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(0-100 cm above ground level) in the first three years. A pruning height of 50
cm wag vecommended to maximize firawood production. Coppicing at a 25 cm level
‘*n = squal number of branches, but a lower volume. In our research another
o - offect of the pruning haight was recorded: {t appears to be possible
wce the root distribution patcern by pruning. More but finer branch
the topsoil are formed when the trees are pruned at a low level. The
appas. . 12 of apical dominance in the root system under a pruning repime
coincides with the loxs of apical dominance in ahoveground growth, leading to
a shrub-like form. Increasing the pruning frequency may have an effect similar
to that of reducing pruning height. To obtiain a suitable rooting, pattern in
alley cropping it may be necessary to deiay the first pruning at least tfll
the stage in which the trees studied here were first pruned (stem hzight 2 m)
to allow a good taproot development, and to subsequently prune at a height of
75 cm. Later., pruning frequency may be increased :o avoid thick horizontal
branch roots developing into the zone Intanded for vrops in the allev cropping
system. Further observations on rooting pattern under such a pruning regime
are required.

Acknovladgements Dr. Riswan (Herbarium Bogoriense) helped in the identifica-
tion of Peltophorum, lr. K.F. Wiersum supplied us wit' bibiographic references
on this tree,
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CASTOR ROOTS IN A VERTIC INCEPTISOL
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ABSTRACT

The root systems of four large and four smalil, mature castor
(Ricinus commpunis L.) plants were excavated Large and saall
plants had similar r1o0ot/shool ratitos but roots of small plants
wore longer per unit weight. 501l factors in or near the surface
of the C; hortzon - probably highe:r gravel and carbonate content

- apparently resticicted root penetration

INTRODUCTION

Vertic s0ils resembln,but are too szhallow to be classified as,
Vertisols. Ind{a has over 40 milllon ha, and there are large
areas in Africa and Australia. They are often stony or gravelly,
nasily erodible, and have low plant avallable wvater capacity,
either because of the coarse mechanical composition of the
subsoil or the f{nadility of roots to penctrate subsoil. Farmars
in Indta often grow castor (Ricinus commwupis L.) on such
difficult soils.-a tacit recognition that it has an aggressive
root system. However, very little is known about castor roet
systems, how they respond to difficult soil conditions, what soil
factors affect root system development, and how root system
development affecis plant top growth. This paper reports a
preliminary study on these topics.

2. MATERIALS AND METHODS

The experimen:is were conducted on a Vertic Inceptisol
(Paralithic Vertic Ustropept, eroded phase) at ICRISAT Center,
Patancheru (17°N), India. Castor (cv Aruna) wvas grown in 1986/87
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season. When this crop was mature (March 1987), a range of plant
sizes was evident. The soil around selected plants (4 relatively
large and 4 relatively small plants) was ponded with water for 12
h and then drained. The soil was carefully excavated, and the
root system traced until the diameter of rools was <2 am. Root
length and diameter at int.rvalsland root and top dry welght were
measured. The root system was sketched as the excavation
proceeded. The soil exposed in the profile wall was examined,
and visible physical features noted. Samples were taken for
determination of particle size d.stribution, pH, electrical
conductivity, and carbonate content, by standard methods used at
ICRISAT. Bulk density and water content were measured by taking
core samples from the pit wall; a hand-held vane shear instrument
(Pilcon type) and a pocket penetrometer (tip diameter 6.1 mm)
were used to indicate soil strength.

3. RESULTS

3.1. Plant ¢omponents

Results are shown in Table 1. The root/shoot ratio for large
plants {s not significantly different from that for small plants.
Root length per unit root mass ranged from 4.0 to 8 4 «m g~! for
large plants, and from 14.5 to 32.6 cm g'l for small plants.
Root length per unit of shoot mass ranged from 0.8 to 2.0 cm g'1
for large plants, and from 3.2 to 13.2 ¢m g‘1 for small plants.

