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ABSTRACT

Influence of nitrogen rates on the performance of Wheat varieties were investigated to determine
the effects of nitrogen rates on growth and yield of wheat (Triticum aestivum) in the study area.
The experiments were laid out in split plot design with seven nitrogen rates. The treatments were
replicated three times. The sub plot size was 3 m x 2 m. The crop was planted in the middle of
November, at the beginning of the dry season. Half of each nitrogen rate was applied at sowing
and the other half splited into two and top dressed at early tilling and flowering stage. Data were
collected on number of tillers, Plant height, number of spikelets spike-1, number of grains spike-
1, weight of 1000 grain, biomass yield, grain yield and harvest index. All the data collected were
subjected to Analysis of Variance (ANOVA) and Least Significant Difference (LSD) using
Genstat version 4.0. The results revealed that nitrogen fertilization had significant effect
(P<0.05) on wheat yield and yield components. Number of tillers was highest at 180 kg N ha-1
and variety Linfen. Similarly, Plant height was best at 180 kg N ha-1 and variety Reyna-28 while
number of spikelets spike-1 was highest at 150 kg N ha-1 and variety Reyna-28 which was at par
with Linfen. All the yield characters and final grain yield performed best at 120 kg N ha-1 and
Reyna-28. These results indicate that, Nitrogen rate of 120 kg N ha-1 and Reyna-28 proved to be
the best rate and variety for higher grain yield. Thus it is recommended that 120 kg N ha-1 and
Reyna-28 be used for irrigated wheat production in the study area.

Keywords: Nitrogen Rate, Wheat (Triticum Aestivum L.) Varieties, Tillers, Plant Height, Yield
And Harvest Index.

1. INTRODUCTION

Wheat (Triticum aestivum L.) is an important staple crop around the world. Its
importance has is being felt now more than ever due to its shortage in the world trade as a result
of the conflict between Russia and Ukraine. Wheat ranks first among the cereal crops,
accounting for 30% of all cereal food worldwide and major food for over one third of world
population and provides about 20% of the total food calories directly or indirectly for the human
race (Ali and Teymur, 2013). In Nigeria, wheat is mainly cultivated under irrigation conditions
in the northern part of the country where suitable low temperature (<25° C) exist during the cold
harmattan period from November to March (Uche, 2013 and LCRI, 2015). There is increase in
domestic demand for baked and pasta products in the country with national requirement of about
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4.0 million metric tonnes annually. However, local production is only 2.2% of its national
requirement while the remaining is imported (LCRI, 2015; Falaki and Mohammed, 2011).

Nitrogen is the most important nutrient supplied to most non-legume crops, including
wheat. It is the most important constituent of plant proteins and is required throughout the crop
growth period from vegetative stage to harvesting. Nitrogen fertilizer is known to affect the
number of tillers per m?, number of grains spike™, spike length, 1000-grain weight and grain
yield of wheat (Campuzano et al., 2012; Liu and Shi, 2013). Application of nitrogen is known to
mainly increase the grain yield, biological yield and other characters including plant height and
1000 seed weight (Yadav and Dhanai, 2017). Given the importance of nitrogen fertilization,
Shirazi et al. (2014) stated that increased vegetative growth, spike length, spike bearing tillers
and plant height efficiently can be attributed to nitrogen fertilization which greatly helps the
plant to expose its potential to grow vigorously. The application of the appropriate rate of N
fertilizer is considered to be a primary means of increasing wheat grain yield, improving nitrogen
uptake and use efficiency and consequently nitrogen harvest index (Fageria, 2014) in (Belete et
al., 2018).

Therefore, availability of nitrogen to wheat during various phases of its growth and
development is an important factor influencing the yield and quality of grain (Yousaf et al.,
2014). Asghar et al. (2000) reported that among the factors responsible for low yield of wheat,
the deficiency of nitrogen in our soils is considered the most important and that wheat yield will
be increased with the increasing rate of nitrogen application. With the high demand and low
production of domestic wheat in Nigeria couple with the status of the soil on which wheat is
grown in Nigeria, the present study was therefore designed to determine the effects of nitrogen
rates on growth and yield of wheat (Triticum aestivum) in Jalingo.

