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Abstract. The eflect of plant densiy oo twe fig cultivars, iunely Napolitana and Wazen was evaluated. Trees
were planted at 2500, 1670, 400 1rees/ha for Napolitana and SO0, 2500, 400 treesha for Wazeri colrivaes. Trees
were evaluated at the il and 5th years from planting. After 4 years, there were no significant differences in length
and dinmeter of the main hranches with inceasing planting density, while alter 5 yews the dianeter of mam
branches decreased significantly with increasing planting density as compared with 400 trecs/ha treatment in both
cultivars. Ne significant differences were observed afler 4 years from planting in trunk diaineter with increasing
planting densities. while it decreased with increasing the pianting density afier 5 years in both cultivars. The high-
planting density (2500 and 5000 treesha for Napolting and Wazeri cultivar. respectively) decreased the light
nlensity in both cultivars. Leal aren index snerensed with incressing plunting densities i fhe two cultivars, while
leaf area decreased with increasing planting density in Napolitana cultivar, After 5 years, the cumulative yickd was
47.8 and 107.1 vha for high density  planteng (2500 wnd SO ireesfig compared wath 1001 und 6.5 ¢ha tor the
normal density {400 trees/ha) in Napolitana and Wazen cultivars. respectively, The fruit size and torat soluble
solids Jncieased by mereasing Jensiy. wiule other phiysical wml chenucal properties were nat affected with
increasing planting density in both cultivars. These results suggested that the efteet of density on tree growth and
yield depends on cultivar as well as tree age.

Introduction

During the lust two decades, intensive orchard systems huve receved increased attention.
The high planting-density appears to be an efficient system where fruit frees can be
procuced ar 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 sced 10 fruiting, incrcase genetic gain
per yeur and minimize nongenetic variation among ees | 1] Many investigators studied
lhe  effects of plant densily o vegelative growth, yield and Duit quality of dilferent fruit
species. In fig, Storey and Condit and Amen and Amen [2:3] reparted that physical Frunt
propetfies were increased at the higher trees densities, while chemical fruit properties
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were decreased. Also, Gvozdenovic and Manastirac and Wagenmakers |4,5] in pear and
Kim ¢f of, 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
circumfcrence and increased early yields. On the other hand, Reynolds ef al. [13,14]
stated that vine spacing had a limited influence on reproductive yield and fruit
composition.

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

Materlals and Methods

Seedlings from Napolilana 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 catried out for all plant spacing according to cultural practices in the
ficld. The layout of this experiment was randomized complete block design
containing three treatments and five blocks for cach fig cultivar according to Steel
und Torrei [15, p.327].

The plant spacings were as follows for Napolitana cultivar:

2 x 2 m (2500 treestha)
2 x3 m (1670 trees’ha)
5% 5 m (400 treestha)

and as follows for Wazeri cultivar:

1 x 2 m {5000 trees/ha)
2 X2 m (2500 trees/ha)
5 x5 m {400 uces/ha)

Trees of the two cultivars were pruned as the vase - shape system with three main
hranches. 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. Lcat arca was examined by portable arca meter LI-COR
model LI-3000A No, PAM 1671, then leatf arca index was calculated using the
following equation: leaf avea / land area. Light intensity was measured as foot candle
(fc) using Panlux electronic Z apparatus in the different plant spacing treatments.
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At ripening stage, [ruits were harvested from each tree, average truit weight (50
fruits) was recorded and then yicld/tree, yield/ha were calculated in both seasons. A fruit
sample (20 fruits) for each trec 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 o A.O.A.C. methods [16, pp. 642-667].

Results and Discussion

Vegetative growth

Within 5 years from planting, spacing had no cffect on length of main branches,
while diameter of the main branches and trunk circumference were significantly atfected
by spacing in Napolilana 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 1). Kim er af. [6,11] stated that as density increased, the trunk circumference was
reduced, but runk cross- sectional area increused on apple and peach. At the same time,
Siampar o al. [8,9] found that trunk growth of four apple cultivars increased with
densities up to 5400 trees/ha and decreased at densities above 6000 wees/ha, In nectarine,
Loreti et al. {17], in orange, Roberto et al. 18] and in pawpaw, Kist and Manica [12]
found that spacing bad no effect on trunk growth.

