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POTASSIUM FERTILIZATION FOR HIGHER FLOWERING AND FRUIT YIELD
IN ‘MAGALLANES’ PUMMELO (Citrus maxima)

Abstract

This study aimed to determine the influence of Potassium (K) fertilization on the flowering
and fruit yield of 13-year old ‘Magallanes' pummelo [Citrus maxima (Burm. ex Rumph.)
Merr.] trees. The experiment was conducted at South Davao Corporation (SODACO) farm,
Davao City, Philippines for 12-month duration. Five treatments with increasing K levels were
applied per tree: control, no K, 150 g K basal, 225 g K basal, and 225 g K basal + foliar
application. Flowering, fruit set and yield of pummelo were enhanced by higher K rates.
Flowering was increased by 4 times while fruit set by 86-117%. Fruit number was increased
by 7 times, weight per fruit by 22-26%, and yields up to 9 times with 166% (return of
investment) ROI on trees applied with 225 g K rates. The results of the study indicated the
important role of K in improving the flowering, fruit yield and income of ‘Magallanes’
pummelo.
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1. Introduction

‘Magallanes' pummelo is one of the best pink varieties originated in Davao City
growing as large as 16 cm in diameter and weighing as much as 1.4 kg. For trees over ten
years old, the yield of 20 t/ha is considered economically beneficial [1].

At present, there is much interest in citrus fruits because they are one of the major
sources of antioxidants called flavonoids in the human diet. Pummelo is an excellent source
of antioxidant flavonoids [2] and about twice the daily recommended amount of vitamin C
[3]. It also contains vitamins A, B1, B2, B6 and B12, protein, Ca, fiber, folate, K, and Fe.
Hence, pummelo is considered a functional food and potent dietary option for preventing
diseases such as cancer, heart disease, hypertension, cholesterol, diabetes, asthma, common
colds, inflammation, and diverticular diseases [4,5,6].

Pummelo peel also contains essential oils with applications in the food and flavor
industries, cosmetics industry, and medicinal purposes in Oriental cultures [7,8].

As a health food with industrial use, there is a big demand for pummelo in both
domestic and export market [9]. However, production of pummelo is limited by problems like
nutritional disorders and some pests and diseases. Based on the Bureau of Agricultural
Statistics data, the area devoted to pummelo production in the Philippines as of 2008 has
increased to 5,306 ha from 4,592 ha in 1997. However, the production volume decreased
from [10].

Thus, there is a need to improve the production of pummelo to cater to the increasing
demands of health conscious consumers for both local and export markets. To obtain
optimum yields of pummelo growers, it is important to provide an efficient fertilizer program.

Potassium (K) is a macronutrient in plants that has multiple enzymatic and catalytic
functions used in many photosynthetic and metabolic processes in plants. Among the
important elements in plant nutrition, K is the most abundant element found in fruits and the
highest nutrient removed in the soil. Thus, K is considered a key element in fruit production
and quality worldwide [11].

Studies on different rates of K fertilizers have been shown to increase the growth and
yield of several plants such as 'Shatian' pomelo, orange, grapefruit, lemon, papaya, avocado,
watermelon, plum, and peach. The potential effect of K on the flowering, fruit set and fruit
yield of pummelo has not been investigated yet; hence, this particular study was conducted.

2. Materials and Methods

A field experiment was conducted at South Davao Corporation (SODACO), Calinan,
Davao City, Philippines for 12-month duration to evaluate the effect of K application on the
flowering, fruit set, yield, and quality of ‘Magallanes’ pummelo cultivar. The area is located
7° latitudes and 125° longitudes with an elevation of 700 m above sea level (asl). Based on
modified Coronas classification, Davao city belongs to the Type IV climate where rainfall is
more or less evenly distributed throughout the year. Meteorological data of the area were
taken within the duration of the study at the Philippine Atmospheric, Geophysical and
Astronomical Services Administration (PAGASA) weather station at Sasa, Davao City.
Temperature, amount of sunshine, relative humidity, rainfall and wind speed were favorable
for the growth and development of pummelo (Table 1).

