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Variation in the Performance of
Site-Specific Nutrient Management
among Different Environments with
Irrigated Rice in Asia

By S. Abdulrachman, H.C. Gines, R. Nagarajan, S. Satawathananont,
T.T. Son, P.S. Tan, and G.H. Wang

Geographical differences in the performance of a new site-specific
nutrient management (SSNM) approach were evaluated for major rice
growing environments in six Asian countries. Four major cropping
scenarios and corresponding nutrient management strategies are dis-
cussed using the experimental sites as examples.

The generic SSNM approach (Witt and Dobermann, 2002) evolved
gradually to include location-specific adjustments according to variety,
crop establishment method, application of organic fertilizer sources,
and water management. Compared to farmer fertilizer practice (FFP),
overall average yields with SSNM increased by 7% and profitability by
12% (Dobermann et al., 2002a). However, there were considerable geo-
graphical differences in the agronomic and economic performance of
SSNM. This was not unexpected as the data set covered diverse crop-
ping conditions with differences in climate, varieties, crop establish-
ment methods, fertilizer use, labor input, and other factors.

There is evidence that climate had a large affect on the overall varia-
tion in yield between sites, years, and seasons, particularly since the
experimental period included the El Nifio — La Nifa climatic cycle.
However, SSNM performed well across a wide range of conditions,
suggesting that the method is sufficiently robust. In this article, we evalu-
ate geographical differences in the performance of SSNM by grouping
the experimental sites according to nutrient management recommenda-
tions or characteristic constraints. Experimental approach, treatments,
and performance indicators for the data set have been described in Parts
1 and 2 of this series, and Dobermann et al., 2002a and 2002b.

Reductions in Fertilizer Use

Fertilizer use can be reduced at sites where the difference between
nutrient requirement for a targeted yield goal and the indigenous nutri-
ent supply is small. The most overused macronutrient in this study was
nitrogen (N), as shown in Table 1. With SSNM, fertilizer N rates were
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Table 1. Fertilizer use with SSNM at eight sites in Asia (average of
four crops, 1997 101999).

Fertilizer N Fertilizer P,0, Fertilizer K.0

reduced significantly, by 10 to 20% at the

: ]
experimental sites in China (JI), Vietnam e SSNM__ A S A St A

(HA and OM), and Indonesia (SU). oS s g

. HA 93 -1 379 64 -11
Fertilizer N, phosphorus (P) and/or po-

. . AD 12715 60 4 84 38
tassium (K) were reduced substantially at

. . : . TH 129 34 4 4 9% 54
sites with transplanted rice near Hanoi in

the Red River Delta of North Vietnam (HA), WA m ] i ? 93

. . . . . oM 98 -13 50 7 75 50

at Jinhua (JI) in Zhejiang province, China, s m 9 1 7 05

and at Suphan Buri (SB), Thailand. Several T TR TR TR

factors are common to both sites, including
sub-tropical climate, a double-rice based A”_ 4”2 e H 2 n_u
cropping system, high indigenous soil fer- | 'Als e diflerence beiween SSNM and FFP

tility status (Table 2), use of large amounts of mineral fertilizer  [{qple 2. Potential soil nutrient

in FFP (Table 1), and very small farm sizes (0.3 ha) Supp|y measured as grain
Compared to the FFP, nutrient management in SSNM on the yield in nutrient omission
45 farms at these sites was characterized by: plots.!
e areduction in the use of fertilizer N (10 to 20%), P (20%), - - Grain yield, t/ha - -
and K (15% only in HA,Table 1); Site N P K
* large relative increases in N use efficiencies, including ag- [} 56 69 68

ronomic N use efficiency (AEN), physiological N use effi- | Ha 50 63 60
ciency (PEN), and recovery efficiency of fertilizer N (REN), | 1p 50 67 67
due to plant-based N management (Table 3); TH 43 60 58
* high internal N efficiencies (IEN) close to the optimum of |y 4 61 61
67 kg grain/kg plant N (Witt et al., 1999), indicating well | 36 39 43
balanced nutrition and absence of other stress factors |SB 44 42 4]
[(Table 3) (Also see Part 2 of this series)]; Su 39 49 50
* high average rice yields of 6.2 to 6.4 t/ha (Table 4), and |y 45 56 56
® high achievement of the yield goal (about 80 to 95 per- oo highest values out o four
cent, Table 4). seasons, 1997 101999.

