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Abstract
Sugarcane (Saccharum spp.) is an important industrial agricultural 
crop in Vietnam. Average sugarcane productivity in Vietnam 
is 64 Mg ha–1, and the average commercial cane sugar (CCS) 
content is 10%, significantly lower than in leading sugarcane 
producing countries that achieve 75 Mg ha–1 and 14-15% CCS 
content. Under rain-fed conditions in Vietnam, low sugarcane 
performance may be the result of poor nutrition management. In 
farmers’ practices (FP), nitrogen (N) is generously applied, while 
phosphorus (P) and potassium (K) are generally ignored. The 
objectives of this 3-year study were to examine and demonstrate 

the contribution of increased K application to sugarcane yield, 
quality, and economic benefit under commercial conditions. Field 
experiments took place from 2012 to 2015 in a parallel design in 
Gia Lai (Central Highlands) and in Khanh Hoa (Central Coast) 
provinces. Treatments included six K (KCl) rates (0, 200, 300, 
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350, 400, 450 kg K2O ha–1) together with 250 kg N and 150 kg 
P2O5 ha–1. A local FP was also included as a control. Potassium 
application significantly improved sugarcane yields by 18.5-
31.5% in Khanh Hoa, and 9.2-26.8% in Gia Lai, compared to FP. 
CCS content increased from 8% at 0 kg K2O ha–1 to 11-12% at 
200 kg K2O ha–1, reaching about 12.5% at the highest doses. In 
spite of the impressive response to K, the K agronomic efficiency 
(KAE) was very low, at 67 and 40 kg of cane per kg K2O, in Gia 
Lai and Khanh Hoa, respectively. The low KAE may be attributed 
to water deficit problems and rapid nutrient leaching from the root 
zone. Thus, although the apparent economic optimal K dose is 
350-400 kg K2O ha–1, use of additional approaches – such as soil 
enrichment with organic matter, more frequent K applications, 
and irrigation - are expected to improve K uptake efficiency, 
further increase sugarcane yield and quality, and reduce the 
required annual K dose.

Introduction 
Sugarcane is an important industrial crop in Vietnam’s agriculture 
sector and has greatly contributed to the economic development 
of rural communities in midland and mountainous regions. 
Vietnam Sugarcane Association (VSA) estimated that total cane 
production area in 2014 was about 305,000 ha, distributed across 
different ecological zones (Fig. 1), with production of 19.8 million 
tonnes of sugar for domestic consumption and export (VSA, 2014).

The average sugarcane yield in 2014 reached 64.2 Mg ha–1, with 
an average national commercial cane sugar (CCS) content of 10%. 
In spite of a significant improvement in sugarcane productivity 
from 50 Mg ha–1 in 2000 to 64 Mg ha–1 in 2012 (FAO, 2012), 
sugarcane production in Vietnam still faces many challenges 
such as climate change, large-scale droughts in midland and 
mountainous regions, outdated varieties, and slow adoption 
of new cultivation technologies. Thus, Vietnamese sugarcane 

productivity and economic efficiency is lower than in Thailand 
(74.2 Mg ha–1), Brazil (74.3 Mg ha–1), and the United States 
(75.4 Mg ha–1). Moreover, Vietnamese CCS content remains 
low (10%), compared to Thailand and Indonesia (12-13%), and 
Australia and some regions of China (14-15%) (Trang, 2015). The 
relatively low sugarcane productivity and quality is currently 
considered to be the major disadvantage of the sector. Therefore, 
improving these parameters is a priority to ensure sustainable 
sugarcane production in Vietnam.

Potassium (K) is an essential nutrient in sugarcane production, 
with a number of roles being attributed to it within the plant 
(Anderson and Bowen, 1990). These roles include: translocation 
of sugar in plants; starch formation; chlorophyll development and 
the promotion of photosynthesis; prevention of premature cell 

Photos 1. Sugarcane with a bowl of refined sugar (lef t) and cut sugarcane (right). Source: ht tp: //www.scienceimage.csiro.au/. 
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from 7.73-8.20 mg 100 g–1 of soil. Soil texture was light (more 
than 80% loess and sand). Therefore the light texture and low 
soil fertility are the main constraints for sugarcane production in 
these regions. 

death; stomatal opening and closure; and uptake of water (and 
nutrients) by osmosis. However, the importance of these roles is 
not fully understood by growers when considering K application 
to their crops (Wood and Schroeder, 2004). Although K deficiency 
symptoms are apparent in sugarcane, sub-optimal concentrations 
do not generally give rise to a marked yield depression. This is 
probably the result of processes that occur in soils in replenishing 
the plant available K (exchangeable and soil solution K) from 
non-exchangeable K sources (Chapman, 1980). Nevertheless, 
rapid soil erosion processes, particularly typical to afforestation 
in humid tropical regions, significantly reduce the ability of soils 
to replenish nutrients (D’haeze et al., 2005; Tran Minh Tien et al., 
2015).