3.2 PRoot system atructure

Plant size was not related to the depth of root penectration.
The structure of root systems varled; {n some plants, one or more

lateral roots appeared to take over from the tap root. Examples
of root distribution patterns are shown for 2 large and 2 small
plants in Flg. 1. Considering all 8 plants as a group,

irrespective of plant size, the number of major roots fnitiated
at soll depths shallower than 30 cm was 62 (both lateral and tap

1
i

Depthk (cm

Cepth [cm)

{gure 1,

[
vy
7

Diagrams of root patterns (dfameters not to scale)
for 2 small (a and ¢) and 2 large (b and d)

mature castor plants. Dotted line marks the

upper surface of tha Cl horizon,
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roots). iZ these, only 11 penetrated deeper than 50 cm but in
this grou; of 1l roots, 8 grew beyond 100 cm.

TABLE 1

Above-gro.:! and below-ground components
mature ce&:ilor plants on a Vertic Inceptisol,
1986, ICRI:AT Center, Patancharu,

India.

Plant com;:nents .
(mean valies)

Large
plants

Plant ht m)

Shoot mas:® (g)

Root leng:i:! (cm)

Root mass ;)

Root mass/sicot mass (g g~1)

Root lengt: root mass (cm g'l)
Root lengt: shoot mass (cm 9‘1)

.98

o
7

.2

0.22
6.28
.29

1. NS = r:: significant at P <0.

® = s_:nificant P <0.05;
®® = 3.:nificant P <0.01;

#ue = g :nificant P <0.001.

2. Oven dr!

3. Roots ¢! diameter >2 mnm.

3.3 Soil ::aracteristics

Three :ail layers were identified in each pit:

1. t surface Vertic layer,

based on

the lower boundary of vaich
tinged from 15 to 45 cm (reforved to as the
} 2orlzen);

2. a calcareous layer of strongly weathered
parent material, often with gravel and stones,
with a lowe: boundary :ranging from 40-70 cm
(referred to as the C; horizen):. and

3. a less calcareous layer of weathered parent
material (referred to as the C, herteon)

The properties of each layer are showvn in Table 2. There are
significant differences between the A and C, horizon for 10 of
the measurad properties, but betwean the Cl ang Cz hortzon only
the cation-exchange capacity shows a =zignificant difference
(P<0.05). Gravimetric water content tends to be higher, and
qravel and carbonate content to be lower (P<0.1), in the Cy
horizon than _n the C) horizon.

4 DISCUSSION AND CONCLUSIONS
4.1 Plant cospepents and plant size.

The simlla: root/shoot ratios (Table 1) found for large and
small plants suggests that root systes development influenced
plant biomass However, the higher ratio of root length/roet
nass (Table ! for ssall plants than for large plants shovs
that small plants apportioned relatively more photosynthats
towards increasing root length rather than root diameter. It
roots functlorn most effectively by sexploring the soil, root
system developaent does not appear to restrict plant size. One
explanation may be that small plants put relatively more carbem
into growing l!onger roots to increase chances of intercepting,
and thus increasing the supply of a deficient factor that lisits
top growth. There was no significant difference (results not
shown) between small and large plants in either the number of
lateral roots or the depth to which roots penetrated vertically.
Thus small planis spent a relatively greater proportion of energy
in an apparent.y fruitless extension of the length of the root
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network. Because the large and small plants occurred more or
less at random in the fleld, (t is difficult to Invoke a
nutritional deficlency to explain the different root-growth
pattearns. Possibly the smaller plants emarged somewhat later and
had a comparatively rastricted supply of water or nutrients,
which may

TABLE 2
Properties of soil horizons found dusing excavation of castor

root systems on a Vertic Inceptisol, postrainy season 1986,
ICRISAT Center, Patancheru, India.

