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Abstract

One of the factors contributing to manddangifera indica L) losses in Kenya and other parts of the
world is jelly seed physiological disorder. It leought to be related to imbalances of N, K, Mg &ad
supply to the fruit. The objective of this studysaa establish the effect of dolomitic lime amduriate

of potash (MOP) fertilization on mango jelly seadadder and fruit tissue mineral content. MOP at a
rate of 0, 1.0 and 2.0 kg/tree/year and dolontitne at a rate of O and 2 kg/tree/year were appbied
‘Tommy Atkins’ and ‘Van Dyke’ trees in 2013 and 2D1A sample of ten tree ripe fruits per treatment
was scored for jelly seed incidence using hedooates Another fruit sample was analyzed for K, Ca
and Mg content. Dolomitic lime and MOP fertilizatialid not significantly influence jelly seed score
however they significantly increased the fruit Kglnd Ca content compared to control.
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1. INTRODUCTION

Mango is one of the most important and populart ftubps in Kenya [1, 2] and is ranked second after
bananas in terms of value [1, 3]. Mango productioKenya is dominated by small-scale farmers who
constitute about 80% of the production [2, 3]. Altlgh a small proportion of the fruits are exportée,

fruits are mainly sold in the domestic market. Mamgakes an important part of the diet of Kenyans

since it is an excellent source of vitamin A, a @@ource of vitamin B6 (Pyridoxine), vitamin C and
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vitamin E among others [4]. It also contains amawids, carbohydrates, fatty acids, minerals, oani
acids and proteins [5]. Mango production in Kehgas been on the increase due to increased demand
for fruits as people are more aware of its heakhdfits. Although mango has great potential with
respect to economic and nutritional security egigcifor the smallholder farmers involved in its
production, this potential remains largely untappled to challenges at various stages of the value
chain. The challenges include; lack of informatnsite-specific fertilizer requirement which makes
difficult to improve productivity and fruit qualityLack of proper disease and insect management, poo
agronomic practises such as incorrect spacing aandirg, high post-harvest losses of about 40%
caused by poor harvest and storage techniquesr €ithenges include poor infrastructure and laick o
market linkages for farmers [1, 6].

Adequate and balanced mineral nutrition is impdrtaost only for productivity but also quality of the
fruits. Poor nutrient management in mangoes resaltpoor quality and predisposes the fruit to
physiological disorders. One of the physiologidabdders of importance in mango is jelly seed disor
which affects most of the commercial mango vargeigown in Kenya [7]. According to a survey
carried out in major mango production regions imya farmers lose up to 30% of their fruits due to
jelly seed [8]. The disorder results from disintgm of flesh around seed into a jelly-like mass
compromising their shelf life and consumer accemafi9, 10]. The affected fruits are either
unmarketable or fetch lower prices [11]. This diorwas first described in 1932 [12]. Some vargetie
such as Van Dyke are reported to be more pronelljogeed than other varieties [11]. The disorder i
attributed to poor or inadequate calcium nutritieading to low calcium in the tissues [12]. It is&a
been reported that this condition may relate t@iaht as well as ecological conditions. Calciunveso
with the transpiration stream and binds with potgbarides to strengthen cell walls. This is neaded
order to produce firm fruit tissue, and is ass@dawith a good shelf life. In addition Ca preveod

wall degradation, “leaky” membranes and prematwrescence. The importance of Ca has been
demonstrated in other fruits such as water melah apple. In watermelon deficiency of Ca causes
blossom end rot (BED) while in apple it causesebiftit [13]. Previous efforts to address this disorin
mango therefore include; liming to increase tissakium (Ca). In studies conducted in Central and
Eastern Kenya for example, dolomitic lime (CafgCQO:s) significantly reduced jelly seed incident [2,
7]. However while liming seems to offer a shortesolution to the problem, continuous applicatdn
lime could result in increased soil pH which coaftect the uptake of other elements. Additionaly

from lime application should be balanced with frissue potassium (K) otherwise fruit quality wok



affected [14]. It is well documented in other feuguch as apple and pear that while a high Cai¥ isat
required for good keeping quality, a lower ratigpreferred for better eating quality [12]. The albjee

of this study therefore was to establish the eff#ctiolomitic lime and muriate of potash (MOP)
fertilization on the occurrence of jelly seed ddsr in mango fruits as well as fruit tissue mineral

