IMPACT OF DIFFERENT SOURCES AND LEVELS OF BIOCHAR ON MAIZE GROWTH AND
YIELDINA VERTISOL

Abstract:

Biochar preparation is one of the beneficial technologies for crop residue management.
Theproduction and use of biochar have many opportunities for soil improvement and
agriculturalproductivity. A field experiment was laid out in Factorial RBD, to assess the
potential effectof biochar derived from maize cob rind, coconut shell and Prosopis spson
growth and yieldof maize grown in Kharifseason 2022. Treatments comprised of firstfactoras
biocharsources viz., maize cob rind biochar, Prosopis spshiochar and coconut shell biochar,
secondfactor as application rates viz., 7.5, 10 and 15 t ha™ along with RPP without FYM, RPP
andabsolute control with three replications. Among the different biochar sources PSB
recordedsignificantly higher total dry matter (188.21 g plant™), grain weight per cob (174.44
g cob™),grain yield (59.60 q ha™) and Stover yield (81.22 q ha™). Among the different rates
of biocharapplication, significantly higher total dry matter (196.00 g plant™), grain weight per
cob(183.02 g cob™), grain yield (57.55 q ha™), stover yield (88.94) were recorded with
biocharsapplication of 15 t ha™. However, lower values were recorded in absolute control.
Among thelnteraction effect between the sources and rate of biochar application was found to
be non-significant with yield and soil parameters. Therefore, effect of biochar on the
availability ofsoil nutrients is associated with the nature of the biochar feedstock, the rate of

application andthesoil characteristics.
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1. Introduction

Maize is one of the most important cereal crops of India and plays a dominant role in
theindustrial and agricultural economy of India. In order to attain higher vyields,
indiscriminateuse of inorganic fertilizers and pesticides has led to decline in soil fertility and
undesirableside effects leading to soil beneficial microorganisms and contamination of food,
water

andenvironmentalpollutionleadingtoendangermentofhumanhealth(Karthiketal.,2019) This



phenomenonhasurgedtoimprovethesoilhealthandqualityinsustainablemanneralongwithattainin

ghigheryield.

The use of biochar, a carbonaceous material produced via pyrolysis of locally
availablebiomass has been shown profound effectiveness in improving the physical, chemical
andbiological properties with effective retaining capability of most nutrients to the crop
(Singh etal. 2012). Most of the crop and agroforestry residues from rainfed areas are burnt in
the fielddue to difficulties in disposing the heavy residues creating a necessity for biochar
production(Venkatesh et al. 2018). Biochar can be produced from agricultural residues and
by productswhich cannot fetch monetary return like cobs of maize and pearlmillet, stalks
from cotton andmaize, straws from rice and wheat, along with agro-industrial waste like
paper mill waste jatropha husk, coffee husk, coconut shell and cocoa pod husk can be
effectively utilized forthepreparation ofbiochar (Purakayasthaet al. 2015).

Biochar application results in decrease in soil bulk density, increasing soil fertility
andstructure, improved water holding capacity, organic carbon content, availability of
nutrientsand biological properties (Berihun et al. 2017). Moreover, it also serves as a better
alternateforotherorganicmanuresasitdoessimilarworkasthatofFY Mandothercomposts,but,ina
compact and effective way vyielding earlier crop response. The present study has
beenformulated in order to evaluate the impact of different sources of biochar supplied in
differentdoseson thegrowth,yield parameters of maize.

2. MATERIALANDMETHODS

Field experiment was carried out during 2021-22 Kharif to study the potential effect
ofbiochar derived from maize cob rind, Prosopis spsand coconut shell biochar on growth
andyield of maize grown under rainfed condition. The soil of the experimental site was
clayey intexture which was neutral in nature (pH 7.33), with low salt content (0.20 dSm™)
and loworganiccarboncontent(4.50gka™). Theavailablenitrogen(113.00kgha
Ywaslow,available phosphorus (38.50 kg ha™) was medium, available potassium (538.00 kg
ha®) statuswas high. The exchangeable Ca and Mg were 21.00 and 12.0 ¢ mol (p+) kg™,
availablesulphur 16.0 mg kg™, and all the DTPA extractable micronutrients were above the
criticallimit(Fe-4.69, Mn -5.25, and Cu-2.10 mgkg*)except Zn (0.55 mgkg™).

