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Abstract. The effect of plant density on two fig cultivars, namely Napolitana and Wazel; was evaluated. Trees 
were planted at 2500, 1670,400 trees/ha for Napolitana and 5000. 2500. 400 treeslha for Wazel; cultivars. Trees 
were evaluated at the 4th and 5th years from planting. After 4 years, there were no significant differences in length 
and diameter of the main branches with increasing planting density. while after 5 years the diameter of main 
branches decreased significantly with increasing planting density as compared with 400 trees/ha treatment in both 
cllltivars. No significant differences were observed after 4 years from planting in trunk diameter with increasing 
planting densities. while it decreased with increasing the planting density after 5 years in both cllitivars. The high
planting density (2500 and 5000 trees/ha for Napoltina and Wazcl; cllltivar, respectively) decreased the light 
intensity in both cultivars. Leaf area index increased with increasing planting densities in the two cultivars. while 
leaf area decreased with increasing planting density in Napolitana cultivar. After 5 years, the cumulative yield was 
47.8 and 107.1 t/ha for high-density planting (2500 and 5000 trees/hal compared with 10.1 and 6.5 tlha for the 
normal density (400 trees/hal in Napolitana and Wazel; cultivars, respectively. The fruit size and total soluble 
solids increased by increasing density. while other physical and chemical properties were not affected with 
increasing planting density in both cultivars. These results suggested that the effect of density on tree growth and 
yield depends on cultivar as well as tree age. 

Introduction 

During the last two decades, intensive orchard systems have received increased attention. 
The high planting-density appears to be an efficient system where fruit trees can be 
produced at relatively low cost and fruited at early age. Also, high-density system is 
considered as an ideal system for managing trees in fruit breeding programs because 
they would have a rapid advance of plants from seed to fruiting, increase genetic gain 
per year and minimize nongenetic variation among trees [I). Many investigators studied 
the effects of plant density on vegetative growth, yield and fruit quality of different fruit 
species. In fig, Storey and Condit and Amen and Amen [2;3) reported that physical fruit 
properties were increased at the higher trees densities, while chemical fruit properties 

23 



24 M.A.Bacha, el af. 

were decreased. Also, Gvozdenovic and Manastirac and Wagenmakers [4,5] in pear and 
Kim et al., Mika and Krawiec and Stampar et al. [6-9] in apple reported that yields 
varied, depending on cultivar and planting density, while trunk growth and leaf area 
increased with trees density. As well as, in peach Abrahao et al. and Kim et al. [10,11] 
and in pawpaw, Kist and Manica [12] found that increasing tree density reduced trunk 
circumference and increased early yields. On the other hand, Reynolds et al . [13,14] 
stated that vine spacing had a limited influence on reproductive yield and fruit 
composition. 

The objectives of this experiment were to examine the relationship between 
planting densities and tree performance of two fig cultivars grown in Riyadh region. 

Materials and Methods 

Seedlings from Napolitana and Wazeri fig cultivars (Ficus carica L.) were planted 
in 1989 at the Agricultural and Research Experimental Station, College of Agriculture, 
King Saud University. The soil was sandy loam. Irrigation, fertilization and pest control 
practices were carried out for all plant spacing according to cultural practices in the 
field . The layout of this experiment was randomized complete block design 
containing three treatments and five blocks for each fig cultivar according to Steel 
and Torrei [15, p.327]. 

The plant spacings were as follows for Napolitana cultivar: 

2 x 2 m (2500 trees/ha) 
2 x 3 m (1670 treeslha) 
5 x 5 m (400 trees/ha) 

and as follows for Wazeri cultivar: 

1 x 2 m (5000 trees/ha) 
2 x 2 m (2500 trees/ha) 
5 x 5 m (400 treeslha) 

Trees of the two cultivars were pnmed as the vase - shape system with three main 
branches. After 4 and 5 years from planting (1993 and 1994 seasons) length and 
diameter of the main branches(4 and 5 years) were determined in May in both seasons 
for the two cultivars. Trunk diameter was measured in August 1993 and 1994 seasons at 
30 cm above soil surface. Leaf area was examined by portable area meter LJ-COR 
model LJ-3000A No. PAM 1671, then leaf area index was calculated lIsing the 
following equation : leaf area I land area . Light intensity was measured as foot candle 
(fc) using Panlux electronic Z apparatus in the differellt plant spacing treatments. 
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At npening stage, fruits were harvested from each tree, average fruit weight (50 
fruits) was recorded and then yield/tree, yieldlha were calculated in both seasons. A fruit 
sample (20 fruits) for each tree was colleCted randomly at harvest time to determine the 
fruit physical and chemical properties. Fruit size, length, diameter, length to diameter 
ratio, TSS and acidity were determined in both fig cultivars in the different plant 
spacings according to A.O.A.C. methods [16, pp. 642-667]. 

