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Abstract: Field experiment was conducted at Institute for Agricultural Research farm Samaru, Zaria in Nigeria
during 2007 to 2009 rainy seasons. Treatments consisted of factorial combinations of three alternate row
arrangements of maize: castor in 1:1, 1:2 and 2:1, four levels of nitrogen (0, 40, 80 and 120 kg N ha™) and
three levels of phosphorus (13, 26 and 39 kg P ha™), in a split plot design with three replication. Nitrogen and
phosphorus fertilizer were assigned to the main plots and row arrangements to the sub-plots. Row arrangement
of 1:2 significantly increased cob weight, while 2:1 increased 100- grain weight and yield of maize. Applied 40
kg N ha™ resulted in significantly heavier cob diameter and grain yield in 2009. Application of 80 kg N ha™
increased cob diameter and weight in 2007. Cob weight in 2009, 100- grain weight and yield in 2007 responded
up to 120 kg N ha™. Application of 39 kg P ha™ was observed to increased 100- grain weight, while grain yield
did not responded beyond applied 26 kg P ha™. Maize can be intercropped with castor at 2:1 row arrangement
with application of 120 kg N ha ' plus 26 kg P ha .
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I.  Introduction

Maize is grown in mixture with cereals, legumes, tubers and oil seed crops, thus increasing its expanse
of cultivation and acceptability among farmers [1]. However, little information is known about its cultivation
with castor. Castor provides natural resource for Biodiesel, soap and its oil residue is used in fertilizer [2]. The
problem of producing these crops in mixture might be basically shading effect from the castor plant due to its
broad leaf nature, which might reduce assimilate translocated to yields and yield components of maize. Thus
cultivating these crops in mixture will help improve the financial status of our poor resource famers. Application
of nitrogen and/ or phosphorus has been observed to increase yields generally in savanna soil, due to low
inherent fertilities of our soils. And these two nutrients are important in growth and root developments, thus help
in yield improvement [3] and [4]. Sole fertilizer requirement for maize is known but, little is known about the
fertility requirement for castor. For the mixture of the two crops very little is known in Nigeria as it is not a
common practice. This poses a serious challenge of the need in investigating the fertilizer requirement of these
crops in mixture to improve maize yield potential. The study was thus carried out to investigate the most
appropriate row arrangement, optimum nitrogen and phosphorus levels for maize productivity.

Il.  Materials And Methods

The experiment was conducted at the Institute for Agricultural Research farm Samaru, Zaria (11°11°N
07°38’E, 686m above sea level) in the Northern Guinea Savanna zone of Nigeria during the 2007, 2008 and
2009 rainy seasons. Treatments consisted of factorial combinations of three alternate row arrangements of
maize: castor in 1:1, 1:2 and 2:1, four levels of nitrogen (0, 40, 80 and 120 kg N ha™) and three levels of
phosphorus (13, 26 and 39 kg P ha™). The treatments were laid out in a split plot design and replicated three
times. Nitrogen and phosphorus fertilizer treatments were factorially combined and assigned to the main plots
while row arrangements were assigned to the sub-plots. Nitrogen fertilizer (Urea) was applied as per treatment,
in two equal doses by side placement at 3 and 6 WAS after the first and second weeding respectively. The
phosphorus fertilizer (in the form of SSP) in amount according to treatments was applied at sowing. The net plot
size varied with row arrangement of 1:1, 2:1 and 1:2 (50:50, 33:67, and 67:33). Row spacing of 75 cm and plant
spacing of 25 and 40 cm were adopted for maize and castor respectively.
Data were collected on cob length, cob diameter, cob weight, 100- grain weight and yield. These were analysed
statistically in accordance with [5]. The means were compared using Duncan Multiple Range Test [6].

I1l.  Results And Discussion
The analysis shows that the soil was loamy in nature from 0- 30 cm depth for the three years, except at
15- 30 cm in 2008 where it was clay loam in nature (Table 1). The organic carbon, total nitrogen and available
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phosphorus were generally low in the three years of the study. The low level of nutrient might be due to the poor
parent material of the soil, heavy rainfall experienced in the savanna, high temperatures and inadequate use of
fertilizers.

