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Abstract

he experiment to evaluate the effects of potassium fertilizers on the growth, development, and quality of

orange trees was conducted in Tran Yen district, Yen Bai province, from 2021 to 2022. Three types of
potassium fertilizers were experimented in the field by randomized complete block design (RCBD) with three
replications including potassium chloride, potassium sulfate, and potassium nitrate. The amount of potassium
fertilizer provided to one tree was 1.8kg of K,,. The results showed that the different potassium fertilizers
had different effects on orange yield and quality. Applying the K,SO, fertilizer to the BH orange variety gave
an increase in fruiting rate (reaching 2.3%), productivity (reaching 24.43 tons/ha), sweetness (Degrees Brix

reaching 11.2%), and net profit (reaching 185,852,500 VND/ha).
Keywords: Potassium fertilizer, orange yield, orange quality, Yen Bai.

1. Introduction

Yen Bai is a province located in the center
of the Northern Midlands and Mountains
region. This place has climate, weather and
soil conditions suitable for citrus fruit trees
in general and orange trees in particular.
In recent years, Yen Bai province has had
policies to encourage and support production
development, promote area expansion, and
improve the output and quality of citrus
products. Some localities in the province
have initially used technologically advanced

varieties such as early and late ripening
orange varieties to plants. The orientation of
sustainable development and scattered crop
planting have been emphasized.

In 2021, the orange area in Yen Bai
province was 2,625 hectares, of which the
harvested area was 1,551 hectares, and the
orange quantity reached 13,894 tons. The
quality of local citrus fruits in general and
oranges in particular has gradually met the
market and consumer tastes, bringing high
and stable income to farmers. The value
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brought from orange trees has contributed
to hunger eradication and poverty reduction,
created jobs for many workers, and promoted
the province’s economic development.
Especially since the early-ripening BH
variety planted in Yen Bai, early-harvested
oranges have brought economic efficiency to
farmers.

However, the orange farming in Yen
Bai province is still challenging due to
inappropriate fertilizer application and not
paying attention to balancing the elements
chemistry, especially between nitrogen
and potassium. Many studies illustrate
that potassium plays an important role in
fruit development, especially in enhancing
its size and flavor [1, 2]. Citrus has a long
growth cycle and requires a lot of nutrients.
Citrus fruit growth requires a large amount
of potassium, more than other nutritional
elements [3]. Therefore, the potassium
deficiency seriously affects the fruit quality
and the final yield of citrus trees. Different
potassium ratios have been shown to affect
citrus trees’ stem and leaf development; the
dosage of different potassium also affects
total suspended solids and total acid [4].
Fruit yield and quality can also be affected
by different potassium fertilizer types
(KNO,, KCl, and K,SO,), but the changes
are not precisely the same [5]. Therefore,
potassium fertilization methods need to
be studied more according to the climate’s
characteristics, varieties’ characteristics,
and actual consumption needs. Through
appropriate potassium nutrient management,
fruit quality and the plant’s ability to absorb
nutrients can be improved [6].

Starting from that reality, we conducted
the research “The effect of potassium
fertilizer on the growth, development and
quality of orange trees in Yen Bai province”.

2. Methods

2.1. Experimental design in the field

The field experiment was conducted in
Tran Yen District, Yen Bai Province from
September 2021 to September 2022 to study
on effects of potassium fertilizers on the
growth, development and quality of orange
trees.

The BH orange variety, which was
five years old, growing well and having
produced fruits for one year, was used for
the experiment. The BH variety was planted
at a density of 625 trees/ha. Three fertilizing
treatments (Potassium chloride (Control),
Potassium sulfate, Potassium nitrate) were
conducted in the field by a randomized
complete block design (RCBD) with three
replications. Potassium chloride was selected
as the control formula because it is a fertilizer
commonly used by farmers in the fields.

There were 20 orange trees in each
experimental plot. The amount of fertilizer
for one orange tree was 50kg organic
fertilizer + 1kg limestone powder + 1.5 kg N
+ 0.3kg P,O, + 1.8 kg K,O (According to the
process applied to the BH variety).

