.36 29.96 33.91 24.71 4.13 0.00 0.00 0.00 0.00 2.33 15.58 30.99



9.20 9.20 9.30 8.40 5.30 0.90 0.30 0.40 0.60 3.90 6.20 8.30



6.50 8.90 12.20 17.40 23.60 28.80 32.80 32.20 28.00 21.70 14.10 8.80



9.00 9.90 10.90 12.30 14.10 15.80 16.20 16.20 14.00 14.00 12.10 9.40



15.60 12.70 7.20 2.80 0.70 0.00 0.00 0.00 0.10 1.80 6.00 12.80



74.00 70.00 62.00 55.00 44.00 30.00 27.00 28.00 30.00 42.00 60.00 72.00



48.00 53.00 53.00 57.00 68.00 87.00 87.00 87.00 87.00 72.00 61.00 50.00



1.60 1.90 2.20 2.30 2.30 2.30 2.50 2.30 2.00 1.70 1.40 1.50



0.88 0.60 0.40 0.20 0.02 0.00 0.00 0.00 0.00 0.02 0.29 0.91



1.08 1.71 2.74 4.16 6.07 8.09 8.97 8.04 6.16 3.67 1.81 1.10



0.89 0.67 0.45 0.26 0.03 0.00 0.00 0.00 0.00 0.01 0.29 0.95



1.03 1.62 2.66 4.05 5.94 7.90 8.68 7.73 6.05 3.54 1.79 1.03



Kanipanka location (Lat 35 o 22' ; N Long 45 o 43' ; E, 550 masl) Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.



48.75 51.35 65.48 52.04 17.94 0.08 0.00 0.01 0.01 8.59 34.14 48.84



28.47 31.26 37.36 31.15 5.67 0.00 0.00 0.00 0.00 1.60 15.47 30.25



9.60 9.80 10.00 9.30 6.10 1.30 0.50 0.40 0.60 4.20 6.40 8.60



4.80 7.30 10.80 15.90 22.20 27.50 31.70 31.00 27.20 20.40 12.70 7.10



8.60 9.40 10.30 11.70 13.40 14.90 15.50 15.40 13.10 13.10 11.50 8.80



18.10 15.10 9.80 4.30 1.20 0.10 0.00 0.00 0.30 2.60 8.00 15.50



73.00 70.00 61.00 54.00 42.00 29.00 25.00 26.00 28.00 41.00 59.00 72.00



49.00 54.00 55.00 57.00 69.00 89.00 89.00 89.00 89.00 73.00 62.00 51.00



1.60 1.90 2.20 2.40 2.30 2.30 2.40 2.20 2.00 1.70 1.50 1.50
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Table 2. Some Physical and Chemical properties of both locations’ soils: Bakrajo Location



Kanipanka Location



Silty clay



Clay



Sand ( gm.Kg-1 )



81.1



41.6



Silt ( gm.Kg-1 )



499.8



429.2



Clay ( gm.Kg-1 )



419.1



529.2



pH



7.71



7.64



C.E.C. ( cmolc.Kg-1 )



29.95



34.76



E.C. ( dS. m-1 )



0.46



0.54



Organic Matter ( gm.Kg-1 )



19.18



27.8



Total Nitrogen ( mg.Kg-1 )



0.66



1.03



Available Phosphate ( mg. Kg-1 ) Soil



3.58



5.45



CaCO3 ( gm.Kg-1 )



115.4



119.4



Calcium ( Ca+2 )



1.69



1.72



Magnesium ( Mg+2 )



0.30



0.46



Potassium ( K+ )



0.17



0.16



Sodium ( Na+ )



0.63



0.46



Carbonate ( CO3= )



0.00



0.00



Bicarbonate ( HCO3= )



2.77



2.99



Chloride ( Cl- )



0.13



0.48



Sulphate ( SO4= )



0.70



0.83



Soil Properties



Soluble Cations & Anions ( mmole. L-1 )



P.S.D
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3. Plot Dimensions and Plant Population: Each main plot, 15 m long and consists of four sub plots; each sub plot consists of five rows, 2.5 m long and 0.6 m apart, as shown in Figure 1. Three seeds hill-1 were planted at 5.5 cm intervals. Thinning was conducted 10 days after sowing (DAS) to keep two plants hill-1 to introduce 300000 plants.ha-1 populations [16, 23]. 



No. of plants per row  meter to obtained desired plant population







Desired plant population  plants    Row spacing in m 10000 m 2







300000 plants  0.6 m  18 Plants per row  meter 10000 m 2







Plant population Plant ha 1











  100 cm   No. of plants per row  meter  10000 m 2 ha 1    row spacing cm    100 cm    18 plants per row  meter  300000 Plants ha 1  10000 m 2 ha 1    60 cm  



Plants intervals ( cm )  



100 cm No. of plants per row  meter



100 cm  5.5 cm 18 plants
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R1



53m



R2



R3



34.5 m



3m



1m



15m



0.6m



2.5m



Figure 1. Scheme of field experiments at each location
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4. Inoculation: The Bradyrhizobium japonicum bacteria which nodulate soybeans [18, 83] are not naturally-occurring in the soils of our region. As such, inoculation is an essential step in establishing a good population of the proper bacteria for firstyear soybean field. Seeds were inoculated by Australian inoculum which provided by Dr. Adel Kamal Khder Assistant Professor in Microbiology, College of Education, University of Salahaddin, Hawler just one hour before planting in a shadow place by using 1250 gm inoculum with 20 gm sugar and 1000 ml water per 100 Kg of seeds through mixing until they give good coverage of all seeds [6].



5. Cultural Practice : During the growing season, weed control were conducted three times manually, and irrigations were scheduled according to the plant water requirement.



6. Nitrogen Fertilizer: A basal dose of ( 20 Kg N.ha-1 ) in the form of urea ( 46% N ) was applied as a starter at sowing which results in faster crop establishment and initial growth, without reducing nitrogen fixation [12, 100, 101, 102, 103].



7. Statistical Analysis : The design of split-plots within factorial experiment with three replications was used as mentioned by [110]. The combination of the first factor of planting date and the second factor of phosphorus fertilization were implemented in the main plots and conducted with Completely Randomize Block Design ( CRBD ) and the third factor of varieties were implemented in the sub plots. The data were statistically analyzed according to the methods of analysis of variance as a general test, as shown in Table 3; combined analysis of variance across locations was conducted as shown in Table 4.
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Table 3. ANOVA table for each location:



S.O.V.



d.f



Blocks



Planting Dates



Phosphorus Fertilization



Planting Dates X Phosphorus Fertilization



Planting Dates X Varieties Phosphorus Fertilization X Varieties Planting Dates X Phosphorus Fertilization X Varieties



Error(b)



Total



 C.F



Y



 C.F



2 ...l



SS R



d  1  2



SS D 



 p  1  2 d 1 p 1  4



v  1  3



Varieties



Y 



r  1  2



dp  1r  1  16



Error(a)



SS dpv 2 i ...



pvr



SS P



Y 



SS DP



Y 



2 . j ..



2 ij ..



 C.F  SS P  SS D



vr



Y 



2 ij .l



SS E ( a ) SSV



 C.F



dvr



v



Y 



2 ..k .



 C.F



dpr



d 1v 1  6



SS DV 



 p 1v 1  6



SS PV 



 C.F  SS R  SS D  SS P  SS DP



Y



2 i .k .



pr



Y



2 . jk .



dr



 C.F  SS D  SSV  C.F  SS P  SSV



d  1 p  1 v  1  12



Y2 SS DPV   ijk .  C.F  SS D  SS P  SSV  SS DP  SS DV  SS PV r



dpv  1r  1  54



SS E (b )  SST  SS R  SS D  SS P  SS DP  SS E ( a )



dpvr  1 107



 SSV  SS DV  SS PV  SS DPV



SST 



dpvr



Y



2 ijkl



1



 Y  



2



ijkl



dpvr



Linear Model: Design of Split – Plots within Factorial Experiment



Yijkl     l  i   j   ij   ijl   k   ik    jk   ijk   ijkl i = 1, 2, 3 j = 1, 2, 3 k = 1, 2, 3, 4 l = 1, 2, 3



( Planting Dates ) ( Phosphorus Rates ) ( Varieties ) ( Blocks )
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Table 4. Combined-ANOVA table across locations:



S.O.V. Location



d.f l  1  1



SS SS L



Y 



2 ....m



 C.F



dpvr



Error (a) / Location



l r  1  4



SS B / L  SS B  L1  SS B  L 2 



Planting Dates



d  1  2



SS D 



Planting Dates X Location



Phosphorus Fertilization Ph. Fertilization X Location Planting Dates X Phosphorus Fertilization Planting Dates X Phosphorus Fertilization X Location Error( b )/ Location



Varieties Varieties X Location Planting Dates X Varieties Planting Dates X Varieties X Location Phosphorus Fertilization X Varieties Phosphorus Fertilization X Varieties X Location



Planting Dates X Phosphorus Fertilization X Varieties



Planting Dates X Phosphorus Fertilization X Varieties X Location Error( c )/ Location



Total



d  1l  1  2  p  1  2



 p  1l  1  2 d  1 p  1  4



Y



2 i ....



pvrl



 C.F



SS DL  SS D / L  SS D



Y 



2 . j ...



SS PL



 C.F dvrl  SS P / L  SS P



SS DP



Y 



SS P



2 ij ...



vrl



 C.F  SS D  SS P



 p  1d  1l  1  4



SS DPL  SS DP / L  SS DP



l dp  1r  1  32
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Linear Model: Combined analysis of variance across locations



Yijklm    Lm  lm  i  Lim   j  L jm   ij  Lijm   ijlm



  k  Lkm   ik  Likm    jk  Likm   ijk  L ijkm   ijklm i = 1, 2, 3 ( Planting Dates ) j = 1, 2, 3 ( Phosphorus Rates ) k = 1, 2, 3, 4 ( Varieties ) l = 1, 2, 3 ( Blocks ) m = 1, 2 ( Locations )



8. Means Comparisons : All possible comparisons among the means were carried out by using L.S.D test ( Least Significant Difference ) at a significant level of 5% after they show their significance in the general test [110].



9. Studied Characters: Numbers of days to 50% of flowering and numbers of days to maturity were recorded by random percentage measures. At maturity, five plants plot-1 were sampled randomly for recording other agronomic characters, yield components and qualitative characters. 9.1. Growth Characters : 9.1.1- Number of days to 50% flowering: Recorded from planting date to 50% flowering. 9.1.2- Number of days to maturity: Recorded from planting date to full maturity. 9.1.3- Plant height (cm): Measured from soil surface to the top of the plant. 9.1.4- Number of branches plant-1: The mean number of branches of the five plants were recorded for each plot. 9.1.5- Number of nods plant-1: The mean number of nods of the five plants were recorded for each plot.
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9.2. Yield and its components: 9.2.1- Seed yield ( kg h-1 ) : Three middle rows were harvested to calculate seed yield per 4.5 m2 then converted to seed yield Hectare-1. 9.2.2- 100- Seed weight ( gm ): The mean of 100- Seed weight of the five plants were recorded for each plot. 9.2.3- Number of pods plant-1: The mean of number of pods of the five plants were recorded for each plot. 9.2.4- Weight of pods plant-1 ( gm ): The mean of weight of pods of the five plants were recorded for each plot. 9.2.5- Weight of seeds plant-1 ( gm ): The mean of weight of seeds of the five plants were recorded for each plot. 9.2.6- Number of seeds pod-1: The mean of number of seeds.pod-1 of the five plants were recorded for each plot. 9.2.7- Weight of seeds pod-1 ( gm ): the mean of weight of seeds.pod-1 of the five plants samples were recorded for each plot. 9.2.8- Harvest Index (H.I.): measured by separating the seeds from straw yield and weighed to calculate the H. I. according to the following equation :



H .I .% 



Total economical organ yield  100 Total vegetative biomass  Total economical organ yield



9.3. Determination of qualitative characteristics: 9.3.1- Seeds Oil content: seeds of five plants sample were milled to determined oil content by soxhlet extraction method by using Diethyl Ether (CH3CH2OCH2CH3) [111]. 9.3.2- Seeds Protein content: seeds of five plants samples were milled to determine protein content by Kjeldahl digestion apparatus through determining organic nitrogen [111].
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Results and Discussion 1-



Growth Characters



1-1. The differences among soybean varieties in growth characters: Table 5 and Appendices 1 and 2 indicated that numbers of days to 50% flowering were highly significantly affected by varieties at both locations and their average. The longest periods were 80.30, 79.30 and 79.78 days taken by Hutcheson at both locations and their average respectively, while Century-84 took the shortest period to 50% flowering reaching 62.41, 62.11 and 62.26 days respectively. The differences in flowering could be attributed to the differences existed among various genotypes, in addition to planting date which is normally late according to the latitude of 35 0 parallel and the facts that these varieties are representing different MG's, MG V which included Hutcheson which usually of late MG in compare with MG II and III . The results are in accordance with [24, 80]. In relation to the character numbers of days to maturity, the statistical analysis of the data revealed that varieties had highly significant effect on days to maturity at both locations and their average. The longest period were 160.26, 154.63 and 157.44 days taken by Hutcheson at both locations and their average respectively, while Williams-82 took the shortest period to maturity reaching 135.15, 128.19 and 131.67 days respectively. These differences in maturity duration may be genotypic in nature, in addition to planting date which is normally late according to the latitude of 350 parallel and the facts that these varieties are representing different MG's, MG V which included Hutcheson which usually of late MG in compare with MG II and III. Similar results with other varieties have been reported by [43, 80]. Plant heights in cm, were highly significantly affected by varieties at both locations and their average. The highest means of plant heights were 124.82,
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101.78 and 113.30 cm attained by Century-84 at both locations and their average respectively, while the lowest means of plant heights were 105.52, 91.59 and 98.56 cm attained by NARC-2. This shows that there were genotypic potential for gaining height with their response to different environmental conditions and determinate varieties have about half of plant height compared to indeterminate type under certain condition. These results are in accordance with those obtained by [17, 48, 80]. Numbers of branches.plant-1 were highly significantly affected by varieties at both locations and their average. The maximum numbers of branches.plant -1 were 6.00, 8.48 and 6.89 branches obtained by Hutcheson, Century-84 and Hutcheson at both locations and their average respectively, while the minimum number of branches.plant-1 were 4.44, 7.41 and 6.07 branches obtained by Williams-82, NARC-2 and Williams-82 respectively. These differences in numbers of branches.plant-1 shows the degree of conductance of particular variety in exploiting the growth factors available to form more branches that affect significantly at the end the yields. Numbers of nods.plant-1 were highly significantly affected by varieties at both locations and their average. The maximum numbers of nods.plant -1 were 22.74, 21.70 and 22.17 obtained by Century-84, Williams-82 and Century-84 at both locations and their average respectively, while the minimum numbers of nods.plant-1 were 18.19, 17.22 and 17.87 obtained by NARC-2, Hutcheson and Hutcheson respectively. Determinate varieties have less numbers of nods.plant-1 compared to indeterminate [17].
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Table 5: The differences among soybean varieties in growth characters: Varieties



No. of days to 50 % flowering



No. of days to maturity



Plant heights (cm)



No. of branches. plant -1



No. of nods. plant -1



4.74 5.67 4.44 6.00 0.482



22.74 18.19 20.93 18.52 0.949



8.48 7.41 7.70 7.78 0.706



21.59 18.93 21.70 17.22 1.202



6.61 6.54 6.07 6.89 0.417



22.17 18.56 21.32 17.87 0.748



Bakrajo Location Century - 84 NARC - 2 Williams - 82 Hutcheson LSD ( p ≤ 0.05 )



62.41 66.74 62.56 80.30 0.374



139.56 148.85 135.15 160.26 0.712



124.82 105.52 118.26 109.04 3.679



Kanipanka Location Century - 84 NARC - 2 Williams - 82 Hutcheson LSD ( p ≤ 0.05 )



62.11 66.89 62.30 79.30 0.513



132.48 140.15 128.19 154.63 0.512



101.78 91.59 97.41 98.74 3.418



Average of both locations Century - 84 NARC - 2 Williams - 82 Hutcheson LSD ( p ≤ 0.05 )



62.26 66.82 62.43 79.78 0.310



136.02 144.50 131.67 157.44 0.428



113.30 98.56 107.83 103.89 2.453
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The effect of planting date on growth characters: As shown in Table 6 and Appendices 1 and 2, numbers of days to 50%



flowering were highly significantly affected by planting dates at both locations and their average. The longest periods were 70.72, 70.64 and 70.68 days when planted on May 7th at both locations and their average respectively, while planting on June 7th took the shortest periods to 50% flowering reaching 63.86, 62.97 and 63.42 days respectively. It is concluded from this study that early crop planted in first week of May took maximum number of days to 50% flowering, this prove that soybean is short day plant (SDP) [17]. Numbers of days to maturity were highly significantly affected by planting date at both locations and their average. The longest periods were lasted 157.36, 152.81 and 155.08 days taken by planting on May 7th at both locations and their average respectively, while planting on June 7 th took the shortest periods to maturity reaching 133.31, 125.17 and 129.24 days respectively. A steady decrease in number of days to maturity took place when planted was delayed. Minimum days to maturity with delay in planting may be due to rapid changes in photoperiod, and the possible differences that exist among cultivars may be genetic in nature [17, 80]. Planting dates had highly significant effect on plant heights at Bakrajo and the average of both locations, but there were significant effects on plant heights at Kanipanka. The maximum plant heights were 118.67, 99.75 and 108.60 cm attained when planted on May 22nd ,June 7th, May 22nd at both locations and the average respectively, while the minimum plant heights were 106.36, 93.86 and 103.06 cm attained when planted on June 7th, May 22nd , June 7th respectively . The difference in plant heights of the four varieties may be phenotypic especially temperature differences between Bakrajo and Kanipanka (Table 1). Numbers of branches.plant-1 were significantly affected by planting dates at Bakrajo and the average of both locations, while there was no significant difference at Kanipanka. The maximum numbers of branches.plant-1 were 5.47
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and 6.76 branches obtained by planting on May 7 th, May 22nd at Bakrajo and the average of both locations respectively, while the minimum numbers of branches.plant-1 were 4.78 and 6.21 branches obtained by planting on June 7 th at Bakrajo and the average of both locations respectively. This indicated that number of branches.plant-1 were decreased by delay in planting dates, which may be attributed to the shorter periods available for vegetative growth [17]. Numbers of nods.plant-1 were highly significantly affected by planting dates at Bakrajo and in the average of both locations, while no significant effect at Kanipanka was observed. The maximum numbers of nods.plant -1 were 20.86 and 20.63 nods when planted on May 22 nd at Bakrajo and the average of both locations respectively, while the minimum numbers were 18.97 and 19.44 nods when planted on June 7th at Bakrajo and in the average of both locations respectively. This increase in number of nods with earlier planting may be due to the taller vegetative growth period [17]. Table 6: The effect of planting date on growth characters: Planting Dates



No. of days to 50 % flowering



No. of days to maturity



Plant heights (cm)



No. of branches. plant -1



No. of nods. plant -1



5.47 5.39 4.78 0.583



20.44 20.86 18.97 0.731



7.75 8.14 7.64 n.s



19.28 20.39 19.92 n.s



6.61 6.76 6.21 0.426



19.86 20.63 19.44 0.608



Bakrajo Location May 7 th, 2004 May 22nd , 2004 June 7 th, 2004 LSD ( p ≤ 0.05 )



70.72 69.42 63.86 0.367



157.36 147.19 133.31 0.654



118.19 118.67 106.36 3.978



Kanipanka Location May 7 th, 2004 May 22nd , 2004 June 7 th, 2004 LSD ( p ≤ 0.05 )



70.64 69.31 62.97 0.458



152.81 138.61 125.17 0.462



93.86 98.53 99.75 4.789



Average of both locations th



May 7 , 2004 May 22nd , 2004 June 7 th, 2004 LSD ( p ≤ 0.05 )



70.68 69.36 63.42 0.282



155.08 142.90 129.24 0.385



106.03 108.60 103.06 2.993



Chapter Four : Results and Discussion



1-3.



36



The effect of phosphorus fertilization on growth characters: Table 7 and Appendices 1 and 2 indicate that P rates had significant effects



on the character numbers of days to 50% flowering at Bakrajo location and the average of both locations, while no significant effects at Kanipanka were observed. The longest periods were 68.25 and 68.03 days taken when 120 Kg P2O5.ha-1 were applied at Bakrajo and the average of both locations respectively, while the shortest periods to the flowering were 67.75 and 67.65 days taken by the application of 60 Kg P2O5.ha-1. This may be due to higher soil P concentration in Kanipanka soil in compare with its concentration in Bakrajo soil as shown in (Table 2). Since an increasing proportion of P in plant comes from the soil rather than from fertilizer application [19]. Numbers of days to maturity were highly significantly affected by P rates at both locations and their average. The longest periods were 146.30, 139.25 and 142.78 days taken when 60 Kg P2O5.ha-1 were applied at both locations and their average respectively, while the shortest periods to the maturity were 145.28, 138.19 and 141.74 days taken by the application of 120 Kg P2O5.ha-1. The application of P to a certain level has a positive significant effect, while the application of (120 Kg P2O5.ha-1) has a negative effect on the mentioned character. In general the application of P causes decreases in numbers of days to maturity by one day, since the application of P brings about early maturity of cereals [112]. Plant heights were significantly affected by P rates at Bakrajo and the average of both locations, but no significant effect at Kanipanka were observed. The highest means of plant heights were 116.69 and 108.33 cm attained by the application of 120 Kg P2O5.ha-1 at Bakrajo and the average of both locations respectively, while the lowest means of plant heights were 111.53 and 104.42 cm when no P applied. This may be due to the higher concentration of P in Kanipanka soil as mentioned earlier. On the other hand the P application stimulates early root development and growth, thereby helps to establish seedlings quickly then increase in plant height [17, 113].
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Numbers of branches.plant-1 were not affected significantly by P rates at both locations and their average. Numbers of nods.plant-1 were significantly affected by P rates at Bakrajo and no significant effect at Kanipanka was detected, while a highly significant effect was indicated in the average of both locations. The maximum numbers of nods.plant-1 were 20.50 and 20.22 nods when 60 Kg P2O5.ha-1 were used at Bakrajo and the average of both locations respectively, while the minimum number were 19.50 nods without the application of P fertilization. This may be due to the sufficient P in Kanipanka soil to meet the nutritional demand of soybean, compared to less amount of P in Bakrajo soil [98]. On the other hand the concentration of P in Kanipanka soil is more than the P critical level (3.75 mg.g-1 Soil) in calcareous soil in Iraq [114], therefore the soybean plant did not respond to P application in this location.
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Table 7: The effect of phosphorus fertilization on growth characters: No. of days to 50 % flowering



Phosphorus Fertilization



No. of days to maturity



Plant heights (cm)



No. of branches. plant -1



No. of nods. plant -1



5.28 5.22 5.14 n.s



19.50 20.50 20.28 0.731



7.72 7.53 8.28 n.s



19.50 19.94 20.14 n.s



6.50 6.38 6.71 n.s



19.50 20.22 20.21 0.608



Bakrajo Location -1



0 Kg P2O5 .ha 60 Kg P2O5 .ha -1 120 Kg P2O5 .ha -1 LSD ( p ≤ 0.05 )



68.00 67.75 68.25 0.367



146.28 146.31 145.28 0.654



111.53 115.00 116.69 3.978



Kanipanka Location 0 Kg P2O5 .ha -1 60 Kg P2O5 .ha -1 120 Kg P2O5 .ha -1 LSD ( p ≤ 0.05 )



67.56 67.56 67.81 n.s



139.14 139.25 138.19 0.462



97.31 94.86 99.97 n.s



Average of both locations 0 Kg P2O5 .ha -1 60 Kg P2O5 .ha -1 120 Kg P2O5 .ha -1 LSD ( p ≤ 0.05 )