The cultivar used in the study was 13-year old ‘Magallanes’ pummelo, the major
variety grown in Davao region and one of the best pink varieties which originated in Davao
City. The experiment was carried out in Randomized Complete Block Design (RCBD). Field
experiment was composed of five treatments replicated three times. There were three sample
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trees per replication per treatment for a total of 45 pummelo trees with a planting distance of
7 x 8 m in a rectangular planting system. Fruits were sampled from middle trees to minimize
the border effects. Data were analyzed using Analysis of variance (ANOVA) and means were
compared using Honest Significant Difference Test (HSD).

Table 1. Meteorological data of the experimental area during the conduct of the study. Data
taken at the PAGASA Davao Station, Sasa, Davao City.

Average
Mean Maximum Relative Wind
Temperature  Temperature  Rainfall Humidity Sunshine Speed
2010 (°C) (° C) (Mm) (%) (%) (Km/Hr)
January 27.2 30.6 157.5 83 41.5 072
February 27.7 325 16.0 78 70.9 072
March 29.0 335 52.9 77 715 086
April 29.2 325 124.0 81 59.0 067
May 29.2 32.8 57.2 82 57.3 059
June 28.8 32.6 87.8 83 57.9 047
July 28.5 31.8 251.6 84 51.5 066
August 28.2 31.9 281.8 84 53.8 072
September 28.5 32.3 117.6 82 57.5 063

Soil and tissue analyses were done before and after the conduct of the study to
determine the nutrient requirement of the trees. Soil and leaf sampling methods were based
on the standard procedure given by the Regional Soil Laboratory of the Department of
Agriculture, Davao City, Philippines. Soil sample at 30 cm deep was air-dried, pulverized
and placed in bags for analysis. Leaf samples using 4-6 months old leaves from non-fruiting
terminals in the mid-region of the tree were collected and placed in bags for analysis. Based
on soil and leaf tissue analysis, the treatments were: control, no K, 150 g K basal, 225 g K
basal, and 225 g K basal + foliar application.

The area was applied with basal and foliar fertilizers following the recommendations
of soil and leaf tissue analysis as practiced by the farm. The different rates of fertilizers were
applied in 3 installments: at flushing or flower bud initiation, 30 and 60 days after flowering
(DAF). All treatments were applied with recommended rate of NP except for the control (no
fertilization). Urea (46-0-0), Complete (14-14-14) fertilizer, Solophos (0-18-0) and Muriate
of Potash (0-0-60) were the sources of NPK fertilizers. Fertilizers were applied basally at
1.5-meter radius around the canopy. K foliar fertilizers were prepared by mixing the
required amount of K fertilizer in water at the rate of 10 g L-1 and applied at 30 and 60 days
after fruit set (DAFS) on target fruits and leaves. Adjuvant concentrate was also added to
improve performance of the K foliar fertilizer. The pummelo trees were maintained by
irrigating, weeding, pruning and applying pesticide and fungicide whenever necessary. The
pummelo fruits were harvested after 156 days from fruit set when peel color changed from
green to yellow or with 50% color change and produced a hollow sound when tapped. All
mature fruits were harvested between 8:00 am and 3:00 pm (with sunlight) to reduce fruit
injuries on the peel of pummelo.

2.1 Data Gathered

2.1.1 Effect of K Fertilization on the Flowering and Fruit Set of Pummelo
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To determine the effect of different rates of K on the flowering and fruit set of
‘Magallanes’ pummelo, the total number of flowers and number of fruits that set were
recorded. There were three sample trees per replication per treatment.

The total number of flowers were counted per tree every month from the start of the
study until harvest. The number of fruits that set per tree was counted every month after petal
fall from the start of the study until harvest. This was taken by dividing the total number of
fruits that set by the total number of flowers multiplied by 100.

2.1.2 Effect of K Fertilization on the Fruit Yield of Pummelo

The number of fruits harvested per tree were counted and classified accordingly. The
fruit weight per tree and fruit yield was taken. There were three sample trees per replication
per treatment. The total number of large, medium, small and seforita fruits harvested per tree
was counted. The weight of fruits after harvest was determined and classified according to
large (901-1,150 g or more), medium (651-900 g), small (401-650 g) and setorita (250-400
g) sizes. The yield (kg/tree) of large, medium, small and senorita fruits per harvest were taken
and the yields of the different fruit sizes in terms of kg ha™ were computed using the formula:

Yield (kg ha®) = Yield per tree (kg) x 10,000 m?

