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Executive summary

Introduction

Mango is a fruit that the Royal Project Foundation has encouraged farmers in the
highland to grow as a profession to generate income. Recently, there have been 11 Royal
Project Development Centers promoting mango cultivation, with the total yield of mango
decreased from 2017 to 2016 by about 84.4 tons, due to the lack of quality according to
the Royal Project Foundation’s standards. The=damaged and non-standard fruits were
found to be roughjelly Séedd, Wmpy, pitting/necrotic ~and solf-nose were found. The
symptoms maybe caused by-the maintenance-of themango tree Including improper soil
and plant/Autrition management. Most of the mango fields had unbalanced pH and
nutrient’ Content. /This leads to the depletion of nutrients  with thigh yields and the
manageément of plant nutrients may be improper or inadequate, Tharefore, mango fruit
symptoms are similar to calcium and boron deficiency.

Yuttana et.al. (2019) indicated nutrient management and s6il nutrient conditions,
leaves, and the occurrence of abnormalities of mango fruit in the farmers' plots of the
Mok Cham, Royal Project Development Center and the Phrabat Huai Tom Royal Project
Development Center. There were 10 mango s found_that /monstandard mango
yields with raugh ‘skin, jelly flesh-like texture and barr pulp. The results of the
analysis of\leaf 5ojl and.yield were found that in the study ared‘the soil was very acidic
to very acidic\(4.12°5;33), The-nutrient concentration in‘the leaf showed that the

concentration of nitrogen and pétassiunmin the leaves'were at optimal levels. However,
the calcium concentration in“mango-teaves-was lower than the appropriate value, when
compared with the optimum nutrient values in general mango leaves. In both areas where
samples were collected, the calcium content in leaves tended to be in the same way as
the calcium content in the soil and water management of farmers. In irrigated mango
orchard, calcium reabsorption in leaves was greater than those that rely solely on
rainwater. Moreover, the soil and leaf analyzes were consistent with the analysis of
nutrient content concentrations and the symptom of yield. The mango orchard
management was suitable than other farmers. Both soil management with improving soil

acidity using dolomite, fertilization, and irrigation water. All management made the with



calcium in the soil calcium concentration in leaf and fruit as well as showing symptoms
of abnormal results less than other orchards, especially orchards in areas that rely on
rainwater,

Therefore, an appropriate nutrient management method for the Nuankham mango
was tested, to obtain the output and quality according to the standards according to the

market demand and including reducing the loss of mango yield.

Objective
To test theapprofiriate\autrient manggement mathod for mango in the highland.

Results

The experiment was conducted to nutrient management, test for Nuankham
mango. Incthe farmer's orchard, Phrabat Huai Tom Royal Project’ Development Center, Li
District, Lamphun Province, and the Mok Cham Royal Project Development Center, Mae
Ai District-Chiang Mai province plans three complete randomized %ials (CRDs) as follows:

Treatment 1: soil and fertilizer management according to farmer method.

Treatment 2: Soil and fertilizer management based on soit analysis and
Treatment 3: Soil and fertilizer man: igement based orsoil/analysis and

rutrient in crop removal. and deep root fertilization.

The data collégtion consisted of seit nutrierit‘data, fHe nutrients in leaf and fruit

(25-35, 55-65 days-after full’ Bleomyhanjest) yieldAfrdit quality, fruit symptoms were

recorded. Which the results are-as fottows,

1.1 Soil Properties

The results of soil analysis showed that the soil was acidic (4.82-5.87), the organic
matter content was moderate to high (1.17-3.26%), available phosphorus in the soil of
the experimental plots at Phrabat Huai Tom Royal Project, Mr. Sunti Tunsingkham had an
average of 34.93 ppm. Mr. Chan Dok-In had an average of 2.45 ppm, which was lower than
the optimum value. The optimum values are 35-60 ppm and had a low level of
exchangeable calcium which was less than 800 ppm. By Mr. Chan Dok-in, fertilizing by

foliar spray and there was very little soil fertilization due to the lack of water.



The experimental plot of Mok Jam Royal Project Development Center,
Mr. Ekachai Boonruang and Mr. Saeng Wannuan, contained available phosphorus 112 ppm
and 51.25 ppm, respectively, which were at appropriate levels. And exchangeable calcium
was higher than the experimental plots in the Phrabat Huai Tom Royal Project
Development Center, with an average value of 927-999 ppm due to the use of soil
stabilizers. The Dolomites For not less than 2 years.

