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RÉSUMÉ 
 
 Le croissance et conduite du chêne rouge (Quercus rubra L.) sont présenté dans un 
systéme agroforestier au nord-ouest du Portugal avec l'application des divers 
techniques d'établissement et culture. L'accroissement en hauteur, diamètre et volume, 
et survie son analysées dans differentes conditions de développement: avec et sans 
tube-avri, désherbage et fertlisation. L'utilisation des tubes-avri produit un significantif 
croissance en hauteur (+125%) et volume (+186%), mais pas en diamètre. Problèmes 
de stabilité se possent avec cette technique. Le désherbage à soulement un effect 
positive dans le survie. Les arbres qui ont été fertilisé present un significantif 
accroissement en hauteur (+61%) et diamètre (+55%). 
 
 
INTRODUCTION 
 
 Agroforestry systems, in particular the silvopastoral ones, have gotten an increased 
interest through the integration of pasture and forestry on the same land , as a viewing 
of new land uses, specially an alternative for abandoned agricultural areas (Nair, 1991; 
McAdam, 1991; Brooks et al., 1994; Rapey, 1994). Northwest Portugal is a region 
characterised by a system of intensive mixed cultures where the traditional division of 
land in smaller units of explotation do not allow the implement of suitable systems for 
a more economical use of the soils and consequently of an efficient productivity. The 
set aside system, the excess of agricultural products in the market and the inconsistent 
price policy, together with a decrease of the budgets, lead the excessively concentrated 
population of this region to immigration and land abandonment.    
 The establishment of new silvopastoral systems needs in the first stage the use of 
tree protection to avoid animal damages (McAdam, 1991; Palá & Caballero, 1993; 
Guitton, 1994; Rapey, 1994). Shelter tubes are being used abundantly, and it interest 
to study the effect on tree development, due the particular microclimate conditions 
inside the tube (Dupraz, 1990). Tree fertilization and vegetation control are also 
aspects that will be considered. 
 In this experiment tree growth and survival are analysed in different tree 
establishment and management thecniques in a silvopastoral system. The study 
purposes the maximization of agroforestry potentialities through the multiple use as a 
function of planting density, fertilization, tree protection methods and vegetation 
control. 
 
 
 



Proc. International Workshop of Agroforestry for Sustainable Land-Use, Montpellier, France, 23-29 June. 
 

 120 

MATERIAL   AND  METHODS 
 
 The trial is located in Northwestern Portugal at 100 to 150 m elevation. The annual 
rainfull is near 1300 mm, the average annual temperature 14,6 ºC, minimal of the 
coldest month 5,6 ºC, and the growing period is about 7 month. The soil type is 
classified as anthroposol due the human activities, which induces deep modifications 
in the original structure.  
 Before tree plantation, ground preparation took place and it consisted on a soil 
mobilization by a cross ripping at 55 cm depth. Plantation of Quercus rubra was made 
with plants with naked roots from commercial seed source with 2 years in nursery. 
 To determine the effect of different tree treatments on growth and survival, a 
randomized complete block experiment was installed with 3 replications (Steel & 
Torrie,1980). Treatments are tree shelter tubes (S) with grazing; trees without shelter, 
with weeding (W); and with weeding and fertilization (F). A third treatment (control) 
consists in trees growing without any treatment (shelter, vegetation control, 
fertilization). A different spacings trial (2x2, 4x4, 6x6 m) was also installed to analyse 
individual tree growth and pasture production in relation to density. However, because 
trees competition does not occur yet (3 years after plantation), results are not 
explained here. Each treatment has 20 trees.  
 Additionally, a treatment with fertilized trees and weeding is included in the model 
(without shelter) to analyse fertilization effect on tree growth and survival. 
 Shelter tubes, made of polypropyline, translucent, with 1,8m height, are used. 
Weeding was manual and mechanical, made every year. The fertilization was done 
with 20 g nitrogen (N) and 20 g phousphorus (P) per plant in the bottom of the hole 
during the plantation . Prunning was not realized. 
 Tree response to these treatments is evaluated according to total height (hi), base 
diameter at 20 cm (d20i) and stem volume (vi) average increments, and by mortality 
rates, during 2 growth periods. 
  
 
RESULTS AND DISCUSSION 
 
 Table 1 presents the average increment for total height (hi), base diameter (d20i) 
and stem volume, the thinning coefficient (h/d)  and mortality (M) for each treatment. 
 
