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1 EFFECT OF ELEVATED TEMPERATURE AND
CARBON DIOXIDE CONCENTRATION ON
GROWTH OF SELECTED POPLAR AND
WILLOW CLONES

lan Mclvor and Jonathan Crawford, Plant & Food Research.

1.1 Introduction

Poplars and willows are expected to continue to be the key tree species used to stabilise soil on
pastoral hill country in New Zealand. Pastoral hill country is extensive across most regions of
New Zealand, and particularly across regions of the North Island of New Zealand. Pastoral hill
country erosion is more severe in the North Island, which tends to experience more intense rain
storms. Hence the extensive planting of poplars and willows for hill slope stabilisation is more
typical in the North Island than in the South Island.

Future climate scenarios for New Zealand (http://www.niwa.co.nz/our-
science/climate/information-and-resources/clivar/scenarios) depict a climate with elevated
temperature (~2.5°C annual mean increase by 2090) and atmospheric CO2 (550 ppm).

In summer and autumn, the North Island and northwest of the South Island are predicted to
show the greatest warming, whereas in winter the South Island will have the greatest warming.
These scenarios further predict that eastern parts of New Zealand already prone to summer
drought will experience more frequent and more intense droughts.

Drought stress affects water retention in plants at the cellular, tissue and organ levels, causing
both specific and unspecific reactions as well as potentially damaging tissues and inducing
adaptive responses (Beck et al. 2007). Plants cope with droughts by activating defence
mechanisms against water deficits, including stomatal closure (which reduces the rate of
transpiration and photosynthesis); the synthesis of new proteins; and the accumulation of
osmolytes (Cvikrova et al. 2013, Bray 1990). Plants interactions with the environment are
mediated, at least in part, by phytohormones, of which the most important in dehydration
responses is abscissic acid (ABA), a hormone responsible for leaf fall.

Poplars and willows utilise this unseasonal leaf drop as part of their coping mechanisms against
drought. For this reason managing these trees by pollarding both reduces their water
requirement during drought and maintains a stock fodder source becomes imperative. This may
become an important management tool for assisting tree survival during severe droughts
particularly droughts occurring in successive years or droughts following a warmer winter with
lower than normal rainfall.

An experiment was carried out in a controlled environment to evaluate the growth response of
selected willow and poplar clones to future climate change (elevated CO2 and temperature).
Since these environmental changes are predicted to rise together and are recognised as
being interdependent, the experiment did not separate the effect of temperature from the
effect of CO..
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1.2 Methods

An experiment was carried out at the Controlled Environment facility at The New Zealand
Institute for Plant & Food Research Limited, Palmerston North, to evaluate the response of
Populus and Salix species to predicted climate change induced conditions of enhanced carbon
dioxide and temperature. Two commercial poplar clones, ‘Fraser’ (P. deltoides x nigra) and
‘Geyles’ (P. maximowiczii x nigra) were used as representative of Populus clones, and two
willow clones ‘Hiwinui’ (S. matsudana x alba) and ML1 (S. matsudana x lasiandra) were used
as representative of Salix clones. ‘Hiwinui’ is a commercial clone and ML1 is being trialled for
release as a commercial clone.

The controlled environment conditions are detailed in Table 1. The separate effects of
enhanced temperature and enhanced CO2 concentration were not able to be evaluated
because of the additional costs involved. Instead, the approach was taken to separate the
effects of each variable from published data.

Table 1. Controlled environment conditions.

Irrigation and

PPED nutrient regime
Temp. Humidity pmol Daylength
°C (£5%RH) m2s? hr Normal Drought
Normal 370 23/14 70/72 700 11 90% 30%
Enhanced 550 25.5/16.5 70/72 700 11 90% 30%

The trees were grown from 1-year-old cuttings 25 cm in length planted in 20-L bags, into a mix
of peat (35%), sand (30%) and bark fines (35%), to which 3 month and 9 month slow release
fertiliser was added. The bagged cuttings were sprouted in ambient conditions before moving
them in to the controlled environment rooms.