At site HA, yield increases
over FFP were small, probably be- Table 3. Nitrogen use efficiencies with SSNM (average of four crops, 1997-1999).

cause yields were already close to IEN AEN PEN REN
80% of the yield potential (Witt | — --------------------- lge=sszenzomzaazomzss
and Dobermann, 2002). Never- | SSNM_A' SSNM-— A SSNM- A SSNM- A
theless, the profitability of SSNM |l 61 31 150 40 31 029 0N
was acceptable (Figure 1) at this |HA 66 04 1840 46 29 039 006
site because of excellent crop |[AD 63 05 16 21 3B 22 043  0.04

management (finely tuned NPK [TH 58 0.0 15 14 31 31 046 001
fertilizer management) and re- |[MA 50 -08 15 30 34 -29 046 0.14
duced fertilizer costs. oM 58 -48 20 50 46 08 044 010

The large yield and profit- S8 53 -19 9 16 3 29 029 007
ability increases with SSNM at |SU 44 A4l 13 38 29 -01 046  0.15
site J were mainly related to im- |[Al 57 -17 15 33 37 09 040 0.09
proved N management (three to |1 s the difference between SSNM and FFP.
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Table 4. Average yield goal, grain yield, and achievement of goal

with SSNM (average of four crops, 1997 t0 1999).
Site Yield goal  Grain yield Grain yield Achievement of

————————— t/ha--------- yield goal, % . o

SSNM SSNM A SSNM four fertilizer N applications compared to
i 783 635 045 8l farmer practice where all fertilizer N is ap-
HA 6.60 6.24 019 95 plied within the first 10 days after crop estab-
0 774 445 049 8 lishment). However, the N recovery efficiency
™ 773 544 0.63 78 was only moderate with SSNM (0.29 kg/kg,
m 717 5% 051 73 Table 3), suggesting potential for further im-
oM 622 477 0.33 77 provement in N management.
SB 6.02 490 0.10 81
sU 631 157 0.22 77 Increasing Fertilizer Use
Al 590 7 036 80 The SSNM concept suggests increased fer-
P : : tilizer use if the analysis of soil nutrient sup-
AU TokdT S ply, yield potential, and current yield indicate

a sufficiently large yield gap that cannot be exploited adequately at
current fertilizer levels. The most frequently increased macronutrient
was K. Except for the two sites in JI and HA, fertilizer K rates with
SSNM were 32 to 59 kg K,O/ha greater than commonly applied by
farmers, and K balance calculations showed that these rates were re-
quired to replenish the amount of K removed with grain and straw.
However, improved models are required to better address the long-term
effects of both fertilizer P and K application considering other crop
management practices (Witt et al., this issue).

Results are summarized from two sites where fertilizer K rates as
well as fertilizer N and/or P rates were increased substantially with
SSNM. This group included sites with transplanted rice in the old (AD)
and new (TH) Cauvery Deltas of Tamil Nadu, India. Many factors are
common to both sites, including tropical climate, a double rice-based

Figure 1. Financial cropping system, medium size fields (0.5 to 1 ha), high soil fertility (AD
profitability of SSNMover  greater than TH, Table 2), relatively balanced fertilizer NPK rates in
FFP (means, standard FFP including 42 to 46 kg K,O/ha, moderate to high N use efficiencies
errors) for each sife, in FFP, and moderate to excellent quality of crop management. At both
average of four crops, sites, labor input is high (80 to 150 man days/ha), and pesticide use is
1997-99 (AGRF= low. Hand weeding is the primary weed control method and farmers

increase in gross refum over  attempt to follow integrated pest management (IPM) guidelines for in-
ferﬁlizer COSt dUe TO SSNM) sect pest Control.