67.78 67.65 68.03 0.282



142.71 142.78 141.74 0.385



104.42 104.93 108.33 2.993
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The interaction effect of planting dates and varieties on growth characters: Table 8 and Appendices 1 and 2 indicated that numbers of days to 50%



flowering were highly significantly affected by the interactions of planting dates and varieties at both locations and their average. The longest periods were lasted 88.44, 88. 00 and 88.22 days taken by Hutcheson when planted on May 7 th at both locations and their average respectively, however, the values for shortest periods to 50% flowering were 60.00, 58.89 and 59.67 days taken by Century-84, Williams-82 and Century-84 when planted on the same date (June 7 th) at both locations and their average respectively. These results indicated that numbers of days to soybean flowering reduced dramatically when photoperiods reduced during the late growing season, i.e. late planting dates for the varieties Century84 and Williams-82. This can be translated by the influence or the regulation of photoperiods for the total dates of growth of early varieties growth and floral bud growth of soybean plans [69]. The statistical analysis of the data revealed that the interactions of planting dates and varieties had highly significant effect on days to maturity of soybean plants at both locations and their average. The longest periods were 172.67, 170. 00 and 171.33 days taken by Hutcheson when planted on May 7 th at both locations and their average respectively, while Williams-82 took the shortest periods to the maturity reaching 123.11, 115.22 and 119.17 days when planted on the same date (June 7th) at both locations and their average respectively, delay of planting resulted in decreasing number of days to maturity. Table 8 and Appendices 1 and 2 also showed that although there were no significant differences in the interactions of planting dates and varieties at Bakrajo in relation to the character plant height, but highly significant differences were existed at Kanipanka and the average of both location. The highest means of plant heights were 110.33 and 120.39 cm obtained by Century-84 when planted on the same date (May 22nd) at Kanipanka and the average of both locations respectively. However the values for the lowest means of plant heights
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were 87.56 and 96.83 cm for NARC-2 planted on the same date (May 7th) at Kanipanka and the average of both locations respectively. Numbers of branches.plant-1 were highly significantly affected by the interactions of planting dates and varieties at both locations and significantly affected in the average of both locations. The maximum number of branches.plant-1 was 6.89 branches obtained by Hutcheson planted on May 22 nd at Bakrajo location, while the correspondent values for Kanipanka and the average of both locations were 9.67 and 8.00 branches obtained by the same variety planted on June 7th and May 22nd respectively. However the minimum values for the same character were 3.67, 6.22 and 5.50 branches attained by Century-84, Hutcheson and Williams-82 at both locations and at their average planted on the same date (June 7th). It was also found from the Table 8 and Appendices 1 and 2 that numbers of nods.plant-1 were highly significantly affected by the interactions of planting dates and varieties at both locations and significantly affected in the average of both locations. The maximum values were 24.11, 24.67 and 23.33 nods obtained by Century-84 at both locations and their average planted on May 7 th, May 22nd and May 22nd respectively. However, the values for the minimum number of nods.plant-1 were 17.00, 16.67 and 17.61 nods obtained by NARC-2, Hutcheson and Hutcheson respectively planted on the same date (May 7th). It was shown (Table 8) that numbers of branches.plant-1 and nods.plant-1 were reduced more significant at Bakrajo location with late plantings due to shorter growing period, similar results obtained by [17, 63, 64].
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Table 8: The interaction effect of planting dates and varieties on growth characters: Planting Dates



Varieties



No. of days to 50 % flowering



No. of days to maturity



Plant heights (cm)



No. of branches. plant -1



No. of nods. plant -1



127.56 106.11 123.22 115.89 130.44 111.22 120.22 112.78 116.44 99.22 111.33 98.44 n.s



6.00 5.33 5.11 5.44 4.56 5.67 4.44 6.89 3.67 6.00 3.78 5.67 0.834



24.11 17.00 21.78 18.89 22.00 19.89 22.33 19.22 22.11 17.67 18.67 17.44 1.644



6.56 8.22 8.22 8.00 9.22 6.56 7.67 9.11 9.67 7.44 7.22 6.22 1.222



19.00 18.67 22.78 16.67 24.67 18.78 20.89 17.22 21.11 19.33 21.44 17.78 2.083



6.28 6.78 6.67 6.72 6.89 6.11 6.06 8.00 6.67 6.72 5.50 5.94 0.723



21.56 17.83 22.28 17.78 23.33 19.33 21.61 18.22 21.61 18.50 20.06 17.61 1.296



Bakrajo Location Century - 84 NARC - 2 th May 7 Williams - 82 Hutcheson Century - 84 NARC - 2 May 22nd Williams - 82 Hutcheson Century - 84 NARC - 2 June 7 th Williams - 82 Hutcheson LSD ( p ≤ 0.05 )



63.33 67.67 63.44 88.44 63.89 68.89 63.67 81.22 60.00 63.67 60.56 71.22 0.648



Century - 84 NARC - 2 th May 7 Williams - 82 Hutcheson Century - 84 NARC - 2 May 22nd Williams - 82 Hutcheson Century - 84 NARC - 2 June 7 th Williams - 82 Hutcheson LSD ( p ≤ 0.05 )



63.11 68.11 63.33 88.00 63.89 68.89 64.67 79.78 59.33 63.67 58.89 70.00 0.887



149.44 162.56 144.78 172.67 141.11 151.11 137.56 159.00 128.11 132.89 123.11 149.11 1.233



Kanipanka Location 145.56 154.56 141.11 170.00 132.00 140.22 128.22 154.00 119.89 125.67 115.22 139.89 0.877



93.33 87.56 99.56 95.00 110.33 92.67 91.00 100.11 101.67 94.56 101.67 101.11 5.919



Average of both locations Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 May 22nd Williams - 82 Hutcheson Century - 84 NARC - 2 June 7 th Williams - 82 Hutcheson LSD ( p ≤ 0.05 ) May 7 th



63.22 68.89 63.40 88.22 63.89 68.89 64.17 80.50 59.67 63.67 59.72 70.61 0.537



147.50 158.56 142.94 171.33 136.56 145.67 132.89 156.50 124.00 129.28 119.17 144.50 0.742



110.44 96.83 111.39 105.44 120.39 101.94 105.61 106.44 109.06 96.89 106.50 99.78 4.248



Chapter Four : Results and Discussion



42



1-5. The interaction effect of planting dates and phosphorus fertilization on growth characters: Generally, Table 9 and Appendices 1 and 2 indicated that numbers of days to 50% flowering were highly significantly affected by the interactions of planting dates and P fertilization at Bakrajo location, but no significant effects were observed at Kanipanka, while highly significant effects were observed in the average of both locations. The longest periods were lasted 71.33 and 71.25 days obtained by the application of the same rate of P (120 Kg P 2O5.ha-1) when planted on the same date (May 7th) at Bakrajo and the average of both locations respectively, however, shortest periods values to 50% flowering were 63.75 and 63.33 days obtained by the application of 120 Kg and 0 Kg P 2O5.ha-1 when planted on the same date (June 7th) at Bakrajo and the average of both locations respectively. This may be due to the interaction effect between levels of applied P and planting dates creates different conditions for plant growth which affected positively or negatively on numbers of days to 50% flowering. Table 9 and Appendices 1 and 2 indicated that numbers of days to maturity were highly significantly affected by the interactions of planting dates and P fertilization at Bakrajo location, but no significant effects were observed at Kanipanka, while highly significant effects were observed in the average of both locations. The longest periods lasted 158.17 and 155.54 days obtained without the application of P when planted on the same date (May 7 th) at Bakrajo and the average of both locations respectively, while the shortest periods to maturity were 133.00 days obtained by the application of 60 Kg and 120 Kg P2O5.ha-1 when planted on June 7th at Bakrajo, in the average of both locations the shortest periods to maturity was 128.67 days obtained by the application of 120 Kg P2O5.ha-1 when planted on June 7th. This may be due to the interaction between planting date and level of applied P created the conditions differ from treatment combination to other in addition to the effect of individual factors like environmental factors and initial P concentration of soils at both locations.
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However, plant heights were significantly affected by the interactions of planting dates and P fertilization at Bakrajo and highly significantly affected at Kanipanka, while no significant effect were detected in the average of both locations. The highest means of plant heights were 122.58 and 107.17 cm attained during the application of 60 Kg and 0 Kg P 2O5.ha-1 when planted on May 22nd and June 7th at Bakrajo and Kanipanka locations respectively, while the lowest means of plant heights were 99.83 and 89.75 cm attained without the application of P when planted on June 7th and May 7th respectively. Numbers of branches.plant-1 were not affected significantly by the interactions of planting dates and P fertilization at Bakrajo, while they had been significantly affected at Kanipanka and highly significant effect was observed in the average of both locations. The maximum number of branches.plant -1 were 9.00 and 7.29 branches obtained by the application of the same rate of P (120 Kg P2O5.ha-1) when planted on the same date (May 7th) at Kanipanka and the average of both locations respectively, while the minimum numbers of branches.plant -1 were 6.67 and 5.83 branches obtained without the application of P when planted on the same date (May 7th). This may be due to the role of time of P application in nutrient transport through the plant cells [115], or may be due to the increase in P availability on May 7th in comparing to the other time since the temperature in the first date of application is lower in comparing to the 2 nd and the 3rd date of application (Table 1) which cause the increase in P availability on May 7 th because the increase in temperature cause the increase in adsorption of P by soil colloidals then decrease availability [116]. Numbers of nods.plant-1 were significantly affected by the interactions of planting dates and phosphorus fertilization at both locations, and highly significantly affected in their average. The maximum numbers of nods.plant -1 at both locations and their average were 21.75 nods obtained by the application of 120 Kg P2O5.ha-1 when planted on May 22nd, while the minimum numbers of nods.plant-1 were 18.00, 18.67 and 19.13 nods when 0 Kg, 0 Kg and 120 Kg
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P2O5.ha-1 applied on June 7th, May 7th and June 7th respectively. This may be due to the same reasons mentioned earlier. Table 9: The interaction effect of planting dates and phosphorus fertilization on growth characters: Planting Dates



Phosphorus Fertilization (Kg P2O5 .ha -1)



No. of days to 50 % flowering



No. of days to maturity



Plant heights (cm)



No. of branches. plant -1



No. of nods. plant -1



119.42 115.58 119.58 115.33 122.58 118.08 99.83 106.83 112.42 6.891



5.00 5.83 5.58 5.75 5.42 5.00 5.08 4.42 4.83 n.s



20.92 20.58 19.83 19.58 21.25 21.75 18.00 19.67 19.25 1.266



89.75 96.42 95.42 95.00 93.67 106.92 107.17 94.50 97.58 8.295



6.67 7.58 9.00 8.33 7.58 8.50 8.17 7.42 7.33 1.157



18.67 19.50 19.67 19.00 20.42 21.75 20.83 19.92 19.00 1.785



5.83 6.71 7.29 7.04 6.50 6.75 6.66 5.92 6.08 0.738



19.75 20.04 19.75 19.29 20.83 21.75 19.42 19.79 19.13 1.052



Bakrajo Location May 7 th



May 22nd



June 7 th



0 60 120 0 60 120 0 60 120



70.25 70.58 71.33 69.75 68.83 69.67 64.00 63.83 63.75 0.634



0 60 120 0 60 120 0 60 120



70.50 70.25 71.17 69.50 69.17 69.25 62.67 63.25 62.00 n.s



LSD ( p ≤ 0.05 )



158.17 157.42 156.50 146.75 148.50 146.33 133.92 133.00 133.00 1.133



Kanipanka Location May 7 th



May 22nd



June 7 th LSD ( p ≤ 0.05 )



152.92 153.42 152.08 138.67 139.00 138.17 125.83 125.33 124.33 n.s



Average of both locations May 7 th



May 22nd



June 7 th LSD ( p ≤ 0.05 )



0 60 120 0 60 120 0 60 120



70.38 70.42 71.25 69.63 69.00 69.46 63.33 63.54 63.38 0.488



155.54 155.42 154.29 142.71 143.75 142.25 129.88 129.17 128.67 0.666



104.58 106.00 107.50 105.17 108.13 112.50 103.50 100.67 105.00 n.s
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1-6. The interaction effect of phosphorus fertilization and varieties on growth characters: Table 10 and Appendices 1 and 2 indicated that the interactions of phosphorus fertilization and varieties were significantly affected numbers of days to 50% flowering at Kanipanka location only. The longest period was 79.44 days obtained by Hutcheson without the application of P, while the shortest period was 61.89 days obtained by Century-84 without the application of P fertilization also. This may be due to the genetic variations between the studied varieties [16, 21, 23]. Numbers of days to maturity were highly significantly affected by the interactions of P fertilization and varieties at both locations, while no significant differences were observed in the average of both locations. The longest period were 161.33 and 155.33 days obtained by Hutcheson during the application of 0 Kg and 60 Kg P2O5.ha-1 at Bakrajo and Kanipanka respectively, while the shortest period were 134.00 and 127.44 days obtained by the same variety (Williams-82) during the application of 120 Kg P2O5.ha-1. However, the plant heights were highly significantly affected by the interactions of P fertilization and varieties at both locations and their average. The highest means of plant heights were 129.00, 106.11 and 115.11 cm attained by Century-84 at both locations and their average during the application of 60 Kg, 120 Kg and 120 Kg P2O5.ha-1 respectively, while the lowest means of plant heights were 99.33, 76.22 and 90.00 cm attained by NARC-2 during the application of 0 Kg, 60 Kg and 60 Kg P 2O5.ha-1 respectively. This may be due to the interaction effect of variety with P which may create different conditions for plant growth depending on levels of applied P and varieties. Numbers of branches.plant-1 were highly significantly affected by the interactions of P fertilization and varieties at both locations and their average. At Bakrajo, the maximum number of branches.plant-1 was 7.11 branches obtained by NARC-2 during the application of 120 Kg P2O5.ha-1. At Kanipanka, they were 8.89 branches by Century-84 and Hutcheson during the application of 0 Kg, 120
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Kg P2O5.ha-1. The average of both locations, was 7.83 branches by NARC-2 during the application of 120 Kg P 2O5.ha-1 ,while the minimum number of branches.plant-1 were 3.78, 6.44 and 5.50 branches obtained by Williams-82, NARC-2 and NARC-2 during the application of 120 Kg, 0 Kg and 0 Kg P 2O5.ha1



respectively. This may be due to the effect of P levels on the activity of nitrogen



fixation by Rhizobium then increasing in vegetative growth and number of branches.plant-1 [112]. Numbers of nods.plant-1 were highly significantly affected by the interactions of P fertilization and varieties at both locations and their average. The maximum number of nods.plant-1 were 24.11, 22.56 and 23.06 nods obtained by Century-84, Williams-82 and Century-84 during the application of 60 Kg P2O5.ha-1 at both locations and their average respectively, while the minimum number of nods.plant-1 were 16.33, 16.56 and 17.11 nods obtained by NARC-2, Hutcheson and NARC-2 during the application of 0 Kg, 120 Kg and 0 Kg P2O5.ha-1 respectively. It appears that the interaction between some varieties and medium level of applied P caused the increase in numbers of nods.plant-1 while zero level or high level of applied P caused the decrease in this characters, this indicated that the balance nutrition was necessary for obtaining high numbers of nods.plant-1 and high yield [117].
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Table 10: The interaction effect of phosphorus fertilization and varieties on growth characters: Phosphorus Fertilization



Varieties



-1



(Kg P2O5 .ha )



No. of days to 50 % flowering



No. of days to maturity



Plant heights (cm)



No. of branches. plant -1



No. of nods. plant -1



121.33 99.33 113.11 112.33 129.00 103.78 121.11 106.11 124.11 113.44 120.56 108.67 6.372



5.89 4.56 4.67 6.00 4.33 5.33 4.89 6.33 4.00 7.11 3.78 5.67 0.834



22.56 16.33 20.33 18.78 24.11 18.44 21.22 18.22 21.56 19.78 21.22 18.56 1.644



8.89 6.44 7.67 7.89 8.67 7.22 7.67 6.56 7.89 8.56 7.78 8.89 1.222



21.11 17.89 21.44 17.56 22.00 17.67 22.56 17.56 21.67 21.22 21.11 16.56 2.083



7.39 5.50 6.17 6.94 6.50 6.28 6.28 6.44 5.94 7.83 5.78 7.28 0.723



21.83 17.11 20.89 18.17 23.06 18.06 21.89 17.89 21.61 20.50 21.17 17.56 1.296



Bakrajo Location 0



60



120



Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson LSD ( p ≤ 0.05 )



62.22 66.67 62.89 80.22 62.11 66.89 62.00 80.00 62.89 66.67 62.78 80.67 n.s



140.44 147.89 135.44 161.33 139.11 150.22 136.00 159.89 139.11 148.44 134.00 159.56 1.234



Kanipanka Location 0



60



120



Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson LSD ( p ≤ 0.05 )



61.89 66.33 62.56 79.44 62.22 66.56 62.00 79.44 62.22 67.78 62.33 78.89 0.889



132.89 141.22 128.33 154.11 132.67 140.22 128.78 155.33 131.89 139.00 127.44 154.44 0.887



100.78 98.67 92.89 96.89 98.44 76.22 100.44 104.33 106.11 99.89 98.89 95.00 5.919



Average of both locations 0



60



120



Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson LSD ( p ≤ 0.05 )



62.06 66.50 62.72 79.83 62.17 66.72 62.00 79.72 62.56 67.22 62.56 79.78 n.s



136. 67 144.56 131.89 157.72 135.89 145.22 132.40 157.61 135.50 143.72 130.72 157.00 n.s



111.06 99.00 103.00 104.61 113.72 90.00 110.78 105.22 115.11 106.67 109.72 101.83 4.248
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1-7. The interaction effect of planting date, phosphorus fertilization and varieties on growth characters: Table 11 (A, B, C) and Appendices 1 and 2 indicate that there were highly significantly differences in the means among the interaction of planting dates, P fertilization and varieties in relation to the character number of days to 50% flowering at Bakrajo, but no significant differences were observed at Kanipanka, while significant differences were observed in the average of both locations. At Bakrajo, the longest period was 89.00 days obtained by Hutcheson during the application of 120 Kg P2O5.ha-1 when planted on May 7th, while the shortest period was 59.67 days obtained by Century-84 during the application of 120 Kg P2O5.ha-1 when planted on June 7th. In the average of both locations, the longest period was 88.50 days obtained by Hutcheson during the application of 120 Kg P2O5.ha-1 when planted on May 7th, while the shortest period was 59.33 days obtained by Century-84 during the application of 120 Kg P 2O5.ha-1 when planted on June 7th. From the above interactions it is clear that the treatment combinations which contain the latest date of planting recorded the shortest period since the plants have shorter period for completing its life cycle therefore the period for 50% flowering is less. The interaction of planting dates, P fertilization and varieties had highly significant effect on number of days to maturity at both locations, while no significant effects were observed in the average of both locations. At Bakrajo, the longest period was 173.33 days obtained by Hutcheson during the application of 0 Kg P2O5.ha-1 when planted on May 7th, while the shortest period was 122.00 days obtained by Williams-82 during the application of 120 Kg P 2O5.ha-1 when planted on June 7th. At Kanipanka, the longest period was 171.67 days obtained by Hutcheson during the application of 60 Kg P 2O5.ha-1 when planted on May 7th, while the shortest period was 114.33 days obtained by Williams-82 during the application of 120 Kg P2O5.ha-1 when planted on June 7th. This may be due to the reasons mentioned earlier.
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Plant heights were highly significantly affected by the interaction of planting dates, P fertilization and varieties at both locations (Table 11 A, B), but no significant effect had appeared in the average of both locations (Table 11 C). At Bakrajo, the highest mean of plant height was 137.33 cm attained by Century84 with the application of 60 Kg P2O5.ha-1 when planted on May 22nd, while the lowest mean of plant height was 85.00 cm attained by NARC-2 without the application of P when planted on June 7 th. At Kanipanka, the highest mean of plant height was 118.67 cm attained by Century-84 with the application of 120 Kg P2O5.ha-1 when planted on May 22nd, while the lowest mean of plant height was 69.00 cm attained by NARC-2 with the application of 60 Kg P2O5.ha-1 when planted on June 7th. This may be due to the individual effect of varieties, planting dates, and P fertilizers, in addition to their interaction. Numbers of branches.plant-1 were highly significantly affected by the interaction of planting dates, P fertilization and varieties at both locations and their average (Table 11 A, B, C). At Bakrajo, the maximum number of branches.plant-1 was 8.00 branches obtained by Hutcheson without the application of P when planted on May 22nd, while the minimum was 2.00 branches obtained by Century-84 during the application of 120 Kg P 2O5.ha-1 when planted on June 7th. At Kanipanka, the maximum number of branches.plant-1 was 12.67 branches obtained by Century-84 without the application of P when planted on May 22nd, while the minimum was 4.00 branches obtained by Century-84 without the application of P when planted on May 7th. In relation to the average of both locations, the maximum number of branches.plant-1 was 9.17 branches obtained by Century-84 without the application of P when planted on May 22 nd, while the minimum was 4.83 branches obtained by NARC-2 without the application of P when planted on May 22nd. This may be due to the reasons mentioned earlier. Numbers of nods.plant-1 were significantly affected by the interaction of planting dates, P fertilization and varieties at Bakrajo (Table 11 A), and highly significant differences at Kanipanka and their average (Table 11 B, C) were
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found. At Bakrajo, the maximum number of nods.plant -1 was 25.67 nods obtained by Century-84 without the application of P when planted on May 7th, while the minimum number was 15.00 nods obtained by NARC-2 without the application of P when planted on June 7 th. At Kanipanka, the maximum number of nods.plant-1 was 27.33 nods obtained by Century-84 during the application of 120 Kg P2O5.ha-1 when planted on May 22nd, while the minimum were 15.00 and 15.00 nods obtained by Hutcheson during the application of 0 Kg and 120 Kg P2O5.ha-1 when planted on May 7th and May 22nd respectively. In relation to the average of both locations, the maximum number of nods.plant-1 were 24.67 and 24.67 nods obtained by Century-84 during the application of 60 Kg and 120 Kg P2O5.ha-1 when planted on May 22nd, while the minimum was 16.33 nods obtained by NARC-2 without the application of P when planted on May 22 nd . These results differ from location to another and from variety to another, n addition to the effect of P fertilization. Therefore the interaction between the above factors may explain the different results which were obtained in this study.
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Table 11 A: The interaction effect of planting date, phosphorus fertilization and varieties on growth characters at Bakrajo Location: Planting Dates



Phosphorus Fertilization



Varieties



( Kg P2O5 .ha -1)



No. of days to 50 % flowering



No. of days to maturity



Plant heights (cm)



No. of branches. plant -1



No. of nods. plant -1



122.33 105.33 123.67 126.33 134.00 98.67 119.33 110.33 126.33 114.33 126.67 111.00 123.33 107.67 116.00 114.33 137.33 106.33 133.00 113.67 130.67 119.67 111.67 110.33 118.33 85.00 99.67 96.33 115.67 106.33 111.00 94.33 115.33 106.33 123.33 104.67 11.036



6.00 3.67 5.33 5.00 6.00 6.33 5.33 5.67 6.00 6.00 4.67 5.67 5.67 5.00 4.33 8.00 4.00 4.33 6.00 7.33 4.00 7.67 3.00 5.33 6.00 5.00 4.33 5.00 3.00 5.33 3.33 6.00 2.00 7.67 3.67 6.00 1.445



25.67 17.33 21.67 19.00 24.00 18.00 21.67 18.67 22.67 15.67 22.00 19.00 20.00 16.67 21.33 20.33 24.00 19.33 22.67 19.00 22.00 23.67 23.00 18.33 22.00 15.00 18.00 17.00 24.33 18.00 19.33 17.00 20.00 20.00 18.67 18.33 2.848



Bakrajo Location



May 7 th



May 22nd



June 7 th



Century - 84 NARC - 2 0 Williams - 82 Hutcheson Century - 84 NARC - 2 60 Williams - 82 Hutcheson Century - 84 NARC - 2 120 Williams - 82 Hutcheson Century - 84 NARC - 2 0 Williams - 82 Hutcheson Century - 84 NARC - 2 60 Williams - 82 Hutcheson Century - 84 NARC - 2 120 Williams - 82 Hutcheson Century - 84 NARC - 2 0 Williams - 82 Hutcheson Century - 84 NARC - 2 60 Williams - 82 Hutcheson Century - 84 NARC - 2 120 Williams - 82 Hutcheson LSD ( p ≤ 0.05 )



