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Tillage Influences on Soil Conditions and Crop Response Under
Dry Weather in the Philippines and in Sweden

Iistela Magbujos Pasuquin
Division of Soil Management

Abstract

Titlage systems under dry weather were stucdied 1o determine suitsble soil conditions for
seedbed preparation and crop establishiment. The performance of dry season crops (soyabean
and mungbearn) tn the Philippines as well a3 the establishment and yield of spring barley in
Sweden were also evaluated.

The effects of defayed sowing by hand of mungbean in tlled and non-titled scedbeds (in
Experiment A) whereas effects of delayed sowing by hand or by a prolotype seeder in non-
tilled plots (in Experiment B) were studicd in paper I e determine optimum germination and
emergence. Tillage by ploughing and harrowing to 10 cm depth produced a seedbed which
reduced evaporation and thermal diffusivity at 16 cm depth and below. Sowing at soil matric
potential between - .01 and - .68 MPa resulled in 30-85% plant emergence when seeds
were placed at 5 cm depth, A prototype seeding machine delivering sceds at only 2 cm depth
on dry soif (+1.2 MPa)y ar 7 days alter draining significantly reduced emergence.

In Sweden, in site §, stubble titlage 10 13 ¢m depth and conventional mouldboard ploughing
to 25 em depth in combination with 0, 1 and 3 S4ine harrowings and sceding with Nordsien,
IB Special and "Ekoodlaren” were compared in terms of their effects on seedbed properties,
and emergence and yield of spring baricy. {n site 2, direct drifling was compared with similar
tillages combined with three harrowings and sced coulters as in site 1. Stubble tillage in both
sties created a scedbed with greater proporiion of > S mm aggregates compared with
mouldboard ploughing, However, stubble tillage yiclded better and similar amounts of grains
for sites 1 and 2 respectively, with similar percent energence as compared 10 convengional
tillage, Dircel drilling created a scedbed with = 50 % of aggregales > 5 mm, thereby reducing
plant emergence but aot grain yickd. Harrowing beoeficially influenced plant emergence more
m the stubble than in conventional titlage. Nordsten seed coulter delivered more seeds at the
seedbed bottom and produced greatest emergence, whereas the JB delivered more sceds at dry
shallower seedbed layer resulied in lowest emergence. But, plots with less plants produced
higher yield which may be partly atributed o more vigorous fower seedlings enhancing vield
compensalion,

The cffects of crop duration and plant population on the inierception of photosynthetically
active solar radiation as well as the accumulation and partitioning of soyabean and mungbean
dry matter were determined. A 105-day determinate type soyabean efficiently translocated its
assimnilates from vegetative o reproductive growlh when water siress prevailed after its
maximum dry matter accumulation producing comparable vicld to a 65-day determinate type
mungbean. In mungbean, 0.40 million plants hectare” produced greater grain yield as
compared 10 cither 0.20 or 0.13 mitlion plants ha™, In soyabean, greatest grain yield was
obtained in the 0.2 million plants ha'!, since the number of pods per plant and the mean grain
mass were greater with less plants.
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This thesis is based on the following papers which are referred to in the text by their
corresponding Roman numerals:

L Effects of tillage, sceding method and time of sowing on the establishment of
mungbean wm drying, previousty puddled soil, {conducted in the Philippines)
TP, Fylield, P.J. Gregory, T Weodhead and E.M. Pasuquin,
Sail & Tillage Research, 18 (1990) 333-3446.

1L Effects of tillage sylems and sced coultors on seedbed properties and yield of spring
barley. (conducted in Sweden)
EM. Pasuquin, M, Stenberg and ROA. Comia (manuscript),

{1, Growlh of soyabean (Glyveine max) and wungbean (Vigna rodigiay in the post-
monsoon season afler upland rice. (conducted in the Philippines)
I Sheperd, PJL Gregosy, T Womdhead, REL Pandey and BEC. Magbujos.
Experimental Agriculure, 24 (1988) 433.44 1,
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1. Introduction

Interaction between weather and soil factors was described more than a century ago (Lawes
and Gilbert, 1880) and has been considered one of the most important determining factor in
crop yield variation. Some statistical procedures have been used to analyze these variations
but to a limited success, particularly if no physiological basis for the terms was used in the
correlation, Another disadvantage of the statistical approach was that interactions between
physical and biological processes were often ignored. 1t appeared that there is a need 10
integrate separate effects under specific conditions to understand the mechanisms behind the
soil-crop interrelationship.

in Sweden, spring and early summer are dry, and crops suffer from lack of water in early
summer (Tuvesson and Rodskjer, 1987). Low rainfall and high evaporation normally persisis
from April unsil Augusi. Spring sowing must be done as earty as possible to ensure the
longest vegetative period, and for germination to take place bofore the soil surface layer dries
out {(Canncll, 1985). High output of the mackinery g also necessary (Hikansson and von
Polgér, 1979).

Simmilarly, @ rapid drying of the soil surface is a particular feature in the wopics. When high
radiation and high temperature prevails soif surface drics rapidly (Cook et al.,, 1990}, In the
Philippines, sceding legume crops, following 2 wetland rice is constrained by problem of
establishment in poorly structured secdbed. Too early sowing will inhibii germination due io
poor aeration and fungal infection while wo late sowing will increase the risk of poor crop
emergence duc too low moisture conlent, a consequence of high temperagure.

With simifar carly crop establishunent condition during dry weather, this thesis is aimed 0
integrate various research findings from Sweden and the Philippines o pursue the following
objectives:

i, o determine the cffects of tilage and delayed sowing on soit conditions which affect
munghean germination, and o assess the performance of a prototype sced drill (I},
2. To study the effects of tillage systems and seed couliers on secdbed properties and

on subsequent emergence and vield of barley (1),

To determine the growt patiere of sovabean and mungbean as affected by planting
density and other envirpnmental factors, and 10 detersnine how they relate 1o yield
(Hn.

L

2. Review of soil conditions under dry weather
2.1 Soil structure and moiswre loss by evaporation

Tillage affect the extent to which the soil 1§ aggregated, and the properties of mdividual
aggregates or clods, such as size, shape, internal structure, stability and spatial arrangement
contribule to the resulting pore sysiem. Thus, the quality of the seedbed formed by the tillage
actions influences the rate of moisture loss. Coarse tillage leaves large cavities among the
clods into which air current can peneteate resulting in increased vapor flow and greater
evaporalion rate (Fillel, 1968; Linden, 1982), Johnson and Buchele (1961) found that the rate
of drying increased markedly as the granule size increased. In studies with columns, Holmes
et al. (1960) and Gill ¢t al. (1977) showed that aggregates < 10 mm is an optimum tilth for
maximum reduction in evaporation, However, Scotter and Raats (1969) indicated that
trbulent flow beging even with aggregates ranging from 3 0 5 mm.
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There are two opposing factors that influence the rate of evaporation and maybe more distinct
in the interface between the disturbed and the non-disturbed layer of a tilled soil. Rose (1968)
attempted 1o establish the magnitude of vapor versus liquid water movement during
evaporation under non-isothermal conditions. He suggested that the effect of warming the soil
is 1o lower the suction and to raisc the vapor pressure of soil water, hence the thermal
gradient will induce flow and distillation from warmer 1o cooler regions. He further
emphasized thai when the soil surface is warmed by radiation, this effect would tend to
counter the tendency to upward flow of water in response 1o evaporation-induced moisture
gracients. This mechanism shows that evaporation rate might be lower when the surface is
dried by radiation than when dried by wind (Hanks et al., 1967).

Very recent finding of Amézquita ot al. (1993) showed that the {irst layer of the conventional
titbage treatment dried to a lower water content thaa that of the no tillage treatment, They
further reported that pastition of moisture fluxes, induced by isothermal and thermal
conditions showed that isothermal liguid flex was dominast in no tillage and that thermal
vapor flux was very important as soil dried in conventional tillage, They found that isotherimal
Hquid flux always being positive (upwards) and thermal vapor flux positive during the night
and negative (downwards) during the day, and thermal vapor {luxes became more important
with soil meisture depletion. They suspecied that vapor movement wader these clrcumstances
may have played an important role In supplylug water o reots both during the day (deep
roots) and night (shallow roots) depending on the magnitude of fluxes. They also found vapor
fluxes to be higher and 10 start earlier Tn conventional tllage than in no tiliage.

2.2 Pawtern and effect of soil temperature changes

Jackson (1973) and Jackson ¢t gl (1973) reported that the surface-zong moisture content
fluctuaies in @ manner corresponding to the diurnal fluctuation of evaporativity, that is, the
s0il surface dries during daytime and tends 1o rewet during nighitime, apparently by sorption
from moister Iayer benecath, They found a sttlar patiern theoughout a taver of soil several
centimeters thick, and the amplitude of the diurnal fluctuation decreased with depth and time
whereby the daily maxima and minima cxhiblied an increasing phase lag at greater depths.

Ferrarls (1992) reported that shaliower sowing increased the diurnal range in seed zone
lemperature as well ag the mean tomperature experienced by the seed. He further suggesied
that mean soil wmperatuze was correlated with mean alr lemperalure and seif water content
such that an increase in soil water content docreases soil tomperature,

Tillage systems such as plow-tll, ridging and mounding or heaping tend o increase soi
emperature. Several workers (Rockwood and Lal, 1974; Okigbo, 1979; Lal, 1983, 19864;
Hulugalle et al., 1985, 1987, and Opara-Nadi and Lal, 1987¢) showed that plowed soils have
higher maximum temperature than no-till soils. Soil temperature is also infleenced both by
crop residue incorporated and by the season of the year and that high ambient temperature
generally resulied in higher maximum (Babalola and Opara-Madi, 1993). Lal (1979a,b) found
that plow-1ll and ridged scedbeds had higher maximum and lower minimurm $oil temperagure
than no-till and straw-mulched,

I the wopics, high temperature may exert a deleterious effect by reducing germination and
growih of maize (Lal, 1974) when the temperature at the soil surface exceed 60 °C during
the central 3-4 hours of the day, and of sorghum when the ternperature at 50 mm at 14.00
hours always cxceeded 40 °C (Payne and Gregory, 1988). There were indications, however,
of differences between genotypes in their ability to emerge at high soil temperature.,

Maorcover, carly cifects of soil temperature on plant growth may persist throughout the crop’s
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life. Cooper and Law (1977) found that a substantial reduction in vields of maize was a
consequence of decreased soil temperature following the start of the rains. Final yield was
highly correlated with the total weight of the plants five weeks after emergence, which was
i tamn correlated with the mean temperature experienced by the shoot meristem during these
weeks.

2.3 Influence of seed couliers and presswheels

The design of soil openers determines biologically important variables such as slot shape, soil
cover and residue cover (Baker, 1976) influencing plant emergence. Direct-drilling machines
which placed sceds in open drill grooves with little or no coverage, as those on the dished
disc, tripie disc and hoc-coulters resulted in a relatively poor scedling emergence compared
when sceds were sown in optimum soil coverage, Baker (1976) designed a winged “chisel’
coulter to improve sced germination and secdling establishment by retaining a soil and Hiter
cover over the seed. This chiscl coulter creates a minimal disturbance at the soil surface but
produces considerable sub-surface shattering, leaving an inverted-"T" shaped groove. This has
betler moisture retention properties than "V and "1 shaped grooves created by the wiple-disc
and hoe coulters. Such effects are particularty fmportant when moisture 1§ marginal for
seedling establishment (Baker, 1980). However, if the coulier depth is not controlled on
uneven ground and the coulier rides out of the soil in low patches or sows 100 deep,
advantages are lost (Campbell, 1985). Thus there is a need for precision depth control. In
Canada, Mcleod et al. {(1990) accounted the superior performance of two Swift Current zero-
el drilis 1o Tess disturbance of the stubble and soil, thereby reducing moisture 10gs.

in moist clay soils, riple-dise coulters, because of their shape and subsequent wedging action,
tend o smear and compact the sides and base of the drill grooves. Even on soils that do not
smear, compaction at the base of the wiple-dise groove can reduce radicle eatry {(Baker,
1976} Nevertheless, sceds sown with wiple-dise seeder are st likely (o germinate betier than
if they were broadeest on the seil surface (Dowling et al., 1971,

Soil moisiure loss by evaporation may be reduced by reducing air flow inie the seedbed,
Rollers and presswheels increased the seed-soll contact and particularly under less than
optimum watcr potential regimes they increased germination {Choudhary and Baker, 1980,
Hadas and Russo, 1974). The advantages of compagtion are most evident in sandy or loamy
soil, pardcularly when moisture for germination is hmited. On the other hand, compaction
appears 0 be of litle beneflit with deeper sowings (> 20 mm), or when there is ample
moisture for germination (Triplett and Tesar, 1960; Norman, 1960); it may even reduce
emergence by increasing mechanical impedance of clay or clay loam soils and this
phenomena is observed cspecially in Swedish sandy soils,

3. Review of plant responses under dry weather
3.0 Response to mechanical impedance and water stress

Al high soil moisture tensions there is slow scedling emergence at high energy cost, resulting
in weaker scedling and slower establishment, The relationship between seedling vigour and
mechanical impedance becomes more important as planting depth increases, particularly with
slower cmerging shoots (Brock, 1973),

When stresses occur carly in scedling development they may impair petential crop vields
(Chevalier and Ciha, 19868). Such stresses may include stow emergence induced by post-
sceding conditions (Hikansson and von Polgdr, 1984) or delayed fall emergence of wheat



(Lindstrom et al., 1976) which markedly reduce crop yield potential,

When water stress occurs late in the growing season it accelerates leaf senescence. It ks almost
always associated with nutrient stress such that when the high demand for nitrogen by
growing grains cannot be met by uptake from the soil, nitrogen wiil be translocated from the
green stems and leaves resulting in early senescence (Payne and Gregory, 1988).

