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Abstract

In this article the available information on the effects of host plant’s nitrogen fertilisation on
the preference/performance of the sap-sucking insects (Hemiptera) and on host plants tolerance
is reviewed. There is a very strong general tendency that nitrogen fertilisation increases the
preference/performance of the sap sucking insects. Important exceptions are known, when the
excessive nitrogen fertilisation decreases the preference/performance of the hemipteran
herbivores. Host plant tolerance usually improves with nitrogen fertilisation: exceptions are
known when the herbivore is very efficient in exploiting the host plants nitrogen content.
Relationship is affected by the host plants and herbivore’s genotype and by the type and the
mode of application of the fertiliser. Direct underlining causes are complex and still not entirely
known. Nitrogen fertilisation can affect the herbivore through changing the concentrations and
ratios of the available nutrients in the plants and/or changing the concentrations of the host
plant’s defensive chemicals.
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Osszefoglalas

Irasunkban attekintjiik a nitrogén tdpanyagutanpétlds hatdsat a fitofdg szipdkds rovarok
(Hemiptera) preferencidjara/performanciajara és a gazdanévény tolerancidjara a
szakirodalmi forrasok alapjan. Az esetek donto tobbségében erds pozitiv korreldcio allapithato
meg a szipokas rovarok preferenciaja/performancidja és a nitrogén tapanyagutanpotlas kozott.
Ismertek fontos kivételek, amikor a szipokds rovarok preferencidaja/performanciaja csokken a
nitrogén utanpotlas hatdasara. A gazdanovény tolerancidja altalaban névekszik a nitrogén
utanpotldas hatasara: kivéve amikor a rovar nagyon hatékonyan hasznositja a gazdanoveény N-
tartalmat. Az ok-okozati Osszefiiggések oOsszetettek és csak részben ismertek. A nitrogén
tapanyag utanpotlds a néveny tapanyag oOsszetételének, valamint a rovar szamdra toxikus
preferencidjat/performancidjat.

Kulcsszavak: gazdandveények, tapanyagok, tolerancia, nitrogén miitragyazas, mezogazdasag
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Introduction

The extensive use of the concentrated inorganic fertilisers is an essential feature of intensive
agricultural production. Despite the increasing availability of alternative nutrient replenishment
technologies and soil-conserving farming methods to maintain and improve soil fertility the
application of various mineral fertilisers is still a significant practice to ensure adequate food
production. Unfortunately, extensive fertilisation has undesirable side effects (PRETTL et al.,
2024). Apart from acidification and significant structural degradation of the soil one of the most
significant is that promotes the reproduction of certain insect pests. For example, outbreaks of
the brown planthopper (Nilaparvata lugens) in tropical Asia were first noted at the beginning
of the Green Revolution (late 1960s—early 1970s) and had been associated with modern
varieties of fertilizer and pesticides (BOTTRELL — SCHOENLY, 2012). N. lugens is one of
the most serious pests of the rice (BOTTRELL — SCHOENLY, 2012).

This short review article summarises the known effects of nitrogen fertilisation on the
preference/performance of the sap-sucking insects (Hemiptera) and on the tolerance of the host
plants. In this first part the fact of the correlation is documented, and the underlining causes are
briefly discussed. Interactions between nitrogen and the other plant macronutrients, tritrophic
and community level effects and practical agricultural implications will be discussed in the
second part of this article.

The mainstream: positive effects of the host plant’s nitrogen fertilisation on the
preference/performance of the heteropteran herbivores

Studies which found positive or neutral effects of the host plant’s nitrogen fertilisation on the
preference/performance of the heteropteran herbivores are summarised in Table 1.
“Performance” of the insects has been characterised in numerous articles with different
parameters: abundance, biomass, individual size, fertility, duration of the development,
population growth, maximum reproductive rate (rmax), mortality and longevity. While usually
these are strongly correlated, they are not equivalent, and they should be examined separately
in a more detailed analysis. This distinction, however is beyond the scope of this short review,
so here all the performance indicators are pooled together with the preference choices as
“preference/performance”.

