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ARTICLE INFO                                       ABSTRACT 
 
 

A pot experiment was conducted to investigate the vegetative performances, chemical 
composition and feeding value of soybean under impact of water deficit and spider mites as well 
as the possibility to their overcome through imidacloprid treatment. The development of 
aboveground mass, root mass and biochemical composition of soybeans were influenced by the 
water deficit and mites, but the sensitivity of these parameters to the action and interaction of 
these stress factors was different. The aboveground mass showed a greater sensitivity to mite 
attack while the root biomass – to water stress. The interaction water deficit × mites reduced the 
plant height, leaf weight, aboveground biomass and nodulation (respectively by 24.7, 45.7, 41.9 
and 48.8%) and increased the root length and root weight (1.4 and 1.9 times). The crude protein 
and mineral content of soybean leaves was reduced under water stress × mites. The soybean 
leaves had also a higher content of plant cell walls and a lower in vitro digestibility as the 
negative consequences of mite feeding on these parameters were stronger pronounced than these 
of water stress. Positive and significant effect of the treatment with imidacloprid after the imposed 
stress in soybeans was established in terms of the parameters plant height and aboveground 
biomass.  
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INTRODUCTION 
 
Because of its potential for large-scale production, soybean 
(Glycine max (L.) Merrill) has excelled in the world 
agricultural economy as a major oilseed crop. At present, 
soybeans are grown primarily for oil extraction and for use as 
a high protein meal for animal feed (Singh and Shivakumar, 
2010). According to Li-Juan and Ru-Zhen (2010), it has a 
protein content of approximately 40% and an oil content of 
approximately 20%. In 2014, the area harvested with soybeans 
worldwide was 117.7 million hectares, with a total production 
of 308.4 million tons in the same year (Faostat, 2014). This 
crop is currently being grown around the world, including in 
much of North America, South America and Asia (Kumudini, 
2010).) Soybean is very sensitive to environmental conditions 
(Mundstock and Thomas, 2005). Although the effects of 
various environmental factors interfere with the performance 
of crops, water restriction is the main limiting environmental 
factor that contributes to the failure to obtain maximum 
soybean yields (Casagrande et al., 2001). Lisar et al. (2012) 
report that the impacts of water stress in crop plants can reduce 
productivity by 50% in various parts of the world.  
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Under stress conditions, the plants present a series of changes 
in their morphology, physiology and biochemistry, negatively 
affecting their growth and productivity. According to Gerten 
and Rost (2010), two-thirds of world food production through 
cultivation occurs under water stress. In this context and 
because of the prospect of global climate change, more and 
more crops will be exposed to negative impacts caused by 
drought. The need for water in soybean increases with plant 
development, peaking during the flowering-grain filling stages 
and decreasing thereafter. The decreased productivity under 
water deficit conditions depends on the soybean phenological 
stage, duration and intensity of water shortages (Doss and 
Thurlow, 1974). Rosolem (2005) notes that the water demand 
of soybean is highest at the initiation of flowering, but a water 
deficit from pod initiation (R3) until 50% yellow leaves (R7) 
is the most critical stage for productivity. Desclaux et al. 
(2000) and Nogueira and Nagai (1988) confirm also the 
greater susceptibility of the soybean to water stress during 
grain filling, although the highest water demand in the crop 
occurred at the beginning of flowering. The periods of water 
deficiency in soybean are often accompanied by the 
emergence and development of other factor limiting 
productivity – mites (Ostlie and Potter, 2009). Spider mites are 
ones of the most important agricultural pests, not only because 
of the damages they cause, but also because they have a wide 
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host range and infest many commercial crops such as cotton, 
beans, soybeans and others (Suekane et al., 2012). Spider 
mites have a life cycle, progressing through three stages 
between egg and adult. Depending on temperature, the 
development takes 5 to 19 days. Higher temperatures (>90 oF) 
accelerate reproduction, as the females producing up 100 eggs 
each. Spider mites injure leaves by piercing cells and sucking 
out the cell contents. This injury produces white or yellow 
spots or “stippling” that is heavier on the underside of the 
leaves. Leaves lose photosynthetic surface and the loss of 
water from the damaged surface becomes uncontrolled. Spider 
mite feeding strengthens drought stress (Ostlie and Potter, 
2009). Even though mite attacks and water stress have been 
investigated as isolated factors limiting development and 
productivity in soybean, little have been studied their possible 
interactions (Sandras et al., 1998, Gillman et al., 1999). 
 
