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Abstract

Field trials were conducted during 2005 and 2006 planting seasons to investigate the influence of cattle dung and the critical period 
of weed interference on growth and yield components of okra [Abelmoschus esculentus (L). Moench]. The study was a factorial trial laid 
out in a split plot design and replicated three times. The main plot comprised of four levels of cattle dung and the sub plots were three 
regimes of weeding. The growth attributes viz; plant height, number of leaves, leaf area and dry matter production differed significantly 
due to different treatments. These attributes increased significantly owing to the application of cattle dung which leads to continuous 
availability of nutrients to the plants as well as appropriate timing of weeding which reduced the influence of weed interference on the 
okra. Yield and yield components were influenced significantly by the application of cattle dung and weeding regimes. The highest fresh 
fruit yield (102.93 t ha-1) was observed in plots that received 8 t ha-1cattle dung and weeded at 3 and 6 weeks after sowing. Application of 
8 t ha-1 of cattle dung as well as weeding at 3 and 6 weeks after sowing significantly enhanced okra growth and fruit yield. However, plots 
with sub-optimal cattle dung rate and infested with weeds until harvest produced the least dry matter and fresh fruit yield.
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Introduction

Okra [Abelmoschus esculeentus (L.) Moench] is a wide-
ly cultivated fruit vegetable found in almost every market 
in Nigeria (Akoroda et al., 1985) and Africa (Schippers, 
2000). It is usually grown on small farm holdings in mix-
tures with staple food crops such as yam, maize, cassava, 
cowpea and pepper or with various vegetable crops (Ay-
odele, 1983; Muoneke and Asiegbu, 1996; Olasotan, 
2001; Odeleye, et al., 2005).

Small holders in the tropics face the problem of main-
taining productivity. In this respect, soil infertility is a 
major overriding constraints that affects all aspects of 
crop husbandry. The soils are poor in organic matter and 
available nutrients hence, productivity and sustainability 
decline over time. (Zingore et al., 2003; Mbah, 2006). 
Decreasing soil fertility has also raised concerns about the 
sustainability of agricultural production at current levels. 
Future strategies for increasing agricultural productivity 
will have to focus on using available nutrient resources 
more efficiently, effectively than in the past. Livestock re-
mains such as poultry manure and cattle dung are valuable 
resources, which may be useful as a supplement or replace-
ment for inorganic fertilizers (Dyne and Gilbertson, 1978; 
Cecil et al., 1997). In order to prevent the current global 
high price and short supply of mineral fertilizers and their 
deleterious effects on ecosystems, there is the need to de-
velop a sustainable cropping system and soil fertility man-

agement through the supply of sufficient organic matter 
for optimum okra growth and yield.

Interestingly, crops and weeds have the same basic 
nutrient requirements (Foster, 1996). All plants require 
the same basic nutrients, but plants differ in the way they 
respond to nutrient availability (Blackshaw et al., 2000). 
Making nutrient available to crops generally means mak-
ing nutrients available to weeds (O’Donovan et al., 2001). 
According to Liebman and Davis (2000) variation in crop 
and weed responses to soil fertility regimes indicate the 
need for a better understanding of interactions between 
management practices and species-specfic physiological 
and morphological characteristics. The timing of nutri-
ent availability relative to crop and weed demands upon 
nutrient supplies appears to be especially important for 
determining the outcome of competitive interactions.  
In addition, the level of soil fertility determines the rela-
tive competitiveness between the crop and the weeds. At 
higher levels, or if an imbalance is favouring high levels of 
N, weeds like wild oat are generally more competitive than 
crops (SODRC, 2006). However, appropriate agronomic 
practices and management decisions can have a significant 
influence on the type and number of weeds interfering 
with crops. Understanding this relationship can help ar-
able crop growers manage weeds through the avoidance 
of the critical period of weed competition with crops and 
various cultural management practices. The study presents 
optimum rates of cattle dung that would supply the ad-
equate nutrient in a usable form at right time for healthy 
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The experimental design used was a split plot arrange-
ment in a randomized complete block design with three 
replications. The main plots were four cattle dung levels 
(0, 4, 8 and 12 t ha-1) based on previous study with poultry 
manure (Odeleye et al., 2005) and the sub plots were three 
weeding regimes (weedy check, weeding at 3 and 5 weeks 
after sowing (WAS) and 3 and 6 WAS. Main and sub-plots 
area were 17.28 m2 and 5.76 m2 respectively. Three seeds of 
early maturing cultivars (NHAe47-4), were sown per stand 
at a spacing of 0.9 m x 0.4 m to obtain plant population of 
125,000 plants ha-1. Missing stands were supplied at one 
WAS, while seedlings were thinned to give the required 
plants per stand and population densities two WAS. Foliar 
and floral insects on the okra plants were controlled with 
regular sprays of 4.0 kg l-1 scent leaf (Occimum gratisimum) 
extract (Obadofin et al., 2006). Weeding regimes were car-
ried out on all the plots except the weedy check until six 
WAS.