A field survey on sugarcane fertilization, carried out in Khanh 
Hoa and Gia Lai provinces in 2012, indicated that farmers 
commonly applied inadequate quantities of fertilizers and 
suffered from an imbalanced ratio of nutrients. On average, 
fertilizer rates for N, P2O5, and K2O in Gia Lai were 190, 110, 
and 90 kg ha–1 respectively, and 160, 120, and 120 kg ha–1 in 
Khanh Hoa. The recommended application rates are 120-350 kg 
ha–1 N, 50-170 kg ha–1 P2O5, 100-350 kg ha–1 K2O, and 15-20 Mg 
ha–1 of farm yard manure (FYM), depending on the soil fertility 
of each agro-ecological zone (SFRI, 2005). These data reveal 
a significant deficit in fertilizer application of about 45-54% of 
N, 65-71% of P2O5, and 26-34% of K2O. Moreover, the survey 
revealed that about 90% of farmers ignored the recommendation 
to apply FYM to sugarcane. Inadequate fertilization, especially 
of K, in the farmers’ fields, appears to be the main reason for low 
productivity and poor quality.

The objectives of this study were to: i) reassess K fertilization 
efficiency on sugarcane yield and quality in Central Highlands 
and Central Coast provinces; ii) define an optimum K application 
rate for economic yield and quality; and, iii) broaden the research 
results to national scale for future sugarcane production.

Materials and methods
Experiment site: Field experiments were conducted in three 
consecutive years (2012-2015) at two sites. The first, Gia Lai 
province, which represents Central Highlands provinces, and 
the second, Khanh Hoa province, representing South-Central 
Coast provinces of Vietnam. These two regions contain 60% of 
Vietnam’s total sugarcane area.

Soil properties in experiment sites
Soil samples from the two experimental sites were collected 
at a depth of 0-20 cm and their soil properties and soil fertiity 
status analyzed (Table 1). In both sites, analyzed data indicated 
that soil fertility was low in both total and available forms. The 
available K contents at both sites were especially poor, ranging 

Map 1. Experiment sites in Gia Lai and Khanh Hoa provinces.

 
 

Table 1. Soil characteristics in the experimental sites. 
Soil properties Khanh Hoa Gia Lai 
pHKCl 4.7 4.6 
Organic carbon (OC) (%) 0.92 0.85 
N (%) 0.07 0.074 
P2O5 (%) 0.029 0.051 
K2O (%) 0.33 0.12 
P2O5 available (mg 100 g-1)  1.36 3.85 
K2O available (mg 100 g-1)  8.20 7.73 
Cation exchange capacity (CEC) (meq 100 g-1) 4.13 5.42 
Clay (%) 14 14.8 
Limon (%) 12 16.6 
Sand (%)  74 68.6 
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Climate
The climate of Vietnam’s central regions is tropical. Average 
temperatures range from 26-32°C and annual precipitation varies 
from 1,200-2,400 mm, with distinct dry and wet seasons. In Gia 
Lai, the average annual rainfall is about 1,940 mm, 50% higher 
than in Khanh Hoa. Also, the wet season occurs from June to 
September in the Central Highlands (Gia Lai), providing about 
67% of annual rainfall. In South Central Coast, the wet season is 
milder and more prolonged, taking place from May to November. 
The dry season in both regions occurs from December to March, 
providing less than 5% of annual rainfall (Fig. 2).

Field experiments
The sugarcane cultivar tested in the study was K88-92, a new 
variety from Thailand. Experiments in each site included seven 
treatments with three replications using a random complete block 
(RCB) design. The area of each plot was 200 m2, with total area 
of 4,200 m2. Seven different levels of K were examined (Table 2). 
Fertilizers were applied directly to the furrow and both field 
experiments were conducted under rainfed conditions.

