
CONDITIONING OF RADIATA PINE SEEDLINGS 
BY UNDERCUTTING AND WRENCHING : 

DESCRIPTION OF METHODS, EQUIPMENT, AND 
SEEDLING RESPONSE* 

SYNOPSIS 

Unless Pinus radiata D. Don seedlings are conditioned to 
withstand transplanting, survival rates can be low. A suitable 
conditioning treatment consisting of undercutting and wrench- 
ing and periodic latcrul pruning has been developed at the 
Forest Research Institute, and this is being applied in  mosl 
of the larger nztrscries in New Zealand. Formerly this was done 
nzanuaZly by spade; now a reciprocating undercutter/ 
wrencher drawn by a tractor cuts the seedlings' roots below 
the surface and a lateral pruner o f  self-aligning coulters on a 
tool bar trims vertically between the rows. After being under- 
cut, seedlings are wrenched every 1, 2, or 4 weeks, and lateral 
pruned every 4 to 6 weeks. Seedlings must  be undercut during 
the growing season, and timed to give a conditioning period 
of at least 8 t o  10 weeks before planting. The effect o f  such 
z~ndercutting and wrenching is that shoot growth virtually 
cases, whereas root growth continues at the same rate, r r o -  
ducing a plant wi th  a corn ct mass of fibrous roots, a ugh 
root-shoot ratio, and a h a r r  woody stem. Carbohydrate levels 
are also increased. 

Although in some nurseries restraints are imposed by soil, 
climate, and weather, well-conditioned planting stock can be 
obtained throughout the year by regulating sowing dates and 
timing of undercutting. Seedlings conditioned in  this way 
were subjected to a range of test conditions in  the field and 
laboratory, e.g., resistance to root exposure, heat desiccation, 
cold storage, transplanting into a hot, dry climate. Results 
indicate that the efficient root system induced b.y the condi- 
tioning regime was the main factor responsible for the higher 
survival rates; but other factors (e.g., woodiness of shoot, and 
carbohydrate reserves) are probably also important. 

INTRODUCTION 

In New Zealand, a radiata pine seedling, regardless of altit- 
tude or latitude does not form a resting bud in its first year, 
and does not become truly dormant. In colder districts its 
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height growth stops but in milder areas it slows down only 
during the winter months. Survivals after planting in mid 
or late winter are generally better than those following early 
winter plantings. This is generally attributed to the stock be- 
coming more hardy as the season progresses. Large planting 
programmes require planting to start at the beginning of the 
winter when planting stock of this species, unless adequately 
conditioned, can be too "soft" to survive being planted out 
bare-rooted. 

Early trials at the Forest Research Institute, Rotorua tested 
the efficiency of several procedures for hardening, or condi- 
tioning planring stock (van Dorsser and Moberly, 1969). Top- 
ping or application of aromatic. oil weedicides was ineffective, 
but undercuiting followed by wrenching did greatly improve 
survivals. 

In extensive field trials established to test the performance 
of wrenched and unwrenched stock, survival rates for wrench- 
ed stock exceeded 90% compared with 60% for unwrenched 
stock (van Dorsser and Moberly, 1969). 

The objectives of this paper are: 

( 1 )  To describe the methods and equipment used for 
mechanized undercutting, wrenching and lateral pruning 
in a forest nursery. 

(2) To discuss the effect of undercutting and wrenching on 
seedling growth. 

(.3) To compare the performance of conditioned and non- 
conditioned seedlings after being lifted in the nursery. 

DESCRIPTION OF METHODS 

Undercutting and wrenching have been used in New Zea- 
lmd for over 50 years; in former years they were done with 
a spade. In undercutting manually, the roots of the seedlings 
are severed at a depth of about 10 cm. The cut is made at an 
angle of approximately 45" which severs both lateral roots and 
the main taproot. Wrenching manually is similar to under- 
cutting except that, instead of withdrawing the spade after 
severing the roots, the spade's handle is pressed down so that 
the seedlings are lifted 3 or 4 cm in the soil. As Goudie (1935) 
states, "the operator goes through all the process of lifting 
the trees except that he allows them to remain in the ground". 

