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ABSTRACT 

 

This study was conducted in order to determine the effects of macro-

nutrient deficiency to the morpho-physiological and biochemical 

properties of abaca. Randomized Complete Block Design was used in 

the study with three nutrient omissions (N, P & K) replicated three 

times with 12 samples per treatment replicate. This was conducted at 

the National Abaca Research Center screenhouse, Visayas State Uni-

versity, Baybay City, Leyte.  Abaca under N and K deficiency produces 

the shortest plant height, pseudostem length, pseudostem girth, leaf 

length and leaf width. N deficient plant produces the smallest total 

leaf area while P deficient plants reduce pseudostem length and leaf 

width of abaca. However, P deficient plants showed comparable ef-

fects to the plant height, pseudostem girth, leaf length and total leaf 

area of abaca plants with complete nutrients. Furthermore, chloro-

phyll a and chlorophyll b content of abaca was lowest under N defi-

ciency while control, P and K deficient plants showed comparable re-

sults. Free radical scavenging activity was also lowest under N and K 

deficient plants. Stomatal aperture was lowest under N, P & K defi-

cient plants while P deficiency decreases stomatal length. These re-

sults suggests that abaca is more sensitive to N and K deficiency as 

most of the morpho-physiological and biochemical properties of ab-

aca was significantly reduced under these conditions. 
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Introduction 
Abaca, scientifically known as *Musa tex-

tilis Née*, is a perennial crop closely related to 
the banana (Schlegel, 2010). Primarily originat-
ing from the Philippines, it has also spread to 
neighboring countries such as Indonesia and 
Malaysia. The plant features a cluster of leaves 
that form a tree-like structure known as a pseu-
dostem, which contains a soft, non-fibrous core 
(Cook, 2001). This pseudostem comprises 12 to 
25 leaves and has an average diameter of 30 to 
40 cm (Shahri et al., 2014). It is renowned for 
its exceptional durability when submerged in 
water. Due to its strength and resilience, abaca 
fiber is extensively utilized in the maritime in-
dustry for applications such as ropes and fish-
ing lines. The Philippines leads global produc-
tion, contributing approximately 63.51% of the 
world's abaca raw fiber (Munar, 2024).  

However, the Philippine Fiber Industry De-
velopment Authority (PhilFIDA, 2023) Re-
gional Office 8 Annual Report indicates a con-
cerning decline in abaca production over re-
cent years, with a significant drop of about 
64.4% in 2020 compared to previous years 
(Parac et al., 2021). Factors such as nutrient de-
ficiency could affect fiber production, however, 
abaca bunchy top virus is the main problem in 
the industry. The abaca bunchy top disease, 
which presents symptoms similar to those of 
the banana bunchy top disease (BBTD), is prev-
alent and unique to the Philippines (Dizon et al., 
2012; Sharman et al., 2008). Early indications 
of the disease include yellowing of the leaf mar-
gins and the lamina of young, unfurled leaves, 
along with a vague yellowish-white area visible 
in the furled leave. In severe cases, infected 
plants may produce no more than a meter-long 
pseudostem under field conditions. They can 
generate suckers with small leaves that are un-
dersized, stiff, and narrow, often exhibiting 
chlorotic edges and arranged in a rosette for-
mation (Raymundo & Bajet, 2000; Sta. Cruz et 
al., 2016). However, the symptoms of the abaca 
bunchy top virus (ABTV) resemble those asso-
ciated with nutrient deficiencies of selected 
macronutrients. Thus, this study was con-
ducted in order to determine and simulate the 
effects of nutrient deficiency to the growth and 
development of abaca and to distinguish the 

symptoms of nutrient deficient abaca plants 
from ABTV infected plants.  

 
Materials and Methods 
Preparation of Culture Solution 

Three (3) nutrient omission treatments 
were used and these were compared to a com-
plete nutrient solution. The different nutrient 
mixture includes a complete solution contain-
ing six (6) macronutrients (N, P, K, Mg, Ca, and 
S) and six (6) micronutrients (B, Cu, Fe, Mn, Mo, 
and Zn) and the others contained the complete 
solution minus one element (N, P, & K). The 
standard basic solution was prepared based on 
the nutrient omission trial protocol of Hoa-
gland (Appendix Table 1) using distilled water 
as a diluent. To omit a nutrient, the study re-
placed some salts used in the Hoagland nutri-
ent solution as shown in Appendix Table 2.  

