Role of Golden Apple Snail in Organic Rice Cultivation and Weed Management
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Abstract 
The Golden Apple Snail (GAS), Pomacea canaliculata (Lamarck), is a major pest of rice and other aquatic crops in many Asian farms. Farmers’ first line of defense is to use non-specific chemicals for “instant” kill of GAS, without considering its effect on their health, the environment, and non-target organisms. However, some organic rice farmers in Japan, Korea, and the Philippines do not kill GAS but manage them as bio-weeders in rice fields. We evaluated organic farmers’ innovation at the PhilRice Central Experimental Station (CES) using large fields. Then we demonstrated GAS paddy-weeding effects in several farmers’ fields in the Philippines, during the 2003 and 2004 dry (DS) and wet seasons (WS).  Our own experiences and that of the farmers’ in the Philippines and Japan on the role of GAS in weed management, promotion of organic rice farming, and lessons learned are discussed.

Introduction

Golden Apple Snail (GAS), Pomacea canaliculata (Lamarck) is a dreaded pest of the rice plant because of its rapid and new invasions in Asia and North America. It is listed in the “100 World’s Worst Invasive Alien Species” of the Global Invasive Species Group Database (ISSG, www.issg.org/database).  In an attempt to control GAS, pesticide misuse and abuse by farmers have caused serious economic, social, and environmental impacts, biodiversity loss, and health hazards to rice farming communities (Rejesus et al., 1988).  Ten years after its introduction, the cumulative costs of GAS invasion were between US$425 million and US$1.2 billion.  However, some organic farmers in Japan, Korea, and the Philippines do not kill GAS but employ them to feed on aquatic weeds in rice fields, thus saving expenses on herbicides (Okuma et al., 1994; Wada et al., 2002).  The benefit from using GAS as a biological weeding agent far exceeds that of ducks or carps for paddy weeding (Yusa et al., 2003).  
Methodology  

We evaluated GAS as a bio-weeder at the PhilRice Central Experimental Station (CES) using two large fields (each 0.25 ha). Then we demonstrated GAS’s paddy weeding effects on several farmers’ fields in the Philippines provinces of Nueva Ecija, Aurora, and Negros Occidental during the 2003 and 2004 dry (DS) and wet seasons (WS). We also provided insights on how to use resident (field) GAS populations for weed control.

Rice variety IR64 was used at PhilRice CES in 2003 WS and DS, and rice hybrids Mestizo 1 and Mestizo 3 were used during the 2004 DS and WS, respectively. To produce healthy seedlings for paddy weeding by GAS, a 400-m2 area was used as a seedbed. Each seedbed was 2 m wide and 10 m long and was raised for easy draining of water. Carbonized rice hull (CRH) was incorporated into the seedbed two days before seeding. With saturated water level and no inorganic fertilizer, the seedlings’ leaves were erect and pale with a hard culm, making it difficult for GAS to damage them.

In the 2003 and 2004 crops, a 0.5-ha field was divided into two plots. One plot was treated with Niclosamide 250 EC (synthetic commercial molluscicide) to ensure that no GAS existed prior to transplanting. In another plot, all GAS were spared. Both fields were prepared thoroughly and leveled well to maintain shallow depth of water so that GAS could not damage the newly transplanted seedlings. However, no herbicide was applied in either field. Seedlings 21 days old were transplanted at 20 x 20 cm between hills and rows with 2 seedlings per hill. The area was kept saturated until it dried up slowly. Water was introduced to 2-cm depth at 6-8 days after transplanting or when weeds just emerged with 1-2 leaf stage. By this time, rice plants would not be damaged because they already have hard culms, and GAS would prefer to feed on young weeds.

Results and Discussion 

The weed species in all demonstration plots were grasses (Echinochloa spp. and Leptochloa chinensis), sedges (Cyperus spp. and Fimbrystylis milliacea), and broadleaves (Ludwigia octovalvis, and Sphenoclea zeylanica).  

At the first demonstration of paddy weeding by GAS at PhilRice CES in DS 2003, higher weed density was observed at 10 DAT in plot with GAS (Figure 1A).  This was because re-entry of water after transplanting was not done. Interestingly, after the introduction of water, weed densities at 30 and 45 DAT from plots with GAS were lower than in plots without GAS. This implies that the release of water is an important factor in paddy weeding.  No water was added to the rice field for several days after transplanting. Once the weeds had sprouted and grown to 1 cm, we released water into the field. Then GAS started to come out from underground to look for food. Learning from the first demonstration, water release was timed with the presence of sprouting weeds, so in WS 2003, higher weed density was recorded in plots without GAS from 15 to 45 DAT (Figure 1B).  

