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ABSTRACT

A field experiment was cc ‘ted to find out a combination dose of a novel organic fertilizer (Organonitrophos, OP)
and inorganic fertilizers m; and K) for the growth and yield of cassava (Manihot esculenta Crantz) during two
inting periods of 2012-2013 and 2013- 2014 in ultisol soil (low in nutrients and organic mat&} ) of Bandarlampung.
treatments were a six combination of organic and inorganic fertilizer. The experiments were laid out in a randomized
block design with three replications. The difference combination of Organonitrophos and NPK fertilizers showed
significantly effects on the plant height, the NPK sorption of total plant and total root, and the yields of cassava.
The highest NPK sorption of total plants and total yields and the highest yields of cassava were found in
N,P K _OP

457 367120 1000

kg ha' combination for the two planting periods. Based on Relative Agmnpric Effectiveness
(RAE) of cassava root yield, it can be concluded that 45-36-120-1,000 N-P-K-Organonitrophos

¢ ha! was the best

combination dose of inorganic and organic fertilizers for the production of cassava in ultisol soil of Bandarlampung.
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INTRODUCTION

In Indonesia ssava (Manihot esculenta Crantz.)
is a very popular food source after paddy and corn
that is consumed directly by people and as a raw
material for various industries. Increased public
interest in utilizing cassava as food is one of the
positive indications for the achievement of food
diversification efforts in support of food security in
Indonesia. Cassava plants with several advantages
agronomic characters such as tolerance to drought,
soil pH, low nutrient levels, as well as pests and
diseases have a huge potential to be developed into
one of the alternative food commodities. Cassava
is also a nutritious food. A 100 g of fresh cassava
tubers contains 157 cal,0.70 protein,0.20 g fat, 38.10
g carbohydrate, 50 mg calcium, 40 mg phosphorus,
0.60 mg fiber, 25.20 mg vita C,and 59 .4 g water
(FAO 1997). Even cassava leaves contain up to 25
percent protein, on a dry weight basis (Chavez et
al. 2000).

However, total production of cassava in
Indonesiais still low. In 2012, it reached 24,177 372
ton with land area of 1,129,688 ha equal to 21 Mg ha'!
yr'; while in Lampung Province, it reached 8,387 351
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ton with land area of 324,749 haequal to 26 Mg ha'!
yr! (Indonesian Statistical Centre Bureau 2013). One
of the constraints to improve the productivity of
cassava in Indonesia is low fertility of ultisol soils
that have a high of soil acidity and aluminu
saturation, a low of macro nutrients (especially g
K, Ca and Mg) and organic rs content
(Prasetyo and Suriadikarta 2006). To improve the
fertility of ultisol soil and to increase the yields of
cassava, the application of fertilizers are necessary.
Especially cassava as a crop that transports nutrients
from the soil in large quantities. When cassava
produces 37 Mg ha! of root fresfgveight, it will
transporting nutrients as much as 198 kg N, 70 kg
PO, 220kg K,0.47 kg MgO, 143 kg CaO,and 19
kg S ha! (Roy et al. 2006). Therefore, additional
nutrients with a rate at least equal to that transported
are neded at each growing season.

Beside inorganic fertilizers (N, P and K),
organic fertilizers are important to be considered as
a part of nutrient management. Since an organic
matter is important to support plant productivity as
well as to maintain soil condition to achieve a
sustainable agriculture. Organonitrophos is a novel
organic fertilizer made from fresh cow manures and
rock phosphates as raw materials which is enriched
by nitrogen fixer and phosphorus solubilizer
microbes. Hopetully the application of
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Organonitophos as orga@ fertilizer combined to
inorganic fertilizer could reduce th of inorganic
fertilizer. Therefore, the researc ind the best
combination dose of inorganic and organic fertilizers
to get the optimal growth and yield of cassava in
ultisol soil was important to do.

HATERIALS AND METHODS

Experimental Site and Soil Characteristics

The experiment was conducted at Integrated
Field Laboratory of University of Lampung,
Bandarlampung, Indonesia during the seasons of
May 2012 to February 2013 and March 2013 to
January 2014. The experimental site was located at
Gedungmeneng at about 5"20” south latitude and
105°14°38" east longitu@® The experimental plot
was having silty clay soil. The soil was slightly acidic
(pH of 6.4) and low in organic carbon (2.25%) and
in available-P (7.2 ppm) (Table 1).