The experiment was including twelve treatments consisting of 3 sources of biochar

viz.,maizecobrindbiochar,Prosopisspshiocharandcoconutshellbiocharand3levelsof



biochar at 7.5, 10 and 15 t ha™. The treatments viz., T:: Absolute control, T,: RDF alone,
T3:RPP, T4: RPP + Maize cob rind biocharat 7.5 t ha™, Ts: RPP + Maize cob rind biochar
at10 tha™, Ts: RPP + Maize cob rind biochar at 15 t ha™, T;: RPP + Prosopis spsbhiochar at7.5
t hal, T8: RPP + Prosopis spshiochar at10 t ha™, To: RPP + Prosopis spsbiochar at 15 t ha™,
T10:RPP + Coconut shell biochar at 7.5 t ha™, Ti;: RPP + Coconut shell biochar at10 t ha™
andT1,:RPP+Coconutshellbiocharat15tha’

! Therecommendeddoseoffertilizer(N:P,0s:K,0at100:50:30kgha”
Ywasappliedcommonlytoallthetreatmentsexceptabsolute control. FYM was not applied to T,
to T1, treatments. The treatments were imposedin factorial randomized complete block design
(RCBD) design with three replications. Theexperimentwas conducted duringkharif2022 with
maizehybrid NK6240plus asatest crop.

The biochar and FYM were applied and incorporated in to the soil according
totreatment details 20 days before sowing. The recommended dose of phosphorus,
potassiumwas applied as SSP, muriate of potash along with zinc sulphate and iron sulphate
during thesowing time and only 50 per cent of recommended nitrogen was supplied through
urea at thetime of sowing, remaining 50 per cent dose at tasseling stage was applied. The
maize seedsweresownineachplotwithaspacingof60cminbetweentherowsand20cminbetweenthe

plants.
2.1Characterization of biochar

Biochar sources were procured from relevant sources and were analysed for
variousphysico-chemicalcharacteristics andnutrientcomposition

byadoptingstandardanalytical.
2.3StatisticalAnalysis

ThestatisticalanalysisandinterpretationofdataweredoneusingtheFischer’smethod of
analysis of variance technique as described by Gomez and Gomez (1984). Thelevel of
significance used in ‘F’ test was P = 0.05. Critical difference values were

calculatedbetweenvarious treatmentswherever the‘F’ testwasfound significant.

3. RESULTSANDDISCUSSION

Theresultsobtainedfromthe presentinvestigationaswellasrelevantdiscussion

havebeensummarized underfollowingheads:

3.1 CharacterizationofBiocharsources.



The pH values of maize cob rind biochar (8.50), Prosopis spsbiochar (8.15)
andcoconut shell biochar (9.05) were alkaline in reaction. Similarly, electrical
conductivityvalues were also slightly higher (2.72, 2.41 and 1.72 for maize cob rind
biochar,Prosopisspsand biochar coconut shell biochar, respectively) than FYM (7.60).
Increased pH and ECof biochar sources resulted from pyrolysis induced ash, causing
alkalinity. Contributingfactors include alkaline earth metals, alkali carbonates, silica, heavy
metals, sesquioxides,phosphates, and minor organic or inorganic nitrogen. Among the
different sources, Prosopisspshiochar had a higher amount of total carbon (78.23 g kg™)
followed by the coconut shellbiochar (76.07 g kg™) and maize cob rind biochar (78.23 g kg™
1y, Correspondingly, the C:Nratio values were 124.17 (Prosopis spsbiochar), 134.84
(coconut shell biochar) and 166.83(maizecobrindbiochar).Thiscarbon-
richcompositionisakeyfeatureofbiochar,contributing
toitsuniqueproperties. Themajorconstituentsofbiomass(C,HandO)volatilize during
dehydration and pyrolysis with H and O being lost in proportionally greateramounts than C.
The pyrolytic process transforms biomass into a stable form of carbon,preventing the release
of carbon dioxide into the atmosphere and effectively sequesteringcarbon in the biochar
matrix. This was also confirmed by the study conducted by Karthik(2019) reported that
higher pH and EC could be the result of more processing time duringpyrolysis due to woody
nature of the material while compared to crop residues. According toLee et al. (2013) it was
emphasised that  dry biomass  with high carbon content  would

resultingreatercarboncontentinthebiochar after pyrolysis.

