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This research was carried out at Kintamani District, Bangli Regency, Bali-
Indonesia, from February to October 2019 with aimed to overcome the failure
of fruit-set and fruit drop of Siam orange on off-season period through
application of mycorrhizal inoculants and ZnSO4 micro fertilizer dosage. This
experiment was arranged as a randomized block design consisted of 2 factors.
The first factor was mycorrhizal inoculant (0, 50, 100 and 150 g/tree), while
the second factor was the dosage of ZnSO4 micro fertilizer (0, 5, 10 g/tree). All
treatments were repeated 3 times. The results showed that the interaction
between mycorrhizal inoculant treatment and ZnS04 micro fertilizer dosage did
not significantly affect all of the variables observed. Mycorrhizal inoculant dose
150 g/tree could overcome the failure of fruit-set and fruit drop and improved
the quantity and quality of fruit of Siam oranges on off-season, which was
reflected by increased number of fruits harvest per tree (249,00 fruits), weight
per fruit (106,10 g), weight of fruit harvested per tree (26,34 kg) and total
dissolved solids (13.52% Brix), or increase 31,44%; 18,15%; 54,58%; and
35,74%, respectively, compared to without mycorrhizal inoculant i.e 189,44
fruit; 17,04 kg; 89,80 g and 9,96% Brix. Treatment of ZnSOs+ micro fertilizer
dosage of 10 g/tree could also overcome the failure of fruit-set and improved
the quantity and quality of fruits of Siam oranges on off-season, which was
reflected by the higher number of fruit harvested per tree (233,50 fruit), weight
per fruit (100,90 g), weight of fruit harvested per tree (23.68 kg) and total
dissolved solids 12,83% Brix) or increase 18,88%; 23,18%; 23,91% dan
33,50% compared to without micronutrient of 196,42 fruits; 19,11 kg; 81,91 g;
and 9,61% Brix.
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1 Introduction

Indonesia is a country rich in various horticultural commodities, one of them is orange. Siam orange (Citrus
nobilis var. Microcarpa Hassk) is one of the most cultivated types of citrus in Indonesia and dominates 60% of
the national and regional citrus markets (Dirjenhorti, 2014). Supply of this fruit commodity is seasonal, there
is a lot number of fruits in the harvest season (on-season period) but there is very small supply even no
supply outside the harvest season (off-season period). The situation in terms of agribusiness is not profitable.
Manipulation of plants and the environment is very necessary so that fluctuations of the production can be
overcome and formed balance condition between fruit supply and consumer demand from time to time.

Demand for the Siam orange fruits is very high and the price is promising, for example in traditional
markets in Bali the price ranging from Rp. 10,000-15,000/kg and in supermarkets, fruit shops, hotels and
restaurants, the price reaching Rp. 20,000-30,000/kg. This condition causes farmers very interest to cultivate
this commodity (Astiari et al., 2018). Not only the price is expensive, but farmers also like due to its habitus
small so that it can be planted with a tight planting distance with a high population per hectare. In addition,
Siam orange fruit has multifunction in Balinese life, not only served as a table fruit that is enjoyed as the fresh
fruit but also for processed and used as offerings in Hindu religious rituals (Suamba et al.,, 2014).

Naturally Siam orange flowers between November to December every year and harvesting seven to nine
months after flowering (June to August). Constraints on the production of Siam orange, among others, are
strongly influenced by environmental factors such as air temperature, humidity, rainfall, light intensity and
plant endogenous factors (Nishikawa et al, 2013). In Bali, the cultivation of Siam orange by farmers is still
traditionally with very limited production input, fertilization generally only relies on manure and irrigation
only depends on rainfall. If farmers fertilize their citrus with chemical fertilizers such as N, P, K, or other types
of chemical fertilizers, they do it with uncertain time and dosage. As a result of such cultivation methods,
Astiari et al., (2018), obtained that the condition of soil fertility of Siam oranges in Kintamani District, Bangli
Regency, is very worrying, as evidenced from the levels of N, P and K nutrients in the leaf tissue very low. If
these conditions are ignored without adequate effort, Siam orange plantations in Bali will be increasingly
miserable, so that productivity, quality, and continuity of fruit decreases over time.