Treatment Details, Inorganic and Organic
Fertilizer Application

The treatment combinations of an inorganic
(NPK) and organic (Organonitrophos, OP) fertilizer
were: Tl=na@e nutrient (control), T2=
N,.P K., OP, kg ha'!, T3=N_.P. K _OP_ kg

907 1087 240 180 S00

ha_l’ T4 =N45P.\6K|3(]0Pu]:](] kg ha_l’
T5=N,,.P K . PE, kg ha!, and
T6=N P K OP,, kg ha".

The study was conducted in a randomized block
design with three replications. Organic fertilizer
(Drganonitrolms‘) and Urea, Superphosphate 36%
(SP-36), KCl were used as the sources of N, P, and
K, respectively. Organonitrophos was applie e
week before planting. The entire quantities of Pand
K were applied at 2 weeks after planting (WAP)
and mixing into the soil. Nitrogen was dressed at 2
and 16 WAP.

Planting and Harvesting

Cassava (Mam'fn esculenta Crantz.) variety
of UJ-5 (Cassesart) was used as a test crop. The
unit plot sizepy@s 3 m x 3 m. Cassava plants were
planted with & spacing of 1 m x 0.5 m on 2™ May
and 5" March of 2012 and 2013, respectively and
they were harvested on 10" February and 12"
January of 2013 and 2014, respectively.

Intercultural Operation

The field was intensively kept free from weeds
for the first three months. Thereafter, weeding was
done mechanically if the weed reached crop
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damage threshold. Plants were watered rutinously
if no rainfall. If there was rainfall, subsequently
watering was done after the soil dried. Dead leaves
were removed regularly from the field. Pests and
diseases were controlled mechanically. Controlling
of plant bedbugs was done by spraying with water
s0 that their population would be reduced.

oil Sampling and Chemical Analysis

Soil samples wer llected, dried and ground
for chemical analysis. Soil pH was determined by
glass electrode pH meter (1:2.5) and organic carbon
by wet oxidation method (Walkey and Black 1935).
Total N content of soil was determined by using the
the Kjeldahl method (Jackson 1973), whereas
availableg®, exchangeable K by using 0.5M
NaHCO, (pH 8.5) and NH O Ac extraction method,
respectively, as outline by Page ef al. (1982).

Data Collection

Yield attributes (plant height, total plant @sh
weight, total plant dry weight, total root fresh weight
and total root dry weight) and NPK sorption of total
plant and total root of cassava were recorded from
10 randomly selected plants. Cassava yield per plot
was recorded and based on that, per hectare yield
was calculated.

gatistical Analysis

The analysis of variance for yield attributes and
NPK sorption was done followipa the ANOVA
(Analysis of Variance) test and the mean values
were compared by can Multiple Range Test
(DMRT) at 5% level (Steel and Torrie 1960). One-
way ANOVA table was used to perform this
analysis. A correlation test was done to perform
correlation between NPK sorption and a total plant
and total root dry weight.

24
SULTS AND DISCUSSION

Effect of Fertilizers on the Fertility Status of
the Soil

Soil fertility status of of the experimental field
was only htly affected by the application of
fertilizer le 1). Soil organic-C and soil total-N
was not affected by all fertilizer treatments at 2012-
13 and 2013-14 growing season, respectively.
However, there was decreasing soil total-N at 2013-
14 compared to 2012-13 growing season. This was
likely due to lost of nitrogen uptaking by cassava
plant during the two growing season. While, soil pH,
soil exchangeable-K, and soil available-P increased
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Table 1. Fertility status of soils of the experimental field

