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New balanced nitrogen and potassium for cassava after common practices in 
Malaysia
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Abstract

Cassava is one of the most important food crops and is known to be the highest producer of carbohydrates among 
staple crops. Crop genetics, planting practices, and productivity have evolved over the last decade. New, high-yielding 
cassava varieties may have different nutrient requirements compared to older ones. Reevaluating fertiliser rates enables 
adjustments to new farming practices and more efficient nutrient utilisation. Hence, we studied the effects of three rates 
of nitrogen and potassium (0, 100, 200 kg/ha) on the growth and yields of two cassava varieties (Sri Kanji 2 and Sri 
Pontian) under clay and peat soils. A randomised complete block design with two replications was used. In Serdang 
(clay soil), nitrogen did not influence the fresh root yield. In Pontian (peat soil), an increase in nitrogen significantly 
increased fresh root yield, of which 200 kg N/ha produced 97.4 t/ha, followed by 100 kg N/ha (47.4 t/ha) and 0 kg 
N/ha (22.6 t/ha). Potassium (K) significantly increased cassava fresh root yield from 0 kg/ha (55.3 t/ha) to 200 kg/ha 
(71.2 t/ha) by 28.8%. There was no difference between 0 kg K/ha and 100 kg K/ha (61.4 t/ha). The fresh root yield 
of Sri Kanji 2 (65.2 t/ha) was slightly higher than Sri Pontian (60.1 t/ha) by 8.5% but did not differ. For optimum 
yield and to avoid nutrient depletion for long-term cassava cultivation, the rates (N: P2O5:K2O) of 100:50:100 and 
200:100:200 for clay and peat soil are recommended.
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Introduction

Cassava (Manihot esculenta Crantz) is a cash crop rich in 
carbohydrates and carotene and one of the most important 
food sources in some Asian countries and tropical Africa 
(Khairol and Wan Zaki 2013). Cassava cultivation under 
marginal soils produces reasonable root yields and is 
easy to plant at a low-cost production. Mostly used as 
food or processing, one of the most beneficial is its tuber 
production. Thus, it has become one of the most popular 
crops in Laos, Vietnam, and Thailand (NurulNahar and 
Tan 2016). The volume of cassava-based starch imports to 
Malaysia totalled 136,465 mt in 2021 with a worth of RM 
258,205,381 (Figure 1). Total import volume increased 
from 2015 until it peaked in 2017 before showing a 
significant decline in 2019. The increases in volume 
import coincided with the decrease in the total planted 
area from 2015 to 2018 before slightly increasing in 2019 

(Figure 2). Based on the cassava root yield production 
and planted area from 2015 – 2021, an average of 17.2 
t/ha is a significant result of a high volume of imports 
to Malaysia to support starch industries that are highly 
demanding because of low production in smallholder 
farmers’ fields.
	 The ‘bitter’ types are varieties with high cyanide 
content and starch content, which is preferable for starch 
processing. ‘Sweet’ or edible varieties  are used for food 
and food products (NurulNahar and Tan 2016). This study 
presents (Table 1) cassava varieties released by MARDI 
(Howeler and Ceballos 2000; Tan 2001a; Tan and Abd 
Rahman 2001). From 1988 to 2003, all released cultivars 
had a high root yield with an average yield of 35.7 t/ha. 
The differences between potential or attainable and actual 
yields, known as yield gaps, are enormous for cassava 
(Ezui et al. 2017). Yields of fresh roots in smallholder 
farmers’ fields average only 17.2 t/h which is far less than 
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yields of an average 35.7 t/ha for all released varieties 
in Malaysia. The primary constraint is poor soil fertility 
or negligible nutrient inputs. Balanced nutrients can 
maintain high and sustainable yields with a ratio of N: 
P2O5: K2O of 2:1:2 or 2:1:3 (Howeler 2007). Cassava 
requires nitrogen (N) and potassium (K), both of which 
are in short supply in most soils (Thummanatsakun and 
Yampracha 2018). Currently, cassava recommendations 
in Malaysia for mineral soils are 60 kg N, 30 kg P2O5, 
and 160 kg K2O while for peat soil it is 250 kg N, 30 kg 
P2O5, and 160 kg K2O (Tan 2001b) which are both at 
the ratio of 2:1:5 and 8:1:5 based on studies conducted 
in 1983 and 1989, respectively. Thus, re-evaluating 
fertiliser recommendations for high-yielding cassava 
cultivars is crucial. This study reports the appropriate 
rates of fertilisers on two local varieties, Sri Kanji 2 and 
Sri Pontian, which are considered ‘bitter’ and ‘sweet’ 
cultivars, respectively.

Materials and method

Site location

The field trials were conducted at MARDI Research 
Station in Pontian (peat soil) and Serdang (mineral soil). 
Topsoil samples (0 – 20 cm) were collected using an auger 
from the experimental site and bulked together to get a 
homogenised composite sample for each experimental 
site before planting. Table 2 presents the results of soil 
analysis for the two research stations and their suitability 
for optimal cassava growth based on Biratu et al. (2019) 
and Imakumbili et al. (2019). Comparing the actual 
nutrient levels with the recommended values for cassava, 
the soil in Serdang exhibited lower total nitrogen (N) 
and exchangeable potassium (K) than the optimum 
requirements for optimal cassava growth.

Planting material

The mature stems of Sri Kanji 2 and Sri Pontian cassava 
were taken from the hardwood portion of the stems, 
leaving at least a 30 cm stump above the ground. These 
cuttings were harvested from the mother plants at 12 
months of age. The stems were cut into sets of 25 cm 
in length and planted about 5 cm below the soil surface.

Experimental design and yield components

A randomised complete block design with two replications 
was used. Each plot comprised 36 plants (6 m x 6 m 
plot size with plants at 1 m x 1 m spacing), and only 
the central 16 plants per plot (4 x 4) were harvested for 
data collection. Data related to growth performance, root 
yield and starch contents were collected 12 months after 
planting.
	 A total of 18 treatments in factorial combinations of 
two varieties (Sri Kanji 2 and Sri Pontian), three nitrogen 
rates (0, 100, 200 kg/ha) and three potassium rates (0, 
100, 200 kg/ha) were tested.  Nitrogen was applied as 
urea (46%) and potassium was applied as muriate of 
potash (60%). Fertilisers were applied as side dressings 
along the cassava rows at planting time. Soil bunds were 
constructed around each experimental plot to prevent 
lateral fertiliser contamination between plots.

Figure 1. Malaysia imports of cassava-starch based product in 
terms of volume and value (Source: UN Comtrade; HS110814)

Figure 2. Total planted area (ha) and root production (mt) in 
Malaysia from 2015 to 2019 (Source: DOA 2022)

Table 1. Performances of selected cultivar released by MARDI 
at 12-month planting

Varieties Year released Starch content 
(%)

Root yield 
(t/ha)

Perintis 1988 22.8 40.9
MM92 1992 20.9 36.4
Sri Kanji 1 2003 26.7 37.6
Sri Kanji 2 2003 26.9 32.2
Sri Pontian 2003 26.4 31.6
Average 24.7 35.7
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Cassava starch contents (SC) were measured based on 
the specific gravity (SG) method.