Protective effect in different crops in conditions of abiotic and 
biotic stress after using imidacloprid (a compound belonging 
to a group of chloronicotinyl insecticides) is observed by 
Thielert (2006). The conducted field experiments show that in 
addition to its insecticidal properties imidacloprid improves 
the survival, growth and productivity of plants subjected to 
water stress. According to data of Krohn and Hellpointner 
(2002), the substance is unstable in water environment and 
under the sun influence quickly breaks - properties that 
determine its environmental characteristic. This experiment 
aimed to investigate the vegetative performances, chemical 
composition and feeding value of soybean under impact of 
water deficit and spider mites as well as the possibility to their 
overcome through imidacloprid treatment. 
 

MATERIALS AND METHODS 
 
The pot experiment was carried out in greenhouse conditions 
during the period 2011-2012, at the Institute of Forage Crops 
(Pleven, Bulgaria). Pots type Wagner were used as in each one 
were grown 4 plants. The vegetative performances, chemical 
composition and feeding value of soybean (variety Richy) 
were studied under influence of the following factors: factor A 
–irrigation regime (water deficit and irrigation), factor B – 
mites (mite infestation and absence of mites) and factor C - 
imidacloprid (imidacloprid treatment and without imidacloprid 
treatment). All plants received an equal amount of water to 
maintain optimum soil moisture to the end of stage R5 (Fehr 
and Cavinesi, 1977) when water stress was imposed by 
reducing to ½ of irrigation rate. After 10-day water deficit, the 
soil moisture was recovered as half of the variants were treated 
with Confidor WG (700 g/kg imidacloprid) – 150 g/ha. The 
population density of spider mite (Tetranychus atlanticus Mc 
Gregor) was observed in natural background of infestation. 
The mites appeared at stage R1 as their population density was 
averagely 1.0 mobile forms/leaflet. To the end of stage R4 
their number was low (4.0 mobile forms/leaflet), after which to 
the end of stage R5 the mite density increased and reached to 
69 forms/leaflet. From the imposition of water deficit (the end 
of stage R5) to its discontinuance the population density in 
mite-infested variants was respectively 124 mobile 
forms/leaflet in conditions of water deficit and 65 mobile 
forms/leaflet in irrigation. The coefficient of stress intensity 
(D) (Fischer and Maurer, 1978) calculated on the basis of the 
imposed water deficit and the mite attack in the present 
experiment had a mean value (D = 0.55). 
 

Under interaction of the three factors were obtained 8 
variants 
 
+ WD + М + I: water deficit, mites, imidacloprid treatment  
+ WD – М + I: water deficit, without mites, imidacloprid 
treatment 
+ WD + M – I: water deficit, mites, without imidacloprid 
treatment 
+ WD – M – I: water deficit, without mites, without 
imidacloprid treatment 
- WD + М + I: irrigation regime, mites, imidacloprid treatment 
- WD – М + I: irrigation regime, without mites, imidacloprid 
treatment 
- WD + M – I: irrigation regime, mites, without imidacloprid 
treatment 
- WD – M – I: irrigation regime, without mites, without 
imidacloprid treatment 
 
Vegetative performances (plant height, leaf biomass, 
aboveground biomass, root length, nodulation, root biomass) 
were recorded at the end of stage R6. The chemical 
composition of different plant parts (root, stem, leaves, pods) 
of soybean was determined as follows: crude protein (CP) – 
by Keldahl method, crude fiber (CF) by Weende method, 
phoshorus (P) – colorimetrically, by the hydroquinone method 
and calcium (Са) – complexometrically (Sandev, 1979). In 
addition, the plant cell wall components content of the soybean 
leaves was determined as Neutral detergent fiber (NDF), and 
Acid detergent fiber (ADF) in percent of dry matter by 
systematic detergent analysis of Goering and Van Soest 
(1970). Cellulose as cell wall component, contained in fiber 
fraction was presented empirically: Cellulose=ADF - ADL. 
Enzymatic in vitro digestibility of dry matter (IVDMD, %) 
was performed by two stage pepsin-cellulase method of 
Aufrere (Todorov et al., 2010). The protein feeding value was 
estimated by French system (INRA, 1988) through following 
parameters: TDP/PBD – Total Digestible Protein/Protein Brute 
Digestible and a really digestible protein in ruminant small 
intestine – PDIN (Protein digestible in intestine depending on 
nitrogen) PDIN=PDIA+PDIMN and PDIE (Protein digestible 
in intestine depending on energy) PDIE=PDIA+PDIMN in g 
kg-1 dry matter. The statistical processing of experimental data 
was conducted using the Statgraphics Plus software program 
and ANOVA for statistical analysis. 
 

