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Abstract. Amaranth leaves are of high nutritional value, containing various metabolites, mono- and 
disaccharides, photosynthetic pigments, unsaturated acids, phenolcarboxylic acids with high antioxidant 
activity. Vegetable amaranth is grown in different soil and climatic conditions all over the world. The 
article describes the results of physicochemical analysis of composition of amaranth plant introduced in 
southern Dagestan. The results of determining biochemical composition of vitamins, organic acids, anti-
oxidants, betacyanin — amaranthin, chlorophyll, carotenoids and chlorogenic acid in the leaves of the 
introduced amaranth are presented. It has been shown that amaranth culture can be an important source 
of vitamins and valuable biologically active substances for both humans and animals. Based on the results 
obtained on amaranth introduction, it can be noted that cultivation of amaranth has great prospects in 
Southern Dagestan, as a mass crop. 
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Введение 

Амарант относится к семейству Amaranthacea, род Amaranthus, многоцеле-
вая культура: семенного, овощного, кормового, декоративного, технического  
и лекарственного назначения. Листья и семена пищевых видов амаранта богаты 
водорастворимым белком, не содержащим глютена, и разнообразными эссенци-
альными и минорными компонентами, необходимыми для функционирования 
организма человека [1]. 

Амарант овощного назначения выращивают в разных почвенно-климатиче-
ских условиях земного шара. Листья амаранта отличаются высокой пищевой 
ценностью, содержат огромный набор метаболитов, моно- и дисахара, фотосин-
тетические пигменты, ненасыщенные кислоты, фенолкарбоновые кислоты с вы-
сокой антиокислительной активностью [2, 3]. При недостаточном содержании 
биологически ценных веществ и полноценного белка в корме для животных ама-
рант может применяться как высокобелковая кормовая культура с широким 
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набором витаминов и антиоксидантов. Семена амаранта могут служить источни-
ком биологически активного вещества сквалена, содержание которого в масле 
составляет 7…11 %, содержат легко усваиваемый крахмал. Однако, не все сорта 
вызревают на территории России, поэтому перспективно выращивать их на юге 
России, например, в южной части Дагестана [4]. 

Цель настоящей работы — исследование особенностей накопления биоло-
гически активных веществ и антиоксидантов в листьях растений амаранта овощ-
ного и зернового направления, интродуцированных на юге Дагестана. 

Материалы и методы 

Исследовали растения амаранта вида Amaranthus tricolor L. овощных сортов 
Валентина и Дон Педро и вида Amaranthus hipochondriacus L. сорта Крепыш се-
лекции ФГБНУ ФНЦО (ВНИИССОК) (авторы — проф. П.Ф. Кононков, 
В.К. Гинс и М.С. Гинс). Материалом исследования являлись листья амаранта, ко-
торые изучали в процессе вегетации. Растения выращивали на опытном участке 
в Сулейман-Стальском районе (юг Дагестана) с использованием технологии вы-
ращивания для получения листовой биомассы [5]. Определение витаминов В2, 
В6, С, В3, никотиновой кислоты и ВС проводили с помощью капиллярного элек-
трофореза [6]. Для проведения анализов свежие листья растений измельчали на 
блендере. Среднюю пробу в количестве 3 г экстрагировали дистиллированной 
водой до объема 50 мл и центрифугировали в течение 5 мин при скорости враще-
ния 8 тыс. оборотов в минуту. Надосадочную жидкость вводили в анализатор  
Капель 105 и снимали электрофореграмму при температуре 30 °С при длинах 
волн 200 и 267 нм. Перенастройка длин волн производится самим прибором ав-
томатически. Исследуемый раствор получается цветным, окраска зависит от 
цвета листьев. 

Содержание восстановленной формы аскорбиновой кислоты определяли йо-
дометрическим методом, основанным на титровании аскорбиновой кислоты  
в окрашенных экстрактах йодатом калия в кислой среде в присутствии йодистого 
калия и крахмала [7]. 

Для определения органических кислот свежие листья растения измельчали на 
блендере, отбирали среднюю пробу в количестве 1 г, которую разбавляли дистил-
лированной водой до объема 50 мл и тщательно перемешивали. Полученный рас-
твор центрифугировали в течение 5 мин при 8 тыс. оборотов в минуту. Надосадоч-
ную жидкость вводили в анализатор Капель 105 и снимали электрофореграмму 
при температуре 20 °С, длине волны 254 нм и напряжении 20 кВ. 

Содержание кислот в миллиграммах на 1 кг листьев рассчитывали по соот-
ветствующей формуле [8]. Было определено содержание муравьиной, уксусной, 
яблочной и щавелевой кислот, а также фосфорной кислоты. 

Для определения содержания амарантина использовали спектрофотометри-
ческий метод, который отличается быстротой выполнения и высокой точностью. 
Содержание амарантина в водных экстрактах определяли с использованием мо-
лярного коэффициента экстинкции 5,66·104 л·моль-1·см-1 и молярного веса 
726,6 г·моль-1 [9, 10]. Определение суммарного содержания антиоксидантов про-
водили амперометрически на приборе Яуза 01-АА. Для этого использовали сы-
рье, измельченное до размеров частиц, проходящих сквозь сито с отверстиями 
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диаметром 1 мм. Навеску сырья 0,5 г заливали 25 мл 70%-го этанола, перемеши-
вали в колбе в течение 1 ч, фильтровали в мерную колбу на 50 мл и доводили до 
метки. Градуировку анализатора проводили по галловой кислоте [11]. 

Фенольные соединения определяли спектрофотометрически. Свежие листья 
растений измельчали на блендере и отбирали среднюю пробу в количестве 10 г. 
Навеску помещали в колбу емкостью 100 мл, добавляли дистиллированную воду 
и перемешивали, доводили до метки. От полученного раствора отбирали 1 мл  
и добавляли 2 мл специально приготовленного реактива Фолина — Чокальтеу  
и 10 мл 20%-го раствора пищевой соды. В колбу добавляли дистиллированную 
воду до 100 мл, перемешивали в течение 30 мин. Оптическую плотность полу-
ченного раствора определяли на волне λ ≈ 630 нм в кювете с толщиной слоя 
10 мм с помощью прибора СФ 46 [12]. 

Определение содержания хлорофилла, каротиноидов и гидроксикоричных 
кислот (хлорогеновой кислоты) также проводили спектрофотометрически на 
приборе СФ-46 [13]. Способ определения количества хлорофилла, каротиноидов 
и гидроксикоричных кислот при их совместном присутствии в листьях амаранта 
включает последовательное экстрагирование каждой пробы в течение 1 ч. При 
этом предварительно сырье измельчали до размера частиц 1,0 мм. Экстракцию 
проводили 70%-м этанолом с использованием водяной бани при температуре 
100 °С в соотношении сырья и экстрагента 1 : 100, с последующим доведением 
объема раствора (растворителем) до 100 мл и последующим его разведением 
96%-м этанолом в соотношении 2 : 25. Затем измеряли оптическую плотность 
раствора относительно 96%-го этанола в области максимумов поглощения 
328±1, 442±1 и 667±1 нм. Вычисление содержания суммы: гидроксикоричных 
кислот (в пересчете на хлорогеновую кислоту), каротиноидов (в пересчете на  
виолоксантин) и хлорофилла в процентах (в пересчете на абсолютно сухую массу 
сырья) производили по соответствующим формулам [14]. Способ обеспечивает 
доступность, простоту выполнения и необходимую точность. Следует отметить, 
что определение содержания биохимических соединений позволяет разработать 
эффективные способы и технологии использования амаранта в практических  
целях [15—16]. 

Результаты исследований 

Количественное определение витаминов В2, В3, В5(РР), В6, ВС, С и Р (био-
флавоноидов) и состав фенольных соединений в свежих листьях амаранта при-
ведены в табл. 1.  

Таблица 1 

Содержание витаминов в зеленых листьях амаранта сортов Валентина, 
Крепыш и Дон Педро 

Сорта  
амаранта 

Содержание витаминов, мг% 

С В2 В3 В5 В6 ВС 
Фенольные 
соединения 

Валентина 15, 67 – 1,87 0,21 0,41 2,01 17,3 
Крепыш 8,97 0, 26 1,04 0,04 0, 09 0,15 24,2 
Дон Педро 11,27 – 1,80 0,17 0,23 1,57 25,2 
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Table 1 

Vitamin content in green leaves of Valentina, Krepysh 
and Don Pedro amaranth varieties 

Amaranth 
varieties 

Vitamin content, mg% 

С В2 В3 В5 В6 ВС 
Phenolic 

compounds 

Valentina 15.67 – 1.87 0.21 0.41 2.01 17.3 
Krepysh 8.97 0. 26 1.04 0.04 0. 09 0.15 24.2 
Don Pedro 11.27 – 1.80 0.17 0.23 1.57 25.2 

Эти данные показывают, что свежие листья амаранта содержат указанные вита-
мины в неодинаковом количестве. Для лучшего понимания сравнительного содержа-
ния витаминов в растениях относительно среднесуточной потребности человека при-
ведем данные, показывающие, какая часть такой потребности удовлетворяется по-
треблением в пищу 100 г свежих листьев амаранта по сортам (табл. 2) [16]. 

