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Abstract

A nursery experiment was conducted at Cocoa Research Institute of Nigeria

to evaluate the impact of manure on cashew seedlings. Treatments consisted
Biochar on Cashew Seedling Performance, o higchar, compost, combination of biochar + compost and a control.
Soil Properties and Status. Agricultural
Sciences, 10, 110-120.

https://doi.org/10.4236/as.2019.101009

Treatments were applied at rate of 0 g (control), 5 g compost, 5 g biochar and
2.5 g each of biochar and compost combination into 5 kg soil in pots, laid out

in a completely randomized design (CRD) with three replications. The expe-
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lected on number of leaves, plant height, stem girth, soil nutrient composition
and nutrient uptake, all analyzed using analysis of variance. The treated soils
were also assayed on Potato Dextrose Agar for associated mycoflora. The
study showed that the soil P, N, P, K, Ca and Mg were equally enhanced sig-
nificantly relative to the control, while Aspergillus, Trichoderma, Beauverie,
Penicillium, Lasiodiplodia and Rhizopus cultured treated soils shows that
Trichoderma harzianum and Beauverie bassiana were significantly higher in
combination of biochar and compost treated soil and posed that their
bio-control potential is coupled with soil fertility enhancement characteris-
tics. The results also indicate that stem girth and number of leaves were sig-
nificantly (P < 0.05) different with respect to applied treatment at the first
month after treatments application. The leaf area was not enhances with the
application of biochar. Combination of biochar + compost significantly en-
hanced number of leaves and stem girth at the 4™ and 12" weeks after plant-
ing. Similarly leaf K and P uptake were significantly (<0.05) increased by the
application of organic compost and biochar irrespective of whether combined
or not compared to the control seedlings. The effect of biochar and compost
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on cashew leaf Ca and Mg uptake were not significantly different from the
control but had a higher value relative to the control. It could therefore be
recommended that addition of compost and biochar for sustainable produc-
tion of cashew seedlings in the nursery be embraced by prospective cashew
farmers and seedlings distribution in Nigeria.
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1. Introduction

Biochar research is gaining global interest with a promising potential for devel-
opment of sustainable agriculture in Africa. Biochar is made by pyrolysis, a
thermo-chemical decomposition of biomass at temperatures less than 700°C in
the presence of little or no oxygen. Lehmann and Joseph [1] widely documented
the benefits of biochar to include: mitigation of climate change, energy produc-
tion, soil improvement and waste management. According to Novak et al. [2],
biochar from Switchgrass showed high aliphatic-C character which is expected
to contain substrates that may be minerialized by soil microbial activity to im-
prove soil chemical and physical properties. Biochar has elaborate pore structure
and large surface area properties [3], with an ability to curtain fertilizer demand
[4], and reduce greenhouse gas emissions by about 800 kg of CO, per ton of dry
feedstock [5]. Within the soil, biochar acts as soil conditioner by improving its
physical and biological properties, enhances water holding capacity and soil nu-
trients retention, and positively alters soil nutrient content and quality [6] [7] [8]
[9]. Its effect on plant growth and yield is well documented [10]-[19]. So the re-
cent awareness on need for reduction of residues in food products has necessi-
tated research interest in eco-friendly plant enhancement and management sys-
tems. The use of biological control agents among which entomopathogens was
studied had achieved a good height in crop protection strategies. However the
association of Trichoderma harzianum and Beauverie bassiana with biochar and
compost soils indicates a potential bio-control alternative of these amendments
in addition to their use in soil fertility enhancement.

Work on cashew nursery soil amendment has been reported [20]; likewise a
number of research has been done on biochar as a soil amendment [1] [21] [22].
However, the use of biochar as alternative cashew nursery soil amendment in
Nigeria is rare and the knowledge of it in enhancing growth and development of
potted cashew seedlings has not been well exploited. Several farm wastes (grain
husk, nutshell, wood, crop residues etc.) have carbon [23] and ash [24]. The
need to convert these farm residues into a plant management enhancement ne-
cessitated this study. Hence, the objective of the study was to evaluate organic
fertilizer sources of biochar (made from Cocoa Pod Husk) and compost on ca-
shew seedlings performance and its effect on the chemical and microbial status
composition of the soil.
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2. Material and Methods

