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Absfracf

Results of trials evaluating the effectiveness of different inoculation
and pelleting techniques on the establishment of clovers oversown
in tussock grassland sites are discussed. These trials were carried
out simulating as far as possible the practical applications. Response
to inoculation and pelleting varied with environmental conditions
(eg, dltitude, soil acidity and vegetative cover), time of sowing,
and populations of rhizobia in the soil. On some soils, clover estab-
lished reasonably Erom inoculated seed, while on some acid soils
effective pelleting of inoculated seed was essential. Environmental
conditions influenced the standards required for inoculants and pel-
leted seed. The importance of field testing in addition to laboratory
testing 1S stressed.

INTRODUCTION

CorrecT INocuLATion and pelleting techniques can markedly
increase establishment and hence dry matter production of over-
sown clover (Lowther and McDonald, 1973; Lowther, 1975b).
However, in New Zedand the subiject of inoculation and pellet-
ing has been particularly controversial and recommendations have
varied considerably.

A higher standard of inoculants and inoculated-pelleted seed
(pelleted seed), is required for oversowing in the tussock grass-
lands because of the severe environmental conditions that can
occur. This paper shows how environmental conditions can in-
fluence the establishment response to inoculation and pelleting and
how the recommendation for inoculation and pelleting can vary
with different sites.

NEED FOR INOCULATION

Although it has been well documented that inoculation is essen-
tial for legume establishment in many New Zealand tussock grass-
land soils (Cullen and Ludecke, 1966; Lowther and McDonald,
1973) , large areas have been developed through the oversowing
of uninoculated clover seed (Tothill, 1958).
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A survey of undeveloped tussock grassland soils in Centra
Otago and the MacKenzie Country has shown that rhizobia cap-
able of nodulating clover are gbsent from large areas (Lowther,
unpublished results). Although clover rhizobia do occur in tus-
sock grassland soils (Ludecke and Leamy, 1972}, their distribution
is often irregular (e.g., in creek beds, under scattered patches of
clover, on stock tracks) and the only areas where satisfactory
populatioris of clover rhizobia can be predicted are those where
haresfoot trefoil (Trifolium arvense) occurs (Lowther, unpub-
lished results). Therefore, the only areas in Central Otago and the
MacKenzie Country where inoculation is not regarded as necessary
for legume establishment are those where haresfoot trefoil occurs
throughout.

In the situation where rhizobia are present in tussock grass-
land soils, the majority are relatively efficient at nitrogen fixation
with white clover but not with subterranean clover (Mt Barker
or Woogenellup) and hence subterranean clover should aways
be inoculated with an efficient strain of rhizobia

EFFECT OF PELLETING

Under oversowing conditions, pelleting of inoculated seed can
have two main effects. On soils where pH is high enough not to
affect nodulation adversely, pelleting can increase clover establish-
ment by increasing the survival of rhizobia on the seed both before
and after sowing. On acid soils, in addition to assisting the sur-
vival of rhizobia on the seed, pelleting can affect the nodulation
process by increasing the pH in the vicinity of the seedling root
(Lowther, 1974) and lime pelleting has been shown to replace
the requirement for broadcast lime (Lowther, 1975b) .

On soils where acidity is not a problem, effective pelleting
usualy results in improved establishment and legume dry matter
production (Lowther and McDonad, 1973) athough the effect
on legume yield will probably disappear with time because of the
spread of white clover. However, on acid soils pelleting may be
essential for clover establishment. Marked pelleting responses on
legume dry matter have been recorded 28 months after sowing
(Lowther, 1975b).