Таблица 2 

Доля витаминов, содержащаяся в 100 г зеленых листьев амаранта 
относительно среднесуточной потребности человека 

Сорта амаранта 
Доля витаминов, % 

С В2 В3 В5 В6 ВС 

Валентина 16 – 15 1 19 >100 
Крепыш 9 10 8 0,2 4 >100 
Дон Педро 11 – 14 1 11 >100 
Среднесуточная потребность  
человека, мг 

100 2,6 12,5 20,5 2,1 0,15 

 
Table 2 

Percentage of vitamins contained in 100 g of amaranth green leaves 
in relation to the average daily human need 

Amaranth 
variety 

Percentage of vitamins, % 
С В2 В3 В5 В6 ВС 

Valentina 16 – 15 1 19 >100 

Krepysh 9 10 8 0.2 4 >100 
Don Pedro 11 – 14 1 11 >100 
Daily human need, 
mg 

100 2.6 12.5 20.5 2.1 0.15 

Сравнение данных табл. 2 показывает, что по большинству витаминов  
в 100 г зеленых листьев амаранта содержится примерно 10…20 % суточной по-
требности человека. По витамину В5 это около 1 %, а по витамину ВС — даже 
больше, чем среднесуточная доза. Следовательно, амаранты всех трех сортов: 
Валентина, Крепыш и Дон Педро — могут служить серьезным источником вита-
минов для человека, если использовать в пищу их свежие зеленые листья. 

Из органических кислот было определено содержание в фотосинтезирую-
щих листьях щавелевой, муравьиной, яблочной и уксусной кислот, а также фос-
форной кислоты. Органические кислоты достаточно активно участвуют  
в обмене веществ и энергетических реакциях [17]. Образование органических 
кислот у растений амаранта связано, в т. ч., с процессом дыхания и диссимиляции 
углеводов. Сахара служат источником для синтеза органических кислот, которые 
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подвергаются окислительной диссимиляции и являются продуктом неполного 
окисления сахаров [18]. Они являются промежуточным продуктом цикла Кребса, 
включаются в реакцию конденсации ацетильного радикала и образуют лимон-
ную кислоту. Лимонная кислота затем включается в реакции цикла лимонной 
кислоты, в результате которых образуются восстановленные формы кофермен-
тов НАД в виде НАД ∙ Н и ФАД в виде ФАД H2, а также некоторое количество 
молекулярных энергоносителей в виде АТФ. В реакциях цикла лимонной кис-
лоты помимо щавелевой и уксусной также участвует яблочная кислота. Щавеле-
воуксусная кислота играет важную роль в биосинтезе аспарагиновой кислоты, 
которая, являясь промежуточным продуктом цикла Кребса, связывает собой вза-
имопревращения углеводов и аминокислот. 

Муравьиная кислота служит донором формильных групп в обмене веществ, 
а также участвует в ряде биосинтетических реакций в организме.  

Очень большую роль в формировании структуры, состава и функции биохими-
ческих и биоорганических соединений играет ортофосфорная кислота. Она входит 
в состав жизненно важных групп липидов, молекулярных энергоносителей АТФ, 
ГТФ, АДФ, ГДФ, других макроэргических соединений и фосфорных эфиров.  

Таким образом, органические кислоты: щавелевая, уксусная, яблочная и мура-
вьиная, а также фосфорная кислота — являются необходимыми участниками об-
мена веществ в целом и энергетического обмена живого организма в частности. 

Полученные данные по количественному содержанию этих кислот в зеле-
ных листьях амаранта приведены в табл. 3. 

Таблица 3 

Содержание органических кислот и фосфорной кислоты в листьях амаранта 

Амарант 
Содержание кислот, мг/кг 

Щавелевая Уксусная Яблочная Муравьиная Фосфорная 
Валентина 348,9 166,8 2476,6 476,2 8,0 
Крепыш 1340 998,6 107,3 – 40,0 
Дон Педро 601,3 105,7 1275,5 255,8 3,0 

Table 3 

Content of organic acids and phosphoric acid in amaranth leaves 

Amaranth 
variety 

Acid content, mg/kg 
Oxalic acid Acetic acid Malic acid Formic acid Phosphoric acid 

Valentina 348.9 166.8 2476.6 476.2 8.0 
Krepysh 1340 998.6 107.3 – 40.0 
Don Pedro 601.3 105.7 1275.5 255.8 3.0 

Из приведенных данных (табл. 3) видно, что максимальное количество му-
равьиной кислоты содержат листья амаранта Валентина, фосфорной, щавелевой, 
уксусной кислот сравнительно много обнаружено у амаранта Крепыш,  
а яблочной — в листьях сорта Дон Педро. 

Антиоксиданты выполняют в организме протекторную функцию [19]. Они 
защищают биологические мембраны, другие клеточные структуры и молекулы 
живого организма от перекисного окисления. В растениях образуется достаточно 
много антиоксидантов. Среди них более изученными являются токоферолы,  
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и в частности, витамин Е. Витамин E совместно с витамином С предохраняют 
субклеточные и молекулярные структуры, липиды от повреждающего действия 
свободных радикалов и активных форм кислорода, обеспечивая целостность 
этих систем. 

Эффективность токоферолов в существенной мере определяется их взаимо-
действием с другими антиоксидантами, например, витамином С и фенольными 
соединениями [20]. Суммарное содержание антиоксидантов в листьях изученных 
сортов амаранта приведено в табл. 4. 

Таблица 4 

Суммарное содержание антиоксидантов, мг/г, в надземной части амаранта 
сортов Валентина, Крепыш, Дон Педро в разные фазы развития растений 

Фаза развития 
Сорта амаранта 

Валентина Крепыш Дон Педро 
Вегетативная 0,82 1,62 1,32 
Бутонизация 0,94 1,14 1,35 
Цветение 1,32 1,84 2,35 
Плодоношение 1,44 1,17 1,24 

 

Table 4 

The total antioxidant content, mg/g, in amaranth shoots at different growth stages 

Growth stages 
Amaranth variety 

Valentina Krepysh Don Pedro 
Vegetative phase 0,82 1,62 1,32 
Flower-bud formation 0,94 1,14 1,35 
Blooming 1,32 1,84 2,35 
Fruiting 1,44 1,17 1,24 

 

В красноокрашенных листьях амаранта сорта Валентина в большом количе-
стве накапливается красно-фиолетовый пигмент амарантин. Он является мощ-
ным антиоксидантом: обезвреживает супероксидный радикал кислорода, свобод-
ные радикалы, хелатирует двухвалентные ионы переходных металлов: железа, 
меди и др. Предшественником амарантина является аминокислота тирозин — ан-
тистрессовый антиокcидант. Амарантин относится к вторичным соединениям — 
водорастворимым азотсодержащим пигментам — бетацианинам, которые входят 
в состав группы беталаинов [21]. 

Как следует из табл. 5, в красноокрашенных листьях сортов Валентина  
и Дон Педро наблюдали варьирование содержания красного пигмента амаран-
тина в процессе вегетации растения. Максимальное количество амарантина об-
разуется в листьях сорта Валентина в фазу бутонизации, а у сорта Дон Педро —  
в фазу цветения. 

Таблица 5 

Содержание бетацианинов, %, в листьях амаранта сортов Валентина  
и Дон Педро в разные фазы вегетации 

Фазы развития 
Сорта амаранта 

Валентина Дон Педро 
Вегетативная 0,50 0,50 
Бутонизация 0,69 0,49 
Цветение 0,63 0,60 
Плодоношение 0,52 0,46 

 

https://wooordhunt.ru/word/flower
https://wooordhunt.ru/word/formation
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Table 5 

Betacyanin content, %, in amaranth leaves at different growth stages 

Growth stages 
Amaranth variety 

Valentina Don Pedro 
Vegetative phase 0,50 0,50 
Flower-bud formation 0,69 0,49 
Blooming 0,63 0,60 
Fruiting 0,52 0,46 

Данные по содержанию хлорофилла, каротиноидов и хлорогеновой кислоты 
в свежих листьях исследованных сортов амаранта приведены в табл. 6. 

Таблица 6 

Содержание хлорофилла, каротиноидов и хлорогеновой кислоты 
в листьях амаранта сортов Валентина, Крепыш  

и Дон Педро в фазу бутонизации 

Сорт амаранта Хлорофилл, % Каротиноиды, мг% Хлорогеновая кислота, 
% 

Валентина 0,11 55,4 0,67 
Крепыш 0,11 35,6 0,81 
Дон Педро  0,13 59,7 1,35 

Table 6 

Chlorophyll, carotenoids and chlorogenic acid levels in amaranth leaves at budding stage 

Amaranth variety Chlorophyll, % Carotenoids, mg% Chlorogenic acid, % 

Valentina  0.11 55.4 0.67 
Krepysh  0.11 35.6 0.81 
Don Pedro  0.13 59.7 1.35 

Как видно из этих данных, в растениях содержится довольно много хлоро-
геновой кислоты, при этом ее максимальное количество обнаружено в листьях 
сорта Дон Педро. 

Заключение 

Приведенный физико-химический анализ биохимического состава листьев 
интродуцированных сортов амаранта в южном Дагестане показал, что эта куль-
тура богата полезными биологически активными соединениями, которые необ-
ходимы как пищевой и кормовой материал, и имеет большие перспективы как  
в Дагестане, так и в других регионах России, являясь ценным сырьем для созда-
ния функциональных продуктов. 
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Abstract. The research was aimed at analyzing allelic variants of protein in wheat varieties used in 

Iraqi bakery and evaluating these varieties via genetic source using grain quality selection. Variety tests 

were carried out at field experimental station of Russian State Agrarian University — Moscow Timirya-

zev Agricultural Academy. The analysis of wheat grain quality was made after harvesting in mid August. 

