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Abstract

Background: Soil fertility decline in agricultural land is due to intensive cropping system, shortening of the
fallow period, reduced manure application, extensive use of crop residues as fuel or fodder and removal of
ground cover. This study investigated the effect of biochar (BC), lime and farmyard manure (FYM) on
growth, yield and grain nutrient of wheat on croplands at two sites in the southern Ethiopia.

Result: Site significantly (P<0.05) influenced most growth parameters, yield and yield components, and
grain nutrient concentration of wheat. The effects of BC, lime, and FYM were significant (p < 0.001) on
straw yield, grain yield, and total biomass. However, BC (5t ha -1 ) produced the highest straw yield, grain
yield and total biomass. The effects of BC, FYM and lime were significant (P < 0.001) on spike length and
seed per spike. Similarly, BC and lime significantly (P < 0.001) affected plant height, number of total and
productive tillers. BC (5t ha -1 ) gave the highest plant height, total tillers and productive tillers, maximum
number of seeds per spike,while FYM (10 t ha -1 ) produced the highest spike length. Biochar, FYM and
lime significantly (p =0.001) affected thousand seed weight, but only BC had significant(p <0.001) effect
on harvest index. Biochar (5t ha -1 )and FYM (10 t ha -1 )produced the highest heaver thousand seed
weight and the highest harvest index. Biochar significantly (P < 0.05) increased the concentrations of P
and K of wheat grain. On the other hand, the highest effect on grain Ca concentration was from the
application of lime while the highest effect on grain N concentration was from the application FYM (10 t
ha-1).

Conclusion: The superior effect from BC was attributed to improvements in soil pH, CEC, nutrient
availability and water retention. In general, the use of BC could be better option to soil amendment for
wheat production on croplands of smallholder farmers.

1. Background

Wheat (Triticum aestivum, L.) is one of the most important cereal crops in terms of area and production.
Ethiopia is the largest wheat producers in sub-Saharan Africa (Minot et al. 2015) with an estimated area of
1.70 million ha and production of 4.6 million ton (CSA, 2018).In Ethiopia, the productivity of wheat has
increased from 1.3 tha™ in 1994(CSA 1995) to 2.7 tha ' in 2018(CSA 2018). Wheat production has grown
significantly over the past decades following government programs and initiatives implemented to drive
agricultural growth and food security. However, the current wheat production is inadequate to fill the gap
over the past decades (Minot et al., 2015) due to low soil fertility and soil fertility management practices
(Gebresselassie 2002).In 2013/14 the country imported 1.39 million metric ton, which is about 34 percent
of the domestic production and above 160 percent of the marketed wheat in the country (Minot et al.
2015).

Soil fertility decline in agricultural land is due to intensive cropping system, shortening of the fallow period,
reduced manure application, extensive use of crop residues as fuel or fodder and removal of ground cover
(Amede et al. 2001).The nutrient balance for the Sub-Sharan Africa (SSA) appears to be negative because
nutrient loses is greater than nutrient inputs (Agegnehu et al. 2014). Moreover, studies indicated that most
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Ethiopian agricultural soils have low fertility due to low rate of return of biomass to crop fields, continuous
nutrient uptake of crops, low fertilizer use and insufficient organic matter application (Gebrekidan 2003).
The major constraints to agricultural production in Ethiopian highlands could be the decline in soil organic
matter, nutrient imbalance as well as soil acidity problem (Agegnehu et al. 2014).The combined
application of organic and inorganic fertilizer is a productive approach to improve soil fertility
(Efthimiadou et al. 2010).