The drought regime was introduced after 8 weeks of growth in the climate rooms. Plants were
randomly selected for drought treatment. The treatment method was by reduction of irrigation
delivery by removal of irrigation drippers. When plants were selected for drought, three drippers
were removed from the planter bag. This allowed water delivery to one dripper only, i.e. one
dripper instead of four to the plant. Three plants from each respective clone in both climates
were selected for drought treatment.

Immediately prior to the imposition of drought conditions a measurement of production in each
environment was obtained for both species. For the willows half the stems with their leaves
were removed, and the measurements in Table 2 were taken. This amount of material removal
was necessary because the willow stem growth was much faster than the poplar growth and
some control was needed to retain light penetration and prevent leaf termination on some
shoots. As far as possible, care was taken to match the cross-sectional areas at the collar of
stems removed with the stems retained. For the poplars, half the foliage only was removed
since the poplars had only one dominant stem. Leaf area and leaf dry mass (DM) were
measured for each sample. The height and collar diameter were recorded for the tallest stem
retained for each tree. The leaf area remaining was assumed to be equal to the leaf area
removed. Likewise, for the willows, the stem mass retained was assumed to equal the stem
mass removed.
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Measures were analysed with analysis of variance (Genstat 16, VSNi Ltd, UK, 2013), fitting a
model which tested for differences between species, CO2 and temperature status (‘status’) and
water availability (‘treatment’) and their interactions, and then within each species tested
differences between the clones, overall and in how they reacted to the COz/temperature status
and water availability. For all measures residuals were inspected to ensure the assumptions of
ANOVA were met, and where necessary data were log- transformed to stabilise variability.

Since the COz/temperature status was not replicated (one climate room with standard

temperature and COz, one with higher CO2and temperature), it is possible that effects of ‘status’
actually reflect other differences between the rooms.

1.3 Results

The various treatments have been given codes (Table 2) to ease reporting.

Table 2. Codes for Treatments as used in the report.

Climate Water treatment Code
Normal normal NN
Enhanced normal EN
Normal drought ND
Enhanced drought ED

The data are considered as (1) growth response in the normal and enhanced climate,
(2) growth response to the imposition of drought, (3) growth response during the complete
growing season (non-drought and drought phases).

(1) Shoot growth response to the enhanced climate

Willows had significantly more leaf mass than poplars (P < 0.001), and the willows in the
enhanced climate had more leaf mass than those in the control climate (P < 0.001). There were
no significant differences between the poplar clones. ‘Hiwinui’ willows had more leaf mass than
ML1 willows (P = 0.022).

Willows had significantly more leaf area than poplars (P < 0.001), and the trees in the enhanced
climate had more leaf area than the trees in the control climate (P < 0.001). ‘Fraser’ poplars and
‘Geyles’ poplars in the enhanced climate had significantly higher leaf area than ‘Geyles’ in the
control climate (P = 0.008 clone effect and P = 0.012 for clone x status interaction). There were
no significant differences between willow clones.

Poplars showed a significant increase in mean leaf mass per unit leaf area (P < 0.001) in the
enhanced climate, but the difference for willows was not significant.

The trees in the enhanced climate had more stem dry mass than the control trees (P < 0.001).
There is a near-significant willow clone x temperature/CO: status interaction (P = 0.057) —
‘Hiwinui’ in the enhanced temperature/CO- status is similar to ML1 (either status), but ‘Hiwinui’
in the control climate is significantly lower.
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Table 3. Response of the willow and poplar clones to enhanced climate prior to the application of
drought (PDH) conditions.

Mean Leaf DM

Mean PDH Leaf Mean PDH Total Leaf Mean PDH Stem per unit leaf

DM g Area cm? (x1000) DM g area g/m?

