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ABSTRACT

In a 2-year field/laboratory study, the biological nitrogen fixing potentials of 14 newly introduced
pigeonpea (Cajanus cajan (L.) Millsp.) genotypes from [CRISAT along with a local check were
assessed under intercropping with sorghum (Sorghum bicolour (L.) Moench.) in Southern Guinea
Savanna of Nigeria. Using sorghum as the non-fixing control and N-difference method, estimates of
Jixed N in pigeonpea genotypes of different maturity ratings ranged from 37.52kg/ha to 164.82kg/ha
under intercropping. The average total nitrogen concentration of shoot in intercropped pigeonpea
genotypes al harvest (2.83%) was higher than that for intercropped sorghum (1.83%). There were very
litile differences between sole cropping and intercropping in total soil N for cach of the crops in the

intercrop combinations in both years.
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INTRODUCTION

In the tropics, nitrogen is the most for nitrogen with the cercal component
important nutrient required by plants (Adu-Gyamfi et al., 1997) becausc
and it is often the most limiting pigeonpea is able to meet a proportion
(Kaleem, 2000). Biological nitrogen of its own N requirement through BNF

fixation (BNF) is important in legume- (Kumar Rao et al. 1987) and also
based cropping systems when fertilizer improve the soil organic matter status of
nitrogen is limiting. A combination of  the systems.

legumes and cereals is popular, mainly Kumar Rao ef al. (1987) estimated

due to the cconomic value of the that between 68-88kg ol symbiotically
legumes and the expectation of  fixed N was derived from pigeonpea in
sustaining the soil fertility (especially India depending on the scason. Using
nitrogen) over ycars (Ofori and Stern, sorghum as the non-fixing control and
1987; Kumar Rao et al., 1996). The N-difference method, estimates of fixed
inclusion of pigeonpea in intercropping N in pigeonpea genotypes of different
svstems helps to minimize competition maturity ranced between 6-69ke N per



ha (Kumar Rao and Dart, 1987). Adu-
Gyamfi et al. (1997) reported that the
amount of N fixed by pigeonpea
estimated by the "N natural- abundance
method, during the entire growth period
of 210 days, was 120-170kg N per ha
The amount was higher in intercrop than
.sole-cropped pigeon pea (Katayama et
al., 1995; Tobita et al., 1994).
Quantification of the amount of nitrogen
fixed by the newly introduced pigeon
pea genotypes under intercropping with
sorghum in Southern Guinea Savannah
of Nigeria was undertaken to assess their
N contributions to the system and their
role in the improvement of [farm
productivity. Quantitative data on such
are meagre or, in most cases, lacking in
literature.

MATERIALS AND METHODS

Field experiments were conducted cach
year during the wet seasons of 2002 and
2003 at National Root Crops Research
Institute sub-station, Otobi 07" 10'N 08"
39" clevation 105.1m) in Benue State
located in the Southern Guinca Savanna
ccological zone of Nigeria (Kowal and
Knabe, 1972). Rainfall at the sitc was
1712.00mm  between  June  and
November in 2002 and [665.60mm
within the same period in 2003. A pre-
plant soil sample was taken to the depth
of 0-30cm and characterised as sandy-
loam with a pH of 7.60 in water.
Organic  carbon was 2.23%, total
nitrogen, 0.71%, available phosphorus
(Bray 1) 36ppm, and potassium 0.14%,
CEC, 31.80meq/100 g in 2002. [n 2003,
a pre-plant soil sample analysis also
characterised the soil as sandy loam with
pH in water, 7.20, organic carbon 2.3%,

total nitrogen, 1.04%, available
phosphorus (Brayl) 72ppm,and
potassium, 0.17%, CEC, 40.40meq/

100g of soil. The experiment was a 3 x
15 factorial set out in a split plot design
with three replications. The main plot
treatment consisted of two sole cropping
systems (pigeon pea or sorghum) and

one intercropping (pigeon pca +
sorghum). The sub-plot treatments were
IS pigeon pea genotypes, including a
local check, namely: - ICPL 85010,
[CPL 84031, ICPL &7, [CPL 161 (short
duration), 1CPL 8863, 1CPL 850063,

~ICPL 87119, ICPL 7120, ICEAP 000068

(medium duration), ICPL 7035, ICPL
8094, ICPL 87051, ICPL 9145, ICEAP
00040 (long duration) and [gbongbo.
The sorghum variety was the tall (4m or
more) photoperiod—sensitive red
sorghum popularly used by the local
farmers. The use of the sorghum as the
non-fixing plant was borne out of its
popularity among the farmers in this
region. The gross plot size was 3.0m x
4.0m while the net plot measured 2m x
2m. The pigeon pea genotypes dand
sorghum were sown as sole or intercrops
on ridges spaced Im apart. The optimum
plant  population densities for the
respective sole crops of pigeon pea and
sorghum were 66,666 and 40,000 per ha.
The replacement  series method  of
mixture was adopted. The agronomic
paramelers  measured  on  pigeonped
genotypes were: number ol nodules per
plant, nodule biomass per plant, lcal
litter at harvest and shoot dry matter
yield. Soil tests were done in cach of the
years of experimentation. Sotl samples
were taken at 0-30cm depths from cach
treatment plot, air-dried and ground to
pass through a 03mm screen for
chemical analysis. Nitrogen in soil was
estimated by indophenols  colour
formation method (Chaykin, 1969) alter
micro-Kjeldhal digestion. At harvest,
oven-dried plant parts (pigeon pea -
leaves, stems, roots, fallen parts, nodules
and pod with sced) were ground to pass
through a 0.3mm screen and used for
chemical analysis. Nitrogen
concentration in plant parts as estimated
by the indophenol colour formation
method (Chaykin, 1969) after micro-
Kjeldhal digestion was determined.
Similarly, oven-dried shoot samples of
intercropped pigeonpea and  sorghum



