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DROUGHT RESISTANCE IN SEEDLINGS

OF Pinus pino;ter AIT

THE PROBLEM

INTR,ODUCTION+

Pinus pindster, an impoi-tant exotic in Western Austlalia, serves as a
supplementary species to Pinus r(l.d,iata D. Don within the State's afio{estation
programme. As such it is used only on sites kno$n to be maxginal or otherwise
una€ceptable for P. rdd,iata planting. Unsuita.bility of site for p. rqdiotq, is
largely associated with low soil fertility but is also attributable to soil and
climatic situations in which low water availability or drought may resDllc!
commercial production of {'ood.

It is generally accepted that P. pinaster is more resistant to dtought than
P. rad,iata. Factual data to prove this point are lacking since most observations.
or field comparisons, axe conlounded by fertility gradienNs, variabte fungal
or insect damage or variable silvicultural treatment. The desire to increase
the plantable area by utilizing drier sites, and recent experience \vith plantaiion
mortalities du ng a. record general drought, emphasize the need for more
useful information on management of the two species under droughty conditions.

In particular, the question of drought tesistance became imporlan[ rn
planning an improvement programme far p. pinaLster. For commercial pro-
duction the Portuguese provenance has proved superior under local conditions
(I{opkins, 1960) and an intensive breeding programme to improve this
provenance has been in plogless since 19b7. possibilities arose that selection
in breeding for form and vigour could Iessen any advantages (oyer p. fctd,iata
as a planting proposition) proffered by drought resistance within the natural
population. ff drought resistance rvas to be an important selection factor
it is probable that other provenances of the species have characteristics to
contribute towards genetical improvement.

These various uncertainties prompted studies into the drought resrslance
of the two species in 1966. Ali studies concerned seedlings and aimed to
provide information on the comparative drought resistance of the pottuguese
provenance. In particular, the performance of improved seed, obtained throueh
mass selection within the breeding programme, was of interest.

DR,OUGHT RESISTANCE

The subject oJ drought resistance in pla.nts is well reviewed by Levitt,
SuUivan and KruU (1960). Drought resistance is defined on the basis of a
plant's capacity to survive periods of drought. Total resistance represenls a
combination of drought avoidance, or the ability of a plant to exclude the
drought from its tissues and drought tolerance which ls the degree of drought
within the piant t issues rhal iL can survive.

For perennial species such as forest trees. drought resistance is the
deflnition of survival value through all developmental stages-germlnation.
seedling, pole, pile and mature tree. Such can only be determlned from
long-term field studies and is lmpracticable in absolute terms (Levitt, 1961).
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until the lethal point was reached. Following rewatedng, dlought resistance
was determined as the number of days'exposure until the death point was
reached.

These studies demonstrate that comparative values for drought resist-
aDce can be obtained by simple, if laborious, techniques to show difierences
between both species and plovenances within a species. Results obtain:d are
in accordance with what may be expecled flom knowledge of the drought
sevelity of the environment and the natural distlibution of species or proven-
ances. Generally however, the only useful conclusion on drought resistance
was axpressed by days survival under comparative drought exposures. Signi-
ficant deflnition of lesistance depends largely on the use of a large number
of plants to clearly illustrate trends present in mortality values. Studies
by Hopkins (1964) and Bolot in (1967) associated sensit ivi ty to drought with
the potential for growth. Testing conditions such as soil feriility may thut
have a marked influence on the comparaiive resistance demonstrated in any
one triai. cenerally. information on soil moisiure and leaf moisture have
proved of litt13 value in def.ning drought lesistance.

No factuai refelence can be cited for previous studies oJ compalative
dlought Iesistance in P. pinaster. -Work 

in Israel placed P. pinqsrer- as less
drought resistance than Pi?rrs hl.Iepensis. This source could not be located for
reference purposes. Current work in Israel (Oppenheimer, 1969) shows that
P. radiota has a relatively low drought lesistance; considerably less than that
of P. pinea a d P. brut id,.

THE STUDY

WoIk repoded in this bulletin covers three separate trials investigating
the drought resistance of P. pinI,ster plovenances. Techniques adopted in the
trials vary to some extent but in each tlia1, sulvival Df plant groups can be
related to length of exposule since drought commenced. Different trials in-
corporate d'(ffelent species gloups. plant ages and hardening conditions. To
this extent lesults, or the order of ranking of degree of drought resistance, are
replicated for P. pin(Bter over both age classes and difierent tdal conditions.