Studies in SSA including Ethiopia have reported the effect of inorganic and organic fertilizers on crop yield
(Efthimiadou et al. 2010; Waseem et al. 2013). The benefits of inorganic fertilizer have been widely
demonstrated since the green revolution (Vanlauwe et al. 2010); however, most smallholder farmers in SSA
cannot afford the recommended fertilizer due to high cost. Moreover, the application of inorganic fertilizer
alone is not a sustainable solution for improving soil fertility (Agegnehu et al. 2014). Other studies have
reported the effect of application of liming materials on crop yield (Negash and Rezene 2015).Little
studies reported the use of farmyard manure (FYM)on grain yield of wheat products (Efthimiadou et al.
2010). Amlinger et al. (2007) studied the effect of organic fertilizers by adding Ca in the form of calcium
carbonate. Enujeke (2013) found that application of poultry manure to improve maize productivity in
Asaba area of Delta State. Similarly, Ranva and Singh (2006) investigated the effect of Vermi compost on
wheat growth parameters and yield attributes. Biochar(BC) is an organic fertilizer, a form of charcoal,
produced at a relatively high temperature (400-700°C) in oxygen limited combustion (pyrolysis) of plant
biomass (Lehmann and Joseph 2009).Studies have reported the effect of BC amendment on yield
components of different crops in different parts of the world (Agboola and Moses 2015; Haileselassie et
al. 2015;Faruqueet al. 2017). A study by Faruque et al. (2017) investigated the utilization of BC on the
productivity mulberry plant. The effect of BC was studied on growth and yield attributes of in the
Mediterranean climate conditions (Manue/ et al. 2014).A review on biochar studies indicated that the
majority of the studies have been carried out in developed countries than developing countries (Agegnehu
et al. 2016). Few published reports are available on the investigation of the influence of BC on crop yield in
SSA as well as Ethiopia (Abewa et al. 2013, Hailesilasie et al. 2015).Therefore, this study was aimed to
investigate the effect of BC, lime, and FYM on growth parameters, yield and nutrient concentration in grain
and straw of wheat(Triticum aestivum, L.) in croplands at two sites in Wolaita Zone, Southern Ethiopia.

2. Materials And Methods

2.1. Experimental site

A field experiment was conducted on farmer fields at Gununo Hamusand Waja Kero kebeles of Damot
Sore and Sodo Zuria districts of Wolaita Zone in southern Ethiopia, respectively (Figure 1). Soddo, the
capital of Wolaita zone, is located 329 km south of Addis Ababa. The geographical coordinates of Gununo
Hamusis 37°39'0"-37°43'0"E, 6°55'0"-7°5'0"N and Waja Kero at37°40'0" - 37°45'0"E, 6°50'0" - 6°55'0"N.
Gununo Hamus is located 44 km southwest of Soddo town, while the Waja Kero is 5 km west of Soddo.
The altitude at Gununo Hamus and Waja Kero ranges from 1900 to 2100 m above sea level (asl). The
topography of the study areas is level to sloping land with slopes less than 16%. The rain fall in the area
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was characterized by bimodal distribution pattern and the main rainy season (Meher) is between June and
end of September and Belg is from late February to late March or early April. The mean monthly average
temperatures (°C) and mean monthly total rainfall (mm) of one year within the two sites are shown in
Figure 2. According to FAO/UNESCO soil map of the world, the dominant soil at GununoHamus is Ochric
Andosol and that of Waja Kero is EutricNitisols(http://www.fao.org/geonetwork/srv/en/metadata.show%3
Fid=14116).

2.2. Experimental materials, treatments and Design

The wheat variety ‘Kakaba’ was used as a test crop which was obtained from Wolaita zone agricultural
office. Lime, BC and FYM were used as soil amendments. The experimental design was randomized
complete block in factorial arrangement with three replications. The 27 treatments applied included BC,
FYM and lime and each treatment applied at three rates. Farmyard manure (cow dung and decomposed
for two months before application) was collected from farmer households in the study areas. It was
applied at rates 0, 5, and 10tha™ manually 2 weeks before sowing and incorporated using a spade within
24 h. Biochar used in the study was a crashed finer residue of charcoal collected from commercial
charcoal sellers in Wolaita Soddo town. Our assessment indicated that the charcoal producers use acacia
tree species Acacia penninrvisis which locally termed Odorua. The biochar in a charcoal form was ground
and sieved (0.25 mm mesh size) before application. It was applied at rates 0, 2, and 5tha”"manually 2
weeks before sowing and incorporated within 24 h of using a spade. The CaCO5 with a purity of 98 % was
used as the source of lime. The limestone (CaCO3) was obtained from Wolaita Zone Office of Agriculture.
Lime was applied at three rates in both sites, based on the lime requirement determination (LR). It was
applied broadcasting manually at the surface soil (0-15cm) month before sowing. The lime requirement
determined by the Shoemaker, Mclean and Pratt (SMP) buffer method to raise the pH to target pH values
of 6.5 is presented for two sites (Shoemaker et al., 1961). Accordingly, pH 5.6 and 5.4 were taken for
determining the lime rate used at Gununo Hamus and Waja Kero sites, respectively. From the
determination of lime requirement of soils of Gununo Hamus, lime was applied at the rates of 0, 2.9, 5.7
tha™ while for Waja Kero 0, 3.75, 7.5tha'to soil samples.