were separately ground to pass through a
0.6mm screen for chemical analysis.
Nitrogen yield in shoot samples was
determined as outlined by Chaykin
(1969) after micro-Kjeldhal digestion.

All the laboratory chemical analyses for
total nitrogen, pH, organic carbon, and
CEC were done in the Biochemistry and
Applied Molecular Biology Department

of the National Vertinerary Institute,
Vom, Nigeria, while available
phosphorus -and  potassium  were

determined at the Chemical and Physical

weight of each genotype per ha in the
intercrop system. All data generated
were analysed using GENSTAT Release
3.2 (Copyright 1995, Lawes Agricultural

Trust Rothamsted Experimental
Station). Statistical tests or mean
differences and treatment effects

followed standard analysis of variance
procedures for a split plot “design
(Gomez and Gomez, 1984). Wherever
differences between treatment means
were significant, mean-separation was
by F-LSD at 5% probability (Obi, 1986).

Laboratories of Nigeria Minin
. . . & g Table 1: Number of nodules per plant of pigeonpea
Corporatlon, J 0s, N 1geria. genotypes as affected by intercropping with sorghum
Estimation of N —fixation: I Cropping System
Estimation of nitrogen fixation in Pigconpea Genotypes Sole Inter Mean Sole Inter Mean
. crop Crop_ crop Crop
the cropping systems  was ICPL 85010 12817 5000  89.09 81.83 84.00 82.92
. : ICPL 84031 11900 4050  79.75 10750 12317  169.09
determined by the N-difference ¢ 87 22533 3117 12825 67.83 11333 90.58
; ; ICPL 161 4733 22.83 35.08 55.5 70.17 62.84
method using .the formula outlined ICPL 8863 4667 3150  39.09 15033 46.17 98.25
by Papastytianou (1999) for e 85063 4567 2467 - 3508 187.17 5600 121.59
. . ICPL 87119 5747 39.00  48.09 185.00  56.33 120.67
estimation of the apparent net cpo 7120 1850 4417 3134 7583 4250 59.17
: - ICEAP 00068 7950 5650  68.00 69.00 23.67 46.34
amount of aFmosphenc Ny fixed |of 8094 13100 4333 87.17 68.17  53.67 60.92
by legumes in short- and lOHg- ICPL 7035 45.67 13.33 29.50 105.50  53.67 79.59
. ICPL 87051 8400 6350 7375 15417 42.50 98.34
term cropping systems: ICPL 9145 4850 4333 4592 4533 40.83 93.08
ICPL 00040 32.50 6.50 24.50 91.50 34.67 63.00
N; = (L-M) + (fi — fm) ICEAP 00040 3250 650 2450 9150 3467  63.00
. Ighongb 2517 1433 29.75 91.17 53.50 72.34
Where N, = amount of nitrogen o 50 i3 150
. . F-LSD
fixed by system; ‘ 005
L =N harvested in a N; — cs 120 113
.. GE 1.68 2.55
fixing legume CSXGE

2.36 3.67

M = the amount of N
narvested in a non-N,~ fixing crop
grown under the same condition as the
legume;

fi = soil N after the legume

fm = soil N under the non-N;-
fixing crop.
This equation assumes that the legume
and the non-legume crop absorbed the
same amount of soil N. The soil N
value (fi-fm) in the equation could be
positive, zero or negative, depending on
whether the legume system removed
less, equal or more soil N than the non-
legume grown in monoculture. The
amount of total N fixed per ha for each
pigeon pea genotype was obtained by
multiplying the proportion of N derived
from N fixation (P) by the dry shoot

CS: Cropping System
GE: Genotype

RESULTS

Intercropping caused reduction in the
number of nodules produced per plant of
pigeonpea genotype intercropped with
sorghum except for ICPL 7120 in 2002
and ICPL 85010, ICPL 84031, ICPL 87
and ICPL 161 in 2003 where the reverse
trend was observed (Table 1).