A horfzon C) horizon C, horizon

Properties (mean) P (mecan) (mean) P
Bulk density (g cm*3) 1.37 0.01 1.54 1.54 NS
Gravimetric water (¥)! 23.2 0.0l 16.6 18.7 0.10
Shear strength (KPa) 12.0 0.01 27.3 23.1 NS
Penetrom. resist. (MPa) 0.99 0.01 2.51 2.3 NS
Gravel >2 ma (%) 22.6 0.01 39.6 30.6 0.10
Coarse sand ()2 26.8 0.01 38.3 32.2 NS
Fine sand (%) 20.8 NS 18.9 25.6 NS
Silt (%) 16.6 NS 15.5 17.1 NS
Clay (%) 35.8 0.0 27.3 25.0 NS
PH 7.98 0.01 8.3% 8.38 NS
Electr. cond. (d8 ca"1)? 0.146 o0.00 o0.118 0.113 N5
Carbonate* as cacoa (3) 3.3 0.01 18.8 11.5 0.10
CEC® (meq %) 22.4 NS  21.0 25.9 0.05
1. & = mass ¥ of whole soil for water and gravel; of asoll <2

mm for other sizes.
2. Coarseo sand, 2.0-0.2 mm: fine sand, 0.2-0.02 mm;

silt, 0.02-0.002 mm; clay, 0.002 mm; method: ASTM (1971).
3. Electrical conductivity 1:35 wvater extract.

Method: Allison & Moodie (1965).
S. CEC = Cation-exchange capacity; method: Chapman (1963).
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have influenced root growth. Another explanation may be that
when roots come under stress from s50il strength or dryness,
cytokinin production or transiozation 1s modified and this

limits shoot growth (Ma=sle & Panxioura, 1987; J.M Peacock,
ICRISAT, pers. comm., unpublished, 1988) This could exblaln why
top gyrowth i35 restricted {n relation to root length extension.
If thiz hypothesls (s correct, further research is needed to
determine how the plant integrates the various stresses on the
root system, and to explain what degree of stress on what
proportion of the root system restricts top growth. Some genetic
variabillity in the cultivar Aruna {s alsc possible, and 'this msay

be expressed in plant size and root system development.

4.2 Soil factors and root depth

The linkages between root-systeas attributes and plant site and
the possible mechanisms involved are obscure. However, if stress
15 imposed on the root system by soll factors, a guide to these
factors and the plant's ability to explore the soil environment
(and hopefully to avold stress) can be obtained by considering
the depth to which roots penetrate and the morpholegy of the toot

systea in relation to soll features.

Because there is no significant difference between large and
small plants in the depth of the A horiton or the number of roots
penetrating the C; horizon, we combined plant sizes when
oexamining soil factors that restrict root penetration. Tvo
observations sum up root morphology and soil depth effects:

1. Many roots ended, branched, changed direction abruptly
(including growing horizontally), were constricted, pitted,
or deformed near or in the surface of the C, horison or

stones associated with it.
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2. If roots penetrated into the C horizon to 50 cm, then most
grew deeper than 100 cm.

These observations show that factors in or near the surface of
the C; horizon affect root grovth. Several soil properties show
significant differences betveen the A and C; horizons (Table 2).
It i3 of course iampossible to deduce (from analyses of soil
samples that are large relative to, and separated in time and
space, from the root tips, the precise factors that limit root
penetration of the C horizon. Hovever, many roots grow only
partly into the <y horizon, but moust of those that grow to 50 cm
grow on beyond 100 cm in the C, horizon. Therefore, indications
of the factors in the C; horizon that restrict root penetration
can be sought by comparing properties of the Cy, and Cy horizons
(also because these horiions are more alike than the A and C,
horizons).

In terms of physically coastant properties, the C, horizen
tends to have less carbonata, less gravel, and slightly more
active clay (because clay content is similar but cation-exchange
capacity is higher). This suggests that it may be lack of root-
size pores and high mechanical 1lampedance due to bridging betwveen
gravel particles that restricts root penetration into the C
horizon. Vine et al. (1981) ard Babalola & Lal (1977) tonnd that
gravel restricted root growth. Gravel layers have been observed
to restrict root penetration in Alfisols in Sri Lanka and in
pumice seolls in Oregon (B.P. Warkentin, Oregon University, pers.
Comm., unpublished, 1988). In this Vertic Inceptisol, carbonate
may also be involved as a cementing agent or by causing the
chemical environment to be unfavourable for root growth.
However, unless the nature of the carbonate changes betwveen the
C) and C; horizon, it seems uniikely to be involved because roots
are able to grow in the C, horizon, in which carbonate levels are
relatively high.