Procedures are reported in detail, even if of litUe signiflcance to the final
result. This is consideled necessary. as a major objective in the study was
to establish simple practical procedures for screening progenies; if this was
considered necessary to further the development oi the breeding programme.

TRIAI, I

INTR,ODUCTION

Indications of variable adaptation to drought in Pinus pindster wete
obtained from a pot trial completed in 1966. This trial compared four proven-
ances of P. pinaster wilb P. rad,iatd under two leyels of nutrition and two levels
of watering. For the low level of watering, treatments were droughted and not
rewatered until permanent lrilting (P.W.) was evident in the foliage. It was
found, that from a standard volume of sa1l, P. radiata. transpired the least
soil water before wilting, the Portuguese provenance of P. pinaster was next and
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TABLE I

Schedrle of Treatmentu

Uniformity Block (height grout)

$ntnined xith optimum wnt€r
T'.\\I. r rewatering
P.\\'. - ilo ccs. evaporation watedng
P.\\i. r 160 ccs. evaporation + Iate ng
P.\\r. I 320 ccs. evaporation l- \r'aie ng
P.\\i. + .130 ccs. evaporation + 'lieri g

Treatment

B
c  . . .
I)
It
F  . . . .

Following the 26th, lvatering was discontinued. Pots wele weighed and
inspected ea,ch morning, daily, until P.W. was apparent from foilage and or
leading shoot symptoms. when in doubt, P.w. was verifled by the daily pattern

of pot water loss. At P.W. the treatments were continued as specified.

Foliar Sampling

Needle sampling to determine lelative turgidity (R.T.) was canied out
through all stages of ihe trial up to ihe rewatering. In sampling a can, six
needle pairs, one from each plant and from a standard position and age cl8,ss,
were taken. R,.T. determinations were made for needles cut into one inch (25

mm) sections and employed a five hour flotation period. This technique was
found suitable in a Dreliminary trial.

It was not possible to sample all plants each day. Where practicable the
sampling was disiributed evenly to each plant type and treatment, concenl;ta-
ting on the plants which appeared io be most severely effected by drouebt.

R,ESULTS

Pentuanent Wilting

The trial was initiated by watering all pots to capaciiy. Weighings on two
mornings following inigation in ihe evening, to attain this capacity, revealed
that all pots were wet to a constant weight and at capacity. Mean values for
pot weights at capacity and P.W. are set out in Table 2.

TAts I, }] 2

Melin Pot lveigllt (g.an,s) at \\ atered Capacitv, Pernane.t Wilting and \\laier Loss to
Pernlansrt \Viliing lbr Dach Plant Crorp

8,182
6,768
1.313

s,:J79
6,838
t,541

Pot O:rpsci t r '  . . .  - . . .
P€rmanent Wilting . .
\\iater Loss

10
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ceased. With the unfavourable method of gauging tl1e start point for treat-
ment,- this comparison can only be made by means of the sca,tter diagram in
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Lea,l Water Content

Relative turgidity determinations were made at exposures oI 40, 335,455,
$1,1A2, A64,958 and 1022ccs. atmometer loss since commencement of drought-
ing. Mean values for each plant group in each sampling stage are plotted
in Figure 1.

For each plant group R.T. decreased progressively as droughting period
increased. Althouch the pattern of decline varies to some extent for each
group a, pattern for P. pi,naster, distinct from that for P. radiota, is appareni.
PiTLus pitLdster declined in R.T. at a slower rate with increasing exposure tend-
ing to level off between 50 and 60 per cent. Pi?xzs rad,iata Lended to decrease
R.T. rapidly with increasing Gxposure and within the range studied, appears to
approach zero at a rapid rate.

The trends indicate that following P.W. there is a greater resistance to
water loss ftom P, ,pinaster needles than for those of P. rqd,iato, (Table 2).
From the data it is evident that at R,.T. values of 80 per cent. and higher, over
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R,elatio[ship between relatfve turgldity and the lethal point far Pinus radiata ald Pinlts

ptrast€r provenances from Portugal and Tunisia.

Difierences between the two provenances caU for further provenance
comparisons to define the total variability for the species.