Area per tree (mé)

The return of investment (ROI) was determined by recording the total expenses, gross

sales of yield and computing the net income per treatment.

3. Results and Discussion

3.1 Effect of K Fertilization on the Flowering and Fruit Set of Pummelo

The 225 g K basal + foliar treatment had the highest total flowers, total fruits that set
and percentage of fruit set in ‘Magallanes’ pummelo (Table 2). The total flowers in 225 g K
basal + foliar treatment increased by 43 flowers compared with the control. The values for the
225 g K basal, 150 g K basal, and no K treatments were statistically the same with that of the
control. In terms of total fruits that set, the 225 g K basal + foliar treatment had 26-31 more
number of fruits that set than no K treatment and control. Application of 225 g K basal and
150 g K basal treatments had the same effect with the control. The percent fruit set in 225 g
K basal + foliar treatment increased from 36-42% and 78% compared with the no K
treatment and control, respectively. On the other hand, the 225 g K basal and 150 g K basal
treatments were no different from the control.

Table 2. Flowering and fruit set of ‘Magallanes’ pummelo as influenced by K fertilization.

TOTAL TOTAL
TREATMENTS FLOWERS FRUITS THAT SET % FRUIT SET
Control 10b 4c 36¢C
no K 21 ab 9 bc 42 bc
150 g K basal 32 ab 15 abc 53 abc
225 g K basal 41 ab 26 ab 75 ab
225 g K basal + foliar 53 a 35a 78 a

Values with a common letter in a column are not significantly different at 0.05 level using
HSD. All treatments were applied with recommended rate of NP except for the control (no
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fertilization).

Though 225 g K basal + foliar increased the total number of flowers and fruit set in
‘Magallanes’ pummelo, there is still no scientific evidence to prove that K alone has a direct
role in citrus flowering and fruit set. K possibly enhanced flowering and fruit set in
‘Magallanes’ pummelo through activation of enzymes involved in the regulation of flowering
and fruit set. K also improves water and nutrient uptake [12], most importantly in the
translocation of starch reserve necessary in flower induction of pummelo. Fruit set is
apparently supported by the availability of nutrients mostly mineral elements, carbohydrates
and water [13]. K contributes to phloem loading and transport of sucrose and amino
compounds [14] act as an osmoticum to regulate water and solute uptake [15] which are
important in fruit set of pummelo. Hence, adequate supply of K ensures higher fruit set.
Under severe K deficiency, fruit drop could occur [16].

3.2 Effect of K Fertilization on the Number of Fruits per Tree

Marketable fruits were classified either as Senorita (250-400g), Small (401-650g),
Medium (651-900g) and Large (901-1,150g or more) sizes [17]. There were more medium
fruits in all treatments, comprising 34-56% of the total fruits produced (Table 3). Highest
number of medium and large size fruits and total number of fruits per tree were obtained with
application of 225 g K rates. There was no observed difference in the medium and large size
fruits between the basal and basal + foliar application of 225 g K.

The number of medium fruits per tree in 225 g K rates was higher by 11-13 fruits
compared with the no K and control. The control and no K application were not significantly
different from the 150 g K basal in terms of number of medium fruits produced. There were
3-5 more number of large fruits and 11-18 more total number of fruits per tree in 225 g K
rates compared with the 150 g K, no K and control. The no K treatment was not significantly
different from the control and 150 g K treatment in terms of large and total number of fruits
produced. However, the number of large fruits and total number of fruits per tree in 150 g K
basal were higher by 2 and 7 fruits, respectively than the control.

Results showed that 225 kg K rates significantly increased the number of fruits of
‘Magallanes' pummelo from 3 to 21 fruits, an indication of the function of K in the fruit
production of pummelo trees. The same result was also obtained on papaya where K
increased the number of papaya fruits per plant [18].

Table 3. Number of fruits per tree of ‘Magallanes' pummelo within a size category as
influenced by K fertilization.