Fertilizer application during the year was divided into three steps 
(Table 3): i) basal fertilization, applied at planting; ii) fertilization 
carried out 3 months after planting; and, iii) fertilization 
conducted 6 months after planting.

Harvest productivity: Sugarcane harvesting takes place between 
March and April in Khanh Hoa, and between December and 
January in Gia Lai. Total yield was determined for each plot. 
Sugarcane quality was determined through laboratory analysis 
that included °Bx, and % juice and CCS content.

Economic analysis: The economic efficiency of K fertilization in 
sugarcane was calculated as a cost and benefit analysis, based on 
yield, quality, and prices. 

Results 
Large differences in sugarcane productivity occurred between 
the two experimental sites. Average 3-year yields in Gia Lai were 
15-40% higher than in Khanh Hoa. The farmers’ practice control 
in Gia Lai obtained an average of 84 Mg ha–1, 40% higher than 
the same treatment in Khanh Hoa. Furthermore, while the yields 
in Khanh Hoa fluctuated significantly 
year-to-year, yield levels in Gia Lai 
remained considerably stable during the 
3-year experiment (Fig. 3). Potassium 
application gave rise to significant yield 
increases in both sites, however, the 
intensity and pattern of this response 
were remarkably different (Fig. 4). As 
a rule, wherever K was applied at doses 
equal to or higher than 200 kg K2O ha–1, 

yields were higher than those of the FP (Fig. 3). In Gia Lai, yield 
response to K application was quite linear and sharp, as expressed 
by the constant contribution margin of about 67 kg–1 K2O, and 
produced 38% more yield at the highest K application dose. In 
Khanh Hoa, the average contribution margin was much smaller at 
about 40 kg–1 K2O, remaining constant up to a K dose of 350 kg 
K2O ha–1, after which it diminished to a negligible level of about 
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Fig. 2. Monthly distribution of average annual precipitation in Gia Kai and Khanh 

Hoa. Sources: ht tp: //mekongarcc.net /sites/default / files/province_profile-

gia_lai_press.pdf; and ht tp: //en.climate-data.org/location/ 717532 /. 

 
 

Table 2. Treatments of K application dose (kg ha-1) in Gai Lai and  
Khanh Hoa. 
Treatment N P2O5 K2O 
T1 Control(1)    
T2 250 150 200 
T3 250 150 300 
T4 250 150 350 
T5 250 150 400 
T6 250 150 450 
T7

(2) 250 150 0 
(1)In FP Control (T1) - rates of N, P2O5, and K2O applied were 190, 110, 
and 90 kg ha-1 respectively at Gai Lai and 160, 120, and 120 kg ha-1 at 
Khanh Hoa. 
(2)In Khanh Hoa, treatment T7 was added only after the first cropping 
season. 

 

 
 

Table 3. Proportion of fertilizers distributed to sugarcane during the year. 

Fertilizer  Basal application, 
at planting 

Second application, 
3 months after planting 

Third application, 
6 months after planting 

 ---------------------------------------------------%--------------------------------------------------- 
N 30 40 30 
P 100 0 0 
K 30 40 30 

 

http://mekongarcc.net/sites/default/files/province_profile-gia_lai_press.pdf
http://mekongarcc.net/sites/default/files/province_profile-gia_lai_press.pdf
http://en.climate-data.org/location/717532/
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11 kg–1 K2O. Thus, the highest yield was obtained at 350 kg K2O 
ha–1, only 17% higher than the 0 kg K2O ha–1 treatment (Fig. 4). 
Noteworthy are the differences in the farmers’ practices between 
the sites; while in Gia Lai FP yield matched the general response 
to K dose, it was significantly below the expected value in Khanh 
Hoa (Fig. 4).

Sugarcane quality is often determined by CCS content of the raw 
material. This parameter is used by manufacturers to define the 
raw material’s price. In contrast to the clear differences in yield 
(Figs. 3 and 4), CCS content reached quite similar values in both 
sites (Fig. 5). Again, significant differences occurred between 
years at Khanh Hoa. CCS content response to K application dose 
became clear when 3-year averages were used. At 0 kg K2O (T7), 
CCS content was very low at about 8%. CCS increased to values 

above 11% in response to the lowest K dose, but the response 
weakened with the increasing K doses. A maximum CCS content 
of 12.8% was obtained at the highest K dose, 450 kg K2O ha–1 
(Fig. 5). Noteworthy, however, is that the response was significant 
only in 2013 in Gia Lai and in 2014 in Khanh Hoa, whereas it was 
almost absent in the two other years. Also interesting were the 
intermediate CCS content values of 9.5-10% obtained from FP 
(T1) which obeyed the general response to K doses (Fig. 5).

