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Abstract

Ratoon decline is of major concern to canc growers in
Mauritius (20°S and 57°E), and a more rapid decline is
expected in [liclds where chemical ripener is applied repeat-
cdly, although the benefit derived from the practice is known
and accepted by growers. Commercial ficlds were sprayed
with the chemical ripencr Fusilade Super (fluazifop-butyl),
from the plant crop for four consccutive years and the cane
productivity measurcd. Three of the four varieties tested in
six trials did not show a more rapid yield decline when the
trecated plots were compared with the untreated control, irre-
spective of whether the crops were irrigated or not. The
slightly faster deccline observed in the fourth varicty could
nol be attributed solely to the Fusilade Super treatment.

Keywords: ratoon decline, artificial ripening, Fusilade
Super, cane productivity.

Introduction

In Mauritius (20°S and 57°E) the canc harvesting season
starts between mid-June and mid-July and continucs for
approximately 120 days, although the most profitable har-
vest period for both cane yield and sucrose content is
between mid-August to mid-October (Anon, 1977). Such
practice implies that canc harvested prior to the most prof-
itable period is still immaturc. However, the duration of the
harvest pcriod cannot be reduced because of restricted
milling capacities, labour availability and climatic condi-
tions. This situation will persist in the future and could wors-
en if the proposed centralisation of crushing operations
results in the harvesting season starting earlier.

The problem of harvesting comparatively immature cane has
been addressed with mitigated success by cultivating early
varicties and applying chemical ripeners. Because of phyto-
toxic effects which often resulted in cane yield reduction in
the subsequent ratoon (Julien and Goolamhossen, 1976;
Soopramanien et al., 1982) successtul use of the glyphosates
Polaris and Polado has been achieved rather on old and final
ratoons. In the late 1980s, tests with Fusilade Super showed
that, when recommendations were strictly followed and the
treatment of water stressed ficlds was avoided, residual
cffects did not occur (Soopramanien ef al., 1990), and from
1990 its usc was adopted. However, some growers have
complained of poor regrowth and cane yield depressions
even with Fusilade Super, namely in crops harvested sclec-
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tively (young tillers and water shoots not harvested) and in
those subjccted to severe water stress before and after har-
vest of the treated crops.

The application of ripeners causes an increase in sucrose
content of up to 18% at the start of the harvest season (Anon,
1991) and hence the outcomc is a higher profitability for
growers. Despite this, the area trcated has not increased sig-
nificantly cven when the phytotoxicity problem was solved
by the release of Fusilade Super. Most growers are still
restricting application to old and last ratoon crops with plant
cane and young ratoons not normally treated, for fear of a
more pronounced ratoon decline than usual. This reticence
appears to be linked with bad experienccs with the
glyphosates, i.c. a lower increase obtained under commercial
conditions than in experiments, and possibly because rec-
ommendations (Anon, 1997) are not strictly observed.

This paper presents the results of trials implemented to con-
firm the results of previous experiments, which showed an
absence of yield reductions in the subsequent ratoon after
Fusilade Super application, and also the outcome of consec-
utive annual applications on the ratooning profile.

Materials and method

Six on-farm trials were carricd out and were sited across the
canc area, in order to cover the major soil types and com-
mercial varieties under cultivation as well as rainfed and irri-
gated crops. Since sclective harvest (young tiliers and water
shoots left to regrow) is practised over approximately 40%
of the canc crop, two trials were undertaken in these regions
in order to gain information on the combination of ripener
application and this cultural practice. Thus, in the control
plots of these two trials, young tillers and water shoots werc
not harvested, whercas all stalks were cut in the Fusilade
Super treated plots. Details of the trials are given in Table 1.

One or two adjacent fields were chosen and divided into 10
sub plots and the treatments were replicated twice. The dif-
ferent treatments arc listed below:

TO Control No treatment

Tl Treated for one year Plant canc (PC) only
T2 Treated for two years PC + IR

T3 Treated for threc ycars  PC + IR + 2R

T4 Treated for four ycars  PC + IR + 2R + 3R.
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Table 1. Description of the trials.
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Trial Site Soil Group | Rockiness Annual Type Variety
No. Rainfall Irrigation
(mm)

1 MTMD P3 Very rocky 1600 C. Pivot M 1658/78

2 B. Champ L2 Normal 2050 C. Pivot M 1658.78

3 R. En Eau FA1 Normal 2600 None R 570

4 B. Plan L1 Stony 1450 Occasional | R 570

Raingun
5 Union L2 Stony 1750 Sprinkler M 52/78
6 FUEL B1 Very Rocky 3450 None M 3035/66

A randomised block design was adopted and the size of the
individual plots varied between 0,2 and 0,5 ha. The treatment
plots were sprayed with Fusilade Supcr at the recommended
commercial ratc of 50 to 60 g ai/ha, from ecither a microlight
aircraft or a helicopter. Ripener was applied for the number
of years specified for each treatment and the crop harvested
manually eight weeks after spraying. All stalks from cach
plot were bulked, loaded manually or mechanically into trail-
ers and weighed at the factory. All the plots were harvested
in the fourth ratoon, one year after the last ripener applica-
tion, to enable the ratooning profile to be followed. The plant
cane crop was harvested at an age varying from 41 to 70
weeks after planting, while the first, second, third and fourth
ratoons werc harvested 50 to 54 weeks, 49 to 54 weeks, 51
to 56 weeks and 47 to 68 weeks respectively, after the previ-
ous harvest. Trial 4 was accidentally burnt and not harvested
in the fourth ratoon.