Today in New Zealand forest nurseries this whole operation 
is mechanized. Current practice is to undercut the roots of 
line-sown seedlings at a depth of 8 cm when the seedlings are 
about 20cm high. The undercutting is carried out with a 
tractor-mounted, sharp blade drawn beneath the seedbeds. 
For this operation, soil conditions should be reasonably moist 
and care taken not to disturb the lateral roots. The density 
of the seedlings should not be closer than 5 cm apart if the 
lreatment is to be successful. Undercutting is done some 10 to 
12 weeks before the seedlings are required for planting out, 
although seedlings can be held in check for a few months 
without a marked loss in vitality. 



I CONDITIONING RADIATA P I N E  SEEDLINGS 63 

After the initial undercutting, a thicker blade, tilted at an 
angle, is drawn beneath the seedlings, breaking off any new 
deeply penetrating roots and partly lifting the seedling in 
the soil, thereby aerating the seedbed. This operation, called 
"wrenching", is done at weekly, two-weekly, or monthly inter- 
vals after undercutting, depending on the local nursery condi- 
tions and the type of planting stock required. Lateral root 
growth is very vigorous after the taproot is severed, and the 
growth following subsequent wrenchings is partly contained 
by cutting vertically between the rows of trees some 8 cm 
away from the trees, generally at 4- to 6-week intervals. 

EQUIPMENT 

Undercutting and wrenching are done basically with one 
implement (Fig. l ) ,  and lateral pruning with a separate 
machine (Rg. 2). The reciprocatmg undercutterlwrencher 
is attached to the three-point linkage of the tractor and the 
lateral pruning units are attached to a hydraulically-operated, 
front-mounted, tool bar. 

FIG. 1 :  Tractor with implemenf for undercutting and wrenching. 

N.Z. Forest Service photo by I. W. Davev 
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TJndercutterjWrencher 

The undercutterjwrencher employs a 0.203 cm :A 1.89 cm 
wide tensioned band-saw steel blade for undercutting in light 
soils and a 3.8 cm x 3.2 cm tempered and hardened spring 
steel blade for undercutting on heavier soils. 

For wrenching, a 7.5 cm x 0.48 cm spring steel and a 7.5 cm 
x 0.63 cm tempered and hardened spring steel blade, tilted 
at 20" from the horizontal, are used in light and heavy soils, 
respectively. On peat soils, vigorous fibrous root development 
occurs without repeated wrenching with a tilted blade. On 
these soils, a flat 5 cm x 0.203 cm band-saw steel blade is 
i~sed and the seedlings are repeatedly undercut. 

The blade reciprocates at 1,080 strokes a minute, or twice 
the normal power-take-off speed at  optimum engine rpm. The 
increase is obtained by using 20 cm and 10 cm diameter 
double-vee belt pulleys and B-section belts. The stroke of the 
blade is 7. 5cm, and generally tractor speed is maintained at 
2.4 kmh: this represents a forward movement of 3.70 cm/ 
stroke. The reciprocating action, in contrast to a fixed posi- 
lion, assists the undercuttinglwrenching blade to pass 
lhrough the soil and to cut roots without pulling the seedlings 
down. A low tractor speed coupled with a high reciprocating 
speed is particularly important for undercutting. Under con- 
ditions of poor root anchorage - e.g., on very light and un- 
compacted soils - the forward speed is reduced and engine 
rpm increased. Conversely, where root anchorage is good, 
forward speed may be increased while maintaining the same 
power-take-off speed. 

The machine is of 15.2 cm x 7.5 cm welded square section 
construction. The blade is attached to the base of :he two 
rocker arms. Tensioning of the blade is achieved through 
shortening a 1.25 cm diameter high tensile steel tie rod by a 
turnbuckle. 

The tensioned assembly is then reciprocated by a connect- 
ing rod with a 7.5cm horizontal stroke. Its movement is 
counterweighted by a 16.5 cm x 7.5 cm x 3.2 cm crank plate. 
The rocker arms are fitted with graphite-impregnated "fero- 
bestos" bearings, and pivot on 6.4 cm diameter x 12.7 cm 
long, case-hardened pins. 