Planting

Treatment

169

Soil property Val
O PIOPELY e T v 3 T4 T5 6
Total-N Initial 021
(%) 2012-2013 0.20 0.25 031 042 0.66 0.39
M) (M) (M) (M) (H) (M)
2013-2014 0.09 0.15 0.15 0.15 0.17 0.15
L (L) (L) (L) (L) (L)
Available-P Initial 72
(ppm) 2012-2013 6.31 23.69 16.05 8.08 19.26 16.47
9] (VH) (VH) (M) (VH) (VH)
2013-2014 9.80 35.92 24.28 14.75 11.05 26.95
M) (VH) (VH) (H) (H) (VH)
Exchangeable Initial 06l
K (cmol kg'')  2012-2013 045 0.88 078 0.63 0.65 073
(M) (H) (H) (H) (H) (H)
2013-2014 0.66 1.03 1.04 0.90 0.94 1.05
(H) (VH) (VH) (H) (H) (VH)
Organic-C Initial 225
(%) 2012-2013 1.82 1.74 209 1.82 1.98 249
L (L) M) (L) (L) (M)
2013-2014 142 1.49 144 1.52 1.52 144
® L) (L) (L) (L) (L)
pH (H,0) Initial 64
2012-2013 6.50 7.30 7.10 6.90 7.10 7.10
(8A) (N) (N) (N) (N) (N)
2013-2014 640 6.71 6.63 6.65 6.4 691
(5A) N) (N) ( (5A) (N)
Notes: TI=N P K OP kg ha' (native nutrient, control), T2=N, P K. OP kgha' T3=N_.P K OP
kg ha'', T4=N P K, OP s ha', T5=N,, P K OP, kg ha!, and T6=NP K OP_ kg ha'. SA

(Slightly acid), N (Neutral),

by the application of fertilizer treatments compared
to control ) both for 2012-13 and 2013-14.
Increasing soil available-P was likely due to the
application of inorganic fertilizer (Superphosphate
36%, SP-36) as well as organic fertilizer
(Organonitrophos, OP) which contained 20 percent
of rock phosphate in its composition that gave slow
release during the growing periode of cassava.
Gomezet al. (1980) reported that good soil fertility
and adequate fertilizer increased the yield potential
of cassava.

ect of Fertilizers on the Growth Parameter
of Cassava

Plant height of cassava was significantly
influenced by the application of fertilizers (Table 2).
The highest plant height was found in T4
(N4SPMK|2[]OP”][][]) for 2012-13 and in T2
(N, P K, OP, kg ha') for 2013-14. The addition
of fertilizer did not significantly increase plant height
of cassava of 2012-13 but T2 treatment significantly

w), M (Medium), H (High), VH (Very high).

increased the plant height of cassava of 2013-14
compared to control (T1: native nutrient) and other
combination dose treatments (T5: N, P K 0Ps oo
kg ha' and T6: NP K OP, kg ha'). It means
that at the first growing season (2012-13) all
fertilizer treatments did not have significantly effect
to the plant height of cassava yet, while at the second
growing season (2013-14) increasing dose of
chemical fertilizer increased the plant height of
cassava. These results wer@ agreement with
Streck (2014) who stated that the growth of cassava
was affected by the application of fertilizer. Also,
residual effects of fertilizer application would affect
the following growing season.

Total plant fresh wein (green matter of leaves,
stems and branches) was also significantly
influenced by the application of fertilizers (Table 2).
The highest total plant fresh weight for 2012-13 and
2013-14 were found in T: 45P_‘t,|I(I2E]C)P|mﬂ) and
significantly different with other treatments, and the
lowest was in T1 (control). These results were in




Dermiyati et al.: Application of Combination Fertilizer on Cassava

170

| Py wMS__.mmOnM._mazuo.H ?._.n. R wu_ S__.nmo__n.ﬁn.mnnnzunh. R wu___._n .QO_H.MﬂmD.ZH.FH. Py wMEmmOE.MﬂmwGT
€1 "2 3 40" ™ d N=C 1L “(1onuos “ustnnu aaneu) ey 3 "dO"S d"N=1.L 'SSION “LINNC JO [9A3] 94 18 AJUEIIUSIS 194§1p 10U Op SI5133] UOWWOI JUTALY UWN[0I & Ul SaInF1{

99°C 8l 00+ ShC €L'T ¥8'1 8¢ 66'C EL'T €8l 98¢ 06'C (%) AD
Qe [$'CTLE P 9691 ARPECTE  ORTERE RINCECED AOFHT AR OFRE ae 91Tl qe LEVEL P2 11°08T qQPLLE] qe TE'68 9L
qeL90r B vRto VMY UY UBL VMY LL 1Y YOl LLL MY by VL M 0a Uy v £9°6 qe ¢S°LEL qe [1'861 qe 69901 ECC8L SL
P6E9LS P 6911 ILRSLE POCTHII qTLoLl 281'9¢ 4 99°65 200781 IE6'ELOT PTLBIE qoresl LTI L
2 peetr 29 16911 2006l  qeoL'cE RS | 29¢°CT BUES N 20901 2q 8¢°+98 99 LETHT q$9°Z¢Cl qe Zv'le €L
Pavlels PFo¥EL 29 €T°00€ €18 qLo6LI dEE°ST 21T+9 o9 £8'F1 29 LL'9E6 P2 8¥798C qolLel g eLLll L
BO6'LLT BOFEL BOPELL B FEor B 8708 B E0El B EV6C BOPL BCEPSE BCTCLI BOCEL B SPL 1L
F102-£10T  €10T-T10C ¢ €10C  €102-210T  F10T-€10T  €10T-T10C  #10T-€10T  €10T-T10C JuwneaI |
jueyd (@10 1001 [B1O ], wepd eog, 1001 [B1O ], weyd [p10 1001 [R10],
( .oy 5Y) eaessed jo uondios 3 (,2y 3Y) ondios N

