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ABSTRACT

Ten soybean genotypes were.-evaluated in 3 locations for 2 seasons to determine ‘those
suitable for inter-cropping with sorghum and with stable yield under the Benue State
environmental conditions.. The LER values were all above unity demonstrating that all the
genotypes used in this study canmaintain their high yield potential under inter-cropping with -
Sorghum. There was highly s1gmﬁcant genotype X location interaction emphasising the
1mportance of multilocational trials as a basis for varietal recommendation. The adaptation
response of the soybean genotypes used in this study showed that Cameroon Late, TGX
1807-19F, and TGX 1805-31F had general stability and adaptability as they had high mean
yields and b-values close to unity. However, based on stability statistics, TGX 1805-31F
was considered to be the most stable in the soybean/sorghum inter-crop. From the study, it
can Obe concluded that plant breeders need to evaluate their elite soybean lines under inter-
crops before release to farmers, because the best yielder under pure stands may not
necessarily yield well under inter-cropping. The benefit of such evaluation is to ensure that
farmers get the type of varieties which are appropriate to their farming systems.

INTRODUCTION
Generally, soybean is bred world-
wide for sole cropping. Consequently,
selection and evaluation are carried out
under pure stand conditions.. However, the
majority of farmers in Benue State who

~produce 75% of. Nigeria's soybean

(Nyiakura,:1982) insist on inter-cropping it
~ with sorghum or maize (Ogunremi et al,
1990). It is, therefore, necessary for plant
breeders to screen elite lines under inter-
cropping systems before release. By so
doing, varieties that are adaptable to inter-
cropping systems are identified and
recommended to farmers for optimum yield.
A common index of assessing inter-

r-croppmg productivity is the Land
Equivalent Ratio (LER), which is defined as
the ratio of the area needed under sole
cropping to one of i 1nter—cropp4ng atthe same
management level to produce an equal
amount of yield (Andrews & Kassam, 1976).
In another definition, Willey & Osiru (1972)
defined LER as an index of combined yield
for evaluating the effectiveness of all forms
of inter-cropping. @ The LER is also
indicative of competitive relationships
between species. If the LER is less than
unity, there is mutual inhibition; if it is equal
to unity, there is mutual co-operation; when
it is greater than unity, there is compensation

suggesting that the inter-cropping is more
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productive than the competitive mono-
crops.. Such a situation indicates the
potential for over-yielding (Willey, 1979), a
phenomenon which shows that resources are
maximised-.in an_.inter-cropping system
(Bladeet al, 1997).

- The existence of genotype x
environment ( g x €) interactions and their
effects on yield stability are widely
recognised (Schutz and Benard, 1967). The
plant breeder must consider the g x e
interaction in the selection of superior
genotypes because it reflects the necessity of
evaluating genotypes in more than a single
environment, Johnson et al (1995)
emphasised the importance of this
interaction and its effects upon the selection
of soybeans. '

Plaisted and Peterson (1959)
presented a method to characterise the
stability of yield performance when several
genotypes were tested at a number of
locations within one year. The genotype
with the smallest b value would be the one
that contributed the least genotype x location
interactions and thus would be considered
the most "stable" genotype inthe test. Finlay
and Wilkinson (1963) proposed the use of
linear regression of individual genotype
yields on mean yield of all genotypes in each
environment as a measure of yield stability.
Gomez & Gomez (1983) used this method to
rank the performance of soybean lines in
several cropping systems. They observed
that all varieties tended to have higher yields
in environments with high environmental
indices. Another analysis was presented by
Eberhart and Russell (1966) who observed
that a desirable genotype would exhibit a
high yield and a unit regression as small as
possible. In an effort to bring literature on
stability together, Lin et al, (1986)
assembled and discussed nine stability

_ statistics and similarity coefficients.

The
authors concluded that stabxhty statistics fall
into four groups depending on whether they

are based on the deviations from the average

genotype effect or on the g x ¢ term, and
whether or not they incorporate a regression

model on an environmental index. These

groups of stability statistics were shown to
be related to three concepts which represent
aspects of stability but unfortunately do not
provide a complete picture of the response.
Nonetheless, the use of stability statistics is
still the most reliable means of estimating
yield stability under varying environments.
The objective of this study was therefore to
identify soybean varieties which can be
inter-cropped with sorghum and still
maintain high and stable yield under the
Benue State environment

MATERIALS AND METHODS
Field experiments were conducted during
the rainy seasons of 1997 and 1998 at
Makurdi, Otukpo and Yandev locations in
the Southern Guinea Savanna of Nigeria.
The experiments were laid out in
randomised complete block design (RCBD)
with 3 replications. Ten soybean genotypes
were grown in association with one variety
of sorghum (SK 5185).

