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Abstract 

The physiological responses to soil water deficits of four new experimental hybrid poplar 

clones of P. maximowiczii  P. trichocarpa and P. trichocarpa  P. nigra, and the drought-

tolerant P. deltoides  P. nigra ‘Veronese’ poplar clone that is widely used for soil 

conservation in New Zealand, were 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, water-use efficiency, leaf stomatal conductance and water potential of the 

trees were measured to determine the drought tolerance of the poplar clones. 

 

The ‘Veronese’ poplar clone was sensitive to water stress, with greater leaf abscission and 

suppression of new leaf development, and higher root-to-shoot ratios under soil water deficits, 

and was well adapted for drought-prone areas. The four new experimental hybrid poplar 

clones were not as sensitive to moderate soil water deficits, due in part to lower water use and 

better water-use efficiency, and in some clones were able to combine these with high biomass 

productivity. The new hybrid poplar clones appear to be 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. 

 

Introduction 

Soil water deficit is 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 and Tauer 1980; Pallardy and Kozlowski 1981; Blake et al. 1984; Hinckley 

et al. 1989; Gebre and 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 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).  
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Table 1. Hybrid poplar clones used in the experiment and the parent clones. 

Poplar clones Female parent Male parent 

MT103 - 07-05-103 P. maximowiczii 87-007-04 P. trichocarpa 

MT304 - 07-02-304 P. maximowiczii 87-007-01 P. trichocarpa 

TN008 - 07-03-008 P. trichocarpa P. nigra PN866 

TN014 - 07-06-014 P. trichocarpa P. nigra PN874 ‘Blanc de Garonne’ 

‘Veronese’ P. deltoides P. nigra 

 

 

In this study, the physiological responses to drought conditions of four new experimental 

hybrid poplar clones of P. maximowiczii  P. trichocarpa and P. trichocarpa  P. nigra were 

evaluated and compared with the drought-tolerant P. deltoides  P. nigra ‘Veronese’ poplar 

clone that is widely used for soil conservation in New Zealand (Table 1). The tree growth and 

water-use parameters of these poplar clones were evaluated in a greenhouse water-stress 

experiment, to characterize the drought tolerance, biomass growth, water-use efficiency, and 

the capacity for drought acclimation of the poplar clones. 

 

Materials and methods 

Experiment design 

A completely randomised design was used in the experiment, with five poplar clones × three 

water regimes (total of 15 treatments). Four replicates were used for each treatment (total of 

60 pots). The three water regimes were: well-watered (90% of field capacity), moderate soil 

water deficit (60% field capacity), and severe soil water deficit (40% field capacity), where 

the field capacity was defined as the soil water content of the pots after 24 hours of drainage, 

following saturation of the soil. 

 

The poplar trees were grown from cuttings in 30-L plastic pots in a greenhouse at Plant & 

Food Research in Palmerston North. The roof and walls of the greenhouse are enclosed with 

clear plastic sheeting, with the exception of the lower walls. These were covered with cloth 

along the two long sides of the greenhouse, to provide good ventilation and exposure to the 

wind. The greenhouse was ventilated by two fans that were activated when the air temperature 

of the greenhouse reached 22°C. 

 

Propagation of the poplar trees 

The poplar trees were propagated from cuttings of 15 to 26 mm diameter and 40 cm length. 

The cuttings were cut from 1-year-old shoots from nursery stools. The diameter of each 

cutting at the mid-point (along the length) was measured prior to soaking in water for 5 days. 

The cuttings were selected to provide a similar distribution of mid-point diameter for each 

poplar clone. 

 

The poplar cuttings were planted on 1 October 2013, with one cutting planted in each of the 

30-L plastic pots. The cuttings were planted after the soil in the pots was saturated with water, 

and drained for 24 hours to field capacity. The pots were positioned in a randomised block 

design inside the greenhouse. The pots were placed in four rows along the length of the 

greenhouse (Figure 1), with one pot of each poplar clone randomly assigned to each of three 

blocks of five pots within each row. 
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The pots were weighed every 2 days, and the water transpired was measured and replaced to 

maintain the soil at 90% of field capacity (FC). The addition of water to the trees was adjusted 

for the growth in the fresh weight of the shoots. The evaporation of water from the soil 

surface was minimised by covering the surface with plastic sheeting. The poplar trees were 

grown at 90% of field capacity for 70 days (10 weeks), at which time the cuttings had 

developed sufficient shoot biomass, and then the moderate soil water deficit (60% FC) and 

severe soil water deficit (40% FC) treatments were applied. 

