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Abstract: A study on root competition in aley cropping was carried out in an agroforestry system, invnlving Cassio siamen 1.am. and
maize ( Zeu muys L. cv. Kalumnani composite B) . The existence and intensity of root competition in the wp soil as manifested by the
distribution of the active roots of cassia and maize, in space and time, was assessed. The root length density of maize was far greater
than that of cassia in the upper 10 cm, implying that cassia was not competing with maize for water and/or nutrients at that depth.
Huwever, at maize crop tasselling and grain filling stages there was a marked overlap of roots of the two plants at lower depths (20—
50 ¢m) . This varied with distance from the cassia hedge in a way that there was & tendency for highest overlap near middle maize
rows. This partly explained observed yield differences. Therefore cassia may rot be a suitable choice for alley cropping with maize
under semi-arid conditions on non-s.oping land, unless most of its active roots can be propetly mansged to absorb resources below the
feeding thizosphere of the active maize roots.
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Introduction

_ One of the major drawbacks of alley eropping systems in semi-arid low fertility cenditions is
competition for available water and nutrients. Competition is to be expected if the tree and the crop
have overlapping active root systems in space and time. A knowledge of the spatial distribution of
roots 15 essential to assess the location of water and mineral nutrients available to the plant
(Mengel, 1974; Tardieu, 1988; Pages, 1989). If zlley crops are to be suitably selected and
managed optimally, the distribution of roots of the associated components in space and time must
be understood (Huck, 1983). Thus, root length per volume of soil is a relevant parameter with
respect to water and nutrient uptake (Béhm, 1979: Anderson, 1989; Van Noordwijk, 1989).

Relatively more research has been carried out on the above ground parts of plants than on the

below ground compenents. This is because studics of plant roct systems are expensive, labor
intensive and time consuming { Bohm, 1979; Haynes, 1980). Separation of the living roots from
the soil material and debris, and measuring root parameters is extremely difficult {Collins, 1987;
Habib, 1988). Tree root systems present extra prohlems because of their size and number, and
great depth. Thus, more emphasis has beenr put on crop shoot system, because they are easier to
study. Comparatively very little is known about the distribution of roots in agroforestry systems
because, in the past, the two disciplines, agriculture and forestry, were rarely combined. The
distribution of the active roots of cassia and maize in an alley cropping system in relation to
competition is the subject of this paper.

1 Materials and methods
1.1 Experimental site characterization

The ficld site was at Katumani Dryland Research Station in Machakos District, Kenya. It is in
the sub-humid 1o serni-arid zone (1°3'S, 37°4'E, Altitude of 1560 m.a.s.1). The long-term
average precipitation of 715 mm falls mainly in two seasons, “long Rains”, lasting from March to
May, with an average of 265 mm, and the “Short Rains”, from Qctober to Decernber, with an
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average of 245 mm. The mean annual temperature is 19. 27 with the lowest monthly average in
August (17.17 ) and the highest in March (21.3T ; ICRAF, 1988).

The predominant soil type is a well-drained dark brown to red brown sandy clay ( Nadar,
1984) . It belongs to the class Luvisols according to FAO category (Ministry of Economic Planning
and Development, 1981}, order Alfiscls and suborder Ustalfs (US Soil Taxonemy), as cited by
ICRAF {1938).

1.2 Layout of the experiment

There were six experimental blocks, each 10m by 3.6m. Cassia siamea Lam. hedgerows had
been established in 3 out of the 6 blocks, while the 3 remaining blocks had no cassia hedgerows.
Blocks with or without cassia hedgerows are referred to as agroforestry systemn ( AF), and non
agroforestry systemn ( NAF) hlocks respectively. Within each AF block there were 2 established
cassia hedges, 3.6m apart. The within-row spacing of cassia was 0.25m. In between the two
cassia hedges, three rows of Zea mays L. (cv Katumani Composite B) were sown 0.3m apart,
within rows that were (.9m apart. The three maize rows in the AF blocks were designated as
follows: Rjap = maize row planted next to the cassia hedgerow on the eastern side of the
experimental layout; R;,p = maize row planted in the middle; Rjap = meize row planted next to the
other cassia hedgerow on the western side of the experimental layout.