	 SC (%) = SG - 1.00906/0.004846
SG = weight of 5 kg cassava in the air / (weight of 5kg 
cassava in the air - weight of 5kg cassava in the water)

Cyanide content (HCN) was estimated based on Cuvaca 
et al. (2015). The roots were peeled, washed, and cut into 
roughly 3-mm slices before being air/sundried and dried in 
an oven to a consistent weight (75°C for 72 hours). Each 
sample was ground into flour and then homogenised with 
a No. 40 mesh screen to ensure the dispersion of HCN 
in the sample was uniform. After that, a 5 g subsample 
was taken, and each subsample was combined with 50 
mL of distilled water and agitated in a shaking water 
bath for 16 hours (35°C). After that, extracts were taken 
to be analysed. A technique with alkaline picrate was 
used to determine the tuber HCN content (Nwokoro et al. 
2009). The concentration of cassava HCN was evaluated 
using a spectrophotometer (Cary 60 UV-Vis, Agilent 
Technologies) that measured absorbance at 510 nm.
	 The soluble solid concentration (SCC) was determined 
using a digital refractometer (model Atago, 0% – 32%) 
calibrated at room temperature and values were expressed 
in percentage. A composite sample was dropped onto the 
prism and data was taken.

Statistical analysis

The analysis of variances was based on Moore and Dixon 
(2015), the location was set as fixed while the varieties, 
nitrogen and potassium were set as random effects 
using Statistical Analysis Software (SAS 9.3). The mean 
comparison was compared by LSD at p <0.05. 

Results and discussion

Analysis of variance in plant performances and fresh root 
yield is presented in Table 3. 
	 There was a significant effect of N and K on plant 
height. Cassava plant height increased by 6.2% as N levels 
increased from 0 (control) to 200 kg/ha. Similar to K, it 
increased by 8.9% as K levels increased from 0 kg/ha to 
200 kg/ha. N and K did not have a positive effect between 
0 kg/ha and 100 kg/ha. There was a significant interaction 
between location and varieties (Table 3). Varieties did 
not influence cassava plant height at Pontian (Figure 3). 
The average plant heights were 284 cm and 291 cm for 
Sri Kanji 2 and Sri Pontian, respectively. However, in 
Serdang, Sri Pontian (258 cm) had a significantly higher 
plant height by 15.8% than Sri Kanji 2 (223 cm). As a 
result, it showed that N and K play an essential role in 
plant height. However, it requires higher rates of N and 
K to increase plant height even though the increase in 
plant height was slightly around 6 – 9%. This result is 
in harmony with the findings of de Oliveira et al. (2017), 
Thummanatsakun and Yampracha (2018) and Uwah et al. 
(2013) that N at high rates and K improved cassava plant 
height. The increase in photosynthetic tissue contributes 
to cell multiplication by producing carbohydrates in plant 
stems (Uwah et al. 2013) consequently increasing the 
size and length of the cassava stem. In addition, Gyasi 
Santo et al. (2021) reported that sufficient nutrients at the 
early vegetative stage contributed to the highly efficient 
partitioning of dry matter to enhance cell elongation, 
resulting in higher cassava plant height. According to 
Agyeman et al. (2022), high moisture content enhanced 
nutrient uptake, and photosynthate accumulation promoted 
the cassava plant height. The peat soil has a high natural 
moisture content, and the water holding capacity of 
Malaysian peat soil varies between 96% to 220%, but 
in Pontian, it recorded around 898.91% (Wahab et al. 
2022). In this study, the lower plant height of Sri Kanji 2 
compared to Sri Pontian cultivated at Serdang (clay soil) 
could be the phenotypic expression that showed that Sri 

Table 2. Physicochemical properties of topsoil (0–20 cm depth) of the two experimental sites

Parameters Serdang Pontian Optimum requirement
pH 4.6 5.9 4.5–7.0
CEC (cmol(+) kg-1) 8.2 114
Electrical conductivity (mS/m) 6.96 22.32
Total N (%) 0.15 1.6 0.20–0.50
Total P (%) 0.02 0.06 < 4.2
Exchangeable K (cmol(+) kg-1) 0.12 0.84 0.15–0.25

Exchangeable Na (cmol(+) kg-1) 0.069 0.178
Exchangeable Ca (cmol(+) kg-1) 0.796 49.145 0.25–1
Exchangeable Mg (cmol(+) kg-1) 0.187 15.064 0.40–1.00
Available Mn (ppm) 26.77 59.57 1.2–3.5
Available Zn (ppm) 25.44 39.4 1.0–3.0
Soil texture Clay Peat
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Kanji 2 dry matter partitioning in shoot and stem was 
lower under moisture stress. Our results confirm that Sri 
Kanji 2 generally had lower fresh leaves and stem weight 
(Table 3). On the other hand, in Pontian (peat soil), both 
had similar heights. 

	 There was a significant effect of location on fresh stem 
weight (Table 3). Stem weight at Pontian (35.9 t/ha) was 
higher by 61% than cassava grown at Serdang (22.3 t/
ha), and taller plant height in Pontian may contribute to 
the significant differences. Variety did not influence the 
fresh stem weight. Nitrogen significantly increased fresh 
stem weight from 0 kg/ha (25.4 t/ha) to 200 kg/ha (31.6 
t/ha) by 24.4% (Table 3). In addition, K also significantly 
influenced the fresh stem weight by 20.2% from 0 kg to 
200 kg/ha. Proportions of biomass in leaves, stems, and 
roots vary with nutrient supply at various growth stages 
however, fertiliser application significantly improved leaf 
biomass, resulting in a greater leaf area index (Adiele et al. 
2022). N is hugely vital in various physiological functions. 
It gives plants a dark green colour and helps them grow 
and develop their leaves, stems, and other vegetative 
parts (Leghari et al. 2016). In cassava, partitioning and 
utilisation of carbohydrates depend on photosynthesis and 
the plant’s ability to accumulate the carbohydrate for root 
development (Duque and Setter 2019). Our results suggest 
the significant contribution of N and K in fresh stem 
weight might be cassava plants’ importance in optimising 
plant vigour. Nitrogen is needed for high-yielding varieties 
to improve plant vigour to sustain a high photosynthesis 
rate and maximise carbohydrate production through more 
significant leaf numbers and greater cassava stem size 
(plant height) for carbohydrate storage. While K also 
plays a role in the supply and regulation of water in the 
plant and starch synthesis and translocation activities in 
the plant (Leghari et al. 2016). Thus, more vigorous stem 
size translates to fresh stem weight which is necessary 
for carbohydrate storage.
	 Cassava planted in Pontian was significantly higher 
in SSC (2.79%), than Serdang (2.74%) by 1.8%. The 
varieties, N and K, did not influence SSC. Our result 
corroborates the findings of Biratu et al. (2022) who 
reported no effect of SSC (%) content in cassava 
root planted at different locations following several 
combinations of NPK fertiliser, and is in line with 
Otache et al. (2017) who reported that the SSC content 
was 4.02 – 5.58% for the three cassava varieties studied. 
Plant sugar (SSC) levels play a vital role in regulating 
plant growth and development (Shi et al. 2016). Soluble 
sugars are extremely sensitive to environmental factors 
that affect the flow of carbohydrates from source organs 
to sink organs (Rosa et al. 2009). As the tuberous roots 
developed from the vegetative to the ripening stage, 
the soluble solid concentration in the leaves decreased 
while starch accumulation in the root tubers increased 
(Luo and Huang 2011). The present study indicates that 
the environment (location) in which cassava was grown 
in peat soil performed better than clay soil in SSC 
production. Low SSC (2.77%) also had considerably 
higher starch content (26.9%). The present results could 
indicate that low SSC in roots due to sugar has been 
synthesised to starch at the maturity stage and it appears 
to be a function of environment that might play a role in 
determining the SSC rather than nutrients.