The fertilizers were added four times:
(1) The first time with the least amount of
fertilizer: Applying after harvesting with
amounts of 20% N, 30% P,0s, and 20% K,;
(2) The second time: Applying in January
with 50 kg of organic fertilizer, 40% N,
and 50% P,Oq; (3) The third time: Applying
in early April when the fruit has reached a
size of around 3 - 4 cm (called fruit feeding
fertilizer) with an amount of 40% N, 20%
P,0s, and 40% K,O; (4) The fourth time:
Applying when the fruit was fully developed
(called fertilizing to get the sweetness of the
fruit) with an amount of 40% K,O.

2.2. Data collection

In each plot, 10 plants at 5 points along
2 diagonal lines were marked to monitor
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characteristics. Orange tree growth and
development indicators including tree height
(cm), canopy diameter (cm), and tree stump
diameter (cm), were monitored once a month.
Average shoot length (cm), shoot diameter
(cm), and number of leaves per shoot were
estimated in Spring, Summer, and Autumn.
Flowering time was evaluated at the following
times: When the plant had 10% of flowers
blooming (starting flowering), when 50% of
the flowers were blooming (full flowering),
and when 70% of the flowers were withered
per tree (end of flowering). Factors constituting
the yield consisted of fruit set rate (total
number of fruits/total number of flowers

3. Results and discussion

monitored), number of fruits per tree (number
of fruits harvested per tree), fruit weight (take
the average value of the weight of 10 fruits),
fruit yield (the total volume of fruit harvested
was converted into tons/ha). The indicators of
fruit quality were fruit diameter, fruit height,
number of seeds per fruit, amount of water in
the fruit, and degrees Brix.

2.3. Data analysis

The data were analyzed by the
IRRISTAT;.0 software. The LSD test was
used to compare the means at a significant
level of 5%.

3.1. Effects of potassium fertilizers on the growth and development of the BH orange

variety in Yen Bai province

3.1.1. Effects of fertilizers on stem and canopy development

Table 1. Effects of fertilizers on stem and canopy development

Treatments Tree stump diameter (cm) Tree height (cm) Canopy diameter (cm)
f g;f;lo‘? chloride 5.6° 221.8° 237.7°
Potassium sulfate 53¢ 218.3° 228.8*°
Potassium nitrate 5.5¢ 223.6° 234.5%
CV% 7.9 6.6 7.2
LSD, 5 1.1 6.1 12.3

Note: The same letters in a column are not significantly different at P<0.05.

Research results showed that the 5-year-
old BH variety was still in its strong growth
period. However, during the monitoring
period, growth indicators such as tree height,
diameter, and stem diameter of the BH
variety in the formulas were not different
compared to the control. It can be seen that
the amount of potassium fertilizer applied in
the experiment did not affect these indicators.
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3.1.2. Effects of potassium fertilizers on
the growth of shoots

The 5-year-old BH wvariety in all
experimental formulas had three shoots in
a year, which were Spring shoots, Summer
shoots, and Autumn shoots. The branches
producing fruits were Spring shoots,
appearing in late January and early February,
and ending in late March. From May to June,
Summer shoots appearred. From August to
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September, Autumn shoots appeared. The quality of autumn shoots determines the following

year’s fruit crop.

Table 2. Effects of potassium fertilizer on the growth of shoots

Spring shoots Summer shoots Autumn shoots
Treatments Diameter Length Leaves/ Diameter Length Leaves/ Diameter Length Leaves/
(cm) (cm) shoot (cm) (cm) shoot (cm) (cm) shoot
(Leaf) (Leaf) (Leaf)
Potassium
chloride 0.14* 14.09° 4.93° 0.43* 24.28°  12.50° 0.29* 20.20*  10.77*
(Control)
Potassium 0.13* 1421 5.06° 044  2420° 12.40°  030°  20.03* 11.33°
sulfate
Potassium 0.19* 1534" 598 048  2657°  1450° 033  21.87°  12.16°
nitrate
CV% 4.2 5.6 5.8 5.4 6.9 5.5 6.1 7.8 54
LSD, s 0.08 1.2 0.78 0.07 2.17 1.12 0.05 2.78 1.45

Note: The same letters in a column are not significantly different at P<0.05.