Crop response to moisture stress depends on crop type. Guanta et al. (1993) reported that
wheat yield were reduced by as high as 87 % whercas triticale by only 8 % compared with
irrigated control. His further analysis showed that the most severe stress caused 60 %
reduction in the number of fortile ears per unit area and by 48 % in the number of grains per
car wherecas with mild stress, a reduction in weight was solely due 1o lower grain weight,

3.2 Response 1o planting density

The effect of row distance and population density on yiceld of particular crops has 20t been
fully established and the present situation revealed a very variable result. Very recent findings
by Sato el al. (1993) showed higher wheat grain vield in the ow sceding rate (150 seeds m?).
Tillers in this treatment had shoots with high nitrogen and potassium content bearing more
spikes. Morcover, they found that in the high seeding <ensity piots {300 sceds %) grain yield
was low due 10 low N and K in the shoots. Garg ot all (1993) reported that when plant
population of pearl millet was as low as 14.5 plants m™ dry matter proclugtion and grain
vicld as well as water use cfficiency were roduced. In this case, improved performance of
mdividual plants under wider spacing could not compensate for losses aceraed due 10 a
decrcase i plant population. Addiionally, in study of spring wheat, Singh et gl (1985)
mdicated that yield compensation at low scading rates was achicved by higher ferility of the
side tillers and large number of grain per cor,

3.3 Basis of compensalory response

Study on soyabean during norraal or betler growing seasons showaed ﬁ:()n‘\pcr‘l‘;ali()n for vield
within and across the row from gaps (Pepper and Walker, 1988). They found that stand
reduction of 3% yiclded 55% as much as control plots with full stands. This indicated 2 non-
proportional vicld decrease (o the stand reduction whereby there was g compensation {or yield
of missing plants,

Conditions suppotting good vegetative developmens carly in the scason would logically
enhance the ability of the soyabean to compensate for deficient stands through the
development of larger plants with more branches. Ultimately, through the production of more
pods per plant, soyabean can compensale for vield of those plants missing from the stand
{Wiicox, 1979; Wilimol, 1986),

The {inding of Pepper and Walker (1988) that ANOVA for yield did not indicate cultivar X
rap interaction emphasized that soyabean yicld compensation in a deficiont stand was not
influenced by the growth habit (deferminate vs indelerminate) of the plani. However, they
suspected that had the carly growing precipitation and temperature not been favorable, then
scason stress could have limited vegetative expansion of canopy and there might have been
a different response.,



4. Changes on soil physical conditions by tillage
4.1 Aggregate size distribution

The mechanical action of the tillage implemenis influenced the sizes of aggregates formed
in the scedbed. The suitability of tillage system 10 creale a favorable scedbed for the crop
depends on soil moisture, texture and structure before tillage. However, 10 obtain a suitable
seedbed as described by Hakansson and von Polgdr (1984) in model experimoent, in field
condition it may require 2 high number of iillage or harrowing passes. However, they
suggested that if seeds were placed on a moderately compacted seedbed containing 2 5 %
(w/w) of plant avaiiable water good emergence can be expected if the secedbed provides a
good protection against evaporation. This criteria for good crop emergence need correct
timing and bencficial actions of tillage and sceding implements 1o the soil.

In the present study (i), stubble cultivation to 13 cm depth formed greater proportion of »
5 mam and conversely lower proportion of 2-5 and < 2 mm aggregates at seedbed surface
whereas lower proportion of 2-5 mm in the deeper seedbed layer compared to mouldboard
ploughing 10 25 cm depth. This indicates that mouldboard pleughing in autumn coulkd have
exposed deeper layer or furrow slice 10 the frost action that enhanced natural breakage of the
soil 1o finer aggregates than by swbble tillage. Despite coarser scedbed surface in stubble
cultivation, percent emergence was similar to conventional tillage, but grain yield was highey
in the stubble tillage. This may be attributed 1o findings of Rydberg and Ockerman (1987)
that this stubble (ploughless) tillage gave greater reduction in evaporation as compared with
conventional tllage when a dry period foliows a wet one, # somewhat similar condition to
the present study, This reduction in evaporation could have enhanced scedling vigour in this
trealment necessary for yield compensation, This phenomena may aiso have exhibited findings
of Delroy and Bowden (1986) and Mason and Fischer (1986). They found that when there
is an initially high carly vegelative growth ina conventionally prepared seedbed, soil moisture
reserve may be depleted prior w the completion of grain fill; thus lowering both the harvest
and maximum grain yield.

Direct dritling (Site 2, 1) produced a seedbed with greater proportion (more than 50 percent)
of > 5 mm whereas lower percentage of 225 and < 2 mm aggregates comparcd with
conventional plovghing and stbble cultivation. Soil disruption in direct drilling depends
mainly on the action of the couliers and when soil surface i dry and stubble roots present,
large clods are normally present, Lower emergenee observed with direct drilling could be due
o mechanical obstruction from the big clods resulting in stower carly growth and reduced
scedling vigour, a commomly obscrved phenomena in direct drilled crops (Gates et al,, 19815
Cornish, 1985; Mason and Fischer, 1986). Several warkers reported that bulk density
(Douglas et al., 1980; Rasmussen, 1981) or soif strength {Van Quwerkerk and Boone, 1970;
Pidgeon and Soang, 1977; Cordier e al,, 1979; Pollard et al,, 1981; Ellis et al., 1977, 1982)
in the Ap-horizon are greater after direct drifling than after ploughing. This however,
consequently produced more abundant roots in the surface layer of direct drilled soit (Drew
and Saker, 1978). Despile great reduction in plant emegence with direct drilling in this
gxperiment, grain yicld were similar for all tiftages. This eccurence might show that when soil
moisture is adequately replenished in the top portion of the soil profile, direct drilled plants
may ulilize the improved soil moisture and increase grain yield to levels attained by other
tillages cither through increased number of ears m™, number of grains per car, increased 1000-
grain weight or their combination.

From time-domain reflectometry measuremenss, harrowing thrice (in Site I, Iy reduced the
rate of water loss below 5 ¢m layer as compared to () harrowing. Secondary tilage such as
harrowing which is primarily intended to reduce aggregate sizes also tend to sort the bigger
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aggregates onto the seedbed surface while the smaller ones 0 the bottom resulling in a
gradient in structure through the seedbed (Kritz, 1983). This will increase porosity and
roughness in the scedbed surface and the reverse in the seedbed bottom consequently reducing
moisture loss by evaporation. Heinonen (1985) reported that on heavy clay soil, increasing
the intensity of harrowing and rolling reduced evaporation rate.

4.2 Soil matric potential

In paper I, tillage by ploughing and harrowing in 10 cm depth resulied to a consistenily
higher matric potential as weil as gravimetric moisture content at 10 cm depth and below
compared 10 non-tilled plots during measurement period 6-21 days after draining (DAID). This
indicated that soil surface mulch produced by tillage reduced moisture loss by evaporation.
Nevertheless, the change in matric potential at 5 cm was similar for tilled and non-tilled plots,
Tillage also prevented the formation of deep wide cracks as compared to the no-till treatment.,
Unfuckily, no further measurement on cither maltrie poterzial or gravimetric water conient
were taken after 21 DAD thus, soil-mulching may alse be lemporary.,

Reflooding and with additional disturbance from weeding of & dricd and cracked previously
ploughed and harrowed plot resulted in the formation of surface crust and less intense
cracking, The change in matric potential with tine in the two non-titled plots (Experiment A
vs Experiment B) at 10-cm depth was similar but only until 11 DAD, a patlern aiso observed
in thermal diffusivity. But later as drying progresses, the nen-tilled Experiment B, with
surface crust and less intense cracking, dricd much more slowly and resembled the tidled
treatment in BExperlment A, This eesult indicated that tillage of the soil surface or the
formation of surface crust both reduced the rate of evaporation but the latter was only cvident
during later drying. Other rescarch lindings showed that formation of 2 2 cm dry mulch fayer
(Meinenen, [1985) or & 2 em of 1-2 mm screened sand mulch (Gardner and Flreman, 1958)
both decreased evaporation rate.

4.3 Thermal diffusivicy

The direct effect of titlage systems on soil emperature focused on seil exposure 10 insutation
and the alieration of the reflection cocfficient or albedo, Indireetly, tillage-induced changes
in soil strocture and soil moisture affect thermal conductivity and diffusivity (Babalola ct al,
1993).

In Experiment A, paper 1, tillage decreased mean thermal diffusivity, Dh, measured at 0-15
om depth over the 7-21 days after draining (DAD) with values of Dh = 6.6 £ 09 x 107 m?
stand 4.4 £ 0.05 x 10 7 m?® s, for no-till and tilled soil respectively, There was a higher
thermal diffusivity at low-moistured/von-tilled plots whercas the converse was true for the
high-moistured/illed treatments. Potter et al, (1983) also obscrved an increase in thermal
diffusivity with decreasing waler conient,

On the other hand, there was a lower mean thermal diffusivity in the non-tilled treatment in
Experiment B, paper I, than in non-tilled treatment in Experiment A, 1 (2.8 £0.1 x 107 w?
stand 6.6 £ 0.9 x 107 m* s, respectively). Waler contents were similar in these two
treatents but only until 11 DAD, Thereafter, there was less intense drying in Experiment B
due to minimal cracking combined with surface crust whereas the no-till soil in Experiment
A cracked severely {~ 3 em wide, 10 cm deep) consequently drying faster.

Morcover, the amplitude in surface temperature is inversely proportional to the thermal
conductivity ang the heat capacity of the soil (Koorevaar et al., 1983). Since tilled soil as
plow-till (mouldboard plow, disc plow, Rome-plow, rotovalor and harrow) had higher
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maximum and lower minimum temperature than no-4ilf soil (Babalola et al., 1993) ploughing
and harrowing in the present experiment may result in higher amplitude compared 1o no-till
corresponding to lower conductivity or diffusivity in tilled soil.

3. Influence of seed coulters and presswheels on crop establishment

The adaptability of root system 10 soil conditions produced by direct drilling differs between
plant species. However, Whitcley and Dexter (1982) indicated thai changes in sowing
equipment may be a simpler solution 1o overcome this root adaptability problem. The first and
most critical aspect of crop establishment depends on whether the seed is sown at optimum
depth and is covered by the soil.

fn paper 10, to determine the extent (o which seeds were placed in the seedbed bottom and
relative to each other horizontally, and to assess the consequent sffects on plant emergence,
comparisons of three seed couliers; Nordsten, JB Special and Ekoodlaren in sites 1 and 2
were made !

The Nordsten, a hoe-type coulter, successfully placed most of the seeds at the firm seedbed
bottom and after sowing it slightly recompacted the soif with ks presswheels, This resulied
in highest plant emergence with narrowest distance between plants. On the other hand, the
IB Special (a duckfoot-type coulter) placed higher proportion of sceds in the topmost seedbed
fayer resulting in significantly lowest cmergence compared 10 Nordsten and "Ekcodlaren”. A
comumoes characleristie of ailr drills, 15 as gne, is 10 blow some seeds Tarther from the desired
depih, an effect derived from high air current flowing through the deill. McLeod et al. (1992)
suggested that seeding rate should be adjusted upward if an air-drill is to be used in sceding
on stubble. The distance between planis with the JB was wider than with the Nordsten.
"Ekoodlaren”, also a duckfoot-type coulter, placed seeds at the seedbed boitom as the
Nordsien, but it formed deeper leose scedbed with rougher surface as compared to the other
couliers. The formation of deeper toose scedbed may partly be due to deeper working depth
of the machine. This may have enhanced moisture fogs by evaporation resulting in percentage
emergence intermediate between Nordsten and IB Special, Distance between planis from
"Ekoodlaren” is similar to the Nordsten,

I8 Spocial with the least plant emergence had grain yvieki higher in site 1 and simiiar in siie
2 as compared 1o the other two coulters. A fasier early growth coniributing (¢ compensatory
reaction of plants in the I8 plots could have accounted for this yield difference.

A prototype relay sceder used in Experiment B, paper 1, was a coulter dise that cut a siot and
scraped some soil away before dropping the sceds from a rotating perforated drum then
covering the sceds with soil. It was successful only when the sceds were sown at soil mairic
potential of -0.01 1o -0.05 MPa (3 to 5 DAD). Primarily designed for wet soil it was only able
1 detiver seeds at a maximum of 2 om depth at 7 DAD when on this day the matric potential
at § cm was -0.05 MPa but at 2 cm was already -1.2 MPa. Sowing at 7 DAD was too late
for this machine and very low plant emergence (only about 20 %) was observed.

