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Abstract 
 

A two-year nursery study of embryo-cultured Laguna Tall (ECLAGT) and embryo-cultured 
Makapuno Tall (ECMAKT) coconut seedlings was conducted at the Philippine Coconut Authority - 
Albay Research Center, Guinobatan, Albay aimed to know the effects of applying different levels of 
sodium chloride (NaCl) (common table salt) and chicken manure (CM) on the vegetative growth and leaf 
nutrient status of the seedlings. The soil used in the study is a volcanic ash- rich Guinobatan silt loam, 
classified as Entic Dystrandept soil subgroup (U.S. Soil Taxonomy/Classification). 

 
EC seedlings with the application of NaCl at a total dose of 18-54 g/seedling and chicken manure at 

250-750 g/seedling, applied within the 12-month nursery (at intervals of 2,4,6,8,10 months) significantly 
produced taller seedlings with bigger girth and more total living fronds than the unfertilized ECLAGT 
and ECMAKT seedlings. The levels of nutrient application (fertilization) on EC seedlings is clearly 
much lower than that of the average rates used in growing ordinary seedlings from seednuts, i.e. seedling 
with embryo attached to the whole nut in the nursery. 

 
The better growth of ECLAGT and ECMAKT seedlings in terms of their girth, plant height and  

total living fronds produced was significantly associated with higher or very satisfactory  levels of leaf 
N, P, K, Cl, Ca, Na, Mg, S, B, and Fe (leaf #4 of 12-month old EC seedlings). 

 
The overall results clearly indicate the practical need to apply a combination of sodium chloride and 

dried chicken manure, even at moderate rates (total) of 18 g/seedling and 250 g/seedling respectively, 
divided equally during the 12-month nursery stage for normal growth and proper nutrition of EC 
seedlings. This recommended fertilization management practice should ensure healthy and good quality 
ECMAKT seedlings as planting materials. 
 
Key words: Embryo cultured Laguna Tall (ECLAGT), embryo cultured Makapuno Tall (ECMAKT), 

sodium chloride (common table salt), chicken manure, macronutrient, micronutrients. 
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Introduction 
 

A protocol to mass produce embryo cultured 
seedlings of Makapuno Tall variety of coconut 
palm had been optimized by the Coconut Tissue 
Culture Team of the Philippine Coconut 
Authority at the Albay Research Center (PCA-
ARC). This technique has been used by many 
other commercial embryo culture laboratories in 
the country. However, to optimize growth and 
development of these seedlings through 
integrated crop management (ICM), the balanced 
nutrient requirement during the nursery period 
deserves a close investigation. 

 
Research findings on the mineral nutrition 

and maintenance and corrective fertilizer 
applications conducted by PCA (Magat and 
Margate, 1990; Margate and Magat, 1991) clearly 
showed that the main nutrients needed by 
coconut areas are nitrogen (N), chlorine (Cl), 
potassium (K) and sulfur (S). In recent years, 
Magat (1999) had included the need for 
micronutrient boron (B) extensively in the 
Philippines. Cheaper but efficient sources of 
nutrients like chicken manure and common salt 
(NaCl) for the embryo cultured coconut seedlings 
need to be studied.  

 
The fertilizer requirement of seedlings 

produced from the commonly germinated 
seednuts is very different from the embryo 
cultured grown seedlings. This is mainly due to 
the inherent physiological and morphological 
differences of these two seedlings grown under 
entirely different conditions. Seedlings of the 
former are usually bigger and stronger as these 
grow and develop under normal conditions. In 
contrast, the latter are commonly smaller and 
more fragile since these are initially germinated 
under controlled laboratory conditions where 
nutrition and growing conditions are artificial. 
Earlier experiments on the application of 
different rates of organic NPK “complete” solid 
fertilizer and a foliar fertilizer on embryo 
cultured (EC) Makapuno seedlings, strongly 
indicated that levels of nutrient application was 
much lower (6-9 g NPK/seedling) than the 
average rates commonly used in ordinarily raised 

seedlings in the nursery stage (250-300 g 
NPK/seedling) (Areza-Ubaldo et al., 2005). 

