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Effects of season and frequency of harvest on browse yield and root
carbohydrate reserves of willows (Sa/x spp.) in New Zealand

S. K. OPPONG* those of the SuA treatment by 4- to 6-fold. Root
P. D. KEMP carbohydrate reserves i@ matsudanax alba
comprised more than 90% sucrose and were highest
in mid spring. Spring harvesting &alix trees in
coppice blocks will result in reasonable yields of
accessible, edible DM for browsing by livestock in
summer.
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INTRODUCTION

% New Zealand, willowsSalix spp.) are used for
¥%oil conservation and shelter on pastoral and
horticultural farms (van Kraayenoord & Hathaway
19864a,b). Willows are also potentially useful browse
species (Douglas et al. 1996; Oppong et al. 2001),
but appropriate management strategies still need
development if they are to be used for supplying
upplementary forage during dry summers.
Regrowth, dry matter (DM) yield, and persistence
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Abstract Provision of large amounts of browse
of willows (Salixspp.) for livestock in dry summers
requires the selection of suitable times for coppicin
the trees. The effects of time and frequency o

harvest on the edible and total d_ry matter yield an&if browse species are influenced markedly by the
rcl)gt ca(rjbso[:ydrate reserves $hlix mdat_srudana< time of initial harvest and the frequency of harvest
albaan Inuyanagwere measured. 1rees were,g regrowth during the growing season (Osman 1981,
harvested initially in winter (WSpSuA), spring Blake 1983; Kays & Canham 1991). In temperate
(SpSuA), or summer (SuA), and then at 10-weekl tee species such ducalyptus obliquaE.

intervals until autumn, except for the winter contr_o ccidentalis andPlatanus occidentaligegrowth is

(WA) harvested initially in winter and then agaiNyaximised by harvests in winter or early spring and
in autumn. The greatest cumulative edible and tOt?ﬁinimised byyharvests in mid summer (gIaEe 1%83).

dry matter (DM) yields were foB. kinuyanagin - .
the WA treatment. In the WSpSUA and SpSu§I:ardesty et al. (1988) also found differences in

. X X egrowth yield oAuxemma oncocaly&aesalpinia
matsudanax alba, yields of the WA, WSpSUA., acutistipula andM. caesalpinifoliaharvested in

4 SDSUA treat " imil d ddi erent seasons. For example, harvesting late in the
and Sp>uA treatments were similar and excee (dormant) season maximised the yieldAof

oncocalyxwhereas an earlier harvest maximised the

yields of C. pyramidalisand M. acutistipula
tAuthor for correspondence. Frequency of harvests can also greatly affect DM
Email: grant.douglas@agresearch.co.nz yields. For exampld.eucaena leucocephalzaees
A01004; published 13 June 2002 harvested 3 times yielded less than trees harvested
Received 21 February 2001; accepted 14 February 2002nce (Karim et al. 1991).
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Regrowth after defoliation has also been linkedvould enhance their multipurpose status and
to the level of carbohydrate reserves in the roots amecourage wider use.
remaining shoot parts (George & McKell 1978;
Erdmann et al. 1993). Because root reserves in
deciduous tree species generally increase during MATERIALS AND METHODS
growing season, harvesting above-ground biomasgie description

during the period of active growth is likely to affect

stored root reserves available for subsequelgssssl);ﬁﬁgmpeaﬂ:n\ggtsorc]ol\:‘grl:ﬁt%?‘ Zt'v'?‘gnzs\:sr;n
regrowth (Kays & Canham 1991). Kramer & ’ ’