6. Prediction of mungbean germination

Fyficld ang Gregory (1989) derived two model equations to predict mungbean germination
from controticd-cnviroament studics on the combined effect of constant temperature and water
polential.
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{(-1.7 2y, 2 0 MPaand 10.1 < T £40 °C)

where: Gty = median germination tine in days
W, = osmotically created water potential
T = temperature

Equation 2: Gf = §12 - 38 {Gis) + 9.5 {Gig)* - 0.9 (Gt
This equation described the correlation beiween Gty ard final percentage germination (Gy).

Using these equations, they predicted germination percentages from ficld measured soil matric
potential (assuming ¥, = y,) and daily mean tcmperature recorded at 3 cm depth. They
found that in moist soit (y,, > - 0.1 MPa), cbscrved percentages were slightly higher than
those predicted. However, when the soil had dried 1o < -0.7 MPa, observed percentages wers
lower than predicted, They indicated probable Imporiance of seed-soit contact such that better
all-round contact in the ficld occurred In the moist seil enhancing germination whilst in drier
soil a rapid soil water deplelion near the sced inhibited gormination to a greater extent than
expected.

7. Plant growth paticrn at varving densities

Tillage-induced changes in soil propertics do not always rellect tllage effects on crop
performance. This may be attnbuted o compounding influences of other environmental
factors as well as the physiological waits of the crops, The ultimale potential yvield of g crop
is set by its genotic capacity and the amount of solar cadiation it receives, Plant growih
defined as the increase in its sive coukd be studicd in terms of increase in either dry weight
or in dimensions which arpse 23 a consequence ol the formation of new cells, the expansion
of the constituent cells, and the production of assimiiates, Commonly, the rate of growth i3
cxpressed as the inerease in weight, volume, arca, or length per unin time (Payne and Gregory,

L988),
7.1 Leaf area index

Once a crop is cstablished, for most of a crop™s life, the leaves are the main plani organs
intercepting sunlight and converiing it to chemical energy and then to dry matter. Maximum
crop growth s therelore highly dependent on the expansion of leaf area to iniercept the
maximum amount of radiation. For many crops, a fcal arca index (total area of leaves per unii
area of ground} of about 3-3 is necessary to intercept 83-90 percent of the incident,
photosynthetically active radiation, Expansion ol leal arca depends on the number of eaves,
the rate at which they expand and their final size and these are primarily affected by
temperature, plant water stress, and nutrient availability (Payne and Gregory, 1988).

From I, maximum leaf arca index (LAI of 3 for sovabean and 2 for mungbean was reached
al about 50 days after sowing or ai early graln {illing stage from plots with (.40 million
plants per hectare (M plants ha'). Plant populations of 0.4, 0.2 and 0.13 M plants ha'' were
from row spacings of 0.25, 0.50 and .75 m with 10 plants per linear meter, During plant
growth for both crops, there was a consistently lower LAL at 0.20 and 0.13 as compared to
0.4 M plants o', Alter the maximum LAT was reached it decreased to zero in soyabean but
by only 17 % in mungbean. For pearf millet, Garg et al. (1993) reporied that decreasing the
plant population to (.145 M plants ha reduced leaf arca index. LA varied with plant species
such that the maximum lor soyabean was 1.7 times greater than mungbean.
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7.2 Photosynthetic efficiency

Yield is normally not equivalent 1o total dry matier production but only to a certain fraction
of it. This may vary both with the plant genotype and the environment. An increase of this
fraction can be achicved by some method of plant husbandry as well as plant breeding. Still
unresolved problems as to this effects include photorespiration, compensation responscs of
crops and attainment of potential photosynthetic production. Limits has perhaps been reached
for certain crops at certain stages of development but there seems to exist a fairly wide gap
between what may be produced theoretically and what is actually achieved. The reasons for
this discrepancy may be lack of water or nutrients, internal factors such as adequate assimilate
distribution and inhibited rate of pholosynthesis, or both (Ermilov, 1962).

Photosynibetic efliciency refates to LAL Without high LATI values, the useful light cannot be
intercepted at cfficiently low levels of ilumination. From paper I, the efficiencies of
conversion of absorbed photosynthetically active radiation (PAR) inwo shoot dry matter, as an
average over all densitics, was 1.4 g MI' in soyabean and 1.6 ¢ MJ in mungbean from
emergence to 61 DAS. Although mungbesn had a lower LAT the amount of PAR absorbed
was similar for both species because mungbean had greater extinction coefficient than
soyabean. There was a decrease of the scasonal average conversion cfficiency in soyabean
to about hall due to very litle dry matler accumulation from 61 DAS 1o harvest caused by
waier stress at late reproductive stage,

CGoyne ot al. (1993) reported that radiation wse efficiency based on absorbed PAR and above-
ground dry matier was not affected by the tme of sewing but did vary between barley
cultivars. Araus et al.(1993) found that in durum wheat, most of the photosynthates in the
grati come from car parts and not from the flag leal whereas higher walter use efficiency was
also obscrved in car parts than the fag leal

7.3 Dry matter production

The concept of crop growth rate (O, net dry matter production) {rom the use of leal arca was
pioncered by English scientists who applicd the techoigues of "growth analysis™ to agricultural
communitics. [t was defined as the net assimiiation rate of leaves (E, mean rate of net
photosynthesis of all leaves) times the Teal area index (LAD or C = E * LAL

For crops that produce thewr seeds at almost the same Ume {determinate), teal growth ceases
shortly before or soon after flowering, and thercafter photosynthesis depends maindy on the
persistence of existing leaves, Moreover, once fuily extended, a leaf does not remain
photosynthetically active {or long, and in barley it was found to decrease rapidly only five
days after complete expansion (Littleton, 1978).

During approximately lincar phase of growth [26-61 days afier sowing (DAS) for a 105-day
deierminale soyabean and 26-68 DAS for a 65-day determinate type mungbean] crop growlh
rates were similar (I, Mungbean accumulated dry matter untl maturity but soyabean
accurmnulated little dry matier between 61 DAS (the time of maximum dry matter accumulation
in soyabean) and maturity due to severe water stress. With time both crops accumalated
consistently increasing amount of dry matler with increase in plant density. '

8. Lifect of plant density on grain yield production

From paper I, highest grain yield in soyabean was obtained in the intermediate plant
population {0.20 M planis ha') as compared 10 0.4 and 0.13 M plants ha™'. However, forage
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yield decreased with decreasing plant densities. For soyabean, mean grain mass and number
of pods plant”! were both higher in the 0.2 and .13 M plants ha', but this did not compensate
sufficiently to increase yield to equal that from (.40 M plants ha*. Plant population did not
affect the number of grains per pod for soyabean. In mungbean, highest grain and forage yield
were from the 0.40 M plant ha'', and generally mean grain mass, number of pods plant™ and
number of graing per pod increased as plant density increased.

In Sweden (II) higher barley grain yield was obtained with fess dense popuiation, 3.1 than 3.8
M plants ha'' from the use of JB and Nordsten seed coulier, respectively, Production of more
tillers with filled grains or more efficient translocation of assimilates from vegetative to
reproductive growth resulting 1o cither increased number of heads/m® or number of grains per
head with less plants could have accounted for this yield increase.

9, Conclusion

In both countries, shallow tilfage cither o 10 cm or 13 em depth enhanced evaporation
control at layers below the titfed zone by the formation of aggregates that oreated gradient
in seedbed structure. Tillage retained higher matric potential and gravimetric moisture congent
and reduced thermal diffusivity ar depth below the silled zone as compared to no-till
treatment.

Timely crop cstablishment is very necessary o utilize the residual soil moisture from 2
preceding rice crop in the Philippines which in this particular experimens appeared 1o be
aboul § to 8 days alier draining of a satwrated soil bui at gbout 3 to 7 days after draining in
soils where surface crusting Is expecied. However, rates of soll drylng may vary from
different focations, soil types, weather conditions and others factors, and these may need
further studics, Residual soll moisture from the preceding winter ag well as optimum solar
radiation may be fully utilived in Sweden by a tillage system that would allow early sowing
with good cxpected plant emergence.

Sowing at 6 10 8 days after draining when mairic potential range between -0.01 10 -0.05 MPa
for nen-tiled and -0.01 1o -0.08 MPa {or tilled treatments are favorable for > 50 % plani
emergence in a Vertic Tropagueps soil. To ensure optimum emergence, in ihis case increased
sowing rate would be neoded, whereas residue mulch could probably reduce moisture loss and
lengihen the crop establishrnent poriod.

In Swedes, stubble cultivation cesulied in grain yield that was better or similar compared with
mouldboard ploughing, Reduced tillage such as stubbie cultivation or direct drilling may be
a better alternative to conventional tillage from lower cost of fuel and energy in addition 10
improved seit structure but may only be 1o certain point in time when again the mouldboard
ploughing will be necessary.

Harrowing which tend to gort the bigger aggregates onlo the secdbed surface and the smaller
ones 1o the bottom may have improved evaporation control whereas the use of presswheels
could enhance betier seed-soil contact and benefits can be derived when used in appropriate
conditions. However, this ¢ffect from the Nordsten was offset by too many plants whereby
& combination of approprialc sced placement and sceding rale might improve crop
performance.

Increasing plant population for both soyabean and mungbean increased leaf area index,
interception of photosynthetically active radiation, crop growth rate during lincar phase of
growth, and forage vield, However, for soyabean highest grain yield was obtained in the 0.20
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M plants ha! while higher mean grain mass and number of pods per plant were observed in
the 0.20 and 0.13 comparcd with .40 M plants ha Mungbean grain yield increased by
increaging plant density. Thus, plant species/genotype can be selected for a particular cropping
season to optimize its traits for improved production,

Soyabean was able 10 translocate its assimilate efficiently from vegetative tissue 0 grain
compensaling for reduced photosynthesis during reproductive growih. Higher plant density
¢an result in heavier grain yield even with severe waler stress during reproductive growth, and
confirm the need for good establishment for maximum yield of dryland crops grown after
rice. With a favorable weather, long duration crop may have higher potentiat yield.
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strengthoning scedbed. By the fiest experiment, these conditions were alleviated by the cultivation
Lre y

sments i the second, disturbance of sarface sott before dramage reselied tagreater emergence and
Fastes seedhng growih,

“Present address: Soland Temgation Research Instrtgte, Private Bag X789, Pretoria 0001, South
Africa.

OYOT- 1987 /90450350 1990 - Blsevier Science Publishers BV,



334 TP FYFIELD ET AL

INTRODUCTION

Towetland rice-growing regions of South and Southeast Asia, the short post-
monsecon (dry) season allows o deviand (upland) crop to be grown after rice,
Since the non-rice crop is dependent pomarily on residuat soil moisture, the
ideal spectes are those of short duration. such as grain legumes (Zandstra,
FOR2Y, cp. mungbean, sovabean and cowpea. Traditionally, such crops have
been grown with low wputs and low management, and have consequently
produced tow vields (Javasuriva and Maranan, 19827, Nevertheless, their
economic imporiance to the small farmer can be high and production is en-
couraged by governments in Southeast Asiz so as 1o reduce unports.

A major constraint to the production of drvland crops after wetland rice i
the problem of establishment in a poorly structured seedbed which may be
too wet, too dry or (oo hot, The timang of sowing 1s eritical 1f good establiste
ment and subsoguent growth are 1o be achieved, After wetland rice, the soil
with inttally be wet and ina reduced condition, and sowing too carly may
iwrhibit germimation due Lo poor acration and fungal attack. A delay in sowing,
however, increases the risk that the seedbed will become too dry for successfud
germination. Moreover, as the puddied soil drics it may become compact and
hard, thus inhibiting both emergence and root growth. Soil mechanical con-
straints and lack of acration can both be alfeviated by tillage, although this
may accelerate topsoll moisture loss { Zandstra, 1982) and increase the time
snterval botween rice harvest and secding of the dryland crop, both of which
may lead to reduced emergence. Zero-tillage could thercfore be beneficial
(Svarifuddin, 1982), as could refay cronping (sowing the drvland crop after
the soil has been drained, but before the rice 18 harvested ). An additional
problem that may be encountered is soil tomperature, which may be high
enough o inhibit seedling growth.

A previous paper (Fylield and Gregory, 1989) reported the results of con-
trofled-environment studies on the combined effects of temperature and water
potential on the germination and emergence of mungbean ( Vigna radiata (L)
Wilczek, ev, IPB-M79-17-79). Equations derived to model the effects of tem-
perature and water potential on germination, studied using an osmoticum
technique, were used to make predictions for mungbean sown in soil col-
umns, Differences between observed and predicted germination suggesied the
additional importance of seed/soil/water contact in influencing germination
in soil,

The present paper reports subsequent field studies conducted at the Inter-
national Rice Research Institute (LR.R.L) in the Philippines on the effects
of tillage, seeding method {manual and machine) and time of sowing on the
establishment of mungbean in a drying, previously puddled soil. One aim was
to compare field germination with predictions made using the controlled-en-
vironment model, A sccond aim was to study the effects of sowing delay on
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germination and emergence in both non-tilled and tilled scedbeds to provide
gutdelines as (o the optimum soil conditions and time of sowing for mung-
bean after wetiand rice.