Poplar 21 9

‘Fraser’ 22 11.3 45

Control 15+9 11.4+£6.5 39+10

Enhanced 30+ 14 11.1+£ 31 52+15

‘Geyles’ 22 6.9 57

Control 12+ 11 29+48 49+9

Enhanced 33+14 109+ 3.7 66 £ 12
Willow 47 12.4 77

‘Hiwinui’ 53 11.7 73

Control 43 +£10 89+20 59+13 95+ 11

Enhanced 63+ 16 145+ 3.6 88 £ 22 864

ML1 41 131 80

Control 397 11.4+£20 78 +15 68 +4

Enhanced 44 +6 148+ 2.6 82+9 606
LSD 13 4.5 18 11.1

(2) Plant growth response to the enhanced environment conditions during drought

1.4 Shoot biomass

During the time drought conditions were imposed, differences in shoot biomass production
(Table 5) between control and enhanced environmental conditions were small compared with
the differences resulting from the drought treatment. Biomass production of above ground tissue
was lower for willow plants subjected to drought treatment (Table 4). The effect of drought
appeared to be less severe in those willow plants experiencing elevated day/night temperature
and COz. The difference in % DM produced during the period in which some willow plants
experienced drought treatment was less for the elevated environment than the normal
environment. This difference was greater for ‘Hiwinui’, than for ML1 which was almost the same.
There was more variation in the shoot biomass data for poplar plants during the drought period.
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Table 4. Shoot biomass (g) of poplar and willow during the drought phase grown in varying
environmental conditions of CO2, temperature and water availability. LSD = 255.

Control Enhanced

Poplar
‘Fraser’
Drought 338+ 175 290 + 151
Normal 420 £ 175 162 + 140
‘Geyles’
Drought 114 £ 18 639 £ 406
Normal 245 + 198 427 + 188
Willow
‘Hiwinui’
Drought 198 + 54 188 + 52
Normal 452 + 106 37174
ML1
Drought 216 + 54 291+ 23
Normal 456 + 23 430 + 82

There was a significant species x water availability interaction (P = 0.012 — poplars show no
significant difference between normal and drought conditions, willows grow more shoots under
normal conditions, but significantly less under drought conditions), and a significant
temperature/CO; status x water availability interaction (P = 0.049 — drought significantly reduces
shoot growth under control temperature/CO- conditions, but under higher temperature/CO-
conditions water availability has no significant effect).

There was a significant difference in the way the two poplar clones reacted to temperature/CO>
status (P < 0.001 — as with leaves, stems and total shoots, ‘Fraser’ showed no significant
difference, but ‘Geyles’ gained more shoot mass in the enhanced temperature/CO- condition).
There were no significant differences among the willow clones.

1.5 Leaf biomass

Leaf biomass production during the drought period is shown in Table 5. There was a significant
species effect (P = 0.012), water availability effect (P = 0.019) and species x water availability
interaction (P = 0.022 — poplars showed no significant difference between normal and drought
conditions; willows grew similar amount of leaves under normal conditions, but significantly less
under drought conditions), and a significant temperature/CO; status x water availability
interaction (P = 0.040 — drought significantly reduced leaf growth under control temperature/
CO:2 conditions, but under higher temperature/CO- conditions water availability had no
significant effect).

There was a significant difference in the way the two poplar clones reacted to temperature/CO-
status (P < 0.001 — ‘Fraser’ grew fewer leaves under enhanced temperature/CO- than the
control, but ‘Geyles’ grew more in the enhanced temperature/CO; condition). There were no
significant differences among the willow clones.
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Table 5. Leaf biomass (g) production of poplar and willow during the
drought phase grown in varying environmental conditions of [CO2],
temperature and water availability. LSD =71.

Control Enhanced

Poplar
‘Fraser’
Drought 94 + 29 98 £ 51
Normal 162 + 24 54 + 47
‘Geyles’
Drought 634 203 £ 113
Normal 97 £ 42 149+ 70
Willow
‘Hiwinui’
Drought 63 + 14 33+29
Normal 130 + 30 105 £ 20
ML1
Drought 52+ 10 639
Normal 111+6 104 + 28

1.6 Shoot height

There was a significant species effect (P < 0.001), temperature/CO; status effect (P < 0.001)
and a near-significant species x temperature/CO- status interaction (P = 0.051 — shoots were
longer under enhanced temperature/CO>, and the effect was larger for poplar than willow
(Table 6)).

There was a significant difference in the way the two poplar clones reacted to temperature/CO-
status (P < 0.001 — ‘Fraser’ showed no significant difference, but ‘Geyles’ grew taller in the
enhanced temperature/CO- condition). There were no significant differences among the willow
clones.

