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ABSTRACT
Nutritional disorders can affect plant growth and a plant’s sus-

ceptibility to pests. Our objective was to evaluate the effects of N,
P, and K stresses on resistance of ’IR2035-117-3’ (IR2035) and sus-
ceptibility of ’Taichung Native 1’ (TN1) rice (Oryza sativa L.) plants
to whitebacked planthopper, Sogatella furcifera (Horvfith), when
grown in nutrient solution in a phytotron at 29/21 °C (day]night),
minimum 70% relative humidity, and natural daylight of 12 h. Ni-
trogen, P, or K stresses altered the chemical composition of rice
plants. Deficiency of N, P, or K significantly reduced growth of rice
plants. Aileiochemical production decreased at low K (3 mg]kg) con-
centration. Insect food intake and assimilation growth, adult lon-
gevity, fecundity, and population increased significantly as N
increased. In contrast, increases in K application adversely affected
the biology and behavior of S. furcifera. Insect response to P-
stressed plants was not consistent. Regardless of the levels of N, P,
or K, the difference between the resistance of IR2035 and suscep-
tibility of TN1 remained distinct. Mortality of first-instar nymphs
was high on TNI plants treated with steam-distillate extracts of K-
stressed or unstressed IR2035 plants when compared with plants
treated with acetone or TN1 extract. Resistance to S. furcifera in
rice cultivars thus may be enhanced by applying moderate rates of
N and high doses of K.

N ’UTRITIONAL DISORDERS and insect pests are se-
rious constraints to the stability of production

of rice crops grown under diverse edaphic conditions.
Nutritional disorders are caused by a nutrient defi-
ciency or toxicity of an element or substance (Tanaka
and Yoshida, 1970). Nitrogen deficiency reduced
plant growth, dry weight, and N and K content in rice
plants (Yoshida, 198 l), while increased application 
N decreased the C/N ratio and rendered rice plants
soft, succulent, and susceptible to pests (Regupathy
and Subramanian, 1972). Phosphorus is associated
with many structural components of plants and affects
metabolism of sugar phosphates, nucleic acids, nu-
cleotides, coenzymes, and phospholipids (Clark,
1982). It is the second most limiting elements in soils
for optimum rice growth and high grain yield (Yosh-
ida, 1981). Potassium is needed by plants for the syn-
thesis of sugars, proteins, and starch. Deficiency of K
increased soluble N (van Emden, 1966) and accu-
mulation of soluble sugars, amides and amino acids
(Ismunadji, 1976; Vaithilingam and Baskaran, 1982),
while increased K enhanced deamination of amino
acids and reduced sugars in the plant sap (Chabous-
sou, 1972).

Nitrogen plays an important role in plant-insect in-
teractions. It is a limiting factor for many herbivores
which, as a consequence of selection pressure, have
evolved behavioral, physiological, morphological, and
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other adaptations to fully utilize the available N in
their host plants (McNeil and Southwood, 1978; Matt-
son, 1980).

The planthopper, S. furcifera, has a long history as
a rice pest (Suenaga and Nakatsuka, 1958). The insect
feeds on leaf sheaths office plants and thrives on high-
yielding susceptible cultivars. Continuous cropping,
reduced genetic variability among high-yielding cul-
tivars, and application of high levels of nitrogenous
fertilizers have compounded the S. furcifera problem
(Saini et al., 1982). Little is known about the effects
of nutritional stresses on the interaction of rice plants
and S. furcifera. We therefore investigated the effects
of N-, P-, or K-induced changes in rice cultivars and
their effects on the pest responses.

MATERIALS AND METHODS

Experimental Conditions and Plant Cultures

The effects of N, P, or K stresses on the level ofS. furcifera
resistance of IR2035 or susceptibility of TN1 rice cultivars
were investigated at 29/21 °C (day/night), minimum 70%
relative humidity, and natural daylight of 12 h in a phyto-
tron at IRRI in the Philippines.

Different concentrations of N, P, or K were maintained
in culture solution in demineralized and deionized water
(Yoshida et al., 1976). Nitrogen P, K, Ca, and Mg stock
solutions (2 L each) were prepared separately in deminer-
alized water using NH4NO3 (183 g), NaH2PO4"H20 (71 
KzSO4 (143 g), CaC12 (235 g), and MgSO4 (648 g). For 
micronutrient stock solution, C12Mn (3 g), (NH4)6MOTO24
(0.15 g), H3Bo~ (1.88 g), ZnSO~ (0.07 g), CuSOa (0.06 
FeC13 (15.4 g), and C6HaO7 (23.8 g) were each dissolved 
arately in 150 mL of demineralized water and pooled to-
gether with 100 mL of concentrated H2SO, in a beaker.
Demineralized water was added to make the stock solution
to 2 L. To make 4 L of the standard culture solution (con-
trol) containing 40 mg/kg of N, I0 mg/kg of P, and 40 mg/
kg of K, 5 mL of each stock solution was combined and then
enough demineralized water was added to make 4 L. Culture
solutions with low and high levels of N (5 and 200 mg/kg),
P (1 and 40 mg/kg), or K (3 and 200 mg/kg) were prepared
through appropriate dilutions.