Table 1. Effect of plant density on seme vegetative growth characteristics for two Fig cublivars in 1993
ang 1994 sessons

Length of maim Diameter of main Trunk
Plant densities branches{cm} branches(cm) circumference(cm)
1993 1994  mean 1993 19  mean 1993 1994 mean
Napolitana
2500 trees/ha (2x2m) 212.3a 183.32 197.8 3% 401h 40 Tla 9J3b 82
1670 trees/ha (2x3m) 21532 1450a EB0.2 3% 41b 40 7.0a Y.2b %1
400 rreessha(5xSm) 201.6a 164.6a 1831 39 49a 44 72a 112a 9.2
Wauzen
5000 trees/ha {Ix2m) 133.3a 134.3a 1338 372 436 40 621 77h 7D
2500 trees/ha (2x2m) 164.0a 136.32 150.8 43 46b 45 73a 9.0a B4
4N} treestha (5x5m) 130.0a 107.3a 1217 39 551 47 Tla 98 85

* Means foltowed by the siume letter within a column in #ach cultivar are not significandy diffecent (P<0.03)
aceording (o Duncan's multiple range test,
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Tn 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. T.eaf area index gave the
same trend tor Napolitana cultivar. The highest leaf area was obtained from 2 x 3 m (1670
irces/ha) treatment adter 4 years, while 2 x 2 m (2300 trees/ha) trearment gave the same results
afler 3 vears in Napolitana cultivar (Table 2). Resulis obscrved by Wagenmakers | 3] in pear
and Loreti cf «l. [17] in nectarine revealed that teal arca decrensed with increasing density,
while Stampar et al. [8,9] on four apple cultivars found that leaf areatha increased with
increasing density and depended on the previous years vield.

‘Fable 2, Effect of plant density on leaf area, leaf area index and light intensity for twe fig cultivars
in 1993 and 1994 seasonsy

Lual area Leaf urea index Light intensity
Plant densities {em?) (foot candle)
1993 1994 mean 1993 1994 mean 1993 1994 mean
Napolitana
2500 trecs/ha (2x2m) 352.0b 293.6a 309.3 41a B4a 03 1ha 10c 10
1670 treessha (2x3m) 498.2a 254.0a 1716 Yoa Hlb 43 ila Lk L2
00 trees/ha (5x5m) 401.4b 289.3a 3454 oY Lbe L2 Ila lda 14
Wiven
ST trees/ha {1 x2m) 341.0a 2586a 3008 1592 [9.8a 178 08x Lia 10
2500 reestha {2x2m) 322.8b 23432 2783 88 100b 92 L.1h 0%k 1.0
A0 teeesfhn (SxSm) 2028k 198.6b 2007 0.7¢ 1.9¢ 1.3 1.2¢ 14b 13

*Menns followed by the same letter within a column in cach cultivar arc not significamtly 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 signiticantly decreased as compared with that in the lower density
(400 wrees/ha) after 5 years from planting. The same trend was found by Corelli and
Sansavini |1Y] in appic 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,

Yicld

Fruit weight was not affected by plant density in both cultivars in 1993 and 1994
scasons, Cumulative yields as an average for the two seasons varied depending on
culuvar and planting density trom 6.0 tvha (400trees/ha) to 30.8 vha (2500wrees/ha) in
Nupulitana cultivar and from 5.1 tha (400 trees/ha) 1072.2 tvha (500hrees/ha) in Wazeri
culuvar {Tuble 3}, The results were somewhat in agreement with those obtained by Kim
et al. [6], Mika and Krawice [7], Stampar et al. [8,9] on apple, Jankovic [20] on quince,
and Kuu et el [21] on pear.



Terformance of Tow Fig Cultivars Growre....... 27

LTabie 3. Eifcet of plant density on fruit weight and yield for twe {ig cullivars in 1993 and 1994 seasans

Mean [ruit Yield per Yield per

Plant densities weight(gm) tree{Kg) hectar{t/ha)

1993 1994 mean 1993 1994  ineun 1603 1994 mean

Napolitana
2500 trees/ha (2x2m) 264n D 294 535 190b 123 137a 47.8u 308
1670 trees/ha (2x31mn) 2410 329a 285 dda 215b 139 fab Asvb 217
200 trees/ha (5x53m) 23.5: 33.7a 2R6 47a 2532 150 1.9%¢ 10.lc 00
Wazeri

S004) trees/ha {142m) 166a 15.1a 159 1.5bh 214b 145 37 4a 107.1a 722
2500 trees/ha (2xImy 1743 184a 170 1532 2942 224 34.2a 73.5h 559
400 trees/ha (5x5m) 1602 156a 158 9Jab 163b 128 34b 6.5 5.