 
Experimental Design and Treatments 

The study was conducted inside the screen 
house of the National Abaca Research Center 
(NARC), Visayas State University, Baybay City, 
Leyte from March to April 2025. Temperature 
and light were under normal outdoor condi-
tions since the screen house allows the natural 
air circulation and the sample plants received 
equal light from 10 am to 2 pm.  It was arranged 
in a Randomized Complete Block Design 
(RCBD) with four (4) treatments replicated 
three (3) times having twelve (12) samples per 
block per treatment. The treatments were des-
ignated as follows:  
• T0 - complete with macro-and micro-nutri-

ents  
• T1 - complete with macro- and micro-nutri-

ents except Nitrogen (N) 
• T2 - complete with macro- and micro-nutri-

ents except Phosphorus (P) 
• T3 - complete with macro- and micro-nutri-

ents except Potassium (K) 
 
Experimental Set-up 

A nutrient film technique (NFT) re-circulat-
ing hydroponic setup was constructed to ac-
commodate four (4) treatments of the study. 
Each treatment has two (2) hydroponic solu-
tion containers as reservoirs in each replicate.  
Each container was provided with a submersi-
ble pump that provided the nutrient solution to 
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the feeding throughs (i.e. PVC 2½” x 4” x 4’) that 
could accommodate six (6) samples in every 
setup.  

 
Application of Culture Solution 

Treatments were applied right after trans-
planting the samples to hydroponic containers. 
A submersible pump was used to pump the so-
lution (treatments) from the bucket into the hy-
droponic container. The nutrient solution was 
circulated every 15 minutes during the daytime 
and every 1 hour during the night using a timer. 
This is to ensure that the samples will not die 
due to water stress. 
 
Morphological Characteristics of Abaca 

Data was collected at biweekly intervals un-
til the termination of the study by measuring 
the following parameters; plant height, pseu-
dostem length, pseudostem girth, leaf length, 
leaf width and total leaf area. 
 
Stomatal Morphology 

For stomatal characteristics, samples were 
gathered from the third fully expanded leaves 
from the top and imprinted using transparent 
nail polish. A compound microscope was used 
to magnify imprints at 4x and 10x (Zakariyya et 
al., 2017). The area of the field of view was de-
termined using a calibrated micrometer slide. 
Stomatal aperture, stomatal length, and width 
were analyzed using ImageJ software (Mathias 
et al., 2024). 

 
Chlorophyll Content and FRSA 

The Hiscox and Israelstam, (1979) method 
were used to measure the amount of total chlo-
rophyll. Samples were thinly sliced, bleached 
and were incubated using a water bath that 
contains 80% ethanol for 24 hours. Then, the 
absorbance of the solution was determined us-
ing a spectrophotometer (Epoch microplate 
spectrophotometer, Biotekᵀᴹ, Epochᵀᴹ) set at 
645 and 663 nm, and the rate was recorded and 

calculated using the equation of Aron (1949). 
Free radical scavenging of abaca was deter-
mined using the DPPH (1,1-diphenyl-1-1 pic-
rylhydrazyl) assay following the procedure of 
Salas et al., (2015). The absorbance of the re-
sulting solutions was read using a Shimadzu 
UV-Vis spectrophotometer at 517 nm using 
ethanol as the main reference. 

 
Quantification of Macronutrients 

Quantification of nutrients (N, P, & K) was 
done at the National Abaca Research Center 
(NARC) - Soil Analytical Laboratory using 
Kjeldahl digestion for N, while Phosphorous 
was quantified using the molybdenum blue 
Method by colorimetry and spectrophotometry 
at 470 nm (Wieczorek et al., 2022) and K was 
analyzed using the X-ray fluorescence (XRF) 
spectroscopy. Six (6) sample plants from each 
treatment in each block were composite for 
analysis with a total of 12 samples analyzed 
covering the four (4) treatments of the study.  

