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Abstract: This research was conducted at the Teaching and Research Farms, Ladoke Akintola University of Technology
(LAUTECH) Ogbomosho, Oyo State, Nigeria to investigate the effects of mycorrhizal inoculation and fertilizer types on
growth parameters of sesame under greenhouse condition, with three levels of mycorrhizal inoculation (Mo = No
mycorrhizal, My = Glomus clarum, M, = Glomus mossae) and four levels of fertilizer types (Fo = Control, F; = NPK, F, =
Jatropha curcas seed cake and F3; = Organomineral) in a completely randomized design (CRD) and treatments
replicated three times. The analysis of variance and DMRT revealed that F, and F; fertilizers had significant (P < 0.05)
increased effect on sesame number of branches. Mycorrhizal inoculation (M,) had increased pronounced significant (P
< 0.05) effects on three (3) growth parameters of sesame (height, stem girth and number of leaves). Fertilizer types
and mycorrhizal inoculation interaction (M,F,) contributed to the pronounced increased significant (P < 0.05) effects
on sesame height and stem girth. It can be concluded, that M, (Glomus mossae) inoculation had most pronounced
significant (P < 0.05) effects on three growth agronomic parameters (sesame height, stem girth and number of leaves)
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and therefore could be recommended for the growth improvement of sesame crop planted on a sandy loam soil.
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1. Introduction

Abusive use of chemical fertilizers by local farmers and lack of
appropriate soil conservation strategies are the major causes of rapid
depletion of soil nutrients and subsequent low crop productivity
persisting in the tropics.[” Farmers in the tropics apply fertilizers
anyhow without minding the scientific recommendations for
different crops as well as the importance of improving and
maintaining organic matter under tropical soil conditions.”? Since
considerably affect crop

productivity and human welfare amongst others, there is a crying

these undesirable soil conditions
need to practice crop production which will encourage exploitation
of natural or biological and organic materials, for improved
performance of versatile arable crop like sesame.

Sesame (Sesamum indicum L) is an erect, non-leguminous, self-
pollinating, annual plant in the genus sesamum. It belongs to the
family Pedaliaceae and is one of the most ancient crops and oilseeds
known by mankind.! It is widely cultivated in the derived, Sudan and
Sahel savannas, northern and southern guinea of Nigeria.m Seeds are
usually used in propagating sesame and they mature between 70-
150 days after sowing. Its stem grows up to 50 to 250 cm tall.
Growth and development depends on the varieties and soil and

[5

environmental conditions.” Flowering starts 38-45 days after
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sowing. It capsules contains small edible seeds which are relatively
rich in protein (25%) and about (50%) oil. India is the largest
producer of sesame in the world. It also ranks first in the world in
terms of sesame growing area.®

Mycorrhizal is a mutuality association between plant and fungus
localized in a root-like structure in which energy moves primarily
from plant to fungus and inorganic resources move from fungus to
plant. It intimately associates with plant roots to form a symbiotic

¢ association is

association with the host plan Mycorrhizal
responsible for up to 80% of the total Phosphorus uptake by plants.[S]
One of the strongest effects of Arbuscular Mycorrhizal Fungi
inoculation is an increase in the growth and development of the host
plant, which is attributed to an increase in water and nutrient
uptakes, particularly for those having low soil mobility and low
concentration in the soil solution, inoculation of salt stressed
tomatoes with mycorrhizal meaningfully increased their dry weight
of root and shoots compared to non— mycorrhizal-inoculated

B indicated strong growth responses of celery

plants.[gl Research by
plants due to the combination of mycorrhizal fungi, Pseudomonas
sp., and biochar with low P fertilization. Increased P and N uptake
occurred in treatments combining these microorganisms rather than
alone, and this increase especially occurred in the presence of

biochar. The root colonization rate of mycorrhizal fungi was
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Fig. 1. Sesame plant

increased by the combination of the inoculation of Pseudomonas sp.
and biochar rather than AM fungi and/or Pseudomonas sp.
Inoculation with mycorrhizal showed more efficiency, and were
positively reflected in sesame growth traits (plant height, leaf
number, dry weight, tissue phosphorus and nitrogen) than addition
of mineral phosphorus.[“]