RESULTS 
 
The conditions of stress were associated with changes in the 
parameters of aboveground and root mass of soybeans as the 
impact of water deficit and spider mites was expressed in 
different extent. Plant height ranged from 60.94 cm (+ WD + 
M - I) to 83.44 cm (- WD - M + I) as the growth of soybeans 
in terms only of water deficit was suppressed significantly by 
10.1% (variants + WD - M - I, - WD - M - I) (Table 1). The 
negative effect of mites feeding on studied parameter was 3.3 
times stronger under water deficit than in irrigation (a decrease 
respectively by 16.2 and 4.9%). Albeit to a lesser extent (8%) 
imidacloprid significantly weakened the adverse effects of the 
complex action of mites and water deficit on the height. 
Besides growth inhibition, the stress led to considerable loss of 
leaf biomass. The impact of water deficit and mites resulted in 
reduction of the amount (number of leaves plant-1, an average 
of 21.9 and 29.1%) and weight (9.8 and 20.0%) of leaf mass. 
The effect of both factors had a significant effect under 
stronger influence of the second factor.  
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Fig.1a Variability coefficients in 
parameters of aboveground biomass 

Fig.1b Variability coefficients in parameters 
of root biomass 

 
Table 1. Parameters of soybean aboveground biomass under conditions of water stress and mite infestation (2011-2012) 

 

Variants Plant height cm 
Leaf biomass 

Aboveground biomass g plant-1 
leaf numbers plant-1 leaf weight plant-1 g 

+ WD + М + I 65.81 b 9.25 a 1.844 a 13.284 b 
+ WD - М + I 77.40 d 18.06 df 3.848 df 18.963 d 
+ WD + M - I 60.94 a 10.19 ab 2.269 b 12.018 a 
+ WD - M - I 72.75 c 14.94 cd 3.773 df 17.259 c 
- WD + М + I 76.56 d 13.75 c 3.679 cd 17.497 c 
- WD - М + I 83.44 f 20.50 f 4.849 g 23.310 f 
- WD + M - I 76.94 d 13.56 bc 3.346 c 16.338 c 
- WD - M - I 80.88 f 19.13 f 4.182 f 20.673 e 
LSD0.05%  3.41  3.42  0.42  1.192 

       *Values within a column followed by the same letters are not significantly different  
 

Table 2. Parameters of soybean root biomass under conditions of water stress and mite infestation (2011-2012) 
 

Variants Root length cm Root biomass g plant-1 Nodulation number of nodules plant-1 Root/above ground biomass ratio 
+ WD + М + I 36.56 d 2.373 c 14.97 a 0.18  
+ WD - М + I 34.71 c 2.035 b 26.01 b 0.11  
+ WD + M - I 36.44 d 2.968 d 15.81 a 0.23  
+ WD - M - I 34.81 c 2.344 c 26.88 bc 0.12  
- WD + М + I 34.50 c 1.787 ab 31.94 d 0.10  
- WD - М + I 31.13 b 1.752 ab 30.19 cd 0.07  
- WD + M - I 28.00 b 1.585 a 29.81 cd 0.09  
- WD - M - I 26.88 a 1.519 a 30.88 d 0.07  
LSD0.05%  1.20  0.290  3.36   

 

Table 3. Analysis of variance for aboveground and root biomass of soybean 
 

Souгce 
of variation 

Degrees 
of freedom 

Sum  
of squares 

Iпfluеnсе  
of factor % 

Меаn square 
Sum of 
squares 

Iпfluеnсе  
of factor % 

Меаn 
square 

aboveground mass root mass 
Тоtаl 23 243.08 100.0 - 3.77 100 - 
Vагiаnts 7 236.80 97.4 33.83* 3.38 89.6 0.47* 
Factor А Water deficit 1 89.60 36.9 89.60* 2.37 62.7 2.37* 
Factor В - Мites 1 140.48 57.8 140.48* 0.28 7.5 0.28 
Factor С-Imidacloprid 1 4.26 1.8 4.26* 0.06 1.5 0.06 
А × В 1 0.87 0.4 0.87 0.19 4.9 0.19 
А × С 1 0.82 0.3 0.82 0.45 11.9 0.45* 
В × С 1 0.13 0.1 0.13 0.03 0.7 0.03 
А × В × С 1 0.64 0.3 0.64 0.02 0.4 0.02 
Рооlеd еггог 16 6.28 2.6 0.79 0.39 10.4 0.05 

*p≤0.5 
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The tendency of the higher negative effect of mites on the leaf 
biomass in plants under water deficit compared to those grown 
in the conditions of irrigation was retained as in previous 
parameter: the established reduction in leaf weight under water 
deficit (+WD +M -I, +WD -M -I) was double compared to the 
weight in irrigation (-WD +M -I, -WD –M -I).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The reduction in leaf biomass and height of soybeans under 
stress conditions led to a reduction in the weight of 
aboveground mass. Plants that grew in conditions of mite 
attack formed aboveground mass with an average weight of 
16.338 g plant-1 (-WD +M -I), which was 21.0% lower than 
the formed mass in mite-uninfected plants (-WD -M -I).  

