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TÓM TẮT 
Nghiên cứu ảnh hưởng của 3 nồng độ chế phẩm EM pha loãng (1:500; 1:1000 và 1: 1500) phun 

lên lá đến sinh trưởng, năng suất và chất lượng của 3 giống đu đủ Nông hữu 1, Hồng phi 768 và Lòng 
vàng được tiến hành ở vườn thực nghiệm của Công ty phát triển nông nghiệp công nghệ cao Sơn 
Thái tại xã Vân hòa, Ba vì, Hà Nội trong thời gian từ tháng 4/2009- 6/2010. Kết quả nghiên cứu cho 
thấy 3 giống đu đủ nghiên cứu đạt năng suất cao nhất ở các nồng độ EM khác nhau tùy thuộc vào 
phản ứng của giống: giống Lòng vàng đạt năng suất 68,5 tấn/ha ở nồng độ EM 1:500, Nông Hữu 1 và 
Hồng phi 768 đạt 73,0 và 64,9 tấn/ha ở nồng độ 1:1000. Các chỉ tiêu về đặc tính của quả và chất lượng 
quả cũng được cải thiện ở các giống khi phun EM ở các nồng độ 1:500 và 1:1000. Tỉ lệ nhiễm sâu 
bệnh giảm đáng kể ở tất cả các nồng độ EM trên cả 3 giống đu đủ so với đối chứng. Lãi ròng tăng 
thêm do phun EM đạt cao nhất ở giống Lòng vàng (58,46 triệu đồng/ha) ở nồng độ EM 1:500, sau đó là 
Nông Hữu 1 (44,82 triệu đồng/ha) và Hồng Phi 768 (29,4 triệu đồng/ha) ở nồng độ EM=1:1000. Kết quả 
thu được cho thấy EM tỏ ra khá hiệu quả trong việc cải thiện sinh trưởng, năng suất và chất lượng đu 
đủ, nhờ đó cải thiện hiệu quả sản xuất đu đủ.     

Từ khóa: Đu đủ, giống, nồng độ dung dịch, pha loãng, vi sinh vật hữu hiệu (EM). 

SUMMARY 
 The effects of three EM solution concentrations (1:500; 1:1000 and 1: 1500) on growth, yield and 

fruit quality of three papaya cultivars, namely Nong huu 1, Hong phi 768 and Long vang were 
examined in the experimental site of Son thai Agriculture hi-tech development Company located in 
Van Hoa commune, Ba Vi, Ha Noi during 4/2009- 6/2010. The results showed that the yield response to 
different EM concentrations is a function of cultivar. Long vang gave the highest yield (68.5 tones/ha) 
at EM concentration of 1:500, whereas the highest yields of Nong huu and Hong phi 768 were 73.0 and 
64.9 tones/ha, respectively, at EM dilution concentration of 1:1000. Fruit characteristics were also 
improved at EM concentrations of 1:500 and 1:1000 for all three cultivars. A significant reduction of 
pest infection was found at three applied concentrations on three cultivars. The highest increased net 
income due to EM spraying was found with Long vang (58.46 million dong/ha) at concentration of 
1:500, followed by Nong huu 1 (44.82 million dong/ha) and Hong phi 768 (29.4 million dong/ha) at 
concentration of 1:1000. This data suggests that EM is effective for the improvement of growth, yield 
and quality of papaya, which finally ensures a profitable   business in papaya production. 

Key words: Cultivar, dilution, effective microorganisms (EM), papaya, solution concentration.  

1. INTRODUCTION  
Papaya (Carica papaya L.) is a popular and 

economically important fruit crop of tropical and 

subtropical countries. The fruit is consumed world-
wide as fresh fruit and as a vegetable or used as 
processed products. However, farmers have 
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adopted the strategy of increasing crop yields by 
applying large amounts of chemical fertilizers and 
pesticides. At present, the negative effects of heavy 
applications of chemical inputs in terms of 
production, environment, and quality deterioration 
are becoming apparent (Nishio, 1996). The ultimate 
goal of sustainable agriculture is to develop 
farming systems that are productive, profitable, 
energy-conserving, environmentally-sound, conserving 
of natural resources such as soil and water, and that 
ensure food safety and quality. Microbial fertilizer 
is one way Organic Farmers are able to increase 
yield and quality of crops without a large 
investment of money and labor (Higa & Parr, 1994.  

The technology of Effective Microorganisms 
(EM Technology) was developed in the 1970’s at 
the University of the Ryukyus, Okinawa, Japan. It 
was based on blending a multitude of microbes, and 
was subsequently refined to include three principal 
types of organisms namely Lactic Acid Bacteria, 
Yeast Actinomyces and Photosynthetic bacteria. 
Today EM is used in a number of countries in the 
world in many agricultural systems and 
environmental management. In crop production 
systems EM was applied as a foliar microbial 
fertilizer being sprayed directly onto cropping 
fields, or being added to compost or in the form of 
Bokashi. 