Kozlowski (1979) showed that deciduous temperaﬂgam (Hewitt 1998.)’ which is poorly dra_uned. Sc_’"
trees have seasonal carbohydrate cycles that Pé'npleij from the site was moderately acid (pH (1:2.5
different from those of evergreen trees. In deciduodﬂurry) =5.2), and had Olsen phos_phate and_ sulphate
trees, there are often dramatic reductions iaulPhur levels of 27 and 4 mgRgoil, respectively.
carbohydrate reserves in spring when the growing Igndg—term (1935_|95). mlean gnnu;llramfall
season commences. Deposition of starch (the prim orr] ed at a megegro ogica stgtlggg( a.rrr]]ersg%n
carbohydrate reserve) in the roots begins shortly aft: rth, AgResearch, Station No. E05 ) within 5
leaf expansion and reaches a peak when shoot gro hOf the site Is 995 mm Wlth_relat|vely dry months
ceases iPopulusspp. andvorus alba(Loescher et occurring from January to April. The long-term mean
al. 1990). Thus, in deciduous trees, maximum star@fnual air and soil (30 cm depth) temperatures are
accumulation in the roots usually occurs in lat .9 and 14°C (Burgess 1988), respectively.

summer/autumn (Kramer & Kozlowski 1979). The site was prepared by eliminating existing

Evergreen trees also use some reserve carbohydréfggetat'on' A few mature trees Ghamaecytisus

for early season growth but the changes in coi@ mensigtagasaste) were harvested to ground level

centration of reserves are often relatively smaﬁmd removed. Pasture, predominaritiglium

compared with those in deciduous species. RerenneandTrlfohum repens was killed with

common feature of deciduous and evergreen tregglphosate (11kgai hg.
of the temperate zone is a late winter conversion e’flant species
sugar to starch (Ryugo 1988). P i .
There is little information on the effect of time The species were (B. matsudana alba (hybrid
of initial harvest and frequency of harvesting on th&illow) clone ‘Tangoio’, a reasonably drought-
regrowth of browse species such as the deciduot@erant hybrid tree willow developed in New
Salixspp. (Douglas et al. 1996).3&lixspp. are to Zealand and released in 1980 for farm and horti-
be used for fodder supply during dry summers, thegiltural shelter, coded NZ1040 (Hathaway 1986; van
it is desirable to maintain adequate edible biomadgaayenoord & Hathaway 1986a,b); and &)
on the trees until it is needed. When trees afénuyanagi(Kinuyanagi willow), a shrub willow
harvested in winter and allowed to regrow until midepresented in New Zealand by a single male clone
to late summer, nutritional value of the foliagewhich was imported from the United Kingdom,
declines (Oppong 1998), and large quantities ¢foded PN386 (Douglas et al. 1996). Unrooted poles
edible forage exceed the reach of the grazing anim@f €ach species were planted in October 1994 at 1.5
(Douglas et al. 1996). These limitations could b& * 2.5 m spacing. Pasture within tree rows was
overcome by selecting a suitable time within theprayed with glyphosate (1.1 kg a.i-havery 1-3
growing season when the trees could be harvestgtnths and that between rows was mowed monthly.
and still regrow high yields of edible DM. The _ )
objectives of this experiment were to determine (1fxperimental treatments and design
the best time to harveStlixmatsudana albaand The experiment was a split plot design with tree
Salix kinuyanagito maximise regrowth of edible species allocated to main plots and harvest
DM; (2) the effect of frequency of harvest on DMfrequencies to subplots in 4 randomised complete
yields of bothSalix species; and (3) the changes irblocks. The initial harvests were in winter (W), spring
root carbohydrate reserves after defoliation. ThegSp), and summer (Su), followed by harvests of
species oBalixwere selected for this study becauseegrowth material at approximately 10-week
they are used on farms for shelter and soil conntervals for 3 of the treatments and after 31 weeks
servation and any additional role in forage suppljor 1 treatment. All treatments were harvested in
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autumn (A). The first harvests were conducted oAealand) and grinding with a Wiley mill to pass
30 August 1996 when the trees were aged 22 montthsough a 1 mm sieve. Due to resource limitations,
and final harvests of all treatments were on 4 Apribnly samples d6. matsudanaalbawere analysed,
1997. At the initial and subsequent harvests, all trebgcause it is the most widely planted species
within the appropriate subplots were cut horizontallfHathaway 1986). Single samples (bulked across

at a height of 300 mm above the ground. replicates) for WA and WSpSuA harvested trees were
analysed for sucrose, fructose, and glucose using high
The subplot treatments were: performance liquid chromatography (Sturgeon

(1) First harvest in winter (30 August 1996) with1990). This method is used _routinelyin the analytical
subsequent regrowth harvested 3 times (1i@boratory and enabled rapid processing of samples.