In the NAF blocks, each tree row (hedge) was replaced by a row of maize, giving a total of
five maize rows. Only 3 rows in the NAF blocks, which corresponded to the other 3 rows, Rap,
R,ap and Ryap in the AF blocks, were considered for the purpose of this experiment. The 3
corresponding rows in the NAF blocks were designated as Rywar. Ronar &nd Rawar-

Maize was planted for two successive seasons. Maize for the first experiment was planted
during the short rainy scason of October 1989-January 1990. Maeize for the second experiment
wag planted during the long rainy season of March—June 1990. The alleys were hand hced and
cassia hedges were lapped to 50 cm height before planting maize. Prunings were incorperated into
the soil.

A two-factor factorial experiment was used in the agrofarestry system. There were 3
replicates. One of the factors investigated was the effect of distance from the cassia hedgerow on
the distribution of active roots of cassia and maize in the alley. The distance factor was asscssed at
four levels, where each level was a specific distance from the cassia hedgerow towards the alley.
The four levels of distance were: Distance 1 (D, )} =45 em {rom the cassia hedgerow towards the
alley; Distance 2 T ) = 90 cm from the cassia hedgerow; Distance 3 (D3) =135 cm from the
cassia hedgerow; Distance 4 (D,) = 180 cm from the cassia hedgerow. Distance 2 and 4 lay within
the maize rows, I in the middle between cassia hedge on the eastern side and maize row, and I}
in the middle berween maize rows.

The other factor was depth of soil layer from the surface, it had 3 levels: Depth 0—10 cm
(L1) from the surface; Depth 20—30 em (1.;) from the surface, Depth 40—50 cm (L3} from the
surface. All the three levels of depth were measured over all levels of distance. Therefore in total
there were twelve factorial combinations {D,L; to DyL;), resulting from the 4 by 3 facterial
experimental arrangement.

An auger (corer) was used to remove 385 cm® of soil core containing both roots of cassia and
maize from these positions. The auger was a hand driven type consisting of a 15 cm steel tube with
a serrated cutting edge mounted on a 100 cm shaft with a plunger to remove the core (Béhm,
1979). It had an internal diameter of 7.0 cm, and the soil was extracted in 10 cm segments. Cores
were removed in between two maize plants within a row. Sampling frequency was two wecks,
commencing approximately four weeks after the emergence of maize seedlings and continuing upto
when maize matured. At each particular sampling time, thirty six seil-roct cores were removed and
each placed in a labelled 10 liter plastic bucket.
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1.3 Sampling, washing, separating the roots and data analysis

A modified version of the Gottingen method, described by Bshm (Bshm, 1979), was used for
washing the roots. This operation was sped up by using water flowing at a constant low pressure
through hose pipes connected to a nearby water tank. Washed roots were floated in dissecting
basins. Then using a pair of forceps (Schuurman, 1971; Béhm, 1979) and a fine brush with
pointed 1ip, meots were separated from the crganic matter and put in clear plastic petri-dishes.
Cassia roots were separated from maize by color, Cassia sfamea roots are black (Ball, 1985;
Umaya, 1991) while maize roots are usually white.

Color, turgidity and flexibility were used as criteria of separating the live roots from the dead
(Berish, 1988; Andcrson, 1989). Roots which had diameters less than or equal to 0.5 mm, and
those roots with diameters greater than 0.5 mm but less than or equal to 1.5 mm were taken to
represent very fine and fine roots respectively. The method suggested by Tennant ( Tennant,
1975) was used to estimate the length of roots with diameter less than or equal t6 1.5 mm. The
accuracy of Tennant’s method was checked by comparing with values obtained by measuring root
lengths using a linear vernier microscope (Griffin & George Ltd. U.K). Analyses of variance were
done on the root length data. The variances of the raw root length data were heterogeneous and
thus logarithmically transformed ( Little, 1978; Steel, 1981; Gomez, 1984). The heterogencity
was due to the functional relationship between the means and the standard deviations of the
treatmments (Umaya, 1991). A number of cases concerning transformation of raw root data in order
to achicve variance homogeneity have been reported (Berish, 1988; Sylvia, 1990).