1.2 The concentration of nutrients in leaves

Phrabat Huai Tom-Royat Project Devetopment Center,

The results“showedithat Mr. Santf\Tiinsingkhamixand Mr.Chan Dok-in's orchards
found that the nitrogen and-potassium concentratiénin the leaf was 1.25% and 1.18%
respectively. which was at the appropriate level. (optimabivalue\N: 1.0-1.5%, K: 0.3-1.2%)
The leaf’ nigepesidm concentration of the farmer's fertilizer’ management (treatment 1)
was lower(than appropriate. Mr. Santi Tunsingkham and Mr.\Chah DOk-in's orchards had a
magnesium concentration of 0.16% and 0.195% respectively (optimal value Mg: 0.2-0.4%)).
Whereas;Mr. Sunti Tunsingkham's orchard had a leaf calcium concentration of about 1.49-
1.63% that was higher than Mr. Chan Doki-In's orchard. There was an average of 0.75-
1.119% which lower than the approprlatevahm loptimal value Ca; 2.0-4.0%) It was possibly
Mr. Santi Tunsingkham's orchard had irrigati ement, This makes it better to uptake
calcium\'to accumulate in the Ieaves iﬁan in fhe fainfed apeas. The leaf boron
concentrations, most of the two experiments plot werein the/lower than the optimum
range with an\average’ of 23.63-36:36-ppm (qptildim B:50-100 ppm). Micronutrient

fertilization (treatment.2 and 3/ terdsd 'increase iron, copper, and boron value in the
leaves. On the other hand, Mr--Santi-Tunsingkham’s orchard was only the orchard that
treatment 3 contained 61.527 ppm of boron in the leaves.

Mok Jam Royal Project Development Center,

Mr. Ekachai Boonruang and Mr.Saeng Wannuan's orchards found that the average
leaf nitrogen, potassium, and magnesium concentration were 1.28-1.33%, 0.960-1.093%,
0.209-0.255%, respectively. (optimal value N: 1.0-1.5%, K: 0.3-1.2%, Mg: 0.2-0.4%), while
the calcium concentration in mango leaves was 1.179-1.432% and lower than the
appropriate value. (optimal Ca: 2.0-3.5%), the calcium concentration in the leaf tends to

be in line with the soil calcium and water management of farmers. As for the micronutrient



content, it was found that in Mr. Ekachai Boonruang's orchard, the average zinc
concentration was 11.36 ppm. (optimal value Zn: 20-150 ppm). For Mr. Saeng Wannuan's
orchard, the iron concentration was 65.23 PPm, zinc 18.02 ppm and copper 12.36 ppm
were below the appropriate level. (Optimal values of Fe: 70-200 ppm, Zn: 20-150 ppm
Cu: 10-20 ppm) with micronutrient fertilization treatment 2 and 3 were higher than without
micronutrient application (treatment 1).

1.3 The concentration of nutrients in fruit at 25-35 days and 55-65 days

after full bloom.

Phrabat Huai-Tom Reoyal Project Develdpment Center

Mr. Saniti Tunsifigkhamm; the nutrient concentfations infuit at 25-35 days after full
bloom. Thefeswere pé significant differences in macro -and micronutrients. However,
nutrient nanagement according to treatments 2 and 3 found that \Autrient management
tends to increage the concentration of magnesium. The midrondtrients in the fruit were
higher/when compared with the farmer method (treatment1). Treatmehts 2 and 3 showed
the concentration of magnesium in fruit at 25-35 days was 0.875-0.077%, while soil
manggement jand fertilizer according to farmer method (treatmerit 1) had 0.065 %. The
nutrient concentration in fruit at stage 55 -65 days after full bloom found that treatment
2 had'0.197% calcium, 0.105 % magnesium, 228.86 ppm iron, 49.769 ppm manganese,
9.368 ppm copper; which was a higher value when contpared with treatment 1 which
had 0.190% calcium, 0.091% magnesium, iron 153.35 pprmmanganese 36.763 ppm copper
7.797 ppm.

Mr. Chan Doksin's orchard, putrient (concentrations in fruit at 25-35 days after full
bloom. It was found that nutrient-management according to treatments 2 and 3 tended
to increase calcium (0.290-0.308%), magnesium (0.083-0.090%), and copper (0.779-0.891
ppm) higher than treatment 1, which had 0.227% calcium, 0.080% Magnesium and 0.725
ppm copper and at the stage of 55-65 days after full bloom. It was found that nutrient
management following treatments 2 and 3 was more likely to increase calcium content
(0.138-0.213%), magnesium (0.122-0.153%), manganese (148.03-260.00 ppm), copper
(11.379-12.871ppm), and boron (10.13-10.29ppm) was higher than treatment 1. But
nutrient management was carried on by farmer method(tretment1) had 0.126% calcium,

0.116 % magnesium, 121.52 ppm, copper 10.469 ppm, and 9.86 ppm boron.