Similar patterns in weeding efficiency by GAS were observed during DS and WS 2004 (Figures 1C & 1D) at PhilRice CES. Moreover, higher rice grain yield for 2003 and 2004 cropping seasons was recorded in plots with GAS (Table 1). 

This technology was introduced to farmers in Nueva Ecija (Bantug), Aurora (Caraksacan), and Negros Occidental (Lacaron) during the 2003-2004 DS and WS. Higher weed density was noted in plot without GAS compared with plot with GAS in both cropping seasons, at Bantug and at Caraksacan during the 2004 WS. However, during the 2004 WS at Lacaron, weed density was very low due to flooding (Table 2).

With this technology, we are converting a pest to an ally by changing its behavior into a useful organism in lowland irrigated transplanted rice systems. It is necessary to level the field well to control the movement of GAS.  Shallow water depth should be maintained to regulate the feeding damage of the GAS. The seedlings should be sturdy and at 3-leaf stage (21 days). This technology strictly discourages farmers from collecting GAS and putting them into their rice fields. In all demonstrations before transplanting, the average resident GAS size was between 15 and 20 mm, with a GAS density of 2 m-2. We recorded a maximum of 5.6% missing hills in our first demonstration at PhilRice CES, but in all subsequent trials we recorded less than 1% missing hills.

This practice is not appropriate with direct-seeded rice where weeds sprout at the same time. It cannot be done on upland environment where GAS are inside the soil, and in flood-prone areas where water depth is difficult to control. This is the first report to demonstrate that paddy weeding by GAS is possible even in tropical paddy fields.

Conclusions

GAS are a serious pest of rice and other aquatic crops if they are not properly managed. We found that GAS as a bio-weeder is an ecologically sustainable and cost-saving technology and thus we documented it at http://www.applesnail.net .
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Table 1.  Rice grain yield at PhilRice-CES, Maligaya, Science City of Muñoz,                

   Nueva Ecija, Philippines, 2003-2004 cropping seasons. 

Year / Season
Variety
Grain yield (t/ha) ‡



With GAS
Without GAS






2003 DS
IR 64
7.30
5.00






2003 WS
IR 64
5.00
4.60






2004 DS
Mestizo 1
7.65
6.26






2004 WS
Mestizo 3
5.52
3.12

‡Average of 5 crop cut samples per field.  Each crop cut sampling unit measured (2 x 5 m) 10 m2.

Table 2.  Weed Density at Farmer’s Fields in Bantug, Science City of Muñoz, Nueva Ecija; Caraksacan, Dingalan, Aurora; and Lacaron, Villadolid, Negros Occidental, Philippines, 2003-2004 Cropping Seasons. 

Year /
Village
Variety
Weed density / 1.5 m2
Rice grain yield

(t ha-1)
Weed seed weight

(t ha-1)




With GAS
Without GAS



Season


DAT
DAT
With
Without
With
Without




15
30
45
60
15
30
45
60
GAS
GAS
GAS
GAS

















2003 DS
Bantug
Mestizo 1
-
14
167
-
-
167
146
-
9.3
7.7
-
-

















2003 DS
Bantug
Mestizo 1
-
11
180
-
-
180
106
-
8.75
7.18
-
-

















2004 WS
Bantug
PSB Rc 82
0
0
0
0
0
73
37
39
5.95
5.9
0
0.53

















2004 WS
Bantug
PSB Rc82
0
0
0
0
0
0
2
3
5.12
4.9
0
0.5

















2004 WS
Bantug
PSB Rc14
0
0
0
0
132
170
108
65
7.21
4.67
0
2.95

















2004 WS
Bantug
PSB Rc82
2
0
0
0
58
100
59
36
4.38
4.08
0
0.83

















2004 WS
Bantug
PSB Rc82
0
0
0
0
0
27
26
37
5.89
4.87
0
2.08

















2004 WS
Caraksacan
IR 64
0
0
0
0
0
16
22
10
8.3
6.6
-
-

2004 WS
Lacaron
PSB Rc-10
0
0
0
0
†
†
†
†
3.5‡
2.9‡
-
-

(-) No available data.    (†) Weeds not counted because of low density due to flooding,      (‡) Affected by rice tungro virus disease.
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Figure 1.  Weed density from 10 to 60 days after transplanting, PhilRice-CES, 2003 (A-B)-2004 (C-D) dry and wet seasons, respectively. (Weed density recorded thrice in 0.5 m2 quadrant per field on each sampling date, and expressed as cumulative density in 1.5m2).
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