ICPL 87 produced the largest number of
nodules (225.3) per plant of pigeon pea
under monocropping in 2002, but not so
in 2003, when ICPL 85063 produced the
highest number of nodules (187.1) per
plant (Table 1). Under intercropping
situation, ICPL 87051 had significantly
higher number of nodules (63.5) per
plant than all other genotypes of pigeon



pea in 2002, while ICPL 84031 had the
“highest number of nodules (123.1) per
plant in 2003. The cropping system
means indicate that sole cropping
consistently gave higher number of
nodules per plant than the intercrop
situation in both years.  Similarly,
intercropping decrcased nodule biomass
production in such genotypes as [CPL, 87
and Igbongbo and increcased that of ICPL
8863, ICPL 85063, and ICPL 7120 in

AASSUSHTHTHT O DIHOULICAL INVITTOSTI PUATIHS O HUALS O PacOURPCA UCHOLY PES HHIICTCTOPPOL VY UL SOTE U

the two years of experimentation (Table
2). The effect of intercropping on nodule
biomass  yield of  the.
genotypes tested secmed inconsistent as
reflected by the cropping system means.
In 2002, monocropping had significantly
higher nodule biomass (x=2.02g) than
intercropping (x = 0.85¢), while in 2003,
intercropping produced higher nodule
biomass (x =2.82g) than monocropping
(x =2.05g) (Tablc 2).

remaining

Table 2: Nodule biomass (g) of pigeonpea genotypes as affected by intercropping

with sorghum.

Cropping Systeni

2002 2003 .

Pigeonpea CGienotypes Sole Intererop Mean Sole Intererop Mean

crop crop
ICPL 85010 1.27 1.40 1.34 2.40 192 2.16
1P 84031 1.53 0.87 120 233 237 23S
1CPLL 87 1.87 1.10 149 4.40 1.12 2.76
1CPLL 161 093 0.33 0.63 1.70 33 I
1CPL 8863 0.90 1.07 0.98 1.33 4.37 3.52
[CPL 85003 0.70 0.80 0.75 0.63 276 169
1P 87119 0.83 0.60 0.72 1.07 G418 203
1CP). 7120 (.53 .87 0.70 210 373 2,92
1CEAP 00068 110 0.87 0.98 1.50 273 202
1CP1. 8094 1.06 128 117 1.88 i.28 1.58
1CPLL 7035 0.70 0.50 (1.60 277 2.37 257
1CPLL 87051 1.57 1.10 1.34 2,13 4.80 3.7
1CPLL 9145 1.30 1.03 L7 1.73 323 248
TICEAP 00040 0.60 0.53 (.57 1.80 1.98 .89
Igbongbo 0.47 0.38 043 3.03 233 2.68
Mean 102 0.85 0.94 2.05 2.82 244
1'L.SD(0.05)
S 0.25 0.38
Gl 0.21 0.48
S X GE 0.29 0.07 -

C'S: Cropping System

Gl Genotype

Table 3: Leaf litter (t/ha) of pigeonpea genotypes as affected by intercropping

with sorghum.

Cropping System

2002 2003
Pigconpea Gienotypes Solce crop Intererop Mean Sole crop Intercrop Mean
1CP1, 85010 1.28 0.75 1.02 1.35 0.52 0.94
1CPLL 81031 .11 0.60 0.89 0.85 0.2/ 000
1CP1L 87 1.07 0.67 0.87 1.27 0406 0.87
1CPLL tol .24 0.82 1.03 2.54 117 .86
1CPLL 8803 1.07 0.69 0.88 2.55 0.65 1.oo
1CPL 85063 1.20 0.59 0.89 2.35 1.18 1.77
1CPLL 87119 1.49 0.79 .14 .74 112 143
ICPL 7120 1.63 0.75 L9 156 0.51 1.04
ICEAP 00068 1.69 0.84 1.27 0.93 0.37 0.65
1CPL 8094 2.03 1.22 1.63 3.70 1.58 2.64
1CPLL 7035 1.39 0.62 101 2.49 1.02 1.76
ICPIL 87051 1.39 0.84 112 2.56 112 1.84
1CPLL 9145 1.30 0.64 0.97 3.77 0.94 2,36
1CHAP 00040 .13 0.58 0.86 2.88 0.93 1.91
1ebongbo 1.33 0.60 0.97 1.560 0.81 L1y
Mean 1.35 0.76 1.06 2.14 0.79 147
1-1.SD (0.05)
S 051 0.08
GE 0.08 0.08
CS X GE 0.24 0.12

CS: Cropping System

GE: Genotype
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Table 3 shows the leaf litter produced by
pigeon pea genotypes intercropped with
sorghum. Intercropping reduced leal
litter produced by pigeon pea in all
genotypes for both years of the study.
The reductions were to about 50% level
in most situations, but some were as low
as 25% (e.g. ICPL 8863 in 2003) of the
monocrop leaf litter produced. [CPL
8094 gave higher leaf litter in both years
under monocropping (2.0 t/ha in 2002,
and 3.7 t/ha in 2003) than all other
genotypes ol pigeon pea tested, except
for ICPL 9145 in 2003, which produced
3.8 t/ha of leaf litter. Similarly,
significant reductions of the shoot dry
weight ol intercropped pigeon pea as

compared to monocropped pigeon pea
occurred in all genotypes for both years
except in Igbongbo in 2002 (Table 4).
Only [ICPL 9145 and ICPL 7120
produced shoot dry matter above 19.00
t/ha under monocroping in 2002, but all
genotypes except ICPL 7120 yielded
shoot dry weight above 20.0 t/ha under
monocropping in 2003. In intercropping,
genotypes such as ICPL 87, ICPL 8094,
[CPL 7035 and ICEAP 0040 out-yielded
the other genotypes in shoot dry weight
production in 2002, but ICPL &7
singularly did so in 2003, ICPL. 87051,
however, produced the highest shoot dry
weight (41.8 t/ha) under monocropping
in 2003 (Table 4).