Allele state of genes controlling the quality of gluten in wheat grain was determined using the PCR 

method. Samples of Iraqi wheat varieties 12 (soft wheat) and One (durum wheat) are characterized by 

considerable variation of gluten content and quality. The five varieties whose genotype include an allelic 

variant of high molecular weight glutenins Glu-D1 5+10 and subunit Glu-A1-2* (Fateh, Tamuz-3, Abigh-

reb-3, Iraq and Maxibak) were also studied. The highest gluten content was from 31.5 % in Iraq to 35.3 % 

in Fateh variety, while the gluten quality was not below the second group. Five varieties — Farah, Al-

Murug, Sham-6, Tahadi and Sabirbeg — had unusual combination of the allelic state of Glu-D1 2+12 

(which is usually associated with low gluten quality) with a 2* subunit for the Glu-A1 locus, which de-

termines the possibility of improving gluten quality to the wheat varieties.  
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Introduction 

Republic of Iraq has long been known among wheat producers, since the time of 

Hammurabi and its Babylonian Empire. “Mesopotamia” (the land lies between two 

Rivers — the Tigris and the Euphrates) was the most productive part of the world in 

terms of wheat yields. However, The Republic of Iraq was compelled to import wheat 

grains from other countries in quantity of half its need (41—50 %). Over the last thirty 

years, wheat grain demand in Iraq is approximately 4.6 million tons per year according 

to FAO (2014). Wheat production in Iraq declined yearly compared with the other 

countries. As a result, Iraq ranked 38th place among producing countries with an annual 

wheat production 2.8 millon tones according to FAO (2014). Therefore, issue of find-

ing genetic originals with high productivity depends on selection of varieties by deter-

minate gluten parameter in food industry. 

Protein content is one of the most significant indices of wheat grain quality.  

The protein problem is directly related to the grain quality issue. The main aspects  

of the protein problem are protein status and quality as the structural basis for gluten.  

The most significant technological features of flour and the fact that proteins are the 

primary nutrient elements of bread, bakery and pasta. Bread is foundation of human 

nutrition, nutritional value of which mainly relies on flour type and raw dough struc-

ture. Content of protein, minerals, and vitamins declines with a reduction in the output 

of flour in it. Baking properties of flour depend on complexes of protein-proteinase and 

amylase-carbohydrate. 

The protein-protein complex involves protein flour, proteolytic enzymes, as well 

as proteolysis activators and inhibitors. The complex's state is the primary factor deter-

mining the flour's "strength". The quantity and quality of gluten as well as structural 

and chemical characteristics of the experiment were assessed. Proteins were divided 

into fractions according to their capacity to dissolve in different solvents: soluble glob-

ulins (9.4 %), water-soluble-albumins (16.2 %), alcohol-soluble-prolamin (wheat-glia-

dins) (34.2 %) and alkali-soluble-glutelins (in wheat-glutenins) (37.6 %). Number on 

the fractional composition was given for baking flour of the highest grade. Albumins 

and globulins play an important role in the process of plant growth [1]. DNA marking 

methods are particularly important in selection of grain quality, making it possible to 

speed up process of selecting genotypes with outstanding grain technological features, 

which is mainly due to protein quality. Water insoluble protein fractions, so-called 

spare proteins-gliadins and glutenins play the primary technological role in bakery 

manufacturing during dough kneading. Glutenin is the basis, and gliadin is its gluing 

origin. Analysis of the regularities of genetically determined variability of these pro-

teins is of great importance for the creation of varieties with high grain quality [2—5]. 

Glutenins have a significant effect on wheat's baking features as they determine 

gluten elasticity, the most significant being the elevated molecular weight proteins. 

Thus, the glutenin composition, in particular of the high molecular weight fraction, 

determines strength of gluten, and its elasticity.  

The grain endosperm texture is the most significant wheat quality feature. High 

quality soft wheat has a tough grain structure with endosperm. In the 1990s protein 

(friabiline) used as a softness marker was discovered to consist of puroindolines and  

a family of softness proteins (GSP-1) [6]. As surface-active proteins, puroindolins 
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interact with lipids of starch grain membranes, forming a layer between them and 

grain's protein matrix, thus, protecting starch grains from destruction during grinding 

[7]. Temirbekova et al. found that seed protein content of Moskovskaya 39 was high 

(15.84 %) in hot and 16.60 % in dry conditions [8]. The ordinary cultivar contained 

grain protein of 14.1—17.0 %, gluten content of 25.0—38.2 %. The puroindolin con-

tent in wheat seeds was 0.07—0.10 % of dry matter. It belongs to the albumin class but  

is easily dissolved in water only after starch granules are released from the membranes' 

long-lasting lipid-protein complex [9]. 

The major determinants of wheat quality are endosperm texture and protein con-

tent. Endosperm texture has a profound effect on milling, baking and end-use quality. 

A varietal character, endosperm hardness, is also influenced by environment. It is con-

trolled by the hardness (Ha) locus on the short arm of 5D chromosome. Grain hardness 

is mainly influenced by various physical and chemical factors like protein, virtuous-

ness, kernel size, water-soluble pentagons, moisture content and lipids [10]. SDS elec-

trophoresis separation revealed two isoforms of this protein-puroindolin a (PINA) and 

puroindolin b (PINB) very close to electrophoretic mobility. The genes encoding each 

of these proteins were fully linked together in chromosome 5DS [11]. PINA and PINB 

gene collaboration guarantees that soft or hard endosperm texture is formed [7, 12]. 

Variations of PINA or PINB can modify grain hardness significantly due to tryptophan-

rich domain related to PINB (allele Pin b-D1b). The amino acid glycine is changed. 

Materials and methods 

12 Iraqi varieties of soft wheat (Triticum aestivum L.) — Fateh, Almurug,  

Alrasheed, Ibaa-99, Sham-6, Tamuz-3, Abighreb-3, Iraq, Ibaa-95, Tahadi, Maxibak, 

Sabirbeg and one durum wheat Farah were studied at field experimental station of Rus-

sian State Agrarian University — Moscow Timiryazev Agricultural Academy in 

2016—2017. After harvesting wheat grain quality was analyzed in the laboratory of 

grain technology in Nemchinovka Federal Research Center. Wet gluten was estimated 

with a device INDEX GLUTEN GLUTOMATIC. Dry gluten was calculated by placing 

wet clot in an oven at 100 °C for 24 hours. 

The allelic state of Glu-D locus high-molecular gluten controlling gluten quality 

in wheat grain was determined by using the PCR technique of polymerase chain reac-

tion. The presence of high-molecular gluten in locus with a combination of 5+10 or 

2+12 subunits was determined using the primers: Dx5F and DxF at the Center of Mo-

lecular Biotechnology in Russian State Agrarian University — Moscow Timiryazev 

Agricultural Academy.  

DNA was isolated by the CTAB method as follows: 

1. Place young seedlings in eppendorfs; 

2. Add 200 μl CTAB, preheated to 65 °C; 

3. Grind the contents with a pestle; 

4. Add 250 μl 2 × CTAB and 450 μl H2O; 

5. Mix by turning 30 times; 

6. Put in a water bath at 65 °C with a rocking chair for 80 for 1.5-2 hours with 

periodic manual tube turning; 

7. Cool to room temperature; 
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8. Add 600 μl of chloroform-isoamyl (24:1) (to the cap); 

9. Stir by turning for 30 minutes until the aqueous fraction becomes milky white; 

10. Unscrew 10 minutes at 3,000 rpm; 

11. Select the supernatant in a clean; 

12. Unscrew 10 minutes at 3,000 rpm; 

13. Transfer the aqueous fraction to a clean tube, leaving debris at the bottom; 

14. Add 700 μl of isopropanol (2/3 volume); 

15. Mix by turning 30 times; 

16. Unscrew 15 minutes at 13,400 rpm; 

17. Drain the isopropanol; 

18. Add 70 % ethanol 100 μl; 

19. Unscrew 10 minutes at 13,400 rpm; 

20. Ethanol drain; 

21. Repeat p/n. 18-20; 

22. Dry; 

23. Add 150 μl of water; 

24. Leave overnight in the refrigerator + 4 °C. 

Carrying out a polymerase chain reaction (PCR) 

The presence of high molecular weight glutenin locus with a combination of 5 + 10 

or 2 + 12 subunits was determined using primers: Dx5F, DxF, DxR. 

The composition of the reaction mixture during PCR (final concentration of rea-

gents is given) is 25 μl: 

Buffer                    1x 

dNTP                     0.2 mM 

MgCl2                    1.5 mM 

Dx_F primer          0.3 µM 

Dx5_F primer        0.1 µM 

Dx_R primer         0.4 µM 

DNA                     50—100 ng 

Tag polymerase    1 unit 

Program for amplification: 

Initial denaturation: 95 °C, 5 min. 

32 cycles: Denaturation: 95 оС, 30 sec 

Primer annealing: 65 °C, 30 sec 

Elongation: 72 °C, 2 min 

Final elongation: 72 °C, 7 min 

Storage: 4 °C 

The results were detected on 2 % agarose gel in 1xTBE buffer. 

The main criteria for the quantity and quality of gluten  

The determination of crude gluten content in soft wheat flour was carried out 

mechanized according to GOST R 52189—2003 (Russian State Standard), used in 

the analysis of grain (Wheat flour. General specifications) — Quality indicators of 

wheat baking flour. 
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Gluten gradation (mass fraction of raw gluten from flour, %). 

Variety of baking flour: 

– Extra — not less than 28.0 %; 

– Higher — not less than 28.0 %; 

– Grit — not less than 30 %; 

– The first — not less than 30 %; 

– The second — not less than 25.0 %; 

– Large flour (Wallpaper) — not less than 20 %. 