November 1996, 4 February, and 4 April 1997)Starch concentration was calculated by multiplying
termed WSpSuA, the glucose concentration of the starch fraction by

|,p.9 (Moore & Hatfield 1994). Samples of the WA

subsequent regrowth harvested twice (4 Februa nd WSpSuA treatments were analysed because they
represented the extremes in the range of treatments

and 4 April 1997), termed SpSuA,
) ] _evaluated.
(3) First harvest in summer (4 February 1997) with
subsequent regrowth harvested once (4 Aprihata analyses

1997), termed SuA; and . . .
. Split plot analysis of variance was performed on

(4) Control treatment for WSpSuA harvested ifhe regrowth harvest data for the first 10 weeks after

winter (30 August 1996) and subsequentne initial harvest to determine the effect of season

regrowth harvested once, in autumn (4 Aprigf injtial harvest on subsequent regrowth. Analyses

1997), termed WA. were conducted using PROC GLM (SAS 1994) and

The number of trees in each treatment dependedriables analysed were number of regrowth shoots,
on the number of harvests during the experimenigngth and basal diameter of longest regrowth shoot,
with treatments WSpSuA and WA comprising 8eaf DM, edible stem DM, woody stem DM, total
trees in a row per subplot while treatments SpSuénd edible DM, and leaf to stem ratio. Split plot
and SuA, which had fewer harvests, had 6 andahalyses were also conducted on the leaf, edible

(2) First harvest in spring (18 November 1996) wit

trees per subplot, respectively. stem, woody stem, and total and edible DM yields
for all the treatments over the experimental period.
Measurements Root reserve carbohydrate concentrations for WA

Rainfall and air temperature were recorded at @d WSpSUA harvested treesSofnatsudana alba
meteorological station within 500 m of the site. Th&vere graphed to show trends.

number of regrowth shoots and the length and basal Relationships between the yield components
diameter of the longest regrowth shoot of each trd8umber of regrowth shoots, length of longest
in a subplot were recorded. From all trees within E9rowth shoot, and basal diameter of longest
subplot, two were randomly selected and harvesté89rowth shoot) and edible DM yields for the first
destructively each time to measure above- and belofgdrowth harvest of eacBalix species were
ground attributes. Regrowth shoots harvested frofgtermined using multiple regression analysis (SAS
each of these trees were subsampled, dissected ihR94) on log-transformed data. Standardised partial
leaf, edible stem (<5 mm diameter), and woody sterf£9ression coefficients were estimated for the yield
and the dry weight (80°C for 24 h) of each componeﬁpmpone”t_s to det_ermlne their relative importance
was determined. Leaf to stem ratio was calculatd contributing to yield.

by dividing leaf DM by total (edible plus woody)

stem DM. Samples of the lateral roots (6—-8 m

diameter) from the harvested stumps of each trre?%zESULTS

were washed, excised, and stored within 8 h aieather

harvesting at —20°C. In the 2 months before the November harvest, the
weather was wetter (100 versus 82 mm rainfall) and
Carbohydrate analyses warmer (13.0 versus 11.6°C air temperature) than