The effect of the ripener on the crops to which it had been
applied, was assessed by measuring sucrose content at har-
vest. The analyses were conducted for three crop years only,
the first to third ratoons, as it is accepted by growers that
ripener application results in an increase in sucrose content.
Since the 1970s, commercial cane has been treated, and for
the past five years some 4 500 ha have been treated annual-
ly. Two sub-samples consisting of 12 stalks each from each
replicate were analysed in the laboratory for pol % cane (De
Saint Antoine, 1968) to confirm the responsc obtained fol-
lowing ripener application. Industrially recoverable sucrose
% canc (IRSC) was dcrived using the formula:

IRSC = (pol % cane x 0,9) - 1,8

Results and discussion

Since it is accepted by growers that chemical ripening results
in an increasc in sucrose content and is a profitable opera-
tion, attention will be given in this paper to residual effects
possibly being responsible for yield reductions in ratoons
following ripcner application. This is of major concern to
growers and is deterring treatment of a more significant area.

The ratooning profile of the sugar cane crop in Mauritius
varies with agro-climate, variety and husbandry practiccs
(Soopramanicn, 1996). A general decline in canc yield has
been reported by growers in long-season plant cane crops
(16-20 months) in the superhumid zone, and in irrigated
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crops (Anon, 1990). In other cases the climate, especially the
rainfall component, is the strongcst determinant of cane
yicld and no clear ratooning profile is observed. In such
cases it becomes very difficult to dissociate the effects of
ripener application from those of the climate, while taking
into consideration the soil variability also.

Actual cane yield, yicld deviations from the previous crop
and cumulative mcan canc yiceld arc considered to enable a
meaningful analysis of the situation.

Sucrose content

Results of analyses showed an increase in IRSC in all trials
in the three years of measurement. Mean IRSC increases for
the six trials were 1,13% for the first ratoon, 0,43% for the
second ratoon and 0.67% for the third ratoon.

Observed cane vields

Actual canc yiclds recorded from the plant crop to the fourth
ratoon for all treatments arc presented in Table 2(a-f). In
each trial the yicld for cach trcatment fluctuated from one
year to the next as the result of rainfall and site rather than
from ripener application. Significant differences were
obscrved in favour of the ripener treatment and/or control, in
isolated cascs, for some years, in Trials 1, 3, 5 and 6 only.

A comparison of the mean canc yield of the different treat-
ments for the five crop years showed a trend in increase in
yield in Trials 2 and 5 in the chemically ripened cane, with
no clear differences in Trials | and 4. A slightly sharper
decline was observed as the number of ripener applications
incrcased in Trial 3 and the non-irrigated Trial 6. In Trial 3
this faster decline could not be attributed to ripener applica-
tion, but rather to the different yield potential of the plots
under treatment. In lact, the difference between the plant
cane and fourth ratoon yiclds was about 22 tons for all the
treatments, including the control and the onc that received
four consccutive applications of ripener. In Trial 6 it is not
clear that ripener application was responsible for the slight-
Jy faster decline in the plots treated for three and four years
consccutively. This was supported by the lack of consistent-
ly significant ditferences in favour of the control. Moreover,
the year elfect responsible for yield increases or depressions,
when compared with the previous crop followed the same
trend for all trcatments from one year to the next. The com-
parable ratooning prolile ol treatments TI and T2, once
ripener treatment was suspended, was comparable (o that of
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Table 2. Cane yields (TCH) of plant cane crop and successive ratoons for each treatment.

Table 2a: Trial 1

Table 2d: Trial 4
Crop Category Crop Category
Treatment PC 1R 2R 3R 4R Mean Treatment PC iR 2R 3R Mean
0 81.3 95.6 94.6 93.0 1074 94.4 0 79.1 82.6 69.1 913 80.5
1 80.19 102.2 99.2 97 112.0 97.2 1 795 75.4 66.2 778 747
2 81.9 95,7 97.4 95.8 1146 97.1 2 95.6 74.4 69.7 82.1 80.5
3 79.6 93.0 94.1 88.2 109.0 92.8 3 846 747 68.5 822 775
4 78.6 862 90.2 83.7 105.5 88.8 4 853 787 742 93.3 82.9
CV (%) 4 2 4 2 5 CV (%) 8 16 14 9
LSD (p=0.05) LSD (p=0.5) 18.9 335 26.6 217
9.6 52 10.3 57 16.2
Table 2b: Trial 2 Table 2e: Trial 5
Crop Category Crop Category
Treatment PC 1R 2R 3R 4R Mean Treatment PC 1R 2R 3R 4R Mean
0 99.3 133.0 129.0 1248 104 .4 1181 0 91.3 127.7 108.0 1028 1155 109.0
1 104.2 1355 140.1 1294 110.6 124.0 1 83.5 1235 110.6 1181 1184 110.8
2 104.0 1336 130.1 125.2 109.3 120.4 2 86.4 1233 1205 1071 107.2 108.9
3 1021 137.1 126.9 1271 105.1 119.7 3 824 1421 120.9 114.0 125.3 116.9
4 110.7 1345 128.0 130.0 1071 1221 4 86.7 140.7 115.3 120.1 1195 116.5
CV (%) 3 1 9 6 3 CV (%) 8 1 7 10 5
LSD (p=0.05) 95 56 317 226 10.3 LSD (p=0.05) 17.9 5.2 21.0 31.3 155
Table 2c: Trial 3 Table 2f: Trial 6
Crop Category Crop Category
Treatment PC 1R 2R 3R 4R Mean Treatment PC 1R 2R 3R 4R Mean
0 54.9 759 847 104.1 77.0 793 0 102.7 98.2 76.8 77.6 74.5 86.0
1 51.8 76.2 88.3 99.5 738 77.9 1 100.7 87.2 749 754 68.6 81.3
2 52.0 68.5 81.5 92.8 69.4 72.9 2 102.8 84.9 745 788 66.9 81.6
3 48.8 734 81.1 93.3 67.1 727 3 103.8 86.9 61.3 70.8 69.3 784
4 47.0 85.5 773 85.9 70.8 69.3 4 99.3 89.1 63.3 65.4 64.6 763
CV (%) 4 3 3 5 5 CV (%) 4 2 8 8 3
LSD (p=0.05 52 6.0 6.9 13.3 10.3 Lsd (P=0.05) 100 53 155 16.5 6.4