MATERIALS AND METHODS

Two lield studics were made at LR on a Vertic Tropaguept soil {silty
clay loam overlving silty clavy during the diy scason of Pebruary/March 1987,
Foxperimont A

The firstexperiment was desipned o study the effeets of tillage and sowing
delay on mungbean gernnation and omergence.

Conditions following wetland rice were simutated by flooding, puddiing and
then draining two adjacent 52 0 plots, each enclosed by low earth mounds
or bunds, ach plot was divided into three strips and cach steip into sub-plots
LS msquare, giving three replicates of two Ullape treatments and three sow-
ing dnies,

AL 2,6 und 8 days after draaning tDAL Y, fungicide-treated mungbean (v,
[(PB-M79-17-79) seeds were sown manually ai a depth of 5 em and at an inter-
row spacing of 10 o pon-tilled (770) sub-plots. At 6, 8 and 13 DAD, sum-
tlar sowings were carried out in tilled (71 sub-plots whose surface 10 cm
had been cultivated by ploughing and harrowing at 6 DAD.

Measurements of soil temperature were made every 2 b {and occasionally
hourly ) using thermistors at depths of 5, 10 and 15 cm o one sub-plot per
tillage treatment (three replicales at cach depth). Together with an additional
thermistor positioned on the soil surface, these were connected to a Grant
recorder held inside an adapted Stevenson’s screen and mean soil iempera-
ture was calculated from the three replicate thermistors at each depth. Mea-
surcments of temperature at the soil surface were also made on one occasion
using an infrared thermometer.

Alr temperature, solar radiation, ratafall, relative hamidity and pan ¢vap-
oration rate were all measured daily at the LR.R.I Wetland Meteorofogical
Station, ~ 0.5 km from the experiment site,

To measure the rate of sotl drying 6 PYC tubes, consisting of 15 1.0-cm
deep rings { 10 cm internal diameter) taped together, were pushed into each
sub-plot immediately prior to the first sowing in each tillage treatment. Se-
lected columns of soil were withdrawn daily up until 9 DAD then every 2 days
(three replicates per tillage treatment) and sliced up into 15x1.0-cm sec-
tions, Each section was placed above a pair of Whatman No. 42 5.5-cm di-
ameter filter papers and enclosed in a plastic bag. Afier 2 days cquilibration
in an air-conditioned room, the filter paper in immediate contact with the
soil was discarded, and the other weighed, dried at 80°C and reweighed to
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determine its waier content, Sotl matric potential was then calculated using
the calibration curve of Hamblin (1981), which had been verified. The gra-
vimetric soif moisture content of cach section was also measured subse-
quently, Mean potential and water content values for cach 1.0-cm section were
calculated from the three replicate columns.,

The number of seedlings cmerped (eotvliedons which had appeared above
the sotl surtace) was recorded daily for cach sowing and mean percentage
cmergence calculated from the thiee replicates, When emergence percentage
was constant, a separate gormination percentage was determined by digging
up all sceds 1n seloctod rows,

Eoxperiment B

The second expeoment was designed 1o study further the effects of sowing
delay on mungbean germinaizon and emergence i non-tilted soil, and also to
compare manuval sewing with a prototype sceding machine.

Plots for BExperiment Bwere in the same leld, werc of similar size and were
puddied at the same ttme as m Bxpernment A, Afler 10 days ol dreving, these
plots were refllooded, weeded and dramed, then cach divided into sub-plots
giving three replicates of two sowing methods and five spwing dates,

Manual sowings were made at 3, 5, 7, 10 and 14 DATY, sowings using a
prototvpe scedmg machine were made at 3,3 and 7 DAD. The machine was
a rclay sceder, designed (o sow legumes between rice tows after drainage, but
before harvesting. [t cut aslotwith a coulter dise and scraped some soil away
before dropping sceds from a rotating pecforated drum and then covering them
with soil. Since the machime’s seeding rate was not constant, an approximate
calibration was made by counting the number of seeds delivered in ope row
of each sub-plot and assuming an identical delivery rate in the remaining rows.

Measurements of soif drving rate, temperature, sced germination and
emergence were made as in Experiment A, but, except for cmergence, in man-
ually sown sub-plots only.

RESULTS AN DISCLSSION

Averages of dally mean air temperature, solar radiation, relative humidity
and pan cvaporation rate for both experiments are given in Table 1. Total
rainfall was negligible, and seedbeds dried continuously under conditions of
high reradiance. :

Lxperiment A

The soil, initially saturated, had matric potentials () generally > —0.005
MPa ( ~ 54% gravimetric moisture content) throughout the 0-15-cim profile
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Semeary of eavironmental duta {values are means, except for i fas ) recorded at the LRURE Wet-
land Metcorological Stahon durimg Experiments A and B
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resentative points at 10 em. Open symbals, non-tilled {T0); closed symbels, tilled (T1).

from 2 10 5 DAL, (The w,, range within which Flamblin's (1981) filter paper
method is accurate 15 — 0005 i, > -3 MPa.) However, from 2 DAD the
s0il began to shrink and crack, and by 6 DAID the pon-tilled sub-plots had
cracks up to 3 cm wide and ~ 10 cm deep (approximaiely the depth of the
puddled fayver). Prefiles of soil matric potential for both non-tilied (T0) and
tilled {T1) sub-plots indicated slower drying below 5 ¢ in T1 than in TO.
The change in w, with time (Fig. 1) shows that at 5 cm drying was similar
for TO and T1, which each dried to < -3 MPa by 15 DAD. At 10 cm and
below, however, p,, in tilled soil was consistently higher than in non-tilled soil
from 8 DAD (ie. 2 days after tillage) until the end of the experiment. The
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two mata plots had been assumed 1o be identical. but unfortunately a differ-
ence in elevation of a few centimeters between them caused different drying
rates and thus considerable variation between what had been considered rep-
heate sub-plots. Effects of tillage on soil matric potentials at 10 em were there-
fore not always significant (Fig, 1) 2=0.05), but the trend remained clear.
The same trend occurred with gravimetrie soil moisture content in that the
water content at F0 cm was greater for T1 soil than for T0, and the values
fromy both tillage treatments at 3 and 10 cor appeared to form a single soil
mosture characteristic curve. The hikely explanation is that cultivation re-
moved the cracks and reduced the surface hvdraulic conductivity, such that
whilst the top S cm sulbdried ag the same rate. the rate of water loss from the
soil below was decreased. Culuvation would also reduce pore continuity be-
tween the tlted surfuee lver and the undisturbed saif beneath, creating, in
cilevs adry surlace muleh which acis as an evaporation barper by preventing
e capitlary rise ofswater faee Hemonen, THRY ),

Sooevample of re thiciuations af 5= and 15.cm depths in
T rhoushy measurements made at
Cthe ampehirede a1 omowas clearty smaller
ed. Stnlarty, for T the am-
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again lagged. The damping effect with depth was used to calculate thermal
diffusivity () for the two tillage treatments (Fig. 3). Mean thermal diffu-
sivity taken aver the period 7-14 DAD was significantly higher (P=0.05) for
T0 than for TV (£2,=06.6"09 and 4.4+ 0.5x10"7 m* s, respectively), a
result similar 1o that obtained by Potter et al. (1983). These workers also
obscrved an inerease in thermal diffusivity with decreasing soil water con-
tent. a trend evident in Fig. 3 as the TO sub-plots rapidly dried out between 4
and 8 DAD. Measurements from the single surface thermistor were found to
agree with those obtatned using the infrared thermometer. The latter also
showed no difference between the surface temperatures of tilled and non-tilled
soil.

When the fate of seeds in Experiment A was determined {Table 2), 1t was
evident that, excent for the 13 DAD sowing when w,, had dried to — 1.1 MPa,
pormuination was high in all treatmens. However, subsequent emergence was
restricted by soil physical constraings, espeaiakly following the 2 DAD sowing
when the sei! surlace hardencd as i deied such that seedlings were only able
t emerge where cracks occurred. Seedlings unable 1o locate a crack remained
below the hard surface, or sometimes emerged without theie cotyledons due
to fracture of the hvpocotyl Simlar observations were reported by Rathore
et al. (1981). who examingd the effect of soil crusting on soyabean emerg-
cnce. Clearly, 1L was necessary to peneirate the hard sotl surfuace in order 10
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Fig. 3. Effect of tllage on soil thermal dilfusivity (015 em) during Experiment A. Open sym-
hods, TO; closed symbols, T
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TABLEY
The fate of mungbean seeds i non-tiled (10) and tlied (71 ) soit in Expertments A and B {deter-

mined 78 davs after sowig ) waith sol matvie potential {w,) 01 oo depth al sowing (daily mean
sor temperature at Seavwas ~ 253 Chn Expermment A and 29 Cin Experiment B3 NR =
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carey out the fater TO sowings and this improved subscquent emergence. The
action of tllage in further breaking up the hard compact soit appeared to en-
hance emergence even more. Sharma ot al. (1988) reported no effect of til-
lage on mungbean emergence i 2 lowland rice soil, but i ther experiments
soll moisture was apparently not miting.

Experiment B

As ln Experiment A, the two main piots in the second experiment also dried
out at slightly different rates, thus increasing the variability besween replicate
sub-plots. However, the pattern of drying differed from the first experiment
in that instead of deep wide cracks appearing due to soil shrinkage, only the
surface | ¢m formed a hard broken crust and the cracking beneath was much
less severe, This resulted 1n the creation of a much better seedbed and may
have been due to the slight difference in plot preparation prior to the two
experiments. The reflooding of dry cracked plots and additional disturbance
of the top | em of soil during weeding before Experiment B resulted in only
this surface layer crusting, which prevented both extensive cracking and hard-
ening of the soil beneath. ¥t alse slowed the rate of water loss from below 5-
cm depth. A comparison of the soil drying curve at 10 cm for Experiment B
with those for tilled and non-tilied treatments from Experiment A 1s shown

36
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in Fig, 4. The curve for Experiment B s similar to the non-tilled {reatment of
Experiment A before 1T DAD, but therealicr more closely resembles that of
the tiiled treatment.

Mean thermal diffusivity o Experiment B, taken over the period 7-2 1 DAD,
was significantly lower (P=0.03} than for non-tilled soil in Experiment A
(2.8:40.1 compared with 6,6 0.9 1077 m” s 1). Since soil water contents
were similar in both experiments, the difference may again be ascribed to soil
structural differences.

[n Bxperiment B, there was loss sol mechanical constraint to mungbean
emargence than iy nen-tilled soilin Experiment AL resulting in a much higher
percentage emergence of the germinated sced 1o the carty manual SE)WngS
than in Experiment A {(Table 23, The effcct ol o delay 10 sowing on gcrm na-
tion and emergence for non-tilled soil in the two experiments is shows in Fig.
5. Whereas germination in Expeciments A and B was similar, emergence in
Experiment A {(particularly the sowings at 2 and 6 DADY was considerably
foss. Emergence rates were also faster thaon my Experiment A and shoot growth,
althoush not measurad, was visually greater. This may be an effect partly of
imcreased soil temperature: the (.iailv mean at S-cm depth on the day ol sowing
averaged ~ 297 C ecompared with 25°C in Experiment AL However, since sotl
mairie polentials al % ¢m owere smnhn at the time of the 3-7 DAD sowings to
those 10 Experiment A, this enhapnced establishmoent 1s probably mainly due

~0.061 -

Time , DAD

Fig. 4. Change with time of soil matric potential at 10-cru depth in non-tilied soi in Experiment
B (O, as compared with both non-tilled ({73) and tilied ( soil in Experiment A,
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Fig. 5. Effectof defay o sowing ormunghean germimation {open symbols } and scedling emerg-
ence {closed symbols ) Tor non-tdled sodd during Experiments A (squares ) and B (eieches).

to the fower mechantcal strength of the scedbed. At the two later sowings (10
and 14 DADY in Bxperiment B, the drier seif resulted in greatly reduced ger-
mination and emergence (Fig. 5). Table 2 shows that a proportion of the non-
germinaied seeds had imbibed water, but insufficient for germination; many
thus became vulnerabie to attack by pathogens. Some of the seedlings which
emerged from these drier sub-plots still had their cotyledons partly encased
by the seed {esta, which may restrict subseguent growth.

From sowings made by the seeder (Fig. 6), emergence was high at 3 and 5
DALY, and rot significantly different from comparable manual sowings. How-
ever, at 7 DAID machine-sown sceds had significantly lower emergence
(P=0.05), despite the wide variation shown in Fig. 6. The reason for this low
emergence may be that the machine, a relay seeder, was primarily designed
for use in wet soil, and even when weighted or physically heid down appeared
able 1o deliver the seed at a maximum depth of only 2 ¢m. Since soil at 2 ¢cm
dried faster than at 5 cm (the sowing depth in the manual sub-piots ), a matric
potential inhibitory to germination and emergence would have been reached
sooner: at 7 DAD w,, at 5 cm was —0.05 MPa, whereas at 2 cm it was — 1.2
MPa. Thus sowing at 7 DAD is too late for this sceding machine. The uneven
seed delivery rate means that the emergence percentages for the seeder-sown
sub-plots are only approximate; a total percentage germination could not be
salculated as accurately as in the manually sown sub-plots and therefore was
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not determined., Often, several seeds were delivered together followed by a
gap with no sced, but paps were generally < 20 em. The major benefits of the
seeder were 18 case and speed of use.