The experimental plot was ploughed,
harrowed and ridged. Each plot consisted of
4 rows which were 6 metres long and spaced
75c¢m between rows. At land preparation,
150kg/ha of NPK 15.15.15 was applied by
broadcast to the experimental plot. An
additional 30kg N/ha from Urea was applied
to sorghum by side placement at 6 weeks
after planting. Soybean was planted at
recommended population (266,666
plants/ha) by drilling on top of the ridges for
both sole and inter-crop situations while
sorghum was planted by the side of the
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ndges at one-third of recommended plant
popu’[atlon(Kalu 1991) :
_ ‘Hatvestihg was done fromi the two
(2) tentié rows of each plot which were end-
“trimmed at maturity to allow for a row léngth
of - four (@) metres. - In- each locatlon,
" agronomic ‘data collected’ incloded:  Seed
yield, days to 50% ﬂowenng days to
maturity, height "at maturity; -lodginig,
shattering, pods/plant, leaf area, nodulation
‘and disease incidence. Analysis of variance
of individual expenments was performed
and genotype X’ environment intéractions
were assessed by regression analysis. - Five
_ stablhty parameters (coefﬁclent of variation,
Tegression coefficient, mteractlon vananee
ecovalance and coefﬁcxent of

TABLE 1: SOLE CROP

EQUIVALENT - RATIO = VALUES

'YIELD, INTER-CROP YIELD. AND

Determination): were: “employed ' in’- the
€valuation. 'Stability regression techniques

were  used to icharaeterise 'genotypic

adaptability and the productivity of éh€inter-
¢rop was assessed by using Land-Equivalent

Ratio (LER), calculated on the basis of the
sole : crop “yields of “‘individual ‘soybean
genotypes and sorghum (Mead and V\ﬁlley,
1980y. = -
* RESULTS AND DISCUSSION

The preductivity of the inter-crop, assessed

by EER, indicated that there was a great

advantage i inter-cropping sorghum with

soybean as evidenced by the fact that all the

LER values: were above unity (Fable 1).

LAND

OF 10 SOYBEAN GENOTYPES -

;INTERCROPPED WITH SORGHUM AT THREE LOCATIONS IN 1997 AND

1998 |
1997 . 1998 _

TPMBIE . Soybean Sorghum Sopbean Sorgimn  Sojbean Sorghwn  Soybeam Sorghum 1997 . 1998
mm+&1dlm 2140 - me B s - 147 urr’ 167 L%
mw+&h - 240 - ¥ = 1737 - 468 1146 196 136
GXI660-15F +Sorghmn - 173 618 ] - 1207 1346 160 1% )
GXI1807-19F + Sorghom m 1910 a8 1607 1387 ws - L7 138
CRI-Soy2 + Sorgham 1950 - 2030 28 .12 1156 119 167 127
GX178-7F + Sorginmn 155% 1550 603 1063 887 1154 L2 1.34
GXI1681-3F + Sorghwm 1% 1560 657 1457 1109 1209 183 1.9
GXI799-8F + Sorghum 185% 1630 - 61 3% 1159 um . 1le L35
GX1805-31F + Sorghum 60 | - 1610 <] 195 - 14903 u»s L% 146
ole Sorghum - - 841 - - s . -

Similar results were obtained by Kamuangu et al., (1988) which showed that crop
| associations consistently gave higher total grain yields (LER > 1) and showed more
stability (Jower CVSs) across sites and seasons than sole cropping where sorghumy/maize,
- sorghunvmillet, and sorghumvcowpea. crop associations were evaluated.
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TABLE i moﬁnnw oF <>E>=cz Smﬁ_wp% __.wnnboz :5 AND MEAN S,Ennm
OF VIELD AND SEVEN ATTRIBUTES AND DISEASE : SCORES-OF TEN GENOTYPESOF
ﬁﬁ% %ﬂwﬁg isﬁ me!uﬁi AT EE& gzozw N _ﬁzﬁ ﬁw,z_..

..”, o

anndlt‘ sw. E ;‘3 g EE 3-'-.&‘ gg -xx_:.-l Nodulation Bacterial Pustule Cercospora Mosaic

(cm)

Ncstionloc x Year . 42 c..&zu e o 1mNs .ﬁzu ."o....»%w S.05NS  143NS  GINS  GeSNS
sy o 3 ..m.g razu T T «. osns . ..uqzw .ﬂ .,.&_z,m 419.4NS  0SINS  0.0INS
w1 AT 3200 763,000 3~zm 0Adve o 248%  276047%%  0.75%
SNS a,.,SuZm Q%AGV . .oa%- 29. QQZm © 62.28NS 158.66NS 0.17**
:Zw ) c_,.NnZ\m 0.03NS 0.07NS 0.079NS :

