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PRACTICES (SSNM VS FFP) OF IRRIGATED RICE SYSTEM  

OF TROPICAL ASIA 
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ABSTRACT 

Data on pests and diseases were collected from 606 farmer's fields of the 
Reversing Trend of Declining Productivity (RTDP) Project during  the 1998 and 

1999 wet seasons and the 1999 dry season.  The surveys were conducted on sites in 

China, Vietnam, the Philippines, Indonesia and India. Comparisons were made for 
plots with Site Specific Nutrient Mangement (SSNM) and Farmer’s Field Practices 

(FFP). Pest profiles were rather different due to its high incidence of key pests in 

some seasons. IN1 was a dominant pest profile with relatively high incidence of 

bacterial leaf blight (BB), brown spot (BS), red stripe (RS), sheath blight (SHB), 

grain discoloration (GD), whorl maggot(WM), leaf folder (LF) and dead heart 

(DH), but high yield (5.5 t ha
-1
). It included Vietnam, the Philippines, China and 

South India. IN2 was found in the Red River delta of Vietnam and was associated 

with highest yield (5.8 t ha-1) and fewer insect pests but high incidence of sheath 

blight and bacterial leaf blight. IN3 belonged to Indonesia and the Philippines, and 
IN4 to Indonesia (1st and 2nd season).IN3 and IN4 were associated with high 

incidence of bacterial leaf blight, narrow brown spot (NBS), red stripe, sheath 

blight, grain discoloration, stem rot, leaf folder and dead heart and relatively low 

mean yield (4.6; 4.4 t ha
-1
, respectively). IN5 occurred in China (2

nd
 season). 

Correspondence analysis provided information on association of insect pests and 

diseases with medium (3.7 t ha
-1
) to high yield (> 6.7 t ha

-1
) with low (50-80 kg N 

ha
-1
) to medium (80-120 kg N ha

-1
) and high N input (150 kg N ha

-1
). Stepwise 

multiple regression analysis indicated LF and SB are most N dependent variables 

among injuries. SB, GD, BS and RS are also major yield reducing factors on farms. 

Mean yields across sites was 5.1 t ha
-1
 rather higher with better nutrient 

management than in FFP farms compared to estimated yield (4.12 t ha-1 ) of other 

fields across the region.  

Key words: cluster analysis, correspondence analysis, farmers' field practice, 
injury profile, principal component analysis  

 
 

INTRODUCTION 

Many areas covered by rainfed-lowland rice 

and floating and deep water rice have been 

transformed to irrigated systems. However, 

the consequences of change to intensive rice 
systems has not yet been thoroughly assessed 

in terms of pest management. 

Pest management has regularly faced 
outbreaks of brown plant hopper, rice blast, 

sheath blight and red stripe in southeast Asia 

(Mew et al. 2001). Pesticide application has 
become a common practice to protect high 

yielding crops, but most are unnecessary and 

misused (Heong et al. 1995a; Du and Savary 

1997). Farmer's field research (FFR) with no 

early spaying pesticides for control of rice leaf 

folder and so protect natural enemies in the 

Mekong Delta of Vietnam (Heong et al 

1995b) has led to a significant reduction of 

pesticides use. Several hypothesis for 
improvement of rice yield under different 

production situations have considered the 

possible effect of nutrition on pest damage 
(Huber,1980; Marschner,1995; Hardter1996). 

Nitrogen is the most common yield-limiting 

nutrient in rice cropping systems (Mikkelsen 
1987; Cassman et al. 1996), and is also 

difficult nutrient to manage. On farms studied 

for declining productivity a Site-Specific 

Nutrient Management model (SSNM) was 

promoted for organized groups of farmers of 
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several Asian countries. It provided a realistic 
approach for feeding rice with nutrients as 

needed (Buresh and Witt, 2002). Analysis of 

pest and disease injury with such field crop 
practices will provide important information 

for understanding the system for which 

improved of rice pest management to be 

designed (Teng and Heong 1988; IRRI 1990) 

MATERIALS AND METHODS 

Surveys were conducted in three continuous 

seasons, the 1998, 1999 wet seasons, and the 

1999 dry season. Pest monitoring of rice crops 

was done at ‘Reversing Trend of Declining 
Productivity’ project sites in P.R. China 

(Jinhua), India (Thanjavur, Adthurai and 

Pantnagar), Indonesia (Sukamandi), 
Philippines (Munoz), and Vietnam (Mekong 

and Red River Deltas). Pest monitoring was 

conducted on about 160 farms in total. Except 
for the P.R. China site each country site 

monitored 16-22 farms located within a 15-30 

km radius around the collaborating research 

institute. There were five field plot treatments 

including zero fertiliser (0 NPK), NP, NK, 

NPK (SSNM) and NPK (Farmer’s Field 
Practice, FFP). In FFP field plots, farmers 

compared a balanced-NPK fertilizer with 

SSNM field plots where N rate application 
was based on weekly cholorophyll meter or 

