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Abstract: Nitrogen is one of the most important factors in development of herbivore populations. The application of nitrogen

fertilizer in plants can normally increase herbivore feeding preference, food consumption, survival, growth, reproduction, and

population density, except few examples that nitrogen fertilizer reduces the herbivore performances. In most of the rice

growing areas in Asia, the great increases in populations of major insect pests of rice, including planthoppers (Nilaparvata

lugens and Sogatella furcifera), leaffolder (Cnaphalocrocis medinalis), and stem borers (Scirpophaga incertulas, Chilo

suppressalis, S. innotata, C. polychrysus and Sesamia inferens) were closely related to the long-term excessive application

of nitrogen fertilizers. The optimal regime of nitrogen fertilizer in irrigated paddy fields is proposed to improve the

fertilizer-nitrogen use efficiency and reduce the environmental pollution.
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The *‘Green Revolution’ initiated in the mid
1960s and characterized by the successful breeding
and widespread adoption of new high yield varieties,
pesticides and nitrogen fertilizers, has doubled the
production of many crops, such as rice, wheat and
maize. Meanwhile, the continuous and excessive
inputs of pesticides and fertilizers have resulted in
some negative effects, ‘unwelcome harvest’, on
environments and resources, as wel as the
considerable disturbances to plant and animal
communities'™?. Crop losses caused by insect pests
gradually increased in spite of the effective
technological development in insecticide synthesis
and application for pest management ..

The large differences in nitrogen contents
between animal and plant tissues may be the major
reason that most herbivores have an ability to seek the
host plants with high nitrogen content [. The heavy
application of nitrogen fertilizer rarely affects insect
directly, however, it can alter or change morphologicd,
biochemica and physiologicd characters of host plants
and improve nutritional conditions for herbivores **®
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by playing a key role in insect population dynamics
through host selection and ecological fitness, such as
survival, growth, fecundity and reproductive capacity
and significant reduction of host resistance against
herbivores [, In this paper, the effects of nitrogen
fertilizer on herbivores and its stimulation for major
insect pestsin rice, and the optimal regime of nitrogen
fertilizer in irrigated paddy fields were discussed.

Nitrogen fertilizer affects ecological
fitness of herbivores

Selection to host plants

Feeding for survival and development of
immature herbivores is the first step in all
physiological  activities, while oviposition is
considered as the life end of female adults > . The
behavior characteristics of feeding and oviposition
activities reflect the suitability and acceptance of
herbivores to host plants, as well as the attractive
capacity and nutritional value of host plants to
herbivores, so the study on thisfield is anchored as the
foundation of insect physiology and ecology %9,
Herbivores need proper selection on appropriate host
plant to feed and lay eggs during their life cycle.
Severa features of host plants, such as color, size,
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shape, sound, texture and toughness, play important
rolesin an insect’s host selection.

Nitrogen may influence semiochemicals and
nutritional values of plants and also behavioral
characteristics of herbivores ™. In host-plant the
nitrogen content is generaly considered as an
indicator of food quality and a factor affecting host
selection by herbivores 4. It has been noted that a
high rate of nitrogen fertilizer significantly increased
the number of egg masses deposited by Asian corn
borer, Ostrinia furnacalis, on maize leaves ™. Nitrogen
was found to modify the plant nutrition and reduce the
resistance against aphids in cotton ™ and coleopterans
and lepidopteransin tomato [”!. Bentz et al ***Y found
that the protein-nitrogen content of the leaves linearly
increased with the increase in level of nitrogen applied
to plants, and the number of eggs of Bemisia
argentifolii laid on poinsettia, which also increased
linearly with the increase of plant nitrogen content.
During the experiment, more B. argentifolii females
were found on young and fully expanded mature
leaves than on non-senescence old leaves, which is
correlated with the high nitrogen content of those leaf
types. Similar results were found in sweet potato
whitefly, B. tabaci on poinsettia and the greenhouse
whitefly Traleurodes vaporariorun on chrysan-
themum %, The reason may be that females may
assess the physiological or biochemical conditions of
plants by probing the plant cuticle and underlying
tissues while moving among plants, and this
assessment may influence the choice of whether to
stay or to leave. After landing on a plant, the
greenhouse whitefly was found to reject unsuitable
host plants after probing the apoplast in the mesophyl|
layer for afew minutes *7.