For plant cultures, seeds of IR2035 and TN1 cultivars
were surface-sterilized with 1 g/kg HgC12 solution for ~2
rain, washed, soaked in water for 24 h, and then spread on
a nylon net stretched on a polystyrene-foam (Styrofoam)
(240 by 30 ram) floating in a plastic tray (260 by 320 by 
ram) containing standard culture solution and demineral-
ized water 1:1 (v/v) proportion (pH 5). Two weeks later, 
seedlings were transplanted into holes (15 mm diam.) 
Styrofoam sheets resting on plastic trays. Each Styrofoam
sheet (310 by 260 by 13 ram) had 30 holes bored equidis-
tantly in six rows and was glued with epoxy on the lower
side to a Styrofoam frame (50 mm wide, 20 mm thick) along
its inner border. The level of the culture solution was kept
in contact with seedling roots. The pH of the culture solution
was adjusted daily to 5 using either 1 M NaOH or 1 M HCI;
the solution was changed weekly. Data were recorded for
plant height, root length, and biomass of rice plants.

Abbreviations: IR2035 is ’IR2035-117-3’ rice; TN1 is ’Taichung
Native 1’ rice.
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Chemical Analyses of Plants

Fresh leaf sheaths from the tillers of five 40-d-old stressed
and unstressed plants were cut and dried at 80 °C for 72 h.
The composited sample was analyzed for N, P, K, Mg, Ca,
Si, Zn, Fe, total free sugars, and soluble proteins. For analy-
sis of total N, 50 mg of ground sample was digested in a
micro-Kjeldahl flask with 2 mL of concentrated H2SO4 and
1 g catalyst mixture (SeK2SO4, 20:100 g) until clear, cooled,
and made up to 20 mL with deionized, distilled water. Ni-
trogen was determined colorimetrically as indo-phenol blue
on an auto-analyzer (Technicon Instruments, Tarrytown,
NY).

For analysis of P, Fe, and $i, 1 g of sample was digested
with 10 mL of HCIO4HNO3H2SO4 (300:750:150 mL) on 
hot plate at 500 °C until a gelatinous white residue re-
mained, to which deionized water was added after cooling.
The mixture was filtered through Whatman filter paper no.
42 into a 50-mL volumetric flask. The residue on the filter
paper was washed twice with 0.1 Mr HC1 and the washings
were added to the filtrate. The filtrate was made up to the
volume with 0.1 M HC1 and shaken well. Phosphorus was
determined colorimetrically on an auto-analyzer using an
acid molybdate method (Zandstra, 1968). Iron was analyzed
using an atomic absorption spectrophotometer (Perkin-E1-
mer, Model 2380, Norwalk, CT). The residue on the filter
paper was burned at 500 °C for 4 to 5 h for gravimetric
determination of crude Si.

For analyses of K, Ca, Mg, and Zn, 1 g of plant sample
was soaked for 24 h in 25 mL of 1 M HC1 and then filtered
through Whatman filter paper no. 43. Potassium, Ca, Mg,
and Zn were analyzed in the filtrate using an auto-analyzer
or atomic absorption spectrophotometer. For estimation of
soluble proteins and free sugars, stressed and unstressed
plants were analyzed on a dry-weight basis following the
method of Lowry et al. (1951) and Yoshida et al. (1976).

Steam Distillation and Extraction of Rice Plants
for Allelochemicals

Fresh leaf sheaths of 15 40-d-old stressed and unstressed
(control) plants were harvested and coarsely ground with 
electric grinder. Following the distillation and extraction
procedure of Saxena and Okech (1985), a 200-g sample was
stream distilled for ~4 h, during which ~900 mL of dis-
tallate was collected. The distillate was extracted with die-
thyl ether (300 mL distillate to 100 mL diethyl ether) 
shaking the mixture of the two together in a separatory fun-
nel for 5 min. Diethyl ether absorbed essential oils and other
volatiles, and the mixture settled above the water layer in
the funnel. The water layer was discarded. The ether extract

was pooled in a glass beaker, to which 100 g of anhydrous
Na2SO4 was added. The beaker then was covered with alu-
minum foil and held overnight to allow Na2SO4 to absorb
traces of water from the extract. The extract was evaporated
further to 10 mL and decanted into a preweighed glass vial,
which then was covered with perforated aluminum foil and
placed inside a desiccator. Ether was evaporated under a
vacuum, leaving behind a yellow, oily residue. The vial was
reweighed, sealed with N, and stored at - 10 °C. The residue
was diluted in acetone to 4 g/L concentration.

Insect Responses

Insects reared on potted TN1 plants in a greenhouse were
used for studying orientation and settling responses, intake
and assimilation of food, growth, adult longevity and fe-
cundity, and population increase on TN1 and IR2035 rice
plants grown in culture solutions with different concentra-
tions of N, P, and K. The chemical composition of TN1 and
IR2035 plants grown in culture solution is given in Tables
1 to3.

The orientational response of brachypterous S. furcifera
females was tested using horizontal glass chambers (each 70
mm long, 130 mm diam.) having nylon-net walls at both
ends (Saxena et al., 1974). Thirty-day-old plants of the test
cultivars grown at low or high concentrations of N were
placed singly with roots immersed in water in eight vials at
one end of the chamber outside the nylon-net wall. Un-
stressed plants were placed at the opposite end of the cham-
ber. Ten newly emerged brachypterous females (starved for
2 h but water-satiated) were introduced into the middle of
the chamber using a blowing glass tube. The females could
respond to the plants but could not come in contact with
them, due to intervening nylon-net walls. Females alighting
on end-walls of the chamber facing the plants were counted
at 5-min intervals for 1 h to observe their orientation re-
sponse. Each treatment was replicated eight times. Chi-
square tests were performed to determine whether the ob-
served ratios of females attracted to stressed and unstressed
plants deviated significantly from the no-preference ratio of
1:1 (Gomez and Gomez, 1984).