FRUIT SIZE CATEGORY

Seftorita " Small™  Medium Large
TREATMENTS 250-400g 401-650g 651-900g 901-1,150g TOTAL
Control 0.4 0.8 12c 0.2c 2.7c¢C
no K 0.4 2.2 29c 0.8 bc 6.3 bc
150 g K basal 0.4 2.3 4.9 bc 2.1b 9.8b
225 g K basal 0.6 2.7 10.9 ab 54a 19.6 a
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225 g K basal + foliar 0.2 1.6 13.8a 52a 20.8 a

Values with a common letter in a column are not significantly different at 0.05 level using
HSD. All treatments were applied with recommended rate of NP except for the control (no
fertilization). ns - no significant difference

3.3 Effect of K Fertilization on the Weight per Fruit

The application of 225 g K basal + foliar produced the highest medium and large
fruits and average weight per fruit (Table 4). Basal applications of 225 g K and 150 g K were
no different from the control and no K. The weight of the medium and large size fruits, and
the average weight per fruit in 225 g K basal + foliar increased by 110 g, 171 g 181 g,
respectively compared with the control.

Previous studies on citrus also indicated that higher levels of K increased fruit weight
of ‘Hamlin,' ‘Pineapple,' and ‘Valencia,' orange cultivars [19,20] and ‘Marsh' grapefruit [21].
Higher K rates with foliar application also increased fruit weight of various crops such as
papaya [18], Black Star plum and Royal Glory peach [22].

Thus, application of 225 g K basal + foliar significantly increased the fruit weight (g)
of ‘Magallanes' pummelo by 22-26% per fruit compared with the control. This finding
indicates the importance of K in increasing the fruit weight of ‘Magallanes' pummelo since
fruit price is based on it.

Table 4. Weight (g) per fruit of ‘Magallanes' pummelo within a size category as influenced by
K fertilization.

FRUIT SIZE CATEGORY

Setorita " Small " Medium Large

TREATMENTS 250-400g  401-650g 651-900g 901-1,150g AVERAGE
Control 304 514 756 b 964 b 683 b
no K 310 571 777D 973D 711 b
150 g K basal 325 590 835 ab 1,002 ab 764 ab
225 g K basal 363 599 836 ab 1,030 ab 782 ab
225 g K basal + foliar 350 598 866 a 1,135a 864 a

Values with a common letter in a column are not significantly different at 0.05 level using
HSD. All treatments were applied with recommended rate of NP except for the control (no
fertilization). ns - no significant difference

3.4 Effect of K Fertilization on the Yield per Harvest

The 225 g K rates produced the highest medium and large size fruits and total yield in
terms of kg/tree and kg/ha™ per harvest (Table 5-6). The applied 150 g K rate had the same
effect with the control and no K in terms of yield.

Application of 225 g K rates increased the yield (kg/tree) per harvest of ‘Magallanes'



pummelo by 10 kg in medium size fruits, 6 kg in large fruits, and in total yield by 16 kg than
the control. The yield of ‘Magallanes' pummelo in terms of kg/ha™ per harvest also increased
from 171 kg to 1,958 kg in medium size fruits, from 41 kg to 1,011 kg in large size fruits, and
from 312 kg to 3,141 kg in total yield with an application of 225 g K rates compared with the
control.

The yield obtained in this study was equivalent to 38 t/ha/yr, which was higher
compared with the yield of 20 t/ha/yr in mature pummelo trees as reported [1]. Similarly, K
fertilization also increased the yield of various crops like orange cultivars [19,20], grapefruit
[21], and papaya [18]. This showed that 225 g K rates increased the yield of the ‘Magallanes'
pummelo which entails a role of K in the fruit production of pummelo.

The functions of K on the growth and development of plants are well-documented.
Owing to its high mobility, K increased the fruit number, weight and yield by activating
enzymes for the synthesis of proteins and carbohydrates and helping in the transport of sugars,
water and nutrients from the source to the sink since fruits have stronger sink [12,14,23,24].
Hence, available K in the fruits and leaves must be adequate to facilitate fruit growth for
optimum fruit production.

Table 5. Yield (kg/tree/harvest) of ‘Magallanes' pummelo within a size category as influenced
by K fertilization.