There were significant species (P = 0.049), climate (P = 0.016) and water availability (P = 0.037)
effects, and also a significant species x climate interaction (P < 0.001 — poplar grew taller under
enhanced temperature/ CO: but willow did not differ) and climate x water availability interaction
(P = 0.049 — drought significantly reduced growth under control temperature/CO2 conditions, but
under higher temperature/CO2 conditions water availability had no significant effect).

At final harvest there was a significant difference in the way the two poplar clones reacted to
temperature/CO: status (P = 0.019 — ‘Fraser’ showed no significant difference, but ‘Geyles’
grew taller in the enhanced temperature/CO- condition). There were no significant differences
among the willow clones.
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Table 6. Mean shoot height (cm) for the tallest shoot measured prior to imposition of
drought treatment (P) and at final harvest (F). LSD (pre-drought) = 76, LSD (final
harvest) = 76.

Control Enhanced

Poplar 103 186 187 270
‘Fraser’ 141 221 175 258
Drought 157 206 159 263
Normal 125 237 199 251
‘Geyles’ 64 152 197 280
Drought 45 133 183 300
Normal 83 170 210 260

Willow 210 262 241 247
‘Hiwinui’ 219 254 240 239
Drought 226 208 220 210
Normal 213 300 261 268
ML1 200 270 242 255
Drought 197 238 238 255
Normal 202 302 246 255

(3) Growth response during the complete growing season

1.7 Root mass

In the enhanced climate of [CO2] and temperature, root biomass was lower in both species
(Table 7) and under both normal and drought conditions. However, there were no significant
differences between the species, the temperature/CO, status, or water availability (P values
ranged from 0.083 to 0.746). There was a significant difference between the two poplar clones
(P =0.022 - ‘Fraser’ had larger root systems) but no significant interactions with temperature or
water. There were no significant differences between the willow clones (P values range from
0.460 to 0.902).
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Table 7. Root mass (g) of poplar and willow clones grown under varying
environmental conditions of [CO2], temperature and water availability.

LSD = 89.

Poplar Root mass g Root mass g
‘Fraser’
Drought 99 + 51 4125
Normal 168 + 152 86 +43
‘Geyles’
Drought 18+6 54 + 40
Normal 69 + 95 43 +29

Willow
‘Hiwinui’
Drought 101 + 34 705
Normal 127 £ 14 81+28
ML1
Drought 99+ 18 95 + 21
Normal 112+ 30 104 £ 40
LSD 69 191

Leaf and stem biomass (Table 8) data suggest that under enhanced environmental conditions
leaf DM production will be reduced and, when subjected to drought, the % reduction in leaf DM
production will not be as great. The inference from these data is that enhanced CO, and
temperature acting together will reduce leaf biomass production, possibly because the
increased photosynthate production is compensated by a reduction in photosynthetic material.

(i) Leaf DM

There was a significant difference between the drought and normal water treatments
(P =0.009), with less leaf mass produced in the drought condition. LSD = 79 (for clone x
temp/CO: status x water treatment means)

The two poplar clones had significantly different responses to the enhanced temperature/CO2
status (p = <0.001); ‘Fraser’ produced similar leaf mass as in the control condition, but ‘Geyles’
produced more leaf mass in the enhanced temperature/CO- condition. However, there were no
significant differences among the willow clones.

(if) Stem DM

There was a significant difference in total stem DM produced between poplars and willows

(P =0.005), but also a significant species x water treatment interaction (P = 0.019); in
unstressed conditions, willows produced more stem mass than poplars, while in drought
conditions willows produced about the same stem mass as poplars in either drought or normal
conditions (for poplars there is no significant difference between the two conditions).
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Table 8. Leaf, stem and shoot biomass (g) of poplar and willow grown under varying environmental
conditions of CO2, temperature and water availability.