62.33 68.00 62.67 88.00 63.00 67.67 63.33 88.33 64.67 67.33 64.33 89.00 64.00 68.67 65.00 81.33 63.33 69.33 62.33 80.33 64.33 68.67 63.67 82.00 60.33 63.33 61.00 71.33 60.00 63.67 60.33 71.33 59.67 64.00 60.33 71.00 1.122



151.33 162.00 146.00 173.33 148.67 163.00 145.00 173.00 148.33 162.67 143.33 171.67 140.00 149.33 137.33 160. 33 141.67 154.67 138.67 159.00 141.67 149.33 136.67 157.67 130.00 132.33 123.00 150.33 127.00 133.00 124.33 147.67 127.33 133.33 122.00 149.33 2.136
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Table 11 B: The interaction effect of planting dates, phosphorus fertilization and varieties on growth characters at Kanipanka location: Planting Dates



Phosphorus Fertilization



Varieties



( Kg P2O5 .ha -1)



No. of days to 50 % flowering



Plant heights (cm)



No. of days to maturity



No. of branches. plant -1



No. of nods. plant -1



Kanipanka Location



May 7 th



May 22nd



June 7 th



Century - 84 NARC - 2 0 Williams - 82 Hutcheson Century - 84 NARC - 2 60 Williams - 82 Hutcheson Century - 84 NARC - 2 120 Williams - 82 Hutcheson Century - 84 NARC - 2 0 Williams - 82 Hutcheson Century - 84 NARC - 2 60 Williams - 82 Hutcheson Century - 84 NARC - 2 120 Williams - 82 Hutcheson Century - 84 NARC - 2 0 Williams - 82 Hutcheson Century - 84 NARC - 2 60 Williams - 82 Hutcheson Century - 84 NARC - 2 120 Williams - 82 Hutcheson LSD ( p ≤ 0.05 )



62.67 67.67 63.67 88.00 63.00 67.33 62.67 88.00 63.67 69.33 63.67 88.00 63.67 68.00 65.33 81.00 64.00 69.00 64.33 79.33 64.00 69.67 64.33 79.00 59.33 63.33 58.67 69.33 59.67 63.33 59.00 71.00 59.00 64.33 59.00 69.67



145.67 155.67 141.00 169.33 145.33 154.67 142.00 171.67 145.67 153.33 140.33 169.00 132.67 142.00 127.67 152.33 132.33 139.67 129.33 154.67 131.00 139.00 127.67 155.00 120.33 126.00 116.33 140.67 120.33 126.33 115.00 139.67 119.00 124.67 114.33 139.33



n.s



1.537



91.67 87.00 95.00 85.33 88.33 83.00 107.33 107.00 100.00 92.67 96.33 92.67 101.33 96.67 80.00 102.00 111.00 76.67 89.33 97.67 118.67 104.67 103.67 100.67 109.33 112.33 103.67 103.33 96.00 69.00 104.67 108.33 99.67 102.33 96.67 91.67



10.253



4.00 7.00 8.00 7.67 7.67 8.00 9.00 5.67 8.00 9.67 7.67 10.67 12.67 4.67 9.00 7.67 8.33 6.33 6.00 9.67 6.67 8.67 8.00 10.67 10.00 7.67 6.00 9.00 10.00 7.33 8.00 4.33 9.00 7.33 7.67 5.33



20.33 17.00 22.33 15.00 18.67 17.00 24.67 17.67 18.00 22.00 21.33 17.33 21.33 16.00 19.67 19.00 25.33 17.00 21.67 17.67 27.33 23.33 21.33 15.00 21.67 20.67 22.33 18.67 22.00 19.00 21.33 17.33 19.67 18.33 20.67 17.33



2.117



3.607
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Table 11 C: The interaction effect of planting dates, phosphorus fertilization and varieties on growth characters in the average of both locations:



Planting Dates



Phosphorus Fertilization



Varieties



-1



( Kg P2O5 .ha )



No. of days to 50 % flowering



No. of days to maturity



Plant heights (cm)



No. of branches. plant -1



No. of nods. plant -1



Average of both locations 0 May 7 th



60



120



0



May 22nd



60



120



0



June 7 th



60



120 LSD ( p ≤ 0.05 )



Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 Hutcheson Williams - 82 NARC - 2 Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson



62.50 67.83 63.17 88.00 63.00 67.50 63.00 88.17 64.17 68.33 64.00 88.50 63.83 81.17 65.17 68.33 63.67 69.17 63.33 79.83 64.17 69.17 64.00 80.50 59.83 63.33 59.83 70.33 59.83 63.50 59.67 71.17 59.33 64.17 59.67 70.33



148.50 158.83 143.50 171.33 147.00 158.83 143.50 172.33 147.00 158.00 141.83 170.33 136.33 156.33 132.50 145.67 137.00 147.17 134.00 156.83 136.33 144.17 132.17 156.33 125.17 129.17 119.67 145.50 123.67 129.67 119.67 143.67 123.17 129.00 118.17 144.33



107.00 96.17 109.33 105.83 111.17 90.83 113.33 108.67 113.17 103.50 111.50 101.83 112.33 108.17 98.00 102.17 124.17 91.50 111.17 105.67 124.67 112.17 107.67 105.50 113.83 98.67 101.67 99.83 105.83 87.67 107.83 101.33 107.50 104.33 110.00 98.17



5.00 5.33 6.67 6.33 6.83 7.17 7.17 5.67 7.00 7.83 6.17 8.17 9.17 7.50 6.67 4.83 6.17 5.33 6.00 8.50 5.33 8.17 5.50 8.00 8.00 6.33 5.17 7.00 6.50 6.33 5.67 5.17 5.50 7.50 5.67 5.67



23.00 17.17 22.00 17.00 21.33 17.50 23.17 18.17 20.33 18.83 21.67 18.17 20.67 19.67 20.50 16.33 24.67 18.17 22.17 18.33 24.67 23.50 22.17 16.67 21.83 17.83 20.17 17.83 23.17 18.50 20.33 17.17 19.83 19.17 19.67 17.83



0.930



n.s



n.s



1.252



2.245



Chapter Four : Results and Discussion



54



1-8. The effect of locations on growth characters: As shown in Table 12 and Appendix 2, locations had a highly significant effect on all growth characters except numbers of days to 50% flowering and number of nods.plant-1, because of weather and soil physical and chemical properties differences between both locations (Table 1, Table 2). Numbers of days to maturity took the longest period at Bakrajo reaching 145.95 days, while at Kanipanka they took the shortest period to the maturity reaching 138.86 days. A plant height at Bakrajo was 114.41 cm, while at Kanipanka plant height was 97.38 cm. The maximum numbers of branches.plant-1 was 7.84 at Kanipanka, while the minimum was 5.21 at Bakrajo.



Table 12: The effect of locations on growth characters: Locations



No. of days to 50 % flowering



No. of days to maturity



Plant heights (cm)



No. of branches. plant -1



No. of nods. plant -1



Bakrajo



68.00



145.95



114.41



5.21



20.09



Kanipanka



67.64



138.86



97.38



7.84



19.85



LSD ( p ≤ 0.05 )



n.s



1.178



6.170



0.171



n.s
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2- Seed yield and its components 2-1. The differences among varieties in yield and its components: Table 13 and Appendices 3 and 4 indicated that seed yields in Kg.ha -1 were highly significantly affected by varieties at Bakrajo, Kanipanka, and the average of both locations. The highest yield were 1747, 2391 and 2056 Kg.ha-1 obtained by Century-84, Hutcheson, and Century-84 at both locations and their average respectively, while the lowest yield reaching 1383, 2200 and 1798 Kg.ha-1 obtained by NARC-2, Williams-82 and Williams-82 respectively. The superiority of Century-84 and Hutcheson at both locations respectively might be attributed to their superiority in harvest index, weight of seeds.plants-1, 100-seed weight, number of pods.plants-1, and seed weight.pod-1. This superiority indicates their high capability in utilizing the available growth factors to balance between the source and sink relationship between vegetative and reproductive parts, and especially during the filling period. Previous work indicates that the ranges of yield were averaged between 1784 – 3232 Kg.ha-1 over years and between 2112 – 3005 Kg.ha-1 over varieties [22]. In addition, results of Sulaimani research station at Kanipanka during 2003 season had indicated a production of 1250, 1672, 1434, and 1190 Kg.ha-1 for Century-84, NARC-2, Williams-82, and Hutcheson respectively [20]. In case of 100-seed weight, the statistical analysis of the data revealed that varieties had a highly significant effect on this character at both locations and their average. The highest values were 13.83, 15.67 and 13.84 gm obtained by Hutcheson, Century-84 and Hutcheson at both locations and their average respectively, while the lowest values were 11.77, 12.76 and 12.61 gm obtained by Century-84, NARC-2 and NARC-2 respectively. The range of 100-seed weight was found to be 11.33 – 13.83 gm [22]. However, under our condition, the averages of 100-seed weight were 11.06, 11.20, 12.80, and 12.80 gm [20], even though, a record of 40 gm had been reported [24].
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Numbers of pods.plant-1 were highly significantly affected by varieties at both locations and their average. The highest numbers of pods were 60.73, 59.53 and 58.39 pods obtained by Hutcheson, Williams-82 and Hutcheson at both locations and their average respectively, while the lowest numbers of pods were 38.93, 45.73 and 44.55 pods obtained by Century-84, NARC-2 and Century-84 respectively. Variation among numbers of pods.plant-1 are ranged between 41.0085.70 over years and between 56.33 – 77.33 pods.plant-1 among varieties. Under our condition and during 2003 season, averages of 26.30, 41.30, 22.60, and 32.00 pods.plant-1 for Century-84, NARC-2, Williams-82 and Hutcheson had been recorded respectively [20]. Weights of pods.plant-1(gm) were highly significantly affected by varieties at both locations and their average. The maximum weights of pods.plant -1 were 84.56, 42.98 and 63.17 gm obtained by Century-84, Williams-82 and Century-84 at both locations and their average respectively, while the minimum weights of pods.plant-1 were 52.10, 22.78 and 37.44 gm obtained by the same variety (NARC-2) at both locations and their average respectively. Weights of seeds.plant-1 (gm) were highly significantly affected by varieties at both locations and their average. The maximum weights obtained by Hutcheson, Century-84, Hutcheson at both locations and their average were 24.56, 27.71 and 23.72 gm respectively, while the minimum weights were 17.11, 18.18 and 20.00 gm obtained by Century-84, NARC-2 and NARC-2 respectively. Varieties had a highly significant effect on number of pods.nod-1 at Bakrajo location and the average of both locations, while no significant differences were observed at Kanipanka. The highest values were 4.15 and 4.00 pods obtained by the same variety (Century-84) at Bakrajo and the average of both locations respectively, while the lowest values were 2.93 and 3.19 pods obtained by the same variety (Hutcheson).
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Numbers of seeds.pod-1 were highly significantly affected by varieties at both locations and their average. The highest numbers of seeds.pod -1 were 3.63, 3.78 and 3.70 seeds obtained by the same variety (Century-84) at both locations and their average respectively, while the lowest numbers were 2.89, 3.00 and 2.96 seeds obtained by NARC-2 at Bakrajo, the varieties Hutcheson and Williams-82 at Kanipanka and the varieties NARC-2 in the average of both locations respectively. Weights of seeds.pod-1 (gm) were highly significantly affected by varieties at both locations and their average. The maximum values were 0.43, 0.56 and 0.50 gm obtained by the same variety (Century-84), at both locations and their average respectively, while the minimum values were 0.36, 0.38 and 0.37 gm obtained by Williams-82 and NARC-2 at Bakrajo, the variety NARC-2 at Kanipanka and the variety NARC-2 in the average of both locations respectively. Harvest index (H.I.) were highly significantly affected by varieties at Bakrajo location and the average of both locations and significant differences at Kanipanka location were detected. The maximum values were 0.23, 0.38 and 0.27 obtained by Century-84, Century-84, NARC-2 at both locations and their average respectively, while the minimum values were 0.13, 0.32 and 0.23 obtained by Williams-82, (Hutcheson and NARC-2), and Williams-82 respectively. The superiority of the variety Century-84 at both locations and their average might be attributed to high capability of this variety to utilize the available growing factors and good achievement in partitioning and conductive the assimilates produced by photosynthesis into different plant parts. Consequently appropriate balance between seed and biological yields was achieved. It is obvious that H.I. gives a good indicator for dry matter accumulation and its movement inside the plant. The latter is affected by environmental condition and the growing pattern of the variety that both factors affected the vegetative and reproductive growth periods [62].
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Table 13: Means of seed yield and its components in soybean varieties: Weight of seeds .pod -1 (gm)



Harvest index



3.63



0.43



0.23



3.63



2.89



0.36



0.21



3.44



3.00



0.36



0.13



24.56



2.93



3.00



0.42



0.21



1.959



0.591



0.142



0.020



0.010



27.71



3.85



3.78



0.56



0.38



22.78



18.18



3.59



3.04



0.38



0.32



59.53



42.98



27.16



3.59



3.00



0.45



0.33



56.05



24.54



22.87



3.44



3.00



0.42



0.32



0.553



5.701



2.931



1.642



n.s



0.105



0.028



0.039



2056



13.72



44.55



63.17



22.41



4.00



3.70



0.50



0.25



1879



12.61



52.56



37.44



20.00



3.61



2.96



0.37



0.27



51.47



57.47



22.18



3.52



3.00



0.41 b



0.23



13.84



58.39



39.98



23.72



3.19



3.00



0.42



0.26



0.298



3.672



3.090



1.249



0.353



0.086



0.017



0.021



No. of pods. plant



Weight of pods .plant -1 (gm)



Weight of seeds .plant (gm)



Seed yield (Kg . ha -1)



100- seed weight (gm)



Century - 84 NARC - 2 Williams - 82 Hutcheson



1747



11.77



38.93



84.56



17.11



4.15



1383



12.46



59.40



52.10



21.82



1397



12.03



43.41



71.95



17.19



1715



13.83



60.73



55.41



L.S.D ( p ≤ 0.05 )



118.801



0.258



4.906



5.991



Century - 84 NARC - 2 Williams - 82 Hutcheson



2365



15.67



50.18



41.78



2376



12.76



45.73



2200



14.89



2391



13.85



L.S.D ( p ≤ 0.05 )



127.302



Century - 84 NARC - 2 Williams - 82 Hutcheson



2053



L.S.D ( p ≤ 0.05 )



85.053



Varieties



-1



-1



No. of pods .nod



-1



No. of seeds .pod



-1



Bakrajo Location



Kanipanka Location



Average of both locations 1798



13.46
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The effect of planting date on seed yield and its components: As shown in Table 14 and Appendices 3 and 4 there were highly



significant differences among planting date in relation to the seed yield (Kg.ha -1) at Bakrajo, Kanipanka, and the average of both locations. The highest yields were 1892, 2713, and 1996 Kg obtained by planting on May 7th, June 7th, and May 7th at Bakrajo, Kanipanka, and the average of both locations respectively, while the lowest yields were 1278, 2100, and 1849 Kg obtained by planting on June 7th , May 7th, and May 22nd respectively. Yield were decreased as planting date was delayed at Bakrajo and this may be due to lower isolation and temperature [53, 54], while at Kanipanka, yield was increase by delaying planting date. This variation in seed yield across planting dates may be due to variation in RUE [54], also similar results were reported previously by [71, 72]. 100-seed weights (gm) were highly significantly affected by planting date at Bakrajo location, while no significant effect were observed at Kanipanka location and in the average of both locations. The highest value was 12.79 gm obtained by planting on May 7th, while planting on June 7th gave the lowest value reaching 12.33 gm. 100-seed weights were decreased as planting date was delayed at Bakrajo, similar results were confirmed previously by [29, 68, 69], while at Kanipanka, 100-seed weights were increased by delayed planting date, may be due to differences in climatic conditions (Table 1). Number of pods.plant-1 were significantly affected by planting date at Bakrajo location, while no significant effect were observed at Kanipanka and in the average of both locations. The highest number of pods was 53.72 pods obtained by planting on May 22nd, while the lowest number was 47.11 pods obtained by planting on June 7th.This result is in accordance with [29, 63]. Weight of pods.plant-1 (gm) were highly significantly affected by planting date at Bakrajo and the average of both locations while only significant effect was observed at Kanipanka. The maximum weights of pods.plant-1 were 70.458, 34.34 and 51.38 pods obtained by planting on May 22 nd , June 7th, May 22nd at
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Bakrajo, Kanipanka and in the average of both locations respectively, while the minimum weights were 61.83, 32.30 and 48.08 pods obtained by planting on June 7th , May 22nd and June 7th respectively. Weights of seeds.plant-1 (gm) were highly significantly affected by planting date at Bakrajo and in the average of both locations, while no significant effect at Kanipanka was observed. The maximum weights of seeds.plant-1 were 21.90 and 23.29 gm obtained by planting on the same date (May 7th) at Bakrajo and in the average of both locations respectively, while the minimum weights were 18.04 and 21.03 gm obtained by planting on the same date (June 7th).However, weights of seeds.plant-1 were decreased by delaying planting date. Similar results were reported by researchers [29, 58]. Planting dates had a highly significant effect on number of pods.nod-1 in the average of both locations, while no significant effects were observed at Bakrajo and Kanipanka locations. The highest value was 3.85 pods obtained by planting on May 7th, while the lowest value was 3.36 pods obtained by planting on June 7th. Even though numbers of pods.nod -1 were decrease by delaying planting date at both locations. Because delaying planting date shifts the reproductive growth into less favorable environment [53, 54]. The statistical analysis of the data showed that planting date had no significant effect on number of seeds.pod-1 at both locations and their average. This character is of genotypic influence [29]. Weights of seeds.pod-1 (gm) were significantly affected by planting dates at both locations and no significant effects were detected in the average of both locations. The maximum values were 0.41 and 0.43 gm obtained by planting on May 7th and June 7th at both locations respectively, while the minimum values were 0.38 and 0.44 gm obtained by planting on June 7 th and May 7th respectively. This is may be due to the differences in the climatic conditions and in soil chemical and physical properties of both locations (Table 1, Table 2).
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Planting date had a highly significant effect on harvest index at Bakrajo location while had no effect at Kanipanka location and in the average of both locations were detected. The maximum value was 0.18 obtained by Planting on May 7th, while the minimum value was 0.16 obtained by planting on June 7 th. This may be due to the differences in utilization of assimilates during seed set [29]. Generally, delay in planting date significantly decreased yields (seed yield, 100-seed weight, Number of pods.plant-1, etc.) mainly at Bakrajo location (Table 14). Similar results were reported by [71, 72] for other varieties, or these differences were probably because of difference in climatic condition and soil type of both locations. And delayed planting generally shifts reproductive growth into a less favorable environment where days are shorter and temperatures and insolation was lower. Similar results were founded by [53, 54].
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Table 14: The effect of planting dates on seed yield and its components: Weight of pods .plant -1 (gm)



Weight of seeds .plant (gm)



Weight of seeds .pod -1 (gm)



Harvest index



3.19



0.41



0.18



3.50



3.11



0.39



0.17



3.28 n.s



3.08 n.s



0.38 0.021



0.16 0.008



24.68



3.86



3.19



0.44



0.33



32.30



23.23



3.56



3.22



0.45



0.35



34.34 1.570



24.02 n.s



3.44 n.s



3.19 n.s



0.47 0.024



0.34 n.s



23.29



3.85



3.19



0.42



0.25



51.38



21.90



3.53



3.17



0.42



0.26



48.08 2.211



21.03 1.349



3.36 0.291



3.14 n.s



0.43 n.s



0.25 n.s



Planting Dates



Seed yield (Kg . ha -1)



100- seed weight (gm)



May.7 th, 2004 May.22nd ,2004 June.7 th, 2004



1892



12.79



51.02



65.73



21.90



3.83



1512



12.44



53.72



70.46



20.57



1278 100.410



12.33 0.243



47.11 4.416



61.83 4.323



18.04 2.060



2100



13.91



54.78



32.42



2186



14.36



50.34



2713 190.410



14.61 n.s



53.49 n.s



1996



13.35



52.90



49.07



1849



13.40



52.03



1995 103.470



13.47 n.s



50.30 n.s



No. of pods. plant



-1



-1



No. of pods .nod



-1



No. of seeds .pod



-1



Bakrajo Location



L.S.D ( p ≤ 0.05 )



Kanipanka Location May.7 th, 2004 May.22nd ,2004 June.7 th, 2004 L.S.D ( p ≤ 0.05 )



Average of both locations May.7 th, 2004 May.22nd ,2004 June.7 th, 2004 L.S.D ( p ≤ 0.05 )



Chapter Four : Results and Discussion



63



2-3. The effect of phosphorus fertilization on seed yield and its components: Table 15 and Appendices 3 and 4 showed that P applications had no significant effect on seed yield in Kg.ha -1 at Bakrajo location, while significant effects were detected at Kanipanka and the average of both locations. The highest yield was 2486 and 2031 Kg obtained by the application of 120 Kg P2O5.ha-1 at Kanipanka and the average of both locations respectively, while the lowest yield was 2226 and 1895 Kg obtained when no P applied. Over all, the effects of P on yield at Kanipanka were 42.33, 48.51 and 57.64 % higher in compare with Bakrajo, and in the order of increasing P fertilization. 100-seed weights (gm) were not affected significantly by P applications at Bakrajo location but there were a highly significant effect at Kanipanka location and the average of both locations. The highest values were 14.99 and 13.77 gm obtained when the same amount (120 Kg P2O5.ha-1) were applied at Kanipanka and the average of both locations respectively, while the lowest values were 13.67 and 13.06 gm obtained when no P applied respectively. There were 9.71, 13.14 and 19.54 % increase in 100-seed weight at Kanipanka compare to Bakrajo; however, there were a significant increase in 100-seed weight with increasing P fertilization for the average of both locations. Numbers of pods.plant-1 were highly significantly affected by P applications at Bakrajo and the average of both locations, but there were no significant effects at Kanipanka. The highest numbers obtained were 56.98 and 54.44 pods by using 120 Kg P2O5.ha-1 at Bakrajo and the average of both locations respectively, while the lowest numbers were 45.98 and 48.84 pods obtained by using 60 Kg P2O5.ha-1 respectively. Weights of pods.plant-1 (gm) were not affected significantly by P applications at both locations and in their average. It is interesting that the yield in Kanipanka is much higher under all P fertilization, the weights of pods.plant -1 at Bakrajo is twice as much as of Kanipanka, when the seed weight.plant -1 higher at Kanipanka, this indicates that dry matter distribution between seed and pod
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were opposite at both locations. This difference between both locations is due to shuttering that happened at Bakrajo because of a heavy rainfall at November. Similar conclusion was obtained by [10]. Weight of seeds.plant-1 (gm) were highly significantly affected by P applications at Bakrajo and no significant effects of P were detected at Kanipanka, while only significant effects were observed in the average of both locations. The maximum weights were 22.81 and 23.04 gm obtained when the same amount (120 Kg P2O5.ha-1) were applied at Bakrajo and in the average of both locations respectively, while the minimum weights were 18.20 and 21.11 gm obtained when the same amount (60 Kg P2O5.ha-1) were applied. The statistical analysis of the data showed that P fertilization had no significant effect on number of pods.nod-1 at Bakrajo, Kanipanka and their average. P fertilization had no significant, highly significant and significant effect on numbers of seeds.pod-1 at Bakrajo, Kanipanka and in their average respectively. The highest numbers of seeds were 3.25 and 3.21 seeds obtained by the application of 0 Kg and 60 Kg P 2O5.ha-1 at Kanipanka location and by the application of 60 Kg P2O5.ha-1 in the average of both locations, while the lowest numbers of seeds were 3.11 and 3.10 seeds obtained by the application of 120 Kg P2O5.ha-1. This is due to the genotypic nature of this character. Weights of seeds.pod-1 (gm) were not affected significantly by the difference in P fertilization at both locations and in the average of both locations. But the seed weight.pod-1 were 15.38, 15.00, and 15.38 % higher in Kanipanka comparing to Bakrajo as a result of P fertilization. Highly significant effects of P rates were detected in relation to the harvest index at Bakrajo, Kanipanka and in the average of both locations. The maximum values were 0.18, 0.37 and 0.27 obtained by the application of 120 Kg, 0 Kg and 0 Kg P2O5.ha-1 at Bakrajo, Kanipanka and in the average of both locations respectively, while the lowest values were 0.15, 0.31 and 0.24 obtained by the
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application of 60 Kg, 120 Kg and 120 Kg P 2O5.ha-1 respectively. As shown in (Table 15) the H.I. in Kanipanka is twice as much as of Bakrajo. In general, the application of P affected significantly in most of yield components at both locations, but the values for yield components at Kanipanka are higher than those of Bakrajo location. This may be due to the higher yield potential of Kanipanka soil because of its higher values of CEC, organic matter content, and total nitrogen content (Table 2), consequently this reason led to producing higher yield, that required higher amount of nutrients due to the dilution effect [118].
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Table 15: The effect of phosphorus fertilizations on seed yield and its components: Weight of pods .plant -1 (gm)