Discs, one in front olf each rocker arm, have a set of 30" 
$0 the line of work, while the lower edges are positioned at 
m angle of 15" forward of the vertical. The narrow trenches 
dug out by the discs allow the rocker arms to work freely. 
Bonded rubber spring shackle bushes are used at the ends 
of both the blade and the tie rod, and also on the rocker arm 
end of the connecting rod. 

A planned modification is to fit a self-aligning bearing to 
the crank plate end of the connecting rod. Such a bearing 
would prevent wear in the rocker arm bearings from impos- 
ing undue strain on the connecting rod bearings. 

On light soils, the machine ma be extended in width from 
the normal seedbed width of o.!& rn to accommodate 1.82 m 
wide beds without altering its basic geometry. 
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FIG. 2: Tractor with inzpleinent lor latei~al roof pruning. 
N.Z. Forest Service photo by Mrs B. D. Bunker 

Lateral Root Prurzer 

The basic pruning units consist of 50.8 cm x 0.63 cm nar- 
row hub coulters, self-aligning within a restricted radius of 
20°, fitted to a tool bar. Any number of these coulters can be 
fitted to the bar. The hubs are rather subject to wear and 
we envisage fitting narrow roller bearings. Spring steel scrap- 
ers have been fitted to provide down-pressure during the up- 
turn of the coulters, thus avoiding "rolling up" of soil plus 
trees between two adjacent coulters. These have proved very 
effective under conditions of poor anchorage such as occur 
after trees have been shallowly undercut and wrenched several 
times, and also in lateral pruning of pine cuttings. An accur- 
ate cut can be achieved between rows of trees spaced 15.2 cm 
apart at a tractor speed of 3.2 kmh. 

The frame to which the tool bar is attached remains per- 
manently on the tractor. From the position of the ram in this 
r:-ame, the coulters when they are lifted from the ground also 
move inwards, towards the front of the tractor, thus making 
nlanoeuvring in a restricted area easier. To limit the maximum 
load applied to the ram, which can lift the front of the tractor 
ofl the ground, a relief valve has been incorporated in the 
hydraulic system. Both the wrencher and the lateral pruner 
have worked successfully on a variety of soils. 
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RESPONSE OF SEEDLINGS TO BEING UNDERCUT 
AND WRENCHED 

Shoot Growth 

Shallow undercutting followed by wrenching inhibits stem 
and leaf growth. In fact, one of the best measures of the 
severity and effectiveness of undercutting is the depression in 
height growth of wrenched plants compared with untreated 
plants. For example, seedlings that were neither undercut nor 
wrenched had a height increment of 22.5 cm compared with 
5 cm for undercut and wrenched over a 3-month period fol- 
lowing treatment. Diameter growth at the collar region of the 
stem is similarly retarded in undercut and wrenched seed- 
lings. 

Root Growth 

Whereas undercutting and wrenching reduce shoot growth, 
rates of root growth, on an oven-dried weight or volume basis, 
for wrenched. and unwrenzhed seedlings arc similar. The root 
svstems are verv different in form; cutting the taproot causes 
loss of apical d h i n a n c e  in the root systel<as a whole. Radiata 
pine normallv has a well-developed carroty taproot, whereas 
undercut and wrenched seedlings have a compact mass of 
fibrous roots (Fig. 3). Severing the taproot causes, increased 
lateral root growth, and the development of many new roots, 
mainly tertiary in origin. 

RootlShoot Ratio 

I t  is apparent from the preceding two paragraphs that 
undercutting and wrenching increase root/shoot ratios. The 
root/shoot ratio (based on oven-dried weight) for uncondi- 
tioned seedlings was 0.2 and for conditioned seedlings 0.4 - 
i.e., an increase by a factor of 2 (Rook, 1971). 

Depth of U n d e m ~ t t i n g  

Present emphasis is placed on undercutting seedlings at a 
depth of 5 to 8 cm. This is as shallow as a seedlin~ 20 cm tall 
will allow without toppling, and has sufficient length of tap- 
root to accommodate the seedling's main lateral roots. The 
effect of undercutting at different depths is being studied, 
and our present opinion is that the seedling should be under- 
cut as shallowly as possible to impose a sudden, severe shock. 
Undercutting at this depth causes severe wilting under dry 
amospheric conditions, and the art in this technique seems 
to be to make the seedling wilt as much as possible without 
killing it. 

