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PRODUCTIVITY INVESTIGATION OF TWO TYPES OF MEADOWS 
IN THE VISTULA VALLEY 

VII. ESTIMATION OF THE EFFECT OF PHYTOPHAGOUS INSECTS 
ON THE VASCULAR PLANT BIOMASS OF THE MEADOW 

-
(Ekol. Pol. 19: 173-182). The joint effect of the whole phytophagous 

invertebrate fauna on the amount of biomass produced by vascular plants was investiga

ted in two meadow associations: Stellario·Deschampsietum, ord. Molinietalia, and 

A rrhenatheretum elatioris, ord. A "henatheretalia. In a field experiment the crop of 
plants in areas from which insects had been eliminated (by insecticides) was . compared 
with the crop ·of plants infested by insects. The presence of this fauna resulted in 

a noticeably lower growth rate of plants; the maximum of biomass was retarded, and 
consequently the crop was lower. 

I. INTRODUCTION 
• 

The aim of the investigation was to de~ermine the effect of the phytophagous 

invertebrate fauna on the biomass of the meadow vegetation. The role of the 

phytophagous fauna in a meadow habitat is difficult to determine. The quantity 

of the plant biomass actually eaten by the herbivores generally is not equal to 
the losses caused by their feeding. The effect of feeding depends on a number 
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of different fa·ctors, su~h as, for instance, the way of feeding and the feeding 

site on the plant, associated with which is the type of damage caused 

(V a r 1 e y, G r a d w e ll 1 958, N o u r t e v a 1 962, R i .c o u, D u v a 1 1969, 

Andrzejewska, Wojcik 1970). It may also .be expected that with a si

multaneously presence of several groups of herbivores, differing in their 

effects on the plant, the value of the actual reduction o,f the plant production 

will differ from that estimated by summing up the effects of individual groups. 

In a meadow habitat, numerous herbivores occur simultaneously, each feeding 

on a different part of the plant, and it is iptpossihile, even for technical ·reasons 

to study the effects ·of individual groups. Therefore the assessment of the 

joint effect of all the herbivores, . occuring in a. meadow, on the primary produc

tion seems to be the most appropriate approach. It may be expected that the 

values obtained by this method will be similar to the actual results of the 

action of the herbivores under n·atural conditions. 

11. METHOD 

To estimate the joint effect of all herbivores on the meadow vegetation 

a field experiment was carried out. Two meadows were chosen for this purpose: 

1) a mid-forest periodically wet meadow (association Stellario-Deschampsietum, 

ord. Molinietalia), within a nature reserve, unharvested (symbol SM), 2) a river

side fresh meadow (association Arrhenatheretum elatioris, ord. Arrhenathereta

lia), subject to some agricultural treatment and harvested (symbol K II). The 

botanical aspect of the two habitats concerned has been described in detail by 
T r a c z y k ( 1 966, 1971). 

The effect of insects on the primary production of the meadow' was estima-. 

ted by comparing the plant ·mass produced in the insectless areas with the 

mass of the plants fed on by insects. For the elimination of insects from the 

experimental areas insecticides were used. 

As indicated by the data found in the relevant literature, even those 

insecticides which are in fact known not to be phytotoxical may under certain 

conditions affect the growth and the condition of the plants~ directly, or indirec

tly by causing injuries, e.g. necrotic lesions or burns (Miksiewicz 1963). 

The severity of the injuries, which may vary, depends on the species and 

growth stage of plants, as well as on the soil and weather conditions (Koch

man, W~gorek 1963, Borys 1964, Dvorak, Stanek 1968). As the 

weather conditions and soil moisture vary during the season, it is difficult to 

forsee and determine the effect of the poison on the whole meadow vegetation . 
• 

For this reason in the experiments here presented three insecticides were 
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used which differed in their chemical composition, effective ne ss time and site 

of deposition in the plant. If therefore the insecticides used had been ones 

that affect the plant growth, a different quantity of plant mass would have 

been produced in each of the areas treated with the different insecticides. 

The poisons used were the following insecticides: "Tritox", "P~draczak" 

and "lntration", con1monly applied in agriculture and fruit-farming. A contact 

insecticide Tritox (containing DDT - 10%, methoxychlorine - 15%, lindane -

5%) was used in the form of water-emulsion for spraying the . plants. To kill 

the soil fauna P~draczak (a granular substance - y-isomer of HCH, with a 2% 
content of lindane), also a contact insecticide, was sprinkled over the litter 

between the plants. lntration (thiometon - 50%), a systemic insecticide, was 

used in water solutions for spraying the plants (Encyklopedia Ochrony Roelin 
1963, Zalecenia ogolne na rok 1969). 

