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Open vertical farms: a plausible system in increasing toma-
to yield and encouraging natural suppression of whiteflies

Abstract: This study evaluated the effectiveness of open 
vertical farming in increasing tomato yield and also recruit-
ing the presence of ecological service providers in the control 
of whiteflies. The experiment compared the horizontal farm-
ing approach to novel outdoor vertical farm design. Using 
both raised and flatbeds to represent horizontal farm, tomato 
plants were grown in a spacing of 3.6 and 2.4 m2 respectively 
while the vertical farm covered a land space of 1.8 m2 hav-
ing three arrays with array 1 at ground level, array 2 and 3 
were elevated at 110 and 220 cm high respectively. Data col-
lected included the numbers of Bemisia tabaci (Gennadius, 
1889) and predatory spiders and; tomato fruit yield (g). Re-
sults indicated that the mean number of predatory spiders in 
the vertical farm from 6 – 10 weeks after transplanting were 
able to supress B. tabaci populations when compared to the 
horizontal farm. The total fruit yield harvested indicated that 
the vertical farm produced more tomato fruit yield compared 
to the horizontal farm. It is plausible that the practice of out-
door vertical farming may be a step approach solution to land 
shortages and also a sustainable system for integrated pest 
management.

Key words: Vertical farm; Bemisia tabaci; predator-prey 
interaction; biological control; tomato; insect pest

Navpični način gojenja: racionalen sistem za povečanje pri-
delka paradižnika in vzpodbuda za sonaravno zatiranje to-
bačnega ščitkarja

Izvleček: V raziskavi je bilo ovrednoteno gojenje para-
dižnika v navpičnem sistemu z namenom povečanja pridelka 
in kot način ekološkega uravnavanja tobačnega ščitkarja. V 
poskusu sta bila primerjana dva načina gojenja in sicer obi-
čajen vodoraven in navpičen sistem gojenja na prostem. Pri 
vodoravnem načinu gojenja so bile uporabljene visoke in na-
vadne grede, kjer je posamezna rastlina paradižnika pokrivala 
3,6, oziroma 2,4 m2. Pri navpičnem načinu gojenja je posa-
mezna rastlina zavzemala 1,8 m2 v treh višinah in sicer na 
tleh (1), na višini 110 cm (2) in 220 cm (3). Parametri, ki so 
bili merjeni so obsegali število osebkov škodljivca (Bemisia 
tabaci (Gennadius, 1889) in predatorskih pajkov ter pridelek 
paradižnika (g). Rezultati so pokazali, da je številu predator-
skih pajkov v navpičnem sistemu gojenja v 6 do 10 tednih po 
sadnji bolje uspelo zatreti populacijo škodljivca v primerjavi 
z vodoravnim načinom gojenja. Tudi celokupen pridelek pa-
radižnika je bil pri navpičnem načinu gojenja večji kot pri 
vodoravnem. Iz izsledkov lahko zaključimo, da je gojenje pa-
radižnika v navpičnem načinu gojenja na prostem racionalen 
korak pri reševanju pomanjkanja zemljišč kot pri trajnostnem 
uravnavanju škodljivcev.

Ključne besede: navpišni način gojenja; Bemisia ta-
baci; interakcija plenilec-plen; biološki nadzor; paradižnik; 
škodljive žuželke

mailto:juniorsuleiman78@gmail.com
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1 INTRODUCTION

Food insecurity is fast becoming an increasingly 
vital matter worldwide (Al-Kodmany, 2018). It has been 
predicted that the urban population will constantly rise 
in the coming decades. At the same time, land experts 
(i.e., ecologists, agronomists, and geologists) warn of in-
tensifying shortages of farmland (Corvalan et al., 2005; 
Healy and Rosenberg, 2013; Thomaier et al., 2015). With 
a rapidly expanding population and changing climate, 
pressures on food production systems are expected to 
increase in the coming years (FAO, 2018). Traditional 
farming methods cannot produce enough food to feed 
the world’s growing population and may fail in future 
(Despommier, 2013, Touliatos et al., 2016; Muller et al., 
2017). Therefore, there is urgently the need for trans-
formative solutions in food production. Vertical farm-
ing has been proposed as a way out in addressing the 
problem of farmland shortages because of its promises 
in maximizing small spaces to grow more crops and 
its sustainability to the environment (Corvalan et al., 
2005; Despommier, 2014; Healy and Rosenberg, 2013; 
Thomaier et al., 2015) although, the effects it has on dif-
ferent insect pest complex is still not fully studied. 

Herein, we examined how outdoor vertical farm-
ing might be used to increase yields and also in the sus-
tainable management of insect pests by investigating 
the fruit crop tomato which easily adapts to this tech-
nique. Tomato, having lots of culinary and nutritional 
benefits is attacked by different pests a major of which 
are the whiteflies (Varela et al., 2003; Waiganjo et al., 

2006). Whiteflies are highly polyphagous and are also 
known vectors of the tomato yellow leaf curl viruses 
(TYLCV) (Scholthof et al., 2011). The whitefly Bemi-
sia tabaci (Hemiptera: Aleyrodidae) larvae produces 
honeydew on which sooty moulds grows, reducing 
the photosynthetic capabilities of the plant and result-
ing in defoliation and stunting (European and Medi-
terranean Plant Protection Organization, 2004). The 
primary method used to control the insect pest is by 
the application of insecticides which unfortunately be-
ing practiced mainly in traditional horizontal farming 
has led to the development of resistance to numerous 
types of insecticides, reduction of beneficial arthropods 
and causing negative impacts on human health and the 
environment at large (Denholm et al., 1998; Matthews, 
2008). 

Natural enemies are helpful in curtailing the de-
structiveness of the insect pest with previous reports 
on predators such as wasps, lacewings, mites and also 
spiders effective in bringing whitefly population down 
(Gerling, 2001). Although, with limited information on 
its application and implication in vertical farming ap-
proach (Roberts et al., 2020). It is also not clear if the 
technique of vertically growing crops outdoors could 
be useful in checking the population of B. tabaci by 
natural intervention of predators as observed in other 
farming practices. Therefore, the current study is an at-
tempt to answer the following questions: Can outdoor 
vertical farms increase the yields of crops?, and, would 
it be sustainable enough to support natural suppression 
of key insect pests?

Fig. 1: Schematic diagram of the open-air vertical structure used for this experiment 
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2 MATERIALS AND METHODS

2.1 STUDY SITE

The study was conducted at the Department of 
Agronomy, Faculty of Agriculture, University of Ilorin 
(latitude 8o29’9N and longitude 4o35’38E), Kwara State. 
This area is located in the Southern Guinea Savannah 
Ecological Zone of Nigeria. The area was characterized 
by a bimodal rainfall with peaks in June and Septem-
ber and an annual rainfall between 1000-1240 mm. The 
study was carried out from December 2016 to March 
2017. 

2.2 ARRANGEMENTS FOR THE HORIZONTAL 
AND VERTICAL FARMS

The flatbeds were made in a size of 150 cm × 160 
cm (2.4 m2) each with an inter-bed spacing of one me-
tre (1 m). The plot spacing for each raised bed was 240 
× 150 cm (3.6 m2) with an inter-bed spacing of one me-
tre (1 m). The vertical farm was built using open-air 
vertical structures (Fig. 1) 3.2 m high using 8 cm wide 
and 5 cm thick wood (Garg and Balodi, 2014). It was 
built in a spacing of 120 × 150 cm (1.8 m2) with an inter 
vertical farm spacing of 1 m apart. 

2.3 TREATMENTS AND EXPERIMENTAL DE-
SIGN

The experiment was laid out in a randomized com-
plete block design with four replicates. The horizontal 
farm was made into two types of beds; raised beds and 
flatbeds, these served as the treatments in the horizon-
tal farm. While the vertical farm was made having three 
arrays; with Array 1 at ground level (GL), Array 2 at 110 
cm high and Array 3 at 220 cm high and these served as 
treatments in the vertical farm.

2.4 LAND PREPARATION AND PLANTING ON 
THE HORIZONTAL AND VERTICAL FARMS

The raised and flatbeds in the horizontal farm were 
prepared on farmland previously cultivated for tomato 
having sandy loam soil that was well drained. The to-
mato variety used for this study was UC82B packaged 
and supplied by the trademark company Technisem. 
Tomato seedlings were grown in the nursery in a screen 
house and were transplanted 4 weeks after sowing on 
the horizontal farm at a spacing of 50 × 80 cm on both 

beds according to the manufacturer’s spacing instruc-
tion, with each bed containing a total of twelve tomato 
seedlings and 36 seedlings for the three replicates per 
bed type. In the vertical farm, tomato seedlings were 
transplanted from the nursery into 7 litre buckets with 
a diameter of 25 cm and a height of 23 cm filled with 
sandy loam soil with also history of tomato cultivation. 
Each vertical array contained twelve (12) buckets with a 
total of thirty-six (36) buckets per vertical farm and 108 
buckets for the three replicates. Tomato seedlings that 
were introduced to the third array of a growing height 
of 220 cm high were gradually introduced to this height 
from ground level to 110 cm high and finally to 220 cm 
high within four days interval. 

At 2 weeks after transplanting (WAT), tomato seed-
lings were lightly pruned by cutting off a few branches 
to encourage its growth and acclimation in both the 
vertical and horizontal farm. N.P.K (15-15-15) fertilizer 
was applied at the rate of 120 kg ha-1 3WAT to boost 
the growth of the crops in both farms. The fertilizer was 
applied by ring placement into drills 5 cm deep and 7 
cm away from the plant and covered with soil (Olaniyi 
et al., 2010). Watering of tomato was done daily in both 
the vertical and the horizontal farm at 8:00 am using a 
watering can. 

2.5 COLLECTION AND IDENTIFICATION OF 
ASSOCIATED ARTHROPODS

Adult whiteflies were collected using aspirator and 
yellow sticky traps while a x10 magnifying lens was 
used for the observation of the presence of puparia or 
pupal cases underneath tomato leaves before taking leaf 
samples for viewing under a stereo microscope. All col-
lected whitefly samples were identified to the species 
level on the basis of morphological characters of adults, 
puparium and/or pupal case (Simala et al., 2009). 

The observed spiders in this experiment were not 
identified to species, genus, nor family level due to the 
lack of taxonomist specialized in arachnology in the 
country hence difficulties were experienced in speciat-
ing spiders. 

2.5.1 Data collection

Nine (9) tomato plants were selected at random 
from each replicate from both the horizontal and ver-
tical farm and data was collected for the number of 
adult whiteflies, predatory spiders and total fruit yield 
(g). The numbers of whiteflies were estimated by divid-
ing the crop canopy into three layers: upper (> 40 cm), 
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intermediate (20-40 cm) and lower (0-20 cm) and se-
lecting five leaves from each layer per plant which were 
gently turned over to the abaxial side to count the total 
number of adult whiteflies (Sequeira and Naranjo, 2008; 
López et al. 2010). This was performed from 7:30-9:30 
am. Numbers of spiders were estimated by counting the 
total number of spiders seen per crop. This was carried 
out from 7-9:30 pm when spiders were observed to be 
very active and could be easily spotted with a flashlight. 
The number of B. tabaci on the tomato plants in both 
the vertical and horizontal farm were determined to 
have reached action threshold when above 5 of the in-
sect were counted per leaf according to Ellsworth and 
Martinez-Carrillo (2001). Tomato fruits harvested from 
both farms at the end of the experiment were measured 
on a weighing scale calibrated in grams. 

2.5.2 Data Analysis

Data was presented in mean and standard error 
of mean (SEM) and significant differences between 
means were separated according to Kruskal-Wallis one-
way analysis of variance by allocating ranks to means. 
Spearman correlation analysis was done to determine 
the association between population of spiders, B. tabaci 
and fruit yield using SPSS 20th Edition.

3 RESULTS

3.1 Bemisia tabaci ON BOTH HORIZONTAL AND 
VERTICAL FARMS

Table 1 shows that the infestation of B. tabaci 
started at 1 week after transplanting (WAT) in both the 
horizontal and vertical farms with the flatbed having a 
significantly (H (4) = 11.500, p = 0.021) higher mean 
number of 12.81. There were no significant differences 

between the mean rank of B. tabaci in both the horizon-
tal and vertical farms from 2 to 4 WAT. The horizontal 
farm, on the other hand, reached its peak population of 
B. tabaci at 5 WAT in the flat bed with a mean number 
of 14.69 (H (4) = 11.360, p = 0.023) and 9 WAT in the 
raised bed with a mean population of 13.35 (H (4) = 
13.745, p = 0.008) significantly higher than the vertical 
farm (Table 1). Throughout the experiment, the hori-
zontal farm experienced the most numbers of B. tabaci 
adults affecting tomato plants when compared to the 
vertical farm as seen in Table 1.

3.2 SUPPRESSION OF Bemisia tabaci BY SPIDERS 

Table 2 shows that there were no significant differ-
ences between the mean rank numbers of the predatory 
spiders observed at 3 (H (4) = 6.222, p = 0.183) and 4 
(H (4) = 8.038, p = 0.090) WAT in both the vertical and 
horizontal farms. Even though a significant population 
of predatory spiders was observed at 5 WAT (H (4) = 
10.678, p = 0.030) in the vertical farm, it was not able 
to bring the population of B. tabaci below the action 
threshold (Tables 1 and 2). 

Tables 1 and 2 also revealed that biological sup-
pression by natural intervention of spiders (Fig. 2) was 
initially achieved only in the vertical farm at 6 WAT 
and started with the mean spider number of 13.00 in 
Array 3 significantly (H (4) = 12.616, p = 0.013) able 
to bring down the population of B. tabaci to the mean 
number of 0.00 (Table 1). This continued further as the 
number of spiders gradually increased in the vertical 
farm from 7 to 10 WAT and reached its peak at 10 WAT 
in array 3 with the mean number of 35.00 which was 
highly significantly (H (4) = 12.994, p = 0.011) effec-
tive in suppressing the population of B. tabaci below 
the action threshold when compared to the horizontal 
farm which was above it throughout the period of the 
experiment (Table 1 and 2), this was as a result of the 

Farm Type

Population of B. tabaci in horizontal and vertical farms (WAT)

1 2 3 4 5 6 7 8 9 10

Horizontal Raised bed 9.15d 8.61c 7.26b 11.75e 13.22d 9.54d 8.28b 9.51c 13.35c 8.84b

Flat bed 12.81e 9.75d 10.64d 10.51c 14.69e 11.84e 9.12c 7.04b 9.38b 10.80c

Vertical Array 1 8.72c 7.75b 13.79e 6.54a 7.64c 4.99c 0.00a 0.00a 0.00a 0.00a

Array 2 6.52b 7.68a 6.96a 8.87d 7.38b 3.73b 0.00a 0.00a 0.00a 0.00a

Array 3 5.30a 11.00e 8.08c 6.33b 5.80a 0.00a 0.00a 0.00a 0.00a 0.00a

SEM 0.82 0.50 1.44 1.35 1.24 1.05 1.28 0.98 0.60 0.61

Table 1: Number of Bemisia tabaci on the vertical and horizontal farm

Superscripts within column indicates mean rank number according to Kruskal-Wallis Test, with a = rank 1, b = rank 2, c = rank 3, d = rank 4 
and e = rank 5; 1 being the lowest to 5 the highest rank, SEM = Standard error of mean
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significantly low numbers of spiders recorded in the 
horizontal farm which were less than that of the verti-
cal farm as shown in Table 2.

3.3 MASS OF TOMATO FRUIT YIELD IN HORI-
ZONTAL AND VERTICAL FARM 

The total tomato fruit yield (g) harvested from 
both the horizontal and vertical farms are shown in 
Table 3. There was no significant (H (4) = 7.767, p = 
0.101) differences between the vertical and the horizon-
tal farm. Further observations on the mean rank of the 
fruit mass indicated that array 3, array 2 and array 1 
of the vertical farm had the highest tomato fruit mean 
mass of 67.10, 61.20 and 55.10 respectively when com-
pared to the horizontal farm (Table 3).

3.4 CORRELATION BETWEEN NUMBER OF B. 
tabaci, NUMBER OF SPIDERS AND FRUIT 
YIELD 

Significantly negative correlation (Rs = -0.999) was 
observed between the number of spiders and the num-
ber of B. tabaci in the vertical farm as shown in Table 4. 
The horizontal farm, on the other hand, the numbers of 
spiders observed did not have a significantly negative 
correlation effectively enough to reduce the population 
of B. tabaci (Rs = -0.318) compared to the vertical farm. 

Table 4 also showed that the fruit yield in both 
the horizontal and vertical farm was affected by the 
population of B. tabaci having a negative correlation of 
-0.28 and -0.813 respectively. However, the correlation 
of the number of spiders in the vertical farm with the 
fruit yield (Rs = 0.806) showed that the presence of the 
spiders positively influenced the fruit yield in the verti-

cal farm compared to the horizontal farm which had a 
negative correlation of -0.256 in its fruit yield as seen 
in Table 4.  

4 DISCUSSION

The current study is a novel approach in indicating 
the usefulness of outdoor vertical farming technique in 
sustainable crop production. Despommier as described 
by Corvalan et al. (2005) and Al-Kodmany (2018) 
hinted that vertical farming system will succeed only if 
they function by imitating natural ecological processes. 
The outdoor vertical farming system could be useful in 
supporting the practice of growing crops organically. 
The design allows for the natural use of sunlight and 
also encourages the natural interactions with ecologi-
cal service providers as observed in this research. The 
experiment indicated that spiders acted as positive ser-
vice providers in terms of natural suppression against 
whiteflies affecting tomato grown using open-air verti-
cal farms. The technique of outdoor vertical farm un-
like the indoor ultra-modernized versions allows for 
the interaction of plants with beneficial arthropods. 
Plants’ evolutionary response to pest damage is to emit 

Farm Type

Population of predatory spiders in horizontal and vertical farms (WAT)

3 4 5 6 7 8 9 10

Horizontal Raised bed 0.00a 0.33a 0.00a 0.67a 1.00b 1.00b 6.30b 0.00a

 Flat bed 0.00a 0.33a 0.33b 0.67b 1.70a 0.30a 4.30a 0.00a

Vertical Array 1 0.00a 0.33a 9.33e 5.00c 15.00c 21.00c 23.70e 16.30b

Array 2 0.67c 1.00b 7.67c 10.33d 20.30d 22.30d 21.70d 20.00c

Array 3 0.33b 3.33c 8.67d 13.00e 34.00e 27.00e 21.00c 35.00d

SEM 0.19 0.73 1.25 1.10 4.02 2.49 3.61 2.31

Table 2: Number of predatory spiders on the vertical and horizontal farm

Superscripts within column indicates mean rank number according to Kruskal-Wallis Test, with a = rank 1, b = rank 2, c = rank 3, d = rank 4 
and e = rank 5; 1 being the lowest to 5 the highest rank, SEM = Standard error of mean

Farm Type Mass of tomato fruit (g)

Horizontal Flat bed 16.90a

Raised bed 30.50a

Vertical Array 1 55.10a

Array 2 61.20a

Array 3 67.10a

SEM 14.03

Table 3: Mass of tomato fruits (g) in both horizontal and 
vertical farms
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a unique chemical signal known as herbivore induce 
plant volatiles- a distress signal to recruit the services of 
predatory arthropods who feed off these pest (Karban 
and Baldwin, 1997; Thaler, 1999; Kessler and Baldwin, 

2001; Lou et al., 2006; Pickett et al., 2006). This study 
positively indicated that the ability of crops to emit this 
substance is not restricted using open vertical farming 
techniques. The vertical farm created a favourable niche 

Figure 2: Showing presence of spiders in the vertical farm. Pictures a, b: green spiders observed using camouflage to hunt for 
preys; pictures c, d: two different species of spider on their web to capture prey

Horizontal farm Vertical Farm 

BTH SPH BTV SPV

Horizontal farm BTH     -     -    -    -

SPH -0.318     - -0.788    -

FYH -0.28 -0.256  0.693 -0.699

Vertical farm BTV  0.363     -    -    -

SPV -0.333  0.802 -0.999**    -

FYV -0.083  0.303 -0.813  0.806

Table 4: Correlation between no. of B. tabaci, no. of spiders and fruit yield in the vertical and horizontal farm

*Correlation is significant at the 0.05 level (2 tailed), ** Correlation is significant at the 0.01 level (2-tailed)
BTH=B. tabaci horizontal farm, BTV= B. tabaci vertical farm, SPH= Spiders horizontal farm, SPV= Spiders vertical farm, FYH= Fruit yield 
horizontal farm, FYV= Fruit yield vertical farm, - = no correlation
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for the increase in the population of spiders by having 
adequate platforms where spiders could set up webs 
and could easily move around to reach and capture 
their prey within the varying heights (Jayakumar and 
Sankari 2010). Spiders, being a carnivorous arthropod, 
typically preying on insects, positively provided an im-
portant service in keeping the population of B. tabaci 
below the action threshold by natural intervention in 
the vertical farm in all three arrays (Marshall, 2006; Oy-
eniyi and Oyeseyi, 2014).

Sahu et al. (1996) and Jayakumar and Sankari 
(2010) studied the predatory efficiency of spiders in the 
suppression of pests in some field crops. In their study, 
there was no comparison to different growing heights 
to the predatory potential of spiders as shown in this 
research that growing heights using vertical farm could 
also be resourceful in influencing the increase of spi-
ders to control pests. Correlation analysis also revealed 
that the rise in the population of spiders has a strong 
effect in suppressing the population of B. tabaci in the 
vertical farm when compared to the horizontal farm. 
The increased population of spiders in the vertical 
farm limited the population of whiteflies (Jayakumar 
and Sankari, 2010). The practice of vertical farming is 
considered to promote sustainable agricultural prac-
tices more than that adopted by conventional farming 
method (horizontal farm), which refers to large scale, 
outdoor agriculture that embraces techniques that en-
gage heavy irrigation, intensive tillage and excessive use 
of fertilizers, and pesticides (Despommier, 2007; Healy 
and Rosenberg, 2013).

The fruit yield data collected from both the ver-
tical and horizontal farm indicated that even though 
the horizontal farm produced fruit yield that was not 
significantly different from the different arrays of the 
vertical farm, the same was not enough yield in com-
parison to the vertical farm that gave better fruit yield. 
The increased fruit yield harvested from the vertical 
farm may be due to the ability of the farm to grow crops 
in arrays in limited space by stacking crops above each 
other which is an advantage over the horizontal farm-
ing method that makes use of huge expanse of land 
(Garg and Balodi, 2014; Hossain et al., 2015). With a lit-
tle utilized space of about 1.8 square metre in the verti-
cal farm, more fruit yield was gotten when compared to 
the horizontal farm space of 3.6 square metre and this 
is indicative of the facts that this technique could be 
used to increase food yield where land is fast becoming 
a limited resource. Also, the different heights of the ver-
tical arrays in an outdoor situation would ensure that 
elevated plants have greater and better access to ambi-
ent amount of sunlight which will positively affect the 

performance of the crop to produce more fruit (Garg 
and Balodi, 2014).

By vertically growing crops, it would not only 
mitigate the need for more land, it would also produce 
available growing space in the air where crops could 
be grown in arrays to get more yield as shown in this 
study (Sarkar and Majumder, 2015; Hossain et al., 2015; 
Despommier, 2009; Garg and Balodi, 2014). This meth-
od also ensured the maximum use of land for tomato 
production without wastage and could address the loss 
of cultivable land by utilizing the spaces around house-
holds by suspending crops vertically and may eliminate 
the need to create additional farmland and also help 
create a cleaner environment with the use of less crop 
protection products such as pesticides that contami-
nates the environment and by encouraging the activi-
ties of natural enemies like spiders against the activities 
of insect pests (Despommier, 2009; Hossain et al., 2015). 

We would like to put some caution on the inter-
pretation of our result. While we did not identify the 
species of spiders and also report direct consumption 
of whiteflies by them through molecular analysis of 
their gut contents, the increased presence of spiders in 
the vertical farm may have had a threatening effect on 
the whiteflies and as such reduced their numbers sig-
nificantly. Similarly, Southon et al. (2019) in an experi-
ment they conducted by studying biological control of 
predatory wasps against the insect pest fall armyworm, 
observed that the presence of wasps negatively affected 
the feeding habit of fall armyworm, reduced their body 
mass and also kept them in hiding. It is plausible to in-
fer here that whiteflies may have noticed the increasing 
population of spiders in the vertical farm and as such 
felt threatened and would rather derived nutrition else-
where far from the presence of predators. 

5 CONCLUSION

This study observed the use of open vertical farm-
ing in increasing the presence of predatory arthropods 
such as spiders in the natural suppression of B. taba-
ci, a major pest of tomato and also to increase yield. 
Since vertical farming is fast becoming an acceptable 
trend worldwide due to the overwhelming population 
increase, the technique could be practiced to produce 
crops in tight spaces to boost yield to feed the grow-
ing populace. Horizontal farming, on the other hand, 
is just not sufficient enough to meet the needs of this 
ever-increasing population due to the rapid rate of ur-
banization. Outdoor vertical farming in comparison 
to the traditional horizontal technique indicated that 
natural suppression by ecological service providers 
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could be plausible on crops grown using the technique. 
Although this is just a pilot trial, further investigations 
are necessary to ascertain the level of effectiveness open 
vertical farms will pose in the future to ensure continu-
ous sustainable production of food as an alternative to 
the dwindling agricultural land resources. The practice 
could be encouraged to minimizing the dependency on 
chemical pesticides which have been studied to have 
deleterious effects. Also, the presence of predatory ar-
thropods could be further influenced for future inte-
grated pest management in open vertical farms. There 
is, therefore, the need to begin considering this tech-
nique as an urban approach to the lack of cultivable 
lands for food production. 
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Comprehensive seed priming assessment of Hibiscus sab-
dariffa L. in germination and seedling growth stage under 
salt stress

Abstract: This study was performed to appraise the ef-
fects of several seed pretreatment solutions and priming time 
on seed germination indices and growth characteristics of Hi-
biscus sabdariffa L. in various salt stress levels. Seed priming 
was accomplished by KCl (1 and 2 %), Na2SO3 (0.5 and 1 %), 
KNO3 (0.5 and 1 %), and Ca2CO3 (1 and 2 %) as halopriming 
and distilled water as hydropriming at 12 and 24 h priming 
durations and control (non-primed), then primed seeds ex-
posed to four levels (0, 50, 100, 200 mM) of NaCl solutions. 
The highest germination percentage was observed in 12 
and 24 h hydropriming (63.3 and 53.3 %) and non-primed 
(56.6 %) under normal condition, respectively. Besides, there 
was no germinated seed at 24 h priming by 0.5 and 1 percent-
age of KNO3. Under saline condition, 24 h 2 % Ca2CO3 had 
the highest germination percentage (43.3 %) in 50 mM, while 
12 h treatment with 0.5 % Na2SO3 (33.3 %) had high germina-
tion percentage in 100 mM levels of saline conditions. Also, 
the highest germination rate index was observed in 0.5 % 
Na2SO3 with 12 h treatment time (4.05 and 3.95 respectively) 
in 50 and 100 mM levels of saline conditions. Overall, salt 
stress considerably reduced germination and growth traits of 
Hibiscus sabdariffa L. seedlings. Considering the effect of vari-
ous seeds priming of Hibiscus sabdariffa L. on germination 
indices like germination percentage and mean germination 
time, the importance of priming duration and type of prim-
ing solutions could be concluded.

Key words: abiotic stress; medicinal plant; roselle; seed 
treatment

Ocena predobravnavanja semen vrste osleza Hibiscus sab-
dariffa L. v razvojnih stopnjah kalitve in kalice v razmerah 
solnega stresa

Izvleček: V raziskavi so bili ocenjeni učinki predobrav-
navanja semen z različnimi raztopinami in časi obravnavanja 
na kalitveni indeks in rastne lastnosti vrste Hibiscus sabdarif-
fa L. v razmerah različnega solnega stresa. Predobravnavanje 
semen je bilo izvedeno z raztopinami KCl (1 in 2 %), Na2SO3 
(0,5 in 1 %), KNO3 (0,5 in 1 %), in Ca2CO3 (1 in 2 %) kot 
obravnavanje s solmi in z destilirano vodo kot vodno obrav-
navanje za 12 in 24 h ter kontrolo (brez predobravnavanja). 
Po tem so bila ta semena izpostavljena raztopinam štirih 
koncentracij natrijevega klorida (0, 50, 100, 200 mM NaCl). 
Največji odstotek kalitve je bil ugotovljen pri semenih, ki so 
bila predobravnavana z vodo za 12 in 24 ur (63,3 in 53,3 %) 
in pri netretiranih semenih (56,6 %) v normalnih razmerah. 
Pri predobravanavanju semen za 24 ur z 0,5 in 1 % raztopino 
KNO3 ni vzklilo nobeno seme. V razmerah slanosti je imelo 
24 urno obravnavanje z 2 % raztopino Ca2CO3 največji odsto-
tek kalitve (43,3 %) pri 50 mM med tem, ko je imelo12 urno 
obravnavanje z 0,5 % raztopino Na2SO3 (33,3 %) še vedno 
velik odstotek kalitve v razmerah 100 mM slanosti. Največja 
vrednost indeksa kalitve je bila ugotovljena pri obravnavanju 
z 0,5 % raztopino Na2SO3, z 12 urnim časom obravnavanja 
(4,05 in 3,95) v razmerah 50 in 100 mM slanosti. Nasplošno 
je solni stres znatno zmanjšal kalitev in rastne parameter se-
jank osleza Hibiscus sabdariffa L.. Upoštevaje učinke različnih 
predobravnavanj semen osleza Hibiscus sabdariffa L. na kali-
tvena indeksa kot sta odstotek kalitve in poprečni čas kalitve 
je potrebno pri tem posebej upoštevati pomen časa obravna-
vanja in vrsto raztopine za obravnavanje.

Ključne besede: abiotski stres; zdravilna rastlina; Hibi-
scus sabdariffa L.; obravnava semen

mailto:ahmadizadeh.mostafa@gmail.com
mailto:asgariashkan6@gmail.com
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1 INTRODUCTION

Roselle (Hibiscus sabdariffa L.) is a member of the 
Malvaceae family (Shruthi et al., 2018), which origi-
nally belonged to Malaysia and India (Mahadevan et 
al., 2009), and cultivated in tropical and subtropical 
climates (Da-Costa-Rocha et al., 2014). It is perennial 
or annual sub-shrub or woody-based herb, and widely 
grown in subtropical and tropical zones (Ibrahim et 
al., 2013). These plant species have played a key role in 
people’s living because they provide humanity’s needs 
that are food, clothes, shelter, and medicines (Riaz & 
Chopra, 2018)polysaccharides and organic acids thus 
having enormous prospective in modern therapeutic 
uses. The study aimed to review and document all the 
available evidence and information about the calyces of 
Hibiscus sabdariffa (roselle. Roselle is used in tradition-
al medicine, due to overfill in phytochemicals like poly-
phenols, particularly anthocyanins, polysaccharides, 
and organic acids; hence, it has significant potential in 
modern medicinal applications (Riaz & Chopra, 2018; 
Sukkhaeng et al., 2018). It is traditionally cultivated ow-
ing to the usage of calyces, stems, leaves, and seeds as all 
organs have pharmacological and other uses (Wright 
et al., 2007). Calyx products are applied in indigenous 
medicine to treat high blood pressure, liver diseases and 
fever (Ali et al., 2005). Roselle extracts are increasingly 
developed for medications, food, and cosmetics (Farns-
worth & Bunyapraphatsara, 1992). 

The presence of salt in the water or soil is consid-
erable challenge for plant production in the world. It is 
most prevalent in dryland and coastal areas. Due to un-
suitable irrigation and drainage management, limited 
rain, high evaporation, and saline irrigation water, salt 
concentration in the soil and water is increasing inland 
(Ibrahim, 2016). This problem takes about 3.7 million 
acres of the area of food production every year (Munns 
& Tester, 2008). Therefore, half of the cultivation area 
will be lost by the Mid-21st century (Wang et al., 2003). 
Salt stress became a limitation factor to the production 
of the crops, and the majority of crops are extremely 
sensitive to saline soil and water (Lin et al., 2017; Ah-
madizadeh et al., 2016). Seed germination and seedling 
growth are the susceptible stages to abiotic stress, and 
abiotic stress can be slowed or stopped the germination 
of seeds (Ahmadizadeh et al., 2011; Galal, 2017). Rouhi 
et al. (2011), Ahmadizadeh et al. (2011), Ansari et al. 
(2013), and Ebrahimi et al. (2014) stated that raising the 
stress had a negative impact on the germination rate.

In the past decade, several strategies have been ap-
plied to improve abiotic stress tolerance in crops. There 
are various methods to enhance crop growth and devel-
opment in salt-affected conditions (Hussain et al., 2016; 

Feghhenabi et al., 2020). One of the appropriate meth-
ods is pretreatment, like prime the seeds with various 
materials before sowing (Ali et al., 2017; Subramanyam 
et al., 2019). Seed pretreatment as a practical, cost-effec-
tive, and low-risk enhancing germination of seed and 
seedling growth through pre-germinating metabolic 
processes improvement (Jime’nez-Arias et al., 2015; Mi-
gahid et al., 2019). Priming of seed is moderate stress, 
which activates a stress-reaction mechanism (Bhanu-
prakash & Yogeesha, 2016). Priming of seed is a physi-
ological method of seed hydration and drying to ame-
liorate the pre-germinate metabolism under stressed 
conditions. The primed seeds exhibit quicker and nor-
mal seed germination (Hasanuzzaman & Fotopoulos, 
2019), and seed priming adjusts the biochemical and 
physiological of the embryo. Priming also decreases the 
seeds sensitivity to unfavorable conditions (Afzal et al., 
2016).

Several researchers have indicated that seed prim-
ing enhances the well establishment and growth of 
plants (Farooq et al., 2010; Kerchev et al., 2020; Fegh-
henabi et al., 2020). The beneficial impacts of seed 
priming in saline conditions have been shown in sev-
eral crops for instance, pepper (Khan et al., 2009), okra 
(Dkhil et al., 2014), tomato (Ebrahimi et al., 2014), ro-
sella (Galal, 2017), and Silybum marianum (L.) Gaertn. 
(Migahid et al., 2019). Latef et al. (2020) studied the im-
pact of priming with Al2O3 nanoparticles on the growth 
of roselle, and the results showed that Al2O3 nanoparti-
cles influenced growth traits, like dry mass, fresh mass, 
root, and shoot length. Shruthi et al. (2018) concluded 
pretreatment with GA3, KNO3, and hot water to study 
the influence of seed priming on germination of Ro-
selle (Hibiscus sabdariffa L.), they indicated the posi-
tive impact of seed pretreatment on the properties of 
germination speed and germination percentage. Nas-
sar (2010) reported the positive results of seed priming 
and organic fertilizer on the yield and quality of ro-
selle. Sheyhakinia et al. (2020) showed ameliorate of salt 
stress tolerance by jasmonic acid in roselle. Their results 
showed that jasmonic acid protected roselle seedlings 
against salinity damage. Germination indices and seed-
ling traits of two tomato cultivars are influenced by the 
great potential value of seed treatment with CaCl2 and 
KNO3 solution under salinity conditions. In contrast, 
enhanced salinity concentrations led to a significant 
reduction in germination indices and seedlings growth 
(Ebrahimi et al., 2014).

Soil salinity is one of the principal widespread 
abiotic stresses, which has adverse effects on crop pro-
duction (Ismail et al., 2007; Ahmadizadeh et al., 2021). 
Appropriate seed germination is a prerequisite for the 
successful stand establishment of plants in unfavorable 
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environments such as low moisture, saline water, and 
soil, which are limiting germination factors (Ahmadi-
zadeh, 2013). The fast and uniform germination and 
seedling establishment are influential factors for plant 
performance. There are several priming techniques, 
which are helpful for successful stand establishment of 
plants in abiotic stress conditions. Therefore, the study 
aimed to investigate the effects of various priming in-
cluding KCl, Na2SO3, KNO3, and Ca2CO3 and hydro-
priming of seeds on germination at different priming 
durations under normal and various levels of salinity 
conditions.

2 MATERIAL AND METHODS

In order to assess the effects of various seed prim-
ing compounds and priming durations on seed germi-
nation indices and growth characteristics of Hibiscus 
sabdariffa L. seedlings in various levels of salt stress 
conditions were studied at the agricultural laboratory 
of Minab higher education center, university of Hor-
mozgan. An experiment was conducted in a factorial 
experiment based on a completely randomized design 
with three replications. Priming treatments consisted of 
halopriming with KNO3 (0.5 and 1 %), Na2SO3 (0.5 and 
1 %), KCl (1 and 2 %) and Ca2CO3 (1 and 2 %), and 
hydropriming with distilled water and control (non-
primed), priming durations was 12 and 24 h, then seeds 
exposed to four levels (0, 50, 100, 200 mM) of NaCl so-
lution. For any treatments, disinfected seeds were im-
mersed in 50 ml of the prepared solution for 12 and 24 
h in covered glass containers to preserve evaporation 
loss. The seeds were then rinsed with distilled water 
several times, afterward dried back at room tempera-
ture (25 °C) for 24 h to be dried (Ebrahimi et al., 2014; 
Ibrahim, 2016; Aghdaei et al., 2019).

Fifteen healthy primed seeds of roselle were placed 
in petri dishes on two layers of filter paper, then 8 ml 
of the salinity solutions (0, 50, 100, and 200 mM NaCl). 
To germinate the seeds, the petri dishes were put in an 
incubator at 26 ± 1◦C. Germination of Hibiscus sab-
dariffa L. the seeds were counted as a germinated seed 
once they displayed extension of radicle almost 2 mm. 
The germination count was recorded every 24 h up to 
7 days. At the end of the first week, and germination 
percentage (GP), germination rate index (GRI), mean 
germination time (MGT), germination index (GI), and 
vigor index (VI) were calculated based on the following 
equations (Al-Mudaris, 1998):

GP = (N/M) * 100 (1)
where GP is germination percentage, N is the total 

number of germinated seeds at the end of seven days, 
and M is the total number of cultivated seeds.

GRI = (G1/1) + (G2/2) + …+ (Gx/x)  (2)
G1 = germination percent in first day. G2 = germination 
percent in second day to final experiment,

MGT = (fx) / f (3)
where f is the number of newly germinated seeds on 
each day and x is the day of counting, 

GI = (7 * N1) + (6 * N2) + (5 * N3) + … (4)
N1, N2, . . . = the number of germinated seeds in first 
day, second day and . . ., 

VI = GP × Seedling length (SL) (El-
ouaer & Hannachi, 2012), 

(5)

Also, fresh shoot mass, fresh root mass, shoot 
length, root length, dry shoot mass and dry root mass 
were measured. Mass of root and shoot were measured 
from the sample mass before and after drying at 70 °C 
for 12 h. the data were analyzed using SAS software, and 
means comparisons were done by the least significant 
difference test (LSD) at p < 0.05 level of confidence. The 
Excel software was used to draw figures.

3 RESULT AND DISCUSSION

Seed germination and early establishment of seed-
ling are the crucial stages for the crops, and these two 
stages are the delicate growth stages in unfavorable en-
vironments (Begcy et al., 2018). Seed germination is 
sometimes prevented or delayed under different abiotic 
stresses (Fazlali et al., 2013; Muhie et al., 2020a,b). Ro-
selle is sensitive to germination and early seedling de-
velopment in saline conditions (Bahaeldeen et al., 2012; 
Al-Tohafi et al., 2015; Kadamanda, 2019). Considering 
to the value and privilege of the Hibiscus sabdariffa 
products, particularly medicinal value, this study was 
conducted to evaluate the influence of various priming 
approaches in different NaCl concentrations on germi-
nation indices and seedling traits of roselle plants in 
petri dish at a controlled experimental environment. 
The analysis of variance showed a highly significant (p 
< 0.01) difference between various priming treatments 
in terms of germination indices and seedling growth 
traits (Table 1). Also, the result revealed a significant 
difference among the salinity levels. The priming × sa-
linity interaction effect was significant for all studied 
traits (Table 1). High concentrations of salinity pre-
vent and reduce the performance of most plants, but 
seed emergence is the utmost momentous process for 
well seed germination in medicinal plants (Nadjafi et 
al., 2006; Reed et al., 2022). The highest germination 
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rate and percentage of T. polium seeds were obtained 
at concentrations of 500-2500 ppm GA3. Washing and 
chilling (5°C. The highest germination percentage (GP) 
(36.93 %) was observed in normal condition, while un-
der the salinity conditions the highest GP (23.24 %) was 
observed under 50 mM salinity condition (Table 2).

The decreasing in the percentage of germination 
may be associated with the increase of external osmotic 
pressure that has an impact on the water absorption of 
the seed, as well as, owing to the accumulation of some 
ions in the embryo, which may result in stimulation of 
the metabolic processes of germination and ultimate-
ly leading to cells death in the embryo (Maher et al., 
2013; Feghhenabi et al., 2020). Afkari Bajehbaj (2010) 
and Shereiwy et al. (2021) demonstrated that enhanc-
ing salinity levels decreased final germination in seeds, 
but, the adverse impact of salinity on primed seeds was 
less than unprimed seeds. The highest germination rate 
index (GRI) (5.06) was observed in normal condition, 
while under the salinity conditions the highest GRI was 
observed under 50 mM salinity condition that had sig-
nificantly different from normal condition (Table 2).

The highest GI was observed in normal condition, 
under the low level of salinity conditions the GI reduc-
tion was 46 percentage, and the highest GI in stress 
condition was observed under 50 mM salinity condi-
tion (Table 2). The highest VI was observed in nor-
mal condition, and there was significantly difference 
between the various levels of salinity stress (Table 2). 
The means comparison under different levels of salin-
ity stress revealed the highest MGT under 50, and 100 
mM salinity conditions (Table 2). In this respect, Kaveh 
et al. (2011), Thiam et al. (2013), and Ibrahim (2016) 
indicated that enhancing the concentration of salinity 
improved germination time and reduced the germina-
tion percentage. In general, low levels of salinity cause 
a dormancy and low impact on the germination rate, 
but ascending concentration of salt prevents the seed 
germination and reduces the percentage of germina-
tion (Khan & Weber, 2006; Shannon & Grieve, 1998). 

There was a significant difference between control 
and salinity conditions in terms of shoot and root mass. 
The highest of shoot fresh mass (0.19 g), root fresh mass 
(0.023 g) and root dry mass (0.002 g) were observed at 
non-salinity condition (control) but the highest shoot 
dry mass (0.019) was achieved at salinity condition (Ta-
ble 2), suggesting that root growth is more sensitive to 
salinity than shoot growth. Amiri et al. (2010) with the 
study of germination characteristics of Cynara scolymus 
L. and Echinacea purpurea (L.) Moench under salinity 
stress demonstrated that shoot dry mass was reduced 
by enhancing salt concentration in studied medicinal 
plants. The similar finding was reported by research-
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ers in other species consisting of roselle (Galal, 2017), 
safflower (Kaya et al., 2003; Khodadad, 2011), triticale 
(Atak et al., 2006), and tomato (Ebrahimi et al., 2014). 

There are multiple pretreatment approaches ap-
plied and classification based on the priming com-
pounds. These comprise halo-priming, hydro-priming, 
hormone priming, osmo-priming, solid matrix, hard-
ening, stratification, and thermal shock and humidifi-
cation. The hydropriming, osmo-priming, haloprim-
ing, and hormone priming techniques commonly had 
been used for seed treatment (Ashraf & Foolad, 2005; 
Eskandari, 2013; Paparella et al., 2015). Water potential, 
temperature, seed vigor, priming duration, seed primed 
storage condition, and plant species are the factors that 
influence the response of the seed to priming. There-
fore, the optimization and fine-tuning of the priming 
approach is substantial to obtain the best outcome (Ra-
tikanta & Kalipada, 2013). 

Hydropriming affect some of the required meta-
bolic processes for germination to happen without ger-
mination be accomplished, faster imbibition, further, 
softening of seed coat led to lesser mechanical preven-
tion as a result of priming (Askari-Nejad & Farahmand, 
2012). Seed pretreatment by inorganic salts enhances 
the enzymes activity engaged in the germination of 
seed and changes the mobilization of organic substanc-
es’ to various embryo parts (Aghdaei et al., 2019). Prim-
ing for 12 h with 0.5 % Na2SO3, 12 and 24 h with 2 % 
Ca2CO3, 12 h with 1 % KCl, 12 h with 1 % Na2SO3 and 
various hydro-prim showed the highest GP (Table 3). 
The highest GRI was in 12 h priming with 0.5 % Na2SO3, 
1 % Na2So3 and hydro-prim (Table 3). The GRI illus-
trate the percentage of germination on every day of the 
germination period. Higher GRI values display prompt 
and high germination (Fuller et al., 2012). Priming with 
0.5 % Na2SO3 and 1 % Ca2CO3 in 12 h revealed the 
lowest median germination time (MGT) (Table 3). The 
lower MGT showed the faster germination of a seeds 
population (Fuller et al., 2012). The highest GI was in 
12 h priming with 0.5 % Na2SO3, hydro-prim, and 24 
h with 2 % Ca2CO3 (Table 3). Priming with 12 h 0.5 % 
Na2SO3, hydro-prim, and 24 h with 2 % Ca2CO3 showed 
the highest VI (Table 3). In contrast, 12 and 24 h prim-
ing with two percentage KCl had the lowest GRI, GI, VI, 
and GP (Table 3). 

The highest shoot length was in 24 h priming with 
2 % Ca2CO3 (4.19 cm), 1 % Ca2CO3 (3.91 cm), 1 % Na-
2SO3 (3.89 cm), and 12 h priming with 1 % KCl (3.74 
cm), there were no statistically significant difference 
among these treatments. Priming with 24 h with 2 % 
Ca2CO3 showed the highest root length (Table 3). In 
terms of shoot mass at 24 h priming with 2 % Ca2CO3 
(0.19 g), 1 % Ca2CO3 (0.18 g), and 1 % Na2So3 (0.17 
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es have been utilized for better germination of seeds in 
both normal and unfavorable environments (Jisha et al., 
2012). The positive and affirmative effects of priming 
were observed in adverse condition than optimal con-
ditions (Ashraf & Foolad, 2005; Chen & Arora, 2011; 
Ibrahim, 2016). Suggested priming mechanisms were 
consisting of the incidence of epigenetic alterations, 
also the transcription factors accumulation and inactive 
and inhibition of signaling proteins. These mechanisms 
are induced against the stress, hence improved resulting 
in a well and effective defense mechanism (Tanou et al., 
2012). Some treatments and techniques were able to de-
velop well establishment of crops in stressful conditions 
(Soeda et al., 2005; Patade et al., 2009).

The highest GP was in 0, 12, 24 hours hydroprim-
ing under normal condition. Also, 2 % Ca2CO3, 0.5 % 
Na2So3, and 1 % KCl in 12 hours treatment showed high 
GP under normal condition (Figure 1). enhancing the 
growth characteristics resulting from seed priming by 
water soaking could be owing to the impact of seed 
hydropriming on the fast and sound establishment of 
plants (Ashraf & Foolad, 2005). The lowest GP was ob-
served in 0.5 % KNO3 in 24 hours pretreatment in all 
studied conditions, 0.5 % KNO3 in 12 hours pretreat-
ment under 200 mM salinity condition, as well as, the 
same results were observed by 24 pretreatments of 1 % 

g) had the highest shoot mass that there were no sta-
tistically significant difference among these treatments. 
Also, 24 h priming with 2 % Ca2CO3 root mass (Table 
3). The highest dry shoot mass was in 24 h priming with 
1 % Ca2CO3, and 2 % Ca2CO3, priming with 24 h 2 % 
Ca2CO3, hydro-prim, and 12 h with 2 % Ca2CO3 showed 
the highest dry root mass (Table 3). The positive effects 
of various priming approaches like priming the tomato 
seed by potassium nitrate on germination (Lara et al., 
2014), hydropriming on sorghum and rice germina-
tion percentage (Farooq et al., 2006; Moradi & Younesi, 
2009), and salicylic acid on Solanum melongena L. seed 
germination percentage (Mahesh et al., 2017), as well 
as, enhance of the shoot and root length of cotton (Gos-
sypium hirsutum L.) in hydropriming (Shaheen et al., 
2015) have been reported.

Plant cell turgor reduction and decrease of shoot 
and root length caused by salinity stress (Werner & 
Finkelstein, 1995). Also, it was suggested that salinity 
stress acts firstly on water uptake. Moreover, Na+ and 
Cl- accumulation prevent the metabolism of cells divid-
ing and expanding (Neumann, 1997), less germination, 
and even resulting in seed or embryo death. In addi-
tion, salt stress leads prevent and decrease the enzymes 
activities that may be significantly associated with seed 
germination (Katembe et al., 1998). Priming approach-

Figure 1: Effect of various priming under four level of salt stress on germination percentage of Hibiscus sabdariffa L. 
1: non-primed, 2: Hydro 12h , 3: Hydro 24 h, 4: KNO3_0.5 % 12 h , 5: KNO3_0.5 % 24 h , 6: KNO3_1 % 12 h, 7: KNO3_1 % 24 h, 
8: Na2SO3_0.5 % 12 h, 9: Na2SO3_0.5 % 24 h , 10: Na2SO3_1 % 12 h, 11: Na2SO3_1 % 24 h, 12: KCl_1 % 12 h, 13: KCl_1 % 24 h, 
14: KCl_2 % 12 h , 15: KCl_2 % 24 h, 16: Ca2CO3_1 % 12 h, 17: Ca2CO3_1 % 24 h, 18: Ca2CO3_2 % 12 h , 19: Ca2CO3_2 % 24 h
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Na2SO3, and 2 % KCl under 200 mM salinity condition, 
and 1 % Ca2CO3 in 12 hours pretreatment under 200 
mM salinity condition (Figure 1). In saline conditions, 
2 % Ca2CO3, 0.1 % Na2SO3 under 50 mM salinity, and 
0.1 % Na2SO3 in 100 mM salinity showed the high GP. 
However, there was significantly different with the con-
trol condition (Figure 1). The result implied that the 
best treatments in terms of GP were 12 h Hydro, 12 h 
Na2SO3_0.5 %, 24 h Ca2CO3_1 %, 24 h Ca2CO3_2 % in 
control, 100 mM salinity, 200 mM salinity, and 50 mM 
salinity conditions, respectively (Figure 1).

