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Studying the response of kenaf in the cassava-
maize based intercrops

ABSTRACT

Field experiments were conducted in 2013 and 2014 to study the response of kenaf to
different planting date in relay intercropping system with maize in the cassava-based
intercrop at Ibadan research farm of the Institute of Agricultural Research and Training
(IAR&T), Obafemi Awolowo University, Moor Plantation Ibadan.Intercropping depressed the
weight of 1000 grains, average cob length, average weight of cob/plant and grain yield of
maize in 2013 and 2014. The values, 0.37 and 0.36g, 20.3 and 20.0cm, 1.93 and 1.87g and
3.26 and 3.21t/ha for the weight of 1000 grains, average cob length, average weight of
cob/plant and grain yield in 2013 and 2014 respectively for sole maize were the
highest.Intercropping affected the plant height at harvest, weight of tuber per plant, average
weight of tuber per plant and tuber yield of cassava in 2013 and 2014. The highest values,
229.5 and 225.4cm cassava plant height at harvest observed under cassava/maize/kenaf
intercrop in this study. The values, 3.30 and 3.17kg, 747.8 and 733.5g and 19.8 and 20.6t/ha
for the weight of tuber per plant, average weight of tuber per plant and tuber yield in 2013
and 2014 respectively for cassava/kenaf relayed with maize were not significantly different
from the values, 3.70 and 3.56kg, 728.8 and 721.8g and 21.3 and 19.7t/ha for the weight of
tuber per plant, average weight of tuber per plant and tuber yield in 2013 and 2014
respectively for cassava/maize relayed with kenaf. Plant height at harvest and basal
diameter at harvest were significantly affected by cropping system in both years of the
experimentation with the kenaf plants under sole cropping in both years attaining highest
plant height and basal diameter, these were not significantly different from plants under
cassava/kenaf relayed with maize in 2013 and 2014. The least values, 228.4 and 227.6cm
recorded for plant height at harvest and 1.73 and 1.67cm recorded for basal diameter in
2013 and 2014 respectively were obtained from cassava/maize/kenaf intercrop. Kenaf plants
grown under cassava/maize relayed with kenaf gave the significantly highest seed yield
values,856.7 and 879.9kg/ha in 2013 and 2014 respectively compared to sole cropping of
kenaf that gave seed yield values 707.9 and 712kg/ha in 2013 and 2014 respectively. On
average, the three crops combination systems recorded the least values for the fiber yield
followed by cassava/maize relayed with kenaf.Mixture productivity(LER) indicated that the
cassava/maize/kenaf intercrop recorded the highest values, 1.68 and 1.66 in 2013 and 2014
respectively. The values were not significantly different from the values recorded for relayed
intercropping systems in both years. Whenever either high yield and good quality fiber or
high yield and good quality seeds is important in intercropping system that consists kenaf as
one of the component crops, relay intercropping system is essential for adoption. Either
cassava/kenaf relay with maize or cassava/maize relay with kenaf is recommended to the
farmers.

Keywords: Cassava/maize/kenaf intercrop, Cropping season, Field experiment, Land
equivalent ratio, Relay intercropping, Yield.