To study the settling response of the insects, three vials
containing standard culture solution (control) and three
vials containing culture solution with a low or high concen-
tration of N, P, or K nutrient were arranged alternately and
equidistantly near the periphery of a revolving, circular,
wooden platform (850 mm diam.). The mouth of each vial
fitted snugly and level with holes in a circular Styrofoam
sheet. Using rubberized foam, two tillers of 35-d-old stressed
plants were fixed in each of the three vials containing low
or high concentrations of N, P, or K. Likewise, tillers of

Table 1. Chemical composition of rice plants grown in culture solutions with different concentrations of N.t
TNI~t in solution with N, mg/kg IR2035:[: in solution with N, mg/kg

Constituent 5 40 200 400 5 40 200 400

N, g/kg 5.7 10.3 31.1 44.2 6.4 10.3 30.9 37.2
P, g/kg 2.9 2.9 2.3 3.3 3.9 3.1 3.0 4.0
K, g/kg 16.9 18.7 11.7 17.0 19.7 20.5 14.4 20.0
Mg, g/kg 1.4 2.0 1.5 1.5 2.1 2.3 2.0 2.0
Ca, g/kg 0.9 0.7 0.6 0.7 0.9 0.8 0.6 0.9
Si, g/kg 37.2 21.8 19.8 3.1 45.7 25.7 23.6 3.4
C, g/kg 370.0 390.0 400.0 410.0 360.0 380.0 390.0 420.0
Zn, mg/kg 23.0 14.0 8.0 11.0 26.0 12.0 11.0 11.0
Fe, mg/kg 25.0 44.0 68.0 458.0 32.0 52.0 101.0 208.0
C/N 65.0 38.0 13.0 9.0 56.0 37.0 13.0 11.0
SP,§ mg/kg 3.6 3.4 5.8 5.7 3.4 3.4 5.3 5.8
TFS,§ mg/kg 3.7 3.7 3.0 3.5 2.1 3.4 2.2 2.9

"1" Composited leaf sheaths of 40-d-old stressed and unstressed rice plants were analyzed.
~/TNI = Taiehung Native 1 and IR2035 = IR2035-117-3 cultivar.
§ SP = soluble proteins; TFS = total free sugars.
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unstressed plants were fixed in vials containing standard cul-
ture solution. The entire assembly was covered with a snug-
fitting cylindrical polyester-film (Mylar) cage (900 mm high,
800 mm diam.) having a nylon-mesh top with a hole
through which 100 brachypterous females (1 to 2 d old) were
introduced. The number of females that settled on plants
was recorded at 1, 4, 8, 24, 48, and 72 h after release. Each
treatment was replicated four times. Chi-square tests were
performed to determine whether the observed ratios of fe-
males on stressed and control plants deviated significantly
from the no-preference ratio of 1:1 (Gomez and Gomez,
1984).

For intake and assimilation of food, newly emerged bra-
chypterous females (starved for 3 h but water-satiated) were
weighed in batches of three and enclosed in airtight clear
plastic film sachets (50 by 50 mm), through each of which
passed the leaf sheath of a 35-d-old stressed or unstressed
plant. After 24 h, each batch of females and their excreta
was weighed. To assess the loss in insect body weight due
to catabolism, a control was similarly established in which
the females were given access to a moist cotton swab to
prevent desiccation. The amount of food ingested and as-
similated was calculated as follows (Saxena and Pathak,
1977):

Food assimilated

Ci -- C2=w,x + w2- w,
Ca

where W~ = initial weight of females, Wz = final weight of
females, C~ = initial weight of control females, and C2 =
final weight of control females. Food intake = food assim-
ilated + weight of excreta. The experiment was designed as
a randomized complete block. There were four replicates for
each treatment, including the control.

For measuring insect growth, 35-d-old stressed plants
were placed singly in plastic pots (140 mm deep, 120 mm
diam.) containing culture solutions with a low or high con-
centration of N, P, or K. The roots of each plant were im-
mersed in the solution while the tillers emerged through an
opening (15 mm diam.) in a circular Styrofoam lid (20 
thick, 122 mm diam.) on the pot. A Mylar-film sleeve (360
mm high, 123 mm diam.) was slipped over the Styrofoam
lid. A cylindrical Mylar:film cage (1000 mm high, 120 mm
diam.) with a nylon-mesh top and side windows enclosed
each plant and snugly rested on the Styrofoam lid surround-
ed by the collar of the Mylar-film sleeve. Similarly, the un-
stressed control plants in pots containing standard culture
solution were enclosed in Mylar cages. Stressed and control
plants were infested with first-instar nymphs in batches of
10 each. The infested plants were arranged in a randomized
complete-block design. There were four replicates for each

Table 2. Chemical composition of rice plants grown in culture so-
lutions with different concentrations of