Hydropriming (12 and 24 h), 0.5 % Na2SO3, and 
1 % Na2SO3 in 12 h had the highest GRI in the normal 
condition. In saline conditions, 12 h seed priming by 
0.5 % Na2SO3 under 50 mM salt stress condition and 12 
h priming with 1 % KCl in 200 mM salt stress condi-
tion, while there were zero GRI in 24 h pretreatment of 
seeds with 0.5 % KNO3 and 1 % KNO3 under salinity 
conditions, as well as, 1 % Na2SO3, 1 % Ca2CO3 and 2 % 
KCl under 200 mM salinity condition (Figure 2). The 
highest MGT was in 1 % Ca2CO3 and 2 % KCl with 12 
and 24 priming hours under 200 and 100 mM salinity 
conditions, respectively. Also, there were no significant 
differences in 24 h priming with 2 % Ca2CO3 under 50 
mM salinity conditions, 0.5 % Na2SO3, hydro-prim and 
1 % Na2SO3 under 100 mM salinity conditions, and 12 
h priming with 1 % Na2SO3 and 1 % Ca2CO3 in 100 mM 

Figure 2: Effect of various priming under four level of salt stress on germination rate index of Hibiscus sabdariffa L.
1: non-primed, 2: Hydro 12h , 3: Hydro 24 h, 4: KNO3_0.5 % 12 h , 5: KNO3_0.5 % 24 h , 6: KNO3_1 % 12 h, 7: KNO3_1 % 24 h 
, 8: Na2SO3_0.5 % 12 h, 9: Na2SO3_0.5 % 24 h , 10: Na2SO3_1 % 12 h, 11: Na2SO3_1 % 24 h, 12: KCl_1 % 12 h, 13: KCl_1 % 24 h , 
14: KCl_2 % 12 h , 15: KCl_2 % 24 h, 16: Ca2CO3_1 % 12 h, 17: Ca2CO3_1 % 24 h, 18: Ca2CO3_2 % 12 h , 19: Ca2CO3_2 % 24 h

salinity condition (Table 4). Similar results were report-
ed by (Farooq et al., 2006) and (Qadir et al., 2011), who 
reported reducing MGT using CaCl2 primed seeds.

Hydropriming (12 and 24 h) had the highest GI in 
normal conditions, and there were no significant differ-
ences with hydropriming (control), 0.5 % Na2So3, and 
1 % Na2SO3 in 12 h in normal condition (Table 4). The 
seeds with twelve-hour priming of 1 % KCl in 100 mM 
salinity, 0.5 % Na2So3, and 0.1 % Na2SO3 under 50 mM 
salinity showed high GI, but there were significant dif-
ferences with the control condition (Table 4). Enhanc-
ing the germination rate in treatment seeds can be il-
lustrated through the enhanced synthesis of protein, 
the less term of metabolism in the germination stage, 
the influence on cell membrane phospholipids (Ansa-
ri et al., 2013), enhance of cell division rate (Taylor & 
Harman, 1990), and faster absorption of water, better 
development in these seeds, which all eventually lead 
to enhancing of seed germination duration. Shahverdi 
et al. (2017), with priming the stevia seeds, indicated a 
considerable correlation between the germination per-
centage enhancement and seed germination improve-
ment factors. It seems that the efficiency of pretreat-
ment of seed is affiliated with the elements like type and 
concentration of priming compound, duration of seed 
treatment by compounds (duration of priming).

The 12 h treatment with hydro-prim, 1 % Na2So3, 
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and 1 % KCl had the highest VI in normal condition, 
and there were no significant differences with 0.5 % 
Na2SO3, 1 % Ca2CO3, 2 % Ca2CO3, and 1 % KNO3 in 12 
h treatments under normal condition, and 0.5 % Na-
2SO3 (12 h priming) in 50 mM salinity condition, 1 % 
Na2SO3, and hydro-prim in 24 h treatment at normal 

condition (Figure 3). The 12 h treatment with 0.5 % Na-
2SO3 in 50 mM salinity condition, 1 % KCl, 1 % Ca2CO3, 
1 % Na2SO3, and the 24 h treatment with 1 % Na2SO3 
had the highest shoot length in normal condition. Also, 
there were no significant differences with 12 h treat-
ment by 1 % KNO3 under 100 mM salinity, 1 % KNO3, 

Figure 3: Effect of various priming under four level of salt stress on vigor index of Hibiscus sabdariffa L.
1: non-primed, 2: Hydro 12h , 3: Hydro 24 h, 4: KNO3_0.5 % 12 h , 5: KNO3_0.5 % 24 h , 6: KNO3_1 % 12 h, 7: KNO3_1 % 24 h 
, 8: Na2SO3_0.5 % 12 h, 9: Na2SO3_0.5 % 24 h , 10: Na2SO3_1 % 12 h, 11: Na2SO3_1 % 24 h, 12: KCl_1 % 12 h, 13: KCl_1 % 24 h , 
14: KCl_2 % 12 h , 15: KCl_2 % 24 h, 16: Ca2CO3_1 % 12 h, 17: Ca2CO3_1 % 24 h, 18: Ca2CO3_2 % 12 h , 19: Ca2CO3_2 % 24 h

Figure 4: Effect of various priming under four level of salt stress on shoot length of Hibiscus sabdariffa L.
1: non-primed, 2: Hydro 12h , 3: Hydro 24 h, 4: KNO3_0.5 % 12 h , 5: KNO3_0.5 % 24 h , 6: KNO3_1 % 12 h, 7: KNO3_1 % 24 h 
, 8: Na2SO3_0.5 % 12 h, 9: Na2SO3_0.5 % 24 h , 10: Na2SO3_1 % 12 h, 11: Na2SO3_1 % 24 h, 12: KCl_1 % 12 h, 13: KCl_1 % 24 h , 
14: KCl_2 % 12 h , 15: KCl_2 % 24 h, 16: Ca2CO3_1 % 12 h, 17: Ca2CO3_1 % 24 h, 18: Ca2CO3_2 % 12 h , 19: Ca2CO3_2 % 24 h
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2 % Ca2CO3 in normal condition, 24 h treatment by 1 % 
KCl, and 0.5 % Na2SO3 in normal condition (Figure 4).

The highest root length was in hydro-prim, 1 % 
Ca2CO3 at 12 h in normal condition, and 0.5 % Na2SO3 
at 12 h in 50 mM salinity condition, and there were no 
significant differences with 2 % Ca2CO3 at 12 h, 1 % 
Na2SO3, and hydroprim at 12 h in normal condition 
(Figure 5). Neumann (1995) also reported that salinity 
could quickly prevent root growth and thus the ability 
to uptake water and essential mineral nutrition. The 12 
h treatment with 1 % Na2SO3, in 50 mM salinity condi-
tion, 1 % Ca2CO3 and 1 % KCl had the highest shoot 
mass in normal condition. Also, there were no signifi-
cant differences with 1 % Na2SO3 at 24 h, 2 % Ca2CO3 
in 12 h treatment in normal condition and 1 % KNO3 in 
12 treatment under 100 mM salinity (Table 4).

The 24 h treatment with 1 % Na2SO3, 1 % KCl, 
and the 12 h treatment with 2 % Ca2CO3 had the high-
est root mass in normal condition. Also, there were no 
significant different with 12 treatment of 1 % Na2SO3, 
0.5% Na2SO3 in normal condition and 1 % Ca2CO3 un-
der 50 mM salinity (Table 4). The results showed several 
priming had high dry shoot mass under various salin-
ity conditions, for instance 2 % Ca2CO3, 1 % Ca2CO3, 
1 % Na2SO3, 0.5 % Na2SO3, 0.5 % KNO3, and 1 % KCl 
illustrated the highest dry shoot mass under 100 mM 
salinity condition. Besides, 0.5 % Na2SO3, 1 % Ca2CO3, 
0.5 % KNO3, 2 % Ca2CO3, 1 % KCl, 1 % KNO3 and 2 % 

KCl had the highest dry shoot mass under 50 mM salin-
ity condition (Table 4). Seed priming by CaCl2, KCl, and 
NaCl were figured out to be effective in diminishing the 
negative impact of salinity on wheat via their effects on 
changing the levels of various plant phytohormones 
(Iqbal et al., 2006).

The highest dry root length was in hydro-prim, 
1 % Na2SO3, and 1 % KCl at 24 h, and 1 % Ca2CO3 at 12 
h in normal condition, also, there were no significant 
differences with hydro-prim (12 h), 2 % Ca2CO3 (12 h), 
0.5 % Na2SO3 (12 and 24 h), and 1 % KCl (24 h) in 50 
mM salinity condition, 0.5 % Na2SO3 (24 h), 1 % Na2SO3 
(24 h), and 1 % KNO3 (12 h) in 100 mM salinity condi-
tion (Table 4). Abdollahi & Jafari (2012) demonstrated 
that KNO3 3 % treatment enhanced root length  to 
primary shoot ratio more than NaCl 1 % under saline 
condition. This enhances the water uptake by the plant 
that may help the growth development of seedlings in 
saline conditions. In addition, application of the four 
potassium nitrate concentrations (0, 0.5, 1, and 2 %) on 
time to 50 percentage germination, and germination 
percentage of amaranth seeds revealed that using 0.5 
percent of potassium nitrate decreased time to 50 % 
seed germination (Musa & Lawal, 2015). 

The 24 h treatment with 1 % KCl, 1 % Ca2CO3, and 
2 % Ca2CO3 had the highest shoot and root ratio in 100 
mM salinity condition. Also, there were no significant 
differences with 12 treatments of 1 % Ca2CO3, 2 % KCl, 

Figure 5: Effect of various priming under four level of salt stress on root length of Hibiscus sabdariffa L.
1: non-primed, 2: Hydro 12h , 3: Hydro 24 h, 4: KNO3_0.5 % 12 h , 5: KNO3_0.5 % 24 h , 6: KNO3_1 % 12 h, 7: KNO3_1 % 24 h 
, 8: Na2SO3_0.5 % 12 h, 9: Na2SO3_0.5 % 24 h , 10: Na2SO3_1 % 12 h, 11: Na2SO3_1 % 24 h, 12: KCl_1 % 12 h, 13: KCl_1 % 24 h , 
14: KCl_2 % 12 h , 15: KCl_2 % 24 h, 16: Ca2CO3_1 % 12 h, 17: Ca2CO3_1 % 24 h, 18: Ca2CO3_2 % 12 h , 19: Ca2CO3_2 % 24 h.
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Prim (%) Time salt
MGT 
(day) GI FShM (g) FRM (g) DShM (g) DRM (g) Sh/R

Hydro Control 0 2.05 56.33 0.19 0.020 0.0192 0.0025 7.79

50 2.85 18 0.19 0.021 0.0209 0.0017 16.36

100 2.73 28.66 0.14 0.02 0.0253 0.0023 11.17

200 0 0 0 0 0 0 0

12 h 0 1.58 68.66 0.15 0.025 0.0227 0.0023 10.07

50 2.30 23.33 0.21 0.023 0.0213 0.0020 10.52

100 2.9 19.33 0.17 0.013 0.0213 0.0022 9.82

200 1 1.33 0 0 0 0 0

24 h 0 1.49 59 0.19 0.03 0.0196 0.0033 5.90

50 2.19 28.66 0.21 0.021 0.0155 0.0023 6.71

100 2.94 10.66 0.14 0.016 0.0116 0.0018 6.46

200 0.33 2 0 0 0 0 0

KNO3_0.5 % 12 h 0 1.72 33.66 0.18 0.016 0.0201 0.00196 10.35

50 2.72 20.33 0.18 0.023 0.0221 0.0022 10.28

100 2.85 19.33 0.16 0.013 0.0203 0.0016 12.47

200 0 0 0 0 0 0 0

24 h 0 0 0 0 0 0 0 0

50 0 0 0 0 0 0 0

100 0 0 0 0 0 0 0

200 0 0 0 0 0 0 0

KNO3_1 % 12 h 0 2.02 40.33 0.21 0.043 0.0189 0.003 6.34

50 1.94 22 0.19 0.011 0.0216 0.0013 17.68

100 2.10 24.66 0.096 0.005 0.0198 0.0010 27.94

200 1 1.33 0 0 0 0 0

24 h 0 0.66 1.66 0.06 0.001 0.005 0.00053 3.12

50 0 0 0 0 0 0 0

100 0 0 0 0 0 0 0

200 0 0 0 0 0 0 0

Na2SO3_0.5 % 12 h 0 1.26 55.66 0.20 0.023 0.0189 0.00163 11.57

50 1.97 35 0.17 0.018 0.0239 0.00206 11.61

100 1.89 33.66 0.11 0.015 0.0228 0.00126 19.35

200 0.33 2 0.04 0.003 0.0075 0.0005 5

24 h 0 1.64 44.66 0.18 0.017 0.0202 0.0018 12.81

50 2.85 22.66 0.2 0.016 0.0211 0.00203 10.45

100 2.55 21 0.15 0.015 0.0236 0.00156 15.62

200 1 1.33 0.03 0.002 0.0027 0.0002 13.83

Continued on the next page

Table 4: Mean comparison of priming and salinity interaction effect on germination indices and seedling growth traits in 
Hibiscus sabdariffa L.
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Na2SO3_1 % 12 h 0 1.36 45.33 0.14 0.016 0.0136 0.002 6.78

50 3.09 30 0.19 0.018 0.0217 0.00163 13.32

100 2.63 22.33 0.15 0.009 0.0252 0.00123 21.32

200 1 1.33 0 0 0 0 0

24 h 0 2.12 33.33 0.31 0.034 0.0188 0.0021 9.12

50 4.77 6.66 0.20 0.009 0.0116 0.00073 16.92

100 2.66 15.66 0.17 0.013 0.0238 0.0013 18.85

200 0 0 0 0 0 0 0

KCl_1 % 12 h 0 1.66 48 0.27 0.031 0.016 0.0018 8.91

50 2.70 28.66 0.14 0.010 0.0207 0.00173 12.33

100 1.83 26 0.15 0.011 0.0228 0.00117 20.40

200 1.66 1 0 0 0 0 0

24 h 0 1.89 42.66 0.21 0.025 0.0202 0.00243 8.64

50 2.66 23.66 0.19 0.015 0.0251 0.00203 12.32

100 2.61 12 0.12 0.005 0.0207 0.00083 25.22

200 2 0.333 0 0 0 0 0

KCl_2 % 12 h 0 2.21 25.66 0.15 0.007 0.0162 0.001267 13.56

50 2.58 15 0.18 0.009 0.0223 0.001467 15.48

100 3 10.33 0.09 0.0116 0.0224 0.00086 26.21

200 0 0 0 0 0 0 0

24 h 0 2.36 19.33 0.15 0.0103 0.0172 0.0012 15.12

50 3.22 9 0.12 0.0143 0.0173 0.00073 24.05

100 2.58 20.66 0.16 0.009 0.0174 0.001 17.4

200 0 0 0 0 0 0 0

Ca2CO3_1 % 12 h 0 1.96 38.66 0.23 0.041 0.0172 0.0032 5.33

50 2.05 20.33 0.14 0.0143 0.0137 0.001 13.67

100 2.5 10.33 0.13 0.012 0.0189 0.001767 11.51

200 0 0 0 0 0 0 0

24 h 0 1.81 31 0.24 0.032 0.0171 0.00213 8.66

50 2.11 24 0.20 0.009 0.0198 0.0015 13.54

100 2.13 22.66 0.14 0.019 0.0206 0.00233 8.88

200 1.83 7 0.13 0.010 0.0201 0.000967 20.81

Ca2CO3_2% 12 h 0 1.91 50.66 0.21 0.034 0.0169 0.0026 6.62

50 2.46 28.66 0.21 0.030 0.0253 0.00246 10.54

100 3.03 14.33 0.12 0.012 0.0215 0.00213 10.44

200 0.66 1.66 0 0 0 0 0

24 h 0 1.879 39.33 0.28 0.034 0.0199 0.0025 7.88

50 2.45 40 0.22 0.039 0.0196 0.003 6.65

100 2.21 20.66 0.16 0.014 0.0239 0.0017 14.47

200 2.33 6.33 0.09 0.013 0.0203 0.0010 19.11

LSD 5 % - - 1.34 10.59 0.05 0.005 0.0048 0.0006 8.0855

MGT: Mean Germination Time, GI: Germination Index, FShM: Fresh Shoot Mass, FRM: Fresh Root Mass, DShMW: Dry Shoot Mass, DRM: Dry 
Root Mass, Sh/R: Shoot/Root ratio
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and hydro-prime in 50 mM salinity condition (Table 4). 
Seed priming is one of the simple, low risk and cost ap-
proaches used to cope with the adverse effect of salin-
ity in agricultural lands. The privilege of seed priming 
or pretreatment in unfavorable conditions have been 
studied in several crops, instance hot pepper (Khan et 
al., 2009), tomato (Ebrahimi et al., 2014), pepper (Aloui 
et al., 2014), lettuce (Nasri et al., 2011), pea (Pisum sa-
tivum L.) (Naz et al., 2014), and maize (Abraha & Yo-
hannes, 2013). Soil salinity has adverse effects on agri-
culture productivity. Therefore, agronomic and genetic 
solutions to enhancing salt tolerance are urgently re-
quired. We concluded that applying easy and low-cost 
techniques such as priming can remarkably increase 
the germination seed in salinity condition.

4 CONCLUSIONS

Priming is a technique that is capable to improve 
the performance of seeds in salinity stress conditions. 
Under saline condition, 24 h 2 % Ca2CO3 had the high-
est germination percentage (43.3 %) in 50 mM, while 12 
h treatment with 0.5 % Na2SO3 (33.3 %) had high ger-
mination percentage in 100 mM levels of saline condi-
tions. Also, the highest germination rate index was ob-
served in 0.5 % Na2SO3 with 12 h treatment time (4.05 
and 3.95 respectively) in 50 and 100 mM levels of saline 
conditions. There was no geminated seed at 24 h prim-
ing by 0.5 and 1 percentage of KNO3, while priming 
with 1 % of KNO3 at 12 h showed good performance 
in terms of shoot mass trait under saline condition. 
The result of various priming on studied traits revealed 
the importance of the type of priming compound and 
priming duration. The result implied that the best treat-
ments in terms of GP were 12 h hydropriming, 24 h 
Ca2CO3_2 %, 12 h Na2SO3_0.5 %, 24 h Ca2CO3_1 %, in 
control, 50 mM salinity, 100 mM salinity, and 200 mM 
salinity conditions, respectively. We suggested perform-
ing the same studies with the suitable material at the 
precise concentration on similar species to determine 
and understand the reliability and efficiency of the ap-
proaches. Also, supplementary research should concen-
trate on molecular, metabolic, and physiological stimu-
late with priming agents in salt stress. Moreover, future 
studies need to assess germination and early seedling 
growth at the field condition.
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Comparative study between fungicides and some chemical 
inducers for controlling root rot incidence of green bean 
(Phaseolus vulgaris L.) under field conditions

Abstract: Root rot disease caused by Rhizoctonia solani 
J.G. Kuhn and Fusarium solani (Mart.) Sacc. is a major prob-
lem restricting profitable farming of green bean (Phaseolus 
vulgaris L.). Under field conditions, some chemical inducers 
compared with chemical fungicides were evaluated for con-
trolling bean root rot disease. Significant effect was observed 
for all applied treatments against disease incidence compared 
with control. Applied treatments of seed dressing plus foliar 
spray showed the highest reduction of root rot incidence fol-
lowed by seed dressing then foliar spray. Salicylic acid as seed 
followed by foliar spray showed the highest suppressive effect 
against disease incidence followed by glutathione treatments. 
Furthermore, application of calcium silicate revealed higher 
effect against disease incidence compared with potassium 
and sodium silicate at both pre-, and post-emergence plant 
growth stages. Fungicidal treatments showed affect disease 
incidence in a lower extent compared with Plant Resistance 
Inducers (PRI). Treatment of Rizolex T50 followed by Topsin 
M70 was more effectively in controlling root rot than each 
fungicide alone. Such applied treatments could be useful for 
controlling root rot disease under field conditions

Key words: bean; fungicide alternatives; root rot; Rizolex 
T50; Topsin M70

Primerjalna raziskava fungicidov in kemičnih vzpodbujeval-
cev za nadzor koreninske gnilobe pri fižolu (Phaseolus vulga-
ris L.) v razmerah na prostem

Izvleček: Koreninska gniloba, ki jo povzročata glivi Rhi-
zoctonia solani J.G. Kühn in Fusarium solani (Mart.) Sacc. je 
glavni omejujoči dejavnik za donosno pridelavo stročjega 
fižola(Phaseolus vulgaris L.). V razmerah poljskega poskusa so 
bili primerjani učinki kemičnih vzpodbujevalcev in kemičnih 
fungicidov v njihovi sposobnosti nadzora koreninske gnilobe. 
V primerjavi s kontrolo so bili opaženi značilni učinki vseh 
obravnavanj proti bolezni. Obravnavanja s kapsuliranimi se-
meni in foliarnimi pršili so pokazala največje zmanjšanje gnilo-
be, tem so sledila obravnavanja s kapsuliranimi semeni in nato 
obravnavanja s foliarnimi pršili. Salicilna kislina kot sredstvo 
obdelave semen in kot naknadno foliarno pršilo je imela naj-
večji učinek na zaviranje bolezni, temu je sledilo obravnavanje 
z glutationom. Nadalje je bila uporaba kalcijevega silikata bolj 
učinkovita pri zatiranju bolezni v primerjavi s kalijevim in na-
trijevim silikatom v obravnavanjih pred in po vzniku rastlin. 
Obravnavanja s fungicidi so pojav bolezni bolj zmanjšala kot  
tista z alternativnimi sredstvi. Obravnavanje s fungicidom Ri-
zolex T50 in nato s fungicidom Topsinn M70 je bilo bolj učin-
kovito pri nadzoru gnilobe kot uporabi posameznih fungicidov. 
Našteta obravnavanja bi torej lahko bila koristna za nadzor fižo-
love gnilobe v poljskih razmerah. 

Ključne besede: fižol; alternativni fungicidi; koreninska 
gniloba; Rizolex T50; Topsin M70
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1 INTRODUCTION

Soilborne plant pathogens are considered the 
main problems in agricultural production all-over the 
world that they affected seriously on plant stand caus-
ing great losses in produced yield. Therefore, growing 
plants are exposed to invasion by various soilborne 
pathogens during their different growth stages starts 
from seed sowing up to maturity. Bean (Phaseolus 
vulgaris L.) is one of food legume species that widely 
cultivated for domestic use, exportation, and it has 
considerable importance for human food especially 
in developing countries (Baudoin et al., 2001). Certain 
fungi could attack bean plants causing root rot, wilt and 
leaf spot diseases which greatly influenced plant stand 
and subsequently yield production. Root rot disease 
caused by particular soilborne pathogens have an effect 
on emerged seedlings and may be occurs earlier when 
seeds are attacked during their emergence causing pre-
emergence infection leading to the need of re-sowing 
the missed hills or dead plants. 

The most harmful soilborne fungi causing root rot 
disease of bean are Fusarium solani Sacc., Sclerotium 
rolfsii Sacc. and Rhizoctonia solani J.G. Kühn (Abdel-
Kader, 1997; El-Mougy et al., 2007). A high buildup of 
root rot pathogen inoculums due to successive culti-
vation on the same land could leads to causes serious 
yield losses. Therefore, control of this disease is consid-
ered important especially in new reclaimed soil where 
green bean is wide prevalence crop in Egypt.

The present research focuses on comparing the use 
of fungicides and natural compounds that are capable 
to control root rot incidence. The objective of this study 
was evaluate some chemical fungicides and chemical 
inducers as alternatives to fungicide application to 
achieve effective management against the incidence of 
green bean root rot disease when used as seed dressing 
and/or foliar spray under natural field conditions.

2 MATERIALS AND METHODS

2.1 TESTED MATERIALS:

Green bean seeds (Phaseolus vulgaris ‘Giza 3’) 
kindly obtained from Vegetables Crop Research De-
partment, Agricultural Research Centre, Giza, Egypt. 
The tested chemicals potassium silicate, calcium sili-
cate, glutathione, salicylic acid and sodium silicate pur-
chased from Al-Gamhoria Company Ltd. for chemicals 
and medicinal instruments, Cairo, Egypt. Meanwhile, 
the fungicides Rizolex-T 50 WP (20 % Tolclophos-
methyl and 30 % Thiram) Sumi Agro Co. and Topsin 

M70 WSB (thiophanate-methyl 70 %) Martin’s Co. pur-
chased from local market.

2.2 FIELD EXPERIMENTS:

A field located at Al-Nubaria region, Beheira 
governorate, Egypt was chosen for this experiment. 
This field is well known by the authors to be charac-
terized with semi homogeneous distribution with root 
rot pathogens mainly Fusarium solani, Sclerotium rolf-
sii and Rhizoctonia solani as naturally heavily infested 
soil. In addition, at prior growing season to the present 
study, samples of growing bean plants showing root rot 
disease symptoms were collected and subjected to iso-
lation trails for the causal organisms. 

The present field experiment was carried out for 
two successive growing seasons (March and September, 
2019) to evaluate the efficacy of some chemical induc-
ers and fungicides applied as seed dressing and/or foliar 
spray against root rot incidence. The experimental field 
contains plots (6 × 7 m), each included 12 rows with 
35 holes. In all plots green bean seeds of ´Giza 3` were 
sown at the rate of three seed/hole. Seed dressing was 
carried out before sowing, meanwhile foliar spray was 
applied twice, the first was at the two true leaves age of 
emerged seedlings and the second after 15-day interval. 
All treated plants were sprayed using 20 l sprayer for 
each plot. 

2.3 APPLICATIONS TO THE EXPERIMENTAL 
FIELD

For the two cultivation seasons the same proposed 
treatments were designed as follows:

a) Seed treatment at the rate of 3 g kg-1

T1- potassium silicate
T2- calcium silicate
T3- glutathione
T4- salicylic acid
T5- sodium silicate
T6- Rizolex T50

b) Seed treatment at the rate of 3g l-1 + foliar spray 
at the rate of 3 g l-1

T7- potassium silicate + potassium silicate  
T8- calcium silicate + calcium silicate
T9- glutathione + glutathione
T10- salicylic acid + salicylic acid
T11- sodium silicate + sodium silicate
T12- Rizolex T50 (3 g l-1) + Topsin M70 (3 g l-1)

N. S. EL-MOUGY et al.
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c) Foliar spray at the rate of 3 g l-1

T13- potassium silicate
T14- calcium silicate
T15- glutathione
T16- salicylic acid
T17- sodium silicate
T18- Topsin M70
T19- untreated control

2.4 DISEASE AND YIELD ASSESSMENT

Three plots as replicates were used for every spe-
cific treatment as well as untreated control. All plots 
were conducted in completely randomized block de-
sign. The traditional agricultural practices, that is, soil 
plowing, fertilization, irrigation, etc., were followed at 
all experimental plots. Monitoring and scouting for dis-
eases incidence in all cultivated plots were preformed 
weekly (El-Mougy and Abdel-Kader et al., 2018). At all 
applied treatments and control as well the percent of 
pre-emergence root rot disease incidence was recorded 
after 15 days from sowing date as numbers of emerged 
seedlings referring to the numbers of sown seeds. 
Meanwhile, the percentage of post-emergence disease 
infection were recorded after 15, 30 and 45 days as 
numbers of diseases plants referring to the numbers of 
emerged seedlings. Percentage of healthy survivals was 
calculated as the numbers of survival plants referring 
to the numbers of sown seeds. Accumulated yield was 
determined as fresh pods (kg/plot) for each particular 
treatment at the end of growing season. The increase of 
obtained yield in relative to comparison treatment was 
also calculated.

2.5 STATISTICAL ANALYSIS

The obtained data subjected to analysis of variance 
using IBM SPSS software version 14.0. Mean separation 
performed using Duncan’s Multiple Range Test at p ≤ 
0.05 by the MSTAT-C software

3 RESULTS 

The fungi isolated from the bean plants showing 
root rot symptoms were identified as Fusarium solani 
and Rhizoctonia solani. The results showed that all ap-
plied treatments had announced effects against root rot 
incidence compared with the control (Table 1). 

Applied treatments of a seed dressing + foliar 
spray showed lower root rot disease incidence followed 

by seed dressing alone, and then foliar spray alone. 
Moreover, the effects of the fungicide applications were 
lower than those of the chemical inducers and followed 
similar trend as the applied methods mentioned above. 
The results also indicate that the application of salicylic 
acid as a seed and/or foliar spray showed the highest 
reduction in root rot incidence followed by the glu-
tathione treatments. The percentage of pre- and post-
emergence root rot was recorded as 5.3 %, 8.0 % [T4]; 
5.5 %, 6.5 % [T10] and 15.6 %, 21.0 % [T16] followed 
by 7.3 %, 12.6 % [T3]; 7.5 %, 9.6 % [T9] and 14.3 %, 
27.0 % [T15] when compared with the 30.0 %, 57.3 % 
of the untreated control treatment [T19]. Moreover, the 
pre- and post-emergence potassium silicate [T1], [T7] 
applications showed greater disease reduction when 
compared with the calcium [T2[, [T8] and sodium sili-
cate [T5], [11]. 

For the seed dressing, seed dressing + foliar spray, 
and foliar spray treatments disease reduction was cal-
culated as 70.0 %, 73.8 % [T2]; 72.0 %, 80.8 % [T8] and 
38.0 %, 46.5 % [14] in relation to the control treatment 
[T19], respectively. Meanwhile for the same applied 
treatments disease reductions of 61.3 %, 74.6 % [T1]; 
60.0 %, 82.0 % [T7] and 21.6 %, 38.9 % [T13] were iden-
tified. Likewise, for treatments [T5], [T11], and [T17] 
the percentages of root rot disease reduction were 
60.0 %, 69.4 %; 56.6 %, 75.0 %, 30.0, and 41.8 % at pre-, 
and post-emergence growth stages, in respective order. 

The fungicidal treatment data showed that the 
combination of two fungicides applied as a seed dress-
ing + foliar spray resulted in lower disease incidence 
when compared with the seed dressing and foliar spray, 
in descending order (Table 1). The percentage of root 
rot incidence for [T12] was 9.5 % and 10.6 % with dis-
ease reduction of 68.3 % and 81.5 % at the pre-, and 
post-emergence growth plant stages, respectively. Fur-
thermore, for the [T6] treatment, disease incidence and 
reduction were recorded as 9.6 %, 14.6 %, and 68.0 %, 
74.5 % for both plant growth stages in parallel, respec-
tively. Meanwhile a higher root rot incidence of 27.3 %, 
40.0 % and its lower reduction of 9.0 %, 30.1 % were 
recorded when Topsin M70 [18] was applied only as 
a foliar spray, although it significantly differed when 
compared with the untreated control [T19]. 

The results also revealed that applied treatments 
increased plant survival when compared with the un-
treated control (Table 1). The highest percentage of 
plant survival recorded with the seed dressing + foliar 
spray was followed by seed dressing then foliar spray 
treatments, respectively. The highest percentages of 
plant survival were 88.0 %, 81.9 %, and 81.5 % with the 
[T10], [T9], and [T8] treatments, followed by 86.6 %, 
78.6 %, and 77.3 % with the [T4], [T3], and [T2] treat-
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ments, and 63.3 %, 58.6 %, and 50.6 % with the [T16], 
[T15], and [T14] treatments. The other applied chemi-
cal inducer treatments ranged between 37.5 % with the 
[T13] treatment to 77.6 % with the [T7] treatment for 
plant survival. For the fungicide applications there was 
79.8 %, 75.6 %, and 32.6 % survival with the [T12] Ri-
zolex T50 WP + Topsin M70 WSB followed by [T6] Ri-
zolex-T50 WP and [T18] Topsin M70 WSB, respectively 
which was significant when compared with 12.6% for 
the [T19] control treatment.

In contrast, the data indicated that the obtained 
decreases in root rot disease incidence due to the cur-
rent applied treatments resulted in an increase in plant 
survival which was subsequently reflected in the accu-
mulated product yield. 

The green pod yields from the beans showed 

similar tendencies to the reduction in disease incidence 
identified in Table 1 and Fig. 1. The highest obtained 
yields recorded were 27.8, 26.2, and 24.6 kg/plot with 
an increase over the control calculated as 78.2 %, 
67.9 %, and 57.6 % for the [T10], [T9], and [T8] treat-
ments which included a seed dressing + foliar spray 
treatments, respectively. There were moderate yield in-
creases of 70.5 %, 55.1 %, and 42.9 % for the [T4], [T3], 
and [T2] treatments which involved seed dressing. Per-
centages of 71.7 %, 50.0 %, and 36.5 % indicated lower 
increases in the produced yields and were recorded 
for the [T16], [T15], and [T14] treatments which in-
volved foliar sprays. The rest of the applied chemical 
treatments revealed a yield increase between 12.8 % for 
[T13] with a foliar spray and 44.8 % for [T7] with a seed 
dressing + foliar spray.

Root rot diseases incidence (%)

Pre- 
emergence**

Red.* 

(%)
Post- 
emergence**

Red.* 

(%)
Plant survivals 
(%)

Seed dressing

[T1] Potassium silicate 11.6 ± 0.8 cd 61.3 14.5 ± 1.9 de 74.6 73.8 ± 1.0 f

[T2] Calcium silicate 9.0 ± 0.5 e 70.0 15.0 ± 1.0 de 73.8 77.3 ± 1.1f

[T3] Glutathione 7.3 ± 0.5 f 75.6 12.6 ± 0.5 e 78.0 78.6 ± 2.0 f

[T4] Salicylic acid 5.3 ± 0.7 g 82.3 8.0 ± 1.5 fg 86.0 86.6 ± 1.2 g

[T5] Sodium silicate 12.0 ± 2.4 cd 60.0 17.5 ± 0.8 d 69.4 70.5 ± 1.7  f

[T6] Rizolex-T50 9.6 ± 0.8 e 68.0 14.6 ± 1.4 de 74.5 75.6 ± 1.9 f

Seed dressing + Foliar spray  

[T7] Potassium silicate 12.0 ± 1.1 cd 60.0 10.3 ± 1.6 f 82.0 77.6 ± 1.1f

[T8] Calcium silicate 8.4 ± 0.8 ef 72.0 11.0 ± 1.7 e 80.8 81.5 ± 1.7 g

[T9] Glutathione 7.5 ± 0.8 f 75.0 9.6 ± 2.8 f 83.2 81.9 ± 1.7 g

[T10] Salicylic acid 5.5 ± 0.8 g 81.6 6.5 ± 2.6 g 88.6 88.0 ± 0.4 g

[T11] Sodium silicate 13.0 ± 1.1 cd 56.6 14.3 ± 2.3 de 75.0 72.6 ± 0.8 f

[T12] Rizolex-T50 + Topsin M70 9.5 ± 2.9 e 68.3 10.6 ± 1.0 f 81.5 79.8 ± 1.5 f

Foliar spray

[T13] Potassium silicate 23.5 ± 2.4 ab 21.6 35.0 ± 1.5 ab 38.9 37.5 ± 0.8 b

[T14] Calcium silicate 18.6 ± 2.3 b 38.0 30.6 ± 2.0 b 46.5 50.6 ± 2.0 d

[T15] Glutathione 14.3 ± 2.7 c 52.3 27.0 ± 1.3 bc 52.8 58.6 ± 1.0 d

[T16] Salicylic acid 15.6 ± 1.2 c 48.0 21.0 ± 0.6 c 63.3 63.3 ± 0.5 e

[T17] Sodium silicate 21.0 ± 0.6 ab 30.0 33.3 ± 3.3 ab 41.8 45.6 ± 1.2 c

[T18] Topsin M70 27.3 ± 0.4 a 9.0 40.0 ± 0.3 ab 30.1 32.6 ± 0.8 b

[T19] Control 30.0 ± 1.5 a - 57.3 ± 1.3 a - 12.6 ± 1.8 a

Table 1: Average efficacy of some chemical inducers and fungicides against bean root rot incidence during two growing sea-
sons under field conditions

* Red. = Reduction
** Pre-emergence calculated after 15 days from seed sowing
*** post-emergence calculated after 45 days from seedlings emergence
Means ± standard deviations within a column followed by the same letter are not significantly different by Duncan multiple range test at p < 0.05
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For the fungicidal applications, yield was increased 
by 26.9 % for [T12] in response to the application of 
Rizolex T50 WP as a seed dressing followed by a foliar 
spray with Topsin M70 WSB. Meanwhile yield increases 
of 19.2 % and 17.3 % were recorded for [T6] and [T18] 
with the Rizolex T50 WP seed dressing and Topsin M70 
WSB foliar spray, respectively.

4 DISCUSSION

In the current study the fungi isolated from the 
collected bean plants that showed root rot symptoms 
were identified as Fusarium sp. and Rhizoctonia solani 
Root rot disease of green caused by F. solani and R. sola-
ni has been previously reported (Abdel-Kader, 1997, El-
Mougy et al., 2007, El-Mougy and Abdel-Kader, 2018). 
Additionally, common bean, cowpea, and faba bean, 
which are suitable pathogen hosts, are regularly grown 
in the study field, thus, it is assumed that there is an in-
creasing population of the soilborne root rot pathogen 
as these crops are considered suitable hosts. This inves-
tigation aimed to evaluate the use of chemical inducers 
as fungicide alternatives when compared with chemical 
fungicides applied as seed dressing and/or foliar sprays 
to control the incidence of green bean root rot disease 
under field conditions. The obtained results revealed 
that the applied chemical inducers as well as the fungi-

Fig. 1: Average accumulated yield of bean plants and its increase (%) in response to application of some chemical inducers and 
fungicides at two growing seasons under field conditions

cidal treatments were all highly effective at reducing 
disease incidence and increasing yield. In this regard, 
salicylic acid treatments as a seed dressing and/or foliar 
spray had high efficacy against root rot incidence and 
yield increase. These results are in accordance with 
those of previous studies (El-Mougy et al., 2019). El-
Mohamady et al. (2017) reported on the use of chemi-
cal inducers, such as chitosan (CH), salicylic acid (SA), 
and humic acid (HA) for the control of bean root rot 
caused by Fusarium solani and Rhizoctonia solani under 
both greenhouse and field conditions. They found that 
soaking bean seeds in CH 1.0 g/l-1 + SA 5% followed by 
foliar applications at half of this concentration, caused 
a superior reduction in both damping-off and root rot 
incidence when compared with their other applied 
treatments. In addition, Anderson (1988) reported that 
salicylic acid as a phenolic compound acts as a regula-
tor key of the internal coding network in plants under 
either abiotic or biotic stress. It plays a major role in the 
plant resistance functions against pathogens as it pro-
motes the production of pathogenesis-related proteins 
(PRPs). Furthermore, salicylic acid was accountable for 
the aggregation of phytoalexins in viable plant tissues. 
Mandel et al. (2009) stated that external or internal op-
erators might ultimately affect the host plant physiolo-
gy, leading to the fast and harmonic activation of de-
fense-genes in plants which were susceptible to parasite 
infections. However, Jabnoun et al. (2015) reported that 
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systemic acquired resistance for controlling tomato 
fungal diseases could be induced by using salicylic acid 
and chitosan as chemical inducers. Likewise, several 
workers reported yield increases when chemical induc-
ers or fungicides were applied (El-Mougy et al. 2007, 
El-Mohamady and Abd-El-Baky, 2008, Abd-El-Kareem 
et al., 2013, Abdel-Kader et. al., 2014, El-Mohamady et 
al., 2017, El-Mougy et al., 2019). In the present study the 
used chemical inducers, salicylic acid and potassium, 
calcium, sodium silicate had high activity against root 
rot incidence and yield increase as well as when applied 
as a seed dressing and/or foliar spray. Recently, the ap-
plication of several chemical inducers received a large 
amount of attention due to various investigations into 
the control of plant diseases. Glutathione (GSH) as an 
antioxidant has a role in regulating plant tolerance to 
biotic stresses by repressing localized necrotic symp-
toms following viral infections. Utilizing the pharmaco-
logical and transgenic approaches confirmed the role of 
GSH for reducing disease symptoms in plants which 
were induced by pathogen infections. Furthermore, re-
cent studies have shown that GSH also has a key role in 
restricting pathogen levels. In fact, it seems that GSH is 
a vital agent responsible for the elicitors involved in dif-
ferent types of plant disease resistance (Gullner et al., 
2017). Furthermore, glutathione (GSH) was reported to 
be involved in the activation and regulation of the bio-
synthetic processes involved in plant defense (Bolter et 
al., 1993). Moreover, glutathione functions include sev-
eral roles in biosynthetic pathways, detoxification, anti-
oxidant biochemistry, and redox homeostasis (Noctor 
et al., 2012). In contrast, applications of silicon salts 
proved their activity against pathogenic fungal growth 
in vitro as well as plant disease incidence. Silicates were 
reported to have efficacy for reducing plant diseases in 
rice (Datnoff et al., 1997), strawberry (Kanto et al., 
2006), wheat (Belanger et al., 2003), and cucumber 
(Menzies et al., 1992). Biggs et al. (1997) stated that 
PDA medium supplemented with calcium silicate in-
hibited 65% of the growth of Monilinia fructicola 
(G.Winter) Honey the causal agent of peach brown rot. 
Furthermore, it also inhibited mycelial growth for sev-
eral phytopathogenic fungi grown on potassium sili-
cate amended media in vitro (Bekker et al., 2006, 2009). 
Li et al. (2009) also reported an inhibitor effect for so-
dium silicate against the growth of Fusarium sulphu-
ureum Schltdi. in vitro. Moreover, an in vivo foliar spray 
of potato plants with 100 and 200 mM sodium silicate 
was found to control tuber dry rot disease effectively. 
They concluded that sodium silicate has direct fungi-
toxic effects against the fungal pathogen. Furthermore, 
it was reported that soluble potassium silicate applied 
as a root and foliar spray caused reductions in disease 

incidence as well as an increase in growth and fruit 
quality for capsicum plants (Jayawardana et al., 2014). 
Ultimately, Shen et al. (2010) stated that it is probable 
that a reduction in disease incidence in plants treated 
with silicon sources under field conditions is not likely 
to be attributed to the fungistatic effects of silicon, but 
could act as a physical block which directly prevents 
pathogen penetration to plant tissues or indirectly by 
enhancing plant defense responses. It is suggested that 
silicon may act as the first protecting block in treated 
plants and could inhibit pathogen colonization and 
subsequent infection. Therefore, potassium silicate 
could be used as a fungicide since it has direct inhibitor 
effects on fungal growth and its ability to increase plant 
self-defense systems (Menzies et al., 1992) and strength-
en plant cell walls, inhibiting disease infection (Epstein, 
1999). The current investigation showed the lesser ef-
fects of contact and systemic fungicides for controlling 
bean root rot incidence when compared with chemical 
inducers, despite their superior activity over control 
treatments against disease occurrence. The fungicide 
Rizolex (Tolclofos - methyl) is an organophosphate es-
ter chemical compound which has protective, curative 
and slightly systemic action and has high fungitoxicity 
to Rhizoctonia solani and Sclerotium rolfsii (Ohtsuki and 
Fujinami, 1982). Rizolex was reported to actively re-
duce the incidence of southern stem rot caused by R. 
solani and S. rolfsii and increase peanut yield (Csinos, 
1985). Rizolex T50 is a seed treatment fungicide that 
delivers protection against a broad spectrum of soil 
borne and seed/seedling diseases, including Rhizoctonia 
damping-off and Fusarium (Hopkins 2013). Hamed 
(2008) reported that Rizolex completely inhibited the 
growth of Rhzictonia solani (100 %) at all concentra-
tions (0.025, 0.05, 0.25, and 0.5 ppm) in vitro. Recently, 
El-Mohamady et al. (2017) concluded that using chem-
ical inducers in comparison with the fungicide Rizolex 
had superior effects to RIS alone against bean damping-
off, root rot diseases, and increasing the produced 
yields, and therefore may be considered as an eco-
friendly applied method for the control of soil-borne 
plant pathogens. Topsin M70 (thiophanate-methyl) is a 
fungicidal substance which belongs to the agent group 
of benzimidazoles. It is a wide range systemic fungicide 
controlling a wide variety of plant pathogens (Hirschfeld 
et al. 2010). The primary effect of thiophanate-methyl is 
caused by the transformation product methyl-benzimi-
dazole-2yl-carbamate, which binds to the fungal tubu-
lin and disturbs the formation of the spindle apparatus 
during mitosis so that homologous chromosomes can-
not divide, and cell growth will be inhibited. It is ab-
sorbed by the treated plant roots, leaves, and has a pro-
tective and curative action (Saber, et. al, 2011). A 
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combine use of the fungicides Topsin-M and Dimecron 
showed significant increase in phenolic content (Sid-
diqui et. al., 1999). Increase in phenolic and phenolic 
content produced as a result of stress may act as a pro-
tective compound against pathogenic fungi and insects 
(Friend, 1979). In vitro tests with Rizolex-T and Topsin-
M at 200 ppm have completely inhibited the growth of 
R. solani and F. oxysporum Schlecht. emend. Snyder & 
Hansen the causal pathogens of root rot and wilt com-
plex disease, which used soil culture medium in some 
surveyed nurseries (Abdel-Kader et. al., 2004). Moreo-
ver, the use of Topsin M70 as a foliar spray was effective 
against various plant diseases, such as citrus mold 
caused by Penicillium italicum Wehmer (Kanan and Al-
Najar, 2009), Fusarium mangiferae Kanan and Al-Najar, 
2009), Fusarium mangiferae Britz, Wingfield & Marasas 
on mango (Iqbal et al., 2010), Phytophthora infestans 
(Mont.) de Bary the causal agent of tomato late blight 
(Meya et al., 2014), faba bean chocolate spot caused by 
Botrytis fabae Sardina (Moustafa et al., 2015), Lasiodip-
lodia theobromae (Pat.) Griffon & Maubl. the causal of 
die-back of grapevine (El-Habbaa et al., 2016) and 
Fusarium oxysporum f. sp. capsici the causal agent of 
wilt disease on chili pepper (Bashir et. al., 2018).

The present investigation demonstrates that the 
applied chemical inducers and fungicides were efficient 
at controlling green bean root rot disease incidence and 
increased the accumulated yield. Treatments of seed 
dressing followed by foliar spray showed higher effec-
tivity on disease incidence and produced greater yields 
than with the seed dressing or foliar spray individually. 

5 CONCLUSIONS

The results of the current study suggest that the 
combined application method of chemical inducers 
such as seed and/or foliar sprays was superior to sin-
gle treatments for reducing root rot incidence on green 
bean plants and increasing accumulated pod yields. The 
commercial fungicides Rizolex T50 WP and Topsin 
M70 WSB showed similar trends for controlling disease 
incidence. Such treatments may be used commercially 
and could be said to have characteristics such as being 
eco-friendly, safe, cheap, and an easily applied alterna-
tive fungicide methods for use in natural field condi-
tions.
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Influence of different sources of nitrogen fertilizer and 
weed control on yield, yield components and some qualita-
tive traits of chickpea (Cicer arietinum L.) cultivars under 
dryland conditions of Khorramabad

Abstract: A field experiment was conducted to evalu-
ate yield, yield components, and some qualitative traits of 
chickpea (Cicer arietinum L.) cultivars under nitrogen fertil-
izers and weed control in dryland conditions of Khorram-
abad during the 2017 - 2018 growing season. Treatments were 
arranged in split-split-plot based on a randomized complete 
block design with three replications. The main factor included 
F1: control (without fertilizer); F2: bio-fertilizer (Rhizobium); 
F3: 100 % chemical fertilizer and F4: integration of bio-fertil-
izer + 50 % chemical fertilizer; sub-factor consisted of three 
cultivars of chickpea (Adel, Mansour, and Arman) and sub-
sub-factor included weeds control (weeding) and weed infest-
ed (non-weeding). The results indicated that nitrogen fertiliz-
ers, especially the integration of bio-fertilizer + 50 % chemical 
fertilizer, had a positive effect on all studied traits. The highest 
number of pods per plant, grain yield, and biological yield 
were obtained from the Arman cultivar with the application 
of bio-fertilizer + 50 % chemical fertilizer and for the same 
cultivar under weed control conditions. The maximum num-
ber of pods per plant (28.2) and amount of grain protein con-
tent (25.3 %) were obtained by integrating of bio-fertilizer + 
50% nitrogen chemical fertilizer and weeds control. In gener-
al, the Arman cultivar has priority over other cultivars for the 
grain yield under Khorramabad climate conditions, and in-
tegration of bio-fertilizer + 50 % chemical fertilizer could be 
considered as a means to reduce the consumption of chemical 
fertilizers for sustainable agriculture.

Key words: chickpea; grain protein; grain yield; hectoli-
ter mass; Rhizobium; weed control

Vpliv različnih dušikovih gnojil in uravnavanja plevelov na 
pridelek, komponente pridelka in kakovostne lastnosti sort 
čičerke (Cicer arietinum L.) v sušnih razmerah Khorrama-
bada

Izvleček: Za ovrednotenje pridelka, njegovih kompo-
nent in nekaterih kakovostnih lastnosti sort čičerke (Cicer ari-
etinum L.) je bil izveden poljski poskus z gnojenjem z različ-
nimi dušikovimi gnojili in načini zatiranja plevelov v  sušnih 
razmerah Khorramabada  v rastnih sezonah 2017 in 2018. 
Obravnavanja so bila izvedena kot popolen naključni bločni 
poskus z deljenkami s tremi ponovitvami. Glavna obravnava-
nja so bila: F1: kontrola (brez gnojil); F2: biognojila (Rhizobi-
um); F3: 100 % mineralna gnojila in F4: integracija biognojil + 
50 % mineralnih gnojil. Podobravnavanja so obsegala tri sorte 
čičerke (Adel, Mansour in Arman) in dva načina uravnava-
nja plevelov (zatiranje, kontrola). Rezultati so pokazali, da je 
imelo gnojenje z dušikovimi gnojili, še posebej hkratna upo-
raba biognojil z dodatkom 50 % mineralnih gnojil, pozitiven 
učinek na vse preučevane lastnosti. Največje število strokov 
na rastlino, največji pridelek zrnja in biološki pridelek so bili 
doseženi pri sorti Arman pri uporabi biognojil z dodatkom 
50 % mineralnih gnojil in zatiranju plevelov. Podobno sta bila 
največje število strokov na rastlino (28,2) in največja vsebnost 
beljakovin v zrnju (25,3 %) dosežena pri hratni uporabi bio-
gnojil in 50 % mineralnih dušikovih gnojil in zatiranju ple-
velov. V splošnem se je sorta Arman izkazala v pridelku zrnja 
boljše kot ostale v podnebnih razmerah Khorramabada in 
hkratno uporabo biognojil z dodatkom 50 % mineralnih gno-
jil lahko smatramo kot primeren način gnojenja za zmanj-
ševanje porabe mineralnih gnojil v trajnostnem kmetijstvu.