AlthouCh the aims for the trial \rere satisfied by its implementation, the
design employed was found to be very inefficient. In future it must be realized
that the expression of P.W. may vary considerably both between species and
between provenances of any one species. Compa.rative studies ol drought
tolerance must be based on plant water potential and on the period of exposure
since watedng ceased. Plant symptoms for each treatment group or pot weight
are unsatisfactory bases for comparison of efiects of drought.

Needle sampling procedures employed in this trial were explor4tory. It
was realized that R.T. values for species aDd provenances cannot be consialered
to represeart simlla water potentials and hence funciional similaritles. Foliar
moisture sampling was employed, however, to determine whether the expense
and time involved in sampling leaf water potentials is vrarranted in comparatiye
studles. Results indicate that il is, provided that the trial design is sound
in aU other aspects and provided that water potential determinations are
accurate. Difierences for significance will be small. Because of this and the
dimculties of obtaining water potential measurements with available apparatus,

i
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TRIAL II

INTR,ODUCTION

A second trial investigating the resistance of seedlings of pinus pina,ster
to drought was commenced in July 1966 and completed in Febluary 1968. Two
main objectives were specified:-

(i) To compare the relative performances of seedlings of provenances
from portugal, France and Corsica. under artificialiy induced
drought,

(ii) To compale the drought reslstance of seedlings obtained by mass
selection and controlled polllnation in the breeding programme
with that of routine seed.

The trial was similar in design to that previously reported. Early prepara_
tion precluded the use of improvements in tecbniques suggested flom studying
the results of Trial I. It was considered that the relation of survival with
exposure slnce tlme of watering provided a useful means of comparlng overall
drought reslstance.

PR,OCEDURE

Plant Source

Five plant sources were compared:_
(1, P. pina.ster R_routine imported portuguese seed.
(2) p. pinqster F.S._a mixture of seed flom full sib families obtained

oy crossing supedor phenotypes Iaised from portuguese seed in
Western Australian piantations.

(3) p. pinaster Landes_A mixture of seed from half sib progenies
obtained from selected phenotypes in forests of the French Landes
region.

l.{ P. pindster Corsican-Plants mixed from five provenances rmpol.ted
from Colsica.

( P. rad,io,td.-toutine seed collected in South Austratia.
Plants were potted from one year old nursery stock grown under identical

conditions. All plants were vigorous and of medium size fo! the plant group
represented ln the nursery.

Pottins

An equal weight of potting mixture (b.3kg.) was placed in each of I150 t ins (seven inch (18cms) diameter. nine inches (2g;ms) O""or.-- ' r tnit  I
seedlinss of a sinsre prant source were transpranted to a tin in lrr" lsii. Iproviding 30 pots for each plant source. After establishment, """n ,"t-*",_ 

I
thinned to the six most uniform plants. InitiaUy the pots were marnrarnea hthe shadehouse but they were transferred to the open to. n"ra"rrrr]g on "i"months prior to commencing droughting. The potting mixture consisteat of a4:1:1:1 mixture of sand, loam, peat moss and rotted cow manure. Ftequent
wate ng and additions of liquid fertilizer promot€d vigorous healthy growth
during the maintenance period.

I
I
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SurDiocLI Scores

Survival value was determined from both mortahtv counts pel pot and a
veighted survival score. The score allowed a minimum of four points per
plant (24 per pot) according to the follo{ing speciflcations:-

4 poinis-plant normally healthy.

3 points-slight needle damage.

2 points-dead tip.

1 point-dead tip plus needle damage.

0 points-plant dead.

l'AB],E 5

Me:1D Yalues for Atmometer ltvapoution and Pot Water Loss to Oondition of Permnnent Wilting

-{tmometer Loss to Permrnent
$ijltins (ccs.)

Pot Evaluation to Permanent
Wilting kics.)

TreatmeDt Plant Trertment

B.

I).
E.
T.

,lti3

536
581-)

3.
J .
I .
L
1 .

P.P.L.
P.  radiat i
TJ.P.R.
P,P.I .S,
P . P . 0 .

P.P.1, .
P.P.F.S.
P. r.rdiatil
P.P.R.
P.P.L',

1,5ti5
1,591
t,t j03
1.tt49
1,1-22

1,653
1,645
1,63r
I, f i20
1,6r4
1,592

511
5,15
538
596

3 .

i
L
4.