Weight of seeds .plant (gm)



Weight of seeds .pod -1 (gm)



Harvest index



3.14



0.39



0.17



3.50



3.17



0.40



0.15



22.81



3.44



3.08



0.39



0.18



2.060



n.s



n.s



n.s



0.008



Seed yield (Kg . ha -1)



100- seed weight (gm)



0 60 120



1564



12.46



48.89



65.08



19.51



3.67



1540



12.56



45.98



66.86



18.20



1577



12.54



56.98



66.08



L.S.D ( p ≤ 0.05 )



n.s



n.s



4.416



n.s



Phosphorus Fertilizations



(KgP2O5 .ha -1)



No. of pods. plant



-1



-1



No. of pods .nod



-1



No. of seeds .pod



-1



Bakrajo Location



Kanipanka Location 0 60 120



2226



13.67



55.02



33.71



24.66



3.56



3.25



0.45



0.37



2287



14.21



51.69



32.29



24.02



3.81



3.25



0.46



0.34



2486



14.99



51.89



33.07



23.26



3.50



3.11



0.45



0.31



L.S.D ( p ≤ 0.05 )



190.410



0.583



n.s



n.s



n.s



n.s



0.092



n.s



0.027



0 60 120



1895



13.06



51.96



49.39



22.08



3.61



3.19



0.42



0.27



1914



13.39



48.84



49.57



21.11



3.65



3.21



0.43



0.25



2031



13.77



54.44



49.57



23.04



3.47



3.10



0.42



0.24



L.S.D ( p ≤ 0.05 )



103.470



0.303



3.177



n.s



1.349



n.s



0.084



0.015



0.015



Average of both locations
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2-4. The interaction effect of planting dates and varieties on seed yield and its components: Table 16 and Appendices 3 and 4 indicated that the interaction effect planting dates and varieties were highly significantly affected the seed yield (Kg.ha-1) at Bakrajo, Kanipanka, and the average of both locations. The highest yields were 2289, 3002 and 2330 Kg.ha-1 obtained by Hutcheson, Century-84 and Hutcheson when planted on May 7th, June 7th and May 7th at both locations and their average respectively, while the lowest yields were 1114, 1836 and 1727 Kg.ha-1 obtained by Williams-82, Century-84 and Williams-82 when planted on June 7th, May 7th and May 7th respectively. The interaction effect of Planting dates and varieties had a highly significant effect on 100-seed weight of soybean plants at both locations and their average. The highest values were 14.89, 16.73 and 14.70 gm obtained by Hutcheson, Century-84 and Hutcheson when planted on May 7 th, June 7th and May 7th at both locations and their average respectively, while the lowest values were 11.58, 12.70 and 12.51 gm obtained by Century-84, NARC-2 and NARC-2 when planted on June 7th, May 22nd and May 22nd respectively. Table 16 and Appendices 3 and 4 also showed that although there were highly significant effect for the interaction of planting dates and varieties at Bakrajo in relation to number of pods.plant -1, but only significant effect were existed at Kanipanka and in the average of both locations. The maximum values were 67.28, 66.65 and 61.48 pods obtained by NARC-2, Williams-82 and Hutcheson planted on May 22nd, June 7th and May 7th at both locations and their average respectively. However the minimum values were 35.58, 40.96 and 41.56 pods obtained by Century-84, NARC-2 and Century-84 at Bakrajo, Kanipanka and the average of both locations planted on May 7 th, June 7th and May 7th respectively. Weights of pods.plant-1 (gm) were not affected significantly by the interaction of planting dates and varieties at Bakrajo location but had highly significant and significant effects at Kanipanka location and the average of both
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locations respectively. The maximum weights of pods.plant -1 were 48.53 and 65.69 gm obtained by Century-84 at Kanipanka location and the average of both locations planted on June 7th and May 22nd respectively. However, the minimum values were 19.26 and 32.07 gm obtained by the same variety (NARC-2) at Kanipanka location and the average of both locations planted on the same date (June 7th) respectively. It was also found from the table 16 and appendices 3 and 4 that the interactions of planting dates and varieties had no significant effects on weights of seeds.plant-1(gm) at Bakrajo location and the average of both locations, but highly significant effects at Kanipanka location were detected. The maximum value was 29.12 gm obtained by Williams-82 at Kanipanka location planted on June 7th. However, the value for the minimum weight was 16.60 gm obtained by variety NARC-2 planted on the same date (June 7th). Numbers of pods.nod-1 were not affected significantly by the interaction of planting dates and varieties at Bakrajo, Kanipanka locations and their average. The statistical analysis of the data showed that the interaction of planting dates and varieties had a highly significant effect on number of seeds.pod-1 at Bakrajo location, but no significant effects were found at Kanipanka and the average of both locations. The highest number of seeds.pod-1 was 3.89 seeds obtained by Century-84 at Bakrajo location planted on May 7th. However, the minimum value for the number of seeds was 2.78 seeds obtained by Hutcheson planted on May 22nd. Table 16 and Appendices 3 and 4 showed that the interaction of planting dates and varieties had highly significant effects on weight of seeds.pod-1 (gm) at Bakrajo location and significant effects at Kanipanka location and the average of both locations. The maximum weights were 0.46, 0.62 and 0.50 gm obtained by Century-84 at Bakrajo, Kanipanka and in the average of both locations planted on May 7th, June 7th and June 7th respectively. However, the values for the
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minimum weights were 0.34, 0.38 and 0.37 gm obtained by NARC-2 planted on May 22nd, May 7th and May 22nd respectively. Harvest index were highly significantly affected by the interaction of planting dates and varieties at Bakrajo and Kanipanka and their average. The maximum values obtained by NARC-2, Century-84 and NARC-2 at Bakrajo and Kanipanka and their average planted on the same date (May 22 nd) were 0.23, 0.40 and 0.29 respectively. However, the minimum values obtained by varieties Century-84, NARC-2 and Williams-82 planted on May 22nd, June 7th and May 7th were 0.11, 0.27 and 0.22 respectively. Individual variety data indicated that certain genotypes were more sensitive than other with respect to planting dates at particular locations. Hutcheson and Century-84 were the most stable varieties whereas NARC-2 and Williams-82 were particularly sensitive to delayed planting at particular location. Thus, an evaluation of the environmental conditions during flowering and pod set and the plant process or characteristics the determine seed number may provide some explanation for lower yields [54]. Seeds per unit area in soybean are closely associated with canopy photosynthesis and crop growth rate (CGR) during flowering and pod set [64, 65]. Previous researches associated lower yields in the late planting with lower insolation and temperature [56, 66]. The data reported here (Table 16) indicated that non environmental factors may also play an important role. Radiation use efficiency (RUE) measures the ability of a crop community to convert solar energy into dry matter and, as such, is an important aspect of crop productivity and variation in RUE may help explain the variation in productivity across planting dates. Similar results were gained by [54]. As shown in (Table 1) regarding the differences between Kanipanka and Bakrajo, The average temperature is higher, more daily temperature ranges,
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higher relative humidity and less sunshine. In addition, Kanipanka have a clay type soil (Table 2), with lower pH, higher organic matter, higher nitrogen content, and more available P.
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Table 16: The interaction effect of planting dates and varieties on seed yield and its components: Seed yield (Kg . ha -1)



100- seed weight (gm)



Century - 84 NARC - 2 May.7 th Williams - 82 Hutcheson Century - 84 NARC - 2 May. 22nd Williams - 82 Hutcheson Century - 84 NARC - 2 June.7 th Williams - 82 Hutcheson L.S.D ( p ≤ 0.05 )



2289 1471 1521 2288 1697 1272 1554 1523 1256 1407 1114 1333 205.770



11.90 12.64 11.71 14.89 11.83 12.32 11.97 13.63 11.58 12.41 12.39 12.96 0.448



35.58 56.84 48.97 62.70 41.60 67.28 43.07 62.93 39.62 54.07 38.20 56.54 ****



Century - 84 NARC - 2 th May.7 Williams - 82 Hutcheson Century - 84 NARC - 2 May. 22nd Williams - 82 Hutcheson Century - 84 NARC - 2 June.7 th Williams - 82 Hutcheson L.S.D ( p ≤ 0.05 )



1836f 2260 1934 2372 2256 2215 1971 2300 3002 2651 2697 2500 220.490



14.88 12.73 13.55 14.50 15.40 12.70 15.59 13.76 16.73 12.85 15.54 13.30 0.958



47.54 53.04 58.27 60.26 52.82 43.18 53.66 51.68 50.16 40.96 66.65 56.20 9.88



Century - 84 NARC - 2 May.7 th Williams - 82 Hutcheson Century - 84 NARC - 2 May. 22nd Williams - 82 Hutcheson Century - 84 NARC - 2 June.7 th Williams - 82 Hutcheson L.S.D ( p ≤ 0.05 )



2063 1865 1727 2330 1976 1744 1763 1912 2129 2029 1906 1917 147.320



13.39 12.69 12.63 14.70 13.62 12.51 13.78 13.69 14.15 12.63 13.97 13.13 0.517



41.56 54.94 53.62 61.48 47.21 55.23 48.37 57.31 44.89 47.51 52.43 56.37 6.360



Planting Dates



Varieties



No. of pods. plant



-1



Weight of pods. plant -1 (gm)



Weight of seeds .plant (gm)



-1



No. of pods .nod



-1



No. of seeds .pod



-1



Weight of seeds .pod -1 (gm)



Harvest index



Bakrajo Location 86.29 55.01 67.05 54.56 90.18 56.39 81.11 54.16 77.21 44.89 67.69 57.51 n.s



19.27 21.57 18.88 27.86 17.15 23.62 17.51 24.01 14.91 20.27 15.19 21.81 n.s



4.33 4.11 3.78 3.11 4.44 3.44 3.33 2.78 3.67 3.33 3.22 2.89 n.s



3.89 2.89 3.00 3.00 3.67 2.78 3.00 3.00 3.33 3.00 3.00 3.00 0.247



0.46 0.37 0.35 0.45 0.43 0.34 0.36 0.41 0.39 0.37 0.37 0.39 0.033



0.14 0.21 0.15 0.21 0.11 0.23 0.13 0.21 0.13 0.18 0.12 0.22 0.018



26.60 21.12 26.19 24.81 27.87 16.82 26.18 22.06 28.64 16.60 29.12 21.73 2.844



4.11 3.89 3.89 3.56 4.22 3.44 3.11 3.44 3.22 3.44 3.78 3.33 n.s



3.67 3.11 3.00 3.00 3.89 3.00 3.00 3.00 3.78 3.00 3.00 3.00 n.s



0.53 0.38 0.42 0.43 0.55 0.39 0.46 0.40 0.62 0.39 0.47 0.41 0.049



0.38 0.35 0.29 0.28 0.40 0.35 0.34 0.32 0.35 0.27 0.36 0.36 0.067



22.94 21.35 22.54 26.34 22.51 20.22 21.84 23.04 21.78 18.44 22.15 21.77 n.s



4.22 4.00 3.83 3.33 4.33 3.44 3.22 3.11 3.44 3.39 3.50 3.11 n.s



3.78 3.00 3.00 3.00 3.78 2.89 3.00 3.00 3.56 3.00 3.00 3.00 n.s



0.50 0.37 0.38 0.44 0.49 0.37 0.41 0.41 0.50 0.38 0.42 0.40 0.029



0.26 0.28 0.22 0.24 0.25 0.29 0.24 0.26 0.24 0.23 0.24 0.29 0.036



Kanipanka Location 35.62 25.26 40.54 28.26 41.21 23.81 39.93 24.26 48.53 19.26 48.48 21.10 3.517



Average of both locations 60.96 40.13 53.79 41.41 65.69 40.10 60.52 39.21 62.88 32.07 58.09 39.30 5.352
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2-5. The interaction effect of planting dates and phosphorus fertilization on seed yield and its components: Table 17 and Appendices 3 and 4 indicated that, there were highly significant differences among the interactions of planting dates and P fertilization on seed yield in Kg.ha-1 at Bakrajo location, and the average of both locations, but no significant effects were detected at Kanipanka. The highest yields were 2102 and 2125 Kg.ha-1 obtained during the application of 0 Kg, and 120 Kg P2O5.ha-1 when planted on the same date (May 7 th) at Bakrajo, and the average of both locations respectively, while the lowest yields were 1095 and 1794 Kg.ha-1 obtained during the application of 0 Kg, and 60 Kg P 2O5.ha-1 when planted on June 7th and May 22nd. The interaction of planting dates and P fertilization had a highly significant effect on 100-seed weights of soybean plants at Bakrajo location, but no significant effects were detected at Kanipanka location and in the average of both locations. The highest weight was 13.21 gm obtained without the application of P fertilization when planted on May 7th at Bakrajo location, while the lowest weight was 11.91 gm obtained without the application of P fertilization when planted on June 7th. This may be associated with increasing in P absorption with decreasing temperature in early planting (May 7th) [116]. Numbers of pods.plant-1 were significantly affected by the interaction of planting dates and P fertilization at Bakrajo and Kanipanka locations, while no significant effects were detected in their average. The highest number of pods were 57.60 and 60.96 pods obtained during the application of 120 Kg and 0 Kg P2O5.ha-1 when planted on May 22nd and June 7th at Bakrajo and Kanipanka locations respectively, while the lowest number of pods were 41.90 and 46.01 pods obtained during the application of 60 Kg and 120 Kg P2O5.ha-1 when planted on June 7th and May 22nd respectively. Weights of pods.plant-1 (gm) were significantly affected by the interaction of planting dates and P fertilization at Bakrajo, while highly significant effects at Kanipanka and in the average of both locations were observed. The maximum
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weights of pods.plant-1 were 73.86, 36.79 and 52.42 gm obtained during the application of 120 Kg, 0 Kg and 60 Kg P2O5.ha-1 when planted on May 22nd, June 7th and May 22nd at both location and their average respectively, while the minimum weights were 56.35, 30.88 and 44.90 gm obtained when 0 Kg, 120 Kg and 120 Kg P2O5.ha-1 applied during planting on June 7 th, May 22nd and May 7th respectively. Weights of seeds.plant-1 (gm) were not affected significantly by the interaction of planting dates and P fertilization at Bakrajo, while highly significant effects at Kanipanka and the average of both locations were observed. The maximum weights of seeds.plant-1 were 28.13 and 25.54 gm obtained during the application of 0 Kg and 120 Kg P2O5.ha-1 when planted on June 7th and May 7th at Kanipanka location and in the average of both locations respectively, while the minimum weights were 20.34 and 18.99 gm obtained when 120 Kg and 60 Kg P2O5.ha-1 applied when planted on May 22nd and June 7th respectively. Number of pods.nod-1were not affected significantly by the interaction of planting dates and P fertilization at Bakrajo and in the average of both locations, while significant effects were observed at Kanipanka. The maximum value was 4.25 pods obtained by the application of 60 Kg P 2O5.ha-1 when planted on May 7th, while the minimum value was 3.08 pods obtained by the application of 120 Kg P2O5.ha-1 when planted on June 7th. The interaction of planting dates and P fertilization had no significant effect on number of seeds.pod-1 at both locations their average. Weights of seeds.pod-1 were not affected significantly by the interaction of planting dates and P fertilization at both locations their average. Harvest index were highly significantly affected by the interaction of planting dates and P fertilization at Bakrajo location and no significant, significant effects at Kanipanka location and the average of both locations were observed respectively. The maximum value at Bakrajo location was 0.20 obtained without the application of P when planted on May 7 th, and in the
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average of both location were 0.28 and 0.28 also without the application of P when planted on May 7th and May 22nd respectively, while the minimum values were 0.15 and 0.24 obtained by the application of 0 Kg, 60 Kg P 2O5.ha-1 when planted on June 7th and May 7th at Bakrajo location and the average of both location respectively. It is clear from the results mentioned above that the effect of treatment combinations depends on the type of relation between the individual factors, sometime the interaction effect has positive effect while other times has negative effect on yield components.
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Table 17: The interaction effect of planting dates and phosphorus fertilizations on seed yield and its components: Planting Dates



Phosphorus Fertilizations (Kg P2O5 .ha -1)



Seed yield (Kg . ha -1)



100- seed weight (gm)



No. of pods. plant



2102 1695 1880 1497 1579 1459 1095 1347 1391 173.910



13.21 12.62 12.53 12.24 12.43 12.64 11.91 12.64 12.45 0.420



47.56 49.62 55.90 57.14 46.42 57.60 41.98 41.90 57.44 7.649



1898 2033 2370 2266 2008 2283 2515 2820 2803 n.s



12.83 14.13 14.78 13.60 14.14 15.34 14.59 14.36 14.86 n.s



53.64 50.66 60.03 50.47 54.54 46.01 60.96 49.88 49.64 8.518



2000 1864 2125 1881 1794 1871 1805 2083 2097 179.211



13.02 13.38 13.66 12.92 13.29 13.99 13.25 13.50 13.66 n.s



50.60 50.14 57.97 53.80 50.48 51.80 51.47 45.89 53.54 n.s



-1



Weight of pods .plant -1 (gm)



Weight of seeds .plant (gm)



-1



No. of pods . nod



-1



No. of seeds .pod



-1



Weight of seeds .pod -1 (gm)



Harvest index



Bakrajo Location May.7 th



May. 22nd



June.7th



0 60 120 0 60 120 0 60 120



L.S.D ( p ≤ 0.05 )



73.37 67.02 56.79 65.51 72.01 73.86 56.35 61.54 67.58 7.487



20.64 20.95 24.10 22.01 17.14 22.58 15.88 16.51 21.74 n.s



4.25 3.67 3.58 3.42 3.50 3.58 3.33 3.33 3.17 n.s



3.17 3.25 3.17 3.17 3.08 3.08 3.08 3.17 3.00 n.s



0.42 0.41 0.40 0.39 0.38 0.39 0.37 0.40 0.37 n.s



0.20 0.16 0.17 0.18 0.16 0.18 0.15 0.15 0.19 0.015



21.93 25.13 26.98 23.91 25.45 20.34 28.13 21.47 22.47 3.301



3.25 4.25 4.08 3.58 3.75 3.33 3.83 3.42 3.08 0.715



3.25 3.33 3.00 3.25 3.25 3.17 3.25 3.17 3.17 n.s



0.42 0.46 0.43 0.43 0.46 0.46 0.48 0.46 0.47 n.s



0.36 0.31 0.31 0.38 0.37 0.30 0.36 0.34 0.31 n.s



21.29 23.04 25.54 22.96 21.30 21.46 22.01 18.99 22.11 2.337



3.75 3.96 3.83 3.50 3.63 3.46 3.58 3.38 3.13 n.s



3.21 3.29 3.08 3.21 3.17 3.13 3.17 3.17 3.08 n.s



0.42 0.43 0.42 0.41 0.42 0.42 0.42 0.43 0.42 n.s



0.28 0.24 0.24 0.28 0.26 0.24 0.25 0.25 0.25 0.026



Kanipanka Location May.7 th



May. 22nd



June.7th



0 60 120 0 60 120 0 60 120



L.S.D ( p ≤ 0.05 )



31.13 33.12 33.00 33.20 32.83 30.88 36.79 30.91 35.32 2.720



Average of both locations May.7 th



May. 22nd



June.7th



0 60 120 0 60 120 0 60 120



L.S.D ( p ≤ 0.05 )



52.25 50.07 44.90 49.35 52.42 52.37 46.57 46.23 51.45 3.829
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2-6. The interaction effect of phosphorus fertilization and varieties on seed yield and its components: Table 18 and Appendices 3 and 4 indicated that seed yields (Kg.ha -1) were highly significantly affected by the interaction of P fertilization and varieties at both locations, and their average. The highest yields were 1977, 2645 and 2152 Kg.ha-1 obtained by Century-84, Williams-82 and Century-84 during the application of 0 Kg, 120 Kg and 0 Kg P 2O5.ha-1 at both locations and their average respectively, while the lowest yields were 1210, 1726 and 1468 Kg.ha-1 obtained by the same varieties (Williams-82) without the application of phosphorus fertilization at both locations, and their average respectively. 100-seed weights (gm) were highly significantly affected by the interaction of P fertilization and varieties at both locations and their average. The maximum weights were 14.14, 16.56 and 14.16 gm obtained by Hutcheson, Century-84 and Hutcheson during the application of 0 Kg, 120 Kg and 120 Kg P2O5.ha-1 at Bakrajo, Kanipanka and in the average of both locations respectively, while the minimum weights were 11.65, 12.21 and 12.38 gm obtained by Williams-82, NARC-2 and NARC-2 during the application of 0 Kg, 60 Kg and 60 Kg P2O5.ha-1 respectively. Numbers of pods.plant-1 were highly significantly affected by the interaction of P fertilization and varieties at Bakrajo location and significant effects were observed at Kanipanka and their average. The maximum values were 68.86, 65.60 and 58.96 pods obtained by Hutcheson, Williams-82 and Hutcheson at both locations and their average during the application of 120 Kg, 0 Kg and 120 Kg P2O5.ha-1 respectively, while the minimum numbers of pods were 33.74, 43.51 and 39.64 pods obtained by Century-84, NARC-2 and Century-84 during the application of the same rate (60 Kg P2O5.ha-1). Weights of pods.plant-1 (gm) were highly significantly affected by the interaction of P fertilization and varieties at Kanipanka location only. The maximum weight was 46.16 gm obtained by Williams-82 without application of
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P fertilization at Kanipanka location, while the minimum weight was 21.28 gm obtained by NARC-2 also without application of P fertilization. Weights of seeds.plant-1 (gm) were highly significantly affected by the interaction of P fertilization and varieties at Bakrajo location and the average of both locations, while no significant effects were observed at Kanipanka location. The maximum weights were 27.12 and 24.47 gm obtained by NARC-2 and Hutcheson at Bakrajo location and the average of both locations during the application of the same rate of P (120 Kg P2O5.ha-1), while the minimum weights were 14.25 and 18.25 gm obtained by Williams-82 and NARC-2 during the application of 60 Kg and 0 Kg P2O5.ha-1 respectively. The interaction of P fertilization and varieties had no significant effect on numbers of pods.nod-1 at both locations and their average. The statistical analysis of the data showed that the interaction of P fertilization and varieties had highly significant effect on number of seeds.pod-1 at both locations and their average. The maximum value was 3.78 seeds obtained by the same variety (Century-84) at Bakrajo location during the application of 0 Kg and 60 Kg P2O5.ha-1 respectively, and were 4.00 and 3.89 seeds by Century84 at Kanipanka location and the average of both locations without the application of P fertilization, while the minimum value was 2.78 seeds obtained by NARC-2 at Bakrajo location without the application of P fertilization, but at Kanipanka the minimum value was 3.00 seeds obtained by Hutcheson, Williams82, NARC-2, Williams-82, NARC-2, Hutcheson, Williams-82 and NARC-2 during the application of 0 Kg, 0 Kg, 0 Kg, 60 Kg, 60 Kg, 120 Kg, 120 Kg and 120 Kg P2O5.ha-1 respectively, and in the average of both locations the minimum value was 2.89 seeds obtained by NARC-2 without the application of P fertilization. Weights of seeds.pod-1 (gm) were highly significantly affected by the interaction of P fertilization and varieties at Bakrajo location and the average of both locations and significant effects were detected at Kanipanka location. The
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maximum weights were 0.45, 0.56 and 0.52 gm obtained by the same variety (Century-84) at both location and their average during the application of 0 Kg, 0 Kg and 60 Kg P2O5.ha-1 respectively, while the minimum values were 0.34, 0.37 and 0.37 gm obtained by the same variety (NARC-2) during the application of 0 Kg, 60 Kg and 60 Kg P2O5.ha-1 respectively. Harvest index were highly significantly affected by the interaction of P fertilization and varieties at Bakrajo location and no significant effects were observed at Kanipanka location and the average of both locations. The maximum value was 0.23 obtained by Hutcheson without the application of P fertilization, while the minimum value was 0.11 obtained by two varieties (Century-84 & Williams-82) during the application of 60 Kg P2O5.ha-1. In general, the yield components were differing over locations and from treatment combinations, this may be due to the differences among yield potential of the studied varieties and between environmental conditions of both locations (Table 1, and Table 2).
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Table 18: The interaction effect of phosphorus fertilizations and varieties on seed yield and its component: Phosphorus Fertilizations (KgP2O5 .ha -1)