Compared to FFP, SSNM in the 40 farms at

100 these sites was characterized by: increases in fertil-
80 izer N (12 t0 36%), P (8 to 13%), and K (>100%);
g w0l little change in the already quite high N use effi-
s ciencies (Table 3); large average rice yields in the
= 4] SSNM (5.6 to 6.4 t/ha) and large yield increases
fj 20 over FFP (Table 4); a moderate achievement of the
yield goal (78 to 83%, Table 4); and large increase

in profitability (Figure 1).

0-
SR THSHEMA L Increased N uptake (13 to 22%) was probably
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the major cause of yield increases at both sites. Targeted yield goals
were higher at AD than TH because of the differences in soil fertility
between the two areas (Table 2). Fertilizer NPK rates and the relative
yield gain was similar at both sites, indicating that soil fertility needs to
be considered in the yield goal selection. Given the lower soil fertility in
TH, it would probably be difficult to achieve the high yield levels that
were reached in AD. Insect pests mainly caused yield losses observed at
AD, and there were indications of more stress (water supply, insects) at
TH.

Exploiting the Synergy of Improved Nutrient and Crop Management

At all sites, there is a great potential to improve fertilizer N man-
agement through strategies that focus on plant N needs. Depending on
the site, this may require adjustments in fertilizer NPK use, but also
greater crop care to fully exploit the potential of improved nutrient
management strategies. This diverse group included sites in Central
Luzon (MA), Central Thailand (SB), and the Mekong Delta (OM). These
factors are common to all sites: tropical climate; two (MA) or two to
three annual rice crops (SB, OM); small to medium size fields (less than
0.5 to 1 ha); broadcast, direct-seeded rice with high seed rates (100 to
200 kg/ha); poor soil nutrient supply (except for MA, Table 2); small
inputs of fertilizer K in FFP (2 to 26 kg K,O/ha, Table 1); and relatively
small amount of labor used (15 to 60 man days/ha). Pesticide use var-
ies, but farmers generally use herbicides for weed-control. Straw is usu-
ally burned in the field.

Compared to FFP, the performance of SSNM on the 74 rice farms
at these sites was characterized by: large increases in the use of K fertil-
izer compared to the FFP (Table 1); small to large increases in N use
efficiency (Table 3); internal N efficiencies below the optimum of 67 kg
grain/kg plant N (Table 3); low to moderate average rice yields of 4.8
to 5.3 t/ha and wide variation in the yield increase over FFP (Table 4);
low grain filling percentage of about 75%; and widely varying quality
of crop management.

Differences in profitability among sites (Figure 1) were largely caused
by differences in the yield increase achieved with SSNM (Table 4). A
more detailed analysis indicated that the nutrient uptake was sufficient
to achieve higher yields, but poor grain filling at all three sites indicated
that yield losses were mainly caused by stress during the reproductive
growth phase. Unfavorable climate, water management, poor seed qual-
ity, weeds, insect pests, and diseases were common problems in these
direct-seeded rice areas, particularly in wet season crops. These con-
straints often reduced yields and profitability regardless of fertilizer strat-
egies. Special crop care is not required for SSNM to be profitable at
sites where nutrient and non-nutrient related constraints are equally
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Grain yield, kg/ha

1998 DS

SSNM +
SSNM -
FFP +
FFP -
Control +
Control -

limiting to yield, such as Maligaya,
Philippines (Figure 2). Yield differ-
ences of up to 2 t/ha were observed in
the dry season (DS) vs. the wet sea-
son (WS), depending on nutrient man-
agement and the occurrence of other

HITCH

) N I 1 ) I S -

1998 WS

Figure 2. Grain yield
(means, standard errors)
on 27 farms with SSNM,
FFP, and an unfertilized
control in Maligaya (MA),
Cental Luzon, Philippines,
1998 DS and WS. Farms
were grouped according
crop management
problems (+ little or no
problems; — severe
problems).*

“Values with the same letfer in o
column are not sfatistically

different at the 5% probability
level.