Table 1: Studies which found positive (+) or neutral effect (0) of the host plant’s nitrogen
fertilisation on the preference/performance of the heteropteran herbivores

Insect species \ Host plant \ Effect \ Reference(s)

Heteroptera

Miridae

Lygus lineolaris (Palisot Artemisia ludoviciana + STRAUSS (1987)

de Beauvois, 1818) Nutt.

Tingidae

Stephanitis pyrioides Rhododendron spp. CASEY & RAUPP (1999)
0

(Scott, 1864)

Auchenorrhyncha

Cicadellidae

Amrasca biguttula Abelmoschus + BISWAS et al. (2009)

(Ishida, 1913) esculentus (L.)

Empoasca decipiens Beta vulgaris L. var. + GHORBANI et al. (2010)

Paoli, 1930 saccharifera
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(Cockerell, 1893)

L.

Delphacidae
Peregrinus maidis Zea mays L. + WANG et. al. (2006)
(Ashmead, 1890)
Prokelsia marginata (Van | Sporobolus + BOWDISH - STILLING
Duzee, 1897) alternifolius P.M. (1998)
Peterson & Saarela
Sogatella furcifera Oryza sativa L. + LIetal. (2021); HORGAN
(Horvath, 1998) (2018); HORGAN et al.
(2016, 2022, 2024)
PENALVEZ-CRUZ &
HORGAN (2022)
Nilaparvata lugens (Stal, Oryza sativa L. + BOTTREL & SCHOENLY
1854) (2012); HORGAN (2018);
HORGAN et al. (2022,
2024), LU et al. (2004, 2005,
2007); PRASAD et al.
(2003); PREAP et al. (2001);
RASHID et al. (2017 a,b);
WANG et al. (2006)
Sternorrhyncha
Psyllidae
Cacopsylla pyricola Pyrus communis L. + DAUGHERTY et al. (2007)
(Foerster, 1848)
Aleyrodoidae
Trialeurodes vaporarium | Solanum + JAUSET et al. (1998)
Westwood, 1856 lycopersicum L. ORTEGA-ARENAS et al.
Gerbera jamesonii (2008)
Bolus
Bemisia tabaci Gossypium hirsutum + BENTZ et al. (1995); Bl et
(Gennadius,1889) L. al. (2001, 2003); ISLAM et
Euphorbia al. (2017); SALEH et al.
pulcherrima Willd (2016); BISWAS et al.
Solanum (2009)
lycopersicum L.
Pseudococcidae
Saccharicoccus sacchari Saccharum 0/+ | RAE & JONES (1992)
(Cockerell, 1895) officinarum L.
Planococcus citri Risso, Theobroma cacao L. 0/+ | FENNAH (1959),
1813 Coleus scutellaroides HOGENDOREP et al. (2006)
(L.), Vitis vinifera L. COCCO et al. (2013)
Planococcus ficus Vitis vinifera L. COCCO et al. (2013, 2014)
(Signoret, 1875)
Phenacoccus solenopsis Zea mays L. + BAKRY et al. (2023)
Tinsley, 1898
Phenacoccus manihoti Manihot esculenta + TRAN et al. (2020)
Matile-Ferrero, 1977 Crantz
Ferrisia virgata Gossypium hirsutum + OLIVEIRA et al. (2014)
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Coccidae
Coccus viridis Colffea arabica L. + FERNANDES et al. (2012)
(Green, 1889)
Diaspididae
Lepidosaphes beckii Citrus sinensis L. + SALAMA et al. (1972)
(Newman, 1869)
Fiorinia externa Tsuga canadiensis L. + MCCLURE (1980)
Ferris, 1942
Rhizaspidiotus Arudo donax L. + MORAN & GOOLSBY
donacis (Leonardi, 1920) (2011)
Aphididae
Aphis gossyphii Glover, Gossyphium hirsutum + CISNEROS & GODFREY
1877 L. (2001); CHAU et al. (2005);
Dendranthema NEVO & COLL (2001);
grandiflora (Tzvelev) ROSTRAMI et al. (2012);
Chrysanthemum SLOSSER et al. (1997);
indicum L. SALEH et al. (2016);
Cucumis sativus L. PETITT et al. (1994);
HOSSEINI et al. (2010)
Aphis nerii Fonscolombe, | Asclepias tuberosa L. + ZEHNDER & HUNTER
1841 (2008)
Aphis glycines Matsamura, | Glycine max (L.) + NOMA et al. (2010)
1917
Schizolachnus pineti Pinus sylvestris L. + KAINULAINEN et al.
(Fabrizius, 1781) (1996)
Macrosiphum euphorbiae | Petunia auxillaris + JANSSON & EKBOM
(Thomas, 1878) hybrida Villm. (2002)
Toxoptera aurantii Camellia sinensis (L.) + POKHAREL et al. (2012)
(Boyer de Fonscolombe,
1841)
Uroleucon tanaceti Tanacetum vulgare L. + NOWAK & KOMOR (2010)
(Linnaeus, 1758)
Macrosiphoniella Tanacetum vulgare L. + NOWAK & KOMOR (2010)
tanacetaria (Kaltenbach,
1843)
Mpyzus persicae (Sulzer, Capsicum annuum L. + PETITT et. al. (1994)
1776)
Brevicoryne brassicae Brassica napus L. 0/+ | KOTLINSKI (2011); VAN
(Linnaeus, 1758) Brassica oleracea L. EMDEN (1966); VAN
EMDEN & BASHFORD
(1971); ZARGHAMI et al.,
(2010);
Lipaphis erysimi Sinapis alba L. + PANDEY, 2010; SINHA et
(Kaltenbach, 1843) Brassica campestris al. (2018); RAM & GUPTA
L. (2008);
Sipha flava (Forbes, 1885) | Cenchrus + MIYASAKA et al. (2007)
clandestinus
(Hochst. ex Chiov.)
Acyrthosiphon pisum Medicago truncatula 0/+ | GAOetal. (2018)
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Harris, 1776 Gaertn.