TNI:~ in solution IR2035t in solution
with P, mg/kg with P, mg/kg

Constituent 1 10 40 1 10 40

N, g/kg 16.1 13.5 14.2 16.8 12.9 12.9
P, g/kg 0.3 3.9 8.3 0.3 4.2 8.7
K, g/kg -9 18.4 17.9 -9 19.2 18.5
Mg, g/kg --§ 0.3 0.3 --§ 0.3 0.4
Ca, g/kg -9 0.1 0.1 -§ 0.1 0.1
Si, g/kg 1.7 1.1 1.0 1.9 1.4 1.S
Zn, rag/kg -§ 10.0 9.5 -§ 8.9 13.0

Leaf sheaths of 40-d-old stressed and unstressed (control) plants were ana-
lyzed.
TN1 = Taichung Native 1 and IR2035 = IR2035-117-3 cultivar.
Not tested.

treatment. The pH of the culture solution was adjusted daily
to 5.5. Insect growth index was calculated as the ratio of the
percentage of nymphs becoming adults to the mean growth
period in days (Saxena et al., 1974).

For adult longevity and fecundity, two 35-d-old stressed
plants in culture solution with a low or high concentration
of N, P, or K were caged and infested with I 0 pairs of newly
emerged brachypterous females and macropterous males.
The cages (1000 mm high, 120 mm diam.) were made 
Mylar film. Likewise, unstressed plants kept in standard cul-
ture solution were infested. The experiment was designed as
a randomized complete block and each treatment was rep-
licated four times. Insect mortality was recorded daily until
all individuals died. The total number of nymphs in each
treatment was recorded and represented the number of vi-
able eggs laid by the female during their lives. At the end of
nymphal emergence, unhatched eggs were also counted by
dissecting leaf sheaths under a 20× binocular microscope.
The total number of nymphs emerged and the number of
unhatched eggs represented the fecundity of females.

For measuring population increase, four 35-d-old stressed
plants in porcelain pots (180 mm deep, 160 mm diam.) con-
taining culture solution with low or high/’4, P, or K were
caged and infested with five pairs of newly emerged females
(brachypterous) and males using Mylar-film cages (1000 
high, 170 mm diam.). Unstressed plants in standard culture
solution were infested likewise. The experiment was de-
signed as a randomized complete block with four replicates.
Insects, both nymphs and adults, were counted 40 d after
infestation.

Toxicity of Steam-Distillate Extracts
to First-Instar Nymphs

Single tillers of 35-d-old unstressed TNI plants were
painted with 0.2 mL of acetone containing 4 g/L steam-
distillate extract of K-stressed or unstressed plants of resist-
ant IR2035 or susceptible TN1. Control tillers were painted
with acetone. Treated and control tillers were infested with
first-instar nymphs in batches of 10 and covered with Mylar-
film cages (1000 mm high, 120 mm diam.). Insect mortality
was recorded after 72 h. The experiment was designed as a
randomized complete block and replicated four times.

Data for intake and assimilation of food, growth, adult
longevity and fecundity, population increase, and nymphal
mortality were subjected to analysis of variance and the
means were compared using Duncan’s (I 951 ) multiple range
test at the P = 0.05 and the least significance difference test
at P = 0.05 and 0.01 levels (Gomez and Gomez, 1984).

Table 3. Chemical composition of rice plants grown in culture so-
lutions with different concentrations of K.*

TNI~t in solution with K, IR2035, in solution with
mg/kg mg/kg

Constituent 3 40 200 3 40 200

N, g/kg 16.2 9.8 8.3 17.5 11.0 9.0
P, g/kg 3.1 2.6 2.2 4.0 3.4 3.0
K, g/kg 2.5 17.9 23.3 2.7 21.6 27.2
Mg, g/kg 2.8 1.9 1.0 2.8 2.5 1.7
Ca, g/kg 0.8 0.8 0.6 0.9 0.9 0.8
Si, g/kg 25.0 19.0 15.7 27.2 22.4 20.0
C, g/kg 400.0 390.0 390.0 390.0 390.0 380.0
Zn, mg/kg 16.0 9.0 8.0 17.0 12.0 10.0
Fe, mg/kg 55.0 50.0 41.0 51.0 54.0 58.0
SP,§ g/kg 38.2 34.0 28.6 39.8 37.9 35.1
TFS,§ g/kg 74.8 69.3 67.0 64.8 45.8 51.3

Leaf sheaths of eight 40-d-old stressed and unstressed (control) plants were
analyzed.
TN1 = Taichung Native 1 and IR2035 ~ IR2035-117-3 cultivar.
SP = soluble proteins, TFS = total free sugars.
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RESULTS
Effects of N, P, or K Stress on Plants

The high N rate increased plant height and tiller
number but significantly reduced root length (Table
4). Nitrogen-deficient plants had narrow, short, erect,
and yellowish-green leaves. Shoot weight increased
with increase in N level, but root weight increased
with an increase in N concentration up to 40 mg/kg
and decreased thereafter. At the high N concentration,
increase in fresh weight of shoot was of greater mag-
nitude than dry weight, indicating increased succul-
ence.

Low and high P decreased plant height, root length,
and biomass of plants (Table 5). Reduction in plant
growth was of greater magnitude with high than low
concentrations of P. Low P reduced tiller number but
high P did not. Plants receiving the low concentration
of P had narrow, thin, short, and dirty dark-green
leaves.