2  Results

Analyses of variance showed that depth, but not distance, significantly ( p<20.01) influenced
distribution of cassia root length during the two crop seasons. There was no significant interaction
berween distance and depth. Cassia root length in 1, and L; were statistically the same at any
particular sampling time during the two seasons. However, the length of cassia roots in L;was
significantly { #=20.01) less than the length at either L, or Ly throughout the seasons. Analyses of
variance also showed that distance and depth concurrently affected the distribution of the length of
maize toots only at 59 days aller sowing (DAS). Distance alone influenced the maize root
distribution only at 89 DAS during the same crop season. During the second season, distance and
depth together atfected the distribution of maize root length in the agroforestry at 36 DAS, again
only once, as in the previous season. Distance alone affected the root distribution at 56, 84 and 98
DAS.

Distributions of maize and cassia root lengths at reproductive and maturity stages of growth
during the two seasons are shown in Fig. 1, 2, 3 and 4 respectively. A general trend showed that
there was litte overlap between the roots of cassia and maize in 1.;. Tlowever, relatively more
overlap of the root systems of the two plants was observed in L, and L; soil layers. The apparent
greater root overlap at these depths 20—30 cm and 40—50 c¢m was consistent throughout the two
crop seasons, with little exception, largely die to the little amounts of cassia roots in the top layer.
Cormpetition may be seen as high to relatively high when {relatively) high maize root density is
found in combination with (relatively} high overlap with cassia roots. For a comhination of the
Fig.1, 2, 3 and 4 this leads to a tendency of higher competition for the combination Di/Dy
compared tc the combination D/}, for these depth layers L,/L;.

3 Discussion

Depth of soil layer influenced the distribution of cassia root length in that the density in the top
0—10 cm soil layer was comparatively sparser than the distribution within other depths. Similar
patterns of cassia root distribution have been reported (Balasubramanian, 1986). Kang et al.
{Kang, 1981) also noted that Luecaena leucocephala has few roots distributed in the top ¢ 20 em
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Fig.1 Distribution of maize and cassia root length at silking and grain filling (59 DAS) stage, during
1st erop season 1989/90
Distances: [). in the middle between cassia and maize; D;. within maize bordering cassia; Dj.
in the middle between maize rows: T),. within middle rmaize rows. Depths: 1.,. 0—10 cm;
L. 20—30cm; Ly. 40—50 em
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Fig.2 Distribution of maize and cassia root length at maturity (89 DAS)
stage, during Lst crop season 1989/90
For D and L specifications, see Fig. 1

soil space. Probably cassia grows more rocts in the decper wetter soil horizons as an inherent
strategy to avoid water stress.

Age and stage of development of maize, depth of scil layer and relative position to the maize
row were found to influence the distribution of maize root length in space and time. On average,
more maize root length was found in the upper 0—10 cm layer than in either soil depths 20—30 cm
or 40—50 cm. It has been reported that maize root length is abundantly distributed in the top seil
space {Foller, 1974; Aina, 1986; Anderson, 1987; Junying, 1988).

The overlapping of the roots at greater soil depths would possibly have led to competition for
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Fig.3 Distribution of maize and cassia root length at silking (56 DAS) stage
during 2nd crop season 1990
For D and L. specifications, see Fig. 1
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Fig.4 Distribution of maize and cassia roct length ot matuity (98 DAS)
stage, during 2nd crop season 1990
Tor D and L. sperifications, see Fig. 1

water hetween cassia and maize, had the rainfall amount been below the average requirement for
successful growth of the Katumani maize variety, and certainly led to nutrient competition under
our eondition ( Mungai, 1992). The observed patiern in overlapping, with the tendency of
relatively higher competition further away from the hedge, at least partly explains the lower yields
observed in the middle rows of this alley cropping system (Mungai, 1992).
4 Conclusion

Cassia siamea Lam. is not a suitable alley tree/shrub to be intercrcpped with Zea mays L.
under semi-arid condition on non-sloping land under the pruning regime applied.
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