 
Results and Discussion 
Nutrient Deficiency Symptoms 

During the course of this study, symptoms 
of nitrogen deficiency became distinctly evi-
dent. Symptoms emerged two weeks following 
the application of treatment (Fig. 1A). The older 
leaves began to exhibit a light green coloration 
accompanied by yellow spots primarily on the 
margins, extending toward the tips and subse-
quently the middle of the leaves. As the defi-
ciency intensified, by four weeks post-treat-
ment, chlorosis was notably pronounced in the 
older leaves (Fig. 1B). The leaves and the entire 
plant turned yellow (Fig. 1C). Additionally, ne-
crosis was observed on some leaves, particu-
larly at the tips (Fig. 1D). Four weeks after 
treatment, the shoots displayed reduced size 
and width, appearing very light green or yel-
low-green in color (Fig. 1E). It was also noted 
that the abaca samples exhibited stunted 
growth in comparison to other treatments.
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Figure 1. Visual symptoms shown by N deficient abaca plants (Musa textilis Née) 42 days after treat-
ment exposure 

 
The phenological development of plants is 

delayed under nitrogen deficiency during both 
the vegetative and reproductive growth stages 
(Fathi & Zeidali, 2021). Nitrogen is also a cru-
cial component of chlorophyll structure (Men-
doza-Tafolla et al., 2019). Consequently, when 
nitrogen is absent or deficient, chlorophyll syn-
thesis is hindered, leading to a change in leaf 
color from green to yellow. Numerous plant 
species have shown a strong correlation be-
tween nitrogen levels and chlorophyll content, 
including cabbage (Westerveld et al., 2002), 
wheat (Kızılgeç et al., 2015; Shah et al., 2017), 

corn (Hurtado et al., 2010; Sawyer et al., 2011), 
and rice (Huang et al., 2016). 

The effects of phosphorus (P) deficiency in 
abaca are not as pronounced, as illustrated in 
Figure 2. However, a notable consequence of P 
deficiency is the narrowing of newly expanded 
leaves, which also leads to a reduction in their 
diameter and, consequently, a decrease in leaf 
lamina (see Figure 2B). At 42 days after the 
plants were exposed to a P-deficient nutrient 
solution, yellowing along the margins of older 
leaves became apparent (Figure 2C).

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Symptoms shown by P deficient abaca plants (Musa textilis Née) at 42 days after deficiency 
exposure. 

 
Phosphorus is a crucial nutrient vital for 

various physiological and metabolic processes, 
including energy metabolism, DNA synthesis, 
cell division, and the production of phospholip-
ids, primarily as Pi esters or phosphate (Pi) 
(Isidra-Arellano et al., 2021). A deficiency in 

phosphorus disrupts the absorption of other 
essential nutrients, such as nitrogen (N), cal-
cium (C), and potassium (K), negatively affect-
ing the overall structure of the plants and lead-
ing to reduced growth. 
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At 28 days after exposure to K deficient  
medium, deficiency symptoms were also  
visible as presented in Figure 3. Chlorosis was 
observed on the leaf margins moving to the 
middle of the older leaves (Figure 3B). In pro-
longed exposure (i.e. 42 days), chlorosis covers 
almost the entire leaf of older leaves (Figure 
3C). These results are in agreement with those 
reported by dos Santos Sarah et al., 2021, which 
showed potassium deficiency resulted in chlo-
rosis starting from the older leaves of bean 
plants grown under a hydroponic system. 

Marathe et al., (2016), also reported the occur-
rence of brown spots especially on the older 
leaves of pomegranate plants. Reduced growth 
is the first visual symptom of potassium-defi-
cient plants. Under prolonged nutrient defi-
ciency, morphological symptoms appear. Yel-
lowing and drying out of the leaf margins and 
necroses appear (Marathe et al., 2016). Stem 
diameter was also observed to reduce in toma-
toes under K deficiency as reported by Kanai et 
al., (2010).

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Visual symptoms shown by K deficient abaca plants (Musa textilis Née) 42 days after treat-
ment exposure. 