Low K significantly reduced plant height, tiller
number, and root length (Table 6). Increase in K 
200 mg/kg did not affect TN1 plants but increased the
height and tiller number of IR2035 plants. Shoot and
root weights increased with an increase in K concen-
tration up to 40 mg/kg but not thereafter. Potassium-

Table 4. Growth and biomass of rice plants grown in culture solution with different concentrations of N.

Shoot weight Root weight
N in culture Tillers per Root

solution Height plant length Fresh Dry Fresh Dry

mg/kg mm

5 391ct
40~ 649b

200 719a

5 478c
40~ 738b

200 793a

no. mm g

TNI (Talchung Native 1)

3.8c 301a 11.2c 3.0b 13.1c 1.7c
10.1b 300a 84.7b 18.8a 40.7a 5.3a
14.1a 145b 102.8a 18.1a 31.0b 4.4b

IR2035 (IR2035-117-3)

4.1c 508a 9.7c 2.5c 12.8c 1.6c
10.1b 478b 71.1b 14.4b 43.8a 5.8a
13.3a 202c 96.3a 16.9a 36.7b 4.8b

Within columns and cultivars, means followed by the same letter are not significantly different at the 0.05 probability level by Duncan’s multiple range test.
Average of four replicates; each replicate had 10 40-d-old stressed and unstressed (control) plants.
Control.

Table 5. Growth and biomass of rice plants grown in culture solutions with different concentrations of P.

Shoot weight Root weight
N in culture Tillers per Root

solution Height plant length Fresh Dry Fresh Dry

mg/kg mm

1 508c~
10~ 627a

40 572b

1 541c
10~ 622a

40 609b

no. mm g g

TNI (Taichung Native 1)

6.3b 195c 31.3c 8.0c 27.7c 3.8b
7.6a 285a 82.5a 17.9a 37.3a 4.9a
7.5a 255b 66.8b 15.4b 35.1b 4.7a

IR2035 (IR2035-117-3)

7.2b 315c 37.7c 9.2c 43.8b 5.5h
8.2a 388a 75.4a 16.2a 51.8a 6.1a
7.9a 347b 55.8b 12.1b 36.5c 4.5e

Within columns and cultivars, means followed by the same letter are not significantly different at the 0.05 probability level by Duncan’s multiple range test.
Average of four replicates; each replicate had five 30-d-old stressed and unstressed (control) plants.
Control.

Table 6. Growth and biomass of rice plants in culture solutions with different concentrations of

Shoot weight
K in culture Tillers per Root

solution Height plant length Fresh Dry

Root weight

Fresh Dry

mg/kg mm

3 636b~
40§ 718a

200 718a

3 571c
40§ 760b

200 785a

no. mm g g

TNI (Talchung Native 1)

ll.2b 347b 43.5e ll.0b 20.7b 2.6b
12.4a 386a 77.5a 17.2a 38.2a 4.7a
12.6a 382a 67.5b 15.6a 38.2a 4.9a

IR2035 (IR2035-117-3)

13.3c 418b 38.0c 10.6b 25.3b 3.2b
13.7b 488a 68.1a 15.7a 46.3a 5.8a
14.6a 485a 61.2b 14.2a 47.4a 5.6a

Analysis based on values transformed to log (X) in case of root length.
Within columns and cultivars, means followed by the same letter are not significantly different at the 0.05 probability level by Duncan’s multiple range test.
Average of four replicates; each replicate had 50-d-old stressed and unstressed (control) plants.
Control.
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deficient plants had short, droopy, and dark-green
leaves. Yellowing ofinterveins also was noted on low-
er leaves. Increase in K concentration, increased the
quantity of allelochemicals produced in rice plants
(Table 7).

Effects on Insect Responses

Significantly more S. furcifera females were attract-
ed to and settled on plants treated with higher than

Table 7. Quantity of allelochemicals produced by rice plants grown
in cutlure solutions with different concentrations of

Quantity of allelochemicais produced

Increase or Increase or
K in culture decrease over decrease over
solution TNI~: control IR2035§ control

mg/kg mg g/kg mg g/kg

3 (low) 7.1 - 165 9.4 -200
40 (control) 8.5 0 11.7 0

200 (high) 9.3 +94 12.8 +89

Allelochemicals were obtained as steam-distillate extracts from 200-g sam-
ples of leaf sheaths of 40-d-old stressed or unstressed (control) plants.
Taichung Native 1 cultivar.
IR2035-117-3 cultivar.

lower concentrations of N (Table 8). However, appli-
cation of P and K at different levels did not affect
insect settling response. Orientation also was unaf-
fected except when TN 1 plants were grown in culture
solution with high K concentration.

Intake and assimilation of food by S. furcifera fe-
males increased significantly with an increase iia N
concentration (Table 9). Interaction between variety
and N level was significant for food intake. Increased
P application to susceptible TN1 plants increased in-
take and assimilation of food by the insect. Food in-
take decreased significantly on resistant IR2035 plants
receiving the high concentration of P, but low or high
concentration of P had no effect on assimilation of
food. Intake and assimilation of food decreased with
K concentrations.

Fewer nymphs became adults on N-deficient plants
and those reaching the adult stage required more time
(Table 10). Insect growth increased with increasing 
concentration. Phosphorus had no effect on growth
and development of S. furcifera except that at low P
concentration the developmental period was reduced
on resistant IR2035 plants. Potassium level did not
influence nymphal survival, but the development

Table 8. Orientational and settling response of Sogatellafurcifera females on susceptible TNI or resistant IR2035 rice plants grown in culture
solutions at different concentrations of N, P, or

Orientational responseS:
(times females alighted on

nylon-net wail facing plants)

Settling response§ (females
observed on plants)

Treatment Controlll Stressed x2 Control¶ Stressed x2

mg/kg no.