The fertilizers were obtained from Southern Nations Nationalities and Peoples Regional Bureau of
Agriculture and Natural Resources, soil testing laboratory. The mineral fertilizer plots received 120 kg N ha
1 as urea (46-0-0, N-P-K), 30 kg P ha™" as triple super phosphate (0-21-0, N-P-K) and 52 kg K ha™ as muriate
of potash (0-0-60, N-P-K). Half the N and full P and K were applied just before sowing of wheat. The
remaining N was applied as a top dressing at the tillering stage (35 days after sowing). All the treatments
were assigned randomly to the plots within a block. The spacing between plots and blocks were 0.5m and

1.5 m, respectively. Wheat was sown at the seeding rate of 100 kg ha'ina plot size of 3 m by 2 m having
row spacing of 20 cm.

2.2.1. Agronomic data collection and measurement
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Ten plants were randomly selected from each plot and plant height was measured from the baseto

the spike tip excluding awns using measuring tape and averaged to each plot (Bhatta et al. 2012).From
these data the number of total and productive tillers per plant were selected effective and non-effective
tillers plant were counted from each plot randomly and averaged to each plots. To measure spike length,
excluding the awns, was measured using measuring tape and averaged to each plot. Number of grains per
spike, was selected and filled and unfilled grains spike™ were counted and averaged to each plot. Total
biomass was determined after sun drying from the total weight of harvest at each plot. Grain yield was
measured from each plot after air drying and then weighed carefully and the straw yield was obtained by
the difference between total biomass and grain yield. Like grain yield, straw yield and total biomass were
expressed as kg ha™'.Yield components were calculated using standard protocols (Pask et al. 2012). From
these data the number hundred seeds weight were counted from sample of each plot after sun drying and
measured by an electrical balance and converted into thousand grain weights in kg. Harvest index(%) was
calculated as the fraction of grain yield to the total biomass times 100 was described by Huhm(1990a).
Weeds were managed by hand-weeding once followed by two hoeing by using a manually operated wheel-
hoe. Crop was harvested by hand and separated into grains (yield) and the rest of biomass.

2.2.2. Plant tissue analysis

Plant was sampled for grain from each plot was collected after harvesting time. The plant samples were
dried in air then ground in stainless steel Wiley mill and sieved (0.5mmmesh size). Ca and K in the plant
sample were determined after acid digestion method withH,0,/H,S0, (Okaleboet al. 2002). Then Ca was
analyzed by atomic absorption spectrophotometer, while K was analyzed by flame photometer. P
measured as described by Murphy and Riley (1962). The percent nitrogen content was determined by
Kjedahl method as described by Jackson (1958).

2.3. Statistical analysis

All ofthe data were analyzed using analysis of variance (ANOVA)with statistical analysis system (SAS)
program(SAS, 2017). The least significant difference (LSD) test was used to separate significantly
difference treatment mean were used at P < 0.05 level.