"UONBUIQUIOD TIZI[TLIA JUDIAPIP AQ PAJUIN[JUI SB (" ZIUBID) PIUIJNIS2 JOYIUD ) BARSSED Jo Jue(d [e10] pue joor Jo uondiog SN "€ J[qeL

~
o

= J = B Y B By N= O1UO:
quarnnu aAneu) By dO™M d N=1.1 SAN0N "THANC JO [2A3] %6 18 A[JUBLJIUTIS JAJJIP 10U OP SI2)9] UOWIWO) TUTARY UWN[OI B Ul SANSL]
9¢ (1) 97T L0 1e1 86'¢ (%) AD

£9°¢¢ L9°§ qe £€° 1 e Z0'EE qe 68°1§ PTV 1V qe 86°L1T B08S6 9L

058t 09°0¢ qe 79ty B 00°SE qe S0'€s qo0TeT qeeice Bol'S01 SL

69°6¢t1 10 qe8'6s q Ly 9S I¥6°0L ) 29 10°6TC BCLILI t.L

£9°CL 16°LE qe #+' 8t B 8R°CE qe 68°FS J+9°CE 99 £T°CET BOZ001 €L

001 001 qe 8L°TS e S0y 29 TTH9 JEECH 201°LST BOLE6 L

= = B00SE B LSTE B L1'8F B ELGI B E6LBI B11°08 LL

F10Z2-£10T  €102-C10T  ¥10Z-€10T  €10Z-TI0T  +I10T-£10T  €10T-TI0C  +#10T-£10T £102-T10T
(,.Byy) (,.ey1) (wo) juduealr]
(26) vy
1y S1om YSal 1001 [B10], ySrom ysaay wueld [ero Sy el

"UONBUIQUIOD IOZI[I)IA] JUAIJJIP Aq paouanfjur se p[a1k 1001 (ZJUBID) DIUIJNISI JOYIUD )
BARSSED JO (V) SSaulAn 027 omuouo.8y a411p)3y pue JySom ysaf jool [ejol ‘Jysrom ysaiy juerd [e1o3 ‘ystay juelJ "7 2[qe,




7 Trop Soils, Vol. 20, No. 3, 2015: 167-172 171

Table 4. Correlation between NPK sorption and a total root and plant dry weight of cassava

(Manihot esculenta Crantz.).

Correlati Correlation equation r value
oretation 2012-2013 2013-2014 20122013 2013-2014
Root N sorpti and total

oot W sorption and Oy _ 738 1032x y=17.9940225x 092 * 0.74
root dry weight

Root P sorption and total - _ 1524 5 10x  y=382540.134x 090 * 0.92*
root dry weight

Root K sorpti and total

oot % soption and Oy _ 1456+0.36x  y=5155+0.691x  096%  098*
root dry weight

t N sorpti and total

@] SOTPUON Al IOy _ 7176 +0.17x  y=18.45+0047x 089 * 0.93 *
plant dry weight
Plant P sorption and total

am osolon NGOy _ 37044 182x  y=235040247x  092%  091*
plant dry weight
Plant K sorption and total