Control Enhanced

Total Leaf Total Stem Total Shoot | Total Leaf Total Stem Total Shoot

DM g DM g DM g DM g DM g DM g

Poplar 125 175 300 170 276 446
‘Fraser’ 159 251 409 122 180 302
Drought 131+ 46 243 + 160 374 + 191 120 + 56 192 + 100 311+ 155
Normal 186 + 44 258 + 153 444 + 195 125+ 20 1617 287 £13
‘Geyles’ 92 99 191 209 357 566
Drought 68+ 6 50+ 15 118 £ 17 236 + 128 436 + 293 672 + 421
Normal 117 £ 68 148 + 68 264 + 228 183+ 75 278 £ 118 460 + 192

Willow 129 310 439 129 329 458
‘Hiwinui’ 139 287 426 131 298 430
Drought 111+ 20 203 + 36 314 + 57 83+23 232+ 17 315+ 35
Normal 166 + 38 372+ 78 538 + 116 179+ 10 365+ 35 544 + 42
ML1 120 333 453 127 359 486
Drought 91+18 242 + 59 332176 106 + 3 313+ 10 419 + 11
Normal 149+8 424 + 29 573123 148 + 31 405 + 601 553 + 92

As with leaf mass, the two poplar clones had significantly different responses to the enhanced
temperature/CO- status; ‘Fraser’ produced similar leaf mass as in the control condition, but
‘Geyles’ produced more leaf mass in the enhanced temperature/CO- condition. There were no
significant differences among the willow clones. LSD = 190.

1.8 Shoot DM

There was a significant water treatment effect (P = 0.035), but also a significant species x water
treatment interaction (P = 0.026); as with stems, in unstressed conditions, willows produced
more mass than poplars, while in drought conditions willows produced about the same mass as
poplars in either drought or normal conditions (for poplars there is no significant difference
between the two conditions).

As with leaf and stem mass, the two poplar clones had significantly different responses to the
enhanced temperature/CO: status; ‘Fraser’ produced similar leaf mass as in the control
condition, but ‘Geyles’ produced more leaf mass in the enhanced temperature/CO2 condition.
There were no significant differences among the willow clones. LSD = 263.
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1.9 Shoot: root ratio

Table 9. Shoot: root ratio of poplar and willow grown under varying
environmental conditions of [COz], temperature and water

availability.

Poplar
‘Fraser’
Drought 3405 9.6+6.5
Normal 35+£1.9 3.8+17
‘Geyles’
Drought 6.7+22 16.5+9.6
Normal 7.8+49 126+4.2

Willow
‘Hiwinui’
Drought 28+0.6 3702
Normal 40+0.5 47+15
ML1
Drought 3.1+£0.5 39+038
Normal 51+13 40+0.7

There were significant differences between species (P < 0.001), temperature/CO- status

(P =0.003), a significant species x status interaction (P = 0.037 — poplars in the high
temperature/COz condition had higher shoot: root ratios than in the control condition,

whereas willows showed no difference) and a significant species x water availability interaction
(P =0.023 — in the drought condition shoot: root ratio for poplars increased, but for willows
decreased).

There was a significant difference between the poplar clones (P < 0.001 — ‘Fraser’ had lower
shoot: root ratio) but no significant differences among the willow clones.

The elevated shoot: root ratio in the enhanced climate was contributed more by a reduction in
root biomass (Table 7, 8) than an increase in shoot biomass.

1.10 Discussion

Prediction of increased drought frequency is alarming, and its effect is clear in this experiment
where availability of water at depths of 0—40 cm is severely restricted. This experiment differs
from field experiments in the depth of soil where water can be accessed. The ability of willow
and poplar trees to maintain production of new leaf material in contrast to pasture is due to
access to water at greater depths. This capability can be further enhanced through reducing the
tree internal requirements for water by pollarding (reducing the trunk and large branch
components of the canopy). This is a strong indication that drought will continue to be a major
deterrent of production and is unlikely to be offset by the beneficial effects of enhanced CO2 and
temperature.
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Table 10. Levels of significance for effect on various interactions on plant biomass parameters.

Parameter Interaction p

species 0.012
Species x climate 0.022
Water availability 0.019

Leaf DM Climate x water availability 0.04
Species x water availability 0.022
Clone (poplar) <0.001

Clone (willow) NS
species 0.053

climate NS

Stem DM Water availability NS
Climate x water availability 0.034
Clone (poplar) <0.001

Clone (willow) NS
species 0.026

climate NS
Shoot DM Water availability 0.035
Climate x water availability 0.049

Clone (poplar) 0.001

Clone (willow) NS

species NS

climate NS

Root DM Water availability NS
Clone (poplar) 0.022

Clone (willow) NS
species 0.003
Species x climate 0.037
Shoot : root DM Species x Water availability 0.023
Clone (poplar) <0.001