Seed yield (Kg . ha -1)



100- seed weight (gm)



Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson L.S.D ( p ≤ 0.05 )



1977 1314 1210 1757 1587 1331 1469 1774 1678 1505 1511 1614 205.770



11.92 12.11 11.65 14.14 11.74 12.55 11.97 13.99 11.65 12.71 12.46 13.35 0.448



39.73 54.05 45.40 56.39 33.74 55.44 37.80 56.93 43.32 68.69 47.04 68.86 8.488



Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson L.S.D ( p ≤ 0.05 )



2326 2594 1726 2258 2339 2107 2230 2472 2429 2426 2645 2442 220.490



14.44 13.10 13.79 13.37 16.00 12.21 15.41 13.23 16.56 12.96 15.48 14.96 0.958



50.59 45.30 65.60 58.60 45.53 43.51 57.24 60.48 54.40 48.37 55.75 49.06 9.875



Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson L.S.D ( p ≤ 0.05 )



2152 1954 1468 2008 1963 1719 1850 2123 2056 1965 2078 2028 147.320



13.18 12.60 12.72 13.75 13.87 12.38 13.69 13.61 14.11 12.83 13.97 14.16 0.517



45.16 49.67 55.50 57.49 39.64 49.48 47.52 58.71 48.86 58.53 51.39 58.96 6.360



Varieties



No. of pods .plant



-1



Weight of pods .plant -1 (gm)



Weight of seeds .plant (gm)



-1



No. of pods. nod



-1



No. of seeds .pod



-1



Weight of seeds .pod -1 (gm)



Harvest index



Bakrajo Location 0



60



120



89.80 51.17 68.37 50.97 85.28 49.78 73.24 59.13 78.61 55.33 74.24 56.12 n.s



18.62 18.44 17.87 23.10 14.68 19.91 14.25 23.97 18.04 27.12 19.45 26.62 3.394



4.00 3.89 3.67 3.11 4.33 3.44 3.56 2.67 4.11 3.56 3.11 3.00 n.s



3.78 2.78 3.00 3.00 3.78 2.89 3.00 3.00 3.33 3.00 3.00 3.00 0.247



0.45 0.34 0.35 0.42 0.44 0.36 0.36 0.42 0.39 0.38 0.37 0.40 0.033



0.14 0.20 0.13 0.23 0.11 0.22 0.11 0.18 0.14 0.21 0.15 0.21 0.018



27.87 18.07 29.48 23.21 28.27 19.09 25.63 23.08 26.98 17.38 26.37 22.31 n.s



3.89 3.22 3.56 3.56 4.11 3.56 3.89 3.67 3.56 4.00 3.33 3.11 n.s



4.00 3.00 3.00 3.00 3.89 3.11 3.00 3.00 3.44 3.00 3.00 3.00 0.182



0.56 0.40 0.43 0.40 0.60 0.37 0.46 0.41 0.53 0.38 0.46 0.44 0.049



0.42 0.34 0.35 0.36 0.38 0.32 0.32 0.35 0.34 0.31 0.32 0.26 n.s



23.25 18.25 23.68 23.16 21.47 19.50 19.94 23.52 22.51 22.25 22.91 24.47 2.163



3.94 3.56 3.61 3.33 4.22 3.50 3.72 3.17 3.83 3.78 3.22 3.06 n.s



3.89 2.89 3.00 3.00 3.83 3.00 3.00 3.00 3.39 3.00 3.00 3.00 0.149



0.50 0.37 0.39 0.41 0.52 0.37 0.41 0.41 0.46 0.38 0.42 0.42 0.029



0.28 0.27 0.24 0.30 0.24 0.27 0.21 0.26 0.24 0.26 0.24 0.23 n.s



Kanipanka Location 0



60



120



43.00 21.28 46.16 24.38 38.31 23.69 43.28 23.87 44.04 23.36 39.51 25.37 3.517



Average of both locations 0



60



120



66.40 36.22 57.27 37.68 61.80 36.74 58.26 41.50 61.33 39.35 56.88 40.75 n.s
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2-7. The interaction effect of planting date, phosphorus fertilization and varieties on seed yield and its components: Table 19 (A, B, C) and Appendices 3 and 4 indicate that the interaction of planting dates, P fertilization and varieties had highly significant effects on seed yield (Kg.ha-1) at Bakrajo, Kanipanka, and the average of both locations. At Bakrajo location, the highest yield was 2742 Kg.ha-1 obtained by Century-84 without the application of P when planted on May 7 th, while the lowest yield was 790 Kg.ha-1 obtained by Williams-82 without the application of P when planted on June 7th. At Kanipanka location, the highest yield was 3236 Kg.ha-1 obtained by Williams-82 during the application of 60 Kg P 2O5.ha-1 when planted on June 7th, while the lowest yield was 1238 Kg.ha-1 obtained by Century-84 without the application of P when planted on May 7 th. At the average of both locations, the highest yield was 2395 Kg.ha-1 obtained by Hutcheson without the application of P when planted on May 7th, while the lowest yield was 1323 Kg.ha-1 obtained by Williams-82 without the application of P when planted on June 7 th. This may be due to the individual effect of levels of factors contributed in forming the above treatment combinations. The statistical analysis showed that the interaction of planting dates, P fertilization and varieties had highly significant effect on 100-seed weights (gm) of soybean plants at Bakrajo, but had no significant and significant effects at Kanipanka and the average of both locations respectively. At Bakrajo, the maximum weight was 15.48 gm obtained by Hutcheson without the application of P fertilization when planted on May 7 th, while Williams-82 obtained the minimum 100-seed weight (10.97 gm) without the application of P fertilization when planted on May 22nd. At the average of both locations, the maximum weight was 15.11 gm obtained by Hutcheson during the application of 120 Kg P2O5.ha-1 when planted on May 7th; while NARC-2 obtained the minimum 100seed weight (11.98 gm) without the application of P fertilization when planted on May 22nd. It had been identified that soybean genotype have a wide range of seed size of 84-484 mg. seed-1 [119].
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Numbers of pods.plant-1 were highly significantly affected by the interaction of planting dates, P fertilization and varieties at Bakrajo location, but no significant effect had appeared at Kanipanka, and significant effect had observed in the average of both locations. At Bakrajo, the maximum number was 77.12 pods obtained by Hutcheson during the application of 120 Kg P2O5.ha-1 when planted on June 7th, while the minimum number was 30.50 pods obtained by Century-84 during the application of 60 Kg P 2O5.ha-1 when planted on May 7th. At the average of both locations, the maximum number was 63.85 pods obtained by Hutcheson during the application of 60 Kg P 2O5.ha-1 when planted on May 7th, while the minimum number was 36.11 pods obtained by Century-84 during the application of 60 Kg P2O5.ha-1 when planted on May 7th. Weights of pods.plant-1 were highly significantly affected by the interaction of planting dates, P fertilization and varieties at both locations and their average. At Bakrajo, the maximum weight of pods.plant -1 was 112.01 gm obtained by Century-84 with no application of P when planted on May 7th, while the minimum was 32.27 gm obtained by NARC-2 during the application of 60 Kg P2O5.ha-1 when planted on June 7th. At Kanipanka, the maximum weight of pods.plant-1 was 58.23 gm obtained by Williams-82 without the application of P when planted on June 7th, while the minimum weight was 17.55 gm obtained by NARC-2 also without the application of P when planted on June 7th. At the average of both locations, the maximum weight was 75.44 gm obtained by Century-84 with no application of P when planted on May 7th, while the minimum was 25.19 gm obtained by NARC-2 during the application of 60 Kg P2O5.ha-1 when planted on June 7th. Weights of seeds.plant-1 were highly significantly affected by the interaction of planting dates, P fertilization and varieties at both locations and their average. At Bakrajo, the maximum weight of seeds.plant -1 was 30.78 gm obtained by Hutcheson during the application of 120 Kg P 2O5.ha-1 when planted on May 7th, while the minimum was 10.64 gm obtained by Williams-82 during the application of 60 Kg P2O5.ha-1 when planted on May 22nd. At Kanipanka, the
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maximum weight was 36.32 gm obtained by Williams-82 without the application of P when planted on June 7th, while the minimum was 14.59 gm obtained by NARC-2 during the application of 120 Kg P2O5.ha-1 when planted on May 22nd. At the average of both locations, the maximum weight was 29.42 gm obtained by Hutcheson during the application of 120 Kg P 2O5.ha-1 when planted on May 7th, while the minimum was 15.83 gm obtained by NARC-2 without the application P fertilization when planted on June 7th. Weights of seeds.plant-1 had been ranged between 12.5 – 39.50 gm.plant-1 [119]. The statistical analysis of the data showed that the following characters; numbers of pods.nod-1, numbers of seeds.pod-1, and weights of seeds.pod-1 (gm) were not affected significantly by interaction of planting dates, P fertilization and varieties at both locations and their average. Harvest index were highly significantly affected by the interaction of planting dates, P fertilization and varieties at Bakrajo location and the average of both locations, but no significant effect were detected at Kanipanka location. At Bakrajo, the maximum value was 0.28 obtained by Hutcheson during the application of 120 Kg P2O5.ha-1 when planted on June 7th, while the minimum was 0.10 obtained by Williams-82 during the application of 120 Kg P 2O5.ha-1 when planted on June 7th. At the average of both locations, the maximum value was 0.32 obtained by Century-84 without the application of P fertilization when planted on May 7th, while the minimum value was 0.18 obtained by NARC-2 without the application P fertilization when planted on June 7 th. In general, different results were obtained at both locations and their average, this may be due to the individual effects of levels of factors contributed in forming the treatment combinations, since soil is a complex system and many treatment combinations were studied. That’s why various results might be obtained.
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Table 19 A: The interaction effect of planting dates, phosphorus fertilizations and varieties on seed yield and its components at Bakrajo location: Planting Dates



Phosphorus Fertilizations (Kg P2O5 .ha -1)



Varieties



Seed yield (Kg . ha -1)



100- seed weight (gm)



No. of pods .plant



-1



Weight of pods .plant -1 (gm)



Weight of seeds .plant (gm)



-1



No. of pods. nod



-1



No. of seeds .pod



-1



Weight of seeds .pod -1 (gm)



Harvest index



0.50 0.34 0.36 0.47 0.46 0.38 0.35 0.44 0.43 0.38 0.35 0.44 0.48 0.31 0.33 0.43 0.43 0.34 0.35 0.41 0.40 0.38 0.40 0.39 0.38 0.36 0.36 0.37 0.44 0.37 0.38 0.41 0.35 0.39 0.38 0.38 n.s



0.19 0.22 0.17 0.21 0.10 0.23 0.10 0.19 0.14 0.16 0.17 0.22 0.09 0.24 0.11 0.27 0.11 0.21 0.09 0.21 0.13 0.24 0.18 0.14 0.13 0.13 0.11 0.22 0.11 0.21 0.14 0.15 0.15 0.21 0.10 0.28 0.030



Bakrajo Location 0



May.7 th



60



120



0



May. 22nd



60



120



0



June.7 th



60



120 L.S.D ( p ≤ 0.05 )



Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson



2742 1839 1352 2477 2115 1042 1521 2102 2012 1532 1690 2286 2063 972 1488 1463 1352 1479 1719 1766 1675 1366 1456 1340 1127 1131 790 1331 1294 1472 1167 1454 1347 1616 1387 1215 356.410



12.58 12.72 12.06 15.48 11.57 12.72 11.50 14.68 11.55 12.50 11.58 14.50 11.98 11.55 10.97 14.47 11.62 12.73 11.80 13.57 11.90 12.67 13.15 12.85 11.20 12.07 11.92 12.47 12.03 12.20 12.60 13.72 11.50 12.95 12.65 12.70 0.775



37.78 51.20 49.61 51.63 30.50 58.83 43.67 65.47 38.46 60.48 53.63 71.02 37.62 71.81 49.02 70.10 37.86 54.17 33.39 60.25 49.31 75.86 46.79 58.45 43.79 39.13 37.58 47.44 32.87 53.33 36.33 45.07 42.19 69.74 40.70 77.12 14.701



112.01 58.37 73.70 49.41 80.08 61.71 65.45 60.84 66.79 44.93 61.99 53.44 87.20 50.61 73.48 50.74 88.12 55.37 84.24 60.30 95.22 63.18 85.60 51.43 70.18 44.53 57.93 52.77 87.63 32.27 70.01 56.26 73.82 57.88 75.13 63.49 17.972



23.32 16.66 18.59 24.00 14.12 22.46 18.41 28.81 20.38 25.60 19.64 30.78 16.58 24.47 19.42 27.55 15.70 17.67 10.64 24.53 19.18 28.73 22.46 19.95 15.97 14.18 15.60 17.76 14.20 19.59 13.71 18.56 14.56 27.03 16.26 29.13 9.324



3.67 5.33 4.33 3.67 5.00 3.33 3.67 2.67 4.33 3.67 3.33 3.00 4.33 3.67 3.00 2.67 4.33 3.33 3.67 2.67 4.67 3.33 3.33 3.00 4.00 2.67 3.67 3.00 3.67 3.67 3.33 2.67 3.33 3.67 2.67 3.00 n.s



4.00 2.67 3.00 3.00 4.00 3.00 3.00 3.00 3.67 3.00 3.00 3.00 4.00 2.67 3.00 3.00 3.67 2.67 3.00 3.00 3.33 3.00 3.00 3.00 3.33 3.00 3.00 3.00 3.67 3.00 3.00 3.00 3.00 3.00 3.00 3.00 n.s
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Table 19 B: The interaction effect of planting date, phosphorus fertilizations and varieties on seed yield and its components at Kanipanka location: Planting Dates



Phosphorus Fertilizations (Kg P2O5 .ha -1)



Varieties



Seed yield (Kg . ha -1)



100- seed weight (gm)



1238 2553 1486 2314 1900 1883 1769 2580 2369 2344 2546 2223 2522 2452 1837 2253 1984 1880 1685 2483 2263 2314 2390 2165 3218 2777 1856 2208 3134 2557 3236 2354 2655 2621 2998 2939 381.908



12.67 12.65 12.58 13.42 16.17 12.71 13.27 14.38 15.79 12.81 14.79 15.72 14.44 12.41 14.03 13.51 14.98 11.95 16.48 13.16 16.78 13.73 16.26 14.60 16.22 14.23 14.76 13.17 16.86 11.98 16.48 12.14 17.12 12.35 15.39 14.58 n.s



No. of pods .plant



-1



Weight of pods .plant -1 (gm)



Weight of seeds .plant (gm)



-1



No. of pods. nod



-1



No. of seeds .pod



-1



Weight of seeds .pod -1 (gm)



Harvest index



0.50 a 0.38 0.41 0.40 0.62 0.39 0.40 0.42 0.46 0.36 0.45 0.47 0.52 0.39 0.42 0.39 0.61 0.36 0.47 0.40 0.52 0.40 0.49 0.42 0.64 0.43 0.45 0.40 0.58 0.36 0.51 0.40 0.62 0.37 0.45 0.44 n.s



0.45 0.38 0.27 0.34 0.37 0.33 0.28 0.27 0.33 0.34 0.32 0.24 0.39 0.39 0.41 0.33 0.47 0.33 0.30 0.39 0.33 0.32 0.32 0.23 0.41 0.23 0.37 0.41 0.29 0.31 0.38 0.37 0.35 0.27 0.33 0.30 n.s



Kanipanka Location 0



May.7 th



60



120



0



May. 22nd



60



120



0



June.7 th



60



120 L.S.D ( p ≤ 0.05 )



Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson



49.07 49.41 53.51 62.57 41.72 43.52 55.15 62.24 51.84 66.20 66.14 55.96 46.09 49.50 60.48 45.79 54.01 43.87 57.08 63.20 58.36 36.18 43.43 46.06 56.62 36.98 82.80 67.42 40.87 43.16 59.48 56.01 52.99 42.74 57.68 45.17 n.s



38.87 20.92 34.83 29.91 37.00 31.09 38.88 25.52 30.98 23.77 47.90 29.36 40.40 25.36 45.42 21.61 39.75 21.86 44.62 25.07 43.48 24.21 29.74 26.09 49.73 17.55 58.23 21.62 38.20 18.11 46.33 21.02 57.65 22.11 40.88 20.66 6.092



26.67 16.66 22.80 21.59 28.78 24.60 22.35 24.79 24.35 22.10 33.41 28.05 24.45 20.07 29.32 21.78 32.59 15.79 28.25 25.17 26.58 14.59 20.96 19.23 32.49 17.47 36.32 26.25 23.43 16.89 26.29 19.29 30.02 15.45 24.75 19.65 4.925



4.00 2.67 3.33 3.00 4.00 4.33 4.67 4.00 4.33 4.67 3.67 3.67 4.00 3.67 2.67 4.00 4.67 3.33 3.33 3.67 4.00 3.33 3.33 2.67 3.67 3.33 4.67 3.67 3.67 3.00 3.67 3.33 2.33 4.00 3.00 3.00 n.s



4.00 3.00 3.00 3.00 4.00 3.33 3.00 3.00 3.00 3.00 3.00 3.00 4.00 3.00 3.00 3.00 4.00 3.00 3.00 3.00 3.67 3.00 3.00 3.00 4.00 3.00 3.00 3.00 3.67 3.00 3.00 3.00 3.67 3.00 3.00 3.00 n.s
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Table 19 C: The interaction effect of planting date, phosphorus fertilizations and varieties on seed yield and its components in the average of both locations: Planting Dates



Phosphorus Fertilizations (Kg P2O5 .ha -1)



Varieties



Seed yield (Kg . ha -1)



100- seed weight (gm)



No. of pods .plant



-1



Weight of pods .plant -1 (gm)



Weight of seeds .plant (gm)



-1



No. of pods. nod



-1



No. of seeds .pod



-1



Weight of seeds .pod -1 (gm)



Harvest index



0.50 0.36 0.38 0.43 0.54 0.39 0.37 0.43 0.44 0.37 0.40 0.45 0.50 0.35 0.38 0.41 0.52 0.35 0.41 0.40 0.46 0.39 0.44 0.40 0.51 0.40 0.41 0.39 0.51 0.36 0.44 0.41 0.48 0.38 0.42 0.41 n.s



0.32 0.30 0.22 0.28 0.24 0.28 0.19 0.23 0.23 0.25 0.25 0.23 0.24 0.32 0.26 0.30 0.29 0.27 0.19 0.30 0.23 0.28 0.25 0.19 0.27 0.18 0.24 0.31 0.20 0.26 0.26 0.26 0.25 0.24 0.22 0.29 0.062



Average of both locations 0



May.7 th



60



120



0



May. 22nd



60



120



0



June.7 th



60



120 L.S.D ( p ≤ 0.05 )



Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson



1990 2196 1419 2395 2007 1462 1645 2341 2191 1938 2118 2254 2292 1712 1662 1858 1668 1679 1702 2124 1969 1840 1923 1753 2172 1954 1323 1769 2214 2014 2202 1904 2001 2119 2192 2077 255.160



12.63 12.68 12.32 14.45 13.87 12.72 12.39 14.53 13.67 12.66 13.19 15.11 13.21 11.98 12.50 13.99 13.30 12.34 14.14 13.37 14.34 13.20 14.71 13.73 13.71 13.15 13.34 12.82 14.45 12.09 14.54 12.93 14.31 12.65 14.02 13.64 0.895



43.43 50.31 51.56 57.10 36.11 51.18 49.41 63.85 45.15 63.34 59.88 63.49 41.86 60.66 54.75 57.95 45.93 49.02 45.24 61.73 53.84 56.02 45.11 52.25 50.21 38.06 60.19 57.43 36.87 48.24 47.91 50.54 47.59 56.24 49.19 61.15 11.017



75.44 39.65 54.27 39.66 58.54 46.40 52.17 43.18 48.89 34.35 54.95 41.40 63.80 37.98 59.45 36.18 63.93 38.61 64.43 42.69 69.35 43.70 57.67 38.76 59.96 31.04 58.08 37.20 62.91 25.19 58.17 38.64 65.74 39.99 58.01 42.07 9.269



25.00 16.66 20.70 22.79 21.45 23.53 20.38 26.80 22.37 23.85 26.53 29.42 20.51 22.27 24.37 24.67 24.15 16.73 19.45 24.85 22.88 21.66 21.71 19.59 24.23 15.83 25.96 22.01 18.81 18.24 20.00 18.92 22.29 21.24 20.50 24.39 3.746



3.83 4.00 3.83 3.33 4.50 3.83 4.17 3.33 4.33 4.17 3.50 3.33 4.17 3.67 2.83 3.33 4.50 3.33 3.50 3.17 4.33 3.33 3.33 2.83 3.83 3.00 4.17 3.33 3.67 3.33 3.50 3.00 2.83 3.83 2.83 3.00 n.s



4.00 2.83 3.00 3.00 4.00 3.17 3.00 3.00 3.33 3.00 3.00 3.00 4.00 2.83 3.00 3.00 3.83 2.83 3.00 3.00 3.50 3.00 3.00 3.00 3.67 3.00 3.00 3.00 3.67 3.00 3.00 3.00 3.33 3.00 3.00 3.00 n.s
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2-8. The effect of locations on seed yield and its components: Despite the lack of significant differences between both locations (Table 20 and Appendix 4) for the characters numbers of pods.plant-1 and numbers of pods.nod-1, there were highly significant differences for the other characters such as: seed yield, 100-seed weights, weights of pods.plant-1, weights of seeds.plant-1, numbers of seeds.pod-1, weights of seeds.pod-1, and harvest index. The highest seed yield was 2333 Kg.ha -1 at Kanipanka location; while the lowest seed yield was 1561 Kg.ha-1 at Bakrajo location. The maximum 100-seed weight was 14.29 gm at Kanipanka location, while at Bakrajo location they obtained the minimum 100-seed weight reaching 12.52 gm. The maximum weight of pods.plant-1 obtained at Bakrajo location was 66.00 gm, while the minimum weight was 33.02 gm at Kanipanka location. The maximum weight of seeds.Plant-1 obtained at Kanipanka location was 23.98 gm, while the minimum weight was 20.17 gm at Bakrajo location. The maximum weight of seeds.pod-1 obtained at Kanipanka location was 0.45 gm, while the minimum weight was 0.39 gm at Bakrajo location. The maximum value of harvest index obtained at Kanipanka location was 0.34, while the minimum value was 0.17 at Bakrajo location. For most studied characters (Table 20) Kanipanka location was superior to Bakrajo location. This may be due to the differences in climatical conditions and soil properties at both locations (Table 1, Table 2).
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Table 20: The effect of locations on seed yield and its components: No. of pods .plant



Weight of pods .plant -1 (gm)



Weight of seeds .plant (gm)



Weight of seeds .pod -1 (gm)



Harvest index



3.13



0.39



0.17



3.62



3.20



0.45



0.34



n.s



n.s



0.017



0.052



Locations



Seed yield (Kg . ha -1)



100- seed weight (gm)



Bakrajo



1561



12.52



50.62



66.00



20.17



3.54



Kanipanka



2333



14.29



52.87



33.02



23.98



LSD ( P ≤ 0.05 )



100.731



0.255



n.s



5.108



3.273



-1



-1



No. of pods. nod



-1



No. of seeds .pod



-1
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3- Quality Characteristics 3-1. Seeds oil and protein content in soybean varieties: Table 21 and Appendices 5 and 6; indicate the highly significant differences among varieties for percentage of oil content at Bakrajo, Kanipanka and the average of both locations were observed. The highest percentages were 25.11, 22.27 and 23.69 % obtained by Hutcheson at both locations and their average respectively, while the lowest percentages were 22.76, 20.14 and 21.95 % obtained by Williams-82, NARC-2 and Williams-82 respectively. The oil content influenced by the variety and by the environment in which it is grown, and because oil content is a variety characteristic, even though the oil content may vary with change n the soil or climatic condition where the varieties are grown [3]. In relation to percentage of protein content, the statistical analysis of the data showed that varieties had significant effect on protein percentage of soybean plants at Bakrajo location and the average of both locations, while highly significant effect were observed at Kanipanka location. The highest percentages were 40.85, 46.18 and 43.03 % obtained by Williams-82, NARC-2 and NARC-2 at both locations and their average respectively, while the lowest percentages were 39.67, 43.99 and 42.23 % obtained by Century-84, Hutcheson and Hutcheson respectively. Protein content generally varies inversely with the oil content, environmental condition affecting the oil content affect the protein content but in inverse direction [3]. The protein content of soybean ranges between 35 – 50 % [3].