The host selection and oviposition frequency of T.

vaporariorum were correlated with the suitability of
plant to support survival and development of whitefly
progenies ®. This may be due to the different
available choice situations that the increased plant
nitrogen content can increase adult survivorship of
whiteflies. Jauset et al " suggested that the internal
chemical properties of plant were responsible for site
selection by T. vaporariorum which can adjust its
feeding site based on the leaf nitrogen content from
older leaves to younger leaves, since the younger

leaves have a higher content of soluble nitrogen as
well as protein nitrogen compared with the older ones.

The selection of feeding and oviposition of
herbivores on host plants with higher nitrogen content
can be induced by rearing previously on plants with
high nitrogen. Herbivorous fly, Liriomyza trifolii
exposed to tomato plants with high nitrogen content
preferred to feed and oviposit on high nitrogen plants,
whereas flies exposed to plants with low nitrogen
content showed no preference ™. This result is
consistent with the hypothesis that a preference is
induced as the result of contact with high-nitrogen
plants. The inexperienced flies may have a low
acceptance threshold for nitrogen content of plants
and therefore show no preference, and this threshold is
not altered by exposure to plants containing low
nitrogen. The threshold may be set by gut situation,
assimilation of particular nutrients, and/or oviposition
after having encountered a host plant 2.

Although most herbivores are limited in low
nitrogen concentrations in food with positive
performance related to the increase in nitrogen of
foliage, but some are not in agreement with the
nitrogen limitation hypothesis *. Fischer and Fiedler
found that female butterflies Lycaena tityrus did not
discriminate between leaves with high and low
nitrogen contents 2. Fox and Eisenbach found that
female diamondback moth Plutella xylostella (L.) laid
more eggs on low nitrogen-fertilized plants than on
high nitrogen-fertilized plants . In alaboratory trial,
the dignificantly more leafhopper Carneocephala
floridana loaded on the salt marsh Borrichia frutesce
without nitrogen fertilizer application, while the tota
number of eggs laid was not significantly affected by
the application of fertilizer *. These findings
undermine the genera applicability of the nitrogen

limitation hypothesis .

Food quality and utilization

It is necessary for herbivores to obtain and utilize
the nutritional foods for growth, development and
reproduction. The amount, rate and quality of food
consumed by immature herbivores influence their
fitness, growth rates, developmental duration, final
body weights, dispersal abilities and probabilities of
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survival. Similarly, the amount, rate and quality of
food consumed by adults influence their performance
in mating success as well as timing and extent of
reproduction and disposal ability . The host plant
quality relevant to herbivore fitness may be physical

attributes, allelochemicals and nutritional composition.

The composition of food includes both absolute and
relative amounts of proteins, amino acids, lipids, fatty
acids, carbohydrates, water, minerals and vitamins. In
order to attain the ideal growth, developmental and
reproductive performance, herbivores must obtain
adequate amounts of the necessary nutrients in a
suitable host plant. Among the above contents,
nitrogen content in host plants is considered to be the
most important and limited factor for herbivores Y.

Data from several hundred experiments with 25
species of Lepidoptera and 4 species of Hymenoptera
(sawflies) clearly indicated that the performance
values of larvae tend to decrease with a decline in |eaf
water and nitrogen contents. The indices of food
consumption and utilization increase significantly
with the increase of nitrogen content in host plants.
The relative consumption rate (RCR) increased from
0.5 to 5.49 mg/(mg - day) when the nitrogen content in
host plants increased from 1% to 5%, and the
efficiency of conversion of ingested food (ECI) raised
from 5.14% to 64.00% as the nitrogen content in host
plants from 1% to 6% . However, the feeding
behavior of herbivores is regulated by chemical
compositions in host plants ®. The nitrogen
including amino acids and protein, and sugar are two
major kinds of herbivore feeding regulators in
adjustment of feeding rate on different host plants 2.
The nitrogen as feeding regulator can positively or
negatively affect the feeding amounts of herbivores on
host plants with high nitrogen content in two ways. It
has been noted that most herbivores increase feeding
significantly on high nitrogen host ® %/, Some
herbivore species consume food faster, utilize food
less efficiently with a higher nitrogen use efficiency
on low nitrogen plants than on high ones®%!.