Hysteroneura setariae Oryza sativa L. + JAHN et al. (2005)

(Thomas, 1878)

Rhophalosiphum padi Hordeum vulgare L. + PONDER et al. (2000);

(Linnaeus, 1758) AQUEEL & LEATHER
(2011)

Schizaphis graminum Triticum aestivum L. 0/+ | ALASVAND ZARASVAND

(Rodani, 1852) Hordeum spontane C. et al. (2013); ELBERSE et

Koch al. (2004);

Metopolophium dirhodum | Triticum aestivum L. + DUFFIELD et al. (2008);

(Walker, 1849) HONEK (1991); GASH et
al. (1996)

Sitobion avenae Triticum aestivum L. 0/+ | HONEK (1991); GASH et

(Fabrizius,1781) Hordeum vulgare L. al. (1996); AQUEEL &
LEATHER (2011)

Diuraphis noxia Triticum aestivum L. 0 MOON et al. (1995);

Kurdjamov, 1913 ARCHER et al. (1995);

Capitophorus hippophaes | Polygonum 0 MABRY et al. (1997)

(Walker, 1852) pennsylvanicum L.

As it clearly can be seen from Table 1. (especially, when compared with Table 2.) in the great
majority of the cases a positive correlation has been found between the nitrogen fertilisation of
the host plant and the preference/performance of the heteropteran herbivores. The relationship
is affected by the host plant species and cultivar (KAZEMI & VAN EMDEN, 1992; BETHKE
et al., 1998; PREAP et al., 2001; AQUEEL et al., 2011; HORGAN et al. 2016; 2021) by the
insect species and genotype (GAO et al., 2018), by the fertiliser type and the mode of cultivation
(KOTLINSKI, 2011). Moreover, even parental feeding on N-fertilised plants has been proven
to positively influence the growth of aphid offspring (intergenerational effect, JAHN et al.,
2005).