Figure 3. Performance of plant height in different locations

	 The location significantly affected the weight of 
the fresh leaves. In Pontian (10.7 t/ha), cassava leaves 
production was significantly higher by 42.7% than 
cassava grown in Serdang (7.5 t/ha). Fresh stem weight in 
Pontian (35.9 t/ha) was significantly higher by 61% than 
in Serdang (22.3 t/ha). Plant height positively correlated 
with leaves weight because a higher plant provides great 
light interception and leaf area index, thus increasing the 
aboveground plant biomass (Mwamba et al. 2021). Thus, 
significant fresh leaf weight in Pontian than Serdang was 
contributed by plant height. In this study, variety did not 
influence the fresh leaves (Table 3) however, Sri Pontian 
had a higher weight of fresh leaves. Leaf formation is an 
important indicator for cassava to maintain growth and 
is associated with high root yields where leaf formation 
is consider a genetic trait (Imakumbili et al. 2019). 
Generally, higher shoot weight relatively having a larger 
stem girth translates to high-yielding cultivars (Adetoro et 
al. 2021). It is possible that both varieties (Sri Kanji 2 and 
Sri Pontian), locally known for high-yielding cultivars, 
have a similar genotype for leaf traits to sustain high 
root yield production. Thus, both varieties had similar 
fresh leaf weights. Our findings showed that greater 
fresh leaf weight in Sri Pontian does not necessarily 
produce a significant root yield than Sri Kanji 2. High N 
rates promote greater plant above-ground biomass and 
increased nitrogen uptake from the soil. As a result, the 
available nutrients in the soil were reduced (Sun et al. 
2020). Excessive N results in cassava canopies becoming 
overly demanding, forcing plants to limit transpiration, 
photosynthesis, carbohydrates, and, ultimately reducing 
the root yields (Omondi et al. 2019). According to Adetoro 
et al. (2021), most photosynthesis activities were used to 
maintain the vegetative parts and not converted to root 
formation. Thus, having greater aboveground biomass 
may only sometimes have a positive impact on cassava 
root yield production.



89

NurulNahar, E., Noor Ismawaty, N. and Mohd Rani, A.

Ta
bl

e 
3.

 A
na

ly
si

s 
of

 v
ar

ia
nc

e 
on

 c
as

sa
va

 p
er

fo
rm

an
ce

s 
un

de
r d

iff
er

en
t l

oc
at

io
ns

, N
 a

nd
 K

 ra
te

s

So
ur

ce
df

M
ea

n 
sq

ua
re

Pl
an

t h
ei

gh
t 

(c
m

)
Fr

es
h 

le
av

es
 

w
ei

gh
t (

t/h
a)

Fr
es

h 
st

em
 

w
ei

gh
t (

t/h
a)

So
lu

bl
e 

so
lid

 
co

nc
. (

%
)

C
ya

ni
de

 c
on

te
nt

 
(u

g/
g)

St
ar

ch
 c

on
te

nt
 

(%
)

Fr
es

h 
ro

ot
 

yi
el

d 
(t/

ha
)

St
ar

ch
 y

ie
ld

 
(t/

ha
)

H
ar

ve
st

 in
de

x

Lo
ca

tio
n 

(L
)

1
39

34
0.

13
**

4.
95

9*
*

30
.0

35
2*

*
0.

04
01

39
**

16
92

.6
5*

*
0.

62
35

ns
23

.3
34

2*
*

27
8.

08
7*

*
0.

62
9*

*
Se

rd
an

g
24

0.
9

7.
5

22
.3

2.
74

13
.4

27
69

.5
18

.9
0.

7
Po

nt
ia

n
28

7.
6

10
.7

35
.9

2.
79

23
.1

26
.8

55
.8

14
.9

0.
51

Va
rie

ty
 (V

)
1

36
35

.7
7*

0.
06

1n
s

0.
59

27
ns

0.
00

34
72

ns
69

.8
2n

s
0.

13
35

ns
1.

55
91

ns
35

.4
20

ns
0.

03
7*

Sr
i P

on
tia

n
27

1.
3

9.
1

29
.9

2.
76

17
.2

26
.9

60
.1

16
.2

0.
59

Sr
i K

an
ji 

2
25

7.
1

9
28

.2
2.

78
19

.2
27

.0
65

.2
17

.6
0.

63
N

itr
og

en
 (N

)
2

15
43

.7
2*

0.
82

2*
2.

07
98

*
0.

00
16

67
ns

16
5.

66
*

0.
16

85
ns

37
.9

05
1*

*
60

9.
26

9*
*

0.
05

82
*

0 
kg

/h
a

25
5.

9b
7.

9b
25

.4
b

2.
76

15
.3

b
26

.9
47

.4
c

12
.8

c
0.

57
b

10
0 

kg
/h

a
26

5a
b

9.
1a

b
30

.3
a

2.
78

19
.2

a
27

.0
56

.8
b

15
.4

b
0.

60
b

20
0 

kg
/h

a
27

1.
8a

10
.2

a
31

.6
a

2.
77

20
.2

a
26

.8
83

.8
a

22
.5

a
0.

66
a

Po
ta

ss
iu

m
 (K

)
2

33
66

.6
9*

0.
36

9n
s

1.
94

*
0.

00
54

17
ns

95
.9

7*
1.

00
01

*
7.

03
06

**
10

3.
11

1*
0.

01
85

*
0 

kg
/h

a
25

4.
9b

8.
9

27
.1

b
2.

77
ab

16
.9

b
26

.8
b

55
.3

b
14

.9
b

0.
58

b
10

0 
kg

/h
a

26
0.

3b
8.

4
27

.6
b

2.
79

a
20

.5
a

27
.1

a
61

.4
b

16
.7

b
0.

62
a

20
0 

kg
/h

a
27

7.
6a

9.
9

32
.6

a
2.

76
b

17
.2

b
26

.8
b

71
.2

a
19

.0
a

0.
63

a
L 

x 
V

79
87

.6
4*

*
0.

46
3n

s
0.

04
2n

s
0.

