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ABSTRACT

The high demand for yam as food and for industry calls for the development of
new technologies and innovations that will increase yam production. This study was
conducted to assess the effects of the addition of different levels of micronutrient
fertilizers (Biozome-200 micronutrient soil conditioner) to NPK fertilizers on the growth
and yield of purple yam. Seven sets of experiments were conducted in six years employing
different fertilizer treatments representing five levels of inputs. Purple yam (VU - 2
variety) was used as planting materials and these were planted at a distance of 1 m X 50
cm at a depth of 10 cm.
Results showed that addition of 4 to 16 kg/ha of Biozome-200 to 150-50-150
kg/ha of NPK fertilizers produced significantly bigger yams and higher plant biomass
as compared to the unfertilized plots and those applied with NPK fertilizers only. Total
tuber yields ranging from 15 tons to 26 tons/ha was obtained through the application of
150-50-150 kg/ha N - P2O5-K2O + 4 to 16 kg/ha Biozome-200 using 100 gm tuber setts
as planting materials. In terms of tuber quality, plant tissue analysis of tubers showed
that purple yams that were fertilized with macro and micronutrients have higher amounts
of total N, K, Zn, Ca, Mg, Fe, Mn, and Cu as compared to the unfertilized plants. These
results implied the improvement of the nutritional content of purple yam tubers with
macro and micronutrient addition.
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The declining yield growth for major food crops coupled with the
declining soil fertility have raised much concerns about agriculture's ability
to feed a world population that is expected to exceed 7.5 billion by the
year 2020 (Scott et al., 2000). Future strategies for increasing agricultural
productivity will have to focus on using available nutrient resources more
efficiently, effectively, and sustainable than in the past. This calls for the
establishment of proper balance between the nutrient requirements of
plants and the nutrient reserves in the soils which is essential in
maintaining high yields and soil fertility and in sustaining agricultural
productivity over a longer period of time.
In the Philippines, root crops are considered as a major staple food
next to rice and lately they are highly demanded in industry as source of
feeds, starch and biofuels. One of these root crops that has gained
popularity is yam (Dioscorea alata L.). Among the different varieties of
yam, the purple variety is the most popular in the country because of its
many uses. It is usually processed into food products like jam, "halaya",
ice cream, yoghurt, "hopia", "piyaya", cakes, pastries and breads. The
big demands for yam are in ice-cream and as powder or puree which are
marketed abroad. Lately, the high anthocyanin content of purple yam
made them very popular as health food and they are processed as heart
tablets and wine. In addition, the latest findings of the Biotechnology
team at PhilRootcrops have shown that purple yam possessed a special
type of protein that has antihypertensive property (Tulin and Ecleo, 2008).
This gave added value to purple yams which make them as a potential
novel medicine for hypertension and other immune related disease like
diabetes. Aside from these, yam production is also essential to the survival
and well being of many generations of people in the tropics and continues
to be highly important for ensuring sustainable food security and income
generation (Scott et al., 2000).
Rootcrops are good source of protein such as sweetpotato which
has an average protein concentration comparable to rice (Woolfe, 1992).
It is also a good source of vitamin A, calcium, vitamin C, beta-carotene,
thiamine, riboflavin and folic acid (Villareal et al., 1985). Purple yam,
on the other hand is rich in anthocyanin, which is a well-known antioxidant
aside from its high protein, carbohydrates, potassium and iron content.
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One of the major constraints for yam production in the Philippines
is the lack of planting materials since the harvested tubers are usually
used as planting materials. This is further aggravated by the very low
yields at the farmers' field since most farmers usually do not apply
fertilizers to purple yam thereby greatly reducing their yield. These
production constraints greatly reduce yam yield thereby giving the farmers
low economic returns since part of the tuber yield are still being utilized
as planting materials. The reported national average of yam is 5 tons/ha
which is very low and very uneconomical considering the high production
cost of yam.
The low yam yields could be attributed to the very limited amount
of fertilizers applied especially at the farmers field. In fact since yam
could grow in a wide range of soil (from acidic to alkaline), farmers
usually neglect the need to apply fertilizers to yam. They are usually
planted in areas that are not suitable to other major crops such as rice and
corn.
Yam like other crops, require essential elements in order to grow
properly. The essential elements taken up by plants from the soil and
include the macronutrients nitrogen (N), phosphorus (P), potassium (K),
calcium (Ca), magnesium (Mg), and sulfur (S) and the micronutrients
such as boron (B), chlorine (Cl), copper (Cu), iron (Fe), manganese (Mn),
molybdenum (Mo) and zinc (Zn) (McKenzie, 1992). Plants growth and
development will be greatly impaired if any of these elements is lacking
in the soil or is not adequately balanced with other nutrients (Bell et al.,
2004). Inadequate micronutrient status of crops limit growth and when
unrecognized it not only has a direct effect on crop developments but it
reduces the efficiency of using macronutrient fertilizer (Kirkby and
Roemheld, 2004). The absence of micronutrient fertilizers results in
inadequate absorption of trace elements by plants, which cause substantial
yield losses in different crops and forages, and eventually results in poor
health for domestic animals and humans (Malakouti, 2008). The problem
can only be corrected by increasing the supply of that nutrients (O' Sullivan
et al., 1997). Amounts of N or P for example cannot compensate for a
deficiency of Fe or B. Because of this, plant nutritionists, soil scientists
and agronomists have shown increasing interest on micronutrients because
of their importance in crop production. Moreover there is increasing
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awareness on the important contribution of micronutrients in the health
of the soil, crop, human and animal ecosystem.
One of the commercially available sources of micronutrient that is
affordable to farmers is Biozome-200. This costs only P500 for 4 kg of
Biozome -200. Biozome-200 is a rich source of micronutrients such as
Mn (4%), Zn (4.8%), Iron (1.1%), Cu (1.2%), B (0.6%). It also contains
Mg (4.5%) and S (17.5%).
In order to obtain higher yields in yam, innovations that will warrant
and assure higher yields and economic returns should be developed to
ensure the sustainability of yam production and to encourage more farmers
and entrepreneurs to venture into yam production. This should take into
consideration, the best combination of macro and micronutrients that
will warrant higher income and income for our farmers and yam endusers. There is also a need to evaluate the effects of fertilization on the
tuber quality of purple yam to give more value to the crop and to encourage
more farmers to engage in yam production to meet the great demand for
purple yam in industry.
This study evaluated the effects of the different levels of macro and
micronutrient fertilizers on the growth, yield and tuber quality of purple
yam. It also determined the most economical levels of macro and
micronutrient fertilizers needed to attain higher yields of purple yam.
MATERIALS AND METHODS