Mok Jam Royal Project Development Center

Mr. Ekachai Boonruang's orchard, the nutrient concentrations in fruit at 25-35 days
after full bloom, it was found that the nutrient concentrations by application fertilizer
according to treatment 3, the concentration of magnesium in the fruit was 0.084 % more
than that of the fertilizer management by a method of farmers, which contained 0.077%
magnesium, At 55-65 days after full bloom, fertilizer management according to
treatments 2 and 3 had a calcium concentration of 0.128-0.141 % more than those with
fertilizer management method-of farmers with-0:117% calcium.

Mr. Saeng Wannuan, fiitrient coficentrations, in fruitat 25-35 days after full bloom
was showed that the\mitrogen; phosphorus, potassiufi,-and ealcium concentrations did
not significant “difference. At 55-65 days after full bloom, fertilization management
according/to 4nethods 2 and 3 had a higher calcium concentration, (0.081-0.097%) than
that of treatmaent. Farmers' method of fertilizers, which had 0.077% calgium, and Mr. Saeng
Wannuan's orghard had lower calcium concentrations than, Mr. Ekachai Boonruang's
orchard.

1.4 The concentration of nutrients in fruit yield.

Mr. Chan Dok-In's orchard, the calcmm concentrati
management, according to treatme ' ment 2  were 0052% and 0.055%
respectively, which s lower than othef expeﬂtmnﬁl plots. While the experimental plots
of Mr. Santi\ Tunsingkham, Mr. Ekachai Boonruang,” ang-Mr. /Saeng Wannuan, the 3
treatments contained @@lcium in the-resutts: 0.106-0.133%, 0073-0.078% and 0.056-0.074
% respectively. Although treatmént2cand 3 of the-Mf. Chan Dok-In’s trial plots had

in the fruit of the fertilizer

calcium concentrations in leaves-and-smatt-fruit (25-35 The day after full bloom ) tends
to be better, just like other experimental plots. But if the water is insufficient during the
development of fruit will cause low calcium in the fruit and there is an abnormality in the
yield. In 2020, mango fruit had anomalies within the fruit, the severity decreased
compared to the 2019 production season, with the Mr. Santi Tunsingkham’s trial plot,
which had adequate irrigation management, had very few symptoms. Besides, the calcium
concentration in mango fruit was found that in the 2020 production season, the calcium

concentration in the fruit was higher than that of the 2019 production.



1.5 Yield and abnormal symptoms

The mango yield weight per plant of Nualkham mango was found that the
treatment had no significant effect on fruit weight, the weight of yield per plant. Where
farmers in the area of Phrabat Huai Tom Royal Project Development Center Mr. Santi
Tunsingkham’s experimental plots had an average yield weight of 62.00 kg. per plant,
705.67 gm. per fruit, Mr. Chan Dok In, an average yield weight of 45.38 kg per plant, 567.00
gm. per fruit. At the Mok Jam Royal Project Development Center. The experimental plot
of Mr. Ekachai Boonruang-had-an average yietdweight of 79.96. Kg per plant, 764.00 gm.
per fruit and Mr. Saeng Wanfidar experimental plot had'an average yield weight of 72.04
kg per plant,/760.00.gm perfrait.

The’abhdgrmal symptoms of mango fruit after harvest weré found that the internal
abnormalities ,of /mango were decreased in severity compared to, the 2019 production
seasof. In the experimental plot of Phrabat Huai Tom Royal Projéct Davelopment Center,
Mr. Chan Dok7n found the most severe symptoms. Intra-severe abnormal yields were
31.93% of total internal abnormalities, with treatment 1, 2, and 3 with abnormal yields
within 41:81,/60.53, and 33.74%, respectively, and severe internal abnormalities 31.44,
41.47) and.22.87% by treatment3. Deep fer
abnormalities. Since Mr. Chan

lization, mango Yield had the least internal

ant with low scil calcium and had water

management‘probiems, Mr. Santi Turﬁngﬂmm hadvmy few abnormalities and treatment
2 and 3 did not find any internal abnormalities vield:

Mok Jam Royal'Project Development Centeri-¥r. Ekachai Boonruang, treatment 1

had an internal abnarmality of the Jietd48.36%. While treatments 2 and 3 had internal

abnormalities 37.87% and 34.60% respectively, treatments 1, 2, and 3 had severe internal
abnormalities, 1.71%, 2.51%, and 2.61% of the yield at internal abnormalities,
respectively. treatment 2 and treatment 3 of Saeng Wannuan’s orchard had an average
yield of 15.21% and 13.68% respectively, with 4.0% and 4.81% of severe internal
abnormalities respectively. Where treatment 1 yield is abnormal within 22.0% and there

was a severe internal abnormality 6.0% of the output with all internal abnormalities.



internal abnormalities severe internal

abnormalities

1.6 The cost.of fertilizer

From thé-data.@n" soil management andertilizer-casts of each method in this
report, it was' foufid that’5oil management and fertilization according to the methods of
most farmers.{treatment1) had a high cost of fertilizet, By-Mr. Santi Tunsingkham and
Mr. EkachaiBooniruang, the cost of soil and fertilizer management was 133.78 and 159.66
baht per plant, respectively, more than the cost of fertilization processes based on soil
analysis apd futrient content attached to the product (treatmef¥ 2 and 3) which costs
87.55 and.71.01 baht per plant, respectively. Which is a muchHigher cost from foliar
fertilizers-and foliar growth stimulant nutrients. Except for Mr, Chan Dok-in who has very
little ‘fertilization and soil management, the cost from the research is higher, with
treatment 1y cosk'53.95 baht, treatment 2 and 3 costs~ 7608 baht per plant.
While Mri Saeng, Wannuan had ‘@ cost of treatment 1 with a ¢6st of 107.4 baht and
treatment 2 and 3 cost 91:39 baht per plant.

1.7 Summary of nutrient management trial.

Nutrient management trials for highland-mango showed that treatments containing
calcium fertilizers and soil micronutrient fertilizers (treatments 2 and 3) tended to increase
the calcium and micronutrient concentrations in leaf and Higher than farmers method.
(treatment1) Also, the calcium in the mango fruit at different stages was increased and
the internal abnormalities of the fruit of the year 2020 had a significant reduction in
severity compared to the previous 2019 production season. Both the calcium content in
yield in 2020 will have higher calcium in fruit than in 2019, and in areas, with dehydration

problems, it will have more serious consequences.



2. A study on nutrient infusion method to correct the problem of mango yield
under insufficient water conditions by truck injection.

Preliminary studies of calcium extraction through truck injection has  four
treatments, the experiment used a completely randomized design (CRD) as follows,

Treatment 1: control

Treatment 2: Truck nutrient injection Ca 0.5%.

Treatment 3: Truck nutrient injection Ca 1.0%

Treatment 4: Truck-ntitrient injection€a-2.0%

Collection.data; the fiutvent content in the soil; leaves, fruit, yield, and the
occurrence of crop syimptoms: The results shiowed tharbelow,

2.1 Soil-Properties

Anatysis of the soil of the mango plantation Mr. Methee Punpotha, Phrabat Huai
Tom RoyalProject Development Center, found that the soil \was very\acidic to very strong
acid,  pH 4.49,/organic matter content 1.01%, available phosphorus content 1.56 ppm,
potassium: 47,40 ppm, calcium 154 ppm, magnesium. 32.51 ppm, which is very low.
Including-micronutrients, iron, zinc, copper, and boron were beléw optimal values. The
analysis of mango orchard soil in the Mck ﬁm Royal Project Development Center
showed that the soil was mr cidic, pH 5.7, oreani¢- matter content 3.05%,
phospherus 707 ppm, calcium 729 ppm, n'tagnesftm 170.ppm,/which was below the
optimum value."But the exchangeable potassium was 410 ppriv, and microelements in

the soil such asiiron, Zifc; manganese, copper werei the réasonable range, except that

boron was below the eptimurm Value:

2.2 Results of leaf analysis

The leaf samples under fruit bunch at 55-65 days after full bloom, it was found
that the experimental plots in both areas, truck calcium injection gave the calcium
concentration in the leaf was higher than that of the control treatment. In the
experimental plot in the area of Phrabat Huai Tom Royal Project Development Center,
The calcium treatment by truck calcium injection made the calcium concentration in
leaves 1.03-1.09% higher than that of control was 0.69% calcium. However, the
experimental orchard of Mok Cham Royal Project Development Center indicated the



control methods had a calcium concentration of 0.91%, and calcium concentration by
truck injection had 1.03-1.25% calcium concentration.

2.3 Nutrient concentrations in fruit at the stage of 55-65 days after

Full bloom and in the mango fruit at harvest.

