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ABSTRACT 
Red flower rag leaf (Crassocephalum crepidioides) is one of the underutilized vegetables consumed globally. Pot 

trials were conducted to characterize 15 morphologically distinct accessions of C. crepidioides and assess the 

effects of treatment combinations of eggshell, NPK 15:15:15, poultry manure and arbuscular mycorrhizal fungus 

(Glomus mosseae) as soil amendments on growth and yield-related characters of C. crepidioides. Thereafter, 

48 seedlings of the best performing accession were transplanted into perforated polythene bags filled with 7 kg of 

heat-sterilized soil. The experiment was laid out in a completely randomized design with three replicates. Treatment 

combinations were incorporated into in the polythene bags 1 week after transplanting, while control plants received 

no amendments. The results showed that accession NH/GKB-15 had the highest plant height (29.83 cm), stem 

length (27.67 cm), number of leaves (15) and length of internode at node 3 (1.13 cm) and node 4 (1.17 cm). The 

growth and yield characters of this best performing accession (NH/GKB-15) in response to soil amendments 

showed that poultry manure produced the tallest plants (55.17 cm), longest and widest stems (48.35 and 0.66 cm), 

longest and widest leaves (16.39 and 6.26 cm, respectively), and higher number of inflorescence (2.13). With NPK 

15:15:15 the seedlings did not survive. Poultry manure should therefore be utilized for better plant nutrition and 

faster growth of C. crepidioides seedlings as well as for safer consumption of the leafy vegetable. 
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INTRODUCTION  
Crassocephalum crepidioides (Benth.) S. Moore is 

one of the underutilized African leafy vegetables 

belonging to family Asteraceae (Cronquist, 1981). 

Commonly referred to as red flower rag leaf, 

Okinawa spinach or thick head in English, it is called 

“Ebolo” by Yoruba speakers in South-western 

Nigeria (Burkill, 1995). The tender succulent leaves 

and stems of C. crepidioides are mucilaginous, and 

are used in preparation of soups and stews, especially 

in West and Central Africa (Sakpere et al., 2013). 

The leaves of C. crepidioides are used to treat 

indigestion in southern Nigeria (Zollo et al., 2000). 

The dried leaf powder is used by the Tanzanians as a 

snuff to stop nose bleeding and smoked to treat 

sleeping sickness (Zollo et al., 2000). 

Despite the numerous benefits of C. crepidioides 

to human health and nutrition, there are existing 

limiting factors that affect the effective production 

and yield of the crop. Ogbonna (2008) reported that 

soil fertility is one of the major problems limiting 

crop production. Soil fertility can be maintained by 

using mineral fertilizers to ensure sustainable crop 

production (Komolafe et al., 2021). Aside poor soil 

fertility, other constraints responsible for low 

production of vegetable crops are high cost and 

unavailability of inorganic fertilizer, difficulty in 

obtaining adequate amount for large scale agriculture 

and delay in the release of the essential mineral 

nutrients for immediate use of the plant- as exhibited 

by organic manures (Olawuyi et al., 2010). 

Eggshells are waste materials from hatcheries, 

homes and fast-food industries (Amu et al., 2005; 

Phil and Zhihong, 2009). Ground eggshells are a 

useful organic soil amendment due to the content of 

calcium carbonate (95%) and the potential as a 

source of lime to neutralize the pH of acidic soil 

(John and Paul, 2006). Poultry manure (PM), 

consisting of the bird’s faeces, waste food and feathers, 
has been found to reduce parasitic nematode and 

increase soil nutrients (Babatola and Oyedunmade, 

1992). It increases soil carbon, organic nitrogen and 

exchangeable calcium resulting in significant 

increase in pH, characterized with slow release of 

macronutrients most especially phosphorous 

(Sunassee, 2001; Nwangburuka et al., 2012). 

mailto:ezeanyacecilia@gmail.com


Morphological Characterization and Response of Red Flower Rag Leaf to Soil Treatment             52 

 

Inorganic fertilizers like NPK 15:15:15 (NPK) are 

derived from mineral salts and are widely used by 

farmers due to fast and direct effect on plant growth. 

However, consequences from long term usage have 

degraded soil from its productive quality thereby 

reducing yield (Loveland and Webb, 2003; Phelan, 

2004; Khan et al., 2008). Due to those negative 

impacts, huge interest is recently geared towards 

promoting soil nutrients management techniques that 

could strengthen sustainable agricultural structure. 

Arbuscular mycorrhizal fungi (Glomus mosseae) 

have been explored as an alternative to inorganic 

fertilizer in soil amendment for crop growth and yield. 

Arbuscular mycorrhizal fungi (AMF) association 

enhances the uptake of the secondary and micro 

nutrients including calcium, zinc and copper (Ball, 

2006; Phil and Zhihong, 2009). It plays key roles in 

nutrients cycling and protection of plants against 

environmental and biotic stresses (Odebode, 2005; 

Olawuyi et al., 2013; Olawuyi et al., 2014). The 

interactions of AMF and other bio-inoculants used in 

genetic improvement of crops have also enhanced 

yield, and reduced the challenges of soil pollution 

(Khan et al., 2008; Olawuyi et al., 2014). 

The factors limiting the optimum growth and 

yield of crops can be checked by the application of 

fertilizers to the soil. Awodun (2007) reported that a 

combination of fertilizers gives beneficial effect on 

growth, leaf nutrient content and yield components. 

There is paucity of information on the effect of 

combined treatments of bio-inoculants and inorganic 

fertilizer. As a result, the study was aimed at 

investigating the effect of treatment combinations of 

eggshell, NPK, PM, and AMF on growth and yield 

related characters of C. crepidioides. 
 

MATERIALS AND METHODS  
Experimental Site 

The experiment was conducted in the screen house 

located at the Nursery Research Farm of the 

Department of Botany, University of Ibadan, Nigeria 

from Nov. 2019 to Dec. 2019. The area of the experi-

mental screenhouse was 5,610 cm2. The study area lies 

at 7° 26′ 30.12′′ N and 3° 53′ 46.68′′ E with an 

altitude of 185 m asl (Akin-Oriola, 2003), with a mean 

daily temperature of 24.6°C (Olawuyi et al., 2017). 
 
Source of Planting Materials, Bio-Inoculant, 

Organic and Inorganic Fertilizers  

Seedlings of 15 accessions of C. crepidioides were 

collected from the Indigenous Vegetables Nursery of 

Genetic Resources Unit, National Horticultural 

Research Institute (NIHORT) Ibadan, Nigeria and 

placed in perforated trays. These accessions were 

derived through single seed descent (SSD) from a 

landrace population of C. crepidioides (NH/GKB) 

originally from Gbekuba in Ido Local Government 

Area of Oyo State, Nigeria. A pure culture of AMF 

(Glomus mosseae) was obtained from Genetics & 

Molecular Biology Unit in the Department of Botany, 

University of Ibadan, Ibadan, Nigeria. Poultry manure 

(PM, 1 to 3 weeks old) was collected from Oni-Aru 

Small Holder Poultry Farm at Alakia, Ibadan. 