Comparison of field germination with predictions made from controlled-
environmen| studies

In contreolled-covironment studies on the combined effects of constant
temperature and water potential on mungbean seed germination (Fyfield and
Gregory, 1989), two equations were derived. The first described the relation-
ship between median germination time 1n days {Gtsg), osmotically created
water potential (y,) and temperature (17)

Glsg= 18524 2(w )1/ (T-10.1)

where — 1.7 2w, <0 MPaand [0.1 < T<40°C. The second described the cor-
relation hetween (i and final percentage germination {(Gy)

(:?:_/‘L"JT 1 .[?‘“*38((}{3(})‘%’“()5(6:{“))? """ 09{(;[50)3

These eguations were used to predict median germination time and final per-
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centage germination from soil matric potential {assuming g, =, ) and daily
mean lemperature recorded at S-co depth for each sowing in the field exper-
iments. An approximaie (o, was caleulated based on i, and 71 values re-
corded on the day of sowing, ihen the predictions made using values averaged
over the reguired time period in order 1o allow [or soll dryving. Figure 7 shows
the relationship between predicted and observed germination percentages. In
the carlier sowings (2-8 DAD)Y where the soi was still guite moist (i, > —0.1
MPa}, observed pereentages were all shightly higher than those predicted.
However, ai the throee later sowings (13 DAD i Bxpeniment A, and 10 and
4 DAD in Uxperiment BY, where the soil had dried 1o < —0.7 MPa, ob-
served percentages were considerably lower than those predicted, This resuit
s stmilar Lo that found by Feficld and Gregory (1989 ) 10 soil columns and
again mdicates the probable imporlance of seed/soll/water contact, In the
previous study (Fybeld and Gregory, 1989 mungbean sceds made contact
with osmetic solutions a2l various water polentials through semi-permeable
menthranes, In the field, however, betier all-round contact probably occurred
tnmoist so1l thus enhancing germinadion, whilst in deier soils the rapid de-
pletion of soil waler immediatehy adjucent to the seed, and the comparatively
fow hyvdraulic conducuvity of soil, may bave resubied in alower potential than
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Fig. 7. The relationship between predicted and observed final germination percentages obtained
after manual sowings 1 Experiments A and B. Points are the time of sowing (DAD ) with tilled
treadmients underfined. The dashed hine is the 11 L relationship,
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that experienced with the well-cireniated osmotic solutions, thus mhibiting,
germination 1o a greater extent than cxpected.

CONCLUSIONS

These results indicate that following draimage of a previousty puddled soil,
the manual sowing of mungbean (v, IPB-M79-17.70) at a depth of 5 cm
could be delayed until § DAD (e while soil matne potential remained
=00 MPa) without g significant decrease in seed germination. In gon-
tilled sotl, however. subscquent emergence was, in same cases, severely inhib-
tted by the drying, hardening seedbed. A Tessening of seedbed strength, eithey
by cultivation priov to sowing in Uxpeniment A or disturbance of the soil sur-
tace before drainage e Bxperiment B oresulicd momercased emergenee and
Faster seedling growth. Alter 8 DAD, both germination and viergence were
reduced because the soil then became oo dev, Wiath the seeding machine and
s constraint of shallow sowing depth. a shorter sowing delay was possible
(ondy to 3 DAL belore establishment was imdubited, Predicions ol percont
age permunation were made using cquatons derived from controlted-coviros-
ment studies and differences from obsersed sormimation condd probabhy be
accounted for by seed/fsoil/warter contact eifvess, In these carher studies (-
Neld and Gregory, 19893, mungbean sceds were found Lo permnaie ol os
moticaily determined water potentiads as low as 2.2 MPa whereas o dn

.

sotb o much greater resteiction on perminiation is clear, Soakomg scods i water
prior to seeding has been reported o compensate Tor madeguate seed - soil
contacl and timprove crop establishment (ERLL 1985,

Whilst the scedbed condition i netther eaperiment s bkeby to reflect oxn-
actly that following a wetland rice crop. it Clear that some forne of surfice
sotl disturbance is desirable in order to allow optimum amergencee and seed-
ling growth of a subscquent mungbeas crop. However, a drving patiern sinn-
far to that in Experiment B would mean that ollage por se prior 10 sowimg
such a crop may not be necessary, [ following drainage the riee is 1o be hare
vested before a dryland crop 1s sown. the restlting delay may allow the soil 1o
dry too much, Relay cropping would overcome this problem and a seeding
machine, such as the pretotype tested i Experiment B (after some modifi-
cation to try and ensure a slightly deeper sowing depth ). would be wWdeally
suited for this purpose. Rice straw muleh, by conserving soil moisture and
maintaining lower sced-zone strength, has also been shown to improve the
emergence and carly growth of post-rice munghean { LR R 1., [988).

The results reported here apply only to one sotl; further studics should be
conducted on more than one type in erder o allow for potential differences
1n drying rate. Additional field experiments are also necded to test the effects
ofusing shallower sowing depths and different sowing techniques (e.p. broad-

casting). Care must be taken to ensure uniformity of scedbed treatmenis and
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drying rates prior to such experiments. These should preferably follow a rice
crop instead of using simulated conditions, since only when the actual effect
of a preceding rice crop on the drying pattern of the soil 15 known can the
degree of cultivation required for a subscequent dryvland erop be truly assessed.
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Abstract

A factoriad cxperiment on the effects of mouldboard ploughing o 25 cm depth versus
stubble cultivation to 13 cm depth in autumn combined with ¢, 1 and 3 harrowings and three
sceders was carried oul in one site in 1992, {n an adjacent site, the samce primary tiflages
combined with 3 passes of an S-tine harrow {or scedbed preparation was compared with direct
drilling using sceders as in site 1. In both rials, scedbed propertics, emergence and yield of
spring barley were delermined, BEmergence was more positively influcnced by harrowing in
the stubble-tilled compared to the ploughed soil insite 1. Grain yield after stubble cultivation
was also higher although emergence was slightly fower than alier ploughing. In site 2, more
than 50 pereent of aggregales > 5 mm in the whole seedbed resulted in Jower emergence but
not in lower vield, Among the couliers tested, the JB {a prolotype seeder for reduced tillage)
had the least emegence in both sites but had the greatest grain vield in the first and similac
in the second. Significant reduction in plant emergence with divect drilling in site 2 resulied
in a non-significant decrease in grain yield, Yielkd compensation led 1o dmproved vield per
plant at low plant density.

Introduction

Primary tillage in autumn has been considered a good soil management in Scandinavian
countries since the {rost action during winter produces pronounced granubar structore in the
surface layer. The benefit is obtained by exposing the furrow slice o freezing. During
freezing, ice bands prow at the expense of ithe water in the unfrozen soil, which itself
contracts in three dimension, forming patterns of vertical and horizontal cracks dividing the
soil into roughly cubic blocks (Payne, 1988).

During recent decades reduced tillage has been the focus in Swedish tillage rescarch. Its
aim is to bnprove soil properties as well as to reduce s0il compaction and moisture loss
during spring. Duc 1o increasing prices of fuel and energy and the need o cut production cost,
reduced titfage is being increasingly adopted by farmers. Studies in Sweden have often shown
improved yields under reduced tillage. In an cight-year field trial with clayey soils, Comia
et al. (1992) found that reduced tillage resulted in equal or greater yields of barley, oats and
wheat as compared to mouldbeard ploughing in 12 out of 18 occasions wherein 3 instances
were statistically significant, Rydberg (1987) reported increased yield of oats, first year leys,
and potato but a decrease in winter and spring oilsced rape, and sugar beet from reduced
tillage,

Workers in other countries found similar or greater yields of maize (Smith and Yonts,
1988); cowpea (Gupta, 1987) and peanuts (Hartzog and Adams, 1985; Colvin et al., 1985)
with minimum compared to conventional tiflage. On the contrary, minimum tillage was found
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to reduce yields of spring barley (Barak, 1984; Kholmov ct al., 1986) and maize and soybean
(Camp et al., 1984).

Crop response 1o titlage systems varies in relation to weather and soil types. On poorly
drained soil, Kladivko et al. (1986) found that conservation tilfage gencrally yielded less
maize grain than conventicnal ploughing due to Iow soil temperature and excessive wetness
i spring. On the contrary, Todert and Bonari (1986) found that minimal and zero tillage gave
betier yields than conventional in soils with high content of fine sand or sitt but lower yield
on clay soils with watetlogging, They also reported that reduced tillage gave better vields if
vainfall was moderate or low, Other rescarchers (Weber et al., 1987; Ekeberg, 1987) reported
that adverse effects of reduced tillage were usually associated with cxcessive s0il wetness
during growing season, while better yvields were obtained with less than adequaie rainfall or
during very dry years.

From the above reports, reduced tiflage scem to work best when there is a drying period
and is thought to be partly attributed to the properties of the seedbed formed during
cultivation and sowing. However, both scedbed preparation and sowing often pose difficulties
during fast-drying soil conditions. Experimental results have shown that increased number of
harrowing passes (Henriksson, 1989) and greater proportion of aggregates less than 5 mm in
diameter (Vyn ot al,, 1979) increased the yield of spring-sown cereals.

This study describes the propertics of the scedbed formed by conventionai ploughing,
stubble tillage and no-tillage in autum in combination with various scedbed preparations and
seed coufiers in spring, and the response of spring barley, Mechanisms behind the responses
are discussed.

Materials and Methods
Ioxperimental sites and design

Two ficld cxperiments on clay soils (Table 1) were conducted in 1992 near Uppsala,
Swoden. Both sites were stubble cullivated once belore treatments were tmposed,

o site 1, iwo primary tillages; conventional mouldboard ploughing to 25 an depth and
stubble cultivation (2 passes with spring tine cultivator) to 13 ¢m depth were done in the
preceding autumn each in three piots per block. In the spring, three secdbed preparations,
zero, one pass and three passes of an S-tine hatrow, were imposed on both primary 1illage
reatments in cach block to form the main plot. Because harrowing on 3 bigger area was more
practical and primary tiliage considercd more impoctant, primary tillage was assigned 10
subplots, Three seed coulters, (Nordsten, JB Special and Ekoodlaren, see deseription below)
wore assigned as sub-sub plots in a split-split plot design. The experiment used four blocks
with sub-subplot size of 4 x 20 m.

In site 2, three main regtments; autema mouldboard ploughing with conventional scedbed
preparation, autumn stubble cultivation with conventional seedbed preparation and direct
deilling were combined with the same secd coulters as in site 1 {except that Betlinson
replaced Nordsien in direct deilling) in a spiit plot design with four blocks, The seedbed
preparation was done by 3 passes of an S-tine harrow. Plot size was similar 1o site 1.

Ammonium sulfaie at 78 kg N/ha were combi-drilled with the Nordsten and JB but
broadcasted with the Ekoodlaren in the first site, and in all cases was broadcasted in the
second, In both fields, about 400 seeds/m* of spring barley (Hordeum vulgare L.) were sown
on 15 May 1992, Post-emergence herbicide was applied according to local recom-mended
rate. Harvest was done on 7 September in site 1 and on 30 August in site 2,



Measurements
Seedbed properties

A steel frame, 1600 ¢cm? by 10 ¢m height, with a side-wing 1000 cm® by 10 cm height
(Kritz, 1983) was used to measure secdbed properties. Near the end of each plot beiween
wheet tracks, the frame with the side-wing was pressed down into the soil by a mallet.
Aggregate size disiwibution, seed placement and moisture content of the seedbed and secdbed
bottom were measured from the side-wing. The seedbed was divided into 3 layers of
approximatcly equal thickness by collecting approximately one third of the loose soil each
time with the use of a 25-cm wide scoop. The soil from each layer was sieved in three
aggregate size fractions: > 5, 2-5 and < 2 mm. Sceds found in each layer and in the secdbed
bottom were counted to determine sced placement. Surface roughness was determined by
measuring the highest and lowest points from the scedbed enclosed by the steel frame. The
toose soil was then removed and the highest and lowest position were again measured for the
bottom roughness, The depth of the scedbed was estimated by measuring the volume of the
removed [oose soil in a way that does not significantly change the bulk density (Kritz, 1983).
Soil moisture content was determined gravimetrically from subsampled mixture of the soil in
the three layers of the scedbed while another sample was taken {rom an approximately 2 cm
deep layer below the foose seedbed, Soil moisture comtent is reported as a weighted average
from the seedbed and seedbed botiom,

Weed density, crop emergence and grain yield

Weed density and crop emergence were delermined at Zadoks stages 16-20 (Zadoks ot af.,
1974) by counting the number of plants within a 0.25 m® arca {rom both ends of each plot.
Grain yield was determined in all plots from a 28m* harvest arca in the conter of each plot
and presented at 153% moisture conlend,

Molsture loss as measured by the time-domain vellectometry

The tme-domain reflectometry (TDR) was used to monitor soil moisture loss (volumetric
waler content) during the first three weeks after seeding. Mceasurements were laken from the
conventional ploughing under 0 and 3 harrowings witlh Nordsten in site 1. After removal of
the toose scedbed from cach plot a pair of 17 em long probes or waveguides was pushed
vertically 1o a depth of 10 ¢m and moisture content measured by a portable TDR unit,
Teklronix 1502 TDR cable tester (Topp and Davis, 1981), In addition, steel cylinders 7.2 cm
inner diameter and 10 cm high were used 1o sample duplicate soil cores from each plot
mentioned above after removal of the loose scedbed fayer, These cores were the oven-dried
to caleslate bulk density which in turn were used to convert the volumetric wetness (%)
measured by TDR into mass weiness (%),

{thers

The general lincar model (GLM) procedure (SAS, 1985) was used to analyze the data. To
simplify analysis for site 2, only two sced coulters; JB and Ekoodlaren were considered in
direct drilling treatment.