 
 

Figure 2. Biochemical composition of soybean in conditions of water deficit and mite attack (2011-2012), mg 100 g dry matter-1 
 

Table 4. Chemical composition (g kg-1 DM), in vitro enzyme digestibility (%) and protein  
feeding value (g kg-1 DM) of soybean leaves 

 
Variants NDF ADF C IVDMD IVOMD PBD PDIN PDIE 
+ WD + М + I 303.8 301.0 237.3 63.47 72.73 122.74 102.61 97.92 
+ WD - М + I 244.6 207.0 153.4 63.02 65.03 121.37 101.98 96.82 
+ WD + M - I 298.7 240.3 157.1 68.79 69.89 104.79 91.56 90.68 
+ WD - M - I 274.0 221.1 160.7 69.15 71.58 121.08 101.98 98.35 
- WD + М + I 278.7 276.8 227.3 63.42 71.06 136.64 111.65 98.54 
- WD - М + I 243.5 216.3 150.3 66.69 68.18 125.38 104.50 100.31 
- WD + M - I 255.1 233.1 193.6 69.42 67.22 129.57 107.38 96.50 
- WD - M - I 232.2 227.6 150.9 72.67 76.20 135.25 111.78 100.10 
Min 232.2 207.0 150.3 63.02 65.03 104.79 91.56 90.68 
Max 303.8 301.0 237.3 72.67 76.20 136.64 111.78 100.10 
Mean 26.63 24.04 17.88 67.08 70.24 124.60 104.18 97.40 
SD 2.66 3.22 3.59 3.52 3.48 10.02 6.49 3.04 
CV 10.0 13.4 20.1 5.3 5.0 8.0 6.2 3.1 
Legend: NDF – Neutral-detergent fiber, ADF – Acid-detergent fiber, C – Cellulose, IVDMD – In vitro dry matter digestibility, 
IVOMD – In vitro organic matter digestibility, TDP/PBD – Total Digestible Protein/Protein Brute Digestible, PDIN – Protein 
digestible in intestine depending on nitrogen, PDIE – Protein digestible in intestine depending on energy 
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The decrease in the dry above ground biomass under the 
influence of mites was largely determined by the irrigation 
regime and ranged from 21.0 (in irrigation) to 30.4% (in water 
deficit). The interaction of the two factors water deficit × mites 
resulted in a drastic reduction of all parameters for the 
aboveground biomass as the most affected was leaf weight (by 
an average of 46.3%). Imidacloprid treatment compensated to 
some extent the negative consequences of the action of the 
relevant factors by increasing significantly the weight of 
aboveground biomass by 10.5% (variants + WD + M + I and + 
WD + M - I). 
 
The effect of abiotic and biotic stress was particularly strong 
pronounced in terms of the development of the root system 
(Table 2). All plants under conditions of water deficit (+ WD + 
M + I, + WD - M + I, + WD + M -I, + WD - M - I) formed 
root system, whose length and weight were 1.3 and 1.5 times 
larger than those of the plants in the irrigation regime (- WD + 
M + I, - WD - M + I, - WD + M - I, - WD - M - I). The 
indicated parameters were elevated to the greatest extent in 
variants + WD + M - I and + WD + M + I. The result of the 
activity of the mites was also an increase of the weight of the 
root mass, which was stronger expressed in the plants under 
water deficit. The root/aboveground biomass ratio calculated 
on the dry matter weight basis was substantially affected by 
the imposed stress. The highest ratio (0.23) was in soybean 
with the combination of two stress factors (+WD +M –I), 
which was more than 3 times higher than the ratio in the 
respective control variant (0.07) (-WD -M -I). Values, derived 
from the single action of stress factors, were considerably 
lower: water deficit (0.12) and mites (0.09). Nodulation, one of 
the most important processes in the soybean, ensuring the 
nitrogen feeding of the crop, was also affected by water stress. 
In the specific conditions of the study, the imposed water 
deficit significantly reduced the number of nodules averagely 
by 13.0%, and the interaction water deficit × mites – by 
48.8%. The single impact of the second factor had a weak and 
insignificant effect on the nodulation. Analysis of variance 
regarding the aboveground and root mass of soybeans showed 
a significant influence of all three studied factors on the weight 
of the aboveground biomass and only of water deficit on the 
root biomass (Table 3). Mites had the strongest influence on 
the aboveground mass, and water deficit - on the root mass. 
The interaction between the factors (A × B, A × C, B × C, A × 
B × C) had a non-significant effect on the analysed parameters 
(with the exception of interaction A × C for the root mass). 
The variation of the parameters of the vegetative mass under 
the effect of the investigated factors (Figure 1) was weak (VC 
= 2.82%) to strong (VC = 35.97%). The greatest plasticity in 
both modes of irrigation showed the number of the leaves and 
the least plasticity - nodulation. The conditions of water deficit 
were related to higher values of the variability coefficient in all 
parameters except for the root length. 
 
