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Control of reproductive growth in Punma chicory by grazing management

Plant

Abstract

The effect of reproductive stem remova on the
growth and development of Grasslands Puna
chicory (Cichorium intybus L.) was sudied on the
Deer Research Unit (DRU) and the Pasture and
Crop Research Unit (PCRU) a Massey University
in 1993-1994. The chicory was in its second and
fourth years on the DRU and PCRU respectively.
A medium grazing intensty with deer was used on
the DRU and four grazing intensities were applied
with sheep on the PCRU. Chicory accumulated
10 007 kg DM/ha herbage mass over 6 months
from November to May on the DRU and it
accumulated 4904 kg DM/ha herbage mass on the
PCRU over the same period. The growth of primary
reproductive stems was suppressed by grazing
intensities that left less than 100 mm of stem
subble. None of the grazing intensities prevented
the growth of secondary and axillary reproductive
gems. Lesf mass accumulation over the season
was greatest under very hard grazing (O-50 mm),
wheress the total herbage (leaf and stem) mass
was greatest under lax grazing (150-200 mm).

The-primary—stems—produced—in—spring—were—PCRU-and-was-grazed-by-deer-and-mature-age-ewes,

uilisd by sep addex, but sonday dars
produoed in ammer wae pooly gazed Medum
grazing (100-150 mm stem stubble) of chicory
gave a reasonable compromise between total
production and feed quality. There was a large
deeee in plat dansty in November-Decambe,
which was unrelated to grazing intensity, that
requires  futher  sudy.

Keywords: ~ Cichorium intybus, grazing intengty,
growth rate, plant density, Puna chicory,
reproductive  growth.

Introduction

Puna chicory (Cichorium intybus L) has been widdy
adopted & a gecidit feed in recent yeas A mgor
dtribute of Puna chicory is its high growth rate in late
gring and summer (Hare et al. 1987). Puna chicory hes
been reported to have high dally growth rates in excess
of 150 kg DM/ha per day (Mathews et al. 1990) and
totd forage yidds up to 25 t DM/ha from December to
May in favourable conditions (Hare ¢¢ a. 1987). These
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high growth rates ae driven by reproductive growth
that culminates in the production of stems up to 2 m tal
unless the crop is grazed (Rumball 1986). A difficulty
with the grazing management of Puna chicory is
maintaining a balance between control of the
reproductive  stems, which have poor digestibility (Clark
et al. 1990), and maximising leaf production without
preudicing the persgency of the crop. The current
recommendation is to rotationdly graze Puna chicory
to 30-50 mm & 4-to 5-week intervas in spring (Clark
et al. 1990; Hare et al. 1990), but there is a poor
understanding of the effect of reproductive dem remova
on plant growth and development. The objective of this
ressarch wes to examine the influence of the height of
dem remaning after grazing on subsequent leff  and
dem growth, and on plant surviva.

Materials and methods

The field experiments were located on the Deer Ressarch
Unit (DRU) and the Pasture and Crop Research Unit
(PCRU), on Tokomoru st loam soil (Typic Fragiaqualt),
d Massey Universty. The Grasdands Puna  chicory
was 2 yeas old on the DRU and 4 years od on the

respectively. Before chicory began to grow, Gramoxone
at 3 litres/ha was used to kill all the grasses on the
PCRU. Three nitrogen applications a 37 kg N/ha each
time were made on the DRU in ealy sing, lae spring
and early autumn respectively and one nitrogen
goplication of 20 kg N/ha was applied on the PCRU
duing spring. The grazing intevals for the  different
grazing intensties on the PCRU were 3 weeks between
grazings up to Jauary, and 5 weeks between grazings
from January onwards. The four grazing intensities
used a each grazing on the PCRU were very hard (sem
grazed to ground level O-50 mm), hard (50-100 mm
stem stubble), medium (100-150 mm) and lax (150-
200 mm). The medium grazing (down to 100-150 mm
dem subble) was dso used in the rotationa grazing
regime on the DRU.

The treament plots were 288 m? ad there were 4
replicates in a Latin sguare design on the PCRU. On the
DRU, eight 0.5 ha plots were used in the rotational
grazing regime, but only four of them were usd as
replicates.