Commercial grade NPK 15:15:15 fertilizer was 

obtained from the open market, while the eggshells 

were collected from a caterer in Sango area, Ibadan 

Nigeria, dried and ground into powder before use. 
 
Design of the Experiment  

This investigation was carried out in two stages: 

i. Morphological evaluation: 15 accessions serially 

coded NH/GKB-01 to NH/GKB-15 were 

transplanted and left to acclimatize for one week 

before treatment application. The best performing 

accession was selected based on the following 

morphological growth characters: plant height, 

stem length, leaf length and width, number of 

leaves and length of internodes at node 3, 4 and 5. 

ii. Soil amendment: The best performing accessions 

revealed in the morphological evaluation was 

subjected thereafter to different soil amendments. 

The experiment was laid out in a completely 

randomized design with three replicates. Forty-

eight plants of the best performing accession were 

subjected to 15 treatment combinations and an 

untreated control as highlighted below:  
 
T1, 2.67 g eggshell + 2.67 g AMF + 2.67g PM; T2, 
2 g eggshell + 2 g AMF + 2 g NPK + 2 g PM; T3, 

2.67 g eggshell + 2.67 g AMF + 2.67 g NPK; T4, 4 
g NPK + 4 g PM;  

T5, 2.67 g AMF + 2.67 g NPK + 2.67 g PM;  
T6, 4 g eggshell + 4 g NPK;  

T7, 2.67 g eggshell + 2.67 g NPK + 2.67 g PM; T8, 

4 g eggshell + 4 g AMF;  
T9, 4 g AMF + 4 g PM;  

T10, 4 g eggshell + 4 g PM;  
T11, 4 g AMF + 4 g NPK;  

T12, 8 g PM;  
T13, 8 g NPK;  

T14, 8 g AMF;  
T15, 8 g eggshell; and 

T16, 0 g. 
 

Soil Collection and Sterilization 

Sandy loam soil for growing the experimental plants 

was obtained from the Research Nursery of the 

Department of Botany, University of Ibadan, Nigeria. 

The soil was sieved after which it was sterilized by 

heating for 2 h until the temperature rose to 100°C. 

The temperature was monitored using a thermometer. 

Sterilization was done to kill all indigenous micro-

organisms including AMF that may have been 

present. Then, 7 kg of sieved and sterilized soil 

sample was bagged in a polythene bag that was 

perforated to prevent waterlogging. 
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Planting and Cultural Practices  

Seedlings were transplanted into the polythene bags, 

and placed on the slab in the screen house with an 

intra-row spacing of 10 cm and inter-row spacing of 

12 cm. The AMF, PM, NPK fertilizer and ground 

eggshell were incorporated into the polythene bags 

based on each treatment combinations. After 1 week 

of transplant, the best accession was picked and 

treatments with bio-inoculants and inorganic fertilizer 

were applied 0.2 m away from the stem using the ring 

method. The experimental plants were watered daily 

with 25 cl of water. Manual removal of weeds around 

the potted plants was carried out weekly. 
 
Data Collection 

Data were taken according to Adjatin et al. (2013) 

with modifications. Plant height, stem length, stem 

diameter, number of leaves, leaf length, leaf width, 

length of internodes at node 3, 4, 5 from growing tip, 

time between bud emergence and achenes production, 

number of inflorescences, and number of branches 

were recorded weekly for six weeks after adding 

treatments. Plant height was measured from soil level 

to the tip of terminal flower head, while stem length 

was from the soil level to the last node before the 

inflorescence. Shoot biomass and root biomass were 

taken at six weeks after treatment. The fifth leaf from 

the tip was tagged and for the leaf measurements. 

Tagged leaves that wilted were replaced by the fifth 

leaf counting from the growing tip. 

 

Statistical Analysis 

Data were subjected to one way analysis of variance 

using Statistical Analysis Software (SAS) version 

9.1. The means were separated using Duncan multiple 

range test at 5% probability level. Correlation matrix 

was used to show the various relationships that exist 

among the studied parameters. 
 
RESULTS 
Mean Square Effects of Accessions on Growth 

Characters of C. Crepidioides 

Accession had highly significant (p < 0.01) effects on 

plant height, stem length, number of leaves, leaf length 

and leaf width, but not on length of internodes at 

nodes 3, 4 and 5 which were not significant (Table 1). 
 
Morphological Characters of the Accessions  

The results in Table 2 show that accession NH/GKB 

15 was significantly (p < 0.05) different for stem 

length compared to other accessions with a mean value 

of 27.67 cm, whereas the effect of NH/GKB 15 on 

plant height was significantly (p < 0.05) different for 

all expect for accessions NH/GKB 04, 09 and 12 with 

values as 29.83, 23.27, 23.13 and 24.17 cm, respec-

tively. Accessions NH/GKB 2 and NH/GKB 7 were 

not significantly (p > 0.05) different for plant height. 

The effect of accession NH/GKB 12 on leaf length 

was significantly different (p < 0.05) for all except 

for accessions NH/GKB 04, 09, 10, 11 and 15. Also, 

accession NH/GKB 12 effect on leaf width was signifi- 

cantly different from all except accessions NH/GKB 

04, 09, 10, 14 and 15. The result also showed that 

there was no variation in accessions for length of 

internodes at node 3 and node 4, resulting in all the 

accessions not significantly (p > 0.05) different. 

 

Mean Square Variance of Treatments of C. 

crepidioides at Different Growth Stages 

Treatment had very highly significant (p < 0.001) 

effects on all the characters evaluated. Weeks after 

planting had very highly significant (p < 0.001) effects 

on plant height, stem length, length of internodes at 

nodes 3, 4 and 5, leaf length and leaf width, but not 

on number of leaves, leaf width and stem diameter. 

Replication had no significant effect on any of the 

growth and yield characters evaluated (Table 3).  

 

The Effects of Treatments on Growth and Yield 

Characters of C. crepidioides 

The results in Table 4 show that the effects of PM on 

plant height and stem length with mean values of 

55.17 and 48.35 cm, respectively were significantly 

(p < 0.05) different from all except AMF + PM and 

eggshell + PM (see Plate 1). Treatment NPK + PM 

and the control were similar (p > 0.05). Eggshell + 

AMF + NPK + PM was also similar to the control for 

plant height. Treatments eggshell + AMF + NPK and 

NPK were similar and had the lowest mean values. 