Ključne besede: čičerka; beljakovine v zrnju; pridelek 
zrnja, hektoliterska masa; Rhizobium, pletev
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1 INTRODUCTION

Chickpea (Cicer arietinum L.) is the third main 
grain legume in the world, with an annual global pro-
duction of 14.24 million tons from an area of 14.79 
million ha (FAO, 2018). It is an essential component 
of the agricultural system in all over Iran, because this 
crop fits well in rotation patterns and can grow under 
low fertility and different soil and climate conditions. 
The main provinces producing chickpeas in Iran are 
Lorestan and Kermanshah (Mekuanint et al., 2018). The 
potential yield of chickpea cultivars is approximately 4 
t ha−1, while the average national yield is about 533 kg 
ha-1 (Khorsandi et al., 2016). The gap between actual 
and potential yields is mainly due to poor crop man-
agement such as imbalanced use of fertilizer, the lack of 
effective rhizobial strain, unavailability of high-quality 
seeds, and also damages caused by pests and diseases 
(Togay et al., 2008; Mekuanint et al., 2018). Moreover, 
Iran has nitrogen deficient soil and therefore, plants use 
a low amount of nitrogen which affects physiological 
processes and decreases photosynthesis activities, pro-
duction of assimilate and biomass, and eventually yield 
(Ghilavizadeh et al., 2013).

Application of chemical fertilizers, especially ma-
cronutrients, can generally increase biomass produc-
tion by 2-3 times (Elliott and Abbott, 2003), that is 
the reason why farmers are applying high amounts of 
chemical fertilizers, which are very costly and hazard-
ous to the environment. Therefore, alternative sources 
of chemical fertilizers and the application of organic 
fertilizers (e.g., bio-fertilizers) are considered as op-
tions for sustainable agriculture to improve soil qual-
ity in modern agriculture (Chen et al., 2014; Meena et 
al., 2015). The utilization of bio-fertilizer (e.g., Rhizo-
bium species) has become of paramount importance in 
the agriculture for their potential role in food safety, 
improving crop yield, and decreasing greenhouse gas 
emissions (Ghilavizadeh et al., 2013; Raei et al., 2015). 
The absence of compatible strains and low popula-
tion of Rhizobium  in the soil are essential limitations 
for nodule formation in chickpea (Kantar et al., 2010; 

Wolde-Meskel et al., 2018). Inoculation with effective 
strains at planting time is recommended if the popula-
tion density of compatible rhizobia is less than 50 cells 
per gram of soil (Thies et al., 1991a, b; Wolde-Meskel 
et al., 2018). Previous studies showed that inocula-
tion of chickpea seeds with Rhizobium could increase 
plant growth, grain yield, and biomass yield (Funga et 
al., 2016; Khaitov et al., 2016; Tena et al., 2016; Wolde-
Meskel et al., 2018). 

The weak ability of chickpea crops to compete 
with weeds is a vital issue in low input and organic 
farming systems (Melander, 1993). The critical period 
of weed interference in chickpea is 15 to 60 days after 
sowing in Iran, and the presence of weed at this time 
can cause severe loss of the yield (Mohammadi et al., 
2005; Gupta et al., 2016). Hence, weed control needs 
to be undertaken during the initial periods of chick-
pea growth. Hand weeding is a well-proven effective 
method of weed control in chickpea fields in Iran. But 
implementation of this method is costly for farmers 
and can be used on small farms (Mohammadi et al., 
2005). Mousavi (2010) reported that by twice weeding, 
the grain yield of chickpea was significantly increased 
(by 174 %) compared to weed infested treatment. The 
objective of this study was to determine the effects of 
bio-fertilizer and weed control and their interactions 
on yield, yield components, and some qualitative traits 
of chickpea in Khorramabad condition.

2 MATERIALS AND METHODS

2.1 LOCATION AND PLANT MATERIALS

This study was conducted in the Experimental 
Farm of the Pole Baba Hossein, Khorramabad, Iran 
(33°25′N, 48°19′E, and altitude 1,171 m), during the 
2017 - 2018 growing season. The meteorological data 
during the experimental period are presented in Table 
1. Physical and chemical characteristics of soil at the 
depth of 0-40 cm are shown in Table 2. Chickpea seeds 
were planted in early January 2018 in plots, consisting 

Month Precipitation (mm) Maximum temperature (°C) Minimum temperature (°C) Average temperature (°C)

Jan 50.1 23.5 - 4.3 7.6

Feb 68.7 21.6 - 4.3 8.3

Mar 62.7 23.5 1.1 11.7

Apr 103.7 30.3 3.3 15.2

May 151.7 30.0 5.6 17.2

Jun 12.1 37.0 11.8 24.6

Table 1: Khorramabad meteorological station monthly statistics in the experiment period

https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolde-meskel%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29970943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolde-meskel%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29970943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolde-meskel%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29970943
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolde-meskel%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29970943
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of six 2-meter rows spaced 30 cm apart. The intra-row 
plant spacing was 10 cm. Hand weeding was done in 
weed control treatments during the growing season.

2.2 TREATMENTS AND EXPERIMENTAL DE-
SIGN

The experiment was conducted as split-split-
plot based on Randomized Complete Blocks Design 
(RCBD) with three replications. The main factor in-
cluded F1: control (without application of fertilizer); 
F2: bio-fertilizer (Rhizobium); F3: 100 % nitrogen 
chemical fertilizer and F4: integration of bio-fertilizer + 
50 % nitrogen chemical fertilizer. Sub-factor consisted 
of chickpea cultivars (Adel, Mansour, and Arman), and 
sub-sub-factor included weed control (weeding) and 
weed infestation (non-weeding).

2.3 FERTILIZER AND MICROBIAL INOCULA

Before cultivation, 100 kg ha-1 triple superphos-
phate was added to all plots according to the soil test. 
With the last plowing before planting, 50 and 25 kg N 
ha-1 as urea were added to 100 % chemical fertilizer and 
integration of bio-fertilizer + 50 % chemical fertilizer, 
respectively. The strain of the used Rhizobium bio-ferti-
lizer was Mesorhizobium ciceri SWRI-3 which consisted 
of 108 colony forming units/ml (CFU ml-1) inoculant 
and was purchased from Soil and Water Research Insti-
tute, Karaj, Iran. Before planting, the seeds were mixed 
entirely with bio-fertilizer and kept for half an hour in 
the shade to dry. The liquid bio-fertilizer (Rhizobium) 
was applied at the amount of 2 l ha-1. The dried seeds 
were planted in early January. 

2.4 TRAITS MEASUREMENT

The traits measured in this study included plant 
height, number of pods per plant, 100-grain mass, 
grain yield, biological yield, harvest index, hectoliter 
mass, and grain protein content. Five plants from each 
plot were selected randomly to determine the plant 
height and number of pods per plant. To measure the 
100-grain mass, five samples containing 100 grains were 

randomly collected from each plot, and their mass was 
recorded. To measure the hectoliter mass, a container 
with known mass and volume was completely filled 
with the chickpea seeds (Singh and Goswami, 1996; 
Kordi and Ghanbari, 2019). After filling the container, 
excess seeds were removed by passing a flat stick across 
the top surface. The seeds were not compacted in any 
way. The container was weighed on a digital balance 
(Model GT2100, Germany) reading to 0.01 g. Hectoliter 
mass (ρb) was calculated by the ratio of seeds mass in 
the container (Mb) to its volume (Vb):

The ρb was recorded from the average of 10 sam-
ples for each treatment. 

To measure the grain yield, all plants in the one 
meter-length center of two rows located in the middle 
of each plot were taken, and grain yield was recorded 
with a portable balance and calculated based on 12 % 
seed moisture. To measure the dry biological yield, in-
cluding aerial parts and roots, the samples were dried in 
an oven at 75 °C for 72 h and then weighed. The harvest 
index (HI) was accounted as follows: 

HI = (Grain yield / Biological yield) × 100

For determination of crude protein content, the 
nitrogen content of grains was obtained by the Kjel-
dahl method (digestion of organic matter with sulfuric 
acid in the presence of a catalyst; rendering the reaction 
product alkaline; distillation and titration of the liber-
ated ammonia; and calculation of the nitrogen content) 
(Jensen, 1996). Crude protein content (Cp) of grain was 
determined as:

Cp = 6.25 × C2

where C2 is the total grain nitrogen concentration 
on a dry matter.

2.5 DATA ANALYSIS

SAS (version 9.1) and MSTAT-C statistical soft-
wares were used for the analysis of variance (ANOVA) 

Soil texture Clay (%) Silt (%) Sand (%) pH EC (dS m-1) Total N (%)
Available P 
(ppm)

Available K 
(ppm)

Clay loam 31.2 42.0 26.8 7.97 1.04 0.11 6.1 430

Table 2: Physical and chemical analysis of soil before the experiment
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and comparisons of means, respectively. Duncan’s mul-
tiple range test, at p ≤ 0.05, was used to rank the differ-
ences among means. The graphs were drawn by Excel, 
and error bars were assigned based on standard error 
(SE).

3 RESULTS AND DISCUSSION

3.1 PLANT HEIGHT

The result of variance analysis showed that plant 
height was affected by fertilizer, cultivar, and weeding. 
The interaction effect of cultivar × weeding was sig-
nificant on the mentioned trait (Table 3). In all studied 
cultivars, the plant height under weed infested treat-
ment was lower than that under weed control condi-
tions. This decrement was 12.8, 8.7, and 17 % in Adel, 
Mansour, and Arman cultivars, respectively. The high-
est plant height (66.0 cm) was obtained by the Arman 
cultivar under weed control conditions (Figure 1). It 
has been reported that weed competition has a negative 
effect on plant height in chickpea (Ratnam et al., 2011). 
Weeds compete with crops for essential nutrients, avail-
able water, and light used for photosynthesis (Merga 
and Alemu, 2019), and reduce crop yield. The results of 
previous experiments also indicated that hand weeding 
increased the plant height of chickpea (Rathod et al., 
2017). 

Among fertilizer treatments, the highest (59.4 cm) 

and the lowest (54.3 cm) plant height were related to 
the integration of bio-fertilizer + 50 % nitrogen chemi-
cal fertilizer and control (without fertilizer) treatments, 
respectively (Figure 2). Application of Rhizobium (F2), 
100 % chemical fertilizer (F3), and integration of Rhizo-
bium + 50 % nitrogen chemical fertilizer (F4) increased 
the plant height by 5.5, 5.9, and 9.2 %, respectively, 
compared to the control treatment (without fertilizer). 
These results are in line with the findings of Amany 
(2007) and Caliskan et al. (2008), who reported that 
plant height increased with the application of nitrogen 
fertilizer. Khan et al. (2017) stated that the application 
of Rhizobium increases the plant height of chickpea. 
The solubilizing ability of Rhizobium species may in-
crease nitrogen availability in the soil, and the plants 
can uptake the required amount of nutrients (Khaitov 
and Abdiev, 2018).

3.2 NUMBER OF PODS PER PLANT

According to the results of variance analysis (Table 
3), the number of pods per plant was affected by sim-
ple effects of fertilizer, cultivar, and weeding as well as 
the interaction effects of fertilizer × cultivar, fertilizer × 
weeding, and cultivar × weeding (Table 3). In all stud-
ied cultivars, maximum pods per plant were observed 
by applying of Rhizobium + 50 % nitrogen chemical 
fertilizer. On the other hand, the Arman cultivar had 
the highest pods per plant under all fertilization treat-

Mean squares

df
Source of  
variation

Grain 
protein 
content

Hectoliter 
mass

Harvest 
index 

Biological  
yield

Grain 
yield

100-grain 
mass

Pods 
per 
plant

Plant 
height

0.5 ns0.00002 ns0.5 ns15477.4 ns691.8 ns0.6 ns13.8 ns9.5 ns2Replication

33.3**0.0006*35.85**2911530.8**602344.3**46.0 **85.8**77.6**3Fertilizer (F)

0.30.000073.156240.84618.30.61.54.36Error 1

6.6**0.0008**16.8**5485802.1**419913.9**218.6**86.3**798.7**2Cultivar (C)

0.4 ns0.00003 ns15.6**61900.3*23171.4**3.7**5.0 *9.2 ns6F × C

0.20.000031.419679.52488.90.7 1.74.416Error 2

10.7**0.002**531.4**11947331.1**4262226.7**67.9**1106.5**1111.9**1Weeding (W)

0.5*0.00003 ns3.1 ns32900.8 ns2078.9 ns0.1 ns30.5**6.4 ns3F × W

0.7*0.00002 ns15.3**120062.7*47801.8**6.9*15.7 **53.2**2C × W

0.1 ns0.000006 ns0.9 ns9939.7 ns3261.5 ns0.5 ns2.8 ns7.2 ns6F × C × W

0.20.000022.6273614502.61.51.93.024Error 3

1.70.64.94.04.93.76.53.0---C.V (%)

Table 3: Analysis of variance of grain yield, yield components and some qualitative traits of chickpea cultivars

*,** and ns show significant difference at probability of 5 %, 1 % and no significant difference, respectively
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ments. Adel cultivar without fertilization had the lowest 
number of pods per plant (16.3), whereas the highest 
pods number per plant (26.6) was obtained by the Ar-
man cultivar with the application of Rhizobium + 50 
% nitrogen fertilizer (Figure 3). The number of pods 
per plant generally depends on the cultivar (Ayaz et 
al., 2004). It is also affected by environmental factors 
and management practices (Knott, 1987). Yadav et al. 
(2011) reported that seed inoculation with Rhizobium 
enhanced nodulation, growth, and yield of legumes. In-
creasing the number of pods per plant under inocula-
tion treatment can be due to the effect of Rhizobium on 
N, P, and K uptake, some enzyme activities, and root 

development (Wu, 2000). Many studies found positive 
effects of Rhizobium inoculation on the number of pods 
per plant in chickpea (Meena et al., 2013; Khaitov et al., 
2016). 

The result of mean comparisons of fertilizer × 
weeding showed that in all fertilizer treatments, espe-
cially the application of 100 % chemical fertilizer, weed 
control increased the pods number per plant compared 
to weed infested treatment. This increment was 43.2, 
28.6, 69.9, and 40.8 % under F0, F1, F2, and F3 treat-

Figure 1: Plant height of chickpea cultivars under weed 
control and weed infested conditions.  
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)

Figure 2: Plant height of chickpea under different nitrogen 
sources. 
F0, F1, F2, F3: Control, bio-fertilizer, 100 % chemical fertiliz-
er, and bio-fertilizer + 50 % chemical fertilizer, respectively. 
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)

Figure 3: Number of pods per plant of chickpea cultivars 
under different nitrogen sources.  
F0, F1, F2, F3: Control, bio-fertilizer, 100 % chemical fertiliz-
er, and bio-fertilizer + 50 % chemical fertilizer, respectively. 
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)

Figure 4: Number of pods per plant of chickpea under dif-
ferent nitrogen sources and weed control and weed infested 
conditions. 
F0, F1, F2, F3: Control, bio-fertilizer, 100 % chemical fertiliz-
er, and bio-fertilizer + 50 % chemical fertilizer, respectively. 
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)



Acta agriculturae Slovenica, 118/2 – 20226

S. KORDI et al.

ments, respectively. Integration of Rhizobium + 50 % ni-
trogen chemical fertilizer combined with weed control 
produced the highest number of pods per plant (28.2), 
while the lowest number was related to weed infested 
treatment without fertilizer (15.5) (Figure 4). The num-
ber of pods per plant is one of the most important fac-
tors affecting the yield of pulse crops such as chickpea. 
The availability of nitrogen may reduce the weed com-
petition pressure in the crops (Shafiq et al., 1994). Togay 
et al. (2008) reported that the plants from inoculated 
seeds with Rhizobium had a higher number of pods per 
plant compared to the control.

In all cultivars, weeding improved the number of 
pods per plant. However, the positive effect of weeds 
control on pods per plant in the Adel cultivar was high-
er than the other cultivars. The highest number of pods 
per plant (26.8) was obtained in the Arman cultivar 
under weed control conditions (Figure 5). The higher 
number of pods per plant in weed control conditions 
could be due to the lack of competition of weeds with 
chickpea plants in the field. Chickpea is sensitive to 
weed interference due to its slow growth rate and lim-
ited leaf development at the early stage of crop growth 
and establishment (Kaushik et al., 2014).

3.3 100-GRAIN MASS

Based on the results of variance analysis (Table 3), 
simple effects of fertilizer, cultivar, and weeding were 
significant on 100-grain mass. Also, the interaction ef-
fects of fertilizer × cultivar and cultivar × weeding were 
significant for this trait (Table 3). The mean compari-
sons of fertilizer × cultivar showed that in all fertilizer 

treatments, the maximum 100-grain mass belonged to 
the Mansour cultivar. In all three cultivars, the mini-
mum 100-grain mass was related to control treatment 
(without fertilizer) (Figure 6). Increasing 100-grain 
mass under inoculation treatment can be due to the 
improved traits such as leaf area and photosynthetic 
pigments, which finally causes an increase in photosyn-
thetic products (Nyoki and Nakidemi, 2016).

The 100-grain mass of chickpea under weed con-
trol conditions was higher than under weed infested 
treatment in all studied cultivars, especially the Adel cul-
tivar. The highest (37.4 g) and lowest (29.2 g) 100-grain 
mass were achieved from the Mansour cultivar under 

Figure 5: Number of pods per plant of chickpea cultivars 
under weed control and weed infested conditions. 
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)

Figure 6: 100-grain mass of chickpea cultivars under differ-
ent nitrogen sources. 
F0, F1, F2, F3: Control, bio-fertilizer, 100 % chemical fertiliz-
er, and bio-fertilizer + 50 % chemical fertilizer, respectively. 
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)

Figure 7: 100-grain mass of chickpea cultivars under weed 
control and weed infested conditions. 
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)
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weed control conditions and the Adel cultivar under 
weed infested treatment, respectively (Figure 7). Most 
weeds exhibit faster initial growth than crops such as 
chickpea, thereby inhibiting crop growth, which might 
affect photosynthesis and crop yield (Tepe et al., 2011). 
It appears that some factors like nutrient deficiency and 
the level of plants competition over light and nutrient 
resources under weed infested treatment could be con-
sidered as reduction factors for production.

3.4 GRAIN YIELD

Fertilizer, cultivar, and weeding had significant 
effects on the grain yield of chickpea. The interaction 
effects of fertilizer × cultivar and cultivar × weeding 
were also significant for grain yield (Table 3). The result 
of mean comparisons showed that the application of 
nitrogen fertilizer, especially Rhizobium + 50 % nitro-
gen chemical fertilizer, increased grain yield in all three 
cultivars. The highest grain yield (1662.5 kg ha-1) was 
related to the Arman cultivar with applying Rhizobium 
+ 50 % nitrogen chemical fertilizer (Figure 8). Inocula-
tion of chickpea seeds with Mesorhizobium ciceri strain 
resulted in a 23 % increase in grain yield compared to 
the control treatment (without fertilizer). In the present 
research, increment of the grain yield resulted from the 
application of different nitrogen sources in studied cul-
tivars, especially the Arman cultivar, may be due to the 
more plant height and number of pods per plant in this 
condition (Figures 1, 2, 3). It seems that the positive ef-

fects of Rhizobium inoculation on chickpea can be a re-
sult of nitrogen supply for the crop (Togay et al., 2008). 
The effect of Rhizobium bacteria on plant growth is not 
only through nitrogen fixation, but it is also associated 
with the ability of the Rhizobium bacteria to synthesize 
phytohormones like auxin. Some phytohormones, in-
cluding auxin, enhance root growth and development 
as well as promoting water and nutrients uptake (Wer-
ner and Newton, 2005). It has been reported that in-
oculation of chickpea seeds with Rhizobium improves 
grain yield by 9.6 - 27.9 % (Gupta and Namdeo, 1996). 
Increasing the nitrogen rate from 0 to 50 kg N ha−1 
significantly improved the number of pods per plant, 
1000-grain mass, grain yield, biological yield, and har-
vest index in chickpea (McKenzie and Hill, 1995). There 
is a negative correlation between soil mineral nitrogen 
content and the number or mass of rhizobia nodes, 
meaning that high mineral nitrogen reduces rhizobia 
activity (Flajšman et al., 2020). 

Mean comparisons indicated that in all studied 
cultivars, especially the Adel cultivar, weed control in-
creased chickpea grain yield compared to weed infested 
treatment. The highest (1726.5 kg ha-1) and the lowest 
(948 kg ha-1) grain yields were achieved from the Ar-
man cultivar with weed control and Adel cultivar under 
weed infested treatment, respectively. Weed control led 
to a 62.2, 37.4, and 34 % increase in grain yield of the 
Adel, Mansour and Arman cultivars, compared to weed 
infested treatment, respectively (Figure 9). This result 
indicates that poor weed management is one of the ma-
jor grain yield limiting factors in chickpea. It has been 
reported that weed interference can decrease chickpea 
yield by more than 85 % (Ratnam et al., 2011).

Figure 8: Grain yield of chickpea cultivars under different 
nitrogen sources. 
F0, F1, F2, F3: Control, bio-fertilizer, 100 % chemical fertiliz-
er, and bio-fertilizer + 50 % chemical fertilizer, respectively. 
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)

Figure 9: Grain yield of chickpea cultivars under weed con-
trol and weed infested conditions. 
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)
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3.5 BIOLOGICAL YIELD

The biological yield was significantly affected by 
simple effects of fertilizer, cultivar and weeding as well 
as interaction effects of fertilizer × cultivar and cultivar 
× weeding (Table 3). Similar to grain yield (Figure 8), 
the biological yield of chickpea cultivars increased with 
the application of nitrogen fertilizers. In all studied 
cultivars, applying nitrogen fertilizer (especially Rhizo-
bium + 50 % nitrogen chemical fertilizer) enhanced 
biological yield compared to the control (Figure 10). 
The maximum (5104.1 kg ha-1) and minimum (3139.2 
kg ha-1) biological yields were recorded for the Arman 
cultivar with the application of Rhizobium + 50 % ni-
trogen chemical fertilizer and the Adel cultivar without 
fertilizer (control), respectively (Figure 10). Nitrogen is 
one of the most essential nutrients with a considerable 
effect on plant growth and productivity (Tripathi et al., 
2015). The production of phytohormones by Rhizo-
bium species enhances root growth and development 
through improved water and nutrients uptake (Spaepen 
et al., 2009). According to Khaitov and Abdiev (2018), 
the combined application of bio-fertilizer and nitrogen 
fertilizer leads to a positive impact on basic metabo-
lism, grain yield, and biomass. These results show that 
the integration of bio-fertilizer and nitrogen chemical 
fertilizer can be useful for crops production. Togay et 
al. (2008) found that inoculation of chickpea seeds with 
Rhizobium has significantly increased the plant height, 
number of branches per plant, and biological yield. 
Namvar et al. (2011) reported that the application of 

nitrogen increases the production of total dry matter 
in plants, which can be caused by increasing the plant 
height (Figure 2), number of branches per plant, and 
number of pods per plant (Figure 3) that eventually re-
sults in high grain and biological yields (Figures 8, 10).

Weeds control increased biological yield com-
pared to weed infested treatment in all three cultivars 
of chickpea. This increment was 31, 20.2, and 16.6 % in 
the Adel, Mansour, and Arman cultivars, respectively. 
The highest biological yield (4908.5 kg ha-1) was ob-
tained by the Arman cultivar under weed control con-
ditions (Figure 11). Chickpea is highly susceptible to 
weed competition due to its slow growth rate and short 
stature at the early stage of crop growth and establish-
ment (Singh et al., 2017). Therefore, under weed control 
conditions, soil moisture and nutrients are provided for 
the crop to increase biological yield (Khan et al., 2002). 

3.6 HARVEST INDEX (HI)

The data presented in Table 3 showed that simple 
effects of fertilizer, cultivar, and weeding were significant 
on the harvest index. The interaction effects of fertilizer 
× cultivar and cultivar × weeding were also significant 
for the mentioned trait (Table 3). The application of 
different nitrogen sources improved the harvest index. 
The highest harvest index (35.8 and 35.4) was achieved 
by the Adel cultivar with the application of 100 % nitro-
gen chemical fertilizer and the Mansour cultivar with 
the application of Rhizobium + 50 % chemical nitrogen 
fertilizer, respectively (Figure 12). Malik et al. (2006) 
reported that inoculation of soybean seeds with Rhizo-
bium has significantly increased the harvest index. On 

Figure 10: Biological yield of chickpea cultivars under differ-
ent nitrogen sources. 
F0, F1, F2, F3: Control, bio-fertilizer, 100 % chemical ferti-
lizer, and bio-fertilizer + 50 % chemical fertilizer, respec-
tively.Different letters indicate a significant difference at p ≤ 
0.05 (Duncan test)

Figure 11: Biological yield of chickpea cultivars under weed 
control and weed infested conditions. 
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)
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the other hand, Flajšman et al. (2019) showed that the 
soybean harvest index was not influenced by bacteria 
seed inoculation. Weed control led to a 24.2, 14.7, and 
15.4 % increase in harvest index in the Adel, Mansour, 
and Arman cultivars, respectively, compared to weed 
infested treatment. The highest harvest index (37.4) 
was obtained by the Adel cultivar under weed control 
conditions (Figure 13). Pooniya et al. (2009) found that 
weed management played an important role in improv-
ing the harvest index in the chickpea. According to the 
results of this research, it seems that weed control had a 
greater effect on grain yield than biological yield.

3.7 HECTOLITER MASS

According to the results of variance analysis (Table 
3), the hectoliter mass was affected by fertilization, cul-
tivar, and weeding. The interaction effects of the treat-
ments were not significant for this trait (Table 3). The 
application of different sources of nitrogen improved 
hectoliter mass in the chickpea. Among the various fer-
tilizer treatments, the highest (0.770 g cm-3) and low-
est (0.757 g cm-3) hectoliter mass were achieved in the 
integration of Rhizobium + 50 % chemical fertilizer 
and without fertilization (control), respectively (Figure 
14). These results are in agreement with the findings of 
Kordi and Ghanbari (2019). They reported that differ-

Figure 12: Harvest index response of chickpea cultivars to 
different nitrogen sources. 
F0, F1, F2, F3: Control, bio-fertilizer, 100 % chemical ferti-
lizer, and bio-fertilizer + 50 % chemical fertilizer, respec-
tively.Different letters indicate a significant difference at p ≤ 
0.05 (Duncan test)

Figure 13: Harvest index of chickpea cultivars under weed 
control and weed infested conditions. 
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)

Figure 14: Hectoliter mass of chickpea under different nitro-
gen sources. 
F0, F1, F2, F3: Control, bio-fertilizer, 100 % chemical ferti-
lizer, and bio-fertilizer + 50 % chemical fertilizer, respec-
tively.Different letters indicate a significant difference at p ≤ 
0.05 (Duncan test)

Figure 15: Hectoliter mass of different chickpea cultivars. 
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)
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ent sources of nitrogen resulted in changes in the hec-
toliter mass of maize, and the highest and the lowest 
hectoliter mass appeared in the integration of bio-ferti-
lizer + 75 % chemical fertilizer and without fertilization 
(control), respectively. Evaluation of different chickpea 
cultivars in terms of hectoliter mass showed that the 
maximum (0.770 g cm-3) and minimum (0.758 g cm-3) 
hectoliter mass were related to the Arman and Adel cul-
tivars, respectively (Figure 15). The mean comparisons 
indicated that under weed control conditions, the hec-
toliter mass of chickpea was higher than that in weed 
infested treatment (Figure 16). The reduction of hecto-
liter mass under weed infested treatment can be due to 
the decreased traits such as 100-grain mass, leaf area, 
and photosynthetic pigments, which finally reduces as-
similates production.

3.8 GRAIN PROTEIN CONTENT

The results showed that the simple effects of fer-
tilizer, cultivar, and weeding were significant on grain 
protein content. The interaction effects of fertilizer × 
weeding and cultivar × weeding were also significant 
for this trait (Table 3). Integration of Rhizobium + 50 % 
chemical fertilizer had the highest grain protein con-
tent under weed control and weed infested conditions. 
However, maximum grain protein content was obtained 
by applying Rhizobium + 50 % chemical fertilizer under 
weed control conditions (Figure 17). The grain protein 
content is used as one of the most important parame-
ters for measuring grain quality. Nitrogen is an integral 
part of the protein and has a vital role in the quality of 

crops due to its involvement in the synthesis of amino 
acids and proteins (Caliskan et al., 2008). Nitrogen defi-
ciency is one of the limiting factors of yield in most of 
the crops (Liu et al., 2015). Adding nitrogen in any form 
(as a chemical fertilizer or bio-fertilizer) increases the 
grain protein content of crops. It has been reported that 
inoculation and nitrogen fertilization has resulted in a 
significant increase in grain protein content of chick-
pea (El-Hadi and Elsheikh, 1999). Kordi and Ghanbari 
(2019) reported that the highest and the lowest protein 
contents in maize grain were achieved from the inte-
gration of bio-fertilizer + 75 % chemical fertilizer and 

Figure 16: Hectoliter mass of chickpea under weed control 
and weed infested conditions. 
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)

Figure 17: Grain protein content of chickpea under different 
nitrogen sources and weed control and weed infested condi-
tions.  
F0, F1, F2, F3: Control, bio-fertilizer, 100 % chemical fertiliz-
er, and bio-fertilizer + 50 % chemical fertilizer, respectively.
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)

Figure 18: Grain protein content of chickpea cultivars under 
weed control and weed infested conditions. 
Different letters indicate a significant difference at p ≤ 0.05 
(Duncan test)
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without fertilization (control), respectively. Nitrogen-
fixing bacteria activity increases the nitrogen fertilizer 
recovery by providing a part of the required nitrogen 
during the growing season and reducing the nitrogen 
loss within the soil (Jalilian et al., 2012). It is reported 
that Rhizobium has facilitated the uptake of nutrients in 
chickpea through the development of the root system 
(Rudresh et al., 2005). 

The result of mean comparisons indicated that the 
Adel cultivar had higher grain protein content com-
pared to the other studied cultivars in both weed con-
trol and weed infested conditions. The highest (24.6 %) 
and the lowest (22.7 %) grain proteins were achieved 
from the Adel cultivar under weed control conditions 
and the Mansour cultivar under weed infested treat-
ment, respectively (Figure 18). The higher competitive 
ability of weeds compared to chickpea under weed in-
fested treatment led to a significant reduction of avail-
able nitrogen and finally decreased the amount of pro-
tein in plants. Tanveer et al. (2015) reported that the 
grain protein content of chickpea decreased with in-
creasing weed density.

4 CONCLUSIONS

The results obtained from this research clearly in-
dicated that the application of nitrogen fertilizer, espe-
cially Rhizobium + 50 % chemical fertilizer, improved 
all the investigated parameters compared to the control 
treatment (without fertilizer). Thus, the integration of 
Rhizobium + 50% chemical fertilizer can be used as the 
most appropriate treatment for reducing the extensive 
use of chemical fertilizers in agriculture and paving the 
way for sustainable agricultures. Hand weeding had a 
positive and significant effect on yield, yield compo-
nents, and some qualitative traits of chickpea cultivars. 
According to the results of this research, the Arman 
cultivar has priority over other cultivars for the grain 
yield under the climate conditions of Khorramabad.
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The effect of some additives on the rheology of dough and 
quality of bread

Abstract: The technology of production of baking prod-
ucts today can not be imagined without the use of food ad-
ditives. In this research it was aimed to investigate the use of 
some additives in wheat flour type 500 for bread production. 
The formulations and additives used in this study are: without 
additives for M0, emulsifiers (E 472e) for M1, calcium phos-
phate (E341 ii) for M2, L-ascorbic acid (E300) for M3 and 
Damil additive complex (antifouling E170 - 0.06 %; emulsifier 
E472e -0.08 %; antioxidant E300 -0.01 %; fungal a-amylase 
- 0.01 %) for M4 formulation. The results showed that the 
use of additives positively affects some rheological qualities 
such as water absorption capacity, stability and energy of the 
dough. M4 bread had a higher specific volume than all breads 
with 5.14 cm 3 g-1, while M1 and M3 breads were similar. From 
the total points accumulated for the sensory qualities the M4 
bread with a total of 88.8 points accumulated had the best 
qualities with volume, external appearance and very good 
crust and crumb taste. It is therefore recommended to use the 
Damil additive complex in bread production.

Key words: additives; wheat flour; rheological charac-
teristics; specific volume of bread

Učinki nekaterih dodatkov na reološke lastnosti testa in ka-
kovost kruha

Izvleček: Tehnologije proizvodnje pekovskih izdelkov si 
ne moremo predstavljati brez uporabe aditivov za živila. V 
članku so predstavljeni rezultati raziskave, kakšna je uporab-
nost dodatkov pšenični moki tip 500 za proizvodnjo kruha. 
V tej študiji smo uporabili naslednje recepture in dodatke: 
M0 brez dodatkov, M1 emulgator (E 472e), M2 kalcijev fos-
fat (E341 ii), M3 L-askorbinsko kislino (E300) in M4 dodatek 
Damil. Rezultati so pokazali, da uporaba dodatkov pozitivno 
vpliva na nekatere reološke lastnosti, kot so sposobnost vpi-
janja vode, stabilnost in energija testa. Kruh M4 je imel večji 
specifični volumen od vseh kruhov s 5,14 cm3 g-1, kruha M1 
in M3 pa sta bila podobna. Od skupnih točk za senzorične la-
stnosti je imel kruh M4 s skupno 88,8 zbranimi točkami naj-
boljše lastnosti za volumen, zunanji videz, zelo dobro skorjo 
in prijeten okus. Zato je pri proizvodnji kruha priporočljiva 
uporaba kompleksa aditivov Damil.

Ključne besede: aditivi; pšenična moka; reološke la-
stnosti; specifična prostornina kruha
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1 INTRODUCTION

Modern technology of production of baking prod-
ucts has enabled the use of ingredients of suitable qual-
ity and food additives with different functional proper-
ties. The use of food additives in the baking industry 
has facilitated the control of the technological process, 
has enabled the extension of shelf life and the mainte-
nance of freshness for a longer period of time (Grujić, 
2005). Baking technology plays an important role in the 
food industry and has increased interest in the use of 
these products by consumers (Eddy et al., 2007). How-
ever today it is impossible to imagine the production 
of baking products without additives. The addition of 
additives aims to give bakers the tolerance and flex-
ibility required during the stages of the baking process 
(Hrušková & Novotná, 2003). It is common practice to 
use various additives such as emulsifiers, oxidants and 
enzymes to improve the quality of bread (Nanditha & 
Prabhasankar, 2009)

However, the technological quality of the flour is 
one of the main factors when considering which im-
prover should be used. In order for dough improvers 
to work better, they are in most cases composed of oxi-
dizing agents (Biebaut, 1991; Morita et al., 1960). It has 
been proven that oxidizing agents such as L-ascorbic 
acid (E300) will increase the level of water absorption 
in flour and the strength of the dough from the oxidized 
sulfhydryl groups (-SH) to the disulfide bond (SS).

Various empirical methods based on classical ex-
tensograph instruments, alveograph, farinograph and 
mixograph are currently used to obtain data on the 
rheological properties and baking properties of flour 
(Uthayakumaran et al., 2002; Dobraszczyk & Morgen-
stern, 2003; Tronsmo et al., 2003; Chiotelli et al., 2004).

Oxidation generally affects the strength and exten-
sibility of the dough. Its effect can be clearly demon-
strated by extension tests measured with extensographs 
(Šimurina et al., 2002). During the baking process to 
achieve a high quality bread, local producers used as 
usual additives in order to increase the energy of the 

dough, to make the dough more elastic, to increase the 
volume of the bread, to improve the sensory values and 
to other purposes.

The purpose of this research was to study the 
rheological and sensory qualities of bread produced 
from mixtures of type 500 flour with various additives 
such as: emulsifiers (E472e), calcium phosphate (E341), 
L-ascorbic acid (E300) and Damil additive complex 
(wheat flour, emulsifier E472e -0.08%; antifouling E170 
- 0.06%; antioxidant E300 -0.01%; fungal a-amylase - 
0.01%).

2 MATERIALS AND METHODS

2.1 MATERIALS

Wheat flour type 500 was used for the production 
of bread, which was taken from the flour factory “Kokra 
e Art”- Tetovo, where physico-chemical properties were 
analyzed. The flour is supplemented with the following 
mixture of additives: emulsifier (E472e), calcium phos-
phate (E341 ii), L-ascorbic acid and additive complex 
“Damil” (wheat flour, antifouling E170 - 0.06 %; emul-
sifier E472e -0.08 %; antioxidant E300 -0.01 %; fungal 
a-amylase - 0.01 %) in quantities depending on the use 
of the additive as shown in Table 1. 

Since our country does not meet the demands 
of consumers for food or bread, we are dependent on 
wheat imports. With the mixture of imported and local 
wheat, the technological value of the flour also chang-
es, which also affects the rheological properties of the 
dough and the quality of the bread. Therefore, due to 
the variable technological quality of flour, the use of ad-
ditives has become important to standardize the flour 
in terms of rheological properties, to increase the vol-
ume of bread to improve sensory values and for other 
purposes.

This experimental design is based on our knowl-
edge from previous research of various authors such as 
Baratto et al. (2015), Sana & Sinani (2017) and (Hor-

Samples
Flour T-500 
(%)

Emulsifier 
(E472e) 
(%)

Calcium phosphate 
(E341 ii) 
(%) L-ascorbic acid (%)

Damil additive 
mixture 
(%)

M0 100 - - - -

M1 100 0.3 - - -

M2 100 - 0.01 - -

M3 100 - - 0.02 -

M4 100 - - - 0.02

Table 1: Flour samples design with flour type 500 and additives
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vat et al., 2007). Considering that previous studies are 
mainly based on the use of additives separately, the 
novelty in our study is the use of the complex additive 
“Damil”.

Bread samples are prepared and baked in the 
bread production company “Deni” -Skopje, based on 
the amount of flour mixtures of 300 g, additives from 
0.02 to 0.30 % according to the table above. The amount 
of water is according to the absorption of water in the 
farinograph, while the amount of salt and yeast is 1.80% 
and 2.80%, respectively. The production of bread is car-
ried out in a standardized way with the direct method 
where all the ingredients are added to the mixer. The 
kneading lasted 5 min at medium speed and then sep-
arated and given their shape. The dough divided into 
pieces was placed in the fermentation chamber for 90 
minutes at a temperature of 30 °C with 75 % relative 
humidity and was baked for 25 min at 180 °C in an elec-
tric oven. After the breads come out of the oven, they 
are cooled for 2 hours at room temperature and sent for 
further evaluation of the quality of the bread.

2.2 METHODS

Evaluation of physico-chemical properties of flour 
such as: protein content, moisture, ash and wet gluten 
of flour were performed with the Infratec 1241- FOSS. 
The device is based on NIR (Near Infra Red) technol-
ogy and is designed to determine the basic chemical 
parameters of cereals and flour.

The analysis of the rheological properties of the 
formulated mixtures of flour and additives was per-
formed in the laboratory of the enterprise “Kokrra e 
Art” -Tetovo. To determine the rheological characteris-
tics of the mixtures were used 300 g of flour, salt, yeast 
and additive. The rheological properties of the dough 
are determined with Farinograph Brabender accord-
ing to the standard methods of ISO 5530-1 were the 
instrument measures the dough stability and degree 
of softening (Dapčević Hadnađev et al., 2011). Exten-
sograph standard methods ISO 5530-2 where used for 
determination of the physical properties of the dough. 
The extensibility, resistance and energy of the dough 
were determined from the curve of the extensogram 
(Xhabiri & Sinani, 2011; Freund et al., 2006).

Determination of moisture, ash, and energy value 
of bread was performed by standard methods ISO6492: 
1999 (E), ISO5984: 2002, SOP628, SOP200). The sen-
sory qualities of bread such as volume, appearance, 
aroma and taste of crust and crumb were also analyzed 
by a 15 member experienced sensory assessors. All the 
features of the analyzed breads were evaluated with 1-5 

points, then the points obtained were multiplied by the 
coefficient of importance for each feature and the total 
points were obtained. The specific volume, Vsp (cm3 g-1) 
of bread was defined as the ratio of volume and mass of 
bread, where the mass was determined two hours after 
baking and cooling, while the volume of bread was de-
termined by the method of removal of grains of millet 
(Kaluđerski & Filipović, 1998).

Statistical analysis was performed using SPSS 16 
software. The multiple comparison test and the level of 
significance of the differences between the treatments 
were taken into account (p < 0.05). All experiments 
were performed in three replications and the mean val-
ues were given together with the standard deviations. 
Datas were also subjected to statistical analysis (Dun-
can test - multivariate analysis, at significance level p 
<0.05).

3 RESULTS AND DISCUSSION

3.1 CHEMICAL COMPOSITION OF FLOUR

The results of physico-chemical composition of 
flour used in this study are given in Table 2.

Based on the analysis, the moisture content in 
type 500 flour is 14.00 ± 0.50% which indicates that the 
moisture content in type 500 flour is within the maxi-
mum allowable limit (Official Gazette of Republic of 
Macedonia, 2014). The protein content in type 500 flour 
was 11.80 ± 0.10% and is approximate to the results of 
(Abdullahi et.al., 2016). Gluten has an important role 
in the quality of flour and affects water absorption, 
viscosity, elongation, elasticity, resistance to deforma-
tion, gas holding capacity and hardening properties of 
dough (Lazarido et al., 2007, Wieser, 2007). The content 
of wet gluten in t 500 flour was 28.90 ± 0.20 %, indicat-
ing that the flour is suitable for bread production. The 
ash content in type 500 flour was 0.55 ± 0.08 %, which 
indicates that only the endosperm part was obtained 
during processing.

Physico-chemical parameters (%) (Mean ± SD)

Moisture 1 4.00 ± 0.50

Protein 11.80 ± 0.10

Ash 0.60 ± 0.08

Wet gluten 28.90 ± 0.2 0

Table 2: Composition of flour
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3.2 RHEOLOGICAL PARAMETERS OF THE 
DOUGH

Farinograph data of type 500 wheat flour with 
mixtures of additives are presented in Table 3. The re-
sults showed the dependence of the mixing of additives 
with type 500 wheat flour however they were also influ-
enced by the additives that were used. As an important 
parameter that has the greatest practical value is the ab-
sorption of water, which is important in the evaluation 
of flour (Dapčević Hadnađev et al., 2011). Water ab-
sorption was highest in sample M3 with 57.20 ± 1.04 %, 
while the lowest in sample M1 with 53.90 ± 0.80 % and 
these differences are significant. From the data of table 
3 it can be seen that the control dough M0 has no sig-
nificant differences in (p <0.05) with M1 and M4, but 
expresses significant differences with M2 and M3.

The dough development time was much longer in 
the control dough M0, compared to the formulations 
with mixture of additives, therefore we have a signifi-
cant difference (p < 0.05). This indicates that the dough 
development time in type 500 wheat flour without ad-
ditive increases with increasing proteolytic degradation 
of proteins (Dua et al., 2009). Regarding the stability 
of the dough, there is a positive effect of additives in 
improving the stability of the dough, where samples 
M3 and M2 had a significant (p < 0.05) higher dough 
stability than the control dough. A positive effect of the 
addition of additives on the M2 sample was observed 
at the degree of softening, which had a better rate of 

43 ± 1.06 FU. The degree was the same as that of the 
control M0, and both had a significant difference (p < 
0.05) from M1, M3 and M4 samples. Although many 
authors emphasize that gluten is the main ingredient of 
the dough that affects the rheological qualities (Torbica 
et al., 2007) as well as increases the volume of baked 
products (Rakita, 2017). The addition of additives to the 
flour did not change the qualitative number observed 
from all samples.

Data from extensograph analyzes are presented 
in Table 4 which shows that the use of some additives 
has influenced extensographic parameters. The low-
est dough extensibility had M3 dough, while the other 
doughs had higher extensibility than M0 control dough. 
Martin et al. (2003) investigated the effect of pentosan-
ase and oxidases on glutenin dough and macropolymer 
characteristics and reported higher dough extensibil-
ity. M1 and M2 dough had lower resistance than M0 
control dough, while M3 and M4 dough had higher 
resistance. The results obtained correspond to those of 
Ghanbari & Farmani (2013).

The data show that the dough M1 had the same 
energy as the control dough M0, while in other doughs 
M2, M3, M4 the energy increased. The results obtained 
are comparable to those of Horvat et al (2007).

The ideal ratio for bread production should be 
1.5-2.5 and in most dough mixtures it is within the al-
lowed limits while the M3 sample had a higher ratio 
that reaches up to 3.46.

Extensograph parameters M0 M 1 M 2 M 3 M 4

Extensibility (mm) 153.00 ± 2.88b 165.00 ± 8.96bc 170.00 ± 8.88c 135.00 ± 9.64a 156.00 ± 5.51bc

Resistance  (EU) 307.00 ± 18.61a 272.00 ± 16.37a 269.00 ± 8.51a 546.00 ± 47.62b 344.00 ± 39.51a

Energy  (cm 2 ) 85.60 ± 3.05a 85.30 ± 12.58a 88.30 ± 7.64a 116.00 ± 15.51b 102.00 ± 3.78ab

Relation  R / E 2.03 ± 0.23a 1.63 ± 0.15a 1.56 ± 0.15a 3.46 ± 0.71b  2.23 ± 0.31a

Table 4: Rheological qualities of doughs with exstensograf

Different letters in the same order differ significantly, Duncan p <0.05

Farinograph parameters M0 M 1 M 2 M 3 M 4

Water absorption (%) 54.50 ± 0.32a 53.90 ± 0.80a 56.80 ± 0.24b 57.20 ± 1.04b 54.80 ± 0.73a

Dough development  (min) 3.10 ± 0.16b 1.30 ± 0.04a 1.25 ± 0.02a 1.70 ± 0.04a 1.28 ± 0.02a

Dough stability  (min) 0.90 ± 0.16a 1.05 ± 0.01a 4.56 ± 0.07b 5.10 ± 0.08b 1.09 ± 0.07a

Degree of softening (FU) 43.00 ± 1.41a 52.00 ± 2.16b 43.00 ± 1.06a 77.00 ± 1.41c 54.00 ± 1.34b

Quality number            71.00 ± 1.01c 67.00 ± 1.63b 75.00 ± 0.25c 80.00 ± 1.63d 64.00 ± 0.75a

Table 3: Rheological properties of farinograph doughs

Different letters in the same order differ significantly, Duncan p < 0.05
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Based on the organoleptic analyzes performed on 
the quality of bread mixes with wheat flour type 500 and 
some additives, it was observed significant improve-
ments in bread mixes compared to control bread M0. 
Khan et al (2011) had similar results. Improvements are 
particularly noticeable in the appearance, taste of the 
crust and crumb. Pomeranz (1988) confirms that all 
breads made with type-500 flour, with or without ad-
ditives, have their own characteristic taste and aroma.

Better volume was in M4 and M3 bread rated 
with 4.8, while other breads have similar points to the 
control bread M0. This is also confirmed by the results 
obtained from the extensogram for the energy of the 
dough. M4 bread has better appearance while others 
have similar points to M0 control bread. Considering 

3.3 SPECIFIC VOLUME OF BREAD

The specific volume of M4 bread was higher than 
M0, while the specific volume of M2 bread was lower 
than the specific volume of M0 (p < 0.05). Similar re-
sults have been found by Ribotta et al (2010).

3.4 SENSEORY PROPERTIES OF THE BREAD 
TYPES

The quality of bread depends on the quality of the 
protein in the flour (Lasztity, 2002) therefore high pro-
tein content has good effect on bread volume and per-
formance (Pomeranz, 1988).  

Bread samples
Volume 
(k = 4)

Exterior 
(k = 3)

Appearance  
of the crumb 
(k = 5)

Aroma of the 
crust and crumb 
(k = 3)

Taste of the crust  
and crumb 
(k = 5) Total 

M0 4.3 4. 3 4.6 4.1 4. 3 86.9

M1 4.2 4.4 4.5 4.0 4. 5 87.0

M2 4.3 4.3 4.5 4.1 4.5 87.3

M3 4.7 4.4 4.2 4.3 4.3 87.4

M4 4.7 4.5 4.4 4.0 4.5 88.8

Table 5: Sensory properties of the bread samples

k-coefficient of importance

Figure 1: Specific volume (cm3 g-1) of bread types
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the appearance of the pores created and their size, most 
breads including control bread M0 have similar points, 
while bread M3 has fewer points.

The aroma of crust and crumb was generally al-
most identical to M0 control bread, but M3 bread had a 
slightly higher. The taste was very similar to all breads, 
including the control bread. All bread with additives 
had more accumulated points than control especially 
the M4 bread had highest points, which corresponds to 
the findings of Grujić et al (2009).

4 CONCLUSION  

The use of additives in wheat flour t-500 for bread 
production improved some rheological properties such 
as: water absorption capacity, dough stability and dough 
energy. M4 bread had shown much higher specific vol-
ume than M0 control bread, while M1 and M3 bread 
had similar specific volume. According to the sensory 
profile (volume, external appearance as well as better 
aroma and taste of crust and crumb) the additive con-
taining bread had higher points. Therefore, the use of 
Damil additive complex (wheat flour, antifouling E170 
- 0.06 %; emulsifier E472e -0.08 %; antioxidant E300 
-0.01 %; fungal a-amylase - 0.01 %) for the production 
of bread with type 500 flour may be recomended.
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Sublethal effects of some insecticides on the functional re-
sponse of Aenasius bambawalei Hayat, 2009 (Hymenoptera: 
Encyrtidae)

Abstract: Aenasius bambawalei Hayat, 2009 is one of the 
most effective natural enemies of Phenacoccus solenopsis Tin-
sley, 1898. The sublethal effects of dimethoate, imidacloprid, 
and thiodicarb on the functional response of A. bambawalei 
to different densities of third instar nymphs of P. solenopsis 
were evaluated under laboratory conditions. Young females 
were exposed to the insecticides and then introduced to the 
host densities of 2, 4, 8, 16, 32, and 64 for 24 h. The results 
revealed a type III functional response in control and insec-
ticide treatments. The handling time and maximum attack 
rates of A. bambawalei females were adversely affected by in-
secticides. The longest handling time and the lowest value of 
maximum attack rate were observed in thiodicarb treatment, 
5.03 h and 4.76, respectively. Therefore, for the simultaneous 
application of biological and chemical control of P. solenopsis, 
the influence of insecticides on the functional response be-
havior of natural enemies must be evaluated.

Key words: parasitoid; biological control; chemical con-
trol; IPM

Subletalni učinki nekaterih insekticidov na funkcionalen 
odziv vrste Aenasius bambawalei Hayat, 2009 (Hymenopte-
ra: Encyrtidae)

Izvleček: Vrsta Aenasius bambawalei Hayat, 2009 je naj-
učinkovitejši naravni sovražnik škodljivca Phenacoccus sole-
nopsis Tinsley, 1898. Subletalni učinki dimetoata, imidaklopri-
da in tiodikarba na funkcionalni odziv vrste A. bambawalei na 
različne gostote nimf tretjega štadija škodljivca P. solenopsis 
so bili ovrednoteni v laboratorijskih razmerah. Mlade samice 
so bile izpostavljene insekticidom in nato prinešene gostitelju 
v gostotah 2, 4, 8, 16, 32, in 64 za 24 h. Rezultati so pokazali 
funkcionalni odziv tipa III pri kontroli in obravnavanjih z in-
sekticidi. Na čas obravnavanja in največji napad samic vrste 
A. bambawalei so negativno vplivala obravnavanja z insektici-
di. Najdaljši čas obravnavanja (5,03 h) in najmanjša vrednost 
maksimalnega napada (4,76) sta bila opažena pri obravnava-
nju s tiodikarbom. Zaradi tega moramo pri hkratnem biolo-
škem in kemijskem uravnavanju škodljivca P. solenopsis pred-
hodno ovrednostiti vpliv insekticidov na funkcionalni odziv 
naravnega sovražnika.