In plants with low nitrogen content, herbivores
might take more food to meet their needs as nitrogen
is one of the critical nutritional element. The aphids,
chinch bugs, lepidopterous larvae, scale insects and
mites all benefited either directly or indirectly from an
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increase in nitrogen content in their food. Many
insects ater the food consumption rate in response to
variation in food nutrient content, especialy on low
nitrogen content plants ***!. Blua and Toscano
found that the whitefly, B. argentifolii, generated less
honeydew on high nitrogen plants than on low or
medium ones. The feeding compensation of
herbivores on low nitrogen plants can be utilized in
biological control of weed. For example, the weed
biological control specialist Spodoptera pectinicornis
fed on the floating aguatic plant Pistia stratiotes.
Wheeler and Center ®¥ found that the larvae S
pectinicornis compensated for low nitrogen leaves by
increasing fresh weight consumption threefold when
feeding on P. stratiotes.

It has been reported that many homopterans
generally rely on symbiotes to supply certain essential
nutrients, lacking in phloem and xylem fluid ¥4, The
phloem sap contains only about 0.03-1% amino acids,
so homopterans depend on symbiotes to recycle
nitrogen 3. The microbial recycling of nitrogen is of
great nutritional value in animal, because it increases
the efficiency of the animals to utilize dietary nitrogen,
enabling them to survive and grow on low nitrogen
input. However, nitrogen recycling has not been
demonstrated uneguivocally inany association, though
there is strong evidence that the mycetocyte symbionts
are important in cockroaches, yeasts in planthoppers,
and gut bacteriain termites .

Survival, growth and development

The present review listed at least 115 studies in
which insects grew better in plants with higher nitrogen
content, indicating the positive effects of nitrogen on
growth and development of herbivores. Moreover, the
herbivores on high nitrogen plants showed longer
survival rate, greater developmental rate and relative
growth rate %> 283538 \ith bigger body sizes %339
shorter developmental time 2% % and fewer instars .
In plants with low nitrogen content, the soybean
looper developed slowly and displayed the increases
in number of larva instar and duration of larval
development 18,

On the other hand, a decrease or no obvious
changes in herbivore performance on host plants with
high nitrogen content were observed in at least 44
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studies. In cotton plant the bollworm growth and
development was accelerated with the increase of
plant nitrogen content in a certain extent, but it will
decrease over the extent **?. Rossi et a ¥ found
the survival rate of leafhopper Carneocephala
floridana from first instar to adult was lower in two
nitrogen fertilized groups of both herbs Borrichia
frutescens and Salocornia virginica. Previous studies
showed that the plant nitrogen content had no effects
on the performance of growth and development of
Bemisia tabaci, on the body size of B. argentifolii, or
on the immature survival rate of A. woglumi,
Dendranthema grandiflora and B. argentifolii 1+,
Casey and Raupp Y reported that the survival rate,
development time, age to 1% reproduction and clutch
size of azalea lace bug, Stephanitis pyrioides had no
significant relationship with the levels of nitrogen
fertilization.