Tropical soils are inherently infertile and characteristically low in
soil organic matter content and could not support reasonably
support intensive cultivation due to the rapid rate of fertility decline
particularly under intensive cultivation.” The use of various
fertilizers had been reported to address these problems.m]

Integrated Nutrient Management Approach (INMA) is an
environmental friendly technology which involves proportionate
combination of multiple fertilizer materials of different origins or
sources (e.g organic, inorganic and biological), may be economical
and even more suitable for enhanced crop productivity and soil
quality than using any other fertilizer from a single source. It was
researched™ and discovered that most seed yield (4261 k ha'l) and
higher N and P use efficiency of sesame was due to the combined
biofertilizer and multi-cap seed. In addition, INMA safeguards the
environment for future generations.[lsl

Therefore, it is reasonable to develop a sustainable technology in
form of Integrated Nutrient Management Approach, which combines
applications of organic materials (e.g Jatropha seed cake and
inorganic fertilizer e.g NPK urea) or microbes for improving the
performance of protein and oil rich arable crop like sesame, hence
the objective of this research was to determine the effects
mycorrhizal inoculation and fertilizer types on growth parameters of
sesame.

2. Materials and methods

Greenhouse experiment was carried out at the Teaching and
Research Farms, Ladoke Akintola University of Technology (LAUTECH)
Ogbomosho, (latitude 80 10’N and longitude 40 10E, Oyo State,
which falls under the southern guinea savannah zone of Nigeria. The
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zone is characterized by bimodal rainfall distribution (whereby the
early rainy season starts in late march and ends in late July/early
August, followed by a short dry spell in August and finally the late
rainy season. The annual mean rainfall was between 1150mm and
1250 mm (LAUTEC weather station, 2016). The experiment was
carried out in February to July 2016.

2.1. Propagating materials

Sesame seeds of Variety E8 (an early maturing type) were obtained
from National Cereal Research Institute (NCRI) at Badeji Niger State,
Nigeria. The seeds were surface sterilized by using 95% ethanol for
10 seconds and were later rinsed six (6) times with sterile water after
shaking for three to five minutes in 3% hydrogen peroxide. Four
seeds were sown per pot and later thinned to one seedling per pot.
Mycorrhizal strains were obtained at Soil Microbiology Unit,
Department of Agronomy, University of Ibadan. Jatropha seed cake
was obtained from Professor Balewu at the University of Ilorin. NPK
fertilizer was also obtained from Oyo State Agricultural Development
Programme (OYSADEP)

Alesinloye market, Ibadan.

while Organomineral fertilizer from

2.2. Treatments and experimental design

The experiment was a factorial experiment (3 x 4). The experiment
was arranged in a completely randomized design (CRD), replicated
three times. Three inoculations; My = Control (No = mycorrhizal
inoculation), M; = inoculation with Glomus clarum strain, M, =
inoculation with Glomus mossae strain, four types of fertilizer; Fy =
Control, F;= NPK fertilizer application, F, = Jatropha curcas seed cake
application, F3= Organomineral fertilizer application.

2.3. Soil Sampling and analysis

The soil sample was done with bucket auger and bulked into a
composite sample. The sample was air dried, crushed and sieved
through 2 mm meshes for the determination of particle size, soil pH
(H,0), total nitrogen (N), organic carbon, available Phosphorus (P),
Iron (Fe), copper (Cu), Znic (Zn), the exchangeable cations, (Ca, Na,
Mg and K) and exchangeable acidity were also analysed. The particle
size was carried out according to,®! hydrometer method, using
sodium hexameta phosphate as the dispersant. Total N was
determined by the macro-kjedahl method™” and colorimetric
determination by Technicon Autoanalyser, while the cations was
determined using Atomic Absorption Spectrometer (Model Buck
200A). Olsen P was determined by extraction with Sodium
bicarbonate.™® Soil was sterilized by autoclaving at 1200°C, for one
hour for 48 hours. Organic carbon was determined by chromic acid

digestion.[w]

2.4. Determination of mycorrhizal root colonization

After harvesting, root samples were cut into 1 cm length and stored
in 50% ethanol, Roots samples were then carefully rinsed with slow
running tap water (before the commencement of root staining
procedure) mycorrhizal staining commenced by heating the root in
10% KOH for 40 minutes at 800°C. Roots were bleached in alkaline
H,0, for 10 minutes, after which they were rinsed in water and
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Table 1. Pre-cropping soil physical and chemical properties of the soil
used.