At the same time, quality of SDS gluten should not be lower than the second group 

(Classification standards used by the Central Laboratory of the State Commission for 

Variety Testing of Agricultural Crops to characterize wheat varieties by baking quality). 

Strong wheat: 

– excellent improver — not less than 34.0 %; 

– good improver — not less than 32.0 %; 

– satisfactory improver — not less than 30.0 %. 

Moreover, quality of gluten (SDS) 45—75 units; 

Valuable wheat — not less than 27.0 %, SDS 45—85 units. 

Wheat Fillers: 

– Good — not less than 25.0 %, SDS 35—90 units; 

– Satisfactory — not less than 23.0 %, SDS 20—100 units. 

Weak wheat — not less than 18.0 %, SDS 0—120 units. 

Evaluation of the “strength” of flour on the basis of the swelling index (0.5 g flour 

sample) was carried out by evaluating the sedimentation (ml) at a certain grinding size 

(silk sieve no. 43) [12]. 

– Very strong — more than 60 ml; 

– Strong 60—40 ml; 

– Average 40—20 ml; 

– Weak — less than 20 ml. 

The indicator of sedimentation of flour was determined according to the meth-

odology of the laboratory of grain technology in Agricultural Research Institute of the 

Central Regions of Non-Chernozem Zone. 

Results and discussion  

The percentage of high-molecular glutenins is known to exert the biggest impact 

on the grain's baking characteristics. We used a score of these characteristics in our 

research determined by the Glu alleles [13]. Researchers have previously discovered  

a correlation between the existence of certain subunits of elevated molecular weight 

glutenins and strength, measured by the sedimentation of sample quantity by SDS [14]. 

Based on this, a score was developed for each allelic state of high molecular weight 

glutenins [15]. 

The higher the Mark was assigned to one or another allele, the more significant 

influence it had on baking qualities (Table 1). Therefore, the best quality of baking cor-

responds led to the greatest value (4 Marks — in the presence of subunits HMW 5+10).  

Thus, it is feasible to assess baking characteristics of wheat variety with the assistance 

of this classification by adding three alleles expressed in its genotype. However, this 
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evaluation shows only the prospective characteristics of the variety, as bakery characteris-

tics are mainly dependent on setting, agrotechnology, and a number of other variables. 

As can be seen, the highest mark 4 corresponds to an allele that expresses the subu-

nits of 5+10. Therefore, the main protein of the marker for the baking qualities of wheat 

is a pair of high-molecular glutenins -Dx-5+Dy-10 in the Glu-D1 locus, while the alter-

native combination Dx2+Dy12 is usually associated with low gluten quality [17]. 

The enhancement in gluten quality associated with the existence of a mixture  

of elevated molecular weight glutenin 5 + 10 subunits is primarily due to the existence 

in the Dx-5 subunit of an extra cysteine residue compared to the Dx-2 subunit like 

Cysteine, and in comparison with other amino acids, which is  contributed in the for-

mation of a greater number of disulfide bonds as well as formatted  of polymers with 

many branches and number of relationships. Eight of the 13 wheat variety samples had 

an allelic state of GluD1 5+10. Varieties Al-Murug, Sham-6, Tahadi and Sabirbeg were 

characterized by genotype 2+12. 

The 5 + 10 group has a major impact on the sample kneading moment, strength 

and SDS sedimentation value relative to the 2 + 12 subunit [18, 19]. Different geno-

types of wheat differentiate between 3 and 5 subunits of elevated molecular gluten. 

Allelic variants GluA1a and GluA1b encoding subunits 1 and 2* have a beneficial im-

pact on cooking quality (3 points), the null allele has a score of 1 point [13, 20]. 

The variety of samples from Iraq were divided into three groups depending on the 

allele state of genes influencing baking characteristic (Tables 2, 3 and 4). In particular, 

the first group included varieties (Table 2), whose genotype contained an allelic variant 

of elevated molecular weight glutenins 5+10-Dx-5+Dy-10 at the Glu-D1 locus, as well 

as the subunit 2* at the Glu-A1 locus. 
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Varieties in Figure 1 (first group) are characterized by high gluten content (from 

31.5 to 35.3 %) characteristic of strong wheat varieties and gluten quality in all five 

varieties (according to SDS consequences) is only the second group.  

Two types of excellent fillers-two varieties Fateh and Maxibak and one variety 

Abighreb-3 are categorized as precious varieties Tamuz-3 and Iraq. The second group 

(Table 3) includes varieties combining the variant Glu-D1 5+10 and subunit 1 at the 

Glu-A1 locus. 

  

The qualitative feature of gluten (in accordance with SDS) in the second group 

of samples is as follows: two varieties Alrasheed and Ibaa-99 are allocated to the 

second group of quality varieties, while the third group is Ibaa-95 (Fig. 2). The gen-

eral assessment of the varieties of this group by the quantity and quality of gluten: 

Alrasheed variety is a valuable variety; Ibaa-95 is a good filler, and the third grade of 

this group Ibaa-99 has the characteristics of weak wheat variety. The third group in-

volves varieties with an alternative mixture of Dx2 + Dy-12 alleles, generally asso-

ciated with low quality gluten. 
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According to the characteristic of the allelic state of Glu-D1 2+12, two varieties are 

assigned to the third group. Two varieties of this group — Tahadi and Sabirbeg — are 

an example of the contrast ratio of gluten content and its quality. The content  

of gluten in the second grade (Tahadi) is half that (25.5 %), but the qualitative character-

istics of gluten are classified as strong varieties, based on the screening of allelic compo-

sition of genes related to gluten quality, considering the results of the analysis of content 

and quality of gluten in the grain of varietal samples from Iraq (Table 4, Figure 3). 
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In our studies, using the dominant PCR marker for the allelic state of the PinaD1 

gene, amplification is observed only for the wild-type allele PinaD1a identified in Sham 

6 and Sabirbeg varieties. Amplification was not observed in the Nine cultivars having 

over the null allele (PinaD1b) associated with hardness. The Ibaa-99 sample was het-

erogeneous on the basis of soft grain/hardness (Figure 4). 

 

 
 

 

In accordance with the Classification Standards used by the State Commission for 

Variety Testing of Agricultural Crops' Central Laboratory for characterizing wheat vari-

eties by baking traits, the "strong" wheat category involves varieties whose gluten quality 

in grain and flour in normal SDS units ranges from 45 to 75 units: Tahadi, Alrasheed, 

Ibaa-99. The Saberbeg sample belongs to the third group. The remaining Iraqi genotypes 

are allocated to the second quality group for this indicator. The sedimentation index is an 

indirect technique of evaluating the baking characteristics of flour. 

It is the consequence of determining the level of flour swelling and rainfall on  

a unique device in a soft acetic acid solution (2 %) and flour swelling is determined by 

the milliliter size of the precipitate. The use of indirect techniques to determine the 

baking characteristics of wheat is prompted by the need for quality assessment of the 

source material in the early generation of selection, when the breeder has several grams 

of grain obtained from one plant. For analysis by this method, 2—5 g of grain is suffi-

cient, which is ground in a micro mill. 

This technique is commonly used for a preliminary evaluation of grain quality not 

only in Russia, but also in other countries. The appropriate classification of soft wheat 

according to sedimentation indicators has been developed: strong — 40 ml and higher; 

valuable — 20—40 ml; weak — less than 30 ml. An analysis of our collection showed 

that 8 variety samples can be classified as valuable wheat by sedimentation level. Stud-

ies of wheat grain quality and flour also revealed variations in raw and dry gluten con-

tent. Fateh and Abighreb-3 had the highest raw gluten content — 35.3 % and 34.4 %, 

respectively. Farah variation had the smallest proportion (12 %). The same grade had 

the lowest proportion (2 %) of dry gluten. GOST R 52189-2003 (Russian State Stand-

ard) was not met by the amount and quality of gluten varieties Farah and Sabirbeg. 

The remaining 11 samples studied accepted the standard's particular criteria. 
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Conclusions 

Thus, soft wheat collection surveys showed the heterogeneity of grain and flour 

quality variety samples and revealed interesting samples as sources of economically 

precious selection characteristics, as well as introduction of Middle Eastern wheat in 

Russia.  The Varietal samples Abighreb-3, Tamuz-3, Fateh, Iraq showed elevated out-

comes in terms of a set of gluten quality indices and other economically important fea-

tures connected with the wheat gene allegiance. Short-range forms separated from the 

collection samples can be used directly for short-range reproduction of wheat and,  

indirectly, for lodging resistance. Marked samples may be included in the selection 

method for the quality of soft wheat grain and flour. 
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Определение генов, контролирующих 
качественные характеристики глютена 
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Аннотация. Исследование посвящено анализу аллельных вариантов белка, подходящих для 

использования в хлебобулочных изделиях, изготавливаемых из сортов иракской пшеницы,  

а также оценке этих сортов с помощью генетического источника с использованием методики ка-

чественного отбора зерна. Испытания сортов проводились на полевой опытной станции Россий-

ского аграрного университета им. Тимирязева. Анализ качества зерна пшеницы проведен после 

сбора урожая в середине августа, с помощью метода полимеразной цепной реакции определено 
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аллельное состояние генов, контролирующих качество клейковины зерна пшеницы. Объектом ис-

следования являлись 12 иракских сортов мягкой пшеницы и 1 сорт твердой пшеницы, характери-

зующиеся значительными колебаниями содержания глютена и его качества. Пять сортов пшеницы 

содержат в своем генотипе аллельный вариант высокомолекулярных глютенинов Glu-D1 5 + 10  

и субъединицы Glu-A1-2* (Fateh, Tamuz-3, Abighreb-3, Iraq и Maxibak). Наибольшее содержание 

глютена в зернах этих сортов составляет от 31,5 (Iraq) до 35,3 % (Fateh), при этом качество глютена 

не опускается ниже второй группы. У сортов Farah, Al-Murug, Sham-6, Tahadi и Sabirbeg встреча-

ется интересная комбинация аллельного состояния гена Glu-D1 2 + 12, обычно ассоциирующегося 

с низким качеством глютена, и субъединицей 2* для локуса Glu-A1, которая позволяет повысить 

качественные показатели глютена до уровня изучаемых сортов пшеницы.  