Data collection
Data collection commenced at three WAS and was 

carried out fortnightly until 10 WAS. These sampling pe-
riods covered the active vegetative development, anthesis 
and physiological maturity in okra. Data were collected on 
growth parameters, yield parameter and dry matter com-
ponents as described below.

Growth parameters
Two plants from the middle row were tagged to pre-

vent border line effect from which data on growth attri-
butes were obtained. The growth parameters taken per 
plant were height (cm), number of leaves produced and 
leaf area (cm2).

Yield components
Matured fruits from the tagged plants were harvested 

every four days starting from 58 days after sowing. Number 
of fresh fruit/plant and weight (g) of fruits were taken.

Weed sample collection and biomass determination
Samples of weeds within 0.5 m2 quadrant were col-

lected, identified and classified based on floral morphol-
ogy (broad or narrow) prior to weeding treatments. The 
interval between each sampling period was 1m and each 
plot was sampled four times once in each row. In order 
to determine the dry matter accumulation at each sam-
pling period, weed samples were oven dried at 80°C for 
48 hours. 

Statistical analysis
Data on growth and yield parameters were subjected 

to analysis of variance (ANOVA) using a General Linear 
Model (GLM) of Statistical Analysis System (SAS Inst., 
2000) the means were separated using Duncan Multiple 
Range Test (DMRT) at P<0.05. 

growth and optimal yield as well as an appropriate period 
during which weeds must be controlled to prevent unac-
ceptable yield losses in okra. 

Materials and methods

This study was conducted at the Teaching and Research 
Farm of the College of Agricultural Sciences, Olabisi Ona-
banjo University, Ayetoro, Ogun State, Nigeria. The study 
area lies at 7°12’ N and 30°0’ E longitude with an elevation 
of 250 m above sea level. It lies within the derived savannah 
agro-ecological zones in south western Nigeria. The soil of 
the experimental site is dominated by Ultisol. Generally, 
the monthly rainfall distribution pattern for Ayetoro is bi-
modal with peaks in June and September. Annual rainfall 
ranges from 1200 to 1450 mm spanning over eight months 
(March to October) with a dry spell in August.

The site had been under continuous cultivation for 
many years with corn, cassava, Amaranthus cruentus, Ce-
losia agentea, Corchorus olitorius, Solanium macrocarpon 
and Citrullus spp. At land preparation, pre-planting soil 
samples were collected randomly per replication at a depth 
of 0-15cm for physical and chemical analysis. Samples were 
bulked to form a composite sample. The samples were air- 
dried, crushed and sieved through 2 and 0.5 mm meshes 
to determine pH (H2O), total N, organic carbon percent 
(OC) available phosphorus (P), iron (Fe), copper (Cu) 
and zinc (Zn) also exchangeable cations following the 
methods of IITA (1982). Similarly, chemical and physical 
analysis of the cattle dung obtained from the cattle pad-
dock in the College farm was carried out and the results 
are presented in Tab. 1. 