TNI (Taichung Native 1)

N, 5 481 274 68** 828 389 164"*
N, 200 250 464 58** 452 710 56**
K, 200 462 315 27** 814 653 23NS

IR2035 (IR2035-117-3)

N, 5 467 309 32** 752 233 287**
N, 200 203 529 161"* 370 581 54**

** Means are significantly different at the 0.01 probability level by Chi-square test.
1.Only significant results presented. Chi-square tests were performed to determine whether observed ratios of females attracted to stressed and unstressed (control)

plants deviated significantly from the no-preference ratio of 1:1.
:~Average of eight replicates; 10 females were released in the test chamber. Eight 30-d-old stressed and unstressed plants were used.
§ Average of four replicates; 100 females were released in the cage.
¶ Control was N ffi 40 mg/kg, P = 10 mg/kg, and K = 40 mg/kg.

Table 9. Intake and assimilation of food by Sogatellafurclfera females on susceptible (S) TNI and resistant (R) IR2035 rice plants grown 
culture solutions with different concentrations of N, P, or K.~"

N P K
Nutdent~
concentration S R Difference S R Difference S R Difference

Low 6.0e~
Control 10.0b
High 11.7a

Low 0.45b
Control 0.53ab
High 0.55a

Mean food intake, mg/~malein 24 h

3.1b 2.9** 6.3e 3.9a 2.4** 13.1a 4.8a 8.3**
4.8a 5.2** 7.7b 2.9ab 4.8** 10.3b 3.9ab 6.4**
5.7a 6.0** 9.5a 2.2b 7.3** 9.1b 2.7b 6.4**

Mean foodassimilated, mg/~malein 24 h

0.14b 0.31"* 0.64b 0.24a 0.40** 0.62a 0.26a 0.36**
0.2lab 0.32** 0.67ab 0.22a 0.45** 0.53b 0.20a 0.33**
0.23a 0.32** 0.75a 0.23a 0.52** 0.46c 0.11b 0.35**

** Differences significant at the 0.01 probability level by the LSD test. Average of four replicates; each replicate had three females caged in a clear plastic film
sachet on 35-d-old plants.

TNI ffi Taichung Native 1 and IR2035 = IR2035-117-3 cultivars.
Nutrient concentration (mg/kg) in culture solution was N = 5, P = 1, K = 3 (low); N = 40, P = 10, K ffi 40 (control); and N = 200, P = 40, K 
(high).
Within columns and category (intake vs. assimilation), means followed by the same letter are not significantly different at the 0.05 probability level by Duncan’s
multiple range test.
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Table 10. Growth and development of Sogatellafurcifera nymphs on susceptible (S) TN1 and resistant (R) IR2035 rice plants grown in culture
solutions with different concentrations of N, P, or K.~"

N P K
NutrientS"
concentration S R Difference S R Difference S R Difference

Low 75b§ 15b 60**
Control 95a 22ab 73**
High 98a 32a 66**

Low 15.6a 19.5a -3.9**
Control 15.lab 19.0ab -3.9**
High 14.7b 18.7b -4.0**

Low 4.8b 0.8b 4.0**
Control 6.3a 1.2b 5.1"*
High 6.7a 1.7a 5.0**

Mean%nymphsbecomingadults

92a 30a 62** 98a 28a 70**
95a 22a 73** 92a 20a 72**
98a 25a 73** 90a 15a 75**

Mean developmental pedod, d

15.0a 17.2b -2.2** 14.3b 17.5c -3.2**
14.5a 18.3a -3.8** 15.0ab 18.5b -3.5**
14.4a 17.9ab -3.5** 15.6a 19.6a -4.0**

Mean growth index¶

6.1a 1.7a 4.4** 6.8a 1.6a 5.2**
6.6a 1.2a 5.4** 6.lab l.lab 5.0**
6.8a 1.4a 5.4** 5.8b 0.8b 5.0**

** Significant at the 0.01 probability level by the LSD test.
Analysis is based on values transformed to arcsin [SQR(X)] for percent of first-instar nymphs becoming adults. TN1 = Talchung Native 1 and IR2035 
IR2035-117-3 cultivars.
Nutrient level (mg/kg) in culture solution was N = 5, P = 1, and K = 3 (low); N = 40, P = 10, and K = 40 (control); and N = 200, P = 40, and 
200 (high).
Within columns and categories, means followed by the same letter are not significantly different at the 0.05 probability level by Duncan’s multiple range test.
Average of four replicates; each replicate had 10 newly emerged nymphs caged on 35-d-old plants.
Growth index = percent nymphs becoming adults divided by mean developmental period.

period was significantly prolonged at the high K
concentration.

Adult longevity and fecundity increased with in-
creasing N (Table 11). The magnitude of increase was
greater on resistant IR2035 than on susceptible TN1
plants. Longevity and fecundity had a significant in-
teraction between variety and N concentration. Male
and female longevities increased at high P concentra-
tion. At low P concentration, female longevity was
decreased on TN1 but increased on IR2035. Phos-
phorus did not influence fecundity. Increase in K up
to 40 mg/kg decreased longevity and fecundity. Fur-
ther increase in K had no effect on S. furcifera lon-
gevity on IR2035 but significantly reduced longevity
on TN1. Regardless of cultivar, fecundity decreased
with increasing K.