Results and Discussion 

Vegetative growth 

Within 5 years from planting, spacing had no effect on length of main branches, 
while diameter of the main branches and trunk circumference were significantly affected 
by spacing in Napolitana and Wazeri cultivars. Dense planting decreased the trunk 
circumference in both cultivars. The spacing of 2x2m (2500 trees/ha) produced higher 
length of main branches for the two cultivars and produced medium trunk circumference 
(Table I). Kim et al. [6,11] stated that as density increased, the t.runk circumference was 
reduced, but trunk cross- sectional area increased on apple and peach. At the same time, 
Stampar et al. [8,9] found that trunk growth of four apple cultivars increased with 
densities up to 5400 treeslha and decreased at densities above 6000 trees/ha. In nectarine, 
Loreti et al. [17], in orange, Roberto et al. [18] and in pawpaw, Kist and Manica [12] 
found that spacing had no effect on trunk growth. 

Table 1. Effect of plant density on some vegetative growth characteristics for two fig cultivars in 1993 
and 1994 seasons 

Length of main Diameter of main Trunk 
Plant densities branches(cm) branches(cm) circumference(cm) 

1993 1994 mean 1993 1994 mean 1993 1994 mean 

Napolitana 

2S00 trees/ha (2x2m) 212.3a I 83.3a 197.8 3.8a 4.lb 4.0 7.la 9Jb 8.2 

1670 trees/ha (2x3m) 21S.3a 14S.0a 180.2 3.9a 4.1b 4.0 7.0a 9.2b 8.1 

400 treeslha(SxSm) 201.6a 164.6a 183 .1 3.9a 4.9a 4.4 7.2a Il.2a 9.2 

Wazeri 

SOOO treesJha (I x2m) 133.3a 134.3a 133 .8 3.7a 4 .3b 4.0 6.2a 7.7b 7.0 

2500 trees/ha (2x2m) 164.0a 136.3a 150.8 4.3a 4.6b 4.S 7.3a 9.6a 8.4 

400 trees/ha (SxSm) 136.0a 107.3a 121.7 3.9a S.Sa 4.7 7.la 9.8a 8.S 

* Means followed by the same letter within a column in each cultivar are not significantly different (P<O.OS) 
according to Duncan's multiple range test. 
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In Wazeri cultivar, data in Table 2 shows that with increasing planting densities up to 
5000 trees/ha, leaf area and leaf area index increased in both seasons. Leaf area index gave the 
same trend for NapoJitana cultivar. The highest leaf area was obtained from 2 x 3 m (1670 
treeslha) treatment after 4 years, while 2 x 2 m (2500 trees/ha) treatment gave the same results 
after 5 years in Napolitana cultivar (Table 2). Results observed by Wagenmakers [5] in pear 
and Loreti et al. [17] in nectarine revealed that leaf area decreased with increasing density, 
while Stampar et al. [8,9] on four apple cultivars found that leaf arealha increased with 
increasing density and depended on the previous years yield. 

Table 2. Effect of plant density on leaf area, leaf area index and light intensity for two fig cultivars 
in 1993 and 1994 seasons 

Leaf area Leaf area index Light intensity 
Plant densities (cm2

) (foot candle) 

1993 1994 mean 1993 1994 mean 1993 1994 mean 

Napolitana 

2500 trees/ha (2x2m) 352.0b 29:1.6a 309.3 4.la 8.4a 6.3 I.Oa 1.0c 1.0 

1670 trees/ha (2x3m) 498.2a 254.0a 371.6 :I.6a 51 b 4.3 1.1:1 I.:lb 1.2 

400 trees/ha (5x5m) 401.4b 289.3a 345.4 0.9b 1.6c 1.2 I.la 1.6a 1.4 

Wazeri 

5000 trees/ha (I x2m) 343.0a 258.6a 300.8 15.9a 19.8a 17.8 0.8:\ 1.1:1 1.0 

2500 trees/ha (2x2m) 322.8b 2:14.3a 278.3 8.8b 10.Ob 9.2 I.lb 0.9b 1.0 

400 trees/ha (5xSm) 202.8b 198.6b 200.7 0.7c 1.9c 1.3 1.2c l.4b 1.3 

-Means followed by the same letter within a column in each cultivar are not significantly different (P<0.05) 
according to Duncan's multiple range test. 

