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The response of cassava (cv. Lakan) to NPK fertilization and
mycorrhizal inoculation was evaluated through a pot experiment using
unsterilized soil (Lipa clay loam and Luisiana clay). Application of

45-60-60 and 90-60-60 in Lipa clay loam and Luisiana clay, respectively,
resulted in significantly higher P uptake than with 0-60-60 treatment in

both soil types. Nitrogen and potassium uptakes were not significantly
affected by NPK levels in both soil types. Irrespective of soil type and
fertilizer treatments, inoculation significantly Increased shoot phosphorus

concentration and uptake.
Ann. Trop. Res. 4: 118-126.
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INTRODUCTION this line are primarily concentrated
on supplementing the soil with

Cassava is one of the most fertilizers. Improved vyields were
promising root crops with good observed with fertilizer application
potential for multiple utility such as (PCARR, 1977; Obigbesan, 1977,
food, feed and as material for Mohan Kumar, 1978; Cotejo and
textile, paper and adhesive, and Talatala, 1978). Molinyawe (1968)
furniture industries. Hence, research recommended 600 kg/ha applica-
on the improvement of its cultural tion of 12-12-12 for cassava. How-
management has been intensified ever, these findings on cassava's
with the hope of increasing its yield.  high fertility requirement are not

A number of researches along compatible with the plant’s ability to
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NPK Uptake of Cassava

thrive well on acidic and infertile
soils (Howeler, Cadavid and Calvo,
1976). From this incompatibility,
Howeler (1977) postulated that an
efficient mycorrhizal association
under field conditions must exist.

Several workers have established
the effect of favorable cassava-
mycorrhizal interaction on the yield
of the host plant (Howeler, Edwards
and Asher, 1979; Howsler, 1979).
Mycorrhizal infection of cassava
roots, either from indigenous or
introduced strains, was known to
increase total plant uptake of P, Ca
Mg and K as well as the dry matter
(Howeler, Edwards and Asher,

1979).

In the Philippines, however, this
favorable association still remains
unexplored. In addition, there has
been no study conducted yet with
regard to the NPK uptake of cassava
as influenced by soil type, fertiliza-
tion and mycorrhizal inoculation.

Different soil types vary in their
chemical and physical properties
which affect the availability of
nutrients as well as microbial activity
in the soil and consequently exert
marked influence on the nutrient
uptake of plants. Therefore, differ-
ent types of soil may differ in their
effects on the uptake of nutrients
and growth of cassava and may also
considerably determine the kind and
rate of fertilizer and inoculum to be
applied for optimum growth. Hence,
Investigation on these factors influ-

“encing nutrient uptake is important.
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MATERIALS AND METHODS

Collection and Characterization of
Soil Types. — Surface soil samples
(topsoil up to a depth of 30 cm) of
Luisiana clay and Lipa clay loam
were collected in Luisiana, Laguna
and at the UPLB Central experiment
Station, respectively. Prior to any
treatment, representative samples
were taken from each soil type for
analysis of pH, % organic matter, %
total nitrogen (N), available phos-
phorus (P), exchangeable potassium
(K), calcium (Ca), magnesium (Mg)
and CEC. The results of the analyses
are shown in Table 1.

Preparation of Soil Media for Pot-
ting. — Seven and a half kg of air-
dried, unsterilized soil were placed
in a size 12 clay pot (28.8 cm in
diameter, 8 kg capacity) the inner
side of which was painted with coal
tar.

Experimental Design. — The experi-
ment was laid out in a split-split plot
design arranged in 2 x 2 x 8 factorial
with soil type (Lipa clay loam and
Luisiana clay) as the main plots,
mycorrhizal inoculation levels (with
and without Inoculation) as the
subplots, and the 8 fertilizer treat-
ments as the sub-subplots. Three
replications were used per treatment
combination. The fertilizer treat-
ments (N-PIOS'Kgo kg/ha) used
were as follows:

1) 0-0-0 5) 90-0-60
2) 0-60-60  6) 90-30-60
3) 45-60-60  7) 90-60-0
4) 90-60-60  8) 90-60-30
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Method of Inoculation. — Five mi of
infected cassava root suspension
was poured using a graduated
cylinder into a previously made hole
(10 cm deep, 6 cm in diameter) In
the potted soil immediately before
planting. Mycorrhizal roots were
taken from cassava, cv. Java,
growing wildly in an area near
UPLB. A root suspension was
prepared by mixing macerated my-
corrhizal-infected cassava roots and
sterile distilled water at 1:1 ratio.

