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Vegetative Growth and Correlates of Yield and Yield Components
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Abstract: The study which was conducted in the wet humid rainforest zone of southern Nigeria during the
2003/2004 growing seasons was aimed at evaluating the effects of nitrogen fertilizer and plant population on
the vegetative growth, yield and yield components of cowpea and rice grown in monoculture and mixtures.
Results indicated that an increase in plant height, leaf number, branch number and number of leaves of crops
with increasing nitrogen fertilizer rates. Sole rice stands produced taller plants than intercrops with a maximum
height of 83.80cm in the first growing at 45kgN/ha. On the average mixed rice stands were shorter than their
corresponding sole rice stands by 8.19cm.Increase N fertilizer and residual N resulted in significant
(P<0.05)increase in number of leaves of cowpea. However, a decreasing trend was observed for vegetative
parameters of both crops with increasing plant population. Yield was positively correlated with number of
tillers(r=0.37) and number of panicles (r=0.41) in rice. Yield and yield components of cowpea were poorly
correlated with values ranging from r=-0.55 for number of pods per plant to r=-0.03 for weight of pods per plant.
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INTRODUCTION fertilizer- N, by increasing the available soil N, with

Crop productivity is influenced by the inter-plant The general objective of this study is to evaluate the
competition for resources hence production factors response of a cereal- legume mixture, such as rice- cowpea
determine the population density at which crops are intercrop to nitrogen fertilizer and planting density, with
grown. The current awareness of mineral fertilizer a specific objective of assessing effects on growth of
utilization may be of no relevance, if adequate plant vegetative parameters, in addition to yield and yield
density is not used on the land to take advantage of components of the crops in the cropping patterns.
applied mineral fertilizer.

Several  workers  have  reported increase in MATERIALS AND METHODS
vegetative   growth   parameters   with   increasing
nitrogen levels in rice [1]. Sobulo [3] noted that OS 6 The field trial was established at the Delta State ADP
variety was increased by increasing nitrogen application. farm at Agbarho (Lat 5°34’N and Long 5°53’ E) in the wet
Increases in leaf length and other vegetative attributes humid high rainforest zone of southern Nigeria in the
with increasing nitrogen levels have been reported in 2003/2004 farming seasons. There were three treatments
different rice varieties [2,4]. made up of: (1) four nitrogen levels, N (0, 15, 30, 45 kg/ha)

When initial levels of available soil N are low, a using  urea  as   fertilizer   (2)   three   cropping  densities,
period  of  N hunger  can  reduce  vegetative  growth, D (50000, 100000 and 200000 plants per ha) and (3) three
yield and yield components of the legume [5]. At this cropping  patterns,  S:  sole   cowpea,   sole   rice   and
stage vegetative growth is still poorly developed. By rice/  cowpea  intercrop). However, in other to evaluate
adding  starter dose of N fertilizer at the time of seeding, the residual effect of fertilizer nitrogen, no urea fertilizer
N  deficiency  symptoms  during  early plant growth can was   applied  in  the  2004  season. The  three  factors
be alleviated. Intercropping grain legumes such as were  combined  in  a  4x3x3  factorial  experiment with
cowpea with non- nitrogen fixing crops like rice is three replicates and were laid out in a randomized
common practice in tropical countries like Nigeria. complete  block design. Crop varieties used were plant
Potential benefits  include  reducing  the  need for rice (var. ITA 150) and cowpea (var. Ife Brown).

consequent increase in crop performance.