2. MATERIALS AND METHOD

Field experiment was conducted in 2017 and 2018 dry seasons at the Nukkai Irrigation
Research Farm of the Department of Crop Science, Taraba State College of Agriculture, Jalingo
which is located within latitude 8° 55’0” N and longitude 11° 19'25” E at altitude 1600.23 m
above sea level in Southern Guinea Savanna ecological zone (GPS, 2021). Jalingo has a wet and
dry tropical climate, with the rainy season lasting from May to October and averaging 750 to
1000 mm of annual precipitation, and the dry season starting in November and lasting until
March or April (TADP, 2012). The temperature ranged from 33 to 39° C and the relative
humidity ranged from 31 to 60% over the study periods (November 2017 to March 2018)
(TSCOAJ, 2018).

The experiment was set up using a split plot design, with three different types of wheat
assigned to the sub plot and seven nitrogen fertilizer rates (0, 30, 60, 90, 120, 150, and 180 kg
Nha-1) assigned to the main plot. To get the necessary tilt for small grains, the field was leveled,
cleared, and then plowed, harrowed, and ploughed again. Wheat seeds obtained from Lake Chad
Research Institute were treated with Apron star at the rate of 10 g to10 kg of seeds and sown by
dibbling at row spacing of 30 x 25 cm on 15 November. The sources of fertilizer were NPK
15:15:15 and Urea (46:0:0). When seeds were sown in each plot, half of each nitrogen rate was
applied, and the remaining half was divided in half and top-dressed throughout the early tillage
and flowering periods. Due to the soil's silt-clay structure and the time of year (dry season),
irrigation was applied to the field at intervals of seven days starting at sowing and continued until
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the grain filing reached the hard state. Post emergence application of Bentazone at 1.5 kg ai ha™
(2.5 L ai ha) was applied at 4 weeks after sowing as recommended (Lake Chad Research
Institute LCRI, 2015).

Data were collected on number of tillers plant?, plant height plant® (cm), number of
spikelet spike™, number of grains spike™, weight of 1000 grains, biomass and grain yields and
harvest index. The crop was harvested at physiological maturity at an area of 1m? of each plot,
sundried to obtain the biomass yield and threshed to obtain the grains. All the data collected were
subjected to Analysis of Variance (ANOVA) appropriate to split-plot design and means were
separated using Least Significance Difference (LSD) at 5% level of significance as described by
Gomez and Gomez (1984). The package used was GENSTAT Version 4.0

3. RESULTS AND DISCUSSION
Table 1 showed the findings of the study area's plant height, tiller count, spikelet count,
and grain count measurements.

3.1 Plant Height

The influence of nitrogen rate and variety on plant height at 70 DAS for the dry seasons
of 2017 and 2018 as well as the combined result (the two years) is given in Table 1. The effect of
nitrogen rate and varieties on plant height at 70 DAS for 2017 and 2018 dry seasons as well as
combined (the two years) shown in Table 1 revealed that different rates of nitrogen affected the
plant height significantly in both seasons and combined result. Based on the combined results,
plant heights of 67.01 and 49.49 cm at 180 kg N ha-1 and O kg N ha-1, respectively, were
reported as the maximum and minimum plant heights. In general, the increased plant height and
rising nitrogen rate are directly proportionate. This may be explained by the important function
that nitrogen played in the elongation of internodes and the increased capacity for metabolite
production as a result of increased plant leaf area during vegetative growth. The result of this
finding agrees with the result obtained by Amjed et al. (2011) that maximum and minimum plant
heights were produced from 180 kg N ha? and 0 kg N ha? respectively. Other authors also
observed that increase in nitrogen fertilization increased plant height (Ullah et al., 2018; Asadie
et al., 2013).