SPAD meter readings used to determine need-

based N fertilization (Peng et al. 1996). Pest 
and disease injuries over three seasons were 

recorded for all five field plot treatments at 

the Mekong (Vietnam), Thanjavur (India), 

and Andurai (India) sites and for SSNM and 

FFP treatments at the other sites. A total of 

1067 field plots were observed of which 606 

had both SSNM and FFP records. SSNM vs 
FFP plots ranged from 300 to 1000 m2 in area, 

within which 200 m
2
 was used for pest 

monitoring. The quantitative information of 
pest injuries followed the survey protocol of 

Savary et al. (1996). Assessments of diseases 

and insect pests were done for 12 hills in 

transplanted rice or 12 quadrats (10 x 10 cm) 

in direct seeded rice. Hills or quadrates were 

selected at equal distance along a diagonal 
transect in each plot for every monitoring 

visit.   

Four groups of data were collected at the 
individual field level. A first variable was the 

two categories of SSNM and FFP as 
homogenous representative types of rice field 

crop practice. Previous experiences at RTDP 

sites indicated that quantification of injuries 
whether generic or site-specific to N rates and 

yield variation needed to be tested. The next 

two categories were the levels of N fertilizer 

(FE) applied and the season (SE) when the 

survey was conducted in order to quantify the 

occurrence of pests over time. A third group 

of variables was diseases and insect injuries. 

Disease variables were BB (bacterial leaf 

blight), LB (leaf blast), BS (Brown spot), 
NBS (Narrow brown spot), RS (Red stripe), 

SHB (sheath blight), SHR (sheath rot), STR 

(stem rot), PB (panicle blast), and GD (grain 
discoloration). Insect damage were classed as 

WM (whorl maggot), LF (leaf folder), AW 

(army worm), DH (dead-heart) and RB (rice 
bug). The last variable was grain yield (Y), 

which was measured by RTDP group. 

Analyses of data were based on 606 field plots 

of SSNM and FFP for all sites. Although a 

large number of diseases and insects were 

observed, some of those not frequently 
recorded were not included. Analyses were 

conducted to determine the linkage between N 

rates and insect and disease injuries, and 
whether actual yield variation could be 

explained by these injuries. 

There were two analytical approaches (Savary 
et al. 1997a). The first emphasized the 

qualitative nature of cropping practices and 

seasons of investigation. The second was 

quantitative, mostly rate of N apply and injury 

variables, aiming to explain yield variation by 

injury variables. 

In the first approach, the data collected were 
analyzed in four steps (Savary et al. 1995). At 

first quantitative variables were categorized 

into classes, then the number of classes was 
reduced, for example, most injuries are 

represented by three to five classes. N 

fertilizer rates were in four classes and grain 

yield five classes. They became ordinal, 

qualitative variables while cropping practices 

were replaced by two classes (FFP and 
SSNM). Seasons of pest surveys remained 

cardinal, qualitative variables. Numerical 

boundaries and classes were created and 
relationships among variables characterized. 
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The correspondence analysis used (Greenacre 
1984) is a non-parametric, multivariate 

techniques which can synthesize data from 

one or several contingency tables so that they 
can be mapped on a summarized 

representation of a multivariate data set 

(Savary et al. 1997b).  

The second approach was a principal 

component analysis applied to quantitative 

variables of N fertilizer rates and  injuries, but 

not grain yield. Considering N rates as an 

important yield limiting factor and injuries 

due to pathogens and insects as yield reducing 
factors, this analysis was used to identify the 

mass components of variables among factors 

generated.  

Lastly was a stepwise multiple regression 

analysis of the same data set using actual yield 

(Yac) as dependent variables to identify 
whether yield variation can be explained by 

yield reducing variables, and whether using N 

fertilizer rates (Fr) as dependent variables to 

determine different levels of N used would 
indirectly affect injuries variables.  

III. RESULTS 

Pest injuries in SSNM and FFP varied across 
sites and seasons. The mean values of the 

variables showed that some injuries had a 

high incidence during all three seasons (BS, 

RS, SHB, GD), but the rest were of medium 

and low incidence. The amount of N applied 

in SSNM was higher than in the FFP, and the 

mean yield was higher. Average yield of rice 

crop practice plots (SSNM, FFP) was 5.12 t 

ha
-1
, and N applied was 115.8 kg ha

-1
.  