Libyan Agric. Res. Cen. J. Intl., 2 (4): 174-179, 2011

175

Vegetative parameters were collected at harvest from nitrogen significantly (P <0.05) increased plant height in
both crops for plant height and leaf number. Leaf length both growing seasons. Nitrogen application increased
and branch number were collected for rice and cowpea, plant height by 28.3%, 26.6% and 44.7% in sole rice and
respectively  at harvest. Physicochemical properties of 30.6,  35.1  and  38.7%  in  intercropped  rice at 15, 30 and
soil at experimental site were 90.3% sand, 4.2% silt, 5.5% 45 kg N/ha, respectively over the control. In unfertilized
clay, pH in water 4.3, 0.32% organic carbon and 0.06% sole rice plants, plant height was increased with plant
total nitrogen Data on vegetative and reproductive density. However, with fertilized and mixed rice stands,
characters were subjected to analysis of variance plant height was increased with population densityand
(ANOVA) appropriate for factorial and randomized gradually decreased with the highest population density
complete black design Gomez and Gomez [6] using of 200000 plants/ha . On the average, mixture rice stands
bivariate techniques for analyzing intercropping trials. were  shorter  than  their corresponding sole rice stands
Means separation was by the Duncan’s multiple range by 8.19 cm.
tests. Correlation of yield and yield components was Height of rice plants during the second season was
calculated. generally lower than the first growing season on the

RESULTS was reduced by 29.6% over the first cropping. Interactive

Vegetative Growth reduced plant height in both growing seasons, while
Plant Height: Plant height of rice and cowpea is nitrogen x planting pattern interaction significantly
presented  in  Table   1.   Nitrogen   fertilizer   and  residual increased plant height during the first cropping.

average, maximum plant height in the second cropping

effects of growing density, planting pattern significantly

Table 1: Response of plant height (cm) of rice and cowpea to nitrogen fertilizer and plant population
 Fertilizer treatments  Density treatments

---------------------------------------------- ---------------------------------------------
CP-1 CP-2 CP-1 CP-2 

Rice
Sole 0 57.50b 46.95b 50000 71.55ns 50.73b

15 74.30ab 52.02ab 100000 74.89ns 49.69b
30 73.30ab 51.48ab 200000 70.60ns 51.95ab
45 83.80a 52.48ab
Mean 72.33 50.79 Mean 72.30 50.79

Intercrop 0 51.91b 51.61ab 50000 68.49ns 56.29a
15 67.77ab 57.15a 100000 66.75ns 56.71a
30 70.16ab 56.30a 200000 61.15ns 53.71ab
45 72.00ab 57.22a
Mean 65.46 55.57 Mean 65.46 55.57

SE 6.99 2.24
N × D 2.76ns 1.81ns
N ×S 4.33* 4.06*
D ×S 23.09** 7.36*

Cowpea
Sole 0 69.36ab 64.07ns 50000 78.49ns 65.35ns

15 78.56ab 63.70ns 100000 76.80ns 65.10ns
30 80.68a 65.58ns 200000 75.95ns 62.98ns
45 79.73ab 64.54ns
Mean 77.08 64.47 Mean 77.08 64.48

Intercrop 0 67.23b 62.97ns 50000 79.78ns 65.30ns
15 80.56a 66.06ns 100000 77.59ns 64.77ns
30 79.74ab 66.05ns 200000 73.44ns 65.11ns
45 80.20a 65.17ns
Mean 76.93 65.06 Mean 76.94 65.06

SE 3.42 1.90
N × D 0.81ns 7.30ns
N ×S 3.97* 5.63**
D ×S 29.30** 20.61**
In  each  column,  means  followed  by  the  same  letter(s)  do  not  differ  at  5%  DMRT. CP-1: First cropping, CP-2: second cropping; *significant at
5%;** significant at 1 % ; ns- not significant
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Table 2: Response of number of leaves of rice and cowpea to nitrogen fertilizer and plant population

 Fertilizer treatments  Density treatments
----------------------------------------------- --------------------------------------------
CP-1 CP-2 CP-1 CP-2 

Rice

Sole 0 4.08ns 4.02ns 50000 4.13ns 4.00ns
15 3.99ns 4.03ns 100000 4.18ns 3.99ns
30 4.22ns 3.99ns 200000 4.19ns 4.09ns
45 4.38ns 4.03ns
Mean 4.17 4.02 Mean 4.17 4.03