There was no significant difference between eggshell 

and control for stem length. Eggshell + PM had signi- 

ficant (p < 0.05) effect on number of leaves with a 

value 20.93. The PM, eggshell, eggshell + AMF + PM, 

eggshell + NPK + PM and eggshell + AMF were all 

showed similar number of leaves. The NPK + PM was 

not significantly different from control. The AMF had 

significant effect (p < 0.05) on length of internodes at 

node 3 (3.99 cm). The effect of AMF + PM (3.21 cm) 

and eggshell + PM (3.35 cm) were not significantly 

different on length of internodes at node 3. There was 

no variation in length of internode at node 4, showing 

no significant difference in treatment except treatment 

with NPK + PM (2.11 cm) and AMF + NPK + PM 

(1.90 cm) which were significantly different. Eggshell 

and PM produced significant (p < 0.05) effects on 

length of internode at node 5 (2.18 cm). The effect of 

AMF (2.18 cm) on length of internode at node 5 was 

not significantly different from that of control with 

mean value of 2.26 cm. Eggshell + AMF + PM, 

AMF + NPK + PM, eggshell + AMF and AMF + NPK 

treatments were not significantly (p > 0.05) different 

for length of internode at node 5 with mean values 

1.37, 1.59, 1.52 and 1.42 cm, respectively. 
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Table 2: Effect of accessions on morphological characters of Crassocephalum crepidioides 
Accessions Plant height 

(cm) 
Stem length 

(cm) 
Number of 

leaves 
LIN 3  
(cm) 

LIN 4  
(cm) 

LIN 5  
(cm) 

Leaf length 
(cm) 

Leaf width 
(cm) 

NH/GKB-01  19.33bcde 15.67bcd 10.33cdefg 1.07a 0.90a 1.63ab 7.33def 3.30cde 

NH/GKB-02  12.50e 9.83d 7.33g 0.83a 0.93a 1.33ab 6.47f 2.47e 

NH/GKB-03  15.73cde 13.50bcd 8.67egf 0.60a 0.53a 1.23ab 7.20ef 2.73de 

NH/GKB-04  23.27abc 20.00b 13.00abcd 0.77a 0.77a 1.03ab 9.80abcd 4.33abc 

NH/GKB-05  19.83bcde 17.00bcd 11.00bcdef 0.33a 0.70a 1.00b 8.83bcde 3.47cde 

NH/GKB-06  18.50bcde 15.33bcd 8.33gf 0.70a 0.87a 1.43ab 6.63f 2.83de 

NH/GKB-07  14.00e 11.33cd 9.00efg 0.63a 1.13a 1.47ab 8.10cdef 2.83de 

NH/GKB-08  19.83bcde 18.50bc 10.00defg 0.70a 0.97a 1.20b 6.33f 2.73de 

NH/GKB-09  23.13abc 18.50bc 12.67abcd 0.87a 1.03a 1.07b 10.97ab 4.70ab 

NH/GKB-10  21.80bcd 19.27bc 13.67abc 0.70a 0.57a 1.00b 9.83abcd 4.30abc 

NH/GKB-11  16.73bcde 13.83bcd 11.33bcdef 0.90a 0.97a 2.90a 9.63abcde 3.53bcde 

NH/GKB-12  24.17ab 20.00b 14.00ab 0.70a 1.10a 1.83ab 12.07a 4.90a 

NH/GKB-13  15.67cde 12.00bcd 12.00abcde 0.73a 1.03a 1.53ab 8.37cdef 3.60bcde 

NH/GKB-14  14.67de 12.33bcd 13.67abc 0.80a 1.03a 1.53ab 9.37bcde 3.93abcd 

NH/GKB-15 29.83a 27.67a 15.00a 1.13a 1.17a 1.33ab 10.17abc 3.83abcd 

Means with the same superscript in the same column are not significantly different at p > 0.05. LIN - length of internode at node 

 

The highest mean value (16.39 cm) from PM was 

not significantly (p > 0.05) different from treatment 

eggshell + PM with mean value 14.87 cm for leaf 

length. Treatments eggshell + AMF + PM, NPK + PM 

and eggshell were not significantly (p > 0.05) 

different for leaf length with mean values of 9.23, 

9.93 and 10.06 cm, respectively. Treatments AMF + 

NPK + PM and eggshell + NPK + PM were also not 

significantly different for leaf length with mean 

values 8.87 and 8.95 cm, respectively. There was 

variation in leaf width, showing significant difference 

in treatment except control (3.16 cm) and eggshell + 

NPK + PM (3.41 cm) which were not significantly 

different. The highest mean value (0.66 cm) from PM 

was similar to that (0.65 cm) from eggshell + PM for 

stem diameter. The NPK + PM, AMF + PM and 

AMF were not significantly different from one 

another for stem diameter with mean value 0.54, 0.60 

and 0.56 cm, respectively. AMF + NPK + PM and 

eggshell + NPK + PM were not significantly (p > 

0.05) different from control for stem diameter with 

mean value 0.42, 0.45 and 0.44 cm, respectively. 

Eggshell + AMF+ PM, eggshell + AMF + NPK and 

eggshell + AMF were not significantly different from 

each other for stem diameter with mean values 0.33, 

0.30 and 0.35 cm, respectively. 

 

The PM had highly significant (p < 0.05) effect 

on number of inflorescence (s) with mean value of 

2.13 cm compared to other treatments. Eggshell + PM 

was not significantly different from the use of just 

eggshell as treatment, although eggshell + PM had 

higher mean value of 1.80 cm than eggshell (1.73 cm) 

for number of inflorescence (s). Eggshell + AMF + 

PM, AMF + NPK + PM, eggshell + AMF, AMF + 

NPK and AMF were not significantly different from 

one another for number of inflorescence (s) with 

mean values 0.73, 0.93, 0.67, 0.80 and 1.00 cm, 

respectively. Eggshell had significant effect on 

number of branches with mean value 1.13 cm. 

Eggshell + AMF + PM, NPK 15:5:15 + PM, AMF + 

NPK + PM, eggshell + NPK, eggshell + AMF, AMF 

+ PM, PM and AMF were not significantly different 

with mean values 0.53, 0.13, 0.07, 0.07, 0.27, 0.33, 

0.53 and 0.40 cm, respectively. 

Treatments with eggshell + AMF + NPK and 

NPK recorded lowest values which were not 

significantly (p > 0.05) different for all growth 

characters, while treatments with eggshell + AMF + 

NPK + PM, eggshell + AMF + NPK and NPK 

recorded lowest values which were not significantly 

(p > 0.05) different for all yield parameters. 