Field set-up and fertilizer treatments

Five sets of field experiments were set-up simultaneously in a period
of 5 years in a 500 sq. m area using the recommended practices for land
preparation and planting for yam. All in all, this covered 7 cropping
seasons of yam because in some years (like in 2003, 2004 and 2006),
two experimental set-ups were established. One hundred gm tuber setts
of yam (VU-2 var.) were used as planting materials. They were planted
at a distance of 1 m X 50 cm at a depth of 10 cm. The experimental setup is shown below in Fig 1.
Different levels of fertilizers were applied representing varying levels
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of macro and micronutrient fertilizers. The sources of macronutrient
fertilizers include complete fertilizer (14-14-14), muriate of potash (60%
K2O) and urea (45% N). For micronutrient fertilizer, Biozome-200, a
commercially available micronutrient soil conditioner was used. Biozome200 was chosen since it contain a rich source of micronutrient such as
Mn (4%), Zn (4.8%), Iron (1.1%), Cu (1.2%), B (0.6%). It also contain
Mg (4.5%) and S (17.5%) which are sources of secondary macronutrients.
Various fertilizer treatment combinations were employed to
determine the most profitable levels of macro and micronutrients for
yam production and they are presented as follows:
Set A (using maximum inputs or high level of soil amendments and
100 gm of tuber setts conducted for two cropping seasons. The treatments
as follows: T0 - control (no fertilizer); T1- 150-50-150 kg/ha N - P2O5 K2O; T2 - T1 + 4 kg/ha Biozome -200; T3 - T1+ 8 kg/ha Biozome -200;
and T4 - T1 + 16 kg/ha Biozome-200.
Set B (using maximum inputs but included a treatment of
micronutrient only and 100 gm tuber setts) conducted for one cropping
season. The various treatments were as follows: T0 - control (no fertilizer);
T1 - 150-50-150 kg/ha N - P2O5 - K2O; T2 - 16 kg/ha Biozome -200 only;
T3 - T2 + 8 kg/ha Biozome -200; and T4 - T2 + 16 kg/ha Biozome-200.
Set C (using minimum inputs or reduced level of soil amendments
and 100 gm tuber setts) conducted for two cropping seasons. The different
treatments were as follows: T0 - control (no fertilizer); T1 - 75-25-75 (N
- P2O5 - K2O); T2 - T1 + 4 kg/ha Biozome -200 only; T3 - T1 + 8 kg/ha
Biozome -200; and T4 - T1 + 16 kg/ha Biozome-200. The fertilizers were
applied once at planting. The experimental set-up were laid out in the
field using RCBD design replicated 4 times.
Set D (using minimum and maximum inputs and 100 gm tuber setts)
conducted for one cropping season. The different treatments were as
follows: T0 - control (no fertilizer); T1 - 75-25-75 kg/ha N - P2O5 - K2O;
T2 - 150-50-150 kg/ha N - P2O5 - K2O; T3 - T1 + 8 kg/ha Biozome -200;
and T4- T1 + 8 kg/ha Biozome-200.
Set E (using maximum inputs and the combination of maximum
and minimum inputs and 100 gm tuber setts) conducted for one cropping
season. The different treatments were as follows: T0 - control (no
fertilizer); T1 - 150-50-150 kg/ha N - P2O5 - K2O; T2 - 225-75-225 kg/ha
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Figure 1. The field experimental set-up
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N - P2O5 - K2O; T3- T1 + 8 kg/ha Biozome -200; and T4- T2+ 8 kg/ha
Biozome-200.
For each cropping, the fertilizers were applied once at planting. The
experimental set-up were laid out in the field using RCBD design
replicated 4 times. The plants were also closely monitored to check for
the growth of weeds on the area and the appearance of anthracnose.
Whenever necessary, the plants were sprayed with fungicide to prevent
the attack and damage of anthracnose. Yam was allowed to grow for a
period of 8 months, from May to January which is the normal cropping
season for yam.