3. Result

3.1. Effect of biochar, lime and farmyard manure on growth parameters

The effect of site was significant (P < 0.05) for all growth parameters. The effects of BC, lime as well as
interaction effects of site x BC, site x FYM, site x BC x FYM and site x BC x lime were highly significant (P <
0.001) on plant height (Table 1). As presented in Table 2, plant height was higher at 5t ha™ of BC for both
sites. The effects of BC, lime as well as interaction effects of site x BC, site x BC x lime were highly
significant (p<0.001) on number of total and productive tillers (Table 1).The total tillers and productive
tillers were higher at 5tha™ of BC for both sites (Table 2).Moreover, the effects of BC, FYM, lime and the
interaction effects of site x BC, site x FYM and site x lime were significant on spike length and seed per
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spike (Table 1).The longest spike length was at 10tha™ FYM in both sites (Table 2). Likewise, the
maximum number of seeds per spike was at 5t BC ha'in both sites (Table 2).

3.2. Effect of biochar, lime and farmyard manure on yield and yield components

The effect of site was significant (P < 0.001) for most yield and yield components. The effects of BC, FYM,
limeas well as interaction effects of site x BC, site x lime and site x BC x lime were highly significant
(p<0.001) on grain yield, straw yield and total biomass (Table 3). The highest grain yield, straw yield and
total biomass were found for BC amendment (5 tha™)in both sites (Table 4).The effects of BC, FYM, lime
and interaction effect of site x BC and BC x FYM were highly significant (p <0.001) on thousand seed
weight (Table 3). The heaver thousand seed weight was at 10 t ha of FYM and 5t haof BC in Gununo
Hamus and Waja Kero, respectively (Table 4). The effects of BC, FYM and interaction effects of site x BC
and BC x FYM were highly significantly (p <0.001) on harvest index (Table 3). The highest harvest index
was found at 10 t ha of FYM and 5 t ha of BC in Gununo Hamus and Waja Kero, respectively (Table 4).

3.3. Effects of biochar, lime and farmyard manure on grain nutrient content of bread wheat

Site has significant effect (P < 0.001) on grain nutrient content of wheat (Table 5). The effects of BC, FYM,
lime were highly significant (p<0.001) on the concentration N, P K and Ca in grain of wheat (Table 3). The
highest grain N content was found at 10 t haof FYM and 5t ha™ BC for both sites (Table 6). The highest
grain P was found at 5t ha™ BC for both sites (Table 6). The highest grain K was found at 5t ha™ of BC in
Gununo Hamus and at 5t ha™'of BC for both sites (Table 6). The highest grain Ca was found at lime of 5.7
and 7.5tha™ in Gununo Hamus and Waja Kero sites, respectively (Table 6). The interaction effects of BC
and lime on wheat grain N, P and K were highly significant (p<0.001) (Table 5). The highest grain N
content (4.66%) was found at 5t ha™'of BC with 2 t ha™ lime (Fig 3). Similarly, the highest grain P (3.56%)
was found from the application of at 5t ha™ BC with 2ton ha™ Lime (fig 4). Moreover, the highest grain K
content (2.84) was from the highest rated of BC and lime interaction (Fig. 5).