Table 4: Shoot dry weight (t/ha) of pigeonpea genotypes as affected by

intercropping with sorghum.

Cropping System

2002 2003

Pigconpea Genotypes Sole crop Intererop Mean Sole crop Intercrop Mean
1CPL 85010 16.39 9.17 12.78 24.70 13.17 18.94
[CPL 84031 12.09 117 11.53 35.00 12,34 28.97
ICPL 87 17.18 14.41 15.79 40.00 17.51 29.76
ICPL. 161 18.48 10.63 14.56 20,10 10.48 I8.19
ICPL 8863 14.20 1110 12.65 21.98 9.98 13.98
ICPL 85003 18.94 12.02 15.48 31.58 13.89 22.74
ICPL 87119 12.74 11.06 11.90 20.81 12.69 16.73
ICPL 7120 19.04 13.52 16.78 16.55 11.24 13.89
ICEAP 00068 16.61 12.70 14.66 2343 13.52 18.48
ICPI. 8094 18.85 14.98 16.92 28.94 9.98 19.46
ICPL. 7035 18.47 14.09 16.28 37.59 16.70 2707
ICPL 87051 15.96 11.58 13.77 41.82 11.39 26.61
ICPL 9145 19.64 11.83 15.74 27.69 12.55 2002
ICEAP 00040 14.86 14.07 14.47 24.00 7.49 [5.78
Igbongbo 12.74 12.07 12.41 2292 8.39 15.66
Mean 16.41 12.29 14.35 28.29 12.09 20.19
F-1SD (0.05)

cS 127 3.18

GE 0.59 0.71

CSXGE 0.87 0.99

CS: Cropping System
GE: Genotype
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Table 5: Total N (g/100g) of soil at harvest under intercropping of pigeonpea
genotypes and sorghum.

Total soil N (¢/100g)

2002 2003
Crop Genotypes Sole crop lutercrop Mean Sole crop lntercrop Mean
ICPL 85010 0.82 0.78 0.80 0.92 0.83 0.86
ICPL 84031 0.82 0.88 0.85 0.83 1.00 0.92
1CPL 87 0.81 0.86 0.84 0.83 0.94 0.89
1CPL 161 0.80 0.84 0.82 0.84 0.86 0.85
ICPL 8863 0.86 0.80 0.83 0.91 0.89 0.90
1CPL 5063 0.71 0.74 0.73 0.83 0.81 0.82
ICPL 87119 0.77 0.74 0.76 0.79 0.76 0.76
ICPL 7120 0.79 0.78 0.79 (.80 0.80 0.80
iCEAP 00068 0.89 0.88 0.89 1.03 1.03 1.03
ICPL 8094 0.84 0.76 0.80 0.90 0.85 0.88
iCPL 7035 0.85 0.73 0.79 0.84 0.81 0.83
ICPL 87051 0.81 0.76 0.79 086 ., 0.84 0.85
ICPL 9145 0.77 0.88 0.83 0.79 0.99 0.88
ICEAP 00040 0.94 0.92 0.93 1.01 1.00 1.01
lgbongbo 0.96 0.93 0.95 1.03 1.01 1.02
Mean 0.83 0.82 0.83 0.88 0.89 0.89
Fallow 0.71 - - - 0.71 -
1-2tailed (0.05) 0.047 0.03%

Total nitrogen of soil at harvest under
intercropping of pigeon pea genotypes
with sorghum (Table 5) showed no
significant difference from the soils
under monocropping in both years as
indicated by the means.

However, the total nitrogen yield of
soils under both monocropping and
intercropping in 2003 were superior to
those of 2002. Also, the preplant soil
test revealed higher levels of total
nitrogen (1.04%) than the means of soil
under both monocrop (0.88%) and
intercrop (0.89%) in 2003, which were
in turn higher than the total N result
obtained from the preplant soil test
(0.71%) in 2002. Soils under sole

cropped pigeon pea gave total N ranging
from 0.73-0.93% in 2002 and 0.79-
1.03% in 2003, while that of
intercropping varied from 0.73-0.93% in
2002 and from 0.76-1.03% in 2003.
Total nitrogen concentration in the seed,
leaf, stem, root, fallen parts (flowers,
damaged fruits, leaf litter) and nodules
of pigeon pea genotypes intercropped
with sorghum in 2002 and 2003 are
presented in Tables 6 and 7. Nodules
had the highest concentration of total
nitrogen among the plant parts of the
pigeon pea genotypes intercropped with
sorghum, followed by pod with seed,
leaf, root, stem and fallen parts in that
order. '

"Table 6: Total nitrogen concentration (%) in pod with seed, leaf, stem, root, fallen
parts, and nodules of pigeon pea genotypes intercropped with sorghum in 2002.