Soil chemical characterization
Soil collection and preparation

Soil sampling was conducted in the area prior to the establishment
of each experimental set-up for initial soil characterization. In choosing
the experimental areas that were used for each cropping, considerations
were made on the uniformity of the area in terms of slope and other soil
characteristics. Sampling was done by collecting 10 composite samples
per area using an auger following the standard procedure (PCARR, 1980).
Soil samples were taken from the surface layers with a depth of 0 - 20
cm. The soil samples were then thoroughly mixed. A one kilogram
composite soil sample was set aside, air-dried, pulverized and sieved
through a 2-mm wire mesh for analyses of soil chemical properties.
Soil chemical analyses

Soil pH was analyzed using the potentiometric method in water and
KCl using 1:2.5 soil-water/KCl ratio (ISRIC, 1995). Soil organic matter
(%) was analyzed by the use of modified Walkley-Black Method (Jackson,
1958). Extractable P was analyzed using Bray No.2 method and quantified
by the method of Murphy and Riley (1962). Exchangeable Ca and Mg
were extracted using 1N NH4OAC at pH 7.0. Magnesium and calcium
were quantified by atomic absorption spectrometry (AAS) using Varian
Spectrophotometer (Varian Australia Pty. Lmt, 2002) according to the
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procedure of Schlichting et al., (1995). Exchangeable Al was analyzed
using 1 N KCl as extractant and quantified by titrating the resulting extract
with 0.1 N NaOH (Thomas, 1982). Cation Exchange Capacity was
analyzed using 1 N NH4OAc adjusted to pH 7.0. Adsorbed ammonium
was replaced with sodium ions using 10% acidified NaCl. The leachate
was distilled using a Kjeldahl distilling apparatus and the distillate was
titrated with a standard 0.05 N H2SO4 (ISRIC, 1995).
Plant tissue analyses

Digestion procedure for the determination of total calcium,
magnesium, potassium, sodium and iron in plants published by the
University of Florida (Mylavarapu and Kennelley, 2002) was used as
follows:
1.One gram of ground and oven-dried plant sample was weighed
into a crucible and placed in a muffle furnace set at 550 oC temperature.
2.Plant samples were allowed to ash for a minimum of 5 hours
(ashing time should not exceed 16 hours) and cooled.
3.The ash was moistened with 5 drops deionized water followed by
the addition of 5 ml 6M hydrochloric acid. Suspension was allowed to
stand for 30 minutes.
4.The suspension was transferred into a 50 ml volumetric flask,
diluted with deionized water and filtered using whatman # 42 filter paper.
5.An aliquot of 0.5ml was mixed with 2.5 mL 10,000 ppm strontium
chloride for Ca and Mg and 1 mL of 50,000 ppm cesium chloride and
diluted to 25 ml with deionized water.
6. Samples were read for total calcium, total magnesium, total
sodium and total potassium at a wavelength of 239.9, 202.6, 589.0 and
769.9 nm respectively.
7.While total iron (372.0 nm), copper (327.4 nm), manganese (403.1
nm), was read in the AAS.
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Readings were converted into elemental concentrations using the
equation:
C=RV
W
Where:C=conc. of the metal being analyzed (mg/kg soil)
R=AAS reading (ppm)
V=volume of the solution (ml)
W=weight of sample used (g)