Juice content of the raw material is another important sugarcane 
quality parameter. Excluding the first year, 2013, where juice 
contents were significantly higher in both sites (especially in 
Khanh Hoa, where it was >75%), this parameter was quite stable, 
ranging from 58-68% throughout the study (Fig. 6). Potassium 
doses had no significant effect on sugarcane juice content.

Discussion
The substantial dissimilarity in sugarcane productivity between 
the Central Highlands (Gia Lai) and the South Central Coast 
experimental sites (Khanh Hoa), as well as the significant year-
to-year variations in yields within each site, indicate that major 
factors, other than K availability, are involved. In spite of the 
humid tropic climate of Vietnam and the considerable annual 
precipitation, sugarcane crops often experience water stress that 
limit growth and productivity (Inman-Bamber and Smith, 2005; 
Zhao et al., 2010; Cabral et al., 2012; Zingaretti et al., 2012; da Silva 
et al., 2013). In central Vietnam, there are at least 5 months, from 
December to April, with less than 100 mm of rain per month 
(Fig. 2), which is below sugarcane water requirements. Therefore 
to improve sugarcane productivity in Vietnam, supplementing 
irrigation during the dry season must be considered alongside 
logistic and economic costs. Water shortages may also occur 
during the wet season, because water availability largely depends 
on soil water capacity and retention. Actually, in the humid 
tropics, water stress predominantly occurs in sugarcane due to 
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inadequate soil water retention between consecutive rain 
events (Zhao et al., 2010; Monteiro and Sentelhas, 2014). 
Light, sandy soils that typify the two experimental sites 
(Table 1) are characterized by low water retention and 
are therefore especially prone to frequent drought events. 
The considerably lower precipitation in the South Central 
Coast (Khanh Hoa) (Fig. 2), together with the larger 
sandy soil fraction (Table 1), may provide a sufficient 
explanation for the significantly lower productivity of this 
region.

On top of the current water availability problems, global 
climate change has already affected, and is predicted to 
further affect Vietnam (USAID, 2012; Nguyen et al., 
2014). A significant tendency of increasing annual 
precipitation has been identified in the central regions 
of Vietnam, however, rain quantities are anticipated to 
significantly increase during the wet season, and to decline 
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during the dry season. In addition, year-to-year diversity and the 
number of extreme rain events are expected to grow (Nguyễn Thị 
Quỳnh Trang, 2014). As is already happening in other sugarcane 
growing countries that are facing climate change (de Carvalho 
et al., 2015), the Vietnamese sugarcane industry may also face 
increasing water deficit problems that will require systematic as 
well as local solutions.

In agreement with many previous studies (Anderson and Bowen, 
1990; Wood and Schroeder, 2004; Rice et al., 2006; Singh et al., 
2008; Hunsigi, 2011; de Almeida et al., 2015; de Oliveira et al., 
2016), K application resulted in unequivocal enhancements of 
sugarcane yields in both sites. The almost linear yield increase in 
Gia Lai (Fig. 4) suggests that K is the predominant limiting factor 
of sugarcane productivity in this region. However, the consistent 
increase, even at the highest K dose, may indicate a low K uptake 
efficiency. Singh et al. (2008) reported a K agronomic efficiency 
(KAE) ranging from 700-900 kg cane per kg K2O; Hunsigi (2011) 
estimated that under rain-fed conditions, KAE would be about 
270 kg kg–1. In Gia Lai, KAE was lower by one order at only 
67 kg kg–1 (Fig. 4), indicating a rapid depletion of available K 
in the root zone, curtailing the plants’ opportunity for sufficient 
K uptake. This phenomenon is quite common in humid tropical 
regions, where loose soils are drained of nutrients by heavy 
rainfall events (Rhodes et al., 2013; Rossato et al., 2014; Tran et 
al., 2015). Possible solutions may include soil enrichment with 
organic matter (de Almeida et al., 2015), and much more frequent 
K broadcast (Wood and Schroeder, 2004).