The content of the main components of the biochemical 
composition in vegetative and generative organs of soybeans is 
presented in Figure 2. The content of CP in the leaves was 
reduced under the influence of mites and water stress × mites 
(by 8.0 and 18.0%) and remained unchanged in irrigation 
mode. Manifestations of mites, however, were different in the 
conditions of the two levels of irrigation regime: they led to a 
considerably more essential decrease in the protein content of 
the leaves under water deficit (19.3%) than in irrigation 
(7.9%). The protein content in the stems, roots and pods under 
the interaction of two stress factors as a whole was also 

reduced, but to a varying degree, with values respectively 11.0, 
14.6 and 1.0%. The single action of water deficit, however, 
resulted in a slight increase in the protein content of stems and 
pods with 8.1 and 3.3%. In spite of the comparatively small 
difference of 3.3% between variants + WD - M - I and - WD - 
M - I, pods of plants of all variants under water deficit 
conditions were distinguished by 7.0% higher protein content. 
Regarding crude fiber, the results showed a trend of a slight 
increase in the leaves and pods and decrease in pods and roots 
under the influence of WD × mites. Mineral content 
(phosphorus and calcium) of soybean plants was most strongly 
influenced by the imposed stress. The synthesis of calcium and 
phosphorus was the most affected by the complex effect of 
water deficit and mites: in the stems (a decrease by 33.9 and 
40.1%) and roots (21.3 and 35.5%), followed by those in pods 
(20.8 and 20.2 %) and leaves (16.4 and 18.8%). In general, the 
metabolism of phosphorus was more strongly affected by the 
metabolism of calcium. Comparison between the effect of the 
two stress factors led to the conclusion that there was a higher 
negative effect of water deficit than of mites (except for the 
content of phosphorus in pods). Imidacloprid treatment in 
plants subjected to the action of the two stress factors showed 
a tendency of a slight increase in fiber content of various plant 
fractions and a decrease in the content of protein, calcium and 
phosphorus (except for calcium content in the stems and 
phosphorus in pods). 
 
The content of plant cell wall components and in vitro 
digestibility of dry and organic matter are important 
parameters determining the feed quality. The soybean leaves, 
exposed to stress factors water deficit × mites (+ WD + M - I), 
showed a higher content of plant cell walls, measured as NDF 
and ADF - by 28.6 and 5.6% compared to the control variant (- 
WD - M - I) (Table 4). The factor mites favoured the 
accumulation of NDF and ADF to a greater extent than the 
shortage of moisture. The average increase in the content of 
NDF and ADF in all mite-infested plants (+ WD + M + I, + 
WD + M - I, - WD + M + I, - WD + M - I) was 14.3 and 
20.6% compared to mite-uninfested plants, while in plants 
under water deficit (+ WD + M + I, + WD - M + I, + WD + M 
- I, + WD - M - I) - respectively 11.1% and 1.6% compared to 
well-watered plants. Lack of significant difference was 
established regarding the cellulose content between the 
variations under water deficit and irrigation, but very well 
marked difference (from 32.5%) was presented between mite-
infested and mite -uninfested leaves. Changes in the chemical 
composition of the leaves under the influence of the studied 
factors led to changes in the digestibility of dry and organic 
matter. The variation in both parameters was from 63.02 to 
72.67 and from 65.03 to 76.20%, respectively. As with the 
previous parameters, the negative effects of mite feeding 
reduced the digestibility of dry matter to a greater extent 
(11.8%) compared to the water deficit (6.1%). The protein 
feeding value also marked downward trend with an average 
value in stress conditions of 22.5, 18.1 and 9.4% for PBD, 
PDIN and PDIE. Fiber components of the cell walls and the 
digestibility of the organic matter of the soybean leaves 
(variants + WD + M - I; + WD + M + I) showed minor 
changes after imidacloprid treatment. 
 