Population of S. furcifera was greater at the high
concentration of N on both susceptible and resistant
cultivars (Table 12). Populations were greater at the
high concentration of P on TN1; however, popula-
tions were greater on IR2035 at the low concentration
of P compared with the control. Increase in K de-
pressed populations on both susceptible and resistant
cultivars.

Toxicity of Steam Distillates to First-Instar Nymphs

Compared with the acetone-treated control TN1
plants, significantly more first-instar nymphs died on
TN1 plants painted with the extract of K-stressed TN1
or IR2035 plants or with extract of unstressed resist-
ant IR2035 plants (Table 13).

Table 11. Longevity and fecundity of Sogatellafurcifera adults on susceptible (S) TN1 and resistant (R) IR2035 rice plants grown in culture
solutions with different concentrations of N, P, or

N P K
Nutrientt
concentration S R Difference S R Difference S R Difference

Mean male longevity, d

Low 12.2c~ 4.3c 7.9** 10.9b 7.9b 3.0** 14.6a 8.4a 6.2**
Control 13.9b 5.0b 8.9** ll.0b 7.2b 3.8** 13.2b 6.9b 6.3**
H~h 14.9a 8.1a 6.8** 12.6a 9.5a 3.1"* 11.8c 6.0b 5.8**

Mean~malelongevity, d

Low 18.4c 6.6c 11.8"* 19.9c 9.2b 10.7"* 20.7a 9.5a 11.2"*
Control 20.5b 7.9b 12.6"* 20.7b 8.1c 12.6"* 18.9b 7.9b 11.0"*
High 22.1a 13.2a 8.9** 23.2a 10.2a 13.0"* 16.6c 6.8b 9.8**

Mean fecundity, no. ofeggs/~male
Low 903b 19c 884** 779a 70a 709** 1343a 49a 1296"*
Control 1079ab 88b 991"* 852a 60a 792** 1201ab 39b 1162"*
High l170a 194a 976** 945a 63a 882** 1004b 25c 979**

** Significant at the 0.01 probability level by the LSD test.
Analysis is based on values transformed to LOG(X + 1) for N and LOG(X) for P and K in case of fecundity. TNI = Talchung Native 1 and IR2035 
IR2035-117-3 cultivars.
Nutrient level (mg/kg) in culture solution was N = 5, P = 1, and K = 3 (low); N ffi 40, P = 10, and K = 40 (control); and N = 200, P = 40, and 
200 (high).
Within columns and categories, means followed by the same letter are not significantly different at the 0.05 probability level by Duncan’s multiple range test.
Average of four replicates; each replicate had 10 newly emerged males and females caged on 35-d-old plants.
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Table 12. Increase of Sogatellafurclfera on susceptible (S) TNI and
resistant (R) IR2035 rice plants grown in culture solutions with
different concentrations of N, P, or K.,

Adults + nymphs at 40 DAI:I:
Nutrient

concentration TNI (S) IR2035 (R) Difference

mg/kg no.

N

5 312c§ 6c 306**
40~ 1619b 21b 1598"*

200 2184a 58a 2126"*

P

1 391c 58a 333**
10 55lab 33b 510"*
40¶ 684a 47ab 637**

K

3 665a 50a 615"*
40¶ 552ab 33b 518"*
200 446b 22c 424**

** Significant at the 0.01 probability level by the LSD test.
Analysis is based on values transformed to LOG(X + 1) for and LOG(X)
for P. TN1 = Taichung Native 1 and IR2035 = IR2035-117-3 cultivars.
Total number of adults and nymphs recovered at 40 d after infestation (DAI)
from five pairs of males and females on 35-d-old plants.
Within columns and nutrients, means followed by the same letter are not
significantly different at the 0.05 probability level by Duncan’s multiple range
test. Average of four replicates each.
Control.

DISCUSSION
The magnitude of insect populations on plants is

determined by complex, dynamic, and variable plant-
insect interactions. Factors that affect susceptibility or
resistance of plants to insects may be nutritionally
based and/or caused by nonnutritional chemicals (al-
lelochemicals) (Whittaker, 1970).

The composition of plant cell sap is affected by nu-
trients in ways that may enhance or reduce resistance
of a crop to a particular pest (Singh, 1970; Wiseman
et al., 1973). High population densities of leaf-sucking
insects were found associated with high concentration
of total N and reducing sugars in leaves (Fritzsche et
al., 1957). Peak reproduction rates of Dicranotropis
hamata (Boheman) (grass leafhoppers; Waloff 
Solomon, 1973) and Elatobium abietinum (Walker)
(spruce aphid; McNeill and Southwood, 1978) were
correlated with amino acid levels in host leaves.

Nitrogenous fertilizers also can influence host plant
resistance through changes in production of allelo-
chemicals and the interaction of nutrients and alle-
lochemicals. Increasing plant N through fertilization
lowered phenolic content and lignification (Kiraly,
1976; Trolldenier and Zehler, 1976), while decreasing
N availability increased levels of phenolics (Stanford,
1974; Hahlbrock and Grisebach, 1979).