 
Morphological, physiological and Biochemi-
cal Responses of Abaca to Macronutrient De-
ficiency 

At 28 and 42 days after exposure to differ-
ent treatments, the control (positive control or 
All treatments) showed the tallest plant height 
which is comparable with those test plants ex-
posed to the nutrient solution without Phos-
phorous (P) (Table 1).   On the other hand, ab-
aca plants that were grown in a nutrient solu-
tion in the absence of Nitrogen (N) showed the 
shortest plant height which also had the same 
effect as the plants that were subjected to a nu-
trient solution minus Potassium (K). This 
means that the plant height of abaca, P defi-
ciency has little impact compared to K and N 
deficiency. 

Furthermore, at 28 and 42 days of exposure 
of abaca plants to different treatments, the con-
trol (All nutrients)--treated plants had the 
longest pseudostem length compared to plants 
exposed to the nutrient solution without N, P, 
and K (Table 1). However, the pseudostem 

length of abaca plants exposed to the solution 
without N, P, and K were all comparable which 
means that the deficiency of either N, P, and K 
shortens the pseudostem of abaca. In addition, 
abaca plants under the control (i.e. with all nu-
trients) showed the widest pseudostem girth 
(Table 1) which also showed the same effect on 
abaca plants grown in the absence of P in the 
nutrient solution. On the other hand, abaca 
plants grown in the absence of N and K produce 
the smallest pseudostem girth. This would sug-
gest that with the absence of N and K in the me-
dium, the abaca plant could not expand its 
pseudostem girth properly. The decline in plant 
growth performance associated with nitrogen 
(N) deficiency is attributed to nitrogen being 
recognized as the most crucial mineral nutrient 
that significantly impacts plant growth, yield, 
and quality (Carranca et al., 2018). Nitrogen de-
ficiency hinders cell division, ultimately affect-
ing the overall development of vegetative 
leaves and stems in abaca (Carranca et al., 
2018). Conversely, the reduced growth of  
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potassium (K)-deficient plants may be due to 
the sensitivity of photosynthetic product distri-
bution and transport to K concentration. An 
ample supply of K enhances osmotic pressure 
in the phloem, facilitating the transfer of  
photosynthates from source to sink organs 

(Cakmak, 2005). However, in K-stressed plants, 
the loading of photosynthates in the phloem is 
impeded, leading to a significant reduction in 
the transport of these substances to the roots 
(Gerardeaux et al., 2010), which adversely af-
fects the growth of K-deficient plants.

 
Table 1. Plant height (cm), pseudostem length (cm), and pseudostem girth (mm) of abaca (Musa 

textilis Née) 28th and 42nd days after treatment exposure 

Source 
Morphological Characteristics of Abaca  

Plant Height (cm) Pseudostem Length (cm) Pseudostem Girth (mm) 
28 days 42 Days 28 Days 42 Days 28 Days 42 Days 

Control (+) 63.7a 72.3a 27.0a 31.2a 13.9 15.2a 
-N 54.1b 56.5c 21.4b 23.2b 12.2 12.7b 
-P 58.8ab 64.7ab 23.9b 26.3b 12.6 13.8ab 
-K 55.0b 57.5bc 22.2b 23.9b 11.7 12.0b 
Total 231.6 251 94.5 104.6 50.4 53.7 
Mean 57.9 62.7 23.6 26.1 12.6 13.4 
C.V (%) 3.32 4.54 4.51 5.90 8.23 6.02 

Groups sharing a letter are not significantly different (Tukey HSD, p<0.05 
 

The leaf morphology of the abaca was also 
affected by the absence of macronutrients (N, P, 
and K) in the solution (Table 2).  At 28 and 42 
days after treatment application, abaca plants 
exposed to the complete nutrient solution had 
the longest leaves compared to abaca plants ex-
posed to the solution in the absence of N and K.  
However, this particular treatment is compara-
ble to abaca plants without P in the solution. 
This means that under prolonged exposure to 
the K and N deficient media, the reduction in 
the extension of abaca leaves is more pro-
nounced. Conversely, at 42 days post-treat-
ment, abaca plants in the control group (with 
all nutrients) exhibited the widest leaves when 

compared to those grown in nutrient solutions 
lacking nitrogen (N), phosphorus (P), and po-
tassium (K). The abaca plants that were grown 
in the absence of N had narrower leaves, simi-
lar to those cultivated without P and K. This ob-
servation suggests that the lack of any of these 
essential nutrient’s results in smaller and nar-
rower leaves. Additionally, at 42 days after 
treatment, the total leaf area of abaca plants in 
the control group was greater than that of 
plants lacking N. However, their leaf area was 
comparable to that of plants grown without P 
and K. This means that abaca leaf morphology 
is greatly affected and is more sensitive to the 
absence of N.