Ключевые слова: мягкая пшеница, качество зерна, содержание белка, содержание глютена, 

аллель, глютенины, хлебопекарные качества 
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Abstract. Zea mays variety 704 (single cross) was studied to investigate effect of chemical fertiliz-

ers and growth-promoting bacteria on yield and yield components of corn (Zea mays). A factorial exper-
iment was conducted in a completely randomized block design with three replications at Tehran-Varamin 
Research Farm (Iran) in 2017. The treatments were as follows: inoculation of the seeds with growth pro-
moters in four levels: Rhizobium, Azospirillum, Azotobacter and Pseudomonas; Rhizobium, Azospirillum 
and Pseudomonas; Rhizobium, Azotobacter and Pseudomonas; Azospirillum, Azotobacter and Pseudo-
monas and use of nitrogen (N) and phosphorus (P) fertilizers at four levels: no use, 1/3, 2/3, and 100 % 
recommended were applied. The results showed that the use of fertilizer was significant on the traits such 
as several leaves per plant, number of seeds per row, number of seeds per ear, plant height and forage 

yield at 1 % level. The results indicated that the highest forage yield of 33.78 t ha−1 was obtained from 
the interaction between the use of fertilizers and biological fertilizers, Rhizobium, Azospirillum, Azoto-
bacter and Pseudomonas, which was 42 % higher than control. 

Key words: growth promoting bacteria, forage corn, fertilizer, Varamin Plain 

ACKNOWLEDGMENTS 

Ministry of Education and Science of the Russian Federation on the program to improve the com-

petitiveness of RUDN University among the world’s leading research and education centers during 

2017—2021 financially supported this research. 

Article history: 

Received: 10 July 2019. Accepted: 7 August 2019 

_________________ 

© Naserzadeh Y., Nafchi A.M., Mahmoudi N., Nejad D.K., Gadzhikurbanov A.Sh., 2019. 

 
This work is licensed under a Creative Commons Attribution 4.0 International License 

https://creativecommons.org/licenses/by/4.0/1 

http://journals.rudn.ru/agronomy
https://creativecommons.org/licenses/by/4.0/1


Насерзаде Ю. и др. Вестник РУДН. Серия: АГРОНОМИЯ И ЖИВОТНОВОДСТВО. 2019. Т. 14. № 3. С. 209—224 

210                                                                                                                        РАСТЕНИЕВОДСТВО 

For citation:  

Naserzadeh Y, Nafchi AM, Mahmoudi N, Nejad DK, Gadzhikurbanov ASh. Effect of combined use 

of fertilizer and plant growth stimulating bacteria Rhizobium, Azospirillum, Azotobacter and Pseu-

domonas on the quality and components of corn forage in Iran. RUDN Journal of Agronomy and 

Animal Industries, 2019; 14(3):209—224. doi: 10.22363/2312-797X-2019-14-3-209-224 

Introduction 

Application of chemical fertilizers increases plant yields, however, promotes 

quickly availability of nutrients to plants [1, 2]. A huge amount of mineral nutrients 

accumulates the soil due to use of synthetic fertilizers and in the long run, causes envi-

ronmental hazards such as leaching, resulting in groundwater contamination [3, 4]. To 

meet global demands for crops, farming systems in industrialized countries have un-

dergone profound transformations. On the one hand, high application rates of synthetic 

fertilizers and manure together with the use of pesticides, irrigation, and short crop 

rotations have increased yields and have helped to reduce hunger in these countries [5]. 

Sorghum is one of the most important crop plants whose seeds are used for feeding 

poultry and its aerial parts after harvest are used for production of silage forage. Highest 

absorption of nitrogen in corn occurs at the stages of male and female organ formation. 

Corn requires urgent N uptake during one to two weeks before flowering, and 3-4 

weeks of flowering [6, 7]. These soil bacterial species burgeoning in plant rhizosphere, 

which grow in, on or around the plant stimulate plant growth by a plethora of mecha-

nisms that are collectively known as plant growth-promoting rhizobacteria (PGPR) [8]. 

Today, due to the untapped use of chemical fertilizers, organic matter of agricultural 

land has declined in the world and soil composition has become hard and undesirable 

[9, 10]. Researchers have reported that use of growth promoters, while reducing their 

intake and increasing efficiency of chemical fertilizers, increases plant growth by  

increasing N and P absorption [9]. In sustainable agricultural systems, the use of bio-

logical fertilizers is important in increasing product production and maintaining sus-

tainable soil fertility. Today, bio-fertilizers are considered as an alternative to chemical  

fertilizers to increase soil fertility and production of products in sustainable agriculture 

[11, 12]. Biological fertilizers increase the effects of organic and chemical fertilizers 

on agricultural production by increasing the activity of growth-promoting bacteria [13]. 

Azotobacter, Azospirillum, Pseudomonas, and Rhizobium bacteria are some of the most 

important plants` growth promoters. In addition to nitrogen biomass and phosphorus 

solubilization, the production of significant amounts of growth-stimulating hormones, 

especially auxin, gibberellin and cytokines during growth and development of plants 

affects the crop [14]. Several reports on the ability to produce phytohormones by  

D-isotropy PGPR bacteria, including Azotobacter bacteria [9], Azospirillum [15], as 

well as Rhizobium bacteria [16]. In some cases, it has been observed that levels of ni-

trogen fertilizers inoculant plants with di-isotropy bacteria have increased growth and 

development of plants, in which case there are other mechanisms other than nitrogen 

fixation, including the production of regulating agents such as indoleacetic acid, the 

reason for the increase in plant growth for this particular study. Many Rhizobia species 

have shown the ability to produce indoleacetic acid (IAA). Increasing concentration of 

IAA in rhizosphere also leads to an increase in growth and development of plant root 

system. This, in turn, increases the number of radionuclides, including signals (IAA), 
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and ultimately, as an expanding ring or loop, generates more amounts of indoleacetic 

acid and increases growth and yield of the product [17]. The research on sunflower 

plant showed that simultaneous use of Azotobacter, Azospirillum, Pseudomonas and 

U.S. cadmium increased the grain yield [18]. A study [19] stated that indigenous  

Rhizobium bacteria can produce the auxin hormone and that this ability is not the same 

among different species of rhizobia. The most important mechanism of stimulating 

plant growth by Rhizobium strains is the production of Indo-phytonutrient, which re-

sults in better root growth, followed by increased water absorption and nutrient uptake, 

resulting in increased plant growth [20]. In a laboratory study, the researchers stated 

that inoculation of sorghum seeds with Rhizobium bacteria did not fix the nitrogen in 

the roots, but the bacterium could naturally increase growth hormones such as auxin, 

cytokine and riboflavin molecules, oligosaccharides and vitamins, which increased root 

development and increased adsorption of phosphorus [21]. Plant height, dry weight and 

dry leaves of corn plants increased by inoculation with Azospirillum bacteria [20], fresh 

weight of the aerial part of the plant, leaf number and corn plant height increased by 

the inoculation of its seeds with the bacteria of the genus Pseudomonas [22]. The dry 

weight of corn (biomass) was increased, with the seeds inoculated with bacteria  

A. chroococcum and A. brasilense [23]. The beneficial and plant growth-enhancing 

effects of PGPR are well reported and explained. PGPR inoculation has increased dif-

ferent crop yields in normal and stress conditions. From the recent literature, PGPR 

inoculation increased the stress resistance and production of the crops, including to-

mato [24], lettuce [25], wheat [26]. The authors of [11] reported in a corn study that the 

use of phosphorus-soluble mycorrhiza and microorganisms reduced consumption of fer-

tilizers by at least 50 %. The purpose of this study was to investigate the effect of com-

bination of chemical fertilizers and plant growth-stimulating bacteria on yield and its 

components. The yield of corn fodder was recorded in Iran (Tehran, Varamin City) [11]. 

Materials and methods 

In order to investigate the effect of chemical fertilizers and growth-enhancing bac-

teria on growth stages of corn, forage hybrids of a single cross 704 cultivar were tested 

at the Tehran-Varamin Research Farm University of Varamin located in the southern 

region of Tehran City in 2017, using a factorial design in the form of completely ran-

domized blocks and was replicated three times. Geographically, this training farm is 

located at 51 degrees and 38 minutes north latitude and 35 degrees and 19 minutes east 

longitude with a height of 920 meters above sea level. The area has warm summers and 

semi-cold winters. The treatments were as follows: inoculation of the seeds with growth 

promoters in four levels: B1 = Rhizobium, Azospirillum, Azotobacter and Pseudomo-

nas, B2 = Rhizobium, Azospirillum and Pseudomonas, B3 = Rhizobium, Azotobacter 

and Pseudomonas, B4 = Azospirillum, Azotobacter and Pseudomonas. Use of nitrogen 

and phosphorus fertilizers was at four levels: A1 = no use, A2 = 1/3 recommended,  

A3 = 2/3 recommended, A4 = 100 % recommended. Before the beginning of the exper-

iment and applying the seedlings, soil samples were taken from the soil and, based on 

the results of the soil test, chemical component treatments were based on 100 % ferti-

lizer recommendation of 230.4 kg N, 69 kg of P and 100 kg of potassium (K) as a pure 

element, was applied per hectare (Table 1). The cultivar used in this study was a single-
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grain hybrid single-grain hybrid 704 (forage) from PueblaSeed and Plant Research In-

stitute (Iran). After creating a groove on the stack manually, non-fungicidal seeds after 

inoculation with Azotobacter chroococcum (strain 5), Azospirillum lipoferum (Strain 

OF) and Rhizobium leguminosarum bv. phaseoli in a value of 1 liter per 25 kg of seed 

and phosphate solubilizing bacterium, Pseudomonas fluorescens (Snain P21) in a quan-

tity of 100 g per 25 kg of seed per hectare, based on experimental data of approximately 

108 live and active bacteria per ml. All of these bacteria were natural and native to 

Iranian soils and were isolated and purified by inoculation by the Department of Bio-

logical Research of the Iranian Institute of Soil and Water Research, in collaboration 

with the Agrarian and Technological Institute of RUDN, Moscow, Russia, and inocu-

lated to corn seed (single cross) 704 cultivar. 