Many nurserymen pIay safe by undercutting not at 8 cm 
but at a greater depth and this does not appear to shock the 
seedling sufficiently, especially in a humid climate. 

Wrenching depth is generalh maintained at just below the 
imdercuttinp level. On heavy soils this cannot always be 
achieved and depth of wrenching is then the same as the 
depth of undercut. 
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Timing of  Undercutting and Wrenching 

The timing of this treatment is very important. If under- 
cutting and wrenching are done too early, the seedling will 
not reach plantable size, since shoot growth is severely re- 

FIG. 3 :  Untreated seedlings (left) and seedlings conditioned by under- 
cutting and wrenching (right). 

N.Z. Forest Service photo by H. G. Hemming 
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duced following the severance of the taproot. On the other 
hand, if it is postponed until the autumn or later, the seed- 
lings do not become fully conditioned. The seedlings' re- 
sponses to undercutting and wrenching in summer, in late 
summer to early autumn, and in autumn to early winter were 
compared (Rook, 1971). Undercutting and wrenching after 
late summer were largely ineffective. After late summer the 
seedlings were not photosynthesizing rapidly enough, and in 
addition a smaller proportion of the seedlings' current photo- 
synthate was translocated to the roots for growth than in 
seedlings wrenched earlier in the growing season. The roots 
of seedlings undercut and wrenched in autumn received about 
15% of the plant's current net photosynthate compared with 
30% in the summer trial. In addition, the photosynthetic rates 
of seedlings in autumn were one-third of those in summer; 
thus the amount of carbohydrates for root mrowth in the 
autumn-treated stock was only one-sixth that of the summer- 
treated seedlings. 

This could account for the less rapid rates of root growth 
and the lower raot/shoot ratios - e.g., 0.40, 0.32 and 0.25 
for summer, autumn and early winter wrenched seedlings, 
respectively, as compared with root/shoot ratios of 0.20 to 
0.27 for unconditioned stock. Seedlings must be undercut and 
wrenched when the climate is favourable for growth, and in 
radiata pine when the plants are making vigorous height 
growth. 

To allow conditioning to start at a given time in the growing 
season (about mid-summer in Rotorua) time of sowing 
has to be regulated to produce seedlings of the desired size 
at the prescribed time. For instance, in Rotorua, if condition- 
ing is to start in midJanuary, seed is sown in mid-February 
of the previous year. In some nurseries in the colder dis- 
tricts, sowings have to be made in late spring of the previous 
season to allow for an adequate conditioning period during 
the active growing season. 

Conditioning Period 

Studies in which seedlings were allowed to photosynthe- 
size 14C0, to determine where the current photosynthate was 
being used (Rook, 1971) indicated that the maximum effect 
of wrenching occurs 2 to 2f months after the seedlings are 
undercut. Thereafter there is a falling proportion of the total 
photosynthate translocated to the roots. Thus undercutting 
should be timed to start 2: months before the seedlings are 
to be lifted, or so that 29 months of the active growing season 
remains. Seedlin s can be held in a conditioned state by 
continued wrenc a ing for several months if necessary, but 
there appears to be little or no additional benefit from so 
doing. 

In1 ensity of Wrenching 

Frequency of wrenching has a significant effect on the typc 
of planting stock produced (Rook, 1971 ). Wrenching at weekly 
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or two-weekly intervals produces planting stock with high 
root/shoot ratios, and slightly higher starch levels than seed- 
lings neither undercut nor wrenched. Wrenching at monthly 
intervals reduces root/shoot ratios, and greatly increases total 
and reducing sugar and starch content compared with those 
of weekly or two-weekly wrenched seedlings. This operation 
therefore allows the nurseryman to manipulate the type of 
planting stock he raises, although we are not yet able to 
state how important it is to be able to change the physiologi- 
cal characteristics of planting stock for different sites or for 
different times of the vear. A very dry site might require that 
the plants have a high root/shoot ratio, while a site which 
will be cold and wet for several months after planting might 
require plants with high food reserve levels; further work is 
procecding on this aspect. 