Analysis of data

Data on growth and yield parameters were analyzed using standard
ANOVA following randomized complete block design (RCBD). Mean
comparison within treatments was performed using least significant
differences (LSD) at p= 0.05.
RESULTS AND DISCUSSION

Effects of macro and micronutrients on the growth of purple yam

Figures 2 to 3 showed the growth of purple yam as affected by the
application of macro and micronutrients fertilizers under different levels
of inputs. Highest plant height was obtained in T4 when yam received
maximum inputs of 150-50-150 kg N- P2O5 and K2O with 16 kg/ha of
Biozome-200. It was further observed that the plants in the control
(without fertilization) showed significantly poor growth performance as
compared to those with fertilizer treatments (Figure 2). This was indicated
by the yellowing of leaves and smaller leaf sizes (Figure 3). On the other
hand, bigger and healthier leaves were obtained in yam receiving
maximum inputs (Figure 3). The highest plant height obtained at 3 ½
month after planting for Set A experiment was obtained in T4 followed
by T3 and T2 in descending order (Table 1). The results obtained in T4 and
T3 were statistically similar which indicate that an addition of 8 kg/ha of
micronutrient fertilizer is sufficient to warrant an 83% increase in plant
height as compared to the control. These results implied the important
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Figur. 2. The growth of purple yam as affected by different levels of macro and
micronutrients (Set A). T0- control; T1-150-50-150 kg/ha N-P2O5-K20; T3-T1
+ 8 kg/ha Biozome-200; T 4-T1 + 16 kg/ha Biozome-200

0

T0

T – T + 8 kg/ha
T Biozome
3
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Figure 3. The growth of purple yam as affected by different levels of macro and
micronutrients (Set C). T0- control; T1-150-50-150 kg/ha N-P2O5-K20; T3-T1
+ 8 kg/ha Biozome-200; T 4-T1 + 16 kg/ha Biozome-200
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Table 1. Plant height (cm) of purple yam at 31/2 month after planting as affected by
different levels of macro and micronutrient fertilizers (Set A – 1st cropping)
Treatments
T0 - control
T1- 150-50-150 kg/ha N-P2O5-K20
T2 – T1 + 4 kg/ha Biozome-200
T3- T1 + 8 kg/ha Biozome-200
T4 - T1 + 16 kg/ha Biozome-200

Average plant height (cm)
492 c
520 bc
572 ab
591 a
618 a

contribution of macro and micronutrients for the enhancement of the
growth performance of purple yam which has an important bearing on
the translocation of photosynthates from the leaves to the roots.
Micronutrients act as catalysts to many biochemical reactions that ensure
plant growth and survival (Phillips, 2002). For example, boron is essential
for cell division, zinc is required in the production of growth hormone
auxin which is essential for photosynthesis and iron is important in
chlorophyll synthesis and formation. Phillips further emphasized the
importance of micronutrients for plant growth, that is, if they are not
present, the plant will not survive.

Effects of macro and micronutrients on the yield of and income
derived from purple yam

Table 2-8 present the effects of macro and micronutrients on the
yield and income derived from purple yam under different levels of inputs.
In comparing the different treatment combinations, results showed that
for Set A (first and second cropping), generally the application of
maximum inputs of macro and micronutrient fertilizers (T4) gave the
highest yield as compared to T0, T1, T2 and T3. Although in terms of
yield, T2, T3 and T4 are statistically similar, the net income that could be
derived from each treatment varies significantly. In Set A first cropping,
the highest yield obtained was 18.52 tons / ha (T4) and this increased the
yield by about 163 % from the control which is only 11.32 tons/ha (Table

314,400
348,800
370,400

15.72 ab
17.44 a
18.52 a

185,870

184,270

183,470

168,000
181,670

Total Production Cost
(P)

185,870

164,530

130,930

58,400
75,930

Net Income
(P)

116,800
172,000
211,400
221,400
242,800

5.84b
8.60 ab
10.57a
11.07a
12.14a

T0 – control
T1- 150-50-150 kg/ha
N-P2O5-K20
T2 – T1 + 4 kg/ha
Biozome-200
T3- T1 + 8 kg/ha
Biozome-200
T4 - T1 + 16 kg/ha
Biozome-200