One of the most prospective efforts to overcome the problems faced by farmers is by using
endomycorrhizal fungi/biofertilizers. Mycorrhiza is a fungus that forms a mutualistic symbiotic relationship
with plant roots. Mycorrhiza can increase nutrient absorption, especially P, also increase resistance to
drought, root pathogen attack and produce growth hormones such as cytokines, so that help plants in
unfavorable soil conditions (Yadi Setiadi, 2000; Hempel et al., 2010). The association between plant roots and
the mycorrhizal fungus provides very good benefits for soil and host plant where the fungus grows and
reproduces (Sulistiawati et al, (2017); Kruger, 2011; Nurhandayani et al.,, 2013). Mycorrhiza that infects plant
roots will produce hyphae intensively in the soil, spread very wide (* 80 mm) beyond the absorption area of
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root hairs, so that plants can increase their capacity to absorb nutrients and water. Besides phosphorus as the
main nutrient which is absorbed, mycorrhiza can also extract N, K, S, Ca, Mg, Zn and Si (Matsubara et al., 2000;
Sadhana, 2014; Tanwar et al., 2014).

The diversity of endomycorrhizal fungi, called also Arbuscular Mycorrhizal Fungi (MVA), in nature is very
large (Baslam et al., 2011; Proborini et al, 2013; Suamba et al., 2014), and their application to the plants has a
very positive influence (Astiari et al, 2018; Rai et al, 2014). Rai et al, (2014), showed that organic salak
which was fertilized with endomycorrhizal biological fertilizer not only increased salak production but also
produce off-season fruit, because it can increase soil fertility, increase photosynthesis process (reflected from
increasing total sugar, reducing sugar and sucrose leaves content), and significantly increasing nutrient
content of N, P, K, and Mg of leaf tissue.

Fertilization plays a very important role so that citrus plants can produce fruit well. Fertilization of Siam
citrus needs to be done periodically, both using macro and micro fertilizers to increase plant growth (Khayat
& Rehiem, 2013). One of the micro fertilizers needed by plants is zinc (Zn). Zn is an essential microelement
that acts as a co-factor of more than 300 types of enzymes, which play a role in nucleic acid metabolism, cell
division, protein synthesis, for energy production, the formation of growth hormones (auxin), important for
physiological balance, and stimulates growth and development of plant roots. In addition, it can improve the
health and productivity of plants and increase resistance if an attack by plant disturbing organisms (Gogi et
al., 2012; Sarwar, 2011; Nepolean et al,, 2012). Fani et al., (2018), obtained that the highest total production of
tea was obtained from the application of Zn micro fertilizer at a dose of 200 kg/ha. Sharma (2014), stated that
micro fertilizer Zinc is a precursor for auxin growth hormone (IAA), which plays a role in the growth of active
shoots, but zinc is not easily absorbed by plants from the soil, so spraying it through leaves is more effective.

2 Materials and Methods

This research was carried out at Siam citrus farm owned by farmers in Kintamani District, Bangli Regency,
Bali, which began on February-Oktober 2019. This research used a factorial randomized block design with 2
treatment factors and repeated 3 times. The first factor was application of mycorrhizal inoculants, i.e Io = 0
g/tree (control), I = 50 g/tree, I2 = 100 g/tree, and I3 = 150 g/tree. While the second factor was dosage of
micro fertilizer ZnS04, i.e Mo = 0 g/tree (control), M1 = 5 g/tree and Mz = 10 g/tree. Mycorrhizal inoculants
were given one time after harvesting fruit on the period of on season through the soil, whereas ZnS04 was
applied twice, first when the flower formed and second when the fruit enlarged. ZnS04 dissolved into one liter
of water, then spraying to the leaves uniformly. Variables observed were number of flowers per tree,
percentage of flowers into fruit/fruit-set per tree, leaf chlorophyll content, leaf P nutrient content, relative
water content (RWC) of leaves, total sugar, reducing sugar/R-sugar and sucrose content of leaves, weight per
fruit, number of fruit harvested per tree, fruit diameter, weight of fruit harvested per tree, and total dissolved
solids. Data were analyzed statistically with analysis of variance according to the design used.