The success of EM in crop production has 
been reported in a numbers of studies. Research on 
papaya in Brazil (Chagas et al, 2001), vegetables in 
New Zealand and Sri Lanka (Daly and Stewart, 
1999, Sangakkara and Higa, 2000) and apples in 
Japan illustrates this phenomenon very clearly. The 
causal phenomenon of these results has been 
attributed to many factors, including greater release 
of nutrients from organic matter when composted 
with EM (Sangakkara and Weerasekera, 2001) 
enhanced photosynthesis (Xu et al, 2001) and 
protein activity (Konoplya and Higa, 2001). Studies 
also identified greater resistance to water stress 
(Xu, 2000), greater mineralization of carbon (Daly 
and Stewart, 1999), and increased soil properties 
and better penetration of roots with the use of EM.  

Not many studies on EM impacts on papaya in 
the world have been reported. The scientists from 
Chung Hsing University of Taiwan reported that 
spraying EM at diluted concentration of 1:1000 on 
indoor-growing papaya resulted in vigorous 
growth, improved resistance to low temperature 
and bacterial diseases. In Egypt, application of EM 
in papaya production helped to reduce mineral 

fertilizers to a half of application dose compared 
with the control for the same yield (Decosy et al).    

EM technology was introduced into Vietnam in 
the end of 1990s. It was applied on rice, vegetables, 
fruit crops and soybean. In many cases the yield 
increase was reported in the range of 15-25%.  

The purpose of this experiment was to study 
the effect and concentration of EM foliar 
application on the growth, yield and fruit quality of 
three papaya cultivars grown in the depleted soil of 
Bavi, Hanoi. 

2. MATERIALS AND METHODS 
2.1. Materials 

The study was conducted in the EM 
experimental plot of Son thai Agriculture hi-tech 
development Company located in Van Hoa 
commune, Bavi, Hanoi. The effect of three EM 
diluted concentrations (1:500; 1:1000 and 1:1500) 
were examined through foliar application on three 
papaya cultivars, two of which were introduced 
from Taiwan namely Nong huu 1 and Hong Phi 
768, whereas the third one is of local selection -  
Long vang papaya (yellow-flesh papaya).  

2.2. Methods 
In total 12 treatments were adapted over the 

entire experimental period on three papaya 
cultivars. The EM stock solution used in the study 
was imported from Taiwan by Son Thai company. 
The EM concentration dilutions were defined based 
on the suggestions of the company’s director – 
Professor Woo Nang Chang, therefore, EM was 
applied on each cultivar with 4 diluted 
concentrations including: zero concentration- 
control; 1:500, 1:1000 and 1:1500. The 1st EM 
application was done on the one-month planted 
trees and the last spray was done just before the 1st 
fruit picking. The EM solutions were sprayed twice 
a month on the both sides of all leaves at the fixed 
diluted concentrations for each treatment. At the 
early stage of plant growth (before the 1st 
flowering) EM was sprayed in the way that EM 
solution uniformly wetted both sides of all plant 
leaves and since the time when the treated plants 
started to flower EM was applied at the dose of 2 
liters/plant.     

The experiment layout was followed the split-
plot design with 4 replications for each treatment. 
Area under each replication was 25 m2 (4 trees).  
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The following measurements were carried out: Data were statistically treated and analyzed 
using CROPSTAT 7.0 and Excel. Leaf number, fruit growth, fruit weight and 

characteristics, yield and pest infection, fruit 
development (3 measurements: 1st measurement 
was done at 2 cm-diameter fruit size. Fruit firmness 
was measured by Penetrometer. Fruit shedding was 
observed once in the two-week interval from the 
time of initial fruit set.   

3. RESULTS AND DISCUSSION 
3.1. Effect of EM concentrations on number of 
       effective leaves, SPAD value and fruit drop 
       at different growth stages      

Chemical constituents of fruit at harvest were 
analyzed by the Fruit-vegetable quality Analytical 
laboratory of the Vegetable and Fruit Research 
Institute located at Trau Quy Gia lam, Hanoi, 
including: total sugar percent was measured by 
Bectrand method, total acidity percent was measured 
by NaOH titration, total soluble solids – TSS (Brix) 
was estimated by hand refractometer, vitamin C was 
measured by spectrometer. Leaf chlorophyll was 
measured through chlorophyll index using the 
Chlorophyll meter Spad 502 (Japan) at three phases: 
young tree (one month after planting), 1st flowering, 2nd 
and 3rd measurements done at one-month interval 
after the 1st one). Besides, dry matter and carotene 
content were also measured at the lab. 

Results in table 1 show that EM concentrations 
had no significant impact on the number of 
effective leaves compared with the control, but 
there was difference in SPAD value. The SPAD 
values were found statistically different from 
those of the controls at EM concentrations of 
1:500 and 1:1000 in this experiment. There was a 
significant difference in cultivar’s response to EM 
application and the growth stage of papaya. For all 
cultivars it was obvious that SPAD reached the 
highest value at flowering. This indicates that EM 
stimulated chlorophyll synthesis at the one of the 
critical development stages of papaya which in 
turn accelerated the photosynthesis process. 