Tab. 1. Pre-planting chemical and physical properties of soil 
and cattle dung used for the study

Property Soil (mol kg-1) Cattle dung*
pH (H20) 5.08 1.80
OC (%) 0.81 18.00

Total Nitrogen (mg kg-1) 0.08 2.00
P (mg kg-1) 2.00 8.50

Exchangeable cations (cmol kg-1)
K 1.78 7.00

Ca 0.48 8.24
Na 0.48 0.46
Mg 1.30 3.28

Micronutrients (mg kg-1)
Cu 5.90 28.93
Mn 8.60 8.10
Fe 9.20 12.60
Zn 4.60 200.00
Silt 14.90 na

Clay 6.90 na
Sand 78.20 na
CEC 10.81 na

* Dry weight basis, na= Not available
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Results and discussion

Growth parameters
The yield and yield components of okra were signifi-

cantly (p≤0.05) affected by different weeding regimes and 
rates of cattle dung (Tab. 2). Okra plants on weedy check 
plots were significantly taller than those in other plots 
weeded at either 3 and 5 weeks or 3 and 6 weeks after sow-
ing across all growth stages except at the maturity stage. 
The significantly taller okra plants on the weedy check 
could be as a result of competition with weeds for light 
as reported by Weiss (1983) and Ndarubu et al. (2003).  
Also, okra plant produced significantly more with broader 
leaves in the field weeded at the interval of 3 and 6 weeks 
after sowing throughout the growth stages compared to 
other weeding regime treatments. This implies that weed 
interference until 3 WAS did not have any adverse effect 
on the growth and yield components of okra. However, 
weed interference beyond the third week after sowing 
conferred deleterious effect on growth, yield and yield 
components of okra. This is probably because there was an 
unprecedented increase in weed density between the first 

period of weeding and the next thereby causing significant 
interference with okra growth and development. Similar 
findings have been reported by Alkamper (1976), Well and 
Cabredilla (1981), Abbaspour and Moghaddam (2004) 
and Adeosun (2005). This suggests that the critical period 
at which okra plant could tolerate weed competition falls 
within this range since most of the weeds encountered 
during the study were ephemeral (Tab. 4). Hence, the okra 
field needs to be kept weed free for the first two to three 
weeks and subsequently at six weeks after sowing in order 
to prevent yield loss due to weed competition. This agrees 
with the report of Scott et al. (1979) and Ayeni and Oye-
kan (1992) who reported that most crops have a certain 
range of tolerance to weed competition and length of pe-
riod in which they are required to be weed-free. Also, the 
dry matter component of the okra plant was significantly 
higher in plots weeded at 3 and 6 WAS compared to the 
weedy checks (Tab. 2). This supposes that the manufac-
tured photosynthates were partitioned into dry matter at 
this weeding regime perhaps because weed interference at 
this period had no adverse effect on the metabolic process-
es of this crop (Oworu, 1988; Gregory, 1989; Jörnsgård 

Tab. 2. Influence of cattle dung and different weeding regimes on growth and dry matter yield of okra (Abelmoschus esculentus (L.) 
Moench) 

Weeding regimes (WAS) Plant height 
(cm) plant-1

Number of 
leaves plant-1

Leaf area 
plant–1 (cm2)

Total dry matter
yield plant-1 (g)

0 22.83b 1.00c 7.88b 1.00c
3 and 5 29.55a 4.00b 10.42a 6.33b
3 and 6 27.56a 8.00a 10.94a 18.37a
SE (±) 3.71 2.03 0.95 5.14

Rates of  Cattle dung  (t ha -1)
0 18.52a 0.33b 9.12c 10.32c
4 21.27a 2.33ab 9.70b 33.80b
8 25.18a 4.00a 10.08a 60.20a

12 22.00a 5.33a 10.00a 66.70a
SE (±) 1.37 1.08 0.22 12.94

Interaction
Cattle dung rate (tha-1) Weeding regimes (WAS)