Table 1: Mean square effects of accessions on growth characters of Crassocephalum crepidioides 

Source of variation Df (n-1) PH (cm) SL (cm) Number of leaves LIN 3 (cm) LIN 4 (cm) LIN 5 (cm) LL (cm) LW (cm) 

Model 16 60.58 58.43 16.93 0.12 0.11 0.81 8.11 1.53 

Accession 14 64.46*** 62.47** 16.48*** 0.11ns 0.11ns 0.68ns 8.97*** 1.75*** 

Replicates 2 33.43ns 30.15ns 20.07ns 0.16ns 0.07ns 1.78ns 2.06ns 0.01ns 

Error 28 15.49 17.19 3.40 0.21 0.13 0.69 1.80 0.41 

Corrected total 44         

*denotes significant at p < 0.05, ** represents highly significant at p < 0.01, *** is highly significant at p < 0.01, ns - not significant.  
Df - degree of freedom, PH - plant height, SL - stem length, LIN - length of internode at node, LL - leaf length, LW - leaf width 
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Table 3: Mean square variance of treatments of Crassocephalum crepidioides at different growth stages 

Source of variance Df (n-1) PH SL NL LIN 3 LIN 4  LIN 5  LL  LW  SD  NI NB 

Model 21 3256.69 2504.18 394.38 20.09 20.64 13.16 238.17 38.88 0.38 10.96 2.23 

Treatments 15 4007.97*** 3151.83*** 545.80*** 21.39*** 22.40*** 15.53*** 329.00*** 53.55*** 0.52*** 7.16*** 1.63*** 

Weeks 4 1931.57*** 1258.75*** 13.95ns 23.89*** 24.31*** 9.41*** 11.43*** 1.49ns 0.03ns 30.11*** 5.50*** 

Replicates 2 272.33ns 137.65ns 21.07ns 2.76ns 0.14ns 2.89ns 10.52ns 3.33ns 0.02ns 1.22ns 0.18ns 

Error 218 306.23 227.27 40.37 2.81 2.91 1.72 19.00 2.83 0.04 1.87 0.56 

Corrected total 239            

*significant at p < 0.05, **highly significant at p < 0.01, ***very highly significant at p < 0.001, ns - not significant at p < 0.05, Df - degree of freedom 
PH - plant height, SL - stem length, NL - number of leaves, LIN 3, 4 and 5 - length of internode at node at 3, 4 and 5, respectively  

LL - leaf length, LW - leaf width, SD - stem diameter, NI - number of inflorescence, NB - number of branches 

Table 4: Effect of treatments on growth and yield characters of Crassocephalum crepidioides 

Treatments 
Growth characters  Yield characters 

PH (cm) SL (cm) NL LIN 3 (cm) LIN 4 (cm) LIN 5 (cm) LL (cm) LW (cm) SD (cm)  NI NB 

Eggshell+AMF+PM 29.60defg 20.05efg 11.60cdef 1.74cdefg 1.17cde 1.37def 9.23cd 3.63defg 0.33cd  0.73bcde 0.53bc 

Eggshell+AMF+NPK+PM 15.04h 13.13g 8.13ef 0.81fgh 0.57de 0.81efg 5.67efg 2.30ghi 0.30cd  0.00e 0.00c 

Eggshell+AMF+NPK 1.43i 1.27h 0.60h 0.04h 0.04e 0.04g 0.35h 0.14j 0.00e  0.00e 0.00c 

NPK+PM 35.69cdef 31.37cde 12.80bcde 2.21bcde 2.11bc 1.85cde 9.93cd 4.41cde 0.54ab  1.53abc 0.13bc 

AMF+NPK+PM 28.22defgh 25.77cdef 8.93def 2.07bcdef 1.90bcd 1.59def 8.87cdef 2.95fgh 0.42bc  0.93bcde 0.07bc 

Eggshell+NPK 14.51h 11.40gh 3.27gh 0.62gh 0.59de 0.56fg 2.87gh 1.11ij 0.17de  0.27de 0.07bc 

Eggshell+NPK+PM 23.54fgh 20.50efg 11.27cdef 1.21defgh 1.05cde 1.09ef 8.95cdef 3.41efg 0.45bc  0.47cde 0.00c 

Eggshell+AMF 26.09efgh 22.63defg 10.87cdef 1.13efgh 1.29cde 1.52def 6.83def 2.39ghi 0.35cd  0.67bcde 0.27bc 

AMF+PM 46.05abc 38.00abc 14.14bcd 3.21ab 3.78a 2.79abc 11.12bc 4.84bcd 0.60ab  1.27abcd 0.33bc 

Eggshell+PM 51.91ab 46.13ab 20.93a 3.35ab 3.71a 3.41a 14.87a 5.91ab 0.65a  1.80ab 0.67ab 

AMF+NPK 19.14gh 16.81fg 6.73fg 1.11efgh 1.27cde 1.42def 5.52fg 1.64hi 0.23d  0.80bcde 0.00c 

PM (Poultry manure) 55.17a 48.35a 17.73ab 2.73abc 2.99ab 3.14ab 16.39a 6.26a 0.66a  2.13a 0.53bc 

NPK (NPK 15:15:15) 0.00i 0.00h 0.00h 0.00h 0.00e 0.00g 0.00h 0.00j 0.00e  0.00e 0.00c 

AMF (Arbuscular mycorrhizal 

fungi) 
39.43bcde 34.33bcd 15.40bc 3.99a 2.67ab 2.18bcd 13.42ab 5.24abc 0.56ab  

1.00bcde 0.40bc 

Eggshell 41.19bcd 36.12bc 17.80ab 2.59bc 2.75ab 2.38abcd 10.06cd 3.86def 0.49abc  1.73ab 1.13a 

Control 36.96cdef 35.38bc 13.00bcde 2.52bcd 2.74ab 2.26bcd 9.08cde 3.16efg 0.44bc  1.60abc 0.60abc 

Means with the same superscript in the same column are not significantly (p > 0.05) different using Duncan’s Multiple Range Test (DMRT). 
PH - plant height, SL - stem length, NL - number of leaves, LIN 3, 4 and 5 - length of internode at node at 3, 4 and 5, respectively  
LL - leaf length, LW - leaf width, SD - stem diameter, NI - number of inflorescence, NB - number of branches 

55  



Morphological Characterization and Response of Red Flower Rag Leaf to Soil Treatment             56 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

Plate 1: Crassocephalum crepidioides treated with 8 g 

of poultry manure four weeks after treatment (WAT) 

 

Effects of Treatment on Growth and Yield 

Characters of Crassocephalum crepidioides 

The shoot biomass and root biomass had no signifi-

cant (p > 0.05) effect across the replicates. Treatment 

had significant (p < 0.05) effect on root biomass, 

while the treatment had no significant (p > 0.05) 

effect on shoot biomass (Table 5). 

 

Effect of Treatments on Shoot and Root Biomass 

The results in Table 6 show that the effect of PM on 

root biomass was significantly different (p < 0.05) for 

all except AMF + PM, eggshell + PM, AMF and 

control (Plate 2b). All soil amendments except 

Eggshell+ AMF + PM, eggshell + AMF + NPK, 

eggshell + NPK and eggshell + AMF on shoot 

biomass were not significantly (p > 0.05) different 

(Plate 2a).   