B.
tr.
C.
I .
D .

R,ESUI,TS

Perm(Lnent lryilting

Values for amount of atmometer evaporation and water Ioss per pot from
time of cessation of watedng to P.W. (Table 5) difiered significantly both be-
tween plant sources and within treatment groups. For pot wa,ter loss five of the

six treatments are in agreement, treatments A or D being oui ol phase with

the other five. If the trial had been suitably controlled, diferences between

treatments in these two aspects should noi have rcsulted. The only explana-

tion ofiering for the discrepancy is that the large number of pots and the
physical need to distribute them in treatment blocks, rather than replication

units, has led to differential exposure of treatments in the glasshouse. This

suggestion is not consisient with the faci that trea,tments qrhich lost least

water (D) did not experience the shortest exposure or time to P.W. Treatment

A which lost most wa,ter also received the least exposrDe time (Table 5). The

discrepancy cannoi be related directly to difierences in mean plant height per

treatment (Table 4). In practice it is believed that the magnitude of the

difierences within treatments are of little significance

Difierences in exposure time (aimometer loss) and pot water loss between
plant groups up to P.W. vere significant and to be expected from results of
previous tdals. The condition of P.W. was detested from visual svmptoms of

needle and tip witting in the early morning. This must vary with the condition

and iype ol needle as well as through any physiological factors. From experience

20
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Values recorded for mortality and survival value (Table 7) do in fact indi-
cate a superiority of the Portuguese sources, Farticularly the P.P.F.S. source,
ovet P. rod,iata,. This is despite the fact that the lattel source received four da,ys
less exposure. The ordel of dlfferences obtained however, suggests that it could
be extremely difficuli to attach statistical significance to such a ranking, even
if exposure was constant for all species and treatments. Survival means fo!
each plant source were assessed from 24 pots or 124 separate plants. The order
of difierences obtained for a range oJ species and provenances suggests that
the experimental approach may be rather ineffective and insensitive.

Sun)iDal Values

Ilaving proven from results that control within the expe mental design
was inadequate, the tdal objective was analysed on a non stati.stical basis.
To compensate for varying exposure with plant group, the survival value lor
each trial unit (one pot with six plants) was plotted against the accumulated
atmometer loss (exposule) between cessation of watedng and re-commencement
of watering (Figure 5).

It is obvious (Figure 5) that, within the limits of the study, P. pinaster
is much more drought resistant t],aarl P. radiata. Pinus pinaster F.S. forms a
population cluster completely separate from that of P. rodioto and shows
superior drought resistance throughout lts whole range. The scattel for

O  P  P N A S T E F  C O F S I C A

X ,P  P]NAS' IER LANDES

A P PINAsTER LLRA | f f i

-P P NASTEF rtttsn (l)

1 l ?

rn

=

100 800 900
AIMOI{ETER EVAPORAT ON (CCS)

Fieure 5,
R€lationship between survival value and total drought exposurc for P. rodtaro and four

provenanc€s of Pinus pinaster,
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nature of needles and slow shoot growth lead to an expectation that this

oi"t""t""" *"tfa prove relatively drought resistant Ttrese have been the ex-

perimental indications.- 
iesults suggest that the Landes provenance is the least drought resistant

of tIIe P, pinaster provenances Again, this is not entirely unexpected The

!oor"" ,uor""""ta a half sib family mixture from vigorous ptrenotypes selected

;; th" ;;il;i and southern Landes region which would be less drought prone

than tlte Portuguese forests at Leira'

CONCLUSIONS

Useful comparisons of drought resistaJrce ca'n be made from the technique

adopted.

P. pinaster F.s. 8,nd cor$ca'n provenance proved most drought resistant'

,, pino"t", Routine, and Landes were then ranked in that order' Pirrus rail':(ttd

iri'tfr" fo.t resistant to drought of all plant sources tested'

!\
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Sunflowers useal to produce a standard soil moistru€ pqtential ,in ireatment units_ 
piDes are P pinaster ful1 sib and P btl"io'

Tr eaLtn.ents

Six treatments were emPloyed:-

A. Permanent wil t ing (P.W.) + rewatertng.

B. P.W. + 3 days exposure + rewaienng.
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of plants per pot (Figure 6) was unifolm and all ihree sunflowerc were found

to reach P.W. on the same morning. Pot watel losses, as determined by weighing

for either plant or treatment classes, \'t'ere aU within i 2 per cent. of the mean

value. In efiect the use of sunflowers permitted the desiccation elposure to

commence at a common water potential.