Root samples were prepared for analysis by freezére 60-year average (Table 1). Over a similar period
drying (drum freeze dryer, Cuddon Ltd, Newpreceding the February harvest, rainfall (80 versus
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87 mm) and temperature (15.9 versus 16.8°C) well® weeks forS matsudanax alba outyieldedsS.
slightly less than average. For the 2 months befokénuyanagiin leaf (+55%), edible stem (+150%),
the final harvest in early April 1997, rainfall (63 woody stem (+52%), and total (+62%) and edible
versus 68 mm) and temperature (17.2 versys64%) DM @ < 0.05; Table 2).
17.0°C) were similar to average conditions Salix kinuyanaghad similar biomass regrowth
experienced at the site. February was the driest ah@l weeks after initial harvesting in winter and spring
hottest month during the experimental period. apart from edible stem DM which for the spring
harvest was twiceR < 0.05) that from trees
Effect of season of initial harvest on regrowth  harvested in winter. The total DM for regrowth after

The number of regrowth shoots ®fmatsudanac 10 Week_s folS. klnuyanagwas_ less for the_|n|t|al
alba andS. kinuyanagidid not differ significantly harvest in summer than in winter and spriRg<(
with the season of first harvest (Table 2). Ten weeks05; Table 2). In contrast, the biomass regrowth of
after an initial spring harves, matsudana alba  {rees ofS matsudanax alba harvested in spring
regrowth had 40% longer and 30% thicker shootdas 3- to 5-fold greater than that from winter or
than those ofS. kinuyanagi whereas winter Summer harvested treeB € 0.05; Table 2). The
harvested trees &. kinuyanaghad 20% thicker S€ason ofln_ltlal harve_st altered t_he leafto stem ratio
shoots than those 8f matsudana alba(Table 2). only of S. kinuyanagiBoth species had a similar

When first harvested in spring, the regrowth afteieaf to stemratio for spring regrowth, but the ratios
for S. kinuyanagiwere significantly higherR <

0.05) than those f@ matsudana albafollowing

) _ winter and summer harvests (Table 2).
Table 1 Monthly rainfall (mm) and mean monthly air

temperature (°C) from September 1996 to April 1997, ffects of df fh t
and long-term averages from a meteorological statio €clS of season and frequency of harvest on

within 500 m of the experimental site. ry matter yield

The cumulative DM for the treatments was

compared for the regrowth periods after the initial

season of harvest. The total regrowth periods for

Rainfall (mm) Temperature (°C)
Month 1996/97 1935-95 1996/97 1935-95

Sep 103 75 12.4 10.7 the WA, WSpSuUA, SpSuA, and SuA treatments
Oct 96 88 131 125  were 217,217, 137, and 59 days, respectively. The
Nov 101 78 13.2 142 mean daily production of total edible DM over both
Dec 91 94 159 161 galixspecies was 2.86, 2.12, 2.45, and 1.95 g DM
an 68 79 15.9 17.4 S

Feb 58 67 18.2 17.6 tree~day-forthe WA, WSpSUA, SpSuA, and SUA
Mar 68 69 16.2 16.3 treatments, respectively. In bo8alix species, 3
Apr 145 81 12.4 11.4 (WSpSuA) and 2 (SpSuA) harvests over the

Table 2 Effect of season of initial harvest on the first 10 weeks of regrowth (g DM (dry mattet) tibeve 300
mm above ground of twBalixspecies growing at Palmerston North in 1996/97. Means with the same letters in a
column are not significantly different at 5% significance level; SEM = standard error of them¥e2a;

Yield components Regrowth biomass (g DM tfge
Longest Longest
shoot  shoot Edible Woody Total
Initial harvest No. of length diameter Leaf stem stem edible Total Leaf:stem
Species season shoots (M) (mm) DM DM DM DM DM ratio
Salix matsudan& alba winter 1996 38 1.0 8% 66.F 15.¢ 77.Z 81.F 1585 0.8
spring 1996 48 1.8 13.88 261.3 87.2 275.48 349.% 624.84 0.7
summer 1997 3B 1.1 7.9 778 204 754 98.% 1736 0.8
Salix kinuyanagi winter 1996 32 1.0¢ 108 163.4 19.C 127.#°182.7 310.P 1.12
spring 1996 33 1.3 108 171.F 36.7 174.8 207.9 382.% 0.8
summer 1997 40 0.9 7.4 1187 11.F¥ 71.6 129.9°201.5 1.3
SEM 4 0.1 0.6 239 55 26,9 289 53.8 0.1