content

2. MATERIALS AND METHODS

This study was carried out in 2013 and 2014 at Kemo orchard which is situated in Embu
County in the eastern part of Kenya. The area diesoordinates 82'S 3737E and 1350 m a.s.|
elevation. This area is considered to be (lowerldtid)LM3 agro-ecological zone and has an average
annual precipitation of 1206mm per annum. The s$gies are arenosal and nitosols [15]. The
experiment was conducted using 10 years old treescocommercial varieties namely Tommy Atkins
and Van Dyke arranged in a split plot design litee replicates. The selected trees were treatbdd w
two rates (0 and 2 kg/treel/year) of dolomitic lig@a0: 390g/kg; MgO: 130g/kg) and three rates (0, 1.
and 2.0 kg/tree/year) of muriate of potash feeigMOP) (60% KO). Dolomitic lime treatment was the
main plot while MOP was the sub-plot treatment. Kggtion of these nutrients was done at fruit set |
accordance to recommended timing of applicatiorj §l in consideration of the recommended rate of
application [17]. Dolomitic lime was incorporatetladepth of 20cm as recommended by [18] while
MOP was applied through top-dressing method sihcelatively more mobile in the soil. At the
beginning of the study, soil analysis was condud¢tedetermine the nutritional status of the soheT

experimental plot was maintained using standarthi@llpractices for mango in Kenya [19]
2.1 Determination of jelly seed occurrence

To determine the jelly seed incidence for the défe treatments, random samples of ten tree-rijiesfr
were harvested then halved (sliced along endoearg)scored for jelly seed incidence using a hedonic

scale [20] as follows:
0= without symptoms
1=slightly decomposition of the petiole base withaffiecting the flesh

2=slightly affected flesh near the seed



3= 1/3 of the flesh affected

4= 2/3 of the flesh affected

5= Almost all fruit decomposed
2.2 Fruit tissue Mg, K and Ca

These minerals were analysed using method descpiedously [21]. Five grams of the pulp
per treatment was charred in the oven for 30 mthen put in a muffle furnace at 550°C for eight
hours to ash. The ash was allowed to cool andedilutith 20ml of 1N hydrochloric acid. The mixture
was then filtered and diluted with 100ml of digdl water. Calcium and magnesium were subsequently
analysed using atomic absorption spectrophotonfktedel AA-6200, Shimadzu Corp., Kyoto, Japan).
The setting used were; lamp Current Low(mA) of Gawdlength(nm) of 422.7, Slight Width(Nm) of
0.7, Fuel Gas Flow Rate (L/min) of 2 and lamp m&{eC-D2. Potassium on the other hand was

analyzed using flame emission photometer (Model #£¥3, Shimadzu Corp. Kyoto, Japan).
2.3 Data Analysis

Data collected was subjected to ANOVA using GLM gadure of SAS version 8 programme and
means separated using the Student-Newmann-Keul &¢K at 5% level of significance. In addition,
Coefficient Correlation between jelly seed scoré fnit Ca, Mg and K was calculated.

3. RESULTS AND DISCUSSIONS
3.1  Varietal differences in jelly seed incidence

“Van Dyke” had higher score of jelly seed than “TragnAtkins” and the problem was generally higher
in 2014 season than 2013 season for “Tommy Atki(Sig 1 and Fig 2). However, the interaction
between treatment and variety was not significariiath seasons. Higher susceptibility of “Van Dyke”
as compared to “Tommy Atkins” is perhaps due toegiencharacteristic that make the later to have
greater ability to absorb Ca into the plant thubagcing the integrity of the cell wall. These fings
concur with previous studies reported by [20] adl we [17] which indicated that some varieties are
more sensitive to jelly seed disorder than oth&rsther study reported by [11] specifically indiedt
that “Van Dyke” is more sensitive to internal fristeakdown than “Tommy Atkins”. The seasonal

differences in the jelly seed occurrences with arghcidents in 2014 than 2013 could be attributed
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higher rainfall that was received in 2014 (287518mcompared to 637.8mm received in 2013.
Previous studies have shown that, environmentabfscsuch as moist microclimate, are conducive to

the expression of this disorder [12].
3.2 Effect of Muriate of potash and dolomitic limeapplication on jelly seed incidence