Daily precipitation and evapotranspiration were obtained from Uppsala Meteorological
Station, scveral kms from the experimental site.



Description of the seed coulters

The Nordsten is a conventional combi-drill consisting of a frame, seed box, seed hopper,
share coulters and side-mounted wheels. The share coulters were mounted on a front and 2
rear rack, The coulier ties were individually joint to one shaft, Atiached io the sced hopper
are the coulter springs, and lifting of the coulters is done by clevating the entire hopper. The
working depth was controlled by the interaction between the soil resistance and spring
pressure on the coulter, One row of fertilizer coulters was mounted in front of the seed
coulters and place fertifizer in the centre of every second interrow. Crop vow spacing is 12.5
cm.

The IB is a prototype drill designed for reduced tillage but aiso for use after conventional
tillage and as a direct drill, It has wheels, sced box, frame and seed hopper with distribution
rolls taken unaltered from a Tive air drill. Another frame with the coulfers is mounied on the
rear of the implement, The drill coutters, in 2 rows, consisted of 13 em wide duckfoot shovels
placed 25 cm apart. Every coulter seeds twu bands of 12.5 o cow distance. The coulter also
deliver fertilizer from its center and places it 1 cm deeper than the seeds. A disc acting as an
opener precedes cach sced coulier and a presswheel acting also as a depth conirol follows
thereafier, Drilling depth is regutated by a spring pressing down the coulter and the link from
the: depth control wheel limits the working depth, I may, if necessary, be cquipped with a
levelling board.

The "Ekoodlaren” is 8 new implemoent constructed 1o prepare the secdbed, festilize, and
row weed in single or combined operations after conventional, reduced or zero tillage, It
consists of a frame, a sced box, wheels, duckfoot shovels and sced hopper. The hopper with
distributor rolls and fan emanate from a Tive ale dridl, The couliers are 40-cm wide duck{oot
shovels sach mounted on one bogic. Seeding is carried out as twin bands at 16 cm between
the centres of the bands with 20 cm between any two double bands. The bogic mounted
wheels act as presswheels and control the working depth.

tigure t shows disgram of the conventional sced coulter (Nordsten) and the prototype
driils (J13 Special and Bkoodlaren).

Results and Discussion
Weather in Uppsala during spring 1992

Monthly precipitation and poiential evaporation in Uppsala for 1992 and means {or a 30-
year period are shown in Table 2. The precipitation in May and Fune was lower while
evapotranspiration higher than the 30-year average, Both precipitation and poiential
evaporation in July were higher than the long-term mean. Both parameters were similar o the
long-icrm mears in August but lower in Sepiember. Although the weather during the course
of this cxperiment was relatively dry as compared to the long-term mean thete were some
days with rain before sowing (Fig 2).

From experimental site 1

The size distribution of the aggregates was not signilicantly different among harrowings
in any of the three scedbed ayers (Table 3) but there was a tendency o increase the amount
of coarsc aggrogates in fayer 1 afier harrowing, whereas the reverse in the deeper layer was
probably a sorting effect of the harrow on this soil that has a very stable structure. With
stubble cultivation the proportion of aggregates > Smny in the topmost layer of the seedbed
was significantly higher than with conventional tillage. Converscly, the proportion of 2-5 and
< 2 mm aggregates was significantly lower. In layers 2 and 3 there were no significant
differences in the amount of the > 5 and < 2 mm sizes between tillage. However, the fraction
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of 2-3 mm was significantly lower with stubble cultivation. The aggregate size distribution
in fayer 1 was not significantty different ameng seeders but in layers 2 and 3 the proportion
of these < 2 mm was significantly higher with Nordsten.

Neither tillage nor harrowing influenced secd placement significantly in the seedbed layers
(Table 4). On the other hand, the JB placed significantly higher proportion of seeds in layer
1 and these sceds could mainly be losses from the seed hopper transported with tarbulent air
flow. Sceds at this layer did not emcrge prebably due to fast evaporation resulting in limited
moisture at the surface layer.

Surface and botlom roughness were not significantly different between autumnn tillages.
With 3 harrowings the surface roughness was significantly lower than with O and 1 (Table
5}. Of the three coulters, the Ekoodlaren created a deeper seedbed with rougher surface. This
coulter was not equipped with presswheels to recompact and level the seedbed after sowing.
Additionally, aithough a shallow sceding (4 cm) was set for this machine a much deeper (5.2
cm)} scedbed was attained. Because moisture increases with depth and the sampling position
for maisture content is relative 10 the depth of the loose scedhed, higher moigture content was
found in the scedbed and at approximately 2 cm layer below the seedbed bottom. This
indicates that for ficld operations, intended characteristics influenced by the settings like
working depth by big machines are sometimes hard 1o attain,

Percent emergence was significantly higher with 1 and 3 harrowings than with (0 (Table
G). Although average water content in the scedbed and scedbed bottom at secding meets the
requirement for good germination specified by Hikansson and von Polgér (1984); viz that 5
g of plant avaifable water 100g™, higher evaporation ratc with no hatrowing could have
caused the difforence in percent emergence. The data in Table 3 indicated that harrowing may
have sorted the bigger aggregates 1o the surface and the smaller ones closer 10 the seed
(Henriksson (1989), a favorable condition minimizing cvaporation loss. Heariksson (1989)
also suggested thas on a clay soil a uniform scedbed could minimize evaporation during
germination and this condition was also atiained in this tial under 3 harrowings (Table 5).
Three harrowings reduced moisture logs compared to O pass as measuwred by the TDR (Fig
3). The higher proportion of aggregates > 5 mm in the stubble tiflage did not significantiy
affect pereent emergence. Lowest plant densily was observed with JB, intermediate with
Elkoodlaren and greatest with Nordsien. By contrast, significantly higher grain yicld was
obtained with the JB {Tabic 6). Harrowing once or thrice increased grain yield while stubble
cultivation yiclded higher grain than mouldboard ploughing,

Weed population was generally low and unimportant in this experiment although it was
higher in stubble-tilled than in ploughed plots.

The finding that higher grain yield from the use of IB though lower in emergence than
other coutter as well as higher grain vield from stubble illage with similar emergence
compared 10 ploughing somchow relaie with those obtained by Christian and Bacon (1990).
They found that there was a compensatory plant growth often adjusting for fow population
in spring-sown cereals such that a significant difference between plant populations, did not
vary shoot number significantly. In one year of their experiment, significantly fewer fertile
ears did not result in lower yicld. However, they cannot explain it by difference in thousand
grain weight. In the present study the difference in grain yield was not aiso reflected in the
thousand grain weight (data not shown). Singh et al. (1985) suggested that yield compensation
could be achieved from higher fertility of the side titlers and from a large number of grain
per car, Similarly, Pollard et al. (1981) found that smaller number of plant produced larger
grain and greater number of ears a3 harvest. They suggested that the high number of plants
on the ploughed plots could not be supporied to harvest and the ability of the remaining tillers
o produce grain could be reduced by the intra-crop competition.

The compensatory plant responses maybe partly related to soil properiies bencath the
seedbed, In similar seils, Comia et al, (1992) found that with the same stubble cultivation as
the one used here there was a higher volume of pores 5-30 pm in the 13-18 em layer and of
> 100 pm in the 25-30 cm layer compared with mouldboard ploughed soil. A minimal
disruption below the tilled layer (13 ¢m) in stubble system indicated a higher pore continuity
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index implying a more continuous soil pore system as compared to the ploughed. In another
report, shallow cultivation produced most roots with greater proportion of root system below
20 cm compared with direct dritling and mouldboard ploughing (Chaney et al., 1985).

A significant primary tillage x harrowing interaction (P < 0.05) was observed for plant
cmergence (Table 7). Under stubble cultivation harrowing increased emergence much more
than under ploughed.

Tillage x coulter interaction was significant (P < 0.05) for grain yield (Tabie 8). The JB
vieided highest among the 3 coulters, All of them yielded higher after stubble cultivation than
after ploughing, but the difference between tillage treatments being greater for Nordsten than
for the other.,

From experimental site 2

The proportion of aggregates > 5 mm was significantiy highest in the divect-drilled plots
and fowest in the conventionalty tilled soil in all layers of the scedbed (Table 9). There was
Ao significant difference in aggregate size disicibution as alfected by various couliers.

There were no significant differences in percent seed distribution It various layers (Table
1), soil moisture content, scedbed depth or surface roughness neither between tillage nor
coulter treatment {Table 11). Direct drilling as well as the use of JB resulied in significantdy
rougher scedbed bottom {Tabie 11),

The presence of more than 56 pereent {66%) of aggregates > 5 mm  in the direct-dritled
plots adversely alfecied plant emergence, This did not conform 10 conditions suggesied by
Hikansson and von Polgar (1984) that for poodd seed establishmeni the seedbed should mainly
consist of < 4 mm aggregates. The presence of big aggregates was found by Johnson and
Buchele (1961} 10 increase soll drying rate and these big clods could have provided high
mechanical impedance to the emerging shoot (North, 1987). Braunack and Dexter (1988)
reported that increased aggregate size in drier year decreased both total dry maiter and grain
vield. However, grain vield was not significantly different in this trial.

Both weed population and crop emergence were significantly lower in the direct drilled
plots (Table 12), However, a 44% reduction in plant emergence did not significantly reduce
grain yicld. This suggest that compensatory responge cithor by increased tillering or bigger
cars per plant by barley crop al low density could be a probable reason.

indeed crop response to tiHlage and subsequent changes in soil propertics is very complex.
Non-capability o camy out sufficienily comprehensive field measurements iy the very
heterogeneous scedbed belore the conditions have changed pose a big constraint o fully
anderstand the mechanisms behind such soil-tillage-crop relationships.

Conclusions

* Harrowing beneficially influenced plant emergence more in the stubble tillage than in the
mouldboard ploughing,.

* Least plant density from the JB sced couller in both siles produced highest grain yield in

site 1 and similar in site 2.

During spring with slightly drier weather than average the occurrence of high proportion

(> 30 percent) of aggregaies > 5 mm in the scedbed as in direct drilling adversely

affecied plant emergence.

Greater plant density does not necessarily increase grain vield particularly in drier weather,

Stubble cultivation in aniuma in combination with harrowing in spring could be a better

soil management aliernative for barley production on a clay soil. Benefits could include

higher grain yield with similar emergence compared 10 ploughed, possible savings in labor

and energy and improved soil structure.
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Table 1. Parlicle size distribution and organic matter
content of the topsoil in site |, Uppsala, 1992

Particle size (pm) Organic
Site roatier
<2 220 20-200 200-2000 (g 100g™"
Site 1 36 29 14 1 6.5
Site 2 42 31 26 1 4.7

Table 2, Precipitation and evapotranspiration ducing spring a1

Uppsala, 1992

Precipitation {mm)

Potential evaporation {mm)

Month
1992 Monthly meam! 1992 Menthly mean'
May 215 32.8 FO5.6 89
June 224 459 128.8 103
July 4 705 10161 o7
Augusl 677 064 698 70
Seplember 40.5 57.0 30 RS

L 961-1600

9

Table 3. Aggregale size distribution (%) in three layees of the seedbed fo site |, Uppsala, 1992

Layer 1

fayer 2

{ayer

FHmm 25num <Zam =Som 2Smm <Zmm sS5mm 2-5mum <2mm
Tilluge
Conv 53b 23a 2da 33 3a 36 25 32a 43
Stub Tia 15h Fadb 472 i6h 32 26 28h 16
.S, w H * T8 # s ns * ns
Harrowing
passes
0 36 22a 22 40 27 33 28 30 42
1 66 1o 16 33 27 a5 27 28 45
3 ! 18h 19 34 32 35 22 32 44
L.S ng * ns s s s ns ns s
Coulters
MNord 57 20 3 32 24 Wa 21b 30 50a
B 64 Y 17 41 28 31b 26ab 31 43b
Eko 63 i8 17 39 29 a2h 30a 30 40b
L.S. ng ns ns ns s * * ns w0

L.5. (Level of Signilicance): * = 003 = P > 0.01, ** = 0.01 > P > (0,001,

*x = P2 0.001, ns = not significant



Table 4. Proportion of sceds placed in the three tayers of the seedbed and

in the scedbed bottom in site 1, Uppsala, 1992

Layer 1 Layer 2 Layer 3 Bottom
Tillage
Conv 1. 3.2 11.5 842
Stub 2.0 4.3 18.0 749
1.5, ns ns ns ns
Harrowing
passes
0 N 4.4 12.8 g1.0
i HEY 2.9 13.9 842.2
3 2.0 338 188 754
i.5, ns ns f1s ns
Coulters
Nord 1.db 2.4 111 86.0
B 3.1a 6. 14.9 75.6
Eko 0.2b 2.4 19.5 7T1h
[.5. * ns a3 s

LS. (Level of Significance): * = 0.05 2 P » .01, ** = 001 2 P > 0.001,
FEE = P 00K, ns = onof significans



Table 5. Swlace and bottom roughness, depth, and water
content of the seedbed in site 1, Uppsala, 1992

Surface Bottom Scedbed  Water*
roughness roughness  depth conlent
{mm) (mm) (cm) (g100g™h
Tillage
Conv 534 2356 43 2515
Stk 54.9 34.5 4.3 23.88
L.S. ng it ng ns
Harrowing
passes
0 58.4a 43,24 4.2 2334
1 57.6a 3834 4.7 25402
3 46.5h 5.5b 4.0 2550
LS. wE # TR s
Coulters
Mord 5(0.6h 20.8 24.16h
I 32.7b 302 23.62b
Fko 5924 210 25.77a
L.5. * %

Lo, (Level of Sigonilicane
o= (101 > P> 0001,

*

w (005 = P

= (.01,

= P (R00L, ns = not sigeificant

*Soil moisture content al permancnt wilting poini =
2223 % (wiw), estimated from an adjacent site with
simnilae clay and organic matier content.