The nursery experiment was carried out at Cocoa Research Institute of Nigeria
(CRIN) Ibadan, Oyo state (Lat. 0.7°1'N and Long. 03°52'E). The biochar used
was made from dried Cocoa Pod Husk with zero or no oxygen, while the com-
post was source from the market (A composition of plant and animal waste).
Pure cultures of fungal used in this study were obtained and determination of
specie affiliation was done according to Rifai, MA. [25], Glare and Inwood [26].
Chemical analysis of the soil, biochar and the compost nutrient was done and
the physico-chemical determined using standard procedures. The soil was top
dressed with different 0 g (control), 5 g-compost, 5 g-biochar and 2.5 g biochar
and compost combination per plant. Medium size cashew nuts were planted into
each treatments. The experiment was laid out in completely randomized design
(CRD) (4 x 4 x 3) with three replications. The plot size was four seedlings per
treatment. The seedlings were monitored for four months. Manual weeding was
done as at when due.

Data collected on vegetative growth parameter were: plant height, stem girth,
numbers of leaves/plant and leaf area; interval of collection was four weeks for
four months. At the termination of the experiment soil samples were collected
for chemical analyzed for physico-chemical properties and were also assayed
in-vitro on Potato Dextrose Agar (PDA) at 10~ dilution factor, incubated at
29°C + 2°C and colony growths recorded. Plant leaves samples were also ana-
lyzed for mineral content and nutrient uptake and calculated on the cashew
leaves samples. Analysis of variance (ANOVA) was carried out on the data for
the variables measured during the study period to test for differences between
the treatments using SAS [27]. Treatment means were separated using the least
significant difference (LSD) test at P = 0.05.

3. Result and Discussion

The chemical composition of the soil, shown in Table 1 indicated that the soil
used in this study needs improvement soil N was less than 0.15%, which is the
optimum according to Sobulo, and Osiname [28] for plant growth. Also, P, K
and Ca were also low in the soil concentration and below satisfactory level when
compared to the cashew soil critical level of P-3.7; K-0.12; Ca 0.8. The values of
Total C, N and K were higher in the organic compost than that of the biochar.
However, P value (Table 1) was high in the biochar content, it is above the crit-
ical level needs of the soil.

In Figure 1, the various treatment did not significantly (P < 0.05) affect stem
girth and number of leaves, however organic compost and the combination of
biochar + compost which shows significant growth enhancement at 4 weeks af-
ter planting (WAP) for the two parameters. Onwuka and Nwangwu [29] ob-
served similar trend in the growth parameters of potted Okra. At 12 WAP, sole
compost manure and biochar + compost treated soil with cashew seedlings pro-

duced significantly higher number of leaves when compared with other
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Figure 1. Effect of organic fertilizers on stem girth and number of leaves of cashew
seedlings.

Table 1. Pre-cropping chemical properties of soil, biochar and compost used in this study.

pH Total
Treatments
(H,0) C%
Soil 5.30 0.05

Biochar 9.51 8.61

Compost - 9.35

Exchangeable Exchangeable Exchangeable Exchangeable

Total P% Cu Zn
¥ basic—K* basic—Ca®* basic—mg** basic—Na*
0.99 0.03 0.98 1.13 - 1.78 0.12
7.96 0.86 3.95 2.06 0.68 4.68 1.23
1.08 1.78 1.98 0.07 - - -

treatments. The result obtained was in line to work of [30] [31] [32] with the use
of combination of biochar and compost.

Figure 2 showed that leaf area was significantly influence in biochar treated
cashew seedlings at 8, 12 WAP, which indicate that the alkaline nature (P"—9.15)
of the cocoa pod husk biochar may have provided nutrients which positively af-
fected the leaf area development of the cashew seedlings. The results also showed
comparable similarities among the other treatments applied. This could have
being attributed to availability of other nutrient element in the compost. Sarah et
al. [33] observed related impact of biochar application on soil properties and
plant growth of pot grown Lettuce (Lactuca sativa) and Cabbage (Brassica chi-
nensis). Among the treatments, only organic compost and mixture of biochar
and compost significantly influenced the number of leaves at 4 WAP. This cor-
roborates the finding of MoyinJesu [34] who reported that Nitrogen is responsi-
ble for good vegetative growth; he equally observed the element to have high
contributory influence on organic matter build up.