DISCUSSION 
 
Water participates in nearly all physiological and biochemical 
processes in plants, comprising approximately 90% of their 
mass (Farias et al., 2007).  
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It is responsible for the thermal regulation of the plant, acting 
both to maintain the cooling and heat distribution and to 
promote mechanical support of the plant (Taiz and Zeiger, 
2009). It also functions as a solvent, through which gases, 
minerals and other solutes enter cells and move within plants 
(Nepomuceno et al., 1994). Losses in water content in 
magnitude 10-15% have been found to cause large changes in 
plant growth and metabolism (Mullet and Whitstitt, 1996). 
Adaptation to water deficit conditions involves different 
morphological characteristics, the relative importance of which 
may vary with plant species and growth stage. Stem height, 
number and weight of leaves are considered to be the 
parameters most sensitive to moderate drought conditions 
(Deblonde and Ledent, 2001). Reduction in plant height 
associated with water stress is discussed by many authors 
(Desclaux et al., 2000; Emam et al., 2010; Akinci and Lösel, 
2012). It is due to decrease in relative turgidity and 
dehydration of protoplasm, which is associated with a loss of 
turgor and reduced expansion of cell and cell division (Arnon, 
1972). Water loss during drought conditions can be reduced by 
abscission of leaves (Frank and Berdahl, 2001; Xu et al., 
2006). According to Santos and Carlesso (1998), the most 
prominent response of plants to water deficits in terms of 
morphological processes is an acceleration of the senescence 
and abscission of leaves. Pinheiro et al. (2001) determined the 
leaf senescence as a typical stress avoidance mechanism. As a 
consequence of water deficit in Lupinus albus authors 
observed a massive loss of leaf biomass (up to 50%) 13 days 
after the imposition of water deficit. De Souza et al. (1997, 
2013) and Brevedan and Egli (2003) reported about 
accelerated leaf senescence of soybean under water deficit 
conditions and Bethlenfalvay et al. (1987) observed a 
significant decrease in the leaf fresh weight (45%) and leaf dry 
weight (55%) in water-stressed plants compared to non-
stressed plants. 
 
Plants produce their maximum biomass under adequate water 
supply, whereas moisture stress causes a marked decrease in 
plant biomass production (Clarke et al., 1991). The decrease is 
due to disturbed nutrient uptake efficiency (Saleem, 2003) as 
well as to limitation of basic physiological processes of plants 
(Hnilička et al., 2005). Cornic and Briantais (1991) indicate 
that the photosynthetic apparatus is stable under conditions of 
developing water stress but the rate of the growth of leaf area 
and the rate of CO2 uptake is strongly declined (Cornic et al., 
1992). The 10-day water deficit in soybean, variety Richi, led 
to a 16.5% reduction in weight of aboveground biomass. Many 
researchers examine changes in the accumulation of 
aboveground biomass in different species due to water deficit 
by indicating the respective values of decrease: 26.2% in 
wheat (Hnilička et al., 2005), 44.3% in spring pea (Radeva and 
Ilieva, 1998), 39.1% in Vigna radiata (Ayub, 2000).Specific 
responses of the plant to water deficit is determined by the 
biological characteristics of plant species (Hnilička et al., 
2005), the intensity and duration of water stress, and the 
development stage of the crop (Bray, 1997). In a comparative 
study among 13 legume crops in regard of their adaptability to 
drought Daryanto (2015) established that soybean is among 
the species with ability to maintain high productivity during 
periods of water stress. Pená and Bullock (1994) reported a 
reduction in the height, vegetative growth and a drastic 
reduction in the number of leaves in Phaseolus vulgaris 4 
weeks after mite infestation. The reduction is a result of the 
process of mite feeding. According to Fadini et al. (2004), the 
injury, caused by the spider mite results from perforation of 

the lower epidermis cells and feeding through sucking the cell 
contents: the chloroplasts of the affected cells disappear and 
the remaining material coagulates, forming a dead white mass 
in one end of the cells, causing a circular injury to the 
surrounding cells, which appears as a chlorotic spot. Typically, 
spider mite feeding damage begins in the lower leaves and 
progresses upwards as plants could defoliate completely 
(Ostlie and Potter, 2009). The results of this experiment 
showed that the reduction in plant height, leaf mass and 
aboveground weight due to mite infestation was more 
prominent when plants were subjected to water stress 
compared to non-stressed ones. These plants were obviously 
more preferred by mites because of which the density and 
damage of mites on them were higher. The studies of Scheirs 
and Bruyn (2005) support this, stating that stress makes plants 
a more suitable food for insect species. The fact that stressed 
plants are more preferred is due to a number of changes in the 
biochemical composition of leaves - increased content of 
sucrose, glucose, fructose, amino acids, protein (Pinheiro et 
al., 2001) which favor the feeding of pests. Gillman et al. 
(1999) also report about a higher degree of damage of spider 
mites on water-stressed plants as compared to non-stressed 
plants. 
 