00
01

39
ns

55
.6

5n
s

0.
05

01
ns

0.
01

51
ns

0.
10

1n
s

0.
00

59
ns

V
 x

 N
2

35
.2

9n
s

0.
17

7n
s

0.
42

87
ns

0.
00

38
89

ns
78

.4
9*

0.
01

85
ns

0.
03

86
ns

1.
69

0n
s

0.
00

12
ns

V
 x

 K
2

24
.0

3n
s

0.
22

6n
s

1.
59

18
ns

0.
00

68
06

ns
30

.2
6n

s
0.

00
35

ns
0.

08
74

ns
2.

51
3n

s
0.

00
19

ns
L 

x 
N

2
28

.9
3n

s
0.

50
3n

s
1.

33
09

ns
0.

00
05

56
ns

19
0.

16
ns

0.
04

76
ns

41
.3

35
1*

*
63

7.
69

3*
0.

07
32

**
L 

x 
K

2
27

13
.9

5n
s

0.
16

9n
s

0.
00

64
ns

0.
00

68
06

ns
12

3.
12

ns
1.

28
76

*
5.

65
71

ns
94

.4
59

*
0.

04
44

*
N

 x
 K

4
53

5.
44

ns
0.

07
3n

s
0.

16
82

ns
0.

00
27

08
ns

21
.0

6n
s

0.
06

14
ns

0.
77

53
ns

19
.6

34
ns

0.
00

08
ns

L 
x 

N
 x

 K
4

41
7.

36
ns

0.
23

5n
s

0.
48

37
ns

0.
00

15
97

ns
66

.3
0n

s
0.

10
55

ns
0.

39
49

ns
21

.7
72

ns
0.

00
59

ns
Er

ro
r

44
43

7.
02

0.
20

6
0.

55
54

0.
00

20
51

23
.0

8
0.

23
35

0.
54

02
11

.7
43

0.
00

52
C

or
re

ct
ed

 to
ta

l
71

C
V

 
7.

9
15

.4
14

.1
1.

6
26

.4
1.

8
9.

6
20

.3
11

.8
M

ea
n

26
4.

2
9.

1
29

.1
2.

77
18

.2
26

.9
62

.6
16

.9
0.

6



90

Cassava cultivation in Malaysia

	 Cyanide content in Pontian (23.1 ug/g) was 
significantly higher by 72.4% than in Serdang (13.4 ug/g). 
Cyanide concentration in cassava leaves and roots appears 
to be under genetic control, and environmental stress 
could limit cyanide production (Tan 1995) and identical 
genotypes exhibited different concentrations than those 
from lowland and highland areas (Mushumbusi et al. 
2020). The significant differences in the cyanide content 
in Pontian and Serdang observed in the study corroborate 
Ndam et al. (2019), who described the potential of cyanide 
content in the roots varied due to different agro-ecological 
environments because of different soil types, humidity, 
temperature and climatic conditions during the time of 
harvest. Variety did not influence the cyanide content 
(Table 3). However, there was a significant interaction 
between the cultivar and N (Figure 4). Application of 100 
kg N/ha showed the highest cyanide content (20.13 ug/g) 
in Sri Pontian. In contrast, cyanide content increased as N 
levels increased from 0 (16.57 ug/g) to 200 kg/ha (22.85 
ug/g) in Sri Kanji 2. Although there was a significant 
interaction in how N determined the cyanide content in 
both varieties, the level of cyanide was not different in 
individual varieties. In addition, cyanide content in the 
roots tested at 12 months’ growth showed a significant 
response to K fertilizers. The cyanide content in roots 
from 0 kg K/ha (16.9 ug/g) to 100 kg K/ha (20.5 ug/g) 
increased by 21.3% and later decreased at 200 kg K/ha 
(17.2 ug/g). Our results  contradict the findings of Cuvaca 
et al. (2015) and Biratu et al. (2022), who reported no 
effects of cyanide content following fertiliser treatments. 
Reduction in the cyanide content is crucial because the 
consumption of unprocessed cassava roots could cause 
cyanide toxicity and lead to chronic and acute health 
problems due to cyanide poisoning (Ndubuisi and 
Chidiebere 2018). According to Imakumbili et al. (2019), 
low K in soils contributes to increased cyanide content, 
but this sometimes occurs. Jansson (1980) reported that 
an abundance of nitrogen often increases the presence of 
toxic elements in cassava, while and a balanced supply 
of K effectively mitigates the negative effects of excess 
nitrogen on quality, thus reducing cyanide content in 
cassava roots. Our studies suggest that applying either 
low or high levels of N and K to sweet cassava varieties 
could lower the cyanide content.

	 According to Chimphepo et al. (2022) starch content 
could be influenced by genetic and environment (G x E) 
interaction because the appreciable influence of location 
supports the cassava genotypes depending on soil 
properties that affect the diversity of organisms living in 
the soil environment and agronomic conditions. A study 
conducted by Phun-iam et al. (2018) found that starch 
content tended to increase with the increasing rate of N 
from 0 kg/ha to 125 kg/ha however, it decreased with 
added organic waste at 12.5 t/ha and a more considerable 
amount because N mineralisation may have occurred, and 
N excess in soil causes the reduction of starch accumulation 
in the roots. Exceeding a critical K in soil and receiving 
higher K inputs contributed to the lower starch content 
(Chua et al. 2020). Starch content is negatively associated 
with high soil N and Mg (Tan and Mak 1995). In the 
present study, the physicochemical properties of the soil in 
Pontian showed that N and K had exceeded the optimum 
requirement for optimal cassava growth, in which the 
starch content supposedly decreased significantly. While 
the starch content supposedly increased in Serdang due 
to additional N and K supply, as the N and K were lower 
than the optimum requirement in the soil. However, starch 
content in fresh cassava roots was not influenced by 
location, variety, and N levels (Table 3). The present study 
may explain that environment (location) and nitrogen 
may not play a role in starch contribution in cassava 
root because different soil conditions (i.e., physical and 
chemical properties) did not influence starch content. 
Despite that, there was a significant interaction between 
location and K. In Pontian, starch content in fresh roots 
decreased as K levels increased, the starch content was 
26.9% (0 kg/ha), 26.8% (100 kg/ha) and 26.7% (200 kg/
ha), but each K level had no difference (Figure 5). On 
the other hand, cassava planted in Serdang showed that 
at 100 kg K/ha significantly produced the highest starch 
content of 27.5%. There was no difference between 
0 kg K/ha (26.7%) and 200 kg K/ha (26.8%). For N 
and K interactions, synergistic interactions are widely 
recognised; they are significant for the yield and explain 
how the two affect root growth (Rietra et al. 2017). In 
contrast, plants must maintain a homeostatic balance 
between K+ and Mg2+ in response to changing nutrient 
status in the soil in order to grow and develop to their 
full potential. This is due to the antagonistic interactions 
of K+ and Mg2+ in their absorption, translocation, and 
distribution, but there are also shows of synergistic effects 
of K and Mg on photosynthesis, carbohydrate transport, 
and allocation (Xie et al. 2021). This study shows that 
the high Mg content in the soil, as recorded in Pontian, 
does not significantly interact with increasing K levels. 
However, as K increases, there is a reduction in starch 
content. On the other hand, in Serdang, the low Mg 
content shows a synergistic interaction between 0 kg/
ha - 100 kg/ha, while an antagonistic effect occurs when 
K is given at a very high rate (200 kg/ha). This study 
suggests that moderate K (100 kg/ha) can be considered 
to ensure optimum starch production.Figure 4. Cyanide content (ug/g) in Sri Pontian and Sri Kanji 