TA BLII 9

Nunber of Plants Permrnentlv \\iilted at Noisture Pote tial Indicatcd by Permanent
$ iltnlg of SunlloFers

Plr,rt Sourcc

Tre1lment
Total

- ;D

L P. pinnster ll.S.
,. P. pinaster R.
3. P. elliottii
4. P. brutia
5.  P.  radiats . .
ii. P. pinnsrer CorJicad r
7. P. pinaster Oorsican 2
8.  P.  tacda . .

Totx l

!t

l l
I
I
3

li-

2
+

l0
t8

1

7
4

io

t

;
8

1 7
I

I

it
+
2

l0
l 8

1 6  4 1
12 3tl

t ; t
l8  9?

. 2
8 1 2
ii lti

70 L 2tii;
I

The number of plants in the P.W. condition at sunflo\ter P.W. varied
greatly with plant group (Table 9). Variation between ireatment groups was

minimal except for treatmeni F which was the first set up. A pedod of rapid

initial drying and conservative estimation must have infuenced this anomaly.

Further estimation was constant for all selections. Results in Table I agaln

conflrm the fact that P. radi&td enlLers a stage of P W at lower waier potentials

lban P. pinaster.

Mortcrlitu and SurDiDCLl Values

Survival values wele expressed as percentages and transformed as angle

arcsines for analysis. Mortality values were analysed using a squale root

transform. The analyses proved to be highly signiflcant and established that

the plant by treatment interaction was significant at the one per cent. level.

Results Jor the main effects and the interaction ale presented in Table 10

and displayed in Figure 7.

Pi.nus brutia proved to be the most drought resistant being virtuallv

unafiected by the treatments. The two Corsican provenances were next in order

of resistance. Results for these two provenances were lemarkably similar sug_

gesting precision within the trial procedure. Potuguese P. pinaster, both routine

and fuU sib ranked Dext in resistance. P. rad'iata, P e4iottii a}trd P, taeila 'rr'ere

similar in order and of lowest resistance.
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SoiI rtuoisture

Residual soil moisture data (Table 11) showed that progressive soil drying

accompanied increasing exposure by treatment' Agreement between replicates

was excellent. Both the means for plant groups and tleatments were signifi_

cant at the one pe! cent. level. The plant bv treatment interaction did not
prove to be significant. Multiple range tests against plant means revealed that

Lhe P. rad,iatct mean was significantly different from the other seven

No practical significance can be associated with soil moisture values.

P. radiato reached P.W. first (Table 9) and soil drying was least. P. bruti(L

however, which was most drought resistant, also had a relativelv high residual

soil moisture and it wiu be seen from Table 9 that this species entered P.W.

at a rate only second to P. rddiatd. on the other hand, the corsican group

which was delayed in P.W. also had relativelv high soil moisture

The soil mixture used did not allow for a wide range of soil moisture

residuals over the exposure Iange employed. For this triat, it is suggested thai

moisture residuals purely serve to show that the progrcssive range of treatments
employed was efiective.

I 'ABLE T1

eans Obtained n,r Soil Iojstnre Peri,entnges in Plant a d Tfeltncnt Clacses. Signifi-
cance is  a t  the  0 .01  lc \ ' c l .

PIant Sonrce L e p l i c a  t i o ' L

l. r:1.1irtl

P.  bnt ia
P. ?nlsst{x F. S.
Corsican 2
P. elliottii
]'. tina-\tcr R

3 . 7 1
3 . i 9
3 . 4 6
: 1 . 4 4
: 1 . 3 r -
: 1 . 3 3
3 . r 9
3 .  1 0

3 . 9 2
3 . 6 1

:1.: l l
3 . 2 5
2 . 9 3

3 . 4 0
3 . 3 9B .