Total Income
(P)

Yield
(tons/ha)

Treatments

91,920

90,320

89,520

73,050
86.720

Total Production Cost
(P)

150,880

141,080

121,080

43,750
85,280

Net Income
(P)

Table 3. Relationship between total income, total production and net income derived from yam as affected by
different levels of macro and micronutrient fertilizers (Set B – 1st cropping) using 50 gm tuber setts

226,400
257,600

11.32c
12.88 bc

T0 – control
T1- 150-50-150 kg/ha
N-P2O5-K20
T2 – T1 + 4 kg/ha
Biozome-200
T3- T1 + 8 kg/ha
Biozome-200
T4 - T1 + 16 kg/ha
Biozome-200

Total Income
(P)

Yield
(tons/ha)

Treatments

Table 2. Relationship between total income, total production and net income derived from yam as affected by
different levels of macro and micronutrient fertilizers (Set A – 1st cropping) using 100 gm tuber setts

106
Tulin

Macro and micronutrient fertilization of purple yam

107

2). However if we based it on the national average yield value of 5 tons/
ha, this will give an increase of about 370%. In terms of economic returns,
this is equivalent to about P185,000 of net income per cropping (Table
2). On the second year, when the production cost was reduced the net
income obtained was further increased to about P258,000 per cropping
(Table 3). The significant effects of micronutrient addition to
macronutrients on yield could be attributed to the enhancement of the
efficiency of use of the macronutrient fertilizers by micronutrients (Kirkby
and Roemheld (2004). The small investment incurred on fertilizer
addition gave a highly significant increased on the net income obtained.
This result was further supported by the findings of Diby et al (2006)
that fertilizer application increased the dry matter production of two
species (Dioscorea alata and Dioscorea rotundata) of yam. In wheat,
the application of micronutrient-enriched NPK fertilizers provided a
double benefit: increasing grain yield and improving the nutritional quality
of harvested grains, since micronutrient-enriched NPK fertilizers also
increase the concentration of micronutrients in grain (Malakouti, 2008).
In comparing the 6 levels of inputs, results indicated that in terms
of tuber sett sizes (Set A and B), those receiving maximum inputs and
used 100 gms of tuber setts (Sets A) significantly gave higher tuber
yields as compared to the treatments that uses only 50 gms of tuber setts
(Sets B). Comparing the results presented in Table 3 and 4 with the same
production cost and fertilizer inputs, the highest tuber yield in Set A for
T4 was 19 tons/ha (Table 3) while that of Set B for the same treatment is
only 12.14 tons/ha (Table 4). In terms of economic returns, the net income
was also reduced by almost half. The highest income in T 4 using 100 gm
tuber setts was at 258,080 while for 50 gm tuber setts the net income
was drastically reduced to P120,000. Although the cost of production
was reduced by P30,000, this could not offset the great reduction in total
net income. This implied the importance of choosing the right tuber sett
sizes in the propagation of yam because bigger tuber setts have relatively
higher amounts of stored food which can be used by yam in its growth
and development.
In terms of the effects of micronutrient addition on the yield and
economic returns (Set C, Table 5), results showed that for the treatment

362,000
472,000
538,000

18.10 b
23.60 ab
26.90 a

185,870

184,270

172, 400

168,000
181,670

Total ProductionCost
(P)

352,130

287,730

189.600

218,000
268,330

Net Income
(P)

240,000
370,000
248,000
312,000
314,000

12.00 b
18.53 a
12.40 b
15.87 ab
15.73 ab

T0 – control
T1- 150-50-150 kg/ha
N-P2O5-K20
T2 – T1 + 4 kg/ha
Biozome-200
T3- T1 + 8 kg/ha
Biozome-200
T4 - T1 + 16 kg/ha
Biozome-200

Total Income
(P)

Yield
(tons/ha)

Treatments

91,920

90,320

77,450

73,050
86,720

Total Production Cost
(P)

223,080

221,680

170,550

166,950
283,280

Net Income
(P)

Table 5. Relationship between total income, total income, total production and net income derived from yam as
affected by different levels of macro and micronutrient fertilizers (Set D – 2nd cropping) using 50 gm
tuber setts