0
0 0.00 0.00 0.00 0.00

3 and 5 21.87 0.00 10.44 2.70
3 and 6 24.67 2.33 11.40 6.20

4
0 0.00 0.00 0.00 0.00

3 and 5 36.67 1.00 10.00 3.70
3 and 6 27.13 0.67 10.51 3.60

8
0 13.07 0.33 8.18 1.50

3 and 5 29.97 1.67 11.61 6.87
3 and 6 32.50 2.00 10.46 7.87

12
0 10.00 0.33 6.55 0.01

3 and 5 32.83 3.33 9.61 4.00
3 and 6 23.17 1.67 11.38 14.37

Mean 21.74 1.11 9.75 4.24
SEM (±) (DF = 6) 3.28 0.31 0.45 1.20

Means followed by the same letter in a column are not significantly different at 5% level using Duncan’s multiple range test (DMRT), WAS = weeks after sowing,
SEM= standard error mean
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Tab. 3. Influence of cattle dung and different weeding regimes on the fruits yield of okra (Abelmoschus esculentus (L.) Moench) 

Treatments 
Yield /plant Fresh fruit 

yield (tha-1)Number of fruits Fresh fruit weight (g)
Weeding regimes (WAS)

0 1.00b 2.55b 9.54b
3 and 5 6.00a 9.38a 35.19a
3 and 6 4.00a 11.83a 44.37a
Mean  3.67 7.92 29.70
SE (±) 1.45 2.78 14.74

Cattle dung rate (tha-1)
0 0.67c 7.88b 29.55b
4 2.33ab 8.42b 31.59b
8 5.00a 13.62a 51.09a

12 3.67b 11.92a 44.70b
Mean 2.92 10.46 39.23
SE (±) 0.93 1.38 10.37

Interaction 
Cattle dung rate (kha-1) Weeding regimes (WAS)

0
0 0.00 0.00 0.00

3 and 5 1.00 11.33 42.48
3 and 6 2.00 15.68 58.80

4
0 0.85 2.02 7.59

3 and 5 1.33 12.30 46.14
3 and 6 1.67 23.52 88.20

8
0 0.33 1.73 6.48

3 and 5 1.00 13.80 51.75
3 and 6 2.33 27.45 102.93

12
0 1.00 2.01 7.89

3 and 5 2.33 20.13 75.48
3 and 6 1.33 13.43 50.28

Mean 1.29 12.75 47.83
SEM  (±)  (DF = 6) 0.20 2.41 31.28

Means followed by the same letter in a column are not significantly different at 5% level using Duncan’s multiple range test (DMRT). WAS = weeks after sowing,
SEM= standard error mean

Tab. 4. Pre dominant weeds identified during in the study area

S/no. Broad leaves Families Grasses Families Sedges Families
1. Euphorbia heterophylla (L.) Euphorbiaceae Acroceras zizanoideae Poaceae Cyperus difformis(L.) Cyperaceae 

2. Euphorbia hirta (L.) Euphorbiaceae Eragrotis tenella (Lin.) P. 
beauv. Ex Roem and chult. Poaceae Cyperus iria (L.) Cyperaceae 

3. Phyllantus amarus 
Schum and Thonn Euphorbiaceae Eleusine indica (L.) Gaertn. Poaceae Kyllinga squamulata 

(Thorn.) Cyperaceae 

4. Portulaca olereaceae(L.) Portulacaceae Panicum maximum ( Jacq) Poaceae

5. Talinum triangulare 
(Jacq.) Willd Portulacaceae Seteria babata (Lam) Knuth Poaceae Cyperus happen (L.) Cyperaceae 

6. Tridax procumbens (L.) Asteraceae Cynodon dactylon (L.) Pers. Poaceae 

7. Ageratum conyzoidea (L.) Asteraceae 
8. Synedrella nodiflora Garetn. Asteraceae
9. Boerhvia diffusa (L.) Nyctaginaceae 

10. Amaranthus spinosus (L.) Amaranthaceae 
11. Commelina bengahalensis (L.) Commelinaceae 
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et al., 1996).  Several researchers have indicated that the 
end of CPWC was not stable but was highly dependent on 
the density, competitiveness, and emergence periodicity of 
the weed population (Evans et al., 2003; Norsworthy and 
Oliveira, 2004).