Light intensity (as foot candle), data in Table 2 showed that with increasing planting 
densities at 2500 trees/ha for Napolitana cultivar and at 5000 trees/ha for Wazeri 
cultivar, light intensity significantly decreased as compared with that in the lower density 
(400 trees/ha) after 5 years from planting. The same trend was found by Carelli and 
Sansavini [19] in apple and by Wagenmakers [5] in pear. They found that trees in 3-row 
and 4-row beds tended to transmit less light than trees in single row. 

Yield 

Fruit weight was not affected by plant density in both cultivars in 1993 and 1994 
seasons. Cumulative yields as an average for the two seasons varied depending on 
cultivar and planting density from 6.0 t/ha (400trees/ha) to 30.8 t/ha (2500trees/ha) in 
Napolitana cultivar and from 5.1 t/ha (400 trees/ha) to72.2 t/ha (5000trees/ha) in Wazeri 
cultivar (Table 3). The results were somewhat in agreement with those obtained by Kim 
et ({t. l6], Mika and Krawiec [7], Stampar et al. [8,9] on apple, lan,kovic [20] 011 quince, 
and Kim et al. [21] on pear. 
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Table 3. Effect of plant density on fruit weight and yield for two fig cultivars in 1993 and 1994 seasons 

Mean fruit Yield per Yield per 
Plant densities weight(gm) tree(Kg) hectar(Uha) 

1993 1994 mean 1993 1994 mean 1993 1994 mean 

Napolitana 

2500 treeslha (2x2m) 26.4a 32.3a 29.4 5.5a 19.1b 12.3 13.7a 47.8a 30.8 

1670 treeslha (2x3m) 24.la 32.9a 28.5 4.4a 21.5b 13.0 7.4b 35.9b 21.7 

400 trees/ha (5x5m) 23.5a 33.7a 28.6 4.7a 25.3a 15.0 J .9c 10.lc 6.0 

Wazeri 

5000 trees/ha (J x2m) 16.6a 15.la 15.9 7.5b 21.4b 14.5 37.4a 107.la 72.2 

2500 treeslha (2x2m) 17.4a 18.4a 17.9 15.3a 29.4a 22.4 38.2a 735b 55.9 

400 trees/ha (5x5m) 16.0a 15.6a 15.8 9.3ab 16.3b 12.8 3.4b 6.5c 5.1 

"Means followed by the same letter within a column in each cultivar are not significantly different (P<0.05) 
according to Duncan's multiple range test. 

Fruit weight per square meter increased, generally, with increasing density for the two 
fig cultivars. The highest yield was obtained from 2x2 m (2500 treeslha) and 1 x2 m (5000 
treeslha) treatments (3.07 kg/m2 and 7.22 kglm2 ) for Napolitana and Wazeri cultivars, 
respectively. On the other hand, yield per tree and yield per hectar was significantly 
affected by spacing in both cultivars. The same trend was found by Abrahao et at. [10] on 
peach, Mika and Krawiec [7] and Stampar et at. [8,9] on apple. They reported that yield 
per hectar increased with increasing plant density, while Pastor et at. [22] on olives found 
that yieldlha did not increase greatly at planting densities above 300 treeslha. Alekseeva 
[23] reported that dense peach planting depressed the yield. 

Increasing of plant density from 1670 trees/ha to 2500 trees/ha had no significant 
effect on yield per tree in Napolitana cultivar in 1994 season, while increasing of plant 
density from 2500 trees/ha to 5000 trees/ha decreased the yield per tree significantly in 
Wazeri cultivar in both seasons. 

As for the two fig cuitivars, dense planting increased yield per hectar. The 
differences were statistically significant between 1670 trees/ha and 2500 trees/ha 
treatments in Napolitana cuitivar in both seasons. Wazeri cultivar at 5000 treeslha 
produced the same yield per hectar as those planted at 2500 trees/ha in 1993 season, but 
in 1994 the closer planting produced significantly higher yield per hectar as compared 
with that in the two other densities. Thus, Wazeri cultivar was considered to show 
promise, because of its high yield at closer plant densities (Table 3). 