Clone (willow) NS
species 0.049
climate 0.016
Water availability 0.037
Shoot height Species x climate <0.001
Climate x water availability 0.049
Clone (poplar) 0.019

Clone (willow) NS
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For the two willow clones grown under well watered and drought conditions, drought resulted
in large reductions in above ground biomass, but lesser reductions in below ground biomass.
This suggests that drought conditions produce changes in where photosynthate is invested,
with relative increases in root production and decreases in shoot production. In the natural
environment the promotion of root growth would enable a greater volume of soil to be tapped
for water.

Temperature was not treated as a separate variable to CO.. Primarily this was because future
climate predictions link assume increasing CO:2 (as cause) and increasing temperature

(as effect) as occurring together and it will be the combined scenario that plants will experience
if these scenarios prove correct. The purpose of this experiment was to investigate plant
response to that combined scenario. Discussion of the variables treated separately will utilise
other research findings.

Flanagan et al. (2013) conducted an experiment with grassland species where they measured
biomass response to elevated temperature (2.5°C) and varying precipitation (-50%, 0%, +50%).
They reported above ground biomass was not significantly affected by the experimental
manipulations, but warmed soil (0.5-1.0°C) increased root biomass. However, no significant
differences in shoot: root ratio occurred among treatments during the 2 years of the experiment.
They suggested that experimental warming over a longer time period may be required before
consistent, significant effects of the warming treatment on root biomass could be discerned.
Morgan et al. (2011) noted that 4 years of exposure to elevated atmospheric CO2 concentration
were required before a significant effect on root biomass was noted in a mixed-grass prairie site
in Wyoming. For comparison, a recent meta-analysis covering a wide range of species indicated
that experimental warming increased aboveground biomass on average by 27%, but did not
significantly affect belowground or total biomass (Wu et al. 2011). In addition, experimental
reductions in precipitation decreased aboveground biomass by 15%, and increased
precipitation stimulated aboveground biomass by 12% and belowground biomass by 11% (Wu
et al. 2011). Nutrient deficiency as an uncontrolled variable may mask controlled effects in open
land studies. In growth chambers nutrient limitations are easily managed, as are such other
variables as wind or air movement. The early gains in seasonal growth from elevated
temperatures and CO. extends the growing season for those plants also.

However, a modest shift of carbon allocation toward increased root biomass, mycorrhizal
symbioses and root exudation could substantially increase soil microbial activity with
subsequent significant effects on soil respiration rates. For example, several previous studies
have documented an increase in microbial activity and associated soil nitrogen cycle processes
after ecosystems increase carbon allocation to roots as a result of exposure to elevated
atmospheric COz concentrations (Dukes et al. 2004, Drake et al. 2011 and Phillips et al. 2011).

Frenck et al. (2013) reported that elevated CO: led to higher quantities of reproductive output
over several generations of Brassica napus L. grown in a phytotron independent of the two
temperature regimes (normal and elevated). In this experiment flowering was observed for ML1
under EN after 8 weeks but not NN.

To examine whether deciduous and evergreen tree species differ in their performance and
plastic responses to elevated atmospheric CO2 (700 ppm) and temperature (+2.5°C),

Duan et al. (2013) investigated growth of Populus yunnanensis and Abies faxoniana grown
in environment-controlled chambers. Based on plant biomass and leaf area measurements,
they concluded that temperature stimulated growth more than did COz in both species.

The magnitude of temperature and CO: effects varied between the species, as greater
stimulation was detected in A. faxoniana than in P. yunnanensis. They also observed that ET
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and EC resulted in a greater growth relative to initial biomass in A. faxoniana (179% by
temperature and 142% by CO.) than in P. yunnanensis (156% by temperature and 129%
by CO»).

Xu et al. (2013) found for Tibetan Juniper that from 1975 to 2002, intrinsic water use efficiency
(IWUE) increased rapidly at the study site (by 12.4% compared with the overall mean from 1850
to 2002), which is greater than the expected increase due only to an active response to
atmospheric CO2. Their analysis showed that decreased water availability caused by greater
evaporation due to decreased precipitation and a warming growth environment from 1975 to
2002 may have reduced stomatal conductance, leading to a higher iWUE.