Mycorrhizal Infection Determina-
tion. — Ten randomly selected
lateral root tip segments of non-
tuberous roots were washed with
tap water, cleared and stained
following the method described by
Philipps and Hayman (1970). For
clearing, the root segments were
placed in a vial with a 10 ml of 10%
potassium hydroxide at 90°C for 1
hr in an oven, washed with distilled
water and soaked in 30% hydrogen
peroxide until the dark pigments
were removed. The root segments
were then rinsed thoroughly with
distilled water, acidified in 0.1 N
hydrochloric  acid and simmer-
stained with 0.05% trypan blue in
lactophenol. The stained root seg-
ments were examined under the
microscope to determine the pre-
sence or absence of mycelia and/or
vesicles. Infected cassava roots
were those with mycelia or vesicles.

Planting. — One viable cassava (cv.
Lakan) cutting, 25 cm long was
planted vertically in each soil-filled
pot with about 10 cm of the stake
below the soil surface.
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Application of Fertilizer, - IMmed:
ately after planting, P was app:m'
by mixing solophos with the top ;d
cm of soill. N and K were alis
applied immediately in solution fo:o
by dissolving urea and muriate g‘f
potash in distilled water and djs.
pensing the needed quantity into
the soil by means of a pipette.

Plant Tissue Analysis.— Threg
months after planting, the plants
were harvested. The harvested
shoots were oven-dried at 65% (
for 3 days, weighed, ground through
a Wiley mill and analyzed for N, P
and K contents. N, P and K uptakes
were obtained from the product of
shoot dry weight and its respective
N, P and K contents.

RESULTS AND DISCUSSION

Shoot Dry Weight.

Both soil type and inoculation
failed to show any significant effect
on the shoot dry weight of cassava.
However, fertilization and its inter-
action with soil type significantly

affected shoot dry matter produc-
tion of cassava (Tables 1and 2).

The plants grown in Lipa clay
loam applied with 90-60-60 yielded
the highest shoot dry weight which
did not significantly vary with the
yield obtained from the plants
grown in Luisiana clay with the
same fertilizer rate. With the applr
cation of 45-60-60, however, the
plants grown in Luisiana clay pr
duced an average shoot weigh
which was significantly lower
that obtained in Lipa clay loam.

than
This




' NPK Uptake of Cassava

~ could be due to chemical properties
of Lipa clay loam which was com-

paratively better than that of Lui-
siana clay (Table 3).

Nitrogen Content and Uptake.

Regardless of soil type and
inoculation, highest average shoot
N content was obtained from plants
applied with 0-60-60 and 90-0-60
(Table 1). These values were signifi-
cantly higher when compared with
plants treated with 45-60-60 and
90-60-30. This finding indicated that
plants with lower shoot dry weight
tend to accumulate N in their
tissues. This observation could be
explained by the fact that nutrient
uptake and translocation represent
only a part of the process of
determining nutrient concentration
in a tissue. The most important is
growth {Tamm, 1964). With increase
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in growth, a “‘dilution effect’”” would
occur (Paningbatan, 1974).

On the other hand, with the
application of 60 kg P20s and 60 kg
K,0 per hectare, increased rates of
N application resulted in significant-
ly higher N uptake than that of the
control (0-0-0) and 0 kg N (0-60-60).
With regards to P and K fertilization,
significant increase in shoot N
uptake was observed only at levels
of 60 kg PgOs and 60 kg K;O/ha
This pattern agreed with the ob-
served shoot yield response. Taking
the product of shoot yield and N
content as the N uptake value, the
observed marked increase in N
uptake could be attributed to high
vield response to N, P and K
fertilization. On the contrary, no
significant differences were ob-
served between the 2 soil types and
between uninoculated and Inocu-
lated treatments on the mentioned

Table 1. Shoot dry weight and its NPK content and uptake of cassava at
three months after planting as influenced by soil type, mycorrhizal

inoculation and fertilizer treatment. !