Soil characteristics Values
pH (H0) 6.2
Organic Carbon (g kg™) 4.0
Total N (g kg™) 0.3
Available P (mg kg™) 4.8

Fe (mg kg™?) 12.7
Cu (mg kg™) 2.8

Zn (mg kg™) 2.8
Exchangeable K (cmol kg™) 0.3
Exchangeable Na (cmol kg™) 0.2
Exchangeable Ca (cmol kg™) 4.2
Exchangeable Mg (cmol kg™) 2.5
Sand (g kg™ 880.8
silt (g kg™) 92.4
Clay (g kg™) 26.8
Textural class Sandy loam

soaked in one percent HCL for 10 minutes. The staining solution
chlorazol black E?” was used on the root staining containing 0.03%
of chlorazol black E, lactic acid (400 ml) and water (200 ml). Stained
root were later distilled with 50% glycerol. The degree of mycorrhizal
colonization was assessed by spreading the root samples evenly on a
grid plate and observing them under the dissecting microscope at
low magnification. The total numbers of roots and the infected roots
intercepting the grid were counted using the grid line intersect
method. The percentage mycorrhizal root colonization was
calculated by ratio between the number of intersect with infection

and the total number of intersects multiplied by 100.”

2.5. Propagation and cultural practices

Four seeds of sesame (variety E8), were sown in 2 kg soil-filled pots
with fertilizer treatments (15 gm) and later thinned to one seedling
per pot at two weeks after sowing. All plants were regularly watered.
Pots were manually weeded by careful hand-pulling of all the
emerging weed seedlings from the pots on weekly basis. About 3 cm
to the brim of each pot was left unfilled, to prevent undesirable
washing away of the soil particles and fertilizer materials which may
occur during watering. Also, four perforations were carefully made at
the bottom of each pot, using hot-red 2 inches (5 cm) nail, prior to
pot filling. The perforations made were plugged with cotton wool to
regulate drainage and encourage proper aeration.

2.6. Data collection

Data were collected on growth parameters at the end of the
experiment (14 weeks). The growth parameters determined were;
plant height, stem girth, number of leaves and number of branches.
The plant height was determined using tape rule by placing it on the
stem base and run it to the tip of the plant. Stem circumference
(girth) was determined using venier caliper which gave the value of
the diameter, and was later converted to stem girth using formula td
(Where m = 3.142 and D = the value of diameter obtained from venier
caliper’s readings. The number of leaves and branches were simply
counted.
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2.7. Statistical analysis

All data collected were subjected to Analysis of Variance (ANOVA)
and significant means were separated using Duncan Multiple Range
Test (DMRT) at 5% probability level.

3. Results and Discussions

The pre-cropping chemical and physical analysis of the soil sample
showed that the soil had a pH of 6.2, slightly acidic and low in
essential nutrients particularly nitrogen and phosphorus (Table 1).
This showed that the soil samples used were inadequate in nutrient
and therefore artificial supply of nutrients or application of fertilizer
to meet the nutrient required for optimum growth and yield of
sesame is needed. These results are in agreement with the other
earlier researchers,m who reported that soil, at the study area are
slightly acidic and inadequate in nutrient to support successful
completion of the vegetative and reproductive stages of most
tropical crops.

The average sesame height was increased from control (66.8, 55,
and 55.3 cm) to (105.4, 105.4 and 108.4 cm) due to jatropha curca
seed cake fertilizer, inoculation with Glomus mossae and Glomus
mossae innoculum x jatropha curca seed cake fertilizer respectively
(Table 2), analysis of variance (Table 3) however, indicated that
application of fertilizer only had no significant (P < 0.05) influence on
the sesame height, but inoculation only and inoculation x fertilizer
types had statistical significant (P < 0.05) effect on the sesame
height, separation of the means height by DMRT (Table 2), observed
Glomus mossae inoculums and Glomus mossae inoculums x jatropha
curca seed cake fertilizer had increased significant (P < 0.05) effect on
the sesame height than other treatments. These results are in

agreement with the report from™*®

which emphasized that the plant
vegetative growth and development are influenced by nutrient
availability particularly nitrogen, phosphorus and potassium.