Reyna-28 provided the tallest plants, measuring 75.02 cm, followed by Linfen, which
measured 63.41 cm, and Cettia, which recorded the shortest plants, measuring 45.23 cm (Table
1). These differences in plant height among the three types were highly significant in both
seasons and the combined years (Table 1). The variation in plant height among the varieties may
be attributed to genetic variability and their differences in the utilization ability of the different
rates of nitrogen fertilizer applied. Similar results were reported by Muhammad et al., (2014)
who observed varietal significant plant height in which Punjab-2011 gave the tallest plants,
followed by sehar-2006 which was significantly at par with Millat-2011. The result agreed with
that of Adugna and Haile (2019).

3.2 Number of Tillers

The effect of nitrogen rate on number of tillers plant™* for 2017 and 2018 dry seasons and
combined result were presented in Table 1. Maximum number of tillers plant® (29.61) was
recorded from 180 kg N ha while the control gave the minimum number of 12.11 tillers.
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Increased rates of nitrogen resulted in reduction of mortality of tillers and produced more tillers
from the main stem. This result is quite in line with Muhammad et al. (2014b) who affirmed that
nitrogen fertilizer is found to affect the number of tillers plant™. They reported that the increase
in number of tillers plant™ with an increase in nitrogen rates could be attributed to the well
accepted role of nitrogen in accelerating the vegetative growth of plants. These results are
confirmatory to those revealed by (Rahman et al., 2011andLiaqgat et al., 2003).

Table 1 also recorded significant differences among varieties on number of tillers. The
effect of varieties on number of tillers plant™ showed that Linfen recorded the highest number of
27.66 tillers plant™ followed by Reyna-28 with 20.96 tillers plant™® while Cettia gave the lowest
number of 13.94 tillers plant™. The significant differences observed in the total number of tillers
could be ascribed to differences in ability of cultivars to utilize nitrogen fertilizer as well as
partition their photosynthates and accumulation of dry matter. LCRI (2015) also affirmed that
Linfen has a profuse tillering ability. This result is in line with the findings of Mandic et al.
(2015) who reported that the intensity of tillering is a varietal characteristic which is caused by
environmental factors.

3.3 Number of Spiklets Spike™

There were significantly different effects of nitrogen rate and varieties on number of
spikelets spike?in 2017, 2018 and combined results of the two years (Table 1). Maximum
number of 19.47 spiklets spike™ were recorded from 150 kg N ha* while 0 kg N ha produced
the least number of 16.34 spikelets spike™. These findings are in consonance with the reports of
Shahbazpanahi et al. (2012) who reported that with the increase of nitrogen rate, number of
spikes m? increased. When there is more absorption of nitrogen by the plants, it enhanced
vegetative growth, more number of tillers per unit area and they produce more number of spikes
per unit area, (Nourmohammadi et al., 2010).

Significant varietal differences were observed on number of spikelets spike™ in both
seasons and in the combined results with Reyna-28 having the highest value of 18.79 spikelets
spike which was statistically similar to that of Linfen (18.47) and the minimum value of 17.67
spikelets spike™ from Cettia. This is in line with Sultana et al. (2012) who reported significantly
the highest number of spikelets per spike among the varieties they tested. Similarly, Bello and
Singh (2013) also observed differences among the varieties they worked on in number of
spikelets per spike.