e S A —— . T

NUTRIENT CONTENT

NUTRIENT UPTAKE

A —— i B — ———

P

K

VARIABLE Dry Weight N P K N
(g/pot) (%) (mg/pot)
Soil Type
Lipa clay ioam 11.46 1.49 0.172a 0.91 166.19 18.96a 99.21a
Lulsiana clay 10.59 1.61 0.124b 0.81 167.63 13.11b 83.63b
Inoculation
Uninoculated (O) 10.67 1.58 0.136b 0.86 163.23 14.97b 89.71
Inoculated (5 ml)? 11.39 1.52 0.160a 0.86 169.50 17.97a 93.13
Fertilizer ievel
(N-P205-K20 in kg/ha)
0-0-0 7.63¢ 1.54ab 0.175a 0.83ab 115.72¢c 13.33¢cd 63.84b
0-60-60 6.55¢ 1.68a 0.188e 1.052 106.27¢ 11.60d 86.54b
45-60-60 12.00ab 1.48b 0.145bc 0.87ab 182.82b 17.71b 102.54a
90-60-60 14.22a 1.52ab 0.148b 0.83ab 213.96a 21.50a 118.92s
80-0-60 11.25b 1.68a 0.13%bc¢c 0.83ab 182.40b 16.61bc 91.70ab
90-30-60 12.73ab 1.51ab 0.135bec 0.76ab 187.23ab 17.57 97.05ab
90-60-0 11.54ab 1.54ab 0.125¢ 0.75db 176.87b 14.26bed 86.82ab
12.30ab 1.48b 0.130bc 0.85ab 180.00b 15.71bc 103.95»

80-60-30

e e ——
I — R e i < ——— e

LAN vabues having the same letters are not statistically significant at 5% level, DMRT

? Macerated mvcorrhizal infected cassava root suspension per 7 S kg soil sample

e ol
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Table 2. Shoot dry weight (g/pot) of cassava at three months aft
ing as affected by soil types and fertilizer levels. !

Annals of Tropical Researcy,

er plant.
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—
SHOOT DRY WEIGHT

FERTILIZER LEVEL

.

__—_——-——_‘-—‘_‘“%—.
S ——

(N-P,0;-K,0 in kg/ha) Lipa Clay Loam Luisiana Clay

_ e . wee

0-0-0 7.73d T
0-60-60 5.24e 7.87d
45-60-60 13.88a 10.12bced
90-60-60 14.84a 13.60a

90-0-60 13.31ab 9.19¢d
90-30-60 13.31ab 12.14abc
90-60-0 11.27abc 11.82abe
90-60-30 12.13abc 12.45abc

1 Al values having the same letters are not statistically significant at 5% level, DMRT.

parameters.
A significant interaction between

the soil type and different fertilizer
levels on the N content was also
observed (Table 4). In Lipa clay
loam, the N content In cassava

shoots was significantly higher in
plants treated with 0-60-60

(N-P,04-K,0 kg/ha) than with the
combined effect of the said soil type
with other fertilizer levels. In Luisia-
na clay, however, highest nitrogen
content was obtained from plants
treated with 90-0-60 (N-P20s5-K20
kg/ha). This indicates that with
sufficient supply of phosphorus (60

Table 3. Chemical properties of Lipa clay loam and Luisiana clay.

Soil Property

Soll

e ——————————

Lipa Clay Loam Luisiana Clay

R A RO R

pH

Organic matter (%)

Total N (%)

Available P (ppm)

Exchangeable bases (me/100 g)
Calcium
Magnesium
Potassium

Cation Exchange Capacity (CEC)
(me/100 g) '

5.7 4.8
2.11 3.28
0.13 0.14
1.75 0.93
12.51 1.55
11.09 2.26
0.28 0.24
28.22 21.21
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Table 4. Nitrogen content of cassava shoots at three month
as affected by soil types and fertilizer levelsg 1

——'—‘___—_—_—_————_——*ﬂ—-—————______“—______

FERTILIZER LEVEL NITROGEN CONTENT (%) OF SHOOTS

s after planting

= I8 iy i o, o, —
§ - M oy - o ' =
e o e (e, o O s i S OER N i | !
&= S S _*P.-gfmf_wumg_ o e P TR E ﬁ'ﬂ' - s
- o3 L 2 .. . o . -

. T p—

(N-P;05-K,0 in kg/ha) Lipa Clay Loam Luisiana Clay

| 0-60-60 1.83a 1.54bc
i 45-60-60 1.40c¢ 1.56bc

| 90-60-60 1.44bc 1.59bc
i 90-0-60 1.46bc 1.90a
i 90-30-60 1.45bc 1.57bc

,‘ 90-60-0 1.40¢ 1.68ab

90-60-30 1.44bc 1.53bc

——————————————

' All values having the same letters are not statistically significant at 5% level, DMRT.

kg P,05/ha) and potassium (60 kg (Table 1). This could be partially
K20/ha) but with inherently low attributed to the higher pH, hence
nitrogen in Lipa clay loam, accumu- more available P in Lipa clay loam.

