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Abstract: Potassium (K), calcium (Ca), and magnesium (Mg) are important
nutrients for the pummelo’s growth and productivity. However, these nutrients are
strongly antagonistic to each other. This study aims to examine the effects of different K,
Ca, and Mg ratios in soil on nutrient uptake of pummelo plant. Soil samples were
collected under pummelo canopies at a depth of 0 cm to 20 cm. Leaf samples of 3 to 5
month old were obtained from the same trees. The soil’s chemical properties and nutrient
concentrations in the leaves were determined. The results showed that the P uptake was
inhibited by a high Ca concentration in soil. High K/Mg ratio in soil (0.52 = 0.27)
positively affected on K uptake. Low K/Mg ratios in soil (0.42 £ 0.20) negatively
affected on K uptake, although exchangeable K in soil was much higher than optimum
ranges. The K/Ca mole ratio in the leaves was higher than that in the soil; therefore, the
uptake of K was better than that of Ca, despite the lower concentration of K in the soil.
Moreover, the uptake of K was better than that of Mg, because the K/Mg ratio in the
leaves higher than that in the soil. Low exchangeable Ca negatively affected on Ca
uptake, although Ca/Mg mole ratio in soil was high (2.77 + 1.18).
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1. Introduction

Pummelo (Citrus maxima Merr.) is the biggest fruit of citrus species and high
yield like other citrus. It requires larger amounts of K, Ca and Mg for growth and
productivity. According to Maneepong, the quantities of K, Ca and Mg which required
for fruit growth were 3005, 1506, and 228 mg/fruit, respectively [9]. However, the
nutrient uptake processes of K, Mg, and Ca are strongly antagonistic resulting in a
deficiency of the depressed nutrient [14]. A deficiency of one element could imply a
relative or absolute excess of the others resulting in an imbalance for the plants [3]. A
sufficient Ca concentration in soil or nutrient solution is important; however, major
cations frequently interfere with Ca uptake [1]. Magnesium may strongly modify the
uptake of Ca and K, whereas K and Ca can restrict the uptake and translocation of Mg
from the roots to the upper plant parts [11]. On the other hand, ability of nutrient uptake
does not depend only on its concentration in the soil, because the mobility of each
nutrient into plant root is different.

The optimum K, Ca, and Mg for pummelo growth in soil and nutrient
concentrations in leaves were recommended by Maneepong [9].
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However, the effects of K, Ca, and Mg ratios in soil on their uptake were
ambiguous. Hence, the present study aims to examine the effects of K, Ca and Mg ratios
in soil on nutrient uptake.

2. Materials and Methods

The research was conducted from 2015 to 2017. Two representative pummelo
orchards in Pakpanang District (latitude 8° 31 0749 N longitude 100° 12 05516 E) and
Khanom District (latitude 9° 21" 1369 N longitude 99° 79" 0178  E), Nakhon Si
Thammarat Province, Thailand were selected for this study. The Tuptim Sayam and
Thong Dee cultivars were selected. Most of the pummelo were planted using air-layering
stocks in 1997. Some plants that were replanted later were not included in this study.
Thirty pummelo trees were selected, and soil samples were collected from 4 positions
directly beneath the canopy of each tree between 0 and 20 cm depth by a sampling tube.
The samples were mixed, air-dried, ground then sieved through a 2 mm screen. Soil pH
and electrical conductivity (EC) were measured using 1:2.5 and 1:5 of soil: water ratios,
respectively. EC at the saturated point (ECe) was estimated by multiplying the EC by 6
[12]. Available P was extracted by 0.03 M NH4F in 0.10 M HCI (Bray Il solution), and
its concentration was analyzed by the molybdenum blue method. Exchangeable K, Ca
and Mg were extracted with 1 M NH,OAc at pH 7.0. Concentration of K was analyzed
by a flame photometer. Concentrations of Ca and Mg were analyzed by an atomic
absorption spectrophotometer (AAS) [6, 7].

Three to five-month-old pummelo leaves were sampled from 3™ or 4™ position of
newly flush and non-fruiting twig on the outer canopy. Thirty pummelo trees were
selected, and 12 to 16 leaves from each tree were collected. The samples were dried at
65°C, ground, passed through 1 mm sieve. Nitrogen was analyzed by the Kjeldahl
method. The samples were digested with 2:1 mixed of HNO3: HCIO, for P, K, Ca and
Mg analysis. The concentration of P was analyzed using the vanadomolybdate method.
Concentration of K was analyzed by a flame photometer. Concentrations of Ca and Mg
were analyzed by AAS [13].