T4 and the control, and showed that ripener application did
not have any dctrimental cflect on the subsequent cane pro-
ductivity.

Apart from variety M 3035/66 in Trial 6, the other three
varietics did not show any yield decline when treated with
Fusilade Super.

Yield deviation from the previous crop

The percentage yield deviation {rom the previous crop, lor
the treated plots and the control, for the last application in
each treatment is shown in Figure . Irrespective of (rial,
variety, soil type or crop husbandry practice, no detrimental
effect of ripencr on canc productivity was obsecrved.
Advantages werc in lavour of cither the treated cane or the
control, even within the same trials. In Trials 3 and 6, there
was a tendency for a slightly more pronounced decline with
the number of ripener applications rom results ol yields, but
no confirmation was obtained. In fact for both trials, there
are years when either the yield increment in the treated plots
was higher or the declinc in the control more signilicant
[rom one year to the next. Again in the other trials, the
greater subscquent increase or the lower decline in yicld of
ripener-treated plots as opposed to the control on numerous
occasions in the yecar following treatment, further showed
that ratoon dccline was not attributable to ripencr applica-
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tions alonc. This is cvidence ol the absence of residual
effects from ripener application. Once more it was clear that
climate was the dominant factor controlling canc yield.

Cunmutlative mean cane yields

Since the yield in any onc particular year is closely linked to
those in previous years and in the plant cane crop, the evolu-
tion of cumulative mean cane yiclds of the plant cane, and
first to fourth ratoon, is given in Figure 2. Identical trends
werc observed within cach trial irrespective of the different
treatments and even when ripencr application was discontin-
ued. Apart from Trial 6, the dilference between two succes-
sive years and during the trial, for the respective treatments,
is of the same magnitude. The departure of the results of trial
6 from the others could be due to an interaction of this par-
ticular varicty with the agro-climatic conditions or the vari-
ability associated with this rocky soil type, resulting in dit-
ferent yield potentials of the dillerent plots. The annual aver-
age rainfall in this region is 3450 mm, with 70% falling
between January and April, and very often this results in par-
tial water logging in the fields causing stool death.
Moreover, this soil type is extremely rocky, with the parent
rock sometimes outcropping. The depth of the topsoil varies
a great deal across this soil type and could be responsible for
the variability between plots.
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Figure 1. Yield deviation (%) of the following ratoon from the last
treated crop in the different treatments (1) and of the control (W) for
the same years.

Conclusions

It is seen from the above results that the analysis of yields
has to be done with caution, and over a period of time long
enough to allow for the elimination of confounding effects
resulting from the climate and potential of the fields. While
responding positively to ripener treatment, the main com-
mercial varieties did not show any yield decline after four
successive applications of Fusilade Super. Ripener applica-
tion can be adopted in regions practising selective harvest as
well as for rainfed crops provided recommendations are fol-
lowed.
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Abstract

Roots comprise the lesser known part of the soil-plant-

atmosphere continuum and yct are essential 10 the supply of

sufficient water and nutrients to ensurc a successiul crop. By
understanding thce growth and distribution of sugarcanc
roots, yields can be optimised through improved strategic
decisions. This paper addresses root growth and relation-
ships to above ground biomass. Issues discussed include the

descending rate, distribution with depth and total length of

roots, the effect ol water availability, and the rclationship
between roots, total leaf number and green leaf arca. The
relationship between roots and total leat number has never
been published before and this paper ollers a possible expla-
nation for the change in the rate of green leat appearance
over time. All growth trends have been expressed in relation
to cumulative heat units (basc temperature = 10°C) which
makes it possible 1o link data from different seasons and dif-
[erent parts of the world.

Introduction

In this scction, current knowledge on root growth and distri-
bution is summariscd and serves as a basis for new informa-
tion. Aspects discussed include sctt roots, shoot roots, regen-
cration after harvest, carbon distribution, water availability,
soil texture and root growth.