   Table 1 

Treatment hi (cm) d20i (mm) vi (cm3) h/d        M (%) - [min-max] 
 S 63 2,1 49,4 203 10 0 - 30 

 W 28 2,0 17,3 126 20 16 - 24 
 F 45 3,1 41,2 135 31 25 - 33 
 C 32 2,1 34,4 110 40 30 - 55 
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 The analysis of variance for each parameter is  the following: 
 
 Total  height  increment 
 

 Source SQ DF MS F    P 
 Block  1231,54 2 615,77 1,38 0,252 

  Treatment 28457,25 3 9485,75 21,29 0,000 
 BxT 31434,47 6 5239,08 11,76 0,000 
 Error  57919,82 130 445,53  

 
 
 Diameter   increment 
 

 Source SQ DF MS F          P 
 Block  2,77 2 1,39 0,71 0,495 

  Treatment 20,36 3 6,79 3,46 0,018 
 BxT 90,26 6 15,04 7,67 0,000 
 Error  254,85 130 1,96 

 
 
 Volume  increment 
 

 Source SQ DF MS F               P 
 Block  2315,91 2 1157,95 0,75 0,489 

  Treatment 15896,30 3 5298,77 3,42 0,023 
 BxT 74776,90 6 12462,82 8,05 0,000 
 Error  201285,33 130 1548,34 

 
 
 Thinning  coefficient 
 

 Source SQ DF MS F P 
 Block  32041,91 2 16020,95 13,70 0,000 

  Treatment 207936,94 3 69312,31 59,26 0,000 
 BxT 34784,40 6 5797,40 4,96 0,000 
 Error  152061,02 130 1169,70 

 
 
 There are significant differences on height, diameter, volume and thinning 
coeficient between treatments. Excluding h/d ratio, blocks are not different, but the 
interation blocks x treatments is significantly different for all tree parameters analysed, 
which means that treatments have different responses in different blocks. 
 
 
 Figures 1 to 5 and the Tukey multiple mean comparation shows treatments 
response. 
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   Height: W C F S 
 

FS CW
 

 
 Figure 1 - Tree height increment (HI: cm/year) for each treatment. 
 
 As it may be seen the treatment with shelter trees produces significant higher height 
growth from the others treatments. At this moment (3 years after plantation) trees start 
growing out of the tubes. The vegetation control (W), where trees have not shelter, do 
not produce significant differences from those without weeding or grazing (C). The 
competitor vegetation includes mainly Adenocarpus complicatus (in some plots 
reaches more than 3 m height), Cistus psilosepalus, Bromus sp.. Shrub species have a 
big development covering in some plots around 80-90 %. This treatment presents a 
slightly higher height increments than treatment W. Tree fertilization gives good 
growth responses. 
 
 
   Diameter: W C S F 
 

S W F C

 
 
 Figure 2 - Tree diameter increment (D20I: mm/year) for each treatment. 
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 Only the fertilized trees gives significant diameter increments, in average with 3.1 
mm/year. 
 
 
   Volume: W C F S 

   
 

FS CW
 

 
 Figure 3 - Tree stem volume increment (VI: cm3/year) for each treatment. 
 
 
 Best growth on stem volume is given by the treatment S. However is not 
significantly different from treatments C and F. Shelter tube produces a significant 
effect on tree volume increment when compared with trees without it (W). 
 
 
   Thinning Coefficient: C W F S   
 

FS CW
 

 
 Figure 4 - Tree thinning coefficient for each treatment. 
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 Highest values of the thinning coeficcient are given by trees of treatment S, in 
average with a h/d of 203. This ratio gives an indication of the tree stability, thus for 
higher  h/d values lowest is tree stability (Oswald, 1988). The h/d ratio obtained in this 
treatment is high  showing a very instable trees inside shelter tubes. 
 
 

FS CW
 

 
 Figure 5- Average mortality (%) for each treatment. 
 
 Higher mortality rates occur in the control plots, ranging between 30 and 55 %. The 
mortality in the fertilized trees is bigger than the expected, once this treatment include 
weeding as well as treatment W, with lower mortality. 
 