The situation in the South Central Coast (Khanh Hoa) seems 
different. Here, water deficit is probably the major limiting factor 
to plant growth. Potassium uptake, when it occurs, cannot be 
fully manifested by the drought-affected plants. Thus, KAE is 
even lower at about 40 kg kg–1, remaining constant up to K dose 

of 350 kg ha–1, thereafter no further response could be observed 
(Fig. 4). It may well be, however, that in South Central Coast K 
is also being rapidly leached from the root zone by intensive rain 
events, as leaching and water deficit problems may take place 
simultaneously.

Potassium is required for sugar production, translocation, 
and storage (Marschner, 1995). In sugarcane, fulfilling K 
requirements would contribute significantly to quality traits, 
namely CCS content (Singh et al., 2008; Hunsigi, 2011; de Oliveira 
et al., 2016). In this study, CCS content responded dramatically, 
increasing from 8% to 11-12% as a result of the lowest dose, 200 
kg K2O ha–1 (Fig. 5). Yet, a further increase in K gave rise to a 
much weaker response. In light of the very low KAE mentioned 
above, it is questionable whether high CCS contents could have 
been obtained at a much lower K dose under normal K uptake 
rates. CCS content, however, was enhanced by K application 
which improved the economic value of sugarcane at both sites. 

An economic analysis of sugarcane productivity as a function of K 
application doses (as expressed by the net return in million VND 
ha–1) (Fig. 7), demonstrated linear relationships in both sites. It 
appears that CCS content enhancement, with its significant 
influence on the price of raw sugarcane, compensated for the 
irresponsive yields in Khanh Hoa. Still, the differences in yields 
between the two sites are strongly expressed by the economic 
performances. According to this analysis, K application would be 
beneficial even at a dosage higher than tested here. Nevertheless, 
450 kg K2O ha–1 is considered too high. In Florida, recommended 
K dose has been as high as 450 kg K2O ha–1 for the first growth 
cycle (ratoon), but reduced to 270 kg K2O ha–1 for the second 
and third ratoons (Rice et al., 2006). Hunsigi (2011) suggested 
focusing on the responsive phase of sugarcane’s K-optimum 
curve, applying up to 350 kg K2O ha–1 and 117 kg K2O ha–1 for the 

Photos 2. Experiment sites in Gia Lai and Khanh Hoa provinces (2012-2015). Photos by Nguyen Duy Phuong.
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first and second ratoons, respectively. Singh et al. (2008) settled 
on a standard dose of 150 kg K2O ha–1 in their experimental studies 
in India, while de Oliveira et al. (2016) concluded that a dose of 
98 kg K2O ha–1 would be sufficient to obtain a stable sugarcane 
yield of 80 Mg ha–1. The presence of such high K doses at the 
responsive phase also indicates a very low K uptake efficiency in 
the present study.

Apparently, the results shown here suggest that to improve 
sugarcane yield, quality and economic benefits, farmers should 
apply about 400 kg K2O ha–1, together with 250 kg N and 150 kg 
P2O5 ha–1, in both regions. Potassium clearly plays a pivotal role 
in sugarcane production, however most K fertilizer, and probably 
N fertilizers, seem to be lost and wasted due to rapid draining 
and leaching processes. All facets relating to K in the soil-plant 
system need to be optimized to ensure efficient K supply, uptake 
and utilization by the crop (Wood and Schroeder, 2004). This will 
ensure that the crop is able to take up a more balanced suite of 
nutrients and can better withstand periodic drought conditions 
that occur in the sugarcane growing regions. Thus, enriching 
the soil with organic material would be a reasonable step toward 
improving soil CEC, and consequently increase K uptake rates. 
The fact that the farmers’ practices tested here, which included 
considerable FYM application, resulted in the highest benefit 
to cost ratios of 8.5 (Gia Lai) and 6.7 (Khanh Hoa) compared to 
7.8 (Gia Lai) and 5.9 (Khanh Hoa) in the chemically fertilized 
treatments, clearly supports this approach. Additionally, dividing 
the annual dose to frequent applications along the year, where 
practical, may significantly improve K uptake rates. Applying 
these two approaches may increase the agronomic efficiency of 
nutrients, which might even lead to reduced fertilizer doses and 
lessen the negative impacts on the environment.
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sugarcane production as a function of K application in Gia Lai and Khanh Hoa, 

Vietnam. FP = farmers’ practices.

Photo 3. Harvesting sugarcane. Photo by Nguyen Duy Phuong.
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