Ključne besede: parazitoid; biološki nadzor; kemijski 
nadzor; IPM
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1 INTRODUCTION

Extensive application of synthetic insecticides has 
caused unsuitable effects on ecosystems such as insect 
resistance, pest outbreaks, pesticide residues in soil and 
products, and undesirable effects on non-target organ-
isms (Ambrose et al., 2010). On the other hand, in an 
integrated pest management (IPM) program, success 
mainly depends on the simultaneous use of chemical 
compounds and biological control agents and insec-
ticides are essential elements for pest population sup-
pression (Abedi et al., 2012). Thus, in such systems, the 
compatibility of insecticides with biocontrol agents 
is the main concern for IPM managers (Martinou & 
Stavrinides, 2015).

Parasitoid wasps can regulate the pest popula-
tion and prevent the pest outbreak (Hentz et al., 1998). 
One of the major interactions between parasitoids and 
pests that can influence pest suppression is functional 
response (Holling, 1959). In parasitoids, functional re-
sponse refers to the relationship between the number of 
hosts attack by a female parasitoid during a given time 
interval as a function of host density (Solomon, 1949). 
According to Holling (1959, 1966), there are three types 
of functional responses. In type I, the parasitoid has a 
constant search rate overall densities and the result is a 
linear response until parasitoid satiation (Hassell, 1978). 
In type II, the parasitoid response to the pest density is 
curvilinear and in higher densities changes to plateau. 
Type II response integrates parasitoid handling time, 
which defines as the time parasitoids spend for over-
coming and parasitizing a host. Moreover, parasitoid 
cleaning and resting behavior before starting to search 
for a new host are included. Type III shows a sigmoid 
curve that rises to a plateau when the parasitoid feels 
satiation. The sigmoid form is due to a slow increase in 
the attack rate of the parasitoid in higher densities of 
the host (Holling, 1959, Hassell, 1978).

Cotton mealybug, Phenacoccus soleopsis Tinsley 
(Hemiptera: Pseudococcidae), has been reported as a 
serious pest on cotton in the United States for the first 
time (Fuchs et al., 1991) and then from India and Pa-
kistan (Hodgson et al., 2008, Sahito et al., 2011). It was 
also described as a pest of Hibiscus rosa-sinensis L. in 
Nigeria and Iran (Akintola & Ande, 2008, Joodaki et al., 
2018). P. soleopsis is highly polyphagous and more than 
202 plant species are attacked across the world includ-
ing ornamentals, fruits, weeds, and field crops (Kumar 
et al., 2009, Fand & Suroshe, 2015). Several chemical in-
secticides are used for managing mealybug infestation; 
however, due to the wax covers the whole body and the 

cryptic habit of the pest, the efficiency of the method 
is limited (Fand & Suroshe, 2015). The pest is attacked 
by 23 species of predators and 7 species of parasitoids 
in Iran and all of the reported parasitoids belong to 
the family Encyrtidae (Mossadegh et al., 2015). Among 
them, only the solitary parasitoid, Aenasius bambawa-
lei Hayat is effective in suppressing the pest population 
and has a key role in its natural parasitism (Fand & 
Suroshe, 2015).

Pesticide exposure is one of the several factors 
which can influence the functional response of Natural 
enemies (Martinou et al., 2015). The effect of sublethal 
concentrations of insecticides on different parasitoids 
such as Diaeretiella rapae (McIntoch, 1855) (Hym.: Bra-
conidae) (Rezaei et al., 2014), Habrobraon hebetor Say, 
1836 (Hym.: Braconidae) (Abedi et al., 2012, Mahdavi 
et al., 2013, Rashidi et al., 2018), Dolichogenidea tasman-
ica (Cameron, 1912) (Hym.: Braconidae) (Paull et al., 
2014), and Eretmocerus mundus Mercet, 1931 (Sohrabi 
et al., 2014) have been reported in previous studies. 
Nevertheless, there is no available information on the 
sublethal effects of insecticides on A. bambawalei. In the 
current study, the sublethal effects of dimethoate, imi-
dacloprid, and thiodicarb on the functional response of 
the parasitoid wasp, A. bamabawalei, were investigated 
on P. solenopsis.

2 MATERIALS AND METHODS

2.1 INSECT REARING

Different life stages of P. solenopsis were collected 
from twigs of Hibiscus rosa-sinensis L. available at the 
campus of Agricultural Sciences and Natural Resources 
University of Khuzestan. Young potato, Solanum tu-
berosum L., sprouts (0.5-1.5 cm length) were used as a 
laboratory host of the mealybugs and the transfer was 
carried out using a fine brush. Then, the potato sprouts 
were kept in a container (24 × 10 × 16 cm) covered with 
fine mesh. The newly established colony was used in the 
experiments. 

To create the colony of A. bambawalei, the para-
sitized nymphs of P. solenopsis were collected from the 
same H. rosa-sinensis twigs. A separate container was 
used to keep the mummies until the adults’ emergence. 
While the adult parasitoids appeared in the contain-
ers they were moved by an aspirator to new containers 
containing 3rd instar nymphs of P. solenopsis. Both colo-
nies were maintained in the incubators at 27 ± 2 ᵒC, 65 
± 5 % R. H., and 14 l: 10 D h, and all the experiments 
were carried out in the mentioned conditions.
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2.2 INSECTICIDES

Dimethoate, imidacloprid, and thiodicarb were 
tested in the experiments. Table1 shows more informa-
tion about insecticides.

2.3 FUNCTIONAL RESPONSE BIOASSAY

For these experiments, the sublethal concentra-
tions of 1, 0.5, and 25 ppm of dimethoate, imidacloprid, 
and thiodicarb were used, respectively. The cylindrical 
plastic containers (15 cm high and 7 cm diameter) were 
considered as exposure cages and impregnated to the 
insecticidal solution for 30 seconds. Distilled water was 
used as control. Then, they were allowed to dry for 24 h. 
After this time, 50 newly emerged mated female wasps 
(less than one day old) were released in each exposure 
cage for 24 h. Then, randomly selected females were 
transferred to the new containers consist of different 
densities of 2, 4, 8, 16, 32, and 64 third instar nymphs 
of P. solenpsis. The containers were transferred to the 
incubators with the above-mentioned conditions for 
24 h. Then the females were removed and the contain-
ers were kept in the incubator until the appearance 
of mummies. The number of parasitized nymphs was 
recorded. Ten replications were considered for this ex-
periment.

2.4 STATISTICAL ANALYSIS

Logistic regression analysis of the proportion of 
host-parasitoid (Na/N0) as a function of host density 
(N0) was used to determine the functional response 
type of A. bamabawalei as recommended by Juliano 
(2001).This was done by fitting the below polynomial 
function:

(1)

Where Na is the number of parasitized hosts, N0 is 
the initial number of hosts offered, and P0, P1, P2, and 

P3 are intercept, linear, quadratic, and cubic parameters, 
respectively. These parameters were calculated using 
the method of maximum likelihood (PROC CATMOD, 
SAS Institute, 2001). If the linear parameter (P1) is neg-
ative, the type of functional response is II, whereas a 
positive linear parameter reveals a type III functional 
response (Juliano, 2001). 

In the second step, a nonlinear least-squares re-
gression (PROC NLIN; SAS Institute Inc., 2001) was 
used to calculate the functional response parameters  
(Th and either a for type II functional response or b, 
c, and d for type III functional response) using Rog-
er’s random parasitoid equation (Rogers, 1972; Juliano, 
2001). The parameters were estimated according to the 
following equations: 

 (2)

where Na is the number of parasitized hosts, N0, 
the initial number of hosts,  is the instantaneous search-
ing efficiency (attack rate), T is the total amount of time 
available for searching (24h), and  is the handling time. 

For modeling the type III functional response, the 
searching efficiency (a) in equation (2) was substituted 
with equation (3) with a function of host density. 

 (3)

Where a, b, c, and d are constants and must be es-
timated. In cases where both d and c were not signifi-
cantly different from 0; the case observed in this study, 
led to a = bN0 which was inserted into Equation (2). 
This yielded the following formula (Hassell, 1978): 

 (4)

Since thedata from the above experiment fitted the 
type III functional response, the functional response 
parameters were obtained using (3) and (4).

The maximum attack rate (T/Th) which indicates 
the maximum number of hosts that can be parasitized 
by an individual parasitoid during 24 h, was estimated 
using calculated Th (Hassell, 2000).

DosageFormulationCompanyActive ingredientInsecticide

0.5 ppm35 % SCAria ChimiImidaclopridConfidor®

1 ppm40 % ECKimiyaGohareKhakDimethoateRoxion®

25 ppm80 % DFMoshkfam Fars ThiodicarbLarvin®

Table 1: Information about experimental insecticides
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plained the functional response of A. bambawalei in all 
treatments (Table 3).

The maximum number of 3rd instar nymphs that 
could be parasitized by A. bambawalei (T/Th) decreased 
from 8.35 in control to 6.49, 4.88, and 4.76 in imidaclo-
prid, dimethoate, and thidicarb, respectively (Table 3). 

4 DISCUSSION

Pesticides are prevalent elements in integrated 
pest management programs and the study of their be-
havioral effects such as functional response on natural 
enemies can be helpful for the success of IPM. Accord-
ing to the results of the current study, the functional 
response of A. babmawalei in control and insecticide 
treatments was of type III. Parasitoids with type III 
functional response are density-dependent and can in-
crease their search rate on higher densities of the host. 
Although a previous overview on functional response 
indicated that type II is more common in parasitoids 
(Fernandez-arhex & Corley, 2003), several studies in-
dicate type III in parasitoid wasps such as Eretmocerus 
mundus Mercet on Bemisia tabaci Gennadius, 1889 
(Sohrabi et al., 2014), Aphidius colemani Viereck, 1912 
on Aphis gossypii Glover, 1877 (Van Steenis & El-Wha-
wass, 1995) and Praon volucre (Haliday, 1833) on Myzus 
persicae (Sulzer, 1776) (Tazerouni et al., 2016). Accord-
ing to an earlier study, type II functional response was 

3 RESULTS

The logistic regression analysis of the proportion 
of P. solenopsis parasitized by A. babmawalei indicated 
Type III functional response for this parasitoid in con-
trol and all insecticidal treatments. The linear coeffi-
cient, P1, was positive and the quadratic coefficient, P2, 
was negative in all treatments (Table 2).

Therefore, the proportion of host parasitized was 
density-dependent, which shows a type III functional 
response (Figure 1).

Roger’s random parasitoid equation was used for 
data analysis in control and other treatments. Accord-
ing to the results of nonlinear least square regression 
parameters, c and d were not significantly different 
from zero; therefore, they were removed from the mod-
el and a reduced model was used (Equation 4). Estimat-
ed b values for the control, dimethoate, imidacloprid, 
and thiodicarb were 0.00620, 0.00304, 0.00344, and 
0.00267, and estimated handling times in these treat-
ments were 2.87, 4.92, 3.70, and 5.03 h, respectively (Ta-
ble 3). Comparing the asymptotic 95 % confidence of 
b values in Table 3 indicated that imidacloprid had no 
significant effect on the value of the b of A. bambawa-
lei; however, it was significantly reduced in dimethoate 
and thiodicarb treatments. Nevertheless, handling time 
(Th) significantly increased in all insecticide treatments. 
The values of r2, coefficient of determination, revealed 
that Rogers’s random parasitoid equation properly ex-

P valueSEEstimateParametersTreatment

0.21050.3778-0.4730P0 (Constant)Control

0.36140.05780.0528P1 (Linear)

0.11890.00220-0.00344P2 (Quadratic)

0.10550.000022-0.000035P3 (Cubic)

0.00040.4598-1.6313P0 (Constant)Dimetoat

0.21600.06890.0853P1 (Linear)

0.13660.00261-0.00388P2 (Quadratic)

0.16190.0000260.000036P3 (Cubic)

0.00750.4118-1.1003P0 (Constant)Imidacloprid

0.29190.06250.0659P1 (Linear)

0.14080.00238-0.00350P2 (Quadratic)

0.14580.0000240.000034P3 (Cubic)

0.00140.4536-1.4500P0 (Constant)Thiodicarb

0.47870.06890.0488P1 (Linear)

0.34210.00262-0.00249P2 (Quadratic)

0.38940.0000260.000022P3 (Cubic)

Table 2: Maximum likelihood estimates from logisitic regression analysis of the proportion of third instar nymphs of Pheno-
coccus solenopsis parasitized by Aenasius bambawalei as a function of initial host density
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Figure 1: Functional response of A. bambawalei to different densities of 3rd instar nymphs of P. solenopsis in different insecti-
cide treatments. From the top: dimethoate, thiodicarb, imidacloprid, and control treatments. Symbols are observed data and 
lines were predicted by the model (Equation 2)
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recorded for A. bambawalei to different densities of P. 
solenopsis at selected temperatures which is varied from 
the results of our study (Joodaki et al., 2018). Several 
factors including difference in experimental conditions, 
parasitoid strain, host plant cultivar, host species, the 
age of parasitoid and host, physiological state of the 
host may be responsible for the change of functional 
response type in parasitoid wasp (Sagarra et al., 2001, 
Ambrose et al., 2010, Asadi et al., 2012, Pasandideh et al., 
2015, Tazerouni et al., 2016, Joodaki et al., 2018). In this 
study, the type of functional response did not change 
depending on different insecticide treatments. There is 
no available information about other studies reporting 
the effects of insecticides on the functional response of 
A. bambawalei. On the other hand, Habrobracon hebetor 
Say, 1836 showed type III functional response to dif-
ferent densities of Anagasta kuheniella Zeller, 1879 in 
control and all insecticide treatments (Mahdavi et al., 
2013). In another study, the type of functional response 
of Diaretiella rapae (McIntosh) did not change when it 
was exposed to primicarb and thiamethoxam (Rezaei et 
al., 2014). However, Sohrabi et al. (2014) reported an al-
teration in type III functional response of Eretmocerus 
mundus Mercet in control treatment as well as imida-
cloprid to type II in buprofezin treatment. Moreover, 
the sublethal concentrations of primicarb, cyperme-
thrin, and dimethoate changed the functional response 
of D. rapae from type II to type III (De-Jiu et al., 1991).

Handling time (the time needed to subdue and 
consume the prey item) and attack rate are important 
parameters used to assess the parasitoid functional 
response (Juliano, 2001). In this study, all insecticides 
had a significant negative effect on the handling time 
of parasitoids; however, the influence of thiodicarb was 

r2T/Th  Th  bTreatments

0.968.352.87 ± 0.0980

(2.6781-3.0704)

0.00620 ± 0.00103

(0.00484- 0.00825)

Control

0.964.884.92 ± 0.3197

(4.2774-5.7773)

0.00304 ± 0.000881

(0.00128-0.00480)

Dimethoate

0.866.493.70 ± 0.2602

(3.1747-4.2163)

0.00344 ± 0.00106

(0.00131-0.00556)

Imidacloprid

0.884.765.03 ± 0.3203

(4.3940-5.6765)

0.00267 ± 0.000740

(0.00119-0.00415)

Thiodicarb

Table 3: Parameters (± SE) estimated by random parasitoid 
equation indicating functional response of A. bambawalei to 
different treatments

The values in parentheses are 95 % confidence intervals; b: constant; 
Th: handling time; T/Th maximum attack rate

even higher than the other insecticides and had the 
most adverse effect on the host-finding of the para-
sitoid. The difference in handling time in insecticide 
treatments may be due to their various mode of action, 
which influence the neural system of parasitoids. The 
longer handling time in parasitoids exposed to insecti-
cides could be related to the commotion of their neu-
ral system (Rezaei et al., 2014). An increase in handling 
time under insecticide treatments has been reported in 
different parasitoids such as H. hebetor when exposed 
to spinosad (Dastgersi, 2009), and cypermethrin (Abedi 
et al., 2012). 

Among all insecticide treatments, dimethoate and 
thiodicarb had the most, and imidacloprid had the least 
negative effect on the value of maximum attack rate of 
the wasp. The parasitism rate of A. bambawalei in imida-
cloprid treatment was 1.3 times more than dimethoate 
and thiodicarb; however, in control, it was distinctly 
higher than insecticide treatments. Insecticides can 
cause a repellent effect on parasitoids or decrease their 
host finding ability due to boosting disturbance and re-
ducing the olfactometric abilities, which may result in 
a reduction in parasitism rate (Decourtye et al., 2004).

5 CONCLUSIONS

The results confirmed the negative impact of in-
secticides on the functional response of parasitoids and 
probably the success of biological control programs. 
Hence, for the simultaneous application of biological 
and chemical control in integrated pest management 
programs, the influence of insecticides on the differ-
ent behavior of natural enemies such as functional re-
sponse has to be evaluated. Such information is essen-
tial to estimate the appropriate time to release natural 
enemies in the case of using insecticides.
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Morphological, biochemical, and nutritional value of prick-
ly and smooth fruit spinach

Abstract: This study aimed to investigate the morpho-
logical (qualitative and quantitative traits) and biochemical 
characteristics (such as leaf pigments and total antioxidant 
capacity, vitamin E and C content, total soluble carbohydrate, 
total amino acid content, nitrate concentration, nitrate reduc-
tase assay, oxalic acid content, Ca and Fe content) in spinach. 
The selected accessions in this study were prickly (’Varamin 
Prickly’) and smooth (’Monatol’) fruits of spinach selected 
among 44 accessions. This experiment was carried out in 
spring, arranged as a complete randomized block with three 
replicates and 18 observations. Results showed no significant 
differences between the two accessions for most qualitative 
and quantitative morphological traits. In contrast, biochemi-
cal characteristics showed significant differences between 
the two accessions. Both accessions had high yields, but the 
dry biomass  of ’Varamin Prickly’ accession was more than 
’Monatol’ (smooth fruit). The results indicated that the fruit 
type does not appear to cause variations in morphological 
traits, and differences in accessions could be due to genetic 
sources and environmental distribution. The prickly fruit 
accession showed a significant superiority for most qualita-
tive nutraceutical traits, including DPPH, flavonoid, phenol, 
carbohydrate, amino acid, fiber, and Fe content compared 
to smooth fruit accession. Finally, it was found that prickly 
fruit accession is very suitable for mechanized harvesting 
and human diet due to its appropriate plant, leaf, petiole, and 
qualitative nutraceutical traits and can be used for breeding 
purposes and cultivation fields.

Key words: Iranian spinach accession; prickly fruit; 
smooth fruit; nutraceutical traits; Spinacia oleracea

Morfološka, biokemična in hranilna vrednost špinače z 
gladkimi in bodečimi plodovi

Izvleček: Namen raziskave je bil preučiti morfološke 
(kakovostne in količinske) in biokemijske lastnosti (listna 
barvila, celokupno antioksidacijsko sposobnost, vsebnost 
vitaminov E in C, celokupnih topnih ogljikovih hidratov, ce-
lokupnih amino kislin, nitrata, oksalne kisline, Ca in Fe, prei-
skus nitrate reduktaze) v špinači. Iz 44 akcesij so bile izbrane 
sorte z bodečimi (’Varamin Prickly’) im gladkimi (’Monatol’) 
plodovi. Poskus je bil izveden spomladi kot popolni naključni 
bločni poskus s tremi ponovitvami in 18 opazovanji. Rezultati 
so pokazali, da v večini kakovostnih in količinskih morfolo-
ških lastnostih obeh tipov ni bilo značilnih razlik. Nasprotno 
so se vbiokemičnih lastnostih obeh tipov pokazale značilne 
razlike. Oba tipa akcesij sta imela velike pridelke, a je bila bio-
masa ’Varamin Prickly’ večja kot pri akcesijah sorte Monatol. 
Rezultati so pokazali, da tip plodov ne povzroča raznolikosti 
v morfoloških lastnostih in, da bi razlike med akcesijami lah-
ko bile genetskega ali okoljskega izvora. Akcesije z bodečimi 
plodovi so bile značilno superiorne v večini kakovostnih 
hranilnih lastnosti kot so DPPH, vsebnost flavonoidov, feno-
lov, ogljikovih hidratov, amino kislin, vlaknin in Fe v primer-
javi z akcesijami z gladkimi plodovi. Povzamemo lahko, da bi 
bile akcesije z bodečimi plodovi zelo primerne v bodočih pro-
gramih žlahtnenja in pridelave na polju zaradi primernosti za 
strojno spravilo in prehrano ljudi zaradi primernih lastnosti 
habitusa, listov, listnih pecljev rastlin in ugodnih hranilnih 
lastnosti. 

Ključne besede: akcesije iranske špinače; bodeči plodo-
vi; gladki plodovi; hranilne lastnosti; Spinacia oleracea
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1 INTRODUCTION

Spinach (Spinacia oleracea L.) is one of the criti-
cal and commercial vegetables planted worldwide for 
fresh and processed consumption (Morelock & Correll, 
2008). As one of the origins of spinach, Iran has ranked 
the seventh producer globally (Shi et al., 2016). This 
vegetable is a fast-growing, cold season, and nutritious 
that is highly recommended in the human diet. Spinach 
has high levels of iron, dietary fiber, vitamins, antioxi-
dants, and several phytochemical components. On the 
other hand, some compounds, such as nitrate and oxa-
late, can be high accumulated in leaves that have poten-
tial health hazards to humans (Koh et al., 2012). There-
fore, selecting and introducing low-capacity nitrate and 
oxalate varieties is an essential aim in spinach breeding 
programs (Koh et al., 2012).

Pprevious studies were devoted to the genetic 
structure associated with the morphological traits of 
spinach (Arif et al., 2013; Sabaghnia et al., 2014). High 
variation yield was reported among 54 Iranian spinach 
accessions (Sabaghnia et al., 2014). Nevertheless, vari-
ation in the phenotypic characteristics of plants such 
as leaf type, fruit type (seed type), and even leaf color 
can affect plant growth and biochemical traits. Like, 
leaf color affects morphological and biochemical char-
acteristics of Sassafras tsumu (Hemsl.) Hemsl. Jiang et 
al., 2016). Phenotypic differences were also reported in 
Vachellia nilotica subsp. indica (Benth.) Kyal. & Boatwr. 
due to having two types of smooth and prickly seeds. 
(Gorain et al., 2014). Sunflowers from different seeds 
differ in biochemical properties such as oil and protein 
content (Balalic et al., 2012).

Fruit types, leaf morphology, leaf color (green vs. 
purple), and day to flowering are spinach’s most critical 
phenotypic characteristics for breeding classification 
and commercial purposes (Shi et al., 2016). Wrinkled 
leaves are marketable in the USA, whereas flat leaves are 
favorable in Iran (Avsar, 2011). Moreover, fruit forms 
used in mechanization and handy cultivation are differ-
ent (Wu et al., 2015). There are two types of taxonomic 
varieties of spinach (S. oleracea var. spinosa Moench.) 
with prickly and (S. oleracea var. inermis Peterm.) with 
smooth fruits (Mei et al., 2010). Spinach cultivars, with 
prickly fruits are not suitable for mechanized cultiva-
tion. So, it has been suggested that round and smooth 
fruits, is suited for mechanized spinach cultivation 
(Morelock & Correll, 2008). Some countries have solved 
the prickly problem of spinach fruit by using fruit coat-
ing (Shi et al., 2016). It is reported that most European 
varieties of spinach fruits are smooth (Meng et al., 
2017). Conversely, most prickly spinach fruits belong 
to the Asian region consisting of Korea, Japan, Iraq, and 

Iran. There is a remarkable diversity among the fruits 
of Asian spinach cultivars due to the vast territory and 
different climates (Meng et al., 2017; Shi et al., 2016). 

The researchers reported that prickly fruit spinach 
varieties had narrow and small leaves with long peti-
oles that are generally resistant to low temperatures but 
sensitive to high temperatures (Meng et al., 2017; Mei et 
al., 2010). On the other hand, thick and wrinkled leaves 
with short petioles are generally observed in smooth 
fruit varieties (Mei et al., 2010). It is reported that 
smooth fruit varieties of spinach are tolerant to high 
temperatures and are sensitive to low temperatures 
(Mei et al., 2010). So, the appearance of spinach fruit is 
also an essential feature for spinach classification (Wu 
et al., 2015; Liu et al., 2004). 

Besides, the type of fruit may be affected by spin-
ach quality. Some relationships were observed between 
the morphological and biochemical characteristics of 
spinach (Mei et al., 2010). Wu et al. (2015) investigated 
a wide variety of morphological traits of two smooth 
and prickly fruits spinach varieties. He reported signifi-
cant differences in the growth habits of two fruits types, 
and morphological and biochemical classification of 
spinach fruits are critical to distinguish among them 
(Wu et al., 2015). Therefore, the qualitative assessment 
of prickly and smooth fruits of spinach, such as antioxi-
dants, fiber, iron content, and accumulation of nitrate 
and oxalate, provided helpful information on cultivar 
selection (Wu et al., 2015). 

Recently, due to the extensive cultivation of spin-
ach, there has been a vast demand for high-quality seed 
material for farmers (Jafari & Jalali, 2015). There is a lack 
of information on the differences between smooth and 
prickly fruit spinach for the future breeding program. 
Therefore, this study seems necessary as primitive in-
formation for broadcasting future research. The present 
experiment was conducted to investigate and compare 
the morphological and biochemical characteristics of 
the prickly and smooth fruit accessions and the relation 
of fruit morphology with spinach’s biochemical and 
nutraceutical characteristics.

2 MATERIALS AND METHODS

2.1 PLANT MATERIAL AND FIELD EXPERI-
MENT DESIGN

Iranian spinach accession ’Varamin Prickly’ 
(prickly fruit) and ’Monatol’ accession (smooth fruit), 
in text later indicated as seeds, were selected from 44 
spinach accessions provided by the Seed and Plant Im-
provement Institute and the Gene Bank of Iran (SPII) 
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and the Leibniz Institute of Plant Genetics and Crop 
Plant Research (IPK) gene bank (IPK, 2018) based on 
the previous author’s study (Abolghasemi et al., 2019). 
The selection was based on spinach’s yield and mecha-
nized planting characteristics, such as leaf features, 
plant height, petiole length, fresh mass and yield, dry 
mass, days to flowering, and percentage of the female 
plant.

In addition, these two accessions had different seed 
type that was selected for this study. The experiment 
was designed based on a randomized complete block 
design (RCBD) with 3 replications and 18 observations. 
The seeds were sown in a field located at the Isfahan 
University of Technology, Isfahan, Iran, in March 2018 
(spring sowing). The conditions of daylight and tem-
perature during spring are presented in Fig 1. The soil 
was sandy-clay, and manure fertilizer mixed with soil 
40 t ha-1 pre-planting. The plot size was 2 m2. After seed 
germination and plant growth, 18 observations (plant 
bush) in each plot were selected. It should be noted that 
this study was carried out in the growth chamber for a 
more precise evaluation and better comparison of mor-
phological and biochemical characteristics of these two 
accessions (smooth and prickly seed). Finally, the results 
of our research in controlled conditions confirmed our 
field cultivation results (data was not presented). There-
fore, due to the similarity of the two studies, the field 
study results are presented in this manuscript.

2.2 MORPHOLOGICAL CHARACTERIZATION

To investigate morphological features, 35-50 days 
after planting (due to non-homogeneous growth of 
spinach), 18 plants were selected from each plot. Then 
four leaves were selected from four directions of plants 
to measure the desired parameters. In the first step, the 
qualitative and visual characteristics of spinach acces-

sions were evaluated based on the descriptor of the In-
ternational Plant Genetic Resources Institute (IPGRI) 
presented in Table 1. (Arif et al., 2013; Jafari & Jalali 
2017).

Quantitative and morphological characteristics 
studied in this study included: 1000-grain mass, ger-
mination percentage was calculated using the formula 
when 50 percent of the seeds were germinated (Ikic et 
al., 2012):

Germination percentage = (number of germinated 
seeds / total number of seeds) × 100 when 50 percent of 
the seeds were germinated, leaf length (cm), leaf width 
(cm), petiole length (cm), petiole diameter (mm), leaf 
area (mm2), plant height (cm), fresh and dry mass (g), 
yield (kg ha-1), leaf numbers, male and female plants 
percent, days to flowering. The dry mass of the shoot 
was measured after putting the bush in an oven at 70 
°C for 48 hours (Arif et al., 2013; Jafari & Jalali, 2017).

2.3 BIOCHEMICAL ANALYSIS

Leaf pigments: Some fresh leaf tissue (5 g) was 
mixed with 80 % acetone, then filtered and balanced 
to 10 ml, and its absorption was measured in 663, 647, 
and 470 nm with a spectrophotometer (U-2100, JASCO, 
Japan) (Lichtenthaler, 1987).

Chlorophyll a = (19.3 × A663 ‐ 0.86 × A647) Vol-
ume / 100 Mass

Chlorophyll b = (19.3 × A647 ‐ 3.6 × A663) Vol-
ume /100 Mass

Total chlorophyll = Chlorophyll a + Chlorophyll b
Carotenoids = 100(A470) ‐ 3.27(mg g-1 Chl. a) ‐ 

104 (mg g-1 Chl. b)/227

Total antioxidant capacity: The total antioxidant 
capacity of spinach was measured by the 2, 2-diphenyl-
1-picrylhydrazyl hydrate (DPPH) method (Prasad et al., 
2008). Fresh tissue (0.1 g) was mixed in 1.0 ml MeOH 
and shacked for 2 hours, then centrifuged at 12000 g for 
30 min. The supernatant (0.5 ml) was added to the 2.8 
ml DPPH solution (0.1 mM) and incubated for 30 mat 
room temperature. Absorbance was read at 517 nm. The 
control sample was 2.8 ml DPPH, with the addition of 
0.5 ml MeOH. The scavenging activity was determined 
by the following equation (Stojichevich et al., 2008):

Inhibition % = (A control – A sample / A control) 
× 100

A: Absorption at 517 nm

Total flavonoid content: 0.30 ml of the extract 
was mixed with 0.50 ml of NaNO2 (5 %). After that, 

Fig 1: Changes in temperature and day length in spinach 
spring cultivation
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AlCl3.6H2O (10 %), 0.4 ml NaOH, and 0.20 ml were 
added. Then, its absorption was performed at 510 nm 
with a spectrophotometer (U-2100, JASCO, Japan) 
(Krizek et al., 1998). 

Total phenolic content: The Folin–Ciocalteu meth-
od measured total phenolic content. We were using a 
spectrophotometer (U-2100, JASCO, Japan) at 765 nm. 
The standard curve was plotted with the Gallic acid so-
lution (Raven, 2003). 

Vitamin E content: 0.2 ml of alcoholic extract 
mixed with 5.0 ml toluene, 1.0 ml of ferric chloride, and 
3.5 ml of 2, 2-Bipyridine. The mixture was diluted with 
10 ml ethanol (95 %), and after 2 min, absorbance was 
recorded at 525 nm. The standard curve was plotted 
with vitamin E (Wang & Galletta, 2002).

Vitamin C content: Fresh leaf (1.0 g) mixed with 
50 ml meta-phosphoric acid (6 %), keeps in the dark 
for 45 min then centrifuged at 6000 g for 15 min, then 
1.0 ml of extract was added to 9.0 ml dichlorophenol 
indophenol solution (DCPIP) (0.025 %). The next ab-
sorbance was read at 515 nm. The standard curve was 
plotted with different vitamin C concentrations (Djioua 
et al., 2009).

Total soluble carbohydrate content: Total soluble 
carbohydrate content is measured by the anthrone 
method (Mc-Cready et al., 1950). For this purpose, 2.0 
ml of anthrone was added to the alcoholic extract of the 
samples. Then, samples were boiled for 2 minutes in the 
water bath. After cooling and creating the color phase, 
the absorbance was read at 625 nm. The standard curve 
was plotted with the glucose standard (Mc-Cready et 
al., 1950). 

Total amino acid content: The ninhydrin method 
was used to measure free amino acids. The ethanol ex-
tract of powdered samples was mixed with 1.0 ml of 
ninhydrin; after boiling and cooling, absorption was 
read in 575 nm wavelength by spectrophotometer (U-
2100, JASCO, Japan). Calibrated curves were plotted 
with alanine: y = 0.0198x - 0.0025(r2 = 0.997) (Shih-
wen et al., 2006).

Crude fiber content: Dried leaves (1.0 g) boiled 
with 200 ml of H2SO4 for 30 min. The extract was fil-
tered, washed with boiling water, the residue boiled 
with 200 ml NaOH for 30 min then filtered, the solids 
solid part removed from the filter and placed in a tarred 
crucible for drying and ashing. It has placed tarred cru-
cible with residue in an oven set at 100 ˚C for 8 hours. 
Then weighted the crucible with fiber residue and cal-
culated the residue mass by subtracting the empty cru-
cible mass from the crucible and sample mass. Then, the 
crucible was placed with the dried residue in the oven 
(550 ˚C) for 4 hours for ashing. Finally, we weighted the 
crucible with the ash residue in the analytical balance 

and calculated the ash mass by subtracting the empty 
crucible mass from the crucible and ash mass. The per-
centage of crude fiber was calculated using the follow-
ing equation:

% Crude fiber content = ((dried residue mass – ash 
mass) / sample mass) × 100

Nitrate concentration: Nitrate concentration was 
evaluated by Narayana & Sunil (2009). Briefly, water ex-
traction (0.1 g fresh leaf mixed in deionized water) was 
placed in a boiling water bath for 30 min and centri-
fuged at 4000 g for 30 min. Then, extraction was mixed 
with 0.8 ml salicylic acid (5 %) in concentrated sulfuric 
acid (95 %) and cooled at room temperature. Then, 19 
ml of sodium hydroxide (NaOH, 2N) was added, and 
the absorbance at 410 nm was determined with a spec-
trophotometer (U-2100, JASCO, Japan). The standard 
curve was plotted with different KNO3 concentration 
using following standard formula get from standard 
curve; y = 0.053x + 0.035 (r2 = 0.997).

Nitrate reductase assay: The leaf sample (100 mg) 
was suspended in 5.0 ml of phosphate buffer (0.1 M), 
KNO3 (0.02M), and propanol (5 %). The solution was 
kept in the dark water bath (37 °C) for 30 min. The 
solution was treated with 1.0 ml of sulfanilamide (1 %) 
and N-1-naphthyl-ethylenediamine (0.02 %). After 15 
min, the absorbance was measured at 540 nm with a 
spectrophotometer (U-2100, JASCO, Japan). The stand-
ard curve was plotted with the KNO2 solution: y = 
0.0049x + 0.0092 (r2 = 0.988) (Narayana & Sunil, 2009).

Oxalic acid content: The dry sample (0.5 g) was 
mixed with 30 ml HCl (0.25N) and put in a water bath 
for 15 min. Then, the supernatant was filtered and mixed 
with 5.0 ml sulfuric acid (2 N) and 2.0 ml potassium 
permanganate (0.003 M). After 10 minutes, the absorb-
ance was detected at 528 nm. y = 0.9126x - 0.0705 (r2 
= 0.9327) and standard oxalic acid solution (1 mg ml-1) 
was prepared with distilled water. (AOAC, 1970). 

Ca and Fe content: The concentration of Ca and 
Fe shoot was measured by atomic absorption (Perkin 
Elmer, 3030, Netherland) after digesting for 12 h with 
2.5 ml HCl (36 %) (Nolte, 2003).

2.4 ANALYSIS OF DATA

The experiment was arranged in RCBD with three 
replicates. The morphological and biochemical ob-
tained data were analyzed using analysis of variance 
(ANOVA) by SAS 9.4 comparison of means was per-
formed using the least significant difference (LSD) test 
at a 0.05 level of probability. The correlation between 
morphological and biochemical traits was also tested 
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using the least significant difference (LSD) test at p ≤ 
0.05. 

3 RESULTS AND DISCUSSION

3.1 QUALITATIVE TRAITS

The qualitative characteristics of two accessions 
based on the spinach descriptor are shown in Table 1. 
Usually, smooth seeds of spinach are generally more 
favorable in the world. The ’Monatol’ accession has a 
smooth seed (presented in Fig 2, C). On the other hand, 
prickly seed accession (Fig 2, A) is less desirable; they 
are challenging to plant (Asadi & Hasandokht, 2007). 
It has been reported that the best seed type for mecha-
nized planting of spinach was a smooth and round seed 
(Morelock & Correll, 2008). In this study, both acces-
sions had a gray background in seed color (Table 1).

It has been reported that accessions with petiole 
standing, leaf sheath standing, wrinkled, or slightly 
wrinkled, are suitable for mechanical harvesting (Mei 
et al., 2010). Accordingly, ’Varamin Prickly’ (prickly 
seed) accession is more suitable for mechanical har-
vesting than ’Monatol’ (smooth seed) accession because 
of petiole and leaf form (Table 1). Prickly seed acces-
sion has a feature of leaf standing, petiole standing, and 
low wrinkle, green leaf color appropriate, which can be 
used in breeding programs, mechanical harvesting, and 
genetic modification (Table 1). In the USA and other 
western countries, wrinkled leaves of spinach are more 
marketable than flat leaves (Kuwahara et al., 2014). In 
confirmation of this report, smooth seed accession had 
wrinkle leaves (Fig 2, C, and D).

The smooth seed accession has wrinkled dark 
green leaves and is more suitable for storage because 
the ventilation is better but hardly washable (Fig 2, D). 
Usually, spinach cultivars with lower leaf wrinkles have 
less nitrate content, and there is a direct correlation 
between leaf wrinkle and nitrate content (Arshi, 2000). 
So, no-wrinkle leaves as a desirable attribute are inter-
ested in researchers. While in Iran, the most favorable 
spinach has a large, fleshy, thick, low leaf wrinkle and 
juicy leaf (Fig 2, B), and according to Table 1, the en-
demic accession with prickly seed has these features. 
In Iran, the optimal form of spinach leaf is round, and 
overseas desirable triangular shapes have been reported 
(Kunicki et al., 2010). The seed type did not affect leaf 
shape (Table 1). Leaf color is critical in leafy vegeta-
bles since green pigments are desirable and marketable 
for fresh and frozen spinach (Eftekhari et al., 2010). In 
this study, both accessions had a complimentary green 
color, although the foreign accession with smooth seed Se
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was darker in color (Table 1, Fig 2). The leaf shape, leaf 
sheath, and leaf tip shape were similar in both acces-
sions. In general, although the type of seed did not af-
fect most of the quality characteristics of spinach in this 
study, the prickly seed type of spinach was much more 
desirable for mechanical harvesting than the smooth 
seed due to the attitude of the petiole and leaf sheath 
(Table 1). Researchers have reported that prickly seed 
spinach has better growth in appearance characteristics 
(Wu et al., 2015; Amoli, 2012) that can be observed in 
mechanical harvesting for the prickly seed (Table 1).

3.2 QUANTITATIVE TRAITS

Analysis of variance showed a significant dif-
ference between the two accessions in dry mass, 
1000-grain mass, germination percentage, male and fe-
male plants at 1 % probability level, and 5 % for petiole 
length (data was not presented). Mean comparison in 
Table 2 showed no significant difference in leaf num-
ber, plant height, leaf length and width, petiole diam-
eter, yield, fresh mass, leaf area, and day to flowering 
between prickly and smooth seed accessions. There is 
not much similarity between the investigations that can 
be reported in each region according to different spin-
ach weather and growth conditions. In this study, peti-
ole length was more than 100 % higher in the prickly 

seed accession (Iranian accession) than in the smooth 
accession, indicating that the plant’s form was more sta-
ble in the prickly seed than the smooth seed accession 
and more suitable for mechanical harvesting (Table 2). 
Confirming this, it has been reported that plant shape 
and petiole length are crucial for mechanical harvesting 
(Shi et al., 2016). Dry mass was the highest in prickly 
seed accession (Table 2). So, the highest amount of dry 
mass (14.77 g) was observed in ’Varamin Prickly’ ac-
cession (Table 2). yield, fresh and dry mass of ’Varamin 
Prickly’ was more suitable (Asadi & Hasandokht, 2007; 
Eftekhari et al., 2010; Jafari & Jalali, 2015). One of the 
desirable traits for spinach processing and packaging 
is dry mass, which directly relates to the smoothness 
of the leaf spinach (Arshi, 2000; Eftekhari et al., 2010). 
It can also be stated that the different water content 
in the tissues of these two accessions leads to the dif-
ference in dry mass. In Asadi & Hasandokht’s (2007) 
study, the highest dry mass in ’Qom’ accession was re-
ported with prickly seed. The mass of 1000-grains of 
prickly seed accession was 16.81 g, which had bigger 
seeds than the smooth seed accession 48.3 % more than 
the 1000-grain mass of smooth seed accession (Table 
2). According to our results, Eftekhari et al. (2010) re-
ported that the 1000-grain mass of prickly seed acces-
sions was higher than that of smooth seed accession. 
Prickly seeds appear larger in appearance than smooth 
ones. The percentage of seed germination of smooth 
seed accession was higher than the prickly seed acces-
sion (showed a 52.3 % increase in germination). There 
was a significant difference between the two accessions 
(Table 2), which may be due to more water absorption 
of smaller seeds during germination. Although prickly 
seeds are high in mass, it is hard to say that prickly seeds 
have a much larger surface area than smooth seeds. It 
is believed that the small seed varieties have higher wa-
ter absorption capacity and better establishment due 
to the higher surface area to volume ratio (Zaferaniye, 
2015). Observations on the germination process of 
spinach seeds have shown that genotypes with better 
germination had better vegetative growth and yield. 
(Jaliliyan, 2009; Zaferaniye, 2015). However, this study’s 
performance was not statistically significant (Table 2). 
Spinach is a leafy vegetable, so longer vegetative growth 
is desirable. It is reported that the late-flowering varie-
ties are a priority to increase the spinach production 
period (Jaliliyan, 2009). In this regard, this study classi-
fied prickly and smooth seed accessions as spring late 
flowering (near to 70 days) (Table 2). The researchers 
reported that the late-flowering accessions were mostly 
economically desirable (Asadi & Hasandokht, 2007). 
Therefore, spinach with better vegetative growth, yield, 
and appearance is more favorable to farmers. It should 

Fig 2: Comparison of ’Varamin Prickly’ spinach seed (A); 
leaf (B) and ’Monatol’ spinach seed (C); leaf (D)
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be noted that the result of two traits of yield and day 
to the flowering of spinach in two different seasons 
(spring and autumn) can be different because these two 
traits are affected by the type of growing season (Asadi 
& Hasandokht, 2007). In this study, both Iranian and 
foreign accessions (the prickly and smooth seed) were 
similar in day to flowering and yield (Table 2)). In con-
firmation of various reports of spinach being dioecious 
, both of the accessions were male or female in this 
study as well (Morelock & Corell, 2008). As can be seen 
in table 2, the smooth seed accession had significantly 
more female plants than the Iranian prickly seed acces-
sion. So smooth seed accession showed 93.5 % more 
female plants (Table 2). According to studies, spring 
spinach cultivation is valuable if the plant can flower 
later with female flowers (Zaferaniye, 2015). Jaliliyan 
(2009) recommends planting female varieties for eco-
nomic yield. As a result, the smooth seed accession in 
this study confirms this statement. It has been reported 
that prickly seeds in winter and spring conditions usu-
ally have better growth than smooth seeds (Wu et al., 
2015). It can be concluded that prickly seed accession 
was similar to the smooth seed accession in many traits 
in spring cultivation.

According to the spinach descriptor coding (Table 
5), prickly seed accession showed higher valuable traits 
(a score of 33) in yield. Smooth seed accession has more 
scores in the mechanical harvesting traits (rated 31), 
indicating the superiority of mechanical harvesting. 
According to qualitative characteristics (Table 1), these 
results are related to more standing leaves and petiole 
in the Iranian accession, than in the foreign accession. 
Our results confirm previous reports on favorable veg-
etative and mechanical harvesting characteristics for 
prickly seed accessions (Asadi & Hasandokht, 2007; 
Eftekhari et al., 2010; Jafari & Jalali, 2015). In the cat-
egory of breeding traits, smooth seed accession (with a 
score of 13) was better than the Iranian accession (with 
a score of 12), which indicates that the foreign accession 
is better for breeding traits (Table 5). However, it seems 
that prickly seed accession should also be considered 
in terms of breeding characteristics due to near score 
according to the descriptor scale to smooth seed acces-
sion (Table 5).

3.3 BIOCHEMICAL TRAITS

Currently, many domestic and wild spinach acces-
sions in the country may have more favorable biochem-
ical characteristics than foreign accessions. Identifying 
these genotypes and crossing them improved cultivars 
with good biochemical characteristics (Sabaghnia et 
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al., 2014). Results of the analysis of variance showed 
that there were differences between DPPH, flavonoids, 
amino acid, and iron content in a 1 % probability level 
and 5 % probability level in phenol, carbohydrate, and 
fiber content. No significant differences were observed 
in some biochemical traits such as photosynthetic 
pigments, vitamins E, C, nitrate and nitrate reductase 
activity, and the amount of oxalic acid. (data was not 
presented).

There were significant differences between DPPH, 
flavonoids, and phenolic compounds they are increased 
in prickly Iranian accession (69.38 %, 0.76 %, and 79.55 
mg 100 g-1 fresh mass, respectively, Table 3). Phenol and 
antioxidant properties of every region depend on many 
parameters such as climate, soil, altitude, and different 
species of plants (Mirzaei et al., 2010). Phenolic and an-
tioxidant compounds of Iranian accessions ’Saleh-abad’ 
and ’Langrood’ had the highest amount of antioxidant 
compounds, and both of them had prickly seeds (Yosefi 
et al., 2010). Accordingly, the antioxidant capacity of 
prickly seed accession was 6.5 % higher than smooth 
seed accession (Table 3). Plants are one of the im-
portant sources of antioxidants compounds that can 
protect cells from oxidative damage. Secondary plant 
metabolites such as total phenols and  flavonoids de-
rived from plants have strong potential for free radical 
sweeping in different parts of the plant, such as spinach 
leaves. Iranian spinach is rich in phenolic compounds 
with antioxidant properties (Chan et al., 2009).

Spinach leaves contain active components of fla-
vonoids, high antioxidants, and wide pharmacological 
and biochemical applications, including anti-allergic, 
anti-viral, and anti-cancer (Lamnitski et al., 2003; Berg-
man et al., 2001). In the present study, the content of 
flavonoids in prickly seed accession was 67.1 % higher 
than in smooth seed varieties (Table 3). Flavonoids are 
one of the most widespread and diverse natural com-
pounds that can absorb free radicals like other phenolic 
compounds. In oxidative stresses, phenolic compounds, 
especially flavonoids, can interact with membrane 
phospholipids through hydrogen bonding to the polar 
heads of phospholipids, thereby contributing to mem-
brane integrity (Mirzaei et al., 2010). Under non-stress 
conditions, there were differences in antioxidant, fla-
vonoid, and total phenolic activity in different spinach 
varieties (Barbarin et al., 2005). 

Soluble carbohydrates are nutrient chemicals valu-
able to humans and a source of plant energy. Carbohy-
drates of spinach are very important (Bavec et al., 2010). 
The highest amount of carbohydrate was observed in 
prickly seed accession with 0.64 mg g-1 fresh mass of 
spinach (Table 3). Hagen et al. (2009) reported that the 
carbohydrate content of leafy vegetables varied among 

the different accessions under the same growth condi-
tions. The content of soluble sugars has been affected by 
pre-harvest growth temperature (Steindal et al., 2015).

Amino acids are involved in the structure of spin-
ach protein, and amino acids make up about 30 % of 
all spinach dry matter (Lisiewska et al., 2011). Few arti-
cles have been published investigating factors affecting 
spinach amino acid content (Trejo-Tellez et al., 2005). 
The level of amino acids in spinach has been correlated 
with the amount of nitrogen content (Trejo-Tellez et 
al., 2005). Although nitrogen was not used as fertilizer 
in the present study, amino acid content was higher in 
Iranian prickly seed accession (Table 3) (66.6 %) than 
in other cultivars (Table 3).

The studied accessions had significant differences 
in total fiber content. Prickly Iranian accession showed 
the highest fiber content (2.03 %) (Table 3). One of the 
causes of vegetable consumption is fiber. In this opin-
ion, the studied Iranian spinach has superiority over the 
foreign accession in fiber content was more suggested 
for consumption as a diet food (Erfani et al., 2006). In 
confirming Iranian spinach accession showed 27.6 % 
more crude fiber content (Table 3).

Spinach is one of the most significant nitrate 
accumulators because it has a very efficient absorp-
tion system and an inefficient nitrate recovery system 
(Cantliffe, 2005). According to the results of the analysis 
of variance, nitrate accumulation and nitrate reductase 
activity in prickly and smooth seed accessions were not 
significant (data was not presented). It has been report-
ed that there is a difference in nitrate accumulation only 
in smooth and wrinkled leaves (Arshi, 2000). Although 
the difference in leaf wrinkling between the two acces-
sions was obvious, their leaves were not sufficiently dif-
ferent in this trait. Probably, nitrate accumulation was 
not statistically significant (Table 3). Nitrate accumu-
lation in vegetables is also reported to be affected by 
cultivars and even specific genotypic differences such 
as ploidy levels (Alamian et al., 2014). 

The studied accessions had significant differences 
in Fe content (Fig 3). Zaferaniye’s (2015) study reported 
that the Iranian accessions have higher iron content 
than the foreign accessions. In the present study, the 
Iranian spinach accession had higher Fe content, which 
was 62.1 % more than the foreign accession (Fig 3). 
Also, the concentration of iron in the Iranian and for-
eign accessions of spinach varied from 30 to 50 mg g-1, 
which was consistent with the amount of iron in this 
study (Fig 3). Prickly accession was superior in mor-
phological traits in most studies (Asadi & Hasandokht, 
2007), and the present study also showed the superi-
ority of nutraceutical traits in prickly seed accession. 
In the nutraceutical category, the superiority of the 
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prickly seed accession over the smooth seed accession 
was quite evident (Table 5). Therefore, it is concluded 
that prickly seed accession had significant antioxidants, 
flavonoids, total phenols, carbohydrates, amino acids, 
fibers, and iron content, which was higher than the for-
eign accession of smooth seed. Following the results of 
other researchers, Iranian accessions, including ’Vara-
min Prickly’ have a significant superiority in terms of 
nutritional and functional traits compared to imported 
foreign accessions, which can be emphasized in the se-
lection and improvement of Iranian spinach accessions 
(Erfani et al., 2006; Zaferaniye, 2015).