Phosphorus deficiency also can affect plant-insect
interactions. Survival and development rates of mi-
gratory grasshopper, Melanoplus bilituratus (Walker),
increased on P-deficient wheat (Triticum aestivum L.)
plants (Smith, 1960). In contrast, P deficiency ad-
versely affected greenbug, Schizaphis graminum
(Rondani), on wheat (Daniels, 1957).

Deficiencies of K predispose plants to herbivore at-
tack. Deficiencies of K in soil or nutrient solution in-

Table 13. Mortality of first-instar Sogatella furcifera nymphs on
TNI rice plants painted with acetone solution of 4 g/L steam-
distillate extract of susceptible TNI or resistant IR2035 plants
grown in culture solutions with different concentrations of K.~"

Mean nymphal
Extract K level mortality

mg/kg %

TNI 3 5.0bc~
TNI 40§ 8.8b
TNI 200 7.5b
IR2035 3 26.3a
IR2035 40§ 30.0a
IR2035 200 31.3a
Acetone ~ontrol) 3.8c

TN1 = Taichung Native 1 and IR 2035 = IR2035-117-3 cultivars.
Means followed by the same letter are not significantly different at the 0.05
probability level by Duncan’s multiple range test. Average of four replicates;
35-d-old TN1 seedlings were painted with an acetone solution of 4 g/L of
steam-distillate extract.
Standard K concentration.

creased N content in plant tissues which enhanced
insect populations (van Emden, 1966; Metcalfe, 1970;
Sharma, 1970). Potassium deficiency increased solu-
ble carbohydrate, reducing sugars, and amino acids,
and impaired synthesis of starch, glycogen, and pro-
teins (Baskaran et al., 1982). Increased K caused
deamination of amino acids and reducing sugars in
the plant sap, which otherwise favor insect growth
(Chaboussou, 1972). Increasing K level led to accu-
mulation of more phenols, which probably contrib-
uted to increased insect resistance in some rice
cultivars (Vaithilingam and Baskaran, 1982).

In the present study, excessive application of N in-
creased N, Fe, soluble proteins, and moisture content,
but decreased the C/N ratio and Si and Zn content in
plant tissue. A low N concentration decreased N and
Fe but increased Zn in rice plants. With increased N
supply, intake and assimilation of food, growth and
development, adult longevity, fecundity, and popu-
lation build-up of S. furcifera increased on both sus-
ceptible and resistant rice cultivars. A positive
correlation also was observed between fecundity of
planthoppers and leafhoppers and the level of soluble
N in their host plants (Hinckley, 1963; Fennah, 1969).
However, Pablo (1977) reported that survival of 
furcifera nymphs increased at higher levels of N only
on resistant rice cultivars.

Different levels of P application to rice plants had
no consistent effect on S. furcifera responses, but in-
crease in K supply decreased its intake and assimila-
tion of food, growth, and population build-up. Higher
levels of K in rice plants also suppressed growth and
population build-up of the brown planthopper, Nila-
paravata lugens (Still), and Nephotettix spp. of leaf-
hopper (Subramanian and Balasubramanian, 1976;
Vaithilingam et al., 1976; Ittyavirah et al., 1979).

External application of steam-distillate extract of re-
sistant IR2035 plants on susceptible TN1 plants sig-
nificantly increased the mortality of S. furcifera
nymphs. Some nymphs also died on TN1 plants treat-
ed with TN1 extract, indicating that susceptible plants
may possess allomones or defense chemicals, but their
toxicity is less. Reese (1983) stated that even the most
susceptible plants are remarkably well defended
against insect attack when compared with artificial
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diets containing very low concentrations of defensive
compounds.

The quantity of allelochemicals produced by rice
plants increased with increases in K levels, regardless
of the cultivar used; however, the effect of allelochem-
icals of the resistant IR2035 plants on S. furcifera was
identical whether allelochemicals were extracted from
K-stressed or unstressed plants. It showed that K in-
creased only the quantitative production of allelo-
chemicals in rice plants but did not alter their nature
or quality.

Nitrogen-induced susceptibility in rice plants to S.
furcifera can thus be attributed to an increase in N
content and improved nutritive value. In contrast, an
increase in the level of insect resistance or reduced
susceptibility in rice plants with application of K at
higher levels can be explained by a decrease in N con-
tent and increase in the quantitative production of
allelochemicals.

Concentrations of soil nutrients, especially N, P, or
K, vary widely under natural conditions and may alter
several biochemical processes in rice plants, resulting
in an increase or decrease in the level of S. furcifera
resistance. The reported outbreaks of the pest in dif-
ferent countries may be partly attributed to K defi-
ciencies or excess N. S. furcifera resistance in rice
cultivars can thus be more effective with moderate to
optimum rates of N and higher concentrations of K.
The use of such induced resistance as an adjunct to
genetic resistance in S. furcifera management seems
promising.

ACKNOWLEDGMENTS
M. Salim is grateful to the Pakistan Agricultural Research

Council and IRRI for awarding a scholarship which enabled
him to pursue this investigation. The authors thank B.S. Ver-
gara for providing the necessary facilities. Assistance of the
staff of the Analytical Services Laboratories is appreciated.



WEAVER ET AL.: EFFECTS ON LATE-PLANTED SOYBEAN 805


	Main Menu
	Disc 4 Table of Contents
	Help
	Search