Sap-sucking insects are usually considered as nitrogen-limited due to the high C/N
(sugar/amino-acid) ratios of the phloem sap (MATTSON, 1980). The most frequently applied
explanation to the improved preference/performance of sap-sucking insects on N-fertilized
plants is the increase of foliar N level/soluble protein level correlated with the increase of free
amino acid and soluble protein concentration in the phloem sap available for the insects
(WHITE, 1993; HOLOPAINEN et al., 1995; GAO et al., 2018, PETITT et al, 1994). Usually
sap-sucking herbivores can also identify the plants with better nitrogen supply. For example,
the amino-acid asparagine is known to be a phagostimulant for the brown planthopper
(Nilaparvata lugens) (SOGAWA, 1974). The concentrations of asparagine and glutamine are
known to increase in the phloem sap when the plants are well supplied with nitrogen (VAN
EMDEN & BASHFORD, 1971). KAZEMI & VAN EMDEN (1992) found that the
concentration of the amino acids’ alanine histidine and threonine in different wheat cultivars
accounted for over 95% of the variation of the aphid species Rhopalosiphum padi. However, as
the authors underlined that doesn’t necessarily mean causal relationship.

For some (rare but important) exceptions see the next chapter. The article of Bl et al. (2003)
holds special interest: although the silverleaf whitefly (Bemiscia tabasci, Hemiptera,
Aleyrodidae) gave the usual positive numerical response to the nitrogen fertilisation of the
cotton (Gossyphium hirsutum) plants, their reaction was not related to the total amino acid and
soluble protein concentrations available in the phloem sap. The authors do not provide an
explanation but suggest a more complex relation between the effect of nitrogen fertilization and
sap-sucking insect’s preference/performance.
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Nitrogen fertilisation can also affect the sap-sucking insect’s preference/performance by
altering the concentrations of the plant’s defensive compounds. It is generally held that because
the phloem sap is usually poor in secondary metabolites, sap-feeding insects are less exposed
to the host plants’s secondary metabolites than members of the other feeding guilds (RAVEN,
1983; HUBERTY & DENNO, 2004). In reality there are some data indicating that they cannot
always avoid ingesting some secondary metabolites. BRIDGES et al. (2002) showed that while
the generalist aphid species Myzus persicae sequesters the glycosinolates into the honeydew
when feeding on Brassicaceae, the specialist aphid species Brevicornis brassicae and Lipaphis
erysimi accumulate the glucosinolates into their own tissues, which probably contribute to the
alarm signaling to the insect in the case of injury. Another research found no significant
difference between the performance of Brevicornis brassicae and Myzus persicae feeding on
mustard (Sinapis alba) varieties with low and high glucosinolate levels. However, the specialist
B. brassicae utilised the apical part of the mustard plants where both nutrient and glucosinolate
levels are high, while the generalist M. persicae preferred the lower, older leaves with lower
nutrient and glucosinolate levels (HOPKINS et al., 1998). In general, one can assume that
while the glucosinolates are effective in preventing many generalist herbivores to feed on
Brassicaceae, they are less effective against of the specialists and even against some well
adapted polyphagous species (like M. persicae). Moreover, plant taxon specific secondary
metabolites often act as phagostimulants for some of the specialist herbivores (e.g.
glucosinolates for B.brassicae) (COLE, 1997).

However, there are some indications, that plant’s secondary metabolites still have a negative
effect on some sap-sucking insect’s performance. Gramine, an indol alkaloid known from
barley (Hordeum vulgare L.) and some other grass species is known to have deterrent and toxic
effect on aphids, when it is added to their artificial diets in concentrations comparable to those
of the host plant tissues (CORCUERA, 1993; VELOZO et al., 1999). Gramine is absent in the
phloem sap and the aphid species Schizaphis graminum and Rophalosiphum padi are known to
avoid gramine ingestion by feeding exclusively from the phloem sap on the barley varieties
with high gramine content (CORCUERA, 1993), but the susceptibility of different barley
cultivars to the aphids is inversely correlated with their gramine content (VELOZO et al., 1999).
Gramine most probably has a phagodeterrent effect on these aphids.

COLE (1977) pointed to that the host plant’s glucosinolate profile has strong effect both on
the performance of a specialist (B. brassicae) and a generalist (Myzus persicae) aphid species,
affecting the host plant suitability in both intra-and interspecific levels.