Fecundity and population dynamics

The plant nutrient status is an indicator of host
plant quality, which plays an important role in the
population dynamics of many herbivores. In highly
nitrogen fertilized agro-ecosystems, nitrogen may not
be the limiting nutrient for herbivores. In these
agricultural  settings, phytophagous arthropods that
respond positively to plant nitrogen content may be
more likely to reach pest status after a certain nitrogen
concentration within the host plant is reached. The
positive effects on population dynamics, which
contribute to higher survival rates, longer adult
longevity and reproductive periods [ shorter
pre-oviposition period (!, greater rate of eggs laid per
day " % and fecundity B"** of herbivores, are
attributed to the increasing of the soluble protein
content and specific free amino acids to change the
morphology of host plant. The results are increase in
intrinsic rate of increase (r,) " 3 %1 and high
population densities 114 3% 40 4855

Nitrogen is taken up by plants in two different
forms, nitrate or ammonium. The amino acid
compositions were different among plants with
different nitrogen treatments, and amino acid content
and carbohydrate-to-amino acid ratios are linked to
changes in aphid development . In a single-clone
experiment, Borrichia spp. in fertilized- and

shaded-only plots developed more Asphondylia galls
than those in non-manipulated control plots, and
plants that received both shading and fertilizer
developed the most galls. The shade and fertilization
produced an additive increase in plant nitrogen
content, but their effects resulted in a synergistic
decrease in carbohydrate-to-amino acid ratios Y. In
sugar cane, the fiber content is an important factor to
resist the damage by the stem borer Eldana
saccharina, Coulibaly 7 reported that the increasing
application of nitrogen fertilizer reduced the fiber
content in sugar cane and resulted in increased
damage by the stem borer.

Recently, most attention has been paid on the
relationship between nitrogen content in host plants
and changes in performances of herbivores. However,
the herbivore performances may be controlled by other
factors, which are not measured 2. The changes in
nitrogen level of plant tend to be accompanied by
changes in the level of many other nutrients, water
and numerous allelochemicals 3. The importance of
nitrogen compared to other resources should be
evauated, while the performance of herbivore
population dynamics may be the comprehensive result
of nitrogen and others factors *¥. It is also dependent
on the predominant factors such as nitrogen,
carbohydrates or the carbohydrate-to-amino acid
ratios, which might explain the results from previous
studies that there exist negative effects or no effects of
the sole nitrogen content in plants on herbivore
performances 13536 43.49.5960 " qeriper B3 reported that
25% of 179 studies indicated that population
parameters were negatively correlated with nitrogen
concentrations. The part of this discrepancy may be
attributed to the effects of nitrogen fertilization on
foliar concentrations of allelochemicals and nitrate
nitrogen that trend to reduce the insect fitness.

Her bivor ous community

The human activities have greatly altered the
globa nitrogen cycle by increasing the rate and
magnitude of nitrogen deposition. Among these
factors, long-term nitrogen application decreases plant
species richness, increases crop biomass, and shifts
plant composition to a few dominant species ™. Such
plant community responses to nitrogen loading may
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impact the food chain. The responses of terrestrial
food chains to nutrient loading may be similar to
responses of aguatic food chains, where phosphorus
loading increases algal productivity and shifts algal,
zooplankto, insect and fish community compositions 2.
The effects of nitrogen addition on insect diversity
may be complicated due to the changes in the plant
community by opposing effects on insect species
richness. At high nitrogen rate the resulting lower
plant species richness might decease the insect species
richness due to the lower diversity in food resources
for insect specialists [®¥. Nitrogen inputs should also
increase plant productivity, which should increase the
availability of insect resources, the number of insect
individuals and possibly the number of insect species®.

The long-term nitrogen loading of grasslands
decreased plant species richness and increased plant
biomass. Haddad et a '® found that the total insect
species richness and effective insect diversity, as well
as herbivore and predator species richness, negatively
related with nitrogen rate in 54 plots that had been
maintained at various rates for 14 years. There was
also variation in trophic responses to nitrogen. Insect
abundances, measured as the number of insects and
insect biovolume, were positively related to nitrogen
rate, as were the abundances of herbivores and
detritivores. This study demonstrated that long-term
nitrogen loading affects the entire food chain,
simplifying both plant and insect communities.