Fruit properties 

The results of physical properties of Napolitana and Wazeri fmits show that after 4 
years from planting fruit size of Napolitana cultivar increased significantly with the 
increase in the plant density, while in Wazeri cv. there was no difference. After 5 years 
no differences were noted in both cultivars. Also, spacing had no effects on fruit length 
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and diameter in 1993 and 1994 seasons (Table 4). The same trend was also observed for 
fruit shape (length to diameter ratio) in Napolitana cultivar. Amen and Amen [3] found 
that fig fruit diameter was greater at the higher trees density (L68/feddan), while Kim et 
at. [6] noted no effect for fruit apple volume by increasing tree density. 

Table 4. Effect of (!Iant densi!l: on some (!h;rsical Ero~rties for two fig cultivars inl993 and 1994 seasons 
Fruit size (em') Fruit length (em) Fruit diameter (em) un ratio 

Plant densities 1993 1994 mean 1993 1994 mean 1993 1994 mean 1993 1994 mean 

Napolitana 

2500treeslha(2x2m) 36.0a 42.0a 39.0 3.5a 3.5a 3.4 4.% 4 .7a 4.6 O.Ra 0.7 a 0.8 

1670treeslha(2x3m) 30.5ab 42.0a 36.3 3.8a 3.8a 3.8 3.8a 4.7a 4.3 LOa 0.8a 0.9 

400trees/ha(5x5m) 26.5b 41.0a 34.1 3.3. 3.8a 3.6 3.8a 5.1'1 4.5 0.9'1 0.7a 0.8 

Wazeri 

5000Ifees/ha( I x2m) 23.6a 22.8a 23.2 3.2. 3.3'1 3.3 3.5. 3.6'1 3.6 0.% 0.9'1 09 

2500tr~eslha(2x2m) 22.5a 26.7a 23.9 3.3'1 3.4a 3.4 2.9a 3.8a 3.4 1.1 a 0.% 1.0 

400trees/h,,(5x5m) 21.1a 26.7. 23.9 3.2a 3.4. 3.3 3.0a 3.6. 3.3 I.lab 1.0a 1.0 

"Means followed by the same letter within a column in each cultivar are not significantly different (P<0.05) 
according to Duncan's multiple range test. 

Data in Table 5 revealed that there were no significant differences in TSS and 
acidity percentages with spacing for the two cultivars in both seasons. These results are 
in agreement with those obtained by Krawiec [24] on sour cherry, and Ogata [25] on 
apple. They found that there were no significant differences in the quality of fruits 
planted at different densities. On the other hand, Amen and Amen [3] found that TSS 
and total sugars decreased with increasing tree density, but total acidity was not affected 
in fig fruits . 

Table 5. ElTect ofElant densi!l: on TSS and acidi!l: ~rccntages for two fig cultivars in 1993 and 1994 seasons 

TSS (%) Acidity (%) 

Plant denitieS 1993 1994 mean 1993 1994 mean 

Napolitana 

2500treeslha(2x2m) 28.2a 27.0a 27.6 0.22a 0.24a 0.23 

I 670trees/ha(2x3m) 25.7a 27.6a 26.7 0.27a 0.21a 0.24 

400treeslha(5x5m) 29.5a 22.0a 25.8 0.20a 0 .23a 0.22 

Wazeri 

'lOOOtrees/ha( I x2m) 30. la 26.8a 285 0.26a O.l7a 0.22 

2500trees/ha(2x2m) 28.5a 29.2a 28.9 0.29a O.23a 0.26 

400treeslha(5x5m) 24.4b 27.8a 26.1 0.25a 0.24a 0.25 

" Means followed by the same leller within a column in ench cultivar are not significantly different (P<0.05) 
according to Duncan's multiple range test. 
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According to the above mentioned data, spacing has a great influence on yield and 
vegetative growth. Wazeri cultivar appears a positive relationship between growth and 
fruiting. This cultivar considered a promising cv. because of its high yielding under 
closer plant densities(5000 trees/ha). Also, the results indicated that the effects of 
densities on tree growth and yield depend on cultivar as well as tree age. 
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