Irrigation system has a significant impact on the root system 
growth (Filipović and Jevdjović, 2006). There are similarities 
and differences in the findings of previous research on this 
topic that can be attributed to various plant species and 
environmental conditions. Some authors (Taylor and Klepp, 
1974; Akinci and Lösel, 2012) reported that the root length 
stops increasing in water deficit. In the opinion of other 
authors (Hnilika et al., 2005; Karcher et al., 2008), the 
increased water absorption in water stress helps for increasing 
the size of the root system and the depth to which it penetrates. 
According to Karcher et al. (2008) the enhanced water uptake 
through increased root size and depth is one of drought 
tolerance mechanisms, as this allows to fully utilize available 
soil water resources. Our results are consistent with those of 
Vasileva (2004), who also found a significantly higher weight 
of root mass (113.0%) in Medicago sativa after 10-day water 
deficit. Spider mites also influenced the root growth. Cullen 
and Briese (2001) observed a suppressed root growth in mite-
infested plants while according to Vacante (2015) the damaged 
plant tissues and anomalies in physiological processes in mite-
infested plants cause changes in growth which are not always 
towards reduction. A low mite population density and a short 
feeding time may conversely stimulate growth according to 
their effects on the level of growth regulators and the 
compensatory capacity of the plants. In support to this are the 
studies of Kirkova et al. (2005), according to which under the 
influence of certain stress factors some plants modulate their 
activity with a variety of protective responses, including the 
development of the root system to a greater depth in the soil. 
The root/aboveground mass ratio, a character which is related 
to the regulation of the water balance of a plant is changed 
under water deficit (Ohashi et al., 1999). The authors observed 
a decrease in the value of the ratio by 38 and 56% respectively 
at Macroptilium atropurpureum and Desmodium intortum and 
increase by 40% in soybean. Some researchers (Novak et al., 
1988; Luo et al., 1994; Marek, 2000; Hnilika et al., 2005) 
reported narrowing in the ratio between root and aboveground 
mass during abiotic stress. The average value of this ratio in 
soybeans under the effect of the stressors water deficit and 
mites was 0.12 and it was almost two times higher than the 
same value in conditions of irrigation and lack of mites (0.07). 
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Symbiotic nitrogen fixation is negatively influenced by low 
moisture (Purcell et al., 2004; Purcell and Specht, 2004). 
Water stress reduces nitrogen fixation by direct action on the 
nodules, and its effect can also be enhanced by the inability of 
the stressed leaves to supply photosynthates to the nodules 
(Ohashi et al., 1999). Substantial reduction in biomass and 
number of nodules in a water deficit is established by number 
of researchers: Smith et al. (1988) and Sinclair et al. (1988) in 
common bean and soybeans, Sangakkara et al. (1996) in broad 
bean, Ohashi et al. (1999) in siratro (Macroptilium 
atropurpureum) and desmodium (Desmodium intortum). 
 
Water stress has a profound effect on plant metabolism 
(Akinci and Lösel, 2012). Changes of protein synthesis have 
been mentioned in many reports which have stated that water 
stress causes different responses depending on the level of 
stress and plant type (Akinci and Lösel, 2012). Barnett and 
Naylor (1966) found no significant differences in the protein 
metabolism of Cynodon spp. Brevedan and Egli (2003) 
reported for a fast decrease in nitrogen content of soybean 
leaves under water deficit while Pinheiro et al. (2001) 
observed the reverse – an increment in nitrogen and protein 
content in the leaves of Lupinus albus. Spider mite infestation 
represents potential biotic stress to its host plant and adversely 
affects many biochemical processes (Sivritepe et al., 2009). 
Puncturing of cells by mite stylets and injection of saliva 
causes mechanical damage, changes in cell cytology and 
biochemical processes of punctured as well as non-punctured 
adjacent cells (Tomczyk and Kropczynska, 1985). According 
to Sadras and Wilson (1997a), the mites accelerate leaf 
senescence and thus triggered the rapid loss of foliar nitrogen. 
The nitrogen relocation from senescing leaves increases the 
nitrogen concentration of stems and reproductive organs of 
mite-infested plants. The accelerated loss of leaf nitrogen and 
the nitrogen “enrichment” in stems and reproductive organs of 
mite-infested plants can further affect mites and other insects 
(Sadras and Wilson, 1997b). Crude fibres consist almost 
entirely of cellulose and lignin together with some resistant 
hemicellulose. The moisture stress exhibits a slight effect on 
the crude fibre content (Rahman, 1973). The author observed a 
tendency towards an increase in crude fibre content in different 
plant species under water stress, which was also observed in 
present study conditions. Besides, mite-infested leaves were 
also characterized with raised content of crude fibers which 
further worsen the quality (Abd-El Rahman, 1973; Willson 
and Clifford, 2012). 
 