4. Discussion

The study showed that acacia biochar (BC) amendment could have higher effect on plant growth, yield
and nutrient concentration of grain of wheat than farmyard manure and lime on cropland sin the southern
Ethiopia. Consistent with the present study, BC showed high impact on plant growth parameters of annual
crops such as maize, wheat, tomato and rice (Dunlop et al. 2015; Haileselassie et al. 2015; Agegnehu et al.
2016). Canadian agriBC improved growth of rice and sorghum (Asai et al. 2009). Agboola and Moses
(2015) showed that application of rice husk BC to soil improved yield of soybean. Wheat grain yield
increased by application of oil mallee waste BC (Solaiman et al. 2010).Similarly, mesquite BC increased
grain and straw yields of wheat (Haileselassie et al. 2015). Maize BC amendment significantly increased
the yield of maize and cassava (Abiven et al. 2015). Hossain et al. (2010) observed that sludge BC
amendment increased the yield of cherry and tomato. Similarly, Dunlop et al. (2015) found that tomato
crop green waste BC addition to soil improved the growth of tomato. Likewise, Edmunds (2012) reported
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that Switch grass BC application increased above-ground biomass yield in both switchgrass and sorghum.
In contrast, other studies demonstrated that woodchip BC had no effect on growth and yield of rice and
leaf beet (Lai et al. 2013).The finding of Borsari (2011) showed that maple BC had no effect on the growth
parameters of pea and wheat. The significant variation of BC on plant growth and yield parameters among
different studies in different sites could be ascribed to the effect of environmental factors (Shahzad et al.
2007).In review of BC, Lehmann et al.(2006) indicated BC in general improved the plant growth parameters
and yield in the tropical environment. The effect of BC amendment on plant growth and yield parameters
could be associated with improvements in soil pH, CEC, nutrient availability and water retention (Liang et
al. 2014).The increase in plant growth and yield parameters was attributed to the improved soil nutrient
supply and increased uptake of plant nutrients (Lehmann et al. 2006). Biochar addition to croplands was
shown to enhance water retention, sorption capacity, nutrients availability, andsoil organic carbon (Laird
2008).Moreover, BC characteristics also vary between experiments depending on feedstock and pyrolysis
temperature (Bird 2015).

In the present study, the grain N content was highest for FYM; grain P and K content was highest for
BC;andCa content was highest for lime. Grain N, P K and Ca concentrations were in the reported sufficiency
range for all treatments, with 4 - 5%, 0.24 - 0.36%, 2 - 3% and 0.28-0.42%,respectively(Barrett et al.,2017).
The highest application of FYM (10 t ha™) rate significantly increased the N concentration in wheat grain.
Likewise, Zahir and Ishaq (2006) reported that the maximum N concentration in grain wheat was found
from higher FYM. The next highest N concentration was found from BC. The finding of Major et al. (2010)
reported that N concentration in maize grains increased with application of ponderosa pine wood BC. BC
increased P concentration in grain. Likewise, Gonzaga et al.(2017)found that biosolids (sludge) BC
addition increased P concentration in grain of maize to provides improved seed formation and maturation
thereby improved the above ground of maize. However, cassava stemBC had no significant effect on P
content in green bean (Prapagdee and Tawinteung , 2017).The highest BC application (5t ha™) contributes
to high K concentration in wheat grain due to improved exchangeable K in the soil. The finding by
Prapagdee and Tawinteung (2017) showed increased K content in the grain bean by BC addition. Similar
with Jeffrey et al. (2019) found that Lodgepole pine chip BC addition significantly increased the
concentration of K in grain corn. With liming, increased Ca concentration in grain may indicate the increase
in crop growth and yield due to the amelioration of Al toxicity. This in agreement with finding by Beukes et
al. (2012) who reported that liming increased the Ca concentration in grain of maize crop. The high Cain
grain wheat concentration with higher lime rate provides the soil have high soil exchangeable Ca attributed
to improved Ca concentration in the soil (Bolanet al. 2003).

5. Conclusion

From the results of present study, it may be concluded that growth, yield and yield components as well as
nutrient in wheat grain were significantly influenced by different levels of BC, lime and farmyard manure
on croplands. This study demonstrated that the application of higher BC rate was superior on its impact
on growth parameters, yield, yield components and grain nutrients. The impact of BC was high on plant
height, spike length, seed per spikelet, tillers, grain yield, straw yield and total biomass at 5t ha™. Further,
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the highest harvest index and the heaver thousand seed weight were produced in the higher farmyard
manure rateat 10 t ha™'. Likewise, addition of higher BC rate at 5t ha™ produced thehigher nutrientsof P
and K ingrain wheat. However, the higher Ca ingrain was obtained in higher lime rate at 5.7 tha” and 7.5

thaowing to high Cacontent in lime. The higher N in grain was obtained in higher FYM rate at 10 t ha™.
The results showed that BC has enormous potential for the improvement of wheat growth and yield
parameters as well as grain nutrients. Thus, BChas great potential for use as soil amendmenton croplands
of the smallholder farmers in southern Ethiopia. We recommend further studies to be carried out to
investigate the optimum amount BC needed for wheat production at different levels of mineral fertilizer.
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Tables