Total N Concentration (%)

Pod with seed o

Leaf Stem Root Fallen Part Nodule
Crop/genotype nt. Sole  Mean _ Int. Sole  Mean __Int. Sole  Mean __ Int. Sole  Mean _ Int. Sole  Mean __Int. Sole M
Pigeonpea
ICPL 85010 406 292 2.69 244 321 283 131 Li18 125 229 147 88 097 129 113 4.65 461 4(
1CPL 84031 . 3.04 338 321 241 320 28] 1.59 138 149 282 155 219 095 126 111 4.60 456 4.5
ICPL 87 327 343 335 2.68 261 2.65 1.91 144 168 229 148 189 105 102 104 450 458 4.5
ICPL 161 337 357 347 264 283 274 .56 149 153 301 158 230 1.03 113 1.08 4.64 462 4.
ICPL 8863 178 204 191 255 2,67 261 142 185 lLo4 1.66 320 243 1.0 1.05 1.03 399 398 39
ICPL | 85063 264 340 3.02 233 252 243 134  1.77 1.56 146 213 180 1.88 099 144 3.80 3.87 3.8
ICPL 87119 2.62 343  3.03 249 257 253 .22 138 130 170 285 226 099 1.02 101 392 398 39
ICPL 7120 343 361 352 298 257 276 149 172 l.ol 1.84 391 288 1.18 1.0l  LI0 4.02 416 4
ICEAP 00068 179 202 191 296 240 2.68 145 170 1.58 093 150 1.22 1.17 090 104 3.87 391 3¢
ICPL 8094 L77  2.04 191 276279 276 .62 170 1.66 354 202 278 .09 L1t 110 488 492 48
ICPL 7035 209 241 225 252 249 251 142 1.63 1.53 427 264 346 0.99 198 099 496 498 4
ICPL 87051 228 255 242 244 249 247 136 167 152 231 181 2.06 094 096 093 480 488 4:¢f
ICPL 1945 2.07 238 223 250 245 248 1.5 162 1.60 208 174 191 099 096 098 478 472 4.7
ICEAP 00040 224 279 252 258 250 254 .37 1.63  L50 210 L5118l 1.2 0.97 10D 475 476 4.7
Igbongbo 329 354 342 262 286 274 171 151 1.6l 099 123 Ll .03 113 1.08 296 292 26
Mean 254 290 272 259 268 214 1.49 158  1.54 222 204 213 .02 1.05  1.04 434 436 4.7
t-2tailed -7.37 038" LA 0.64™ 035
nt: Intercroppingle: sole Sele cropping
K Sigrificant at 5%
NS: non Significant
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Table 7: Total nitrogen concentration (%) in pod with seed, leaf, stem, root, fallen
parts, and nodules of pigeon pea genotypes intercropped with sorghum

in 2003.

Total N Concentration (%)

Pod with seed Leaf Stem Root Fallen Part s Nodle
Crop/genotype Int. Sole Mean Int. Sole  Mean It Sole  Mean I, Sole _ Mean I, Sole  Mean I, Sole_ Mean
Pigeon pea
ICPL 85010 2.89 345 307 2.89 3.82 3.36 1.54 1,39 147 2.69 172 2.21 Li6 1.52 1.34 5.81 576 579
ICPL 84031 3.61 4.00 3.81 283 378 331 186  1.61 L74 332 180 256 L13 150 132 575 571 573
ICPL 87 385 4.03 3.94 313 307 Ao 222 168 195 269 172 221 125 123 124 568 572 570
1CPL 16l 397 4.20 4.09 3.1 3.33 322 .81 1.73 L.77 3.54 1.84 2.69 L.25 L33 1.29 580 578 5.79
(CPL 8863 2.10 240 225 300 310 310 165 215 190 195 376 286 120 24 122 499 498 499
(CPL 85063 3.10 4.00 3.55 274 296 285 156 252 204 170 250 210 105 L17  LI0 475 484 480
ICPL 87119 310 4.03 3.57 2.94 2,99 297 142 1.98 1.70 200 335 2.68 1.16 1.19 1.18 490 498 494
1CPL 7120 4.04 4.25 4.15 351 302 327 L73 200 187 2.16 460 3.38 L4112t L3t 502 520 5.1
ICEAP 00068 2.10 2.61 236 3.51 2.82 3.17 L.69 198 L.86 1.09 177 1.43 L1y 1.13 116 484 489 487
ICPL 8094 2,10 241 2.20 3.24 3.25 3.25 1.88 1.98 1.93 4.17 2.35 3.26 1.29 1.31 130 6.10  6.15 6.13
ICPL 7035 247 2.84 2,66 2.96 294 2.95 1.65 1.89 1.77 5.02 3.07 405 L.19 1.16 1.18 620 621 6.21
ICPL 87051 2,67 3.00 2.84 2.84 2.89 2.87 1.58 1.94 1.76 2.69 210 240 12 115 .14 6.00 6.10 6.10
ICPL 1945 243 2.80 2.62 2.94 2.88 291 1.84 1.88 1.86 243 202 223 118 115 117 5.58 590 574
ICEAP 00040 2.64 3.28 296 3.04 291 298 L.60 1.89 1.75 2.45 L1175 2.10 1.21 L.16 1.19 6.00 610 610
Farmer’s Variety ~ 3.88 4.16 4.02 308 336 322 200 175 188 LIS 143 129 123 139 L3l 370 369 370
Mean 2.99 3.43 3.21 3.05 3.4 310 174 1.89 1.82 2,60 239 2.50 1.20 .25 1.23 543 547 545
t-2tailed 201 0.88™ -1.70™ 0.65™ -149" 251