Chapter Four : Results and Discussion



89



Table 21: Seeds oil and protein content in soybean varieties: % % Varieties Oil Protein Bakrajo Location Century - 84 NARC - 2 Williams - 82 Hutcheson L.S.D ( p ≤ 0.05 )



23.57 24.34 22.77 25.12 0.715



39.67 39.88 40.85 40.48 0.951



Kanipanka Location Century - 84 NARC - 2 Williams - 82 Hutcheson L.S.D ( p ≤ 0.05 )



20.64 20.15 21.15 22.27 0.519



45.04 46.18 44.84 43.99 0.887



Average of both locations Century - 84 NARC - 2 Williams - 82 Hutcheson L.S.D ( p ≤ 0.05 )



22.10 22.24 21.96 23.69 0.431



42.36 43.03 42.84 42.23 0.635



As shown in (Table 21) all varieties had higher percentage of oil and lower percentage of protein at Bakrajo compared to Kanipanka location, this may be due to elevated temperature in Kanipanka compared to Bakrajo (Table 1), in addition to the differences in physical and chemical properties of the soil (Table 2). This result is in accordance with [3].
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3-2. The effect of planting dates on seeds oil and protein content: As shown in Table 22 and Appendices 5 and 6, there were no significant differences among planting dates for percentage of oil content at Bakrajo while highly significant differences were observed at Kanipanka location and in the average of both locations. The highest percentages were 21.79 and 23.24 % obtained by planting on May 22nd at Kanipanka location and the average of both locations respectively, while the lowest percentages were 19.60 and 21.66 % obtained by planting on the same date (May 7th). Percentages of protein content were highly significantly affected by planting dates at Bakrajo and Kanipanka locations and at their average. The highest percentages were 41.37, 47.07 and 44.22 % obtained by planting on the same date (June 7th) at Bakrajo and Kanipanka and the average of both locations respectively, while the lowest percentages were 39.40, 43.23 and 41.56 % obtained by planting on May 22 nd , May 7th , May 7th respectively. At Kanipanka delay in planting date resulted in higher protein content. In general the oil percentages at Bakrajo are higher than oil percentages at Kanipanka while the seed protein content of Bakrajo are lower than seed protein content at Kanipanka. This may be due to either the higher clay percentage at Kanipanka soil comparing to soil clay content at Bakrajo which may cause the decrease in nitrogen losses by volatilization, consequently increase in seed protein content [120], or this may be due to the competition between phosphorus and nitrogen assimilation that resulted in higher oil percentage compared to lower protein content at Bakrajo location. However, opposite results were recorded at Kanipanka location [121].
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Table 22: The effect of planting dates on seeds oil and protein content: Planting Dates May 7th May 22nd June 7th L.S.D ( p ≤ 0.05 )



% Oil Bakrajo Location 23.72 24.69 23.44 n.s



% Protein 39.90 39.40 41.37 1.185



Kanipanka Location th



May 7 May 22nd June 7th L.S.D ( p ≤ 0.05 )



19.60 21.79 21.77 1.077



43.23 44.74 47.07 0.921



Average of both locations th



May 7 May 22nd June 7th L.S.D ( p ≤ 0.05 )



21.66 23.24 22.60 0.725



41.56 42.07 44.22 0.721
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3-3. The effect of phosphorus fertilization on seeds oil and protein content: Table 23 and Appendices 5 and 6 showed that there were significant differences among P applications for percentage of oil content at Bakrajo and Kanipanka locations, while no significant differences were detected in the average of both locations. The highest percentages were 24.83 and 22.29 % obtained by the application of 60 Kg and 120 Kg P 2O5.ha-1 at Bakrajo and Kanipanka locations respectively, while the lowest percentages were 22.89 and 20.27 % obtained when 120 Kg and 0 Kg P2O5.ha-1 applied respectively. Percentages of protein content were significantly affected by the applications of P at Bakrajo and Kanipanka and their average. The highest values were 42.54, 45.86 and 43.92 % obtained when 60 Kg, 120 Kg and 60 kg P 2O5.ha1



were applied at Bakrajo and Kanipanka and their average respectively, while



the lowest values were 37.95, 43.87 and 40.91 % obtained when no P applied at Bakrajo and Kanipanka and their average respectively. At Kanipanka, increasing P fertilization led to an increase in oil and protein content of the seeds, while at Bakrajo this was true with the increasing of P until 60 kg P2O5.ha-1. This may be due to obtaining the best nutrient balance as a result of applying P to a certain level [117].
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Table 23: The effect of phosphorus fertilization on seeds oil and protein content: Phosphorus Fertilization (Kg P2O5 .ha -1)



% Oil



% Protein



Bakrajo Location 0 60 120 L.S.D ( p ≤ 0.05 )



24.11 24.84 22.90 1.055



37.95 42.54 40.17 1.185



Kanipanka Location 0 60 120 L.S.D ( p ≤ 0.05 )



20.27 20.59 22.29 1.077



43.87 45.31 45.86 0.921



Average of both locations 0 60 120 L.S.D ( p ≤ 0.05 )



22.19 22.71 22.59 n.s



40.91 43.92 43.01 0.721
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The interaction effect of planting dates and varieties on seeds oil and protein content: Table 24 and Appendices 5 and 6 indicate that there were highly



significant differences in oil content among the treatment combinations at Bakrajo and Kanipanka locations and at their average. The highest percentages were 25.72, 23.04 and 24.32 % obtained by the same variety (Hutcheson) when planted on May 22nd, June 7th and May 22nd at both locations and their average respectively; however, the lowest percentages were 21.93, 18.86 and 20.54 % obtained by the same variety (Williams-82) when planted on June 7th, May 7th and May 7th respectively. The statistical analysis of the data showed that the interactions of planting dates and varieties had significant effect on percentages of protein content in soybean seeds at both locations and their average. The highest values were 42.63, 48.84 and 44.76 % obtained by Hutcheson, Century-84 and Century-84 when planted on the same date (June 7 th) at both locations and their average respectively, while the lowest values were 37.13, 41.94 and 40.51 % obtained by Century-84, Hutcheson and Century-84 when planted on May 22nd , May 7th and May 22nd respectively. It is clear from the results mentioned above that the behavior of oil content differ from protein content, this explains the variation of the studied varieties in their response to planting dates [29].
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Table 24: The interaction effect of planting dates and varieties on seeds oil and protein content: Planting Dates



Varieties



% Oil



% Protein



22.65 25.53 22.24 24.46 24.08 24.82 24.13 25.72 23.98 22.65 21.93 25.17 1.238



41.22 37.78 40.72 39.87 37.13 40.57 40.95 38.93 40.67 41.29 40.88 42.63 1.648



19.38 19.31 18.86 20.84 20.16 21.79 22.29 22.92 22.38 19.33 22.31 23.04 0.899



42.40 44.40 44.20 41.94 43.89 47.56 44.32 43.17 48.84 46.58 45.99 46.86 1.536



Bakrajo Location Century - 84 NARC - 2 May 7 th Williams - 82 Hutcheson Century - 84 NARC - 2 May 22nd Williams - 82 Hutcheson Century - 84 NARC - 2 June 7th Williams - 82 Hutcheson L.S.D ( p ≤ 0.05 )



Kanipanka Location Century - 84 NARC - 2 May 7 Williams - 82 Hutcheson Century - 84 NARC - 2 May 22nd Williams - 82 Hutcheson Century - 84 NARC - 2 June 7th Williams - 82 Hutcheson L.S.D ( p ≤ 0.05 ) th



Average of both locations Century - 84 NARC - 2 May 7 Williams - 82 Hutcheson Century - 84 NARC - 2 nd May 22 Williams - 82 Hutcheson Century - 84 NARC - 2 June 7th Williams - 82 Hutcheson L.S.D ( p ≤ 0.05 ) th



21.01 22.42 20.55 22.65 22.12 23.31 23.21 24.32 23.18 20.99 22.12 24.11 0.747



41.81 41.08 42.46 40.91 40.51 44.07 42.63 41.05 44.76 43.93 43.44 44.74 1.100
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3-5. The interaction effect of planting dates and phosphorus fertilization on seeds oil and protein content: Table 25 and Appendices 5 and 6 indicate that there were no significant differences in means among the interaction of planting dates and P fertilization in relation to percentage of oil content at both locations and their average. In relation to the percentage of protein content, the statistical analysis of the data showed that the interaction of planting dates and P fertilization had significant effect on protein percentages of soybean seeds at Bakrajo and Kanipanka location and their average. The highest percentages were 43.76, 49.31 and 45.02 % obtained by the application of 60 Kg, 0 kg and 60 kg P2O5.ha-1 when planted on the same date (June 7 th) at Bakrajo and Kanipanka location and their average respectively, while the lowest percentages were 37.17, 40.48 and 39.72 % obtained by the application of 120 Kg, 0 kg and 0 kg P2O5.ha-1 when planted on the same date (May 7th). This may be due to creating different soil and environmental conditions for plant growth and development as a result of the interaction between the studied factors [120].
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Table 25: The interaction effect of planting dates and phosphorus fertilization on seeds oil and protein content: Planting Dates



Phosphorus Fertilization (Kg P2O5 .ha -1)



% Oil



% Protein



24.27 24.94 21.95 24.60 25.34 24.12 23.47 24.23 22.61 n.s



38.95 43.57 37.17 37.68 40.29 40.21 37.22 43.76 43.12 2.053



18.82 19.28 20.70 21.48 21.44 22.44 20.52 21.05 23.73 n.s



40.48 44.61 44.60 41.82 45.02 47.38 49.31 46.28 45.61 1.595



Bakrajo Location 0 60 120 0 60 120 0 60 120



May 7 th May 22nd June 7th L.S.D ( p ≤ 0.05 )



Kanipanka Location 0 60 120 0 60 120 0 60 120



May 7 th May 22nd June 7th L.S.D ( p ≤ 0.05 )



Average of both locations May 7 th May 22nd June 7th L.S.D ( p ≤ 0.05 )



0 60 120 0 60 120 0 60 120



21.54 22.11 21.33 23.04 23.39 23.28 21.99 22.64 23.17 n.s



39.72 44.09 40.88 39.75 42.66 43.79 43.26 45.02 44.37 1.249
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3-6. The interaction effect of phosphorus fertilization and varieties on seeds oil and protein content: Table 26 and Appendices 5 and 6 indicate that there were significant differences in oil content among the treatment combinations at Bakrajo and Kanipanka locations, while no significant differences were observed in their average. The highest percentages were 26.35 and 24.25 % obtained by the same variety (Hutcheson) during the application of 60 Kg and 120 Kg P 2O5.ha-1 at Bakrajo and Kanipanka locations respectively, however, the lowest percentages were 21.74 and 18.49 % obtained by Williams-82 and NARC-2 during the application of 120 Kg and 0 Kg P2O5.ha-1 respectively. The statistical analysis of the data showed that the interactions of P fertilization and varieties had highly significant effect on percentages of protein content at both locations and their average. The highest percentages were 44.83, 47.48 and 44.43 % obtained by the same variety (Williams-82) during the application of 60 Kg, 120 Kg and 60 Kg P 2O5.ha-1 at Bakrajo and Kanipanka locations and their average respectively, however, the lowest percentages were 37.29, 42.90 and 40.15 % obtained by Williams-82, Hutcheson and Williams-82 without the application of P fertilization respectively.
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Table 26: The interaction effect of phosphorus fertilization and varieties on seeds oil and protein content: Phosphorus Fertilization (Kg P2O5 .ha -1)



0



60



120



Varieties



Bakrajo Location 23.15 Century - 84 24.86 NARC - 2 22.59 Williams - 82 25.84 Hutcheson 24.58 Century - 84 24.45 NARC - 2 23.96 Williams - 82 26.35 Hutcheson 22.99 Century - 84 23.70 NARC - 2 21.74 Williams - 82 23.16 Hutcheson



L.S.D ( p ≤ 0.05 )



0



60



120



60



120



1.238



Kanipanka Location 19.93 Century - 84 18.49 NARC - 2 21.16 Williams - 82 21.51 Hutcheson 20.47 Century - 84 20.57 NARC - 2 20.28 Williams - 82 21.04 Hutcheson 21.51 Century - 84 21.38 NARC - 2 22.02 Williams - 82 24.26 Hutcheson



L.S.D ( p ≤ 0.05 )



0



% Oil



0.899



Average of both locations 21.54 Century - 84 21.67 NARC - 2 21.87 Williams - 82 23.68 Hutcheson 22.52 Century - 84 22.51 NARC - 2 22.12 Williams - 82 23.70 Hutcheson 22.25 Century - 84 22.54 NARC - 2 21.88 Williams - 82 23.71 Hutcheson



L.S.D ( p ≤ 0.05 )



n.s



% Protein 38.71 37.65 37.29 38.16 42.62 39.78 44.83 42.94 37.70 42.20 40.44 40.34 1.648 44.31 45.25 43.01 42.90 44.43 47.37 44.03 45.39 46.39 45.90 47.48 43.67 1.536 41.51 41.45 40.15 40.53 43.52 43.57 44.43 44.17 42.04 44.05 43.96 42.01 1.100
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3-7. The interaction effect of planting date, phosphorus fertilization and varieties on seeds oil and protein content: Table 27 (A, B, C) and Appendices 5 and 6 indicated that there were significant differences in oil content among the different treatment combinations at both locations and their average. At Bakrajo location, the highest percentage 26.50 % obtained by Hutcheson during the application of 60 Kg P 2O5.ha-1 when planted on June 7th, while the lowest percentage (20.57 %) was obtained by Century-84 during the application of 120 Kg P2O5.ha-1 when planted on May 7th. At Kanipanka location; the highest percentage was 26.13 % obtained by Hutcheson during the application of 120 Kg P 2O5.ha-1 when planted on June 7th, while the lowest percentage was 16.47 % obtained by NARC-2 without the application of P when planted on May 7 th. In the average of both locations, the highest percentage 24.90 % was obtained by Hutcheson without the application of P when planted on May 22nd, while the lowest percentage of 20.06 % was obtained by Williams-82 during the application of 120 Kg P 2O5.ha-1 when planted on May 7th. The statistical analysis showed that the interaction of planting dates, P fertilization and varieties had a significant effect on percentage of protein content at both locations and their average. At Bakrajo location, the highest percentage 46.67 % was obtained by Hutcheson during the application of 60 Kg P 2O5.ha-1 when planted on June 7th, while the lowest percentage 34.26 % was obtained by Century-84 during the application of 120 Kg P2O5.ha-1 when planted on May 22nd. At Kanipanka location, the highest percentage 51.44 % was obtained by Century-84 without the application of P when planted on June 7 th, while the lowest percentage 38.58 % was obtained by Century-84 without the application of P when planted on May 7th. In the average of both locations, the highest percentage 48.66 % was obtained by NARC-2 during the application of 120 Kg P2O5.ha-1 when planted on May 22nd, while the lowest percentage 38.41 % was obtained by Hutcheson during the application of 120 Kg P 2O5.ha-1 when planted on May 7th. The mentioned results showed that the behavior of a single factor
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differ from the behavior of the interaction between different single factors, consequently different results may be obtained due to creation different environmental conditions for plant growth as mentioned earlier. Table 27 A: The interaction effect of planting date, phosphorus fertilization and varieties on seeds oil and protein content: Planting Date



Phosphorus Fertilization (Kg P2O5 .ha -1)



0



May 7 th



60



120



0



May 22nd



60



120



0



June 7th



60



120 L.S.D ( p ≤ 0.05 )



Varieties Bakrajo Location Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson



% Oil



% Protein



23.42 25.23 22.53 25.89 23.96 26.02 23.40 26.36 20.57 25.34 20.79 21.12 22.08 26.25 23.94 26.13 25.22 25.25 24.69 26.19 24.94 22.97 23.74 24.84 23.96 23.09 21.30 25.51 24.55 22.06 23.80 26.50 23.44 22.80 20.69 23.52 2.144



42.20 35.59 37.58 40.44 44.38 40.91 46.16 42.83 37.08 36.84 38.42 36.34 36.71 38.97 38.10 36.94 40.42 36.29 45.16 39.30 34.26 46.44 39.59 40.56 37.20 38.40 36.17 37.09 43.06 42.13 43.19 46.67 41.75 43.33 43.29 44.12 2.854
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Table 27 B: The interaction effect of planting date, phosphorus fertilization and varieties on seeds oil and protein content: Planting Date



Phosphorus Fertilization (Kg P2O5 .ha -1)



0



May 7 th



60



120



0



May 22nd



60



120



0



June 7th



60



120 L.S.D ( p ≤ 0.05 )



Varieties Kanipanka Location Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson Century - 84 NARC - 2 Williams - 82 Hutcheson



% Oil



% Protein



19.53 16.47 19.00 20.27 18.87 19.47 18.23 20.53 19.73 22.00 19.33 21.73 20.73 21.33 20.20 23.67 19.93 23.37 22.27 20.20 19.80 20.67 24.41 24.90 19.53 17.67 24.27 20.60 22.60 18.87 20.33 22.40 25.00 21.47 22.33 26.13 1.557



38.58 43.71 40.58 39.06 42.43 44.89 44.83 46.30 46.18 44.54 47.20 40.48 42.92 43.52 39.87 40.95 44.01 48.29 44.68 43.10 44.75 50.88 48.41 45.46 51.44 48.53 48.57 48.70 46.84 48.93 42.58 46.79 48.24 42.29 46.82 45.08 2.660
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Table 27 C: The interaction effect of planting date, phosphorus fertilization and varieties on seeds oil and protein content: Planting Date



May 7 th



May 22nd



June 7th



Phosphorus Fertilization Varieties (Kg P2O5 .ha -1) Average of both locations Century - 84 NARC - 2 0 Williams - 82 Hutcheson Century - 84 NARC - 2 60 Williams - 82 Hutcheson Century - 84 NARC - 2 120 Williams - 82 Hutcheson Century - 84 NARC - 2 0 Williams - 82 Hutcheson Century - 84 NARC - 2 60 Williams - 82 Hutcheson Century - 84 NARC - 2 120 Williams - 82 Hutcheson Century - 84 NARC - 2 0 Williams - 82 Hutcheson Century - 84 NARC - 2 60 Williams - 82 Hutcheson Century - 84 NARC - 2 120 Williams - 82 Hutcheson L.S.D ( p ≤ 0.05 )



% Oil



% Protein



21.48 20.85 20.76 23.08 21.42 22.75 20.82 23.45 20.15 23.67 20.06 21.43 21.41 23.79 22.07 24.90 22.58 24.31 23.48 23.20 22.37 21.82 24.08 24.87 21.75 20.38 22.79 23.05 23.58 20.47 22.07 24.45 24.22 22.14 21.51 24.83 1.294



40.39 39.65 39.08 39.75 43.40 42.90 45.49 44.56 41.63 40.69 42.81 38.41 39.82 41.25 38.99 38.95 42.22 42.29 44.92 41.20 39.51 48.66 44.00 43.01 44.32 43.46 42.37 42.90 44.95 45.53 42.88 46.73 45.00 42.81 45.06 44.60 1.906
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3-8. The effect of locations on seeds oil and protein content: As shown in Table 28 and Appendix 6, locations had a significant effect on percentage of oil content. The highest percentage 23.95 % was recorded at Bakrajo location, while the lowest 21.05 % was obtained from Kanipanka. Percentages of protein content were affected significantly by locations, the highest percentage 44.34 % was recorded from Kanipanka location, while the lowest 40.22 % value was obtained from Bakrajo location. This variation in oil and protein content may be due to the variation in chemical and physical properties of the soils of the studied locations (Table 2).