3 Results and Discussions

Interaction between mycorrhizal inoculants and the dose of micro fertilizer ZnS04 did not significantly affect
to all off observed variables. Whereas in a single factor, the application of mycorrhizal inoculants and doses of
micro fertilizer ZnSO4 had a significant effect on all of the observed variables.

Application of mycorrhizal inoculants 150 g/tree gave the highest yield of fruit per tree (26.34 kg),
increased of 54.58% compared to control/without mycorrhizal inoculant (17.04 kg) (Table 1). The increased
weight of fruit harvested per tree at 150 g mycorrhizal inoculants/tree was supported by the increasing
number of fruit harvested per tree, weight per fruit, and fruit diameter i.e 249.00 fruits; 106.10 g and 7.03 cm,
respectively, or increased of 31.14%; 18.15% and 11.77% compared to control (189.44 pieces; 89.80 g and
6.29 cm). Higher number of fruit harvested per tree was supported by the higher number of flowers formed
per tree (24.89 flowers), or increase of 14.64% compared to control (257.22 flowers) The increasing number
of harvested fruits per tree besides being influenced by the increasing number of flowers formed per tree also
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influenced by the higher number of flowers develop to be fruits/fruit-set. Fruit-set on treatment 150 g
mycorrhizal inoculants/tree was 88.05%, significantly higher than that of control (67.31%) (Table 2).

Table 1
Effect of mycorrhizal inoculant and micro fertilizer ZnSO4 on the diameter of fruit, weight per fruit, number of
fruits per tree, the weight of fruit per tree, and total dissolved solids

Fruit diameter Welght. Number of Fruit weight  Total dissolved
Treatment per fruit fruit per tree :

(cm) per tree (kg)  solids (%)

(g) (g)

Mycorrhizal inoculants (I)
Io(0 g/tree) 6,29 b 89,80 b 189,44 c 17,04 c 9.96 ¢
[1 (50 g/tree) 6,35b 91,26 b 210,44 b 19,22 b 11.40b
12 (100 g/tree) 6,74 ab 101,11 a 242,78 a 24,63 a 13.26 a
I3 (150 g/tree) 7.03a 106,10 a 249,00 a 26,34 a 13.52a
LSD 5% 0,42 7,18 14,40 1,80 0.34
ZnS04 Micro Fertilizers (M)
Mo (0 g/tree) 6.32b 8191b 196,42 b 19,11b 9.61c
M1 (5 g/tree) 6,59 ab 98,40 ab 228,83 a 22,64 a 12.42b
M2 (10 g/tree) 6,90 a 100,90 a 233,50 a 23,68a 12.83 a
LSD 5% 0,48 8,30 20,09 2,07 0.39

Description: Number followed by the same letter in the same treatment and column means it was not
significantly different at the LSD test level of 5%