Table 1: ANOVA for the Effect of BC, FYM and lime and their interaction effect on growth
parameters of Bread wheat.
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Source of variation DF Plant Spike Seedsper spike  Total tillersProductive tillers

heightength
FYM 2 ns * * ns ns
Lime 2 *k3k k3k k3k x *
Site x FYM 2 * * * ns ns
Site x Lime 2 ns * x ns ns
BC x FYM 4 ns ns ns ns ns
BC x Lime 4 ns ns ns ns ns
FYM x Lime 4 ns ns ns ns ns
Site x BC x FYM 4 * ns ns ns ns
Site x BC x Lime 4 *k ns ns Aok ok
Site x FYM x Lime 4 ns ns ns ns ns
BC x FYM x Lime 4 ns ns ns ns ns
Site x BCx FYM x Lime 8 ns ns ns ns ns

Table 2: Effects of BC, FYM and lime on mean values of plant height, spike length, number of
seeds per spike, total tillers and productive tillers of Bread wheat.

Table 3: ANOVA for the Effect of BC, FYM, lime and their interaction on total biomass, Grain
yield, straw yield and thousand seed weight and harvest index of Bread wheat.

Table 4: Effects of BC, FYM and lime on total biomass, grain yield, straw yield, thousand
seed weight and harvest index of Bread wheat.

Table 5: ANOVA for the Effect of BC, FYM and lime and their interaction effect on grain N,
P, K and Ca concentration of Bread wheat.
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Location Treatment Plant Spike Seed per Total Productive

(t hal) hei%f(lzlrt;1 ) length(cm) spike/m? til%ers / tillers/m2
m
% co 82.94°¢ 6.17° 3680 549  514b
5 83.08P 6.83P 3922  558ba  55gba
LSDgq, 83.602 7.442 3972 6262 5802
1.46 0.17 1.42 0.08 0.24
FYM O 82.80 7.48C 382 548 527
GununoHamus 5 84.14 7 4gb 382 585 563
10 82.69 . 392 586 576
LSDgo, ns 7.812 ns ns ns
0.20
0 82.11 7.47 380 536 535
Lime2.9 83.73 7.65 387 576 571
5.7 83.79 7.66 381 588 581
LSDs5, ns ns ns ns ns
% o 66.05¢ 6.17P 284¢  254¢  249b
5 70.06" 6.83P 316> 302> 298P
LSDsq, 73.902 7.442 3532 3772 3744
1.46 0.17 0.71 0.24 0.24
. 0 66.28P 6.73" 317> 297°  204b
Wajakero FYnb 69.91ba 6.80a 317> 307>  303be
LSDs5e, 70.812 6.912 3262 3282 32442
1.46 0.20 0.71 0.24 0.24
8. 55 68.22° 6.56° 304°¢ 2820  248b
e 70.09P 6.82P 317> 306>  296P
LSDsq, 71.692 7.062 3328 37442 3424
1.46 0.17 0.71 0.24 0.24
Source of DF Total Grain Straw Thousand seed Harvest
variation biomass yvield yield weight index
Lime 2 kk kk kk kk ns
Site x FYM 2 ns ns ns ns ns
Site x Lime 2 Fk o *k ns ns
BC x FYM 4 ns ns * *k *
BC x Lime 4 ns ns ns ns ns
FYM x Lime 4 ns ns ns ns ns
Site x BC x FYM 4 ns ns ns ns ns
Site x BC x Lime 4 ok *k *k ns ns
Site x FYM x Lime 4 ns ns ns ns ns
BCxFYMx Lime 4 ns ns ns ns ns
Site x BCx FYM x 8 ns ns ns ns ns