3.4 CORRELATION AMONG THE MORPHOLOG-
ICAL AND BIOCHEMICAL TRAITS

Morphological characteristics of leaves in spring 
conditions were impressed, as a positive correlation 
was observed between leaf length and leaf width (r = 
0.79*) (Table 4). Similar to our results, Eftekhari et al. 
(2010) reported a significant correlation between leaf 
length and width in spinach accessions. Plant height 
was positively but not significantly correlated with 
petiole length (r = 0.74), indicating that increasing 
petiole length was desirable for mechanized harvesting 
(Table 4). Leaf number is one of the most important 
yield components in spinach (Jafari & Jalali, 2015), and 
as shown in table 4, this trait had a significant correla-
tion with yield (r = 0.85*). Also, a significant positive 
relationship was observed between fresh and dry mass 
(r = 0.86*). There was also a positive relationship be-
tween iron content, leaf area (r = 0.79*) and dry mass 
(r = 0.89**). A good correlation was observed between 
female plants and the amount of antioxidants’ activity 
(r = 0.81*), flavonoids (r = 0.96**) and total phenols con-
tent (r = 0.61) (Table 4). Also, there was a significant 
correlation between the percentage of the female plant 
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with antioxidant properties and leaf iron content (Table 
4). In confirmation of our results, Asadi & Hasandokht 
(2007) reported that female plants of spinach had more 
leafy, yield, and antioxidant properties. 

A significant correlation was observed between 
chlorophyll and carotenoid (r = 0.90*). Carotenoid has 
been reported to have a protective effect on chlorophyll 
(Macfarland & Burchett, 2001). 

A positive correlation was observed between ni-
trate and petiole length (r = 0.63). However, this rela-
tionship was not significant but consistent with other 
researchers’ reports about the direct relationship be-
tween nitrate accumulation and petiole length (Asadi 
& Hasandokht, 2007; Jafari & Jalali, 2015).

The correlation in Table 4 shows that vitamin C 
has a negative relationship with nitrate (r = -0.41) and 
a positive relationship with oxalic acid (r = 0.85*). In-
creasing nitrate reduces vitamin C in spinach leaves. No 
significant negative relationship was observed between 
oxalic acid and nitrate (r = -0.50). According to studies, 
different results have been reported on nitrate and oxa-
late relation; (Kaminishi & Kita, 2006) reported a nega-
tive relationship between nitrate and oxalate in spin-
ach. Koh et al. (2012) and Zhang et al. (2005) reported a 
positive correlation between these traits. These reports 
may indicate a complex pathway involved in nitrate and 
oxalate metabolism. 

Fiber content was positively correlated with female 
plant percentage (r = 0.90*) and negatively with male 
plant percentage (r = -0.78). It seems that in addition to 
photosynthetic pigments (Asadi & Hasandokht, 2007), 
the fiber content will also increase in the female bushes.

4 CONCLUSION 

It can be concluded that although the foreign 
smooth seed accession was better in breeding charac-
teristics such as 1000-grain mass, germination percent-
age, leaf thickness, and female plant %, ’Varamin Prick-
ly’ (prickly seed) accession was significantly superior 
to nutraceutical traits such as antioxidant activity, total 
phenols, fibers, and iron content. Therefore, to enhance 
the quality traits in new spinach varieties, ’Varamin 
Prickly’ (prickly seed accession) is suitable for transfer-
ring these traits and breeding purposes. These features 
may help obtain more information on the qualitative 
characteristics of Iranian spinach accessions or clarify 
the factors that influence the nutraceutical properties 
of Iranian accessions. Therefore, desirable Iranian ac-
cessions for nutraceutical and morphological traits can 
be used in breeding programs for spinach cultivar pro-
duction.
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Studies of the impact of environmental conditions and vari-
etal features of sweet cherry on the accumulation of vitamin 
C in fruits by using the regression analysis method

Abstract: The accumulation of vitamin C in sweet cher-
ry fruits depends on the variety and environmental condi-
tions. The aim of our research was to substantiate the rate 
of impact of weather factors as well as of varietal features on 
vitamin C accumulation in sweet cherry fruits. The variet-
ies ʹKazkaʹ and ʹZabutaʹ, ʹKordiaʹ and ʹMirazhʹ were chosen as 
the best ones from among 33 varieties of early, medium and 
late term of ripening (7.31–10.67 mg 100 g-1) according to the 
average content of vitamin C in sweet cherry fruits. The stud-
ies found that the environmental conditions of the research 
years had the largest impact on the vitamin C content in the 
fruits of late and early ripening varieties, and in the fruits of 
medium ripening variety the vitamin C amount depended 
on the varietal features. The practicability of forecasting of 
vitamin C content in sweet cherry fruits on the average in-
dices for a group of early and late maturity varieties, but not 
separately for every pomological variety, has been proven. 
For the medium ripening variety this index can be forecasted 
within each pomological variety. The models of dependence 
of vitamins C accumulation on the impact of meteorological 
parameters were evaluated on the basis of the principle com-
ponents analysis and the least square method. 

Key words: antioxidants; variety; terms of fruit ripening; 
vitamin C; weather conditions; principle components analysis

Preučevanje vpliva vremenskih dejavnikov in lastnosti sort 
na vsebnost vitamin C v plodovih češenj z metodo regresij-
ske analize

Izvleček: Količina vitamin C v plodovih češenj je od-
visna od sorte in okoljskih razmer. Namen te raziskave je bil 
ovrednotiti vpliv vremenskih dejavnikov in lastnosti sort na 
količino vitamina C v plodovih češenj. Izmed 33 zgodnjih, 
srednjih in poznih sort so bile izbrane najboljše sorte kot so 
ʹKazkaʹ,ʹZabutaʹ, ʹKordiaʹ in ʹMirazhʹ glede na poprečno vseb-
nost vitamin C (7,31–10,67 mg 100 g-1) v plodovih. Raziskava 
je odkrila, da so imele na vsebnost vitamina C v plodovih zgo-
dnjih in poznih sort češenj največji vpliv vremenske razmere 
posamezne rastne sezone, pri srednje dozorevajočih sortah 
pa so imele največji vpliv na vsebnost vitamina lastnosti sort. 
Dokazana je bila možnost napovedovanja vsebnosti vitamina 
C v plodovih zgodnjih in poznih sort na osnovi povprečnih 
indeksov, vendar ne za vsako sorto posebej. Za srednje do-
zorevajoče sorte bi lahko uporabili ta indeks za vsako sorto 
posebej. Model za ugotavljanje odvisnosti kopičenja vitamina 
C v odvisnosti od vremenskih dejavnikov je bil ovrednoten 
na osnovi analize glavnih komponent in metode najmanjšega 
kvadrata.

Ključne besede: antioksidanti; sorte; čas dozorevanja; 
vitamin C; vremenske razmere; analiza glavnih komponent
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1 INTRODUCTION

Sensible nutrition of people is one of the main pri-
orities of the state policy of most countries. The fruits 
are considered as an essential element of good nutri-
tion, as they are the source of a vitamin complex. Vi-
tamins belong to a group of indispensable nutrients of 
organic nature, which facilitate metabolism. They are 
scarcely synthesized in an organism, so they should be 
in taken with food. The amount of vitamin C in fruits 
(Bastos et al., 2015; Hayaloglu & Demir, 2015) is an im-
portant characteristic of fruits for their consumption in 
raw condition, for processing and storing (Vasylyshy-
na, 2018). One of the directions of solving the defined 
problem is to provide the population with fruits with a 
high amount of biologically active substances which are 
essential for people (Dhandevi & Jeewon, 2015).

The sweet cherry fruits (Prunus avium L.) belong 
to the food stuff which contains digestible sugars, phe-
nolic acids with a predominant amount of anthocya-
nins, mineral substances and vitamins (Leong & Oey, 
2012; Pissard et al., 2016; Ivanova et al., 2021a, 2021b, 
2021c). Biologically active substances represented by 
phyto-nutrients and antioxidants provide antioxidant, 
anti-cancerogenic and anti-phlogogenic action on human 
organism (Ballistreri et al., 2013; Popescu et al., 2014; 
Legua et al., 2017). Due to this, sweet cherry fruits reveal 
some preventive effect against cardiovascular diseases, di-
abetes, cancer, which is connected with an oxidative stress 
(He et al., 2007; Faniadis et al., 2008; Schmitz-Eiberger 
& Blanke, 2012). Sweet cherry fruits are characterized by 
a high amount of dietary medicative substances, which 
promote to organism functioning. Sweet cherry fruits 
contain water soluble (C, B) and fat soluble (A, E, K) vi-
tamins (Antognoni et al., 2020). Vitamins take part in 
oxidation-reductions, respiration, nucleic acids forma-
tion and amino-acids exchange, protein secretion as well 
as improve carbohydrate digestion. Besides, they control 
cholesterol metabolism, prevent the accumulation of 
harmful free radicals in body tissues, improve the resist-
ance to infectious diseases as well as to unfavorable en-
vironmental factors which cause overheating, excessive 
heat loss, hypoxia and improve person’s performance 
(Bastos et al., 2015). Vitamin C or L-ascorbic acid is one 
of the most important phyto-nutrients, which determines 
the biological value of sweet cherry fruits. Vitamin C be-
longs to a group of water soluble vitamins (Antognoni et 
al., 2020). Vitamin C amount in sweet cherry fruits equals 
7.26–10.78 mg 100 g-1 on the average. In living organ-
isms, the ascorbic acid is an antioxidant, as it protects the 
organism against the oxidative stress and is a co-factor in 
essential vital enzyme reactions (Nowak et al., 2018; An-
tognoni et al., 2020). The immunity protection and the 

maintaining of psychical processes in a proper condition 
are the most important functions of vitamin C. Vitamin C 
is one of the regulators of reductive-oxidative processes in 
living cells. Vitamin C scarcity results in metabolic disor-
der in the whole organism (Prior, 2003). For a human an 
every-day need for vitamin C equals 50–100 mg. Vitamin 
C scarcity in a human diet can cause hypoavitaminosis 
and avitaminosis C, as this vitamin is not synthesized in 
an organism (Acero et al., 2019). Fresh fruits are the main 
source of vitamin C. This fact testifies to the expediency 
of prolonging the term of fruits consuming. Thus, it is im-
portant to retain this valuable nutritive constituent under 
sweet cherry fruits keeping and processing (Correia et 
al., 2017). Palatability traits and biochemical composition 
of sweet cherry fruits depend on the genetic traits of the 
variety (Serrano et al., 2005; Faniadis et al., 2008; Cor-
reia et al., 2020). The researchers have produced the va-
rieties of stone fruits which meet modern requirements, 
but there are still some problems which are very topical 
(Correia et al., 2017; Grandi et al., 2017). The chemical 
composition of the fruits of any harvest, except varietal 
features, depend on the meteorological conditions of the 
growing period as well as of the zone of fruit growing 
(Hayaloglu & Demir, 2015; Luna-Vázquez et al., 2016).

The researchers of the subtropical regions of Brazil 
estimated the chemical composition, identificated the 
biologically active compounds and estimated the antioxi-
dant activity of berries and fruits including sweet cherries. 
It was established that the amount of ascorbic acid in the 
fruits of the subtropical regions of Brazil is much higher 
than in the zone with moderate climate (Rios de Souza et 
al., 2014). The formation of the biochemical composition 
of sweet cherry fruits as well as of their consumption value 
depend on the temperature, light intensity, fruit ripeness 
(Martini et al., 2017; Acero et al., 2019). The dependence 
of vitamin C amount on the meteorological indicators 
within the period from blooming to stone fruit ripening 
was studied by many scientists. A higher concentration of 
vitamin C in fruits was registered in the years with suf-
ficient water availability (Lakatos et al., 2010, 2014). The 
level of ascorbic acid content in fruits is formed geneti-
cally. But the weather factors during the growing period 
have great impact on the accumulation of vitamin C fund 
(Bieniek et al., 2011). The greatest amount of vitamin C is 
formed during the years with moderately warm and wet 
growing period. A sufficient fruits lightning is a very im-
portant factor which affects the process of ascorbic acid 
synthesis (Kevers et al., 2011). On the basis of literature 
sources it can be stated that there is a strong correlation 
between vitamin C amount and the environmental con-
ditions of the region of fruit growing. Under conditions 
of climate changes, stress abiotic factors have negative im-
pact on the formation of vitamin C fund in sweet cherry 
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fruits under conditions of a Southern Steppe sub-zone of 
Ukraine. Therefore, there is a necessity to study the pecu-
liarities of vitamin C accumulation in sweet cherry fruits 
of different terms of ripening under the influence of stress 
weather factors in order to single out the most suitable 
varieties for fruit storing and processing.

The aim of the study was to develop a model for 
vitamin C content forecasting in the fruits of early, me-
dium and late terms of ripening depending on the envi-
ronmental conditions. The received mathematic model 
is the basis for the forecasting of a test parameter of 
fruits quality in the regions with similar environmental 
conditions. The task of the research was to recommend 
the fruits of early, medium and late maturity varieties 
with a high amount of vitamin C for consuming fresh 
as well for fruit storing and processing.

To achieve the aim, it is necessary to:
- analyze the environmental conditions during 

the period of phenological stages of sweet cherry fruits 
growing and developing;

- estimate the vitamin C amount in fruits on the 
stage of their economic maturity and choose the best 
varieties;

- study the correlations between the accumulation 
of vitamin C and weather factors and to develop the 
mathematical models of their dependence;

- estimate the rate of impact of each weather factor 
on the formation of vitamin C fund in test varieties of 
three groups.

2 MATERIALS AND METHODS

The research was conducted during 2008–2019 in 

sweet cherry fruiteries in the Southern Steppe sub-zone 
of Ukraine. The region is characterized by insufficient wa-
ter availability as to the amount of rainfalls. The climate is 
Atlantic-continental, dry with a high temperature regime. 
The dry winds are of Northeastern direction. According 
to the complex of climatic parameters, the test region is 
favorable for sweet cherry fruits growing (Table 1). The 
data of Melitopol meteorological station of the South of 
Ukraine (46° 49’N, 35° 22’E) were used for the calculation 
of the model of forecasting of vitamin C amount in sweet 
cherry fruits

The research areas have black southern loamy soil, 
which was formed on the loesses. The agrochemical 
characteristic of soil is given in Table 2. 

The technology of sweet cherry growing in the ex-
periment was standard for a given region. The scheme 
of trees planting in 2001 was – 5 × 3 m. The space 
between rows on the fruit plantation was kept under 
autumn fallow. All sweet cherry varieties on ‚Magaleb-
ska‘ cherry rootstock were divided into three groups 
according to the term of ripening (early, medium and 
late): early term of ripening  7 varieties, medium term 
of ripening 13 varieties, late term of ripening 13 variet-
ies. The fruits of an early ripening term were harvested 
in the third decade of June and in the first decade of 
July. The fruits of a medium ripening term were har-
vested in the second decade of July. The fruits of a late 
ripening term were harvested in the third decade of 
July. To study the vitamin C amount, 100 fruits were 
chosen from 6 trees of each sweet cherry variety of the 
same age on the stage of heavy bearing with average 
intensity. There was a threefold frequency of variants in 
the experiment. The fruits of each variety were picked 
by hand from four different sides of the tree crown on 

Depth of arable layer, cm Humus content, % pH kCl

Nutrient content, mg g-1 100 of soil

N P2O5 K2O

40.0 1.38 6.9 27.0 90.0 154.0

Table 2: Agrochemical characteristics of topsoil of tested soil

Readings Value

Average annual air temperatures, °С 9.1–9.9

Average monthly air temperatures in the warmest months,  С 20.5–23.1

Sum of active temperatures higher than 10  C from April to October, С 3316

Average amount of rainfalls per year, mm 475

Average annual relative air humidity, % 73

Average annual air velocity, m s–1 3

Hydrothermic coefficient 0.22–0.77

Table 1: Meteorological conditions of Southern Steppe sub-zone of Ukraine
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the stage of economic maturity. After harvesting the 
fruits, they were weighed and counted (Serdyuk et al., 
2020). The sweet cherry fruits were transported to the 
laboratory for 2–3 hours after their harvesting to esti-
mate the tested parameter. During the period of sweet 
cherry fruits harvesting, their economic maturity was 
estimated by visual and organoleptic examination. The 
fruit pulp was rather firm, color and flavor were typical 
for each pomological variety. The sweet cherry fruits 
were harvested with a fruit-stalk. The fruits transpor-
tation and storing were conducted under condition of 
preserving of the external appearance and flavor typi-
cal for a variety.

The restoring of Tilman’s reagent (2.6-dichlorphe-
nol-indophenol) was taken as the basis of the technique 
on the evaluation of a mass fraction of vitamin C. The 
amount of ascorbic acid in the extracts (Serdyuk et al., 
2020) was evaluated in terms of the amount of the reagent 
which was used for titration. 

The model of dependence of vitamin C amount in 
sweet cherry fruits on the weather factors was developed 
according to the schedule (Ivanova et al., 2021a, 2021b):

1. Evaluation of a mass fraction of ascorbic acid 
(AA).

2. Analysis of the weather factor during the years of 
the research.

3. Choosing the weather factor which show the cor-
relation with vitamin C amount in fruits.

4. Developing the regression model of dependence 
of vitamin C amount in the fruits of sweet cherry varieties 
on the weather factor.

5. Evaluation and ranging of the rate of impact of 
each weather factor on the tested parameter of fruits 
quality.

The statistical analysis was made using modern 

computer technologies DataMining – software environ-
ment RStudio. 

3 RESULTS AND DISCUSSION

For the sweet cherry fruits of three groups of ripen-
ing the average content of vitamin C equaled 8.17 mg 100 
g-1 (Tables 3–5). The accumulation of vitamin C in the 
fruits of seven cultivars grown in Turkey was analyzed 
by Demir T. The average content of vitamin C in sweet 
cherry fruits varied between 4 and 7 g kg-1 of fresh mass 
(Demir, 2013). The ascorbate levels for 22 sweet cherry 
cultivars grown in southern of Italy was considerably 
lower – 0.034–0.260 g kg-1 of fresh mass (Matteo et al., 
2016). The rate of accumulation of vitamin C fund in 
sweet cherry fruits of an early term of ripening equaled 
7.10 mg 100 g-1, which is by 13.1 % lower as compared 
with the average index for three groups. 

In a group of an early term of ripening the varieties, 
ʹKazkaʹ (7.36 ± 1.40 %) and ́ Zabutaʹ (7.31 ± 1.49 %) had 
the largest vitamin C content on the average during the 
years of studies. In the fruits of ʹBigaro Burlatʹ variety 
vitamin C content was the lowest (6.84 ± 1.22 %). The 
fruits of ʹBigaro Burlatʹ (the early term ripening group) 
had the lowest content of vitamin C in 2018 – 5.02 mg 
100 g–1, which is for 26.6 % lower than the average va-
rietal parameters. The fruits of ʹMerchantʹ variety had a 
maximal accumulation of vitamin C (11.29 mg 100 g–1) 
in 2019, which is for 63.6 % higher as compared with 
the average varietal parameters. The highest content of 
vitamin C during the years of research was in ʹKazkaʹ 
and ʹZabutaʹ varieties, and the lowest – in ʹBigaro 
Burlatʹ variety (Table 3).

The average content of vitamin C in sweet cherry 

Variety

Vitamin C content, % Variation according to years, 
Vр, %average min max

ʹBigaro Burlatʹ 6.84 ± 1.22 5.02 9.83 17.9

ʹZabutaʹ 7.31 ± 1.49 5.16 10.27 20.4

ʹKazkaʹ 7.36 ± 1.40 6.08 10.12 19.1

ʹMerchantʹ 6.90 ± 1.84 5.18 11.29 26.7

ʹRubinova Ranniaʹ 6.92 ± 1.28 5.12 9.03 18.5

ʹSweet Erlizʹ 7.26 ± 1.68 5.17 11.00 23.1

ʹValeriy Chkalovʹ 7.13 ± 1.54 5.19 10.12 21.5

Average value 7.10 ± 1.46 5.26 10.23 21.02

LSD05 0.579 – – –

Таble 3: The accumulation of vitamin C in sweet cherry fruits of early term ripening varieties, mg 100 g-1 (2008–2019), 

x sx± , n = 5
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fruits of two varieties (medium and late terms of ripen-
ing) equals 8.93 ± 2.27 % and 8.48 ± 1.74 % respectively 
(Table 4, 5). The rate of formation of vitamin C fund 
in sweet cherry fruits of medium term of ripening ex-
ceeds the average varietal parameters by 3.8 % and in 

the fruits of late term of ripening by 9.3 %. It has been 
established that the fruits of a medium term of ripening 
had the maximal content of vitamin C.

In a medium term ripening group a minimal 
amount of vitamin C had the fruits of ʹDachnytsiaʹ, 

Variety

Vitamin C content, % Variation according to years, 
Vр, %average min max

ʹChervneva Ranniaʹ 5.95 ± 1.06 4.12 7.67 17.9

ʹDachnytsiaʹ 6.32 ± 1.11 5.01 7.88 17.5

ʹDilemaʹ 10.94 ± 2.20 8.19 14.51 20.1

ʹKordiaʹ 10.63 ± 1.81 8.01 13.85 17.1

ʹOktaviaʹ 10.11 ± 1.74 7.40 12.08 17.2

ʹOktaviaʹ 9.25 ± 2.25 5.12 12.47 24.3

ʹOrionʹ 10.46 ±1.83 7.51 12.82 17.8

ʹPervystokʹ 9.05 ± 1.59 6.34 11.18 17.5

ʹProstirʹ 7.73 ± 1.19 5.19 9.27 15.4

ʹTalismanʹ 10.48 ± 2.46 7.23 14.11 23.4

ʹTempʹ 8.07 ± 1.49 5.89 9.85 18.5

ʹUliublenytsia Turovtsevaʹ 9.02 ± 1.60 6.11 11.91 17.7

ʹVynkaʹ 8.08 ± 1.51 6.23 10.14 18.7

Average value 8.93 ± 2.27 6.33 11.36 18.7

LSD05 0.645 – – –

Таble 4: Vitamin C content in sweet cherry fruits of medium term ripening varieties, mg 100 g–1 (2008–2019), x sx± , n=5

Variety

Vitamin C content, % Variation according to years, Vр, 
%average min max

ʹАnonsʹ 8.20 ± 1.59 5.71 11.81 19.3

ʹКarinaʹ 8.33 ± 1.48 5.78 10.28 17.7

ʹKolhoznytsiaʹ 7.85 ± 1.24 5.79 10.92 15.8

ʹКоsmichnaʹ 8.95 ± 1.60 6.69 12.03 17.9

ʹKrupnoplidnaʹ 7.74 ± 1.16 5.79 10.23 14.9

ʹMeotydaʹ 8.03 ± 1.45 5.61 10.72 18.1

ʹMirazhʹ 10.67 ± 1.49 8.28 14.14 14.0

ʹPrazdnichnaʹ 10.25 ± 2.02 7.61 13.08 19.7

ʹReginaʹ 7.29 ±  1.01 6.03 10.54 13.8

ʹSurpryzʹ 8.10 ± 1.47 5.65 11.01 18.2

ʹТemporionʹ 7.72 ± 1.44 5.01 9.76 18.7

ʹUdivitelnaʹ 7.58 ± 1.31 5.41 9.23 17.3

ʹZodiakʹ 9.60 ± 1.46 7.79 11.19 15.2

Average value 8.93 ± 2.27 6.33 11.36 18.7

LSD05 0.645 – – –

Таble 5: Vitamin C content in sweet cherry fruits of late ripening varieties, mg 100 g-1 (2008–2019), x sx± , n = 5
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ʹTempʹ and ʹChervneva Ranniaʹ varieties of 2008. Vi-
tamin C content was lower than the average varietal 
parameter by 20.7 %, 27.0 % and 30.7 % respectively. 
A maximal amount of vitamin C was registered in the 
fruits of ʹTalismanʹ (14.11 %) and ʹDilemaʹ (14.51 %) of 
2010 that is by 34.6 and 32.6 % higher than the average 
varietal parameter. The highest accumulation of an av-
erage content of vitamin C was registered in the fruits of 
ʹDilemaʹ (10.94 ± 2.20 %) and ʹKordiaʹ (10.63 ± 1.81 %) 
varieties.

In a late term ripening group a minimal amount 
of vitamin C had the fruits of ʹTemporionʹ variety 
(5.01 %) of 2008 (Table 5). The content of vitamin C 
was by 9.8 % lower than the average varietal param-
eter. The fruits of ʹMirazhʹ (14.14 %) and ʹPrazdnichnaʹ 
(13.08 %) of 2014 had a maximal amount of vitamin 
C that is by 34.9 and 27.6 % higher as compared with 
an average varietal parameter. A maximal accumulation 
of an average vitamin C content was registered in the 
fruits of ʹMirazhʹ (10.67 ± 1.49 %) and ʹPrazdnichnaʹ 
(10.25 ± 2.02 %). Especially valuable are the varieties 
whose fruits are characterized by a high and stable 
amount of vitamin C content (Leong & Oey, 2012).

Their variation parameter Vр can be used as an 
indicator of stability – of a variety in reference to the 
meteorological conditions of different years of fruits 
growing. The variation of sampling can be considered 
insignificant or low under the Vp lower than 10 %, aver-
age – under 10 – 20 % and high under 20 % and more. 
Therefore, the varieties whose fruits have a high and 
stable vitamin C content are of special value.

The variability of vitamin C content during the 
years of research in the sweet cherry fruits of an early 

and medium terms of ripening was in the range from 
15,4 tо 26,7 %. For a group of early ripening varieties 
(ʹValeriy Chkalovʹ, ́ Svit Earlizʹ, ́ Merchantʹ and ́ Zabutaʹ) 
the variation parameter equaled 20.4–26.7 %, for a 
group of medium terms ripening varieties (ʹTalismanʹ, 
ʹDilemaʹ, ʹOktaviaʹ) Vp equaled 20.1–24.3 %. It testifies 
to a maximal impact of weather factors on vitamin C 
content in the sweet cherry fruits of these groups. The 
variation parameter for ʹProstirʹ and ʹBigaro Burlatʹ va-
rieties equals 15.4 % and 17.9 % respectively that testi-
fies to their resistance to stress factors.

The Vp range for the sweet cherry fruits of the 
late term of ripening varied within the average values 
13.8–19.7 %. The lowest values of the variation param-
eter were registered in ʹReginaʹ and ʹMirazhʹ varieties 
(Vр = 13.8–14.0 %). The highest vitamin C stability 
in a group of an early term of ripening is in ʹBigaro 
Burlatʹ variety (Vр = 17.9 %). The varieties ʹKazkaʹ and 
ʹZabutaʹ have the highest rate of vitamin C accumula-
tion (7.36 ± 1.40 %) and (7.31 ± 1.49 %) respectively. 
The most perspective from the point of view of fruits 
storing and processing are ʹKordiaʹ (Vр = 17.1 %) of 
the medium term and ʹMirazhʹ (Vр = 14.0 %) of the 
late term of ripening. These varieties are characterized 
by a high and nearly high content of vitamin C as well 
as by minimal variability as compared with other va-
rieties. The received results of the research have been 
confirmed by literature data (Bieniek et al., 2011). The 
chemical composition analysis of fruit revealed sig-
nificant differences both between the cultivars and be-
tween the years of the research. 

Environmental conditions, Factor A (Table 6) had 
the greatest impact on vitamin C content in the fruits of 

Source of variation Sum of squares Degree of freedom Dispersion Ffact Ftable095

Impact, 
%

Group 1, early ripening sweet cherry varieties 

Factor A (year) 448.5 11 40.7 321.5 1.8 80.2

Factor В (cultivar) 9.9 6 1.6 13.0 2.2 1.7

Interaction АВ 79.6 66 1.2 9.5 1.4 1.2

Group 2, medium term sweet cherry varieties 

Factor A (year) 998.05 11 90.7 577.7 1.8 39.1

Factor В (cultivar) 1266.13 12 105.5 671.9 1.8 49.6

Interaction АВ 237.68 132 1.8 11.4 1.3 9.3

Group 3, late ripening sweet cherry varieties

Factor A (year) 640.38 11 58.2 244.3 1.8 43.5

Factor В (cultivar) 513.89 12 42.8 179.7 1.8 34.9

Interaction АВ 241.40 132 1.8 7.67 1.3 16.4

Таble 6: The results of two factors dispersion analysis under the accumulation of vitamin C in sweet cherry fruits of different 
terms of ripening
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early and late terms of ripening. The rate of impact of 
the environmental conditions of the years of research 
(Factor A) for early ripening varieties equaled 80.2 %, 
for late ripening varieties only 43.5 %. The rate of im-
pact on varietal features (Factor B) was significantly 
lower for these two groups of varieties in terms of ripe-
ness rate. For early ripening varieties, it equaled 1.7 %, 
for late ripening varieties 34.9 %. It was established that 
the formation of vitamin C fund in the sweet cherry 
fruits of medium term of ripening depended on the 
varietal features (Factor B, 49.6 %). The impact of envi-
ronmental conditions of the research years (Factor A) 
for this group of varieties equaled 39.1 %. 

The research shows the practicability of forecast-
ing of vitamin C accumulation in fruits of early and 
late ripening sweet cherry varieties in terms of aver-
age variety values but not for each pomological variety. 
The forecasting of accumulation of vitamin C fund in 
the fruits of medium ripening varieties is expedient to 
make in terms of average varietal parameters and rate 
of content for each pomological variety.

To establish the correlation relationships between 
vitamin C content in fruits of early (Y1), medium (Y2), 
late (Y3) terms of ripening and the climatic factors, the 
following analysis was made. On the basis of the es-
tablished matching coefficients of correlation rY1Xi, rY2Xi , 
rY3Xi were chosen the most significant factors. The signif-
icance of these correlation coefficients was established 
by checking a statistical hypothesis H0: p = 0 (where p - 
is a correlation coefficient of general population) under 
the alternative hypothesis H1: p ≠ 0 under the reliability 
level α = 0,05. Student’s criteria was used to check the 
statistical hypothesis. It was established that significant 
correlation coefficients, under the significance level of 
0.05 and the number of degrees of freedom k = 10, were 
within an interval [–0.55; 0.55].

Further experiments were conducted according to 
the schedule:

First step. On the basis of the principle com-
ponents analysis we build a set of the princi-
pal components 

iPC  ( 1 )i n= …  represent-
ed by a liniar combination of weather factors: 

 
1

m

i ij j
j

PC p X
=

=∑ , 1i n= …                                     (1)

where jX  – weather factors parameters, 1..j m=

iPC  - principal components, 1i n= …

ijp  - coefficients,  1i n= … , 1..j m= .

We choose first five principal components 

( ),   1 ..5iPC i = , which provide more than 93,5 % of cumu-
lative proportion of variance.

Second step. The development of the regres-
sion models of dependence of vitamin C value 
on the weather factors for each group of varie-
ties from the principal components was as follows: 

5

0
1

ˆ
i i

i

Y b b PC
=

= + ⋅∑                                                  (2)

where Ŷ  – vitamin C content, mg 100 g-1

iPC  - principal components, 1 5i = …

ib  - regression coefficients, 1 5i = … .

The regression equation for early ripening varie-
ties is as follows:  

1 1 2 3 4 5
ˆ  7.10762  0.41631 0.13542 0.61543 0.13960 0.25401Y PC PC PC PC PC= − + + + −  

The regression equation for medium ripening 
varieties is as follows: 

2 1 2 3 4 58.9078 0.4252 0.1872 0.0064 0.7698 0.ˆ 1628Y PC PC PC PC PC= − + − + +

The regression equation for late ripening varieties 
is as follows:  

3 1 2 3 4 58.4881 0.3533 0.3044 0.0150 0.1113 0.ˆ 0869Y PC PC PC PC PC= − + − − −

The value of the determination coefficient (R-
squared) for early ripening varieties equals 0.9239, for 
medium –ripening, 0.7273, for late ripening varieties, 
0.7069, it indicates that there is a strong impact of inde-
pendent variables on the dependent variables. 

The p-value is < 0.05 for F-statistic value for all 
regression models, it testifies to the adequacy of the 
models according to Fisher’s criterion under the level 
of significance -0.05.

Third step. We proceed from the principal com-
ponents to the initial factors by applying formula 1. We 
carry on the standardization process of variable mod-
els. We receive a regression model which characterizes 

the dependence of vitamin C value (for
1 2 3
ˆ ˆ, ˆ   ,Y Y Y ) from 

weather factors.

1

ˆ
n

j j
j

Y a X
=

= ⋅∑ 
                                                                                                                     (3)

where 
j

j j
j

X

X X
X

σ
−

=  – values of weather
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and environmental factors in a standardized form 
1j n= …

jX  - arithmetic mean of factors   
jX , 1j n= …

jXσ  - standard deviation of factors 
jX , 1j n= …

ja  - model coefficients, 1j n= …
Ŷ  - vitamin C content, mg 100 g-1.

Table 7 presents the coefficients of model (3) for 
vitamin C content in sweet cherry fruits of early 

1( ˆ )Y , 
medium (

2̂Y ) and late (
3̂ )Y  terms of ripening. 

The coefficients ( ) ,   1 ..12i i∆ =  were estimated by 
formula for each factor on the basis of the developed 
models: 

2
ii yx

i

a r
R
⋅

∆ =


                                                                                                                           (4)

where ia  - coefficients of a regression model (3)

iyxr  - matching coefficients correlation
2R −  determination coefficients. 

Twelve parameters of the climatic factors ( iX
) which in a particular growing period could have a 
significant impact on the ascorbic acid content in the 
sweet cherry fruits of early (Y1), medium  (Y2) and late 
(Y3) ripening varieties were chosen (Table 8).

These parameters are the following: air humid-
ity;  average monthly air humidity in May (Х2); aver-
age monthly precipitation amount in May (Х1) and in 
June (Х11); average number of days with precipitation 
amount more than 1 mm in May (Х5), June (Х6) and 
July (Х7); average minimal relative air humidity in May 
(Х3) and in June (Х4); the amount of precipitation dur-
ing the period after blooming (Х10); hydrothermal co-
efficient (Х12). The parameters (Х8), the difference be-
tween the average maximal and minimal temperatures 
in May, and in June (Х9) were chosen from among the 
temperature air indicators (°С).

A complex of weather factors which have average 
and strong linear correlation dependence in terms of 
vitamin C content has been established for each group 
of varieties. 

The factors of impact which are expedient to study 
from the point of view of the importance and the logi-
cality of the experiment, despite the insignificance of 
their correlation coefficients, have been found.

The coefficients i∆  estimate the rate of each fac-
tor in a total dispersion of vitamin C amount in sweet 
cherry fruits. On the basis of the estimated indices 

,  1 ..12i i∆ =  we rank all the factors in terms of their 
impact from the most significant (rank 1) to the factor 
which has the lowest impact (rank 12). Table 7 repre-

sents the values of index ,%i∆  and the rank of factors. 
For the experimental groups of sweet cherry varie-

ties of three terms of ripening, i∆  varies in the range of 
0.16 – 30.64 % (Table 7). According to the estimated in-

dices ( ) ,   1 ..12i i∆ =  all the factors were divided into 
the ranks. 

An average monthly amount of precipitation in 
May (Х1) had a maximal impact on vitamin C content 
in sweet cherry fruits of early and late ripening varie-
ties. An average precipitation amount in June (Х11) had 
impact on the formation of vitamin C fund in sweet 
cherry fruits of late term of ripening. This parameter 

got the first rank and varied in the range of  i∆  indices 
from 14.92 % to 30.64 %. Air humidity indices had a 
significant impact on vitamin C content in sweet cherry 
fruits.

The parameters of the second rank are average 
monthly relative air humidity in May (Х2), late term 
of ripening, total number of days with precipitation 
amount more than 1 mm in June (Х6), medium term 
of ripening, total number of days with precipitation 
amount more than 1 mm in July (Х7), early term of rip-
ening. The significance of the rate of impact of these 

1a 2a 3a 4a 5a 6a

1̂Y -0,529 -0,131 -0,207 -0,067 -0,234 -0,278

2̂Y -0,420 -0,164 -0,225 -0,082 -0,167 -0,263

3̂Y -0,360 -0,444 -0,478 0,070 -0,309 0,120

7a 8a 9a 10a 11a 12a

1̂Y -0,382 0,061 -0,021 -0,227 -0,183 0,101

2̂Y -0,320 0,129 0,056 -0,184 -0,090 0,056

3̂Y -0,166 0,477 0,147 0,004 0,380 0,064

Тable 7: Coefficients of a regression model in standardized 
factors
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factors, 6X∆ , 7X∆ , 2 ,X∆  was in the range of 11.57–
18.57 %.

Weather factors which have a significant impact 
on vitamin C formation in sweet cherry fruits of three 
groups belong to the parameters of the third rank, they 
are: average minimal air humidity in May, % (Х3), a 
total number of days with precipitation amount more 
than 1mm in June (Х6). The rate of impact equaled 

7  X∆  = 18.57 % for the varieties of an early term of 
ripening, and for the varieties of medium and late terms 

of ripening the rate of impact equaled 3X∆  11.38 % 
and 14.81 % respectively. The factors of the 1–7th ranks 

with the rates of impact i∆  (6.09–30.64 %) had a maxi-
mal impact on vitamin C content for early ripening va-
rieties of sweet cherry.

Relative factors 

term ( iX ) Factors

Matching coefficients of correlation (
j iY Xr ), indices of the impact rate of factors 

( )i∆  and indices of the factors ranks for the varieties  groups   

early ripening medium ripening late ripening

 

1 iy xr
 

i∆ rank

 

2 iy xr
 

i∆ rank

 

3 iy xr
 

i∆ rank

X1 Average monthly amount of 
precipitation in May, mm

0.889 30.64 1 0.651 23.86 1 0.535 13.45 4

X2 Average monthly relative air 
humidity in May, %

0.712 6.09 7 0.575 8.22 7 0.479* 14.87 2

X3 Average minimal relative air 
humidity in May, %

0.733 9.90 4 0.579 11.38 3 0.443* 14.81 3

X4 Average minimal relative air 
humidity in June, %

0.201* 0.88 11 0.348* 2.49 10 0.476* 2.34 11

X5 Total number of days with 
precipitation amount  more 
than 1 mm in May, per day

0.531* 8.09 5 0.702 10.25 5 0.431* 9.29 5

X6 Total number of days with 
precipitation amount  more 
than 1 mm in June, per day

0.604 10.97 3 0.503* 11.57 2 0.719 6.03 8

X7 Total number of days with 
precipitation amount  more 
than 1 mm in July, per day

0.745 18.57 2 0.368* 10.28 4 0.634 7.37 7

X8 Difference between average 
maximal and minimal tem-
peratures in May, °С

–0.52* 2.07 9 –0.29* 3.35 9 –0.24* 8.24 6

X9 Difference between average 
maximal and minimal tem-
peratures in June, °С

–0.27* 0.36 12 –0.27* 1.35 12 –0.541 5.56 9

X10 Amount of precipitation  in 
blooming period, mm

0.498* 7.37 6 0.631 10.13 6 0.528 0.16 12

X11 Average monthly amount of 
precipitation in June, mm

0.159* 1.90 10 0.683 5.38 8 0.563 14.92 1

X12 Hydrothermical coefficient 0.480* 3.15 8 0.452 1.74 11 0.661 2.97 10

Table 8: The table of the coefficients of matching correlation ( )
j iY Xr , indices of the impact rate ( i∆ ) and their ranks, which 

characterize the impact of factors (Xі,) on  vitamin C content in the sweet cherry fruits of three terms of ripening

*some important factors which must be studied in the experiment as expedient and logical ones, though their correlation coefficients are not 
significant
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Some additional impact on vitamin C content had 
the following parameters: average minimal relative air 
humidity in June (X4); the difference between average 
maximal and minimal temperatures in May (X8); the 
difference between average maximal and minimal tem-
peratures in June (X9); average monthly precipitation 
amount in June (X11); hydrothermical coefficient (X12). 

The overall value of index i∆  for factors X12, X8 and X11, 
Х4, Х9 equaled 8.36 %. 

Factors of 1–8 ranks had a maximal impact on 
vitamin C content for medium ripening varieties. The 

range of i∆   for them was in the range of 5.38–23.86 %. 
A less significant impact on the formation of vitamin 
C content in sweet cherry fruits of a medium term of 
ripening had the climatic parameters like: average min-
imal relative air humidity in June (X4), the difference 
between average maximal and minimal temperatures in 
May (X8); the difference between average maximal and 
minimal temperatures in June (X9); hydrothermical co-

efficient (X11). The overall value of index i∆  for factors 
Х4, Х8, Х9, Х11, which belong to ranks 9–12 within the 
given group of sweet cherry varieties, equaled 8.93 %. 

All factors in a group of late ripening sweet cher-

ry varieties ( i∆  – 5.56–14.92 %) had a largest impact 
on the formation of vitamin C content. The factors of 
10–12 ranks (Х10, Х11, Х12) had a less significant impact 
on vitamin C content in sweet cherry fruits of a given 

group. The overall value of index i∆  for them equaled 
5.47 %.

The analysis of the rate of impact of weather fac-
tors on vitamin C content in sweet cherry fruits of three 
terms of ripening testifies to the fact that the most sig-
nificant climatic parameters are: humidity indices in 
May and June (the last months of fruits formation), the 
average monthly precipitation amount in May (X1) for 
early ripening and medium ripening varieties, and the 
precipitation depth in June (X11) for late ripening varie-
ties respectively. 

4 CONCLUSIONS

1. The varieties ʹKazkaʹ (7.36 mg 100 g–1), ʹZabutaʹ 
(7.31 mg 100 g–1) have been chosen in terms of vitamin 
C content for the group of an early term of ripening. 
ʹBugaro Burlatʹ variety (with a minimal variability pa-
rameter Vр = 17.9 %) has been chosen in terms of min-
imal variability parameter during the years of research. 

2. A medium ripening variety ʹKordiaʹ (10.63 mg 
100 g–1 under Vр = 17.1 %) and late ripening variety 

ʹMirazhʹ (10.67 mg 100 g–1 under Vр = 14.0 %) were 
chosen as the most perspective from the point of view 
of fruit storing and processing in terms of vitamin C 
content. The variation parameters of vitamin C content 
in sweet cherry fruits of three terms of ripening ranged 
from 13,8% to 26,7%. 

3. The environmental conditions of the years of re-
search (Factor A) – 43.5 % and 80.2 % respectively, had 
a dominating impact on vitamin C content in the fruits 
of late and early ripening varieties.

4. The impact of varietal features (Factor B) was 
dominating (49.6 %) in terms of vitamin C content in 
the sweet cherry fruits of medium term of ripening.

5. The models of dependence of vitamin C content 
on the impact of climatic conditions for three groups 
of varieties were developed by using the method of the 
principle components and the method of least squares.

6. The analysis of the rate of impact of each me-
teorological parameter on vitamin C content in sweet 
cherry fruits was made by using the developed regres-
sion models. The range of impact of the meteorological 
parameters in the formation of vitamin C fund has been 

established and their maximal values ( i   ∆ 14.92 % to 
30.6 %) for the groups of three-term ripening varieties 
have been estimated.
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Genotypic variation in response to drought stress is asso-
ciated with biochemical and transcriptional regulation of 
ureides metabolism in common bean (Phaseolus vulgaris L.)

Abstract: Ureidic legumes such as common bean 
(Phaseoulus valgaris L.) plants export nitrogen from the nod-
ules to shoots and leaves as ureides during symbiotic biological 
nitrogen fixation. Common bean gene encoding allantoinase 
(allantoin amidohydrolase, EC 3.5.2.5), is a key enzyme that 
catalyses the hydrolysis of allantoin to allantoic acid. It plays 
a role in ureide generation for export and ureide catabolism 
to generate a nitrogen source in sinks tissues. As such, one of 
the adaptive mechanisms of plants to drought stress, is associ-
ated with ureides accumulation. To identify genetic variation 
of common bean in response to drought stress, changes in 
the expression of ALLANTONAISE (PvALN) gene and ure-
ides content were examined in the leaf tissues of the three 
common bean genotypes (CAL96, DAB514 and DAB541) 
and one tepary bean genotype (Phaseolus acutifolius A.Gray). 
Amongst all the genotypes, the suggested drought susceptibil-
ity in DAB514 common bean genotype, was probably attrib-
uted to a repressed PvALN expression rate which were cor-
roborated by an impaired ureides levels, and reduced plant 
growth. On contrary, drought stress induced an upregulated 
relative expression of PvALN coupled with an increase in al-
lantoin and allantoate in DAB541 common bean genotype. In 
addition, the sustained plant growth in CAL96 was probably 
attributed to a steady amount of allantoin synthesized under 
drought stress. Taken together, DAB541 and CAL96 common 
bean genotypes are the promising genotypes with an induced 
upregulated transcriptional control of catabolism and/or bio-
synthesis of ureides, hence potential genotypes for selection 
and introduction under Botswana semi-arid conditions.

Key words: common bean; drought stress; ureides: al-
lantonaise; allantoin; allantoate

Genetska spremenljivost odziva navadnega fižola (Phaseo-
lus vulgaris L.) na sušni stres je povezana z biokemičnim in 
transkripcijskim uravnavanjem presnove ureidov

Izvleček: Ureidne stročnice kot je navadni fižol (Phaseo-
ulus valgaris L.) transportirajo med simbiontsko vezavo dušik 
iz nodulov v liste kot ureide. Pri navadnem fižolu je pomem-
ben gen, ki kodira alantoinazo (alantoin amidohidrolaza, EC 
3.5.2.5), ključni encim, ki katalizira hidrolizo alantoina v alan-
toinsko kislino. Ta ima pomembno vlogo pri tvorbi ureidov za 
njihov eksport in razgradnjo kot vir dušika v tkivih ponora. 
Pri rastlinah je eden izmed prilagoditvenih mehanizmov na 
sušni stres povezan s kopičenjem ureidov. Za določitev ge-
netske variabilnosti navadnega fižola na sušni stres so bile 
analizirane spremembe v izražanju gena za alantoinazo, AL-
LANTONAISE (PvALN) in vsebnosti ureidov v listnih tkivih 
pri treh genotipih navadnega (CAL96, DAB514 and DAB541) 
in enem genotipu ostrega fižola, Phaseolus acutifolius A.Gray. 
Med vsemi genotipi bi občutljivost genotipa DAB514 nava-
dnega fižola verejtno lahko pripisali zavrtju izražanja gena 
PvALN, kar je bilo povezano z zmanjšano tvorbo ureidov in 
slabšo rastjo. V nasprotju je sušni stres vzpodbudil povečano 
izražanje tega gena, kar je bilo povezano s povečanjem vseb-
nosti alantoina in alantoata pri genotipu DAB541. Dodatno bi 
ohranjeno rast genotipa CAL96 lahko pripisali stalni količini 
allantoina, ki se sintetizira med sušnim stresom. Zaključimo 
lahko, da sta genotipa navadnega fižola DAB541 in CAL96 
obetajoča, z vzpodbujeno povečano transkripcijsko kontrolo 
katabolizma in/ali biosinteze ureidov, ki bi lahko služila kot 
potencial za izbor in uvajanje ustreznih genotipov v sušnih 
razmerah Botswane.

Ključne besede: navadni fižol; sušni stres; ureidi; alan-
tonaza; allantoin; alantoat
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1 INTRODUCTION

Common bean (Phaseolus vulgaris L.) is an im-
portant grain legume in the human diet due to its high 
nutritional properties, such as proteins, vitamins and 
minerals (Broughton et al., 2003). One of the major 
benefits of common beans in agriculture is their capac-
ity to symbiotically fix atmospheric nitrogen through 
associations with soil nitrogen-fixing rhizobia, thus re-
ducing the need to use nitrogen fertilizers (Coleto et al., 
2014). As such, common bean plants are not dependent 
on nitrogen fertilization for growth due to their abil-
ity to form symbioses with atmospheric di-nitrogen 
fixing bacteroid located in root nodules. Plant growth 
and productivity is dependent on the accessibility of 
the newly available fixed nitrogen from the root to the 
vegetative and reproductive plant tissues. 

Ureide allantoin and its degradation derivate al-
lantoate are a group of soil heterocyclic nitrogen com-
pounds that play an essential role in the assimilation, 
metabolism, transport, and storage of nitrogen in high-
er plants (Smith & Atkins, 2002). They serve as the ve-
hicle for storage and xylem transport of symbiotically 
fixed nitrogen from root to the shoot, and as such play a 
key role in nitrogen utilization in ureide-type legumes 
(Kohl et al., 1990; Smith & Atkins, 2002; Zrenner et al., 
2006). Once delivered to sink tissues, allantoin is con-
verted to allantoate, which in-turn can be broken down 
completely to glyoxylate, releasing four molecules of 
ammonia and two molecules of CO2. Genes encoding 
allantoinase (allantoin amidohydrolase, EC 3.5.2.5), ca-
talysis the first step in the degradation of the ureide al-
lantoin and the synthesis of allantoate, the second most 
prominent ureide. It is therefore unique in this pathway 
such that it plays a role in ureide generation for export 
from the nodules as well as ureide catabolism to gener-
ate a nitrogen source in leaves and other nitrogen sinks 
(Muñoz et al., 2001; Watanabe et al., 2014; Werner et 
al., 2013).

Adaptive mechanisms of plants to abiotic stresses 
such as drought, include changes in the expression of 
genes involved, biosynthesis of compatible osmolytes 
and scavenging systems for reactive oxygen species 
(Han et al., 2014; Hasegawa et al., 2000). The inhibi-
tion of nitrogen utilization under drought stress, is 
proposed to be attributed to N-feedback regulation, in 
which ureides would be among the signaling molecules 
triggering the inhibition (Charlson et al., 2009; King & 
Purcell, 2005; Rachid Serraj, Vadez et al., 1999). The in-
duction and activation of enzymes with a subsequent 
increased levels of intermediary metabolites, particu-
larly ureides allantoin and allantoate play a vital role 
in plant responses and adaptation to abiotic stresses 

(Alamillo et al., 2010; Smith & Atkins, 2002) . In soy-
bean, high ureides levels in shoots and leaves correlated 
with nitrogen fixation inhibition (Rachid Serraj, Vadez, 
et al., 1999). In Arabidopsis thaliana (L.) Heynh. mu-
tant lacking ALLANTONAISE (ALN), high levels of al-
lantoin metabolites were reported due to an activated 
allantoin biosynthetic genes and/or repression of ALN 
expression rate. The response suggested that ureide me-
tabolism and accumulation contribute to the abiotic 
stress response, which is regulated, at least in part, at the 
transcriptional level. In addition, this implied a possible 
elevated drought stress tolerance, possibly by reducing 
oxidative damage. (Irani & Todd, 2016). 