The higher number of fruit harvested per tree, fruit diameter, and weight per fruit at the application of
mycorrhizal inoculant 150 g/tree compared to control closely related to higher RWC and P nutrient content of
leaves (Table 2). In Table 2 it can be seen that RWC of leaves at 150 g mycorrhizal inoculant/tree was 89.09%.
It was significantly higher than control which was only 81.15%. Higher RWC of leaf indicated that the
application of mycorrhizal inoculants 150 g/tree increases the ability of plants to absorb water so that the
internal water content of plant tissue increases. Increasing water absorption was followed by increasing P
nutrient uptake, indicated by leaf P nutrient content significantly higher than that of control (Table 3). The
increased RWC and P nutrient content of leaves was inseparable from mycorrhizal function. Sulistiawati et al,
(2017) and Matsubara et al, (2000), stated that mycorrhiza infects plant roots will produce intensive hyphae
braids in the soil and spread widely (* 80 mm) beyond the absorption area of root hairs, so plants can
increase capacity to absorb nutrients, especially P and water. This was supported by the statement of Sasvari
et al, (2012) and Hernadi et al.the (2014) that plants were given mycorrhizae can increase nutrient uptake
especially P which before not available or bound by the soil to be available to plants. Therefore, mycorrhizae
help absorb organic compounds that are naturally soluble for plant use, enhances photosynthesis and
improve nutrient translocation in plant metabolic processes. The higher RWC of plant tissues and P nutrient of
leaves, the higher the growth of plant both root and shoot growth. This condition ensuring the better process
of plant metabolism, especially for transportation and photosynthate allocation so that higher crop yields.
Yadi Setiadi (2000), stated that mycorrhizae can also produce growth hormones such as cytokinins. The
function of cytokinin hormone can prevent the aging process and suberization of the citrus root, so root
function as a water absorber and nutrients improved and it's correlated to the higher chlorophyll content of
leaves. The chlorophyll content of leaves in the 150 g/tree mycorrhizal inoculant application was 64.30 SPAD
higher than the control which was only 53.70 SPAD (Table 2). The higher leaf chlorophyll content causes the
photosynthesis process to be well, which was indicated by the higher total sugar, R-sugar, sucrose content of
leaves (Table 3) and total dissolved solids (Table 1). Those were correlated positively with increasing of fruit
harvested per tree, the number of fruit harvested per tree, fruit diameter, and weight per fruit.
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Table 2
Effect of mycorrhizal inoculant and micro fertilizer ZnSO4 on number of flowers per tree, fruit- set per tree,
fruit drop per tree, leaf chlorophyll content, and RWC content

Number of flowers  Fruit-set Fruitdrop Chlorophyll RWC of
Treatment per tree per tree per tree content of leaf  leaves

(unit) (%) (%) (%) (%)
Mycorrhizal inoculants (I)
Io(0 g/tree) 257,22b 67,31Db 26,17 a 53,70 b 81,15d
I1 (50 g/tree) 268,44 b 79,25 Db 17,10 b 55,65Db 83,33 ¢
12 (100 g/tree) 285,89 a 82,61D 13,02 ¢ 61,44 a 86,92 Db
[3(150 g/tree) 294,89 a 88,05 a 10,31 c 64,30 a 89,09 a
LSD 5% 15,37 7,75 3,79 4,26 0,02
ZnS04 Micro Fertilizers (M)
Mo (0 g/tree) 253,83 b 54,31b 19,64 a 55,79 a 83,33 ¢
M1 (5 g/tree) 276,92 a 82,77 a 16,79 ab 59,26 ab 87,01a
Mz (10 g/tree) 289,08 a 83,83 a 13,52 b 61,26 b 90,08 a
LSd 5% 17,75 9,75 4,37 4,92 0,04

Description: Number followed by the same letter in the same treatment and column means it was not
significantly different at the LSD test level of 5%

Table 3
Effect of mycorrhizal inoculant and micro fertilizer ZnSO4 on P content of leaves, total sugar, R-sugar, and
sucrose content of leaves