12

Table 6. Weed density, percent emergence and grain yield cxpressed at 15% moisture in site 1,

Uppsala, 1992

Weed Crop Grain
density SMETEENCe yiekl
{plants/0.25 m™) (%} {kg ha'")
Tillage
Conv 130 86.7 479995
Stub 2.6a 82.8 5109.1a
L.S, o s ok
Harrowing
‘UC!.\'SG.‘.V
4 1.3 T4.8b 4726.6b
Le 88.8a 503630
. 2.0 H).oa 5100.6a
L.5. ht *% ¥
Coulters
Nord 2,47 0374 4912.9b
B .81 Thde 5116.9a
Eko R 83.6b 4833770
1.5, 0% ki ok

L5, (Lovel of Significance): * = 0.05 2 P> 0.01, %
r LD (3001, ng -

nol significant

o 000 E P 0008

Table 7. Tillage x harrowing interaction for percent plang
cmergenee in site 1, Uppsala, 1992

Tillage

Harowings

{) pass | pass 3 passes Mean
Conventional 82.42 87.92 89.67 86.67
Swbble cultivation 67.17 89.58 91.50 82.75




Table 8. Tillage x coulter interaction for grain yield in
site 1, Uppsala, 1992

Tillage treatment

Couventional Stubble Mean
Seed coulter tillage culiivation

Mordsten 46497 31761 4912.9
IB special 5012.8 32211 3116.9

Ekoodlaren 41313 4030.2 4833.7

Table 9. Percentage aggregato sive distribution in three fayers of the seedbed in site 2, Uppsala,
1992

Aggregate size {mm)

Layer 1 faver 2 Layer 3

> 5 25 < 2 =35 2.5 < 7 =5 2-5 <2
Tillage
Conv Gdsde 32,1 33 .5a 2120 KN 4772 13.7b 334 53.0a
Stub 4590 2240 ata 2700 2724 45 8a V7.2 287 54.1a
I 85.5a 8.de 6.1b 712 142 14,60 4274 279 29.4b
.5 Ak ki o e # i Bk ns e
Coulter
Nord A0 2056 154 271 AN 441 it.6 31 512
B 34.8 212 24.0 36T 245 38.4 216 G310 47.4
Eko 55.8 262 23.0 409 24.0 35.0 26.0 289 4532
L5, ns ns ns e 1y ns HE ns s

Lo, (Level of Significance) * = 0.05 = P » 0.01, ** = 0.01 2 P » 0001,
ek = P < (.00F, ng = not significant
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Table 10. Proportion of seeds piaced in the three layers of the scedbed and in the seedbed bottom
in site 2, Uppsala, 1992

Layer 1 Layer 2 Layer 3 Bottom

Tillage

Conv 2.0 32 213 3.6
Stub 07 0.0 355 639
DD 6.1 107 28.4 54.8
L.S. ns ns ns s
Coulter

Mord 0.7 2.3 15 812
I3 4.1 4.4 275 642
fko 2.1 4.4 378 557
L5, ns i 1 1

LS. (Level of significance): * = (.05 2 P » 000 ** = 001 = P> 0.001,
o P (001, 0y = not significan

Table 11, Surface and botom roughness, dopth and soil moisture content in the seedbed and
seedbed bottom in site 2, Uppsala, 1992

Suzfuce Bogtem Seedbed depth Water content®
ronghness roughness {em) (g 100 ¢H
{mum) {mumn}

Tillage

Cony 49.3 EXNS 4,84 w7

Stub 52.5 22.4% 5.22 2001

DB 614 41 4 4.59 18.8

LS. ns ® ns HE

Couller

Nord 475 24.8b 506 20.8

I 52.8 36.7a 447 18.6

Eko 382 24.5h 538 19.8

L.5. ns R ng ns

L.S. (Level of sigaificance): * = 0.05 » P> 001, ** = (0.0} = P > 0.001,
Ak P 0.001, ns = not significani

*Soil moeisture content at permanent willing point = 17-18 % (w/w),
estimated from an adjacent site with similar clay and organic matter content.



Tuble 12, Grain yicld, crop emergence and weed density in site 2, Uppsala, 1992

Weed density

Crop emergence

Grain Yield (kg

Tillage (plants 0.25 w3 (%) ha''y
Conv 12.4a 92.5a 4536.4
Stub 8.6b 88.1a 4400.8
DD jde 55.9b 3964.8
L.S. o * s
Coulter

Nord 9.2 95.5a 46281
I 8.0 71.6¢ 43919
Eko 7.8 82.6h $154.5
LS. 18 * ng

LS. (Level of signilicance), * = 005 P >

e = P Q00 ns = not sigoificant

0.01,

Fow 00 2 P 0001,
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(VIGNA RADIATAY IN THE POST-MONSOON SEASON
AFTER UPLAND RICE
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Departmend of Soid Science, Universily of Reading, London Road,
Reading, Berks, England R 5AQ and Tinternational Rice Research
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SUAMMARY

manehean and sovabean grown

2t the daring the postanonsoon dry

season #oghe

o oplant populations afue

m bl ronting

v otabibe (.

v lorgzer o

e (B )

depth was HETTR YR [AINIAR

than munghean (65 dust and cosodur radintion, bu from 81 diays

COELedse rwd o

AN

counetier, Munghrean svoided e

o

due 1o ity short duron, wrain vield (1,01 Fiowi shmid

sprcies and sovabean viel ogen bhut less siraw mtrogen Urormangbean,

Phgher plant popuietion o oaver ros spacing merensed cumubaive Bght intereep:

ton and both gl and Yorwere vields by btk crops,

o Wondbesd, BOKL Pandey v B O Magbojos: Oreedmienio de

I, By shepherd, 0L
la soje (Ulycive mas) v dol rifol sisgs (Vigow reliarn) en lo esteciin post-ma

v despuds

clerd arros de secano.
RISUMDN

KL crecimiento del retono v ralz v la redhiecion ded agus fueron estudindos on ol frifol roungo
y I soja cultivados e tres densidudes de plantacion despuds de arron po-inodado {Oryza
a post-monato en s Filipinas, La locabidad contaba con una capa

satfoa) durante o estacion seo
frediice floctuante de poen profundidad (122 m), pero la profandidod de las rafees guedaba
imitada 2 0,8 m debido 1 una capa de toba volodnica, La soja tuve mayer duracion {89 dias)
que el frijol mungo (68 dias), ¢ interceptd ues mavor cantidad de radiaciom solar, pere a parti
de tos 61 dias despuds de la siembra snfrio gean estrés vy acumuld may poca materia seca, Bl
frijol mungo cvitd un sevorn estrés por falta de agua debido o su corta duracion. A poesar de este
estrds, o rendimiento de grano (L0« ha'') fue simitar para ambas especies v lasoja rindio mas
WHrogeno on grano peroe menos nitvdgene en paja que ¢l frel mungo. Une mayor densidad de
plantacion, Jogrida mediante un espaciamiento de hileras mas estrecho, awrnento la inter
cepcion cumualativa de ba oz v los rendimientos tanto de grano como de forraje en ambos
cultives.

INTRODUCTION

Food production in many rainfed, rice-growing arcas of south and southeast
Asia could be lncreased through greater production of dryland crops grown
after rice duving the post-monscon, dry scason. The productivity of these
crops depends largely on success{ul crop establishment and the availability of
sotl water (Zandstra, 1982).
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For maximum grain vicld, the rate and duracion of crop growth need to be
matched to the water supply (Monteith, 1986), 1 carly growth rates are too
Fasl o the duwation of vegetative growih too Tong, theve may be insalficient
witer for reproductive growth and consequentiv o low harvest index and a
vedueed grabn yvicld, Conversely i vegetative growth s too Ditile, the available
waker supply mav not be Inlhy vtifzed and grai yviekd below maximuamn,

The wmount of water potentially avatlable (o divimd crops depends on both
the amount of water stored and additions from rainfadl or vpward movement
of water frow o shallow water tables Several studies have shown that dryland
crops grown alter vice can exiract substantial arnosis of stored soil water (c.g.
Angus ef al., TERS Rlodpenyg and Mors, TO81Y

Solving the soil water halinee cguation 1o give the water extraction by root
systoms s Jdifionde v livered or beterouencous soils o where ashallow waler
wble povsisiss Sueh comditions are commaon o sods where viee s grown and
patterns of hyvdvauiio porentisl with depils may be complex (Klodpeng and
Movvis, TUSRL The e : {

aned s clffeers o he

aowater tabic uiver viee has been huovested

Chilanee hiove

whv heen examined Tor crops
BYOAWTL H (10 P ORT b gl e 2l

Provioegs seork bhas

ot nmnchean srown aler upland and

foavlind vee are v povnl ol interenpied solar

Hation [TRRI visedd guestions ahont the optimuan growth

drerriton aned phing ceondivons, Uhe present study deseribes
the growth of e pemebeant Tollowing non-tiooeded

vice, The OB [CCRIVeS Wt

weeihecss of (ol crop duration and (b
t
]

plant population on the croeption of solo wmdinton wd the accurmmitlation

and partitioninge vior and nivogen, and o desoribe patierns of

sofl water movemes the growth ol devind crops so that appropriate

meethods for measiring soil water hadanees conld be developed.

MATERIALS AND METHODS

The experimentad stie, Tocuied at the International Rice Rescarch Insticute in
the Philippines {E47 017 N 1217 157 B, 235 im0 clevation), was gently sloping
{1.39%) with a perched water table caused by fload i!'l‘iv‘;itim‘l of rice m adjacent
arcas. The sotl, a line, mized, sohyperthermic Typie Hapludoll, had a silty clay
topsoil ( 0025 m) over gosubsotl of elay interspersed with ll'ElgI‘[lt‘.l'llS (0.4 to
5oem) ol talfaccous materialy which extended to 0.7-0.9 m depth. Below this
was compact, horizontally-stranlied, voleanic tuff to bhevond 2 m. The topsall
was rolevated several Gnes 1o o depth of 15 am prior Lo sowing legumes on
& January 19865 the preceding crop during the 1985 wet season was non-
Hooded vice (IR ‘%h and VPLRI-5).