The effect of Tritox and lntration was similar. Within a short time following 
treatment all the insects present in the grass-layer and in the litter were 

killed. As P~draczak was sprinkled over the litter, the insects present in the 

higher layers of vegetation were only killed when they came down during their 

vertical migrations- diurnal or related to their growth cycle. 
In meadow patches, as homo-

genous as possible in regard 
of vegetation composition and _., 1.5m ~r-1m ,._ 

structure, five areas, 1.5 x 10 m, 
p T I P+T+l c were fenced in. The distance 

betw·een adjacent belts was 1 m 
(Fig. 1). Four of the plots were 

treated with insecticides in 
each of · the first three plots 

a different insecticide was used, 

whereas the fourth plot was treated 

with all the insecticides together. 
In the fifth plot, the control plot, . 

no insecticide was applied, nor 
tir 

any other disturbing factor in

troduced. The experimental plots Fig. 1. Scheme of location of the experi-
were treated · with insecticide m ental plots in meadow 

doses as specified in the manu
facturers' instructions. 

1'he estimation of biomas'S was based on the measurement of samples. 

A sample consisted of all the plants, including dead parts, collected from 

a sample area - 1000 cm2 
; the plants were cut as close to the ground as pos

sible; from each plot five samples were taken. The plant material was 
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subsequently dried and weighed.~ The efficiency of the insecticides in relation 

to the invertebrates investigated, and the rate at which insects reappeared in 

the insecticide-treated areas were checked by control samples collected with 

a biocenometer of the size 0.3 x 0.3 m, from under which insects were sucked 
off. 

In 1966, the first treatment with insecticides was applied on June 11, 
• 

immediately after mowing the grass and at the beginning of the mass hatching 

of the phytophagous insects. In about six weeks (40 days) plant samples were 

collected from the experimental plots for the measurement of the plant biomass. 

Subsequently, the insecticides were again sprayed on the full-grown, unmown 

plants, and next samples were taken on August 3 and 17. 

The same experiment was repeated in 1967, but then from a half of each 

plot the deposits of dead plants were removed in the spring, since, as has 

been found, if perimitted to remain, the dead deposits may affect the growth o£ 1 

new plants1 
• 

In 1968, P~draczak was the only insecticide used. This substance does 

not cause any damage even to the plants growing back afresh. In the growing .. 
season of that year P((draczak was sprinkled for the first time on May 3, before 

the first hatching period of the phytophagous insects. 

Ill. RESULTS 

The vegetation samples collected ·from the experimental areas indicated 

that the quantity of plant biomass was usually larger in the insect-free plots 

than in the areas fed upon by insects ·(Fig. 2). 

In the June of 1966, 40 days after the mowing of the meadow, considerable 

differences in the weight of the vegetation were found between the treated 

and the control plots. The dry weight of vegetation was higher on an average 

by 166 g/ m2 in the treated than in the control areas. There occured also some 

slight differences in the biomass of plants between the plots treated with 

1 This effect is clearly visible in places with a large quantity of dead material 
In the nature reserve meadow SM, from which the deposits of dry plants of the preceding 
year removed in May, an average of 314 g of dry weight of green plants per 1m 2 was 
harvested at the and of June, and only 230 g/m2 in areas in which the dead plant 
deposits had been premitted to remain. In the cultivated meadow at Kazun, where the 
amount of deposited dead plants was much smaller no significant differences could be 
seen there between the biomass of the green parts of plants in the areas from which 
the dead matter had been removed, and that in the plots in which the dead matter had 
been allowed to remain (Tab. 11). 
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Fig. 2. Crop of vegetation harvested from experimental plots, an the growth rate of 
their biomass (data for meadow K 11, in 1966) 

1 - plant biomass, insect-free area, 2 - plant biomass, control, 3 - growth rate, insect-free 
area, 4 - growth rate, control • 

the different insecticides (Tab. I) . The differences in biomass between the 

treated and the control plots were checked by the variance analysis. The 
0 • 

obtained statistic value of F (F = 23.8) considerably exceeds the value required 

at the level of 0.05 (Fo.05 = 4.26), thus F appears to be very significant. 

Crop of vegetation in experimental areas - grams of dry weight per 1 m2 (K 11 - data 
for 1966) 

Tab. I 

Insecticide 
p -Control T ' I P + T +I Date area P~draczak Tritox Intration 

of taking 
plant samples 

June 11* 25 25 25 25 25 
• 

. July 21* • 312 479 478 457 500 

August 3 344 529 336 336 404 
. 

August 17 404 494 456 501 461 
. 