Table 28: The effect of locations on seeds oil and protein content: Locations



% Oil



% Protein



Bakrajo



23.95



40.22



Kanipanka



21.05



44.34



L.S.D ( P ≤ 0.05 )



1.429



3.040
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Conclusions and Recommendations Conclusions : During this study which was conducted to evaluate the response of four soybean varieties to planting dates and phosphorus fertilization in Sulaimani region, the following conclusions can be drawn: 1- Soybean varieties had different response to the climatic conditions at both locations. 2- The presence of significant differences among the varieties in all studied characters confirms the existence of high variability among them and the fact that these varieties are representing different maturity groups. The best variety in most desirable characters at Bakrajo location was Century-84 which belongs to the maturity group II, while at Kanipanka was Williams-82 which belongs to the maturity group III. 3- Planting date had a significant effect on most studied characters. The best date was May 7th for most characters, but concerning the seed yield the best date was also May 7th at Bakrajo location and June 7th at Kanipanka location. 4- Application of different rates of phosphorus fertilization had a significant effect on most studied characters. The best rate was the application of 60 Kg, and 120 Kg P2O5 at Kanipanka location for the characters seed yield, 100 seed weight, and weight of seeds.plant-1 and many other characters.
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Recommendations : According to the above results concluded above the following recommends can be made: 1- Cultivation the variety Century-84 at Bakrajo location which has not responded to P fertilization when plated on May 7 th. The variety Williams-82 at Kanipanka location has responded well to planting on June 7 th during the application of 60 Kg P2O5. These varieties also have a good response to the climatic conditions prevailing in each location. 2- Further testing of these varieties under different environmental conditions is needed to ensure their yield stability, and to evaluate their performances under different cultural practices in research stations across the region and on the farm test. 3- Carrying out more investigation for testing varieties which possess a higher yield and survival potentials to the climatical conditions prevailing in the region. 4- Regarding Bakrajo location only, we recommend planting soybean earlier than May 7th mainly because the most of varieties did not mature before rain season which cause shuttering of the seeds.
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Appendix 1: Mean squares of variance Analysis for growth characters of soybean plant at both locations: S.O.V



Blocks Planting Dates Phosphorus Fertilization Planting Dates X Phosphorus Fertilization Error (a) Varieties Planting Dates X Varieties Phosphorus Fertilization X Varieties Planting Dates X Phosphorus Fertilization X Varieties Error (b) Blocks Planting Dates Phosphorus Fertilization Planting Dates X Phosphorus Fertilization Error (a) Varieties Planting Dates X Varieties Phosphorus Fertilization X Varieties Planting Dates X Phosphorus Fertilization X Varieties Error (b) n.s



No. of days to 50 % flowering Bakrajo Location 16.361 ** 2 477.861** 2 2.250* 2 2.361* 4 16 0.538 1923.333 ** 3 109.787 ** 6 0.880 n.s 6 1.306 ** 12 54 0.469 Kanipanka Location 8.778 ** 2 604.000 ** 2 0.750 n.s 2 1.667 n.s 4 16 0.840 1752.256 ** 3 111.358 ** 6 2.219 * 6 0.821 n.s 12 54 0.883



d.f



Not Significant , * Significant ( P ≤ 0.05 ) , ** Highly significant ( P ≤ 0.01 )



No. of days to maturity



M.S Plant height (cm)



No. of branches. plant -1



No. of nods. plant -1



6.370 * 5249.593 ** 12.343 ** 7.620 * 1.714 3336.701 ** 53.321 ** 7.997 ** 3.867 ** 1.701



526.398 ** 1750.065 ** 249.731 * 224.745 * 63.388 2079.037 ** 63.731 n.s 207.324 ** 155.671 ** 45.389



0.120 n.s 5.176 * 0.176 n.s 2.537 n.s 1.360 14.750 ** 5.917 ** 9.509 ** 3.204 ** 0.778



2.287 n.s 35.454 ** 9.926 * 9.120 * 2.141 124.407 ** 13.676 ** 11.741 ** 6.509 * 3.022



13.083 ** 6876.861 ** 12.111 ** 1.222 n.s 0.854 3644.799 ** 11.836 ** 3.086 ** 2.735 ** 0.880



7.148 n.s 347.704 * 235.259 n.s 541.065 ** 91.856 492.182 ** 268.173 ** 621.395 ** 125.664 ** 39.173



0.287 n.s 2.481 n.s 5.454 n.s 8.259 * 1.787 5.590 * 16.877 ** 6.552 ** 13.395 ** 1.670



16.361 * 11.194 n.s 3.861 n.s 16.181 * 4.257 128.083 ** 25.009 ** 13.935 ** 11.792 ** 4.849
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Appendix 2: Combined – ANOVA table for growth characters across locations: S.O.V Location Error (a) / Location Planting Dates Planting Dates X Location Phosphorus Fertilization Phosphorus Fertilization X Location Planting Dates X Phosphorus Fertilization Planting Dates X Phosphorus Fertilization X Location Error (b) / Location Varieties Varieties X Location Planting Dates X Varieties Planting Dates X Varieties X Location Phosphorus Fertilization X Varieties Phosphorus Fertilization X Varieties X Location Planting Dates X Phosphorus Fertilization X Varieties Planting Dates X Phosphorus Fertilization X Varieties X Location Error ( c) / Location n.s



M.S Plant height (cm) 15657.042 ** 266.773 553.755 ** 1544.014 ** 326.199 * 158.792 n.s 83.880 n.s



1 4 2 2 2 2 4



No. of days to 50 % flowering 7.042 ** 12.569 1078.097 ** 3.764 ** 2.625 * 0.375 n.s 3.014 **



4



1.014 n.s



3.852 *



32 3 3 6 6 6



0.689 3672.301 ** 3.289 ** 219.023 ** 2.122 ** 1.236 n.s



1.284 6960.111 ** 21.389 ** 47.542 ** 17.616 ** 2.662 n.s



77.622 2095.708 ** 475.511 ** 231.995 ** 99.909 * 460.681 **



1.573 6.179 ** 14.160 ** 7.924 ** 14.869 ** 12.443 **



d.f



No. of days to maturity 2716.463 ** 9.727 12038.671 ** 87.782 ** 24.421 ** 0.032 n.s 4.991 **



681.931 **



No. of branches. plant -1 373.407 ** 0.204 5.931 * 1.727 n.s 2.042 n.s 3.588 n.s 7.972 **



No. of nods. plant -1 2.894 n.s 9.324 25.810 ** 20.838 ** 12.282 * 1.505 n.s 14.019 **



2.824 n.s



11.282 ** 3.199 234.770 ** 17.721 ** 9.316 * 29.369 ** 20.048 **



6



1.863 *



8.421 **



368.039 **



3.619 **



5.628 n.s



12



1.319 *



2.093 n.s



68.593 n.s



6.522 **



12.830 **



12



0.807 n.s



4.509 **



212.742 **



10.077 **



5.471 n.s



108



0.676



1.290



Not Significant , * Significant ( P ≤ 0.05 ) , ** Highly significant ( P ≤ 0.01 )



42.281



1.224



3.935
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Appendix 3: Mean squares of variance Analysis for seed yield and its components at both locations: S.O.V



d.f



Blocks Planting Dates Phosphorus Fertilization Planting Dates X Phosphorus Fertilization Error (a) Varieties Planting Dates X Varieties Phosphorus Fertilization X Varieties Planting Dates X Phosphorus Fertilization X Varieties Error (b)



2 2 2



Seed Yield (Kg. ha -1)



100- Seed Weight (gm)



No. of Pods. Plant -1



Weight of Pods. Plant -1 (gm)



M.S Weight of Seeds. Plant -1 (gm)



No. of Pods. nod -1



No. of Seeds. Pod -1



Weight of Seeds. Pod -1 (gm)



Harvest Index



Bakrajo Location



Blocks Planting Dates Phosphorus Fertilization Planting Dates X Phosphorus Fertilization Error (a) Varieties Planting Dates X Varieties Phosphorus Fertilization X Varieties Planting Dates X Phosphorus Fertilization X Varieties Error (b) n.s



4 16 3 6 6 12 54



993.305 **



0.848 n.s



3466812.020 **



2.038 **



12493.131



n.s



419554.953 **



0.116



n.s



6.787 **



0.120 n.s



0.002470 n.s



0.000240 n.s



672.696 **



137.984 **



2.815 n.s



0.120 n.s



0.007198 *



0.002080 **



202.991 **



0.481



n.s



0.065



n.s



0.000972



n.s



0.005963 **



0.648



n.s



0.037



n.s



0.001977



n.s



0.003259 **



28.676



n.s



0.236



78.102



74.839



17.003



0.787



0.089



1052914.713 **



22.637 **



3309.431 **



6169.311 **



362.142 **



6.877 **



3.074**



0.033852 **



0.055206 **



628760.601 **



2.718 **



225.925 n.s



15.438 n.s



0.469 n.s



0.231**



0.005770 **



0.002963 **



0.506



n.s



0.213**



0.005738 **



0.002473 **



0.988



n.s



n.s



257307.064 ** 143508.039 **



1.334 ** 0.743 **



167.896 98.578 ** 198.205 **



710.529 *



191.017



n.s



80.536 120.366 Kanipanka Location



12.879



1.170



0.068



10.370 n.s



10.218 n.s



1.287 n.s



0.065 n.s



0.001596 n.s



0.03799 **



18.904



n.s



1.676



n.s



n.s



0.009324 *



0.00567 n.s



17.534



n.s



0.954



n.s



0.231**



0.002004



n.s



2.356 *



0.093 n.s



0.002862 n.s



141215.891 n.s



0.066 n.s



327.602 n.s



n.s



187.944



n.s



47.217 *



125.412



n.s



n.s



4



343565.693 n.s



3.132 n.s



145203.852



435.071 *



1.359



96.860



214209.773 **



43.186 **



1014.146 **



485790.942 **



6.482 **



267.542 *



18.165



63.738 **



9.877



149.139 **



0.037



0.009



0.683



0.034 3.963**



0.166375 **



0.01869 *



246.426 **



33.560 **



1.108 n.s



0.046 n.s



0.006308 *



0.01463 **



n.s



0.194**



0.006935 *



0.00494 n.s



0.004059 n.s



0.00767 n.s



62.090 **



401950.724 **



1.524 n.s



163.468 n.s



127.941 **



44.229 **



0.826 n.s



0.056 n.s



13.829



9.040



0.577



0.037



Not Significant , * Significant ( P ≤ 0.05 ) , ** Highly significant ( P ≤ 0.01 )



0.00360 n.s



0.775 n.s



232.707 *



109.019



0.03199 **



14.545



10.902



n.s



0.867



0.002399



0.000344



529.877 **



4.561 **



1.025



0.001241



0.006160 **



3176.133 **



647764.860 **



54352.049



0.001416



n.s



0.000285



46.231 **



0.224



15.833 **



42.129 **



0.001697



251.559 **



47334.614



4.439



36.329



n.s



40375.824



662304.488 *



54



1169.355 **



136.618 **



249.189 *



3958317.986 **



12



397.986 *



355.369 *



1.849 **



2 2 2 16 3 6 6



46.721 n.s



0.002685



0.00293



0.00496
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Appendix 4: Combined – ANOVA table for seed yield and its components across locations: M.S S.O.V



d.f



Location Error (a) / Location Planting Dates Planting Dates X Location Phosphorus Fertilization Phosphorus Fertilization X Location Planting Dates X Phosphorus Fertilization Planting Dates X Phosphorus Fertilization X Location Error (b) / Location Varieties Varieties X Location Planting Dates X Varieties Planting Dates X Varieties X Location Phosphorus Fertilization X Varieties Phosphorus Fertilization X Varieties X Location Planting Dates X Phosphorus Fertilization X Varieties Planting Dates X Phosphorus Fertilization X Varieties X Location Error (c) / Location



1 4 2 2 2 2



32214866.764 **



n.s



Seed Yield (Kg. ha -1)



71104.598



100- Seed Weight (gm)



No. of Pods. Plant -1



Weight of Pods. Plant -1 (gm)



Weight of Seeds. Plant -1 (gm)



No. of Pods. nod -1



169.868 **



274.028 n.s



58745.988 **



782.613 **



0.375 n.s



0.296 *



4.037



0.093



No. of Seeds. Pod -1



Weight of Seeds. Pod -1 (gm) 0.206 **



1.538 **



0.457



187.162



182.869



73.418



519356.234 ** 6905773.772 ** 391357.496 * 283440.124 *



0.258 n.s 6.218 ** 8.913 ** 7.037 **



126.054 n.s 459.875 ** 567.304 ** 727.464 **



205.952 ** 513.961 ** 0.793 n.s 46.048 n.s



93.103 ** 63.786 * 66.781 * 153.745 **



4.394 ** 0.097 n.s 0.644 n.s 0.792 n.s



0.056 n.s 0.074 n.s 0.264 * 0.032 n.s



0.001 n.s 0.016 ** 0.002 n.s 0.000907 n.s



0.003 n.s 0.005 * 0.015 ** 0.023 **



4



363715.688 **



0.816 n.s



169.381 n.s



310.384 **



68.993 **



0.532 n.s



0.049 n.s



0.000895 n.s



0.005 *



4



399404.959 **



4.166 **



514.878 **



463.882 **



116.475 **



2.472 **



0.081 n.s



0.003943 n.s



0.002 n.s



32 3 3 6



92789.838



0.798



42.358



15.774



0.735



0.061



0.002048



0.002



895330.379 ** 371794.106 ** 384159.473 **



16.698 ** 49.126 ** 7.815 **



1738.250 ** 2585.328 ** 210.956 *



8760.597 ** 584.847 ** 173.711 *



128.044 ** 763.975 ** 18.011 n.s



6.066 ** 1.585 n.s 1.289 n.s



6.938 ** 0.099 n.s 0.105 n.s



0.149150 ** 0.051078 ** 0.004991 *



0.014 ** 0.060 ** 0.010 **



6



730392.070 **



1.384 *



224.481 *



298.640 **



30.986 **



0.289 n.s



0.173 **



0.007087 **



0.008 **



6



631366.780 **



1.795 **



199.972 *



91.343 n.s



33.742 **



0.687 n.s



0.387 **



0.007451 **



0.005 n.s



6



273705.144 **



4.101 **



131.313 n.s



161.765 *



19.289 n.s



0.687 n.s



0.020 n.s



0.005222 *



0.003 n.s



12



240195.457 **



1.349 *



202.461 *



186.120 **



52.934 **



0.826 n.s



0.033 n.s



0.002386 n.s



0.009 **



12



305263.306 **



0.918 n.s



159.213 n.s



193.379 **



37.526 **



0.988 n.s



0.059 n.s



0.003089 n.s



0.005 n.s



108



50843.332



0.625



94.777



67.098



10.960



0.873



0.052



87.481



Not Significant , * Significant ( P ≤ 0.05 ) , ** Highly significant ( P ≤ 0.01 )



0.002



Harvest Index



0.001963



0.019



0.003
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Appendix 5: Mean squares of variance Analysis for percentage of oil and protein in the seeds at both locations: M.S S.O.V



d.f



% Oil



% Protein



Bakrajo Location Blocks Planting Dates Phosphorus Fertilization Planting Dates X Phosphorus Fertilization Error (a) Varieties Planting Dates X Varieties Phosphorus Fertilization X Varieties Planting Dates X Phosphorus Fertilization X Varieties Error (b)



2 2 2 4 16 3 6 6 12 54



22.746 * 15.517 n.s 34.552 ** 3.597 n.s 4.455 27.506 ** 8.922 ** 4.425 * 3.827 ** 1.713



72.391 ** 37.793 ** 189.869 ** 61.941 ** 5.625 7.920 * 23.568 ** 32.836 ** 14.660 ** 3.035



5.579 n.s 57.063 ** 42.488 ** 4.301 n.s 4.649 22.407 ** 10.791 ** 5.750 ** 10.869 ** 0.903



57.161 ** 134.534 ** 38.012 ** 85.105 ** 3.396 21.862 ** 19.858 ** 16.272 ** 12.769 ** 2.637



Kanipanka Location Blocks Planting Dates Phosphorus Fertilization Planting Dates X Phosphorus Fertilization Error (a) Varieties Planting Dates X Varieties Phosphorus Fertilization X Varieties Planting Dates X Phosphorus Fertilization X Varieties Error (b) n.s



2 2 2 4 16 3 6 6 12 54



Not Significant , * Significant ( P ≤ 0.05 ) , ** Highly significant ( P ≤ 0.01 )



Appendices



XIII



Appendix 6: Combined – ANOVA table for percentages of oil and protein in the seeds across locations: M.S S.O.V



d.f



Location Error (a) / Location Planting Dates Planting Dates X Location Phosphorus Fertilization Phosphorus Fertilization X Location Planting Dates X Phosphorus Fertilization Planting Dates X Phosphorus Fertilization X Location Error (b) / Location Varieties Varieties X Location Planting Dates X Varieties Planting Dates X Varieties X Location Phosphorus Fertilization X Varieties Phosphorus Fertilization X Varieties X Location Planting Dates X Phosphorus Fertilization X Varieties Planting Dates X Phosphorus Fertilization X Varieties X Location Error (c) / Location



1 4 2 2 2 2 4 4 32 3 3 6 6 6 6 12 12 108



n.s



Not Significant , * Significant ( P ≤ 0.05 ) , ** Highly significant ( P ≤ 0.01 )



% Oil 452.952 ** 14.163 45.537 ** 27.042 ** 5.370 n.s 71.670 ** 3.849 n.s 4.048 n.s 4.552 34.949 ** 14.965 ** 15.749 ** 3.964 ** 1.311 n.s 8.865 ** 9.164 ** 5.533 ** 1.308



% Protein 1239.940 ** 64.776 143.062 ** 29.266 ** 172.084 ** 55.798 ** 37.226 ** 109.820 ** 4.510 7.795 * 21.987 ** 27.746 ** 15.679 ** 13.808 ** 35.300 ** 18.444 ** 8.985 ** 2.836
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Appendix 7 : Soybean Growth Stages Stage VE - Emecrgence VC - Cotyledon



V1 - First-node



V2 - Second-node



V(n) - nth-node R1 (Beginning bloom) R2 (Full bloom)



R3 (Beginning Pod)



R4 (Full Pod)



R5 (Beginning Seed)



R6 (Full Seed)



R6.5



R7 (Physiological Maturity) R8 (Full Maturity) Harvest



Description Cotyledons above the soil surface Unifoliate leaves unrolled sufficiently so the leaf edges are not touching. Fully developed leaves at unifoliolate nodes. A node with a fully developed leaf is one that has a leaflet above it whose edges are not touching. Fully developed trifoliolate leaf at node above the unifoliolate nodes n number of nodes on the main stem with fully developed leaves beginning with the unifoliolate nodes. One open flower at any node on the main stem Open flower at one of two uppermost nodes on main stem with fully developed leaf Pod 3/16" long at one of the four uppermost nodes on the main stem with fully developed leaf. Pod 3/4" long at one of the four uppermost nodes on the main stem with fully developed leaf Seed beginning to develop in a pod in one of four uppermost nodes on main stem Pod containing a green seed that fills pod cavity at one of four uppermost nodes on main stem All normal pods on the top four nodes have pod cavities completely filled. Leaf senescence begins. 50% dry matter accumulated. One normal pod on the main stem that has reached a mature color. 100% dry matter accumulated. 95% of the pods have reached a mature color Harvest maturity with seed moisture at 13% (+/-)



Average of Days After Beginning Bloom (R1)



Average of Days to Harvest



Parts of Soybean Plant: Terminal Bud ( Growing Point ) Petiole



Axillary Buds



Trifoliolate Leaf Internode Unfoliolate Leaf



Main Stem



Cotyledons Lateral Roots



Taproot Nodules



This Plant is in the V2 Stage.



--



83 - 88



3



80 - 85



13



67 - 72



22



61 - 66



31



52 - 57



46



37 - 42



55



28 -33



64



19 - 24



73



10 - 15



83 - 88



--



Holshouser, D. L. 2001. Soybean Production Guide, Soybean Growth Stages, Tidewater Agricultural Research and Extension Center, Virginia Agricultural Experiment Station, Information Series No. 408.
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Appendix 8: Planting Date , Seedlings Emergence , Beginning Flower , 50 % Flower , Flowers Color , Beginning Pod , 50 % Pod , and Maturity



Bakrajo Location Varieties



1st Planting Date



Century-84 Narc-2 Williams-82 Hutcheson



8 / 5 / 2004 8 / 5 / 2004 8 / 5 / 2004 8 / 5 / 2004



Varieties



2nd Planting Date



Century-84 Narc-2 Williams-82 Hutcheson



23 / 5 / 2004 23 / 5 / 2004 23 / 5 / 2004 23 / 5 / 2004



Varieties



3rd Planting Date



Century-84 Narc-2 Williams-82 Hutcheson



8 / 6 / 2004 8 / 6 / 2004 8 / 6 / 2004 8 / 6 / 2004



Seedlings Emerge From Soil 13 / 5 13 / 5 13 / 5 13 / 5 Seedlings Emerge From Soil 28 / 5 28 / 5 28 / 5 28 / 5 Seedlings Emerge From Soil 15 / 6 15 / 6 15 / 6 15 / 6



Beginning Flower



50 % Flowering



Flowers Color



Beginning Pod



50 % Pod



Maturity



2/7 9/7 2/7 28 / 7



10 / 7 16 / 7 10 / 7 4/8



Purple White White White



20 / 7 26 / 7 20 / 7 15 / 8



6/8 10 / 8 6/8 2/9



3 / 10 17 / 10 28 / 9 27 / 10



Beginning Flower



50 % Flowering



Flowers Color



Beginning Pod



50 % Pod



Maturity



20 / 7 25 / 7 20 / 7 6/8



28 / 7 1/8 28 / 7 13 / 8



Purple White White White



6/8 9/8 6/8 24 / 8



10 / 8 14 / 8 10 / 8 4/9



9 / 10 18 / 10 5 / 10 28 / 10



Beginning Flower



50 % Flowering



Flowers Color



Beginning Pod



50 % Pod



Maturity



30 / 7 5/8 30 / 7 10 / 8



6/8 10 / 8 6/8 17 / 8



Purple White White White



9/8 11 / 8 9/8 27 / 8



29 / 8 29 / 8 27 / 8 9/9



11 / 10 17 / 11 7 / 10 2 / 11



Kanipanka Location Varieties



1st Planting Date



Century-84 Narc-2 Williams-82 Hutcheson



7 / 5 / 2004 7 / 5 / 2004 7 / 5 / 2004 7 / 5 / 2004



Varieties



2nd Planting Date



Century-84 Narc-2 Williams-82 Hutcheson



22/ 5 /2004 22/ 5 /2004 22/ 5 /2004 22/ 5 /2004



Varieties



3rd Planting Date



Century-84 Narc-2 Williams-82 Hutcheson



7 / 6 / 2004 7 / 6 / 2004 7 / 6 / 2004 7 / 6 / 2004



Seedlings Emerge From Soil 13 / 5 13 / 5 13 / 5 13 / 5 Seedlings Emerge From Soil 29 / 5 29 / 5 29 / 5 29 / 5 Seedlings Emerge From Soil 13 / 6 13 / 6 13 / 6 13 / 6



Beginning Flower



50 % Flowering



Flowers Color



Beginning Pod



50 % Pod



Maturity



28 / 6 7/7 28 / 6 26 / 7



9/7 14 / 7 9/7 2/8



Purple White White White



18 / 7 23 / 7 18 / 7 12 / 8



4/8 8/8 4/8 31 / 8



30 / 9 9 / 10 26 / 9 23 / 10



Beginning Flower



50 % Flowering



Flowers Color



Beginning Pod



50 % Pod



Maturity



18 / 7 23 / 7 18 / 7 4/8



26 / 7 31 / 7 26 / 7 11 / 8



Purple White White White



4/8 7/8 4/8 24 / 8



8/8 12 / 8 8/8 3/9



1 / 10 10 / 10 28 / 9 23 / 10



Beginning Flower



50 % Flowering



Flowers Color



Beginning Pod



50 % Pod



Maturity



28 / 7 3/8 28 / 7 7/8



4/8 8/8 4/8 14 / 8



Purple White White White



6/8 7/8 6/8 26 / 8



27 / 8 31 / 8 26 / 8 6/9



5 / 10 12 / 10 1 / 10 26 / 10
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Appendix 9: Seeding Rates



Varieties



100-seed weights ( gm )



Weight used per each sub plot ( gm )



Seeding rate ( Kg ha-1 )



Century-84 NARC-2 Williams-82 Hutcheson



15.26 11.83 13.46 15.35



41.20 31.94 36.34 41.45



54.93 42.59 48.45 55.27



Appendix 10: Conversion factors of some units



1 1 1 1 1 1 1



Kg Pound Bushel Bushel Ton Ton Ton



1 1 1 1



Hectare Acre Dounum Acre



1 Foot 1 Inch 1 Meter 1 Km 1 Mile



Weights and Volumes = 2.2046 pounds ( Ib ) = 0.4536 Kg = 60 pounds of soybean seeds = 27.216 Kg of soybean seeds = 36.74 bushels = 2200 pounds = 1.1 Short Ton Area = 2.471 acres = 0.4047 hectare = 0.618 acres = 1.618 dounum Distance = 12 inches = 30.48 cm = 0.3048 m = 2.54 cm = 0.254 m = 3.28 feet = 39.37 inches = 0.62137 mile = 1.609 Km



Note: If we want to convert the units ( Bushels acre-1 ) to ( Kg hectare-1 ) : we must multiply its value by ( 67.250 )



زانـكـــؤي ســــــــليَمــاني كـــؤلـيَـجي كشـــــــتوكالَ بةشي بةروبوومي كيَلَطةيي



كاردانةوةي هةنديَك جؤري ثاقلةي ســؤيا بؤ بةرواري ضاندن و كودي فؤسفاتي لة ناوضةي سليَماني ئةم تيَزةيةثيَشكةشة بة ئةجنومةني كؤليَجي كشتوكالَ – زانكوي ســليَماني وةك بةشـيَك لة ثيَداويستيية كاني بةدةستهيَناني ثلةي ماســتةر لة زانســتة كشتوكالَيةكاندا ( بةروبوومي كيَلَطةيي  ،بةروبوومة ثيشةسازيةكان ) لة اليةن



دانــا ئــازاد عبداخلالق بةكالؤريؤس لة زانستة كشتوكالَيةكالَيةكاندا  -بةروبوومي كيَلَطةيي زانـكـــؤي ســــــــليَمــاني 7990



بةســةرثةرشيت ثرؤفيسؤري ياريدةدةر م .ئةمحةد حةمةئةمني حةمةرةشيد  / 22رِيَبةندان  2072 /ك



ثرؤفيسؤري ياريدةدةر د .ئةكرةم عومسان ئيسماعيل



كـــورتة
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ئةم تويَذينةوةية لة ناوضةي ســـليَماني لة دوو شـويَن ئةجنامدرا  ،بـةكرةؤؤ (Lat 35o 33' ; N, Long 45o )  21' ; E, 750 maslو كاني ثانة ) (Lat 35o 22' ; N, Long 45o 43' ; E, 550 maslلة وةرزي هاوينةي ســالَي  2772دا بؤ دياري كردني كاردانةوةي ضوار ضةشـن لة ثــاقلةي ســؤيـا  ،كة برييت بوون لــة: )Century-84 (MG II), NARC-2 (MG II), Williams-82 (MG III), Hutcheson (MG V