Intercrop 0 3.93ns 3.88ns 50000 4.12ns 3.95ns
15 4.07ns 3.89ns 100000 4.09ns 3.92ns
30 4.12ns 3.97ns 200000 4.06ns 4.00ns
45 4.22ns 4.09ns
Mean 4.09 3.96 Mean 4.09 3.96
SE 0.24 0.23

N × D 1.63ns 0.88ns
N ×S 3.38* 1.13ns
D ×S 4.50* 4.13*

Cowpea

Sole 0 35.83b 39.91b 50000 43.11ns 48.98a
15 44.44ab 49.70a 100000 42.19ns 47.42a
30 45.42ab 49.17a 200000 41.88ns 44.44a
45 49.67a 49.67a
Mean 47.11 47.11 Mean 42.39 47.11

Intercrop 0 37.66b 37.66b 50000 42.10ns 48.35a
15 49.17a 49.17a 100000 41.88ns 47.83a
30 50.76a 50.76a 200000 42.09ns 44.34b
45 49.77a 49.77a
Mean 46.84 46.84 Mean 42.02 46.84

SE 3.40 1.31
N × D 0.75ns 8.06**
N ×S 1.75ns 3.26*
D ×S 2.80ns 31.11**

In  each  column,  means  followed  by  the  same  letter(s)  do not differ at 5% DMRT. CP-1: First cropping, CP-2: second cropping;
* significant at 5%; ** significant at 1 % ; ns- not significant

Table 3: Response of leaf length (cm) of rice to intercropping with cowpea under varying nitrogen fertilizer and plant population

Fertilizer treatments Density treatments
--------------------------------------------------- --------------------------------------------
CP-1 CP-2 CP-1 CP-2

Sole 0 37.21b 30.90c 50000 44.46ns 33.60ns
15 46.02ab 33.33abc 100000 43.72ns 33.87ns
30 46.51ab 34.84ab 200000 45.53ns 33.93ns
45 48.53ab 35.11ab
Mean 44.52 33.55 Mean 44.57 33.80

Intercrop 0 44.85ab 34.53ab 50000 44.85ns 34.40ns
15 44.38ab 33.60abc 100000 44.99ns 35.36ns
30 50.61a 36.47a 200000 45.13ns 34.81ns
45 50.49a 34.83ab
Mean 47.48 34.86 Mean 44.90 34.86

SE 3.40 0.87
N x D 1.09ns 1.64ns
N x S 2.72ns 2.74ns
D x S 3.89* 9.70**

In each column, means followed by the same letter(s) do not differ at 5% DMRT. * significant at 5%; ** significant at 1 % ;ns- not significant
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Table 4: Response of number of branches of cowpea to intercropping with rice under varying nitrogen fertilizer and plant population

 CP-1 CP-2 CP-2 CP-1 

Sole 0 4.04ns 3.87ns 50000 4.27ns 3.83ns

15 4.05ns 3.98ns 100000 4.22ns 3.86ns

30 4.08ns 3.73ns 200000 3.83ns 3.78ns

45 4.28ns 3.72ns

Mean 4.11 3.83 Mean 4.11 3.82

Intercrop 0 3.84ns 3.75ns 50000 4.14ns 3.96ns

15 4.07ns 3.86ns 100000 4.13ns 3.88ns

30 4.34ns 3.99ns 200000 4.00ns 3.85ns

45 4.11ns 3.98ns

Mean 4.09 3.90 Mean 4.09 3.90

S E 0.24 0.28

N x D 1.82ns 1.90ns

N x S 5.82** 3.92*

S x D 8.06** 5.66**

In each column, means followed by the same letter(s) do not differ at 5% DMRT. * significant at 5%; ** significant at 1 % ;ns- not significant