 

Application of the soil water deficits 

The trees (pots) of each poplar clone were re-allocated to four blocks in the greenhouse based 

on the amount of shoot biomass (leaves + stems) after 10 weeks of growth. The three trees of 

each clone with the largest amount of shoot biomass were allocated to block one, and the 

process was repeated for blocks two, three, and four, with three trees of each clone with 

progressively smaller amounts of shoot biomass. The three trees of each clone, in each of the 

four blocks, were randomly allocated to the 90%, 60%, or 40% of field capacity treatments. 

 

The water regimes were started on 10 December 2013 by allowing the pots to dry down to the 

required soil water content, and were applied to the poplar trees for 49 days (7 weeks). The 

water regimes were maintained by weighing each pot every 2 days, and the transpired water 

was measured and replaced to maintain the pots at 90%, 60%, or 40% of field capacity (FC). 

The addition of water to the trees was adjusted for the growth in the fresh weight of the shoots. 

 

Monitoring the growth of the poplar trees 

The basal diameter, number of leaves, and height of the shoots of each tree were measured 

weekly. The fresh weight of the shoots (leaves + stems) was estimated for each tree using the 

basal diameters and heights of the shoots in the linear regression equation: 

 

Log10 S = log10 a + b log10 B         (1) 

 

where S is the fresh weight of the shoot, and B is the basal diameter multiplied by the square 

of the shoot height. The equation was back-transformed to the power function: 

 

S = aB
b            (2) 

 

where the anti-log of the intercept was multiplied by a correction factor in order to account for 

bias inherent in fitting the model to the geometric mean rather than the arithmetic mean 

(Sprugel 1983). The correction factor was calculated as: 

 

 
/2)(S y.x

2

10CF            (3) 

 

where Sy.x is the standard error of the estimate (SEE) of the regression. 

 

The regression coefficients in equation (1) were calculated using sample shoots with a wide 

range of basal diameter and height from nursery stools of the hybrid poplar clones. A single 

equation was found to give a good fit to the shoot data from all the poplar clones. 

 

The diameter growth of the cuttings was measured at weekly intervals, from the start of the 

application of the water regimes. Two diameters were measured at right angles on the tree 

stems, using calipers and averaged.  
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Leaf stomatal conductance and water potential 

The stomatal conductance of the leaves was measured using a cycling porometer (Delta-T 

porometer type AP4, Delta-T Devices Ltd, Cambridge, UK), and the water potential of the 

leaves was measured using a Scholander-type pressure chamber (Soil Moisture Equipment 

Co., Santa Barbara, California, USA). The stomatal conductance and water potential of the 

leaves were measured on all the poplar trees (blocks 1 to 4) at 6–7 weeks after the application 

of the water regimes. The measurements were made over a period of 8 days, between 13:30 

and 17:30 on clear sunny days. One young fully expanded mature leaf was measured on each 

tree, on the first and second days of the 2-day watering cycle (total of 2 leaves per tree) to 

provide a wide range of water potential. The stomatal conductance was measured two to four 

times on the abaxial (lower) surface of each leaf, and this was followed immediately by the 

measurement of the water potential. 

 

Harvesting the poplar trees 

The poplar trees were harvested 49 days (7 weeks) after the application of the water regimes, 

on 28 January 2014. The biomass of the trees was divided for the leaves, stems, cuttings, and 

roots. The roots were separated from the soil by screening and washing with water the roots 

retained on a 2 mm size mesh. The biomass of the leaf, stem, cutting, and root partitions were 

measured for each tree after oven-drying at 70ºC to constant weight. 

 

The water-use efficiency (WUE) of biomass production was determined for each tree. This 

was the ratio of the total biomass to the total amount of water used throughout the growing 

season (g biomass kg
-1

 water). The total biomass included the oven-dried leaf, stem and root 

weight, and the cutting weight minus the original cutting weight at the start of the experiment. 