• Data of treatment with insecticide. 
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The second spraying, with Tritox and lntration, of the stand after its 

Tecovery growth caused a partial damage to the plants. Burned spots could 

be observed on the leaves, as well as a partial withe.ring of the plants. In the 

area treated with Pf(draczak the plants sustained no injury. A sample of vegeta

tion taken two weeks after the treatment with Pftdraczak revealed a further 

increment of the green mass. The value of the crop harvested was 529 g/m 2
• 

At that time the biomass of the vegetation, in relation to the control, was even 

greater {exceeded it by 44.5%) and this difference is statistically significant. 

After another two weeks (August 17) the plants damaged by Tritox and lntration 

appeared to have partially recovered, and their biomass exceeded that in the 

control area by an average values of about 50 up to 100 g/m 2 (statistically no 
significant). 

Amount of dead plants overlying the litter and the biomass of the recovering green 
parts of plants-grams of ~ry weight per 1 m2 (in 1967) 

Tab. 11 

Natural meadow Cultivated meadow ' 

SM Kll 

Amount of dead plants on May 11 75 19 

free of dead matter 314 352 Crop of vegetation 
harvested on 1 une 20 with overlying dead 

230 357 from plots matter 

Due to the scarce rainfall and the hot weather prevailing in the June and 

July of 1967 the vegetation in the meadow, and particulary in the insecticide

-treated areas, began earlier to turn yellow and wither. As of all the insectici

des used P~draczek is the least harmful to plants, the plant biomass of the 

areas treated with it could be compared with the control. During the first 

harvesting in June the value of the biomass of plants in the treated areas 

was greater on an average by 26%, and in August (eight weeks after the cutting 

of the grass) - by 35%, and after another four weeks, in September - by 41%, 
as compared with the vegetation fed upon by insects. 

In 1968 P«;draczak was the only insecticide used for the killing of insects 

in the experimental areas. The first treatment was applied on May 3, before 

the emergence of the first numerous phytophagous insects. The first vegetation 

sample was collected at the time of maximum growth in biomass, i.e. on June 

l9. At that time, in the areas devoid of fauna the biomass of the vascular 

plants was on an average higher by about 21%, as con1pared with the control 
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cuea. lnsecticide-treatmen~ applied at the beginning of May had no effect on the 

hatching of the subsequent groups of herbivores, which appear to be particularly 

numerous at the end of June and at the beginning of July, so the biomass of 

the vegetation after the first mowing was the same in the experimental as in 

the control areas. 

IV. CONCLUSIONS 

The results of the experiments presented in ~he paper permit the statement 

that the reducing effect of the herbivorous insects on vegetation does not 

result from the consumption alone. In the meadow K 11 the consumption of the 

two most numerous herbivore groups: A uchenorrhyncha and Acridoidea, was 

estimated at about 6.3 g of dry weight of vegetation per l m2
, throughout the 

season June-October in 19662 
• The losses of plant biomass does not, therefore, 

result solely from the consumption of the plants by insects, but also from the 
effect of the feeding on the growth rate of the plants. 

The quantity of plant biomass is usually larger in insect-free areas than 

in the control areas. The differences are most marked 40 days after the mowing 

of the meadow {June 11) when the dry weight of the plants in the insect-free 

areas is about 500 g/m2
, thus approaching the maximum value attainable under 

these soil conditions. As time elapses, the differences in the biomass of 

vegetation gradually become less conspicuous, but about 10 weeks after the 

harvesting of the meadow the dry weight of grass in the insect-free areas is 

still higher by 50 up to 100 g/m2
, in comparison with the control area. The 

differen.ces in the biomass of vegetation were diminished because the plants 

free of insects grow faster, attain the biomass maximum at an earlier time -

after 7-8 weeks, whereafter their rate of growth, as well as their biomass, 

gradually decrease (Fig. 2). Their biomass increment rate (during the period 

following the harwesting) is from 10.1 to 11.9 g dry weight/m2/day (Tab. Ill). 

2 The average density of Acridoidea during the period June-October was 3.9 

individuals/m2, and their dry weight - 136.5 mg. Taking, as a basis, the food rations 
previously calculated (And r z e j e w s k a, W o j c i le 1970), the consumption by these 

insects may be estimated at about 4 g dry weight of plants per 1. m2• The average 
density of Auchenorrhyncha in the same meadow was 27 individuals per 1m 2, i.e. 

about 32 m g dry weight. The total amount of sap, they will have sucked during the 
season, may be estimated, on the basis of eArlier data on the consumption of this 

m2 group of insects (And r z e j e w s k a 1967), at about 1700 g per J of the meadow. 
Assuming the average calorific value of the sap to be about 6 cal/ml (the mean from 

the values published by W i e ge rt 1964), the approximate calorific aquivalent of the 
dry weight of grass is above 2.3 g. 

https://biomt.ss
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The control plants (fed upon by insects) grow more slowly. The in ere men t in 

grass biomass was 7.2 g dry weight/m2/day (Tab. Ill). About to weeks after 

the mowing of the biomass of the plants in the control area still not attained 

its maximum and continues to grow (Fig. 2). 