The fird grazing was when the reproductive sem
began to eongate, which wes in October on the DRU
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and in November on the PCRU. The phenological
development of chicory on the DRU was about one
month earlier than on the PCRU. On the DRU, 23 desr,
equivdent to 46 deaha rotationdly grazed each plot,
and the duration of grazing was between 5-7 days,
depending on the growth rate of chicory. On the PCRU,
aout 1520 sheep, equivdent to 520695 sheapha,
were used in exch plot for 1-2 days depending on the
grazing intensities. The grazing intensities were
controlled by grazing time. Once the desrable height
was reeched, the sheep were moved out of the plot.
Grazing finished on 27 May 1994 on the DRU and on 4
May 1994 on the PCRU. In January, the old stubble in
eech plot was trimmed by mowing (80-100 mm) dfter
grazing on the DRU. On the PCRU dl the plots were
mowed after the fourth grazing, on 7 Jenuay, to dlear
the unesten dubble and docks. The mowing heghts
were 30, 70, 120 and 170 mm for the very hard, hard,
medium and lax grazing trestments respectively.

Pant dengties were monitored on exch ste dfter
grazing in both randomised and permanent quadrats
(50 mm x 50 mm). Herbage mass was measured in the
quadrats on the PCRU by cutting to ground level before
and after exch grazing. The materid was then dissected
into green leaf, stem, weeds and dead maerids On the
DRU the individud plants in the quadrats were Sparated
into primary lesf and gem, secondary lesf and gem,
and axillay lesf and sem. Plant height and regrowth
gtes (bud numbers) were dso observed on hoth Stes.

All the data were andysed with the Generd Linear
Modd (GLM) in the SAS programme. Plant densty
and shoot number per plant were also analysed by
repeted  measures.

Results

Herbage accumulation

The weather during 19931994 wes very dry, especidly
in summer. The total rainfall from October 1993 to
April 1994 was 375 mm, which was 67% of the lo-yer
mean. The ranfdl in Jauary and in February was only
3% and 19%, respectivey, of the loyer mean (26 vs
79 mm and 13 vs 67 mm).

Herbage accumulations of leaf and sem dry maiter
over the 181 days from 5 November to 5 May on the
PCRU ae shown in Table 1. The very had grazing
acumulated the highes lesf mass, 3967 kg DM/ha,
and the leat sem mass, 420 kg DM/ha, while the lax
grazing gave the highest dem accumulation (2114 kg
DM/ha), which was dgnificantly higher than for any of
the other grazing treatments(P<0.01). There was a
qgnificant  difference  between  lef  accumulation  under
vy had and had grazing (P<0.01), but no dgnificant
differences  between very had, medium and lax grazing.

Table 1 Herbage accumulaion of leaf and stem dy mater (kg
DM/ha) over 181 days from 5 Nov to 5 May.

Grazing intensity Leaf Stem
---------- PCRU b 77
Very hard (0-50 mm) 3967 420
Hard (50-100 mm) 2602 627
Medium (100-150 mm}) 3546 1356
Lax (150-200 mm) 3221 2114
SEM 1238 +200
LSDy s 674 567
DRU
Medium (100-1 50 mm) 5665 4342
SEM 282 +537
LSD, ¢ 429

Puna chicory on the DRU accumulated 5665 and
4342 kg DM/ha for lesf and dem respectivey during
the same period. The totdl herbage accumulation on the
DRU was 10,007 kg DM/ha, which was twice as much
as that on the PCRU under a smilar grazing intensty.

Growth rate

Growth rates of leaf and stem were significantly
influenced by grazing intensties before  ealy  January
(P<0.01), but ater this time there were no Sgnificant
reponsss to grazing intensty except, for lesf growth
rate under lax grazing (P<0.05) (Figure 1). The very
had grazing gave the highes lesf growth rate and the
leat dem growth rae before ealy January compared
with the other grazing trestments. The lax grazing had
the highes lesf growth rae after ealy January. During
qring, lax grazing once gredly suppressed the dtem
growth rate, and the very hard and hard grazing
intensties totadly controlled primary reproductive  stem
growth. Stem growth rate under lax grazing decreased
from 674 kg DM/ha in mid November to 16.7 kg DM/
ha in ealy January. Stem growth raes under very hard
and had grazing were less than 1.0 kg DM/ha through
the res of the season.

Growth pattern of different plant parts (DRU)

Figure 2 shows the growth rate of different parts of the
chicory plant under the medium grazing management
(rotationd grazing to 1001 50 mm stubble) on the DRU.
Grazing sharply decreased the growth rates of the
primary lesf and dem dwing ealy spring. Growth rate
of primary leaf decreased from 29.7 kg DM/ha in
October to 06 kg DM/ha in December, while growth
rate of stem decreased from 46.5 to 2.3 kg DM/ha
during the same period. After December, the growth
raes of primay leff and sem were never over 50 kg
DM/ha.  However, secondary and  axillay leaves and
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Figure 1 Growth rate dynamics on the PCRU (the vertical bar ~ Figure 2 Growth rate dynamics on the DRU (the vertical bar
shows LSD,,). showsLSDy ).
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L eaf and stem consumption

Figure 3 shows that most of the leaves were being
grazed throughout the growing season. Before December
70% of primay sem wes grazed. Therdfore, the stems
produced during spring were utilisdle.  After  December
the old primary sems and the seconday dems were
largely ignored by animas. In February, the percentage
of gem grazed was only 25%; In atumn some secondary
shoots produced new sem agan and there was a flush
of new shoots (Figure 4b). As a consequence the
percentege  of grazed dem  incressed.