 

Statistical analysis 

Analysis of variance (ANOVA) and covariance (ANCOVA) were used to assess the effects of 

the water regime, poplar clone and block (covariate), and the water regime × poplar clone 

interaction, on the various traits measured. The cutting diameter at the beginning of the 

experimental treatment period (70 days) was used as an additional covariate in the ANCOVA 

in order to statistically consider the effects of the initial plant size on the traits. Fisher’s least-

significant-difference LSD test was used to provide multiple comparisons of the poplar clone 

and water regime means. All the statistics were computed using the GenStat statistical 

software package (Version 14.2; VSN International Ltd, UK). 

 

Results 

Growth of the poplar trees prior to the soil water deficits 

The poplar trees were grown at 90% of field capacity (FC) for 70 days, prior to the 

application of the soil water deficits of the 60% and 40% FC water regime treatments. During 

this period, the ‘Veronese’ clone had the fastest growth, with greater shoot biomass, shoot 

length, and leaf area (Table 2, Figure 1), while the TN008, TN014, and MT304 clones had 

slower growth, and the MT103 clone had the slowest growth. The number of leaves on the 

TN008 clone increased rapidly from 50 to 70 days (Figure 1), and it had a higher number of 

leaves than the other clones at 70 days. This could be attributed to the smaller size of the 

leaves, and to the large number of callus shoots that grew from the top of the cuttings of the 

TN008 clone. 
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Growth of the poplar trees after the application of soil water deficits 

The application of the moderate and severe soil water deficits of the 60 and 40% FC water 

regime treatments, from 70 to 119 days, had a noticeable effect on the height growth of the 

poplar trees and the number of leaves.  

 

Table 2. Shoot biomass (fresh leaf + stem weight), leaf area, number of leaves, and mean 

shoot height for the tallest shoot per tree, of the poplar clones at 70 days from planting. 

Values are the mean ± standard error, and different letters represent significant differences 

among the water regimes within the same clone (P < 0.05). 

Clone Shoot biomass 
Leaf + stem 
g 

Leaf area 
 
cm2 

Number of  
leaves 

Mean shoot height 
cm 

MT103 130 ± 12  a 265 ± 33  a   73 ±   4  a   75 ±   5  a 

MT304 212 ± 40  b 387 ± 89  a 101 ±   7  ab   82 ± 10  a 

TN008 195 ± 30  ab 397 ± 46  a 265 ± 20  c   81 ±   6  a 

TN014 230 ± 23  bc 344 ± 30  a 111 ± 12  b   89 ±   4  ab 

‘Veronese’ 294 ± 13  c 546 ± 32  b 130 ± 11  b 101 ±   2  b 

 

 

 
 

Figure 1. Growth to 70 days of the fresh shoot biomass (leaf + stem), number of leaves (per 

tree), and mean shoot height (for the tallest shoot per tree) of the poplar clones, prior to the 

application of the water regimes. The error bars are the standard errors of the means.  
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The height growth of the shoots was slower for the 60 and 40% FC water regime treatments 

(P < 0.001), compared with the 90% FC treatment (Figure 2). This was particularly noticeable 

for the ‘Veronese’, TN008 and TN014 clones, which had dropped their lower leaves in 

response to the moderate and severe soil water deficits. These clones had slower height 

growth than the MT103 and MT304 clones at 60 and 40% FC, and the ‘Veronese’ and TN008 

clones also had slower height growth at 90% FC. The height growth of some of the ‘Veronese’ 

and TN014 trees stopped at 60% and 40% FC, and some shoot tip die-back was observed 

during the last 3 weeks.  

 

The ‘Veronese’, TN008 and TN014 clones showed leaf senescence and abscission on the 

lower parts of the stems within 8 days of the commencement of the water regime treatments 

(Figure 3). The number of leaves on the ‘Veronese’ 40% and 60% FC trees declined and 

remained at reduced levels on the 40% FC trees, and increased only slightly for the 60% FC 

trees, while the ‘Veronese’ 90% FC trees showed a large and continued increase in the 

number of leaves. The TN008 and TN014 clones showed a decline in the number of leaves on 

the 40% FC trees, but these and the 60% FC trees then showed a slow increase in the number 

of leaves that was less than for the 90% FC trees. The MT103 and MT304 clones showed no 

leaf abscission in response to the soil water deficits of the water regimes, but the number of 

leaves increased more slowly for the 60% and 40% FC trees, compared with 90% FC trees. 