2 as affected by nitrogen levels
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	 There was a significant effect of location on fresh root 
yield (Table 3). However, there was also a significant 
interaction between location and N treatments. N levels 
did not influence fresh root yield for cassava grown in 
Serdang (Figure 6), but the fresh root yield was 72.2 t/ha 
(0 kg N/ha), 66.2 t/ha (100 kg N/ha) and 70.2 t/ha (200 
kg N/ha). While in Pontian, an increase of N significantly 
increased fresh root yield. The highest fresh root yield 
in Pontian was produced with 200 kg N/ha (97.4 t/ha), 
followed by 100 kg N/ha (47.4 t/ha) and 0 kg N/ha 
(22.6 t/ ha). 

slowly but continuously in the soil in an inorganic form 
and available to be taken by the cassava continuously 
from the beginning of the tuberisation process until 
ready for harvest. In contrast, the application of N in 
clay soil (Serdang) did not induce larger cassava fresh 
root yield increases, this could be due to poor structure 
soils. In poorly structured soil with restricted aeration, 
N limitation due to gaseous losses via denitrification 
and high organic carbon is needed in the clay soil to 
maintain soil structural stability and N uptake efficiency 
(Soinne et al. 2021). Variety did not influence the fresh 
root yield (Table 3). The fresh root yield of Sri Kanji 2 
(65.2 t/ha) was slightly higher than Sri Pontian (60.1 t/
ha) by 8.5%. This can be expected because Sri Kanji 2 
and Sri Pontian do not show significant differences based 
on the characterisation of the fresh root yield (Table 1). 
K levels significantly increased cassava fresh root yield 
from 0 kg/ha (55.3 t/ha) to 200 kg/ha (71.2 t/ha) by 
28.8%. There was no difference between 0 kg K/ha and 
100 kg K/ha (61.4 t/ha). In potatoes, K tends to increase 
photosynthesis, directly giving favours high energy for 
timely and appropriate nutrient translocation and water 
absorption by roots (Zelelew et al. 2019), facilitating 
the translocation of assimilates from the leaves to the 
tuber (Torabian et al. 2021). In sweet potatoes, K plays 
an essential role in the formation of tubers (Garfansa et 
al. 2018), favouring enzymatic processes, assimilating 
translocation, amino acid synthesis (Silva et al. 2022),  
carbohydrate formation and transformation (Zelelew et 
al. 2016). Focusing on cassava, the harvested storage 
roots contain relatively large amounts of K compared 
to other plant parts (Chua et al. 2020), which translates 
to the importance of K in yield development. Based on 
these previous studies for root crops, K is essential for 
root (tuber) production. 
	 Starch yield (t/ha) is the product of starch content 
(%) multiplied by the fresh root yield (t/ha). There was 
a significant effect of location on starch yield (Table 3). 
However, there was also a significant interaction between 
location and N and between location and K.  Nitrogen 
levels varied in starch production in both locations. 
In Pontian, the starch yield increased significantly in 
line with the N levels (Figure 7). Control (0 kg N/ha) 
significantly produced the lowest starch yield of 6.1 t/
ha, while 100 kg N/ha and 200 kg N/ha produced 12.7 t/
ha and 26.0 t/ha, respectively. N did not influence starch 
yield in Serdang. The starch yield was 19.5 t/ha, 18.0 
t/ha and 19.0 t/ha with the application of 0 kg N/ha, 
100 kg N/ha and 200 kg N/ha, respectively. Similarly, 
K significantly affected starch yield in Pontian but not 
in Serdang (Figure 8). The starch yield in Pontian was 
significantly highest, with K applied at the rate of 200 
kg/ha (19.1 t/ha) but did not differ from 100 kg/ha (14.7 
t/ha). The lowest starch yield of 11.0 t/ha was produced 
with 0 kg K/ha. On the other hand, in Serdang, the K rate 
does not positively impact starch yield production. K rates 
at 0 kg/ha, 100 kg/ha and 200 kg/ha yielded 19.5 t/ha, 
18.0 t/ha and 19.0 t/ha of the starch yield, respectively 
(Figure 8). Variety did not influence cassava starch yield. 

Figure 5. Starch content (%) in Pontian and Serdang as affected 
by potassium levels

Figure 6. Fresh cassava root yield (t/ha) in Pontian and Serdang 
as affected by nitrogen levels

	 The nitrogen content of tropical peat soils is high, but 
it is in organic form because of the slow N mineralisation, 
and the acidity of peat soils, the availability of inorganic 
N is low (Choo et al. 2020). However Zhang et al. (2015) 
found that excessive N fertilisation can significantly 
increase net N mineralisation. The low inorganic N 
availability for plant uptake in the peat soil could be 
enhanced by applying a substantial amount of N fertilisers 
(Choo et al. 2022). Tuberisation is the process through 
which a fibrous root becomes a tuberous root designed 
to store carbohydrates by an increase in root thickness 
and occurs three months after planting (Figueiredo et al. 
2015). The current study suggests that the high application 
of N in Pontian may benefit fresh root yield production. 
The possible reason was that slow mineralisation in peat 
soil could benefit in terms of N availability releasing 
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However, the starch yield of Sri Kanji 2 (17.6 t/ha) was 
higher than Sri Pontian (16.2 t/ha) by 8.6% because of the 
more outstanding fresh root yield production. As starch 
yield is a product of fresh root yield and starch content, 
it is not surprising that the trends are similar to fresh root 
yields.

the harvest index in Pontian (Figure 10). K at the rate of 
200 kg/ha produced the highest HI of 0.57, followed by 
100 kg/ha (0.54) and 0 kg/ha (0.44). In Serdang, the HI 
was 0.72 (0 kg K/ha), 0.71 (100 kg K/ha) and 0.68 (200 
kg K/ha). The harvest index (HI) is the ratio of a crop’s 
economic yield to its biomass production, assessed 12 
months after planting. In this study, higher aboveground 
(fresh leaves and stem weight) over fresh root yield of 
cassava grown in Pontian led to lower HI than in Serdang. 
An increase in N and K in Serdang may lead to lower 
HI. In contrast, an increase in N and K improved HI for 
cassava grown in Pontian. 