The average sesame stem girth followed the same trend of
sesame height; the average stem girth was increased from control
(1.3, 1.1 and 1.2 cm) to (1.9, 2.0 and 2.1 ¢cm) due to jatropha curca
seed cake fertilizer, inoculation with Glomus mossae and Glomus
mossae innoculum x jatropha curca seed cake fertilizer (Table 2),
analysis of variance (Table 3) however, indicated that application of
fertilizer only had no significant (P < 0.05) influence on the sesame
stem girth, but inoculation only and inoculation x fertilizer types had
statistical significant (P < 0.05) effect on the sesame stem girth,
separation of the means stem girth by DMRT (Table 2), observed
Glomus mossae (2.0a) and Glomus clarum (1.9a) inoculums had the
same significant (P < 0.05) increased effect on the sesame stem girth
and statistically (P < 0.05) different from the control, also Glomus
mossae inoculums x jatropha curca seed cake fertilizer and Glomus
clarum inoculums x organomineral had the same increased
significant (P < 0.05) effect on the sesame stem girth but significantly
(P < 0.05) different from the control interaction. All these results
indicated above agreed with the earlier report on biofertilizer,
particularly Glomus clarum which have been reported to be an
alternative source to chemical fertilizer in order to be able to

increase soil fertility and crop production in sustainable farming.[m
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Table 2. Effects of mycorrhizal inoculation and fertilizer types on the average growth parameters of sesame (n = 36)

Parameters Fert types Inoculation Fert x inoculation
Fo F1 F, Fs Mo M; M, MoF M;F MyF
PH 66.8a 73.2a 105.4a 104.3a 55¢ 98.9b 105.4a 55.3b 98.6a 108.4a
SG 1.3a 1.7a 1.9av 1.8a 1.1b 1.9b 2.0a 1.2b 1.8a 2.1a
NL 37a 39a 65a 69a 35¢c 56b 67a 36¢ 55b 69a
NB 6b 6b 9a 9a 8a 9a 9a 6a 8a 8a

Mean followed by same letters are not significantly different at 5% probability level, using Duncan’s Multiple Range Test (DMRT). Mo= No
mycorrhizal inoculation, M;=inoculation with Glomus clarum strain, My=inoculation with Glomus mossae strain, Fo=Control with no fertilizer
application, F;=NPK fertilizer application, F,=Jatropha curcas seed cake application and Fs=Organomineral fertilizer application.

Table 3. Analysis of variance of effects of mycorrhizal inoculation and fertilizer types on growth parameters of sesame (n = 36).

Fert types Mycorrhizal inoculation Inoculation x Fert
Parameters
ms p ms p ms p
PH 1236ns 0.32 2395.3** 0.00 3187* 0.02
SG 0.19ns 0.63 0.63** 0.00 0.88* 0.02
NL 842ns 0.15 749.8%* 0.00 1009ns 0.12
NB 11.11%* 0.03 1.00ns 0.42 8.33ns 0.17

**Significant at p < 0.01, *Significant at p < 0.05, ns = not significant at p < 0.05

The average sesame number of leaves was increased from
control (37, 35, and 36) to (69, 67 and 69) due to organomineral

fertilizer, this finding was similar o>

on tomato and pepper
respectively, inoculation with Glomus mossae and Glomus mossae
inoculum x organomineral fertilizer (Table 2), analysis of variance
(Table 3) however, the application of fertilizer only had no significant
(P £0.05) influence on the sesame number of leaves, but inoculation
only and inoculation x fertilizer types had statistical significant (P <
0.05) effect on the sesame number of leaves, separation of the
means number of leaves by DMRT (Table 2), observed Glomus
mossae inoculums and Glomus mossae inoculum x organomineral
fertilizer had increased significant (P < 0.05) effect on the sesame
number of leaves than other treatments.