Growth and yield parameters of okra were significantly 
influenced by application of cattle dung. Application of 4 
t ha-1 cattle dung enhanced stem elongation during vegeta-
tive and reproductive growth stages but the rate of stem 
elongation increased at a decreasing rate there after until 
maturity. This suggests that the application of a subop-
timal nutrient level would be inadequate to sustain okra 
plant up to maturity.  Application of 8 t ha1 cattle dung ap-
peared to be optimum for the production of okra. This is 
evidenced from the results obtained for growth attributes 
and dry matter accumulation of okra (Tab. 2). This rate is 
in consonance with the recommendations of Agboola and 
Unamma (1984), Yayock et al. (1998). Ib’libner (1989) 
affirmed that okra requires large amount of nutrients (ni-
trogen) over a short period of time hence, slow availabil-
ity of nitrogen is desirable. Increase in rate of cattle dung 
application beyond 8 t ha-1 tends to encourage dry mat-
ter production as observed when 12 t ha-1 of cattle dung 
was applied. This could be as result of the availability of 
an abundant nutrient supply which tends to accentuate 
dry matter accumulation in lieu of partitioning the assimi-
lates into economic yield in the form of fruit.  This finding 
agrees with the report of Akanbi (2002). 

Fruit yield
The least fruit yield was recorded on weed-infested 

plots until harvest without cattle dung (Tab. 3). Applica-
tion of 8 t ha-1 cattle dung and weeding at 3 and 6 WAS 
significantly increased the fruit yield of okra. This suggests 
that most of the assimilates were partitioned into eco-
nomic yield principally because weed interference at this 
weeding regime and cattle dung rate did not confer any 
adverse effect on the source and sink metabolic process of 
the crop. This could be attributed to adequate canopy for-
mation, which made it easy for the crop to intercept solar 
radiation better than the weeds, hence, making the weed 
interference less effective on the fruit yield of the crop. 
Oworu (1988) and O’Donovan et al. (1997) have also re-
ported similar findings. 

Interactive effect of weeding regimes and cattle dung 
rate showed that weeding of okra at 3 and 6 weeks after 
sowing and application of 8 t ha-1 cattle dung would be 
beneficial to okra production in term of fruit yield. At this 
rate and weed removal, the nutrient released tends to co-
incide with the exponential growth phase when nutrients 
released are utilized and converted to economic yield as 
against biological yield (Tab. 3). The least growth attri-
butes and dry matter accumulation were observed in in-
fested plots until harvest without the application of cattle 
dung. This revealed that efficient uptake and utilization of 
applied nutrient for okra growth, development and yield 

is dependent on appropriate timing of weed removal and 
rate of the applied nutrients. This is similar to the reports 
of Liebman and Davis (2000) and Adeosun (2005).

Conclusions

This study proposes the application of 8 t ha-1 cattle 
dung and weeding at 3 and 6 weeks after sowing as ade-
quate for optimum growth, development and fruit yield of 
okra in savannah agro-ecology. This would be beneficial to 
the resources of poor small farm holders who dominated 
the farming enterprise in developing economies of the 
world (Balasubramanian et al., 2007). In addition, tech-
nologies that advanced the weeding of crops at the critical 
weed competition period rather than haphazard weeding 
should be advocated among the small farm holders in or-
der to reduce the financial burden of the cost of labour or 
yield loss due to untimely weeding. 

References

Abbaspour, M. and P. R. Moghaddam (2004). The critical period 
of weed control of corn in Mashhad region, Iran. Iranian J. 
of Agron. Res. 2:182-195 (In Farsi).

Adeosun, J. O. (2005). Influence of nitrogen and period of weed 
interference on yield and yield components of upland rice 
(Oriza sativa) at Samaru, Nigeria. Nigerian Journal of Weed 
Science 18:45-55.