P content of Total sugar R-sugar content  Sucrose content
Treatment leaves of leaves of leaves of leaves
(%) (%) (%) (%)
Mycorrhizal inoculants (I)
lo(0 g/tree) 0,11c 14,59 d 4,73 d 9,66 c
I1 (50 g/tree) 0,14 b 18,76 c 6,31c 12,45b
12 (100 g/tree) 0,16 b 21,87b 8,95a 1295b
I3 (150 g/tree) 0,18 a 24,65 a 9,88 a 14,77 a
LSD 5% 0,03 1,17 0,44 1,64
ZnS04 Micro Fertilizers (M)
Mo (0 g/tree) 0,11c 16,59 ¢ 4,93 c 11,66 c
M1 (5 g/tree) 0,16 b 21,75b 6,63b 15,12b
Mz (10 g/tree) 0,20 a 27,40 a 8,42 a 18,98 a
LSD 5% 0,07 1,20 0,48 1,73

Description: Number followed by the same letter in the same treatment and column means it was not
significantly different at the LSD test level of 5%

Higher total sugar content in leaves can reduce fruit drop. The lowest percentage of fruit drop was obtained at
150 g mycorrhizal inoculant/tree (10,31%) and significantly lower than that of in control (18.70%) (Table 2).
This was closely related to higher assimilate production or photosynthate supply by leaves and assimilate
allocation to the fruits. The data showed that the application of mycorrhizal inoculants can be used to increase
the production of Siam oranges on the off-season period because it can increase the percentage of fruit-set
and number of fruit per tree and so decreased fruit drop.

On micro fertilizer ZnSO4 treatment, the highest number of fruit harvested per tree (233.50 fruits) was
obtained at a dose of 10 g/tree or increased of 18.88% compared to control (196.42 fruits) (Table 1). The
higher number of harvested fruits per tree at the dose of 10 g/tree caused by a significantly higher number of
flowers per tree and a percentage of fruit-set. Table 1 showed that the weight of fruit harvested per tree at a
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dose of 10 g ZnSO4/tree (23.68 kg) significantly higher compared to control (19.11 kg) and it was correlated
to the higher number of fruit harvested per tree, fruit diameter, and weight per fruit. The increasing number
and weight of harvested fruit per tree may cause by the function of Zn in increasing growth and development
and metabolism of plant growth. Sharma (2014) and Sarwar (2011), stated that zinc can stimulate growth and
development of plant roots, increase energy production and protein synthesis, important for plant
physiological balance, play a role in the formation of IAA hormones, and increase resistance to the invasion of
plant organisms. Astiari et al, (2018), stated that IAA being able to stimulate root formation, play a role in the
growth of active shoots, stimulate flower formation and fruit development, and prevent flowers and fruit fall
down. This research has shown that the highest fruits drop was obtained at control (19.64%) while the
lowest at 10 g ZnSOs/tree (13.52%). This means that treating Siam orange by spraying ZnSO4 can reduced
fruit drop and further increase the number and weight of fruit harvested per tree.

The better number and weight of fruit harvested per tree on the application of ZnS04 supported by higher
RWC of leaves and leaf chlorophyll content. The increase of RWC and leaf chlorophyll also followed by an
increase in P leaves content. This showed that the application of ZnSO4 fertilizer can improve water and
nutrient absorb and lead to better plant metabolic processes which can increase leaf chlorophyll content.
Higher leaf chlorophyll content in the treatment of ZnSO4 gave higher total sugar, R-sugar, and sucrose of
leaves and total dissolved solids (Table 1 and 3). Increase total dissolved solids of the fruits in this study
indicated that ZnSO4 can be used for making the fruits taste sweeter so that the quality of the fruits can be
improved.

4 Conclusion

From this study, it can be concluded that interaction between mycorrhiza inoculant and micronutrient ZnSO4
dosage did not significantly affect to all observed variables. Mycorrhizal inoculant dose 150 g/tree could
overcome the failure of fruit-set and fruit drop and improved the quality of the fruit of Siam oranges on the
off-season period so that it can be used for producing off-season fruits. ZnSO4 micro fertilizer dosage of 10
g/tree can also overcome the failure of fruit-set and fruit drop and this treatment can be used for making the
fruits taste sweeter so that the quality of the fruits can be improved.
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