The average sesame number of branches was increased from
control (6, 8, and 6) to (9, 9 and 8 ) due to jatropha curca seed cake
or organo- mineral fertilizer, inoculation with Glomus clarum or
Glomus mossae, and Glomus clarum or Glomus mossae innoculum x
jatropha curca seed cake or organomineral fertilizer (Table 2),
analysis of variance (Table 3) however, showed the application of
fertilizer only had significant (P < 0.05) effect on the sesame number
of branches, this was in agreement with the report of,[8‘24] that
vegetative growth can be increased with fertilizer application, but
inoculation only and inoculation x fertilizer types had no statistical
significant (P < 0.05) effect on the sesame number of branches,
separation of the means number of branches due to fertilizer
application by DMRT (Table 2), indicated that jatropha curca seed
cake and organomineral fertilizers had the same increased significant
(P £0.05) effect on the sesame number of branches and statistical (P
< 0.05) different from the reduced effect of control and NPK fertilizer
on the average number of branches of sesame, this was also

consistent with the findings of 1

4. Conclusions

The effects of mycorrhizal inoculation and fertilizer types on growth
parameters (plant height, stem girth, number of leaves and number
of branches) of sesame was investigated under the green house
condition with three levels of mycorrhizal inoculation (Mg = No
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mycorrhizal, M; = Glomus clarum, M, = Glomus mossae) and four
levels of fertilizer types (Fy = Control, F; = NPK, F, = Jatropha curcas
seed cake and F; = Organomineral) in a 3 x 4 factorial experiment and
treatments replicated three times. The least values for all the growth
parameters were obtained from the control experiment. The highest
sesame height (108.4 cm), stem girth (2.1 cm), number of leaves (69)
and number of branches (9) were obtained from the interaction of
fertilizer types and mycorrhizal inoculation. The analysis of variance
and DMRT revealed that fertilizer types had no statistical significant
(P <0.05) on sesame height, stem girth and number of leaves but F, =
Jatropha curcas seed cake and F; = Organomineral had significant (P
< 0.05) increased effect on sesame number of branches. Mycorrhizal
inoculation had no significant (P < 0.05) effect on sesame number of
branches but significant (P < 0.05) increased effects were observed
on sesame height, stem girth and number of leaves, however, M, =
Glomus mossae had increased pronounced significant (P < 0.05)
effects on sesame height, stem girth and number of leaves. Fertilizer
types and mycorrhizal inoculation interaction had no significant (P <
0.05) effects on number of leaves and branches, but significant (P <
0.05) effects were observed on the sesame height and stem girth,
also it was discovered that M,F, (Glomus mossae x Jatropha curcas
seed cake) had pronounced increased significant (P < 0.05) effects on
the sesame height and stem girth.

It can be concluded, that M, (Glomus mossae) inoculation had
most pronounced significant (P < 0.05) effects on three growth
parameters (sesame height, stem girth and number of leaves) and
therefore could be recommended for the improvement of sesame
crop planted in a sandy loam soil.

Conflicts of Interest

The authors declare no conflict of interest.

References
1 Babajide P.A.; Olabode O.S.; Akanbi W.B.; Olatunji 0.0.; Ewetola E.A.

Influence of Composted Tithonia Biomass and N-Mineral Fertilizer on
Soil  Physico-Chemical Properties and Performance of Tomato

29



Adesina et al.,

Green Reports

10

11

12

13

14

15

16

17

18

19

A Ariviyal

(Lycopersicon
[CrossRef]
Ayorinde O.M.; Zhirin S.; Haruna I.M. Morphological Characteristics of
Celosia argentea as Influenced by Different Rates of Poultry Manure
and Spacing In Northern Guinea Savana. PAT, 2017, 13, 57-64. [Link]
Bedigian D.; Van der Maesen L.J.G. Slimy leaves and oily seeds:
Distribution and use of Sesamum spp. and Ceratotheca sesamoides
(Pedaliaceae) in Africa. In Plant Resources of Tropical Africa:
Proceedings of the First PROTA International Workshop, Nairobi,
Kenya, 23-25 september 2002/GH Schmelzer and EA Omino. 2003,
271-273. [Link]