*Mcans followed by the same letter within a columin i each cultivar are not significantly different {1<0.05)
according to Duncan's multiple range test

Fruit weight per square meter increased, generally, with increasing density for the twe
fig cultivars, The highest vield was obtained from 2x2 m (2500 trees/ha) and 1x2 m (5000
trees/hu) reatments (3.07 kg/m’ and 7.22 kg/m® ) for Napoliluna and Wazeri cultivars,
respectively. On the other hand, yield per tree and yield per hectar was signilicantly
affected by spacing in both cultivars. The same trend was found by Abrahao ef ol [10] on
peach, Mika and Krawiec [7] and Stampar et al. [8,9] on apple. They reported that yield
per hectar increased with increasing plant density, while Pastor ef al. [22] on olives found
that yicldha did not increase preatly at planting densities ubove 300 trecs/ha. Alcksceva
[23] reported that dense peach planting depressed the yield.

Increasing of plant density from 1670 trees/ha to 2500 trees/ha had no siguificant
cffect on yield per tres in Napolituna culiivar 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 scasons.

As for the two fig cultivars, dense planting increased yield per  hectur. The
differences were statistically  significant between 1670 treestha and 2500 trees/ha
treauments in Napolitana cultivar in both scasons, Wazeri cultivar at 5000 trees/ha
produced  the same yield per hectar as thosa planted at 2500 (rees/ha in 1993 scason, but
in 1994 the closer planting produced significantly higher yield per hectar as compared
with (hal in the two other densities. Thus, Wazeri cultivar was considered o show
promise, because of its high yicld at closcr plant densities {Table 3).

Fruit properties

The results of physical propurtics of Napotitana and Wazeri fruits show that after 4
years from planting fruit size of Nupoliluna cultivar increased significantly with the
mgrease in the plant density, while in Wazerl cv. there was no ditference. After S years
no ditfercnces  were noted in both cultivars, Also. spucing had no ¢ffects on fruit length
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and diameter in 1993 and 1994 scasons (1ablc 4). The same trend was also observed for
fruit shupe (length to diameter ratio) in Napolitana cultivar. Amen and Amen (3] found
that fig fruit diameler was yreater al the higher trees density {168/feddan), while Kim ez
al. [6] noted no effect for fruit apple volume by increasing tree density.

Tahle 4. Effect of plant density om some physical properties for two fig cnltivars In1 993 and 1994
Fruit size (cm’] Fruit lenpih (cm) Fruil diaweter (cni} L/D ratiy

Plant deasities 1993 1994 mean 1993 1994 mean 1993 1994 meun 1993 19%4 meun
Napolitana

2500trees/hal 2x2m) 360a 420a W0 %5a 352 34 d4.4a 472  4b OHa 07a OF

1670rsaa/mhi] 2x i) W Sah 4200 W61 ARy IRa AR 3R 470 41 10y DEa 00

HEreesdal Sx500 .50 Al M A3 AEa 30 dBa Sla 49 Gda UTa 0
Wazeri

S0hrees/hai 1x2m) 2360 228a 232 3L 33 33 3.5a e L6 09 0% 0.9

2500irees/ha(2x2m) 22.5a 206.7a 22.% 3¥a 342 34 2.9 Jfa 34 ida 0% 10

A00rees/ha(Sx5m) M1a 26T 230 320 340 33 3.0u 36a 13 Tlabh 102 10

*Means Tullowed hy the  sine letier within a column in each cultivar are not significanly different (P<0.05)
according to Duncan’s multiple range test.

Data in Table S 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 agrcement with thosc obtained by Krawiec [24] on sour cherry, and Ogata [25] on
apple. They found that there were no significant dificrences 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
i fig Truils,

Table 5. Eilect of plant density un TSS and adidity per

for two fig cultivars in 1993 and 1994

)

THS (%) Acidity (%)
Plant denities 1993 1994 ean 1933 1994 mean
Napolitana
2500trees/ha{2x2m) 282a 2740a 27.6 0.22a 024; 023
1670mees/had2x3m) 257a 276a 267 02720 02la 024
400tceesha s x Sy 29.52 220a 258 0200 0232 022
Wazeri
S(KKHreeshal ] x2m) Jla 208a 24S 0.26a 047Ta .22
2500trees/hal 2x2m) 2851 1922 189 0.292 0.23a 0206
Atrees/hal SA5m} 24.4h 278 26.1 025 0.24a 025

* Means (ollowed by the same letter within a colurmn in each cultivar are not significantly different (P<0.05)
according to Duncan’s multiple range test.
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According 1o the above mentioned data, spacing bas a great intluence on yield and

vegetative growth. Wureri cultivar appears a positive relationship between growth and
fruiting. This cultivar considered a promising cv. because of its high vielding under
closer planl densities(5000 trees/ha). Also, the resulls indicated that the effects of
densities an tree growth und yicld depend on cultivar as well as tree uge,
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