The effect of row arrangement, nitrogen and phosphorus application on maize cob length, cob
diameter, cob weight, 100- grain weight and grain yield during 2007, 2008 and 2009 rainy seasons are shown in
Table 2. Row arrangements significantly increased cob weight only in 2007 and 2009, 100- grain weight in 2007
and grain yield in the three years. The result showed that 1:2 arrangement resulted in heavier cobs than the other
arrangement, while 2:1 recorded the least cob weight in both years. The 100- grain weight was significantly
increased by row arrangement of 2:1 than to the other row arrangements that were statistically at par. Heavier
grain yield was obtained with 2:1 than to the other two arrangements, the least yield was with 1:2 throughout the
study years. The higher maize yield obtained with 2:1 row arrangement could be due to higher maize population
at this arrangement. The longer and heavier cob with 1:2 might be attributed to better light interception used in
the production of assimilates that was translated to these yield components. [7] and [8] reported similar findings.
Nitrogen application significantly increased all the measured parameters in the years except on cob length and
diameter in 2008. Application of nitrogen from 0 to 40 kg N ha™' produced longer and wider cobs in the affected
years, beyond this level only cob diameter was significantly increased in 2007 with applied 80 kg N ha™.
Increase in nitrogen from 0 to 40 kg N ha ' resulted in heavier cobs. Further increase to 80 kg N ha ' was found
to increase cobs weight only in 2007 and 2008. Beyond this level cob weight was not significantly increased
except in 2008, where applied 120 kg N ha ' recorded heavier cobs only than to applied 40 and 0 kg N ha .
Each level of applied nitrogen from 0 to 120 kg N ha ~' resulted in heavier 100- grain weight only in 2007.
Application of 120 kg N ha ' was observed to increased 100- grain weight than other nitrogen levels in 2008
and 2009. However applied 40 and 80 kg N ha ™" had statistically similar 100- grain weight that was significantly
heavier than the control. Application of 120 kg N ha ' resulted in heavier grain yield in the years than when no
nitrogen was applied. This level was however, observed to be at par with other applied nitrogen levels except in
2007 and 2008, where it recorded higher yield to applied 40 kg N ha ' in 2008, 40 and 80 kg N ha ' in 2007.
This could be attributed its importance in photosynthesis thus, increased rate of assimilate formation which was
translated to longer, wider and heavier cobs, that might have resulted in heavier grains and yield. This could also
be due to the low soil nitrogen (Table 1) of the experimental fields. Similar findings were reported by [9], [10]
and [4].

Phosphorus application was significant only on cob length in 2008, cob diameter and grain yield in
2009, 100- grain weight in 2007 and 2008. Application of 13 kg P ha ' produced longer cobs than 39 kg P ha ™,
but was significantly comparable to 26 kg P ha . Application of 39 kg P ha ' resulted in wider cobs and heavier
100- grain only than to applied 13 kg P ha ', except where it recorded higher 100- grain weight than to applied
26 kg P ha ~'. Grain yield responded up to applied 26 kg P ha ~' beyond this level there was no significant
increase in grain yield. The significant response of maize grain yield to application of phosphorus fertilizer,
could be due to the role it plays in root establishment and development which might have assisted in increasing
N absorption by the plant thus, increase assimilate produced. This might have been translated in the longer and
wider cob, heavier 100- grain weight and maize yield. [11], [12] and [13] reported significant response of maize
to application of P fertilizer.

The interaction between row arrangements and nitrogen levels on cob weight in 2007 and grain yield in
2007 and 2008, between nitrogen and phosphorus on cob weight in 2008 and grain yield in 2007 and 2008, as
well as among row arrangement, nitrogen and phosphorus on grain yield in 2007 are presented in Table 3- 5.
Row arrangement of 1:2 with applied 120 kg N ha ' resulted in heavier cobs and the least weight was observed
with the row arrangements without applied nitrogen. Row arrangement of 2:1 with applied 120 kg N ha
resulted in higher grain yield and 1:1 without applied nitrogen in 2007 gave the least yield. In 2008, 2:1
arrangement with applied 80 kg N ha ' resulted in higher yield, this combination was also comparable to 2:1
and applied 40 and 80 kg N ha ', and with 1:1 arrangement with application of 120 kg N ha . The least yield
was observed with the various arrangements without applied nitrogen. This could due to the germination delay
observed with the castor plant. This gave wider space for the maize plants at these row arrangements in making
use of the environmental resources and available nutrient. The higher grain yield obtained at 2:1 row
arrangement with the applied nitrogen level might be due to the higher maize population at this row arrangement
was supplied with the nutrients needed. [14] Observed significant response of maize in mixtures to N fertilizer.