lation of nitrogen is greater in shoot Significant variations on the
tissues. However, in Luisiana clay, same parameters were noted also
the accumulation of nitrogen was between uninoculated and inocu-
greater with sufficient supply of lated treatments irrespective of soil
nitrogen (90 kg N/ha) and potas- type and fertilizer treatment. Inocu-
sium (60 kg K O/ha) but with lation significantly increased the P
inherently low available phosphorus. uptake of cassava shoots. This

{ This suggests that with limited result clearly indicated that in un-
* nitrogen or phosphorus even with sterile soils, the introduced mycorr-
sufficient supply of the other fer- hizal fungi, together with the native
tilizer elements, the plants may not ones, effected a higher P uptake
i‘ be able to utilize nitrogen for the than the native endophytes alone.

tormation of protein, nucleoprotein This underscores the beneficial
or other nitrogenous compounds as  effect of mycorrhizal inoculation on
reflected by limited shoot growth. improved plant phosphorus nutrition

to augment the activity of the

Phosphorus Content and Uptake.

Regardiess of inoculation and
fertilizer treatment, the shoot P
Ccontent and uptake of plants grown
In Lipa clay loam were significantly
higher than that in Luisiana clay

indigenous ones.

As to the influence of fertilizer
application, P content was signifi-
cantly higher in the control and in
the plants without N fertilization.
Similar to N content, this marked
decrease in P content in nitrogen-
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treated plants could be attributed to
the dilution effect on P concentra-
tion brought about by the marked
increase in shoot dry matter produc-
tion.

With blanket application of 60 kg

P,Os and 60 kg K,O per hectare,
increasing the rate of N application

generally resulted in significant in-
crease in P uptake. On the other

hand. high rates of P (60 kg
P,0s/ha) and K (60 kg K20/ha}
resulted in higher P uptake when
maximum rates of other fertilizer

elements were applied. This ob-
servation could be attributed to
increase in shoot dry weight brought

by N, P and K fertilization.
A significant combined effect of

soi! type and fertilizer treatment ON
P content (Table 5) and P uptake
(Table 6) was also observed. Gene-
rally, interactions between soil types
and fertilizer treatments used in this
study effected a significantly higher
P content of shoots of cassava
grown in Lipa clay loam than in

Table 5. Phosphorus content of cass

Annals of Tropical Resegy h
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Luisiana clay except for 90-60.g
45-60-60. This could be anribme;nd
higher level of available P i, L_tu
clay loam., P2
Application of either 45-60.g
90-60-60, 90-0-60 or 90-30-60 in | jn.
clay loam resulted In Significanza
higher P uptake than in Luigia :
clay. This observation could ;:
partially attributed to the significan;.
ly higher shoot dry weight effecteq
by these treatment combinationg,

Potassium Content and Uptake,

1

Table 1 shows that highly signi.
ficant effects of soll type ang
fertilizer treatments were exhibited
only on the K uptake but not on the
K content of shoots regardless of
inoculation treatments. Potassium
uptake in Lipa clay loam was higher
than in Luisiana clay. This may be
due to considerably higher shoot dry
weight and shoot K concentration

of plants grown in Lipa clay loam.

ava shoots at three months after

planting as affected by soil types and fertilizer levels.?

PHOSPHORUS CONTENT (%) OF SHOOTS

FERTILIZER LEVEL

Lipa Clay Loam

Luisiana Clay

(N-P205-K,0in kg/ha)

0-0-0 0.203a 0.147bcd
0-60-60 0.232a 0.147bcd
45-60-60 0.157bc 0.135cde
90-60-60 0.168b 0.128def
90-0-60 0.173b 0.105ef
90-30-60 0.173b 0.097f
90-60-0 0.128cdef 0.123def
90-60-30 0.146bcd 0.173ef

1 -
All values having the same letters are not statistically significant at 5% level, DMRT.
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~ Table 6. Phosphorus uptake of cassava shoots at three months after
| planting as affected by soil types and fertilizer levels.1

g . ———.

FERTILIZER LEVEL ~PHOSPHORUS UPTAKE OF SHOOTS _

(N-P,04-K,0 in kg/ha) Lipa Clay Loam Luisiana Clay
S v mmisseanmersennsinempy SUSNLE BN

0-0-0 15.50cd 11.15de
0-60-60 11.84de 11.35de
45-60-60 20.72ab 14.70cde
90-60-60 25.35a 17.66bc
90-0-60 23.25a 9.97e
90-30-60 23.21a 11.92de
90-60-0 14.59cde 13.97cde
90-60-30 17.26bc 14.17cde

| §oEL e W s Sm———

1 All values having the same letters are not statistically significant at 5% level, DMRT.
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