The effects of the interaction between high growth temperatures and water stress on gas-
exchange properties of Populus nigra saplings were investigated by Centritto et al. (2010).
Water stress was expressed as a function of soil water content (SWC) or fraction of transpirable
soil water (FTSW). Isoprene emission appears to be a mechanism that trees use to combat
abiotic stresses .In particular, isoprene has been shown to protect against moderate heat
stresses (~40°C). Current thinking is that isoprene emission was specifically used by plants to
protect against large fluctuations in leaf temperature. Such temperatures exceed the
temperature fluctuations likely to be experienced by trees in New Zealand. Isoprene emission
and photosynthesis did not acclimate in response to elevated temperature. There was no
significant effect of high growth temperature on the responses of photosynthesis, stomatal
conductance, or isoprene emission. High growth temperature resulted in a significant increase
in the soil water content endpoint. Photosynthesis was limited mainly by CO2 acquisition in
water-stressed plants. Since respiration and isoprene sensitivity are much lower than
photosynthesis sensitivity to water stress, temperature interactions with water stress may
dominate poplar acclimatory capability and maintenance of carbon homeostasis under climate
change scenarios. Furthermore, predicted temperature increases in arid environments may
reduce the amount of soil water that can be extracted before plant gas exchange decreases,
exacerbating the effects of water stress even if soil water availability is not directly affected
(Centritto et al. 2010).

Over the range of day time growth temperatures (5-32°C), Ow et al. (2010) did not observe
strong evidence of photosynthetic acclimation to temperature in Populus deltoides, and the
long-term responses of photosynthetic parameters to ambient temperature were similar to
previously published instantaneous responses. At present, most climate-carbon cycle models
assume that rates of photosynthesis and respiration will increase with increasing temperature in
a predictable way that will remain constant over time. Ow et al. (2010) suggested that
acclimation is likely to occur in Populus.

The experimental warming (average 1.8°C at 20 cm above ground and 3.6°C soil temperature
at 5 cm depth) of seedlings of Picea asperata and Abies faxoniana over a 4-year period in
outdoor plots increased root biomass, shoot biomass, root/shoot mass ratio, decreased coarse
root/ fine root mass ratio, and significantly increased fine root length (Yin et al. 2013). Soil water
availability was the same for the warmed and control plots. These findings may be more of a
consequence of the soil temperatures being more elevated than the air temperatures by their
warming technique, a situation that may not be so accentuated for poplar trees in pastoral
situations.

Populus tremuloides (trembling aspen) recently experienced extensive crown thinning, branch
dieback and mortality across North America. To investigate the role of climate, Worrall et al.
(2013) developed a range-wide bioclimate model that characterizes climatic factors controlling
distribution of aspen. They also examined indices of moisture stress, insect defoliation and
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other factors as potential causes of the decline. Historic climate records showed that most
decline regions experienced exceptionally severe drought preceding the recent episodes.

The bioclimate model, driven primarily by maximum summer temperatures and April—
September precipitation, shows that decline tended to occur in marginally suitable habitat, and
that climatic suitability decreased markedly in the period leading up to decline in almost all
decline regions.

Other factors, notably multi-year defoliation by tent caterpillars (Malacosoma spp.) and stem
damage by fungi and insects, also play a substantial role in decline episodes, and may amplify
or prolong the impacts of moisture stress on aspen over large areas. Many severely affected
stands have poor regeneration potential; raising concerns that increasing aridity could ultimately
lead to widespread loss of aspen forest cover. The analysis indicates that exceptional droughts
were a major cause of the decline episodes, especially in the drier regions, and that aspen is
sensitive to drought in much of its range. Coupling the bioclimate model with climate projections
suggests that there will be substantial loss of suitable habitat within the current distribution,
especially in the USA and Mexico.

We conclude from these studies that both enhanced CO- and elevated temperature change the
growth and resource allocation in a range of plant species, and that there is considerable
variability in the responses. In general, growth is enhanced and for trees in their natural
environment this increased flow of resources to roots may increase the contribution to soil
carbon through exudates and higher fine root turnover. The greater limitation will be reduced
water availability in those regions likely to experienced increased drought risk, which will
increase difficulty of establishment of young trees and stress older trees increasing
susceptibility to pests and diseases. At this stage New Zealand is relatively free of significant
insect pests of poplar and willow and with Melampsora spp. (rusts) being the main disease
threat.