P I o..lzm 8.3. ., B.:u: S 160 i 9.8_1 wl.. 963.58%+ 0.42°*  0.06NS
L T oo 202ms.. as.ﬂzm C 1MAONS.  O2SNS  Q.ONS - 367.70Rs o.:za 005Ns '0.00NS
Yo AR AT msAme o2sase | asamee 033 dsee TSI RS 0.MONS

* @osled) T ees s me 153 a3 cear oM .08 on
A o v - _,, ' ...w. ) R R .,.\,, - " ' B

.u :aug a [ B ol 1790979 ° 121845 - 0.6 -3’ L 210871 1.02%¢ 0.09NS

0.02NS
0.12N8

0.IONS
~ 0.59NS

0.18NS
0.10NS

0.110NS
0.15%+

0.07

“z_ S= Not Significait -  # = Significant at 3% and ** = Signifioant at T%levels
R Rt S e S T , :
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The results of &\iﬂyﬂs ‘of variance showed .
highly -significant differences’ for. yield
among genotypes and their iiteraction with
year and-location§Table 2) which suggested

: that yleld of s@:bean genotyp% respondeé

3F5which have't values above umty are said  ~

o show speelﬁe adaptability to favourable
environments (Eberhart & Russell, 1966).
“ Stability parameters of the genotypes tested
are presented m table 3. On the basis of

~was the mosta%table in yreld performance but

The vananc.e component due tog xl isseven ‘it did not possess any other stability attribute.

times larger'thian that due to g x y mdl&tmg
thatyield perﬁanance of soybean genotypes-
was more varied across: ¢ location than across’
years. Thlsmformatlon couldbeconsvdeved
in a seleciéh® * programme by testing ‘at~
several logatigns instead of testmg for
several yea!siBaker; 1969). 7

‘When the Eirﬁay and Wilkson (E963) model
was’ apphe& “to the analysm of ‘this
experiment, “Gamesoon Late, ' TGX1807-

19F, NCReSoyz arid TGX1805-31F were
- shown to have above average stabxhty TGX
1660-15F, TGX 1019-2EB and TGX 1799-
- 8F which havg, below.average yield and b
value equal to unity are poorly adapted to all.
the six environments. Cameroon Eate; TGX
1807-19F and TGX 1805-31F with high
mean ytelds and a regression coefficient
close to unity< have general stability and
adaptability. TGX 1485-1D and TGX 1681-

On the other hand; Cameroon Late exhibited -
the highest zyield, low CV a regression
_coefficient appnoxmlatmg unity, and a low -

ooeﬁictent of determination. - TGX 1867- s

19F also showed similar stable attributes.

: However TGX 1485-1D was the only entry

S

_ which satisfied the criteria‘fora stable ,
~ genétype'i.e: highand positive phenotypic

: mdex b=1, and coefficient of determination

“(R® around" unity, and- assuch could be
considered for recommendation to be i inter- -
cropped with sorghum over a wide range of
growingeenvironments ).

(Aquilar et al, 1989). Further more, this
genotype coniributed the least to the
genotype by environment interaction as.
medsured by ‘ecovalence (W), and the
interaction variance (*). © -

Therefore, by these means, TGX 1805<31F
Tepresents the thost stable of the ten soybean‘ ‘

genotypes in thgs study
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GROWN IN MIXTURES WITH SORGHUM

Trop Mixtures Yield(kg/ba) = CV R & -
r(:xa«sns-:nvsonphum 157e (7. % DS TAZADE . T6T
Tameroon- Late + Sarghum 171D 363 . O.EBS2 0 64560 . 1M
TG X G601 SEFSorghum TG XD 2.433 38134 37z
TGX1867-19PF+Sorghum c 1649 . 9.8 1.1613 IRToS 88
ICR-Soy2+Sorgum . 1593 . 380 . B.574 . 93T4es B0F
G X1 TR Sorahans T ezam RN " S OEE L0081 [T
GEX 68 LI Sorgham . 1335 : 363 . 2 137 24548 9%
SCX1DI9-2E B+ Sorghusn TIB7 31,4 - 20485 - 98361 5
G 1 7O9-BF-Sorgham . 1390 44.0 1.1863 2T 448 . 224
G X 1I80S-31 F+Sorghumy . ESQ7 8.1 D854 o327 39
mmcicnt of Vurinﬁo. ] o m.e“on _Cross ali € .
regression sfope . [ITN . B of dmrm-nm ’

evistion mean squsre (nteractien varis o
ilar et al., 1989). Further more, q:ié mmnbmed the 1¢as{

. onment u-atmcnm as mensured by ecovaleuce (Wg)- and the :nteracu01_

- =fore., by thm meainsg, TGX 1805-3 lF rerpresmts the most stablc ofthe .

types in this study.
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