Agboola, A. A. and R. P. A. Unamma (1984). Maintenance 
of soil fertility under traditional farming system. Agron. J. 
77:7-15. 

Akanbi, W. B. (2002). Growth, nutrient uptake and yield of 
maize and okra as influenced by compost and nitrogen 
fertilizer under different cropping systems. Ph.D. Thesis, 
Department of Crop Protection and Environmental Biology, 
University of Ibadan, Nigeria. 

Akoroda, M. O., O. A. Ayin and I. O. A. Tijani (1985). Edible 
fruit productivity and harvest duration of okra in southern 
Nigeria. Tropical Agric. (Trinidad) 63:(20)110-112.

Alkamper, J. (1976). Influence of weed infestation on effect of 
fertilizer dressings. Pflanzenschutz-Nachrichten 29:191-
235.

Ayeni, A. O. and P. Oyekan (1992). Weed control in soybean 
(Glycine max L. (Merr.) in Nigeria. Tropical Oil Seed Journal 
1:43-52. 

Ayodele, O. J. (1983). Yield response of okra (Abelmoschus 
esculentus (L) Moench) to N.P.K fertilizer. NIHORT 
Training Guide pub. on okra production. 

Balasubramanian, V., M. Sie, R. J. Hijmans and K. Otsuka 
(2007). Increasing rice production in sub-Saharan Africa: 
Challenges and opportunities. Advances in Agronomy 
94:55-133.

Blackshaw, R. E., G. Semach, X. Li, J. T. O’Donovan and K. 
N. Harker (2000). Tillage, fertilizer and glyphosate timing 



Dada, O. A. and O. O. Fayinminnu / Not. Bot. Hort. Agrobot. Cluj 38 (1) 2010, 149-154

154
O’Donovan, J. T., K. N. Harker, G. W. Clayton, D. Robinson, 

R. E. Blackshaw and L. M. Hall (2001). Implementing  
integrated weed management in barley ( L.), pp. 136. In: 
Blackshaw, R. E. and L. M. Hall (Eds.). Integrated Weed 
Management: Explore the Potential. Expert Committee on 
Weeds, Sainte-Anne-de-Bellevue, QC.

O’Donovan, J. T., D. W. McAndrew and A. G. Thomas (1997). 
Tillage and nitrogen influence weed population dynamics in 
barley. Weed Technol. 11:502-509.

Obadofin, A. A., O. A. Dada and B. I. Oyebode (2006). Control 
of insect pests of cowpea (Thrips and bugs) with extracts of 
Azadirachta indica and Occimum gratissimum. Journal of 
Applied Science and Technology 3(2):167-177.

Odeleye, F. O., O. M. O. Odeleye, O. A. Dada and A. O. Olaleye 
(2005). The response of okra to varying levels of poultry 
manure and plant population density under sole cropping. 
Journal of Food, Agriculture and Environment 3(3,4):68-
74.

Olasotan, F. O. (2001). Optimum population density for okra 
(Abelmoschus esculentus (L) Moench) in a mixture with 
cassava (Manihot esculentus) and its relevance to rainy 
season-based cropping system in south-western Nigeria. Jr. 
of Agric. Sc. 136:207-214.

Oworu, O. O. (1988). Contribution of net assimilate rate to 
yield and its components in sugarcane. Bangladesh Journal 
of Sugarcane 10:94-102. 

SAS (2000). Statistical Analysis Systems. Cary, North Carolina.
Scott, R. K., S. J. Wilcockson and F. R. Moisey (1979). The 

effects of time of weed removal on growth and yield of sugar 
beet. Journal of Agricultural Science, Cambridge 93:693-
709.

Schippers, R. R (2000). African indigenous vegetable. An 
overview of the cultivated species. Chatam, U.K.S National 
Resources Institute (Technical Report).

SODRC (2006) Saskatchewan Organic Directorate Research 
Committee. Organic Crop Production: Weed Management 
Saskatchewan Agriculture and Food Bulettin.

