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There is an important increase in the number of avocado orchards in Chile. Due 
to this scenario and the incorporation of new adaphoclimatic areas far from their 
origin zone, a study of behaviour of different rootstocks in saline condition of 
culture, in Copiapó Valley, in northern Chile was performed.  
This investigation was performed for 3 seasons in a block of varieties in lower 
Copiapó Valley. Irrigation water characteristics are the following: EC 2093 MuS 
cm-1, 17.02 meq L-1 sulphates, 5.44 meq L-1 bicarbonates; 4,1 meq L-1 
chlorides; 14 meq L-1 calcium; 6,3 meq L-1 magnesium 7.22 meq L-1 sodium; 
and also a concentration of 1.72 mg L-1 of boron, which is known to be a 
phytotoxic for fruit trees culture. Soil characteristics are 8% clay, 10% slime and 
82% sand.  
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El cultivo del palto se ha desarrollado en forma importante en Chile. Debido a 
esto y a la incorporación de nuevas zonas edafoclimáticas diferentes a su zona 
de origen, se realizó el estudio de comportamiento de diferentes portainjertos 
en condición de cultivo salina, en el valle de Copiapó en el norte de Chile. Esta 
investigación lleva 3 temporadas en un bloque de variedades en la zona baja 
del valle de Copiapó. Las características del agua de riego son las siguientes: 
CE 2093 MuS cm-1, 17,02 meq L-1  sulfatos; 5,44 meq L-1 bicarbonatos; 4,1 
meq L-1 cloruros; 14 meq L-1 calcio; 6,3 meq L-1 magnesio; 7,22 meq L-1 sodio; 
siendo la característica más importante la concentración de 1,72 mg L -1 de 
boro, citándose en la literatura como fitotóxica para el cultivo de frutales. Las 
características de suelo corresponde a 8% arcilla, 10% limo y 82% de arena. 
Los portainjertos de semilla utilizados corresponden a Nabal, Mexicola, 
Thomas, Duke 7, Benix, D9, Borchard. Se midió nivel foliar de nutrientes 
durante 3 temporadas en plantas injertadas con Hass y en portainjertos sin la 
variedad injertada. Además se midió niveles foliares en plantas inoculadas con 
micorrizas desde vivero. Se observó que el nivel foliar es diferente para cada 
portainjerto y así como también de los portainjertos inoculados con micorrizas. 
 
 
 
1. Introduction 
 

Proceedings VI World Avocado Congress (Actas VI Congreso Mundial del Aguacate) 2007. 
Viña Del Mar, Chile. 12 – 16 Nov. 2007. ISBN No 978-956-17-0413-8. 

 



 
The avocado (American Persea Mill.) it is one of the species fruit-bearing that 
major increase has presented as for surface planted during last years in Chile 
(15.050 you have. In 1996 to 24.000 you have. The year 2003; ODEPA, 2003), 
where our country occupies the third place worldwide in the surface of avocado 
of the Californian type (races Guatemalan and hybrids), Mexico and The United 
States, with a national output estimated in 140.000 annual tons. 
 
According to Webber (1926) mentioned by Ben-Ya'acov and Michelson (2001), 
one of the most important factors of the industry of the avocado they are the 
rootset, nevertheless it is known very little of them. The development of the tree, 
health and productivity in the fruit-bearing cultures are very dependent on the 
type of rootset. 
 
The avocado is sensitive to the stress of soil; extremely sensitive to the salinity 
and also to alkaline soils. The principal factor is the toxicity for chlorine, but in 
some soils one adds the sodium to the problem. The resistant rootset not send 
sodium towards the foliage, this way can be eliminated the burning of the 
leaves, but it remains the negative effect on the productivity (Ben-Ya'acov and 
Michelson, 2001). On the other hand, the mycorrize are mutualism associations 
that develop in the mayority of the most top plant species and in some fungi of 
soil. It is one symbiosis catalogued almost universally, so much for the number 
of capable plants to being colonist for the micorriza and because he is in great 
quantity of natural habitats (Olive groves and Barea, 1985). 
 