ScedZin,; Density 

Preliminarv results (Hobbs. 1927) haw e m ~ h a s ~ z e d  the im- 
i~ortance of keeping the seedlings' spacing sufficient to al!ow 
lhem to resuo:ld to undercuttinq. and wrenching. Seedling 
densities of 14 to 64 cm apart within the rows with the rows 
17.5 cm apart did not affect height growth, but the wider 
spacings produced heavier and stockier plants with signifi- 
cantly greater amounts of lateral fibrous roots. Seedling 
density of course should be adjusted to suit the final height 
of the planting stock being produced. 

Influence of Nuvsevy Climate and Site 

The data presented here have been largely obtained from 
one nursery - the Forest Research Institute Nursery, Roto- 
m a  - which has a pumice soil. Although the general response 
of seedlings to undercutting and wrenching on a variety of 
soils and climates throughout the country is similar to that 
of seedlings at Rotorua, there is a need for more detailed in- 
formation on this aspect. Seedlings can be conditioned more 
readily in some nurseries than in others. 

In the Auckland district, for instance, where a vigorous 
autumn flush of growth occurs, it is difficult to contain height 
growth in the second season although two-weekly repeated 
undercutting has produced trees that have been adequately 
conditioned for local requirements. On the other hand, under 
cold conditions on heavy soils it is not always possible to 
maintain a high frequency of wrenching. However, results 
from standard tests have indicated that, provided trees are 
wrenched a t  least every four weeks, adequately conditioned 
trees are produced. 

NutvitionaZ S ta tus  of Conditioned Stock 

A well conditioned seedling has a dry, hardened, brown 
shoot to within 3 to 5 cm of the tip and loss of chlorophylis 
makes its foliage somewhat chlorotic. Applying urea to the 
seedlings before undercutting checks the loss of chlorophylls 
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and builds up nitrogen reserves, especially in the roots; under- 
cutting and wrenching treatments still have the desired effect 
of checking shoot growth and increasing root/shoot ratios. 

The role of nitrogen and mineral elements on the condition- 
ing of planting stock is not adequately understood, but in- 
creased plant hardiness appears to involve several metabolic 
processes which require these elements. Some methods of 
conditioning planting stock reduce growth by disturbing 
drastically the nutritional balance of the seedling (Iyer et al., 
1969); conditioning by undercutting and wrenching, on the 
other hand, is best applied on very fertile soils when vigorous 
growth is taking place (Will et al., 1971). 

STUDIES ON SURVIVAL AND GROWTH OF WRENCHED 
AND UNWRENCHED STOCK 

Radiata pine must be undercut and wrenched if consistently 
high survival rates are to be obtained from planting bare- 
rooted seedlings. Failures that occur can frequently be directly 
attributed to inadequate or ineffective conditioning of the 
planting stock prior to lifting. Several field trials and labora- 
tory studies have been made to find out why wrenched seed- 
lings should survive better and grow faster than unwrenched 
seedlings. 

Root Exposuve Studies 

Root exposure trials in the field and under controlled en- 
vironment conditions in the laboratory (van Dorsser, 1969; 
Rook, 1969b) demonstrated that wrenched stock will tolerate 
longer periods of exposure than unwrenched. Well wrenched 
seedlings withstood exposure of shoots and roots at midday 
(air temperature 17" C, wind speed 7 kmh) for twice as long 
as unwrenched stock. Individual roots of wrenched and un- 
wrenched seedlings, at the same stage of growth, showed no 
differences in tolerance to exposure. Less root damage oc- 
curred in the wrenched stock because of their more compact 
fibrous root system to which soil adhered. This type of root 
system offered greater mutual protection to the individual 
roots than the more open, sparse root systems of unwrenched 
seedlings. 