It is rather difficult to identify the effects of water stress on 
mineral uptake and accumulation in plant organs (Akinci and 
Lösel, 2012). Many workers have reported different effects of 
water stress on nutrient concentrations in different plant 
species and genotypes, and most studies have reported that 
mineral uptake can decrease when water stress intensity is 
increased (Viets, 1972; Tanguilig et al., 1987; Kirnak et al., 
2003; Singh and Singh, 2004). It is due to reduced root-
absorbing power or capacity to absorb water and nutrients 
generally accompanied with a decrease in transpiration rates 
and impaired active transport and membrane permeability of 
crop plants (Alam, 1999). Levitt (1980) pointed out that dry 
soil conditions mostly cause a reduction in uptake of nutrients, 
for instance, phosphorus, potassium, magnesium, calcium 
(Foy, 1983; Abdalla and El-Khoshiban, 2007). Our results are 
confirming the results obtained of Dogan and Akinci (2011) 
who have found a decreased content of calcium and potassium 
in moderate and severe stressed leaves of Phaseolus vulgaris 

L. in comparison with control plants. To date, the data on the 
relationship between mite feeding and changes in the plant 
mineral composition are scarce (Tehri et al., 2014). Sivritepe 
et al. (2009) found a fall in calcium, potassium and 
magnesium contents of grapevine leaves in response to 
Tetranychus urticae infestation. Similar results were obtained 
for phosphorus content in cucumber leaves of Cucumis sativus 
L. (Tehri et al., 2014). Farouk and Osman (2011) suggested 
that mite infestation results in increased production of reactive 
oxygen species (ROS) which destroys membrane permeability 
thus leading to decreased content of minerals. This reduction 
may also be due to less drain of phloem sap by mite 
population. 
 
By altering the chemical composition of tissues, water deficits 
also modify various aspects of plant quality (Akinci and Lösel, 
2012). It has been proven that forages with the lower NDF 
have the better quality and are more attractive for livestock. In 
accordance with our results, many studies showed that water 
deficit conditions are related with increased NDF and ADF 
(Corbett, 2003; Shahrabian and Soleymani, 2011; Maleki 
Farahani and Chaichi, 2013) and a decreased digestibility of 
dry matter (Pitman et al., 1981; Essafi et al., 2006). Data 
regarding mite influence on feeding value of forages are 
insufficient. Some researchers reported for a decreased 
digestibility (Lindquist et al., 1996) and increased content of 
NDF and ADF in plants (Frate and Godfrey, 2013), but 
according the others (Bynum et al., 2015) the damages in 
different mite-infested levels (high, medium, low) did not 
adversely affect the feeding value. Positive and significant 
effect of the treatment with imidacloprid after the imposed 
stress in soybeans was established in terms of the parameters 
plant height and weight of the aboveground mass. These data 
corresponds to the results of Thielert (2006), who observed 
improved growth and increased aboveground mass in different 
crops (cotton, barley) after treatment with imidacloprid in 
drought conditions. It is assumed that the reason for this is 6-
chloronicotinic acid (6-CAN) - a major metabolite of 
imidacloprid. 6-CAN is a known inducer of systemic plant 
resistance and a possible key for physiological changes that 
protect the plant under stress. Our opinion is that the results of 
one-fold leaf application of imidacloprid at the end of the 10-
day water deficit in soybeans are encouraging. A presumably 
better effect of its implementation will be achieved by 
increasing the number of treatments and their implementation 
at the beginning of the period of drought, which requires 
further researches. According to other authors (Syvertsen and 
Dunlop, 2009) imidacloprid has little effect on plant growth: in 
the absence of pest pressure and water deficit, it increases the 
root growth and the leaf dry weight in citrus seedlings, but this 
has not led to any changes in the total plant growth.  
 
In soybean plants imidacloprid also showed a positive effect 
and increases the root length (by 15.3%) and the leaf weight 
(15.9%), but only in the absence of the stress factors mites and 
water deficit (- WD - M + I). Literature data on changes in 
chemical composition and digestibility after using 
imidacloprid are highly insufficient. Syvertsen and Dunlop 
(2009) reported that products based on imidacloprid had no 
effect on leaf nitrogen concentration. In conclusion, the 
development of aboveground mass, root mass and biochemical 
composition of soybeans were influenced by the water deficit 
and mites, but the sensitivity of these parameters to the action 
and interaction of these stress factors was different. The 
aboveground mass showed a greater sensitivity to mite attack 
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while the root biomass – to water stress. The interaction water 
deficit × mites reduced the plant height, leaf weight, 
aboveground biomass and nodulation (respectively by 24.7, 
45.7, 41.9 and 48.8%) and increased the root length and root 
weight (1.4 and 1.9 times). The crude protein and mineral 
content (phosphorus and calcium) of soybean leaves was 
reduced under water stress × mites. The soybean leaves had 
also a higher content of plant cell walls, measured as NDF and 
ADF, and a lower in vitro digestibility as the negative 
consequences of mite feeding on these parameters were 
stronger pronounced than these of water stress. Positive and 
significant effect of the treatment with imidacloprid after the 
imposed stress in soybeans was established in terms of the 
parameters plant height and aboveground biomass. A 
presumably better effect of its implementation will be 
achieved by increasing the number of treatments and their 
implementation at the beginning of the period of drought, 
which requires further researches. 
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