Prestidge '®¥ studied the influence of nitrogen
fertilizer on the grassland Auchenorrhyncha and found
that fertilizer addition reduced the leafhopper species
diversity by disproportionately increasing the total
number of individuals which effectively reduced the
equitability index. Moreover, delphacids were more
abundant in plots receiving nitrogen fertilizer whereas
cicadellids were more abundant in unfertilized areas.
Leafhoppers were more abundant on plots with a
‘preferred’ leaf nitrogen level. Adult aggregation and
female reproductive successes were greater at the
‘preferred’ leaf nitrogen level.

Nitrogen stimulates insect pests of rice

Rice leaffolders

de Kraker ¥ reviewed 15 published papers on
field trials and found that in a large number of trias
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the increase in nitrogen fertilization led to higher
injury levels by leaffolders. In a previous laboratory
experiments the use of nitrogen fertilizer affected
several bionomic characteristics of rice leaffolder,
including the increase in larval survival rate, leaf area
consumed, pupa weight, moth longevity, fecundity,
and preference of oviposition (%9,

The effects of nitrogen fertilization on population
dynamics and natural control of rice leaffolder were
studied in an irrigated rice area by de Kraker et al 1.
They found that the average density of leaffolder
larvae at the highest nitrogen level was eight times
more than that at the zero nitrogen level, while the
injured leaves ranged from 5% to 35%. The severe
increasein larval density was due to the positive effect
of nitrogen fertilization on egg recruitment and
survival of medium-sized larvae. Moreover, the
significant effect of nitrogen fertilization in the
present small-scale experiment was attributed mainly
to an oviposition choice of the moths in plots with
different nitrogen levels. However, such effects would
be less pronounced when implemented over a large
area

Planthopper and leafhoppers

Sap-sucking leafhoppers and planthoppers are the
most common pests in rice ecosystems. Among the 22
species of Delphcidae and 34 of Cicadellidae in rice
fields in Asia, the planthoppers, brown planthopper
(BPH) Nilaparvata lugens (Stdl) and white backed
planthopper (WBPH) Sogatella furcifera (Horvath),
and green leafhoppers (GLH) Nephotettix virescens
(Distant), are the most important economic insect
pests "%, The nutrients content such as amino acids in
rice sap were so low that BPH have to suck more sap,
which resulted in lower conversion efficacy of digested
food (ECD) in BPH (ranged from 5% to 7%) [*™ than
that in other sucking herbivores on forb, grass and
seed (ranged from 40% to 90%) . The increase in
amino acid content of rice sap and more succulent
plants by the application of nitrogen fertilizer could
improve the nutritional conditions for sap-sucking
hoppers and elevate their population .

The rice plants supplied with nitrogen were
preferred to feeding and oviposition by BPH [+,
The BPH on plants with high nitrogen content had
high feeding rates and honeydew excretion ™™, |ess



Lu Zhong-xian, et al. Effect of Nitrogen Fertilizer on Herbivores and Its Stimulation for Major Insect Pestsin Rice 61

probing behavior "™ higher survival rates, and

population built-upt™ ™ " fecundity and odytes
production [ and high tendency for outbreak ™%
Kanno et a ¥ monitored the feeding activity of BPH
using the isotope mark of *P and found that the
feeding amounts, honeydew excretion and nitrogen
content in body of BPH on high nitrogen plants were
increased by 3-7, 7 and 2-3 times, respectively. At
various rice growth stages, the BPH populations were
affected more by the nitrogen application in earlier
season, whereas the plant density seemed to be more
affected in later season . The water content (WC)
and related water content (RWC) significantly
increased, while the amount of sap flowed reduced
statistically with the increase in nitrogen content of
rice plants. However, the RWC in rice treated with
high nitrogen fertilizer drasticaly decreased due to
injury by BPH nymphs, while the reduced survival
duration with the increase of nitrogen content was
recorded. This might be one of the key factors for
enhancing the susceptibility to BPH damage in rice
plants supplied with nitrogen fertilizer 4.