Figure 3 shows that the association of Trichoderma harzianum and Beauverie
bassiana were significantly higher in biochar integrated with organic-treated soil
compared with other treatment types. But Beauverie bassiana was only present
in the combination of biochar and organic. A similar trend was recorded with
the presence of Lasiodiplodia theobromae and Rhizopus nigrican in the un-

treated control. The fungal genus Beauveria, Vuillemin has species that are often

DOI: 10.4236/as.2019.101009

113 Agricultural Sciences


https://doi.org/10.4236/as.2019.101009

B. A. Nduka et al.

y =3.958x + 10.623
90 R%=0.9207 un-manure

y=4.8385x + 11.433
R? = 0.9513 biochar manure

...... y =5.2761x + 9.0889

R? = 0.9552 oganic compost
y =8.1523x + 5.4461
=0.8511 Biochar +Organic compost

,,,,,,
i

Q mmmmm Organic manure

& § F F
o o @ o

il I|

Y
Q\@ \?* \? \Y‘ \? mm Biochar+Organic
manure

m Un-manure

. Biochar manure

Growth character at different weeks

= N w B w1
o o o o o o
_
— 3
—— 1
I '.
ﬁ
_ "l
_
=‘
I ——

PH-Plant height(cm) and LA-Leaf area (cm?)

Figure 2. Effect of organic fertilizers on plant height and leaf area of cashew seedlings.
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Figure 3. Mycoflora population of Biological applications in soils.

pathogenic to insects, one of most common is B. bassiana, an entomopathogen
which has extremely broad host range and used as commercial biopesticide for
control of insects of agricultural, veterinary and medical significance [35] [36]
[37]. The bioactivity of B. bassiana has been proof against many pests in the la-
boratory and efforts are being made to simulate the results in field condition.
Genus Trichoderma are important biocontrol agents of several soil borne phy-
topathogens [38]. The Trichoderma species serves as a potential alternative to
chemical control measure and growing pathogen resistance crop cultivars. The
reports of Harman et al, [39] and Renio et al, [40] showed that Trichoderma
use different mechanism for control of phytopathogens which includes mycopa-
rasitism which out compete pathogenic fungi for nutrients, secretion for antibio-
tics and fungal cell wall degrading enzymes.

The soil textural class was sandy loam soil. The soil was slightly acidic with P
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values of 5.30 - 6.5 across the soil. More so, the valued obtained in all the treat-
ments varied only slightly with the treatments imposed as shown in Table 2.
This was expected because the P™ of the biochar was 9.51 before its addition to
the soil which may have being neutralized indirectly. Similarly Glaser et al [41]
and Randon et al [42] reported that biochar with high P act as a liming agent
thereby increased the soil P¥, while Ilesanmi [43] reported that an increased soil
P" could be because of the alkaline nature of biochar. The results also shown that
the application of biochar significantly influence the Total C, N, exchangeable K,
Mg, Cu and Zn, while the organic compost influences soil P, Total C, N, P, Cu.
The results in Table 2 shown that Biochar + organic compost treatment signifi-
cantly influence P¥, Total C, N, exchangeable Ca and Na content of the cashew
seedlings. This is in line with the work of Scotti et al [44] in their study of or-
ganic amendments as a tool for fertility recovery and Chan ef al [11], Asai ef al.
[12], Saarnio et al [18] in their works on effects of fertilizer on plant growth.
The use of biochar and compost increased the soil N thereby meeting the cashew
nutrient requirement for N, while that of the combination of biochar + compost
influenced the total C concentration and ECE of the soil (Table 2).

Table 3 shows that leaf mineral concentration of the cashew seedlings was
significantly different for Ca, Na and Fe in untreated cashew seedlings compare
to other treatment. This indicated that some quantities of these nutrients are
present in the soil. Compost-treated cashew seedlings had high Mg, P and Cu
and the biochar + compost combination treated soil had high Na and Mn nu-
trient composition when compare to the other treatment respectively. These
finding concurred with earlier works of MoyinJesu [45]. The K mineral content
value (1.37) of the leaves was significantly different from other treatments.
Hammond [46] stated in his report that different type of biochar affect the soil,
plants in various ways, depending on the climatic condition of the area of study.