The sugarcane root system

The roots that emerge from the nodes after planting are sett
roots, and are relatively thin and much branched. According
to Weller (1930), only part of the total number of root pri-
mordia develop into roots while the remainder are kept in
reserve and develop only if required. Glover (1967) reported
that sctt roots grow at a maximum ratc of 24 mm/day and
cease clongation when 150 to 250 mm long and only 11 days
old. They turn dark, decompose rapidly and degrade within
eight weeks of planting.

Sett roots scrve the plant until the young shoots produce
shoot roots which, compared with the sett roots, are relative-
ly thick, white, succulent and less branched. Shoot roots also
grow faster than sett roots and penctrate the soil at a steeper
angle (Glover, 1967). The switch from dependence on sett
roots to dependence on shoot roots usually occurs between
the first and second month after planting and, by the end ol
the third month, the burden of supplying nutrients to the
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plant rests cntirely on the shoot roots (Lee, 1927; Glover,
1967).

Primary shoot roots become visible onc week after planting,
growing slowly initially but incrcasing the rate ol growth
later. The shoot roots produced later are finer and branch
more freely than early primary shoot roots. The maximum
growth rate of individual shoot roots in light soils is 75
mm/day [or periods of one to two days, or 40 mm/day when
their growth is averaged over a week. The average growth
ralc in heavy soils is 28 mm/day (Glover, 1967). Glover also
found that the growth rate of individual roots before harvest
was about 11 mm/day. Wood and Wood (1967) uscd the
radioactive isotope, P¥, on a sandy soil to determine the
depth of the rooting front and found that it rcached 900 mm
in 112 days, [ 500 mm in 161 days and 2 100 mm in 189
days. The linal growth ratc of the rooting [ront to a depth of
2[00 mm was around 1l mm/day.

The sugarcane root system is cssential to the regeneration of
the cane crop alter harvest. Shoot roots cease to grow with-
in three days after harvest and a flush of new roots appcars
{rom the basal nodes of the new shoots during the next
month (Glover, 19682). Estimates of the longevity of the old
root sysiem after harvest vary from about two to three weeks
(Evans, 1964), cight wecks (Glover, 1968%) 1o several
months (Clements, 1980; Hudson, 1963; Wood & Wood,
1967).

Carbon utilisation by the root system ranges {rom 8 to 26%
for sugarcane aged 124 days, and depends on root tempera-
ture, air temperature and varicty (Brodic er al., 1965).
Rostron (1974) established this value to be 17% for sugar-
canc varicty NCo376 grown under irrigation, with 37 tons
total dry hiomass per hectare at the age of 224 days.

Baran et al. (1974) and Kingston (1978) showed that short
irrigation intervals, which prevent the surface soil (rom dry-
ing, encourage a higher percentage of roots to develop near
the soil surface. Extended irrigation intervals resulted in
more extensive rooting at depth. Glover (1968b) noted that
the active root system changed markedly as the soil went
through wet and dry cycles. After a winter drought, the first
spring rains caused root initials on some basal nodes to grow
actively and to form a new superlicial root system in the
moist surface layer. Only when hecavier summer rains
recharged the soil profile did these roots extend downwards
to re-cstablish the original root pattern in the soil.
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Effects of water availability and soil texture on sugarcane
root systems

Thompson and de Robillard (1968), with data obtained from
a neutron probc, showed that watcr extraction in a sandy soil
was effective to a depth of 1 800 mm when the crop was adc-
quately irrigated, and to a depth of more than 2100 mm
under dryland conditions. In contrast, irrigated sugarcane on
a clay soil did not remove water from depths greater than
900 mm, whereas dryland sugarcane exploited water to a
depth of at least | 200 mm.

Root systems growing in deep sands tend to be finer, more
highly branched and deeper than those in heavicr textured
soils (Glover, 1968b). Primary roots observed through a rhi-
zotron window in an undisturbed black cracking clay
(Arcadia form) were few, relatively thick and well devel-
oped, with poorcr secondary roots and subsequent branching
compared with those in sandy soils. Roots of variety
NCo0376 were observed in an excavated sandy Hutton form
soil to a depth of at least 4 000 mm (Anon, 1965).

Relationships between roots and aerial biomass

It has long been known that a relationship cxists between
above-ground biomass, root mass and root length (Blamey
and Nathanson, 1977; Botha et al., 1983; Brouwer and de
Wit, 1969; Richner er al., 1996). Glover (1970) noted that
reduced aerial growth on a Hutton sand at the South African
Sugar Association Expcriment Station (SASEX) root labora-
tory was also refiected in the roots and suggested that a
strong relationship exists between the aerial components and
roots of sugarcanc.

The above clearly illustrates that sugarcane root growth and
development are well documented. However, there is a lack
of quantitative information on the rates at which the rooting
front penctrates soils, root distribution per depth interval,
total root length over time and the relationship between roots
and aerial biomass. Such information is important for crop
models such as CANEGRO, where the below-ground bio-
mass is also simulated and forms an integral part of the esti-
mated soil water balance. The purpose of this paper is there-
fore to quantity thesc aspects of sugarcane roots for varicty

R Van Antwerpen

NCo0376, the varicty that was used almost exclusively for the
development of the CANEGRO crop model.

Materials and Methods

Data for this paper were collected from both pot and field tri-
als for which characteristics are summarised in Table 1. Pot
trials were used to quantify the relationship between roots
and above-ground parameters, and the purpose of field trials
were to study root distribution with soil depth.