1. INTRODUCTION

Kenaf (Hibiscus cannabinuslL.) is a short-day, annual, herbaceous plant. The plant belongs
to the family Malvaceae, an important plant that possesses both horticultural and economic
values [1, 2]. Kenaf is commercially cultivated in more than 20 countries [3]. FAO [4]
reported that ninety percent of the sown area and more than 95% of total production of
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kenaf in the world comes from China, India and Thailand, it is also commercially cultivated
in Vietnam, Iran, Russia, Mozambique, Taiwan, El Salvador, Guatemala, Ivory Coast and
Nigeria[1]. Kenafis a fast growing plant which serves as a source of natural and bio-
degradable fiber. It is a valuable plant of the future, which can provide raw materials for
industrial applications. The traditional and industrial uses of kenaf comprising of its use as a
source of fiber for making ropes, sacks, canvas, and carpets [1]. Kenaf biomass is
useful in pulp and papermaking, oil and chemical bio-absorbents [5] and oil spill bio-
remediation, paper-board products, a substitute for fiber glass, filtration media making, and
food and bedding material for livestock keeping [6, 7]. Some literatures have studied the
adaptability and biomass productivity of few kenaf varieties under mono-cropping system [8,
9,10, 11, 12, 13, 14, and 15]. Crop productivity and yield are important factors which differ
among varieties and even cultivars of plant [16, 2]. Information regarding productivity and
growth characteristics of kenaf under intercropping systems are very few and have not been
explored in detail, such knowledge of growth and biomass characteristics under
intercropping can hold the better perceptive of kenaf production under the existing traditional
farming systems of developing countries of Africa. Intercropping, rather than mono-
cropping, is the prevalent farming system in developing countries of Africa [17].
Intercropping is a system in which different crop mixtures are grown at the same time on the
same piece of land [18]. There are other forms of this system such as relay cropping, which
has a marked time of planting component crop, and multiple cropping, in which more than
one crop harvest per season is obtained [18, 19] and in some cases recommendation had
been made [20]. According to Gomez and Gomez [21], intercropping brings about increase
in crop yields, crop diversity and stability of crop production. In the developing countries of
Africa, maize is commonly grown in mixtures of intercropping systems. Okigbo and
Greenland [22] reported that about seventy-five percent of the area of maize in Nigeria is in
association with other crops. Cassava is a significant component of cropping systems across
a wide range of the tropical environment. According to Carter et al, [23] cassava is widely
accepted by the peasant farmers and this this is attributed to its width of ecological
amplitude, such as its adaptability to a wide range of ecological and agronomic conditions. It
seems that differences in the maturity time and growth habit of the component crops are
important determinants of the productivity under intercropping systems [24]. Therefore, the
objective of the study was to investigate the growth and yield potentials of kenaf to different
planting date in relayed intercropping system with maize in cassava/maize/kenaf intercrop
and assessing the productivity of the intercropping using land equivalent ratio (LER).

2. MATERIALS AND METHODS

In an attempt to include kenaf (Hibiscus cannabinus L.) a natural fiber producing industrial
crop into the farming systems of the food crops producing farmers to further popularize the
acceptance of the industrial crop among the farmer, a field trials to investigate the growth
and yield potentials of kenaf to different planting date in relayed intercropping system with
maize inthe cassava based intercropping systems were carried out during the early and late
cropping seasons of 2013/2014 and 2014/2015 at Ibadan station of the Institute of
Agricultural Research and Training (IAR&T), Obafemi Awolowo University, Moor Plantation
Ibadan. The sites are located in the rain forest-savanna transitional agro-ecology which lies
between Latitude 7° 39" N and Longitude 3° 92" E of south west Nigeria. The climate of
Ibadan is tropical with distinct wet and dry seasons and a mean minimum annual
temperature  of 21°C (68.8°f). In consonance with seasonal variations in radiation,
sunshine and cloud cover the mean annual temperature could change. Between March and
October, the prevalent wind in the city is the moist maritime South-west monsoon which
blows inland from the Atlantic Ocean; this is the period of rainy season. November to
February is the period of dry season when the dry dust laden winds blow from the Sahara
desert. The mean annual rainfall of about 1,205 mm, falling in approximately 109 days with
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two rainfall peaks in June and September. Kenaf variety Ife Ken DI 400 an improved variety
newly developed by the Institute of Agricultural Research and Training (IAR&T), Obafemi
Awolowo University, Moor Plantation Ibadan, maize variety DMR-ESR Yellow and cassava
variety TMS 30572 were investigated. The experimental design was a randomized complete
block design with 7 treatments and three replications. The treatment combinations were
three sole crop of kenaf, maize and cassava and three intercropped combinations of the
three crops; cassava/kenaf/maize, cassava/kenaf relayed with maize, cassava/maize
relayed with kenaf and one intercropped combination of the two crops; maize/kenaf. The plot
size was 25m”. Kenaf and maize seeds were planted on the second week of May and the
second week of August of experimental years for early cropping season and late cropping
season. Cassava cuttings were planted as early crop on the same date as in the case of
either maize or kenaf in the intercropping systems. Under sole cropping, the spacing
adopted for kenaf was 50 x 20cm at 2 plants/stand giving 200,000 plants/ha, for maize was
75 x 45cm at 2 plants/stand giving 59,259 plants/ha and for cassava was 100 x 100cm
giving 10,000 plants/ha. Under relay intercrop with two crop combination, the spacing
adopted for kenaf was 100 x 20cm at 2 plants/stand giving 100,000 plants/ha, for maize was
100 x 45¢cm at 2 plants/stand giving 44,444 plants/ha and for cassava was 100 x 100cm
giving 10,000 plants/ha. Under intercrop with three crop combination, the spacing adopted
for kenaf was 200 x 20cm at 2 plants/stand giving 50,000 plants/ha, for maize was 200 x
45cm at 2 plants/stand giving 22,222 plants/ha and for cassava was 100 x 100cm giving
10,000 plants/ha. Single row of each kenaf and maize was established within six inter-row
spaces of cassava under intercrop combinations. The first manual weeding using hoe was
done at 3 weeks after planting (WAP) after which 400kg/ha NPK 20-10-10 fertilizer was
applied to intercrop combinations while 200kg/ha NPK 20-10-10 fertilizer was applied to sole
crops. The second and third manual weeding was done 4 and 6 months after planting where
necessary.Iln order to assess the growth and some yield attributes of kenaf and maize, ten
plants were randomly selected and tagged at 4 WAP within the middle rows on plot basis
and sampled. Parameters evaluated with maize and kenaf included plant height at harvest,
number of capsules per plant, 1000 seed/grain weight, harvest index and fiber yield, seed
yield and grain yield. On cassava data were collected on parameters such as number of
tubers per plant, weight of tubers per plant, mean tuber weight and tuber yield. Mixture
productivity was assessed using land equivalent ratio (LER). LER indicates the efficiency of
intercropping for using the resources of the environment compared with sole cropping [25].
Fisher [26]from his study estimated the productivity of mixture using the following equation.