 
The application of common salt at 50-60 

g/seedlings was recommended and became a 
common practice for growing ordinary 
seedlings in the nursery (Magat et al., 1977; 
Magat and Margate, 1990; Margate and Magat, 
1991; and Magat, 1999). On the other hand, the 
use of chicken manure (CM) or poultry manure 
on coconut was earlier studied and found 
effective on coconut at different growth stages 
(Cadigal et al., 1986; Secretaria and Maravilla, 
1997). Considering that common salt or sodium 
chloride is an effective and cheaper source of Cl 
macronutrient, and CM as a source of several 
micronutrients particularly sulphur for coconut, 
its optimum combination should be a cheaper 
source of nutrients and practical for the 
successful establishment of embryo cultured 
seedlings in the soil. 

 
This research work was conducted for 2 

years (2004–2005) at the PCA-Albay Research 
Center, Guinobatan, Albay. The Province of 
Albay is one of the major coconut-producing 
areas, adjacent to many large coconut-producing 
provinces in the Bicol Region, far south of 
Metro Manila. The objectives of the study are to 
determine the nutrient requirement and fertilizer 
needs of embryo cultured (EC) coconut 
seedlings and their fertilizer management 
system during the early stages of development 
and to know the effects of different rates of 
sodium chloride (common salt) in combination 
with different rates of chicken manure (CM) on 
the vegetative growth and nutrient status of EC 
seedlings. 
 

Materials and methods 
 

Initially, the experimental materials used 
were 4 month-old embryo-cultured Makapuno 
Tall (ECMAKT) seedlings produced at the 
PCA-ARC laboratory. At this stage, the 
seedlings have 3-4 expanded leaves and with 
profuse secondary and tertiary roots before they 
were potted-out in sterile sand. 
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ECMAKT seedlings were taken out from the 
laboratory and hardened in the screen-house for 
one week. After the desired period, these were 
potted-out in small polybags (7x11)” containing 
100% sterilized sand (Rillo and Paloma, 1992) 
and incubated in the screen-house (SH) for 2 
months without any fertilizer application. 
 

A preliminary trial using a combination of 
10-30 g/seedling of NaCl and 200 g/seedling of 
CM was conducted. Fertilizer treatments 
(replicated 3 times, with 9 seedlings per replicate 
per treatment) were applied starting on the 2nd 
month of the establishment. Seedlings were 
transferred to bigger polybags (12x12)” 
containing topsoil and sand at 1:1 ratio to reduce 
the disturbance to the seedling root system during 
its growth and development.  Subsequently, 
seedlings were incubated under nursery 
conditions.   
 

Three days after fertilizer application, all the 
ECMAKT seedlings died due to high amounts of 
NaCl and CM contained in the original 
application rates. This result showed that the 
requirement of embryo cultured coconut 
seedlings for common salt and CM should be 
lower than the rates used for normal coconut 
seedlings from germinated seednuts. Thus, the 
treatments were modified in another trial at the 2, 
4, 6, 8, and 10-month growth stages of the EC 
seedlings (Table 1). 

 
For the formal experiment, 4 month-old 

ECLAGT and ECMAKT seedlings, with 3-4 
expanded leaves and profuse roots were produced 
in the laboratory prior to potting-out.  The 
protocol developed at PCA-ARC (Rillo and 
Paloma, 1992) for the ex vitro establishment of 
coconut seedlings was used. EC seedlings of 
Laguna Tall variety were used in Trial 1 in order 
to determine the response to NaCl and CM 
applications of EC seedlings from normal Tall 
variety producing normal (firm fresh meat) nuts. 
Moreover, the effect of NaCl and CM at modified 
rates is still unknown; hence, EC seedling from 
normal coconuts was also tested. As the 
ECLAGT seedlings showed positive response to 
the modified fertilizer treatments, another 
coconut variety with higher commercial value 

(ECMAKT) was used in the second trial. 
MAKT variety in its normal feature produces 
nuts with soft fresh meat (endosperm) which is 
processed to high value food products. EC 
Makapuno seedlings were used in Trial 2 as the 
fertilizer requirement of ECMAKT seedlings 
grown with soil in the nursery polybag also 
needs to be optimized for maximum economic 
benefit. 