 

Table 6: Effects of treatment on shoot biomass and root biomass 

Treatments 
Shoot 

biomass (g) 

Root 

biomass (g) 

Eggshell+AMF+PM 4.28bc 0.91b 

Eggshell+AMF+NPK+PM 7.51abc 1.20b 

Eggshell+AMF+NPK 0.00c 0.00b 

NPK+PM 6.11abc 0.91b 

AMF+NPK+PM 10.25abc 1.44b 

Eggshell+NPK 1.43c 0.20b 

Eggshell+NPK+PM 12.67abc 1.30b 

Eggshell+AMF 4.23bc 0.90b 

AMF+PM 8.39abc 2.34ab 

Eggshell+PM 21.68ab 3.37ab 

AMF+NPK 8.74abc 1.96b 

PM (Poultry manure) 25.49a 5.46a 

NPK (NPK 15:15:15) 0.00c 0.00b 

AMF (Arbuscular mycorrhizal fungi) 12.60abc 2.75ab 

Eggshell 17.65abc 2.22ab 

Control 6.03abc 2.70ab 

Means with same superscript in the same column are not signifi-
cantly (p > 0.05) different using Duncan’s Multiple Range Test 
(DMRT). 

 

 
Plate 2a: Highest shoot biomass of C. crepidioides treated 

with 8 g of poultry manure 

 

Plate 2b: Highest root biomass of C. crepidioides treated 

with 8 g of poultry manure 

Table 5: Mean square effects of treatments and replicates on shoot 
biomass and root biomass 

Source of 

variation  

Df  

(n-1) 

Shoot  

biomass 

Root  

biomass 

Model 17 149.78 5.38 

Treatments 15 163.80ns 6.03* 

Replicates 2 44.63ns 0.57ns 

Error 30 103.00 3.02 

Corrected total 47   

*Significant at p < 0.05, ns - not significant at p < 0.05,  

Df - degree of freedom 
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Correlation of Growth and Yield Characters of 

Crassocephalum crepidioides 

The results of correlation coefficient of growth and 

yield characters in Table 7 show that plant height was 

positive and strongly related (p < 0.01) with stem 

length, number of leaves, length of internode at node 

3, length of internode at node 4, length of internode at 

node 5, leaf length, leaf width, stem diameter and 

number of inflorescence, with r = 0.98, 0.81, 0.83, 

0.81, 0.91, 0.84, 0.82, 0.84 and 0.73, respectively. 

Stem height was highly significant and strongly 

associated with number of leaves, length of internode 

at node 3, length of internode at node 4, length of 

internode at node 5, leaf length, leaf width, stem 

diameter and number of inflorescence, with r = 0.82, 

0.85, 0.83, 0.92, 0.85, 0.82, 0.85 and 0.71, 

respectively. Number of leaves had a strong positive 

correlation with length of internode at node 3, length 

of internode at node 4, length of internode at node 5, 

leaf length, leaf width, stem diameter, with r = 0.85, 

0.63, 0.71, 0.88, 0.84, 0.71, respectively. Length of 

internode at node 3 was highly significant and 

positively correlated with length of internode at node 

4, length of internode at node 5, leaf length, leaf 

width, stem diameter and number of inflorescence 

with r = 0.79, 0.82, 0.66, 0.66, 0.73 and 0.64, 

respectively. Length of internode at node 4 had a 

strong positive correlation with length of internode at 

node 5, leaf length, leaf width, stem diameter and 

number of inflorescence with r = 0.81, 0.61, 0.63, 

0.71 and 0.67, respectively. Length of internode at 

node 4 had no correlation with number of branches, 

bud emergence to fruiting, shoot biomass, root 

biomass and treatment. Length of internode at node 5 

had a strong positive correlation with leaf length, leaf 

width, stem diameter and number of inflorescence 

with r = 0.73, 0.73, 0.78 and 0.71, respectively. Leaf 

length had a strong positive correlation with leaf 

width and stem diameter with r = 0.96 and 0.72, 

respectively. Leaf width only had a strong positive 

correlation with stem diameter (r = 0.70). Stem 

diameter had strong positive correlation with number 

of inflorescence having r value as 0.61. 

 

Principal Component Analysis of Growth and 

Yield Characters of Crassocephalum crepidioides 

The results in Table 8 delineate the C. crepidioides 

into seven principal component axes; Prin. 1, 2, 3, 4, 

5, 6 and 7. Prin. 1 which constituted the highest 

accounted for 0.70 of total proportion with eigen value 

of 8.35, while Prin. 7 was the least with proportion of 

0.02 and eigen value of 0.24. In Prin. 1, plant height 

(0.34) and stem length (0.34) were closely related as 

well as length of internode at node 3 and node (0.29). 

Also, length of internode at node 5, leaf length and 

leaf width were closely related with eigen value 0.31. 

No eigen values were closely related in Prin. 2 and 

Prin. 3. Leaf length and leaf width (–0.16) were 

closely related in Prin. 4. In Prin. 5, number of leaves 

and leaf length (–0.16) were closely related, while in 

Prin. 6, stem height and length of internode at node 5 

(–0.07) were closely related. 

 

DISCUSSION  

The findings from the first stage of the experiment 

showed variations in morphological characters among 

the 15 accessions of C. crepidioides. The best perform- 

ing accession based on morphological evaluation was 

NH/GKB 15, while the accession with the worst 

performance was NH/GKB 02. The variations shown 

by the characters may be as a result of high genetic 

diversity, differences of growing type and differences 

on the type of adaptation. This is in accordance with 

the reports that variations in characters were due to 

high genetic diversity and differences of growing type 

and type of adaptation (Mujica and Jacobsen, 2003; 

Oraegbunam et al., 2016; Umezinwa et al., 2020). 

  
Table 7: Correlation of growth and yield characters of Crassocephalum crepidioides 
 PH SL NL LIN 3 LIN 4 LIN 5 LL LW SD NI NB BEF SB RB T 

PH                
SL 0.98**               

NL 0.81** 0.82**              

LIN 3 0.83** 0.85** 0.85**             

LIN 4 0.81** 0.83** 0.63** 0.79**            

LIN 5 0.91** 0.92** 0.71** 0.82** 0.81**           

LL 0.84** 0.85** 0.88** 0.66** 0.61** 0.73**          

LW 0.82** 0.82** 0.84** 0.66** 0.63** 0.73** 0.96**         

SD 0.84** 0.85** 0.71** 0.73** 0.71** 0.78** 0.72** 0.70**        

NI 0.73** 0.71** 0.46 0.64** 0.67** 0.71** 0.46 0.45 0.61**       

NB 0.47 0.44 0.41 0.41 0.41 0.39 0.28 0.25 0.40 0.44      

BEF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00     

SB 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00    

RB 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00   

T 0.25 0.30 0.25 0.24 0.26 0.26 0.22 0.18 0.15 0.20 0.19 0.00 0.00 0.00 0.00 

*significant at p < 0.05, **highly significant at p < 0.01, ***very highly significant at p < 0.001; PH - plant height, SL - stem length,  