 

Table 1. Effect of EM concentrations on number of effective leave and SPAD value of 
three cultivars at different growth stages 

SPAD value at growth stages 

Fruit development Cultivar EM 
concentration 

Effective leaves 
at 1st harvest Young tree Flowering 

*1st 2nd 3rd

0 –control 17.78 47.11 49.94 49.50 48.59 47.48 

1: 500 19.11 50.30 52.51 50.48 49.72 47.84 

1:1000 17.22 51.20 53.39 51.73 50.09 49.06 
Nong huu 1 

1:1500 17.89 46.80 49.91 48.74 48.33 47.30 

0 –control 20.44 46.21 49.42 48.90 48.54 49.00 

1: 500 20.67 48.56 51.02 49.86 49.39 45.33 

1:1000 21.33 48.16 52.74 50.08 50.28 49.64 
Hong  phi 768 

1:1500 20.33 47.90 50.87 49.29 48.72 47.13 

0 –control 19.74 47.14 50.36 47.87 48.02 49.33 

1: 500 18.89 50.84 54.24 50.48 50.43 47.22 

1:1000 18.78 49.91 52.51 49.98 48.64 47.78 
Long vang 

1:1500 19.33 47.44 51.48 49.14 49.68 51.33 

LSD0.05 EM 0.97 0.86 1.25 0.91 1.12 0.69 

LSD0.05 G 2.13 1.11 0.35 03.60 2.24 1.77 

LSD0.05 G-EM 3.24 1.57 1.49 1.17 3.34 4.46 

CV% 19.80 4.3 4.1 4.1 4.0 5.6 

Note: * first, second and third SPAD measurements 
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Figure 1. Dynamics of fruit shedding of three cultivars in response to EM concentrations  

Studying EM effect on fruit retention it was 
obvious from figure 1 that heavy fruit shedding 
took place during the 2nd to 11th weeks after initial 
fruit set in all three cultivars, but fruit retention was 
found better in most of the treatments with EM 
concentration of 1:500 and 1:1000 compared with 
the controls. The heaviest fruit drop was found at 
EM concentration of 1:500 for Nong Huu 1 and at 
the control of Long vang.  

3.2. Effect of EM concentrations on yield and 
        yield components 

The data in table 2 revealed that at zero 
concentration, 1:1000 and 1:1500 the fruit weight 
and harvested yield of Long vang were lowest 
compared with those of the other two cultivars. 
However, at EM concentration of 1:500 no 
significant difference among cultivars in yield and 
yield components was noticed. This outcome 
indicated the better Long vang’s response to EM 
concentration of 1:500 than that of Hong phi 768 
and Nong Huu 1. For the later cultivars EM 
concentrations of 1:500 and 1:1000 significantly 
improved the fruit weight and the yield compared 
with those of their controls. Moreover, the highest 
values of fruit weight, computed and harvested 
yields were found highest at the EM concentration 
1:1000 for both Nong huu 1 and Hong phi 768. 

3.3. Effect of EM concentrations on disease infection  
Diseases are major problems in papaya 

production. The papaya mosaic and ringspot viruses 
(PRSV) are the most severe papaya diseases and are 
often the limiting factors in papaya production 
throughout the world, Vietnam is not exception. 
Results in table 3 revealed that there was a tendency in 
disease infection alleviation of all EM treated papaya 
cultivars in the study. There was also a significant 
difference in cultivar’s response to EM 
concentrations. It was obvious that at the same EM 
concentration the percentage of disease infection on 
Nong huu 1 was the lowest among studied cultivars. 
The highest disease suppression effect for 
Anthracnose, mosaic and ringspot viruses on  Nong 
huu 1  and Long vang was found at the dilution rate of 
1:500 (Nong huu 1: 1.7, 1.7 and 3.2% compared with 
the control 3.9, 5.1 and 4.2% respectively; Long vang: 
7.3, 5.79 and 7.5% compared with 15.1, 11.95 and 
15.75% respectively), while it happened for Hong phi 
768 at the concentration of 1:1000 (5.1, 2,5 and 3.9% 
compared with 10.2, 9.2  and 11.9 % respectively). 
These findings support the disease suppression impact 
of EM application reported in previous studies (Kremer 
et al, 2001; Wang et al, 2000). The disease suppression 
of EM could be the consequence of improved plant 
nutrients and plant growth (Wood et al, 1999). 
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Table 2.  Yield and yield constituents at different EM components

Cultivar EM 
concentration 

Number of 
fruits/tree 

Weight 
(kg/fruit) 

Computed yield 
(tones/ha) 

Harvested yield 
(tones/ha) 

