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ABSTRACT

A field experiment was carried out by sowing whéRtiticum aestivum L.) in Hawassa Agricultural cle
Farm, Sothern Nations and Nationalities Statestbfopia to quantify the effect of increasing thedeof nitrogen (N)
fertilizer from 0 to 100 kg /ha application on tgeowth and dry matter application. It was appliesing Randomized
complete Block Design with four replications. Thiady quantified the effect of nitrogen (N) on leaka index, leaf area
ratio, growth rate, assimilation rate and total wsight. Dry weight of wheat was showed significdifterences between
treatments at (p = 0.05). Leaf area index, lead aa¢io, growth rate and assimilation rate weraificantly affected by the
rate of nitrogen fertilizers. Nitrogen at 100 kgfiave significantly higher leaf area index, leadaaratio, growth rate and
assimilation rate. The highest total dry weight watined when N level is 100 and the lowest valas obtained when N

level is O.
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INTRODUCTION

Crops are the major agricultural commodities onclwhthe Ethiopians depend for their daily food. Ehare no
substitutes for cereals, pulses and oil cropsHerEthiopian masses. Because of the poor perfomnaithe agricultural
sector and the growing of population, which isreated at over 70 million and growing at a rate a2 per annum,
intensification of agriculture, is very critical &, 2010). As a result, there has been an oveffalitén the country to
increase agricultural productivity to meet the girmyvdemand for food and agricultural raw materidisiong the major
cereal crops, wheat is the most widely consumegscio the country. Wheat is the third importanteegrcrop after teff
(Eragrostis tef) and maize 4ea mays) in area coverage (CSA, 2010). The total area undheat {riticum aestivum L.)
was about 1.75 million hectares (ha) in 2009/20E0nntropping season, grown primarily as a highleasid-fed crop.
Mean wheat yields are around 1.86 tons/ha, wethvwaxperimental yields of over 5 tons/ha. Ethiopiaurrent annual

wheat production of approximately 3.24 million tassnsufficient to meet the domestic needs (CSH,®.

At critical growth stages, availability of nitrogdertilizers in the soil is the major yield limitinfactors of wheat.
Since it enhance protein, protoplasm and chlordgbyination. These cell components in return shasitive influence
on cell size, leaf area and ultimately photosyrithattivity (Rahmanet al., 2000). Nutrient management offers the
opportunity for increasing wheat growth, yield atednutrient components (Dilshatial., 2010; Aslanet al., 2011b). It is
a key factor to high yields and optimum economtames by playing an important role in crop productyi (Dilshadet al.,
2011). Nitrogen deficiency constitutes one of threganyield limiting factors for cereal productioBdrwaret al., 2012). A

number of recent soil fertility surveys have reeelathat among the essential nutrient elements (K, B, Mg, etc.) soils
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10 Shitahun Alemu

are mostly deficient in nitrogen (Shaheatral., 2011). Appropriate fertilizer application ratshance and increase in net
assimilation rate (NAR) which is attributed to ieased photosynthetic capacity of the leaves wittraved nutrition of
the plants (Ahmadtt al., 1990). The Relative Growth Rate (RGR) improvdathwhe increasing levels of nitrogen
(Warraichet al., 2002).

There for the objective of this study was to analyze effect of nitrogen fertilizer amount on thewth and

development and dry matter accumulation of wheat.

MATERIALS AND METHODS

Experimental Site Description

The experiments of this study were conducted witleat during March through May of 2014 at the fainthe
Hawassa University College of Agriculture, Hawadsthiopia which lies between the geographical covates of (7.08
°N, 38.48 °E) and an altitude of 1750m asl. Theeexpental site is located at about 272 km away ftbencapital city,
Addis Ababa, in the South West direction. Accordiogthe weather record from the Hawassa Regionakdfelogy
Station the total rainfall of the study area durihg growing season (March - May 2014) was 285 mchthe minimum

and maximum temperatures were 29 andc20espectively.
Treatments and Experimental Design

The experiment comprised of three treatments (thatss) of N as urea super granule (0, 50 and gtakurea).
These three treatments were laid down in a randmdnipmplete block design with four replicationseTiot size of the
experiment was 2 m x 1.2 m = 2 Zaccommodating 6 rows, and rows spaced 20 cm apartrolengths. The blocks and

plots were separated by 0.5m wide open spaces.
Experimental Materials and Procedures

The experimental field was prepared using locatiating hoe according to farmers' conventionalnfiag
practices. Following the seed bed preparatioreld fayout was prepared on the experimental fielddcordance with the
specifications of the design, and each treatmestagaigned randomly to experimental units withblagk. The test crop
used in the study were Whedtiticum aestivum), which have been widely produced by the farmarsiawassa. Urea
having N, P and K ratio of (46-0-0) and Triple sepphosphate was used as sources of N and P, tigspedialf of the N
fertilizer was applied at planting basal, and thmaining half was side dressed at tillering andftileeecommended rate
of phosphorus (46 kg/ha,®s) in triple super phosphate (TSP) form was appéé#icht basal to all experimental plots.
Seeds of whedf. aestivum L.) were sown by drilling along the rows at the ratés0kg/ha. Sowing was completed on the

same day and all necessary cultural practices ammpoyed uniformly to raise a successful crop.
Crop Data Collection on Growth Parameters