Muriate of potash generally increased the incidesfgelly seed in the fruit of the treated mangees
(Fig 1 and Fig 2). This can be attributed to thifeafof competition between K and Ca for uptakehsy
plant thus affecting Ca:K ratio and subsequentidileg to the increase in the incidence of jellydsee
These findings concur with what has been reported2B, 23] and [12] that jelly seed incidence is
correlated with high levels of K and N fertilizatioAccording to [24] this observation can be atttéal

to K causing imbalance in Ca and Mg in the frugdmg to occurrence of jelly seethis position is
further supported bf25] who reported that K taken up by the plantapidly translocated from leaves
to fruits towards fruit maturity thus de-stabiliginthe Ca:K ratio. Nevertheless, when properly

administered, K improves fruit quality, particulaftuit colour, fragrance, size and shelf life [17]

Dolomitic lime on the other hand generally reduttezlincidence of jelly seed of both “Van Dyke” and
“Tommy Atkins” (Fig 1; Fig 2 and Fig 3). This cée attributed to enhanced uptake of Ca by the plant
with application of dolomitic lime which subsequignénhanced the integrity of the cell wall. These
findings concur with what is reported by [17] tlaternal breakdown in “Tommy Atkins” was reduced
by 27% by application of Ca in form of Gypsum. Inedated study, [26] reported that Ca in form of
either CaNQ@ or CaC} delayed mango ripening subsequently extending siielby four days. The
beneficial effect of Ca is attributed to its beiogpable of increasing fruit tissues consistencyngur
maturation and this results in fruit of better dtyafree of jelly seed [24]. However, like otheudtes
carried out previously, the effect of dolomitic Bnm reducing jelly seed incidence in the shormteras
small which can be attributed to the relativelydamme it takes for mango trees to uptake Ca dutsto
low mobility in the soil [25, 27]. The low responseuld also be attributed to competition in uptake
various elements. According to [23], Ca deficit time fruit can be caused by either insufficient

absorption or competition between growth pointstenplant and fruits for available Ca [12].
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o
5 2 % } %
(&}
[%]
Q15
b B Tommy Atkins
=
o 1 W Van Dyke
0.5
o B = i ks i =
Ca0OKoO CaOK1 Ca0K2 Calko Calkl Calk2

Treatments

Fig. 2. Mean score of jelly seed for “Tommy Atkireid “Van Dyke” mangoes treated with different sadé dolomitic lime

and muriate of potash in Embu County in 2014 se&se8;1 = standard error)



Key: CaOK0=0kg lime/tree/year + Okg MOP/tree/yeamtrol); CaOK1=0 kg lime/tree/year + 1kg MOP/tyesr;
Ca0OK2=0kglime/treelyear + 2kg MOP/tree/year; CalK@8g lime/tree/year + Okg MOP/tree/year;
CalK1=2kglime/treel/year + 1kg MOP/treel/year; CalRi&gtime/tree/year + 2kg MOP/tree/year
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Fig. 3. Mango fruits from trees treated with doltmiime and the control

Key: A= 0 kg lime/tree/annum + 0 kg MOP/tree/yeaoritrol); B=2 kg lime/tree/annum + 0 kg MOP/treelye
3.3 Effect of muriate of potash and dolomitic limeapplication on fruit mineral content

“Van Dyke” trees treated with 2 kg MOP/tree hadngfigantly (P < 0.05) higher mean K fruit content
(9.99 mg/100g) compared to control (6.53 mg/100g2013 season. Similarly “Tommy Atkins”, trees
treated with 2 kg MOP/tree had significantly (P .83) higher K content (12.82mg/100g) compared to
control (9.10 mg/100g) in the same season (Tabl8ifjilar trend was observed in 2014 season and the
difference between treated trees and control wasfsiant at P < 0.05 (Table 2). Dolomitic lime tre
other hand significantly influenced Mg content bk tfruit with trees treated with 1 kg Dolomitic
lime/tree having significantly higher Mg content§07mg/100g) compared to control (0.04mg/100g) in
2013 season (Table 2) while in 2014 season therdiite was not significant. Fruit Ca on the other
hand was generally higher for trees treated witlorddic lime for the two varieties however the
difference was only significant (P < 0.05) in 2C8ehson (Table 2). Lack of significance difference
fruit Ca content for trees treated with lime in 3G3eason can be attributed to the long time itstdée
dolomitic lime to dissolve and subsequently becawalable for uptake by the tree. These results are
supported by the findings of [14] who reported tt@a from lime application advances approximately
17cm per year reaching the subsoil (where mosh@fmango roots are found) after 3 years although,
the actual time taken is determined by the natfithe soil. A study conducted by [28, 14] indiachte
that lime application to acid sandy soils increatsaf Ca content within a shorter time than when

applied on alkaline soil. For this study, the swéls slightly acid (pH 6.5) and the time after aggilon



in 2013 season was one year thus Ca might not $i#fieiently reached the root zone for uptake by th

tree by end of this season. Similar findings haserbreported by [25].