The two gpecies, mungbean (CES-1d-21, a Gh-day determinate type) and
soyabean (52, a 105.day determinate type), were grown at three row spacings
(.25, 0.50, and 075 m) in a factorial design with three blocks. Tach plot was
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Frows wide and 12 m long, The soyvabean seed was tnoculated svith rhizobium
mmediately before sowing, but this was innecessary for munghean. Plots were
irrtgated with 20 mm o water immediately afler sowimg to ensure seedling estab-
hshment and the plants thinned ae 1D days alter sowing (das) to give a spacing
of wbout 10 em between plants within rows. No fortlizer was applied, and
weeds and pests were controlled. Munghean was harvested on T8 March 1886,
and soyvabean on 8 Apvil 1986,

Crop development stages were scoved al least swice weekly wsing the systom
of Febr and Cavivness {1977} Shoows from 1w lengihs of Lwo adjucent rows
weve sampled at ground fevel sixoor seven tmes durnog growth, but st maturity
2o samples were taken from bwo adjaeent rews any (allen plant material was
adso collected Hom the sample areas Dry weighs of Limivae, stems and petioles,
s pods were determined by ovensdrving w8070, and Lominae areas were
medsured using o phindmeter. Concentrations of N Pand K i the tol shoot
wers determined on subsamples Drom narrow and awide rows an three sample

ocvastens, AU harvesy, additonal b samples were aken from sixadjoacend

rows for g

i vield, fl:!';s;_ﬁr }‘ia‘?(! {fiiil!!(i‘.l'[‘.?_" <ii'}' vt ey after the pu(!s‘ had been
prockedy and vield componenes, The forage vield exciuded tallen plang material,

vickinge wos taken when H0%,

" . ; . ’ S
\]’\lﬂi{ﬁll‘\! oW Fl\‘.!".'t.‘.‘éct.%l T R IO

.l 1
fborhie wec o whun

ol ihe pods hod muiured oot the remaining pods had
nrataved,

Rudintion mterception was measioed throughons growth wsmge tube solot

meiers placed above and bebow the canoples, on twe replicaies of three treat

mrenis: sovabean nounros (0025 iy and wade (0075 m Y vows s munghean in
narrow rows, One solorimener tabe (0.9 ny Jongd was placed aoross the rows i

plots with narrow rows, but two tabes placed end 1o ond were used in plots

BN 58

C 3 and 60 das rom plots with

Roots of both speaies woere sampled at
narrow rows, Two cores {each bl omoin diameier and 10 om high) were taken
at the position of the seed, plus two cores between plants within rows. The
four cores were combined and washed over U mm mesh screen and root length
cstimated from a projected photographic negative uwsing the fine intersect
mothod {Tennant, 1975),

Soil water content was measwred using a neutron moisture meter (Campbell
Nuclear Pacific Corp.), from 0.20 to 145 o depth, beneath both species in
narrow rows and sovabeans in wide vows. [n plots with narrow rows, only one
access tube was mstafied per plot {on the row) but in plots with svide rows, the
tubes were positioned on the row, and at one quarter and hall the distance
between rows. Soil water content in the 0-0.2 m layer was estimated [rom four
4.4 o diameter cores per plot,

Soi hydraulic potential was measured [rom 0.15 to 145 m depth adjacent
to the neutron meter access tubes using one set of mercury tensiometers per
plot. Occasional measurcements ol stomatal conductance were made using a
porometer.
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RESUGLTS AND DISCUSSION

Rainfall (53 mun) was near average (69 wm) from January to March 1986, with
only one raln event greater than 5 mm ocourring during the experiment (25 mm
at 25 das). Irvadiance was tower but wind speeds higher than the long-term
averages so Lhat potential Panman evaporation rates were near average (8.2 mun
d™). Both bradiance and evaporation increased during the experiment, with

potential cvaporation rates of 5-6 mm 47" on some davs alter 60 das.

Effect of species

Both species emerged at b das and began reproductive development at about
35 das, Full meturity was veached an 68 dus i reungbean and 89 das in soya-
hean. Sovabean matured about two weeks carhier than expected,

Deaf aven index (LATY reached o maximan during carty grain filling in both
species (Fig, 1) and theveatter decreased to zero in sovabean but by only 17%
inomunghean, Maximum AT was 7 thmes greater in o sovabean than mung-

Bean, The extinction coelfiotent was calvulnied Tor cach sample date until the

stit ol vapad feal senescopoe and was need o cadenline the absorption of photo.
syirtheticaliv active vicdhanen {PARY after Gallagher and Biscoe (1978) PAR

soby radition (FRRI TO986B ) The vaues

was asstined to be 050 of the (o

For the extinetion co e Yo sovabean (001 and munghean {0.67) com-
3
/
water, Phe amount of PAR absorbed

pare with the range 0.3 e 0000 determined ot solar noon by Muchow (19852

for legurme crons grown on store
from emergence 1o 61 das (the toe of mainnny ey matter accumudation in
sovabiean} was simih for both species becanse although munebean had a lower

DAL the extinetion coctfhicient was greater {Table B However, using the same

Table 1o Absorbed pholosvnthalically vctive radiation (PAR) and conversion
efficiency of PAR indo sheol dry malier from emergence (o 01 das and crop
matioriiy

Frnerpenee-61 das Ermnergence-matuvity |

Raow PAR Eificienoy of PAR Efficiency of

spacing abisorbed CEC TSN absorbed conversion

{m} (M] ) MDY (M} m ™) (z M"Y
Servabran

(.25 Faa 1.40 341 0.70

0.50 165 144 289 0.95

0,75 124 1.51 229 0.87
Murgbean

0,25 107 .52 254 1.64

0.50 154 1.67 185 1.37

0.75 112 1.78 145 1.47

SED (any two means) 12 0.18 23 14

T 68 das for mungbean; 89 das for soyabean,
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Fig. 1. f.eafl ares index and shoot patlier peoumdig
(), 080 me (o) and D575 m o) row spacigs. Buars show the standard crvor of the difference for comparing
WY WO SPeCies X rose spaciiy moean values,

jon dn ) sevabean and (b onungbean at 025 m

extinction coelficient for the whole season, soyabean ahsorbed more PAR than
mungbean beeause of i longer canopy duration. Crep growth rates durimg the
approximately Hnear phase of growth (26-461 das Tor soyvabean and 26-68 das
for mungbean) were not statistically different between species, but mungbean
accumated dry matter until matwily whereas soyabean accumulated fittle
dry matter between 61 das and maturity {Thg. 1)

The clliciencies of conversion ol absorbed PAR into shool dry matter from
cmergence Lo 61 das {14 ¢ M]"" in soyabean and 1.6 g M]' i mungbean)
compare with 1.3 and 1.9 ¢ M]™7 lor soyabean (Muchow, 1985b; Muchow and
Charles-Bdwards, 1982, respectively) and 1.6 g MJ™ for mungbean (Muchow,
1985b). The scasonal average conversion efficiency for soyabean (0.84 g MJ™)
was abou!l hall that from sowing to 61 das because there was little dry matter
accumudation between 61 das and maturity, but despite the slow rate of dry
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Table 20 Yield componenls

Moean
Row Number Cirain Forage aritin Numbet Ninnber
spacing of plants yield yickd THLES of pads of graing
() () {t ha™}) {1 ha™ Y {mg) plant™! | pod? |
Sovnlenn
.58 .64 18 8.9 1.8
0.531 163 s 19.8 vy
(.23 (.56 1148 [8.4 1.7
0.0 06.0% 4 2.6 0.1
Murglioun
.29 [INFE! 1,82 1.8 H& b4 7.5
.50 0.51 054 0,19 by 9 6.2
0.75 .22 n.ag .97 59 8.6 4.2
SED 0.0+ 0,40 0,04 1 .8 1.9

P One migsing observation for sovidoenn U 025 iy reaw spaaimg S s o adjasted

matUer accumubation durine the Tatter b of reproducine growth i sovaboan,

grion vield was simibay for o species (Pable 25,
Poed muass was devrved prscipadby frony cuveens esaomiiate somangbean bhut in
sovabean a burge proportion of pod o wis apparenidy ransiocaied assimilate

from feaves TR

stemsg e maxgmun possibie conmbuion of stored assinalatc

.

to fmal pod mass, estiaied axthe change e leaf phs stem mass between the
fdl secd stage (RO, Fobhr aod Gaviness, 19771 and ity was 5402 9% 1

sovabean and D i omunebean, Becouse of the greater translocation of
assimibate from leaves sud stems o pods and the grewcer loss ol senesced feaves
and petioles, the fornge vield of soyvubran was generadly less than hadl that of
mungbean {(Table 2} and there was o higher proportion of shoot dry matter in
pods al maturity o soyvabean {0.76) than in mungbean {0.60).

Although grain vields were similar {or the two species, the grain nitrogen
vield of soyabean (57 kg ba™") was 1.9 times that of mungbean (44 kg ha™);
more nitrogen was apparcntly tanslocated from vegetative tissues to the grain
i soyabean than in mungbean (total shoot nitrogen content was 1.4 times
higher In mungbean than sovabean), However, the seasonal average datly rate
of accumulation of grain N was the same for both species: 0.64 kg ha™ o™ for
soyabean and 0.65 kg ha™!' d7 for mungbean. The seasonal average daily rate
of accumulation of total shoot N was substantially lower in soyabean (0.67
kg ha™' ¢ than in mungbean (1,19 kg ha™! d™) beeause soyabean accumula-
ted little nitregen from 61 das. Shoot concentrations of Ny P and K generally
were similar between species and sample occasions (average values were 2.7 &
0L1% N, 0.2540.019% T, and 2.1 £0.1% K) and both species had well nodulated
root systems. These concentrations suggest that water stress, rather than
autrient stresy, limited further growth of soyabean, This was confivmed by
measurements ol stomatal conductance (0.05% % 0.007 cm s') made between
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The depth of the waner able varied hetwees piots Gmeaveraged values

ranged frome B0 o 1L die (the mamy Huctuation was about

SO i response o the aion of adjeent Heoded viee Helds, While the

fevel of {ree wuter sofl pits clongside plots Thcinated o the range §.9-1.5 m,
wowetfdry sorl interface was ebserved o the B bovizon o aboot 007 m, 10 om

above ihe ull daver, Conseguenthy, soil water content befow 0,7 m remained

high throughout the expevimens (e 2) and hydranhio potential gradients cone
lrmed that upward Dux pesisted above 6.8 m o depth from 47 das. Changes
i soil water content bewween emaergence (5 das) and crop maturity (68 or 81
dus) did not differ significantly beoween species {coeflicionts of variation were
about 20%) Boil water content inereased httle from 5 1o 34 das and from 68
to B1 das; between 34 and 68 das 1t deercased shimultancously in all soil layers
between 0.2 and 0.8 m. Thus, when water over most of the root zone had been
depleted, soyabean way apparcntly unable to take up water from the lower
part of its root zone {0.7-0.8 m) last enough to continuce growth, despite high
soil waler contents maintained there by the water table.

Root length densities dilfered with depth (P<T0.001) but not species; co-
efficients of variation were about 35%. The depth of the soll zone which con-
tained B0% of the 1ol root lenpth mereased at an average rate of 1.18+£0.05
cam 7 between sowing and 60 das. In soil pits, dug at 50 das, roots were
obscrved to have grown horizontally along the layer of compact tulf at about
(.8 m, so that rooting deptl ways restricted, although some roots had penctra-
ted cracks in the (uff. The total root length of the crops (1.5 km m™) was at
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the lower end of the range reported for grain legume crops (1.3-7.0 ki Y
Gregory, 1988) and the voot fength densitics were correspondingly lower also;
at 60 das voot length density was 0.38 cm cm™ in the 0-0.1 m layver but was

3

nearty uniform at about .12 om cm™ between D01 and 08 m depths, Assum-
ing a typical average nllow of 0.00 ml et root A7 (reported by Allmaras of
al., 1975}, although maximum values are 10 times greater, the voot length
density of 0.1 cmoem ™ at 0.7-0.8 m could take up only 0.5 mm ™' of water
(compared with a potential vale of transpivation of 5 mm d7'). Restricted root-
ing depih, small root length density at depth, and possibly Javge root resistance,

thevefore appear to be major constraints to Lurther growth,

Effect of row spacing

As row spacing deoreased, lead aven index audinterception of PAR fncorcased
(FFig. b oand Table 1) Row spacing did not signiticantiy affect the scasonal
ciliciency of conversion of absorbed PAR tnio shoot dvy amatter (Table
Comseguenthy, arop groswth vates during the Jincar phase of groweh svere greater
S han wide roaws (8 gm0t dTh,

Ll

(P=20010) with namroser vows {

Cor the warow spacing {termediate

Both gram and forage vickls woere
spacing give neonsistent resulist alihoueh pod mass ot manoniv, as o ivaction
of shoot dev amass, was abos POV lower i o compured with wide row

spuch Pre momber of

it ey pod and e granm mass wore tmalfecied by

row spaciig { Table 23 Groin vields of oo were grenier ai ninvow spacing

despiie an inadeguate witer sopply oud fow rares of devomaoer accamulation
I

chving the ftrer hatl of veproducive grovth s dhe maximum proportion of pod

mass apparently devived Troon transioonied wsanmilaie was L thmes grenter i
t

narvow than wide row spacimgs, 18 o0s anbikely that the merveased shoot mass

. s Sy ) .
with THATTONCY TOWS o ldd Bave ovenrred (‘!HE!L‘i}' al the CNpOnRe ol o decreased

roolmass, 5o that arops it navower vresws probably transpired more water.

CONCLUSHONS

The results demonstrate that crops grown on stoved soll water may experienoe
severe water stress during reproductive growth i their duration s too long.
However, grain vicld mav not be reduced rebutive to a shorter dhvation crop if
sufficient assimilate ean be trinstocntiod from veperative ficene to the vrain to
compensate tor yeduced photosynthesis during reproductive growth, With a
good water supply, Jong duration crops will have greater yield potential, and
therefore, with a variable scasonal water supply, medium to long duration crops
could give better long-term average yiekds than short duration crops. The results
also show that higher plant populations can result in heavier grain yields, even
with severe water stress during reproductive growth, and contirm the need for
good establishment for maximum yields of devland crops grown alter rice.
Yiclds of fong duration crops in these envivonments could be further in-
creased if the rates of water uptake from deeper soil layers could be improved.
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This coukd be achicved by sclection Tor grener root length densitios and faster
mitows at depth, as well as inproved penciration of hard seil fayers and deeper
rooting. However, Tuttre stadies on water uptiake by dryland wops reguire an
appropriate methodolegy for measunmg the soif hvdraubie properticsin layvered
and heteropencons sotls,
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