One might expect that the concentration of the defensive phytochemicals — at least in the case
of N-containing substances (alkaloids, glucosinolates, cyanogen glucosides, hydroxamic acids)
- is positively correlated with N fertilisation. In some cases, like that of the gramine in barley
seedlings (SALAS et al., 1990) it is so. However, more often the case is quite the opposite:
nitrogen fertilisation decreases the concentration of the defensive phytochemicals (MATTSON,
1980; HOLOPAINEN et al.1995; KYTO et al., 1996; HERMS, 2002; FERNANDES et al.
2012). The most plausible explanation of this apparent paradox is the growth/differentiation
balance hypothesis (HERMS & MATTSON, 1992). In nutrient poor environments the plants
are unable to develop fast, so they are exposed for a long time to the herbivores, and they are
unable to compensate the losses due to herbivory (low tolerance); therefore, they must invest
in defensive allelochemicals (high resistance). Nitrogen fertilization shifts the balance towards
high-tolerance and low resistance favouring rapid growth instead of the production of defensive
allelochemicals. In other words: generally, the nitrogen fertilisation reduces host plant
resistance and increases host plant tolerance to herbivorous insects (HORGAN et al., 2024).
Further discussion on the host plant’s tolerance is presented below. For the limits of the
applicability of the growth/differentiation balance hypothesis see ELBERSE et al. (2004).
POKHAREL et al. (2022) also present a more complex system, including aphid induced
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changes in the relationship between the nitrogen fertilization and secondary metabolite
production of tea (Camellia sinensis) plants.

In conclusion: In most cases nitrogen fertilisation improves the nutritional quality of the host
plants and at the same time it may decrease the level of the protective allelochemicals.
Considering these synergistic effects, it is understandable why the great majority of the research
articles found a positive correlation between nitrogen fertilisation and sap-sucking insect’s
performance.

In comparison to other herbivorous insects, hemipterans are considered to be more responsive
to the host plants nitrogen fertilisation than the members of the other feeding guilds (BUTLER
et al. 2012). However, the positive response is general among all the herbivorous insects and
the differences between the feeding guilds are not large (CORNELISSEN - STILLING, 2006).

The exceptions: where the nitrogen fertilisation has negative or ambivalent effects on
sap-sucking insect’s preference/performance.

Studies which found negative or ambivalent effect of the host plant’s nitrogen fertilisation on
the preference/performance of the heteropteran herbivores are summarised in Table 2.

Table 2: Studies which found negative or ambivalent effect of the host plant’s nitrogen
fertilisation on the preference/performance of the heteropteran herbivores

Insect species \ Host plant \ Reference(s)
Diaspididae
Aonidiella aurantii Citrus sinensis L. SALAMA et al. (1972)
(Maskell, 1879)
Aphididae
Aphis gossyphii Dendranthema BETHKE et al. (1998); GUO et al.
Glover, 1877 grandiflora Tzvelev (2024)
Gossyphium hirsutum L.
Aphis nerii Asclepias syriaca L. ZEHNDER & HUNTER (2009)
Fonscolombe, 1841
Myzus persicae Brassica oleracea L. VAN EMDEN (1966); VAN EMDEN
(Sulzer, 1776) Solanum tuberosum L. & BASHFORD (1971); JANSSON &
Prunus persica L. SMILOWITZ (2005); SAUGE et al.
(2010);
Sitobion avenae Triticum aestivum L. DUFFIELD et al. (2008)
(Fabrizius,1781)
Metopolophium Triticum aestivum L. GASH et al. (2012)
dirhodum (Walker,
1849)
Schizaphis graminum | Hordeum vulgare L. SALAS et al. (1990)
(Rodani, 1852)

Considering the almost universal positive effect of the nitrogen fertilization on the sap-
sucking herbivores, exceptions hold special interest. The few papers which found negative or
ambivalent effect of nitrogen fertilisation to sap-sucking insects are summarised in Table 2.
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None of these studies provides a confident explanation of their result, although most of them
suggest some hypotheses. CASEY and RAUP (1999) found no effect of nitrogen fertilisation
on Azalea lace bugs (Stephanitis pyrioides) (Table 1) and concluded that the mesophyll feeding
species might be much less affected than the phloem feeders (hoppers, aphids, whiteflies,
coccids).