Figure 7. Cassava starch yield (t/ha) in Pontian and Serdang 
as affected by nitrogen levels

Figure 8. Cassava starch yield (t/ha) in Pontian and Serdang 
as affected by potassium levels

	 Harvest index (HI) was calculated as the ratio of fresh 
root yield to fresh total biomass. The HI is closely related 
to higher commercial yields due to the quantity produced 
and quality of the obtained product (Henrique Campos 
de Almeida et al. 2016). There was a significant effect of 
variety on HI. Sri Kanji 2 (0.63) significantly has a much 
higher harvest index than Sri Pontian (0.59). The present 
study indicates that Sri Kanji 2, the bitter cultivar, may 
also be used for food and food products such as an edible 
cultivar (sweet variety) due to its lower cyanide content. 
There was a significant interaction between location 
and N and location and K. In Pontian, HI significantly 
increased with the N increases (Figure 9). The HI was 
0.42 (0 kg N/ha), 0.51 (100 kg N/ha) and 0.62 (200 kg N/
ha), respectively. On the other hand, N did not influence 
the HI in Serdang. The harvest index was 0.72 (0 kg N/
ha), 0.70 (100 kg N/ha) and 0.69 (200 kg N/ha), which 
indicates that the HI decreased as the N rates increased. 
We found similar results for K applied to the cassava 
plants in Pontian and Serdang. K significantly improved 

Figure 9. Harvest index in Pontian and Serdang as affected 
by nitrogen levels

Figure 10. Harvest index in Pontian and Serdang as affected 
by potassium levels

Conclusion 

The effectiveness of nitrogen and potassium in cassava 
growth, quality, and root production by different locations 
(i.e., clay and peat soils) and varieties was compared in the 
present study. Plant height differed according to significant 
interaction between location and variety, indicating that 
the contributions of the plant varied due to soil types. 
The increases of N and K improved the plant height. 
The fresh leaves’ weight differed according to location 
and N supply to the cassava plants. High N increased 
the leaves’ weight. Similar findings in the fresh stem 
weight, but an additional K supply to cassava increases the 
stem weight. Cassava root quality, such as soluble solid 
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concentration, only differed between locations indicating 
that the environment might play a role in determining the 
SSC rather than nutrients. Applying either high or low N 
and K could lower the cyanide content, while moderate N 
and K tend to increase the cyanide content. Starch content 
differed according to the significant interaction between 
location and K. The present study suggests moderate K 
(100 kg/ha) promotes optimum starch production. The 
fresh root yield differed according to the significant 
interaction between location and N and differed according 
to K levels. Sri Kanji 2 and Sri Pontian had similar fresh 
root weights of 62.6 t/ha. N levels did not influence fresh 
root yield for cassava grown in Serdang. While in Pontian, 
an increase of N significantly increased fresh root yield. 
K levels significantly increased cassava fresh root yield 
from 0 kg/ha (55.3 t/ha) to 200 kg/ha (71.2 t/ha) by 
28.8%. These results indicated that soil conditions are 
important in deciding N management, but K is essential 
for root development. As starch yield is a product of fresh 
root yield and starch content, it is not surprising that 
the trends are similar to fresh root yields. In this study, 
higher aboveground (fresh leaves and stem weight) over 
fresh root yield of cassava grown in Pontian led to lower 
HI than in Serdang. An increase in N and K in Serdang 
may lead to lower HI. In contrast, an increase in N and 
K improved HI for cassava grown in Pontian. To avoid 
nutrient depletion for long-term cassava cultivation and 
based on NPK requirements for cassava at a ratio of 2:1:2 
or 2:1:3, we recommend 100:50:100 and 200:100:200 for 
clay soil and peat soil, respectively.

Acknowledgement

The authors thank Abd Karim Ramli, Mohamad Hafizi 
Mohd Zamberi, Shahrul Redzuan, Mohd Rasali Musa, 
Ridzuan bin Ahmad Radzi, Mohd Yazid Dzulkifli, Mohd 
Rizal Md Yasin and Nur Ashikin Rasid for their technical 
help. 

References

Adetoro, N. A., Oworu, O. O., Nassir, A. L., Bello, A., Parkes, E., 
Ogunbayo, S. A., Akinwale, M. G., Aina, O. O., Afolabi, 
A., Iluebbey, P., Sanni, L. O., Maziya-Dixon, B., Dixon, 
A. & Kulakow, P. (2021). Evaluation of improved cassava 
genotypes for yield and related traits for a better breeding 
strategy under different agroecologies in Nigeria. Euphytica, 
217(73). doi.org/10.1007/s10681-021-02798-9

Adiele, J. G., Schut, A. G. T., Ezui, K. S. & Giller, K. E. (2022). 
LINTUL-Cassava-NPK: A simulation model for nutrient-
limited cassava growth. Field Crops Research, 281. doi.
org/10.1016/j.fcr.2022.108488

Agyeman, K., Brempong, M. B., Berchie, J. N., Keteku, A., 
Adomako, J., Danquah, E. O., Marno, P., Dogbe, R. & 
Poku, P. A. (2022). Prospects for intensifying soil fertility 
management on the growth and yield of cassava in Ghana. 
Journal of Biology, Agriculture and Healthcare, 12(18), 
19–31. doi.org/10.7176/jbah/12-18-03

Biratu, G. K., Elias, E., & Ntawuruhunga, P. (2019). Soil fertility 
status of cassava fields treated by integrated application of 
manure and NPK fertilizer in Zambia. Environmental Systems 
Research, 8(3). doi.org/10.1186/s40068-019-0131-7

Biratu, G. K., Elias, E., & Ntawuruhunga, P. (2022). Does 
the application of mineral and organic fertilizer affect 
cassava tuber quality? An evidence from Zambia. Journal 
of Agriculture and Food Research, 9. doi.org/10.1016/j.
jafr.2022.100339

Chimphepo, L., Monjerezi, M., Alamu, E. O., Ntawuruhunga, P., 
& Saka, J. D. K. (2022). Effects of genotype by environment 
interaction on agronomic and functional flour properties 
among cassava genotypes targeted for industrial use. Annals 
of Agricultural Sciences, 67, 147–157. doi.org/10.1016/j.
aoas.2022.08.001

Choo, L. N. L. K., Ahmed, O. H., Razak, N. A., & Sekot, S. 
(2022). Improving nitrogen availability and Ananas comosus 
L. Merr var. Moris productivity in a tropical peat soil using 
clinoptilolite zeolite. Agronomy, 12(2750). doi.org/10.3390/
agronomy12112750

Choo, L. N. L. K., Ahmed, O. H., Talib, S. A. A., Ghani, M. Z. 
A., & Sekot, S. (2020). Clinoptilolite zeolite on tropical 
peat soils nutrient, growth, fruit quality, and yield of Carica 
papaya L. CV. sekaki. Agronomy, 10(1320). doi.org/10.3390/
agronomy10091320

Chua, M. F., Youbee, L., Oudthachit, S., Khanthavong, P., 
Veneklaas, E. J., & Malik, A. I. (2020). Potassium fertilisation 
is required to sustain cassava yield and soil fertility. 
Agronomy, 10(1103). doi.org/10.3390/agronomy10081103

Cuvaca, I. B., Eash, N. S., Zivanovic, S., Lambert, D. M., Walker, F., 
& Rustrick, B. (2015). Cassava (Manihot esculenta Crantz) 
tuber quality as measured by starch and cyanide (HCN) 
affected by nitrogen, phosphorus, and potassium fertilizer 
rates. Journal of Agricultural Science, 7(6), 36–49. doi.
org/10.5539/jas.v7n6p36

de Oliveira, N. T., Uchôa, S. C. P., Alves, J. M. A., de Albuquerque, 
J. de A. A., & Rodrigues, G. S. (2017). Effect of harvest 
time and nitrogen doses on cassava root yield and quality. 
Revista Brasileira de Ciencia Do Solo, 41. doi.org/10.1590
/18069657rbcs20150204

DOA. (2022). Booklet statistik tanaman (sub-sektor tanaman 
makanan). In Jabatan Pertanian Malaysia.