To mix and inoculate seeds, the seed was first applied to a broad and clean plastic, 

and then gradually spread the appropriate amount of the seed. The seeds were inocu-

lated by a method of stirring. The inoculated seeds were left in the shade and after 

drying; they were placed at 15 cm intervals in the grooves and covered with dirt. Each 

experimental plot consisted of 4 cultivars with a length of 6 m. Inter-row spacing was 

65 cm and intra-row spacing was 15 cm. The traits such as several leaves per plant, 

number of seeds per row, number of seeds per ear, plant height and forage yield were 

evaluated. In the end, two lateral and half-lines from the beginning and the end of each 

row in each plot were eliminated as marginal effects, and the sampling was performed 

from two midpoints. For this purpose, in corn grain pulp (R4), 10 berets were harvested 

from each plot and agronomic traits were measured. Forage harvesting was also taken 

from two rows in the middle after removing the half-meter marginal effects from the 

beginning and the end of each plot in one row and the forage yield was calculated. 

Statistical analysis of data was done by SAS software. For comparing the means, Dun-

can's multi-domain test was used at 5 % probability level. 

Results and discussion 

Plant height 

Based on the results of the analysis of variance, plant height was affected by the 

use of chemical and biological fertilizers at 1 % level and their interaction effects were 

significant at 5 % level (Table 2). The results of the main effects showed that with the 

increasing use of fertilizer, the plant height also increased so that the highest plant 

height with an average of 208 cm was related to the recommended level of fertilizer 

and the lowest of it with an average of 185.08 cm belonged to non-fertilizer treatment. 

Among the different levels of biofertilizer application, the highest plant height with  

a mean of 201.25 cm was related to the treatment of Rhizobium, Azospirillum, 
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Azotobacter, and Pseudomonas. The concentration of Rhizobium, Azospirillum, and 

Pseudomonas was in the range of 194.87 cm (Table 3). The results of comparison  

of the mean effects of interaction of traits showed that the highest plant height with  

an average of 201.66 cm belonged to the fertilizer application based on the recom-

mended amount of fertilizers. Bioassay, Rhizobium, Azospirillum, Azotobacter and Pseu-

domonas, and the lowest plant height with an average of 180.50 cm, was related to non-

fertilization and biodiversity use of Rhizobium, Azospirillum and Pseudomonas (Table 

4). It seems that the use of biofertilizers has a positive effect on plant growth (plant 

height). Zahir and colleagues observed an increase in the height of the 704 maize plant 

corn that was inoculated with Azospirillum bacteria [14]. In addition, an increase of 8.5 % 

was reported in corn plant height, which seeds were inoculated with Azospirillum and 

Pseudomonas [27]. In a study, Radha et al. reported an increase in the height of the corn 

plant inoculated with Azospirillum lipopherom [20]. 
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These results are also consistent with Tilak et al. (1982), who observed the  

increase in corn grain yield due to inoculation with E. coli and Azospirillum Brazilian 

bacteria [23]. 

Stem diameter 

The results of variance analysis of traits showed that stem diameter was affected 

by chemical and biological fertilizer application as well as their interaction effects and 

was statistically significant (p < 0.05). Based on the results of the comparison of the 

mean of the main effects of the traits, with the increase in the use of fertilizer, the stem 

diameter also increased. So that the highest stem diameter with an average of 25.20 mm 

belonged to chemical fertilizer application based on 100 % and the lowest stem diameter 

with an average of 21.58 mm for treatment where no fertilizer was used  

(Table 3). Among the different levels of biofertilizer, the highest stem diameter with 
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an average of 24.87 mm was related to the treatment of Rhizobium, Azospirillum,  

Azotobacter, and Pseudomonas (Table 3). 

Based on the results of the comparison table, average interaction effects were ob-

served, with the highest stem diameter with an average of 27 mm belong to chemical 

fertilizer application based on the recommended dose of 2.3 % with Rhizobium, Azospi-

rillum, Azotobacter and Pseudomonas and the lowest stem diameter with a mean  

of 19.83 mm for non-use of fertilizer and the use of bio-fertilizers of Rhizobium, Azospi-

rillum and Pseudomonas (Table 4). 

Number of rows per ear 

The results of the table of variance analysis of traits showed that the number  

of rows per ear was affected by chemical fertilizer, biofertilizer, and their interaction 

effect, and it was statistically significant at 1 % level (Table 2). Based on the results  

of comparison of the main effects, the number of rows in the ear increased with in-

creasing the use of chemical fertilizer, so that the highest number of rows in ear with  

a mean of 15.97 rows belonged to chemical fertilizer application based on 100 %, and 

the lowest with a mean of 14.24 rows related to non-fertilizer treatment. Among the 

different levels of biofertilizers, the highest number of rows in the ear with a mean  

of 15.40 rows was related to Rhizobium, Azotobacter and Pseudomonas consumption 

and the lowest number of rows in the ear with a mean of 14.77 rows related to Azospi-

rillum, Azotobacter and Pseudomonas consumption (Table 3). 
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The authors of [28] stated that Rhizobium bacteria increased root contact in soil 

by increasing root length and increasing root system in cereals and eventually increas-

ing absorption of nutrients by production of hormones that increased production of 

photosynthetic material in vegetative stage and its allocation to reproductive organs 

resulting in an increase in number of rows in the ear. Based on the results of the com-

parison of the mean interactions effects showed that the highest number of rows per ear 
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with a mean of 16.8 rows was related to chemical fertilizer application based on 100 % 

recommended dose plus Rhizobium, Azospirillum and Pseudomonas, and the lowest 

value was 13.88 rows belonged to the non-fertilization treatment and the use of biolog-

ical fertilizers Azospirillum, Azotobacter and Pseudomonas (Table 4).  

The authors of [29] concluded that combined use of nitrogen fertilizers and inoculum 

with Azotobacter, in addition to increasing soil fertility, improves yield and yield compo-

nents in plants. Increasing number of ear bean seeds by inoculation of corn seed with 

Azospirillum bacteria also increased airborne dry weight of 42.6 and 67.4 % increase in 

corn root weight, which seeds were inoculated with growth-enhancing bacteria [19, 30]. 

Number of seeds per row 

Based on the results of the analysis of variance of traits, number of seeds per row 

was affected by biofertilizer and biological effects as well as their interactions at the 

level of 1 % (Table 2). The results of the comparison of the mean of the main effects 

showed that with increase in fertilizer application, the number of seeds per row also 

increased, so that the highest number of seeds per row with an average of 51.64 be-

longed to chemical fertilizer application based on 100 % recommended and the lowest 

with a mean of 41.97 % of seeds belonging to the non-use of chemical fertilizers (Table 

3). Among the different levels of biofertilizer use, the highest number of seeds in the 

row with a mean of 50.74 % belonged to Azospirillum, Azotobacter and Pseudomonas, 

and the lowest with a mean of 46.81 seeds was related to treatment with Rhizobium, 

Azotobacter and Pseudomonas (Table 3). 
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Based on the results of the comparison of the mean interactions effects, the high-

est number of seeds per row with an average of 53.13 seeds belonged to chemical 

fertilizer application 100 % recommended dose with Azospirillum, Azotobacter and 
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Pseudomonas, and the lowest number of seeds per row with an average of 38.16 seeds 

related to non-use of fertilizer and consumption of Rhizobium, Azospirillum and Pseu-

domonas (Table 4). The increase of 19.8 % of grain yield due to inoculation of maize 

seeds with Azotobacter, and Pseudomonas bacteria reported by [27] is consistent with 

the findings of this research.

Number of seeds per ear 

Based on the results of the analysis of variance of traits, number of seeds per ear 

was affected by the use of fertilizer and was significant at 1 % level, but the use  

of bio-fertilizer, as well as the effects of biological and chemical fertilizer, had  

a significant difference in grain number ear did not show up (Table 2). The results of 

the comparison of the mean of the main effects showed that with an increase in ferti-

lizer, number of seeds per ear also increased so that the highest number of seeds per 

ear with a mean of 824.88 seeds belonged to the treatment. The use of chemical fer-

tilizer was based on 100 % recommended and the lowest with a mean of 597.24 seeds 

belonging to non-fertilizer treatment (Table 3). Among the different levels of con-

sumption of biofertilizer also the highest the number of grains per ear with an average 

of 61.751 grains belonged to Azosperillum, Azotobacter and Pseudomonas treatments 

and the lowest with 77.732 grains belonged to Rhizobium, Azotobacter and Pseudo-

monas treatments (Table 3). 