0 –control 17.67 1.38 71.09 60.84 

1: 500 18.22 1.51 80.84 68.47 

1:1000 18.78 1.60 85.22 73.00 
Nong huu 1 

1:1500 16.44 1.58 74.08 60.62 

0 –control 17.44 1.34 61.71 59.38 

1: 500 18.56 1.46 71.96 63.64 

1:1000 18.11 1.51 72.72 67.62 
Hong phi 768 

1:1500 17.77 1.35 63.23 54,.1 

0 –control 16.64 1.16 52.96 49.2 

1: 500 17.05 1.54 70.72 64.87 

1:1000 16.61 1.24 53.68 47.07 
Long vang 

1:1500 16.65 1.11 48.87 46.49 

LSD0.05 EM 1.57 0.14 6.56 2.37 

LSD0,05 G 1.81 0.28 5.98 4.35 

LSD0,05 G- EM 2.73 0.24 8.36 6.28 

CV% 9.10 10.10 19.70 18.20 

Table 3. Effect of EM concentrations on disease incidence

Disease incidence (%) 
Cultivar EM 

concentration Anthracnose Powdery mildew Papaya mosaic virus Ringspot virus 

0 –control 3.90 12.50 5.10 4.20 

1: 500 1.70 7.40 1.70 3.20 

1:1000 2.60 5.90 1.90 3.70 
Nong huu 1 

1:1500 3.70 11.60 4.20 5.20 
0 –control 10.20 20.30 9.20 11.90 

1: 500 7.50 17.60 4.30 8.36 

1:1000 5.10 12.70 2.15 3.90 
Hong phi 768 

1:1500 9.70 15.30 5.10 9.60 

0 –control 15.10 17.80 11.95 15.75 

1: 500 7.30 15.30 5.79 7.51 

1:1000 9.50 11.90 8.73 12.92 
Long vang 

1:1500 12.70 13.90 9.15 15.34 

      
3.4. Impact of EM concentrations on chemical 
        constituents of papaya fruits 

Fruit quality is always the concern of papaya 
breeders, growers and consumers. Results in table 4 
show that EM improved fruit quality significantly 
through increasing flesh TSS percent, total sugar 
and dry matter at dilution rates of 1:500 and 1:000 

for all three cultivars. Among the cultivars, Nong 
huu 1 had better response to EM application, 
therefore higher TSS (12.22 and 12,33%) and total 
sugar percents (10.92 and 10.81%) were obtained 
on this cultivar compared with those of the rest. No 
significant difference was found for carotene and 
vitamin C contents. 
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Table 4. Effect of EM concentrations on chemical constituents of papaya fruits 

Cultivar EM 
concentration Brix Total sugar (%) VTM C 

(mg/100g) Dry matter (%) Carotene 
(mg/100g) 

0 –control 11.89 9.74 67.32 13.22 394.50 
1: 500 12.22 10.92 67.77 14.41 392.90 
1:1000 12.33 10.81 67.59 14.53 391.50 

Nong huu 1 

1:1500 11.56 10.08 67.12 13.59 392.60 

0 –control 11.46 9.98 112.50 14.21 284.00 
1: 500 11.77 10.06 110.70 14.65 286.21 
1:1000 11.70 10.55 111.54 15.53 287.83 

Hong phi 768 

1:1500 11.66 10.83 112.00 14.51 284.40 

0 –control 10.93 9.03 71.62 13.41 220.50 
1: 500 11.70 9.94 72.01 14.53 221.10 
1:1000 11.59 9.55 71.84 14.12 221.72 

Long vang 

1:1500 11.07 9.47 71.72 13.65 219.78 

       
Based on the data in table 1 and table 4, it is 

obvious that EM accelerated photosynthesis 
activities which led to increase of photosynthates in 
papaya including TSS, total sugar, and dry matter.  
In this respect, Wood et al. (1999) also reported 
that the beneficial microorganisms present in EM 
solution produce plant hormones, beneficial 
bioactive substances, and antioxidants which are 
able to solubilize nutrients.  
3.5. Economic efficiency of EM application 

Economic efficiency is the final criteria 
based on which growers decide on application of EM 

technology. Results from this study show that the 
highest income level due to EM applications was 
found at the dilution rates of 1:1000 for Nong huu 1 
and Hong Phi 768 (44.82 and 29.14 mill VND/ha 
respectively) and at the rate of 1:500 for Long vang 
(58.46 mill VND/ha), despite the fact that the 
increased income also was obtained at the dilution 
rate of 1:500 for Nong Huu 1 and Hong Phi 768. 
Very high profit obtained from EM application of 
the local cultivar – Long vang – to EM application 
indicates the good response of this cultivar at EM 
concentration of 1:500 (Table 5).   

Table 5. Economic analysis of EM application at different concentration 

Cultivar EM 
concentration 

Yield 
(tones /ha) 

Gross return 
(mill. VND/ha) 

Increased costs 
(mill. VND/ha) 

Increased net income
(mill. VND/ha) 

0 –control 60.84 243.36 0 0 

1: 500 68.47 273.88 4.14 26.38 

1:1000 73.00 292.00 3.82 44.82 
Nong huu 1 

1:1500 60.62 242.48 3.71 - 4.59 

0 –control 59.38 237.52 0 0 
1: 500 63.64 254.56 4.14 12.90 
1:1000 67.62 270.48 3.82 29.14 

Hong  phi 768 

1:1500 54.11 216.44 3.71 -24.79 

0 –control 49.22 196.88 0 0 
1: 500 64.87 259.48 4.14 58.46 
1:1000 47.07 188.28 3.82 -12.42 

Long vang 

1:1500 46.49 185.96 3.71 -14.63 

Note: Increased costs include money spent on purchasing EM and labour for EM spraying and harvest of  
                   increased yields. 
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4. CONCLUSION 
Application of EM solution at the dilution rate 

of 1:500 and 1:1000 on Nong Huu 1, Hong phi 768 
and 1:500 for Long vang significantly improved 
number of leave, SPAD value, TSS, total sugar, dry 
matter, fruit weight and yields compared with the 
controls. 

Application of EM at all concentrations 
reduced disease infection on three cultivars 
including Anthracnose, powdery mildew, papaya 
mosaic and ringspot diseases. 

