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a0 _ SOJKA ET AL.

Table ,.A...N. Soybean response to irradiation of leveas with red (R} or farred (FR) light.
From Balatti and Montaldi (1986).

' Plant property R FR
Foliar area, m? 0.006572a* 0.006322a
No. nodules : - 7a 27h
Fresh wt. of nodules, g 0.00891a 0.04290b
Dry wt. of nodules, g . 0.00139a 0.00874b
Leaf dry wt., g 0.26640a 0.28090a
Nitrogen, gkg 28.8a 30.0a
Total N, g/plant 0.00767a 0.00842a

* Numbers in the same row followed by the same letter differ at P = 0.05 by the Dun-
can’s multiple range test.

et al., 1965; Prasad et al., 1985a, b; Wax and Pendleton, 1968). The yield
benefits of narrow rows can be lost entirely, however, if initial weed control
is unsatisfactory, because of the inability to cultivate (Nave and Cooper, 1974;
Wax et al., 1977). Several new highly effective over-the-top grass and
broadleaf broad-spectrum herbicides are now available and yield loss need
not result from inadequate early weed control. Management requirements,
however, are more demanding when depending on these materials (Gebhardt
and Minor, 1983), and economics may not be as favorable.

The quantity and pathway of radiation intercepted by the plant canopy
are both affected by the canopy geometry (Hoimes, 1981). This produces
numerous environmental alterations including temperature distributions
within the soil and canopy, foliar distribution of photosynthetically active
radiation (PAR), and changes in canopy light quality.

Kasperbauer et al. (1984) demonstrated that canopy spectral composi-
tion changed in rows depending on their compass orientation, varying the
exposure of the growing plant parts to far red light throughout the day and
at extinction in the evening. In addition to the well-known effects of light
spectral quality on flowering and shoot morphology, light-quality effects have
also been demonstrated on nodulation and rooting (Balatti and Montaldi,
1983, 1986; Kasperbauer et al., 1984; Lie, 1969; Malik et al., 1982). Greater
soybean rooting and nodulation (Table 4-2} have been associated with as
little as 5 min of red/far-red exposure at photoperiod extinction (Balatti and
Montaldi, 1983, 1986; Kasperbauer et al., 1984). Top dry weight was unaf-
fected in these studies, and Balatti and Montaldi (1983, 1986) observed no
differences in shoot N concentration or accumulation. Nearly opposite ef-
fects were observed in Lie’s (1969) work with Pisum sativum and Phaseolus
vulgaris which are long-day and day-neutral plants, respectively, whereas soy-
bean is a short-day plant. These experiments suggest that environments that
significantly alter light spectral composition, particularly at daylight extine-
tion, may significantly impact root development and activity, specifically
governed by each species’ phytochrome adaptations. Further research is need-
ed to determine the extent to which on-farm management of row-spacing,
row-orientation, and plant population can beneficially manipulate these
interactions.
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Fig. 4-2. The ¢ffect of row orientation on midday soil temperatures beneath a partially
closed soybean canopy. From Hunt et al. (1985),

An interaction of soybean cultivars to rhizobial inoculants, row orienta-
tion and irrigation was observed by Hunt et al. (1985). They interpreted the
responses as being largely soil temperature (Fig. 4-2) effects on cultivar X
strain interactions. No significant differences in N concentration or accumula-
tion occurred. In 2 of the 3 yr studied, however, irrigated North-South (N-
S) oriented rows outyiclded East-West (E-W) oriented rows across all strains
with no consistent response in the 3rd yr. Mean soil temperatures prior to
canopy closure were 3.2°C higher for E-W oriented rows. Munevar and
Wollum (1981a, b, 1982) had determined in the laboratory that for the strains
later used in Hunt et al’s (1985) field studies that the temperature differences
between row orientations was sufficiently large to cause growth and host
responses of free-living rhizobia of the magnitude and direction observed
by Hunt et al. (1985). These temperature differentials were sufficient to
assume an impact on root metabolism. Higher root-respiration of E-W
oriented rows may have accounted for decreased yields. In addition, there
may have been differences in nutrient availability related to jon activity and
root absorptive capacity. ‘ :

Water Use

Soybean water relations in general have been studied by a large number
of researchers, but few have studied water relations as affected by planting
geometry. Doss and Thurlow (1974) compared soybean performance in wide
and narrow rows with high and low populations under irrigated and non-
irrigated conditions. They found no influence on yield of inter- or intra-row
spacing under irrigated conditions but found higher yields under low popula-
tions in the nonirrigated treatment. In earlier studies, Timmons et al. (1967)
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ing, and twin-row planting (Schubert et al., 1983). Mozingo and Coffelt (1984)
reported numerically but not statistically higher yields for twin-row planting
patterns over single rows. Stone et al. (1985} found that stomatal diffusive
resistance was higher in response to greater water stress in narrow-row
peanuts. This suggests that peanut, like soybean, depletes more soil water
in narrow rows,

Planting geometry effects on rice (Oryza sativa L.) vields and cultural
relations were reviewed by Chandler (1969). His summary stated that newer
stiff-strawed, low to medium tillering, shorter varieties performed best with
close spacing at all N levels. The taller leafy tropical varieties would yield
better at somewhat closer spacings if N and light were abundant. Jones and
Snyder (1987a, b) confirmed this, stating that narrow-row spacings increased
grain yields for both tall and semidwarf plants when drill seeded and did
not affect yields of the subsequent ratconed crop.

Halterlein (1983) reviewed results for spacing of edible bean {Phaseolus
vulgaris 1..) and found that nearly all previous studies showed substantial
yield benefit to increased LAI and narrow rows, He cautioned, however, that
adoption of the newer configurations might be difficult due to the need to
accommodate mechanical harvesters designed for wide rows.

Planting geometry of cotton was studied and reviewed briefly by Bilbro
(1981) and Mohamad et al. (1982). Their work and the work they reviewed
indicate that cotton is particularly sensitive to cultural practice interactions
(e.g., irrigation and fertility) with season and choice of plant ideotype in deter-
‘mining the success of denser planting patterns. It appears that shorter
statured, semideterminate, early maturing cultivars are most responsive to
narrow rows and/or high populations.

 CONCLUSION

For a wide range of species it appears that a greater yield advantage
may exist for dense, uniformly spaced canopies than for more open canopies,
provided early weed management, water availability, and fertility are ade-
quate. This advantage is more pronounced for plants with indeterminate
growth habits. Manipulation of row-spacing configurations may be the most
practical means of optimizing canopy geometry. Leguminous plants may re-
quire greater than expected mineral nutrient availability to maximize nodula-
tion and N, fixation in these denser, management-intensive cropping systems.
Row spacing and row orientation may affect canopy light quality and soil
temperatures sufficiently to alter rhizobial-host interactions and N, fixation
of leguminous plants. The interaction of planting geometry and the nutrient
relations of the soil-plant system are not well documented. Due to earlier
LAI msm.nmmmom. early season (and often total season) ET are frequently higher
in denser canopies. Wider rows of some crops may have higher ET due to
sensible heat transfer from dry inter-row soil surface, although there are con-
flicting data on this point. Plant physiological indices of water stress fre-
quently indicate greater stress in narrow rows or denser canopies, particularly
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under nonirrigated conditions, probably due to greater carly season water
depletion. Soil-physical and equipment-engineering limitations may impose
the ultimate practical and financial barriers to adoption of high-intensity, -
dense-canopy management systems.
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