386,000
450,000

19.30 b
22.0 ab

T0 – control
T1- 150-50-150 kg/ha
N-P2O5-K20
T2 – T1 + 4 kg/ha
Biozome-200
T3- T1 + 8 kg/ha
Biozome-200
T4 - T1 + 16 kg/ha
Biozome-200

Total Income
(P)

Yield
(tons/ha)

Treatments

Table 4. Relationship between total income, total income, total production and net income derived from yam as affected
by different levels of macro and micronutrient fertilizers (Set C – 1st cropping) using 100 gm tuber setts
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which used only 16 kg/ha of Biozome -200 (T2) without any macronutrient
addition, the total tuber yield obtained was similar to that of the control
(T0).This implied that the addition of micronutrients alone is not enough
to sustain higher tuber yields in yam. Plants need both the macro and
micronutrients for their growth and development. Although the cost of
production was reduced by P13, 370 (value obtained by deducting the
cost of production in T4 and T2), the difference in tuber yield and net
income is so big. The difference in total tuber yield is 5.5 tons/ha while
that of the net income is about P107,000. When the tuber sett sizes was
reduced into half from 100 (Set C) to 50 gm in Set D (as presented in
Tables 5 and 6), a similar results was obtained in Set B wherein the yield
was also reduced from 23.6 tons /ha in Set C to 15.74 tons/ha in Set D.
As for the effects of micronutrients addition without macronutrients,
the results obtained were also similar to the control (Table 6). Likewise
the reduction in tuber setts sizes also caused great reduction in the net
income obtained.
On the other hand, when the levels of macronutrient fertilizers were
reduced by half, significant reduction in total tuber yield and total net
income were obtained even with the use of 100 gms tuber setts (Table 7
and 8). The highest yield was only 14.77 tons/ha with a net income of
109,530 for T4 , while the total tuber yield in the control was only 7.37
tons/ha with a negative net income of -P20,600 (Table 7). This findings
again support the previous results on yam that it needs high amount of N
and K fertilizers for the development of its tubers. In Table 8, however a
relatively higher yield was obtained even with reduced NPK fertilization.
The area planted to yam was still relatively fertile because this was
previously planted to aroids which also received sufficient amounts of
NPK fertilizers. It is probable that there are still residual nutrients from
previous cropping that was utilize by yam for its growth and development
and this added to the amounts of macronutrients and micronutrients
applied.
Regarding the effects of macro and micronutrient application on
the individual tuber yield, results presented in Table 9 and Figure 4,
showed that the addition of micronutrients to macronutrients indeed
increased the individual tuber yield significantly even at lower levels of
micronutrients applied at 4 kg/ha of Biozome-200. Micronutrients

7.37 c
11.01 b
12.21 ab
13.17 ab
14.77 a

T0 – control
T1- 150-50-150 kg/ha N-P2O5-K20
T2 – 225-75-225 kg/ha N-P2O5-K20
T3- T1 + 8 kg/ha Biozome-200
T4 – T2 + 8 kg/ha Biozome-200

147,400
220,200
244,200
263,400
295,400

Total Income
(P)
168,000
175,335
177,135
177,935
178,735

Total Production Cost
(P)
-20,600
44,865
66, 265
85,465
116,665

Net Income
(P)

Yield
(tons/ha)
10.94 b
16.39 a
19.24 a
17.87 a
16.44 a

Treatments

T0 – control
T1- 150-50-150 kg/ha N-P2O5-K20
T2 – 225-75-225 kg/ha N-P2O5-K20
T3- T1 + 8 kg/ha Biozome-200
T4 – T2 + 8 kg/ha Biozome-200

218,800
327,800
384,800
357,400
328,800

Total Income
(P)

103,050
116,720
119,520
120,320
121,920

Total Production Cost
(P)

115,750
211,080
265,280
237,080
206,880

Net Income
(P)

Table 7. Relationship between tuber yield, total income, total production and net income derived from yam as affected by
different levels of macro and micronutrient fertilizers (Set E – 2nd cropping) using 100 gm tuber setts

Yield
(tons/ha)

Treatments

Table 6. Relationship between tuber yield, total income, total production and net income derived from yam as affected by
different levels of macro and micronutrient fertilizers (Set E – 1st cropping) using 100 gm tuber setts
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700 b
728 b
1168 a
1124 a
1276 a

Individual tuber yield (gm/hill)

T0 - control
T1 -150-50-150 kg/ha N-P2O5-K20
T2 - T1 + 4 kg/ha Biozome-200
T3 -T1 + 8 kg/ha Biozome-200
T4 - T1 + 16 kg/ha Biozome-200