Net income due to EM application was found 
the highest at the concentration of 1:500 for Long 
vang (58.46 mill VND/ha), followed by Nong huu 
1 and Hong Phi 768 (44.82 and 29.14 mill VND/ha 
respectively). 
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TÓM TẮT


Nghiên cứu ảnh hưởng của 3 nồng độ chế phẩm EM pha loãng (1:500; 1:1000 và 1: 1500) phun lên lá đến sinh trưởng, năng suất và chất lượng của 3 giống đu đủ Nông hữu 1, Hồng phi 768 và Lòng vàng được tiến hành ở vườn thực nghiệm của Công ty phát triển nông nghiệp công nghệ cao Sơn Thái tại xã Vân hòa, Ba vì, Hà Nội trong thời gian từ tháng 4/2009- 6/2010. Kết quả nghiên cứu cho thấy 3 giống đu đủ nghiên cứu đạt năng suất cao nhất ở các nồng độ EM khác nhau tùy thuộc vào phản ứng của giống: giống Lòng vàng đạt năng suất 68,5 tấn/ha ở nồng độ EM 1:500, Nông Hữu 1 và Hồng phi 768 đạt 73,0 và 64,9 tấn/ha ở nồng độ 1:1000. Các chỉ tiêu về đặc tính của quả và chất lượng quả cũng được cải thiện ở các giống khi phun EM ở các nồng độ 1:500 và 1:1000. Tỉ lệ nhiễm sâu bệnh giảm đáng kể ở tất cả các nồng độ EM trên cả 3 giống đu đủ so với đối chứng. Lãi ròng tăng thêm do phun EM đạt cao nhất ở giống Lòng vàng (58,46 triệu đồng/ha) ở nồng độ EM 1:500, sau đó là Nông Hữu 1 (44,82 triệu đồng/ha) và Hồng Phi 768 (29,4 triệu đồng/ha) ở nồng độ EM=1:1000. Kết quả thu được cho thấy EM tỏ ra khá hiệu quả trong việc cải thiện sinh trưởng, năng suất và chất lượng đu đủ, nhờ đó cải thiện hiệu quả sản xuất đu đủ.    


Từ khóa: Đu đủ, giống, nồng độ dung dịch, pha loãng, vi sinh vật hữu hiệu (EM).


SUMMARY


 The effects of three EM solution concentrations (1:500; 1:1000 and 1: 1500) on growth, yield and fruit quality of three papaya cultivars, namely Nong huu 1, Hong phi 768 and Long vang were examined in the experimental site of Son thai Agriculture hi-tech development Company located in Van Hoa commune, Ba Vi, Ha Noi during 4/2009- 6/2010. The results showed that the yield response to different EM concentrations is a function of cultivar. Long vang gave the highest yield (68.5 tones/ha) at EM concentration of 1:500, whereas the highest yields of Nong huu and Hong phi 768 were 73.0 and 64.9 tones/ha, respectively, at EM dilution concentration of 1:1000. Fruit characteristics were also improved at EM concentrations of 1:500 and 1:1000 for all three cultivars. A significant reduction of pest infection was found at three applied concentrations on three cultivars. The highest increased net income due to EM spraying was found with Long vang (58.46 million dong/ha) at concentration of 1:500, followed by Nong huu 1 (44.82 million dong/ha) and Hong phi 768 (29.4 million dong/ha) at concentration of 1:1000. This data suggests that EM is effective for the improvement of growth, yield and quality of papaya, which finally ensures a profitable   business in papaya production.
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1. INTRODUCTION 


Papaya (Carica papaya L.) is a popular and economically important fruit crop of tropical and subtropical countries. The fruit is consumed world-wide as fresh fruit and as a vegetable or used as processed products. However, farmers have adopted the strategy of increasing crop yields by applying large amounts of chemical fertilizers and pesticides. At present, the negative effects of heavy applications of chemical inputs in terms of production, environment, and quality deterioration are becoming apparent (Nishio, 1996). The ultimate goal of sustainable agriculture is to develop farming systems that are productive, profitable, energy-conserving, environmentally-sound, conserving of natural resources such as soil and water, and that ensure food safety and quality. Microbial fertilizer is one way Organic Farmers are able to increase yield and quality of crops without a large investment of money and labor (Higa & Parr, 1994. 


The technology of Effective Microorganisms (EM Technology) was developed in the 1970’s at the University of the Ryukyus, Okinawa, Japan. It was based on blending a multitude of microbes, and was subsequently refined to include three principal types of organisms namely Lactic Acid Bacteria, Yeast Actinomyces and Photosynthetic bacteria. Today EM is used in a number of countries in the world in many agricultural systems and environmental management. In crop production systems EM was applied as a foliar microbial fertilizer being sprayed directly onto cropping fields, or being added to compost or in the form of Bokashi.


The success of EM in crop production has been reported in a numbers of studies. Research on papaya in Brazil (Chagas et al, 2001), vegetables in New Zealand and Sri Lanka (Daly and Stewart, 1999, Sangakkara and Higa, 2000) and apples in Japan illustrates this phenomenon very clearly. The causal phenomenon of these results has been attributed to many factors, including greater release of nutrients from organic matter when composted with EM (Sangakkara and Weerasekera, 2001) enhanced photosynthesis (Xu et al, 2001) and protein activity (Konoplya and Higa, 2001). Studies also identified greater resistance to water stress (Xu, 2000), greater mineralization of carbon (Daly and Stewart, 1999), and increased soil properties and better penetration of roots with the use of EM. 