Table 5: Correlation matrix (r) of yield and yield components of rice intercropped with cowpea (df = n- 2) 

No of tillers/ plant No of panicles/ plant No of grains / panic 100 grain weight (g) Yield kg/ha 

No of tillers per plant 0.79** 0.87** 0.83** 0.37ns

(0.95**) (0.79**) (0.85**) (0.37ns)

No of panicles per plant 0.70** 0.61** 0.02ns

(0.79**) (0.75**) 0.41ns

No of grain per panicle 0.83** 0.17ns

(0.83**) (0.37ns)

100- grain weight 9 0.16ns

(0.28ns)

Yield (kg/ha)

Parenthesis: values for first cropping; **Significant at 1%; ns - not significant

Table 6: Correlation matrix (r) of yield and yield components of cowpea intercropped with rice (d f = n - 2)

No of pods/plant Weight/pod (g) Wt of pods/plant 100/grain wt (g) Shelling percent tage Yield kg/ha

No of pods/plant 0.34ns 0.50* 0.04ns 0.69** -0.40ns

(0.50**) (0.54*) (0.16ns) (0.59**) (-0-55**)

Weight/pod (g) 0.25ns -0.28ns -0.35ns -0.33ns

(0.49*) (0.6ns) (0.41ns) (-0.23ns)

Weight of pods/plant (g) -0.05ns 0.40ns -0.03ns

(0.06ns) (0.24ns) (0.17ns)

Shelling percentage -0.13ns -0.11ns

(-0.16ns) (-0.17ns)

Yield (kg/ha)

Parenthesis: values for second cropping; * significant at 5%; ** significant at 1 % ; ns - not significant

Increasing  nitrogen  resulted  in  a  significant corresponding  sole  stands  by 0.10%. Plant height
increase  in  plant  height,  while  increasing  plant ranged  from  65.80 cm (intercropped  cowpea without N
 density, significantly  reduced  plant  height.  Increase at  100000  plants / ha) to 83.51cm (intercropped cowpea,
plant height with nitrogen over the control (without 15 kg N/ha) at 50000 plants / ha).
fertilizer) was by 13.3, 16.3 and 14.4% in sole cowpea and
19.8,  18.6 and  19.8%  in  intercropped  cowpea stands Number of Leaves: Table 2 shows number of leaves of
was observed for 15, 30 and 45 kgN/ha, respectively. rice and cowpea in both growing seasons. Number of
Mixed cowpea stands produced taller plants over their leaves  of  rice  plant  was  not significantly affected by N
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fertilizer or residual N, planting density and planting Table  6  presents  correlation  matrix of yield and
pattern  in both growing seasons. Increasing N resulted
in an increase in number of leaves of rice, but were
however reduced by plant population. Mixture rice
populations  had  lower  number  of  leaves relative to
their corresponding sole crop. The interaction of density
and planting pattern was significant. 

Cropping density and planting pattern had no
significant effect on number of leaves of cowpea in both
growing seasons. However, increase in N fertilizer and
residual N resulted in significant (P<0.05) increase in
number of leaves. Number of leaves was reduced with
plant population.

Leaf  Length  of Rice: Leaf length of rice plant is shown
in Table 3.  N  fertilizer   significantly  increased  leaf
length of rice in both seasons. Increasing N rate averagely
increased  leaf  length  in  the first season by 23.7, 25.0
and 30.4% over the unfertilized stands in sole rice and
28.7, 46.8 and 46.4% in mixtures for 15, 30 and 45 kgN/ha,
respectively. Low plant population produced plants with
longer leaves than high plant population in both sole and
mixture rice stands.

Number of Branches of Cowpea: Table 4 shows the
number of branches of cowpea. Main effects of N fertilizer
and residual N, cropping density and planting pattern
showed no significant increase in number of branches of
cowpea in both growing seasons. N fertilizer and residual
N of first and second growing seasons, respectively did
not show any consistent pattern with the number of
branches of cowpea in both sole and intercropped rice.
The highest number of branches (4.56) in sole cowpea
was recorded for 45 kgN/ha of 50000 plants/ha, while the
lowest  number  of  branches (3.80) was for 0 kgN/ha and
45 kgN/ha at 200000 plants/ha in the first growing season.