Plant densty and plant sSze

Plant densty was undfected by the levd of grazing
intensity on the PCRU hut it decreased a both stes
(P<0.05), especially after the primary stem stopped
growing in November on the DRU and in December on
the PCRU (Figure 4). Plant density declined to its
lowest point in Februay on both the DRU and the
PCRU. The minimum plant density of 69 and 19 plants

Figure 3 Percentage of leaf and stem grazed on the DRU (the
vertical bar showsLSD ).
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per m?> on the DRU and the PCRU respectively
represented a 41% and 27% decrease compared with the
densities in November. However, the shoot numbers per
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plant had doubled on the PCRU and tripled on the DRU
by autumn compared with in spring. Shoot numbers per
plant on the PCRU were 3 times those on the DRU.

Figure 4 Pant densties and plant Sizes on the DRU and the
PCRU.
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The shoot number per m? was smilar for the two
sites (183+12 shoots per m?, Figure 4a, 4b). Shoot
_number per m? increased 77% and 67% from Februay
to April on the PCRU and the DRU respectively.

Discussion
The growth of the primary reproductive stem was

greatly suppressed by grazing intensities that left less
than 100 mm of stem dubble. Although hard grazing

suppressed primary stem growth, it increased leaf

growth rate untl January. After January ledf growth
rate was the greatest under lax grazing due to the
greter  secondary  and  axillay  shoot  growth  resulting
from the higher primary stem stubble. However,
suppression of the primary reproductive stem under
hard grazing failed to prevent the production of
sconday  and  axillay reproductive  stems.  Although
there were few second phase reproductive stems on
the had grazed plants dl shoots were  reproductive
until austumn. This suggested that the buds released

for gromth by removd of the apicd dominance effect
of the primary sem were dl vernalised during winter,
tha is grazing management can decrease reproductive
dem production but not prevent it.

Utilisstion of primary reproductive stem by both
deer and sheep was similar to utilisation of leaf in
spring. Digestibility of primary stem is lower than
that of leaf (Clark er al.1990), but the greater stem
growth under medium and lax grazing resulted in a
grester totd herbage accumulation compared with hard
and vey had grazing. The utilisation of the secondary
and axillary reproductive sems produced from  January
to March was very low compared with that of leaf.
Animas were observed to et only the soft buds on the
dems. Therefore, over the growing season, while ledf
production was similar in all trestments totd herbage
accumulation was greater in the laxer grazed
trestments, but the quaity of the feed was lower. It is
dso posshle that until they were mowed, the secondary
dems hindered dock access to leaves

Shoot number per plant increased throughout the
season. There was a noticeable flush of vegetative
shoots in late autumn (April-May) which were highly
utilised hy stock. Presumably these vegetative shoots
devdop late in the growing season exch year hut the
timing of the flush was probably determined by the
onset of autumn rain after the dry summer. These
vegetative shoots require further study, particularly
their survival  through  winter.

Shoot number per plant was grester on the PCRU
then the DRU as would be expected due to the lower
plant density on the PCRU. Shoot number per unit
area was similar on the PCRU and the DRU but herbage
mess accumulaion was approximaely twice a great
on the DRU despite the close proximity of the two
stes. The herbage production on both gtes wes effected
by the dry summer (the totd ranfdl in January and
February was only 39 mm in 1994). Neverthdess the
herbage yields reported for chicory, up to 25 t DM/ha,
ae d dependent on the degree to which dem growth
is controlled (Hare et a. 1987, Matthews et al. 1990).
Hae & @l (1987) havesed the herbage from a seed
production crop while 90% of the maximum herbage
yidd reported by Mathews et al. (1990) wes stem.

The chicory plant densty on the DRU decreased
by aout 40% in November-December. This decrease
coincided with the cessttion of primay dem  growth,
but there was no efect of grazing intensty on plant
densty in the PCRU trid. Although the cause of the
decline in plant density in early summer was not
goparent, this decline will shorten the productive life
gan of the crop and reguires further Sudy.

In conclusion, the primary reproductive stem
growth of chicory was controlled by grazing, but
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secondary  reproductive sem was not due to its poor
pdaability. Lesf growth rate was gregter ealy in the
season under hard grazing, and lae in the season under
lax grazing. Overdl, medium grazing (100-150 mm
stem stubble) represented a reasonable compromise
beween totl herbage producion and feed quality.
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