Treatments
6.62
6.47
6.33
6.33
6.32

H2O
3.88
3.90
3.82
3.82
3.78

KCl
2.65
2.82
2.92
2.92
2.85

0.23
0.22
0.21
0.21
0.23

12.40.
14.02
15.00
15.00
16.80

Soil Chemical Properties
% OM % Total N Avail P

0.66
0.64
0.73
0.94
0.99

Exc. Acidity

Table 9. Soil chemical properties of VSU soild planted to yam as affected by different levels of macro and
micronutrient fertilizers (Set A – 1st cropping)

T0 – control
T1- 150-50-150 kg/ha N-P2O5-K20
T2 – T1 + 4 kg/ha Biozome-200
T3- T1 + 8 kg/ha Biozome-200
T4 - T1 + 16 kg/ha Biozome-200

Treatments

Table 8. Individual tuber yield (gm/hill) as affected by different levels of macro and
micronutrient fertilizers (Set A – 1st cropping)

Macro and micronutrient fertilization of purple yam

111

112

Tulin

especially Cu. Mn, Zn, and B are particularly involved in the reproductive
phase of plant growth and development (Kirkby and Roemheld, 2004).
Thus, bigger tubers were obtained in T3 and T4 as compared to the T0
and those applied with macronutrients only as shown in T 1 (Figure 4).
These findings was supported by the results of Malakouti and Tehrani
(2005) and Malakouti (2007) which indicated that the application of
micronutrient fertilizers to micronutrient deficient soils is associated with
improved yield and crop quality for cereals, corn, beans, forages and oil
seeds. Likewise Fertilizer Use Efficiency (FUE) for different crops can
be increased by the application of micronutrients. In potato the average
yield increase due to micronutrient fertilizer application was 13%
(Malakouti , 2008).

Effects of macro and micronutrients application on the tissue
nutrient concentration of purple yam

Aside from studying the effects of the application of the application
of macro and micronutrients on yield and income of yam, additional data
were also gathered on plant tissues like the leaves to further support our
findings on its effect on plant growth. Results presented in Figures 5 and
6 obtained for Set E second cropping indicated that the application of
macro and micronutrient fertilizers increases the amounts of total N and
total K in the leaves of purple yam. This is very important in the
development of tubers in yam since potassium is one of the limiting
nutrients affecting the root development of rootcrops. In the study of
Bautista and Santiago (1981), it was shown that the application of higher
levels of potassium significantly affected the tuberization of sweetpotato.
Aside from N and K, the amounts of total P, Fe, Mn, Zn and Cu likewise
increased with addition of macro and micronutrient fertilizers. These
findings further confirmed the significant contribution of macro and
micronutrients in the growth and development of crops.

Effects of macro and micronutrients on soil chemical properties
Planted to purple yam

Results of soil chemical analyses conducted for Set A first cropping
and Set E first cropping, revealed interesting findings on the effects of
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T0

T1

T3

T4

Figure 4. Effects of macro and micronutrient fertilizers on the tuber sizes of purple yam
(Set E, second cropping)
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1.5

1

0.5

0

Total N

Total Ca

Total Mg

Total K

Figure 5. Amounts (%) of total N, Ca, Mg, and K in plant tissue (leaves) of purple yam
as affected by different levels of macro and micronutrient fertilizers (Set E,
2nd cropping)
800
700
600
500

T0
T1
T2
T3
T4

400
300
200
100

0

Total P Total Na Total Fe Total Total Zn Total Cu
Mn

Figure 5. Amounts (ppm) of total P,total Na, Total Fe, total Mn, Total Zn, and total Cu
in plant tissue (leaves) of purple yam as affected by different levels of macro
and micronutrient fertilizers (Set E, 2nd cropping)
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Table 10. Soil chemical properties of VSU soil planted to yam as affected by different levels of
macro and micronutrient fertilizers (Set E - 1st cropping)
Treatments

Soil pH
(1:2.5)

Avail P
(mg/kg)

Total N
(%)

Exch. K
(mg/kg)