Prosopisspsbiocharrecordedhigheramountsofnutrients,N(0.63%),P(0.37%),K  (2.43
%), Mg (1.20 %) and S (0.29 %) than coconut shell biochar (N- 0.56 %, P- 0.29 %,K-
1.80%,Mg-0.89%andS-0.23%)andmaizecobrindbiochar(N-0.42%,P-0.23%,K- 1.25 %, Mg-
0.70 % and S- 0.18 %). But, higher amount of Ca was recorded by coconutshell biochar
(1.60 %), followed by Prosopis spsbiochar (1.44 %) and maize cob rindbiochar (1.07 %).
Among the biochar sources, Prosopis spsbiochar had relatively higheramounts of micro
nutrients, whereas maize cob rind biochar registered lower values. Thevariability in nutrient
composition can be attributed to different feedstocks and differentconditions under which
the various biochars were manufactured. Schmidt and Noack (2000)noted that the exact
chemical composition of biochar was a function of the conditions duringcombustion, such as
temperature and moisture content of the fuel. Egamberdievaet al.(2021) observed variation
in nutrients composition in biochars prepared using maize

twodifferentpyrolysistechniquesi.e,heatingat600°Cfor30Ominutesandbatchwise



hydrothermalcarbonizationat2 10°Cfor8hours.Inthepresentinvestigationsitwasobserved  that
the major and minor nutrient contents were more in Prosopis spsbiocharfollowed by coconut
shell biochar and maize cob rind biochar. The superiority in nutrientcomposition of Prosopis
spsbiochar over other biochars was confirmed by ShenbagavalliandMahimairaja(2012).

3.2 Growthparametersofmaize

Plant height, leaf area and total dry matter of maize observations were carried out
atharvest of maize crop. The analysis of variance showed that the application of
biocharsourcesatdifferentlevelsandtheirinteractionhadsignificanteffectongrowthparametersof

maize.

Amongthesources,significantlyhigherplantheightleafareaandtotaldrymatterof

197.41 cm, 18.72 dm? plant® and 188.21 g plant’, respectively was recorded with
Prosopisspsbiochar+RPPatharvest,respectively. Thelowervalueswerenoticedwiththeapplicatio
n of maize cob rind biochar + RPP. Application of inorganic fertilizer and
Prosopisspsbiochar which had rich nutrient composition and high nutrient release capacity
comparedtootherbiocharsources,provedadvantageousforpromotingmaizecropgrowth. Theprovi
sionofabundantnutrientsnotonlyfulfilsthenutritionalneedsofmaizebutalsostimulatesincreasedp
hotosynthesisactivityinturn,contributestoenhancedvegetativegrowth in maize. Superiority of
prosopis biochar over other biochars was found similar withKarthiket al.(2019) in cottonand
Rahayuetal.(2022)inhybrid maize.

Among the levels irrespective of sources, a significantly higher plant height,leaf areaand
total dry matter of 195.92 cm, 18.58 dm? plant? and 196 g plant™, respectively at
harvest,respectively was recorded with the application of biochars at 15 t ha™ and lower was
recordedwith the applications of biocharsat7.5 t ha™At higher application rates, biochar
contributesto improved soil structure, enhanced water retention and increased nutrient
availability, all ofwhich collectively create a more favourable environment for maize
development. The greaterquantity of biochar appears to have a stimulatory effect on root
development, nutrient uptakeand overall plant growth. The beneficial effects of higher rate of
biochar application onenhancing the growth of maize crop was reported by Njoku et al.
(2015) application at 15 tha™ and Coumaravelet al.(2015) application at 19 tha™.



The interaction effects of sources and levels of biochars showed that the highest
plantheight (205.11 cm), leaf area (19.45 dm? plant™) and total dry matter (207.87 g plant™)
atharvest were obtained with the treatment application of RPP + Prosopis spsbiochar at 15
tha™®. The lowest was recorded with application of RPP + maize cob rind biochar at 7.5 t ha’
! The increased in growth parameters in response to application of different types of
biocharwith combination of inorganic fertilizers is probably due to enhanced availability of
nitrogenwhich enhanced more leaf area resulting in higher photo assimilates and thereby
resulted inmore dry matter accumulation. The increase in growth parameters might be
attributed to theadequate supply of nutrients by the biochar and fertilizer application.This was
in supportwiththefindingsofPrasanna(2012),thetreatmentcombinationof3tha *+RDF+FYM10t
ha® recorded significantly higher maize crop growth might be due to supply of all
theessentialnutrients through biochar.

3.3Yield andyieldparameters

Among the sources RPP + Prosopis spsbiochar recorded higher cob length (19.13
cm),number of kernels per row (26.80), number of kernels per cob (499.63), grain weight per
cob(174.44 g cob™), grain yield (57.80 q ha™) and stover yield (92.96 q ha™) of maize
comparedto other sources. Prosopis spsbiochar along with inorganic fertilizers increased
plant growthand nutrient uptake optimally supported the yield parameters. As a result, the
higher plantgrowth and yield parameters contributed directly to an increased maize yield. The
abundantnutrientsinProsopisspsbiocharpromoteefficientnutrientutilization,resultinginanincrea
sed overall maize crop yield. This was also confirmed with Srinivasarao et al. (2013)that,
Prosopis biochar was found better than rice husk biochar at all application rates
inimprovingblackgramyieldatKumulur(Trichydistrict)andCornelissenetal.(2013)concluded
that maize cob biochar was found superior over wood biochar at 4 t ha™ increasingmaize

yields.