According to the results of comparison of mean interaction effects, it was observed 

that the highest number of kernels per ear with 60.853 seed was related to 100 % rec-

ommended fertilizer treatment along with Rhizobium, Azospirillum and Pseudomonas 

and the lowest with 60.549. Seeds belonged to non-fertilizer treatment and biofertilizer 

application of Rhizobium, Azospirillum and Pseudomonas (Table 4). This study is con-

sistent with the results of [23], which shows that corn grain yield increased by inocula-

tion with Azotobacter chrocococcus and Azospirillum brasilense. Also, growth of dry 

weight of plant in millet stage of corn seeds whose seeds were inoculated with Azospi-

rillum brasilense bacteria [28]. 

Number of leaves per plant 

Based on the results of the analysis of variance, the number of leaves in the ear 

was affected by the use of fertilizer and biofertilizers at 1 % level and the effect  

of chemical and biological fertilizer interaction at the 5 % statistical level (Table 2). 

Based on the results of the comparison, the average of the main effects with the increase 

in the use of chemical fertilizer is the number of active leaves in plants. The highest 

number of leaves per plant with an average of 14.17 leaves belonged to chemical ferti-

lizer application based on 100 % recommended and the lowest with a mean of 12.60 % 

belonged to non-fertilizer treatment (Table 3). Among the application of different lev-

els of biofertilizers, the highest number of leaves per plant with an average of 14 leaves 

belonged to Rhizobium, Azospirillum, Azotobacter, Pseudomonas and the lowest value 

was 12/95 for Rhizobium, Azospirillum and Pseudomonas use (Table 3). Based on the 

results of the comparison, the average interaction effects, the highest number of leaves 

in the plant with an average of 14.63 leaves for fertilizer application based on 100 % 

recommended dose with combined use of Rhizobium, Azospirillum, Azotobacter, Pseu-

domonas and the lowest number of leaves per plant with a mean of 11.96 leaves for 
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non-fertilizer application (Table 4). Treatment with the bio-fertilizers increases the 

fresh air mass, the number of leaves and height. The corn plants, which were inoculated 

with Pseudomonas bacteria, as reported authors of [31], had an increase in the number 

of leaves. The authors of the study [18] reported an increase in fresh weight, height  

and number of sunflower leaves that were inoculated with Azotobacter, Azospirillum 

and Pseudomonas biodiversity, which is consistent with the results of this research. 

More fodder yield 

The results of the analysis of variance of traits showed that fresh forage yield was 

affected by the use of fertilizer; bio-fertilizer and their interactions were statistically sig-

nificant at 1 % (Table 2). Based on the results of the comparison, the average of the main 

effects of traits increased with increasing fertilizer use of forage yields as well the highest 

forage yield (75.25 t ha−1) belonged to chemical fertilizer application based on 100 % 

recommended and minimum forage yield with mean of 64.95 t ha−1 was related to non-

fertilizer treatment (Table 3). Among the different levels of biofertilizers, the highest for-

age yield with a mean of 64.95 t ha−1 was related to the combined application of bio-

fertilizers of Rhizobium, Azospirillum, Pseudomonas and Azotobacter, and the lowest 

forage yield with an average of 56.91 t ha−1 Rhizobium, Azospirillum and Pseudomonas 

were used for treatment of biological fertilizers (Table 3). Based on the results of  

the comparison of the effects of the mean interaction, the highest forage yield with aver-

age of 78.33 t  ha−1  was chemical fertilizer application based on 100 % recommended 

diet plus biofertilizer, Rhizobium, Azospirillum, Azotobacter and Pseudomonas, and  

the lowest forage yield with 44.66 t ha−1 mean of non-fertilizer application and use  

of biological fertilizers of Rhizobium, Azospirillum and Pseudomonas (Table 4), which 

was treated with 2/3 fertilizer with 4 types of bacteria and 2/3 of chemical fertilizer along 

with the Azotobacter, Azospirillum and Pseudomonas bacteria with a yield of 77.16 t ha−1 

was considered statistically significant. According to the mean comparison table, the use  

of 2/3 fertilizer with four species of forage increased the forage yield compared to non-

fertilizer treatment, combined with Rhizobia bacteria, Azospirillum, and ascorbate 42 %. 

On the other hand, with application of four types of bacteria, use of chemical fertilizers 

decreased by 25 %, without reducing yields, which could be an effective step towards 

sustainable agriculture. Inoculation of corn with Azotobacter bacteria increased yields. 

In [18] it is also reported that inoculation with biological fertilizers increased the rate  

of crop growth. They considered the increase in crop growth rate to improve the absorp-

tion of food by the plant. Positive effects of Azotobacter on wheat growth and yield have 

been reported. The authors of [32] have reported the positive effects of this bacterium on 

corn. Quantitative analysis is a method for justifying and interpreting plant reactions rel-

ative to different environmental conditions during its growth stage, through which the 

transposition and accumulation of the products of photosynthesis in different organs can 

be determined by measuring the amount of dry matter produced [32]. Besides, some re-

searchers reported an increase of 33 % in fresh weight of corn inoculated with Pseudo-

monas spp. [33]. These results are consistent with the findings of other researchers  

regarding the application of biological fertilizers [34]. 
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Conclusions 

In general, the application of livestock manure and biological fertilizers can in-

crease soil organic matter and, consequently, improve soil structure, increase cation 

exchange capacity, microorganisms, activity, gas exchange, and water storage capac-

ity. The positive effects of fertilizer combinations with organic and biological fertiliz-

ers on growth previously confirmed for other crops are also true for corn. In addition, 

the results of this study showed that growth-stimulating bacteria have a positive role 

in absorption and stabilization of essential elements required for plant and can signif-

icantly reduce use of synthetic fertilizers, which ultimately maintains plant perfor-

mance along the lines of agriculture. Sustained when the fertilizer is completely con-

sumed, these bacteria can be a good alternative to reducing the use of chemical ferti-

lizers in the fields and improving the environment. 
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Влияние комбинированного использования 

удобрений и ростостимулирующих бактерий 
Rhizobium, Azospirillum, Azotobacter 
и Pseudomonas на качество и состав  

кукурузного корма в Иране 

Ю. Насерзаде*1, А.М. Нафчи2, Н. Махмуди1, Д.К. Нежад3,  

А.Ш. Гаджикурбанов1 

1 Российский университет дружбы народов, Москва, Российская Федерация 
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Аннотация. Для исследования влияния химических удобрений и ростостимулирующих бак-

терий на урожайность и качество зерна кукурузы (Zea mays) сорта 704 (одиночный кросс) был 

проведен факторный рандомизированный блочной эксперимент с тремя повторностями в 2017 г. 

Исследовательская ферма Варамин находится в Тегеране, Иран. Обработку семян стимулятором 

роста проводили в четырех комбинациях: Rhizobium, Azospirillum, Azotobacter и Pseudomonas; Rhi-

zobium, Azospirillum и Pseudomonas; Rhizobium, Azotobacter и Pseudomonas; Azospirillum, Azotobac-

ter и Pseudomonas — на фоне применения азотных N и фосфорных P удобрений в четырех вари-

антах: без удобрений, 1/3, 2/3 и 100 % рекомендуемой концентрации. Результаты исследований 

показали, что использование удобрений оказало значительный эффект на такие параметры, как 

количество листьев на одно растение, количество семян в ряду, количество семян на колосе, вы-

сота растения и урожайность кормов на уровне 1 %. Лучшая кормовая урожайность 33,78 т/га 

была получена при кобинированном использовании удобрений и биологических ростостимулиру-

ющих препаратов на основе Rhizobium, Azospirillum, Azotobacter и Pseudomonas, что оказалось на 

42 % выше, чем в контроле. 

Ключевые слова: ростостимулирующие бактерии, кормовая кукуруза, удобрение, Варамин 
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Abstract. The use of amperometric express method made it possible to measure quickly and eval-

uate content of water- and alcohol-soluble antioxidants in extracts from Amaranthus tricolor L. plants. 

Accumulation of low molecular weight antioxidants: ascorbic acid, beta-cyanine (amaranthine) and  

the total content of antioxidants in various organs of Valentina amaranth seedlings were studied.  

The maximum amount of low molecular weight antioxidants accumulates in leaves, compared with roots 

and stems of seedlings grown in open and protected ground. In open ground conditions, amaranth leaves 

and stems have 1.5-fold and 2-fold increased level of ascorbic acid than seedlings grown in protected 

ground. But the total content of water-soluble antioxidants in leaves and roots of seedlings is lower com-

pared to seedlings of protected ground. Minimum amount of antioxidants was found in alcohol extracts 

of stems and roots in open ground, while the total content of antioxidants in stems and roots was 1.6 fold 

higher in seedlings grown in protected soil. The content of amaranthine is comparable in the studied 

organs of amaranth seedlings of both cultivation variants. The data obtained allow to recommend use  

of leaves and stems of amaranth seedlings grown in open and protected ground (early spring and autumn), 

as a preventive antioxidant dietary product. 
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Аннотация. Использование амперометрического экспресс-метода позволило оперативно 

измерить и оценить содержание водо- и спирторастворимых антиоксидантов в экстрактах из рас-

тений Amaranthus tricolor L. Исследовали накопление низкомолекулярных антиоксидантов: аскор-

биновой кислоты, бетацианина — амарантина и суммарное содержание антиоксидантов в различ-

ных органах сеянцев амаранта сорта Валентина. Максимальное количество низкомолекулярных 

антиоксидантов накапливается в листьях, по сравнению с корнями и стеблями сеянцев, выращен-

ных в открытом и защищенном грунте. В условиях открытого грунта уровень аскорбиновой кис-

лоты в листьях в 1,5 и в стеблях амаранта в 2 раза выше, чем в сеянцах в защищенном грунте.  