3. Results and Discussion

The soil chemical properties and their mole ratio were listed in Table 1. The soil
pH in Pakpanang orchard was neutral and higher than its optimum ranges, whereas the
soil pH in Khanom orchard was in optimum ranges. Soil ECe in Pakpanang varied
greatly in a range of 1.3 to 5.2 mS/cm; however, most of these values fell in the optimum
range. Slightly saline soil is recommended for pummelo growing. Although the soil tends
to retard growth rate, but better fruit quality can be obtained [9, 10]. While the ECe in
Khanom was very low compared with optimum ranges. Available P was much higher
than its optimum ranges in both Pakpanang and Khanom. Therefore, P fertilizers should
not to be more applied to pummelo growing in the orchards. The exchangeable K, Ca and
Mg in soil of Pakpanang orchard were higher than their optimum ranges, whereas the
exchangeable of K and Mg in Khanom were in the optimum ranges, but the
exchangeable Ca was lower than the optimum ranges. If nutrient assimilation depends
only on the nutrient concentration, the amounts of K, Ca and Mg in Pakpanang should be
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sufficient for pummelo. However, these nutrients are strongly antagonistic to each other.
High Mg concentration either in soil or plant often causes poor K status in plant [8].
Zamaniyan et al. [15] found that the K uptake by chicory cultured in nutrient solution
depends on K/Ca ratio, increasing the K/Ca ratio also increased K concentrations both in
leaves and root. A K/Ca ratio higher than 1.5 decreased the yield and caused
morphological damage related to Ca deficiency, such as pith hole and tip burn. The
concentrations of K in the study soils were lower than those of Ca and Mg; therefore, the
K/Ca and K/Mg ratios oppose to those of nutrient solution for soilless culture.

The nutrient concentrations in pummelo leaves and their optimum ranges were
listed in Table 2. The N concentration in Pakpanang was lower than its optimum range
according to Maneepong [9], and fell at lower margin according to Zhuang et al. [16].
The N fertilizer may not apply sufficiently, or may cause from a high N loss in NH3
form, while the N concentration in Khanom was in optimum ranges. The leaf P
concentration in Pakpanang was also low, despite its high concentration in the soil,
whereas it was in optimum ranges in Khanom. Although, the available P in Pakpanang
was higher than in Khanom, but exchangeable Ca in Pakpanang was higher than in
Khanom. Restriction in P uptake may be ascribed to a high Ca concentration in the soil
together with a neutral pH. Jakobsen [4] demonstrated that Ca could both support and
inhibit P uptake. The inhibition affected results from the precipitation of less soluble
calcium phosphate in the rhizosphere. The leaf K concentration in Pakpanang was lower
than that in Khanom. However, leaf K concentration was lower than its optimum ranges
in Pakpanang, while it was slightly higher than its optimum ranges in Khanom.
Although, the exchangeable K in soil of Pakpanang orchard was much higher than its
optimum ranges, but low K/Ca mole ratio in soil (0.42 = 0.20) (Table 1) inhibited the
uptake of K in leaves; high K/Mg mole ratio in soil of Khanom orchard (0.52 £ 0. 27)
(Table 1) was positive effect on K uptake. Moreover, the concentration of Mg in both
soils and leaves was higher in Pakpanang than Khanom (Table 1 and 2). Pummelo plant
in Pakpanang cannot uptake K to a sufficient level despite the excessive K concentration
in the soil, because of low K/Ca mole ratio in soil. An antagonism between K and Mg
was previously described [5, 8]. On the other hand, low the K/Mg ratio in soil negatively
affected on K uptake. Although the soil Ca/Mg mole ratio was higher in Khanom (2.77 +
1.18) than in Pakpanang (1.30 + 0.55), but the leaf Ca concentration was higher in
Pakpanang than in Khanom. The cause might be due to the low exchangeable Ca in soil
can affect on the Ca uptake by pummelo plant. The Mg concentration in leaves was
higher than the optimum ranges in Pakpanang, whereas it was lower than the optimum
ranges in Khanom, that is caused by the influence of too high exchangeable Mg in soil.
The K/Mg ratio in the leaves was higher than that in the soil, indicating that pummelo
prefers K to Mg. The K/Ca and Ca/Mg mole ratios in the leaves were also higher than
those in the soil. These results indicated that the preference order of the pummelo over
these nutrients is K > Ca > Mg. However, this preference order does not agree with the
concentration order in the leaves (Ca > K > Mg) (Table 2). Because farmers applied a
large amount of K but small amount of Ca and Mg fertilizer, Ca and Mg were deficient
[2, 4, 14].
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Table 1: Chemical properties of pummelo growing soils (0-20 cm)

Pakpanang Khanom .
Soil properties Unit orchard orchard Optimum range
(Mean £ SD) (Mean £ SD) (Maneepong, 2008)
pH - 7.1+£0.3 57+04 55+6.5
ECe mS/cm 27+09 04+£0.1 2.0+3.0
Available P mg/kg 177 £ 94 117 £59 15+25
Exchangeable K ma/kg 1,013 + 407 123 + 36 100 + 150
Exchangeable Ca | mg/kg | 3,224 + 1,030 738 £ 302 1,000 + 2,000
Exchangeable Mg | mg/kg 1,568 £ 178 167 £ 52 120 + 240
K/Ca mole ratio - 0.35+0.16 0.19+0.10 -
K/Mg mole ratio - 0.42 £0.20 0.52+0. 27 -
Ca/Mg mole ratio - 1.30 £ 0.55 2.77+1.18 -