FRUIT SIZE CATEGORY

Setiorita ™ Small ™ Medium Large TOTAL
TREATMENTS 250-400g  401-650g 651-900g 901-1,150g (Kg/tree)
Control 0.1 0.4 10c 0.2b 1.7b
no K 0.1 1.0 19c 1.0b 3.8b
150 g K basal 0.1 1.4 3.9bc 2.2b 75b
225 g K basal 0.2 1.6 8.3ab 56a 15.7 a
225 g K basal + foliar 0.1 0.9 11.0a 57a 17.6 a

Values with a common letter in a column are not significantly different at 0.05 level using
HSD. All treatments were applied with recommended rate of NP except for the control (no
fertilization). ns - no significant difference

Table 6. Yield (kg ha'/harvest) of ‘“Magallanes' pummelo within a size category as influenced
by K fertilization.

FRUIT SIZE CATEGORY

Settorita™  Small ™ Medium Large TOTAL
TREATMENTS 250-400g  401-650g 651-900g 901-1,150g (kg ha™)
Control 24 75 171c 41b 312b
no K 26 184 339¢c 176 b 682 b
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150 g K basal 24 242 690 bc 384b 1,340b
225 g K basal 34 286 1,489 ab 9% a 2,806a
225 g K basal + foliar 15 157 1,958 a 1011a 3,141a

Values with a common letter in a column are not significantly different at 0.05 level using
HSD. All treatments were applied with recommended rate of NP except for the control (no
fertilization). ns - no significant difference

3.5 Cost and Return Analysis of Pummelo per Hectare per Harvest

Table 7 showed that trees applied with 225 g K basal + foliar had the highest Gross
sales of Php 94,230, net income of Php 58,792 and return of investment (ROI) of about 166%
followed by trees with 225 g K basal application. Moreover, application of 225 g K basal had
the highest cost of production.

This indicates that foliar application is more economical compared with basal
application of K fertilizer.

Table 7. Cost and return of pummelo per hectare per harvest.

Production and Control  [No K 150 g K [225 g K basal {225 g K basal
maintenance cost of 13- |(no basal + foliar

year old Pummelo fertilizer)

bearing trees -178

trees/ha (7x8 m?)

Gross  Sales  [Yield 312x 30 682x30[ 1,340x| 2,806 x 30 3,141 x 30
(kg/ha x P30.00/kg farm 30

gate price]

Gross Sales P 9,360 P 20,460] P 40,200 P 84,180 P 94,230
Total Cost of Production 27,250 34,802 35,199 35,760 35,438
Net income -17,890] -14,342 5001 48,420 58,792
Return on Investment 14% 135% 166%

Conclusions

Higher K rates improved flowering, fruit set and yield of pummelo. Application of
225 g K increased the number of flowers and number of fruits that set by 4-6 times. Percent
fruit set increased by 86-100% in those applied with 225 g K. Increasing K rates to 225 g
significantly increased the number of pummelo fruits by 7 times, weight per fruit by 22-26%,
and yield up to 9 times.

Results of the study elucidate the important role of K in improving the flowering,



fruit set and yield in ‘Magallanes’ pummelo. The role of K may involve the activation of at
least 60 different enzymes needed for metabolic processes and catalytic functions which
include the synthesis of carbohydrates and proteins and its act on as an osmoticum for the
uptake and transport of assimilates.

References

1.

2.

w

10.

11.

12.

13.

14,

15.

16.

17.

18.

Magat SS, Mantiquilla JA. Citrus. Crop nutrition and fertilization management of selected
tropical fruit crops. PCARRD Los Bafos, Laguna. 2005; p 228

Tsai HI, Chang SKC, Chang SJ. Antioxidant content and free radical scavenging ability of
fresh red pummelo [Citrus grandis (L.) Osbeck] Juice and Freeze-Dried Products. J.
Agric. Food Chem., 2007; 55 (8), 2867 -2872, 10.1021/jf0633847 S0021-8561(06)03384-
X.

Smith SN. What is a pummelo. Wisegeek article. 2009

Benavente-Garcia O, Castillo J, Marin FR, Orturo A, Del Rio JA. Uses and properties of
citrus flavonoids. J.Agric. Food Chem. 1997; 45:4505-4515.