D.
lJ.

T ,

L

DISCUSSION

DrouglTt Resislence

This third trial conflrms Tdals I and u in showing tbo"L P. pituaster is

more dloughi resistant that P. rddiata. It also conflrms results from Trial II

to show thai Portuguese seed modified by the tree breeding plogramme rs at

least as drought resistant as routine seed of this proveDance The latter

conclusion, although only based on seedling mater.ial, provides confldence for

future results of the breeding programme. It wiU be manv years and the pro-

gr-amme will be greatlJ' developed before an absolute result, based on mature

trees in the f ield, wi l l  be forthcomine.

Trial rrr shows that the ccrsican provenance is more resistant to drought

than Portuguese material at low to moderate exposure and of similar value at

high exposure. Again this confirms results of Tfial II but ihe more sensiiive

design and control of the curlent study has imploved understanding of the

nature of the two provenances.
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A major problem associated with the prosedure utilized is ihe variation in

exposure involved. Use of an evaporation day, from aimometer readings, is
reasonably sound. It is obvious however, that a time Jactor is operative and
this can be most impoltant. Whether drying to say 100ccs exposure oscuts over
three days or six days can influence plant response. This is clearly indicated
in Table 9 where pots selected at the flrst evidence of sunflower P.W., following
a very hot period, had twice the number of pines wilted as did the latter

selections. Ideally, a drought chamber providing standald temperatures,
radiation and evaporation rates is the answer. If however, large plants and
large numbers need to be screened, expense is prohibitive. Influences of
variable duration of exposure can be reduced in the glasshouse approach
utilized by determining exposure time Irom a standald evaporation source,
designing treatments to cover a wide range of exposure conditions and ensuring
that all plants utilized within a single treatment are associated with the
same time period.

A further problem associated with the approach is to pre-set treatment levels
which wiU adequately cover a suitable exposure range. Depending on size of
plants, condition of plants, container size and weather conditions, the same
atmometer loss (exposure) will produce difierent plant response. Useful resuits
were only obtained in the present studies by starting at P.W. and allowing for
a wide range of treatments which could be adjusted to include severe drought
condiiions. To do such, and use scatter analyses effectively, a relatively large
number of treatments and experience in gauging plant stress and response
are required.

Sunflowers were used efiectively to set a standard start point to commence
the trial. This was effective with smal1 plants but some problems could arise
in growing sunflowers under crowded, two year o1d plants.

CONCLUSIONS

Pinus pinaster has been shown to be more drought resistant than P. rddiara,
P. elliottii a'ld. P. taeda. within provenances of P. pino$ter resistance to
drought is variable decreasing from Corsica, Portugal, Landes and Tunisia in
that order. Plants obtained from the Western Australian breeding programme
show at least the drought resistance of the natural Portuguese source and there
is an indication that selection may be improving the average drought resistance
of the population.
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cultivation &nd progressive thinring may grow an economic crop oI P radiQta

on sites from which it would be naturally excluded bv drought and competitor

species. One hundred stems of mature P. radiqtd grown under such conditions
may be more economical than a healthy, unthinned stand of P. pinaster o\r L].'e

same site. The ability to valT competition through silvicultural manipulation

reduced the utility of a direct expression of ihe natural drought resistance of a

species.

Drought problems in commercial fofestry are hence a compromise between

droughtiness of a site, ihe range and cost of silvicultural manipulation and

the relative drought resistance and potential fo! production of a species. It is

still desirable to have an expression of the absolute or natural drought
resistance of a species. It is however, equally essential to define the droughtiness
of a site and to realize the economic and biological retums possible from that

site under a range of silvicultural alternatives.

GENERAL

Within objectives set for the study, results are satisfactory. Further inform-
ation has been provided concerning provenance variation in P. pi?rostel. Aspects
of the local bleeding programme, concerning drought response, have been
placed into perspectrve. Study results also offer a useful direction upon which
to base detailed wolk concerning physiological or functional aspects oI dfought
resistance in the conifers concerned. In a field of study which is sedouslv
lacking in factual data, the simple, direct approaches employed provided useful
results.

A knowledge of Datural drought resistance will assist afforestation schemes
in selecting species for testing on sites available lor planting. The maior
economic advantage however, must come lrom testing species on sites and re-
lating economic returns with the costs oJ silvicultural manipulation. verv
r:esistant species usually have slow growth rates and very droughty sites will
only support limited production. commercial production in plantation praciice

will usually come flom the least drought resistant species which will proYide an

economic return on ihe site.
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