NL - number of leaves, LIN 3, 4 and 5 - length of internode at node at 3, 4 and 5, respectively; LL - leaf length, LW - leaf width, SD - stem diameter, 

NI - number of inflorescence, NB - number of branches, BEF - bud emergence to fruiting, SB - shoot biomass, RB - root biomass, T - treatments 
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Table 8: Principal component analysis (PCA) of growth and yield characters of Crassocephalum crepidioides 
 Characters Prin. 1 Prin. 2 Prin. 3 Prin. 4 Prin. 5 Prin. 6 Prin. 7 

 Plant height 0.34 0.02 –0.02 0.02 –0.06 –0.05 0.05 
 Stem length 0.34  –0.02 –0.06 –0.02 0.00 –0.07 0.01 

 Number of leaves 0.30 –0.06 0.35 –0.17 –0.16 0.23 –0.23 

 Length of internode at node 3 0.29 0.04 –0.31 –0.23 0.40 0.21 0.62 

 Length of internode at node 4 0.29 0.07 –0.33 0.01 0.48 0.48 –0.50 

 Length of internode at node 5 0.31 –0.00 –0.26 –0.09 0.03 –0.07 –0.04 

 Leaf length 0.31 –0.22 –0.22 –0.16 –0.16 0.15 0.20 

 Leaf width 0.31 –0.25 0.23 –0.16 –0.15 0.28 0.19 

 Stem diameter 0.30 –0.15 0.10 –0.04 0.00 –0.75 –0.46 

 Number of inflorescence 0.24 0.29 –0.48 0.32 –0.66 0.05 0.02 

 Number of branches 0.14 0.88 0.39 –0.14 0.08 –0.04 0.03 

 Bud emergence to fruiting 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 Shoot biomass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 Root biomass 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 Eigen value 8.35 0.91 0.79 0.63 0.40 0.26 0.24 

 Proportion (%) 0.70 0.08 0.07 0.05 0.03 0.02 0.02 

 
The variations also suggest that the characters are 

under genetic control and as such be liable to genetic 

improvement. This provides opportunity to improve 

desirable morphological traits of C. crepidioides. 

Adjatin et al. (2013) also reported genetic variation 

and diversity among different populations of C. 

crepidioides. The diversity noted in crop performance 

or the growth characters in this study could be 

explained by differences in agro-climatic conditions 

and the individual’s selection practices prevailing in 

the area where the seedlings were collected. 

The second stage of the experiment showed that 

the growth and yield characters of accession 

NH/GKB 15 of C. crepidioides were significantly 

increased in response to the application of PM. This 

might be as a result of the highest release of nitrogen 

and phosphorus from the organic fertilizer. This is in 

conformity with earlier reports that organic amended 

soils possess essential nitrogen twice the level of 

nitrogen in conventional soils (Dauda et al., 2005; 

Delate et al., 2008). Poultry manure had also been 

reported to enhance the growth parameters of crops 

(Dauda et al., 2008; Nwite et al., 2013; Nnadi et al., 

2020) due to high content of essential plant nutrients 

resulting to high photosynthetic activities (John et al., 

2004). Organic fertilizer apart from releasing nutrient 

elements to the soil has also been shown to improve 

other soil chemical and physical properties which 

enhance crop growth and development (Dauda et al., 

2008; Ogbonna, 2008; Uko et al., 2009). 

The PM produced the highest plant height, stem 

length, stem diameter, leaf length, leaf width, number 

of inflorescence, shoot biomass and root biomass. 

This observation is in line with Dossou et al. (2019) 

who reported that adding either cow dung or poultry 

manure as organic fertilizer improved the growth of 

C. crepidioides plants. Ojeniyi et al. (2008) also 

reported higher growth parameter values with the 

addition of poultry manure, whereas Abdulmaliq et al. 

(2019) found that sole application of poultry manure 

resulted in better growth and yield of tomato than 

NPK fertilizer alone. Bawa (2010) also observed 

taller plants, more leaf number and height, as well as 

enhanced vegetative growth and yield of amaranth 

with poultry manure application. Poultry manure was 

also reported by Ayeni et al. (2016) to produce the 

highest fresh root weight, fresh shoot weight dry root 

weight and dry shoot weight in Solanum nigrum. 

Eggshell + AMF had lowest biomass compared to 

the single application of eggshell and AMF. This is 

not in agreement with Valentine et al. (2001) who 

reported that colonization of AMF to produce highest 

biomass is depended on the low concentration of 

phosphorus and high concentration of other nutrients; 

as eggshell has low concentration of phosphorus but 

in combination with AMF, it did not perform better. 

This might be as a result of high phosphorus and high 

nutrient concentration which inhibited an optimum 

performance of AMF to produce highest biomass. 

There was no significant effect on leaf length and 

stem diameter when eggshell + PM and PM were used; 

although treatment with eggshell + PM performed 

better than that of PM only. This could be as a result of 

the additional amount of essential secondary nutrients 

(Ca and Mg) and micronutrients (B, Cu, Fe, Mn, Mo) 

obtained from ground eggshell which supports plant 

growth. This agrees with Nguyen et al. (2016) that 

application of the bio-mixture containing spent coffee 

and ground eggshells to the soil helps to increase soil 

nutrients, soil health and okra yield. It is also in 

agreement with Ledbetter et al. (2011) study which 

revealed that red cover plants fertilized with 

eggshells grew at an average of more than 10 mm 

larger than plants without eggshells. 

The same quantity of PM and ground eggshell did 

not show similar effect on C. crepidioides. This might 

be due to more quantity of eggshell needed to display 

similar significant effect. This is in accordance with 

Radha and Karthikeyan (2019) report whose study 

noted a better performance of cowpea planted on 10 g 
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of eggshell compared to 8 g of eggshell. The treat-

ment NPK + PM did not perform best in the 

experiment. This was not in accordance with reports 

by Awodun (2007) and Fonge et al. (2016). 

There were negative responses on survival from 

seedlings treated with 8 g of NPK. Seedlings treated 

with NPK did not survive. This might be due to the 

quantity of the fertilizer applied. Dachung et al. 

(2019) reported that an increase in dose of fertilizer 

(at dose 6 and 9 g, whose mean is approximately 8 g) 

caused decrease in survival percentage of 

Tamarindus indica seedlings. Grzyb et al. (2013) also 

observed high mortality of plants following a high 

application rate of NPK mineral fertilizer on apples. 

The comparison of AMF with AMF + NPK effect 

on growth and yield parameters showed that AMF 

performed better than AMF + NPK. This could be as 

a result of the nitrogen released from NPK which 

affected the colonization of AMF. This agrees with 

Liu et al. (2000) who showed that root colonization 

of maize by AMF and production of extra-radical 

hyphae were suppressed by high application rates of 

nitrogen and phosphorus fertilizers. Similar observa-

tion of addition of nitrogen and phosphorus fertilizers 

reducing the colonization of AMF was also reported 

by Bakhshandeh et al. (2017). 