Int  Intercropping
Sole cropping

Sole:

The total nitrogen concentration was
higher in sole cropped pigeon pea plant
parts than in intercropped pigeon pea,
particularly, in pod with seed and
nodules. The concentration of total N in
nodules and fallen parts were nearly the
same, irrespective of the cropping
system adopted. The results of total N
concentration in pigeon pea plant parts
in intercrop or monocrop for both years
of experimentation showed a similar
trend. The interaction between cropping
systems and genotypes on the nitrogen
yield of shoot of pigeon pea genotypes
intercropped with sorghum was not
significant in both 2002 and 2003 (Table
8). The total nitrogen yield of shoot of
pigeon pea varied significantly with

pigeon pea genotypes and ICPL 87 had
the highest total nitrogen yield of shoot
in both years of experimentation under
intercropping. The influence of cropping
systems on nitrogen yield of pigeon pea
genotypes intercropped with sorghum
was inconsistent in both years of the
study. The total N yield of shoot of sole
sorghum was superior to that of
intercropped sorghum combined with all
pigeon pea genotypes in 2002 and 2003,
except ICPL 7120 in both years, and
ICPL 87, ICPL 87051 and Igbongbo in
2003 (Table 9). Mean total nitrogen
concentration of shoot of intercropped
pigeon pea genotypes at harvest in both
years (2.38%) was higher than that of
intercropped sorghum (1.83%) in. both
years combined (Tables 8 and 9).
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Table 8: Total N yield (g/100g) of the shoot of pigeon pea genotypes as influenced by

intercropping with sorghum.

Total soil N (g/100g)

2002 2003
Crop Genotypes Group Sole Crop Intercrop Mean Sole crop Intercrop Mea
ICPL 85010 S 2.03 2.05 2.04 2.35 241 2.38
ICPL 84031 S 222 2.25 2.24 2.50 2.54 2.52
ICPL. 87 S 2.60 2.67 2.64 2.81 2.89 2.85
ICPL 161 S 2.30 2.37 2.34 2.70 2.78 2.74
Mean » - 2.29 2.34 2.32 W2.59 2.66 2.61
1CPL 8863 M 1.90 1.94 1.92 2.40 241 2.41
ICPL 85063 M 2.00 2.00 2.00 2.50 2.50 2.50
ICPL 87119 M 2.10 2.13 2.12 241 2.48 2.45
ICPL 7120 M 2.55 2.61 2.58 2.90 2.92 2.91
ICEAP 00068 M 1.99 2.10 2.05 2.50 2.55 2.53
Mean - 2.11 2.16 2.14 2.54 2.57 2.56
ICPL 8094 L 1.96 2.00 1.98 242 2.49 2.46
ICPL 7035 L 2.10 2.15 2.13 2.44 2.51 2.48
ICPL 87051 L 1.95 1.99 1.97 2.35 243 2.39
ICPL 9145 L 1.99 2.10 2.05 2.41 244 243
ICEAP 00040 L 2.00 2.01 2.01 2.50 2.53 2.52
Mean - 2.00 2.05 2.03 242 248 245
Igbongbo 2.50 2.55 2.53 2.75 2.81 2.78
Mean 2.15 2.19 2.17 2.52 2.57 2.55
FLSD (0.05)
CS 0.02
GE 0.06
CS X GE

S = Short Duration
M = Medium
L = Long Duration

Table 9: Total N yield (g/100g) of shoot sorghum intercropped

with pigeon pea genotypes

Total N yield (g/100g)
Cropping System Year 2002 Year 2003 Mean
Sole Sorghum at 1.0m
Inter-row spacing 1.84 2.01 1.93
Intercropped Sorghum
In ICPL 85010 1.74 1.92 1.83
”  ICPL 84031 1.68 1.71 1.70
” ICPL 87 1.82 1.86 1.84
” ICPL 161 1.78 1.94 1.86
”ICPL 8863 1.79 1.88 1.84
”  ICPL 85063 1.83 1.91 1.87
7 ICPL 87119  1.76 1.88 1.82
7 ICPL 7120 1.88 2.01 1.95
”  ICEAP 00068  1.69 1.75 1.72
”  ICPL 8094 1.81 1.90 1.86
” ICPL 7035 1.88 1.95 1.92
” 1ICPL 87051 1.82 1.90 1.86
” ICPL 9145 177 1.87 1.82
” ICEAP 00040  1.65 1.76 1.71
”  Igbongbo 1.82 1.85 1.84 1.83
Mean for Intercropping .17 1.87 1.83
FLSD (0.05) 0.06 0.04
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Table 10:Total nitrogen fixed by pigeon pea genotypes as affected by
intercropping with sorghum