Lime

Table 6: Effect of BC, FYM and lime on grainN, P, K and Ca concentration of bread wheat.
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Location Treatment Total Grain Straw Thousand Harvest
tha-l biomass yield yield seed
(Kghal) (Kghal) (Kg ha- Wweight(g) Index
1) (%)
0 7926b 2595¢ 4039¢ 45.56¢ ggfﬁ
2 8144P 3312 5114>  50.00° 39 44
BC5 84342 35932 58802 52.152 ns
LSDso, 0.27 0.15 0.27 0.10
0 6634° 3051P 4824P 45.56P 37.59b
Gununofamus  FYMS5 8397° 3104 50942  50.00P 38.84b
LSDxo, 94732 33462 51982 55.122 39.932
0.23 0.15 0.27 0.10 0.16
0 7466° 2929° 4399  46.67° 38.03
Lime 2.9 gogeb 3205 4563  50.74P e
LSDxo, 87522 33662 47882 53.332 ns
0.27 0.15 0.27 0.10
BC2 0 4442° 1573¢ 2735¢ 44 .44°¢ 34.59°¢
5 6145P 2395P 38130 51.11° 35.33P
LSDso, 66332 27082 53432 57.782 38.672
0.74 0.27 0.63 0.02 0.25
0 c 2106 b 50.00 35.44
WajaKero FYM 5 Zgggb 2233 ggglllba 51.48 36.52
10 2337 52.85 36.60
LSDxo, 397748a ns 6136536':'1 ns ns
0 5368 1955P 33609 48.07P 35.52
Lime 3.75  gogs5b 2258  3781°  50.74 2520
LSDgo, 71532 24632 47412 54.072 ns
0.74 0.25 0.63 2.71
Source of variation DF GN GP GK GCa i
Lime 2 kkk kk kk kkk
Site x BC 2 ns ¥ ns ns
Site x FYM 2 ns ns ns ns
Site x Lime 2 ns ns ns ns
BC x FYM 4 ns ns * ns
BC x Lime 4 * ko Rk ns
FYM x Lime 4 ns ns ¥*¥ ns
Site x BC x FYM 4 ns ns ns ns
Site x BC x Lime 4 ns ns ns *k
Site x FYM x Lime 4 ns ns ns ns
BC x FYM x Lime 4 ns ns ** ns
Site x BC x FYM x Lime 8 ns ns k¥ ns
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Location Trez—iltment GN®) GP (@ K (%) G Ca (%)
tha-
BC2 0 4.34> 0.30° 2.80P 0.39P
5 4512 0.34> 2732 (.40
LSDs, 4.612 0.362 2.492 0.422
0.19 0.01 0.10 0.02
0 4.23¢ 0.32b 2.60°  0.38P
GununoHamus FYM 5 4.44> 033> 268  0.41ba
10
LSDxy, 4.872 0.342 2.782  (0.428
0.19 0.01 0.210 0.02
L 209 4.38> 0.32b 2.60P 0.36°
1mes. 4.54ba (.33pa . 70b 0.40P
5.7
LSDxy, 4.602 0.342 2.;38 8.6188
0.19 0.01 0. .
BC (2) 4.28¢ 0.32b 2.37b 0.35P
4.45b 0.342 2.50P 0.37P
5
LSDxy, 4.632 0.342 2.772 0.402
0.10 0.01 0.15 0.02
. 0 4.25¢ 0.33P 2.46P 0.36P0.37b2
WajaKero FYM 5 440> 0.34ba  2.54ba  (.3830.02
) 4.712 0.352 2.632
LSDxy, . . .
o 0.09 0.01 0.16
L g G5 433 0.33P 2.44b  0.33¢
e 0-2% 446> 0.34ba 253k (.37
LSDs,,  4.57° 0.342 2.662  0.412
0.09 0.01 0.16 0.02
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Figure 1

Location map of the study areas in Wolaita Zone (Damote sore and SodoZuria Districts).
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Mean monthly total rainfall (mm), maximum and minimum temperatures (°C) of the study areas from
2016-2017 (Source: National Meteorological Agency, Hawassa branch).
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Figure 6

The Effect of BC and Lime interaction on grain N content (%) of wheat.
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Figure 8

The effect of BC and lime interaction on grain P content of wheat.
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Figure 9

The effect of BC and lime interaction on grain K content of wheat.
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