1.11 Conclusions

Increased atmospheric CO2 can be expected to lead to an increase in plant biomass whereas
increased mean temperatures may have a greater impact on plant respiration than
photosynthesis. Of all the parameters measured the root biomass was the least affected by the
imposition of drought conditions, and the net reduction in growth in response to drought was
less severe under the enhanced conditions than under the normal conditions.

The combined effect of increased atmospheric CO2 and increased mean day/night temperature
is expected to result in an increase in biomass production. Under future climate change
responses are likely to vary between clones in both poplar and willow and the interim period
should be used to evaluate the relative responses to drought stress in the range of commercial
poplar and willow clones being currently used or in the developmental stage.
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2 DROUGHT TOLERANCE OF FIVE HYBRID
POPLAR CLONES TO DIFFERENT WATERING
REGIMES

Trevor Jones', lan Mclvor', and Michael McManus?
"Plant & Food Research, Palmerston North
2 Massey University, Palmerston North

The soil water deficits that occur in drought conditions are a major factor limiting the survival
and growth of poplar trees for soil conservation in New Zealand. Poplars are among the fastest
growing trees under temperate latitudes, but their high productivity is associated with a
dependency on water availability. There is wide variability in the water-use efficiency and
drought tolerance of poplar species and hybrids, and potential for the selection of poplar clones
with improved adaptability to drought conditions.

The physiological response of four new hybrid poplar clones and the ‘Veronese’ poplar clone to
soil water deficits was evaluated in a greenhouse pot trial, with well-watered, moderate and
severe (90, 60 and 40% of field capacity) soil water deficit treatments. The biomass growth and
water-use efficiency of the poplar trees, leaf stomatal conductance and water potential, and leaf
chlorophyll content and antioxidant enzyme activity were measured to determine the drought
tolerance of the poplar clones.

The four new hybrid poplar clones were not as drought-tolerant as the ‘Veronese’ poplar clone,
showing a less conservative response to the soil water deficits, and lower antioxidant enzyme
activity in the leaves, but they had the advantage of better biomass growth and water-use
efficiency under drought conditions.

The ‘Veronese’ clone appears well adapted for drought-prone areas, where the survival of the
trees during periods of severe soil water deficits is a constraint. In contrast, the new hybrid
poplar clones appear better adapted to moderately drought-prone areas, where there is an
advantage in combining high productivity and high water-use efficiency to better utilise the
available water during the growing season.

2.1 Introduction

Soil water deficits are a major factor limiting the survival and growth of plants in many
environments. Pastoral hill country in New Zealand is subject to periodic summer drought
conditions which can produce significant soil water deficits (Garnier 1958). This can reduce the
survival and growth of poplar trees (Ceulemans & Deraedt 1999) and compromise the
effectiveness of poplar (Populus spp.) trees for soil conservation.

The physiological response of poplar trees to water deficits differs among poplar species and
hybrids (Kelliher & Tauer 1980; Pallardy & Kozlowski 1981; Blake et al. 1984; Hinckley et al.
1989; Gebre & Kuhns 1991; Braatne et al. 1992; Yang et al. 2010), with wide variability in the
water-use efficiency and tolerance to drought conditions (Blake et al. 1984; Marron et al. 2005;
Monclus et al. 2005, 2006; Strong & Hansen 1991; Yin et al. 2005; Zhang et al. 2004).

There are consistent genotypic differences in the water-use efficiency (WUE) of poplar species
and hybrids, and a lack of correlation between the WUE and productivity of poplar clones
(Marron et al. 2005; Monclus et al. 2005, 2006). This indicates there is potential for the selection
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of poplar clones that combine high water-use efficiency and high productivity, which would be
an advantage for the growth of poplar trees in moderately drought-prone areas (Bonhomme
et al. 2008; Marron et al. 2005).

In this study, the physiological response of four new hybrid poplar clones to drought conditions
was evaluated and compared with the drought-toler