The results of Table 2 also showed that
summer buds grew better than Spring and
Autumn ones. Potassium fertilizers have
not affected the diameter of bud branches
in all three bud periods. In the Spring and
Summer seasons, the length of bud branches
and the number of leaves per shoot reached
the highest at the KNO, fertilizer formula.
This result was similar to the one of Wenjie

Hu et al. (2023) when using four types of
K fertilizers (complex fertilizer, potassium
nitrate, potassium sulfate, and potassium
dihydrogen phosphate) for grapevine plants.
Potassium nitrate treatments increased the
biomass of the grapevine plants, whereas the
other fertilizers had no significant effects on
the biomass [7].

3.1.3. Effects of potassium fertilizers on flowering time

Table 3. Effects of potassium fertilizers on flowering time

From the starting From the starting

Treatments Starting flowering flowering to full flowering flowering to t.he end of
flowering
Potassium chloride (Control) 28/01/2022 12/2/2022 19/2/2022
Potassium sulfate 28/01/2022 12/2/2022 19/2/2022
Potassium nitrate 28/01/2022 12/2/2022 19/2/2022

The flowering of orange trees depends
on varietal characteristics, environmental
conditions, and water and nutrient supply
levels [8]. In the experimental formulas, we

found that the BH orange variety bloomed
in mid-February and finished blooming at
the end of February. However, the flowering
time of orange trees under experimental
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conditions was also the same. There are no
differences between experimental formulas,
which showed that the first 20% potassium
fertilizer after harvesting fruits in October
2021 was not enough to affect the flowering
time of the BH orange variety.

3.1.4 Effects of potassium fertilizers on
[fruit setting rate

The fruit setting rate is an important
indicator determining orange yield. The
phenomenon offlowerand fruitlossisaffected
by many factors such as varieties, pests,
diseases, nutrition, and farming techniques.
In addition, environmental factors such as
light temperature and irrigation water also
have a strong impact on fruit drop. The
climate of Yen Bai Province has rained a
lot which was favorable for growth but not

for the pollination of the early-ripening BH
orange variety. Besides, orange trees have
the characteristic of physiological fruit drop.
After 15 - 45 days of flowering, the fruit
drops a lot.

Table 4. Effects of potassium fertilizers on fruit
setting rate

Fruit setting rate

Treatments (%)
Potassium chloride (Control) 2.2
Potassium sulfate 2.3
Potassium nitrate 2.2

Applying different potassium fertilizers
affected the fruit setting rate. The study
results showed that the fruiting rate reached
from 2.2% to 2.3%. The highest fruiting rate
in the K,SO, fertilizer treatment was 2.3%.

3.1.5. Effects of potassium fertilizers on orange yield

Table 5. Effect of potassium fertilizer on orange yield

Treatments Numb;:rotfrireu(i;rl:iltr)vested Weight per fruit (g) ( t?){rinesl/(lila)
fg(tf:;lo“l;n chloride 2230 161.97° 22.57°
Potassium sulfate 234° 167.03* 24.43*
Potassium nitrate 221° 163.66" 22.60°

Cr% 6.2 5.0 6.2
LSD, s 10.5 10.12 1.57

Note: The same letters in a column are not significantly different at P<0.05.

The results of Table 5 showed that the
number of harvested fruits in the formulas
ranged from 221 to 234 fruits. The highest
fruit was the K,SO, fertilization treatment,
in which the fruit-setting rate reached 234
fruits/tree. Applying the KNO, fertilization
gave the fruit set rate no different
from KCIl fertilization. There was not
statistically significant difference in the fruit
set rate between the KNO, fertilization and
the KNO, one. Potassium fertilizers types
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did not affect the weight of the BH orange
variety.