LER=Ya+Yb+Yc=Ya_ Yb_ Yc
Xa XbXc

Where: Ya + Yb + Yc is the total plot yield per unit land area.
Ya, Yb and Ycare the component yields for the three crops.

Xa, Xb and Xc are the yields per unit land area where a, b and ¢ are grown under those
conditions with which comparisons are to be made.

Data analysis

All data collected were subjected to analysis of variance to test the effects of the cropping
systems separately using the MSTATC package [27]. The ANOVA was performed on crop
basis by using a randomized complete block design and where effects were statistically
significant (P < 0.05; F-test), treatment means were separated using standard error of the
difference between them in post-ANOVA t-tests.
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122 3. RESULTS AND DISCUSSION

123

124 Cropping system significantly (P = 0.05) affected plant height, weight of 1000 grains,

125 average cob length, average weight of cob/plant and grain yield of maize in 2013 and 2014

126 (Table 1). It was observed that maize plant height at harvest in 2013 and 2014 in sole maize

127 were significantly higher than that of intercropping systems. Under intercropping systems,

128 the plant height at harvest in cassava/maize relayed with kenaf and kenaf/maize intercrop

129 were not significantly different from each other but differed significantly from cassava/kenaf

130 relayed with maize and cassava/maize/kenaf intercrop. However, the least values; 145.2

131 and 147.9 cm were recorded for cassava/maize/kenaf intercrop in 2013 and 2014

132 respectively. The values (0.37 and 0.36g, 20.3 and 20.0cm, 1.93 and 1.87g and 3.26 and

133 3.21t/ha)for the weight of 1000 grains, average cob length, average weight of cob/plant and

134 grain yield in 2013 and 2014 respectively for sole maize were the highest compared to least

135 values(0.22 and 0.21g, 15.3 and 16.8g, 1.55 and 1.46g and 2.06 and 2.03t/ha)for the weight

136 of 1000 grains, average cob length, average weight of cob/plant and grain yield in 2013 and

137 2014 respectively for cassava/maize/kenaf intercrop. The overall superior performance of

138 sole cropping compared to intercropping systems had been similarly reported by other

139 workers [28, 29]. The depressed yields of component crops when intercropped had been

140 attributed mainly to competition for basic growth resources like nutrients, light and space

141 [29, 30, 31]. The values for grain yield (2.30 and 2.34) under cassava/kenaf relayed with

142 maize, (2.58 and 2.49) under cassava/maize relayed with kenaf and (2.61 and 2.54t/ha)

143 under kenaf/maize intercrop were not significantly different. This may be primarily attributed

144 to the ability of maize to be grown successfully either during the first cropping season as

145 first maize crop or second season as second maize crop [32].