 

CONCLUSION AND RECOMMENDATION 
In the first experiment, there were morphological 

variations among the accessions of Crassocephalum 

crepidioides of which the best accession was 

NH/GKB-15. The addition of poultry manure 

produced better growth at the early and maturity 

stages of C. crepidioides. The NH/GKB-15 accession 

of C. crepidioides could be recommended and utilized 

for future experiments involving poultry manure and 

other bio-inoculants for better plant nutrition and 

faster growth of C. crepidioides seedlings. 

 

REFERENCES  
Abdulmaliq S.Y., Kumar N., Bello O.B., Nduka and 

Kareem I. (2019). Influence of poultry manure and 
NPK fertilizer as amendment on the performance of 
Tomato (Solanum lycoperscum L. Moench.) varieties at 

Lapai, Southern Guinea Savannah. Ann. Biotechnol. 
Bioeng., 1 (1), 1003 

Adjatin A., Dansi A., Yevide A.I.S., et al. (2013). Agro-
morphological characterization of Gbolo 
(Crassocephalum crepidioides benth. S. Moore and C. 
rubens Juss. Jacq. S. Moore) and aromatic herb 
consumed as leafy vegetable in Benin. Int. Res. J. 
Agric. Sci. Soil Sci., 3 (7), 201-218 

Akin-Oriola G.A. (2003). On the phytoplankton of Awba 
Reservoir, Ibadan, Nigeria. Revista de Biologia 
Tropica, 51 (1), 99-106 

Amu O.O., Fajobi A.B. and Oke B.O. (2005). Effect of 
eggshell powder on the stabilizing potential of lime on 
an expansive clay soil. J. Appl. Sci., 5 (8), 1474-1478 

Awodun M.A. (2007). Effect of poultry manure on the 
growth, yield and nutrient content of fluted pumpkin 
(Telfairia occidentalis Hook F.). Asian J. Agric. Res., 
1, 67-73 

Ayeni M.J., Ademiluyi B.O. and Shittu R.A. (2016). 
Effects of organic and inorganic fertilizers on the 
growth performance of Solanum nigrum L. J. Agric., 
Ecol. Res. Int., 5 (4), 1-6 

Babatola J.O. and Oyedunmade E.F.A. (1992). Influence of 
organic manures and urea on nematode pest of Celosia 
argenta. Nematologia Mediterranean, 20, 237-239 

Bakhshandeh S., Corneo P.E., Mariotte P., Kertesz M.A. and 
Dijkstra F.A. (2017). Effect of crop rotation on myco-
rrhizal colonization and wheat yield under different ferti-
lizer treatments. Agric. Ecosys. Environ., 247, 130-136  

Ball A.S. (2006). Energy input in soil systems. In: Uphoff 
N., Ball A.S., Fernandes E. et al. (eds.), Biological 

Approaches to Sustainable Soil Systems (pp. 79-91). 
CRC Taylor and Francis, Boca Raton 

Bawa A.A. (2010). Performances of Vegetable Amaranth 
(Amaranthus Cruentus L.) as Influenced by Poultry 
Manure Rate and Inter Row Spacing at Samaru. An 
Unpublished Undergraduate Project, Department of 
Agronomy, Ahmadu Bello University, Zaria 

Burkill H.M. (1995). The Useful Plants of West Tropical 

Africa (2nd Ed.). London: Royal Botanical Garden, 

Kew, pp. 160-164 

Dachung G. and Kalu M. (2019). Effect of organic and 

inorganic fertilizers on the early growth of Tamarindus 

indica L. in Makurdi, Nigeria. J. Res. Forest. Wildlife 

Environ., 11 (3) 

Cronquist A. (1981). An Integrated System of Classification 

of Flowering Plants. Columbis University Press, NY, 

1262 pp. 

Dauda S., Aliyu N.L. and Chiezey U.F. (2005). Effects of 

variety, seedling age and poultry manure on growth and 

yield of garden egg (Solanum gilo L.). Aliyu Acad. 

Forum, 988-995 

Dauda S.N., Ajayi F.A. and Ndor E.N. (2008). Growth and 

yield of water melon (Citrullus lanatus) as affected by 

poultry manure application. J. Agric. Soc. Sci., 4 (3), 

121-124 

Delate K., Cambardella C. and Mckern A. (2008). Effects 

of organic fertilization and cover crops on an organic 

pepper system. Hort. Technol., 18, 215-226 

Dossou J., Wédjangnon A.A., Houètchégnon T. and 

Ouinsavi C. (2019). Establishing optimal conditions for 

nursery production and domestication of 

Crassocephalum crepidioides (Benth.) S. Moore. J. 

Trop. Biol. Conserv., 16, 249-262 

Fonge B.A., Bechem E.E. and Awo E.M. (2016). Fertilizer 

rate on growth, yield, and nutrient concentration of 

leafy vegetables. Int. J. Veg. Sci., 22 (3), 274-288 

Grzyb Z.S., Piotrowski W., Bielicki P. and Paszt L.S. (2013). 

Effect of some bio-products on winter mortality of 

grafted buds and the number of maiden fruit trees pro-

duced in an organic nursery. J. Life Sci., 7 (3), 282-288 

John H. and Paul K. (2006). Can ground eggshells be used 

as a liming source? Integr. Crop Manag. Conf., Iowa 

State University, pp. 235-238 

John L.W., Jamer D.B., Samuel L.T. and Warner L.W. 

(2004). Soil Fertility and Fertilizers: An Introduction to 

Nutrient Management. India: Pearson Edu., pp. 106-153 



Morphological Characterization and Response of Red Flower Rag Leaf to Soil Treatment             60 

 

Khan M.S., Shil N.C. and Noor S. (2008). Integrated 

nutrient management for sustainable yield of major 

vegetable crops in Banglasdesh. Bangladesh J. Agric. 

Environ., 4, 81-94 

Komolafe A.F., Adejuyigbe C.O., Babalola O.A., Soretire 

A.A. and Kayode C.O. (2021). Fertilizer values of 

composts as affected by plant materials and composting 

duration on maize (Zea mays) performance. Agro-

Science, 20 (1), 87-94 

Ledbetter S., Gros A., Sells W. and Merrill A. (2011). The 

effects of coffee and eggshells on fertilizer for red 

clover and barley seeds. How to use eggshells for plant 

fertilizers. Available at: plantingscience.org 

Liu A., Hamel C., Hamilton R.I., Ma B.L. and Smith D.L. 