Given the difficulty of absorption of nutriment that appears in soils of saline and 
alkaline conditions since those of Atacama's region (Copiapó) is possible to wait 
for a beneficial effect of the mycorrize on plants. For this motive, the aims of the 
present work are:  
 
General aim: 
 
 � To evaluate the behaviour in saline conditions of different rootset belongs of 
seeds of avocado, inoculated in his roots with mycorrize. 
 
Specific aims: 
 
� To compare the behaviour in conditions of saline soil of plants belongs of 
seeds of avocado, varieties Mexícola, Benik, Turnip field, Thomas, Duke 7, 
Borchard and D9 during the first cycle of growth. 
 
� To determine if the inoculation with mycorrize arbusculares Glomus 
intraradices of the roots of sayings rootset, belongs of seeds of avocado, 
increases the tolerance to the saline condition during the first cycle of growth. 
 
  
 
 
 
3. Materials and Method  



 
3.1. Place of the tests 
 
The investigation was composed by two tests, which were effected in the 
property in the country Bramador, belonging to Uniagri-Copiapó Ltda., located 
in the Km 9 of the highway north - south, Copiapó, III region.  
 
3.2. Vegetable (plant) material and characteristics of the zone  
 
The investigation was realized in a plantation of 6 bosses of avocado belongs of 
seeds, correspondent to the varieties Mexícola, Benik, Turnip field, Thomas, 
Duke 7 and D9. The rootset are grafted with the variety Hass. In case of the first 
test all the grafts of every variety were inoculated with mycorrize, corresponding 
to the genre Glomus, species intraradices (Schenck and Smith), that come from 
a solid way of sand and are developed by the company SYTEN (Substances 
and natural technologies, España). For the second one I test only the half of the 
grafts of every variety they are inoculated with  micorriza. 
 
3.3. Test I  
 
3.3.1. Materials 
 
24 grafts were in use of avocado of five years of age, which are divided in 3 
varieties of rootset belongs of seed, of which 8 grafts belong to each one. In 
turn they are subdivided in 4 grafts grafted with the variety Hass, and 4 without 
grafting. On the other hand all the grafts are inoculated with 20 g of mycorrize 
glomus intraradices.  
 
3.3.2. Methodology  
 
Consisted of the measurement of analysis you will foliate realized on March 2, 
2007, together with the evaluation of previous information corresponding to the 
year 2004 and 2005, that they can determine the behaviour of 3 varieties of 
rootset grafted with the variety Hass and without grafting, all inoculated with 
mycorrize. 
 
3.3.3 Treatments I 
 
The treatments (factor A) correspond to each of the bosses, who were in use, 
are 3:  
 
1. Mexícola 
2. Nabal 
3. Benik  
 
Each of the treatments were evaluated (factor B or subtreatments):  
 
� with graft  
� without graft 
 



3.3.4. Statistical analysis 
  
The test does not constitute in yes an experimental design. Nevertheless, the 
results of the measurements there were analyzed with a classification factorial 3 
X 2. 
 
3.3.5. Variables to measuring  
 
� The foliar analysis, with the purpose of obtaining nutritional information of the 
plants.  
 
3.4. I test II  
 
3.4.1. Materials 
  
A total of 80 grafts were in use of avocado of five years of age, which are 
divided in 3 varieties of rootset belongs of seed, of which 16 grafts belong to 
each one. Each of the different types of rootset is grafted with the variety Hass. 
In turn they are subdivided in grafts inoculated with 20 grams by plant of 
mycorrize and without inoculating. 
 
3.4.2. Methodology 
 
This test consisted of a variable realized (fulfilled) on March 2, 2007, that it will 
be evaluated as a whole with previous information obtained between(among) 
October, 2002 and May, 2004, April, 2005, which can determine the behaviour 
of 3 varieties of rootset inoculated and without inoculating with mycorrize. 
 
 3.4.3. Treatments test II  
 
The treatments correspond to each of 3 bosses who were in use:  
 
1. Duke 7  
2. D9  
3. Thomas 
 
 Subtreatments 
 
1. With mycorrize  
2. Without mycorrize 
 
3.4.4. Statistical design 
 
The statistical used design was that of divided blocks. 
 