Oppong et al.—Yield of willows 91

growing season produced similar cumulative DMf SuA trees wherg. kinuyanagiielded 30% more
yields for all fractions but 1 (SuA) harvest yieldedthan S. matsudanax alba. Leaf to stem ratios of
60-80% less DM than for the more frequentihWWSpSuA and SuA trees 8fkinuyanagiwere also
harvested tree$(< 0.05; Table 3). higher than those & matsudana alba (Table 3).
The WA treatment db. kinuyanagyielded more In the WA treatment, total edible yield was 38
leaf, woody stem, and edible DM than the WSpSusand 42% of total DM fofs. matsudana alba and
SpSuA, and SuA treatments (Table 3). For S. kinuyanagirespectively. Within the WSpSuA,
matsudana alba, the WA, WSpSuA, and SpSuA SpSuA, and SuA treatments, this proportion was
treatments were similar and resulted in greaté&i6—59% forS. matsudana alba and 56-65% for
cumulative total and total edible DM yields thanS. kinuyanag(Table 3).
the SuA treatment. In contrast, the WA treatment )
of S matsudanac alba produced slightly less leaf Reserve carbohydrate changes with season
mass than the WSpSuA and SpSuA treatments bBticrose concentration was much higher than the
more than 3 times the mass of the SuA treatnient €oncentration of each of the other carbohydrate
< 0.05; Table 3). Woody stem yield of the WAcomponents in the tree roots in both the WA and
treatment was at least twice that of the 3 treatmentse WSpSuA treatments, and comprised over 90%
harvested during the growing season. Trees in tlué total carbohydrate concentration (Fig. 1). Starch,
WA treatment for botlsalixspecies had the lowest glucose, and sucrose concentrations in the WA trees
leaf to stem ratio, except for the WA and SpSuAncreased from late winter to mid spring then
treatments foB. kinuyanag(Table 3), which were declined over summer and early autumn. In contrast,
similar (P > 0.05). the concentrations of these sugars in the WSpSuA
Salix kinuyanagioutyieldedS. matsudanax tree roots declined from winter to mid spring,
alba in the WA treatment with respect to all DMincreased in mid summer, and declined slightly
measurements except edible stem DM yield, whicin early autumn (Fig. 1). Concentration of
was similar for both species (Table 3). Furthermordructose in roots of the WSpSuA trees varied
in the WA treatmentS. kinuyanagiproduced much less over the study period than in those of
approximately twice as much leaf, woody stem, anthe WA trees.
total edible and total DM &8 matsudana¢ alba, . ) .
and had a 50% higher leaf to stem ratio (Table 3iRelationships between yield components and
Both species had similar cumulative DM yields fo°M yield
all the measurements for the WSpSuA, SpSuA, arnthe standardised partial regression equations
SuA treatments, except for total edible DM vyieldderived for the edible DM yields were:

Table 3 Effects of initial harvest season (winter (W), spring (Sp), and summer (Su)) and harvest
frequenc%/ (spring (Sp), summer (Su), and autumn (A)) on cumulative dry matter (DM) yield (kg

DM tree™) of two Salix species growing at Palmerston North in 1996/97. Means with the same

letters in a column are not significantly different at 5% significance level; SEM = standard error
of the meann = 32.