Combined application of 120 + 13 kg N + P ha " recorded higher cobs weight and the least weight was
observed without applied nitrogen at all P levels. In 2007, application of 80 and 26 kg N + P ha ~' recorded
higher grain yield which was statistically at par with applied 120 kg N ha ' plus 26 and 39 kg P ha ™. The least
yield was observed when no nitrogen was applied with applied 26 and 39 kg P ha ~'. Application of 120 with 13
kg N + P ha ' recorded higher grain yield which was statistically at par with applied 80 kg N ha ~ plus 26 kg P
ha ' in 2008. The least yield was observed without applied nitrogen at P levels. Nitrogen and phosphorus are
important for growth and development, might have led to higher photosynthetic activities that resulted in the
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production of enough assimilates for subsequent translocation for higher yield. The phosphorus could have help
in root development that assisted the rate of nitrogen absorption. The synergic and compensation between the
two elements might be the reason why both elements showed no response up to their highest combined levels.
Similar significant findings were reported by, [15] and [16]. Row arrangement of 2:1 with combined application
of 120 kg N ha ' + 26 kg P ha ' resulted in the highest grain yield and the least yield was observed with 1:2 row

arrangement and 0 + 13 kg N + P ha .

IV.  Conclusion
Based on the finding of the studies, row arrangement of 1:2 with application of 120 + 26 kg N + P ha ™
should be applied for the production of maize in maize/ castor mixture.
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Tablel: The physico-chemical properties of soil in the experiment site at Samaru in 2007,
2008 and 2009 rainy seasons

Physical composition (%) 2007 2008 2009

0- 15 15-30 0-15 15-30 0-15 15-30
Sand 480 440 380 280 480 480
Silt 420 480 400 300 400 360
Clay 100 80 220 420 120 160
Textural class Loam Loam Loam Clay loam  Loam Loam
Chemical composition
pH in water 6.29 5.00 6.20 4.90 5.90 5.60
pH in 0.01 ml CaCl, 4.85 4.00 4.50 3.90 5.20 5.10
Organic carbon (%) 0.76 0.66 0.84 0.56 0.52 0.48
Total Nitrogen (%) 0.13 0.13 0.18 0.15 0.14 0.10
Available phosphorus (ppm) 12.60 14.07 13.80 15.10 12.25 5.25
Exchangeable bases (Cmol kg )
Ca 3.74 221 4.17 8.33 1.00 0.80
Mg 0.77 0.55 1.42 2.64 0.60 0.69
K 0.20 0.30 0.33 0.35 0.23 0.15
Na 0.19 0.25 0.30 0.35 1.20 1.60
CEC 5.69 12.21 7.60 14.80 5.30 5.80
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Table 2: Effect of row arrangement, levels of nitrogen and phosphorus on maize cob length,
diameter and weight, 100-grain weight and yield during rainy seasons of 2007, 2008