The symbiotic nitrogen fixation showed to be ex-
tremely sensitive to drought stress and this effect could 
result in decreasing N accumulation and yield of leg-
ume crops (Serraj, 1999; Rachid Serraj, 2003). However, 
ureide-exporting legumes, such as common beans are 
more sensitive to drought stress due to rapid decline 
in nitrogen fixation compared to amidic ones (Purcell 
et al., 2004; R Serraj, 1999; Rachid Serraj, Vadez et al., 
1999). On contrary, a variable degree of nitrogen fixa-
tion inhibition due to drought stress was found among 
the bean genotypes. An increase in both mRNA levels 
and ALN activity with a concomitant increase in roots, 
shoots and leaves ureide levels in common bean in re-
sponse to drought was attributed to an elevated syn-
thesis of allantoate (Alamillo et al., 2010). Remarkably, 
other studies demonstrated a positive correlation be-
tween suppressed nitrogen fixation and accumulation 
of ureides in stems and leaves of both sensitive and tol-
erant genotypes. Further variability was associated with 
the rise in allantoate level coupled with an increase in 
ALLANTOINASE gene expression and enzyme activity 
in the most sensitive genotype, which  increased after 
inhibition of nitrogen fixation, suggesting that ureides 
originate in vegetative tissues as a response to water 
stress, probably mediated by the induction of allantoin-
ase (Coleto et al., 2014).

The overreliance on erratic rain coupled with rela-
tively poor soil quality has resulted in poor productiv-
ity of crops in Botswana, making the agricultural sector 
most vulnerable to climate change (FANRPAN, 2017). 
Crop diversification such as the use of drought-tolerant 
legumes with enhanced nitrogen fixation ability and 
improved utilization of the newly fixed nitrogen to en-
hance crop productivity crops has been hailed as one 
of the potential adaptive measures to mitigate climate 
change. As such, Botswana has considered the introduc-
tion of common bean into the cropping system as one 
of the climate smart agriculture approaches, combating 
poverty, environmental degradation, and improving 
soil health. This was further justified by its high nutri-
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tive value and commercial benefits such as source of 
income for many rural household (Beebe et al., 2013; 
Molosiwa et al., 2019). However, information on the 
performance of the potential common bean genotypes 
for introduction, particularly nitrogen fixation and uti-
lization capability and crop productivity under Botswa-
na conditions remain elusive. Therefore, this study was 
conducted to identify the growth and genetic response 
of common bean genotypes under drought stress. Bio-
chemical analysis of ureides-derived metabolites and 
transcriptional analysis of Phaseoulus vulguris ALLAN-
TOINASE relative gene expression was conducted for 
the identification and selection of the best and promis-
ing common bean genotypes in terms of nitrogen fixa-
tion and utilization under drought stress.

2 MATERIALS AND METHODS

2.1 PLANT MATERIALS AND GROWTH CONDI-
TIONS

Common bean genotypes were selected based 
on their superior stability, adaptability and yield per-
formance in the previous studies conducted at Sebele 
and Pandamatenga respectively (Molosiwa et al., 2019). 
These includes three common bean (Phaseolus vulgaris 
L.) genotypes (DAB541; DAB514; CAL96) and GK011 
tepary bean (Phaseolus acutifolius A.Gray.; GK011), the 
latter being reported in previous studies as a drought 
tolerant bean. The experiment was conducted in a 
growth cabinet, in a randomized block design, with six 
replications, under a 16 h light/8 h dark photoperiod 
at 25 °C and a light intensity of 100-150 μmol photons 
m-2s-1. Plants were exposed to water holding treatment 
three (3) weeks after emergence. Drought stress ex-
periment consisted of two treatments, namely drought 
stress treatment by withholding water application with 
a serious drought stress (35-45 % water holding capac-
ity) and the control by ensuring maximum water hold-
ing capacity by watering (70-80 %).

2.2 UREIDES ACCUMULATION: ALLANTOIN 
AND ALLANTOATE 

The determination of ureides allantoin and allan-
toate were performed by differential analyses of glyoxy-
late derivative according to published protocol (Lesca-
no, 2020). Ureides were extracted from leaf 15 mg liquid 
nitrogen grounded leaf tissue samples by boiling it in 
50 mM potassium phosphate buffer (pH 7.0). Homoge-

nates were centrifuged at 18,000 xg for 25 min at 4 °C 
to ensure the absence of debris and a clear supernatant 
containing ureides. Six biological replicates of 100 μl 
aliquots of each sample were collected in three separate 
tubes for the measurement of endogenous glyoxylate, 
allantoic acid-derived glyoxylate and allantoin-derived 
glyoxylate. Glyoxylate is converted into glycolic acid-
phenylhydrazone and then oxidized by ferricyanide in 
the presence of concentrated acid and phenylhydrazine 
to give red-colored 1,5-diphenylformazan. The absorb-
ance of supernatants was measured using a spectropho-
tometer at 535 nm. 

2.3 TRANSCRIPTOMIC ANALYSIS OF DIFFER-
ENTIALLY EXPRESSED GENES 

Total RNA was extracted using a Quick-RNA 
Miniprep Kit (Zymo Research Corporation, Irvine, CA, 
United States) as per the manufacturer’s protocol and 
treated with DNase1 (Zymo Research Corporation, Ir-
vine, CA, United States). The quantity and quality of the 
isolated RNA were evaluated, respectively, using a Nan-
oDrop ND-1000 UV–Vis Spectrophotometer (Thermo 
Fisher Scientific) and by 1 % electrophoresis agarose 
gels according to manufacturer’s instructions. The qual-
ity of each cDNA and the RT-qPCR were checked per 
by using standard PCR reaction and the housekeeping 
gene PvACTIN-2 primers (Díaz-Leal et al., 2012) and 
PvALN (Table 1). These primer pairs were designed 
using GeneScript qPCR primer design (https://www.
genscript.com/tools/pcr-primers-designer/advanced). 
Luna Universal qPCR Master Mix (New England Bio-
lab Inc., MA, USA) and primers were used to determine 
RNA expression. The qPCR reactions were performed 
using triple replicates of cDNA samples in 96-well plates 
and performed on the LineGene 9600 (Hangzhou Bioer 
Techonology), following SYBR Green/FAM detection. 
Reactions were prepared in a total volume of 20 μl ac-
cording to Luna® Universal qPCR Master Mix Protocol 
(M3003; New England Biolab Inc., MA, USA) contain-
ing: 1x Luna Universal qPCR Master Mix, 10 μM of for-
ward and reverse primer, 100 ng cDNA template and 
nuclease-free water. The PCR cycles consisted of 1 cycle 
of initial denaturing at 95 °C for 1 min, followed by 40 
cycles of 95 °C for 15 s and 60 °C for 40 s. The melting 
curve was obtained by applying increasing temperature 
from 60 to 90 °C. The relative fold change for Phaseou-
lus vulgaris ALLANTOINASE (PvALN) was calculated 
using the 2−ΔΔCt method (Livak & Schmittgen, 2001), 
and normalized against the housekeeping PvACTIN-2 
gene (Díaz-Leal et al., 2012).

https://en.wikipedia.org/wiki/Asa_Gray
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2.4  DATA ANALYSIS 

The data collected were subjected to analysis of 
variance (ANOVA) using MINITAB computer software 
program, significant means were separated using pair-
wise Tukey comparison at p < 0.05. 

3 RESULTS 

3.1 PHYSIOLOGICAL BIOMASS RESPONSE 

To determine the response of common bean to 
drought stress, fresh biomass was determined from 
above ground plant tissues after watering was withheld 

for 10 consecutive days. Biomass for the three geno-
types including GK011, CAL96 and DAB541 did not 
differ under normal water growth conditions. However, 
a significant reduced biomass was observed in DAB514 
common bean genotypes compared to GK011 tepary 
bean as well as compared to the two common bean 
genotypes, namely, CAL96 and DAB541. Comparing 
drought stressed plants to their relative control plants 
demonstrated no significant variation in biomass in 
GK011 tepary bean and DAB541 common bean gen-
otype. However, drought stress induced a 38.6 % and 
38.7 % significant reduction in biomass in CAL96 and 
DAB514 respectively. Further biomass comparisons 
were made between drought stressed plants in all the 
genotypes. The result indicated a 42.6 % reduction in 

Gene Forward Primers Reverse Primer

ACTIN-2 
(PvActin-2)

5ˈ-TTGCTTTCAAGGAGGGGGTATGC-3ˈ 5ˈ-GGAGCTTGGAACCTTTCGGTGC-3ˈ

ALLANOTONAISE 
(PvALN)

5ˈ-ACAAGCATGATGCAGGTGCTGTGA-3ˈ 5ˈ-TGCCTCCACGACATCGCACA-3ˈ

Table 1: Primer pairs used to determine expression of genes

Figure 1: Biomass of common bean genotypes (Phaseolus vulgaris L.) in response to drought stress. Biomass was 
measured unbve ground plat tissues of three common bean genotypes (CAL97; DAB514; DAB541) and GK011 
tepary bean. The standard error of mean of three independent flow cells is indicated by the error bars (n = 6). 
Bars with different lowercase letters indicate significant differences (p < 0.05)
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biomass in drought stressed DAB514 plants relative 
to drought stressed GK011 tepary bean. In addition, a 
35.6 % and a 50.6 % reduction in biomass in drought 
stressed DAB514 plants were observed in comparison 
to drought stressed CAL96 and DAB541 common bean 
plants respectively.  Taken together, all comparisons 
demonstrated the existence of clear variation between 
DAB514 and DAB541 common bean genotypes in 
terms of biomass (Figure 1).

3.2 UREIDES ACCUMULATION IN RESPONSE 
TO DROUGHT STRESS

To investigate the production of ureides-derived 
metabolites in response to drought stress, levels of al-
lantoin and allantoate were measured in the leaves of 
drought stressed plants and control plants (Figure 2). 
The results were visualized using heat map (Figure 3), 
generated with MINITAB analytical software (version 
21.1). The result demonstrated a significant increase in 
allantoin metabolite in CAL96 (50.1 %), DAB514 (45.5 
%) and DAB541 (47.1 %) common bean genotypes 
compared to the GK011 tepary bean under normal wa-
ter conditions. A significant 60.0 % and 23.8 % increase 
in allantoin accumulation between the plants under 
normal condition and drought stress was detected for 
GK011 tepary bean and DAB541common bean geno-
types respectively. In contrast, allantoin content was not 
significantly affected between the control plants and the 
drought stressed DAB514 and CAL96 common bean 
genotypes.  

In respect to allantoate metabolite, the levels of 
allantoate were not significantly affected in CAL96 
and DAB514 common bean genotypes compared to 
GK011 tepary bean under normal water growth condi-
tions. The study further compared variation in allan-
toate levels for the drought stressed plants compared 
to their relative control plants. The result exhibited 24.6 
%, 26.5 % and 47.8 % of reduced allantoate levels for 
GK011 tepary bean and two common bean genotypes, 
namely, CAL96 and DAB514 in drought stressed plants 
compared to the control plants.  In contrast, DAB541 
common bean genotype elicited a 31.0 % significantly 
increased levels of allantoate in the drought stressed 
plants relative to their control plants. Taken together, 
the response of DAB541 common bean genotype under 
water stress showed a similar trend for both allantoin 
and allantoate. Thus, water stress induced a significant 
increase in both allantoin and allantoate metabolite lev-
els (Figure 2).

3.3 RELATIVE GENE EXPRESSION OF UREIDE 
METABOLISM 

To assess the correlation between allantonaise 
ureide and changes in ALLANTONAISE (PvALN) rela-
tive gene expression, both metabolic accumulation of 
allantonaise and relative PvALN gene expression was 
performed on the leaves of genotypes. To assess wheth-
er the accumulation of ureides results from changes in 
the transcription of genes related to ureide metabolism, 
quantitative real time PCR was performed to determine 
the mRNA levels of genes coding for key enzymes in the 
synthesis of ureides, ALLANTONAISE (ALN). Expres-
sion level of PvALN gene in the three replicates samples 
were normalized against the expression of ACTIN-2 as 
the internal control. According to the pairwise Tukey 
comparison, the relative expression of PvALN gene in 
water-deficit plants compared to the control plants was 
significantly depressed for all the common beans geno-
types, except for DAB541. GK011 tepary bean showed 
the highest 7.7-folds reduction in the relative expression 
of PvALN. This decrease was however insignificantly 
different from DAB514 and CAL96 common bean gen-
otypes, which also showed a decreased PvALN expres-
sion rate by 3.2 and 5.4-folds respectively. Intriguingly, 
only DAB541 common bean genotype, showed an in-
crease in the expression rate PvALN mRNA (1.2-folds) 
in the leaves of drought stressed plants relative to the 
control plants (Figure 4).

4 DISCUSSIONS

Legumes are agronomically and economically im-
portant in many cropping systems because of their abil-
ity to assimilate atmospheric nitrogen and maintaining 
soil fertility. These are highly desirable traits to consider 
in the improvement of legume productivity for sustain-
able agricultural practices (Serraj, 1999; Rachid Serraj, 
2003, 2003; Rachid Serraj et al., 1999). Drought stress is 
one of the most important environmental factors that 
regulate plant growth and development and limit its 
production. Legumes exhibit reduction in nodulation 
and biological nitrogen fixation in response to drought 
stress (Pimratch et al., 2008). Accumulation of ureide 
compounds has been reported in several plant species 
under stress conditions, and a considerable number of 
research articles argue for a hindered rather than active 
ureide catabolism as the survival trait for plants sub-
jected to periods of mild drought or salinity due to the 
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alternative prime stress signaling function of uric acid and allantoin.

Figure 2: Ureides accumulation in response to drought stress. Ureides measurement consisted of allantoin (A) and allantoate 
(B) accumulation for pants under control (T0) and drought stress (T1). Ureides accumulation was measured on leaf tissues of 
three common bean genotypes (CAL97; DAB514; DAB541) and GK011 tepary bean. Bars with different letters are statistically 
different according to p < 0.05. The standard of mean of three independent flow cells is indicated by the error bars error (n = 
6)
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The current study evaluated the response of three 
common bean genotypes to drought stress at both bio-
chemical and transcriptional level. Firstly, the response 
of common bean genotypes under normal growth 
conditions were tested against tepary bean (Phaseolus 
acutifolius A. Gray), a relatively higher drought-tol-
erant crop than common bean (Phaseoulus vulgaris) 
and serving as genetic resource for food and genetic 
enhancement of related legumes (Mwale et al., 2020). 
The insignificant growth rate in terms of biomass un-
der normal growth condition was accompanied by a 
significant increase in ureide allantoin levels in CAL96, 
DAB514 and DAB541 common bean genotypes rela-
tive to GK011 tepary bean. On contrary, the allantoate 
content was not affected in CAL96 and DAB514 when 
compared to GK011 tepary bean. Taken together, the 
normal growth rate of common bean genotypes com-
pared to GK011 tepary bean might have been sustained 
by an enhanced assimilation and metabolism of nitro-
gen, which is attributed increased levels of allantoin 
and a sustained level of allantoate. Taking into consid-
eration the 16 hours day growth period in the current 
study, this results are consistent with Arabidopsis thali-

ana studies, which indicated that allantoin ureide deg-
radation is important for the growth and development 
during vegetative growth under long-day conditions 
(Takagi et al., 2018).

The response of bean genotypes was further evalu-
ated under drought stress by comparing plants under 
drought stress against their relative control ones. In-
triguingly, all the common bean genotypes, including 
tepary bean revealed a similar trend of induced inhib-
ited plant growth under drought stress. However, only 
DAB514 common bean genotype showed a significant 
reduced plant growth in drought stressed plants com-
pared to their relative control plants. The impaired 
plant growth rate in DAB514 was positively associat-
ed with the reduction in both allantoin and allantoate 
levels, with a concomitant induced down-regulated 
PvALN relative gene expression. This response pro-
posed an impaired ureides degradation at transcrip-
tional level, which inevitably negatively affected assimi-
lation and use of fixed N and eventually plant growth in 
DAB514 common bean genotype under drought stress. 
This finding is contrary to reports that indicated that 
DAB514 common bean genotype as a stable and high 

Figure 4: Relative Phaseolus vulgaris ALLANTONAISE (PvALN) gene expression in common beans in response to drought 
stress. Relative gene expression was measured on leaf tissues of three common bean genotypes (CAL97; DAB514; DAB541) 
and GK011 tepary bean. Bars with different letters are statistically different according to p < 0.05. The standard of mean of 
three independent flow cells is indicated by the error bars error (n = 3)
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yielding genotype under drought stress (Molosiwa et 
al., 2019). Our results implies that DAB514 common 
bean genotype is a drought-sensitive genotype pos-
sibly due to an impaired ureides metabolism at both 
chemical and transcriptional level with a substantial 
reduced plant growth. Though similar results were ob-
served in terms of a suppressed expression of PvALN 
coupled with low levels of allantoate, the plant growth 
rate was not affected in water stressed CAL96 common 
bean genotype. The suppressed expression of PvALN in 
CAL96 common bean genotype might be responsible 
for an impaired rate of degradation of allantoin and the 
synthesis of allantoate, subsequently owing to a steady 
amount of allantoin synthesized under drought stress. 

Water deficit also resulted in another notable in-
crease in ureides allantoin and allantoate levels cou-
pled with an induced upregulated relative expression 
of PvALN in DAB541 common bean genotype. This is 
in concert with studies on Arabidopsis, Phaseolus vul-
garis, and Soybean which demonstrated an  increase 
in shoot ureides under drought stress (Alamillo et al., 
2010; Ladrera et al., 2007; Rachid Serraj, 2003; Vadez 
& Sinclair, 2001). This advocated for an increased tran-
scriptional regulation of purine metabolism by PvALN, 
which in turn resulted in enhancing both the degra-
dation of the ureide allantoin and the synthesis of al-
lantoate (Alamillo et al., 2010; Coleto et al., 2014). This 
response suggested that ureide accumulation is a gen-
eral response to drought stress and is regulated at the 
transcriptional level mainly through the induction of 
allantonaise degradation and the subsequent allantoate 
synthesis in DAB541 common bean genotype leaf tis-
sues.

5 CONCLUSIONS

The current study evaluated the response of com-
mon bean genotypes to drought stress by assessing 
ureides metabolism at biochemical and transcriptional 
level coupled with the ultimate plant growth in terms 
of biomass. Overall results suggested a degree of ge-
netical variation among common bean genotypes. The 
enhanced plant growth or maintained growth rate un-
der drought stress in DAB541 and CAL96 common 
bean genotypes was probably due to an enhanced 
degradation of the ureide allantoin and the synthesis 
of allantoate metabolites. These findings suggested an 
enhanced ureide generation for export and ureide ca-
tabolism to generate a nitrogen source in leaves under 
drought. Therefore, the study concludes that DAB541 
and CAL96 common bean genotype are potential gen-
otypes for selection and introduction under Botswana 

semi-arid condition. Molecular reverse genetic stud-
ies can further be conducted to confirm ureides me-
tabolism and crop performance of DAB541 and CAL96 
common bean genotypes under drought stress.
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Enhancement of shoot proliferation and evaluation of biot-
ic elicitation effects on anatomical changes of pseudo stem 
and anti-lipid peroxidation activity of Curcuma mangga Val.

Abstract: Mango turmeric (Curcuma mangga Val.) con-
tains many bioactive compounds that are used for traditional 
treatment of various health problems and ailments. Slow 
propagation nature of C. mangga have resulted in short sup-
ply to meet the market demand. The longitudinally incised 
half shoot explants promote 100 % increased of shoot num-
ber compared with non-incised shoots with the formation of 
average 6.6 shoots/explant when they were cultured either 
vertically or horizontally on MS medium supplemented with 
2.0 mg l-1 BA and 0.5 mg l-1 NAA. Biotic elicitation with 3.5 
mg l-1 or 5.0 mg l-1 yeast extract or combination of 150 mg l-1 
chitosan and 3.5 mg l-1 yeast extract did not promote shoot 
proliferation but exhibited anti-lipid peroxidation activ-
ity slightly lower than quercetin, a potent plant antioxidant 
flavonoid and butyl hydroxyl toluene (BHT), a commercial 
preservative agent which is used as a positive control. While 
absolute ethanol which served as a negative control did not 
show any anti-lipid peroxidation activity. Biotic elicitation of 
C. mangga plantlets using similar elicitors resulted in anatom-
ical changes of its pseudostem with reduced number of thin 
lignified xylem cells and the presence of druse suspected to be 
oxalate crystals inside the cortex cells with delicate cell wall.

Key words: anti-lipid peroxidation activity; chitosan; 
mango turmeric; pseudostem; shoot proliferation; yeast ex-
tract

Pospeševanje tvorbe poganjkov in ovrednotenje elicitacij-
skih učinkov na anatomske spremembe navideznih stebel in 
proti maščobne peroksidacijske aktivnosti kurkume (Cur-
cuma mangga Val.)

Izvleček: Kurkuma (Curcuma mangga Val.) vsebuje šte-
vilne bioaktivne snovi, ki se uporabljajo pri tradicionalnem 
obravnavanju številnih zdravstvenih težav in obolenj. Poča-
sen način njenega razmnoževanja povzroča njeno pomanj-
kanje glede na veliko povpraševanje na trgu. Do polovice 
vzdolžno zarezani stebelni izsečki so stoodstotno povečali 
število poganjkov v primerjavi z nezarezanimi s tvorbo pov-
prečno 6,6 poganjkov na izseček, če so bili gojeni navpično 
ali vodoravno v MS gojišču, obogatenim z 2,0 mg l-1 BA in 
0,5 mg l-1 NAA. Biotično vzpodbujanje s 3,5 mg l-1 ali 5,0 mg 
l-1 izvlečka kvasa v kombinaciji z 150 mg l-1 hitozana in 3,5 
mg l-1 izvlečka kvasa ni pospešilo tvorbe poganjkov ampak 
je pokazalo malo manjšo antiperoksidacijsko aktivnost v pri-
merjavi s kvercetinom, močnim rastlinskim flavonoidnim an-
tioksidatom in butil hidroksi toluenom (BHT), komercialnim 
zaščitnim sredstvom, ki sta bila uporabljena kot pozitivna 
kontrola. Uporaba absolutnega etanola kot negativne kon-
trole ni pokazala nobene antiperoksidacijske aktivnosti. Bio-
tično vzpodbujanje nastanka rastlinic korkume s podobnimi 
eliciatorji je povzročilo anatomske spremembe v nastajajočih 
navideznih steblih z zmanjšanjem števila tankih lignificiranih 
celic ksilema in prisotnostjo kritalnih kopuč, domnevno iz 
kalcijevega oksalata, v celicah primarne skorje, ki so imele 
zelo tanko celično steno.

Ključne besede: antiperoksidacijska aktivnost za ma-
ščobe; hitozan; kurkuma; navidezna stebla; tvorba poganjkov; 
izvlečki kvasa
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1 INTRODUCTION

Mango turmeric (Curcuma mangga Val.), a mem-
ber of Zingiberaceae family, is commonly used in 
Ayurvedic, traditional Chinese medicine (TCM) and 
alternative Malay medicines (Ramadanil et al., 2019). It 
has been used as food spices, food preservatives and 
treatment of various health problems and minor ail-
ments such as fever, stomach-ache, general debility, 
and postpartum care (Subositi and Wahyono, 2019; 
Furmuly and Azemi, 2020). It has been proven to have 
many health beneficial activities due to some bioactive 
compounds or secondary metabolites such as the alka-
loids, flavonoids, tannins, terpenoid and curcuminoid 
that are present mainly in the rhizomes (Muchtaromah 
et al., 2018; Yuandani et al., 2019; Awin et al., 2020; Fi-
triastuti et al., 2020; Maryam and Martiningsih, 2021).  

Conventionally, C. mangga is propagated via its 
rhizome during the rainy season. However, C. mangga 
and many other Curcuma species have slow propaga-
tion rate and very prone to soil borne diseases and 
rhizome dormancy (Škorničková, 2007; Pikulthong et 
al., 2016; Soonthornkalump et al., 2020; Leong-Škornič-
ková et al. 2021). This has resulted in insufficient sup-
ply of C. mangga to meet the market demand. In vitro 
culture techniques have been employed as alternative 
measures for improving the production of plantlets for 
some Curcuma species such as C. longa (El-Hawaz et 
al., 2015; Marchant et al., 2021), C. aromatica (Sharmin 
et al., 2013; Mohanty et al., 2015), C. alismatifolia (Li et 
al., 2021) and C. zedoaria (Sudipta et al., 2020). Addition 
of elicitors into culture medium had been reported to 
enhance the production of useful secondary metabo-
lites but high amount of elicitation was found to cause 
cell or tissue damage of the cultured materials (Espi-
nosa-Leal et al., 2018). Our previous study (Abraham 
et al., 2011) had reported that biotic elicitation using 
yeast extract and chitosan did not enhance shoot pro-
liferation but increased the production of total phenolic 
compounds which resulted in severe abnormality of 
the C. mangga in vitro plantlets especially the pseudo 
stems. Hence, the present study was carried out with 
three main objectives. Firstly, to determine whether a 
shoot incision technique could enhance in vitro shoot 
proliferation and used it as an alternative means for 
mass production of C. mangga plantlets. Secondly, to 
determine whether yeast extract and chitosan that have 
been found to promote production of total phenolic 
compounds with good free radical scavenging activity 
could also enhance the anti-lipid peroxidation activity 
of C. mangga. Thirdly, to study the effect of biotic elici-
tation of yeast extract and chitosan on the anatomical 
structures of C. mangga pseudostem.

2 MATERIALS AND METHODS

2.1 ESTABLISHMENT OF IN VITRO PLANTLETS

Young buds of C. mangga of approximately 1.5 cm3 
in size, excised from the actively growing rhizomes dur-
ing the raining season. They were washed with com-
mercial detergent solution (Sunlight®, Unilever, Selan-
gor, Malaysia) to remove all soil and organic matters 
and rinsed under running tap water for 40 min. The 
cleansed bud explants (1.5 cm3) were then immersed 
in 70 % ethanol (Chemical Industries (M) Sdn. Bhd., 
Selangor, Malaysia) for 10 min followed by surface ster-
ilization with 20 % Clorox®, a commercial bleach solu-
tion containing 5.3 % sodium hypochlorite (The Clorox 
Company, Oakland, CA), for 20 min. The surface-ster-
ilized buds were then rinsed three times with sterile 
distilled water before being inoculated onto gelled MS 
(Murashige and Skoog, 1962) medium without any 
plant growth regulator (PGR). The cultures were incu-
bated in a culture room regulated at 25 ± 2 ºC with con-
tinuous illumination at average light intensity of 32.5 
µmol m-2 s-1 for 6 weeks (Abraham, 2010). 

2.2 EFFECT OF SHOOT INCISION ON SHOOT 
PROLIFERATION  

The shoot explants of 1.0 cm length were obtained 
from the 6 weeks old in vitro plantlets. Each shoot ex-
plant was vertically cut into half or quarter while the 
non-incised whole shoot explants were used as control. 
These shoot explants were then cultured onto shoot 
proliferation medium, MS supplemented with 2 mg l-1 
6-benzylaminopurine (BAP) and 0.5 mg l-1 1-naphtha-
lene acetic acid (NAA) (Sigma-Aldrich (M) Sdn. Bhd. 
Subang Jaya, Malaysia) (Abraham, 2010). Three shoot 
explants were used for each experimental unit and ten 
experimental units were used for each explant type. The 
explants were placed vertically and horizontally on the 
proliferation medium. The number of shoots produced 
from each explant with different mode of placement 
was determined after 6 weeks of culture.  

2.3 ANTI-LIPID PEROXIDATION ACTIVITY OF 
CURCUMA MANGGA

2.3.1 Sample extraction

Our previous study (Abraham et al., 2011) have 
indicated that plantlets cultured in proliferation me-
dium added with 3.5 mg l-1 yeast extract, 5.0 mg l-1 yeast 
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extract, and plantlets cultured in proliferation medium 
supplemented with150 mg l-1 chitosan plus 3.5 mg l-1 
yeast extract produced high total phenolic compounds 
with high free radical scavenging activity (RSA). Hence, 
these plantlets together with plantlets cultured in shoot 
proliferation medium (Control) were selected for their 
anti-lipid peroxidation activity. Two grams (g) of dried 
sample derived from each treatment condition was 
grounded into powder form using blender (Philips, Se-
langor, Malaysia). Each sample was placed into 250 ml 
conical flask and soaked with 100 ml methanol (Chemi-
cal Industries Sdn. Bhd., Selangor, Malaysia) at 40 ºC for 
two hours and the soaking process was repeated three 
times. The methanol extracts from each sample were 
collected, combined, filtered, and evaporated using ro-
tary evaporator machine (EYELA, N-N Series, Japan).

2.3.2 Anti-lipid peroxidation activity

Anti-lipid peroxidation activity was determined 
using modified Ferric thiocyannate (FTC) method (Os-
awa and Namiki, 1981). C. mangga sample extract (4 
mg) was dissolved in 4 ml absolute ethanol (99.5 %) 
followed by addition of 8 ml 0.05M phosphate buffer 
(pH 7.0), 4.1 ml 2.5 % linoleic acid solution (Sigma, 
Ronkonkoma, NY) and 3.9 ml distilled water. The ex-
tract solutions were kept in aluminium foil wrapped 
vessels and incubated at 40 °C. Butyl hydroxyl toluene 
(BTH) (Sigma, Ronkonkoma, NY) was used as a posi-
tive control and 4 ml absolute ethanol served as a nega-
tive control. A volume of 0.1 ml extract solution was 
added to 9.7 ml 7.5 % ethanol followed by 0.1 ml 30 % 
ammonium thiocyannate solution and 0.1 ml 0.02 M 
ferric chloride (Sigma, Ronkonkoma, NY) in 3.5 % HCl 
(v/v). The reaction was incubated for three minutes un-
der dark condition. Three replicates were prepared for 
each sample and three repetition of spectrophotometer 
reading were applied for each sample. The absorbance 
of sample was measured at 500 nm wavelength using 
UV-Vis spectrophotometer (Mettler Toledo, Colum-
bus, Ohio). This procedure was repeated every 24 hours 
until both the positive and negative controls gave the 
maximum absorbance. The degree of lipid peroxidation 
was represented by percentage of oxidized lipid in test-
ed samples at the day before the absorbance decreased.

2.4 HISTOLOGY STUDY OF BASAL PSEU-
DOSTEM

The basal pseudostems of the morphological ab-
normal C. mangga plantlets were selected for anatomi-

cal study. They were trimmed into approximately 0.5 
cm3 in size and were then immersed in FAA solution 
(40 % formaldehyde: acetic acid glacial: 95 % ethanol 
= 5: 5: 90) for fixation. During preparation of sections, 
the fixed tissues were passed through a series of alco-
hol solutions, starting with 50 % ethanol/tetra butyl 
alcohol (TBA) (ethanol 95 %: absolute TBA: water = 
4: 1: 5) and finally treated with absolute ethanol/TBA 
(ethanol 95 %: absolute TBA = 2.5: 7.5). After which 
the tissues were immersed in mixture solution of TBA 
and liquid wax with ratio 1:1 at 60-62 ºC for 24 hours. 
At the embedding stage, the tissues were immersed 
in liquid wax at 60-62 ºC for 12 hours. After the wax 
solidified, the wax blocks containing the tissue samples 
were sliced into thin slices with 15 µm thickness using 
rotary microtome (Leica, Germany) for slide prepara-
tion. Double stained standard technique was used for 
the preparation of permanent slides. Each sliced section 
treated with a few drops of safranin after it was placed 
on the glass slide. This was followed by a few drops of 
95 % ethanol to remove the excess safranin. After this, a 
few drops of Fast Green and 95 % ethanol were added 
respectively. Finally, one drop of xylene was added on 
the section. The sliced section was then covered with a 
glass cover slip and sealed with Shandon Mount (Shan-
don, USA) as a mounting agent. The prepared slides 
were observed under light microscope (Olympus BX-
50, Japan) fitted with coloured video camera (JVC KF-
55B, Japan) and image analysing system (analySIS docu 
version 3.1, Germany) for determination of cell size and 
cell morphology.

2.5 STATISTICAL ANALYSIS

For the effect of shoot incision and mode of place-
ment on shoot proliferation, the experiment was con-
ducted in complete randomized block design (CRBD). 
The data was analysed using two-way ANOVA and the 
best explant type was determined using Tukey’s HSD 
test at p ≤ 0.05. The anti-lipid peroxidation activity for 
all the selected samples was analysed using one-way 
ANOVA and the comparison of means was determined 
using to Tukey’s HSD test at p ≤ 0.05

3 RESULTS AND DISCUSSION

3.1 EFFECTS OF SHOOT INCISION ON SHOOT 
PROLIFERATION

Shoot proliferation is an essential step for mass 
production of in vitro plantlets which is normally car-
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ried out by inducing multiple shoots formation using 
plant growth regulators. Many researchers have been 
using 6-benzylaminopurine (BAP) or benzyl adenine 
(BA) combination with naphthalene acetic acid (NAA) 
for multiple shoot induction in Zingiber species (Ab-
bas et al., 2011; Zahid et al., 2021) and Curcuma species 
(Bejoy et al., 2012; Jala, 2012; Ferrari et al., 2016) with 
the formation of an average of 3 to 5 shoots per ex-
plants. Similar result was obtained in the present study 
whereby an average of 3.3 and 3.7 shoots per shoot ex-
plant were formed when the shoot explants were cul-
tured horizontally and vertically respectively on MS 
medium supplemented with 2.0 mg l-1 BA and 0.5 mg l-1 
NAA for induction of multiple shoot formation. When 
the shoot explants were cut longitudinally into half, the 
number of shoots formed per shoot explant was greatly 
enhanced with the formation of 6.6 shoots per shoot 
explant and the number of shots formed were not sig-
nificantly different when the explants were placed hori-
zontally or vertically. The quarterly cut shoot explants 
further enhanced the formation of multiple shoots with 
7.6 and 8.4 shoots per shoot explant formed when the 
shoot explants were cultured horizontally and vertically 
respectively (Table 1). However, the multiple shoots de-
rived from the quarterly cut shoot explants were small 
and became necrotic with copious release of phenolic 
compounds in the culture medium and eventually re-
sulted in death of plantlets after two subculture cycles 
(6 weeks/cycle). Mode of inoculation either vertically 
or horizontally was statistically found to have no effect 
on promoting shoot proliferation in C. mangga. The half 
shoot explants grow into healthy multiple shoots when 
cultured on the shoot proliferation medium. Hence, 
half shoot explants were used for the subsequent stud-
ies.

Results obtained in the present study clearly dem-
onstrated that shoot incision longitudinally could en-
hance 100 % increment of shoot production. The en-
hancement of shoot proliferation in longitudinally 
incised shoots was due to increased cut surface area 
that exposed to the culture medium for better absorp-

tion of nutrients and inhibit apical dominance and 
hence induce more lateral shoot formation (Mok and 
Ho, 2019). Longitudinally dissecting of shoot explants 
to promote high multiple shoot formation has become 
a common practice in propagation of banana (Ahmed 
Hasan et al., 2020). Hence, shoot incision can be used 
as an alternative means to promote in vitro shoot multi-
plication of C. mangga that resulted in more and faster 
production of plantlets.

3.2 ANTI-LIPID PEROXIDATION ACTIVITY OF 
BIOTIC ELICITED CURCUMA MANGGA

Our previous study (Abraham et al., 2011) had 
shown that C. mangga plantlets, cultured in prolifera-
tion medium supplemented with 3.5 mg l-1 yeast extract; 
5.0 mg l-1 yeast extract or combination of 150 mg l-1 
chitosan and 3.5 mg l-1 yeast extract, exhibited high free 
radical scavenging activity (RSA). These crude extracts 
together with the positive and negative controls were 
tested for their anti-lipid peroxidation activity using 
the ferric thiocyannate (FTC) assay. This method was 
used to measure the antioxidant activity of the stud-
ied samples toward auto peroxidation of the linoleic 
acid.  BHT (Butyl Hydroxyl Toluene) (Sigma, USA) was 
used as a positive control and 99.5 % ethanol served 
as a negative control. Positive control is essential for 
comparing the biotic elicited C. mangga extracts with 
BHT, a most used antioxidant as preservative in foods 
containing fats, pharmaceuticals, petroleum products 
and it inhibits autoxidation of unsaturated organic 
compounds.  The C. mannga extracts used in this study 
were dissolved in 99.5 % ethanol, hence 99.5 % ethanol 
was used as the negative control. The negative control is 
used to show that any positive effects of the tested sam-
ples are not due to the ethanol effect. The selected C. 
mangga extracts together with BHT (positive control) 
and 99.5 % ethanol (negative control) and quercetin, 
a potent plant antioxidants flavonoid, exhibited similar 
pattern of lipid peroxidation activity from day 0 to day 

Explants
Vertical Horizontal

No. of shoots/explant ± Se No. of shoots/shoot No. of shoots/explant ± Se No. of shoots/shoot

Whole 3.7 ± 0.2 3.7c 
c 3.3 ± 0.3 3.3c c

Half 3.3 ± 0.3 6.6b 
b 3.3 ± 0.3 6.6b 

b

Quarter 1.9 ± 0.2 7.6a 
a 2.1 ± 0.2 8.4a a

Table 1: Effect of shoot explant incision and inoculation mode on enhancing mult iple shoot formation of  C. mangga

Mean values within the row followed by same superscript letter indicate not significantly different when the different explant types 
were vertically or horizontally placed on the culture medium. Mean values within the same column (for parameter No. of shoots/shoot 
explant) followed by different subscript alphabet indicate significantly different of shoot numbers for different explant types (Tukey, HSD, p 
< 0.05)
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six. However, the oxidation of lipid (linoleic acid) of 
99.5 % ethanol (negative control) drastically increased 
started from day seven until day ten while others re-
main constant until day 10 (Figure 1). 

Quercetin is a potent antioxidant flavonoid found 
in many plant species such as onions, grapes, berries, 
broccoli, and citrus (David et al., 2016). Even though 
the three extracts obtained from biotic elicited plantlets 
of C. mangga showed slightly lower anti-lipid peroxida-
tion activity when compared with quercetin, it could be 
assumed that C. mangga could also a potent antioxidant. 
Their anti-lipid peroxidation activity was also found to 
be lower when compared to BHT, a commercial pre-
servative agent and a synthetic antioxidant. BHT and 
quercetin showed similar lipid-peroxidation activity 
with percentage of oxidized lipid as 29.5 ± 0.1 % and 
30.0 ± 0.1 % respectively. Crude extract derived from 
C. mangga in vitro plantlets cultured in proliferation 

medium supplemented with 3.5 or 5.0 mg l-1 yeast ex-
tract exhibited no difference in anti-lipid peroxidation 
activity. Plantlets cultured in proliferation medium sup-
plemented with 3.5 mg l-1 yeast extract showed better 
anti-lipid peroxidation activity as compared to extract 
derived from C. mangga plantlets cultured in prolifera-
tion medium supplemented with 150 mg l-1 chitosan 
plus 3.5 mg l-1 yeast extract. Plantlets cultured in pro-
liferation medium without elicitation exhibit the least 
inhibition of lipid peroxidation (Table 2). It opened an 
interesting possibility to use C. mangga extracts as food 
preservative agents or topical medication for treatment 
of cold sore such as BHT. Besides using as food pre-
servative agent, BHT has been used as medicine for the 
treatment of cold sore (Freeman et al., 1985).

3.3 EFFECT ON ANATOMY OF PSEUDOSTEM

Our previous study (Abraham et al., 2011) had 
shown that the morphology of the plantlets cultured in 
the proliferation medium without elicitation (Control) 
were normal. While those cultured in proliferation me-
dium with the addition of yeast extracts (3.5 mg l-1 or 
5.0 mg l-1 were slightly abnormal with retarded growth. 
Those plantlets cultured in proliferation medium with 
combination of 150 mg l-1 chitosan and 3.5 mg l-1 yeast 
extract were grossly abnormal with chlorosis and glob-
ular shaped shoots, fragile leaf petiole and experience 
severe growth retardation. Results obtained from the 
histological study of the pseudostem in the present 
study (Figure 2, Figure 3 & Table 3) clearly showed that 
these elicited plantlets did affect the anatomical struc-
tures of the basal pseudostem of C. mangga and could 
be linked directly with the morphological character-
istics of C. mangga plantlets as reported in Abraham 
et al. (2011). The plantlets cultured in the shoot pro-
liferation medium without elicitation (Control) were 
consisted of smooth spherical to oval shape cortex cells 

Sample Oxidized lipid in sample (%) ± se

Absolute ethanol (Negative Control) 100 a

Quercetine 30.0 ± 0.1 e

BHT (Butyl Hydroxyl Toluene) (positive control) 29.5 ± 0.1 e

Extract from plantlets cultured without biotic elicitors 33.0 ± 0.2 b

Extract of 3.5 mg l-1 yeast-extract treated plantlets 31.6 ± 0.2 d

Extract of 5.0 mg l-1 yeast-extract treated plantlets 32.1 ± 0.1 cd

Extract of 150 mg l-1 chitosan and 3.5 mg l-1 yeast-extract treated plantlets 32.5 ± 0.1 c

Table 2: Percentage of oxidized lipid in tested samples at day 10 using ferric thiocyanate (FTC) assay

Mean values within the column followed by same alphabets represent non-significantly different mean values based on Tukey, HSD at p ≤ 0.05

Figure 1: The kinetic of anti-lipid peroxidation of biotic elic-
ited C. mangga extracts and controls [BHT (positive control); 
95.5 % ethanol (negative control)]
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and normal xylem cells. The cortex cells did not con-
tain any druse, a crystal substance present in plant such 
as calcium oxalate crystal. The well distributed cortex 
cells without druse and well-formed lignified xylems 
(Figure 2 a & b) were able to supply sufficient nutrients 
to support healthy and normal plantlets. For the plant-
lets cultured in medium supplemented with 3.5 mg l-1 
yeast extract, the xylems were also well-formed except 
the lignified layer of these xylem cells were not as thick 
as the ones observed in the control. Their cortex cells 
were found to contain druse, which could be seen as 
black dots inside the cells (Figure 2 c & d). The accu-
mulation of druses was more obvious in plantlets that 
were cultured in proliferation medium supplemented 
with 5.0 mg l-1 yeast extract (Figure 2 e & f). The size 
of xylem cells of the control plantlets and that cultured 
in proliferation added with 3.5 mg l-1 yeast extract was 
not significantly different, with an average diameter of 
32.9 ± 4.0 µm and 40.8 ± 5.1 µm respectively. They were 
double the size of the xylem cells present in the basal 
pseudostem of plantlets cultured in proliferation me-
dium supplemented with 5.0 mg l-1 yeast extract (15.4 
± 0.8 µm). However, the number of xylem cells found in 
plantlets cultured with the presence of 3.5 mg l-1 yeast 
extract was only 22 when compared to that of control 
with 41 xylem cells.  The plantlets cultured in medium 
supplemented with 5.0 mg l-1 yeast extract produced 
even much lesser number of not well-lignified xylems, 
with an average of only 9 xylem cells in each 4x optical 
magnification field (Table 3). The control plantlets de-
veloped bigger cortex cells (43.0 ± 3.0 µm) compared to 
plantlets cultured with the proliferation medium sup-
plemented with 3.5 mg l-1 and 5.0 mg l-1 yeast extract 
with diameter of cortex cells as 29.9 ± 1.8 µm and 30.8 
± 1.8 µm respectively, which were not significantly dif-
ferent in size (Table 3). The smaller size of cortex cells 
with the presence of druse, and a smaller number of 
poor lignified xylem cells might not be able to provide 
sufficient nutrients derived from the culture medium to 

all parts of plantlets. Hence, it explained the retarded 
growth with abnormal characteristic of the plantlets 
that were cultured in proliferation medium supple-
mented with 3.5 mg l-1 and 5.0 mg l-1 yeast extract as 
reported in our previous study. 

Most of the tissues of the plantlets cultured in 
proliferation medium supplemented with 150 mg l-1 
chitosan and 3.5 mg l-1 yeast extract were fragile, and 
parts of the section were damaged after dehydration 
process (Figure 3 a & b). The size of some of the cortex 
could be measured and determined but not that of xy-
lem cells because of cell damage. The number of the xy-
lem cells (7 in each 4x optical magnification field) was 
roughly estimated from the location of the ruptured 
xylem cells. The size of the cortex cells found in the ba-
sal pseudostem of C. mangga plantlets cultured in the 
shoot proliferation medium supplemented with 150 mg 
l-1 chitosan and 3.5 mg l-1 yeast extract was found to be 
not significantly different with those plantlets cultured 
in proliferation medium added with yeast extract (Ta-
ble 3). The small number and fragile xylem cells could 
greatly reduce the absorption of nutrients, and this 
was linked directly with the severe growth retardation 
and gross morphological abnormality of the plantlets 
cultured in proliferation medium supplemented with 
yeast extract and chitosan as reported in Abraham et 
al. (2011). Yeast extract was reported to induce a com-
plex stress response resulted in activation of secondary 
metabolites production (Farjaminezhad and Garoo-
si, 2021; Kochan et al., 2017) but resulted in slow cell 
growth (Hedayati et al., 2021) and cell damage at high 
concentration (Sánchez-Sampedro et al., 2005).

In the present study, the formation of druse (crys-
tal inclusion inside cortex cells) was detected in C. 
mangga plantlets cultured in proliferation medium elic-
ited with yeast extract. The druse inside the cells of C. 
mangga plantlets were suspected to be oxalate crystal 
because oxalate crystals are the most common crys-
tal inclusion of higher plants (Franceschi and Horner, 

Elicitor treated peudostems

Diameter ± s.e. (µm) Estimated No. of xylems/ 
4x optical magnification fieldCortex Xylem

Control 43.0 ± 3.0 a 32.9 ± 4.0 a 41

5.0 mg l-1 yeast extract 30.8 ± 1.8 b 15.4 ± 0.8 b 9

3.5 mg l-1 yeast extract 29.9 ± 1.8 b 40.8 ± 5.1 a 22

150 mg l-1 chitosan +  
3.5 mg l-1 yeast extract

35.2 ± 3.9 b ND 7

Table 3: Summary of cortex and xylem diameter and estimated number of xylem cells in Curcuma mangga plantlets cul-
tured in proliferation medium supplemented with biotic elicitors

Mean values within the same column followed by different alphabet indicate significantly different values (Tukey, HSD, p ≤ 0.05). 
ND = Not determine
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Figure 2: Histology images of basal pseudostem of C. mangga plantlets cultured in proliferation medium (Control) at 4 x opti-
cal magnification (a) and 10 x optical magnification (b); Proliferation medium supplemented with 3.5 mgL-1 YE at 4 x optical 
magnification (c) and 10x optical magnification (d); Proliferation medium supplemented with 5.0 mg l-1 YE at 4 x optical 
magnification (e) and 10x optical magnification (f)
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Figure 3: Histology images of basal pseudostem of C. mangga plantlets cultured in proliferation medium supplemented with 
150 mg l-1 chitosan and 3.5 mg l-1 yeast extract at 4x optical magnification (a) and 10x optical magnification (b)
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1980; Webb, 1999; Nakata, 2012). Even though oxalate 
crystals were often found in higher plant, the formation 
and function of oxalate crystals in plants were still un-
clear (Webb, 1999). It was proposed that oxalate crystal 
might be involved in ion balance, plant defence, tissue 
rigidity and support, detoxification, light accumula-
tor, and reflector (Franceschi and Homer, 1980; Doege, 
2003). The possible function of oxalate crystal as part 
of plant defence might be relevant in C. mangga study. 
The oxalate crystal could not be detected in plantlets 
cultured in medium without elicitor (control) (Figure 
2 a & b). Most part of the tissue of C. mangga plantlets 
cultured in medium supplemented with 150 mg l-1 chi-
tosan and 3.5 mg l-1 yeast extract were damaged dur-
ing dehydration process of histology preparation. The 
damaged tissue indirectly indicate that the cell walls of 
those plantlets were more delicate than the cell walls of 
plantlets cultured in medium supplemented with yeast 
extract or the control. This finding was also supported 
the observation on the visual morphological character-
istic of those plantlets which exhibited brittleness on 
the abnormal formed shoots cultured in proliferation 
medium supplemented with 150 mg l-1 chitosan plus 3.5 
mg l-1 yeast extract.

Chitosan has been used to study the defence mech-
anism of plants towards their fungal pathogens. Unlike 
yeast extract, chitosan is a compound with defined mo-
lecular structure (polycationic b-1,4-linked-d-glucosa-
mine polymers) which resemble to cell wall component 
of fungi (Walker–Simmons et al., 1983). The interaction 
between oligosaccharins and receptors located in the 
plant membranes results in the production of many 
plants defence secondary metabolites and many phe-
nolic and terpenoid compounds (Kim and Lee 2011; 
Pang et al 2021). It was found to induce the synthesis 
of pathogenesis-related (PR) proteins and several de-
fence enzymes (such as phenylalanine ammonia lyase 
and peroxidase) (Riaz et al., 2014). The plant defence 
compounds, synthesized after chitosan elicitation, have 
relevant physiological activity, mainly as antioxidants 
(the polyphenols), might have resulted in cell damage 
as well.

4 CONCLUSIONS

Longitudinally half incised shoot explants and 
cultured vertically on shoot proliferation medium, MS 
supplemented with 2.0 mg l-1 benzyl adenine (BA) and 
0.5 mg l-1 NAA, promote shoot proliferation by 100 %. 
This method can be used as an alternative technique 
for multiplication of the in vitro plantlets of C. mangga 
which normally propagate at a slow rate. Supplementa-

tion of 3.5 or 5.0 mg l-1 yeast extract, or combination 
of 3.5 mg l-1 yeast extract and 150 mg l-1 chitosan, into 
the shoot proliferation medium could be used as an al-
ternative mode for enhancing anti-lipid peroxidation 
activity. However, biotic elicitation with 3.5 or 5.0 mg l-1 
yeast extract, or combination of 3.5 mg l-1 yeast extract 
and 150 mg l-1 chitosan did not affect the cortex cell size 
but a reduction in xylem cell numbers of C. mangga 
pseudostem. Supplementation of 5.0 mg l-1 yeast extract 
reduced the size of the xylem cell by more than half as 
compared to the xylem cell of those cultured in prolif-
eration supplemented with 3.5 mg l-1 yeast extract and 
the control. The addition of 3.5 mg l-1 yeast extract and 
150 mg l-1 chitosan into the proliferation medium re-
sulted in abnormal anatomy of their pseudostems with 
damage of the xylem cells.
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Effects of γ-radiation on chickpea (Cicer arietinum) variet-
ies and their tolerance to salinity stress

Abstract: Chickpea (Cicer arietinum L.) is a bisexual and 
self-pollinated legume. It improves the soil fertility through its 
natural ability to fix atmospheric nitrogen with its symbiotic 
bacteria. Salinity is one of the most important abiotic stress 
factors affecting plant growth. γ-radiation is a very effective 
tool for inducing mutations in many plants. This study evalu-
ated the γ-radiation effect on germination, cell division and 
plant growth of first-generation plants. Seeds of seven chick-
pea varieties were irradiated with γ-radiation doses ranging 
between 50 Gy and 600 Gy. Non-significant differences in 
germination percentage were recorded for seeds exposed to 
50 Gy, 100 Gy, and 200 Gy of γ-radiation in comparison to 
the corresponding controls except ILC 484. The mitotic index 
(MI) of root cells increased at the low doses of 50 Gy, 100 Gy 
and 200 Gy comparing and reduced at the higher doses in 
all chickpea varieties to the control. All doses of γ-radiation 
induced a variable range of chromosomal abnormalities; the 
most common were bridges, laggard chromosomes, stickiness 
at metaphase, chromosome breaks, micronuclei and binucle-
ate cells. The 300 Gy to 600 Gy doses induced degradation 
of nuclear membranes. The salinity treatments at 25 mM 
NaCl and 60 mM NaCl reduced seedling’s growth of all cul-
tivars. The dose of 100 Gy alleviated the impact of salinity at 
a concentration of 25 mM NaCl for all varieties, except FLIP 
84-188 and FLIP 97-263. The 60 mM NaCl treatment signifi-
cantly reduced early growth of all cultivars and its effect was 
not alleviated by the γ-radiation.