To study the relationship between roots and aerial biomass,
data were collected from two pot trials. The first pot trial was
conducted in a glasshouse using pots with capacities of 6, 15
and 80 dm’. Mcasurcments on plants were made destructive-
ly on 13 occasions utilising the smallest pots first.
Simultancously with the last four small pots (6 dm?), four
medium size pots (15 dm?) were harvested. A similar proce-
dure was followed for the change-over from the medium to
the large size pots (80 dm?). The soil used was the topsoil of
an oxisol (Hutton) (Anon, 1991) containing 6% clay and 3%
silt. It was sterilised with methyl-bromide and packed to a
density of 1,45 ton/m® in all pots. The varicty used was
NCo0376, which was pre-germinated Itom single cyed setts.
One scedling was used per pot and no visual signs of stress
were observed in the scedlings after transplanting. The trial
was terminated 181 days after transplanting. Soil water con-
tent was measured by weighing sclected pots weekly for the
first month and twicc weekly therealter. On cach occasion
soil temperature, stalk height, stalk number and leaf number
were recorded.

A further pot trial was conducted at the SASEX Central Field
Station (CFS) at Umhlanga Rocks using a rainshelter that
closed automatically at the onset of rain. To keep the trial as
closc as possible o field conditions, the pots were lowered
into trenches lined with corrugated iron, to a depth where the
soil surface of the pots and the surrounding field were at the
same level. A total of 32 pots was uscd, half of which were
filled with a Fernwood sand and the other half with a Hutton
foamy sand, a Swartland sandy clay loam or a Swartland
sandy clay. Each soil was divided into two groups, those kept

Table 1. General information for the sites from which data was collected.

Data | : Trial - « | Clay | Silt | Depth . Watering
set Site type Soil form % % () ‘ Crop Variety regime
1 Glasshouse Pot Hutton 6 3 480 Plant NCo376 Irrigated
2 Hutton 4 3 1950
3 R°°ts'jg%§“°'y Field | Cartref 8 6 | 1950 |1stratoon| NCo376 | Irrigated
4 Shortlands 32 12 1950 |
5 Fernwood 5 4 500 | Plant (x4) Irrigated
6 . Hutton 10 6 500 Plant versus
7 | CFSrainshelter| Pot | g ortiand| 20 | 12 | 500 | Plant | NCO78 | ater
8 Swartland | 36 16 500 | Plant (x2) stress
Only roots were sampled at the following sites:
Hutton 4 3 [ 1950 |
o | Roclaboratony| gieig | Cartref 8 | 61950 | 9 | NCo376| Dryland
Shortlands | 32 12 | 1950
. . Dryland
10 | Modelling trial | gy | Arcadia | 40 | 16 | 1950 | 1st ratoon| NCo376 |  and
SASEX .
‘ |__irrigated

*Anon (1991)
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well watered and those where the water was allowed to
deplete. Thus, cight pots randomly placed in the trenches
were used per treatment. Each pot had a depth of 600 mm
and a volume ol 87 dm® Parameters measurcd included
waler use, leaf arca and root length.

The root laboratory area consisted of three soils that were
imported to the sitc in 1965 and repacked layer by layer to a
total depth of two metres (see Table | for properties). The
agronomy trial site was on a deep Arcadia form soil on
dolerite parent material and had no drainage restrictions. The
sitc had a slope of 20%. Parameters measured included root
growth rate, rooting depth and root distribution in relation to
soil depth.

Total root length index (L, km/m?) is often used in models to
control the amount of roots produced by the crop as a func-
tion of time, which is normally cxpressed as days after plant-
ing (DAP). This time unit works well for annual crops where
planting, flowering, and harvesting dates occur over rela-
tively narrow time intervals.

Sugarcane is a semi-permancnt crop in South Africa, and
may be grown from threc to more than 20 years before being
ploughed out. Planting can take place in any month of the
year although the optimum time is in spring, while harvest-
ing is generally betwecn April and December. DAP is there-
forc not a practical time unit for sugarcanc, which is why
cumulative heat units (CHU) werc used instead. Van
Antwerpen (1998) showed that root length index and leaf
area index arc closely related on a thermal time scale using a
basc temperature of 10°C for both parameters. Daily mini-
mum and maximum air temperatures were used to calculate
CHU using the following equation:

CHU = Y (Tmax + Tmin)/2 — Tb (N
=l
where
CHU = Cumulative hcat units (°C)
Tmax = Daily maximum temperature (°C)

]

Tmin Daily minimum temperature (°C)

Tb = Basc tempcrature at which leaf initia-
tion ceascs and which is 10°C for sug-
arcane (Inman-Bamber, 1994).

R Vun Antwerpen

Results and Discussion

Descending rate of the rooting front

The data for irrigated cane, presented in Table 2, indicate
that 87 days after varicty NCo376 was planted at the root
laboratory, roots rcached a depth ol | 950 mm on the Hutton
and Cartref sands, whercas on a Shortlands sandy clay loam
a similar depth was reached only after 176 days. In both
sands the average growth rate to rcach a depth of 1950 mm
was 22,4 mm/day as opposed to an average of 11,1 mm/day
in the Shortlands sandy clay loam. Bascd on these results,
equations 2 and 3 were formulated for use in the cstimation
of rooting depth as a function of cumulative heat units for
soils containing less than and more than 35% clay plus silt
respectively. The number of data points to create cquations 2
and 3 became three and four respectively, when no growth at
zero heat units was added to cach data sct. The valuc of 35%
clay plus silt was arbitrarily chosen and more data arc need-
cd to conlirm these relationships.