Irrespective of sources, application of biochars at higher dosage of 15 t ha®,
recordedhigher yield and yield parameters of maize compared to other application levels of
biochars.Biochar, whenappliedata higherdosage,canenhance  soilporosity — andwater-
holdingcapacity, leading to improved water infiltration and retention. This, in turn, supports
betterroot development and nutrient uptake and better partitioning of carbohydrates from leaf
toreproductivepartsresultinginincreasedyield. ThesefindingswereinsupportwithNjokuet



al.(2015)biocharapplicationuptol5tha™.Imranetal.(2015)with25tha *andLiuetal.,

2021with40 tha™ofbiocharapplication increasedyield ofmaizecrop.

Significant differences were also observed with respect to interaction effects of
varioussources and levels of biochar application. A significantly higher yield and yield
parameters ofmaize compared to other application levels of biochars obtained with the
treatments RPP +Prosopis spsbiocharat 15 t ha® compared to other biochar applied
treatments. Addition ofmore nutrients through biochar and inorganic fertilizers resulted in
higher grain and
stoveryieldinmaizecouldbeattributedtobettertotaluptakeofessentialnutrientsanditstranslocation
toeconomic parts aswellas improvement inyieldattributing characters likecob weight, cob
length and number of kernels per cob. Gokila (2017), application of biocharwith inorganic
fertilizers and Azophos biofertilizer increased the yield components of maize.Shivshankar
(2020) recorded higher grain and straw yield of maize, with the application of125per cent
RDN-+farm waste biocharat 5.0 t ha™.

3. Conclusion

The study revealed that application of Prosopis spsbiochar atl5 t ha*
significantlyincreased the growth, yield and quality parameters of maize while it was
comparable withcoconutshellbiocharat15tha’
! Hence,biocharsapplyingtothesoilasamendmentenhances soil health and fertility along with
increase in yield of crops. It provides sustainablesolution to the farmers by preventing
burning of crop residues in the field.In addition,chelation effect of biochar reduces leaching
losses of applied fertilizers thereby reduction inpollution.
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Tablel:Initialphysicalchemicalandbiologicalpropertiesof theexperimentalsoil

SI.No. Propertiesofsoil Values
Physical
1. Particlesizedistribution(%)
a.Sand 27.50
b.Silt 17.50
c. Clay 55.0
2. Texture Clay
3. Bulkdensity(Mgm™) 1.25
4. MWHC (%) 62.40
Chemical
5 pH(1:2.5so0il:watersuspension) 7.33
6. EC(1:2.5 soil: waterextract) (dSm™) 0.20
7. Organiccarbon(gkg™) 4.50
8 Availablenitrogen (kgha™) 113.00
9. AvailableP,Os(kgha™) 38.50
10. AvailableK,0 (kgha™) 538.00
11. Exchangeablecalcium(cmol(p+)kg™) 28.00
12. Exchangeablemagnesium(cmol(p+)kg™) 18.00
13. Availablesulphur (mgkg™) 16.00
14. DTPA Fe(mgkg™) 4.69
15. DTPA Mn (mgkg™) 5.25
16. DTPA Zn(mgkg™) 0.55
17. DTPA Cu (mgkg™) 2.10
18. CaCOsequivalent(gkg™) 97.50
19. Cationexchangecapacity(cmol(p+)kg™) 55.63




Table2:Physico-

chemicalpropertiesandnutrientcompositionofdifferentsourcesofbiochar

_ Maizecob Prosopissps Coconutshell
SI.No. Particulars ] ] ]
Biochar Biochar Biochar
Physico-chemicalproperties
Bulk density
1. 5 0.43 0.45 0.40
(Mgm™)
2. MWHC(%) 65.00 62.00 61.00
3. pH(1:5) 8.50 8.15 9.05
EC (1:5)
4. L 2.72 2.41 1.72
(dSm™)
Nutrientcomposition
5. Carbon(%) 70.07 78.23 76.07
6. Nitrogen(%) 0.42 0.63 0.56
7. C:N(ratio) 166.83 124.17 135.84
8. Phosphorus(%) 0.23 0.37 0.29
9. Potassium(%) 1.25 2.43 1.80