146

147  Table 1: Plant height, yield and yield characteristics of maize intercropped with kenaf

148  and cassava in 2013 and 2014.

149

Plant height Weight of 1000 Average cob Average weight Grain yield
grains length of cob/plant
(cm) (9) (cm) (9) (t/ha)
Cropping system
2013 2014 2013 2014 2013 2014 2013 2014 2013 2014

Cassava/kenaf 154.2¢ 150.4c 0.24c 0.24b | 17.2d 17.0d | 1.61b | 1.55b | 2.30b | 2.34b
relayed with
maize intercrop
Cassava/maize 171.7b 172.8b 0.28bc | 0.28b | 18.9bc | 18.5bc | 1.70b | 1.64ab | 2.58b | 2.49b
relayed with kenaf
intercrop
Kenaf/maize 177.7b 173.7b 0.29b 0.28b | 19.7ab | 19.2ab | 1.71b | 1.63ab | 2.61b | 2.54b
intercrop
Cassava/maize/ke 147.9d 145.2d 0.22d 0.21d 15.3d 16.8d 1.55¢ 1.46¢c | 2.06c | 2.03c
naf intercrop
Sole maize 196.9a 193.6a 0.37a 0.36a | 20.3a 20.0a | 1.93a 1.87a | 3.26a | 3.21a

150 Means in a column followed by the same letter(s) are not significantly different according to

151 DMRT (P = 0.05).

152  Table 2 shows thatcropping system significantly (P = 0.05) affected the plant height at

153  harvest, weight of tuber per plant, average weight of tuber per plant and tuber yield of tuber

154  in 2013 and 2014. Tallest plants were observed under intercropping systems, while the

155  shortest plants were observed under cassava sole cropping. The highest values (229.5 and

156  225.4cm) cassava plant height observed under cassava/maize/kenaf intercrop in this study

157  could be due to the fact that the three component crops were planted at the same time.
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Hence, the maize grew faster followed by the kenaf and both stayed above the cassava at
the early stage. This is because in intercropping system, competition for light by component
crops favours component crops with its leaf area higher in the canopy. Therefore, cassava in
intercropped with maize and kenaf was at advantage because of its rapid growth rate due to
competition for light when compared with cassava sole cropping. It was reported that plant
height and internodes length increased with increasing plant population because of
competition for light [33, 34, 35, 36, 37]. The cassava under sole cropping system produced
significantly (P = 0.05) higher weight of tuber per plant, average weight of tuber per plant
and tuber yield in 2013 and 2014. The values (3.30 and 3.17kg, 747.8 and 733.5g and 19.8
and 20.6t/ha) for the weight of tuber per plant, average weight of tuber per plant and tuber
yield in 2013 and 2014 respectively for cassava/kenaf relayed with maize were not
significantly different from the values (3.70 and 3.56kg, 728.8 and 721.8g and 21.3 and
19.7t/ha) for the weight of tuber per plant, average weight of tuber per plant and tuber yield
in 2013 and 2014 respectively for cassava/maize relayed with kenaf. Consequently, both the
maize and kenaf investigated exerted the same kind of depressant effects on cassava yield
component and yield of cassava when it is in intercrop and two other component crops were
in relayed intercropped with the one another. On average the three crop combination
systems (cassava/maize/kenaf) recorded the least values (2.20 and 2.10kg, 548.9 and
511.5g and 13.2 and 14.8t/ha) for the weight of tuber per plant, average weight of tuber per
plant and tuber yield in 2013 and 2014 respectively suggesting severe competition for
growth resources by component crops. Reduction in cassava tuber characters was also
reported in cassava/maize/okra/melon [38], cassava/okra [36], soybean/maize/cassava
[32]and cassava/maize/melon [37].