Not many studies on EM impacts on papaya in the world have been reported. The scientists from Chung Hsing University of Taiwan reported that spraying EM at diluted concentration of 1:1000 on indoor-growing papaya resulted in vigorous growth, improved resistance to low temperature and bacterial diseases. In Egypt, application of EM in papaya production helped to reduce mineral fertilizers to a half of application dose compared with the control for the same yield (Decosy et al).   

EM technology was introduced into Vietnam in the end of 1990s. It was applied on rice, vegetables, fruit crops and soybean. In many cases the yield increase was reported in the range of 15-25%. 


The purpose of this experiment was to study the effect and concentration of EM foliar application on the growth, yield and fruit quality of three papaya cultivars grown in the depleted soil of Bavi, Hanoi.

2. MATERIALS AND METHODS


2.1. Materials


The study was conducted in the EM experimental plot of Son thai Agriculture hi-tech development Company located in Van Hoa commune, Bavi, Hanoi. The effect of three EM diluted concentrations (1:500; 1:1000 and 1:1500) were examined through foliar application on three papaya cultivars, two of which were introduced from Taiwan namely Nong huu 1 and Hong Phi 768, whereas the third one is of local selection -  Long vang papaya (yellow-flesh papaya). 


2.2. Methods


In total 12 treatments were adapted over the entire experimental period on three papaya cultivars. The EM stock solution used in the study was imported from Taiwan by Son Thai company. The EM concentration dilutions were defined based on the suggestions of the company’s director – Professor Woo Nang Chang, therefore, EM was applied on each cultivar with 4 diluted concentrations including: zero concentration- control; 1:500, 1:1000 and 1:1500. The 1st EM application was done on the one-month planted trees and the last spray was done just before the 1st fruit picking. The EM solutions were sprayed twice a month on the both sides of all leaves at the fixed diluted concentrations for each treatment. At the early stage of plant growth (before the 1st flowering) EM was sprayed in the way that EM solution uniformly wetted both sides of all plant leaves and since the time when the treated plants started to flower EM was applied at the dose of 2 liters/plant.    


The experiment layout was followed the split-plot design with 4 replications for each treatment. Area under each replication was 25 m2 (4 trees). 


The following measurements were carried out:


Leaf number, fruit growth, fruit weight and characteristics, yield and pest infection, fruit development (3 measurements: 1st measurement was done at 2 cm-diameter fruit size. Fruit firmness was measured by Penetrometer. Fruit shedding was observed once in the two-week interval from the time of initial fruit set.  


Chemical constituents of fruit at harvest were analyzed by the Fruit-vegetable quality Analytical laboratory of the Vegetable and Fruit Research Institute located at Trau Quy Gia lam, Hanoi, including: total sugar percent was measured by Bectrand method, total acidity percent was measured by NaOH titration, total soluble solids – TSS (Brix) was estimated by hand refractometer, vitamin C was measured by spectrometer. Leaf chlorophyll was measured through chlorophyll index using the Chlorophyll meter Spad 502 (Japan) at three phases: young tree (one month after planting), 1st flowering, 2nd and 3rd measurements done at one-month interval after the 1st one). Besides, dry matter and carotene content were also measured at the lab.

Data were statistically treated and analyzed using CROPSTAT 7.0 and Excel.


3. RESULTS AND DISCUSSION


3.1. Effect of EM concentrations on number of
       effective leaves, SPAD value and fruit drop
       at different growth stages     


Results in table 1 show that EM concentrations had no significant impact on the number of effective leaves compared with the control, but there was difference in SPAD value. The SPAD values were found statistically different from those of the controls at EM concentrations of 1:500 and 1:1000 in this experiment. There was a significant difference in cultivar’s response to EM application and the growth stage of papaya. For all cultivars it was obvious that SPAD reached the highest value at flowering. This indicates that EM stimulated chlorophyll synthesis at the one of the critical development stages of papaya which in turn accelerated the photosynthesis process.

Table 1. Effect of EM concentrations on number of effective leave and SPAD value of
three cultivars at different growth stages


		Cultivar

		EM
concentration

		Effective leaves
at 1st harvest

		SPAD value at growth stages



		

		

		

		Young tree

		Flowering

		Fruit development



		

		

		

		

		

		*1st

		2nd

		3rd



		Nong huu 1

		0 –control

		17.78

		47.11

		49.94

		49.50

		48.59

		47.48



		

		1: 500

		19.11

		50.30

		52.51

		50.48

		49.72

		47.84



		

		1:1000

		17.22

		51.20

		53.39

		51.73

		50.09

		49.06



		

		1:1500

		17.89

		46.80

		49.91

		48.74

		48.33

		47.30



		Hong  phi 768

		0 –control

		20.44

		46.21

		49.42

		48.90

		48.54

		49.00



		

		1: 500

		20.67

		48.56

		51.02

		49.86

		49.39

		45.33



		

		1:1000

		21.33

		48.16

		52.74

		50.08

		50.28

		49.64



		

		1:1500

		20.33

		47.90

		50.87

		49.29

		48.72

		47.13



		Long vang

		0 –control

		19.74

		47.14

		50.36

		47.87

		48.02

		49.33



		