 
The Makapuno seedlings (preliminary trial) 

died even at lowest rates of NaCl and CM used. 
Hence, the rate used in the follow-up trials was 
a range lower than 10 g/seedling and 200 
g/seedling, respectively. This time, the effect of 
the modified fertilizer treatments (Table 1) was 
considered.  Trial 1 with ECLAGT and Trial 2 
with ECMAKT seedlings were both laid out in 
randomized complete block design (RCBD) 
with three (3) replicates and 9 and 15 seedlings 
per replicate per treatment, respectively. 

 
After 12 months, leaf samples (frond #4) 

from 9 and 15 seedlings per replicate per 
treatment from ECLAGT and ECMAKT, 
respectively were collected, dried for 8 hours (at 
60°C) prior to submission for leaf analysis at the 
Plant and Soil Analysis Laboratory in PCA-
Central Office, Quezon City, for macro- and 
micronutrients. Dried sample of chicken manure 
(500 g) was also sent for nutrient analysis 
(Table 2). 

 
Data on vegetative growth characters 

(girth, plant height and total living fronds) were 
recorded every 2 months for 12 months. Trials 1 
and 2 were conducted separately; hence, data on 
vegetative growth characters and leaf nutrients 
from these 2 trials were analyzed separately 
using RCBD and Duncan’s Multiple Range Test 
(DMRT) for the comparison of significant 
treatment means. 

 
Results and discussion 

 
A. Effect on vegetative growth of embryo 

cultured seedlings  
 

Based on the statistical analysis of results 
(Table 3), there was significant difference 
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among the fertilizer treatments in terms of girth 
of ECLAGT seedlings (Trial 1) and ECMAKT 
seedlings (Trial 2).  ECLAGT seedlings had the 
biggest girth size with fertilizer treatments FT1 
and FT2 on the 12th month, but FT2 is not 
significantly different from FT3. ECMAKT 
(Figure 1) seedlings had the biggest girth, with 
EC seedlings under treatments FT1, FT2 and FT3 
producing similar girth and were significantly 
bigger than unfertilized EC seedlings. 
 

In terms of seedling height, significant 
differences among the fertilizer treatments were 
noted, starting with 6th – 12th month growth 
stage of EC seedlings of the 2 cultivars tested.  
On the 12th month, ECLAGT and ECMAKT 
(Figure 1) seedlings fertilized with any 
combination of NaCl and CM produced 
significantly taller seedlings over the unfertilized 
EC seedlings. The height differences of 
ECLAGT and ECMAKT seedlings under the 
treatments FT1, FT2 and FT3 were not 
statistically significant. 

 
A significant difference among the fertilizer 

treatments in terms of total number of living 
fronds of EC seedlings was noted for both the 
cultivars tested, except at the earliest growth 
stage of the 2 month old ECMAKT seedlings 
(Table 5). In the 12th month, the total number of 
living fronds from both cultivars were highest 
with EC seedlings fertilized with combinations of 
NaCl and CM (treatments FT1, FT2 and FT3). 
But, among these treatments, the number of 
living fronds of EC seedlings for both cultivars 
was not significantly different. 
 

In general, results showed that significantly 
better vegetative growth (girth, height and living 
fronds) of embryo cultured seedlings of Laguna 
Tall (ECLAGT) and Makapuno Tall 
(ECMAKT) were obtained with the application 
of combinations of common salt and chicken 
manure, compared to the unfertilized seedlings. 
This was clearly indicated particularly at the 12-
month growth stage of EC seedlings for both 
cultivars used.  Results indicated strongly that at 
moderate rates of common salt (NaCl) at 18 g 
per seedling and CM at 250 g per seedling can 
be  highly recommended to obtain the best 
growth of seedlings under the growing 
conditions of the study, using the local typical 
soil (volcanic ash-rich Guinobatan silt loam) at 
the PCA-ARC . 