بؤ سـيَ بـةرواري ضــاندن (  / 0ئايار  / 22 ،ئايار  / 0 ،حوزةيران ) و ســـيَ ئاســـت لــة كــودي فـؤســـفاتي ( سفر  ) 727 ، 27 ،كطم  / P2O5هكتار . ديزايين ثــارضة بةشـــكراوةكان لــــةناو تاقيكردنةوةيةكى ضةند فـاكتةرى دا بةســىَ دوبارة كــردنةوة )(The design of split-plots within factorial experiment with three replications بةكارهيَنراوة ،تيَكةلَي هةردوو فاكتةري بةرواري ضاندن و كودي فؤســفات دابةشكران بةسـةر ثارضـة ســـةرةكيةكان دا بـة بةكار هيَناني ديزايين ) (CRBDهـةروةها فاكتـةري ضةشــــن دابةشـكرا بةسـةر ثاضـة ناوةنديـةكان دا بـة شـيَوةيةكي هةرِةمةكي ،بـةراورد كردنـي تيَكرِاييـةكان بةتاقيكردنـةوةي كـةميين ؤيـاوازي واتـادار ) (LSDلةسـةر ئاســــــيت % 5 ئةجنــامدرا. ئةو خةسلةتانةي كة خرانة بةر ليَكؤلَينةوة برييت بوون لة خةسلةتةكاني سةوزة طةشة ،بةرهـةم و ثيَكهاتـةكاني و رِيَذةي رِؤن و ثرؤتني لة ناو تؤوةكاندا. لة ئةجنامدا دةركةوتوة كة ضةشنة بةكارهاتووةكان ؤياوازي لة نيَوانياندا هةية لةم خةسلةتةكاني سوزة طةشة دا. لة بةكرةؤؤ ،ضةشين  Century-84كةميين ماوةي ثيَويسـت بـووة بـؤ ئـةوةي بطاتـة  % 57طـولَكردن ( 22.27رِؤذ ) و ضةشين  Williams-82كةميين ماوةي ثيَويست بووة بؤ ئةوةي بطاتة ثيَطةيشتين تـةواو ( 715.75رِؤذ ) ،و ضةشـين  Hutchesonزؤرترين رِيَذةي داوة بؤ ذمـارةي لـ  /رووةك (  2.77لـ ) ،هـةروةها ضةشـين  Century-84زؤرتـرين رِيَذةي داوة بؤ بةرزي رووةك و ذمارةي طريَ  /رووةك (  722.22سم  ،و  22.02طريَ ) يةك لةدواي يةك.لة كـاني ثانكـة، هةمان ضةشن ) (Century-84كةميين ماوةي ثيَويست بووة بؤ ئةوةي بطاتـة  % 57طـولَكردن ( 22.77رِؤذ ) و ضةشـين  Williams-82كةميين ماوةي ثيَويست بووة بؤ ئةوةي بطاتة ثيَطةيشتين تـةواو ( 722.79رِؤذ ) ،هـةروةها ضةشـين  Century-84زؤرترين رِيَذةي داوة بؤ بةرزي رووةك  ،ذمـارةي لـ  /رووةك و ذمـارةي طـريَ  /رووةك (  777.22سـم ،  27.59طريَ  ،و  2.22ل ) يةك لةدواي يةك .هةروةها ضةشن كاريطةرييةكي واتاداري كردة سةر زؤربـةي خةسـلةتةكاني بةرهةم و ثيَكهاتةكاني .لة بةكرةؤؤ ،ضةشـــين  Century-84زالَ بوو بةسـةر هـةموو ضةشـنةكاني تـردا و بـةرز تـرين بةرهةمي تؤماركرد كة طةيشتة (  7020كطم  /هكتار )  ،بـةمم ضةشـين  Hutchesonزؤرتـرين رِيَـذةي داوة بـؤ كيَشـي  777تؤو ،ذمارةي كةلوو  /رووةك و كيَشي تؤو  /رووةك (  71.21طم 27.01 ،كةلوو  ،و  22.52طم ) يةك لةدواي يةك، بةمم ضةشــين  Century-84بةرزترين رِيَذةي داوة بؤ كيَشي تؤو  /رووةك  ،ذمارةي كةلوو  /طريَ  ،ذمارةي تؤو  /كةلوو، كيَشي تؤو  /كةلوو و رِيَبةري درويَنة (  22.52طم 2.75 ،كةلوو 1.21 ،تؤو  7.21،طم  ،و  ) 7.21يـةك لـة دواي يـةك. لة كاني ثانكة ،ضةشين  Hutchesonزالَ بوو بةسةر هةموو ضةشنةكاني تردا و بةرز تـرين بةرهـةم و زؤرتـرين ذمـارةي كةلوو  /رووةكيَك تؤماركرد كـة طةيشـتة (  2197كطـم  /هكتـار و  52.75كـةلوو ) يـةك لـة دواي يـةك  ،بـةمم ضةشـين  Century-84زؤرترين رِيَذةي داوة بؤ كيَشي  777تؤو ،كيَشي تؤو  /رووةك  ،ذمارةي تؤو  /كةلوو  ،كيَشي تؤو  /كةلوو و
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رِيَبةري درويَنة و طةيشتة ( 75.20طم 20.07 ،طم  1.02 ،تؤو 7.52 ،طم  ،و  )7.12يةك لةدواي يةك  ،بةمم ضةشين  Williams-82بةرزترين رِيَذة ( 22.92طم ) ي داوة بؤ كيَشي كةلوو  /رووةك .هةروةها ؤياوازي واتادار هةبووة لةنيَوان ضةشنةكاندا بؤ ريَذةي رِؤن و ثرؤتني لة ناو تؤوةكـــاندا  .لة بـةكرةؤؤ ،هـةردوو ضةشـين  HutchesonوWilliams-  82زؤرترين ريَذةي رِؤن و ثرؤتينيان تيَدابووة كة طةيشـتبووة (  % 25.72و  ) % 27.75يـةك لـة دواي يـةك .لـة كـاني ثانكــة ،هــةردوو ضةشـــين  Hutchesonو NARC-2زؤرتــرين ريَــذةي رِؤن و ثرؤتينيــان تيَــدابووة كــة طةيشــتبووة (  %22.20و  ) % 22.72يةك لة دواي يةك. ضاندني ثاقلةي سؤيا لة سيَ بةرواري ضاندني ؤياوازدا بووةتة هؤي دةركةوتين ؤياوازي واتـادار لـةنيَوان زؤربـةي خةسلةتةكاني سةوزةطةشةدا .لة بةكرةؤؤ ،ضاندن لة بةرواري  / 0حوزةيران رووةكةكان كةميين ماوةيان ثيَويست بووة بؤ ئةوةي بطةنة  % 57طولَكردن و ثيَطةيشتين تةواو ( 21.22رِؤذ  ،و  711.17رِؤذ ) يةك لة دواي يـةك ،بـةمم ضـاندن لـة بةرواري  / 22ئاياردا رووةكةكان زؤرترين رِيَذةيان داوة بؤ بةرزي رووةك و ذمارةي طريَ  /رووةك كة طةيشتة ( 772.20سم  ،و  27.22طريَ ) يةك لةدواي يةك ،هةروةهـــا ضاندن لــة بـةرواري  / 0ئايـاردا رووةكـةكان زؤرتـرين رِيَـذةيان داوة بـؤ ذمارةي ل  /رووةك (  5.20ل ) .لة كاني ثانكة ،ضاندن لة بةرواري  / 0حوزةيران رووةكةكان كةميين ماوةيان ثيَويسـت بووة بؤ ئةوةي بطةنة  % 57طولَكردن  ،ثيَطةيشتين تةواو و بةرزترين ريَذةي بةرزي رووةك ( 22.90رِؤذ  ،و  725.70رِؤذ  ،و  99.05سم ) يةك لةدواي يةك .هـةروةها ؤيـاوازي واتـادار هـةبووة لـة نيَـوان بـةرواري ضـاندنةكاندا بـؤ بةرهـةم و ثيَكهاتةكاني .لةبةكرةؤؤ ،ضاندن لـة بةرواري  / 0ئاياردا رووةكةكان زؤرتـرين رِيَـذةيان داوة بـؤ بةرهـةمي تـؤو ،كيَشـي  777تؤو  ،كيَشي تؤو  /رووةك  ،كيَشي تؤو  /كةلوو  ،و ريَبةري درويَنة (  7292كطم  /هكتار 72.09 ،طم  27.97 ،طم ،  7.27طم  ،و  ) 7.72يةك لة دواي يةك  ،بةمم ضاندن لة بةرواري  / 22ئايـاردا رووةكـةكان زؤرتـرين رِيَـذةيان داوة بـؤ ذمارةي كةلوو  /رووةك  ،و كيَشي كةلوو  /رووةك (  51.02كةلوو  ،و  07.22طم ) يةك لـة دواي يـةك .لـة كـاني ثانكـة، ضاندن لـة بةرواري  / 0حوزةيران دا رووةكةكان زؤرترين رِيَذةيان داوة بؤ بةرهةمي تؤو ،كيَشـي كـةلوو  /رووةك  ،و كيَشـي تؤو  /كةلوو ( 2071كطم  /هكتار 12.12 ،طم ،و  7.20طم ) يةك لة دواي يةك .هـةروةها ؤيـاوازي واتـادار هـةبووة لـة نيَوان بةروارة ؤياوازةكاندا بؤ ريَذةي رِؤن و ثرؤتني لة ناو تؤوةكاندا  .لـة بةكرةؤؤ ،ضــاندن لة بةرواري  / 0حوزةيران دا تؤوةكــةكان زؤرتــرين رِيَــذةي ثرؤتينيــان تيَــدابووة (  .) % 27.10لــة كــاني ثانكــة ،ضــاندن لــة بــةرواري  / 22ئايــاردا تؤوةكةكان زؤرترين رِيَذةي رِؤنيان تيَدابووة (  ،) % 27.09بةمم لة بةرواري  / 0حوزةيران دا تؤوةكةكان زؤرترين رِيَـذةي ثرؤتينيان تيَدابووة ( .) % 20.70 بةكار هيَناني كودي فؤســـفاتي بووةتة هؤي دةركةوتين ؤيـاوازي واتـادار لـةنيَوان زؤربـةي خةسـلةتةكاني سـةوزة طةشةدا .لةبةكرةؤؤ ،بة بةكارهيَناني ئاسيت (  27كطم  / P2O5هكتار ) رووةكةكان كةميين ماوةيان ثيَويسـت بـووة بـؤ ئةوةي بطةنة  % 57طولَكردن ( 20.05رِؤذ ) و بةرزترين رِيَذةي طريَ  /رووةك (  27.57كريَ ) بةمم بـةكارهيَناني ئاسـيت (  727كطم  / P2O5هكتار ) رووةكةكان كةميين ماوةيان ثيَويست بووة بؤ ئةوةي بطةنـة ثيَطةيشـتين تـةواو (725.22 رِؤذ ) و بةرزترين رِيَذةي بـةرزي رووةك (  772.29سـم) .لـة كـاني ثانكـة ،بـةكارهيَناني ئاسـيت (  727كطـم / P2O5 هكتار ) رووةكةكان كةميين ماوةيان ثيَويست بووة بـؤ ئـةوةي بطةنـة ثيَطةيشـتين تـةواو ( 712.79رِؤذ ) .سـةبارةت بـة بةرهةم و ثيَكهاتةكاني ،لة بةكرةؤؤ ،بة بةكارهيَناني ئاســـــيت (  727كطم  / P2O5هكتار ) بةرزترين رِيَذة بةدةسـت هات بؤ ذمارةي كةلوو  /رووك  ،كيَشي تؤو  /رووةك و ريَبةري درويَنة (  52.92كةلوو  22.27 ،طم ،و  ) 7.72يـةك لـة
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دواي يةك .لة كاني ثانكة ،بة بةكارهيَناني ئاســــيت (  727كطم  / P2O5هكتـار ) بـةرزترين رِيَـذة بةدةسـت هـات بـؤ بةرهةمي تؤو  ،كيَشي  777تؤو (  2222كطم  /هكتار  ،و  72.99طم ) يـةك لـة دواي يةك،بـةمم رووةكـةكان زؤرتـرين ريَذةيان داوة بؤ ريَبةري درويَنة (  ) 7.10بة بيَ بةكار هيَناني كودي فؤسفاتي .هةروةها ؤياوازي واتادار هةبووة لـةنيَوان ئاستة ؤياوازةكاني كودي فؤسفاتي بؤ ريَذةي رِؤن و ثرؤتني لة ناو تؤوةكاندا ،لة بةكرةؤؤ  ،بة بةكارهيَناني ئاسيت ( 27 كطم  / P2O5هكتار ) تؤوةكـان زؤرتـرين ريَـذةي رِؤن و ثرؤتينيـان تيَـدابووة (  ، % 22.22و  ) % 22.52يـةك لـة دواي يةك .لة كاني ثانكة ،بة بةكارهيَناني ئاسيت (  727كطم  / P2O5هكتار ) تـؤوةكان زؤرتـرين ريَذةي رِؤن و ثرؤتينيـان تيَدابووة (  ، % 22.29و  ) % 25.22يةك لة دواي يةك.



جـــــامعة الســليمانية كــــــلية الـــــــزراعـة قسم احملاصيل احلقلية



إستجابة بعض أصناف فــول الصـويــا ملواعيد الزراعة و التســميد الفوســـفاتي يف منطقة الســـليمانية رســالة مقدمة اىل جملس كلية الزراعة يف جامعة الســليمانية كجزء من متطلبات نيل شــهادة املاجســتري يف العلوم الزراعية ( احملاصيل احلقلية  ،احملاصيل الصناعية ) من قبل



دانــا ئــازاد عبداخلالق بكالوريوس يف العلوم الزراعية  ،احملاصيل احلقلية جــامعة الســــليمانية 7990



باشـــراف األســتا املســـاعد م .أمحد محة أمني محة رشيد  / 77شــباط 2772 /



األســتا املســـاعد د .أكرم عثمان إســـماعيل
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أُجريت هذهِ الدراســـة يف حمافظة الســــــليمانيةَ يف مَوقعني  ،بَـكـرَجـو (Lat 35o 33' ; N, Long 45o 21' ; E, )  750 maslو كـاني بـانـكــ ) (Lat 35o 22' ; N, Long 45o 43' ; E, 550 maslخـل املوسـم الزرعـي  2772ملعرِفة مدى إستجابة أَصناف فـو الصويـــا Century-84 (MG II), NARC-2 (MG II), Williams-: ) 82 (MG III), Hutcheson (MG Vلـثل مواعيـد اراعـة (  / 0أيـار  / 22 ،أيـار  / 0 ،حزيـران ) و ثـل مسـتويات من السـماد الفوسـفاتي ( صفر  ) 727 ، 27 ،كغم  /P2O5هكتار. ض واـعت التوافيـو بـني مواعيـد الزراعـة و أُســتخدم تصميم القطع املنشقة داخل تَجربة عامليـة بِـثل مركـررات ،حيـ ر مستويات السماد الفوسفاتي يف القطع الرئيسية و طبقت بتصميم القطاعـات العشـوائية الكاملـة ) (CRBDكمـا واـعت األصناف يف القطع الثانوية ،و قورنت املتوسطات حسب إختبار أقل فرق معنوي ) (LSDعِند مستوى املعنوية .% 5 أُخذت البيانات عن صفات النمو اخلضري ،احلاصل و مكونات ِ مع تقدير نسبة الزيت و الربوتني يف البذور. بالرجوع اىل نتائج هذ ِه الدراســة هنالك فروقـات مَعنويـة بـني األصـناف يف عَـدَد مِـن صِـفات النمـو اخلضـري يف كـل املوقعني .ففي بَكرَجو ،إستغرق الصنف  Century-84أَقل فرتة للوصو اىل  % 57تزهري ( 22.27يوم ) بينما إِسـتغرق الصنف  Williams-82أقل فرتة للوصو اىل النضج (  715.75يوم) كما و أَعطى الصنف  Hutchesonأَعلـى مرعـد لعدد األفرع  /نبات (  2.77فرعاً) و الصنف  Century-84أعطى أعلى املعدالت ألرتفاع النبات و عدد العقـد  /نبـات حيض بَلغا (  722.22سم  ،و  22.02عقدة) على التوالي .يف كاني بانك  ،إسـتغرق الصـنف  Century-84أيضـاً أَقـل فــرتة للوصــو اىل  % 57تــزهري ( 22.77يــوم ) و إِســتغرق الصــنف  Williams-82أقــل فــرتة للوصــو اىل النضــج (  722.79يوم) كما و أَعطى الصنف  Century-84أَعلى املعدالت ألرتفاع النبات ،عدد األفرع  /نبات و عـدد العقـد / نبات ( 777.02سم  27.59 ،عرقدة  ،و  2.22فرعاً) على التوالي .كما و لألصناف تأثريات معنوية متباينة علـى حاصـل البذور و مكونات  .يف بَكرَجو ،تفوق الصنف  Century-84حيض أَعطى أَعلى حاصل للبذور بلغ ( 7020كغم  /هكتار) ، كما و أَعطى الصنف  Hutchesonأَعلى املعدالت لوان مئة بذرة  ،عدد القرنات  /نبـات و وان البـذور  /نبـات ( 71.21 غم 27.01 ،قرنة ،و  22.52غم) على التوالي ،بينمـا أَعطـى الصـنف  Century-84أَعلـى املعـدالت لـوان البـذور / نبات ،عدد القرنات  /عقدة ،عدد البذور  /قرنة ،وان البذور  /قرنة و دليل احلصاد (  22.52غم 2.75 ،قرنـة1.21 ، بذرة 7.21 ،غم  ،و  ) 7.21على التوالي .يف كاني بانك  ،تفوق الصنف  Hutchesonحيض أَعطى أَعلى حاصل للبـذور بلغ (  2197كغم  /هكتار) و أَعلى مرعد لعدد القرنات  /نبات بلغ (  52.75قرنة) ،بينما أَعطى الصنف Century-84 أَعلى املعدالت لوان مئة بذرة ،وان البذور  /نبات ،عدد البذور  /قرنة ،وان البذور  /قرنة و دليـل احلصـاد ( 75.20غـم،  20.07غــم 1.02 ،بــذرة7.52 ،غــم  ،و  ) 7.12علــى التــوالي .لكــن الصــنف  Williams-82أعطــى أَعلــى مرعــد ( 22.92غم) لوان القرنات  /نبات .و أيضاً هنالك إختلفات معنوية بني األصناف يف نســـب الزيت و الربوتني .يف بَكرَجو، إحتـوى بـذور الصـنفان  Hutchesonو Williams-82علـى أَعلـى النسـب للزيـت و الـربوتني بلغتـا ( ، % 25.72و  ) % 27.75على التوالي .و يف كاني بانك ،الصنفان  Hutchesonو  NARC-2إحتويا على أَعلى النســـب للزيـت و الربوتني بلغتا (  ، % 22.20و  ) % 22.72على التوالي. الزراعة يف ثل مواعيد خمتلفة أَعطت قيم معنوية خمتلفة .حيض يف بَكرَجو ،إسـتغرق الزراعـة يف  / 0حزيـران أَقـل فرتة للوصو اىل  % 57تزهري و أقل فرتة للوصو اىل النضج حيـض بلغتـا ( 21.22يـوم  ،و  711.17يـوم) علـى التـوالي، بينما الزراعة يف  / 22أيار أَعطت أَعلى مرعد ألرتفاع النبات و عدد العقد  /نبات (  772.20سم  ،و  27.22عقدة) على التوالي ،و الزراعة يف  / 0أيار أعطت أعلى معد (  5.20فرعاً) لعدد األفرع  /نبات .يف كاني بانك  ،إستغرق الزراعـة يف
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 / 0حزيران أَقل فرتة للوصو اىل  % 57تزهري و أقل فرتة للوصو اىل النضج و أَعلى معد لإلرتفاع النبات ( 22.90يـوم ،  725.70يوم  ،و  99.05سم) على التوالي .و مواعيد الزراعة أَيضاً هلا تـأثريات معنويـة خمتلفـة علـى حاصـل البـذور و مكونات ِ .يف بَكرَجو ،أَعطت الزراعة يف  / 0أيار أَعلى املعدالت حلاصل البذور  ،وان مائة بـذرة ،وان البـذور  /نبـات ،وان البذور  /قرنة ،و دليل احلصاد (  7292كغم  /هكتار 72.09 ،غم 7.27 ،غم  ،و  ) 7.72على التوالي .يف كاني بانكـ ، أَعطت الزراعة يف  / 0حزيران أَعلى املعدالت حلاصل البذور  ،وان القرنـات  /نبـات و وان البـذور  /قرنـة ( 2071كغـم / هكتار 12.12 ،غم و  7.20غم) علـى التـوالي ،بينمـا الصـفات األخـرى ث تتـأثر واعيـد الزراعـة .كمـا و أن مواعيـد الزراعة بينت تأثريات معنوية خمتلفة على نســـب الزيت و الربوتني يف البذور .يف بَكرَجو ،الزراعة يف  / 0حزيـران أَعطـت أَعلــى نســــبة للــربوتني بلغــت (  .) % 27.10يف كــاني بانكـ  ،الزراعــة يف  / 22أيــار أَعطــت أَعلــى نســــبة للزيــت بلغــت (  ، ) % 27.09بينما الزراعة يف  / 0حزيران أَعطت أَعلى نســبة للربوتني بلغت ( .) % 20.70 إســـتخدام الســـماد الفوســـفاتي أَظهرت تأثريات معنوية خمتلفة على الصفات املدروسة  .يف بَكرَجو ،و عند إستخدام املستوى (  27كغم  /P2O5هكتار) إستغرقت النباتات أَقل فرتة للوصو اىل  % 57تزهري ( 20.05يوم ) كما و أَعطت أَعلى مرعد لعدد العقد  /نبات (  27.57عقدة) ،ولكن عند إستخدام املستوى (  727كغم  /P2O5هكتار) إسـتغرقت النباتـات أَقل فرتة للوصو اىل النضج (  725.22يوم) كما و أَعطت أَعلى مرعد لإلرتفاع النبات (  772.29سم)  .يف كـاني بانكـ ، عند إستخدام املستوى (  727كغم  /P2O5هكتار) إستغرقت النباتات أَقل فرتة للوصو اىل النضج بلغت (  712.79يوم). أما خبصوص احلاصل و مكونات ِ .يف بَكرَجو ،و عند إستخدام املستوى (  727كغم  /P2O5هكتار) أعطـت النباتـات أَعلـى املعدالت لعدد القرنات  /نبات ،وان البذور  /نبات و دليل احلصاد (  52.92قرنة 22.27 ،غم  ،و  )7.72على التوالي. يف كاني بانك  ،عند إستخدام املستوى (  727كغم  /P2O5هكتار) أعطت النباتات أَعلـى املعـدالت حلاصـل البـذور و وان مائة بذرة ( 2222كغم  /هكتار  ،و  72.99غم) على التوالي  ،ولكن و عند إستخدام املستويني ( صفر و  27كغـم /P2O5 هكتار) أعطت النباتات أَعلى معد لوان البذور  /قرنة ( 1.25غم) و عدم إســتخدام الفســـفور أَعطى أَعلى قيمة لدليل احلصاد (  . )7.10بالنسبة لتـأثري الســـماد الفوســـفاتي علـى إحتـواء البـذور مـن الزيـت و الـربوتني .يف بَكرَجـو ،عنـد إستخدام املستوى (  27كغم  /P2O5هكتار) إحتـوت البـذور علـى أعلـى النســـب للزيـت و الـربوتني بلغتـا (  ، % 22.22و  ) % 22.52على التوالي  .و كذلك يف كاني بانك فإن إســتخدام املستوى (  27كغم  /P2O5هكتار) أَعطت أعلـى النســـب للزيت و الربوتني بلغتا (  ، % 22.292و  ) % 25.22على التوالي.
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