Total nitrogen fixed

Pigeon pea Genotype Maturity Year 2002 Year 2003 MEAN
Group P(%) Amount (Kg/ha) P(%) Amount (Kg/ha) P(%) Amount (kg/ha)

ICPL 85010 S 0.31 28.45 0.04 60.60 0.39 44.53
ICPL 84031 S 0.67 75.15 0.97 119.72 0.82 97.44
ICPL 87 S 0.93 134.83 1.1t 194.80 .02 164.82
ICPL 161 S 0.65 69.55 0.84 88.03 0.75 78.79"
Mean 0.64 77.00 0.85 115.79 0.75 96.40
ICPL 8863 M 0.17 18.76 0.54 56.28 0.37 37.52
ICPL 85063 M 0.13 15.59 0.56 74.99 0.34 45.29
ICPL 87119 M 0.33 36.49 0.50 63.40 0.42 49.95
ICPL 7120 M 0.73 98.59 0.85 95.53 0.79 97.06
ICEAP 0068 M 0.51 64.97 0.97 131.16 0.74 98.07
Mean 0.37 46.88 0.68 84.27 0.53 68.58
ICPL 8094 L, 0.17 25.26 0.58 58.11 0.38 41.69
ICPL 7035 L 0.25 34.70 0.51 85.56 0.38 60.13
ICPL 87051 L 0.15 17.54 0.51 58.09 0.33 37.82
ICPL 9145 L 0.43 50.84 0.70 87.93 0.57 67.39
ICEAP 00040 L 0.50 70.31 0.91 68.30 0.71 69.31
Mean ' 0.30 39.73 0.64 71.60 0.47 55.69
Igbongbo 0.88 106.32 1.11 93.15 1.00 99.74
Mean 0.45 56.49 0.74 89.04 0.60 72.77
FLSD(0.05) 0.06 17.08 0.06 10.42 - -

Total nitrogen fixed by pigeon pea under
intercropping with sorghum varied with
the genotypes and ICPL 87 had the
highest value of nitrogen fixation in both
years of experimentation(Table 10).
Though ICPL 87 had similar values of
the proportion of nitrogen fixed (P) with
Igbongbo, the total nitrogen fixed by
ICPL 87 in kg/ha was significantly
superior to that of Igbongbo. Nitrogen
fixation by pigeon’/ pea genotypes
intercropped with sorghum ranged from
15.59 to 134.83 kg/ha in 2002 and from
56.28 to 194.80 kg/ha in 2003 .The
means revealed that the short duration
genotypes fixed greater amount of total
nitrogen per ha per year (96.40 kg/ha)
than the medium duration (68.58 kg/ha)

and the long duration (55.69 kg/ha)
genotypes of pigeon pea. Nitrogen fixed
in 2003 was higher than that fixed in
2002

DISCUSSION

Nodulation is important in nitrogen
fixation by legumes. The reduction
recorded in  intercropping  when
compared to Monocropping in the
number of nodules per plant of pigeon
pea, except in ICPL 7120 (medium
duration) in 2002, ICPL 85010, ICPL
84031, ICPL87 and ICPL161 (short
duration) was probably due to shading
effect, which reduced the amount of
light available to the intercropped plants.
This result was consistent with the
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1 findings of earlier workers (Nambiar ef
al; 1983; Wahua and Miller, 1978) who
observed reduced nodulation and
nitrogen fixation by groundnut cultivars
mixed with sorghum and attributed the
response to the effects of shading. The
exceptional response of ICPL 7120 in
2002 and the early-maturing genotypes
(ICPL 85010, ICPL 84031, ICPL 87,
ICPL 161) under intercropping in 2003,
suggested that shading from the
sorghum might not have been intense
enough to influence nodulation in these
genotypes, considering the time (56 days
after planting) at which nodulation score
was done. The decreased nodule
biomass of ICPL 87 and Igbongbo under
intercropping with sorghum was in
agreement with the findings of Nambiar
et al. (1983) who reported decreased
nodule dry weight of groundnut
intercropped with sorghum, millet and
maize. Kaleem (2000) similarly reported
decreased nodule biomass in soybean
intercropped with sorghum.  These
workers attributed this response to
adverse shading effects due to the tall
cereal canopy. Reduced light in
intercropping situations could affect
nodule biomass by restricting
photosynthesis of the pigeon pea shoots
and consequently the energy supply to
the nodules. But other workers (Searle
et al., 1981) have also found that this
negative response observed with ICPL
87 and Igbongbo under intercropping is
not invariably the case as found with
ICPL 8863, ICPL 85063 and ICPL
7120, which had increased nodule
biomass. The erratic response of the
other intercropped pigeon pea genotypes
with sorghum in nodule biomass yield
might have resulted from the different
distribution of rainfall received in the
two experimental ycars. Some earlier
workers (Kumar Rao and Dart, 1979;
Thompson et al., 1981) reported that
nodule formation and development are
affected by soil type, the season and
the duration of the cultivars of pigeon