Babajide P.A.; Akanbi W.B.; Olabode O.S.; Olaniyi J.O.; Ajibola A.T.
Influence of pre-application handling techniques of Tithonia
diversifolia Hemsl. A. Gray residues on sesame, in south-western
Nigeria. J. Animal Plant Sci., 2012, 15, 2135-2146. [Link]

Babajide P.A.; Oyeleke, O.R. Evaluation of Sesame (Sesamum Indicum)
for Optimum Nitrogen Requirement Under Usual Farmers’ Practice of
Basal Organic Manuring in the Savanna ecoregion of
Nigeria. Evaluation, 2014, 4. [Link]

FAOSTAT. Food and Agriculture Organization of the United Nations.
Online [Link]

Fagbola O.; Osonubi O.; Mulongoy K.; Odunfa S. Effects of Drought
Stress and Arbuscular mycorrhiza on the Growth of Gliricidia sepium
(Jacq). Walp, and Leucaena leucocephala (Lam.) de Wit. in Simulated
Eroded Soil Conditions. Mycorrhiza, 2001, 11, 215-223. [CrossRef]
Mathur N.; Vyas A. Influence of Arbuscular Mycorrhizae on Biomass
Production, Nutrient Uptake and Physiological Changes in Ziziphus
Mauritiana Lam. Under Water Stress. J. Arid Environ., 2000, 45, 191-
195. [CrossRef]

Al-Karaki G.N.; Clark R.B. Varied Rates of Mycorrhizal Inoculum on
Growth and Nutrient Acquisition by Barley Grown with Drought
Stress. J. Plant Nutr., 1999, 22, 1775-1784. [CrossRef]

Ning Y.; Xiao Z.; Weinmann M.; Li Z. Phosphate Uptake is Correlated
with the Root Length of Celery Plants Following the Association
between Arbuscular Mycorrhizal Fungi, Pseudomonas Sp. and Biochar
with Different Phosphate Fertilization Levels. Agronomy, 2019, 9, 824.
[CrossRef]

Alsamowal M. M.; Hadad M. A.; Sharif Z. Response of Sesame
(Sesasum indicum L.) to Vesicular Arbuscular Mycorrhizal (VAM) and
Mineral phosphorus Additions at different moisture regimes under
greenhouse conditions in Sudan. Int. J. Sci. Res. Publications, 2016, 6,
82-88. [Link]

Shiyam J.0.; Binang W.B. Effect of Poultry Manure and Plant
Population on Productivity of Fluted Pumpkin (Telfaiaria occidentalis
Hook F.) in Calabar, Nigeria. J. Org. Syst., 2013, 8, 29-35. [Link]
Olowoake A.A.; Adeoye G.O. Influence of Differently Composted
Organic Residues on the Yield of Maize and its Residual Effects on the
Fertility of an Alfisol in Ibadan, Nigeria. International J. Agric. Environ.
Biotechnol., 2013, 6, 79-84. [Link]

Fazeli Kakhki S.F.; Eskandari Torbaghan M.; Daneshian J.; Anahid S.
Two Years of a Field Study on Sesame Growth and Yield, Nutrient
Uptake by PGP Bacteria Application and Capsule Type. J. Plant Nutr.,
2020, 1-27. [CrossRef]

Paul I.K.; Savithri K.E. Effect of Biofertilizers vs Perfected Chemical
Fertilization for Sesame Grown in Summer Rice Fallow.J. Tropical
Agric., 2006, 41, 47-49. [Link]

Bouyoucos G.J. A Recalibration of the Hydrometer Method for Making
Mechanical Analysis of Soils 1. Agron. J., 1951, 43, 434-438. [CrossRef]
Bremner J.M. Total Nitrogen. Methods of Soil Analysis: Part 2
Chemical and Microbiological Properties, 1965, 9, 1149-1178. [Link]
Olsen S.R. Estimation of Available Phosphorus in Soils by Extraction
with Sodium Bicarbonate (No. 939). US Department of Agriculture.
1954. [Link]

Heanes D.L. Determination of Total Organic-C in Soils by an Improved
Chromic Acid Digestion and Spectrophotometric Procedure. Commun.
Soil Sci. Plant Anal., 15, 1191-1213. [CrossRef]

lycopersicum). Res. J. Agron., 2008, 2, 101-106.