Key words: chickpea; γ-radiation; germination; mitotic 
index; chromosomal aberrations

Učinki γ-sevanja na sorte čičerke (Cicer arietinum L.) in nji-
hova toleranca na slanostni stres

Izvleček: Čičerka (Cicer arietinum L.) je obojespolna 
samoprašna stročnica. Zaradi sposobnosti vezave atmosfer-
skega dušika s simbiontskimi bakterijami izboljšuje rodovi-
tnost tal. Slanost je eden izmed najpomembnejših abiotskih 
stresnih dejavnikov, ki vpliva na rast rastlin. V raziskavi je bil 
ovrednoten vpliv γ-sevanja na kalitev, celične delitve in rast 
rastlin F1 generacije čičerke. Semena sedmih sort čičerke so 
bila obsevana z γ-žarki v jakosti od 50 Gy do 600 Gy. V pri-
merjavi s kontrolo so bile zabeležene neznačilne razlike v od-
stotku kalitve pri semenih, ki so bila izpostavljena 50 Gy, 100 
Gy in 200 Gy γ-sevanja, razen pri sorti ILC 484. V primerjavi 
s kontrolo se je pri vseh sortah povečal mitotski indeks (MI) 
celic rastnega vršička korenine, ki so bile obsevane z majhni-
mi dozami 50 Gy, 100 Gy in 200 Gy ter zmanjšal pri obsevanju 
z večjimi dozami. Vse uporabljene doze γ-sevanja so vzpod-
budile različen obseg kromosomskih aberacij. Najbolj pogoste 
so bile mostički, zaostali kromosomi in zlepljeni kromosomi v 
metafazah ter zlomljeni kromosomi, mikronukleusi in dvoje-
drene celice po delitvi. Doze sevanja z jakostjo od 300 Gy do 
600 Gy so vzpodbudile razpad jedrnih membran. Slanostna 
obravnavanja s 25 mM NaCl in 60 mM NaCl so zmanjšala rast 
sejank vseh sort. Doza obsevanja s 100 Gy je zmajšala učinek 
slanostnega stresa 25 mM NaCl pri večini sort, razen pri sor-
tah FLIP 84-188 in FLIP 97-263. Obravnavanje z dozo 60 mM 
NaCl je značilno zmanjšalo zgodnjo rast pri vseh sortah in ne-
gativnega učinka ni bilo mogoče zmanjašati z γ-obsevanjem.

Ključne besede: čičerka; γ-sevanje; kalitev; mitotski in-
deks; kromosomske aberacije
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1 INTRODUCTION

Chickpea (Cicer arietinum L.) is an annual her-
baceous self-pollinated legume (Ladizinsky & Adler, 
1976). Its seeds are a significant source of proteins, car-
bohydrates, vitamins, minerals and unsaturated fatty 
acids (Jimenez-Lopez et al., 2020; Jukanti, Gaur, Gowda, 
& Chibbar, 2012). It is also important for sustainable 
agriculture since fixing atmospheric nitrogen via sym-
biotic bacteria provides rotational value to subsequent 
crops and improve the growth and yield of chickpea 
(Marques et al., 2020). The domesticated chickpea is di-
vided into two major distinct chickpea types. One is 
the “microsperma” or ‘desi’ with small and dark colored 
seeds with reticulated surface and anthocyanin pig-
mented aerial parts and pink or purple flowers (More-
no & Cubero, 1978; Van der Maesen, 1972). The other 
is “macrosperma” or ‘kabuli’ with large seeds with beige 
seed coat and green aerial parts that lack anthocyanin 
pigmentation and with white flowers (Upadhyaya et al., 
2008). 

Soil salinity is considered to be one of the most 
common abiotic stresses controlling agricultural pro-
duction around the world by threatening crop yield, 
and agricultural sustainability (Munns & Gilliham, 
2015). It will become progressively more severe over 
time due to climatic changes, unsuitable irrigation and 
excessive fertilization (Sun et al., 2018). Salinity affects 
crops in two ways; by osmotic stress caused by high 
concentrations of salts in the soil, which make it harder 
for roots to absorb water, and by ion stress caused by 
an increased levels of soluble salts within the plant cells 
caused by exchangeable sodium (Na+) during salinity 
stress (Munns et al., 2020). The impacts of salt stress on 
plants vary greatly depending on the type and dose of 
salt used, environmental factors, plant species, cultivars 
within a species, and plant development stages (Tabur, 
Avci, & Özmen, 2021). The osmotic stress induces for-
mation of harmful free radicals, including reactive oxy-
gen species (ROS) which causes oxidative damages and 
induces negative effects on the cell functional integrity 
(Gaafar, Hamouda, & Badr, 2016; Sharma, Jha, Dubey, 
& PessarakliM, 2012). Tolerance to salinity may conse-
quently include variations in responses to these factors 
(Munns & Tester, 2008). 

Gamma rays have been used frequently in muta-
tion breeding of grain legumes (Abdelfattah Badr, El-
Shazly, & Halawa, 2014; Chopra, 2005; El-Azab, Ahmed 
Soliman, Soliman, & Badr, 2018; Soliman, Elkelish, 
Souad, Alhaithloul, & Farooq, 2020). Many mutant crop 
varieties resistant to diseases, cold, salt and with de-
sired qualities have been developed using γ-radiation 
(Chopra, 2005; Gnanamurthy, Mariyammal, Dhana-

vel, & Bharathi, 2012; Tshilenge-Lukanda, Kalonji-
Mbuyi, Nkongolo, & Kizungu, 2013). Low frequency 
of γ-radiation may be beneficial, while the treatments 
with high doses can be harmful to germination, growth 
rate, vigor, pollen and ovule fertility (Singh, 2005). The 
γ-radiation has been used for mutation induction in 
chickpea (Amri-Tiliouine et al., 2018; Joshi-Saha, Red-
dy, Petwal, & Dwivedi, 2015; Wani, 2009). Assessment 
of LD50, lethality, injury, mitotic, and meiotic aberra-
tion frequency is required for determining sublethal 
doses for successful mutation breeding experiments 
(Bhat & Wani, 2017).  At high doses, γ-radiation inter-
act with several metabolites and cell components and 
can induce many cytogenetic mutations such as chro-
mosomal rearrangements: chromatid and chromosome 
bridges, single and double fragments, micronuclei, and 
delayed chromosomes segregation (Abdelfattah Badr 
et al., 2014; El-Azab et al., 2018; Nazarenko & Izhbol-
din, 2017). Kamble and Patil (2014) reported the rate of 
cell division (as mitotic index) and induced qualitative 
and quantitative chromosomal aberration comprising 
chromosomes, clumping, polyploidy, ring formation, 
stickiness, chromatin bridges, laggards, multipolarity at 
anaphase in chickpea.

Shah, Mirza, Haq, and Atta (2008) tested the effect 
of γ-radiation doses ranging from 100 Gy to 1200 Gy 
in the first generation (M1) of four chickpea genotypes. 
The germination percentage (GP) reduced gradually 
with increasing γ-radiation doses from 400 Gy 1200 Gy. 
Brahmi et al. (2014) reported that the 150 Gy dose was 
determined as the optimum causing 50 % reduction in 
seed survival of local chickpea variety, but higher, more 
than 250 Gy doses caused a slow decline in germination 
rate; reaching values lower than 10 % for treatments of 
over 650 Gy. The shoot lengths of nine Cicer species, 
including three kabuli and four desi types as well as 
two annual wild species were inhibited with a 200 Gy 
of γ-radiation and growth curves gradually decreased 
at the 300 Gy and 400 Gy doses (Toker, Uzun, Canci, & 
Ceylan, 2005). Melki, Mhamdi, and Achouri (2011) in-
vestigated the impact of low doses of γ-radiation from 
radioactive cobalt on chickpea growth, protein content 
in leaves and grains harvested from irradiated seeds. 
The dose of 20 Gy γ-radiation enhanced plant growth 
by 146.35 % compared to plants grown from non-irra-
diated seeds. Sohrabi, Heidari, and Esmailpoor (2008) 
evaluated the effect of NaCl salinity at different levels 
(0, 3, 6 and 9 dS m-1) on chickpea and reported reduc-
tion of plant growth, pod number, flowers, seed mass 
and seed number.

The objective of this study is to evaluate the poten-
tial of induced mutation with γ-radiation in chickpea 
varieties to alleviate the effects of salinity stress treat-
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ments on germination, seedling’s growth and cell divi-
sion and chromosomes in the M1 chickpea. 

2 MATERIALS AND METHODS

2.1 PLANT MATERIAL

Seven varieties of chickpea (FLIP 81-71, FLIP 84-
188, FLIP 97-263, ILC 72, ILC 464, ILC 484 and ILC 
2555) were obtained from International Center for Ag-
ricultural Research in Dry Areas (ICARDA), current-
ly hosted by the Agricultural Research Center (Giza, 
Egypt), and used in this study. 

2.2 EXPERIMENTAL SET-UP

Air-dried seeds of the chickpea varieties were ir-
radiated with 50, 100, 200, 300, 400, 500 and 600 Gy of 
γ-radiation (dose rate 1.249 kGy h-1). The irradiation 
was done at the Atomic Energy Center, Nasr City, Cairo, 
Egypt using irradiation device GSR D1 (Germany). The 
50 % lethal irradiation dose (LD50) was determined by 
calculating the germination and survival percentage. 
Germination percentage (GP) of irradiated seeds for all 
doses and their controls was determined on the 7th day 
of germination. 

2.3 CYTOLOGICAL ANALYSIS

The chickpea seeds were germinated in Petri dish-
es and germinating roots (7 days) were fixed in freshly 
prepared Carnoy’s fixative for 24 h and kept at 4 °C until 
used. The fixed roots were washed briefly with distilled 
water, hydrolyzed with 1N HCl for 8-10 min at 60 °C 
or for 20-25 min at room temperature. The hydrolyzed 
roots were washed briefly again with distilled water and 
stained with the basic fuchsin stain (Germany) for 15 
min at 23 °C. The stained root tips were cut off and 
squashed in a drop of 45 % acetic acid, using coverslip. 
The slides were examined using the 40 × magnification 
of the light microscope (KRÜSS, Germany) and five 
slides were examined for each treatment. Photomicro-
graphs of abnormal and control cells were taken with 
digital camera (Fujifilm FinePix JV100 12 MP Digital 
Camera, China). 

The following data were measured and calculated 
for each treatment using the following equations

MI (%) = (Number of cells in mitosis / Number of 
all examined cells) × 100.

Abnormality type (%) = (Number of cells show-

ing the specific abnormality type / Total number cells 
showing all abnormalities) × 100. 

Total abnormalities (%) = (Total number of cells 
showing all abnormalities / Total number of all exam-
ined cells) × 100.

2.4 MORPHOLOGICAL ANALYSIS

For studying the effects of NaCl salinity and of 
γ-radiation doses and their combination, the treated 
and control seeds were sown in 30 cm wide plastic 
boxes containing 30 kg soil (EC = 0.6 ds cm-1) with five 
replicates during the early winter season of 2018 -2019. 
Three treatments were applied, first: control plants were 
not treated by neither γ-radiation nor NaCl; second, the 
plants were treated with two concentrations of NaCl 
(25mM and 60mM NaCl); third, the plants were treated 
with γ-radiation doses (50, 100 and 200 Gy) and NaCl 
(25 mM NaCl or 60 mM NaCl) as combination treat-
ments. 

Seven vegetative growth parameters were meas-
ured after eight weeks from sowing: shoot length (cm), 
root length (cm), number of leaves per plant, shoot 
fresh biomass (g), root fresh biomass (g), shoot dry bio-
mass (g) and root dry biomass (g).

2.5 STATISTICAL ANALYSIS

The data were statistically analyzed using the 
ANOVA by IBM SPSS Statistics 25 software. The sig-
nificant difference between the treatments comparing 
to the control in the same variety was recorded at an 
alpha level of 0.05 according to the Least Significant 
Difference (LSD) test.

3 RESULTS

The seed GP calculations revealed no significant 
variations among varieties under normal condition. The 
highest GP of 100 % was recorded for ‘ILC 484’ and the 
lowest GP of (86.7 % (was recorded for ‹ FLIP 84-188’.  
In general, non-significant differences were recorded 
for seeds exposed to 50 Gy, 100 Gy, and 200 Gy doses 
of γ-radiation in comparison with the corresponding 
controls except ‘ILC 484’. The GP values for the studied 
varieties slightly decreased at 300 Gy and decreased sig-
nificantly at 400 Gy, 500 Gy and 600 Gy of γ-radiation 
(Figure 2). The maximum inhibitory effect on germina-
tion was recorded at 500 Gy for ‘FLIP 81-71’, ‘ILC 72’ 
(50 %)) and ‘ILC 2555’ (53.3 %) but the lowest value of 
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GP for the other four varieties was recorded at the maxi-
mum dose of 600 Gy of γ-radiation. 

Cytological analysis of root meristematic cells, 
for all chickpea varieties, following seeds exposure to 
γ-radiation doses from 300 Gy to 600 Gy showed deg-
radation of most nuclear membranes. Consequently, the 
cytological analyses were only made on the roots ex-
posed to the γ-radiation doses of 50 Gy, 100 Gy and 200 
Gy and the control (Figure 3). The MI and the chromo-
somal abnormalities of the treatments are presented in 
Table 1. The MI showed significant variation between 
the different doses of gamma irradiation compared to 
the control in ‘FLIP 81-71’, ‘ILC 464’ and ‘ILC 484’. The 
lowest MI value (3.4) was scored in ‘FLIP 97-263’ at 50 
Gy and 200 Gy while the highest MI value (7.3) was 

recorded in ‘ILC 72’ at 200 Gy. The results showed an 
increase in the MI with the increasing doses from 50 Gy 
to 200 Gy in all the studied chickpea varieties. 

All the applied doses of γ-radiation induced a 
variable range of mitotic chromosomal abnormali-
ties; bridges, laggard chromosomes, sticky metaphase, 
chromosome breaks, micronuclei and binucleated cells 
(Table 1). Five of the studied chickpea varieties (FLIP 
84-188, FLIP97-263, ILC 464, ILC 484 and ILC 2555) 
showed significant difference in bridge percentage be-
tween the treatments. The appearance of laggard chro-
mosome was more frequent in all treatments of all 
varieties except the 50 Gy of ‘ILC 2555’. The only sig-
nificant difference of laggard chromosome percentage 
was recorded in ‘ILC 2555’. The highest value of laggard 

Figure 1: Photos illustrating the germinating seeds of the three chickpea varieties FLIP 81-71. FLIP 84-188, and FLIP 97-263 
under control conditions and after exposure to 50, 100, 200, and 300Gy of γ-radiation
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Figure 2: Germination of seven chickpea varieties under control conditions and after exposure to γ-radiation. The mean val-
ues ± standard errors are presented (n = 5)

chromosomes (74.5 %) was induced by 200 Gy in ILC 
72, while the highest value of sticky metaphase (81.5 %) 
was induced by 200 Gy in ILC 464. In three varieties, 
ILC 72, ILC 484 and ILC 2555, a highly significant dif-
ference (p = 0.010, 0.000 and 0.001, respectively) in 
breaks was recorded. While ‘FLIP 81-71’ and ‘ILC 464’ 
showed significant difference (0.010, 0.002, respective-
ly) in the presence of micronuclei, the significant differ-
ence of binucleated cells was recorded in ‘FLIP 84-188’ 
and ‘FLIP 97-263’. The maximum values of the percent-
age of micronuclei and binucleated cells were 45.0 % 
and 27.3 %, respectively, induced by 50 Gy γ-radiation 
in ‘ILC 464’. The total abnormalities increased with in-

creased γ-radiation doses. The highest value of the total 
abnormalities induced by γ-radiation was 5.4%, which 
was recorded at 200 Gy dose in ‘ILC 72’ while the mini-
mum value (2.0 %) was recorded at the 50 Gy dose in 
‘FLIP 81-71’ and ‘FLIP 97-263’. Highly significant dif-
ference appeared at the total abnormalities between all 
chickpea varieties (Table 1).

The shoots of all chickpea varieties grew above 
ground after 12 days of sowing. The seedlings treated 
with 600 Gy and 500 Gy died after three weeks of sow-
ing while seedlings exposed to 400 Gy and 300 Gy died 
after five weeks of sowing. 

The effect of the 60 mM NaCl treatment was sig-
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nificantly higher than the 25 mM NaCl treatment in 
all studied varieties. In ‘FLIP 81-71’, measurements un-
der the two salt treatments showed significant reduc-
tions in shoot and root traits. Combining low doses of 
γ-radiation with the low concentration of NaCl treat-
ments alleviated the effect of salinity treatments par-
ticularly the shoot length, which scored the highest 
length in plants exposed to combination of 100 Gy of 
γ-radiation and 25 mM NaCl compared to the control 
value (Table 2). The data of ‘ILC 72’ illustrated that the 
combination of 100 Gy of γ-radiation and 25 mM NaCl 

treatment showed significant increase in shoot length 
(24.0 ± 0.58 cm) as compared with 25 mM salt treat-
ment alone. On the other hand, the γ-radiation doses 
(50, 100 and 200 Gy) combined with 60 mM NaCl treat-
ments showed non-significant increase in shoot length 
comparing with 60 mM salt treatment alone. The com-
bination of γ-radiation doses of 50 Gy, 100 Gy and 200 
Gy with the 25 mM NaCl, significantly increased root 
length (approx. 11 cm) compared to the control plants 
and plants exposed to 25 mM NaCl only of ‘ILC 464’. 
The data of ‘ILC 2555’ showed root length reductions 

Figure 3: Photographs illustrating types of chromosomal abnormalities induced in the root meristems of seedlings of seven 
chickpea varieties exposed to three doses of γ-radiation (50 Gy,100 Gy and 200 Gy): a) micronucleus induced by 50 Gy; b) bi-
nucleated cell induced by 50 Gy; c) severe stickiness and disturbance at metaphase induced by 100 Gy; d) binucleated cell with 
sticky metaphase induced by 100 Gy;, e, f) stickiness at metaphase induced by 100 Gy; g) micronucleus, lag-chromosome and 
sticky metaphase induced by 200 Gy; h) multi-bridges with vagrant chromosome induced 50Gy; i) anaphase bridge induced 
by 200 Gy; j) anaphase bridge and lagging chromosomes induced by 50 Gy; k) anaphase multi-bridges induced by 50 Gy; l) 
telophase bridge break induced by 200 Gy.
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under all treatments except combination of 50 Gy and 
25 mM NaCl treatments. The number of leaves per 
plant increased by the treatments with the 25 mM NaCl 
and its contribution with all doses of γ-radiation in ‘ILC 
484’, while the γ-radiation doses in combination with 
the 25 mM and 60 mM NaCl induced significant re-
duction in shoot length, number of leaves and shoot 
and root biomass comparing to the control and salt 
treatment in ‘FLIP 97-263’. The combination of 100 Gy 
γ-radiation and 25 mM salt treatment induced signifi-
cant increase in shoot fresh biomass comparing to the 
salt treatment only in ‘FLIP 84-188’ (Table 2).

4 DISCUSSION

All varieties used in the current study, except ‘ILC 
484’, germinated in the control range when irradiated 
low doses of γ-radiation (50 Gy, 100, Gy 200 and 300 
Gy) , which in agreement with Shah et al. (2008), who 
reported that germination was not affected in the desi 
variety Pb2000 at γ-radiation doses of 100 Gy, 200 Gy 
and 300 Gy. High doses of γ-radiation (400 Gy, 500 Gy 
and 600 Gy) on the other hand decreased the GP sig-
nificantly compared with the low doses and the control. 
The inhibition of germination, seedling growth, and 
other biological responses were frequently observed 
(Abdelfattah Badr et al., 2014; Kim, Lee, Back, Kim, & 
Lee, 2000; Toker et al., 2005). The reduction of GP at 
high doses of γ-radiation, has been reported in many 
plants including chickpea  (Joshi-Saha et al., 2015; Mel-
ki & Sallami, 2008; Shah et al., 2008). Low doses of ir-
radiation, like low levels of other abiotic stresses, may 
increase the anti-oxidative capacity of the cells by pro-
ducing ROS that mediate the acceleration of cell cycle 
entry to G0/G1 leading to a positive effect on the plant 
cell cycle machinery (Feher, Ötvös, Pasternak, & Pettkó-
Szandtner, 2008; Sharma et al., 2012). On the contrary, 
high doses of γ-radiation may result in cell cycle ar-
rest at G2/M phase during somatic cell division and/or 
damage in the genome (El-Azab et al., 2018; Preuss & 
Britt, 2003). However, the cytogenetics during germi-
nation under abiotic stress is not well understood and 
requires attention.  

The retarded germination of seeds exposed to high 
doses of NaCl stress and the slow growth of seedlings 
under these treatments may be associated with slow 
cell division at the early emergence of seminal root and 
shot. It is widely accepted that the first action of abiotic 
stress on germination is moisture deficit resulting in 
poor plant stand at the early seedling phase and ham-
pers early crop establishment (Kaydan & Yagmur, 2008; 
Shao, Chu, Jaleel, & Zhao, 2008). Mitotic index was ap-

proved as an efficient short-term genetic bioassay via 
the United States Environmental Agency through the 
Gene-Tox Program in 1981 (Waters & Auletta, 1981) 
and was used as an indicator to characterize the cell 
activity and proliferation (Scofield, Jones, & Murray, 
2014). Low doses of γ-radiation induced an increase 
in the proportion of dividing cells, whereas higher 
doses resulted in reduction in mitotic activity. A dose-
dependent increase in mitotic indices was observed 
in cowpea following exposure to γ-radiation ranging 
from 10 to 300 Gy (Girija, Gnanamurthy, & Dhanavel, 
2013). Similar findings were also found in cowpea cul-
tivars (Abdelfattah Badr et al., 2014) and in soybean 
cultivars (El-Azab et al., 2018). In plant root tips, arrest 
in cell cycle progression is caused by check points that 
mediate the entry of cells into S-phase and mitosis (De 
Veylder, Joubès, & Inzé, 2003). The cell often sponta-
neously continues cycle progression, but this is often 
followed by genome instability allowing cell survival at 
the cost of tolerating mutation including chromosomal 
abnormalities (Hartig & Beck, 2006). 

As explained in the results section, the cytological 
effects of γ-radiation on cell division in the root tip mi-
tosis was made on plants following exposure to the low 
doses (50, 100 and 200 Gy). Higher γ-radiation doses 
from (300 to 600 Gy) caused degradation of most nu-
clear membranes in the root meristematic cells of all 
varieties. This result is in agreement with Arian and 
Maqbool (2011) who reported that doses of 150 to 300 
Gy induced oxidative damages and inhibition of cell di-
vision in chickpea root tip cells. The γ-radiation also af-
fected the cell division phases forming different abnor-
mality types. The total abnormalities percent showed a 
highly significant difference at all the studied varieties. 
The total number of abnormal cells increased with the 
increase of γ-radiation doses of all the studied varieties. 
Similar result was reported by (Wani, 2009) in chickpea 
following γ-radiation and ethyl methane sulphonate 
and their combination treatments. 

Chromosomal abnormalities induced by 
γ-radiation  include stickiness of chromosomes (Dha-
navel, Gnanamurthy, & Girija, 2012). The highest value 
of sticky metaphase was recorded in ‘ILC 464’ at 200 
Gy. Chromosome stickiness might be formed due to 
changes in specific non-histone proteins, histone pro-
teins and DNA breaks induced during chromosome 
condensation (Piskadlo, Tavares, & Oliveira, 2017). The 
appearance of free and the lagging chromosomes was 
more frequent in all the treatments in the studied chick 
pea varieties except at 50 Gy in ‘ILC 2555’. The lag-
ging chromosomes at ana-telophase might be formed 
due to the failure of spindle fibers to push the respec-
tive chromosomes to the poles because of exposure to 
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γ-irradiations. The ataxia telangiectasia and Rad3-relat-
ed (ATR) plays an essential role in suppressing replica-
tion stress from DNA damage. A mitosis-specific and 
R loop–driven ATR pathway supports faithful chro-
mosome segregation,  preventing formation of lag-
ging chromosomes (Kabeche, Nguyen, Buisson, & Zou, 
2018). Chromosomal bridges are commonly attributed 
to dicentric chromosomes originating from chromo-
some exchange after chromosome double strand breaks 
(Cornforth & Goodwin, 1991). Chromosome breakage 
is usually considered to involve the DNA molecule re-
sponsible for the linear stability of the chromosome. 
This aberration is the result of unfinished repair of 
DNA (Grant, 1978). Micronuclei usually arise from lag-
ging chromosomes and fragments, which fail to reach 
the pole region in time and are included in the daughter 
cells as micronuclei (A Badr, 1986; Kumar, 1998). The 
micronuclei were more frequency observed in cells ex-
posed to γ-radiation at low dose of 50 Gy, in all the va-
rieties. The number of micronuclei could illustrate the 
individual sensitivity level to mutagens (Koteles, 1996; 
Köteles, Bojtor, Szirmai, Berces, & Otos, 1993).

All plants exposed to 60 mM NaCl treatment died 
before reaching maturity. This result is in agreement 
with Khan, Siddique, Munir, and Colmer (2015) who 
stated that salinity severely inhibited plant growth, and 
led to some tissue death resulting in plant deaths. Hal-
eem (2012) reported that high concentrations of NaCl 
treatments at 50, 100 and 200 mM caused depression in 
plant growth, total soluble protein content, photosyn-
thetic pigments content, nucleic acids contents and all 
yield characteristics, and concluded that seed irradia-
tion with γ-rays moderates the adverse effect of salin-
ity stress compared to non-irradiated seeds. Khan et al. 
(2015) stated that the 60 mM NaCl treatment also re-
duced stem and root dry mass of all chickpea genotypes 
when compared to their controls. Even at low (20 mM 
and 25 mM) salt concentration, chickpea growth was 
reduced significantly (Sadiki & Rabih, 2001). Salinity of 
3 dS m−1 in field soils was reported to be the threshold 
for reduced shoot growth and yield in chickpea (Kater-
ji, Van Hoorn, Hamdy, Mastrorilli, & Oweis, 2005; Rao, 
Giller, Yeo, & Flowers, 2002). 

5  CONCLUSION

The γ-radiation doses above 300 Gy induced deg-
radation of nuclear membranes, whereas lower doses 
did not affect or slightly enhanced mitotic activities but 
induced different types of chromosomal abnormalities. 
The total number of abnormal cells increased with the 
increase of γ-radiation doses in all the studied varie-

ties. Gamma-rays induced various types of qualitative 
and quantitative chromosomal aberration including 
chromosome bridges, laggard chromosomes, stickiness, 
chromosome breakage and micronuclei. The salinity 
treatments at 25 mM NaCl and 60 mM NaCl reduced 
seedling’s growth of all cultivars estimated as root and 
shoot length and biomass production. The application 
of γ-rays can moderate the adverse effect of low lev-
els of salinity stress compared to non-irradiated seeds. 
The γ-radiation dose of 100 Gy alleviated the impact of 
NaCl salinity in chickpea plants at a concentration of 
25 mM NaCl for all varieties, except ‘FLIP 84-188’and 
‘FLIP 97-263’. On the other hand, the 60 mM NaCl 
treatment significantly reduced early growth of all cul-
tivars and its effect was not alleviated by the γ-radiation 
application.
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Symbiotic and physiological indicators of soybean inocu-
lated of Bradyrhizobium japonicum single-strain in 7 days 
before sowing

Abstract: Results of investigation of soybean of the 
Almaz variety in inoculation with preparations based on 
nodule bacteria Bradyrhizobium japonicum (Kirchner, 1896), 
Jordan, 1982 B78, B157, D37, D87 are presented. Different 
periods of the soybean seeds inoculation were used - on 
the sowing day (control) and in 7 days before sowing (ex-
perimental variants). The differences between control and 
experimental plants in the formation and functioning of the 
symbiotic apparatus and its functional activity, depending on 
the period between from seed inoculation to sowing were 
analysed. It was determined that the number of root nodules 
in the control plants was higher. The mass of nodules at the 
stage of 3 true leaves exceeded the control by 1.5–2.0 times in 
plants inoculated in 7 days before sowing, and the intensity of 
nitrogen fixation by 1.7–6.6 times. At the budding-beginning 
of flowering stage, the mass and intensity of N2 fixation by the 
nodules of control plants increased. As a result, the difference 
between the nitrogen fixing activity of control and experi-
mental plants decreased significantly. Stimulating effect on 
aboveground mass of Bradyrhizobium japonicum strains with 
increased nitrogen fixing activity was noted. Optimal condi-
tions for the formation and functioning of bean-rhizobial 
symbiosis were provided at the use of both of these terms of 
soybean inoculation. This reveals the possibility of effective 
application of early inoculation of soybean seeds with prepa-
rations based on nodule bacteria Bradyrhizobium japonicum 
active strains.

Key words: rhizobia; Bradyrhizobium japonicum; bacte-
rial preparations; pre-sowing inoculation; nitrogen fixing ac-
tivity; soybean

Simbiontski in fiziološki indikatorji soje, inokulirane sedem 
dni pred setvijo s sevom bakterije Bradyrhizobium japoni-
cum 

Izvleček: Predstavljeni so rezultati raziskave inokulaci-
je soje, sorte Almaz, s simbiontsko bakterijo Bradyrhizobium 
japonicum (Kirchner, 1896), Jordan; sevi 1982 B78, B157, D37, 
D87). Inokulacija semen soje je bila izvedena na dan setve 
(kontrola) in sedem dni pred setvijo (različna obravnavanja v 
poskusu). Ugotovljene so bile razlike med kontrolo in različ-
nimi obravnavanji v tvorbi in delovanju simbiontskega apa-
rata glede na čas inokulacije. Ugotovljeno je bilo, da je bilo 
število koreninskih nodulov pri kontrolnih rastlinah večje. 
Masa nodulov je na razvojni stopnji soje tretjega pravega lista 
presegala kontrolo pri rastlinah inokuliranih sedem dni pred 
setvijo za 1,5–2,0 krat , vezava zračnega dušika pa za 1,7–6,6 
krat. Na razvojni stopnji začetka cvetenja sta se masa nodulov 
in jakost vezave N2 pri kontroli povečali, s čemer se je značil-
no zmanjšala razlika med kontrolo in obravnavanji. Opazen 
je bil tudi stimulacijski učinek inokulacije s sevi Bradyrhizo-
bium japonicum na nadzemno biomaso soje zaradi povečane 
vezave dušika. Optimalne razmere za tvorbo in delovanje te 
rizobijske simbioze s sojo so se pojavile pri obeh načinih ino-
kulacije. To nakazuje možnost učinkovite uporabe zgodnje 
inokulacije semen soje s pripravki aktivnih sevov bakterije 
Bradyrhizobium japonicum.

Ključne besede: rizobiji; Bradyrhizobium japonicum; 
bakterijski pripravki; predsetvena inokulacija; aktivnost veza-
ve zračnega dušika; soja

mailto:azotfixation@gmail.com


Acta agriculturae Slovenica, 118/2 – 20222

N. VOROBEY et al.

1 INTRODUCTION

The nodule bacteria Bradyrhizobium japonicum 
(Kirchner, 1896), Jordan, 1982 are the basis of biological 
microbial preparations for inoculation of soybean, that 
are characterized by multifunctional effect on plants. 
Their application increases resistance of plant to abiotic 
and biotic factors, the number and mass of root nod-
ules, the intensity of symbiotic nitrogen fixation, the 
chlorophyll content in leaves, improves crop productiv-
ity and grain quality. This reduces the use of expensive 
nitrogen fertilizers, and, as a consequence, reduces the 
negative impact on the environment (Patyka & Petry-
chenko, 2004; Morgun & Kots, 2008; Kots, 2011; Kots et 
al., 2016; Kramarev & Artemenko, 2016). 

Increasing the sown areas of soybean testifies its 
important role in the agricultural complex (Berbenets, 
2019). Usually pre-sowing seeds inoculation is carried 
out on the sowing day or in the day before, which pro-
vides a period of 24 hours from preparation application 
on the seeds to getting inoculated seeds into the soil. It 
is difficult for growers with large sown areas to treat 
and sow seeds in the soil in one day (because it takes 
a long time, related consumables, equipment prepara-
tion, and human resources, etc.). Pesticides with which 
are treated seeds to kill fungal and bacterial infections 
can also have a negative effect on nodulating bacteria 
Bradyrhizobium (soybean inoculants). All this compli-
cates the pre-sowing treatment of seeds with biologi-
cals in industrial conditions. Therefore, in recent years, 
the soybean cultivation technology has begun to use 
seeds with pre-treatment by plant protection products 
and preparations of nodule bacteria Bradyrhizobium 
japonicum, which are compatible with fungicides and 
insecticides. Thus, today there is a problem of provid-
ing highly effective inoculants for early inoculation of 
pulses seeds, in particular soybean. They got the name 
pre-inoculants.

In the segment of soybean inoculants on the 
Ukrainian market there is a wide range of trade names 
of preparations of domestic and foreign production 
(Kokorina & Kozhemyakov, 2010; Kots & Mamenko, 
2015). According to the main criteria (type of micro-
organisms, their titer), the domestic inoculants do not 
differ from the foreign ones. However, the presence 
of protectors (preservative, adhesive) in some foreign 
preparations, increases the treatment manufacturabil-
ity, simplifies the process of soybean sowing (Slobody-
anyuk, 2017).

Pre-inoculants are used as a special element of 
soybean growing technology, which is in demand to-
day. Pre-inoculant has advantages over conventional 
inoculants, even with small seed volumes. It contains an 

additional component that is able to form a protective 
film and protect bacteria on the surface of seeds from 
harmful environmental factors. It promotes additional 
seeds nutrition, provides better germination, increases 
germination energy and allows pre-treatment of seeds 
with inoculant.

Currently known pre-inoculants, compatible with 
the original soybean seed treatment and with the pos-
sibility of early application of the preparation before 
sowing seed in soil in 24 hours – RhizoFlo 5 (Saatbau 
Linz, Austria), in 1–2 days – Rhizobophyte (Ukraine), 
in 7 days – Biobacter (Lallemand, Uruguay), in 5–15 
days – Rizoform + Static (Schelkovo Agrohim, Russia), 
in 21 days – Bioboost Plus (Liquid, Canada), in 45 days 
– HiCoat Super Extender (Agrocenter BASF, Germany) 
and in 90 days – HiCoat Super (Веcker Underwood, 
USA), Agribacter, Agribacter + Rise (Lallemand, Uru-
guay) and other (Agritema, 2017).

Improving the nodule bacteria biologicals for 
soybean in the direction of increase the time between 
seeds inoculation and their sowing will significantly in-
crease their effectiveness and attractiveness as a tool for 
obtaining biological nitrogen (Laktionov et al., 2018), 
because biological nitrogen fixation is an unalterable 
way to provide plants with nitrogen and does not vio-
late the natural environment ecology (Kots et al., 2016). 

Domestic preparations are also known on the 
Ukrainian market, including Rizoline + Rizosave inocu-
lants with recommendation of early treatment of seeds 
(7–10 days before sowing). When using a tank mix with 
Rizoline 2 l t-1 + Rizosave 2 l t-1 and a fungicide Fever 
0.4 l t-1, there were obtained soybean yields higher than 
control on 2.8–3.3 c ha-1 (Slobodyanyuk, 2017).

Microbial preparations with natural film-forming 
compounds are known, whereby nodule bacteria on 
seeds are protected from negative external influences 
and remain viable for a long time. For example film-
former for seed inlay, created on the basis of waste 
plant and animal origin, opens the possibility of seed 
inoculation in 25–30 days before sowing, maintain-
ing the nodulating activity of rhizobia and increased 
yields depending on the variety by 12 % (Grishechkin 
& Golovina, 2014).

Many Ukrainian farmers recognized the advantag-
es of modern inoculation processing technologies. The 
additional harvests gave them the opportunity to re-
coup costs, and to make significant profits. The most ef-
fective will be the preparation that provides the highest 
concentration of live bacteria on the seeds at the time of 
their entry into the soil. Bacterial titers of preparations 
for soybean inoculation, which are widely available on 
the domestic market, range from 1 × 109 to 5 × 109 at 
the time of production and 2 × 108 – (2–4)  × 109 at the 
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end of the shelf life of the preparation. High-quality 
two-component preparation for soybean HiCoat®Super 
of the American company Becker Underwood has the 
highest of the Bradyrhizobium genus bacteria concen-
tration (1 × 1010 cells per 1 g of preparation), and the 
longest among all known inoculants bacterial life on 
seeds. This allows seeds inoculation in 90 days before 
sowing and initiates nodules formation already in the 
initial stages of plant development. 

In the development modern preparations of nod-
ule bacteria for legumes and pulses at the first stage it 
is important to study the period of viable bacteria on 
seeds to sowing, virulence and nitrogen fixing activity 
(NFA) due to pre-inoculation of seeds. Regarding the 
research of this problem, there are few publications, and 
the results obtained are debatable. Martyniuk S. et аl. 
(2002) observed a sharp drop in the number of bacteria 
Rhizobium lupini (Schroeter, 1886) Eckhardt et al., 1931 
363a and 367a on inoculated lupine seeds Oligarch va-
riety (creator – Leningrad Scientific Research Institute 
of Agriculture ‘Belogorka’, Russia), within 24–48 hours 
after inoculation. However, after added to inoculant of 
polymeric protector polyvinylpyrrolidone (PVP) at a 
concentration of 5 % even after 168 hours, sufficient 
bacteria quantity remained to form an effective sym-
biosis, possibly due to the protective properties of this 
polymer and its action as an “adhesive”. That is, the use 
of PVP is potentially able to increase the allowable time 
between seeds inoculation and sowing up to six days.

The scientists point to several factors that affect 
the effectiveness of early seeds treatment by inoculants. 
So, the most important of them are the ability of bac-
teria to survive on seeds, seeds storage conditions, as 
well as the influence of other products (compounds) 
used in inoculation (Anghinoni et al., 2017). There are 
data in the literature on the treatment of soybean seeds 
with bulk peat preparations based on active strains of 
Bradyrhizobium japonicum SEMIA 5079 and SEMIA 
5080 in 5 days before sowing and on the sowing day. 
The authors found that both methods of bacterization 
at the absence of the fungicides use provided the for-
mation of nodules number at the level of control plants 
(Zilli et al., 2010). This indicated the ability of rhizobia 
to survive on the seeds of Glycine max L. (Merrill) for 
five days. Regarding the fixation of molecular nitrogen, 
these researchers did not find significant differences 
between the variants depending on the duration from 
inoculation of seeds to sowing. 

Bacterial preparations based on active strains of 
nodule bacteria can be effective for pre-sowing treat-
ment of soybean seeds without the use of extenders. 
Thus, the aim of our investigation was to study the 
effectiveness formations and functioning of the sym-

biotic apparatus, growth and development of soybean 
plants depending on the duration of the period from 
seeds inoculation with nodule bacteria Bradyrhizobium 
japonicum to sowing without excipients in microbial 
preparations.

2 MATERIALS AND METHODS

The experiments were performed with the soy-
bean (Glycine max L. (Merrill) seeds of Almaz variety 
(originator – Poltava State Agrarian Academy, Ukraine), 
included in the Register of plant varieties of Ukraine 
since 2007 and recommended for cultivation in the for-
est-steppe of Ukraine (early ripening, high plasticity to 
climatic conditions). 

Inoculation of seeds was carried out with a liquid-
phase preparation made on the basis different in sym-
biotic activity of nodule bacteria В78, В157, D37, D87 
strains (obtained as result of intergeneric conjugation 
between Escherichia coli S17-1 (pSUP5011::Tn5mob) 
and strains 646, 634b from the collection of N2-fixing 
microorganisms of the Institute of Plant Physiology 
and Genetics NAS of Ukraine. Restoration of physi-
ological activity of Bradyrhizobium japonicum nodule 
bacteria after storage in the museum collection was car-
ried out by standard microbiological methods (Netru-
sov et al., 2005). 

The nodule bacteria were grown in biological tubes 
on a nutrient medium yeast mannitol agar (YMA) (Ne-
trusov, 2005) for 7 days at +28 °C for preparing a liquid-
phase preparation. Thereafter, the biomass of bacteria 
were washed off from agar, and transfered in glass flasks 
with liquid YM environment (10 ml of suspension per 
350 ml of YM) and cultured during 7 days at a tempera-
ture of 28 °C and constant aeration. The bacterial titer 
of the preparation, which were used for inoculation of 
soybean seeds was 4.1–4.5‧109 CFU (colony forming 
units) per g of the preparation.

Soybean seeds were externally sterilized for 15 min 
with 70 % ethanol, washed with running water, inocu-
lated for 1 h by prepared liquid microbial preparations 
and sowed in the substrate. Variants with inoculation 
of soybean seeds in 7 days before the day of sowing 
(experimental variants) and with inoculation of seeds 
in 1 hour before sowing (control) were included in the 
experimental scheme.

Soybeans were grown on a sandy substrate (10 kg 
washed river sand, 8 plants in each pot on) with the 
introduction of Hellriegel nutrient mixture with 0.25 
of nitrogen norm (1 norm was 708 mg Са (NO3)2 

. 4 
Н2О per kg of sand) (Grodzinsky & Grodzinsky, 1964). 
River sand is the sand extracted from riverbeds, which 

https://uk.wikipedia.org/wiki/Escherichia
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is characterized by a high degree of purification and 
the absence of foreign inclusions. The pots with plants 
were placed on a specially equipped site of the Insti-
tute of Plant Physiology and Genetics NAS of Ukraine 
under conditions at natural light, temperature and ar-
tificial controlled irrigation (Figure 1). Sowing seeds – 
18.05.2018, the first seedling – 23.05.2018. Repeatability 
of the experimental variants was 5 times. 

Selection of plants for the analysis was carried out 
in the stages: 3 true leaves (on the 28th day after ger-
mination), budding-beginning of flowering (on the 35 
days after germination), full flowering soybeans (on the 
48 days after germination). 

The nodulating ability of Bradyrhizobium japoni-
cum was determined by counting the number and mass 
of root nodules in 10 plants of each variant of the exper-
iment. Biometric indices – the mass of the aboveground 
part of plants and roots – in 15 plants of each variant 
of the experiment. N2-fixation activity was determined 
by acetylene method in terms of acetylene regenera-
tion activity by root nodules of soybean (Hardy et. al., 
1968) and expressed in µmol of ethylene, produced by 
nodules of 1 plant for 1 hour. The roots with nodules 
were placed in hermetically sealed glass vials with a ca-
pacity of 75 cm3, 10 % of acetylene of the total volume 
was injected through the rubber membrane. Incubation 

period with acetylene - 1 hour. A gas mixture contain-
ing ethylene, formed as a result of acetylene reduction 
by nitrogenase, was analyzed on Agilent Technologics 
6850 Network GC System (USA) gas chromatograph 
with flame ionization detector. Separation of gases was 
performed on a column Supelco Porapak N at thermo-
stat temperature +55 °С and detector +150 °С. The gas 
carrier was nitrogen (50 ml per 1 min). Sampling capac-
ity for analysis was 1 cm3. Pure ethylene was used as the 
standard. The amount of ethylene formed from acety-
lene for 1 h under the action of nitrogenase incubated 
sample (the nitrogen fixing activity) was represented in 
molar units of ethylene formed per 1 plant for 1 hour – 
µmol C2H4 

 (plant h)-1.  Experiment with determine of 
N2-fixation activity was repeated five times.

The statistical processing of the obtained data was 
conducted using ANOVA and the Tukey HSD Test with 
the average values. The results were presented in the 
form of mean values and standard error (m ± SE). The 
difference between the data was considered significant, 
if p ≤ 0.05.

3 RESULTS AND DISCUSSION

The ability to penetrate in the legume root through 

Figure 1: The pots with plants on a specially equipped site of the Institute of Plant Physiology and Genetics NAS of Ukraine
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root hairs, and in the process of complex morphophysi-
ological changes to cause the formation of nodules in-
dicates the virulence of nodule bacteria. Root nodules 
are the complex constructed organs of plants, the main 
structures of which are bacteria-infected tissue, where 
nitrogen is fixed, and the meristem. 

We established that plants depending on the du-
ration of the period from seeds inoculation to sowing 
and the inoculants on basis of Bradyrhizobium japoni-
cum differed for number of root nodules formed. In the 
control plants (inoculated on the sowing day) formed 
more root nodules compared to the plants of the exper-
imental variants (inoculation in 7 days before sowing). 
In particular, at stage of the 3 true leaves formation on 
soybean roots 22.6–39.0 nodules were counted. At the 
same time, in plants whose seeds were inoculation in 7 
days before sowing, nodule number ranged from 14.0 
to 29.0 per root (Figure 2). More intensive nodules for-
mation was fixed in the budding-beginning of flower-
ing period of soybean: 30.0–45.0 pieces per 1 root in 
variants with seeds inoculation in 1 hour before sowing 
and 28.0–36.5 pieces per 1 root in variants with seeds 
inoculation in 7 days before sowing. 

Depending on the different time intervals between 
seed inoculation and sowing used in this study, no sig-
nificant differences in the nodules location on the roots 
were observed. Symbiotic organs (nodules) formed 
mainly on the main root of soybean and branches of 
the first order at a depth of 1–17 cm and had a light 
pink color, indicating on the synthesis of leghemo-
globin and nitrogen-fixing ability.

It should be noted the inoculating strains showed 
different virulence. When roots were infected by strain 
В78 the number of formed nodules was the lowest 
among the studied variants for both terms of prepa-
rations use. Probably due to the functional features of 
these rhizobia (reduced ability to survive on the seeds 
surface, less mobility and speed of penetration into the 
root meristem, etc.). Inoculation of soybeans with the 
preparation of nodule bacteria strain B157 was pro-
vided the largest number of root nodules in plants in-
oculated on the sowing day. In 7 days before sowing the 
largest nodules number was formed on the soybeans 
roots inoculated with nodule bacteria strain D37 (Fig-
ure 2). 

It is known that after invasion of nodule bacteria 

Figure 2: Root nodules number (pcs. plant-1) in soybean Almaz variety depending on the period duration from seed treatment 
by strains of Bradyrhizobium japonicum (Kirchner, 1896), Jordan, 1982 D37, D87, В78, В157 to sowing (n = 10).
m ± SE. An asterisk (*) indicates statistically significant difference between treatments (paired columns) at p ≤0.05; ns – no 
significant difference
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in the roots of plants is realized by the formation of 
bacteroids and the growth of meristem due to which 
the mass of the nodules increases (Spaink et al., 2002). 
At the stage of 3 true leaves, in plants which seeds were 
inoculated in 7 days before sowing mass of nodules 
was 1.2–2.0 times higher than that of the variants at 
the sowing day. At the budding-beginning of flowering 

stage, the difference in this index between the variants 
has been decreasing due to a more intensive increase in 
the mass of root nodules in variants with seed inocula-
tion on the sowing day (Table 1). 

Thus, in the variants with a prolonged period of 
7 days from seeds inoculation to sowing, the nodule 
bacteria strains retained their functional activity, which 

Inoculant strain

Development stage of plants:

3 true leaves budding-beginning of flowering

7 days before sowing on the sowing day 7 days before sowing on the sowing day 

D37 0.152 ± 0.006b 0.122 ± 0.010c * 0.235 ± 0.012a 0.214 ± 0.013b ns

D87 0.203 ± 0.005c 0.101 ± 0.006b * 0.311 ± 0.016b 0.241 ± 0.020c *

В78 0.097 ± 0.003a 0.063 ± 0.002a * 0.220 ± 0.011a 0.143 ± 0.010a *

В157 0.198 ± 0.016c 0.113 ± 0.008bc * 0.305 ± 0.012b 0.292 ± 0.016d ns

Table 1: Root nodules mass (mg plant-1) in soybean Almaz variety depending on the period duration from seed treatment to 
sowing (n = 10)

m ± SE, * – significant difference at p ≤ 0.05; ns – no significant difference; interaction: a – not significant. For each strain and each variable, 
different letters a, b, c, d indicate significant differences

Figure 3: Nodules on soybean roots at seeds inoculation by the active strain Bradyrhizobium japonicum (Kirchner, 1896), Jor-
dan, 1982 D87 at the budding-beginning of flowering stage, А – inoculation at the sowing day, B – inoculation in 7 days before 
sowing
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was realized in the initial stages by active formation of 
root nodules (Figure 3).

Brazilian researchers, studying the effectiveness of 
early seeds inoculation of Glycine max L. (Merrill) in 
5 and 10 days before sowing, using of chemical plant 
protection products, have established, that seeds treated 
with pesticides based on fludioxonil and thiameth-
oxane can be treated with bacterial preparations and 
stored for 10 days before sowing without negative im-
pact on grain yield (Anghinoni et al., 2017). The same 
authors noted the influence of the duration from in-
oculation of soybean seeds to sowing in the soil on cer-
tain factors related to the nodulation. The issue of joint 
use of fungicides and inoculation requires the detailed 
study to ensure the effective formation and functioning 
of legume-rhizobial symbiosis and protection against 
phytopathogens of various etiologies. In model pot ex-
periments in the Institute of Plant Physiology and Ge-
netics NAS of Ukraine the effect of pesticides on the 
formation and functioning of the symbiotic apparatus 
of soybean plants was studied. A negative effect of a 
number of fungicides on the photosynthetic rate and 
nitrogen-fixing activity of soybean plants was studied. 
The strength of this effect depended on the preparation 
and the term of its use before sowing (Pavlyshche et al., 
2017). 

The time interval of 7 days between seeds inocula-
tion and sowing is permissible in the case of prepara-
tions use based on mentioned active strains of nodule 
bacteria Bradyrhizobium japonicum with a high level 
of exopolysaccharides production. The latter can serve 
as natural substitutes for synthetic adhesive extenders, 
which are used in modern pre-inoculants. It is known 
that bacterial exopolysaccharides, forming a biofilm 
around rhizobial cells, provide their adsorption on 
the seed surface and protective function (Melnykova, 
2019), thereby contributing to their preservation on 
seeds for a certain period of time and the restoration of 
physiological and symbiotic characteristics. 