pea. The reduction in leal litter of
pigeon pea intercropped with sorghum
as compared (0 monocrop siluation
might be due mainly to the fewer
number of plants in intercropped plots as
compared to the plants in sole crop
environment. The means of leafl litter
produced by pigeon pea under
intercropping in 2002 (0.76 t/ha) and in
2003 (0.79 t/ha) are small compared to
the 3.0 t/ha of leal fall  from
intercropping of pigeon pea with maize
in Malawi (Sakala, 1994). Sakala (1994)
further stated that i seeds of
intercropped plants are harvested for
food, the leaf fall is sufficient to make a
significant contribution o N
accumulation. Kumar Rao et al. (1983)
also reported less leaf fall under
intercropping than in pure stands.
Significant reductions in shoot dry
weight of intercropped pigeon pca as
compared to sole pigeon pea might
derive from reductions of dry stem
weight, leal’ weight, dry pod weight and
dry grain yield (data not provided).
Earlier studies in pigeon pea +sorghum
intercropping (Kumar Rao er al.,1983;
Natarajan and Willey, 1980a; Tobita et
al.,1996; Katayama et al.,1995) reporied
severe reductions in  shoot growth and
consequently dry matter accumulation in
the shoot of intercropped pigcon pea as
compared to Monocropping. These
reports further explained that the canopy
of the cereal develops more rapidly and
is relatively unaffected by the intercrop.
whereas the pigeon pea canopy is
shaded and its growth is substantially
reduced and consequently accumulation
of dry matter is drastically reduced in
the shoot. Soils under both mono- and
inter-crop pigeon pea had slightly higher
N than soils under mono- and inter-crop
sorghum in either of the years, although
this was not statistically significant.
Soils under Mon cropped pigeon pea
gave total N of soils ranging from (.73-
0.96% in 2002 and 0.79-1.03% in 2003
while that of intercropping varied from
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0.73-0.93 in 2002 and 0.76-1.03 in
2003.  Wani et al. (1996) reported
higher mineral N content in soils under
legume as compared to non-legume at
ICRISAT Asia Centre (IAC), India.
Intercropped pigeon pea plant parts
accumulated less N compared to the
MoOn cropped pigeon pea plant parts.
This is in agreement with the findings of
Tobita et al.(1996) that less N was
accumulated in the shoot of intercropped
pigeon pea than of sole pigeon pea. This
might be due to shading and competition
for N between the intercrop components.
The higher concentration of N in pods
with seeds as compared to leaves and
stem were stmilar to the observations of
Devries (1986) and Lawson and
Troedson (1990) that between 28 and
56% of the N accumulated by the pigeon
pea shoots was recovered in the seeds.
Several reports (Kumar Rao et al., 1983;
Giller, 2001) have shown that N
concentration is highest in nodules of all
plant parts in pigeon pea, consistent with
the observations in the current study.
This  suggested that inter-species
competition and shading might have
exerted more cffect on N-accumulation
under intercropping environment. This
is consistent with the findings of Kumar
Rao er al. (1983) and Tobita et al.
(1996). The interaction  between
cropping systems and genotypes on the
nitrogen yield of shoot of pigeon pea
genotypes intercropped with sorghum
was not significant in both 2002 and
2003. The total nitrogen yield of shoot
of pigeon pea varied significantly with
pigeon pea genotype. The high
dependence of shoot N on pigeon pea
genotype rather than on the pigeon
pea/sorghum  intercropping  system
agreed with the findings of Kaleem
(2000) which revealed variability in N
yield among  soybean  cultivars
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intercropped with sorghum. The total
nitrogen yield ol shoot in intercropped
pigeon pea genotype at harvest in both
years (2.57%) was higher than that of
intercropped sorghum (1.83%) in both
years combined. The values ol total N
yield of shoots of intercrop pigeon pea
and sorghum obtained in this work were
higher than the 1.49% and 0.52% for
pigeon peca and sorghum, respectively
obtained by Ito er al. (1997) indicating
higher N values for shoot of pigeon pea
than shoot of sorghum.

The total nitrogen lixed by
pigeon pea under intercropping with
sorghum varied with the genotypes
while [CPL 87 had the highest value of
the nitrogen fixed in both years of

experimentation. The stgnificant
variability in biological nitrogen lixation
among  pigeon pea  genotypes

intercropped with sorghum supported
earlier findings of Kumar Rao er al.
(1983) and Kumar Rao ez al. (1996) that
variability existed among legumes and
genotypes ol legumes in the amount ol
N fixed and the proportion of plant — N
derived  from  biological  nitrogen
fixation. ICPL 87 fixed the highest
amount of N (164.82kg/ha), followed by
Igbongbo  (99.74kg/ha).  The good
performance of [lgbongbo in nitrogen
fixation in the pigeonpea/sorghum
intercrop might be ascribed to its long
association  with  the  indigenous
symbiotic bradyrhizobia. The valucs of
the atmospheric nitrogen fixed by
pigeon pea under intercropping with
sorghum were comparable to values
reported by Peoples and Craswell
(1992). Results showed clearly that
pigeon pea under intercropping with
sorghum can lead to a reduction of
nitrogenous fertilizer use of up to 37.52
-164.82 kg N/ha depending on the
pigeon pea genotype.
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