 

 

 

Figure 2. Growth of the mean shoot height (tallest shoot per tree) for the poplar clones, 

following the application of the water regimes at 70 days. The water regimes were 40, 60, and 

90% of field capacity (FC). The error bars are the standard errors of the means. 
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Figure 3.  Change in the number of leaves on the trees of the poplar clones, following the 

application of the water regimes from 70 days. The water regimes were 40, 60, and 90% of 

field capacity (FC). The error bars are the standard errors of the means. 

 

 

Figure 4. Water content of the soil of the poplar clones and water regimes, between watering 

cycles on days 105 to 107. Hourly average values of soil water content, as a percent of the 

field capacity. The water regimes were 40, 60, and 90% of field capacity (FC).   
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Water content of the soil after the application of soil water deficits 

There was no significant difference in the soil water content of the 40% FC water regime 

treatment for the poplar clones, but there were significant differences between the clones for 

the 90% and 60% FC treatments (P = 0.007). The trees of the TN008, TN014, and ‘Veronese’ 

clones, reduced the soil water content to lower levels, compared with the MT103 and MT304 

clones (Figure 4). The differences between the clones were larger for the 90% FC treatment, 

than for the 60% FC treatment, with much of the difference occurring on the second day of 

the 2-day watering cycle. 

 

Biomass of the poplar trees at harvest 

The soil water deficits of the water regime treatments and the poplar clones had a large effect 

on the biomass of the poplar trees at harvest, and on the water use efficiency of the trees, after 

17 weeks of growth.  

 

The amount of water used and the dry weight (DW) gain of biomass by the poplar trees was 

lower and the water-use efficiency (WUE) and root-to-shoot ratio was higher for the 60% and 

40% FC water regime treatments than the 90% FC treatment (Tables 3 and 4). There was a 

progressive decrease in the amount of water used and in the DW gained, and a progressive 

increase in the water-use efficiency (WUE) of the trees, with the increasing severity of the 

soil water deficits. In contrast, the increase in the root-to-shoot ratio was similar for the 60% 

and 40% FC treatments. 

 

The poplar clones showed significant differences in the water-use efficiency (WUE) of the 

water regime treatments (Tables 3 and 4). The differences were larger for the 60% and 40% 

FC water regime treatments, with the MT103, MT304, and TN008 clones having higher 

water-use efficiency (WUE) than the TN014 and ‘Veronese’ clones. 

 

Leaf stomatal conductance and density, and water potential 

The soil water deficits of the 60% and 40% FC water regimes had a large effect on the leaf 

stomatal conductance and water potential of the poplar trees (Tables 3 and 4). The stomatal 

conductance of the abaxial (lower) surface of the leaves, and the water potential of the leaves, 

decreased with the increasing severity of the soil water deficits. The leaves of the trees of the 

60% and 40% FC water regime treatments had lower stomatal conductance and water 

potential than the 90% FC treatment. An exception was the TN008 clone, where the water 

potential of the trees did not decrease with lower stomatal conductance at 60% and 40% FC. 

The stomatal conductance of this clone was low, with the 60% and 40% FC treatments having 

the lowest stomatal conductance values of all the poplar clones. 
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Table 3. P values of the analysis of covariance for the fixed effects of poplar clone and water 

regime, and the interactions between them, on the dry weight (DW) gain, water use, water-use 

efficiency (WUE), root-to-shoot ratio (RSR), leaf stomatal conductance and water potential of 

the poplar clones. 

Source of variation Degrees of 
freedom 

DW gain Water use WUE RSR Stomatal 
conductance 

Water 
potential 

Block 3 <.001 <.001 0.124 0.610 0.078 <.001 

Initial cutting diameter 1 <.001 <.001 0.043 — — — 

Clone 4 <.001 <.001 <.001 <.001 <.001 0.190 

Water regime 2 <.001 <.001 <.001 <.001 <.001 <.001 

Clone x water regime 8 0.042 0.080 0.615 0.032 0.048 0.361 

 

 

Table 4. Dry weight (DW) gain, water use, water-use efficiency (WUE), root-to-shoot ratio 

(RSR), leaf stomatal conductance and water potential of the poplar clones. Values are the 

mean ± standard error, and different letters represent significant differences among the water 

regimes within the same clone (P < 0.05). 

