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Abstract 

The 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 K20. The results showed that the different potassium fertilizers 
had different effects on orange yield and quality. Applying the K2SO4 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 
(KNO3, KCl, and K2SO4), 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 P2O5 + 1.8 kg K2O (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% P2O5, and 20% K20; 
(2) The second time: Applying in January 
with 50 kg of organic fertilizer, 40% N, 
and 50% P2O5; (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% 
P2O5, and 40% K2O; (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% K2O.

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 

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 

IRRISTAT5.0 software. The LSD test was 
used to compare the means at a significant 
level of 5%.

3. Results and discussion

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)
Potassium chloride 
(Control) 5.6 a 221.8 a 237.7 a

Potassium sulfate 5.3 a 218.3 a 228.8 a

Potassium nitrate 5.5 a 223.6 a 234.5 a

CV % 7.9 6.6 7.2

LSD0.05 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.

3.1.2. Effects of potassium fertilizers on 
the growth of shoots

The 5-year-old BH variety 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 



73

JOURNAL OF SCIENCE AND TECHNOLOGY Vol. 33, No. 4 (2023): 70 - 76

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

Treatments

Spring shoots Summer shoots Autumn shoots

Diameter
(cm)

Length
(cm)

Leaves/
shoot 
(Leaf)

Diameter
(cm)

Length
(cm)

Leaves/
shoot 
(Leaf)

Diameter
(cm)

Length
(cm)

Leaves/
shoot 
(Leaf)

Potassium 
chloride 
(Control)

0.14a 14.09b 4.93b 0.43 a 24.28 b 12.50 b 0.29 a 20.20 a 10.77 a

Potassium 
sulfate 0.13a 14.21b 5.06b 0.44 a 24.20 b 12.40 b 0.30 a 20.03 a 11.33 a

Potassium 
nitrate 0.19a 15.34a 5.98a 0.48 a 26.57 a 14.50 a 0.33 a 21.87 a 12.16 a

CV % 4.2 5.6 5.8 5.4 6.9 5.5 6.1 7.8 5.4

LSD0.05 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 KNO3 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

Treatments Starting flowering From the starting 
flowering to full flowering

From the starting 
flowering to the 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 of flower and fruit loss is affected 
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

Treatments Fruit setting rate 
(%)

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 K2SO4 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 Number of fruit harvested  
per tree (fruit) Weight per fruit (g) Yield

 (tons/ha)
Potassium chloride 
(Control) 223b 161.97a 22.57b

Potassium sulfate 234 a 167.03a 24.43a

Potassium nitrate 221b 163.66a 22.60b

CV % 6.2 5.0 6.2

LSD0.05 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 K2SO4 fertilization treatment, 
in which the fruit-setting rate reached 234 
fruits/tree. Applying the KNO3 fertilization 
gave the fruit set rate no different 
from KCl fertilization. There was not 
statistically significant difference in the fruit 
set rate between the KNO3 fertilization and 
the KNO3 one. Potassium fertilizers types 

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 K2SO4 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 
Brix (%)

Fruit diameter 
(cm)

Fruit height 
(cm)

Water content  
per fruit (ml)

Number of 
seeds per fruit

Potassium chloride (Control) 11.0 a 7.2 a 6.6 a 94.3b 2.6a

Potassium sulfate 11.2 a 7.4 a 6.5 a 98.3 b 2.5 a

Potassium nitrate 9.0 b 7.3 a 6.7 a 101.2a 2.8 a

CV % 3.8 4.9 4.5 6.3 7.0

LSD0,05 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 a measure of the mass concentration 
of dissolved solids or sugar density in a 
solution. Brix is an indicator that helps quickly 
evaluate fruit quality. The K2SO4 fertilizer 
treatment had the same degrees Brix as the 
control (>11%). However, applying KNO3 
fertilizer decreased the sweetness (Degrees 
Brix reaching 9.0). Additionally, fertilizing 
KNO3 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 (KCl, 
KNO3, K2SO4, and K-MgSO4) for orange 
trees cv. Valencia. Treatments with KNO3 
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

Treatments Yield
(Tons/ha)

Total cost 
(VND)

Total income 
(VND) Net profit (VND) Compare with control 

(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; KCl: 17,500 VND/kg; KNO3 and K2SO4: 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 K2SO4 
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 KNO3 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 K2SO4 fertilizer 
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to the BH orange trees increased fruiting 
rate (reaching 2.3%), productivity (reaching 
24.43 tons/ha), and high sweetness (Brix level 
reaching 11.2%), and had a higher economic 
efficiency reaching 185,852,500 VND/ha. 
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ẢNH HƯỞNG CỦA PHÂN BÓN KALI ĐẾN SINH TRƯỞNG, PHÁT TRIỂN  
VÀ CHẤT LƯỢNG CAM Ở TỈNH YÊN BÁI

Hoàng Văn Thông1, Hoàng Mai Thảo2, Trần Thành Vinh2, Nguyễn Văn Toàn3

1Trung tâm Khuyến nông tỉnh Yên Bái 
2Khoa Nông Lâm Ngư, Trường Đại học Hùng Vương, Phú Thọ  

3Hội Làm vườn Việt Nam

Tóm tắt

Thí nghiệm đánh giá ảnh hưởng của phân bón kali đến sinh trưởng, phát triển và chất lượng cam tại Yên Bái 
được thực hiện tại huyện Trấn Yên của tỉnh Yên Bái trong hai năm 2021 và 2022. Ba loại phân bón được 

sử dụng trong thí nghiệm bao gồm kaliclorua, kali sunphat, kalinitrat được bố thiết kế thí nghiệm trên đồng 
ruộng theo khối ngẫu nhiên hoàn chỉnh, nhắc lại 3 lần. Lượng phân bón kali cung cấp cho một cây chứa 1,8kg 
K2O. Kết quả chỉ ra rằng, các loại phân bón kali khác nhau sẽ ảnh hưởng khác nhau tới năng suất và chất lượng 
cam. Bón phân K2SO4 cho giống cam BH giai đoạn kinh doanh giúp tăng tỷ lệ đậu quả (đạt 2,3%) và tăng năng 
suất (đạt 24,43 tấn/ha), độ ngọt cao (độ Brix đạt 11,2%), có hiệu quả kinh tế cao hơn đạt 185.852.500 đồng/ha. 
Từ khóa: Phân bón kali, năng suất cam, chất lượng cam, Yên Bái. 
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