 
As shown in Tables 3-5, between the two 

treated EC seedlings, the ECMAKT seedlings 
were appreciably better in terms of girth, 
seedling height and total living fronds under 
higher rates of application of NaCl and CM 
(FT2 and FT3). In the case of ECLAGT 
seedlings, much better ones were produced at 
the lower rates of fertilizer application of NaCl 
and CM (FT1). 
 

Thus, to optimize the growth and 
development of ECMAKT seedlings, higher 
rates of common salt and chicken manure 
application (54 g NaCl and 750 g CM per 
seedling) is required for a healthy, good quality 
ECMAKT planting material. In contrast, the 
ECLAGT seedlings required only the lowest 
rates of 18 g NaCl and 250 g CM per seedling 
for realizing desired growth of EC seedlings. 

  
Table 1.  Modified common salt (NaCl) and chicken manure (CM) treatments for embryo cultured coconut 

seedlings grown in the screen-house and nursery 

Growth stage of EC 
seedling 

Source of nutrients 
Fertilizer treatments (FT) 

(g/seedling) 
FT0 FT1 FT2 FT3 

At 2 months 
NaCl 0 2 4 6 
CM 0 50 100 150 

At 4, 6, 8, & 10 
months 

NaCl 0 4 8 12 
CM 0 50 100 150 

Total (Nursery) 
NaCl 0 18 36 54 
CM 0 250 500 750 
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Table 2. Content of nutrients of chicken manure used in the experiment (Analysis by PTAL, 
Plant and Soil Analysis Laboratory, Central Office, PCA) 

Per cent (%) in dry matter 

N a P K Ca Mg Na Cl b S OMc 

3.32 0.60 1.56 14.75 1.62 0.45 0.60 0.58 38.70 
a Total (NH4

+,NO3
-) b  Water-soluble  c  Dry-ashing method 

 
 
 
 
 
 
 
 
 
Table 3.   Effect of different fertilizer treatments on girth size of embryo cultured seedlings cvs. Laguna Tall 

(Trial 1) and Makapuno Tall (Trial 2) at different nursery growth stages (PCA-Albay Research 
Center, 2005) 

Cultivar 
Fertilizer 
Treatment 

Initial # 
 
 

 
 

Months 
 

 
 

 
 

 
 

   2 4 6 8 10 12 
Girth size (cm) 

ECLAGT 

FT0 3.8 a 4.2  a 4.2 c 4.4 c 5.1 c 5.5 c 5.8 c 
FT1 3.1 b 3.7  b 5.5 a 6.2 a 6.7 a 8.3 a 8.7 a 
FT2 3.3 ab 3.4 b 4.7 b 5.6 b 6.1 b 6.5 b 7.8 ab 

FT3 3.7 ab 4.1 a 4.5 bc 4.7 c 6.6 ab 7.5 a 7.7 b 

Mean 3.5 3.9 4.7 5.2 6.1 6.9 7.5 
Level of 

significance 
ns * ** ** ** ** ** 

ECMAKT 

FT0 2.8 a 3.2 a 3.3 a 3.4 b 3.8 c 4.3 b 4.8 b 
FT1 2.7 a 3.2 ab 3.3 a 3.6 ab 4.7 b 5.8 a 6.8 a 
FT2 2.7 a 3.1 b 3.3 a 3.9 a 5.2 a 6.3 a 7.2 a 
FT3 2.7 a 3.1 b 3.3 a 4.0 a 4.9 ab 6.4 a 7.1 a 