and 2009

Cob length (cm) Cob diameter (mm) Cob weight (g) 100- grain weight (g)  Grain yield(kg ha ™)
Treatments 2007 2008 2009 2007 2008 2009 2007 2008 2009 2007 2008 2009 2007 2008 2009
Row arrangement
1:1 8.3 8.2 16.9 3.72 5.23 3.44 130.1b 100.9 132.7b 21.3b 237 27.3 814b 879b 1098b
1:2 8.5 8.3 17.9 3.90 5.39 351 139.0a 965 135.1a | 20.2b 229 28.9 532c 580c 743c
211 8.4 8.1 17.4 3.74 5.39 3.46 1159c  86.6 120.0c | 235a 244 28.8 1061a 1059a 1546a
SE + 0.09 0.08 0.42 0.09 0.15 0.07 2.52 5.18 3.02 0.51 0.68 1.47 19.5 48.0 66.8
N levels (kg ha™)
0 7.7b 8.0 13.1b | 3.11c 5.16 3.11b | 89.3c 47.9c 84.8d 159d  13.5¢c 19.4c | 571d 369c 467b
40 8.6a 8.3 17.8a 3.78b  5.22 3.54a 127.1b 96.6b 128.9¢c 19.3c  25.2b 27.0b | 800c 891b 1206a
80 8.6a 82 18.6a | 4.17a 544 3.57a 148.4a  109.8ab 146.4b | 22.80  26.8b 29.9b | 883b 998ab 1401a
120 88a 87 18.7a | 4.08a 553 3.68a 151.3a  124.4a 157.1a | 28.8a 29.3a 37.2a | 955a 1124a 1441a
SE+ 0.11 0.09 0.48 0.10 0.16 0.08 2.92 6.00 3.49 2.66 2.49 1.82 22.5 55.4 79.4
P levels (kg ha™)
13 8.3 8.3a 17.1 3.71 5.41 3.34b 127.3 97.5 129.7 21.1b  22.3b 26.7 722c 847 1130
26 8.4 8lab 172 3.80 535 349ab | 12838 97.5 130.0 21.3b  24.14ab 275 873a 848 1130
39 8.5 8.1b 18.1 3.85 526 359 128.9 89.1 128.2 22.7a 24.7a 30.9 809b 842 1127
SE + 0.09 0.08 0.42 0.09 015  0.07 2.52 5.18 3.02 0.51 0.68 1.47 19.5 48.0 66.8
Interactions
RXN NS NS NS NS NS NS * NS NS NS NS NS * * NS
RXP NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
NXP NS NS NS NS NS NS NS * NS NS NS NS * * NS
RXNX NS NS NS NS NS NS NS NS NS NS NS NS * NS NS
p

Means followed by the same letter(s) in a column are not significantly different at P = 0.05 using
DMRT
NS= Not significantly different at P = 0.05

Table 3: Interaction between row arrangement and N levels on maize cob weight in 2007 and grain yield
in 2007 and 2008

Cob weight (g) in 2007
N levels kg N ha !

0 40 80 120

Row arrangements
1:1 85.38ef 128.02cd 165.44ab 141.36¢
1:2 96.96e 129.08cd 156.67b 173.33a
2:1 79.06f 122.22d 123.07d 139.32c
SE +5.041

Grain yield (kg ha ) in 2007
1:1 5269 832ef 979cd 918de
1:2 378f 531g 555fg 663f
2:1 809 1037bc 1115b 1281a
SE +91.00

Grain yield (kg ha ) in 2008
1:1 366f 900bcd 949bc 1374a
1:2 255¢f 643de 763c 657de
2:1 455¢f 1129ab 1281a 1340a
SE +96.0

Means having the same letters are not statistically different at P = 0.05 (TDMRT)
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Table 4: Interaction between N and P levelS on maize cob weight in 2008 and on grain yield in 2007 and

2008

Cob weight (g) in 2008
P levels kg P ha ™!

13 26 39

N levels kg N ha ™
0 40.86d 53.51d 49.29d
40 83.62c 101.27hc 105.02bc
80 105.49bc 125.16b 98.79bc
120 159.96a 110.02bc 103.19bc
SE + 3.600

Grain yield (kg ha ) in 2007
0 489f 631le 588f
40 787c 809cd 804cd
80 712de 1033a 889b
120 901bc 1024a 938ab
SE +39.9

Grain yield (kg ha ™) in 2008
0 280d 388d 444d
40 771c 923bc 978bc
80 972bc 1078ab 926bc
120 1363a 1026bc 983bc
SE +96.0

Means having the same letters are not statistically different at P = 0.05 (TDMRT)

Table 5: Interaction among row arrangement, nitrogen and phosphorus levels on grain yield  of maize

in 2007
Row arrangement
1:1 1:2 2:1
N + P Levels (kg N + P ha ™)
0+13 489np 287q 690ijkI
0+26 532mnp 428np 967f
0+39 572m 416p 771hij
40 +13 788ghi 454np 118d
40 + 26 831gh 596Im 1001ef
40 +39 877fg 541mn 993ef
80 +13 811gh 478np 846gh
80 + 26 1097de 671jkl 1309b
80 + 39 99%4e 518n 119cd
120 + 13 902fg 642klm 1159¢
120 + 26 1088de 740hij 1441a
120 + 39 765hij 608l 1249bc
SE + 38.9

Means having the same letters are not statistically different at P = 0.05 (TDMRT)
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