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Root Pruning Can Influence First Order Lateral Root
Development of Containerised Plants

Warrick R. Nelson
Transplant Systems Limited, P.O. Box 29074, Christchurch

There is a strong positive correlation between the number of first order lateral
roots (FOLR) of a tree seedling and its rate of growth after planting. This
number is under genetic control, but can also be optimised or reduced by
characteristics of the seedling tray. The choice of container to be used for
seedling propagation is, therefore, one means of enhancing the chances of
plantation success, in this instance by choosing a container likely to result in
seedlings with a higher number of FOLR. Two seedling trays currently used for
plantation seedling propagation in Australia were tested and the number of
first orderlateral roots (FOLR) counted. The number of FOLR was significantly
different. The tray with a greater lateral root pruning effect produced the higher
number of FOLR. A second trial comparing copper root pruning and no
pruning confirmed that lateral root-pruning increases the number of FOLR of
containerised seedlings. These trials confirm that FOLR initiation can be
influenced by nursery practices and that lateral root pruning, by air or
chemical means, is one way of increasing the number of FOLR.

INTRODUCTION

A greater number of first order lateral roots (FOLR) at planting out 1s positively
correlated with improved survival and growth in a wide range of woody perennials
(Fig. 1) (Whitcomb, 1988; Schultz and Thompson, 1990; Kormanik et al., 1994;
Kormanik et al., 1995). These lateral roots form the basic framework of the
developing root system (Nambiar et al., 1979) which is responsible for the plant’s
mechanical stability (Burdett, 1978).

Control over the number of FOLR developing in a seedling is under strong, but not
exclusive, genetic control (Kormanik, 1986, 1988; Kormanik et al., 1989, 1990).
Nursery practices, for example reducing seedling density and pruning the tap root
at a young stage, can increase the number of FOLR (Barrett, 1981; Whitcomb, 1988;
Schultz and Thompson, 1990; Donald, 1992). Auxin treatments can massively
increase FOLR numbers (Seaby and Selby, 1990; Simpson, 1990), although these
chemically induced lateral roots do not appear to have a similar effect on subsequent
plant vigour.

Two trials were conducted to determine the differences in FOLR development of
Pinus radiata seedlings. Firstly, seedlings were grown in two trays already in use
for seedling propagation. The trays differ in side slot exposure and therefore air
root-pruning ability. Secondly, the differences between lateral root pruning and
nonpruning effects, using copper as the pruning agent, were tested 1in a smooth-
walled tray.
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MATERIALS AND METHODS
Two types of trays being used for large-scale plantation tree seedling propagation
in Australia were used. These are the Lannen Plantek side slot 121F and the Col-
Max model 64. In spite of the substantial differences in cell specifications, these two
trays are frequently considered equivalents in the biological plant results obtained
from them although no comparison trials have been conducted (Table 1 and Fig. 2).
Pinus radiata seed (Pro Seed, GF10) was direct sown in August 1995 into the cell
trays filled with Palm Peat (Horticom, Auckland, New Zealand). After germina-
tion, the plants grew in outside conditions in Christchurch, New Zealand. The
seedling trays were placed on raised benches to ensure airflow beneath them for
good air root pruning. The seedlings were fertilised with Peters Excel 13:5:20
(Grace Sierra, The Netherlands)at 1 g litre™ applied as required until harvesting
and assessment 1n Nov. 1996.

Trial 1. Twenty-four seedlings were harvested from each tray type, chosen at
random but excluding the outer rows of each tray. The roots were washed clean of
growing medium and then cut back to expose only the taproot and FOLR. These
laterals were counted, separated into the group of laterals growing nearest the root
collar and tending to grow in a clearly demarcated whorl, and total number of
laterals along 20 mm of tap root measured from the topmost lateral (Selby and
Seaby, 1982; Seaby and Selby, 1990). Root systems below this 20-mm level tended
to become very difficult to separate and distinguish as in many cases this was only
just above the air-pruning point at the base of the cells. Data were subjected to
analysis of variance and F-test of significance as an exact test (unpaired data).

Trial 2. Seed from the same batch as Trial 1 was sown into a Landmark 512-plug
tray. Every alternate row of the tray had been treated with Spin Out'™ (Griffin
Corporation, Valdosta, USA), a copper-containing paint intended to prune roots as
they come in contact with the copper-treated cell walls. Seed was sown in July 1997,
then in Jan. 1998 10 seedlings from each treatment were selected at random,
excluding the seedlings on the edge rows. Because of the shallow depth of these cells
(25 mm), only the first whorl of lateral roots was counted. As before, the data were
subjected to analysis of variance and the F-test for significance was applied.

RESULTS AND DISCUSSION

Trial 1. Results from other container systems (Table 2 and Fig. 3) indicate an
increased number of FOLR develop at lower plant density, greater container
volume, and reduced container depth (Barrett, 1981; Whitcomb, 1988; Donald,
1992). There was clearly a difference between FOLR development in the two trays
under study (Fig. 4). These results indicate that some of these factors play a larger
role in inducing FOLR development than others. The model 64 tray, in spite of a
lower plant density and shallower depth, resulted in fewer FOLR.

Early pruningofthe tap rootis considered important forincreased FOLR initiation
(Whitcomb, 1988), while diverting of existing lateral roots downwards by container
walls inhibits initiation of further laterals (Halter et al., 1993). It would appear that
the degree of lateral root pruning 1s of greater significance for determining the
number of FOLR than earlier tap-root pruning by shallower containers. The amount
of flashing covering the slots in the Col-Max container was so great that this trial
- could almost be regarded as comparing lateral root pruning and no pruning.
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Figure 1. Stem diameter related to number of FOLRs at time of planting. After
Whitcomb, 1988.