ant B sorpuon and WL _ 5 5034032x  y=20.86+0084x 089 * 0.93 *
plant dry weight

agreement with Silva er al. (2013) and Streck

ﬁl-ﬂ).
ect of Fertilizers on the Yield of Cassava

Total root fresh weight of cassava as
significantly influenced by the application of
fertilizers (Table 2). The highest total root fresh
weight was found in a combination dose of inorgz
and organic fertilizers of T4 (NP, K , OP . kg
ha') both for 2012-13 and 2013-14 growing seasons
and the lowest was at control (T1). Application a
combination dose of 1,000 kg Organonitrophos ha'!
with 45-36-120 of N-P-K, respectively (T4)
increased total root fresh weight of cassava by 39.48
and 13.36% for2012-13 and 2013-14, respectively
than application of 90-108-240 of N-P-K ha! only
(T2), by 71.02 and 44.76% for 2012-13 and 2013-
14, respectively than application of 5,000 kg
Organonitrophos ha™ only (T6), and by 73.38 and
70.949% for 2012-13 and 2013-14, respectively than
application of control (T1). FAO (2013) had done
trials in Indonesia and Vietnam, a combination of 5
t ha'! compost or farmyard manure wifh N and K in
Vietnam and with N only in Indonesia produced high
crop yields of cassava and the highest net income
compared to EFftrol or a single treatment only.
Application a combination of 135 kg N ha™' with 5
Mg compost ha '@@@reased cassava fresh root yield
by 73.33% than @lication of 5 Mg compost ha''
only, by 9.86 % than application of 135 kg N ha'
only, and by 271 .43 % than control.

Total root fresh weight of cassava cv UJ-5
(Cassesart) in these experiments ranged frof32.57
to 56.47 Mg ha! and from 35.00 to 59.83 Mg ha'!
for 2012-13 and 2013-14, respectively. These results
were still low compared to the potential yields of

the same variety which were 45 to 60 Mg ha™
(BPTP 2008). Although, the results were in
agreement with Puslittan (2013) which reported
that average yields of cassava cv UJ-5 were 25-
38 Mg ha'.
While, the effectively of fertilizer combination
was found at T4 (N45P_‘6K|200Pmm] kg ha') based
Relative Agronomic Effectiviness (RAE) of
cassava root yield with RAE e”100% which were
301 and 139.69 % for 2012-13 and 2013-14,
respectively (Table 2). It means that acombination
dose of 45-36-120-1,000 N-P-K-Organonitrophos
kg ha'! can be recommended as the best
combination of inorganic and organic fertilizers to
get the optimum yield of cassava grown in ultisol
Bandarlampung soil.

Effect of Fertilizers on the NPK Sorption of
Cassava

NPK sorption in a total root and total plant of
cassava is presented in Table 3. For the two growing
seasons (2012-2013 and 2013-2014), the highest
NPK sorption in total root and total plant of cassava
were generally in T4 (N P K  OP kg ha')
followed 2 (N, P, K., OP, kg ha') although
there was not significantly different between T4 and
T2 but they were significantly higher than T1
(control). Application of fertilizers (inorganic only
(NPK), organic only (OP). or combination of
inorganic and organic (NPK-OP)) increased NPK
sorption of total roofand total plant of cassava
compared to control. The major nutrients required
by cassava for optimum top growth and tuber yields
are nitrogen (IN), phosphorus (P), and potassium (K)
(Obigbesan and Fayemi 1976). Moreover, Agbaje
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and Akinlosotu (2004) reported that NPEfertilizer
affected tuber yields of cassava grown 1n a forest
alfisol of south-western Nigeria.

There were significantly correlations between
NPK sorption of roots and plants with total root and
total plant dry weight of cassava of 2012-13 and
2013-14 with r values ranged from 0.89 t0 0.92 and
from 0.74 to 0.98 for 2012-13 and 2013-14,
respectively (Table 4). Increasing NPK sorption of
cassava plant would increase total plant dry weight
of cassava. Similarly, increasing NPK sorption of
cassava root would increase total root dry weight
of cassava. The growth and yields of cassava had
been reported to respond to adequate fertilizers
(Gomez et al. 1980, Agbaje and Akinlosotu 2004,
FAO 2013).

CONCLUSIONS

The difference combination of NPK and
Organonitrophos fertilizers showed significant
effects on the plant height, the NPK sorption of total
plant and total root, and the yields of cassava. The
highest cassava yields (56.47 and 59.83 Mg ha! for
2012-2013 and 2013-2014, respectively) were found
in N, P, K OP . kgha' combination. Based on
Relative Agronomic Effectiveness (RAE) of cassava
root yield, it can be concludg@that 45-36-120-1.000
N-P-K-Organonitrophos kg ha' was the best
combination dose of inorganic and organic fertilizers
for the production of cassava in ultisol soil of
Bandarlampung.
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