Clone Water 

regime 

DW gain 

g 

Water use 

kg 

WUE 

g DW kg-1 

water 

RSR Stomatal 

conductance 

mmol m-² s-1 

Water potential 

MPa 

MT103 40% FC 124 ±   7 a 23 ±   4 a 5.5 ± 0.3 c 0.22 ± 0.02 b   164 ±   57 a -1.03 ± 0.12 a 

 60% FC 201 ± 15 b 44 ±   3 b 4.6 ± 0.1 b 0.24 ± 0.02 b   308 ±   61 a -0.90 ± 0.10 a 

 90% FC 246 ± 12 c 64 ±   4 c 3.9 ± 0.2 a 0.16 ± 0.01 a 1048 ± 173 b -0.71 ± 0.05  a 

MT304 40% FC 157 ± 43 a 29 ±   7 a 5.3 ± 0.1 c 0.22 ± 0.02 b   129 ±   67 a -1.15 ± 0.13  b 

 60% FC 270 ±   6 b 52 ±   8 b 4.8 ± 0.0 b 0.23 ± 0.01 b   283 ±   99 a -0.94 ± 0.13  ab 

 90% FC 334 ± 21 c 77 ±   9 c 4.1 ± 0.0 a 0.15 ± 0.01 a   849 ± 240 b -0.64 ± 0.07  a 

TN008 40% FC 173 ± 17 a 33 ±   4 a 5.3 ± 0.3 c 0.20 ± 0.00 b     28 ±     9 a -0.76 ± 0.18  a 

 60% FC 261 ± 39 b 56 ±   7 a 4.6 ± 0.2 b 0.19 ± 0.01 b     90 ±   36 a -0.64 ± 0.15  a 

 90% FC 351 ± 36 c 89 ±   9 b 4.0 ± 0.1 a 0.14 ± 0.01 a   480 ± 238 b -0.82 ± 0.11  a 

TN014 40% FC 176 ± 11 a 38 ±   3 c 4.6 ± 0.2 b 0.22 ± 0.02 b     57 ±   16 a -1.09 ± 0.19  b 

 60% FC 211 ± 28 a 55 ±   6 a 3.7 ± 0.1 a 0.24 ± 0.01 b   332 ± 105 a -0.94 ± 0.16  ab 

 90% FC 345 ± 25 b 98 ±   4 b 3.5 ± 0.1 a 0.14 ± 0.01 a   797 ± 116 b -0.74 ± 0.07  a 

‘Veronese’ 40% FC 194 ± 15 a 49 ±   2 a 3.9 ± 0.3 b 0.21 ± 0.01 a     62 ±   18 a -1.20 ± 0.15  b 

 60% FC 246 ± 17 b 72 ±   1 b 3.4 ± 0.2 a 0.26 ± 0.01 b   155 ±   28 a -0.96 ± 0.11  ab 

 90% FC 312 ± 46 c 99 ± 10 c 3.1 ± 0.2 a 0.21 ± 0.01 a   219 ±   31 a -0.72 ± 0.03  a 
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Discussion 

Drought tolerance, the capacity to endure at least modest meterological droughts, is generally 

achieved in poplars by dehydration avoidance adaptations, such as stomatal closure, leaf 

abscission and high root-to-shoot ratios that reduce the shoot water loss (Pallardy and Rhoads 

1997). Poplars are very sensitive to dehydration, with little leaf dehydration tolerance 

(Braatne et al. 1992), and show stomatal closure at high values of leaf water potential (L) 

(Regehr et al. 1975, Rhodenbaugh and Pallardy 1993), and leaf abscission, and higher root-to-

shoot ratios under water stress (Pallardy and Rhoads 1997, Guo et al. 2010; Yin et al. 2005; 

Zang et al. 2004). 