Weiss, E. A. (1983). Sessame Oil Seed Crops. Longman’s group. 
London.

Well, G. J. and M. Gabradilla. (1981). Weed competition in 
upland rice. Proc. 8th Asian-Pacific Weed Science Society 
Conference. Australia.

Yayock, J. Y, G. Lombin and J. J. Owonubi (1988). Crop Science 
and Production, pp. 53-214: In Ochapa, C. O (Eds.). Warm 
Climates. Macmillan publisher Lagos.

Zibilske, L. M. (1987). Dynamics of nitrogen and carbon in 
soil during paper mill sludge decomposition. Soil Science 
Journal 143:26-33. 

Zingore, S. P., P. Mafongoya and K. F. Giller (2003). Nitrogen 
mineralization and maize yield following applications of tree 
pruning to a sandy soil in Zimbabwe. Agroforestry System. 
57:199-211.

effects on foxtail barley management in wheat. Can. J. Plant 
Sci. 80:655-660. 

Boerema, E. B. (1963). Control of banyard grass in the Muarru-
mbidgee Irrigation using 3, 4-Dichloro propionnatilide. 
Aust. J. Exp. Agric. Anim. Husb. 3:333-337.

Cecil, H., B. Segas and C. Gould (1997). Land Application of 
Livestock and poultry manure. http://www.bae.uga.edu/
extension/pubs/C826-ed.html. Accessed in April 2003.

Dyne, D. L. and C. B. Gilbertson (1978). Estimating U.S. 
livestock and poultry manure and nutrient production 
U.S Dept. of Agric. Bulletin of Economics, Statistics  and 
Cooperatives Services. 

Evans, S. P., S. Z. Knezevic, J. L. Lindquist, C. A. Shapiro and E. 
E. Blankenship (2003). Nitrogen application influences the 
critical period for weed control in corn. Weed Sci. 51:408-
417.

Foster, K. (1996). Organic Crop Production: Weed Management, 
Sustainable Production. Farm Facts, Saskatchewan 
Agriculture and Food Bulletin.

Gomez, A. K. and A. A. Gomez (1984). Statistical Procedures 
for Agricultural Research. 2nd edition. John Willey and Sons, 
Inc. New York pp.96-107.

Gregory, P. J. (1989). Crop growth and development. In: Russell, 
E. W. (Ed). Soil condition and plant growth. Longman 
Scientific and Tech. U.K. pp.31-68. 

Ib’libner, N. (1989). Vegetable Production. Van Nostrand, 
Reinhold, New York. 

IITA (1982). Selected methods for plant and soil analysis. 
Manual series No. 7. International Institute of Tropical 
Agriculture. (IITA), Ibadan, Nigeria.

Jörnsgård, B., K. Rasmussen, J. Hill and J. L. Christiansen 
(1996). Influence of nitrogen on competition between 
cereals and their natural weed populations. Weed Research 
36:461-470.

Liebman, M. and A. S. Davis (2000). Integration of soil, crop 
and weed management in low-external-input farming 
systems. Weed Research 40:27-47.

Mbah, C. N. (2006). Influence of organic waste on plant growth 
parameters and nutrient uptake by maize (Zea mays L.) 
Nigerian. Journal of Soil Science 16:104-206.

Muoneke, C. O. and J. E. Asiegbu (1996). Evaluation of  growth 
and yield advantage of okra and cowpea sown in mixture, 
pp. 100-105. In: Adedoyin, S. and A. Ayelaagbe (Eds.). 
Proceedings of 14th Hort. Soc. of Nig. Conference Held at 
Ago-Iwoye. 

Ndarubu, A. A., K. O. Adejonwo, Y. Adegun and F. Chezey 
(2003). Effects of weed control treatment and inter-row 
spacing on growth of Sesame indicum. Nigerian Journal of 
Weed Science 16:15-22. 

Norsworthy, J. K. and M. J. Oliveira (2004). Comparison of 
the critical period for weed control in wide- and narrowrow 
corn. Weed Sci. 52:802-807.