The responses of BPH to nitrogen differed on
rice varieties with different resistance levels. Little
differences in honeydew excretion, survival rate and
population built-up of BPH were found on resistant
rice varieties at 320 kg/ha and 160 kg/ha nitrogen
rates. The damages on resistant variety IR26 by BPH
were not affected apparently by nitrogen applications,
but on susceptible variety Kaoshenyu 12 the damages
was obvious Y. The BPH weights, feeding rates and
population growth increased with nitrogen application
on IR26, Utri Rajapan and Triveni. Population growth
of BPH increased threefold on resistant varieties IR26
and Utri Rajapan, and twofold on moderately resistant
variety Triveni, without antibiosis®. At the same rate
of nitrogen fertilizer, more BPH adults were located
on susceptible varieties than on resistant ones ™. The
interaction between nitrogen levels and light intensity
was found in feeding preference, survival rate,
development and probing frequency of BPH on rice
varigties with different resistance levels 1. On
susceptible rice TN1 with different rates of nitrogen
fertilizer, the honeydew excreted by BPH fluctuated
with the increase in nitrogen. Kumar and Pathak '

found that increase in nitrogen fertilization up to 100
kg/ha resulted in the increase of honeydew excretion,
while the further increasing in nitrogen dose reduced
honeydew excreted by BPH.

Nitrogen fertilization also significantly increased
the populations of WBPH &%) GLH [#%7 and small
brown planthopper 7. However, Maand Lee ¥ have
found that GLH population did not increase with
higher nitrogen levels in fields at later transplanting
times.

Stem borers

The stem borers of the families Pyralidae and
Crambidae such as the yellow stem borer (YSB)
Scirpophaga incertulas, striped stem borer (SSB)
Chilo suppressalis, white stem borer (WSB) S
innotata, gold-fringed stem borer C. auricilius,
dark-headed stem borer C. polychrysus, and pink stem
borer Sesamia inferens are among the major insects of
rice. Among them, Y SB is the most dominant species
in the tropical regions of Asia, while SSB is the major
species in temperate countries. The young stem borer
larvae feed within the leaf sheath, and older larvae
feed inside the stem and sever vascular tissues [,
Infestations by different species of rice borers had
been reported to be influenced by nitrogen fertilization.
The dead hearts and white heads caused by YSB
increased with higher nitrogen levels . Similar
effects of nitrogen on the incidence of SSB had aso
been observed & 92 % The application of nitrogen
fertilizer can increase the succulence in stems and
leaves, which can lead to greater stem borer attack,
higher larval weights and shorter the developmental
time. The higher incidence of stem borer was
clustered within the area in FFP (farmers fertilizer
practice) than that in SSNM (site-specific nutrient
management) plots based on the data from 137
Reversing Trends of Declining Productivity (RTDT)
Project monitoring farms . Liu and Qin
reviewed the population of YSB and SSB in China
and found that the rates of damage, densities, and the
weight and sizes of larval body of SSB increased
significantly with the increase in nitrogen, while the
nitrogen content of rice plant was a key factor
affecting the diapause of Y SB larvae.
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Optimum regime of nitrogen fertilizer
applying in rice fields

Nitrogen is the most essential mineral nutrient for
plant growth and development and proper nitrogen
management is essential in intensive agriculture for
plant production. Plants respond quickly to available
nitrogen in soil and the adequate absorption of
nitrogen can increase photosynthesis, vegetative
growth and eventually high yield. However, if thereis
a continuous increase in nitrogen application, the
uptake rate tends to fall rapidly with no further
increase in yield. It has been noted that the excessive
application causes massive vegetative growth and
lower harvest index, plant lodging and susceptibility
to disease and insect pests, resulting in an asymptotic
or parabolic relationship between crop yield and
nitrogen dose . During a 5-year test at the
Missouri Rice Farm in Glennonville, USA, the yields
were the greatest at recommended nitrogen fertilizer
rate, and reduced when nitrogen fertilizer was applied
a 150% of the recommended amount. Moreover,
there was no differencein rice yield between the fields
with 100 and 200 kg/ha both in dry season and wet
season (Lu Z X et a, unpublished data). On the other
hand, nitrogen use efficiency generally declined with
the increase in nitrogen application. The application of
nitrogen in excess resulted in higher accumulation in
soil, predominantly in inorganic forms, and caused
serious environmental problem, such as groundwater
pollution, eutrophocation of streams and lakes,
destruction of the stratospheric ozone layer,
greenhouse effects, soil acidification, etc . Therefore,
an optimal supply of nitrogen is essential to maintain
throughout the crop growth for better yield and
production.