 
Table 2. Leaf length (cm), leaf width (cm), and total leaf area of abaca (Musa textilis Née) 28th and 

42nd days after treatment exposure 

Source 
Morphological Characteristics of Abaca  

Leaf Length (cm) Leaf Width  (cm) Total Leaf Area (in2) 
28 days 42 Days 28 Days 42 Days 28 Days 42 Days 

Control (+) 26.9a 30.0a 8.1 9.4a 324.1 503.7a 
-N 23.8b 24.4c 7.3 6.9b 197.5 263.9b 
-P 25.8ab 27.3b 7.6 7.8b 249.1 370.6ab 
-K 24.4b 25.1bc 8.1 7.7b 228.6 311.2ab 
Total 100.9 106.8 31.1 31.8 999.3 1449 
Mean 25.2 26.7 7.7 7.9 249.8 362.3 
C.V (%) 3.01 3.22 6.75 5.88 20.2 21.5 

Groups sharing a letter are not significantly different (Tukey HSD, p<0.05 



Rosit et al., 2025 / Simulation and Characterization of Macro-Nutrient Deficiency Symptoms of Abaca Grown Using NFT 

 

    
 IJMABER 3980 Volume 6 | Number 8 | August | 2025 

 

The reduction in the leaf morphology of nu-
trient-deficient abaca plants especially in the 
absence of N in the nutrient solution, would 
cause stress to abaca plants because N has a sig-
nificant role in biomass synthesis. After all, it is 
involved in plant photosynthetic activities, as in 
upregulating photoassimilates and plant size 
(Prado, 2021). On the other hand, the reduction 
in the leaf morphology of K-deficient plants 
was possible because K is important in cell tur-
gidity as well as maintenance of pH to have nor-
mal stress-free metabolic processes in the cyto-
plasm (Wang et al., 2013). It is also very needed 
for cell growth and development, which is one 
of the most important processes for the proper 
function and development of plants (Hepler et 
al., 2001). 

As shown in Table 3, the concentrations of 
nutrients N, P, and K in abaca leaf tissues de-
creased in response to the various treatments. 
Abaca plants lacking nitrogen in the solution 

exhibited the lowest nitrogen content in com-
parison to the other treatments. A similar trend 
was observed in abaca plants that were ex-
posed to solutions devoid of phosphorus which 
ultimately resulted in having the lowest P con-
tent compared to other treatments.  Further-
more, abaca plants grown in the solution with-
out K showed the lowest K content on their leaf 
tissues.   

As presented in Table 4, the biochemical 
properties of abaca were influenced by the var-
ious treatments applied. These findings corrob-
orate the previous results, indicating that the 
symptoms observed in abaca plants were at-
tributed to the absence of nitrogen (N), phos-
phorus (P), and potassium (K) in the nutrient 
solution. Abaca plants lacking potassium exhib-
ited the highest chlorophyll content among the 
treatments, whereas those without nitrogen 
displayed the lowest chlorophyll levels.

 

Table 3. Nutrient content of abaca (Musa textilis Née) 42 days after treatment exposure 

Source 
Tissue Analysis (N, P, and K)  

Nitrogen (%) Phosphorus (ppm) Potassium (%) 
Control (+) 4.1a 204.5a 13.3a 
-N 2.2b 185.9a 12.8a 
-P 3.9ab 65.0b 13.4a 
-K 4.2a 241.4a 7.4b 
Total 14.4 696.8 46.9 
Mean 3.6 174.2 11.7 
C.V (%) 18.0 14.9 2.78 