Heat Desiccation Studies 

Undercutting and wrenching significantly increase the seed- 
lings' ability to withstand exposure to temperatures of ap- 
proximately 38°C; this study was set up to simulate condi- 
tions in covered railway wagons during transhipment in hot 
weather (van Dorsser, 1969). Compression combined with 
these high temperatures proved especially harmful, particu- 
larly to unwrenched seedlings. The reasons for the greater 
tolerance of wrenched seedlings to high temperatures is not 
known, but could be related to their shoots being dry and 
hardened. 
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Cold Stovage 

Unwrenched trees planted after 6 weeks' storage at 1.5" C 
failed almost completely, whereas wrenched seedlings sur- 
vived well after 12 weeks (N.Z. Forest Service, 1965). Cold 
storage has proved to be a very convenient means of testing 
how well the seedlings have been conditioned. The explana- 
tion for the greater tolerance of wrenched seedlings to cold 
storage may be attributed to the higher starch content in 
wrenched seedlings compared with unwrenched; Hellmers 
(1962) showed the importance of high starch reserves in cold 
storage of tree planting stock. 

Survival and Height Growth i n  Field Trials 

Radiata pine seedlings suitably conditioned by undercutting 
and wrenching not only survive better than unwrenched seed 
lings, but also have better height increment after planting. 
Van Dorsser and Moberly (1969) followed the height incre- 
ment of unwrenched and wrenched seedlings after planting in 
Kaingaroa Forest and found that the height increases during 
the first two seasons were, respectively, 0 and 41.5 cm for the 
former, and 17.25 and 46.0 cm for the latter. Even when plant- 
ed under exceptionally favourable conditions in the FRI 
nursery, survivals and height growth after planting were re- 
lated to the frequency of wrenching in the nursery. 

Using undercutting and wrenching, seedlings can be condi- 
tioned for planting at any time of the year (Moberly, 1970). 
By carefully regulating sowing dates and the date of under- 
cutting, hardened seedlings can be produced when desired. 

Planting in summer could be advantageous in many locali- 
ties, especially on sites where there is vigorous weed competi- 
tion. Moberly noted that seedlings transplanted in summer 
(January, 1968) made up to 7.5 cm of height growth before 
the end of the growing season, and grew twice as much during 
the next growing season as the seedlings planted out during 
May-August winter of 1968. Undercutting and wrenching should 
allow the planting season to be extended, but handling from 
a nursery bed to the planting hole would be of critical im- 
portance during the warmer months of the year. 

Physiological Studies i n  Controlled Envivonment Cabinets 

Rook (1969a) examined the water relations of wrenched 
and unwrenched seedlings following transplanting into a 
warm, dry environment. Whereas many of the unwrenched 
seedlings wilted and died, the wrenched seedlings showed 
only slightly reduced leaf relative turgidities, had high rates 
of transpiration, and presumably positive, or  nearly positive, 
rates of net photosynthesis - i.e., the wrenched seedlings 
quickly become self-supporting in producing sufficient assimi- 
late for renewed growth. 

In another study (Rook, 1969b), higher rates of total photo- 
synthesis (net photosynthesis + dark respiration) and dark 

I respiration were demonstrated in the shoots of wrenched 
seedlings as compared with vnwrenched. Initially most of 
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the current photosynthate appears to be channelled to the 
latcral roots to allow the seedling to become established 
qulckly, but further work is being done to determine the in- 
fluence of climate and site. Our present results for radiata 
pine indicate that, once the transplant starts showing in- 
creasingly positive rates of net photosynthesis, new root 
growth will occur. One of the most important changes induced 

m t  root by undercutting and wrenching is to produce an effici, 
system, which can take advantage of any soiI moisture to 
support high rates of net photosynthesis. 

The approach of conditioning by undercutting and wrench- 
ing may be contrasted with the method of conditioning by 
restricted watering as is done in parts of Australia and South 
Africa. Restricted watering reduces root growth almost as 
rnuch as shoot growth (Rook, 1972). When transplanted, the 
seedlings conditioned by restricted watering conserved water 
and only slowly opened their stomata. Such conditioned seed- 

I lings made more efficient use of the available soil water in 
producing new roots rapidly, than non-conditioned seedlings 
whose root systems could only support the shoot's water re- 
quirements for a short time before severe wilting occurred if 
the environmental conditions were at all harsh. Conditioning 
seedlings by undercutting and u~enching is more positive In 
its approach in producing seedlings with abnormally high 
root/shoot ratios. This efficient root system allows the wrench- 
ed seedlings to utilize quickly the available soil moisture and 
establish new root growth. 
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