(0. ®

20

21

22

23

24

25

Brundrett M.; Bougher N.; Dell B.; Grove T.; Malajczuk N. Working
with Mycorrhizas in Forestry and Agriculture (No. 435-2016-33680)
Canberra: Australian Centre for International Agricultural Research.
1996. [Link]

Gungula D.T. Growth and Nitrogen Use Efficiency in Maize (Zea mays)
in the Southern Guinea Savanna of Nigeria [Ph. D. thesis]. 1999.
Babatunde K. M.; Shittu K. A.; Adekanmbi O. A.; Adesina A. Effects of
Individual and Combined Application of Organic Plus NPK (15:15:15)
Fertilizers on the Growth Parameters of Tomato (Lycopersicon
esculentum. Mill). J. Agric. Horti. Res., 2019, 2, 1-5. [CrossRef]
Babatunde K. M.; Shittu K. A.; Adekanmbi O. A.; Asimi M. A. Effects of
Soil Amendments on Aggregate Stability and Selected Agronomic
Parameters Of Pepper (Capsicum annuum). Amaz. J. Plant Res., 2020,
4,501-510. [Link]

Mickan B.S.; Abbott L.K.; Stefanova K.; Solaiman Z.M. Interactions
between Biochar and Mpycorrhizal Fungi in a Water-Stressed
Agricultural Soil. Mycorrhiza, 2016, 26, 565-574. [CrossRef]

Harikumar V.S. Biometric parameters of Field Grown Sesame
Influenced by Arbuscular Mycorrhizal Inoculation, Rock Phosphate
Fertilization and lIrrigation. Trop. Subtrop. Agroecosystems, 2017, 20.
[Link]

© 2021, by the authors. Licensee Ariviyal Publishing, India. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/).

Publishing

Green Rep., 2021, 2(4), 26-30.

30


https://medwelljournals.com/abstract/?doi=rjagr.2008.101.106
http://patnsukjournal.net/Vol13No1/P9.pdf
https://library.wur.nl/WebQuery/wurpubs/321734
http://m.elewa.org/JAPS/2012/15.2/Abstract3-akin.html
https://core.ac.uk/download/pdf/234654955.pdf
http://faostat.fao.org/site/567/default.aspx#ancor
https://doi.org/10.1007/s005720100114
https://doi.org/10.1006/jare.2000.0644
https://doi.org/10.1080/01904169909365753
https://doi.org/10.3390/agronomy9120824
http://www.ijsrp.org/research-paper-0816/ijsrp-p5611.pdf
https://www.organic-systems.org/journal/82/8204.pdf
http://www.indianjournals.com/ijor.aspx?target=ijor:ijaeb&volume=6&issue=1&article=012
https://doi.org/10.1080/01904167.2020.1766076
http://jtropag.kau.in/index.php/ojs2/article/viewFile/98/98
https://doi.org/10.2134/agronj1951.00021962004300090005x
https://doi.org/10.2134/agronmonogr9.2.c32
https://books.google.co.in/books?hl=en&lr=&id=d-oaM88x5agC&oi=fnd&pg=PA2&dq=Estimation+of+available+Phosphorus+in+soils+by+extraction+with+sodium+bicarbonate&ots=zZWeZzeQZD&sig=CNnwQWGUTRWzIBea4g5Mr3bqvb8&redir_esc=y#v=onepage&q=Estimation%20of%20available%20Phosphorus%20in%20soils%20by%20extraction%20with%20sodium%20bicarbonate&f=false
https://doi.org/10.1080/00103628409367551
https://www.researchgate.net/profile/B-Dell/publication/227365112_Working_with_Mycorrhizas_in_Forestry_and_Agriculture/links/53eb31430cf28f342f451ac4/Working-with-Mycorrhizas-in-Forestry-and-Agriculture.pdf
https://doi.org/10.33140/JAHR.02.01.08
https://www.researchgate.net/publication/341256938_Effects_of_soil_amendments_on_aggregate_stability_and_selected_agronomic_parameters_of_pepper_Capsicum_annuum
https://doi.org/10.1007/s00572-016-0693-4
https://www.revista.ccba.uady.mx/ojs/index.php/TSA/article/view/2206
http://creativecommons.org/licenses/by/4.0/