Diuraphis noxia and Schizaphis graminum are very virulent, phytotoxic aphid species
capable to enhance the host plant’s nutritional quality due to their feeding (SANDSTORM et
al. 2000), so they seem to be able to exploit very efficiently even the nitrogen deficient plants.
None of the three research papers known by the authors (see Table 1.) found any effect of the
nitrogen fertilization on D. noxia, while in the case of S. graminum positive, negative and zero
effects all have been detected in the different studies. The possible negative effect of the
gramine in the case of S. graminum feeding on barley seedlings has been already discussed. In
this experiment the direct toxicity of the plant’s high inorganic nitrate concentration has been
also suggested by the authors (SALAS et al. 1990). As in this experiment the fertiliser was
potassium nitrate, the effect of potassium fertilisation probably contributed to the negative
effect. Potassium fertilisation of the host plants is widely known to reduce the
preference/performance of the sap-sucking herbivores (see the review of SINGH & SOOD,
2017).

There are some data that the host plant’s nutritive quality decreases with the excessive
nitrogen overfertilization, which provides a good explanation, why the intermediate fertilization
levels are most favourable in some cases to the sap-sucking insects. BETHKE et al. (1998)
found that the cotton aphid (Aphis gossyphii) performed best on the chrysanthemum plants at
the intermediate fertilisation level as these plants had the highest foliar amino acid and soluble
protein levels. In contrast GUO et al. (2024) found that the population growth of the same
species was the slowest on the cotton plants which received intermediate N fertilisation, and at
the same time these plants showed the highest soluble sugar content. Excess of the sugar or
rather the unfavourable C/N (sugar/amino acid) ratio might be indeed unfavourable to sap
sucking insects (see also below) and the authors suggest direct causal connection between the
two facts. However, caution is needed, as no measurement has been performed on amino acid
concentration or profile in this experiment.

The elevated leaf nitrogen content is not always beneficial for the sap-sucking insects
(MABRY et al. 1997). The most interesting question which certainly merits further research is,
if the extremely low C/N (sugar/amino acid) ratios in the phloem sap can be directly
disadvantageous to the sap sucking insects. Usually the sap-sucking insects face the opposite
problem: they need to cope with the too high C/N ratio of the phloem sap (see above). N-
limitation is very common among the herbivorous animals (WHITE, 1993) but it is by no means
universal. LE GALL et al. (2020) found that the low C/N ratio of the food is disadvantageous
for the female locusts. The question remains open whether this also occurs at some hemipteran
insects. For example, if the food uptake of the sap-sucking insect is determined by the amount
of the ingested amino acids, then the insect might stop feeding before the ingestion of the proper
amount of carbohydrates. High carbohydrate/amino acid ratios are required for the animals
which consume much energy (like large, flying locusts): this is certainly not the case of the
aphids (apart for the alates), mealybugs and coccids. Nevertheless, some studies (JANSSON &
SMILOWITZ, 1986; ZEHNDER & HUNTER, 2009; SAUGE et al., 2010; GASH, 2012) found
that the preference/performance of some aphid species initially increased with the nitrogen
fertilisation and plant nitrogen levels but declined after reaching the optimal level (which is
usually a high value). Some of these authors (ZEHNDER & HUNTER, 2009; GASH, 2012)
suggest that this might be the consequence of the unbalanced diet (too low C/N ratio) at high
fertilisation level.
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The effect of the fertilisation on the plant’s protective secondary metabolites and their
possible effect on sap sucking insects also need to be taken into consideration (see above).

In conclusion: Although they don’t invalidate the very strong general tendency these
exceptions reveal the complex nature of the effects of the nitrogen fertilization on sap sucking
insects and hopefully inspire further research for deeper and more thorough understanding these
processes.