Table 1. Physical dimensions of the seedling trays.

Lannen 121F Col-Max 64
Tray dimensions (mm) 385 x 385 x 72 293 x 345 x 55
Cell dimensions (mm) 34 x 34 x 72 34 x 34 x 55
Cells m™ 820 633
Cell volume (ml) 50 63
SA:D (em?® em™) 1.61 2.10
% of side wall as slot 6.8 1.3t05.2"

* Cells varied enormously as to how many and to what degree any of the slots
were open. The outer edge of the outer row of each cell has no slots, but many
of the internal cells showed no slots either.
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Figure 2. Detail of the sides of the cells showing size and position of the side slots.
Measurements in millimetres. Col-Max 64 on the left, Lannen 121f on the right.

Table 2. Summarised results of FOLR numbers reported elsewhere.

Author, species Cell volume (ml) Cells/m” FOLR

Barrett, 1981 (Acacia mearnsit) 36 550 6.35
22 860 5.50
35 1280 4.40

Donald, 1992 (Pinus radiata) 36 550 5.70
66 421 6.87

80 310 6.80
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Figure 3. Relationship between cell density and FOLR numbers of containerised
seedlings. Figures of Barrett, 1981 and Donald, 1992
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.Figure 4. Pinus radiata seedlings grown in two tray models (Trial One). The bars
indicate L.S.D. (p=0.05).
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Figure 5. Pinus radiata seedlings grown in a 512 plug tray treated with copper for
lateral root-pruning (Trial Two). The bars indicate L.S.D. (p=0.05).

The slight differences in overall height growth of seedlings in the two trays was not

measured, butis consistent with expectations of growth from cells varying in volume
and plant density. Seedling height and collar diameter have not been linked to
FOLR development in the nursery stage as the irrigation and fertilisation practices

allow even poor seedlings to grow to a normal size, thus masking the effect of
Increased numbers of FOLR (Kormanik et al., 1994).

Trial 2. The copper-pruning trial confirms that simply having a difference
between lateral root-pruning and no pruning can have a significant effect on
FOLR numbers (Fig. 5). The only difference between treatmentsin this trial was
the presence or absence of lateral root pruning. Copper-pruning has been
demonstrated to increase the number of FOLR previously, for example in cork
oak (Quercus suber), Jettrey pine (Pinus jeffreyt), roundleafeucalyptus(Eucalyptus
polyanthemos) and mesquite (Prosopis tamarugo) (Nussbaum, 1969), ponderosa
pine (P. ponderosa) (McDonald, et al., 1981), and rose gum (Eucalyptus grandis)
(Smith and McCubbin, 1992).



102 Combined Proceedings International Plant Propagators' Society, Volume 48, 1998

CONCLUSIONS
These results agree with other observations that seedling tray design features
influence the number of FOLR. This is therefore a practical means of at least
partially overcoming the genetically controlled component determining the number
of FOLR. Choice of containers likely to improve the number of FOLR, and therefore
also positive plantation outcomes, is one factor available to plantation managers in
their quest to reduce risk factors to the plantation investment.
Key factors in container design apparently affecting the expression of genetic

control of FOLR 1nitiation are:

m Preventing lateral roots from being diverted downwards by the

container walls (root pruning by air or chemical means).
® FEarly pruning of the tap root (shallow container).
m Sufficiently low plant density in the nursery.
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A Review of the Propagation of Pinus radiata by
Cuttings, with Emphasis on Juvenility

Michael B. Thomas and Mervyn |. Spurway
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INTRODUCTION

Ritchie (1991) surveyed the production of forest trees from cuttings and reported
that the annual world production at that time was more than 65 million rooted
cuttings. He also noted that half of this production was in Japan where
Cryptomeria japonica had been grown by this method for more than five
centuries. Another 10 million or more cuttings of radiata pine (Pinus radiata)
were reported to be grown in Australia and New Zealand at that time. Canada,
Scandinavia, and the U.K. together were annually producing about 21 million
cuttings of various spruce species (Picea spp.). New Zealand sales of P. radiata
cuttingsin 1992 were 6.1 million and this rose to a peak of 24 million in 1996 and
have steadied to 19.8 million sold in 1998 (Anon., 1999).

The propagation of P. radiata in New Zealand was for many years based solely
on raising open-ground seedlings. Seed was initially collected from existing forest
trees to provide bulk seed. Then in the early 1950s breeding programmes were
commenced based on the selection of superior types, which were then collected
together in separate open-pollinated seed orchards. Grafts were taken from trees
that showed high quality due to such desirable characteristics as high growth rate,
good tree form, few stem cones, etc. Control pollinated (CP) seed orchards were
introduced in 1986. In this system bags are placed over the female cones and only
specific previously collected pollen is used on individual trees. Good pollination is
ensured by several applications of pollen resulting in seed which can have a large
proportion of potential high-grade individuals. Although plants had been success-
fully raised from cuttings in New Zealand by the early 1930s (Field, 1934), it was
not an economic proposition until the cost of CP seed rose to high levels in the late
1980s. It was found that cutting production became economically viable when seed
costs were greater than or equal to $1800 per kg (Arnold, 1990).