FACTORS AFFECTING RESPONSE TO INOCULATION AND
PELLETING

The variation in results that can be obtained from inoculation
and pelleting trestments oversown on different sites is shown in
Table 1. At Wanaka and Tara Mills, some seedlings established
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TABLE 1: RESPONSE TO INOCULATION AND PELLETING AT
DIFFERENT SITES

Rhizobia/ % Seedlings Established™
Seed at Wanaka Tara Hills  Rocklands
Sowing (pH 5.3) (pH 5.5) (pH 438)
Not inoculated -_— 3 4 1
Jnoculated 43 33 26 |
Inoculated + Pellet A 430 5L 39 13
Inoculated+ Pellet B 2500 72 86 53
dus 15 13 8

*The percentage of seedlings marked at thé cotyledo-n stage that survived:
Pellet A = methyl cellulose/lime pellet
Pellet B = commetrcial pellet

from the inoculated treatment. However, pelleting the seed in-
creased establishment and highest establishment was obiained
from pelet B. In contradt, clover seedlings failed to egablish from
inoculated seed on the acid Rocklands ste and only a few seed
lings established from pellet A. The only reasonable establish-
ment was obtaned from pelet B, probably because of the higher
numbers of rhizobia on the seed a sowing.

On some sdtes the edtablishment of seedlings can vary marked-
ly depending on whether the seedling is in the open or under
vegetative cover (During et al., 1963; Lowther and McDonald,
1973). For example, a& Wanaka, Lowther and McDondd (1973)
found that, with inoculated seed, only 15% of seedlings estab-
lished in the open compared with 46% under the cover of fern
(Table 2). Pelleting increased establishment, both in the open
and under cover, but the need for pelleting would be more im-
portant in the open because of the low percentage of seedlings
establishing from inoculated seed.

TABLE 2: EFFECT OF COVER ON RESPONSE TO INOCULATION
AND PELLETING AT WANAKA
(from Lowther and McDonald, 1973)

Rhizobiaf

Seed at % Seedlings  Established

Sowing In Open Under Fern Cover
Not inoculated — 3 3
Jnoculated 43 15 46
Inoculated + Pellet A 430 25 78
Inoculated + Pellet B 2 500 49 95
dis 13

Pellet A=methyl cellulose/lime pellet
Pellet B=commercial pellet
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TABLE 3: EFFECT OF SITE ON RESONSE TO INOCULATION

LEVEL

% Seedlings Established

Rocklands Manapouri

(pH 4.9) (pH 5.3)
Inoculated at normal rate (N)* ! 6
Inoculated a 5 times normal (5N) 1 15
N +gum arabic/lime pellet 29 66
5N +gum arabic/lime pellet 51 56
N +methyl cellulose/lime pellet 3 14
5N+ methyl cdlulose/lime pellet 19 44
dos 13 18

*N=2.3x 10 rhizobia/seed at inoculation
5N=9.3 x 10’ ‘rhizobia/seed at inoculation
Seed sown 1 day after inoculation

The site can also influence the standard required for both
inoculants and pelleted seed. At Manapouri, increasing the
inoculation level from normal to 5 times normal (2.3 to 9.3
X 10° rhizobia/sced) increased establishment from the methyl
cellulose/lime pellet but had no effect on the gum arabic/lime
pellet (Table 3). In contrast, on the more acid Rocklands site,
increesng the inoculation level incressed edtablishment with  both
methyl cdlulose and gum arabic pellets. Therefore, on Stes such
as Manapouri, increesng the inoculaion levd is not necessary if
the seed is dfectivdy pdleted. However, if seed is not pdleted
correctly or if peleted seed is sown on a ste such as Rocklands,
increesing the inoculaion level can increase  establishment.