Table 2: Nutrient concentrations in pummelo leaves

Pakpanan Optimum range
Nutrients Unit orf:)hard ’ K?ﬁﬂnec;T Sr;:gz;rd (?\/Ianeepongg,’

(Mean £ SD) B 2008)
N a/kg 26.1+1.2 27+1.0 27 + 30
P a/kg 1.4+0.1 16+0.1 15+20
K a/kg 139+2.0 22+16 15+ 20
Ca a/kg 314+9.3 22+34 30 +40
Mg a/kg 6.0+0.8 45+0.6 3+5
K/Ca mole ratio - 0.50+0.16 1.05+£0.2 -
K/Mg mole ratio - 1.48 +0.34 3.07+x04 -
Ca/Mg mole ratio - 3.16 £0.78 3.0x£0.6 -

The K/Ca, K/Mg and Ca/Mg mole ratios in pummelo leaves according to the
optimum ranges suggested by Maneepong [9] were 0.5, 2.8 and 5.4, respectively. Similar
ratios suggested by Zhuang et al. [16] were 0.6, 2.8 and 4.3, respectively. The results in
Pakpanang showed that leaf K was lower than optimum range, low K/Ca (0.50 = 0.16)
and K/Mg (1.48 + 0.34) mole ratio in soil affected the uptake of K.

Excessive Mg in the soil inhibited K and Ca uptake. This problem may be solved
by applying K fertilizers. The leaf K/Ca and K/Mg ratios in Khanom were higher than
their optimum ranges, therefore pummelo trees can uptake K and Mg to sufficient levels.
However, the leaf Ca/Mg ratios in Khanom was lower than its optimum ranges, it was
affected by a low Ca concentration in soil. This problem may be solved by applying Ca
fertilizers.
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4. Conclusion

The exchangeable K, Ca, Mg, and available P concentrations in Pakpanang
orchard soils were higher than their optimum ranges. The exchangeable K and Mg in
Khanom orchards ranged in the optimum concentrations, the exchangeable Ca was lower
than its optimum ranges, and available P was much higher than the optimum ranges. The
P uptake was restricted by a high concentration of Ca in the soil. The antagonistic effect
of Mg inhibited the uptake of K, thereby causing an excessive consumption of Mg. High
K/Mg ratio in soil positively affected on K uptake. Low K/Mg ratios in soil (0.42 + 0.20)
negatively affected on K uptake, although exchangeable K in soil was much higher than
optimum ranges. Low exchangeable Ca in Khanom orchard soils negatively affected on
Ca uptake although Ca/Mg ratio in soil was high.
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TOM TAT

ANH HUONG CUA TY LE KALI, CANXI VA MAGIE
TRONG PAT TRONG PEN KHA NANG
HAP THU DINH DUONG CUA CAY BUOI

Kali (K), canxi (Ca) va magié (Mg) la nhiing yéu té dinh dudng c6 vai trd quan
trong d6i v6i qué trinh sinh truong va nang suat ctia cAy buoi. Tuy nhién, nhiing yéu t6
dinh dudng nay lai co tinh ddi khang rat cao. Muyc dich cia ‘nghién ctru nay la danh gia
anh huong cua ty 1€ K, Ca va Mg trong dat dén kha ning hap thu dinh dudng. Mau dat
dugc Iay Xxung quanh tan cay budi ¢ do sau tr 0 dén 20 cm. Mau I tir 3 dén 5 thang tudi
duogc lay trén cdy cung voi mau dat. Thanh phan hda hoc trong dat va ham lugng dinh
dudng trong 14 duoc phan tich. Két qua nghién ctiu cho thiy kha ning hap thu 1an (P) bi
rc ché boi ham luong Ca trong dat cao. Ty 16 K/Mg trong dét cao (0,52 + 0,27) anh
huang tich cuc dén sy hap thu K. Ty 18 K/Mg trong dét thip (0,42 + 0,20) anh huéng tiéu
cuc dén su hap thu K, mic di ham leong K dé tiéu trong dét cao hon ngudng thich hop
cho cay budi. Ty 1& mole K/Ca trong 14 cao hon so véi trong dat, do vay kha ning hap
thu K tét hon so v6i Ca, mic du ham luong K trong dat thap hon. Hon thé nita, kha ning
hap thu K tét hon so voi Mg, bai vi ty 18 K/Mg trong 14 cao hon so véi trong dat. Tuy
nhién, ham luong K trong 14 & vuon buéi Pakpanang thap hon ngudng thich hop, bai vi
ham luong Mg d& tiéu trong dat cao di uc ché kha nang hap thu K. Ham luong Ca dé tiéu
trong dat thip anh huong tiéu cuc dén su hap thu Ca, mac du ty 18 mole Ca/Mg trong dat
cao (2,77 £1,18).

Tir khoa: Hap thu dinh dudng; dinh dudng; cdy buai; ty 18 cation.
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