Duque, L. O., & Setter, T. L. (2019). Partitioning index and non-
structural carbohydrate dynamics among contrasting cassava 
genotypes under early terminal water stress. Environmental 
and Experimental Botany, 163, 24–35. doi.org/10.1016/j.
envexpbot.2019.03.023.

Ezui, K. S., Franke, A. C., Ahiabor, B. D. K., Tetteh, F. M., 
Sogbedji, J., Janssen, B. H., Mando, A., & Giller, K. E. 
(2017). Understanding cassava yield response to soil and 
fertilizer nutrient supply in West Africa. Plant and Soil, 420, 
331–347. doi.org/10.1007/s11104-017-3387-6

Figueiredo, P. G., de Moraes-Dallaqua, M. A., Bicudo, S. J., 
Tanamati, F. Y., & Aguiar, E. B. (2015). Development of 
tuberous cassava roots under different tillage systems: 
Descriptive anatomy. Plant Production Science, 18(3), 
241–245. doi.org/10.1626/pps.18.241

Garfansa, M. P., Sudiarso, & Suminarti, N. E. (2018). Effect 
of potassium application on growth and yield of sweet 
potato varieties (Ipomoea batatas L.). Russian Journal of 
Agricultural and Socio-Economic Sciences, 11(83), 346–352. 
doi.org/10.18551/rjoas.2018-11.41

Gyasi Santo, K., Afreh Ntiamoah, D., Mawuenyegan Norshie, P., & 
Muntala, A. (2021). Growth and yield traits of two improved 
cassava (Manihot esculenta Crantz) cultivars under poultry 
manure and NPK fertilizers. Scholars Journal of Agriculture 
and Veterinary Sciences, 8(2), 20–32. doi.org/10.36347/
sjavs.2021.v08i02.004



94

Cassava cultivation in Malaysia

Henrique Campos de Almeida, L., Carlos de Oliveira, E., 
Miglioranza, É., & Losada Valle, T. (2016). Sweet cassava 
growing, yield and harvest indexes in different population 
densities. American-Eurasian Journal of Agriculture and 
Environment Science, 16(2), 252–256. doi.org/10.5829/idosi.
aejaes.2016.16.2.12723

Howeler, R. H. (2007). Agronomic practices for sustainable cassava 
production in Asia. In R. H. Howeler (Ed.), Cassava research 
and development in Asia: Exploring new opportunities 
for an ancient crop: Proceedings of the seventh regional 
workshop held in Bangkok, Thailand, Oct 28-Nov 1, 2002 
(pp. 288–314). Centro Internacional de Agricultura Tropical 
(CIAT), Cassava Office for Asia, Bangkok. 

Howeler, R. H., & Ceballos, H. (2006). CIAT Initiatives on 
Cassava Improvement in Asia. In R. H. Howeler & S. L. 
Tan (Eds.), Cassava’s potential in Asia in the 21st Century: 
Present situation and future research and development needs: 
Proceedings of the sixth Regional workshop, held in Ho Chi 
Minh City, Vietnam, Feb. 21-25, 2000 (pp. 25–31). Centro 
Internacional de Agricultura Tropical (CIAT), Bangkok.

Imakumbili, M. L. E., Semu, E., Semoka, J. M. R., Abass, A., 
& Mkamilo, G. (2019). Soil nutrient adequacy for optimal 
cassava growth, implications on cyanogenic glucoside 
production: A case of konzo-affected Mtwara region, 
Tanzania. PLoS ONE, 14(5). doi.org/10.1371/journal.
pone.0216708

Jansson, S. L. (1980). Potassium requirements of crops. In 
Potassium Requirements of Crops. IPI Research Topic No. 
7 (pp. 47–62). International Potash Institute.

Khairol, I., & Wan Zaki, W. M. (2013). Peluang penanaman 
integrasi ubi kayu-kelapa. Buletin Teknologi MARDI, 3, 
47–55. 

Leghari, S. J., Wahocho, N. A., Laghari, G. M., HafeezLaghari, 
A., MustafaBhabhan, G., HussainTalpur, K., Bhutto, T. A., 
Wahocho, S. A., & Lashari, A. A. (2016). Role of nitrogen 
for plant growth and development : A review. Advances in 
Environmental Biology, 10(9), 209–218.

Luo, X., & Huang, Q. (2011). Relationships between leaf and stem 
soluble sugar content and tuberous root starch accumulation 
in cassava. Journal of Agricultural Science, 3(2), 64–72. doi.
org/10.5539/jas.v3n2p64

Moore, K. J., & Dixon, P. M. (2015). Analysis of combined 
experiments revisited. Agronomy Journal, 107(2), 763–771. 
doi.org/10.2134/agronj13.0485

Mushumbusi, C. B., Max, R. A., Bakari, G. G., Mushi, J. R., & 
Balthazary, S. T. (2020). Cyanide in cassava varieties and 
people’s perception on cyanide poisoning in selected regions 
of Tanzania. Journal of Agricultural Studies, 8(1), 181–193. 
doi.org/10.5296/jas.v8i1.15511

Mwamba, S., Kaluba, P., Moualeu-Ngangue, D., Winter, E., 
Chiona, M., Chishala, B. H., Munyinda, K., & Stützel, 
H. (2021). Physiological and morphological responses 
of cassava genotypes to fertilization regimes in chromi-
haplic acrisols soils. Agronomy, 11(1757). doi.org/10.3390/
agronomy11091757

Ndam, Y. Y., Mounjouenpou, P., Kansci, G., Kenfack, M. J., Fotso 
Meguia, M. P., Natacha Ngono Eyenga, N. S., Mikhaïl 
Akhobakoh, M., & Nyegue, A. (2019). Influence of cultivars 
and processing methods on the cyanide contents of cassava 
(Manihot esculenta Crantz) and its traditional food products. 
Scientific African, 5. doi.org/10.1016/j.sciaf.2019.e00119

Ndubuisi, N. D., & Chidiebere, A. C. U. (2018). Cyanide in 
cassava: A review. International Journal of Genomics and 
Data Mining, 2(1). doi.org/10.29011/2577-0616.000118

NurulNahar, E., & Tan, S. L. (2012). Cassava mini-cuttings as 
a source of planting material. Journal of Agricultural and 
Food Science, 40(1).