Dry matter yield (kg DM tred)

Edible Woody Total
Leaf stem stem edible Total Leaf:stem

Species Harvest treatment DM DM DM DM DM ratio
Salix matsudana alba WA 0.2% 0.13 0.7 042 1.1 o4
WSpSUA 0.3 0.1 031 042 079 0T
SpSuA 0.30 0.09 0.3°° 0.3%c 0.700 0.8
SuA 0.08 0.02 o.08¢ 0.1¢ 017 o0&
Salix kinuyanagi WA 0.7%% 0.02 1.16¢ 0.82 197 0.6
WSpSUA 0.48 0.0 0.3% 050 089 1.0°
SpSuA 0.28 0.0% 0.21° 0.28°¢ 0.49c 0.9c
SuA 0.12 0.0 0.07 01F 02¢ 1.3
SEM 0.05 0.02 0.08 0.06 0.13 0.1
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Salix kinuyanagi

Log edible DM (g DM treg!) = 1.01log S — 0.15log

L +1.39log D +1.59 (2)

R? = 64%,P < 0.04

where S = number of coppice shoots, L = length of

longest shoot, D = diameter of longest shoot.
Equation 1 shows that shoot length was about

twice as important as the other attributes in

determining edible DM ofs. matsudanax alba,

but the number of coppice shoots and diameter of

the longest shoot were also influential and to a

similar extent. Conversely, fo$. kinuyanagi

(Equation 2), diameter of the longest shoot and

number of coppice shoots were important in

determining edible DM, with diameter being the

most important.

DISCUSSION

Edible and total DM vyield

The cumulative edible and total DM vyields &f
matsudanax alba over a growing season were
similar after 2 or 3 harvests following an initial
harvest in winter (WSpSuA treatment) or spring
(SpSuA), and with an initial harvest in winter and
a harvest in autumn (WA). In contrast, the
cumulative edible and total DM yields &
kinuyanagiwere decreased by periodic harvesting
during the growing seasoBalix matsudana alba
was better suited to a harvesting frequency of 10
weeks than wa$. kinuyanagi the latter having
greater edible DM production when harvested only
at the end of the season (WA treatment). The tree
spacing used equated to a tree density of 2670 ha
On this basisS. matsudanax alba in the WA
treatment produced 1.1 t edible DMhand 3.0 t
total DM hal, andS kinuyanagyielded 2.2 t edible
DM haland 5.3 t total DM h& over 217 days.

Fig. 1 Comparison of root reserve carbohydrates ifror both species, the greatest regrowth after 10
Salix matsudana albatrees when harvested initially in weeks followed initial harvesting in spring, being

winter and then again in the following autumn (WAB)(

0.9 t edible DM hal and 1.7 t total DM hd for S

and when harvested initially in winter and then again iphatsydanax alba, and 0.6 t edible DM haand

spring, summer, and autumn (WSpSuM), during
1996/97.

Salix matsudana alba

Log edible DM (g DM treel) = 0.62log S + 1.37log
L + 0.73log D + 0.63 (2)
R2 = 90%,P < 0.0002