To meet the food demand of world population in
2025 the rice production must increase to 65% more
than today. If the technologies affecting the nutrient
utilization in rice crop remained unchanged, the
increase in production will require amost 300% more
than the present application rate of nitrogen aone in
irrigated environments, which is an undesirable
amount not only economicaly but aso
environmentally. The nutrient-use efficiency of rice
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cropping systems must be improved aong with the
yield potential of rice cultivars, since the modern
high-yield rice varieties depended on the nitrogen
fertilizer and water supply ). Assessing nitrogen
status in a quick and reliable fashion is considered to
be a critical aspect in rice production. The methods
that estimate leaf area-based nitrogen concentration of
rice using the SPAD meter (Chlorophyll meter) and
the Leaf Color Chart (LCC) have been adopted widely
in paddy field in guiding nitrogen application to
increase the nitrogen use efficiency " |n an
experiment applying 30 kg N/ha each time the SPAD
value fell below the critical value of 37.5 resulting in
application of 90 kg N/ha, which produced rice yields
equivalent to those with 120 kg N/ha applied in three
splits. Using a SPAD value of 35 was inadequate for
the two rice cultivars because it resulted in application
of only 60 kg N/ha and, thus, low yields. Limited
experimentation with LCC indicated that nitrogen
management based on LCC shade 4 helped to avoid
over-gpplication of nitrogen to rice. Results showed
that plant need-based nitrogen management through
chlorophyll meter reduced nitrogen requirement of
rice from 12.5 to 25.0%, with no loss in yield .
According to this field experiment, the application
rate of 100 kg N/ha is probably adequate. However,
the rate might be reduced slightly in wet season based
on the nutrient status of fields.

In China during the past 39 vyears, the
consumption of nitrogen increased by 43.8 times with
average yearly increase of 10.5%, while all over the
world the increase was 6.4 times. During 1999, China
consumed about one third of total world nitrogen with
9% world arable land, while 13% arable land was
applied the same proportion nitrogen in the USA %2,
Among al nitrogen fertilizer consumed during
1995-1999 in China, 37% of which was applied inrice
field with 21% planting area of total arable land, and
with 35% production in total food yield. The high rice
yield may be attributed to the huge average nitrogen
rate of 180 kg/ha, which was much higher than the
average rate of 103 kg/ha in the world. However, the
partial factor productivity (PFP) of nitrogen fertilizer
was much lower, implying the low nitrogen fertilizer
use efficiency (NFUE). Unfortunately, the farmers in
China are continuously increasing the amount of
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nitrogen fertilizer over 200 kg/ ha despite the decrease
in yields at nitrogen application rate more than 100
kg/ha was detected in some tested provinces. The
excessive use of nitrogen fertilizer might be
stimulated by the low price of nitrogen fertilizer, with
the purpose to maximize tillers number of hybrid rice
to decrease the costs of expensive seeds, to supply
nitrogen as nitrogen loss in mid-season drainage as
well asto save the labor cost in Chinal™®,

Therefore, there is the need to develop optimized
management practices for increasing nitrogen fertilizer
use efficiency in rice production, which could reduce
the input of fertilizer, and decrease the application of
pesticides as lower occurrence of pests, finally reduce
loss of yield and increase farmers income. To
increase nitrogen fertilizer use efficiency is beneficial
for increasing farmers income, but for improving
resources use efficiency and protecting environment
to sustainable development of rice production.
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