Sand RD =7.2572 + 1,6684 (CHU) r=1000 n=3 2

Clay RD =2990,34 (CHU)/(1009,78 + CHU) r=0999 n=4 (3)

where

Sand = soil containing <35% clay plus silt

Clay = soil containing >35% clay plus silt

CHU cumulative hecat units from germination
(see cquation 1)

RD = rooting depth (mm).

Rate of root growth

From a glasshousc trial using 80 dm’ pots it was determined
that the growth rate of roots was initially slow at 75 mm/ °C
day but, at a CHU valuc of about [ 500°C day, the rate had
increased to 93 mm/ °C day (sec Figure 1). The rapid growth
ratc was maintained for a rclatively short time of about
500°C day. Thus, after a CHU ol 2000°C day was reached,
the growth rate slowed. Similar growth rates for unstressed
canc were obtained from a sccond 80 dm® pot trial conduct-
ed at the CFS rainshelter (Figure 2). See Table 3 for growth
rates in various units.

Table 2. Comparison of the rates at which roots of variety NCo376 penetrated.

[ ‘ ]
Soil form Days after CHU Rooting per,:/el(tarz?ig?wortate per':g(te;?igﬁortate
planting (°C day) depth (mm) (mm/day) (mnv°C day) |
49 704 1200 24,5 1,70
Hutton sand 87 1171 1950 224 1,67
49 704 1200 24,5 1,70
Cartref sand 87 1171 1950 224 1.67
Shortlands 49 704 1200 24,5 1,70
sandy clay 87 1171 1650 19,0 1,41
toam 176 | 1945 1950 11,1 1,00

*See equation 1
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Figure 1. Total root length (Lt) and total leaf area (TLA) growth
curves as a function of °C day. The estimated curves for these
parameters were superimposed to illustrate their close relationship.
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Figure 2. The effect of watering regime on the relationship between
root length index and cumulative heat units for data collected from
all soils used in the CFS pot trails (bars indicate standard error of the
mean).

Table 3. Various time and root growth rate units of variety NCo376 grown in.

CHU MAP Root growth rates
(°C day) (approximate) mm/°C mm/day km/m?/day
0-1500 3 (CHU =1 500) 75 670 0,0186
1500 - 2000 5 (CHU =2 000) 93 2878 0,0799 ]

CHU = cumulative heat unit (see equation 1)
MAP = months after planting
km/m?/day = rootlength index per day

Effect of soil texture on root growth

Table 4 shows the effect of soil texture and water regime on
root distribution. It is clear that when the percentage of roots
per depth was compared for irrigated and dryland grown
cane, with a reduction in plant available watcr, less roots
were found in the surface soil layers and more in the deeper
layers. This effect was less obvious for the soils with a high
clay content. This is partly due to ample rain, which was
only 276 mm less than the evaporative demand of 992 mm
for the period ending when the roots were sampled.

Because of the inconclusive results for root development of
cane grown under dryland conditions, only irrigated cane
was considered to relate soil texture differences to quantitics
of root distribution per depth interval. Table 4 shows that the
percentage root distribution was similar for irrigated cane

over a wide range ol soil textures. It is envisaged that the
effect of soil texture on root distribution will be far more
pronounced under dryland conditions, with lcss roots expect-
cd near the suriace and more in the deeper layers in dryland
sandy soils than in dryland clay soils.

A difficult irrigation scheduling decision is the depth to be
used when calculating total plant available water (mm) for a
soil profilc given the plant available water capacity (mm/m).
The current recommendation is that a rooting depth value
equal to the depth in which 85 to 95% of the roots are found
should be used. Cumulative values (rom Table 4 indicated
that this depth should be 1200 mm regardless of water
regime and soil texture. The only fraction that did not com-
ply with this rule was the dryland sandy soil (Table 4), where
75% of thc roots appeared within the first 1200 mm of soil
and 919 within a total depth of 1350 mm.

{
" Table 4. Percentage root distribution per depth interval for variety NCo376
grown with and without irrigation on clay and sandy soils.

Depth Clay soil (32-40% clay) Sandy soil (4-8% clay) ‘ Sandy soil (GIB,12% clay)
(mm) Irrigated Dryland Irrigated Dryland ‘ Irrigated Dryland
450 ?19, 596‘; 517 '4101) ;515 '332:; ?01 , ’9475) 57,90 37.89
750 (100.6398L (112171? (10%‘718% (201,’7771) 15.20 81,68
1200 | oum | oan | a9 | (oes | 7O 18,01
1650 (102,'4460) (101,641% (101,21317) (106,’5437) 9,36 9.31
1950 (gjgg) (gig?) (g:g;) (gigg) 10,52 8,10

Clay soil = Shortlands (32% clay and 12% silt) and Arcadia (40% clay and 16% silt), n =8
Sandy soil = Hutton (4% clay and 3% silt) and Cartref (8% clay and 6% silt), n = 12

GIB = Hutton (12% clay and 10% silt) recalculated from Inman-Bamber (1986), n=4
Values in brackets = Standard error of the mean
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Effect of water stress on root growth

The objective of a sccond 80 dm?* pot trial conducted at the
CFES rainshelter was to determine the cffect of water stress
on cane growth. Root length index was severely affected by
a shortage of water, which was induced after the cane had
reached a CHU of 750°C day. By the time the trial had
reached a CHU ol 1 500°C day the root length index of the
stressed canc was about 50% of that obtained in the
unstressed trecatment (Figure 2).