(2000). Acquisition of Cu, Zn, Mn and Fe by mycorrhizal 

maize (Zea mays L.) grown in soil at different P and 

micronutrient levels. Mycorrhiza, 9, 331-336 

Loveland P. and Webb J. (2003). Is there a critical level of 

organic matter in the agricultural sols of temperate 

regions? A review. Soil Tillage Res., 70, 1-18 

Mujica A. and Jacobsen S.E. (2003). The genetic resources 

of Andean grain amaranths (Amaranthus caudatus L., 

Amaranthus cruentus L. and Amaranthus hypochon-

driacus). Am. Plant Gen. Resour. Newslett., 133, 41-44 

Nguyen K.N., Nguyen V.B., Do H.S. and Lam T.L. (2016). 

Effect of biomixture containing spent coffee ground 

and miller eggshells on the yield of okra (Abelmoschus 

esculentus Moench) and soil fertility under greenhouse 

conditions. Int. J. Adv. Sci. Eng. Inform. Technol., 6 

(4), 2088-5334 

Nnadi A.L., Nnanna P.I., Onyia V.N., Obalum S.E. and 

Igwe C.A. (2020). Growth and yield responses of high-

density coverage sweet potato to liming and fertilizer 

combinations for sandy-loam Ultisols at Nsukka, 

southeastern Nigeria. In: Climate-Smart Soil 

Management, Soil Health/Quality and Land Manage-

ment: Synergies for Sustainable Ecosystem Services 

(pp. 263-269), Proc. 44th Annual Conf. Soil Sci. Soc. 

Nig. (SSSN), 16-20 Mar. 2020 [Colloquia SSSN 44], 

Enugu State Univ. of Sci. & Tech., Enugu, Nigeria 

Nwangburuka C.C., Denton O.A., Kehinde O.B., Ojo D.K. 

and Popoola A.R. (2012). Genetic variability and 

heritability in cultivated okra (Abelmoschus esculentus 

L. Moench). Spanish J. Agric. Res., 10 (1), 123-129 

Nwite J.C., Keke C.I., Obalum S.E., Essien J.B., Anaele 

M.U. and Igwe C.A. (2013). Organo-mineral amendment 

options for enhancing soil fertility and nutrient 

composition and yield of fluted pumpkin. Int. J. 

Vegetable Sci, 19 (2), 188-199. https://doi.org/ 

10.1080/19315260.2012.705233 

Odebode A.C. (2005). The use of arbuscular mycorrhiza 

(AM) as a source of yield increase in sustainable alley 

cropping system. Arch. Agron. Soil Sci., 51, 385-390 

Ogbonna P.E. (2008). Effect of combined application of 

organic and inorganic fertilizers on fruit yield of 

eggplant (Solanum melongena). Proc. 42nd Ann. Conf. 

Agric. Soc. Nig. (ASN), October 19-23, pp. 236-250 

Ojeniyi S.O., Agbede T.M. and Adeyemo A.J. (2008). Effect 

of poultry manure on soil physical and chemical proper- 

ties, growth and grain yield of sorghum in Southwest, 

Nigeria. Am-Eurasian J. Sustain. Agric., 2 (1), 72-78 

Olawuyi O.J., Babatunde F.E., Akinbode O.A., Odebode 

A.C. and Olakojob S.A. (2010). Influence of arbuscular 

mycorrhizal and NPK fertilizer on the productivity of 

cucumber (Cucumis sativus). Proc. 44th Ann. Conf. 

Agric. Soc. Nig., October 18th-22nd, Ladoke Akintola 

University of Technology, Ibadan, Nigeria 

Olawuyi O.J., Jonathan S.G., Babalola B.J., Aina D.A., 

Olowe O.M. and Ogunsanya O. (2017). Responses of 

morphological and yield components of pepper in 

treatments of Glomus deserticola with compost and 

poultry manure. J. Adv. Biol. Biotechnol., 14 (3), 1-8 

Olawuyi O.J., Jonathan S.G., Babatunde F.E. et al. (2014). 

Accession × treatment interaction, variability and 

correlation studies of pepper (Capsicum sp.) under the 

influence of arbuscular mycorrhiza fungus (Glomus 

clarum) and cow dung. J. Plant Sci., 5, 683-690 

Olawuyi O.J., Odebode A.C., Oyewole I.O. and Akanmu 

A.O. (2013). Effect of arbuscular mycorrhizal fungi on 

Pythium aphanidermatum causing foot rot disease on 

pawpaw (Carica papaya L.) seedlings. Arch. 

Phytopathol. Plant Protect., 47, 185-193 

Oraegbunam C.J., Njoku O.M., Imoh O.N. et al. (2016). 

Agronomic performance and adaptability of three 

varieties of watermelon (Citrullus lanatus) on sandy 

loam soil in Derived Savanna. Agro-Science, 15 (3), 

46-50. https://dx.doi.org/10.4314/as.v15i3.8 

Phelan L.P. (2004). Connecting below ground and above 

ground food webs: The role of organic matter in 

biological buffering. In: Magdoff F. and Weil R.R. 

(eds.), Soil Organic Matter Sustainable Agriculture 

(pp. 199-226). FL: CRC Press, Boca Raton 

Phil G. and Zhihong M. (2009). High Value Products from 

Hatchery Waste. RIRDC Publication No. 09/061 

Radha T. and Karthikeyan G. (2019). Hen eggshell waste 

as fertilizer for the growth of Phaseolus vulgaris. Res. 

J. Life Sci. Bioinform. Pharm. Chem. Sci., 5 (1), 398 

Sakpere A.M., Adedeji O. and Folashade A.T. (2013). 

Flowering, post-pollination development and 

propagation of Ebolo (Crassocephalum crepidioides 

(Benth.). J. Sci. Technol., 33 (2), 37-49 

Sunassee S. (2001). Food and Agricultural Research 

Council. Reduit, Mauritius, pp. 259-263 

Uko A.E., Udo I.A. and Shiyam J.O. (2009). Optimizing 

poultry manure rates for two okra (Abelmoschhus 

esculentus) varieties in a warm wet climate. J. Agric. 

Biotechnol. Ecol., 2 (3), 273-285 

Umezinwa P.O., Nnadi A.L., Onyia V.N., Atugwu A.I. and 

Obalum S.E. (2020). Evaluation of eggplant parental 

varieties against their hybrid progenies and responses 

to N-fertilizer doses and dosing options on well-drained 

humid tropical soils. Trop. Agric. (Trinidad), 97 (2), 

94-103. 0041-3216/2020/020094-103 

Valentine A.J., Osborne B.A. and Mitchell D.T. (2001). 

Interactions between phosphorus supply and total nutrient 

availability on mycorrhizal colonization, growth and 

photosynthesis of cucumber. Sci. Hort., 88, 177-189 

Zollo P.H.A., Kuiate J.R., Menut C. and Bessiere J.M. 

(2000). Aromatic plants of tropical Central Africa: 

Chemical composition of essential oils from seven 

Cameroonian Crassocephalum species. J. Essential Oil 

Res., 12, 533-536 

https://doi.org/%2010.1080/19315260.2012.705233
https://doi.org/%2010.1080/19315260.2012.705233
https://dx.doi.org/10.4314/as.v15i3