Cluster analysis of injury profiles across sites 

and seasons indicated  five groups of injury 

profiles as listed in the abstract.  Pest profiles 
shared a similar pattern  in three seasons 

(1998 and 1999 wet seasons and 1999 dry 

season) while in China and the Philippines 
there were similar pest profiles of wet season 

(Figure 1).  
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Chi square tests between yield variation and 

injuries indicated that that there were only two 

cases, SHR and RB, for which the null 
hypothesis was accepted. For other injuries, 

the null hypothesis of independence of actual 

yield and injuries was rejected (LB, BB, BS, 

NBS, RS, SHB, STR, PB, GD, WM, LF, AW 

and DH). 

Chi square tests of linkages between N rates 

applied and injury profiles indicated four 
cases in which null hypothesis was accepted, 

for LB, PB, SHR and DH.  The severity of 

other injuries was associated with N fertilizer 

application (BB, BS, NBS, RS, SHB, STR, 
GD, WM, LF, AW, RB). 

In the simple correspondence analysis yield 

classes were used as additional classes so that 

variation of yield levels could be explained in 

relation to farmers' field crop practices, 

seasons and N rates [(SSNM, FFP) x IN 

(diseases, insects)], [SE x IN (diseases, 
insects)] and [FE x IN (diseases, insects. 

0.0

5.0

10.0

15.0

20.0

25.0

LB B
B B
S

N
B
S

R
S

SH
B

SH
R

ST
R PB G
D

W
M LF A
W D
H R
B

In
ju
ry
 le
ve
l

IN4

0

5

10

15

20

25

In
ju
ry
 le
ve
l

IN5

Sukamandi, Indonesia 
Mean yield: 4.4 tons ha –1 

N fertilizer : 125,3 kg ha
-1
 

0.0

5.0

10.0

15.0

20.0

25.0

In
ju
ry
 le
ve
l

IN3

Sukamandi, Indonesia 

Munoz, Philippines 

Mean yield: 4.6 tons ha –1 

N fertilizer : 107,8 kg ha
-1 

Jinhua, China 

Mean yield: 5.0 tons ha 
–1 

N fertilizer : 142,5 kg ha-1 

Figure 1: Injury levels in nutrient site-specific rice crops across six countries in 3 seasons (98 

Wet, 98-99 Dry and 99 wet), 5 classes of injury were determined (IN1, IN2, IN3, 

IN4, IN5). The horizontal axis indicates different levels among 15 injuries, LB: leaf 

blast; BB: bacterial leaf blight; BS: Brow spot; NBS: narrow brow spot; RS: red 

stripe; SHB: sheath blight; SHR sheath rot; STR: stem rot; PB: panicle blast; GD: 

grain discoloration; WM: whorl maggot; AW: army worm; LF: leaf folder; DH: 
dead heart; RB: rice bug. 
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Analysis shows the first two axes as they 
account for 35.6 and 21.7% of total inertia. In 

the first axis, the injury levels of RS are one 

of three levels of classes with coordinates (-
0.099, -0.122 and 0.516) of RS1, RS2 and 

RS3 respectively. RS1 and RS3 have the 

largest contribution to axes one (3.6 and 20.6, 

respectively), and the movement in a positive 

direction along axis one corresponds to 

increasing levels of RS injuries. SHB was 

observed with a similar pattern of injury, 

coordinates of SHB are 0.040, -0.122 and 

0.516 for three levels of SHB1, SHB2 and 
SHB3, respectively. SHB is well accounted 

for by this axes, levels of SHB also have a 

large contribution to the axes (0.4, 0.0, and 
2.0 for SHB1, SHB2 and SHB3, respectively). 

Similar patterns are observed in the cases for 

BB, BS, NBS, STR, GD and WM. Movement 
along axis one, decreasing levels of injury 

pattern was observed in DH (coordinates, 

0.141, -0.167, -0.015 for DH1, DH2 and DH3, 

respectively). DH contributes large values to 

axis one (6.7 and 2.2 for DH1 and DH2, 
respectively). The inertia accounted by first 

was 35,6 %. It represents for increasing levels 

of injuries (SB, BB, BS, NBS, STR, GD, and 
WM) and decreasing levels of DH injury. 

Increasing levels of RS, BS, NBS, BB, LF, 

and AW were found along the second axis. 

