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Nutrient storage in roots and rhizomes of hexaploid Caucasan clover
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Abstract

Hexaploid Trifolium ambiguum M. Bieb.
(Caucasian clover cv. Prairie) persisted and
dominated in high country plots which received
more than 100 kg P/ha a establishment. After 13
years the biomass of coarse roots (rhizomes and
tap-roots) amounted to 20 t/ha. The contents of
nutrients in the root fractions were approximately
five times that in the herbage. This ability to
retain nutrients in coarse roots may be a strategy
that contributes to the dominance of Caucasian
clover on this acid soil.
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Introduction

Trifolium ambiguum M. Bieb. (Caucasan clover) is a
peenid legume thd hes evdved in cdd winter
environments in the Caucasus region of Centrd Asda
(Bryant 1974) and hes proven to be wel adapted to
the high country of Audrdia (Yaes 1993) and New

relatively drought-tolerant clover with much higher
root hiomass than Trifolium repens (white clover) in
2-year-old swards (Spencer et al. 1975).

This dudy was initited to messure the combined
rhizome and root biomass and nutrient content in
hexaploid Caucasian clover which had been established
for 12 and 13 yeas in a phosphate-gradient experiment
on a high country soil in New Zedand (Davis 1991).

Methods

Site

The experiment is locaed a& an eevation of 600 m a
Hakaere in the Ashburton River cachment. Annual
precipitation is about 800 mm but summer droughts
and dry winds ae common on the fla exposed ste
The oil is a Pukaki sandy loam (dystrochrept).

Treatments
The full trid design is described by Davis (1991). In
August 1979 hexgploid Caucasan clover cv. Prarie
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was drilled into ‘native grasdand a a sowing rate of
13 kg/ha. Plots of 4 m (long) x 2.3 m (wide) were
pegged and treated with variable rates of super-
phosphate to impose gradients of phosphorus of, 6.25,
125, 25, 50, 100, 200, 400 and 800 kg P/ha along
each of 4 replicate blocks. Basal K, Mg, Ca, S, and
Mo were applied to al plots (Davis 1991). Thetrial
was not grazed or re-fertilised after establishment,
and by year 12 Caucasian clover established and
maintained dominance on all plots with more than
100 kg Pha of applied fertiliser.

Biomass

Two biomass samplings were initiated, one in
November-December 1991 while Caucasian clover
was in vigorous early-seeson growth, and the other in
late February 1993 when the clover was being
Subjected to a typicd summer dry period.

The first sampling examined ecosystem compo-
nents in 2 replicates of plots receiving 100, 200, 400,
and 800 kg P/ha where the Caucasian clover was
dominant. Quadrats of 0.1 m? were laid down in the
centre of each plot and all material was cut with a
shap knife and spede to a depth of 40 om to edimate

__ Zealand-(Daly-&-Mason-1987)—It-is-a-persistent-and=oor 11~ O-10, 1020, 2030 and 3040 cm horizons.

Al materid in the quadrat blocks wes sorted into
herbage, litter, coarse roots (rhizomes +tap roots) and
fine roots (I mm diameter). The dense root/soil mass
was cut and washed through a series of deves down
to 06 mm mesh over lage troughs. Most roots were
recovered in this process. All the remaning maerid
was then dried before reweting to floa off any fine
root fragments that had passed through a 0.6mm Seve
Herbage, litter, coarse robts and fine roots were analysed
for nutrients.

Root cores were not washed. Each 10 cm  section
was patidly dried, crushed and sSeved. very fine roots
that pessed through a 06 mm sSeve were picked out
with forceps, and dl roots were amdgamated to estimate
total biomass in each oil horizon. These samples were
not andysed for nutrients.

At the time of sampling in February 1993 the
soils were dry and hard and the herbage was
desiccated.  Root blocks were cut with a very shap
sade from 2 tufs in each of 4 replicaes of plots that
had received phoghate feriliser a 6.25, 50, 200, and
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800 kg P/ha. Theroot blocks were20.cm x 20cmin
arface aea and 20 om deep. The blocks were then
dissected and Seved to extract the coarse root (rhizome
and ta root) components. These roots were washed
thoroughly, dried at 75°C, ‘and later analysed for
nutrients.

Nutrient  analyses

After oven-drying, components were milled and
andysed,  Materids  from the first  collection-in  year
12, were andysed for nitrogen, phosphorus, potassium,
magnesum and cdcium following digestion in H,0/
H,80, by the methods of Nicholson (1984). Coarse
roots from the year 13 excavadions were andysd for
nitrogen, phosphorus and sulphur by. Southern
Chemicad Consultants using  x-ray  fluoresoence

Results

At the time of fird sampling in ealy summer of year
12, the Caucasian clover was making vigorous
vegetative  growth with no flowering. Herbage Yields
ranged from 2-6 t/ha with mean values of 4.2 t/ha
(Table 1). Mogt of the litter was tha- produced in the
previous season and amounted to 5.8 t/ha. Coarse
roots of 195 tha were the man living component of
the ecosystem and coarse root:shoot ratio averaged
4.6:1. The tine root component was not classified
into live or dead fractions but visualy approximately
hdf, or about ‘8§ tha, were living roots. Totd living
roots were estimated to be 27.5 t/ha from the cut
blocks.