Mean 2.7 3.1 3.3 3.7 4.7 5.7 6.5 
Level of 

significance 
ns * ns * ** ** ** 

# Before fertilizer treatment 
Treatment means with the same letter(s) are not significantly different from each other at 5% level (Duncan’s 
Multiple Range Test [DMRT]). 
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Fig. 1.  Effects of fertilizer treatments on (a) girth size,  (b) plant height and (c) total 
living fronds produced of ECMAKT seedlings at different growth stages 
(PCA-ARC, Albay, 2005). 
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Fig. 2. Effects of fertilizer treatments on leaf (a) macronutrients and (b) micronutrients levels 
of ECMAKT seedlings at 12 months (PCA-ARC, Albay, 2005). 
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Table 4.   Effects of different fertilizer treatments on plant height of embryo cultured seedlings cvs. Laguna 
Tall (Trial 1) and Makapuno Tall (Trial 2) at different nursery growth stages (PCA-Albay 
Research Center, 2005) 

Cultivar 
Fertilizer 
treatment 

Initial #  
 
 

Months 
 

 
 

 
 

 
 

   2 4 6 8 10 12 
Plant Height (cm) 

ECLAGT 

FT0 46.8 a 48.6 a 48.5 c 51.4 c 56.3 c 71.2 b 83.8 b 
FT1 46.4 a 50.0 a 62.9 a 82.6 a 110.3 a 129.0 a 140.8 a 
FT2 42.5 a 46.0 a 53.0 bc 68.9 b 79.3 b 88.8 b 115.1 a 
FT3 41.7 a 46.0 a 58.8 ab 67.4 b 89.7 ab 117.1 a 135.9 a 

Mean 44.4 47.7 55.8 67.6 83.9 101.5 118.9 
Level of 

significance 
ns ns ns ** ** ** ** 

ECMAKT 

FT0 32.8 ab 38.4 a 41.4 b 45.4 b 48.2 c 56.3 c 61.7 b 
FT1 31.8 b 36.8 a 40.6 b 51.0 a 67.4 b 85.4 b 100.3 a 
FT2 34.1 a 40.3 a 46.4 a 55.3 a 75.7 a 96.7 ab 110.0 a 
FT3 32.2 ab 38.3 a 43.6 ab 55.5 a 76.4 a 100.9 a 110.7 a 

Mean 44.4 47.7 55.8 67.6 83.9 101.5 118.9 
Level of 

significance 
ns ns ns ** ** ** ** 

# Before fertilizer treatment 
Treatment means with the same letter(s) are not significantly different from each other at 5% level  
(Duncan’s Multiple Range Test [DMRT]). 
 
 
 
Table 5. Effects of different fertilizer treatments on the total no. of living fronds of embryo  cultured seedlings 

cvs. Laguna Tall (Trial 1) and Makapuno Tall (Trial 2) at different nursery growth stages (PCA-
Albay Research Center, 2005) 

Cultivar 
Fertilizer 
treatment 

Initial # 
 
 

 
 

Months 
 

 
 

 
 

 
 

   2 4 6 8 10 12 
Total Living Fronds (no.) 

ECLAGT 

FT0 3.6 c 4.4 b 5.2 c 4.9 c 4.6 c 5.8 c 6.7 b 
FT1 4.1 bc 5.6 a 7.1 a 8.1 a 6.5 b 7.5 b 7.8 a 
FT2 4.7 a 5.6 a 6.9 a 8.1 a 8.4 a 8.8 a 8.2 a 
FT3 4.2 ab 4.7 b 5.9 b 6.4 b 6.8 b 7.7 b 8.2 a 

Mean 4.1 5.1 6.2 6.9 6.6 7.5 7.7 
Level of 

significance 
* ** ** ** ** ** * 

ECMAKT 

FT0 3.1 b 4.4 a 4.8 b 5.1 b 5.7 b 5.4 b 6.1 b 
FT1 3.4 a 4.1 a 5.1 ab 5.5 b 6.0 ab 6.7 a 7.2 a 
FT2 3.2 ab 4.3 a 5.2 a 6.6 a 5.8 b 6.6 a 7.2 a 
FT3 3.1 b 4.4 a 5.3 a 6.5 a 6.3 a 7.0 a 7.5 a 