		1: 500

		18.89

		50.84

		54.24

		50.48

		50.43

		47.22



		

		1:1000

		18.78

		49.91

		52.51

		49.98

		48.64

		47.78



		

		1:1500

		19.33

		47.44

		51.48

		49.14

		49.68

		51.33



		LSD0.05 EM

		0.97

		0.86

		1.25

		0.91

		1.12

		0.69



		LSD0.05 G

		2.13

		1.11

		0.35

		03.60

		2.24

		1.77



		LSD0.05 G-EM

		3.24

		1.57

		1.49

		1.17

		3.34

		4.46



		CV%

		19.80

		4.3

		4.1

		4.1

		4.0

		5.6





Note: * first, second and third SPAD measurements



Figure 1. Dynamics of fruit shedding of three cultivars in response to EM concentrations 


Studying EM effect on fruit retention it was obvious from figure 1 that heavy fruit shedding took place during the 2nd to 11th weeks after initial fruit set in all three cultivars, but fruit retention was found better in most of the treatments with EM concentration of 1:500 and 1:1000 compared with the controls. The heaviest fruit drop was found at EM concentration of 1:500 for Nong Huu 1 and at the control of Long vang. 


3.2. Effect of EM concentrations on yield and
        yield components


The data in table 2 revealed that at zero concentration, 1:1000 and 1:1500 the fruit weight and harvested yield of Long vang were lowest compared with those of the other two cultivars. However, at EM concentration of 1:500 no significant difference among cultivars in yield and yield components was noticed. This outcome indicated the better Long vang’s response to EM concentration of 1:500 than that of Hong phi 768 and Nong Huu 1. For the later cultivars EM concentrations of 1:500 and 1:1000 significantly improved the fruit weight and the yield compared with those of their controls. Moreover, the highest values of fruit weight, computed and harvested yields were found highest at the EM concentration 1:1000 for both Nong huu 1 and Hong phi 768.

3.3. Effect of EM concentrations on disease infection 


Diseases are major problems in papaya production. The papaya mosaic and ringspot viruses (PRSV) are the most severe papaya diseases and are often the limiting factors in papaya production throughout the world, Vietnam is not exception. Results in table 3 revealed that there was a tendency in disease infection alleviation of all EM treated papaya cultivars in the study. There was also a significant difference in cultivar’s response to EM concentrations. It was obvious that at the same EM concentration the percentage of disease infection on Nong huu 1 was the lowest among studied cultivars. The highest disease suppression effect for Anthracnose, mosaic and ringspot viruses on  Nong huu 1  and Long vang was found at the dilution rate of 1:500 (Nong huu 1: 1.7, 1.7 and 3.2% compared with the control 3.9, 5.1 and 4.2% respectively; Long vang: 7.3, 5.79 and 7.5% compared with 15.1, 11.95 and 15.75% respectively), while it happened for Hong phi 768 at the concentration of 1:1000 (5.1, 2,5 and 3.9% compared with 10.2, 9.2  and 11.9 % respectively). These findings support the disease suppression impact of EM application reported in previous studies (Kremer et al, 2001; Wang et al, 2000). The disease suppression of EM could be the consequence of improved plant nutrients and plant growth (Wood et al, 1999).


Table 2.  Yield and yield constituents at different EM components

		Cultivar

		EM
concentration

		Number of fruits/tree

		Weight


(kg/fruit)

		Computed yield (tones/ha)

		Harvested yield


(tones/ha)



		

		

		

		

		

		



		Nong huu 1

		0 –control

		17.67

		1.38

		71.09

		60.84



		

		1: 500

		18.22

		1.51

		80.84

		68.47



		

		1:1000

		18.78

		1.60

		85.22

		73.00



		

		1:1500

		16.44

		1.58

		74.08

		60.62



		Hong phi 768

		0 –control

		17.44

		1.34

		61.71

		59.38



		

		1: 500

		18.56

		1.46

		71.96

		63.64



		

		1:1000

		18.11

		1.51

		72.72

		67.62



		

		1:1500

		17.77

		1.35

		63.23

		54,.1



		Long vang

		0 –control

		16.64

		1.16

		52.96

		49.2



		

		1: 500

		17.05

		1.54

		70.72

		64.87



		

		1:1000

		16.61

		1.24

		53.68

		47.07



		

		1:1500

		16.65

		1.11

		48.87

		46.49



		LSD0.05 EM

		1.57

		0.14

		6.56

		2.37



		LSD0,05 G

		1.81

		0.28

		5.98

		4.35



		LSD0,05 G- EM

		2.73

		0.24

		8.36

		6.28



		CV%

		9.10

		10.10

		19.70

		18.20





Table 3. Effect of EM concentrations on disease incidence


		Cultivar

		EM
concentration

		Disease incidence (%)



		

		

		Anthracnose

		Powdery mildew

		Papaya mosaic virus

		Ringspot virus



		

		

		

		

		

		



		Nong huu 1

		0 –control

		3.90

		12.50

		5.10

		4.20



		

		1: 500

		1.70

		7.40

		1.70

		3.20



		

		1:1000

		2.60

		5.90

		1.90

		3.70



		

		1:1500

		3.70

		11.60

		4.20

		5.20



		Hong phi 768

		0 –control

		10.20

		20.30

		9.20

		11.90



		