Root distribution and water uptake

The data used to comparc the relationship between water
uptake and root distribution were obtained {rom cane grow-
ing under irrigation in three soils at the SASEX root labora-
tory. The mean percentage of soil water uptake was calculat-
ed for three periods, which were also the periods used to cal-
culate the mean percentage of roots per soil depth.

Water uptake is proportional to rooting density (Taylor and
Klepper, 1975). This was confirmed for the sugarcane vari-
ety NCo376 by Inman-Bamber (1986, p80). However, the
relationship between these two parameters appearcd to be
lincar for the Hutton and Cartref sands, while the percentage
water uptakc from the decper soil layers in the Shortlands
sandy clay loam was greater than the root percentages pres-
cnt in these deeper layers (Figurc 3). When the data were
examined in a |:1 graph (not shown) it was clear that the
amount of water depleted was less in the topsoil layers and
more in the subsoil layers for all three soils compared with
the percentage of roots present in these layers. This was pos-
sibly duc to the lact that plant available water was depleted
by about a third in the topsoil layers at the times sclected to

calculate the change in soil water content. This stage ol

water depletion was sclected to minimisc water losses from
the profile through pathways other than uptake by the roots
(drainage, cvaporation).

Figure 3 also shows that the deeper and younger roots were

Percentage perlayer

Percentage perlayer

R Van Antwerpen

potentially more cffective per unit root length in uptake of
water when compared with roots in the surface layers. Taylor
and Klepper (1975) first demonstrated this for maize and van
Antwerpen et al. (1994) for sugarcane.

Relationships between roots and above ground biomass
Both total root length (Lt) and total leaf arca (TLA) were
found to correlate well with CHU, as reflected in equations
4 and 5. This implied that a good rclationship could exist
between Lt and TLA., and is shown in Figure |. Equations 6
and 7 describe the relationship between these two parame-
ters where, for the latter equation, these two parameters have
both been converted (o index units. The rclationships with
CHU in cquations 4 and 5 arc conventional sigmoidal
growth curves, whereas the relationship between Lt and
TLA in cquations 6 and 7 was found to be linear. Equations
410 9 are given in Table 4.

It was obscrved from the glasshouse pot trial that the rate of
leaf appearance slowed abruptly after reaching leaf 16 and a
CHU of 1500°C day (Figure 4). Howcver, leaf appearance
rates were comparable with those observed in lield trials for
variety NCo376 (Gosncll, 1968; Inman-Bambcr, 1994). The
inflexion in the curve at about | 500°C day was also record-
ed by InmanBamber (1994), although for the 14th leaf of a
first ratoon crop. Canopy development of ratoon crops is
quicker than that in plant crops, which cxplains the differ-
cnee in leal number at the inflexion point (Thompson, 1988).

Total lcal’ number per stalk (TLS) as a function of CHU
smaller and larger than 1500°C day arc given by cquations
8 and 9 (Tablc 4) respectively. The inflexion point in the rate
of lcal appearance in Figure 4 cannot be explaincd without
looking at other growth trends of the sugarcanc plant. One
possible explanation for the sudden reduction in the rate of
leaf appearance is that roots require a higher photosynthate
allocation as they cnter the fast growing phasc (Figurc 4).
Both thesc changes occurred at about 1 500°C day.

Percentage perlayer
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Table 4. Equations relating various root and above-ground biomass parameters to each other
and to cumulative heat units (CHU).

Equation r’ n | Units and conditions i%u
_ ~ Lt =cm
Lt = (45000/(1+1250 Exp(-CHU/250))) 094 | 12 | gy TN 4
TLA = (10750/(1+1250 Exp(-CHU/250))) 0,96| 12 | TLA =cm? 5
Lt = -530,73 + 4,7865(TLA) 0,97 12 6
_ L = cm/cm?
L = -0,3485 + 4,7865(LAl) 0,97 | 12 | [, ZSmEm, 7
TLS = -0,00008 + 0,010614(CHU) 1,00 | 22 | CHU<1 500°C day 8
TLS = 7,5917 + 0,005296(CHU) 0,99 | 14 | CHU>1 500 °C day 9
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Figure 4. The relationship between root length, leaf number and
thermal time. Note the inflexion in both curves at about 1 500°C day.

Conclusions

From the data obtained was it possible to relate root growth
to soil texture, soil water content and various above ground
biomass parameters. The use of cumulative heat units as the
time-related variable should simplify the use of the given
equations for other climatic regions.

The effective rooting depth value required to calculate the
total plant available soil water in a profile from the available
plant water capacity was determined as | 200 mm rcgardless
of the watering regime and texture of the soil. Where the soil
profile is shallower than 1200 mm, the effective rooting
depth should be taken as the depth at which the root imper-
meable layer occurs.