It is also actual studying the practical application 
of a wide spectrum water-soluble synthetic polymers 
as adhesive and film-formers as a part of biologicals for 
improvement of bacteria adhesion on a seed surface (by 
type of multicomponent formulations in the produc-
tion of modern chemical treaters). Russian scientists 
have tested for this purpose low and high molecular 
mass sodium alginate (FMC polymer), hydroxypropyl 
methylcellulose (HPMC) (Colorcon, “Colorcon, Inc.”, 
USA), polyethylene glycol (PEG), carbomer, polyvinyl 
alcohol (PVA) and polyvinylpyrrolidone (PVP). Poly-
mers are also capable prolonging the expiration date 
of microbial preparations, increase their compatibility 
with chemical plant protectors, resistance to ultraviolet 

radiation, temperature differences, drying, increase the 
survival of rhizobia on the seeds surface, which allows 
of pre-treatment. In the study of survival of 634b strain 
on the ‘Belgorodska 7’ (creator – Federal State Budg-
etary Educational Institution of Higher Education “V. 
Gorin Belgorod State Agricultural University”, Russia) 
soybean variety seeds under the influence of polymers 
of different origin and composition it was shown that 
polyvinylpyrrolidone 10 % solution is the most effec-
tive of these compounds. Its use ensures the preserva-
tion of 10 times more number of viable rhizobia on the 
seeds in 10 days after inoculation compared to control 
(Laktionov et al., 2019).

The most important criterion for evaluating the 
effectiveness of symbiotic systems Glycine max  – 
Bradyrhizobium japonicum is their molecular nitrogen 
fixation rate, which is based on the functioning of nod-
ule bacteria enzyme nitrogenase and interrelated meta-
bolic processes of symbiosis partners. 

At the stage of 3 true leaves the nitrogen fixation 
of soybean root nodules was 1.7, 6.6, 4.5 and 1.8 times 
more intensive in plants which seeds were inoculated 
by D87, В78 and В157 strains in 7 days before sowing, 
compared with control plants (inoculation in 1 hour 
before sowing with similar preparations). The high 
level NFA of symbiotic systems when treating with 
rhizobia 7 days before sowing seems to be the result of 
a sufficient number of microbial cells for become in-
fected after this period. Researchers have found that the 
viability of nodule bacteria on seeds without the use of 
pesticides depends on the plant species and the biologi-
cal qualities of microorganisms (Gemell et al., 2005), as 
well as the duration and storage conditions of inocu-
lated seeds (Deaker et al., 2012).

Pre-inoculation of soybean seeds (in 7 days before 
sowing) by preparation based on D87 strain provided 
the highest level of N2 assimilation due to the forma-
tion of the largest nodules mass on the roots of plants 
(Figure 4). 

At the budding-beginning of flowering stage the 
nitrogen fixation activity of soybean root nodules has 
increased in variants with seeds inoculation on the 
sowing day. As a result, the difference between the NFA 
indicators of control (inoculation at the sowing day) 
and experimental plants (inoculation in 7 days before 
sowing) has decreased and gradually to equalize. The 
identified features of the formation and functioning 
of the symbiotic apparatus of soybeans, formed due 
to the use of different terms between inoculation and 
sowing, indicate a significant role of adaptive proper-
ties of the microsymbiont during prolonged stay on the 
seeds before sowing and in the process of the formation 
of bean-rhizobial symbiosis. Therefore, the produce of 
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microbial preparations for pre-inoculation of seeds 
requires proper selection of strains of Bradyrhizobium 
japonicum taking into account their adaptive and physi-
ological characteristics.

Thus, as a result of the application of mentioned 
time periods from seed inoculation to sowing, a sym-
biotic apparatus was formed on soybean roots, the ni-
trogen fixation rate of which changed during the grow-
ing season, that affected the plant supply by biological 
nitrogen.

Intense assimilation of N2 by root nodules pro-
vokes in plants a growing demand for photoassimilates 
and causes their redistribution (Kirizii et al., 2007). The 
regulatory role of nitrogen fixation in plant metabo-
lism can stimulate or slow the growth of aboveground 
mass and rhizogenesis. At the stage of 3 true leaves, the 
aboveground and the root mass of inoculated plants 
(on the sowing day) outweighed the corresponding in-
dices of plants bacterized in 7 days before sowing. Dur-
ing the soybean growing season, the difference in root 
mass between plants of control and experimental vari-

ants decreased and was not significant at the budding-
beginning of flowering stage (Table 2). The root system 
of plants in all variants was well developed, with a large 
number of lateral roots, which provided an increase in 
the soybean nutrition area surface.

Plant mass is one of the indices that characterizes 
the conditions of growth and development in different 
stages of the growing season. An actively functioning 
symbiotic apparatus is a more powerful sink of assimi-
lates compared to vegetative growth. Therefore the pho-
tosynthetic apparatus is not always fully able to provide 
the needs of all growth meristems in assimilates when 
the balance between growth, photosynthesis and nitro-
gen fixation is disturbed. 

In the early period of functioning of the bean-
rhizobial symbiotic system of soybean (3 true leaves 
stage) in control and experimental plants there was a 
positive relationship between the intensity of nitrogen-
fixing activity and aboveground mass growth (Figure 
4; Table 3).

Figure 4: The nitrogen fixing activity, µmol C2H4 (plant h)-1, of root nodules of the Almaz soybean variety plants depending 
on the period duration from seed treatment by Bradyrhizobium japonicum (Kirchner, 1896), Jordan, 1982 D37, D87, В78, В157 
strains to sowing (n = 5).
m ± SE. An asterisk (*) indicates statistically significant difference between treatments (paired columns) at p ≤ 0.05; ns – no 
significant difference
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Then, before the budding-beginning of flowering 
stage in control plants, the growth in aboveground mass 
accelerated and outpaced the growth of plants bacte-
rized in 7 days before sowing with strains D37, D87, 
B78 and B157 by 9.6, 13.3, 8, 2 and 14.5 % respectively. 
There was an intensive increase in the vegetative mass 
of plants in all variants of the experiment from the bud-
ding stage to the full flowering stage. During the full 
flowering stage, which is related to the redistribution 
of assimilates and the formation of generative organs, 
the indicators of aboveground mass of control and ex-
perimental plants, taking into account the error of the 
experiment, also did not differ significantly. Thus, when 
applying seed bacterization on the sowing day, this in-
dicator was in the range of 6.82–7.23 g plant-1 and with 
seed inoculation in 7 days before sowing – 6.75–7.58 
g plant-1. The dynamics of the aboveground mass for-
mation of control and experimental plants was similar 
during the growing season. Optimal conditions for the 
formation and functioning of legume-rhizobial sym-

biosis for plants were provided using both of period of 
soybean inoculation.

In the vegetation experiment soybean were grown 
on a river sandy substrate with the introduction of 
Hellriegel nutrient mixture with 0.25 of nitrogen norm. 
It is probable that mineral nitrogen was used in the ear-
lier stages of plant growth and development, and during 
the soybean flowering period the nutrition was mainly 
due to biologically N2 (due to the functioning of the 
symbiotic apparatus of plants). Therefore, the stimu-
lation of vegetative growth was more active in plants 
inoculated with preparations of nodule bacteria D87, 
B78 and B157 strains with increased nitrogen fixation 
intensity.

4 CONCLUSIONS

Thus, our studies have shown that inoculation of 
soybean seeds with microbial preparations based on 

Inoculant strain

Development stage of plants:

3 true leaves budding-beginning of flowering

7 days before sowing on the sowing day 7 days before sowing on the sowing day 

D37 2.09 ± 0.08a 2.30 ± 0.09a * 3.34 ± 0.16a 3.08 ± 0.17a ns

D87 2.04 ± 0.08a 2.28 ± 0.07a * 3.33 ± 0.17a 3.45 ± 0.11a ns

В78 2.35 ± 0.09b 2.50 ± 0.07ab ns 3.19 ± 0.15a 2.95 ± 0.11a ns

В157 2.08 ± 0.08a 2.31 ± 0.08a * 3.14 ± 0.12a 2.86 ± 0.12a ns

Table 2: The root mass (g plant-1) of the Almaz soybean variety, under inoculation with nodule bacteria Bradyrhizobium 
japonicum (Kirchner, 1896), Jordan, 1982 (n = 15)

m ± SE, * – significant difference at p ≤ 0.05; ns – no significant difference; interaction: a – not significant. For each strain and each variable, 
different letters a, b indicate significant differences

Inoculant strain

Development stage of plants:

3 true leaves budding-beginning of flowering full flowering

7 days before 
sowing

on the sowing 
day

7 days before 
sowing

on the sowing 
day 

7 days before 
sowing

on the sowing 
day

D37 2.57a
± 0.12

2.50a
± 0.11

ns 3.86a
± 0.23

4.23a
± 0.13

ns 6.75a
± 0.28

6.82a
± 0.32

ns

D87 2.84a
± 0.18

2.73ab
± 0.11

ns 4.06a
± 0.28

4.60a
± 0.32

ns 7.62a
± 0.38

7.21a
± 0.30

ns

В78 2.87a
± 0.13

2.64ab
± 0.13

ns 3.77a
± 0.12

4.08a
± 0.30

ns 6.97a
± 0.32

7.18a
± 0.31

ns

В157 2.75a
± 0.13

2.93b
± 0.14

ns 3.70a
± 0.24

4.24a
± 0.32

ns 7.58a
± 0.23

7.23a
± 0.27

ns

Table 3: The aboveground mass (g plant-1) of the Almaz soybean variety, under inoculation with nodule bacteria Bradyrhizo-
bium japonicum (Kirchner, 1896), Jordan, 1982 (n = 15))

m ± SE, * – significant difference at p ≤ 0.05; ns – no significant difference; interaction: a – not significant. For each strain and each variable, 
different letters a, b indicate significant differences
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Bradyrhizobium japonicum on the sowing day caused 
the formation of more nodules on the plant roots. 
However, the mass of the formed nodules and the in-
tensity of nitrogen fixation significantly dominated in 
plants inoculated in 7 days before sowing the seeds in 
the stage of the 3 true leaves only. The increase in the 
intensity of nitrogen fixation in control plants in the 
budding-beginning stage of flowering caused to the 
equalization of the difference of nitrogen fixation activ-
ity between the variants with different terms between 
inoculation and sowing. This allows the effective use of 
bacterial preparations based on active strains D37, В78, 
D87, В157 for pre-sowing treatment of soybean seeds 
(in 7 days before sowing) without the use of extend-
ers. In the future, it is advisable to study the ability to 
nodulate and assimilate N2 active strains of nodule bac-
teria (and preparations based on them without the use 
of extender) under conditions of longer delay of seeds 
sowing from their inoculation. The results obtained are 
important for elucidation of the possibility of introduc-
tion of nodule bacteria active strains obtained by bio-
technological methods as a bacterial basis of prepara-
tions for pre-inoculation of soybean.
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The usage of beneficial insects as a biological control mea-
sure in large-scale farming - a case study review on Tricho-
gramma spp.

Abstract: Large scale crops like maize, soybean, wheat 
and rice have changed the ecosystems worldwide, causing 
a major impact on global agricultural diversity. Intensive 
farming includes wide range of synthetic substances which 
are very often applied irrationally and excessively. Given the 
prevalence of large-scale farming in world agriculture, it is 
necessary to begin the transition from conventional crop pro-
tection to integrated pest management (IPM) in these agro-
ecosystems. One of the most important components of IPM 
are biological control measures with augmentative release of 
commercially available species of the genus Trichogramma 
Westwood, 1833 (Hymentoptera: Trichogrammatidae) as 
potentially successful and environmentally friendly methods. 
Besides Trichogramma, many other beneficial organisms are 
constantly being tested as potential biocontrol agents such 
as Chrysopa spp. (Neuroptera: Chrysopidae) and Orius spp. 
(Hemiptera: Anthocoridae). Minimizing the use of chemicals 
and replacing them with biological plant protection is fully in 
line with the agriculture development strategy and confirmed 
to be achievable in practice. It is especially important to apply 
such tactical decisions in the production of large-scale crops, 
which, at the same time, represent the biggest polluters of the 
environment as well.

Key words: beneficial insects; biological control; Tricho-
gramma spp.; large-scale crops; IPM

Uporaba koristnih žuželk kot merilo biotičnega varstva pri 
kmetovanju na velikih zemljiščih - pregledna raziskava na 
primeru parazitoidnih os iz rodu Trichogramma

Izvleček: Poljščine, kot so koruza, soja, pšenica in riž, ki 
se gojijo na velikih obdelovalnih zemljiščih, so globalno spre-
menile ekosisteme in imajo globalno največji vpliv na raznoli-
kost v kmetijstvu. Intenzivno kmetijstvo uporablja širok spek-
ter sintetičnih snovi, ki so pogosto uporabljene neracionalno 
in v prevelikem obsegu. Zaradi prevladovanja kmetovanja na 
velikih zemljiščih v svetovnem merilu je potrebno začeti s 
prehodom iz konvencionalnega varstva kmetijskih rastlin na 
integrirano zatiranje škodljivih organizmov (IPM) v agroeko-
sistemih. Med najpomembnejšimi komponentami integrira-
nega varstva rastlin so ukrepi biotičnega zatiranja škodljivcev 
s sproščanjem komercialno dostopnih vrst parazitoidnih os 
iz rodu Trichogramma Westwood, 1833 (Hymentoptera: Tri-
chogrammatidae) kot potencialno učinkovitih in okolju pri-
jaznih metod. Poleg vrst iz rodu Trichogramma se v biotičnem 
varstvu stalno preiskušajo mnogi drugi koristni organizmi, 
kot so tenčicarice (Chrysopa spp., Neuroptera: Chrysopidae) 
in plenilske stenice iz rodu Orius (Hemiptera: Anthocoridae). 
Zmanjševanje uporabe kemikalij in njihovo nadomeščanje z 
biotičnim varstvom rastlin je popolnoma v skladu z razvojno 
strategijo kmetijstva in je potrjeno lahko doseženo v praksi. 
Še posebej je pomembno uporabiti te metode v velikopovr-
šinski pridelavi kmetijskih rastlin, ki hkrati predstavlja tudi 
enega izmed največjih onesnaževalcev okolja.

Ključne besede: koristne žuželke; biotični nadzor; Tri-
chogramma spp.; veliko površinsko gojene kmetijske rastline; 
IPM
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1 INTRODUCTION

A combination of high commodity crop prices, 
rising global food demand and technological advances, 
has transformed the scale of global crop production 
(Hochman et al., 2014). Certain crops are becoming 
more prevalent taking into consideration monocul-
ture mainstreaming in agricultural production globally. 
These large-scale crops which occupy most of the glob-
al agricultural area, have already transformed the land 
use dynamics and changed the ecosystems worldwide, 
and are still causing major impact on global agricul-
tural diversity. Wheat (Triticum spp.), rice (Oryza spp.), 
corn (Zea spp.) and soybean (Glycine spp.) are prime 
examples. These four crops alone occupy approximately 
50 % of the world’s entire agricultural lands, while the 
remaining crops cover the rest (Ben Ari & Makowski, 
2016).

Large scale farming (or intensive farming) is gen-
erally defined as highly mechanized and commercial-
ized cropping activities with much greater use of exter-
nal inputs (Tittonell et al., 2020). It also includes wide 
range of synthetic substances (fertilizers, fungicides, in-
secticides, and herbicides). These agrochemicals, used 
to prevent crop of diseases, manage the weeds and pests 
and boost plant growth, are very often applied irration-
ally and excessively. In such conditions side effects of-
ten occur. Inadequate use of pesticides can lead to pests’ 
resistance, excessive pesticide residues in food, pollu-
tion of agroecosystems and suppression of beneficial 
organisms. Among all, these chemical agents are toxic 
for both wildlife and humans. Additionally, agrochemi-
cals are often associated with reduction of populations 
of birds, amphibians and insects (bees, butterflies) by 
destroying their food source, contaminating soil and 
ground waters (Feshchenko, 2019).

As the volume and production of agriculture 
continue to grow to new global records, so does the 
environmental awareness of societies. There is an in-
creasingly pronounced demand for production of high-
quality food without pesticide residues and other toxic 
substances. There is also an ecological issue underlining 
the use of renewable energy sources and preservation 
of natural resources and environment. Modern trend of 
sustainable agricultural production imposes the need 
to change technological process of production with the 
application of techniques that pollute the environment 
less and contribute to the health security in general. 
Numerous studies and social initiatives are calling for 
conversion to more sustainable agricultural practices 
due to their favorable effect on ecosystems, biodiversity 
and human health (Siebrecht, 2020).

Given the prevalence of large-scale farming in 

world agriculture, it is necessary to begin the transition 
from conventional crop protection to integrated pest 
management (hereinafter: IPM). IPM is based on ex-
tremely controlled and justified use of chemical agents 
with the emphasis on the use of alternative ways for 
pest control, like biological control measures.

1.1 BIOLOGICAL CONTROL MEASURES

One of the most important components of IPM 
are biological control measures. Biological control or 
biocontrol is defined as a set of methods significant for 
pest control (insects, mites, weeds and plant diseases 
etc.) using their natural enemies. It relies on predation, 
parasitism, herbivory, or other natural mechanism, but 
also involves an active human influence (Flint & Dre-
istadt, 1998). Since the existing form of natural balance 
between pests and beneficial organisms is usually in-
sufficient to achieve expected results in intensive farm-
ing, biological control requires the manipulation of 
beneficial insects by people to reduce the population 
of agricultural pests (Raspudić et al., 1999). In a strict 
ecological sense, applied biological control can be con-
sidered as a strategy to restore functional biodiversity 
in agroecosystems by adding missing entomophagous 
insects through classical and/or augmentative biocon-
trol techniques, but it can also be considered as a way 
of enhancing naturally occurring predators and para-
sitoids through conservation and habitat management 
(Altieri, 1994). Biological control is a self-sustaining 
strategy through which farmers rely on pest control 
through ecological services provided by restored func-
tional biodiversity, thus avoiding dependence on costly 
pesticides (Polanczyk & Pratissoli, 2009).

The aim of this paper is to emphasize wide pos-
sibility of implementation of beneficial insects in large 
crop farming, to point out their great potential in ag-
ricultural practice and to discuss their high diversity 
worldwide.

1.2 TRADITIONAL KNOWLEDGE AND HISTORY 
OF BIOLOGICAL CONTROL

The use of natural enemies to reduce the impact of 
pests has a long history. There are antecedent historical 
events that trace the evolution of some of the funda-
mental concepts in the development of biological con-
trol, and several of these events show the remarkable 
and perceptive insight of man into the workings of na-
ture (Den Bosch et al., 1982). The first description of use 
of biological control dates from around 300 AD, when 
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predatory ants were used for control of pests in citrus 
orchards in China, a method which is still used today in 
Asia. In the 1750s, the British and French transported 
mynah birds from India to Mauritius to control locusts. 
Early applied biological control programs began under 
the USDA’s Department and later Bureau of Entomol-
ogy established in 1881 (Polanczyk & Pratissoli, 2009). 

The first introduction of an exotic braconid wasp 
parasite, Cotesia glomerata (Linnaeus, 1758) (Hyme-
noptera: Braconidae), against the imported cabbage-
worm, Pieris rapae (Linnaeus, 1758) (Lepidoptera: 
Pieridae), into the United States occurred in 1883 and 
the introduction of the famous predaceous vedalia bee-
tle Rodolia cardinalis (Mulsant, 1850) (Coleoptera: Coc-
cinellidae) to control the cottony cushion scale Icerya 
purchasi Maskell, 1878 (Hemiptera: Margarodidae), fol-
lowed in 1888 (Clausen 1978). The Department’s first 
large-scale biological control program did not begin 
until 1905 and involved explorations in Europe and 
Japan for natural enemies of the gypsy moth Lyman-
tria díspar Linnaeus, 1758 (Lepidoptera: Lymantriidae), 
and browntail moth, Euproctis chrysorrhoea Linnaeus, 
1758 (Lepidoptera: Lymantriidae), introduced into New 
England (Vail et al., 2001). It must be pointed out that 
from 1930 to 1940 there was a peak in biological con-
trol activity in the world with 57 different natural en-
emies established at various places, but World War II 
caused a sharp drop in biological control activity, and 
it did not regain popularity after war due to production 
of relatively inexpensive synthetic organic insecticides 
(Polanczyk & Pratissoli, 2009).

Today, there are hundreds of biological control 
products commercially available for pest control, but 
not all are sufficiently effective for large-scale farming. 
One of the potentially most successful and environmen-
tally friendly methods for biological control of pests is 
the augmentative release of commercially available spe-
cies of the genus Trichogramma Westwood, 1833 (Hy-
mentoptera: Trichogrammatidae) (Stouthamer, 1993). 
These organisms have been identified and successfully 
used for inundative biological control of lepidopteran 
pests for more than 120 years (Smith, 1996; Van Len-
teren, 2000). Trichogramma are egg parasitoids that at-
tack more than 200 lepidopteran host species, including 
pest groups of borers, webworms, loopers, leafworms, 
fruitworms, cutworms, bollworms and armyworms 
(Knutson, 1998).

More than a thousand scientific papers have been 
published on Trichogramma and its usage as a biologi-
cal control agent, making it one of the most researched 
natural enemies in the world. As a result, they have been 
widely used in inundative and inoculative biological 
control programs in more than 30 countries in agricul-

tural crops (e.g. corn, cotton, sugarcane, rice, soybean, 
fruit trees, vegetables) and natural forests (Knutson, 
1998).

1.3 Trichogramma spp. LIFE CYCLE

Trichogramma wasps primarily parasitize eggs of 
moths and butterflies (Lepidoptera). However, certain 
species of Trichogramma also parasitize eggs of beetles 
(Coleoptera), flies (Diptera), true bugs (Heteroptera), 
other wasps (Hymenoptera), lacewings and their rela-
tives (Neuroptera) (Knutson, 1998). The adult female 
wasp uses chemical and visual clues to locate a host egg 
(Nordlund et al., 1981). Once a female finds a host egg, 
she drills a hole through the chorion (eggshell) and in-
serts two to three eggs into the host egg. Eggs of para-
sitoid hatch in about 24 hours and the parasite larvae 
develop very quickly. Larvae develop through three 
instars. During the third instar, dark melanin granules 
are deposited on the surface of the egg chorion, causing 
the host egg to turn black. Larvae than transform to 
the inactive pupal stage. After about 4-5 days, the adult 
wasps emerge from the pupae and escape the host egg 
by chewing a circular hole in the eggshell. The black 
layer inside the chorion and the exit hole are evidence 
of parasitism by Trichogramma (Ruberson et al., 1993).

2 Trichogramma IN MAIZE

Maize (Zea spp.) is one of the most abundantly 
produced cereal in the world. It is grown in every conti-
nent except Antarctica (Eckhoff et al., 2003). This large-
scale crop has many pests and the European corn borer 
Ostrinia nubilalis Hubner, 1796 (Lepidoptera: Crambi-
dae) is considered the major one worldwide (Mutuura 
& Monroe, 1970). The egg stages of many corn pests 
including O. nubilalis, are attacked by various species 
of Trichogramma (Ivezić & Trudić, 2021). More than 15 
species and strains of native and exotic Trichogramma 
were evaluated in field and laboratory tests to deter-
mine those with a high preference for O. nubilalis egg 
clusters or other lepidopteran corn pests (Wang et al., 
1999). Several species of Trichogramma have been iden-
tified as promising biological control agents of O. nubi-
lalis, including T. brassicae Bezdenko, 1968 and T. eva-
nescens Westwood, 1833 (Bigler, 1986; Hassan, 1993). 
Both species appear to be widespread across Europe 
and reared in commercial facilities for release as bioag-
ents. In South Europe, these two Trichogramma species 
are considered to be the most abundant Trichogramma 
species in maize (Bohinc et al., 2015; Ivezić et al., 2021). 
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In order to ensure production of effective para-
sites, mass rearing facilities developed rearing tech-
niques with stringent quality control procedures. This 
requires controlled environments, artificial diets and 
ovipositional substrates, mechanized equipment and 
operations performed by work units (Knutson, 1998). 
This process selects the strain of Trichogramma with the 
most efficient ability to fly, locate and parasitize the eggs 
of a targeted host. After selecting the best strain/colony, 
Trichogramma pupae is used to colonize the crop. Pu-
pae can be programmed to enter a condition of arrested 
development called diapause. Once in diapause, wasp 
pupae can be stored for up to 9 months so the large 
demand for Trichogramma during the summer can be 
met (Bigler, 1994). Cardboard capsules containing host 
eggs with developing Trichogramma are applied to the 
corn field and can be distributed from the ground or 
air. Capsules either fall to the ground or are caught in 
the corn plant. The capsules protect the Trichogramma 
from predators and weather extremes until the adults 
emerge from the host egg and escape through tiny holes 
in the capsules. Released Trichogramma are at different 
developmental stages so that adults emerge from the 
capsules over several days. This increases the time in-
terval between applications (Knutson, 1998).

Releases of Trichogramma are performed manu-
ally or mechanically (ground and air) (Li, 1994). Since 
manual applications have shown as time-consuming 
process, aerial applications are more acceptable option. 
One such experiment was performed in Poland, where 
the use of ultralight aircraft proved to be an effective 
option (Bzowska-Bakalarz et al., 2020). The results in-
dicate that the low-height aerial application allows pre-
cise dosing and satisfactory distribution of bioagents. 
The efficacy of 60–85 % (depending on the year) of the 
gyroplane-based spraying operations was comparable 
with those monitored for ground application. These re-
sults show a promising alternative for the application of 
Trichogramma, especially in large-scale crops, because 
the ground application in intensive agriculture requires 
too much time and energy (Bzowska-Bakalarz et al., 
2020).

Other caterpillar pests of corn, such as the south-
western corn borer Diatraea grandiosella Diar, 1911 
and American cotton bollworm Helicoverpa zea Bod-
die, 1850, are attacked by native or introduced species 
of Trichogramma (T. pretiosum Riley, 1879, T. deion 
Pinto and Oatman, 1986, T. thalense Pinto and Oatman, 
1985) throughout the world (Manandhar & Wright, 
2015). Some companies sell Trichogramma for control 
of these pests, but research to support this usage is 
lacking. At this point, European corn borer is still the 
most controlled pest of maize with wasps of the genus  

 
Trichogramma.

3 Trichogramma IN RICE 

Rice (Oryza spp.) is one of the most important 
crops in the world, being produced in many locations 
and under a variety of climatic conditions. Since sizable 
portions of certain crops are used for purposes other 
than human consumption, rice is the most important 
food crop, directly feeding more people than any other 
crop (Rao et al., 2017). Traditionally, countries in Asia 
have the largest share in world rice production, but this 
crop is becoming increasingly important in Africa and 
Latin America. Meanwhile, the expansion of rice crops 
poses a challenge for agricultural workers as they con-
stantly face many obstacles, such as pests and diseases 
(Afifah et al., 2019). Key pests of rice are striped rice 
stemborer Chilo suppressalis Walker 1863 (Lepidoptera: 
Crambidae), yellow stem borer Scirpophaga incertulas 
Walker 1863 (Lepidoptera: Crambidae), pink stem borer 
Sesamia inferens Walker 1856 (Lepidoptera: Noctuidae), 
rice leafroller Cnaphalocrocis medinalis Guenee, 1854 
(Lepidoptera: Crambidae), rice planthopper Nilapar-
vata lugens Stal, 1854 (Hemiptera: Delphacidae) and 
rice green semilooper Naranga aenescens Moore, 1881 
(Lepidoptera: Noctuidae) (Tang et al., 2017). Among 
these, yellow stem borer is considered to be the most 
important pest of rain-fed lowland and flood-prone 
rice ecosystems (Barthakur, 2010; Ko et al., 2014). Popu-
lations of these pests substantially increased within one 
decade, therefore, the appropriate, effective, and inex-
pensive control measures are needed for the continuity 
of high rice production (Gao et al., 2012). Optimized 
methods with less environmental impact and high sus-
tainability are in demand, such as releasing biological 
control agents. As one of the most important natural 
enemies worldwide, the use of Trichogramma wasps in 
rice fields is the subject of constant research (Afifah et 
al., 2019). Although Trichogramma has been studied for 
management of key lepidopteran pests in rice, these 
wasps aren’t still commercially used in intensive rice 
production. Recent findings from China indicate that 
Trichogramma releases may be considered practical 
for control of striped rice stemborer and rice leafrol-
ler. However, it is less clear whether yellow stem borer 
can also be controlled by Trichogramma wasps as less 
studies have been done on this species so far (Tang et 
al., 2017). From field surveys conducted in Indian rice 
fields, there are indicators that yellow stem borer eggs 
may not be effectively parasitized under natural condi-
tions (Hikjm, 1988; Chakraborty, 2012). On the other 
hand, more positive results have been reported from a 

https://ricepedia.org/rice-around-the-world/africa
https://ricepedia.org/rice-around-the-world/latin-america-and-the-caribbean
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field survey in China showing rather high parasitism 
rates of yellow stem borer eggs in the range of 46.7  % to 
79.1 % (Guo et al., 2002; Samara et al., 2008). In general, 
there have been a very few attempts to control yellow 
stem borers by inundative releases of Trichogramma 
(Tang et al., 2017). Positive results were obtained from 
Indonesia where T. japonicum Ashmead, 1904 showed 
the potential to become candidate for control of white 
rice stem borer (Yunus, 2018), while promising results 
were also obtained in Egypt in the control of rice stem 
borer Chilo agamemnon Bleszynski, 1962 (Lepidoptera: 
Crambidae) due to inundative release of T. evanescens 
(Sherif et al., 2008).

There are rich communities of beneficial insects, 
spiders, and diseases that attack insect pests of rice, but 
just a few of them are commercially applied. Certain 
results indicate that the application of Trichogramma 
wasps shows promising results in the control of rice 
pests, which has consequently aroused great interest 
among consumers and rice producers. However, for 
wider commercial application of these organisms in 
rice production positive results are lacking, and the use 
of these organisms is mainly done for the purpose of 
research.

4 Trichogramma IN SOYBEAN

The largest producers of soybean (Glycine spp.) 
in the World are Brazil, the USA, Canada, China and 
Argentina (https://www.fas.usda.gov/commodities/
soybeans). There is a significant variety of insects that 
may be found in soybean fields at any given time of the 
season, and among them is a large number of different 
pests, many of which can cause significant yield losses. 
As in the above-mentioned crops, different species of 
the genus Trichogramma are present in soybean fields, 
both as native populations and as introduced biocon-
trol agents (Bueno et al., 2008). Some of these species 
are important natural enemies of key pests of soybean 
production such as sunflower looper Rachiplusia nu 
Guenee, 1852 (Lepidoptera: Noctuidae), velvetbean cat-
erpillar Anticarsia gemmatalis Hubner, 1818 (Lepidop-
tera: Erebidae), soybean budborer Crocidosema apore-
ma Walsingham, 1914 (Lepidoptera: Tortricidae) and 
cotton earworm Helicoverpa armigera Hubner, 1808 
(Lepidoptera: Noctuidae) (Bortolotto et al., 2015).

In Southern Brazil three species of Trichogramma 
spp. are well known and used for controlling the num-
ber of velvetbean caterpillar: T. pretiosum, T. acacioi 
Brun, Moraes and Soares, 1984 and T. rojasi Nagaraja 
and Nagarkatti 1973 (Foerster et al., 2015). In Uruguay, 
six species of Trichogramma have been identified from 

collections of different crops (Basso et al., 2020). Among 
the reported species, T. pretiosum is the most widely 
distributed in Uruguay and parasitizing a great number 
of lepidopteran pests (Basso et al., 1999a; Basso et al., 
1999b; Basso & Pintureau, 2004). Given the prevalence, 
in last decades this species was introduced as biological 
agent in soybean crops (Basso et al., 2020). The selec-
tion of T. pretiosum was based on the fact that, in the 
laboratory, it presented the highest fertility parasitiz-
ing eggs of A. gemmatalis deposited on soybean plants, 
when compared to T. exiguum Pinto and Platner, 1978 
and T. galloi Zucchi, 1988, species also present in Uru-
guay (Basso et al., 2020). In this country a multi-year 
study was conducted to compare conventional practice 
with different doses of the egg parasitoid. Although 
the best results were obtained with the application of 
chemical insecticides, two releases of T. pretiosum by 
terrestrial methods, 20 days apart, or 4 weekly appli-
cations by means of a drone, reached the best results 
below the thresholds of sanitary intervention, both op-
tions with 200,000 parasitoids per hectare (Basso et al., 
2020). The application of T. pretiosum under the inun-
dative biological control method appears as a real al-
ternative to chemical insecticides for the control of the 
main lepidopteran pests in soybean crops in Uruguay 
(Basso et al., 2020). These results showed that biological 
tool such as egg parasitoids of the genus Trichogramma 
can differentiate and value production of soybean. Be-
side Latin America, T. pretiosum is present in almost all 
biogeographic regions in the world. With 240 host re-
cords in the Americas, it is one of the most commonly 
collected species, especially in agricultural and other 
disturbed habitats (Pinto, 1998).

The efforts of large soybean producers to imple-
ment alternative ways and eco-friendly methods for 
pest control management indicate that environmental 
awareness is constantly growing, but also that future 
production of large- scale crops should be much more 
based on the use of beneficial insects and biological 
control measures in general.

5 Trichogramma AS A BIOAGENT IN 
OTHER CROP SPECIES

Besides in large scale crops, augmentation of 
Trichogramma has been promoted for pest control in 
cotton, apple, spruce, avocado, tomato and potato pro-
duction (Olkowski & Zhang, 1990). In Europe, T. evane-
scens is widely used for control of codling moth Cydia 
pomonella Linnaeus, 1758 (Lepidoptera: Tortricidae) 
in apples (Knutson 1998), but also as an effective tool 
to decrease population of potato tuber moth Phthori-
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maea opercullea Zeller, 1873 (Lepidoptera: Gelechiidae) 
(Saour, 2004). Three Trichogramma species, T. cacoeciae 
Marchal, 1927, T. evanescens, and T. principium Sug-
onjaev and Sorokina, 1976, are proved as effective can-
didates in parasitizing potato tumber moth eggs (Saour, 
2004). In the USA, parasitism of tomato fruit pests (H. 
armigera or tomato leafminer Tuta absoluta Meyrick, 
1917 (Lepidoptera: Gelechiidae) by native T. pretiosum 
in tomatoes is considered in the treatment thresholds 
for these pests with insecticides (Hoffman et al., 1990). 
Augmentation of T. pretiosum is an effective control 
tactic in Mexico and is a part of the integrated pest pro-
gram for fresh market tomatoes (Trumble & Alvarado-
Rodriguez, 1991). In some countries like China, the 
Philippines, India, and Taiwan, T. chilonis Ishii, 1941 is 
already being used as a biological control agent in sug-
arcane plantations. In Indonesia (Grieshop et al., 2014), 
T. chilonis was first developed to address the problem 
of stem borer in several sugarcane plantations in Java 
which was later introduced to Lampung after similar 
problems arose (Afifah et al., 2019). The results showed 
that the release of 150,000 eggs Trichogramma spp. per 
hectare could reduce the population of sugarcane shoot 
borer Chilo infuscatellus Snellen, 1890 (Lepidoptera: 
Crambidae) while 250,000 eggs are required per hec-
tare to control sugarcane stem borer C. terrenellus Pa-
genstecher, 1900 (Lepidoptera: Crambidae) (Cascone et 
al., 2015). Besides being able to parasitize Chilo spp. T. 

chilonis is also capable of parasitizing Agrotis spp. (Lepi-
doptera: Noctuidae), sugarcane gray borer Tetramorea 
schistaceana Snellen, 1891 (Lepidoptera: Tortricidae), 
rice leafroller Cnaphalocrosis medinalis Guenee, 1854 
(Lepidoptera: Crambidae), H. armigera, soyabean pod 
borer Leguminivora glycinivorella Obraztsov, 1960 (Lep-
idoptera: Tortricidae) and beet armyworm Spodoptera 
exigua Hubner, 1808 (Lepidoptera: Noctuidae) (Li-
Ying, 1994).

In California, two avocado pests, the omnivorous 
looper Sabulodes aegrotata Guenee, 1857 (Lepidoptera: 
Geometridae) and the avocado leafroller Amorbia cu-
neana Walsingham, 1879 (Lepidoptera: Tortricidae), 
can be managed by releasing T. platneri Nagarkatti, 
1975 in every fourth avocado tree (Olkowski & Zhang, 
1990). Large field studies in Canada have shown that 
two releases, each with 30 million T. minutum individu-
als per acre, resulted in 60 to 80 % egg parasitism of 
spruce budworm Choristoneura fumiferana Clemens, 
1865 (Lepidoptera: Tortricidae) in white spruce stands 
(Olkowski & Zhang, 1990).

The actual rates of release vary considerably, even 
for the same pest, crop, and country. This range is prob-
ably related to the range in dimensional volume of the 
crop. For example, the total rates of release for T. bras-
sicae alone, which is reared from small host eggs against 
European corn borer in Europe, range from 150,000 
to 2.8 million wasps/ha (El-Wakeil et al., 2020). Rates 

Species* Strain Host and taxonomy* Country of Origin

Trichogrammatoidea bactrae  
Nagaraja, 1979

Bac-1 Plutella xylostella Linnaeus, 1758 
(Lepidoptera: Plutellidae)

Thailand

Trichogramma bourarachae 
Pintureau and Babaul, 1988

Bou-1 Vanessa cardui Linnaeus, 1785 
(Lepidoptera: Nymphalidae)

Morocco

Trichogramma bourarachae Bou-2 Helicoverpa armigera 
(Lepidoptera: Noctuidae)

Portugal

Trichogramma buesi  
Voegele, 1982

Bue-1 Ephestia kuehniella Zeller, 1879 
(Lepidoptera: Pyralidae)

Canada

Trichogramma chilonis Chi-1 Plutella xylostella Japan

Trichogramma chilonis Chi-3 Ephestia kuehniella Taiwan

Trichogramma dendrolimi  
Matsumara, 1926

Den-1 Lobesia botrana Denis and Schiffermu ller, 
1775 (Lepidoptera: Tortricidae)

Italy

Trichogramma evanescens Eva-1 Pectinophora gossypiella Saunders, 1884 
(Lepidoptera: Gelechiidae)

Egypt

Trichogramma oleae Voegele 
and Pointe, 1979

Ole-1 Prays oleae Bernard, 1794 
(Lepidoptera: Plutellidae)

France

Trichogramma ostriniae Ost-2 Ephestia kuehniella Moldova

Trichogramma principium 
Sugonjaev and Sorokina, 1976

Pri-1 Earias insulana Boisduval, 1833 
(Lepidoptera: Nolidae)

Syria

Table 1: Host and country of origin of the Trichogramma species and strains (adapted from Tabone et al., 2010)

*Detailed explanation of the species (author and taxonomy) is provided only for those species which are not mentioned in previous text
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in several millions of wasps/ha are generally cited in 
arboreal situations such as forestry, and in fruit or nut 
orchards, whereas those in agricultural crops such as 
corn, cotton, and tomato, range from 500 to more than 
1 million wasps/ha, with averages of 200,000-600,000 
wasps/ha (El-Wakeil et al., 2020). China often reports 
lower rates than other countries, possibly because of 
the frequent use of large host eggs (Wang, 2013).

When determining the effectiveness of certain 
Trichogramma species in biological control, it was 
found that the rate of parasitism does not only depend 
on the selected Trichogramma species, but also on the 
choice of the appropriate strain. Certain strains within 
the same species may have different laboratory and 
field performances, or different preferences towards the 
same or different hosts. Tabone et al. (2010) analyzed 
the rate of parasitism of different Trichogramma spe-
cies and strains and pointed out significant differences 
within the diversity of Trichogramma species in certain 
regions and on different hosts (Table 1.). These results 
very effectively represent the preference of Trichogram-
ma parasitoids for Lepidoptera, both among different 
species and among different strains within the same 
Trichogramma species.

6 GENERALIST PREDATORS

The scientific community uses all available re-
sources in order to explore the natural potential of 
entomofauna and introduce less-toxic solutions in pest 
management programs. Many other beneficial organ-
isms are constantly being tested as potential biocon-
trol agents such as species of the genus Chrysopa spp. 
(Neuroptera: Chrysopidae) and Orius spp. (Hemiptera: 
Anthocoridae).

Chrysopids commonly known as lacewings, occur 
in numerous agricultural and horticultural zones of the 
northern hemisphere. Adults are free-living and usually 
non-predatory in nature, surviving on nectar and pol-
len, while three larval stages are highly predatory (Bel-
lows & Fisher, 1999). They are active predators of a wide 
variety of pests including aphids, chinch bugs, mealy-
bugs, scales, whiteflies, leafhoppers, lepidopterous eggs 
and larvae, and mites (Principi & Canard, 1984). The 
efficacy in biological control of aphids as well as other 
arthropod pests has been recognized for more than 250 
years (Dhandapani et al., 2016).

Inundative releases of the common green lacewing 
Chrysoperla carnea Stephens, 1836 (Neuroptera: Chrys-
opidae) on cotton provided effective results in control 
of American cotton bollworm Helicoverpa zea Boddie, 
1850 (Lepidoptera: Noctuidae) and tobacco budworm 

Heliotihis virescens Fabricius, 1777 (Lepidoptera: Noc-
tuidae) (Ridgway & Jones, 1969). Releases of C. carnea 
eggs in field cages at rates of 50,000 and 100,000 per 
acre can significantly reduce the population of tobacco 
budworm and increase the yield (Ridgway & Jones, 
1969). Green lacewing has also been effective on potato 
aphid Macrosiphum euphorbie Thomas, 1878 (Hemip-
tera: Aphididae) and buckthorn aphid Aphis nastrurtii 
Kaltenbach, 1843 (Hemiptera: Aphididae) (Capinera, 
2001). A species that is very common in corn fields is 
Chrysoperla oculata Ruzicka, 1997. The most suitable 
prey for C. oculata in corn fields is corn leaf aphid Rho-
palosiphum maidis Fitch, 1856 (Hemiptera: Aphididae) 
an important pest of corn (Bellows & Fisher, 1999). 
Many species of the genus Chrysopa, such as red-lipped 
green lacewing C. rufilabris Burmeister, 1839, C. externa 
Hagen, 1861 and C. perla Linnaeus, 1758 are important 
predators and are used as biological control agents 
worldwide. Among the above-mentioned species, most 
attempts have evaluated the efficacy of C. carnea in aug-
mentation releases in the field or in the greenhouses 
(Ridgway & Mcmuphy, 1984; Nordlund et al., 2001).

In the context of biological control, the genus Ori-
us includes several species that have found their place 
in commercial pest control in agriculture. This genus is 
represented by very tiny true bugs commonly known as 
minute pirate bugs and flower bugs (Riudavets & Cas-
tane, 1994). They play a key role in the management of 
various agricultural pests in greenhouse and field envi-
ronments. They can be found in numerous crops, pas-
tureland and surrounding areas (cotton, soybean, bean, 
potato, wheat, alfalfa, maize, orchards, other vegetables 
and ornamental crops), as well as in trees, shrubs, weeds 
and many wild plants. They prey on thrips, aphids, 
mites, whiteflies, moths and other tiny arthropods and 
insect eggs. Orius are very effective predators and can 
thus provide biological pest control in a variety of crop-
ping systems (Brust & Yurchak, 2021).

The species insidious flower bug Orius insidiosus 
Say, 1832 (Hemiptera: Anthocoridea) is one of the most 
important predators in corn field. The ability of O. insid-
iosus to search, find and destroy European corn borer 
and corn earworm eggs was investigated in numerous 
studies. O. insidiosus is an important natural enemy of 
corn earworm in corn, cotton and sorghum. A study 
conducted in the USA, revealed European corn borer 
larvae sustain high mortality in field corn and that O. 
insidiosus was the most important predator of these lar-
vae in western Maryland (Brust & Yurchak, 2021). Their 
population peak coincides with corn pollen-shedding 
and sulking, during which they feed on second-gener-
ation of European corn borer larvae and corn pollen. 
Therefore, successful biological control of European 
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corn borer larvae by O. insidiosus is linked to arthropod 
prey and corn pollen (Brust & Yurchak, 2021).

Orius insidiosus adults and nymphs are common 
in soybean fields. Its population dynamics in soybean 
fields have been linked to thrips population levels and 
soybean flowering. Nymphs and adults eat soybean 
aphids in the field. Experimental findings suggest that 
under certain conditions, O. insidiosus can effectively 
suppress aphid population growth and that they may be 
key factors influencing aphid population dynamics in 
soybeans in some areas within the USA. In addition to 
soybean aphids, soybean thrips are believed to be one 
of the most important thrips prey of O. insidiosus in 
soybean. It is believed that soybean thrips serve as an 
important prey resource for O. insidiosus in soybeans 
and may be important in sustaining O. insidiosus popu-
lations before the arrival of soybean aphids. O. insidio-
sus is known to feed on eggs and first instar of green 
cloverworm Hypena scabra Fabricius, 1789 (Lepidop-
tera: Erebidae) as well (Brust &Yurchak, 2021).

Rice predators include spiders, ants, some insect 
families such as Carabidae, plant bugs, amphibians, 
dragonflies and other beetles and water bugs. However, 
the most abundant ones are the spiders (Wopereis et al., 
2008). Their ability to hunt in a variety of habitats in 
combination with high abundance, positions spiders as 
potentially effective biocontrol agents (Symondson et 
al., 2002). Dispersal by running and ballooning allows 
spiders to colonize agricultural fields soon after distur-
bance due to agricultural practices such as ploughing 
and seed sowing (Radermacher et al., 2020). This applies 
in particular to agricultural systems with multiple crop-
ping cycles per year and asynchronous planting prac-
tice (Marc et al., 1999). In fact, spiders are among the 
most abundant arthropod predators in rice ecosystems 
and assumed to contribute to the control of pest species 
such as plant and leafhoppers (Sigsgaard, 2007). With 
the ability to capture prey of different feeding guilds, 
including herbivores and detritivores, spiders may play 
an important role soon after planting rice fields when 
herbivore populations still are low (Radermacher et al., 
2020). Generalist predators in agricultural systems such 
as spiders may link aboveground herbivore and below-
ground detrital systems using prey of both systems 
(Scheu, 2001; Snyder & Wise, 2001; Wise et al., 2006).

7 CONCLUSIONS 

Although the use of beneficial insects may seem 
simple at first, effective pest biocontrol is determined 
by many factors. Those factors are adequate selection 
of parasites and predators, the quality and fitness of 

used bioproduct, the numbers released and the tim-
ing of the release, the release method, complex interac-
tions between the parasite/predator, the target pest, the 
crop and environmental conditions (Knutson, 1998). 
However, a fundamental step in the development of 
any biological control program utilizing beneficial in-
sects is the identification and choice of species and/or 
strains to use; not all species (or populations) perform 
equally well, in terms of mass rearing or field disper-
sal and performance (Ivezić et al., 2018). Therefore, the 
first step for the implementation of beneficial insects 
in the program of biological control of pests is the ac-
curate identification and genetic characterization of na-
tive species, since autochthonous species are likely to be 
best adapted to environmental conditions in a specific 
ecosystem (Whitman & Nordlund, 1994).

In addition to native populations of beneficial in-
sects, biological control also involves the introduction 
of natural enemies that are not typical of certain ar-
eas. The introduction of natural enemies is used when 
a pest of exotic origin is the target of the biocontrol 
program (White, 2019). Pests are constantly being im-
ported into countries where they are not native, either 
accidentally, or in some cases, intentionally. Many of 
these introductions do not result in establishment or if 
they do, the organism may not become pest. However, it 
is not uncommon for some of these introduced organ-
isms to become pests due to a lack of natural enemies 
to suppress their population number. In these cases, in-
troduction of natural enemies can be highly effective. 
Once the country of origin of the pest is determined, 
exploration in the native region can be conducted to 
search for promising natural enemies (White, 2019). 
If such enemies are identified, they may be evaluated 
for potential impact on the pest organism in the na-
tive country or alternatively, introduced into the new 
country for further study. They first need to be placed 
in a quarantine for one or more generations to be sure 
that no undesirable species are accidentally imported 
(diseases, hyperparasitoids etc.). Additional permits 
are required for interstate shipment and field release 
(White, 2019).

Besides inundative and inonculative activities for 
commercial usage of beneficial insects, it is also neces-
sary to preserve the autochthonous residential species 
populations. Conservation of habitats and preservation 
of biodiversity as one of the main prerequisites for suc-
cessful implementation of biological control strategies 
can be defined as an identification and modification of 
human influence that allows natural enemies to express 
their potential to suppress pests (Rechcigl & Rechcigl, 
2020). Numerous studies and experience have shown 
that conserving natural enemies is of tremendous im-
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portance in the safe and economical management of in-
sect pests and doing so has to be a major component of 
a producer’s management activities (Rechcigl & Rech-
cigl, 2020). Likewise, the most important component of 
biological control is establishing the list of indigenous 
species of organisms for biological control, which in-
cludes only those beneficial species that are indigenous 
or ubiquitous in specific region. Such an approach has 
been done in Slovenia and represents an additional 
safeguard that practically prevents the use of beneficent 
species that could in any way endanger the common 
domestic flora and fauna (Trdan et al., 2020).

Over the last decades large scale farming led to 
increasing production, but also caused substantial en-
vironmental degradation as such increases were mostly 
based on its expansion onto natural areas and greater 
use of external inputs and other forms of intensified use 
(IPBES, 2019). Achieving sustainability of agricultural 
production is one of the key challenges for humanity. 
Minimizing the use of chemicals and replacing them 
with biological plant protection is firstly fully in line 
with the agriculture’s development strategy and sec-
ondly, confirmed to be achievable in practice. It is es-
pecially important to apply such tactical decisions in 
the production of large-scale crops, which, at the same 
time, represent the biggest polluters of the environment 
in general. The use of beneficial insects in biological 
control is common worldwide but its potential has not 
been explored for many pests and in many geographic 
regions. Even in Europe certain countries with very in-
tensive agriculture do not currently use the full poten-
tial of these organisms in their agroecological systems. 
In addition, a recent survey found that very few gov-
ernmental Extension Services currently provide recom-
mendations for controlling pests with Trichogramma 
spp. or any other beneficial insects (Ivezić & Trudić, 
2021). The successful use of augmentative releases of 
biocontrol agents in pest management programs will 
depend on a sound and thorough research program, 
favorable economics, commercial investment, and the 
development of an extension program to transfer this 
technology to crop consultants and large scale grow-
ers. Mainstreaming agroecology and its biological con-
trol alternatives among large scale farmers is urgently 
needed, but it requires addressing specific questions in 
research, technology and policy development to sup-
port sustainable transitions.
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