Mean 3.2 4.3 5.1 6.0 5.9 6.5 7.0 
Level of 

significance 
Ns ns * ** * * ** 

#  Before fertilizer treatment 
Treatment means with the same letter(s) are not significantly different from each other at 5% level  
(Duncan’s Multiple Range Test [DMRT ]). 
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B. Leaf nutrient levels of embryo cultured 
seedlings 

 
Results of statistical analyses of leaf 

macronutrient levels of leaf rank no. 4, showed 
significant treatment effect on leaf N, P, K, Cl 
and S of the 2 cultivars tested (Table 6). 

 
FT3 was significantly different from the 

other treatments in terms of leaf N, P and Cl.  
Results show that the treatment of ECLAGT and 
ECMAKT seedlings with NaCl and chicken 
manure at 54 g/seedling and 750 g/seedling, 
respectively (FT3) increased leaf N, P and Cl 
more than the other treatments. 

 
EC seedlings from both cultivars treated 

with low levels of NaCl and chicken manure 
(FT1 and FT2) gave the highest leaf K and were 
significantly different from FT0 and FT3. This 
indicates that application of NaCl at highest rate 
tended to depress the leaf K concentration, a 
likely K-Na antagonism reaction in EC seedlings. 

 
The good vegetative growth noted in 

fertilized seedlings indicate that they responded 
positively to the application of chicken manure 
because of its capability to supply significant 
amounts of N (3.32%), P (0.60%), K (1.56%), 
and Cl (0.60%) (Table 2). Common sea salt 
application provided the EC seedlings an 
increased supply of Na and Cl nutrients.  These 
results support earlier findings that Cl application 
significantly increased the girth of seedlings at 
nursery stage (Magat et al., 1977; Oguis et al., 
1979; Magat  and Prudente, 1975) mentioned by 
Maravilla (1986). 

 
Significant effect of fertilizer treatments 

was also noted in terms of leaf Ca and Na from 
ECLAGT and leaf Mg from ECMAKT seedlings. 
ECLAGT seedlings fertilized with FT1 and FT2 
increased leaf Ca, significantly different from the 
other treatments. High rates of application of 
NaCl and CM treatments (FT2 and FT3) resulted 
in highest leaf Na in ECLAGT seedlings and the 
highest leaf Mg and S in ECMAKT seedlings, 

significantly different from the other fertilizer 
treatments. 

 
Results also indicate that the treatments 

with chicken manure increased contents of most 
leaf nutrients. This is attributed to substantial 
contents of nutrients in the CM: Ca (14.75%), 
Na (0.45%), Mg (1.61%), and S (0.58%) (Table 
2), which contributed to the impressive 
vegetative growth of the EC seedlings in the 
nursery. 

 
The highest leaf S was noted from the 

unfertilized (FT0) ECLAGT seedlings, which 
was significantly different from the other 
treatments. This means that the amount of 
sulphur obtained from Fe2SO4.7H2O in the 
growth medium during the in vitro culture of 
EC Laguna Tall seedlings is sufficient to give 
optimum response during their later growth 
under ex- vitro conditions. 

 
Leaf B of EC seedlings of LAGT and 

MAKT (Figure 2b) cultivars was significantly 
higher with NaCl and CM fertilization, but leaf 
B levels of fertilized EC seedlings (FT1, FT2 
and FT3) in both cultivars were not significantly 
different (Table 7). In both cultivars, leaf Zn 
and Cu of EC seedlings were not significantly 
affected by the fertilizer application, but leaf 
Mn were significantly reduced in contrast, even 
at the lowest rates of fertilizer application. 
However, leaf Fe of ECLAGT seedlings 
significantly increased under FT1 and FT2 
fertilizer treatments. The observed increases in 
concentrations of leaf B and Fe in the EC 
seedlings is strongly attributed to the chicken 
manure component of the fertilizer application 
(Table 2). Magat and Recel (2000) noted that 
chicken manure from several sources in the 
country contain high amounts of micronutrients 
(B, 45 ppm; Fe, 27,600 ppm; Zn, 589 ppm; Cu, 
116 ppm; and Mn, 1,700 ppm.  Moreover, the 
decrease in leaf   Mn   is   suspected   to    be   a   
possible     