Table3.Effectofsourcesandlevelsofbiocharongrowthparametersofmaizeatharvest

Treatments Plantheight(cm) Leafarea (dmplant™) Totaldrymatter(gplant™)
Atharvest
L, L, L3 Mean Ly L, L3 Mean Ly L, Ls Mean
S, 173.04° | 184.14*¢ | 187.14*°| 181.44° | 16.41° | 17.46° | 17.74° | 17.20° 159.53¢ 171.58"¢ | 184.79" | 171.97°
S, 185.47*°| 201.64* | 205.11% | 197.41* |17.59°°| 19.12® 19.45° 18.72° | 174.05"¢ | 182.71°% | 207.87° | 188.21°
Ss 179.00 | 191.48%° |19550%° | 188.66% | 16.97° | 18.16°° | 1854 | 17.89" | 165.00¢ | 176.58"¢ | 19530 |178.96"
Mean 179.17° | 192.42* | 195.92? 16.99° | 18.25° 18.58° 166.19° 176.96° 196.00°
C; 167.54 15.89 150.86
C, 172.22 16.33 157.74
C; 182.18 17.27 169.17
S.V* S.Em+ C.Datb% S.Em+ C.Dat5% S.Emz C.Dat5%
S 4.16 - 0.03 4.24
L 4.16 - 0.03 4.24
SxL 7.20 - 0.057 7.34
Control 7.72 22.79 0.61 0.18 7.59 22.39
*Sourceofvariation
Note:
C,= Absolutecontrol S1=RPP +Maizecobrindbiochar L,=7.5 tha™
C,=RDF S,=RPP +Prosopisspsbiochar L,=10 tha™
Cs=RPP S;=RPP +Coconutshellbiochar L;=15 tha™




Table 4. Effect of sources and levels of biochar on total dry matter production, yield
andyieldparameters ofmaizeat harvest

Treatments Coblength(cm) Numberof kernelsperrow Numberof kernelspercob
S L, L, L3 Mean Ly L, L3 Mean Ly L, L Mean
L
S 16.78° | 17.46" | 18.04% | 17.40° | 22.53% | 24.10% | 26.20%" | 24.28" | 403.81" | 433.95 | 490.42™ |442.73"
S, 17.97% | 19.04% | 20.29° | 19.13% |24.22%| 26.89*°| 29.29% | 26.80° |433.95% | 502.63° | 562.31% [499.63"
Ss 17.24° | 18.60° | 19.15% | 18.33% | 23.16° | 25.29""| 28.29% | 25.58 | 413.35" |461.08"" | 516.60® |463.68"
Mean 17.35° | 18.78* | 18.72° 23.30° | 25.42° | 27.93° 417.04° | 465.89° | 523.11°
C: 15.82 13.09 218.74
C, 16.53 21.36 363.90
Cs 17.10 24.56 440.40
S. V. S.Emz C.Dat5% S.Emz C.Dat5% S.Emz C.Dat5%
S 0.42 - 0.64 - 11.72 -
L 0.42 - 0.64 - 11.72 -
SxL 0.73 - 1.11 - 20.30 -
Control 0.76 2.25 1.07 3.15 19.18 56.61
Grainweightpercob (gcob™) Grainyield (q ha™) Stoveryield (gha™)
S Ly L, L3 Mean Ly L, L3 Mean Ly L, L Mean
L
S 138.79 | 160.43"%| 171.16*| 156.79" | 45.83" | 52.43% | 60.02°" | 52.76° | 65.48° | 73.75*° |85.92%°| 75.82°
S, 157.75% | 171.18°° | 194.40° | 174.44% |50.55 | 56.37™ | 66.49% | 57.80% | 75.0° | 82.64*° | 92.96° | 83.53°
Ss 142.16" | 168.16™ | 183.50 | 164.61% | 49.46% | 54.71™ | 61.70® | 55.29° | 68.82" | 79.90*¢ |88.11*" | 78.94°
Mean | 146.23°| 166.59" | 183.02° 48.61° | 54.51° | 62.74° 69.77° 78.76° | 88.99°
C 70.31 36.34 50.24
C, 102.24 42.80 60.32
Cs 156.36 48.81 69.01
S. V. S.Emt C.Dat5% S.Emzt C.Dat5% S.Em+ C.Dat5%
S 4.17 S 1.31 - 1.00 -
L 417 - 1.31 - 1.00 -
SxL 7.23 - 227 - 1.74 -
Control 6.72 19.84 2.24 6.60 2.07 6.10
*Sourceofvariation
Note:
C,= Absolutecontrol S;=RPP +Maizecobrindbiochar L,=7.5 tha®
C,=RDF S,=RPP +Prosopisspsbiochar L,=10 tha™
C;=RPP S;=RPP +Coconutshellbiochar L;=15 tha™