Guthrie N, Morley K, Hasegawa S, Manners GD, Vandernberg T. Inhibition of human
breast cancer cells by citrus limonoids. 2000; p. 164-174.

Middleton E, Kandaswami C. Potential health promoting properties of citrus flavonoids.
Food Technol. 1994; 48:115-1109.

Njoroge SM, Koaze H, Karanja PN, Sawamura M. \olatile constituents of redblush
grapefruit (Citrus paradisi) and pummelo (Citrus grandis) peel essential oils from Kenya.
Journal of Agricultural and Food Chemistry, 2005; 53 (25) 9790-9794.

Reische DW, Lillard DA, Eitenmiller RR. In: Ahoh CC, Min DB (Eds.), Chemistry,
nutrition and biotechnology. Marcel Dekker, New York, 1998; pp 423-448.

The National RDE Network For Fruit Crops. Fruits: the national research, development
and extension agenda and program for fruit crops. Quezon City: BAR, 2002; p 44.

Bureau of Agricultural Statistic [BAS]. Pummelo production. 2018; www.bas.gov.ph
Erner Y, Artzi B, Tagari E, Hamou M. Potassium affects citrus tree performance. The
\olcani Center, Institute of Horticulture, Department of Fruit Trees. 2005.

Mengel K, Arneke W. Effect of potassium on the water potential, the pressure potential,
the osmotic potential and cell elongation in leaves of Phaseolus vulgaris. Physiol. Plant,
1982; 54:402-408.

Iglesias D, Cercos M, Colmenero-Flores J, Naranjo M, Rios G, Carrera E, Ruiz-Rivero O,
Lliso I, Morillon R, Tadeo F, Talon M. Physiology of citrus fruiting. Brazilian Journal
Plant Physiology, 2007; 19(4):333-362.

van Bel AJE, van Erven AJ. A model for proton and potassium co-transport during the
uptake of glutamine and sucrose by tomato internode disks. Planta, 1979; 145:77-82.
Perkins-Veazie P, Roberts W. Can potassium application affect the mineral and
antioxidant content of horticultural crops? Proceedings of the Symposium on Fertilizing
Crops for Functional Food, 2002.

Alva AK, Paramasivam S, Patil B, De Mattos D, Dou H, Sajwan K. Role of potassium on
sustainable citrus production. Citrus Production.pdf. www.ipipotash.org/udocs/Potassium,
2002.

Loquias VL. Good agricultural practices in pummelo production. Bureau of Plant
Industry - Davao National Crop Research and Development Center, Bago Oshiro, Davao
City. 2008.

Kumar N, Meenakshi N, Suresh J, Nosov V. Effect of potassium nutrition on growth,

9


http://www.bas.gov.ph/

19.

20.

21.

22.

23.

24,

yield and quality of papaya (Carica papaya L.). Indian Journal of Fertilizers, 2006; 2 (4):
43-47.

Reese RI, Koo RCJ. Responses of ‘Hamlin," ‘Pineapple,' and ‘Valencia' orange trees to
nitrogen and potash applications. Proceedings of Florida State Horticulture Society, 1974;
87: 1-5.

Reese RI, Koo RCJ. Effects of N and K fertilization on internal and external fruit quality
of three major Florida orange cultivars. Journal of American Society of Horticulture
Science, 1975; 100: 425-428.

Calvert DV. Response of ‘Marsh' grapefruit trees in the Indian River area to potassium
application and fruit quality. Proceedings of Florida State Horticulture Society, 1973; 86:
13-19.

Mimoun M, Ben M, Ghrab M, Ghanem M, Elloum O. Effects of potassium foliar spray
on olive, peach and plum. Part 2: Peach and Plum Experiments. e-ifc No. 19. 2009.
Fageria NK, Gheyi HR. Efficient crop production. Campina Grande: Universidade de
Paraiba. 1999.

Wyn Jones RG, Pollard A. Proteins, enzymes and inorganic ions. In: Lauchli A, Bieleski
RL. eds. Inorganic plant nutrition. New York Springer. 1983.

10