Table 2: Plant height, yield and yield characteristics of cassava intercropped with
maize and kenaf in 2013 and 2014

Cropping system Plant height Weight of Average weight Tuber yield
tuber/plant of tuber/plant
(cm) (kg) (g (t/ha)

2013 2014 2013 | 2014 2013 2014 | 2013 | 2014
Cassava/kenaf 217.1b | 219.8b | 3.30b | 3.17b | 747.8b | 733.5b | 19.8b | 20.6b
relayed with maize
intercrop
Cassava/maize 213.6b | 209.9b | 3.70b | 3.56b | 728.8b | 721.8b | 21.3b | 19.7b

relayed with kenaf

intercrop
Cassava/maize/kenaf | 229.5a | 225.4a | 2.20c | 2.10c | 548.9c | 511.5c | 13.2c | 14.8¢c
intercrop
Sole cassava 191.8c | 190.9c | 4.07a | 3.97a | 841.1a | 804.5a | 25.2a | 24.1a

Means in a column followed by the same letter(s) are not significantly different according to
DMRT (P = 0.05).

Plant height at harvest and basal diameter at harvest were significantly (P = 0.05) affected
by cropping system in both years of experimentation with the kenaf plants under sole
cropping in both years attaining highest plant height and basal diameter, these were not
significantly different from plants under cassava/kenaf relayed with maize in 2013 and 2014
(Table 3). The least values (228.4 and 227.6cm) recorded for plant height at harvest and
(1.73 and 1.67cm) recorded for basal diameter in 2013 and 2014 respectively were obtained
from cassava/maize/kenaf intercrop. In this study, plant height and basal diameter of kenaf
decreased significantly with increase in population density of component crops from two in
relayed intercropping to three component crops in cassava/maize/kenaf intercrop. Similar
findings have shown that plant height of kenaf in association with cowpea [39] was
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significantly depressed by intercropping relative to sole cropping. From his study, he
reported that intercropping of kenaf with cowpea resulted in reduction of kenaf height by
28.49 and 14.22% in both years of experimentation. Cropping system significantly (P =
0.05) affected kenaf seed yield and fiber yield in both 2013 and 2014 (Table 3). Kenaf plants
grown under cassava/maize relayed with kenaf gave the significantly highest seed yield
values (856.7 and 879.9kg/ha) in 2013 and 2014 respectively compared to sole cropping of
kenaf that gave seed yield values (707.9 and 712kg/ha) in 2013 and 2014 respectively.
However, the least seed yield values (560.2 and 586.6kg/ha) in 2013 and 2014 respectively
were recorded for three component crops cassava/maize/kenaf intercrop. Field
observations from this study indicated that when planting for seed production, kenaf in
intercropping with other component crops is best suited to the late season and kenaf should
be after maize (relay intercropping).Agbaje et al, [40] observed that time of planting and
rainfall pattern had significant effect on higher seed weight and seed yield. Kenaf is a short
day plant like jute,therefore, there is a possibility of producing kenaf seed by sowing the
crop during July to September as like as late jute seed production technology . The
late season is the preferred season because the dry weather provides dry and conducive
environment for post-harvest handling of harvest produce unlike the wet conditions in the
latter part of the early season. The results indicated that regardless of the cropping system,
the performance and yield of kenaf seed is affected by the date of planting. It has been
noted also that the quality and quantity of kenaf seed is very much affected by climatic
condition from the time of planting to the time of harvesting. This is an indication that that
the yield of kenaf seed grown during the first cropping season of the year as in the case of
cassava/kenaf relayed with maize, kenaf/maize and cassava/maize/kenaf intercrop systems
will be reduced compared to the one grown during the second cropping season as in the
case of cassava/maize relayed with kenaf. The frequent and or prolonged rainfall during the
first season would extend or prevent the ability of the plant to flower. This would encourage
the vegetative growth of the plant to the disadvantage of seed production. Conversely, from
this study it was observed that cropping system significantly (P = 0.05) affected the fiber
yield of kenaf in 2013 and 2014. Sole cropping of kenaf gave the highest values (2814.7
and 2810.7 kg/ha). The better performance of sole cropping of kenaf in the both year of
experimentation could be attributed to more favourable climatic conditions of the early
cropping season and enhanced maximum plant population density compared to intercrop
with one or two component crops. On average the three crop combination systems recorded
the least values for the fiber yield followed by cassava/maize relayed with kenaf suggesting
severe competition for growth resources by component crops and unfaourable climatic
conditions of the second planting season of the year.