 
CONCLUSION 
 
 Treatments do not produce significant differences on diameter growth, excluding 
the situations when trees are fertilized. Concerning to the average annual height 
increment, tree shelter tubes originate a significant response with 63 cm (+125 % than 
treatment without shelter) against 28 and 34 cm respectively  of the weeded (W) and 
control (no weeding) plots. Volume increment differences are only significant 
between shelter and no shelter treatments. But, in this early stage, height growth is 
more important than volume, once it implicates stem and base crown height formation 
and a decrease of animal damaging. Due to the microclimate conditions in tubes and 
tree search for direct light, height growth in this treatment was faster. The importance 
of the h/d ratio, as mentioned by Auclair (1996), is here evident for shelter tubes 
showing a very high value of 203 (+61 % than treatment without shelter). So, tree 
stability is low, which requires the use of a stake. A similar effect occurs, but with 
lower intensity, in the plots where the surrounding vegetation is present, with high 
covering of shrubs (without weeding and grazing), where height growth is higher than 
the situations where weeding is applied (altough not significantly). Similar behaviour 
in broadleaves is refered by Armand (1995). 
 The weeding does not have a positive effect on tree growth. The control plots, with 
high presence of shrubs, presents a similar growth rate with a lightly higher (not 
significant) increment in height and volume. In this case the surrounding vegetation is 
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mainly composed by shrubs species. The effect on tree growth induced by ground 
vegetation, when this one is composed by herbaceous species, will be negative, 
because competition, specially for soil moisture, is stronger (Sharrow & Fletcher, 
1994). Higher increment on height and diameter with Q. rubra is showed by Auclair 
(1995) where the herbaceous vegetation is controled, decreasing trees stress. But 
concerning survival, low rates were obtained when no vegetation control was done, 
which can compromise a well silvopastoral system establishment. 
 Fertilized trees grows significantly faster, but do not reaches the growth obtained 
by the sheltered trees. Trees with tubes produces a significantly higher increment in 
height (+40 %) but not in volume. 
 
 
REFERENCES 
 
ARMAND, G., 1995. Feuillus précieux, Conduite des plantations en ambiance 

foretière. IDF, Paris. 
AUCLAIR, D. (ED.),1995. Alternative agricultural land-use with fast growing trees. 

EC contract AIR3-CT920134, third annual report (12/95),Vol.2. 
AUCLAIR, D., 1996. Scientific and technical basis for silvopastoral systems in 

Europe. In: Western european silvopastoral systems, INRA, Avignon, France:195-
206. 

BROOKS, K; GREGERSEN, H.; FFOLLIOT, P., 1994. Role of agroforestry in 
sustainable land-use systems. Symposium proceedings: Agroforestry and 
sustainable systems. August 7-10, Colorado, USA: 199-206. 

DUPRAZ, C., 1990. Aspects techniques des plantations d'arbres à bois en terres 
agricole des plaines mediterranéennes. In: Special foresterranée 90, 2eme partie, 
Tome XII. France: 429-431. 

GUITTON, J.-L., 1994. Essais de plantation agroforestières en Corse du Sud. Revue 
Forestière Française, nº spécial: 96-101. 

McADAM, J., 1991. An evaluation of tree protection methods against Scottish 
Blackface sheep in an upland agroforestry system. Forest Ecology and 
Management, 45: 119-125. 

NAIR, P., 1991. State-of-the-art of agroforestry systems. Forest Ecology and 
Management,45: 5-29. 

OSWALD, H., 1988. Comment apprécier la nécessité d'éclaircir?, Les problèmes de 
stabilité. Revue Forestière Française, XL-nº spécial: 51-52. 

PALÁ, J.A.; CABALLERO, F., 1993. Estudio del desarrollo y la supervivencia en 
zonas aridas del repoblado protegido mediante tubos protectores. Congresso 
Forestal Español, Lourizan, Tomo II: 415-420. 

RAPEY, H., 1994. Les vergers à bois précieux en prairie pâturée: objectifs, principes 
et références. Revue Forestière Française, nº spécial: 61-71. 

STEEL, R. ; TORRIE, J., 1980. Principles and procedures of statistics, A biometrical 
approach. McGraw-Hill, 2nd Ed..  

SHARROW, S.; FLETCHER, R., 1994. Trees and pastures: 40 years of 
agrosilvopastoral Experience in Western Oregon. Symposium proceedings: 
Agroforestry and sustainable systems. August 7-10, Colorado, USA: 47-52. 

  