3.4 Number of Grains Spike™

Number of grains spike™ was also significantly increased by the higher rates of nitrogen
application in both seasons and the two years combined result (Table 1). From the combined
result, maximum number of 52.30 grains spike® was recorded from 120 kg N ha * while
minimum of number 27.60 grains spike™ was observed from the control. Nitrogen promoted the
initiation of spiklets which resulted in more number of grains spike™ but more nitrogen rate from
150 kg N ha? decreased the number of grains due to increased vegetative growth. This trend
might be due to the role of nitrogen in flowering, seed formation and crop maturation. These
findings are in conformity with the findings of (Magsood et al., 2014) who reported that the
application of 120 kg N ha*gave maximum grains spike™ than control and that application above
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120 kg N ha? lead to decline in number of grains spike™. Abedi et al. (2011) reported that
number of grains spike significantly increased with increasing nitrogen fertilization rates.
Significant varietal influence on number of grains spike™ with the highest number (54.21)
was observed in Reyna-28, followed by 46.95 in Cettia and the lowest number of 19.56 grains
spike? in Linfen (Table 1). The low number of grains spike™ in Linfen was due to unfavourable
climatic condition (heat stress) during heading, flowering and pollination (end of January to early
February) which resulted to a greater percentage of empty spikelets. These findings confirm the
findings of Bavar et al. (2016) who observed that varieties with the highest number of spikes m
rather had the least grain yield. These results agree with the findings of Ali et al. (2000) who also
observed significant differences among cultivars in number of grains spike™.

www.ijaeb.org Page 5




International Journal of Agriculture, Environment and Bioresearch
Vol. 08, No. 04; 2023

ISSN: 2456-8643
Table 1: Effects of Nitrogen Rate and Varieties on Plant Height, Number of Tillers Plant-1, Number of Spikelets Spike-1 and
Number of grains Spike-1 During 2017and 2018 Dry Seasons and Combined Result of the Two Years

Nitrogen  Plant Height (cm) Number of Tillers Number of Spikelets Number of Grains Spike™
Level 2017 2018 Combined 2017 2018 Combined 2017 2018 Combined 2017 2018 Combined
(kgha) 70 DAS 70 DAS

0 50.86  48.52 49.69 14.14 9.97 12.08 16.66 16.06 16.34 28.19 27.00 27.60
30 52.5 49.88 51.02 17.38 11.98 14.68 1764 16.73 17.19 32.88 20.36 31.12
60 53.93 51.76 52.84 20.55 14.02 17.30 18.40 17.47 17.93 38.62 3551 37.07
90 58.33 54,74 56.54 23.27 17.00 20.14 19.08 17.93 18.51 44.33 42.04 43.19
120 62.33 59.33 60.83 27.32 20.53 23.93 20.07 18.67 19.37 53.91 50.69 52.30
150 65.30 63.14 64.22 31.19 25.04 28.18 20.05 18.89 19.47 47.58 45.18 46.38
180 67.97 66.06 67.01 33.29 26.00 29.61 20.02 18.73 19.38 45.15 42.89 44.02
PofF <.001 <001 <.001 <.001 <.001 <.001 <001 <.001 <001 <.001 <.001 <001
LSD 1.069 0.271 0.522 0.613 0.304 0.324 0.903 0.485 0.486 1.133 2.040 1.105
Variety

Reyna-28 76.49 73.36 74.93 24.03 17.82 20.96 1949 18.35 18.79 56.07 52.34 54.21
Cettia 46.37 44.09 45.21 15.43 12.43 13.94 18.46 16.89 17.67 48.74 45.16 46.95
Linfen 53.27 51.16 52.22 32.19 23.13 27.66 18.60 18.10 18.47 19.75 19.36 19.56
PofF <.001 <001 <.001 <.001 <.001 <.001 <001 <.001 <001 <.001 <.001 <001
LSD 0.559 0.125 0.280 0.468 0.182 0.246 0.266 0.278 0.188 0.581 0.880 0.516

I nteraCtIO ** ** ** ** ** ** N S N S N S ** ** **

n

Key: DAS = Days after Sowing, ** = Highly Significant (P<0.01), NS = No Significant.

3.5 Weight of 1000 Grains

Variation in nitrogen rates on 1000 grain weight was significantly different in both seasons and the combined result (Table 2).
Maximum 1000 grain weight of 38.40 g was found in 120 kg N ha-1, followed by 35.57 in 150 kg N ha-1 which was at par with 90 kg
N ha-1 (35.50), while 0 kg N ha-1 recorded the minimum weight of 30.21 g. The application of nitrogen increased the protein
percentage, which in turn increased the grain weight. In line with this result, Rahman et al. (2011) reported of maximum 1000 grain
weight for wheat in two consecutive years by application of 120 kg N ha-1. These findings disagree with those of Bavar et al. (2016)
that with the increased of nitrogen, weight of 1000 grains reduced and had inverse relation with other yield components.