Table 3: Plant height, yield and yield characteristics of kenaf intercropped with maize
and cassava in 2013 and 2014.

Plant height at Basal Seed yield Fiber yield

Cropping system harvest diameter at (kg/ha)
harvest (kg/ha)
(cm) (cm)

2013 2014 2013 | 2014 2013 2014 2013 2014
Cassaval/kenaf 283.9a | 279.4a | 2.67a | 2.62a | 686.1c 664.0c | 2393.4b | 2391.8b
relayed with maize
intercrop
Cassava/maize 264.7b 266.6b | 2.37b | 2.34b | 856.7a | 879.9a | 2055.9c | 2045.7c
relayed with kenaf
intercrop
Kenaf/maize 240.4c 248.2c | 2.08c | 2.03c 635.4c 660.0c | 2369.8b | 2383.7b
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intercrop
Cassava/maize/kenaf | 228.4d 227.6d | 1.73d | 1.67d 560.2d 586.6d | 1208.9d | 1205.8d
intercrop
Sole kenaf 292.8a 289.0a | 2.80a | 2.73a 707.9b 712.7b | 2814.7a | 2810.7a

Means in a column followed by the same letter(s) are not significantly different according to
DMRT (P = 0.05)

As for mixture productivity, all the crop combinations, cassava/kenaf relayed with maize,
cassava/maize relayed with kenaf, kenaf/maize and cassava/maize/kenaf were significantly
advantageous in the land use efficiency (i. e. LER>1.00) with the
cassava/maize/kenafintercropping recording the highest values, 1.68 and 1.66 in 2013 and
2014 respectively. The values were not significantly different from relayed intercropping
systems values in the both years. The values indicated advantage in intercropping the three
crops either in three crop combination or two crop combination in relay-intercropping
systems. LER values recorded in this study are higher than the range of 1.15-1.20 earlier
reported to be of significant economic advantage in intercropping [41].

Table 4: Land equivalent ratio (LER) of cassava/maize/kenaf intercropping systems in
2013 and 2014.

LER
Cropping system 2013 2014
Cassava/kenaf relayed 1.62a 1.59a
with maize intercrop
Cassava/maize 1.64a 1.56a
relayed with kenaf
intercrop
Kenaf/maize intercrop 1.21b 1.17b
Cassava/maize/kenaf 1.68a 1.66a
intercrop

Means in a column followed by the same letter(s) are not significantly different according to
DMRT (P = 0.05).
4. CONCLUSION

The results of the study have shown that intercropping of the three crops, cassava, maize
and kenaf either in the three crop combination (cassava/maize/kenaf intercrop) or two crops
combination relayed with the third crop (cassava/kenaf relayed with maize and
cassava/maize relayed with kenaf) is a worthwhile cropping system. Under intercropping
system, where kenaf seed yield and quality are the primary concerns of the farmers, kenaf
could be planted during the second season as in the case of cassava/maize relayed with
kenaf. Also,where kenaf fiber yield is the primary concern of the farmers, kenaf could be
planted during the first season as in the case of cassava/kenaf relayed with maize,
kenaf/maize and cassava/maize/kenaf intercropping systems. These cropping systems could
be incorporated in the existing farming systems of food crops producing farmers. The
harvested kenaf seeds and fiber could be fed into industries as raw materials for further
processing. Therefore, whenever either high yield quality fiber or high yield quality seed is
important in intercropping system that consists kenaf as one of the component crops, relay
intercropping system is essential for adoption. Either cassava/kenaf relay with maize or
cassava/maize relay with kenaf is recommended to the farmers. This will go a long way in
popularizing kenaf which is an industrial crop among the food crops producing farmers;
thereby enhance agro-industrial relationship and development.