T0- control

5.91a

23.93

0.08

248.55

T1-150-50-150 kg/ha
N – P 2O 5 – K 2O

5.49b

28.11

0.08

255.02

T2-225-75-225 kg/ha
N – P 2O 5 – K 2O

5.53b

28.59

0.08

238.13

T3-T1 + 8 kg/ha
Biozome -200

5.54b

27.82

0.08

254.88

T4-T2+ 8 kg/ha
Biozome-200

5.55b

25.82

0.09

211.63

macro and micronutrients on the various soil chemical properties such
as soil pH, organic matter, available P, exchangeable acidity, exchangeable
Na, Mn, Cu and Zn (Tables 10 to 12).
The beneficial effects include the increase in the amount of organic
matter, available P, exchangeable acidity due to slight reduction in soil
pH, and exchangeable Zn (Table 9, 10 and 12). The application of 16 kg/
ha Biozome-200 (T4) in Set E increases the amounts of exchangeable
Ca, Mg, Na, Mn and Cu in the soil(Table 11 and 12). These findings
supported the higher amounts of nutrients extracted in the leaves and
tubers of purple yam. Thus the addition of small amounts of micronutrients
contributed much in improving the nutrient supplying capacity of the
soil which directly enhanced the growth and yield of purple yam. Another
important contribution of micronutrient addition is the slight reduction
in soil pH value which is very important in the development of purple
coloration in yam. In our previous findings, we have shown that acid
soils produced dark colored yams as compared to neutral or alkaline soils
(Loreto et al., 2002) . Normally, the darker the purple coloration in yam
the greater would be its demand in the market. Pure purple yam also has
high anthocyanin and micronutrients content which made them very
attractive as health and food products.
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Table 11. Soil chemical properties of VSU soil planted to yam as affected by different levels of
macro and micronutrient fertilizers (Set E – 1st cropping)
Treatments

Exch. Ca
(mg/kg)

Exch. Mg
(mg/kg)

Exch. Na
(mg/kg)

Exch. Mn
(mg/kg)

T0-control

2599

624

41.04

62.64

T1-150-50-150 kg/ha
N – P 2O 5 – K 2O

2381

564

36.97

60.82

T2-225-75-225 kg/ha
N – P 2O 5 – K 2O

2444

563

26.19

56.81

T3- T1 + 8 kg/ha
Biozome -200

2277

521

36.99

61.73

T4- T2+ 8 kg/ha
Biozome-200

2381

583

44.99

72.11

Table 12. Soil chemical properties as affected by different levels of macro and
micronutrient fertilizers (Set E – 1st cropping)
Treatments

Exch. Cu
(mg/kg)

Exch. Zn
(mg/kg)

Exch. Fe
(mg/kg)

T0 – control

13.25

25.68bc

753

T1- 150-50-150 kg/ha
N-P2O5-K20

12.59

22.89c

743

T1- 225-75-225 kg/ha
N-P2O5-K20

12.17

27.41ab

741

T3- T1 + 8 kg/ha
Biozome-200

11.53

29.82ab

741

T4 – T2 + 8 kg/ha
Biozome-200

14.71

31.01a

752
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From the results of this project covering 7 cropping seasons in a
span of five years , the following conclusions can be drawn:
1. There is a direct relationship between the application of macro
and micronutrient fertilizers on the total tuber yield and net income that
can be derived from purple yam production.
2. Total tuber yields ranging from 15 tons to 26 tons/ha could be
achieved through the application of macro and micronutrients fertilizers
using 100 gm tuber setts as planting materials. This is equivalent to about
300 to 500 % increase in yield from the reported national average of 5
tons/ha.
3. This likewise increased the net income obtained up to more than
P250,000 per cropping of purple yam through the application of 150-50150 kg/ha N- P2O5 - K2O and 4 - 16 kg/ha Biozome-200.
4. It also improves the total nutrient content of plant tissue (leaves)
especially the amounts of N and K which are important for the
development of purple yam tubers.
5. In terms of soil properties, the addition of macro and
micronutrients slightly reduced the pH of the soil which is important in
enhancing the intensity of purple coloration in yam. The application of
16 kg/ha Biozome-200 increases the amounts of organic matter, available
P, exchangeable Ca, Na, Mn, Cu and Zn in the soil.
6. Micronutrients addition also improves the nutrient content of
purple yam which would give added value to purple yam especially in
the promotion of this crop as a high value commodity.
7. In terms of tuber sett sizes, the reduction in the size of tuber setts
from 100 gms to 50 gms also reduced the yield obtained by almost half.
8. Reduction in the amounts of NPK fertilizers from 150-50-150 N
- P2O5 - K2O to 75-25-75 N- P2O5 - K2O will likewise reduce the yield
and net income that can be derived from purple yam production.
9. The application of micronutrients alone without macronutrient is
not sufficient to improve the growth and yield of yam. This should be
applied in combination with NPK fertilizer since it will enhance the
efficiency of macronutrient fertilization.
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