Groups sharing a letter are not significantly different (Tukey HSD, p<0.05 
 
Table 4. Chlorophyll a, chlorophyll b, and %FRSA of abaca (Musa textilis Née) 42 days after treatment 

exposure 

Source 
Biochemical Properties of Abaca  

Chlorophyll a (mg/g) Chlorophyll b mg/g) FRSA (%) 
Control (+) 20.6b 8.5b 25.8c 
-N 6.6d 2.7d 30.7b 
-P 14.9c 6.0c 33.2a 
-K 26.2a 12.7a 26.7c 
Total 68.3 29.9 116.4 
Mean 17.0 7.4 29.1 
C.V (%) 0.14 0.23 1.28 

Groups sharing a letter are not significantly different (Tukey HSD, p<0.05 
 

Additionally, chlorophyll b levels were also 
highest in abaca plants deprived of potassium, 

with the lowest values recorded for both pa-
rameters in the absence of nitrogen This  
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indicates that the absence of nitrogen signifi-
cantly impacted and reduced the levels of chlo-
rophyll a and chlorophyll b in abaca. Further-
more, the free radical scavenging activity 
(FRSA) of the abaca plants was similarly af-
fected by the lack of N, P, and K. Abaca plants 
without phosphorus demonstrated the highest 
FRSA, while those in the control group (with all 
nutrients) and those without potassium exhib-
ited the lowest FRSA. This suggests that abaca 
plants lacking phosphorus produce more anti-
oxidants than those subjected to the other 
treatments. 

The reduction in chlorophyll a (Chl a) and 
chlorophyll b (Chl b) due to nitrogen (N) defi-
ciency can be attributed to the findings of Chen 
et al., (2024). They noted that a decrease in ni-
trogen supply adversely affects the plant's nor-
mal growth by lowering the levels of chloro-
phyll a, chlorophyll b, as well as the Chl a to Chl 
b ratio. Chlorophyll is a vital pigment that plays 
a crucial role in photosynthesis, as it converts 
light energy into chemical energy during the 
day, thereby providing essential resources for 
plant growth and development, and represents 
the fundamental basis of these processes. Negi 
et al., (2016) highlighted that nitrogen defi-
ciency can lead to stress that damages the in-
tracellular structure of chloroplasts, thereby 
reducing chlorophyll content and increasing 
vulnerability to light injury. Given that chloro-
phyll is a nitrogen-containing compound syn-
thesized in chloroplasts, a deficiency in nitro-
gen directly impacts its biosynthesis. Under 
conditions of nitrogen deficiency, nitrogen is 
redirected to various tissues and storage or-
gans, leading to the degradation of chlorophyll 
and the manifestation of leaf senescence. As 
leaves are the primary sites for photosynthesis 
in plants, nitrogen deficiency triggers leaf se-
nescence, which subsequently reduces the 
plant's photosynthetic capacity (Bolivar, 
2006). 

Conversely, the free radical scavenging ac-
tivity of abaca plants increases under nutrient 

deficiency. This occurs because, in nutrient-de-
ficient conditions, oxidative stress arises when 
the equilibrium between antioxidant defense 
and the production of Reactive Oxygen Species 
(ROS) is disrupted (Shin et al., 2005). Both de-
ficiencies and excesses of macronutrients can 
lead to this imbalance, resulting in an overpro-
duction of ROS in plants, which swiftly triggers 
oxidative defense reactions (Parvin et al., 
2020). When plant stress reaches a critical 
threshold, the balance between antioxidants 
and ROS is compromised. At elevated concen-
trations, ROS become toxic to plant cells, neces-
sitating the scavenging of excess oxidants to 
mitigate harmful effects (del Río, 2015). Previ-
ous studies indicate that the activity of ROS-
scavenging enzymes increases under low phos-
phorus stress, protecting chloroplasts from 
damage due to photooxidative stress and main-
taining redox homeostasis (Li et al., 2018).  