Growth rate of vegetation hiomass in experimental plots (K 11 -data for 1966) 

Tab. Ill 

Days after c p T I 
• P+T+.I mowtng Control P ~draczak Tritox lntration ' Growth 

rate of 
40 7.2 11.4 11.3 10.1 11.9 plant 

biomass in 
53 3.2 3.8 -10.9 -7.0 -9.6 • glm 2/ day 

. 

67 . 4.3 -3.5 8.6 9.6 4.1 

• Green plant biomass losses due to injuries caused by insecticid e s. 

The statement that the quantity 450 to 500 g dry weight of plants / m2 is the 

maximum value for this meadow may be inferred from the variation of the 

increment rate of plant biomass. Plant growth appears to be faster during the 

first period after the mowing of the meadow, when the plants are recovering; 

:;,-, 15 
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Fig. 3. Biomass growth rate in relation to the initial condition of the vegetation 

1 - control, 2 - insect-free area 
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afterwards the biomass increment rate falls gradually down. Eventually the 

standing crop biomass atteins the value of 300-350 g dry weight/ m2 , whereafter 

the rate of growth falls down much more rapidly. After the biomass has reached 

a maximum of about 500 g/ m2 it begins to decrease (Fig. 3). 

It may, therefore, be presumed that the phytophagous insects affect the 

'vegetation of a meadow chiefly by lovering its growth rate and delaying the 

attainment of biomass maximum. This leads on to a sever~l weeks' delay in 

the second harvesting of the meadow and affects the recovery growth of the 

vegetation. The crop harvested from the meadow during the whole growing 

season is consequently lower. The losses of plant production are many times 

higher than the actual amount of food eaten by the herbivores. 
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BADANIA PROpUKTYWNOSCI DWOCH TYP6W LJ\K W DOLINIE WISL Y 

VII. OCENA WPLYWU ROSLINOZERNYCH OWAOOW NA BIOMAS~ 
ROSLIN NACZYNIOWYCH l..t\_Kl 

Streszczenie. 

Metodtt eksperymentu terenowego przeprowadzono ocen~ wplywu calej hezkr~gowej 
fauny ro ~ inoiemej na biomas~ ro!flinnosci l£t,kqwej. Wplyw ten oceniano porownuj~c 
biom as~ roslin wyprodukowanych na powierzchniach hez owaddw z biomasq, ro~lin, na 
ktorych zerowaly roslinoierce. Owady z powierzchni eksperymentalnych zostaly usu
ni~te przy u zyciu insektycydow; tennin zastosowania trucizn zwi~zany by.l' z okresami 
wyl~gu owaddw i pojawianiem si~ ich na .l~ce. · Biomas~ roslin na powierzchniach 
do~wiadczalnych oceniano badajq,c proby ro~linnosci pobierane kilkakrotnie w ci~gu 
sezonu. 

Stwierd zono, ie biomasa ro~lin na powierzchniach dof!iwiadczalnych byla zwy.kle 
wi~ksza niz na powierzchniach kontrolnych. N ajwi~ksze rdznice biornasy wystqpay 
w okresie, kiedy ro~liny na powierzchni po zbawionej owaddw osi~ga.Jy maksimum 
biomasy na danej llJ.ce (po ok. 40 dniach od skoszenia trawy w czerwcu). Wdwczas ich 
biomasa byla o 58% wyzsza nii na powierzchni kontrolnej. N ast~pnie tempo przyrostu 
ro~lin szybko spadalo i nast~powal-o ubywanie ich biomasy. 

Ro~liny na powierzchni kontrolnej rosly wolniej nawet w okresie pocZf!tkowym po 
skoszeniu trawy. Tempo ich przyrostu byh> o 4.7 g suchej masy/m 2/dzied wolniejsze 
niz na powierzchniach hez owaddw. W efekcie jeszcze po ok. 10 tygodniach od sko
szenia trawy nie u zyskaly maksimum biom asy w.l'a~ciwej na danej 1-l}ce. · 

Mozna wi~c przypuszcza~, ze wplyw ro~linoiernej fauny hezkr~gowcdw na ro~lin
no~c .1-~kowq, polega g}ownie na zwolnieniu tempa wzrostu roslin i opdinieniu osiqgni«i· 
cia przez nie maksimum biomasy. W efekcie daje to znaczne obnizenie plonu roslin 
zhieranego z }'!ki w calym sezonie wegetacyjnym. 
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