Tablel Meari biomass and nutrient contents (kg/ha £ s.d.) of
100, 200, 400 and 800 kg P/ha plots of herbage,
litter, coarse and fine roots'of Caucasian clover
excavated in November-December 1991.

Component Biomass sormsamsnsrnee NULTIGNT omnes, PoT—
N P K Mg Ca

Herbage 4211 125 13 03 7 60
(1359) ®) © @) B3 @)

Litter 5T 124 10 33 8 101.
(2632) @®a B 1) @ @»

Coarse roots 19465 384 35 152 21 158
. (3309) (90) (18) &) » (@

Fine roots 15986 345 30 114 26 153

*(4657) (115) (12) (@2) (10) (57)

Root coresin O-10 cm, 10-20 cm and 30-40 cm
horizons contained 27.0 + 5.0, 2.7+1.5,1.3+1.5, and
0.6+ 06 tha respectivdy, or 316 tha of totd roots
through the profile

At the time of the second excavations on 23
February 1993 the soil was very dy and only living
coarse roots were measured. These increased
consdently with increesing rates of epplied P to reach
aproximately 20 tha a the highest rae of fertiliser
addition (Teble 2). Coarse root hiomass was therefore
smilar a the two times of excavation.

Table 2 Biomass and nutrient contents (kg/ha) of coarse roots
and rhizomes Of Caucasian clover excavated in late
February 1993.
P applied , Biomass ~ weeases vevsme NULTIBNL #emrsuees e
N P s
6.25 881 15 1.5 0.9
(523)
50 2975 8 2.7 23
_{1400)
200 15259 288 18.9 12.2
(2240)
800 20228 455 58.0 20.6
(2729) T

Significance (P <0.01) . *

At both times of root excavation the phosphorus
concentrations of coarse roots increased with
increasing P fertiliser - from 0.15% to 0.29% in the
625800 kg Pha gradient of the second excavation,
and on both sampling occasions maximum vaues were
similar. Sulphur concentrations wererel ailvely low
(0.08-0. 15%).

Nutrient concentrationsin coarse and fine roots
were smilar and averaged 2.07% N, 018% P, 0.73%
K, 0:13% Mg and 086 % Ca in the Cauicasan clover.
dominant plots a the firs excavation.

Nutrient contents in the combined root fractions
were grester than in herbage (Table 1). Tota nutrient
content combining coarse and fine roots were (in kg/
ha) 729 N, 65 P, 266 K, 47 Mg and 311 Ca, which
were approximady 5 times higher than those of early
summer herbage.

Discussion

Plants adapted to persst under cold winter  environ-
ments need to have the ability to withstand
frod-heaving, and the ahility to survive many months
without photosynthess. The extensve and long-lived
root sydem of Caucedan dover confers the Species
with these abilities. Because the rate of uptake of
nutrients from cool soilsisslow, itislikely that in
the spring nutrients are mobilised from the large
reserves in roots and rhizomes in order to maich the
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increased  demand  resulting  from the incresse in rate
of production of herbage a this time. In this way, the
large nutrient content in roots and rhizomes may be
functiondly dgnificant and S0 provide an  explanation
for the dominance of Caucasian clover in this
ewvironment over a 13yexr period.

The maor disadvantage in the mantenance of a
large root system is the high cost of replacement
following root death and of respiration. Since root
respiration increases exponentially with increasing
temperatures a cool environment should favour
mantaned high root:shoot ratios Coase roots appear
to be reaively longlived and the magor component
of root replacement appeared to be limited to the fine
root  component.

The consequences of long-term withdrawal of
soluble soil nutrients into retained root nutrient pools
needs to be examined further. Retention of cacium
was about 470kg/ha through biomass and litter
components in this study, in a soil which has
goproximatdly 1000 kgha of cdcium in the exchange-
able form (Davis 1991). If release of calcium from
litter to sail is limited to the rate of litter mineralisation
(Goxz et al. 1973) then pH decline in oil could follow
the introduction of calcium-retentive species like
Caucasan clover. The relative dominance of the species
might then be related to its ability to compete for nutrients
in acidic soils (Bryant 1974). However, liming to bdance
induced cacium retention should be desrable to counter
declining soil pH. Nodulation was sparse in the present
dudies and may be a consequence of low pH (49) dfter
13 years of swad development.
This_phosphorus_gradient—_trial_provided—visual
evidence of a drong response to added P, about 200
kg P/ha being required over 13 years for near
maximum  herbage production.

The extensve network of roots and rhizomes comhbining
to give root:shoot ratios of up to 4.6:1 with root and
rhizome biomass up to 20 tha is a dgnificant factor

in the pesgence of Caucasan clover in this hash
environment. Nutrient storage, as a function of
underground  biomass amounted to up to 58 kg Plha
455 kg N/ha and 20 kg/ha of S. This amount of
phosphate equates to 650 kg/ha of superphosphate.
The ability to store and remobilise these nutrients over
the growing seeson is a vauable atribute for this plant
in the high country as in the absence of regular
topdressng  other legumes have failed to persg.
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