Nwokoro, O., Ogbonna, J. ., & Okpala, G. . (2009). Simple picrate 
method for the determination of cyanide in cassava flour. 
Bio-Research, 7(2), 502–504. doi.org/10.4314/br.v7i2.56582

Omondi, J. O., Lazarovitch, N., Rachmilevitch, S., Yermiyahu, 
U., & Sperling, O. (2019). High nitrogen availability limits 
photosynthesis and compromises carbohydrate allocation to 
storage in roots of Manihot esculenta Crantz. Frontiers in 
Plant Science, 10(1041). doi.org/10.3389/fpls.2019.01041

Otache, M., Agbajor, G., Akpovona, A., & Ogoh, B. (2017). 
Quantitative determination of sugars in three varieties of 
cassava pulp. Asian Journal of Chemical Sciences, 3(3), 
1–8. doi.org/10.9734/ajocs/2017/37112

Phun-iam, M., Anusontpornperm, S., Thanachit, S., & 
Kheoruenromne, I. (2018). Yield response of cassava Huay 
Bong 80 variety grown in an Oxyaquic Paleustult to cassava 
starch waste and nitrogen fertilizer. Agriculture and Natural 
Resources, 52, 573–580. doi.org/10.1016/j.anres.2018.11.026

Rietra, R. P. J. J., Heinen, M., Dimkpa, C. O., & Bindraban, P. 
S. (2017). Effects of nutrient antagonism and synergism on 
yield and fertilizer use efficiency. Communications in Soil 
Science and Plant Analysis, 48(16), 1895–1920. doi.org/10
.1080/00103624.2017.1407429

Rosa, M., Prado, C., Podazza, G., Interdonato, R., González, J. A., 
Hilal, M., & Prado, F. E. (2009). Soluble sugars-metabolism, 
sensing and abiotic stress a complex network in the life of 
plants. Plant Signaling and Behavior, 4(5), 388–393. doi.
org/10.4161/psb.4.5.8294

Shi, H., Wang, B., Yang, P., Li, Y., & Miao, F. (2016). Differences 
in sugar accumulation and mobilization between sequential 
and non-sequential senescence wheat cultivars under natural 
and drought conditions. PLoS ONE, 11(11). doi.org/10.1371/
journal.pone.0166155

Silva, L. D. R., Oliveira, A. P. De, Cruz, J. M. F. D. L., Sousa, 
V. F. D. O., Silva, A. J., & Silva, M. C. (2022). Sweet 
potato yield in response to different potassium sources and 
splitting of fertilization. Brazilian Journal of Agricultural 
and Environmental Engineering, 26(7), 527–532.

Soinne, H., Keskinen, R., Räty, M., Kanerva, S., Turtola, E., 
Kaseva, J., Nuutinen, V., Simojoki, A., & Salo, T. (2021). 
Soil organic carbon and clay content as deciding factors for 
net nitrogen mineralization and cereal yields in boreal mineral 
soils. European Journal of Soil Science, 72, 1497–1512. doi.
org/10.1111/ejss.13003

Sun, J., Li, W., Li, C., Chang, W., Zhang, S., Zeng, Y., Zeng, 
C., & Peng, M. (2020). Effect of different rates of 
nitrogen fertilization on crop yield, soil properties and leaf 
physiological attributes in banana under subtropical regions 
of China. Frontiers in Plant Science, 11. doi.org/10.3389/
fpls.2020.613760

Tan, S. L. (1995). Factors affecting cyanide content in cassava 
(Manihot esculenta Crantz). Journal of Tropical Agriculture 
and Food Science, 23(2), 121–131.

Tan, S. L. (2001a). Two new cassava starch clones, Rayong 90 and 
OMR 36-05-24. Journal of Agricultural and Food Science, 
29(2), 121–130.

Tan, S. L. (2001b). Cassava breeding and agronomy research in 
Malaysia during the past 15 Years. In R. H. Howeler & S. L. 
Tan (Eds.), Cassava’s potential in Asia in the 21st Century: 
Present situation and future research and development needs: 
Proceedings of the sixth Regional workshop, held in Ho Chi 
Minh City, Vietnam, Feb. 21-25, 2000 (pp. 204–215). Centro 
Internacional de Agricultura Tropical (CIAT), Cassava Office 
for Asia, Cali, CO.

Tan, S. L., & Abd Rahman, A. (2001). A new cassava table clone 
, SM 1542-19. Journal of Agricultural and Food Science, 
29(2), 131–137.

Tan, S. L., & Mak, C. (1995). Genotype × environment influence 
on cassava performance. Field Crops Research, 42, 111–123. 
doi.org/10.1016/0378-4290(95)00016-J



95

NurulNahar, E., Noor Ismawaty, N. and Mohd Rani, A.

Thummanatsakun, V., & Yampracha, S. (2018). Effects of 
interaction between nitrogen and potassium on the growth 
and yield of cassava. International Journal of Agricultural 
Technology, 14(7), 2137–2150.

Torabian, S., Farhangi-Abriz, S., Qin, R., Noulas, C., Sathuvalli, 
V., Charlton, B., & Loka, D. A. (2021). Potassium: A vital 
macronutrient in potato production—a review. Agronomy, 
11(543). doi.org/10.3390/agronomy11030543

Uwah, D. F., Effa, E. B., Ekpenyong, L. E., & Akpan, I. E. 
(2013). Cassava (Manihot esculenta Crantz) performance 
as influenced by nitrogen and potassium fertilizers in Uyo, 
Nigeria. Journal of Animal and Plant Sciences, 23(2), 
550–555.

Wahab, A., Hasan, M., Kusin, F. M., Embong, Z., Zaman, Q. U., 
Babar, Z. U., & Imran, M. S. (2022). Physical properties of 
undisturbed tropical peat soil at Pekan district, Pahang, West 
Malaysia. International Journal of Integrated Engineering, 
14(4), 403–414. doi.org/10.30880/ijie.2022.14.04.031

Xie, K., Cakmak, I., Wang, S., Zhang, F., & Guo, S. (2021). 
Synergistic and antagonistic interactions between potassium 
and magnesium in higher plants. Crop Journal, 9, 249–256. 
doi.org/10.1016/j.cj.2020.10.005

Zelelew, D. Z., Lal, S., Kidane, T. T., & Ghebreslassie, B. M. 
(2016). Effect of potassium levels on growth and productivity 
of potato varieties. American Journal of Plant Sciences, 7, 
1629–1638. doi.org/10.4236/ajps.2016.712154

Zelelew, D. Z., Lal, S., Kidane, T. T. & Ghebreslassie, B. M. 
(2019). Effect of potassium levels on growth and productivity 
of potato varieties. Journal of Agriculture and Natural 
Resources, 2(2), 274–281. doi.org/10.3126/janr.v2i1.26090

Zhang, X., Wang, Q., Xu, J., Gilliam, F. S., Tremblay, N. & Li, 
C. (2015). In situ nitrogen mineralization, nitrification, and 
ammonia volatilization in maize field fertilized with urea in 
Huanghuaihai Region of Northern China. PLoS ONE, 10(1). 
doi.org/10.1371/journal.pone.0115649