Leaf area of wheat were recorded at 26 days alétipg by harvesting the crop from two rows 20@n éach
rows (0.2m x 0.2m x 2 = 0.08%nof the plot by leaving the first row to minimiberder effect for all plots. The sample
was taken to laboratory and leaf area and freslgiweiias measured and dry weight was measured thfesample is
dried using dry oven. Similarly, the second datz atso taken after 15 days of the first data cblacin the same way.
Finally all above ground biomass was harvested feach plot and total dry weight was measured bygagkample to dry
oven and the sample dry weight was converted & bddbmass. Then Net Assimilation Rate (NAR), Laeda index, crop
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growth rate, leaf area ratio and crop growth r&&R) were determined through the procedures giyeGdrdneret al.
(1985): The main growth analysis parameters amutzked using the following equations.

» Leaf area Index(LAI) =A/p where; A = Leaf area and P =ground area

«  Crop Growth Rate (CGR) = W-W,=g/nfd

P(B-Ty
* ;where W and W, are the first and second dry biomass weight, P(glmund) area and &nd } are the first and
second sampling times respectively.
+  Specific leaf area ratio(SLR) (cnf/g) = A/ Where A and W leaf area and leaf dry weight respectively.

« LeafArea Ratio (LAR) =LA/W; where, LA= leaf area; W=dry weight tfie whole plant in 0.08harea.

e Crop growth rate = W~-W,; X 1
T,-T,:GA

*  Where; W = Final dry weight, W = Previous dry weight of plants, ¥ Weight recording time, T= Previous

weight recording time and GA = Ground area

» Total biomass: above ground biomass of the plant was measured edactronic sensitive balance. From each
plots of one row in 0.2m x 2m = 0.4rareas were harvested and sun-dried to constaghtsefor determination

of total biomass.
Statistical Analysis

The data recorded in this study were subjectechtdyais of variance using statistical procedurescdieed by
Gomez and Gomez (1984) with the help of SAS siedilssoftware. The Fisher’s LSD mean comparisonhoetat 5%
level of significance was used to separate thenreat means and compare the effects of differaatnaitrogen fertilizer

on total biomass of wheat.

RESULTS AND DISCUSSIONS
Leaf Area Ratio (LAR) and Specific Leaf Area (SLA)

The leaf area ratio values increases with incrgablinievel. The highest value of leaf area ratio whsained
when N level is 100kg/ha and when N level is 50kgths relatively smaller and when N level Okgihés the lowest of

all. As leaf area ratio increases assimilatory maténcreases and resulted an increasing dry matteumulation at final

harvest.
Table 1: Leaf Area Ratio of Wheat to Different Levéds of Wheat at Two Different Days
Mean LAR at 26 Mean SLA at 26 Mean SLA at 41
Treatments Days Mean LAR at 41 Days Days Days
TON 0.01910 + 0.001159 0.006544 + 0.001703 0.02208€01165| 0.008717 + 0.002290
T50N 0.02193 + 0.003939 0.007148 + 0.001334  0.02564€04193| 0.009664 + 0.001724
T100N 0.03556 + 0.010648§ 0.008668 + 0.001165 04410.011907] 0.011536 + 0.001508

The different levels of N on specific leaf area sgghificant effects. The specific leaf area wex@1074, 0.02218
and 0.02564cffg at the first sampling date (26 days after soyvingd 0.008717, 0.011536 and 0.00966%grfor N 0,
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N50 and N100 kg/ha respectively, at the second bagngate (41 days after sowing) Table 1. As the @ N application

increases specific leaf area increases (Figure. 1) Meziane and Shipley, (2001) reported that the d&eeh is the forcing

variable that directly affects both leaf nitrogewdls and net photosynthetic rates. Leaf nitrogem tdirectly affects net

photosynthetic rates.
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Figure 1: The Relationship between Nitrogen LevelgVith Leaf Area Ratio (LAR) (A) and Specific Leaf Area
(SLA) (B). As the Level of Nitrogen Fertilizer Increases the Leaf Area Increases So That Light
Interception Increases and Then Assimilation and Dy Matter Accumulation Also Increases

Leaf Area Index (LAI)

Leaf area index at 26 and 41 days after sowing (Dw&s determined Table 2. Results showed significan

difference among various nitrogen levels for le@&laindex. The highest leaf area index after 264dndays was 28207.47

and 67315.19 respectively found in the treatmecgiving 100 kg N/ha. The lowest leaf area inderra®6 and 41 days
was 15722.75 and 39504.38 respectively found irirr@@ment receiving 0 kg N/ha.