541

Further studies focussing on the upper levéls of the C horitzon
are needed to define the root restriction mechanisas in this
sotl.

4.3 Remsdial peazikilities

It is probable that yileld losses due to drought would be
reduced if roots of (all) crops could grov into the C horison.
The upper part of the C horizon i3 an obvious target layer for
disruption. If£ it could be broken up, the coarse physical
composition should ensure that the fragsents are relatively
stable. Macropores created by the disruption should, therefore,
be long lasting. Surface soil moving into the macropores would
provide channels for root growth.

Where earthmoving equipsent or poverful tractors are
available, subsoiling implements can be used. ¥Where such
resources are not available, hand implements may be a slov but
effective alternative. If the surface layer is excavated, the
surface of the C horiszon can be broken up vwith a pointed steel
bar. Such excavation could be undertaken at intervals oa the
contour (trenching) to assist wvater conservation. Each season
nevw trenches could be opened nearby, and the last season’'s trench
refilled. In very shallow soils, it would not be necessary teo
excavate the top soil. An alternative to tillage would be to
use aggressive rooting crops, such as castor, covpea (Yigna
unguiculata L.), or sunflover (Helianthus annuus L.), or
perennial species, such as perennial pigeonpea (Cajanus caian L.)
or Leucaena lsucocephala L., to pioneer root channels f(nte the

deeper layers.
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THE EFFECT OF ROOT/SHOOT RATIOS ON THE WATER RELATIONSHIP OF
SORGHUM ( Sorghum bicolor L Moench ).
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ABSTRACT

The proportion of roots initially required by two sorghum cultivars, E57 and Gem, 1o
supply the demand for water by the canopy and their hydraulic characteristics were
studied on plants grown in parallel split and serial split root systems under controlied
environmental conditions. These systems enable good control of watering such that
water uptake can be limited 10 specitic sections ot the root system.

Results from the parrallel split root systems show that cultivar ES7 requires a
smaller root system than Gem to meet the demand for water by a similar sized canopy.
The ratio of root length/leal area required were 5.8 and 8.8 em/cm? tor ES7 and Gem
respectively to maintain maximum transpiration rates. However, the average ratios
were 8.0 (range 4.4 - 9.1) for ES7 and 16.8 (range 11.8 - 20) cmvem? for Gem to
maintain maximum leat water potentials. The associated resistances to water tlow for
the two cullivars under this system were measured as (17.63 + 6.63) x 10-5h! and
(4.82 £0.54) x 10-5 h-1.

Approximately similar ratios of root lengthvieaf area were required 1o maintain
maximum transpiration rates and leaf water potentials in the senal spiit root system
which simulates a drying soil profile. These ratios were 6.0 and 7.9 emiem? for ES7
and 15.4 and 7.2 for Gem. The smaller size of root system required by E57 to maintain
maximum transpiration is also associated with a higher resistance to water flow when
the supply of water is adequate. However, when water is limiting (surface soil
depleted), the resistance of ES7 is lower than Gem due to a lower xylem resistance
which gives E57 a greater ability 1o extract water from the deeper soil horizons.

It was concluded that ES7 shoukd be more tolerant to drought than Gem and this is
consistent with experience in the fiekd.

INTRODUCTION

It has often been stated that plants require extensive, well branched deep root
systems for higher yields ( Hurd, 1974; Nour & Wiebel, 1978 ) or ihat such root systems
are essential featuras of drought resistant plants ( Kramer, 1983 ). On the other hand,
many studies have shown that the removal of a portion of the root system have no
eftect on growth on a variety of plants ( Humphries, 1958, Meyer & Gingrich, 1964;
Andrews & Newman, 1968; Downey & Mitchell, 1971; Tan et al. 1981 and Teskey et al.
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