		1: 500

		7.50

		17.60

		4.30

		8.36



		

		1:1000

		5.10

		12.70

		2.15

		3.90



		

		1:1500

		9.70

		15.30

		5.10

		9.60



		Long vang

		0 –control

		15.10

		17.80

		11.95

		15.75



		

		1: 500

		7.30

		15.30

		5.79

		7.51



		

		1:1000

		9.50

		11.90

		8.73

		12.92



		

		1:1500

		12.70

		13.90

		9.15

		15.34



		

		

		

		

		

		





3.4. Impact of EM concentrations on chemical
        constituents of papaya fruits


Fruit quality is always the concern of papaya breeders, growers and consumers. Results in table 4 show that EM improved fruit quality significantly through increasing flesh TSS percent, total sugar and dry matter at dilution rates of 1:500 and 1:000

for all three cultivars. Among the cultivars, Nong huu 1 had better response to EM application, therefore higher TSS (12.22 and 12,33%) and total sugar percents (10.92 and 10.81%) were obtained on this cultivar compared with those of the rest. No significant difference was found for carotene and vitamin C contents.


Table 4. Effect of EM concentrations on chemical constituents of papaya fruits


		Cultivar

		EM concentration

		Brix

		Total sugar (%)

		VTM C (mg/100g)

		Dry matter (%)

		Carotene (mg/100g)



		Nong huu 1

		0 –control

		11.89

		9.74

		67.32

		13.22

		394.50



		

		1: 500

		12.22

		10.92

		67.77

		14.41

		392.90



		

		1:1000

		12.33

		10.81

		67.59

		14.53

		391.50



		

		1:1500

		11.56

		10.08

		67.12

		13.59

		392.60



		Hong phi 768

		0 –control

		11.46

		9.98

		112.50

		14.21

		284.00



		

		1: 500

		11.77

		10.06

		110.70

		14.65

		286.21



		

		1:1000

		11.70

		10.55

		111.54

		15.53

		287.83



		

		1:1500

		11.66

		10.83

		112.00

		14.51

		284.40



		Long vang

		0 –control

		10.93

		9.03

		71.62

		13.41

		220.50



		

		1: 500

		11.70

		9.94

		72.01

		14.53

		221.10



		

		1:1000

		11.59

		9.55

		71.84

		14.12

		221.72



		

		1:1500

		11.07

		9.47

		71.72

		13.65

		219.78



		

		

		

		

		

		

		





Based on the data in table 1 and table 4, it is obvious that EM accelerated photosynthesis activities which led to increase of photosynthates in papaya including TSS, total sugar, and dry matter.  In this respect, Wood et al. (1999) also reported that the beneficial microorganisms present in EM solution produce plant hormones, beneficial bioactive substances, and antioxidants which are able to solubilize nutrients. 


3.5. Economic efficiency of EM application


Economic efficiency is the final criteria based on which growers decide on application of EM

technology. Results from this study show that the highest income level due to EM applications was found at the dilution rates of 1:1000 for Nong huu 1 and Hong Phi 768 (44.82 and 29.14 mill VND/ha respectively) and at the rate of 1:500 for Long vang (58.46 mill VND/ha), despite the fact that the increased income also was obtained at the dilution rate of 1:500 for Nong Huu 1 and Hong Phi 768. Very high profit obtained from EM application of the local cultivar – Long vang – to EM application indicates the good response of this cultivar at EM concentration of 1:500 (Table 5).  


Table 5. Economic analysis of EM application at different concentration


		Cultivar

		EM concentration

		Yield
(tones /ha)

		Gross return
(mill. VND/ha)

		Increased costs (mill. VND/ha)

		Increased net income
(mill. VND/ha)



		Nong huu 1

		0 –control

		60.84

		243.36

		0

		0



		

		1: 500

		68.47

		273.88

		4.14

		26.38



		

		1:1000

		73.00

		292.00

		3.82

		44.82



		

		1:1500

		60.62

		242.48

		3.71

		- 4.59



		Hong  phi 768

		0 –control

		59.38

		237.52

		0

		0



		

		1: 500

		63.64

		254.56

		4.14

		12.90



		

		1:1000

		67.62

		270.48

		3.82

		29.14



		

		1:1500

		54.11

		216.44

		3.71

		-24.79



		Long vang

		0 –control

		49.22

		196.88

		0

		0



		

		1: 500

		64.87

		259.48

		4.14

		58.46



		

		1:1000

		47.07

		188.28

		3.82

		-12.42



		

		1:1500

		46.49

		185.96

		3.71

		-14.63





Note: Increased costs include money spent on purchasing EM and labour for EM spraying and harvest of 
                   increased yields.


4. CONCLUSION


Application of EM solution at the dilution rate of 1:500 and 1:1000 on Nong Huu 1, Hong phi 768 and 1:500 for Long vang significantly improved number of leave, SPAD value, TSS, total sugar, dry matter, fruit weight and yields compared with the controls.


Application of EM at all concentrations reduced disease infection on three cultivars including Anthracnose, powdery mildew, papaya mosaic and ringspot diseases.


Net income due to EM application was found the highest at the concentration of 1:500 for Long vang (58.46 mill VND/ha), followed by Nong huu 1 and Hong Phi 768 (44.82 and 29.14 mill VND/ha respectively).
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