The experimental mango orchard in Phrabat Huai Tom Royal Project Development
Center, Mr. Methee Panpotha's orchard, found that the method of providing calcium by
truck injection increased the calcium concentration in the fruit as well as the calcium
concentration in leaves. The‘tontrol method-had-a.calcium concentration of 0.105%, and
calcium concentration by tragk injection hadia calcium concentration of 0.110-0.115%.
The experimenital archatd of Mok Jam Royat-Project/Deyelopment Center indicated that
the control/treatment.ad a calcium concentration of0.119%, and calcium concentration
by truckiinjection increased to 0.124-0.134%. All treatments had no\affect on the nutrient
content incthe fruit at the harvest stage. Whereas, Mr. Methee Panpotha's orchard had
calcium in ffuit/0.06-0.08 %, while the experimental orchard of| the Mok\Jam Royal Project
Development Center had a calcium concentration of 0.05-0.06%.

2.4 yield and the abnormal symptoms

The, application of different calcium concentrations /didnot/ result in different
yields.| towever, Mr. Methee Panpotha orchard, at Phrabat Hiai/ Tom Royal Project
Development-Center, the climate was ndtslﬁtabhm a frditing/period that cause had
affected the. fruiting of mango. The maneo vield was less than normal, with an average

yield of just 8.%kg perplant. The-average weight of fiit was416.09 g per fruit, which had
less yield and weight-per fruft/ The experimental_ptot”of the Mok Jam Royal Project
Development Center with an-average-yietd 6f 27.15 kg per plant and the average weight
of fruit was 907.29 g per fruit. This may be due to the experimental plot of Mr. Mathee
Panpotha, Phrabat Huai Tom Royal Project Development Center, there was insufficient
water during fruiting and fruit development. The considering of damage to the fruit after
harvest, the abnormal symptoms in mango were less severe than the previous production
season in 2019, except for the high concentration rate of 2.0% due to It was toxic that it
found since the fruit is small. In the experiment, Mr. Methee Punpotha, which had a
calcium concentration of 0.06-0.08%, had less severe damage. The concentration of
calcium at the Mok Jam Royal Project Development Center was 0.05-0.06%. Yield of the



experimental orchard at the Mok Jam Royal Project Development Center, the size was
larger, the fruit weight was greater, and therefore needed more calcium. Causing calcium
may not be sufficient, thus resulting in more serious damage. Which should be further
studied for the duration, time, and dosage of the fertilizer application.

2.5 Summary of nutrient management test by truck injection method

Calcium applied by injection into the trunk. Calcium can move into mango leaves
and fruit by considering the calcium content in the leaves and in fruit at 55-65 days, but
further studies on the conceritration, quantity-ertype of nutrient compounds used should
be further studied<T6 cet fiore clear results of the expeariment that can be used to solve
urgent problefs ornét.

conclusjon

Nutrient/management based on soil analysis tended te increase calcium in fruit
compared to the farmer method. And the abnormal symptoms withih the product were
severely reduced with a slight internal abnormal symptom. Mr. Santi Tunsingkham's
orchard, -which has irrigation water management; has very few symptoms. While other
plantations will experience anomalies within the fruit, their severity is much less compared
to 2019 production, and in the 2020 produc on, the' calcium/ concentration in the
fruit yield was higher than the year production. 2019

Production cost; ft was found that soil manacement and fertilization according to
farmers' methods (treatment T)-had-a-hiehet cost of fertilizéfs than those of fertilization
based on soil analysis-and nutriénticontent attached-to'the yield (treatment 2 and 3)

Calcium application by stem:injectionresulted in higher calcium concentrations in
the leaves under the fruit and fruit at 55-65 days after flowering than control methods.
Nutrient feeding by high concentration (2.0%) method resulted in leaf burn and fruit drop.
Therefore, further studies on the concentration, content, and type of calcium to be given
to the mango tree should be studied. To know the effect more precisely on the possibility

of further implementation.



Managing soil and fertilizers to reduce the risk of abnormalities within the fruit.
From the nutrient management experiments, soil and fertilizer management
practices could be established to reduce the risk of abnormalities within mango produce
due to nutrient deficiency, which calcium may be the main cause of the problem in the
internal yield of mango Nuan Kham. They was often insufficient in acidic soils and hot
atmospheres and insufficient water. Therefore, acidic soils must be modified using lime or
dolomite. Adjustment to increase PH 0.1 unit would use lime 38.4 kg per rai or dolomite
approximately 64 kg

pHupof 1.0u i or dolemite 640 kg per rai) with regular

g phosphorus, 156 g

ium such as calcium
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