Because the type of potassium fertilizer
affected the number of fruits harvested on
the tree, it influenced the yield of the BH
orange variety. The highest orange yield in
the K,SO, fertilizer treatment reached 24.43
tons/ha. This result is similar to the study of
Muhammad Yasin Ashraf (2009) showing
that potassium sulphate fertilizer had a better
impact on orange yield [9].
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3.2. Effects of potassium fertilizers on orange quality

Table 6. Effects of potassium fertilizers on orange quality

Treatments Degrees Fruit diameter  Fruit height = Water content Number of
Brix (%) (cm) (cm) per fruit (ml) seeds per fruit
Potassium chloride (Control) 11.0° 7.2° 6.6" 94.3° 2.6"
Potassium sulfate 11.2° 7.4° 6.5° 98.3° 2.5%
Potassium nitrate 9.0° 7.3 6.7% 101.2* 2.8¢
CV% 3.8 4.9 4.5 6.3 7.0
LSD, s 1.4 0.2 0.3 6.6 1.2

Note: The same letters in a column are not significantly different at P<0.05

Brix is ameasure of the mass concentration
of dissolved solids or sugar density in a
solution. Brix is an indicator that helps quickly
evaluate fruit quality. The K,SO, fertilizer
treatment had the same degrees Brix as the
control (>11%). However, applying KNO,
fertilizer decreased the sweetness (Degrees
Brix reaching 9.0). Additionally, fertilizing
KNO; increased the amount of water in the
fruit, which might also make the sweetness of

the fruit decrease. This result was similar to
the one of José Domingo Opazo et al. (2001)
when using four types of K fertilizers (KCI,
KNO,, K,SO,, and K-MgSO,) for orange
trees cv. Valencia. Treatments with KNO,
also increased juice acidity, thus reducing the
sweetness of oranges [10].

The potassium fertilizers used in the

experiment did not affect the fruit diameter,
fruit height, and number of seeds per fruit.

3.3. Evaluation of the economic efficiency of fertilizer treatments

Table 7. Evaluation of the economic efficiency of fertilizer treatments

Yield Total cost

Total income

Compare with control

Treatments (Tons/ha) (VND) (VND) Net profit (VND) (VND)
Potassium
chloride (Control) 22.57 104,375,000 270,840,000 166,465,000 -
Potassium sulfate 24.42 107,187,500 293,040,000 185,852,500 19,387,500
Potassium nitrate 22.6 107,187,500 271,200,000 164,012,500 -2,452,500

Note: Labor: 250,000 VND/labor; KCI: 17,500 VND/kg; KNO; and K,SO,: 20,000 VND/kg, limestone powder: 3,000 VND/kg;
organic fertilizer: 250 VND/kg; Orange price: 12,000 VND/kg.

To recommend the type of fertilizer used
in orange fruit production, it is necessary to
evaluate the economic efficiency of adding
fertilizer to plants. The analysis of economic
efficiency showed that using the K,SO,
fertilizer brought the highest economic
efficiency (net profit of 185,852,500 VND/
ha), which was 19,387,500 VND higher than

the control. Applying KNO, fertilizer had
2,452,500 VND lower economic efficiency
than the control.

4. Conclusions

Different potassium fertilizers had
different effects on the BH orange yield
and quality. Applying the K,SO, fertilizer

75



JOURNAL OF SCIENCE AND TECHNOLOGY Hoang Van Thong et al.

to the BH orange trees increased fruiting status of fairlane nectarine trees and on soil
rate (reaching 2.3%), productivity (reaching fertility. Acta Horticulturae, 721, 185-190.

24.43 tons/ha), and high sweetness (Brix level ~ [6] Ashraf M. Y., Gul A., Ashraf M., Hussain
reaching 11.2%), and had a higher economic F. & Ebert G. (2010). Improvement in yield

. . and quality of kinnow (Citrus deliciosa x
efficiency reaching 185,852,500 VND/ha. Citrus nobilis) by potassium fertilization.