The contribution of levels of BB (0.2, 0.4, and 

3.8); RS (1.8, 3.3, and 3.6) and LF (0.5, 0.5, 

and 4.4) was prominent. A decreasing level of 

SB, GD, and DH along the second axis was 

observed in which levels of SB, GD and DH 

had large values (5.0, 2.2 and 1.0; 7.1, 8.4 and 
0.3; 14.8, 0.2, and 3.8, respectively). The 

inertia accounted for by the second axis was 

21.7 %. The total contribution of the two axes 
was 57.3 % and gives a good indication of the 

levels of injuries in the combination of the 

two axes.  Levels of injury classes are 
indicated and its association with N rate in 

Figure 2. Association of injury classes and  

yields (Y) are indicated in Figure 3.
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Figure 2.  Correspondence analysis between fertilizer application and pest injuries. Axis 1 
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indicated relationship between levels of fertilizer applied in field plots and 

different of pest injuries in six sites of tropical Asia 
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Principal component analyses were performed 

to obtain a better understanding of the most 

important components among variables 

(except yield). The analysis resulted in sixteen 
factors explained for 100 % of variance, 

among factors generated there are 4 factors 

(PC1, PC2, PC3, and PC4) contributed for 
95.56 % of variance. 

Results from stepwise multiple regression 

using actual yield [Y(ac)] as dependent 

variables showed that actual yield needs to 

be explained by injuries as independent 

variables. The equation resulting from the 

stepwise multiple regression was: 

Y(ac)= 5692.04 - 55.13 (RS) + 77.53 (SHB) + 
76.52 (GD) - 160.71 (AW) 

- 238.91 (DH) - 305.44 (RB) 

F(N) = 126.54 - 3.65 (GD) - 7.37 (RB) + 2.31 
(SB)  + 1.06 (LF) - 2.05 (AW)  

DISCUSSION  

Many diseases and insects were recorded, but 

some damage was of very low incidence. 

Diseases like false smut, kernel smut, leaf 
scale, bacterial leaf streak, rice tungro virus, 

ragged stunt virus and red stripe appeared 

only in some sites. At the time of the survey, 
destructive and widespread diseases such as 

LB and PB caused by Pyricularia grisea  Cav. 

(Rossman et al. 1990) were recorded with low 
incidence, as happened with a previous survey 

(Savary et al. 2000). The disease is controlled 

by using host resistance, but a change to a 

more virulent pathogen can be very much 

affected by environment, especially in tropical 

and humid conditions.  

Insects like thrip, rice hispa, gall midge, 
brown plant hopper and hopper burn were 

recorded as site specific and very low 

incidence. GM (Orseolia oryzae) usually 
occurs with high incidence when continuous 
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Figure 3:  Correspondence analysis between grain yield and pest injuries. Axis 1 and 2 are 
represented horizontally and vertically, respectively, respectively. The axes are 

defined using classes of categorization.  The successive classes are indicated 

relationship between levels of yield in field plots and different of pest injuries in 
six sites of tropical Asia. 
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rain in wet season. RB (Leptocorisa 
oratorius) was observed during milky stage in 

all sites. A high population of RB will cause 

unfilled-grains. Rat damage was observed in 
site of Indonesia and Vietnam and weed 

infestation were observed only in Vietnam 

site. Some diseases and pests are site-specific 

and affected by weather conditions. Reduction 

of N application in SSNM could lead to less 

incidence of some damage by SHB, LF and 

DH for example but BS, RS, BB, GD were 

severe in all seasons.   

Cluster analysis clearly indicated that for 
intensive irrigated rice systems class IN1 is 

most dominant with a high incidence of BB, 

BS, NBS, RS, SHB, GD, WM, LF and DH at 
most sites.  It prevailed in China, Vietnam, 

Philippines and India but not Indonesia. IN2 

prevailed only in North Vietnam where BB 
and SB were of high incidence and the mean 

actual yield is highest at 5.8 t ha-1 with the 

least N applied. Transplanting there is 

common practice and farmers ware most 

interested with hybrid rice, which yielded 

higher than improved rice by 1-2 t ha
-1
. 

Results of the stepwise regression analysis 

provided more information for identifying key 

pest profiles. Regression (Yac) accounted for 
35 % of yield variation, and the other equation 

(FN), clearly indicated that SB and LF were 

positively increased by increased levels of N. 
Evidence from Figure 3 shows that GD3 and 

SB3 were among complex interactions of high 

yield (Y3, Y4) and high N rates applied. 

Logically, SB incidence was affected directly 

by N levels (Du, 1995), and GD would be 

important factor for yield loss of successive 

rice crop. Information from this analysis 
shows that pest incidence accounted for yield 

variation, level of nitrogen applied associated 

with pest levels. Optimunm rate of N used in 
SSNM at each site and season with low pest 

incidence need to be further studied  
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