UNDER PEER REVI EW

275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327

5. REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Dempsey JM. Packaging Fiber Crops. Fiber Crops Rose Printing Company.
Tallahassee, FL 1975; 203-233.

Webber CL. Crude protein and yield components of six kenaf cultivars as affected
by crop maturity. Ind. Crop. Prod 1993; 2: 27-31.

Food and Agriculture Organization (FAO). FAO production year book 1998.

Food and Agriculture Organization (FAO). Consultation on Natural Fibers, The
production and consumption of kenaf in China. ESC-Fibers Consult 2003; 3: 03-06.
Gosforth CE. The evaluation of kenaf as oil absorbent. In Fuller MJ (ed.). A
summary of Kenaf Production and ProductDevelopment Research 1989-1993.
Miss. Agric. Forestry Exp. Sta. Mississippi State, MS, Bulletin 1994; 1011: p. 25.
Kugler DE. Kenaf Commercialization: 1986-1995. In Janick J (ed.). Progress in
New Crops. ASHS Press, Arlington, VA 1996; 129-132.

Sellers T, Reichert NA. Kenaf properties, processing and products. Mississippi
State Uni. MS. A.F. Mollah et al. (2015) Int J Appl Sci Biotechnol 2015; 3(4): 626-
634 DOI: 10.3126/ijasbt.v3i4.13521.

Adeniyan ON, Aluko OA, Olanipekun SO, Adetumbi JA, Alake CO, Adenekan MO.
Genotype x environment interaction and stability analysis in kenaf (Hibiscus
canabinus L) for growth and yield performances in Southwest Nigeria. Journal of
Agricultural Science 2014; 6(8): 28-34.

Alexopoulou E, Christou M, Mardikis M, Chatziathanassiou A. Growth and Yields of
kenaf in central Greece. In Sixth Symposium on Renewable Resources and Fourth
European Symposium on Industrial Crops and Products (Bonn, 23-25/3/99),
Printed by LV Druck, GmbH 1999; pp. 346-355.

Alexopoulou E, Christou M, Mardikis M, Chatziathanassiou A. Growth and Yields of
kenaf in central Greece. Ind. Crop. Prod. 2000; 11: 163-172.

Kipriotis E, Alexopoulou E, Georgiadis S.Growth andproductivity of three kenaf
varieties in northern Greece. In Biomass for Energy and Industry. Proc. 10th
European Conference. Ed. Chertier, C.A.R.M.E.N. Press. Germany 1998. pp. 939-
942.

Mambelli S, Grandi S. Yield and quality of kenaf (Hibiscus cannabinus L.) stem
as affected by harvest date and irrigation. Ind. Crop. Prod. 1995; 4: 97-104.
Manzanares M, Tenorio JL, Manzanares P, Ayebre L. Yield and development of
kenaf (Hibiscus cannabinus L) crop in relation to water supplyand intercepted
radiation. Biomass. Bioenergy 1993; 5(5): 337-345.

Pertini C, Bazzocchi R, Montalti P. Yield potential and adaptation of kenaf (Hibiscus
cannabinus L.) in north central Italy 1993; 3: 11-15.

Quaranta F, Belocchi A, Desiderio E. Potentialities and limits of kenaf andfiber
sorghum for pulping cultivation in ltaly: Results of amulti-year cycle of Trials. 10th
Euro. Conference 1998.

Ching A, Webber CL, Neill SW. Effect of location and cultivar on kenaf yield
components. Ind. Cr. Pro. 1992; 1: 191-196.

Jodha MS. Intercropping in traditional farming systems. In International Workshop
on Intercropping. Proceedings. Hydrabed. India. 10-13 Jan

[ITA (International Institute of Tropical Agriculture). Annual Report 1979; 10-15, IITA,
Ibadan, Nigeria.

Rothenberg H. Farming systems in the tropics, 3" edition. Oxford Clare Don press
1980; p 424.

Nnoko EN, Doto AB. Intercropping maize or millet with soybean with particular
reference to planting schedule. IDRC 1992; 186e: 33-36.