1.0 t total DM hal for S kinuyanagi

At a nearby site, Douglas et al. (1996) found
that S kinuyanagiyielded 50% more edible DM
thanS. matsudana alba under a range of cutting
treatments in the second year of growth, 8ut
matsudana albayielded more thaB. kinuyanagi
in the fourth year of growth (Oppong et al. 1996).
Douglas et al. (1996) also showed that cumulative
edible DM yield of both species varied with cutting
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frequency, particularly between 1-cut and 3-cuivas 2—4 times that in edible stem, and organic
treatments. For example, f8r kinuyanagia single matter digestibility of leaf exceeded that in edible
cut to 300 mm above ground at the end of thetem by 10-50 percentage units.
growing season (April) yielded 2.5 t edible
DM hal, whereas 3 cuts (December, FebruaryR€growth and carbohydrate reserves
April) reduced cumulative yield by 75% to 0.6 tThe Salix species differed in their regrowth over
edible DM hal. For S. matsudanax alba, the first 10 weeks after the initial harvest in each
cumulative yield was reduced 56% from 1.6 (1-cutyeason. Fd8. kinuyanagthe edible regrowth over
to 0.7 (3-cut) t edible DM ha. this period was similar for each season, but edible
The results fo.kinuyanagiin this study are in regrowth ofS. matsudana alba was sensitive to
agreement with those found earlier (Douglas et @he season of first harvest. However, as the
1996) in showing that the species is not well suitedumulative edible DM yield d8. matsudanaalba
to multiple harvests during the growing season. Favas similar when first harvested in winter or spring,
S matsudana alba, the similar cumulative edible it has the potential to be coppiced or browsed in
DM yields obtained under single or multiple cutspring and then again in summer. This type of
contrasted with the findings of Douglas et al. (1996management would enable spring pasture under the
where yields were reduced under more frequetitees to be grazed without concern for the effect on
cutting. Differences in weather likely accounted fosummer browse if the trees were defoliated. Spring
these variable responses; from October to Aprifjefoliation of the trees would also decrease the
monthly rainfall and air temperature in this studyshading of the understorey pasture. In New Zealand,
averaged 90 mm and 15.0°C, respectively, conirowse fodder is best utilised as a supplement to
pared with 78 mm and 14.4°C, respectively, in thpasture in mid to late summer and the standing green
earlier study (Douglas et al. 1996). Plants were déed should be of an appropriate nutritive value and
similar age in both studies and they were cut auantity, and at browsing height.
similar times to the same height of 300 mm above The high edible and total DM regrowth &f
ground. matsudanax alba harvested in spring coincided
Guevarra et al. (1978) found that less frequentith its highest measured concentration of total non-
harvesting resulted in the highest DM vyield forstructural carbohydrates stored in the roots. This
Leucaena leucocephaldut the proportion of suggests that the rate of regrowttSoimatsudana
woody stem increased. The higher leaf to stem ratioalba after harvesting was affected by the level of
and the lower woody stem yield found for a&lix root carbohydrates, but insufficient data were
species studied here in the WSpSuUA and SpSudvailable to be conclusive. Regrowth is usually
treatments compared with the WA treatmentmaximised when trees are harvested during the
suggests that livestock browsing the frequentldormant period and minimised when harvested
harvested trees would find the browse moréetween early and mid summer when tree canopies
available and palatable because of the greatbave developed fully and carbohydrate reserves
density of leaves. are low (Blake 1983; Kozlowski & Pallardy
Edible DM in this study was defined as thatl997). The higher sucrose concentration in the
comprising leaf and edible stem (<5 mm diameterjoots of the frequently harvested trees compared
During summer drought, the nutritive value of thisvith the once harvested trees as the season
material is often equal to or higher than that oprogressed, suggests that sucrose was being
pasture. For example, on sandy soils in Februamobilised to meet the demands of carbon in the
the nitrogen (N) concentration of edible DM®f refoliating shoots.
kinuyanagiandS. matsudanas albawas 21 and 22 The preponderance of sucrose among the non-
g N kg DML, respectively, compared with 14 g Nstructural carbohydrates in the roots runs counter
kg DM-1 for pasture (Douglas et al. 1996).to general trends described by Loescher et al. (1990)
Metabolisable energy (ME) of edible DM of willow and Kozlowski (1992). For example, in woody
during summer is 8.7-10.5 MJ ME kg DMKemp  roots, the monosaccharides glucose and fructose
et al. 2001), whereas pasture at that time usualbften occur at higher concentrations than sucrose.
has a high proportion of dead matter, which has <d8owever, in this study, concentration of sucrose was
MJ ME kg DM (Lambert & Litherland 2000). In 20-fold and 44-fold higher than concentrations of
edible DM of bothSalix species, Oppong et al. fructose and glucose, respectively. Evaluation of a
(2001) found that N concentration of leaf materiatange of commercially available clones $élix
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