 

The poplar clones in this study showed a decline in the leaf stomatal conductance (gL) for the 

moderate and severe soil water deficits. The decline in gL was associated with more negative 

values of leaf water potential (L). This was not observed for the TN008 clone, which had 

similar values of L for the water-watered, moderate and severe soil water deficits. The 

TN008 clone appeared to be sensitive to L, and to have a high ΨL threshold for stomatal 

closure, and low gL at moderate and severe soil water deficits. The stomatal regulation of 

water loss under conditions of limited water supply is an important factor in drought tolerance, 

with low gL in response to water stress providing a way for plants to survive drought (Jones 

1974, 1987). 

 

Leaf abscission occurred in the ‘Veronese’ clone, and to a lesser extent in the TN008 and 

TN014 clones, in response to the onset of the moderate and severe soil water deficits. The 

extent of leaf abscission reflects the severity of the water stress in the poplar trees (Monclus et 

al. 2006; Giovannelli et al. 2007), and has been observed to increase significantly in poplar 

clones as the pre-dawn leaf water potential (PD) declines with the onset of drought 

conditions (Pallardy and Rhoads 1997). The ‘Veronese’, TN008 and TN014 clones had 

greater water use, which will have contributed to more severe water stress during the onset of 

the moderate and severe soil water deficits. The ‘Veronese’ clone was sensitive to water stress, 

and showed greater leaf loss and suppression of new leaf development at moderate and severe 

soil water deficits. In contrast, the MT103 and MT304 clones had lower water use, and were 

able to sustain continued leaf development without leaf abscission at the moderate and severe 

soil water deficits. Leaf abscission is an effective mechanism of drought tolerance, but it can 

limit potential productivity (Ludlow 1989). 

 

Dry weight (DW) gain of the ‘Veronese’ clone was lower than the TN008 and MT304 clones 

for the well-watered and moderate soil water deficits, despite the higher shoot biomass of the 

‘Veronese’ clone at the start of the soil water deficits. The ‘Veronese’ clone allocated more of 

the biomass to the roots, and less to the shoots, with higher root-to-shoot (RSR) ratios for the 

well-watered and moderate soil water deficits. Higher RSR’s were not seen in the well-

watered trees of the other poplar clones, which suggests the ‘Veronese’ clone was more 

sensitive to the water stress experienced by the well-watered treatment. Drought tolerance by 

increased investment in root growth has a cost in terms of reduced above-ground growth 

(Jones 1993), and this appears to have contributed to the lower biomass growth seen in the 

‘Veronese’ clone in the well-watered and moderate soil water deficit treatments. 

 

Water-use efficiency (WUE) was higher for the MT103, MT304, and TN008 clones, and 

lower for the TN014 and ‘Veronese’ clones. This reflects the differences observed in the 

water use and the drought tolerance strategies of the poplar clones. Lower water use 

contributed to the higher WUE of the MT103 and MT304 clones, while the sensitive response 

of the stomata to L and the low gL are likely to have contributed to the higher WUE of the 
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TN008 clone (Jones 1976). Higher water use contributed to the lower WUE of the TN014 

clone, while higher water use and leaf abscission and the suppression of new leaf 

development contributed to the low WUE of the ‘Veronese’ clone.  

 

Conclusions 

The four new experimental hybrid poplar clones and the ‘Veronese’ poplar clone varied in 

their physiological responses and drought tolerance to the 90, 60 and 40% of field capacity 

(FC) soil water deficits. The drought tolerance of the ‘Veronese’, TN008 and TN014 clones 

was associated with leaf abscission and suppression of new leaf development, and higher 

root-to-shoot ratios, and for the TN008 clone sensitive stomatal regulation in response to 

water stress, and higher water-use efficiency. The drought tolerance of the MT103 and 

MT304 clones was associated with lower water use, higher water-use efficiency, and higher 

root-to-shoot ratios. 

 

The MT304 and TN008 clones combined high water-use efficiency and high dry weight 

(DW) gain, which will be an advantage for the growth of these poplar clones in moderately 

drought-prone areas. The high water-use efficiency of the MT103 clone will adapt it for 

moderately drought-prone areas, but its slower growth will limit its productivity. The high 

water use and lower water-use efficiency of the TN014 and ‘Veronese’ clones are likely to 

limit their productivity in drought-prone areas, but the sensitive response of the ‘Veronese’ 

clone to water stress will give it good drought tolerance.  
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