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Introduction: Corn (Zea mays L.) ranks alongside wheat and rice as a major staple crop, valued for its
nutritional role and as a primary feed source for livestock. In Iran, forage corn is critical, with demand
reaching about 15 million tons of silage annually (Bazri ef al., 2021). Domestic production covers this
requirement, but the system faces persistent sustainability challenges. Nitrogen use efficiency is low—
around 29% compared with a global mean of 33%—and this inefficiency drives both economic loss and
environmental damage through nitrate leaching and water contamination (Kazemi et al., 2018). Heavy
reliance on chemical fertilizers, particularly urea, worsens the situation by endangering groundwater and
raising health concerns, including methemoglobinemia and certain cancers (WHO, 2017; Sidana et al.,
2023). A shift toward sustainable practices has been proposed, replacing some chemical inputs with
alternatives such as biochar, organic manure, and other amendments. These materials can improve soil
properties and reduce ecological risks (Gliessman, 2014; Kizilkaya, 2008). Biochar, produced by
pyrolyzing plant residues under oxygen-limited conditions, is stable in soil, enhances fertility, and
contributes to carbon sequestration (Darby et al., 2024; Feng et al., 2012). The present study examined
forage yield and quality responses when biochar was combined with fertilizers and amendments,
including cattle manure, slurry, and their mixtures.

Materials and Methods: The trial was carried out at the Ferdowsi University of Mashhad’s research
farm station during 2021 and 2022. The site lies in a semi-arid zone, with a mean annual temperature of
15.7°C and a mean yearly rainfall of 256 mm. A split-plot layout based on a randomized Complete Block
Design (RCBD) with three replications was used. Main plots were biochar (applied or not), and subplots
included seven fertilizer treatments: control (C), urea fertilizer (U), cattle manure (M), slurry (S), and
three mixtures (UM, US, MS). Biochar was added only in the first season at 20 t/ha, following earlier
recommendations (Kabir et al., 2023; Qiu et al., 2024). Fertilizer rates were adjusted to nitrogen
equivalence: 340 kg/ha urea fertilizer, 50 t/ha cattle manure, 60.15 m*ha slurry. Slurry originated from
cattle waste, fermented aerobically with Bacillus, then sterilized using ozone. Before sowing, soil,
biochar, and slurry samples were analyzed for physical and chemical traits. Corn was planted with
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pneumatic seeders at 143,000 plants/ha. Irrigation was applied via a drip tape to maintain a 60%
depletion of field capacity. Urea treatments were split across the 4-leaf, 6-leaf, and tasseling stages.
Weeds were removed manually, and no pest or disease incidence was recorded. The indicators studied
included corn forage yield and quality characteristics, such as neutral detergent insoluble fiber and acidic
detergent insoluble fiber, which measure the amount of cell wall and hemicellulose-free cell wall in the
forage. Data analysis of variance was performed using SAS v9.1 software, and MS Excel 2019 was used
for mathematical calculations and preparing figures. For mean comparisons, the LSD test was used at a
probability level of 5%. After an initial examination of the homogeneity of the error variances between
the two years' data using the Bartlett test, it was found that many traits did not exhibit homogeneity, so
the data for each year were analyzed separately for variance.

Results and Discussion: Biochar combined with fertilizers significantly influenced forage yield and
quality. Plots with biochar showed improved soil structure and nutrient retention, consistent with earlier
findings of enhanced water-holding capacity and microbial activity (Zhang et al., 2009; Yuniwati, 2018;
Liu, 2024). Mixtures of manure and chemical fertilizers, particularly UM and MS, produced higher
yields and improved forage quality traits: acid detergent fiber (ADF), neutral detergent fiber (NDF),
total digestible nutrients (TDN), dry matter intake (DMI), and net energy for lactation (NEL), all critical
for livestock feeding efficiency (Pedersen, 2017). Evidence also indicates that manure—slurry
combinations support microbial diversity and nutrient cycling (Zhang et al., 2024; Wang et al., 2024).
Biochar’s role in carbon stabilization and nitrogen retention is especially relevant in Iranian soils with
low organic matter. Slurry provided readily available nitrogen, complementing the slower release from
manure, ensuring a steady nutrient supply. Results indicated that biochar mitigated excess nitrogen,
reducing the risk of nitrate contamination and related health issues (WHO, 2017; Sidana et al., 2023).
Some reports (Darby et al., 2024) noted limited yield effects from biochar alone, but in this experiment,
its integration with amendments clearly enhanced both yield and forage quality. Mixing biochar with
fertilizers thus improves forage corn output, decreases dependence on chemical inputs, and strengthens
soil condition.

Keywords: Acid detergent fiber, Dry matter intake, Forage Quality, Neutral detergent fiber, Net energy
for lactation
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Figure 1- Average minimum and maximum temperature of the test site in 2021 & 2022
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Table 1- Physicochemical properties of the farm soil, cattle manure, and livestock leachate used in the

experiment
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Table 2 - Amount of nitrogen in fertilizing amendments and amount used (calculated) of each in the
experiment
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Table 3 - ANOVA of corn forage yield under different treatments during the experiment years
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Figure 2 - Main effects of biochar (top row) and fertilizer type on corn forage yield in 2021 and 2022
(The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C for control, M for Cattle
manure, MS for dual combination of cattle manure and slurry, S for slurry, U for urea chemical fertilizer, UM for dual
combination of urea and cattle manure, and US for dual combination of urea and slurry)