 

 

 



Cord 2006, 22 (2) 
 

 10

 

Table 6.  Leaf macronutrient levels (at leaf rank no. 4) of embryo cultured seedlings cvs. Laguna Tall (Trial 1) 
and Makapuno Tall (Trial 2) applied with different rates of sodium chloride (common salt) and 
chicken manure treatments at 12 months, PCA-ARC, 2005 

Cultivar 
Fertilizer  
treatment 

 Dry matter (%) 
N P K Ca Mg Na Cl S 

ECLAGT 

FT0 1.37 c 0.14 a 1.94 b 0.47 b 0.26 ab 0.11 c 0.50 b 0.23 a 
FT1 1.58 b 0.11 b 2.29 a 0.76 a 0.29 a 0.30 b 0.95 a 0.18 b 
FT2 1.47 bc 0.11 b 2.18 a 0.77 a 0.27 ab 0.36 a 0.98 a 0.19 b 
FT3 1.79 a 0.12 ab 1.91 b 0.48 b 0.23 b 0.31 ab 1.05 a 0.16 b 

Level of 
Significance 

** * * ** ns ** ** ** 

ECMAKT 

FT0 1.62 c 0.14 b 1.45 b 0.46 a 0.20 c 0.22 a 0.36 d 
0.16 
bc 

FT1 1.76 b 0.14 b 2.06 a 0.48 a 0.25 b 0.20 ab 0.69 c 0.15 c 

FT2 1.91 a 0.16 b 2.05 a 0.48 a 0.29 a 0.20 ab 0.84 b 
0.18 
ab 

FT3 1.94 a 0.19 a 2.19 a 0.48 a 0.31 a 0.19 b 1.00 a 0.19 a 
Level of 

Significance 
** * ** ns ** ns ** * 

Treatment means with the same letter(s) are not significantly different from each other at 5% level  
(Duncan’s Multiple Range Test [DMRT ]). 
 
 
 
 
 
 
Table 7.  Leaf micronutrient levels (at leaf rank no. 4) of embryo cultured seedlings cvs. Laguna Tall (Trial 1) 

and Makapuno (Trial 2) applied with different rates of sodium chloride (common salt) and chicken 
manure at 12 months, PCA-ARC, 2005 

Cultivar 
Fertilizer  
treatment 

Dry matter (mg-kg-1) 
B Zn Mn Cu Fe 

ECLAGT 

FT0 14.00 b 23.93 a 85.13 a 135.93 a 83.46 b 
FT1 16.80 a 18.30 a 38.90 c 59.50 b 96.50 ab 
FT2 16.96 a 19.86 a 53.30 b 69.50 ab 112.40 a 
FT3 17.03 a 19.46 a 35.40 c 136.70 a 58.96 c 

Level of 
Significance 

ns ns ** ns ** 

ECMAKT 

FT0 12.60 b 13.76 a 59.23 a 4.76 a 77.60 a 
FT1 26.13 a 9.80 a 28.63 c 3.46 a 59.76 a 
FT2 28.23 a 10.16 a 31.50 c 3.73 a 61.10 a 
FT3 26.33 a 9.96 a 42.30 b 3.20 a 63.96 a 

Level of 
Significance 

** ns ** ns ns 

Treatment means with the same letter(s) are not significantly different from each other at 5% level  
(Duncan’s Multiple Range Test [DMRT ]). 
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Cl  and  Mn antagonism in EC seedlings as 
observed in both cultivars. 