In the second season cropping, sole cowpea grown
where 45 kgN/ha was previously applied at a density of
100000 plants/ha had the lowest value (3.60), while the
highest value (4.10) was observed in intercropped cowpea
of 45 kg residual N/ha at 50000 plants/ha.

Correlation of Yield and Yield Components: Correlation
matrix of yield and yield components of rice in the two
growing seasons are shown in Table 5. Number of tillers
per plant had a significant positive correlation with the
number of panicles per plant (r = 0.95), number of grains
per panicle (r = 0.79) and 100- grain weight (r = 0.85). There
was  a non-significant positive correlation between yield
and number of panicles per plant, number of grains per
panicle and 100 grain-weight. 

yield components of cowpea. Yield of cowpea was
negatively correlated with yield components for both
growing  seasons.  In  the  first growing season, number
of pods per plant had a significant positive correlation
with weight of pods per plant and shelling percentage.
However, in the second cropping, number of pods had a
significant positive correlation with weight per pod,
weight  of  pods per plant and shelling percentage.
Weight per pod also had a significant positive correlation
with weight of pods per plant in cowpea. There was a
significant negative  correlation  between  number  of
pods and yield (r =-0.55) in the second cropping season.
On  the  whole, yield and yield components of cowpea
were poorly correlated in both cropping seasons.

DISCUSSIONS

The significant lower values obtained for vegetative
growth  parameters  such as plants height, leaf number
and leaf length between 0 kgN/ha and the other applied
nitrogen rates and the residual nitrogen showed that at
severe nutrient stress conditions, these parameters would
be reduced. The lowest plant height, number of leaves
and other vegetative parameters confirms the report of
Adediran et al. [7] which stated that nutrient availability
determine plant photosynthetic capacity which finally
determine the plant growth capacity. Also the highest
values of all growth parameters observed with higher
nitrogen rates suggest that nitrogen application is
associated with good growth of rice and cowpea crops.
Charles [8] and Akanbi et al. [9] had earlier reported
significant reduction in plant growth parameters when
soils were deficient in some notable nutrient such as
nitrogen. The improved growth as a result of nitrogen
fertilizer  application  is in line with the result of some
other reports that many improved rice varieties cultivated
around the world have shown a marked response to the
application of nitrogenous fertilizers [10]. Nitrogen
increases the vigour and enhances the growth of the rice
plant. The fact that nitrogen promoted rapid leaf formation
as evidenced by an increase in the height as well as the
size of leaves and other growth parameters in this study
have been confirmed by Gene and Tanner [11].

Vegetative growth parameters were significantly
affected by plant population density in both cropping
seasons. Crops planted at high population density
generally had lower maximum leaf length, number of
leaves, plant height and number of branches. The
reduction in vegetative growth parameters may be
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associated wit limitations of assimilate and perhaps 2. Okafor, L.I., 1980. Effects of nitrogen level and purple
competition for nutrient and water among plants. Similar nuts edge competition on grain yield of tropical
trend was reported by Tetio-Kagho and Gardener [12] in upland rice. Nigeria J. Agri. Sci., 2: 21-28.
a trial to show the response of maize to plant population. 3. Sobulo,  R.,  1982.  Response  of  upland  rice  to
They reported that vegetative growth (i.e. plant height) N.P.K. Fe and Zn in Western Nigeria by Soil and
increased to a maximum with no further increase with Plant Analysis. Nigeria J. Soil Sci., 3: 14-27.
increasing plant population density. 4. Ighalo, S.O. and S.U. Remison, 1998. Effects of seed