Gomez AA, Gomez KA. Multiple cropping in the Humid Tropic of Asia. Ottawa,
Ontario, IDRC 1983; p. 289.



UNDER PEER REVI EW

328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

Okigbo BN, Greenland DJ. Intercropping system in tropical Africa. In: Multiple
Cropping Symposium, Proceedings of American Society of Agronomy Annual
Meeting 1976; Knoxville, Tennessee. 24-29.

Carter SE, Fresco LO, Jones PG, Fairbarin JN. An atlas of cassava. In: Historical,
agro-ecological and demographic aspect of crop distribution, Cali; Colombia: Centro
International de Agricultural Tropical (CIAT) 1992.

Rao MR, Willey RW. Effects of genotype on cereal/pigeon pea intercropping on the
utisols of the semi-arid tropics of India. Exp. Agric. 1983; 19: 67-78.

Mead R, Willey RW. The concept of land equivalent ratio and advantages in yields
for intercropping. Exp. Agric. 1980; 16:217-228.

Fisher NM. Studies in mixed cropping Il. Population pressures in maize-bean
mixture. Experimental Agriculture 1977; 13: 185-191.

Freed R, Einmensmith SP, Guetz S, Reicosky D, Smail VW, and Wolberg P. User’s
guide to MSTATC, An analysis of agronomic research experiments. Michigan State
University, East Lansing, Ml 1989.

Singh JN, Negi PS, Tripathi SK. Study on the intercropping of soybean with maize
and jower. India J. Agron.1973; 18: 75-78.

Mohta NK, De. Intercropping maize and sorghum with soybean. J. Agric. Sci. Camb.
1980; 95: 117-122.

Olufajo OO. Response of soybean intercropping with maize on a sub-humid tropical
environment. Trop. Oilseed J. 1992; 1(1): 27-33.

Ezumah HE, Mc Guire. Competitive relationship of intercropped maize and soybean
of different times. In: Proceedings of second meeting of the Nigeria Soybean 1992;
2:92-99.

Adeniyan ON, Ayoola OT. Evaluation of four improved soybean varieties under
different planting date in relayed cropping system with maize under
soybean/maize/cassava intercrop. African Journal of Biotechnology 2007; 6(19):
2220-2224.

Enyi BAC. Growth rate of three cassava varieties under varying population densities.
J. Agric. 1973; 81: 15-28.

Adetunji 1A, Amanze CO. intercropping sunflower with local varieties of cassava in a
moist savanna site of Nigeria. Afr. J. Root Tuber Crops 2001; 4:26-31.

Amanullah M M, Alagesan A, Vaiyapuri K, Pazhanivelan S, Sathyamoorthi K.
Intercropping and organic manures on growth and yield of cassava (Manihot
esculenta Crantz). Res. J. Agric. Biol. Sci. 2006; 2:183-189.

Muoneke CO, Mbah EU. Effects of compound fertilizer on the yield and productivity
of soybean and maize in soybean/maize intercrops in South Eastern Nigeria.
Trop.Subtrop. Agro Ecol. Syst. 2007; 7: 87-95.

lioyah MO, Bwala R, Iheadindueme CA. Response of cassava, maize and melon in
a three crop intercropping system at Makurdi, Nigeria. Int. J. Dev. And Sust. 2012;
1:135-144.

Ikeorgu JEG, Ezumah HC, and Wahua TAT. Productivity of species in
cassava/maize/okra/egusi melon complex mixtures in Nigeria. Field Crop Res. 1989;
34:319-334

Raji JA. Intercropping kenaf and cowpea. African Journal of Biotechnology 2007;
6(24): 2807-2809.

Agbaje GO, Aluko AO, Olasoji JO. Effects of plant spacing on seed yield and yield
components in kenaf (Hibiscus canabinus) variety, ifeken 400. J. Plant Sci. 2011
5(12): 718-721.

Willey RW. Some priorities, problems and possible approaches in intercropping
research, in Proceedings of the Workshop at Petrolina, Northeast Brazil, 30—-31 May
1977. 19 Pp.