Journal of Plant Nutrition, 11, 1625-1637.

[7] Wenjie Hu, Jin Wang, Qunxian Deng, Dong
Liang, Hui Xia, Lijin Lin & Xiulan Lv
(2023). Effects of different types of potassium
fertilizers on nutrient uptake by Grapevine.

[2] AshkevariA., Hossein Z. & Miransari M. (2010). Horticulturae, 9(4), 470; https://doi.org/10.3390/
Potassium fertilization and fruit production of horticulturac9040470.

page clfrus on a punsirus rootstock: Quannt.agve [8] AlvaA. K. & Tucker D. (1999). Soil and Citrus
and qualitative traits. Journal of Plant Nutrition, i R )
nutrition. In: Citrus Health Management;

10, 1564-1578. Gainesville University of Florida: Gainesville,
[3] AlvaA. K. & Tucker D. (1999). Soil and Citrus FL, USA, pp. 59-71.

nut.r mon.' In: . C1trps Health Manggem@t, [91 Muhammad Yasin Ashraf (2009). Improvement
Gainesville University of Florida: Gainesville, L o . .
in citrus fruit yield and quality by potassium
FL, USA; pp. 59-71. . )
nutrieon management. Report number: 3
[4] Ben Mimoun M., Dbara S., Lahmar K. & Affiliation: K+S Kali und Salz GmbH.

Mar.ck.land M. .(2(.)18)' EHGCtS. of [‘)otassmm’ [10] José Domingo Opazo A. & Bruno Razeto M.
nutrition on fruit yield and quality of ‘maltaise . £ diff um fertili
citrus (Citrus sinensis L.). Acta Horticulturae (2001). Effects of different potassium fertilizers
1217. 225230 o ’ on foliar content of nutrients, yield and fruit
’ e quality in orange trees cv. Valencia. Agricultura
[5] Ruiz R. (2006). Effects of different potassium Técnica, 61(4), 470-478.
fertilizers on yield, fruit quality and nutritional

References

[11 Turcker D. P. H., Alva A. K., Jackson L. K.
& Wheaton T. A. (1995). Nutrition of Frolida
Citrus trees. University of Frolida.

ANH HUGNG CUA PHAN BON KALI DEN SINH TRUGNG, PHAT TRIEN
VA CHAT LUGNG CAM G TiNH YEN BAI

Hoang Vin Thong', Hoang Mai Thao?, Tran Thanh Vinh?, Nguyén Vin Toan®
"Trung tam Khuyén néng tinh Yén Bdi

’Khoa Nong Lam Ngu, Truong Pai hoc Hung Viong, Phit Tho

*Hoi Lam vuon Viét Nam

Tém tit

hi nghiém d4nh gia anh hudng ctia phan bén kali dén sinh trudng, phat trién va chat lugng cam tai Yén Bai

duogc thuc hién tai huyén Tran Yén cua tinh Yén Bai trong hai nam 2021 va 2022. Ba loai phan bon dugc
sir dung trong thi nghiém bao gdm kaliclorua, kali sunphat, kalinitrat duoc b thiét ké thi nghiém trén dong
rudng theo khbi ngdu nhién hoan chinh, nhic lai 3 1an. Luong phan bon kali cung cap cho mét cay chira 1,8kg
K,0. Két qua chi ra ring, cac loai phan bon kali khac nhau s& anh hudng khac nhau t6i nang suét va chét luong
cam. Bon phén K,SO, cho giéng cam BH giai doan kinh doanh gitip ting ty 1¢ du qua (dat 2,3%) va ting ning
suét (dat 24,43 tin/ha), d6 ngot cao (do Brix dat 11,2%), c6 hiéu qua kinh té cao hon dat 185.852.500 ddng/ha.

Twr khéa: Phdn bon kali, nang sudt cam, chdt lwong cam, Yén Bdi.
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