Additionally, the stomatal length and aper-
ture of abaca plants were significantly influ-
enced by the absence of nitrogen (N), phospho-
rus (P), and potassium (K) in the solutions, as 
tabulated in Table 5. The shortest stomatal 
length and aperture were observed in abaca 
plants lacking phosphorus, although it was 
comparable in plants deprived of other nutri-
ents. The longest stomatal length recorded was 
observed in abaca plants deprived of nitrogen 
(N) and in the control group while all nutrient 
deficiency reduced stomatal aperture. This in-
dicates that exposure to the absence of phos-
phorus (P) and potassium (K) resulted in a de-
crease in stomatal length and aperture in abaca 
plants consequently impacting photosynthesis 
and various physiological functions. The small-
est stomatal aperture was observed on K-defi-
cient abaca plants because potassium is a cru-
cial cation that plays a vital role in plant growth 
and development. It contributes to charge bal-
ance, osmotic pressure regulation, and enzyme 
catalysis (Hawkesford et al., 2012).
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Table 5. Stomatal morphology of abaca (Musa textilis Née) 42 days after treatment exposure 

Source 
Biochemical Properties of Abaca  

Stomatal Length (µm) Stomatal Width (µm) Stomatal Aperture (µm) 
Control (+) 0.028a 0.030 0.0083a 
-N 0.028a 0.030 0.0033b 
-P 0.025b 0.028 0.0026b 
-K 0.026b 0.027 0.0020b 
Total 0.107 0.115 0.0162 
Mean 0.026 0.028 0.0040 
C.V (%) 2.75 5.19 21.9 

Groups sharing a letter are not significantly different (Tukey HSD, p<0.05 
 

Stored in vacuoles, potassium (K) plays a 
crucial role in generating osmotic pressure, 
which is essential for turgor and growth  
expansion. The transport of water through  
aquaporins across plant tissues is largely de-
pendent on the cationic osmotic potential, pri-
marily influenced by potassium (Maurel et al., 
2015). Potassium actively contributes to main-
taining cellular turgidity across various plant 

parts, ensuring that the stomatal guard cells re-
main open (Sardans & Peñuelas, 2021). In con-
ditions of low potassium availability, plants be-
come more susceptible to wilting in dry soils, 
and even moderate K deficiency can hinder 
photosynthesis by diminishing overall sto-
matal conductance and adversely affecting 
photosynthetic and biochemical processes in 
plants (Cakmak, 2005).

 
 
 

 

 

 

 

 

 

 

 

 

 

Figure 4. Stomatal morphology of macronutrient-deficient abaca plants viewed using a compound 
microscope @40x zoom 

 
Detection of Abaca Bunchy Top Virus (ABTV) 

Prior to conducting the study, samples 
were tested for the presence of the abaca 
bunchy top virus using the Loop-mediated Iso-
thermal Amplification Test Kit developed by 
the Philippine Fiber Industry Development Au-

thority (PhilFIDA). Ten sample plants were ex-
amined, and the results indicated that they 
were free from ABTV and the associated dis-
ease, as illustrated in Figure 10A. The orange 
color depicted in the vials serves as an indica-
tion of a negative result for ABTV.
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Figure 5. Abaca bunchy top virus (ABTV) detection using Loop-mediated isothermal amplification 

(LAMPARA) (A) and polymerase chain reaction (PCR) (B). 
 

Following the completion of the study, the 
plants underwent ABTV detection via Polymer-
ase Chain Reaction (PCR) at the Plant Disease 
Diagnostic Laboratory (PDDL) at Visayas State 
University in Baybay City, Leyte. The results in-
dicated that the nutrient-deficient plants tested 
negative for ABTV (see Figure 10B). Therefore, 
it can be concluded that the samples were dis-
ease-free and that the symptoms observed in 
the nutrient-deficient abaca plants were at-
tributed to a lack of essential macronutrients 
such as nitrogen (N), phosphorus (P), and po-
tassium (K). 

 
Conclusion  

The study affirmed that macronutrient de-
ficiencies, specifically nitrogen and potassium, 
significantly reduced abaca growth and im-
paired its physiology. Nitrogen deficiency led to 
stunted growth, reduced chlorophyll content, 
and visible necrosis, while potassium defi-
ciency affected stomatal conductance and leaf 
expansion. Phosphorus deficiency had compar-
atively milder effects than nitrogen and potas-
sium. These findings underscore the necessity 
of balanced fertilization to achieve optimal ab-
aca productivity. 
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