Highly significant response of weight of 1000 grains to varieties was observed in the two years and combined result with the highest
(37.57 g) and lowest (32.12 g) weight of 1000 grain recorded in Reyna-28 and Cettia respectively. This observation is apparently due
to their genetic make-up. These results agree with the results of Bello and Singh. (2013) and Abdelkhalek et al. (2015) who also
reported differences in 1000 grain weight among the varieties they worked with.

3.6 Biomass Yield

There were differences among the nitrogen rates and varieties in both seasons and the combined results (Table 2). More application of
nitrogen gave tall plants, more grain yield, and higher number of tillers per unit land area and total dry matter which collectively
resulted in higher biomass yield. These results confirm the findings of Rahim et al. (2010) that, increasing nitrogen led to linear
increase in biological yield. Assefa et al. (2015) reported that biomass yield of bread wheat increased with increasing application of N
and P fertilizer in a consistent manner.

Varieties significantly influenced biomass yield in both seasons and the combined result of the two years with the highest (11349 kg
ha-1) and the lowest of 9426 kg ha-1 of biomass from Reyna-28 and Cettia respectively. This concurs with the findings of Rahim et al.
(2010) and Alemu and Tesfay (2016) who reported differences in biological yield of wheat cultivars.

3.7 Grain Yield

Wheat grain yield was also significantly increased by different rates of nitrogen in the two seasons and their combined result
(Table 2). Maximum grain yield of 4081.9 ha was obtained from 120 kg N ha ** while minimum grain yield of 1699.3 kg ha * was
recoded from the control. This was attributed to the significant increase in the yield components most especially, number of grains
spike and weight of 1000 grains. This result is concordance with the work of Shah et al. (2011) who reported of maximum grain
yield from plots treated with 120 kg N ha, while minimum grain yield was recorded from control plots. The research agrees with the
report of Gionvani et al. (2012) that higher grain yield at higher nitrogen fertilization rates could be explained by better performance
of grain yield components, especially number of fertile tillers, number of grains spike™ and flag leaf length. These results are in full
agreement with the findings of Laghari et al, (2010) in Leghari and Hafeez. (2016) who recorded the maximum grain yield at 120: 60:
60 NPK kg ha™.
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There was significant varietal effect on grain yield in both seasons and combined result
where Reyna-28 differed from Cettia and Linfen with higher grain yield of 3722.7 kg ha™. This
could be attributed to the higher number of fertile tillers, more number of grains spike™ and
1000-grain weight obtained by Reyna-28 as compared to the other two varieties. This result
confirms the report of LCRI (2015) that out of the three varieties studied, Reyna-28 has higher
grain yield. This affirmed the report of Degewione et al. (2013) and Belete et al. (2018) that the
significant varietal effect obtained on grain yield and other traits reveals the existence of
sufficient genetic variability among the wheat varieties.

The reduction in grain yield during 2018 dry season could be connected to the
corresponding low production of the yield components in 2018 due to higher temperature as
evidently reported in the meteorological data (TSCOAJ, 2018). According to Akhmad (2015),
rapid development caused poor biomass production, restricted tilling, and low grain set at higher
temperatures of 23 0C and 30 0C (minimum and maximum) which significantly decreased grain
output. In Africa, because of adverse role of temperature in shortening the crop cycle duration
and evapotranspiration demand, crop yield is reduced (Sultan, 2012). This is supported by FAO
(2019) which reported lower world wheat production of 734 milliom metric tons in 2018/2019 as
compared to 771 mmt in 2017/2018 due to diverging weather condition. This assertion is
confirmed by the reports of (Sjerven, 2019 and Global Information and Early Warning System
on food and agriculture (GIEWS, 2019).