The dte can adso makedy influence edablishment from com-
mercialy pelleted seed (Table 4). Some pellets with very few
rhizobia per seed (C and D) gave relatively satisfactory estab-

TABLE 4: EFFECT OF SITE ON RESPONSE TO COMMERCIAL
PELLETING

9, Seedlings Established )
RhizobiajSeed Rocklands Berwick Tara Hills

at Sowing  (pH 4.9) (pH 456) (pH 5.6)
Inocul ated 700 T T 10 36
Pellet A 600 28 36 63
Pellet B 150 19 20 50
Pellet C 10 0 0 24
Pellet D 10 6 | 36
Pellet E 20 4 5 6
dis 9 12 27
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TABLE 5: EFFECT OF ALTITUDE AND TIME OF SOWING ON
RESPONSE TO INOCULATION AND PELLETING . AT TARA

HILLS
% Plot Covered with
% Seedlings Established Clover after 6-8 months
650 m 1000 m 650 m 1000 m
(pH 5.9) (pH 5.6) (pH 5.9) (pH 5.6)
Inoculated*:
Jul. 1 0 8 3
Aug. 26 6 16 2
Sep. 53 8 45 13
Pelletedy:
Jul. 23 6 68 16
Aug. 58 5 65 18
Sep. 73 50 63 41
dus 2 8 14 10

“Seed sown one day after inoculation. Inoculation supplied approximately
2 x 10° rhizobia/seed.
+Gum arabic/lime pelleting

lishment at Tara Hills, but little or no establishment on the acid
sites (Rocklands and Berwick) . However, other pellets (E)
were ineffective on al sites. Results in Table 4 also show the
importance of effective pelleting on acid sites where few seedlings
establish from inoculated-only seed. It is therefore clear that com-
mercial pellets must be tested in areas where they will be used
to ensure that their quality is satisfactory.

Both dtitude and time of sowing appeared to influence the
response to inoculation and pelleting on a shady face a Tara
Hills (Table 5). On the lower dtitude site, pelleting was essen-
tiad with the July sowing. With August and September sowing,
seedlings established in the inoculated treatments but pelleting in-
creased establishment. On the higher dtitude site, few seedlings
established with July or August sowings using either inoculated
or pelleted seed. In September, few seedlings established in the
inoculated treatment but there was a marked ‘response to pellet-
ing. At the end of the first season, benefits from pelleting were
apparent at both sites in the percentage of the plot covered with
dove.

In New Zealand, rock-phosphate/dolgmite has been used for
commercia pelleting of clover seed based on the work of Hast-
ings and Drake (1963) and Taylor and Lloyd (1968). However.
in some instances rock-phosphate/dolomite has proved inferior
to lime in the establishment of oversown clover (Lowther and
McDonald, 1973; Lowther, 1975a). Pellets were prepared with




Tl“\BLE 6: EFFECT OF SITE ON RESPONSE TO COATING MATERIALS

% Seedlings Established

Rhizobia/ Coronet Manapouri Rocklands Waipori
Coating Material* Seed at Sowing (pH 5.2) (pH 54) (pH 49 (pH 47)
Lime ... edi 14 x 10 75 60 46 43
Rock-p-hosphate/dlo-lomite L 23% 10 46 51 16 18
Thermophos ..........c.ccevririinerinn. 23 %10 79 50 19 29
GYpSUM .ooovovrin, b 14x ¢ ! 30 35 31
dos o DR 19 19 1 17

*Pellets sown approximately four weeks after preparation.
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lime, gypsum, thermophos and Gafsaphosphae/dolomite as coa-
ing materials. When sown 4 weeks after preparation all pellets
contained smilar numbers of rhizobia (14 to 23 x 1 0*) . How-
ever, there were maked differences in  egtablishment when over-
sown on different dtes (Table 6) . Lime peleting gave high estab-
lishment on dl dtes. Apat from gypsum and thermophos pellets
a Coronet Pedk, there was a consigent trend for gypsum, thermo-
phos and rock-phosphate/dolomite pellets to give lower establish-
ment than lime pellets. It is clear, therefore, that even though
some coating materials maintain viable populations of rhizobia
they may not be suitable for the establishment of oversown
clovers.

This paper has shown how different environmenta conditions
affect the response to inoculation and pelleting of oversown
sad. The importance of inoculation and pedleting techniques be-
comes more critical as environmental conditions become more
severe and hence it is essential that evaluations for quality
standards are carried out in relevant areas.
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