 
Also, it was noted that unfertilized 

seedlings (control treatment) from both EC 
cultivars have high leaf Mn and were 
significantly different from the other treatments.  
Possibly, the MnSO4.4H2O contained in the 
embryo culture growth medium (in vitro stage) of 
the seedlings had provided adequate supply of 
micronutrient Mn to support further growth and 
development of EC seedlings in nursery. 

 
Overall, these results clearly showed that 

the EC Laguna Tall and Makapuno seedlings 
responded positively to the combined application 
of common salt (sodium chloride) and chicken 
manure (CM) to supply significant amounts of N, 
P, K, Cl, Ca, Na, Mg, S, B, and Fe beneficial to 
EC seedlings’ growth and development. 
Moreover, the improvement in the vegetative 
growth characters particularly in terms of girth, 
plant height and total living fronds produced with 
treatments with sodium chloride and CM could 
be well explained by the significant beneficial 
levels of macro- and micronutrients supplied by 
fertilizer combination used in this crop nutrition 
and fertilization management study on the EC 
seedlings of the two cultivars. 
 

Conclusions and recommendations 
 

Effects of different fertilizer combinations 
of sodium chloride (common salt) and chicken 
manure as cheaper, effective and efficient sources 
of nutrients as Cl, N, Ca and B, among others for 
the growth of embryo cultured (EC) coconut 
seedlings was studied.  This was carried out in 
two nursery trials using the local typical soil 
(volcanic ash-rich Guinobatan silt loam) at the 
PCA-ARC in the Province of Albay, Bicol 
region, a highly suitable wet growing zone of 
coconuts in the country. 

Results of Trials 1 and 2 indicated that the 
initial amount of sodium chloride (common salt) 
and chicken manure during the 2-month stage of 
the embryo cultured coconut seedlings grown 
on soil should be within 2–6 g NaCl/seedling 
and 50–150 g chicken manure/seedling. The 
amount should be doubled in the next 4-month 
growth stage and succeeding 6, 8 and 10 
months’ growth stages. 

 
The application of sodium chloride 

(common table salt) at 18-54 g/seedling and 
chicken manure at 250-750 g/seedling produced 
better growth of seedlings over the unfertilized 
ECLAGT and ECMAKT seedlings. 

 
Moreover, the better growth of seedlings, 

particularly indicated by its girth, plant height 
and total living fronds produced were 
significantly associated with adequate levels of 
leaf N, P, K, Cl, Ca, Na, Mg, S, B, and Fe (leaf 
#4). 

 
Also, this study clearly indicates the 

benefit and the need of applying a combination 
of sodium chloride and chicken manure even at 
moderate rates (total of 18 g NaCl/seedling and 
250 g CM/seedling, respectively) divided 
equally during the 12-month nursery stage 
(Figure 3) for proper nutrition and fertilization 
management of embryo cultured coconut 
seedlings. 

 
Finally, another experiment, using another 

soil type, comparing the best recommendation 
from the earlier study 1 (inorganic NPK 14-14-
14 fertilizer) and from this study 2 (best rates of 
common salt NaCl and chicken manure 
fertilizers combination deserves attention. With 
results from two distinct soils,  this will provide 
reliable basis to   
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a b 

c d 

Fig. 3.  Embryo cultured Makapuno seedlings (ECMAKT) from the unfertilized plots 
(FT0) and those treated with sodium chloride and dried chicken manure at 
moderate rates (total) of 18 g/seedling and 250 g/seedling  (FT1) after 6 
months (a & b, respectively) and 12 months (c & d, respectively).   Note the 
yellowish-green color of leaves from unfertilized seedlings compared to dark 
green leaves from fertilized seedlings after 6 months.  
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further substantiate and conclusively determine 
the crop nutrition and fertilization management 
practice that is capable of optimizing healthy, 
quality EC seedlings. Following an integrated EC 
seedling management, based on their 
effectiveness and efficiency, including the 
economics and local availability of fertilizer 
sources to supply the critical crop nutrition of EC 
seedlings, a working guide on location-specific 
crop nutrition and fertilization management for 
EC coconut seedlings could be developed. 
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