3.8 Harvest Index

Under different rates of nitrogen, harvest index differ significantly. Maximum harvest
index of 33.2 was obtained from 120 kg N ha* while minimum Harvest 25.5 was obtained from
180 kg N ha* which was statistically similar to 30 kg N ha® and 60 kg N ha. This might be
attributed to excess vegetative growth accompanied by decreased number of grains and grains
weight traits that contributed to total grain yield in higher nitrogen rates, while in the control and
lower nitrogen rates, the nutrients might have been exhausted during vegetative growth. Asif et
al. (2012) reported that harvest index significantly increased by increasing nitrogen fertilizer
rates. The results of this study disagree with the findings of Mahjourimajd et al. (2016) who
reported that harvest index showed no direct response to varying nitrogen application and
Tamang et al. (2017) who reported that highest harvest index was recorded at low nitrogen
application levels.

There were highly significant variations among the varieties on harvest index. Variety
Reyna-28 exhibits superior performance (32.1) in harvest index over Cettia (27.9) and Linfen
(24.9). This may be attributed to its genetic make-up which is expressed in its ability to better
utilize the environmental condition for better growth, development and final grain yield even at
low nitrogen application. This study is also in line with the earlier studies of Noureldin et al.
(2013) and Belete et al. (2018) who reported significant difference in harvest index among
varieties.
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Table 2: Effects of Nitrogen Rate and Varieties on Weight of 1000 Grains (g), Biomass Yield (kg ha-1), Grain Yield (kg ha-1)
and Harvest Index in during the 2017and 2018 Dry Seasons and Combined Result of the Two Years.

Nitrogen 1000 Grain Weight Biomass Yield Grain Yield Harvest Index

Level ) 2017 2018 Combined 2017 2018 Combined 2017 2018 Combined 2017 2018 Combined
(()kg ) 31.81 28.61 30.21 7673 5413 6543 2162.6 1236.1  1699.3 28.18 23.04 2561
30 33.26 29.09 31.17 8571 6195 7383 2341.3 15109  1926.1 27.31 24.05 25.68
60 36.04 30.62 33.33 10562 7180 8871 3001.6 1842.2  2421.9 28.54 2559  27.06
90 39.60 31.39 35.50 11907 8118 10012 3672.2 2700.0  3186.1 30.58 33.08 31.83
120 43.01 33.80 38.40 13306 11152 12229 4349.3 3814.6  4081.9 3257 33.83 33.20
150 38.25 32.90 35.57 14910 12012 13461 4246.5 3590.0 3918.2 28.34 29.64 28.99
180 35.56 33.52 34.54 15342 13043 14192 3827.6 34279  3627.7 2491 2610 2551
PofF <.001 <.001 <001 <.001 <.001 <.001 <.001 <.001 <001 <.001 <001 <001
LSD 0.638 0.224 0.320 5.587 35.28 17.20 42.78 40.10 27.77 0.328 0.448 0.263
Variety

Reyna-28 42.09 32.95 37.52 12589 10110 11349 4173.10 32723 37227 3290 3138 32.09
Cettia 35.68 29.67 32.68 10900 7951 9426 312220 21321  2627,2 29.02 26.72 27.87
Linfen 32.60 31.64 32.12 11770 8987 10379 2819.40 23619  2590.7 23.98 2571 24.85
PofF <.001 <.001 <001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <001
LSD 0.218 0.145 0.128 4.895 21.99 11.02 27.60 40.19 23.84 0.194 0.367 0.203
Interaction ~ ** fal *k fal *k fake *k *k ol *x *x ol

4.CONCLUSION AND RECOMMENDATIONS

Height, tillers, spikelets, and grain spikes of the plant were all strongly influenced by variable nitrogen rates. In terms of grain
production, Reyna-28 was the top-performing wheat variety, while nitrogen application at 120 kg N ha-1 was shown to be the optimal
rate for crop components and yield in the study area. Based on the results of the study, it is recommended for irrigated wheat
agriculture in the northern guinea savanna ecological zone to apply 120 kg N ha-1 and use the wheat variety Reyna-28.
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