Table 2: Leaf Area Index at 26 and 41 Days after Sang (DAS)

Treatments | Mean LAl at 26 Days | Mean LAl at 41 Days
TON 15722.75 + 3147 39504.38 + 6544
T50N 26628.5 + 1860 48828.75 + 8274

T100N 28207.47 + 1933 67315.19 + 14944

Increasing nitrogen rates increased the leaf agexias the highest value was at 100 kg/N ha Figutdlen and

Morgan, (1972) reported that the increase in LAr@sponse to an increase in N fertilizer is propahle to enhanced

availability of nitrogen which enhanced more leafaaresulting in higher photo assimilates and theme more dry matter

accumulation. Also, Squiret al. (1987) established that the main effect of N ligdr was to increase the rate of leaf

expansion, leading to increased interception diydailar radiation by the canopy.
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Figure 2: Explains the Relationship between Nitroge Levels and Leaf Area Index of Wheat

As the rate of N application increases the leaf anelex increases thereby increasing photo assesikand dry
matter accumulations.

Crop Growth Rate (CGR) and Net Assimilation Rate (NAR)

The rates of N fertilizer significantly enhancee itrop growth rate Table 3. The highest crop graath 19.58
g/nf/d was recorded in 100 kg N/ha. As the rate of Miliger application increases from Okg/ha to 10@igthe crop
growth rate increases from 11.81 glinto 19.58 g/rfid. The increase in CGR ultimately increases totglmatter at the
end of growing season. Rahmetral., (2000) reported that the increase in CGR atdrighlevels was mainly due to larger
LAI, since CGR is a product of the LAl and Net Amgation Rate (NAR). Nitrogen application createdignificant
impact on leaf photosynthesis, leaf area index, @éagp growth rate and biomass production of wh€atiser, (2005)
reported that high nitrogen levels increased leahaleaf number and vegetative growth of plants timcreasing the

photosynthetic capacity; consequently the highgmaitter produced increasing crop growth rate (CGR)

Table 3: The Effect of N Fertilizer on Growth Ratesand Net Assimilation Rates of Wheat

Crop Net
Treatments Growth AssllQrzltlgélon
REHES G/ICm2/D
TON 11.81 + 1.515 0.50
T50N 12.44 + 4 572 0.70
T100N 19.58 + 5.957 0.98

The Net Assimilation Rate (NAR) of wheat was sigrfitly increased with increased application ofagien
fertilizers Table 3. The NAR was 0.78, 0.50 and70id the treatments receiving nitrogen at 100 kgBtakg/ha and 0
kg/ha respectively. Increase in net assimilatide emhances photosynthetic capacity of leaves iwigimoved nutrition of
the plants thereby increasing dry matter accunuriat final harvest (Ahmaet al., 1990).
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Figure 3: The Relationship between Nitrogen Levelrad Net Assimilation and Crop Growth Rates

Total Dry Weight

The analysis of variance on the average dry wagightluced showed significant differences betweeatriments
(different rate of N fertilizer) at 5% probabilipAppendix 1).

The total above ground biomass of the crop wasfgigntly influenced by application of N fertilizer The rates
of N fertilizer significantly enhanced the dry whtgThe highest dry weight rate was 719.6 kg/haneed in N100 (100
kg N/ha). The lowest dry weight rate was 324.4 agérorded in NO (0 kg N/ha) Table 4.

Table 4: Effect of Different Level of Nitrogen on Dy Weight of Wheat

Treatment (N Dry
Tone/Ha) Weight(Kg/Ha)
0 324.4 + 18.53
50 568.2 + 71.24
100 719.6 + 51.44
LSD (5%) 199.7
CV (%) 215
Note - Means having different letters are significgrdifferent from each other
Dry weight(kg/ha)
800
600 /
400
200 ~— —&— Dry weight(kg/ha)
0 T T 1
TON T50N T100N

Figure 4: Explains the Relationship between Nitroge Levels and Total Dry Matter of Wheat

As the rate of N fertilizer application increashse total dry weight also increases. Nitrogen apgiin creates a
significant increase on leaf photosynthesis, leefaaindex, crop growth rate and biomass productibnwheat
(Rahmaret al., 2000).

CONCLUSIONS

This study compared different rates of N fertilizgplication on the growth parameters of wheat .cAdipof the
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growth characteristics were improved with increasidbgen levels bearing maximum values at the dsginate of 100 kg
N/ha. The leaf area (both specific leaf area aafl deea ratio) increases as the levels of nitrdgetiizer increases to
100kg N/ha. As leaf area increases assimilatoryeri@tincreases and resulted an increasing dryematicumulation at
final harvest. Increasing nitrogen rates incredgbedeaf area index having the highest value atkgdN ha. As the rate of
N fertilizer application increases from Okg/ha tB0kg/ha the crop growth rate increases and thesedse in CGR
ultimately increases total dry matter at the endrofving season. Based on these, the study corglodesasing rate of N

fertilizer from 0 to 100 kg N/ha increases the ltdiy matter production of wheat.
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APPENDICES

Appendix 1: Analysis of Variance of Dry Matter Accumulation of Wheat Grown at Hawassa, Southern Ethio@

Source of Variation | DF SS MS F Calculated | Sign. At5 %
Replication 3 16864 56 0.42 NS
Treatment 2| 318094 21 11.94 *
Error 6 | 79912| 159047

Total 11| 414871 13319
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