The effect of soil texture on the descending rate of roots was
in accordance with that found in the litcraturc. However, the
equations given to estimate the descending rate should be
useful in cvaluating the estimated descending rate in crop
models for soils with at least two textural ranges. More data
are required in order to mathematically express the effect
that soil texture had on the descending rate of roots.

Insufficient data werc available to establish the ecffect of
water stress on the critical heat quantity required to signal
the increasing and decreasing rates of root clongation at
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around | 500°C day and 2000°C day respectively. It is, how-
ever, possible that the availability of water will atfect only
the rate of development and not the reaction of the plant
after the critical heat quantities have been accumulated.

To obtain an estimate of the amount of roots in a profile is
laborious, and therefore equations relating casy measurable
above-ground biomass parameters to root development
could be useful. This paper shows that a good relationship
cxists between root length and leaf arca and that roots enter
their fast growing phase when leaves 14 to 16 have appeared
on the main stalk, which occurs after the heat units have
accumulated to 1 500°C day.

It is known that various parts of the sugarcane plant have
different base temperatures beyond which growth will cease.
Duc to their inaccessibility this valuc has not been deter-
mined for the roots but, with the close relationship that
exists between root length and leaf area, it is reasonable to
assume that the base temperaturcs of these two parameters
are similar.,
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Abstract

Genes from bacterial sources olten confer characteristics that
are seen as highly desirable for introduction into crops by
genetic engineering. However, bacterial gene sequences arc
not always compatible with the molecular mechanisms oper-
ating in plants. In this work, expression of a truncated but
otherwise unmodified bacterial toxin genc was cxamined in
transgenic sugarcane clones. Molccular analysis of specific
RNA transcripts and protein products, by Northern and
Western blotting respectively, showed that RNA transcripts
were characterised by significant premature polyadenylation
triggered at specilic points in thc gene sequence, whilc pro-
tein [evels were undetectable.

Introduction

In the genctic enginecring of higher plants, the chosen trans-
gene of interest is often bacterial in origin. Bacteria have
cvolved a diverse array of metabolic pathways and products
not found in eukaryotic organisms, and the genes encoding
thosc characteristics have the potential to add novelty to
plant phenotypes. In addition, bacterial characters of interest
are often single gene traits encoded by simple gences, suitable
for cloning into small DNA vcclors for delivery to the plant
and subsequent integration into the plant genome. Examples
of bacterial gencs used widely in plant transformation arc
those encoding cnzymes that effect herbicide resistance and
those producing insecticidal proteins such as the endotoxins
[rom strains of Bacillus thuringiensis (B.t.). A truncated
native B.r. gene {rom Bacillus thuringiensis strain 234, iso-
lated at Mount Edgecombce (Herrera ef al., 1994), has been

used to produce a number of sugarcane transformants ol

varicties NCo310 and NCo0376. The B.t. 234 toxin, ol the
CrylA(c) type, is particularly eflective against the sugarcanc
stalk borer, Eldana saccharina Walker (Lepidoptera:
Pyralidac). A subset of NCo310 plants confirmed as trans-
genic for the B.r. 234 gene has been the subject ol gene
expression studics at transcriptional (mRNA) and transla-
tional (protein) levels. Results of these expression analyses
arc reported here.
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Materials and Methods

Sugarcane material

Various individual B.t. transformant plants and non-trans-
genic NCo310 were micropropagated to produce a number
of clones of each type. Thesc were maintained in the con-
tainment glasshousc at the South African Sugar Association
Experiment Station (SASEX) at Mount Edgecombe using
conventional pot fertilisation and automated watering
regimes. Experimental material consisted of plants ranging
from 500 mm to 2.5 m in height.

RNA extraction, RT-PCR and Northern analysis

Lcaf tissuc was the source of all RNA extracts used in this
study. Third youngest leaves were randomly sampled from
three NCo310 control plants and from three individual plants
within cach transformant line at cach daily time point.
Sampling was donc at the same time each day (between
1ThOO and 12 noon) and the same portion of the leaf
removed in each casc. Samples were pooled for each line,
immediately frozen in liquid nitrogen and stored at -80°C.
For reverse transcription-polymerase chain reactions (RT-
PCR), DNA-frec RNA was cxtracted using the SV Total
RNA Isolation Systcm (Promega), while lor Northern analy-
sis the RNcasy Extraction kit (Qiagen) was used to prepare
larger amounts of total RNA. In cach RT-PCR reaction, 1 pg
RNA was used in a inal volume of 50 ¢l in a single step pro-
cedure (Titan System, Boehringer Mannhcim). RT-PCR
products were analysed by electrophoresis in agarosc gels
(1%, w/v) and visualised by conventional ethidium bromide
staining. RNA f{or Northern analysis (15 ug per sample) was
fractionated through agarose (1,2%, w/v) in the presence of
lormaldchyde, and the resultant profiles checked by ethidi-
um bromide staining for cquality of loading and presence of
undegraded ribosomal RNA bands before transfer to posi-
tively charged nylon membranc (Amersham) using the
downward capillary blotting method of Chomczynski and
Mackey (1994). Probe DNA was generated by PCR amplifi-
cation from plasmid vector of a 1 850 bp fragment of the B.1.
234 gene using specific primers. B.r. gene amplification
products were purilied by agarose gel electrophoresis fol-
fowed by excision of bands and column extraction
(QIAquick, Qiagen). Isotopic labelling was by random
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