 3.4.5. Variables to measuring  
 
� The leaf analysis, with the purpose of obtaining nutritional information of the 
plants.  



4. Presentation and Discussion of Results  
 
Immediately result appears in separated form and analyses corresponding to 
every test. The information has prepared in pictures and graphs to facilitate its 
comprehension.  
 
 
4.1. Test I 
 
Square 4.1.2 summary of the averages analysis you will foliate test I for year 
2004, 2005 and 2007. (Original document in annexes) 
 

T1 = Mexícola 
T2 = Nabal 
T3 = Benik 
 
 
4.1.3. Discussions analysis to foliate test I 
 
 1. Calcium, Magnesium and Sodium: 
 
 a. Treatments: Mexicola is the rootset with major concentration 
 b. Subtreatments (Factor B): The varieties without grafting in general there 
present major levels of these elements. 
 
 2. Nitrogen: 
 
 a. Treatment: it is possible to observe that Benik is the rootset that absorbed 
more this element.  
 b. Subtreatments (Factor B): The subtreatments without grafting present a 
major level of the above mentioned elements. 

 Factor 
B 

N 
(%) 

Cloruros 
(mg/kg) 

P 
(%) 

Ca 
(%) 

Mg 
(%) 

K  
(%) 

Na  
(mg/kg) 

S 
(%) 

B 
(mg/kg) 

Fe 
(mg/kg) 

Mn 
(mg/kg) 

Cu 
(mg/kg) 

Zn 
(mg/kg) 

C/injerto 
 

1,95 3037,3 1,145  
1,625 

0,44 1,11 <250 0,50 91,7 116,2 39,15 11,3 24,1 T
1 

S/injerto 
 

1,74 3385,8 0,16 2,24 0,67 1,13 399,8 0,51 142,7 181,5 49,1 14,5 23,02 

C/injerto 
 

1,88 2056 0,153 2,26 0,71 1,31 <250 0,50 107,7 106,3 52,26 7,26 28,6 T
2 

S/injerto 
 

1,81 3625 0,16 1,97 0,63 1,63 <250 0,51 106,9 155 61,9 7,5 23,57 

C/injerto 
 

1,93 2579 0,143 2,24 0,77 1,28 <250 0,61 83 119,1 56,20  29,5 T
3 

S/injerto 
 

2,03 2874 0,17 1,66 0,54 1,52 <250 0,41 118,6 123,4 36,03 8,9 23,8 



 
 
3. Boron, Iron and Copper: 
 
a. Treatment (Factor A): These elements were absorbed in bigger quantity by 
the variety Mexicola. 
 b. Subtreatments (Factor B): The varieties without grafting in general there 
present bigger levels of these elements. 
 
 4. Chlorides: 
 
a. Treatments: Mexicola corresponds to the rootset who presents bigger level of 
chlorides in his leaves. 
 b. Subtreatments (Factor B): The varieties without grafting in general there 
present bigger levels of these elements. 
 
5. Potassium: 
  
a. Treatments (Facto A): In this case it was Nabal who absorbed bigger quantity 
of this element. 
 b. Subtreatments (Factor B): The subtreatments without graft present a bigger 
level of the above mentioned elements.  
 
6. Phosphorus and Zinc: 
 
a. Treatments (Factor A): It Was Benik the variety that absorbed more of these 
elements. b. Subtreatments (Factor B): The grafted varieties were who 
presented bigger concentration of Zinc, nevertheless who obtained bigger level 
of Phosphorus were them without grafting. 
 
 7. Manganese: 
 
 a. Treatments (Factor A): According to it is observed in the picture, it was 
Nabal the rootset in to absorb bigger content of the above mentioned element. 
 b. Subtreatments (Factor B): The grafted varieties presented slightly bigger 
concentration of manganese. 
 