They were no much variability in number of leaves of rate and fertilizer application on the performance of
rice and number of branches of cowpea in both cropping upland rice. Nigeria Agricultural Journal, 29: 62-77.
seasons. However, the lack of significant difference of 5. Kessel, C. and C. Hartley, 2000. Agricultural
these vegetative parameters indicates that environmental Management of grain legume, has it led to an
factors rather than competition were responsible for the increase   in   nitrogen   fixation.   Field   Crops   Res.,
difference in the number of leaves and branches for rice 65: 165-181.
and cowpea respectively. In this study, intercropping rice 6. Gomez, K.A. and A.A. Gomez, 1984. Statistical
with cowpea had significant effect on the vegetative Procedures for Agricultural Research. John Wiley
growth of rice. During the first growing season when Sons Inc. New York.
nitrogen fertilizer was applied, rice plant height and other 7. Adediran,  J.A.,  M.O.   Akande,   V.A.   Banjoko,
vegetative parameters were significantly reduced by the G.A. Oluwatosin and L.B. Taiwo, 2000. Rehabilitation
intercropping cowpea plant. On the other hand, cowpea of   nutrient-depleted   soil  by  growing  legume
vegetative growth parameters (plant height, number of fallow in south western Nigeria Applied Tropical
leaves and number of branches) were not significantly Agriculture, 5: 82-88.
affected by the intercropping with rice. Suppression of 8. Charles, R.O., 1995. Nutrient balance sheet after
branching of cowpea by associated cereal as reported in coffee-maize  cropping  on the alfisol supplied
millet / cowpea (Blade et al. [13] which resulted from lack organic  fertilizer  in  Ibadan, Nigeria In Proceedings
of adequate light in the intercrop was not observed  in of  the  3  African Soil Science Society Conference
this study. Thus the cowpea was able to develop enough 20-26 August 1995 University of Ibadan.
branches in the early stage, allowing for a good plant 9. Akanbi, W.B., R.A. Baiyewu and F.M. Tairu, 2000.
morphological structure, that finally determine the number Effects  of  maize  stover  compost and spacing on
of leaves which produce photosynthate (source). the growth and yield of celosia (Celosia argentea

CONCLUSIONS 10. Fairhust, J.H. and A. Dobermann, 2000. Rice in the

This study shows that there is an inverse relation 16: 3-6.
between vegetative growth and increasing plant 11. Gene,   S.   and   E.   Tanner,   1999.   Effects  of
population, since high densities tend to result in poor nitrogen  on   baldo   rice.  Information   from   1998
vegetative performance of crops. Nitrogen played a Missions.   Rice   Research   Update  http:
significant role in improving the performance of  the www.agebbmissourice.edu/ rice.
crops, but was also greatly determined by plant 12. Tetio-Kagho,  F. and F.P. Gardener, 1988. Response
population. This implies that the farmers’ effort at of maize to plant population density canopy
improving the performance of their crops through development, light adjustments and vegetative
nitrogen fertilizer must take into account the density of growth. Agronomy Journal, 80: 930-935.
the crops, if they are to achieve optimum vegetative 13. Blade, S.F. S.V.R. Shetty, T. Terao and B.B. Singh,
growth which will consequently result in improved yield 1997. Recent development in cowpea cropping
and yield components of the rice and cowpea. systems  research  In:  Advances  in cowpea

REFERENCES K.E.  and  Jackai   L.E.W.   Copublication   of  IITA

1. Wilson, C.F. Well, B.R. and R.J Norman, 1994. Agricultural Science, pp: 114-128.
Nitrogen fertilization of rice in Arkansas. Soil Science
Society of America Journal, 90: 317-323. 

rd

L.). J. Agriculture , Forestry and Fisheries, 1: 5-10.

global   food   supply.   Better   Crops  International,

research,  Singh  B.B.  Mohan  Jaj,  D.R. Da Shiell,

and Japan  International  Research  Centre for