Table 1: Effect of dolomitic lime and muriate of pdash treatments on the mineral content in
‘Tommy Atkins’ and ‘Van Dyke’ fruits (2013)

Treatments Fruit mineral content(mg/100g)
Variety Lime MOP Calcium (Ca) Potassium (K) Magnesium(Mg)
Kgl/tree/year Kgl/treel/year

0 0.016¢c 9.103lI 0.040b

1 0.029abc 9.856j 0.032b

2 0.035abc 12.820c 0.032b
Tommy 0 0.019c 9.116l 0.023b
Atkins

1 0.038abc 9.457k 0.036b

2 0.039abc 14.646a 0.035b

0 0.056ab 6.535k 0.037b

1 0.049abc 11.852d 0.045b

2 0.042abc 9.993Ji 0.031b
Van Dyke 0 0.042abc 8.462m 0.040b

1 0.027abc 9.571k 0.617a

2 0.038abc 10.288h 0.036b
CVv 33.39 10.66 16.00
P Value 0.0041 0.0001 0.0001




Means followed by the same letter along the colamnnot significantly different at p<0.05 according

to Student-Newman-Keuls test.

Table 2: Effect of dolomitic lime and muriate of pdash treatments on the mineral content in

‘Tommy Atkins’ and ‘Van Dyke’ fruits (2014)

Treatments Fruit mineral content(Mg/1009)
Variety Dolomitic lime MOP Calcium (Ca)  Potassium (K) Magnesium(Mg)
(Kgltreelyear) (Kgl/treelyear)
0 14.847 cd 138.192 fe 12.560b
0 1 16.127cd 157.070 d 12.700b
Tommy 2 17.906 cd 141.551 e 19.978a
Atkins
0 29.227a 124.098 fe 15.290 ab
2 1 18.936bcd 126.482 fe 15.239ab
2 27.518ab 129.019 fe 17.279ab
0 10.184d 116.325 f 18.533a
0 1 20.290 abc 129.007fe 18.283a
2 28.699a 281.147 a 18.784a
Van Dyke 0 27.683ab 125.921 fe 18.376a
2 1 27.982ab 174.067 c 15.688ab
2 29.637a 197.017 b 18.002a
CcVv 28.2 9.87 18.59
P Value 0.001 0.001 0.001




Means followed by the same letter in a column ak significantly different at p<0.05 according to

Student-Newman-Keuls test

3.4  Correlation Coefficient

There was a low positive correlation between K enhof the fruit and jelly seed scoré=0.0578) as
shown in Table 3. In addition, there was a low tiggacorrelation (-=0.0586) between fruit Ca content
and jelly seed score and very low negative coiiteigi’=0.0056) between magnesium content and jelly
seed score (Table 3). These findings concur witlatwias been reported by [12] that there is a
relationship between K and fruit jelly seed occooe and that this effect can be counteracted by
application of Ca in form of lime.

Table 3: Pearson Correlation Coefficients betwedy seed and tissue mineral content

Jelly seed score Potassium Magnesium Calcium
Jelly seed score 1.0000 0.24044 -0.07509 -0.24444
Potassium 0.24044 1.0000 -0.09564 -0.20489
Magnesium -0.07509  -0.09564 1.0000 -0.10932
Calcium -0.24224  -0.20489 -0.10932 1.0000

4. CONCLUSION
The results show that application of dolomitic lislgghtly reduces the incidence of jelly seed while
MOP exacerbates it. For fruit mineral content, dula lime application increases the fruit Ca and M
content but the response is slow while MOP apptcaincreases the fruit K content. It can therefoee
concluded that judicious application of dolomitimé and MOP on mangoes can improve mango fruit

nutritional quality.
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