Compensation/tolerance

Tolerance of the plants to herbivores can be defined as the ability of the plant to “reduce the
negative effects of herbivory on plant fitness after herbivory has occurred, all the while
maintaining insect populations similar to those seen on susceptible plants” (KOCH et al., 2016).
Tolerance is often mentioned in the literature as “compensation”. Five basic insect induced
plant compensatory mechanisms are known: increased photosynthetic activity, increased net
growth, increased branching or tillering, pre-existing nutrient storages inaccessible to the insect
and the ability of nutrient allocation (STRAUSS & AGRAWAL, 1999; KOCH et al., 2016).
One might wonder if some plants might be able to increase the nutrient uptake level from the
soil as a compensatory response to herbivory, but the sporadic empirical research on this topic
suggests quite the contrary (KATAYAMA et al., 2014; WU et al., 2013). In the case of sap-
sucking hemipterans the following compensatory responses have been documented: the
increased photosynthetic activity and the up-regulation of detoxification mechanisms
(references in KOCH et al., 2016), tillering and resource allocation. RUBIA-SANCHEZ et al.
(1999) reported that the presence of tillers reduces the deleterious effects of the brown
planthopper (Nilaparvata lugens) on the main shoot of the rice plants by allocation of the
assimilates from the tiller to the main shoot. According to the field observations of the present
authors, the shoot senescence induced by the mass feeding of the blissid bug Ischnodemus
sabuleti (Heteroptera, Blissidae) probably induces increased tillering on the mannagrass
(Glyceria maxima), however this still needs confirmation with quantitative data (GIDO &
LEHOCZKY, unpublished).

Compensation responses of the plants are usually nutrient limited. When nutrients are scarce,
plants are unable to compensate for the losses caused by herbivory, but when nutrients are
abundant not only total compensation, but even overcompensation (greater primary production
in the presence of the herbivory) frequently occurs (MASCHINSKI & WHITHAM, 1989).

HORGAN et al. (2016) measured the tolerance of the rice plants to insect herbivores in insect
biomass/plant biomass (“biomass density”, mg insect/g plant dry weights). Nitrogen
fertilization decreased the biomass density of the less exploitative white backed planthopper
(Sogattella furcifera), while increased the biomass density of the much more virulent brown
planthopper (Nilaparvata lugens). Moreover, nitrogen fertilisation decreased the mortality of
the young rice plants infested with S.furcifera, but increased the mortality induced by N. lugens.
In the same research nitrogen fertilisation has been found to increase the grain yield tolerance
of some rice cultivars to S. furcifera, but no such effect was detected on hybrid rice lineages
(HORGAN et al., 2016). The different tolerance responses to nitrogen fertilisation of the rice
infested with the different planthopper species are probably related to the much higher nitrogen
utilization efficiency of N. lugens (higher increase of growth and reproduction speed as a
response of improved food quality). In a recent article it was demonstrated by the same research
group that in the less susceptible rice cultivars nitrogen fertilization also increased the rice
plant’s tolerance to N. lugens (HORGAN et al., 2021). While the performance (and thus the
“pressure”) of N. lugens increased with nitrogen fertilisation also on these tolerant cultivars, at
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higher nitrogen availability these plants were simply large and fast growing enough to
overcome the effects of N. lugens feeding.

In practical agriculture host plant tolerance meant that nitrogen fertilization still increases the
net crop yield, despite the increased insect pest damage. This is a common case, although
exceptions do occur. This topic will be discussed in detail in the second part of this article.

Conclusions

Nitrogen fertilisation usually increases both the host plants’ susceptibility and tolerance to their
sap-sucker insect herbivores. As discussed in this review, there are some important exceptions
from this broadly applicable generalisation. In some cases, higher than optimal nitrogen
fertiliser doses can reduce the sap-sucker insect’s performance. When the herbivore exploits
the host plant’s nitrogen very efficiently, like the brown planthopper (Nilaparvata lugens) than
nitrogen fertilisation can reduce the host plant’s tolerance. The underlying causes of these
correlations are only partially known, and further research on this topic, including also the
“omics” methodology is important both for theoretical and practical (agricultural) reasons.
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