 
 
 



4.2. Test II 
 
Square 4.2.1. Summary of the averages analysis you will foliate test I for year 
2004, 2005 and 2007. (Original document in annexes) 
 

 
 
T1 = Duke 7 
T2 = D9 
T3 = Thomas 
 
4.2.3. Discussions analysis to foliate test II 
 
 1. Nitrogen: 
 
 a. Treatments (Factor B): Thomas I turn out to be the rootset with bigger 
concentration of Nitrogen.  
b. Subtreatments (with without mycorrize): The varieties with mycorrize 
presented more. 
 
2. Chlorides, Calcium, Magnesium and Sodium:  
 
a. Treatments (Factor A): The bigger concentration I present in the mycorrize 
D7. b. Subtreatments (with and without mycorrize): In general the varieties 
without mycorrize presented bigger concentration of the mentioned elements.  
 
3. Phosphorus and Potassium: 
 
 a. Treatments: It Was D9 the variety of rootset that absorbed more P and K  

 Factor B N 
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1,
63 

1,88 0,1
15 

1,
67 

0,
45 

1,0
5 

270 0,
5 

98,95 92,25 143,8 9,3 15,95 T
1 

S/micorriz
as 
 

1,
62 

1,64 0,1
5 

1,
66 

0,
48 

1,4
05 

<250 0,
87 

134,9 132.3 105,1 13,25 22 

C/micorri
zas 

 

1,
89 
 

1,64 0,1
4 

1,
99 

0,
50 

1,2
7 

<250 0,
49 

122,4 89,5 140,6 9,61 18,68 T
2 

S/micorriz
as 
 

1,
46 

1,75 0,1
3 

2,
23 

0,
60 

1,1
5 

<250 0,
51 

120,3 128 100,6 11,12 24,8 

C/micorri
zas 

 

1,
89 

1,37 0,1
5 

1,
28 

0,
34 

1,7
4 

<250 0,
39 

176,9 104,3 133,8 11,7 18,76 T
3 

S/micorriz
as 
 

1,
81 
 

1,68 0,1
4 

2,
03 

0,
55 

0,5
9 

<250 0,
52 

138,6 120 322,8 11,95 23,9 



b. Subtreatments (with and without mycorrize): Bigger concentration of 
Potassium in inoculated. 
 
4. Boron, Iron and Manganese: 
 
 a. Treatment (Factor A): I observe bigger level of these elements in Thomas.  
b. Subtreatments (with and without mycorrize): In general the bigger 
concentrations were in the subtreatments without mycorrize.  
 
5. Copper : 
 
a. Treatment (Factor A): The variety D7 I present the broad more level of is you 
element.  
b. Subtreatments (with and without mycorrize): In general the varieties without 
mycorrize presented bigger concentration. 
 
 6. Zinc and Sulphur: 
 
 a. Treatments (Factor A): It Was D9 the variety of rootset that absorbed more. 
 b. Subtreatments (with and without mycorrize): The grafts without mycorrize 
absorbed a bigger concentration. 
 
5. CONCLUSIONS  
 
Test I 
 
The analysis of the evaluated Treatments demonstrated that undoubtedly it is 
Mexícola that rootset that  concentrate the bigger quantity  in his leaves, this 
reflects then its low tolerance to you go out due to its origin, on the contrary who 
if it possesses tolerance to these, and good behaviour since rootset it was 
Benik. 
 
 With regard to the Subtreatments was observe that those varieties without 
grafting were possessing bigger concentration of almost the totality of the 
elements evaluated especially of them you go out, which indicates a positive 
effect of the graft of variety Hass, which can indicate that Hass has a good 
behaviour opposite to them you go out, characteristic that probably it transfers 
to the finished plant. 
 
Test II  
 
The subtreatments with mycorrize and without mycorrize they did not present a 
significance level of  statistics for any variable of growth, nevertheless the size 
obtained and observed in field it was always major for the inoculated grafts.  
 
In spite of that a marked effect is not observed, the subtreatment inoculated 
with mycorrize a bigger tolerance presented to the salinity, reflected in a minor 
damage to foliate the being compared with the subtreatment without mycorrize. 
Also it appreciates an effect of them you go out on the plants without grafting, 



D7 I present the bigger concentration of you go out, in comparison with other 
treatments. 
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