The nutrient uptake of the cashew seedling leave shown similarities among the
elements measured in the various treatments imposed in this study, apart from
N, P and K content. The use of compost manure significantly enhanced K and N
nutrient uptake when compared to other treatments. The application of compost
and a combination of biochar + compost enhances P uptake compared to other
treatments in this study (Table 4). This was corroborated with the findings of
Chan et al [6] and [7]; and that of Van Zwieten et al [9], who reported that the
application of biochar or fertilizer to the soil, increases the rate of nutrient up-
take in plants. The use of sole biochar may enhance nutrient uptake but incor-
porating biochar + compost seemed to give better cashew seedling growth. This
is in line with the report of Ofori et al [47] on the combination of cocoa pod
husk and NPK fertilizer.

4. Conclusion

This experiment result demonstrated there was increased in chemical concentra-
tion of the soil, leaf mineral/nutrient contents and cashew seedling plant devel-

opment. Therefore taking into consideration that the soil used in this study was
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Table 2. Manuring effect on post-cropping soil chemical and physical properties.

pY . . Mg. Na. K. AL™ ECE Base Total Total AV.P. Mn Fe. Cu Zn.
Treatments Sand% Silk% Clay%
(Water) cmol  cmol cmol cmol cmol cmol Sat% N% C% mg/kg mg/kg mg/kg mg/kg mg/kg

U

(‘é:;irn;;e 637c 87.17b 720a 5.63b 1596c 1.86b 082b 0.39d 0.07a 1920c 99.68 0.0lb 054b 1478b 88.1b 20.1ab 152 14.16a

Biochar 6.55b 85.23¢ 7.17a 7.43a 10.52d 1.98a 0.79c 0.48a 0.07a 13.82d 99.57 0.08ab 1.06ab 15.95ab 96.3a 24a 1.5a 13.01a
Compost 6.58a 89.20a 6.20b 4.60c 16.72b 1.36d 0.83b 0.42c 0.08a 19.38b 99.59 0.1a 1.15ab 17.52a  73.9b 10.7¢ 1.03a 11.0l1a
Biochar +

Compost 6.58a 89.20a 5.20c 5.60b 17.37a 1.83c 0.89a 0.45b 0.07a 20.76a 99.71  0.09a 1.16a 15.76ab 67.6c 13.05b 0.96a 10.18a

Treatment means within each column followed by the same letters are not significantly different at <P = 0.5

Table 3. Manuring effect on cashew seedling leaves mineral composition.

Treatments Ca%
Unmanure 3.33a
Biochar 3.15b
Compost 3.14b
Biochar +
3.03¢c
Compost

Mg%
0.38¢
0.42b

0.46a

0.43b

Na% K% P% N% Mn% Fe% Cu% Zn%
0.36a 0.38d 40.82d 1.29¢ 187.24c 481.23a 13.44d 6l.11a
0.34b 1.37a 81.78c 1.98b 159.04d 159.04d 23.18a 61.93a
0.28¢ 1.28b 92.04a 1.87b 191.18b 191.15¢ 19.95a 48.94a
0.37a 1.15¢ 82.76b 2.17a 212.57a 212.57b 18.80c 42.51a

Treatment means within each column followed by the same letters are not significantly different at <P = 0.5.

Table 4. Manuring effect on nutrient uptake of cashew seedling leaves.

Treatments N%

Un-manure 0.02b
Biochar 0.05ab
Compost 0.05ab

Biochar + Compost  0.07a

P%
1.06¢
1.87b
2.33a

2.55a

K% Ca% Mg% Na% Mn% Fe% Cu% Zn%
0.01b 0.05a 0.01a 0.01a 2.77a 4.41a 0.20a 0.89a
0.02ab 0.07a 0.01a 0.01a 4.02a 4.02a 0.53a 1.41a
0.04a 0.08a 0.01a 0.01a 4.84a 4.85a 0.50a 1.24a
0.03ab 0.09a 0.01a 0.04a 6.54a 6.54a 0.57a 1.94a

Treatment means within each column followed by the same letters are not significantly different at <P = 0.5.

low in its nutrient status, the results obtained from this study shows that the ap-
plication of biochar, and compost manure solely or in combinations have signif-
icant agronomic benefit to the soil. In this research, the impacts of biochar in-
cludes: modification of the soil physical and chemical properties, enhancement
of cashew seedling vegetative growth parameters and improved nutrient uptake.
And the presence of entomopathogen and bio-control agent indicates crop pro-
tection advantage of this bio-fertilizer. This study could be furthered with its ap-
plication on cashew under field conditions to study the impact on soil compac-

tion.
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