2 Mo LB 31 oyl 5 )lsn b cuS 5 53 ohagd 55l 355 jl ool &Sm0 (litis 0l ploxil sla g ) 2
hosd 5 (So38 Slo ga s Sl )3 Sol5 368 i J) o b Bdes 31 cpl )0 ashs €3 3,Shae ol
x5 sl il O (60085 2o 5185 5 (a9 See il G S i3 3500y el J ST
o ol ]y Callan 0y Lyl g il ySan | ol (gldsdss celasl ol sl e ool 365 Lo i yolie
Cogii ) (5y908 yolis Ol p3 ol LUy el 395 Bpan 3ol Sl S Jlosle lalil el 52 (938l sles
@ ¢ ol 555 . (Young and Sherman, 2024) 35 i 0 yoxe Jomaso S g oS e 4 «Coled 50 g 03)S
555 48 ool 5 Ol 39 (oo 58D sl 3 il e 98 crio e olsie & slS 355 o
38 des o 53 9 > al 8l (k295 B pobodr |y ()39 yi 9 K e ke (gdke polis ke Wl oo ol
3, Sles g 39 pw cdale 13 (ol V¥ Liolidl cel old 365 5l ealaiwl (Sl lgieds A isy daupo 1y Joaze
.(Lentz & Ippolito, 2012) ué sals 09,5 4 Cund (o gkow <)
> 2 (o> lped 855 oo )15 ool ] 3)90 (gbew )3 CllS )3 (o @lie Glpier s el 5 (ol il
o3l coledllas 51 By 13 a8 S8 sl )0 3 Sas dguty 4 MilgS o ¢ olie polis g gy YL clale
‘Ahmed et al., 2019) cuol oads olS law o5 (5950 ol Dot g (459 Cauds alS &y yomio cold al s
) 3> gk )3 5 Shos ey ¢ 590 olend 365 G lgie 4 3 6,9l (Sherman et al., 2021
.(Nilahyane et al., 2018 ¢ Safdarian et al., 2014
Bgle (&S gl S 59
3 ool s 1y 355 £ Ve Jlo 533 ol gl S gupms T 0332905 3190 43 Jglonali
93 onl iiSem 9365 9 o | 31 g Jlege (o | 31 550F ) Jlo )3 (¥ Jgi2) 392 55 sme (sipmo T odiagd
2 Joleell pud o> (it Voo Jlo 3 (¥ Jouo) 392 5l dne (gl oo 55 Jolonal b dop> 2 Jule
> 4l + 595 358 o )3 (a3 (eSSl e )3 g b ) b 4 (45l 355 Lo | (sl otypd
3 Jolool pod do 13 < 695 35 Jlaws ;5 o5 (565 L yune pae i) C Hles b dunglio ) (¥ JS5) Sol Cawday
2,5 Iy ials aals 09,5 4 Cund asli cpl do )0 b jlewd plo )0 9 (o0 V) ol lis Lial58] (samwl 0ai 9
Cusly olaidl (1o )3 ¥Y) (ol alpedt oliand 355 Jlod & ()2 3590 a3 SIS (g yidin L) (e
(¥ Js9)
395 o 3 (sdp | ogd )3 Jolonal yud b 3 (i Sloge 2,)8 lalpd VY Jlo o0l plis ol
o35 13 S ottigd 13 olonal b o 3 (i g 205 i bl 3 o8 Jlo 3 0] sy (558
b b )3 53 lagn 3 pie s duylie Glrge Bras bulyd ) Jlo ppl )3 (Y USG ) el s 54,
(Dl ae 3 V) bl (ials (595 355 Jlowi J2 4 (9395 Glajlowd ol Ao > (dpw lodingd )3 Jolowal
S8 pae bl il 3 .cdbly (olaid] (ials o 3 VF) o alyd jlos & wyp 3y50 a3l Lials oy i
o g o g 8l Bl Saling)S L dwolie )3 byjlosd dod )3 (gipl 0digd )3 Jolowels yud wop> g
JS8) caly polaidl (3053 VW) (59 295 9 (10,3 ¥T) (ol it olend 355" (slajlow 4 w5 4 ialS
s

SialesT sboo s b o alies sl L I8 Ll o (3 &8 ddsle aeS Sliogas il ls 4 —4 Jgu
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Figure 3- ADF in treatments in 2021and biochar x fertilizer interaction in 2022
(The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C for control, M for Cattle

manure, MS for dual combination of cattle manure and slurry, S for slurry, U for urea chemical fertilizer, UM for dual
combination of urea and cattle manure, and US for dual combination of urea and slurry)
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Figure 4- NDF in treatments in 2021and biochar x fertilizer interaction in 2022
(The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C for control, M for Cattle

manure, MS for dual combination of cattle manure and slurry, S for slurry, U for urea chemical fertilizer, UM for dual
combination of urea and cattle manure, and US for dual combination of urea and slurry)
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Figure 5- NDF in treatments in 2021and biochar x fertilizer interaction in 2022
(The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C for control, M
for Cattle manure, MS for dual combination of cattle manure and slurry, S for slurry, U for urea chemical
fertilizer, UM for dual combination of urea and cattle manure, and US for dual combination of urea and slurry)
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Figure 6- DMI in treatments in 2021and biochar x fertilizer interaction in 2022
(The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C for control, M
for Cattle manure, MS for dual combination of cattle manure and slurry, S for slurry, U for urea chemical
fertilizer, UM for dual combination of urea and cattle manure, and US for dual combination of urea and
slurry)
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Figure 7- NEL in treatments in 2021and biochar x fertilizer interaction in 2022
(The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C for control, M for Cattle
manure, MS for dual combination of cattle manure and slurry, S for slurry, U for urea chemical fertilizer, UM for dual
combination of urea and cattle manure, and US for dual combination of urea and slurry)
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