Figure 3. Average grain
yield (means, standard
errors) on 20 farms with
FFP and SSNM in
Sukamandi (SU),
Indonesia, 2000 DS and
2000/01 WS. Fertilizer
management was the sume
in both SSNM treatments,
but SSNM+ had a higher
planting density compared
to FFP and SSNM.*

constraints such as poor seed quality, high planting density, weeds, dis-
eases, and rats (SSNM+ vs. FFP-). Greater crop care and integrated
approaches that improve both pest and crop management would cer-
tainly be required to fully exploit the potential of improved nutrient
management.

Constraints Other Than Nutrient Management

Field observations and the evaluation of N use efficiencies indi-
cated that constraints other than nutrient supply were the major reason
for only small yield increases with SSNM at the experimental site in
Sukamandi (SU), West Java, Indonesia.

This site is characterized by: tropical climate; a double-rice crop-
ping system with transplanted rice; moderate soil nutrient supply (Table
2); and small field sizes (less than 0.5 ha).

Average yields in FFP and SSNM were the lowest among all sites
(4.3 t/ha), and yield goals were rarely achieved with SSNM (Table 4).
Although plant-based N management with SSNM increased the recov-
ery of applied fertilizer N by 50%, the extra N taken up by the crop
was not converted into grain yield (Table 3). With only 44 kg grain/kg
plant N, internal efficiencies of N were the lowest among all sites. Simi-
lar results were obtained when calculating the internal efficiencies of P
and K suggesting constraints other than nutrient supply. Several likely
causes for low internal efficiencies were identified, including: unfavor-
able climatic conditions caused by the El Nifio — La Nina cycle; abiotic
and biotic stresses including water shortage, rats, weeds, and insects;
and low planting density (14 hills/m?).

An additional SSNM treatment was implemented for two seasons
with a planting density of 21 hills/m? (SSNM+, Figure 3). Both SSNM

Grain yield, t/ha

treatments received about 80 kg fertilizer N/ha versus 120
kg N/ha in FFP. Results from this experiment showed that

40 1
35+

6l 0 (o [P . yield and profitability can be increased when improved
60l f%m N crop management practices are introduced. Yields with
55l SSNM+ were close to the yield goal of previous years and
sol 16% greater than in FFP. The fertilizer cost was about
45 US$40/ha in both SSNM and FFP, but the profitability

(gross return over fertilizer cost) increased by US$130/ha
with SSNM+ due to the increase in yield, and the increase
is expected to be large enough to compensate for the in-

2000 DS 2001 WS

creased labor cost in crop establishment.

Better Crops International
Vol. 16, No. 2, November 2002




Conclusions

The SSNM approach provides a strong conceptual framework for
analyzing current cropping conditions and farmers’ nutrient manage-
ment practices and the identification of nutrient and non-nutrient re-
lated constraints to increased productivity. Results indicated that yields
and profitability can be improved substantially through SSNM at six
out of eight sites, although the complexity of the nutrient related con-
straints and the corresponding strategies differed greatly among the dif-
ferent sites. At some sites, rather crude adjustments to fertilizer man-
agement practices may be sufficient, while a greater degree of fine-tun-
ing is required at others. In further validation of the technology, we
hope to exploit the synergy that occurs when other aspects of manage-
ment (including pest and/or certain aspects of crop management) are
improved simultaneously. At present we are simplifying the technology
for use by extension workers for wider scale dissemination. BCI
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