В то время как суммарное содержание водорастворимых антиоксидантов в листьях и корнях се-

янцев меньше по сравнению с сеянцами защищенного грунта. В спиртовых экстрактах стеблей  

и корней обнаружено минимальное количество антиоксидантов в открытом грунте, при этом сум-

марное содержание антиоксидантов в стеблях и корнях в 1,6 раза выше у сеянцев защищенного 

грунта. Содержание амарантина сравнимо в исследованных органах сеянцев амаранта обоих ва-

риантов выращивания. Полученные данные позволяют рекомендовать использование листьев  

и стеблей сеянцев амаранта, выращенных в открытом и защищенном грунте (ранней весной и осе-

нью), в качестве профилактического антиоксидантного продукта диетического назначения. 

Ключевые слова: сеянцы Amaranthus tricolor L., водные и спиртовые экстракты, низкомолеку-

лярные антиоксиданты, амарантин, аскорбиновая кислота, открытый грунт, защищенный грунт 
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Introduction 

In hot and humid regions of the world, edible species of leafy amaranths (genus  

Amaranthus) are considered to be popular vegetable crops: A. tricolor, A. blitum,  

A. dubius, A. cruentus and A. Viridis [1—3]. In many countries of Africa and Southeast 
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Asia, India, southern China, amaranth leafy greens are widely used for food purposes, 

growing it as parsley, leaves and stems of which are used for food purposes. Young plants 

of vegetable species of amaranth are used in a variety of salads, appetizers, side dishes, 

soups, fillings for confectionery, drinks, pasta and even traditional medicine [4—7]. 

Such widespread use of vegetable amaranth as a food product is explained by  

a number of reasons, including the fact that spicy aromatic plants are practically not 

grown in these countries, and amaranth makes up for greens in many dishes [8, 9]. The 

popularity of amaranth vegetables is due to their mild piquant taste and high nutritional 

value, leaves of which are rich in gluten-free protein, vitamins, minerals, especially cal-

cium, iron, as well as biologically active substances [10]. In addition, in a number of 

countries there is a shortage of animal protein, and leaves of amaranth vegetable species 

contain up to 20 % of a complete protein, balanced for essential amino acids. Therefore, 

population of these regions replenishes the lack of dietary protein by leaves of wild veg-

etable amaranth, growing seedlings and preparing various diets based on them [11]. 

Amaranth seedlings (young plants) are a commercial product in some countries. 

In Indonesia, amaranth vegetables are grown on an area of 2000 hectares. In tropical 

countries, amaranth is sown year-round. Due to the short development cycle of seed-

lings (7-8 weeks), they are cut for food several times a year. 

Cultivation of vegetable amaranth in non-chernozem zone faces a number of prob-

lems. For example, return cold in spring months of April-May does not allow sowing 

of amaranth seeds in open ground before the end of May or the beginning of June; 

moisture deficiency in dry years can ruin the crop, since amaranth seedlings require 

more watering, compared to adult plants. In addition, amaranth seedlings in open 

ground can suffer from weeds, whose growth rate is much higher than growth of ama-

ranth seedlings, and later snails can harm young seedlings [12]. When growing ama-

ranth seedlings in a protected ground, such problems do not occur. Therefore, it is im-

portant to represent change patterns in the main morphological and biochemical param-

eters that determine productivity and nutritional and pharmacopoeial value of seedlings 

grown in open and protected ground. 

The aim of the work was to study morphological and biochemical parameters  

of amaranth seedlings when growing them in open and protected ground for food use. 

Materials and methods 

The object of the study are vegetable amaranth plants (Amaranthus tricolor L.)  

of Valentina cultivar originated in Russian Research Institute of Selection and Seed 

Production of Vegetable Crops (Moscow Region). Cassettes with pre-moistened peat 

mixture were used for sowing seeds. Sowing depth was 0.5…1 cm. After 4 weeks, the 

seedlings were transplanted into soil in protected and open ground [13]. Plants were 

grown on sod-podzolic soil with a heavy mechanical composition at night temperature 

of 8…14 °C and day temperature 9…25 °C in open ground, and at night temperature 

14…17 °C and day temperature 22…30 °C in protected ground. 

Young plants aged 6-7 weeks were cut off and morphometric indicators were stud-

ied: plant height, mass of plants, leaves, stem, root, length and width of leaf blades.  

In the experiment, amaranth plants of Valentina cultivar grown in protected and open 

ground were compared. From each experimental plot, 15 plants were collected. 
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Biochemical studies were carried out in the Laboratory of physiology and bio-

chemistry of introduction and functional products of Federal Scientific Technological 

Center in 2018. Aqueous and alcoholic extracts of leaves, stems and roots of seedlings 

were used in the experiments. 

Extraction of crushed leaves and other plant organs was carried out with distilled 

water at room temperature (water ratio 1:10), followed by centrifugation at 10,000 rpm. 

Amount of amaranthine in aqueous extracts was determined spectrophotometrically 

considering a molar extinction coefficient of 5.66⋅104⋅M-1⋅cm-1 and a molar weight  

of 726.6 [14]. Content of reduced form of ascorbic acid (AA) was determined by iodo-

metric method based on titration of ascorbic acid in colored extracts with potassium 

iodate in acidic medium in presence of potassium iodide and starch [15]. The total con-

tent of antioxidants was determined by amperometric method, the result was expressed 

in gallic acid equivalents mEq.GK/g. The measurements were performed on a Tsvet-

Yauza 01-AA device in a constant current mode [16]. The samples were crushed on  

a homogenizer in presence of a certain volume of extracting liquid (double-distilled 

water, 96% ethanol) at 20…25 °C. Then, the homogenizer was centrifuged at 10,000 g 

for 15 minutes at 4 °C. An aliquot of the supernatant was used to determine the total 

antioxidant content, if necessary diluting. 

The tables 1—4 show the arithmetic mean values and standard deviations. 

Results and discussions 

Dark-colored A. tricolor seeds of Valentina cultivar germinated with an interval 

of two days. A slower increase in seedling height was observed in the stage of the first 

pair of true leaves and a sharp increase in plant height with development of subsequent 

leaves. Seedlings having well-developed cotyledons and first pair of true leaves were 

transplanted into protected and open ground. 

Analysis of morphometric parameters of plant before cutting revealed that ama-

ranth seedlings grown in sheltered soil had significantly higher morphometric indica-

tors compared to seedlings grown in open ground. 

The photosynthetic productivity of aerial parts of plants was significantly higher 

in seedlings in protected soil. When growing amaranth plants in protected ground at 

seedling stage, a more massive main shoot (stem) with a smaller mass of leaves is 

formed compared to open ground plants. Study of structure of seedlings' crop showed 

that aerial mass of seedlings grown in open ground have 52 % of leaves, 35 % of stems, 

while young plants in protected ground form 42 % of leaves and 44 % of stems. 
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It is interesting to note that root mass of seedlings of both variants was 13…14 % 

of the aboveground mass. This suggests that photosynthetic metabolites in plants  
of open ground are accumulated in large quantities in leaves, while they are distributed 
almost evenly between leaves and stems in plants of protected ground. 

Gluten-free protein, balanced for essential amino acids, and biologically active 

substances with antioxidant activity that affect physiological functions of the human 
body, effectively participating in metabolic and protective reactions comprise nutri-
tional and pharmacopoeial value of Valentina leaves (amaranth A. tricolor L.) [17]. 

Ascorbic acid is a necessary component for human life. Some vegetable crops accumu-
late ascorbic acid in high concentrations: bell pepper — up to 200 mg%, leafy vegetable 

plants: vegetable chrysanthemum — up to 80 mg%, watercress and coriander — up to 
150 mg% [18]. 

Amaranth seedlings accumulate reduced ascorbic acid in all organs, but in differ-
ent amounts. The data presented in table 2 indicate that the maximum amount of ascorbic 
acid accumulates in leaves of both variants, and the minimum — in stems of seedlings 
of protected soil and in roots of seedlings of open ground. The data obtained indicate that 
content of ascorbic acid in various plant organs depends on temperature conditions during 
cultivation. It is known that plant cell reactive oxygen species are formed at low temper-
ature, where superoxide anion radical is the most dangerous. Ascorbic acid is able to 
neutralize O2-. In open ground, a decrease in night temperature to 8 °C and lower for 
heat-loving seedlings is a stress factor that slows down their growth and development. 
Therefore, under these conditions, ascorbic acid, whose level in leaves of amaranth 
grown in open ground, was 1.5 fold higher than that in leaves of plants of protected 
ground, serves as protection from action of superoxide anion radicals. Compared to 
leaves, 5.45-fold decreased ascorbic acid was accumulated in stems of protected seed-
lings and 3.7-fold less accumulated ascorbic acid was in stems of open ground seedlings. 
An unequal amount of ascorbic acid was found in roots of young plants grown in open 
and protected ground. Ascorbic acid was accumulated in large quantities in leaves and 
stems of seedlings grown in open ground, which might indicate its active generation un-
der conditions of weak low-temperature stress. In addition to ascorbic acid, red-colored 
pigment amaranthine with antioxidant activity comparable to that of superoxide dis-
mutase is involved in the detoxification of the superoxide anion radical [19]. Leaves and 
inflorescences of amaranth seedlings of both cultivation variants contained practically 
comparable amounts of amaranthine, while stems of young open-ground plants accumu-
lated 1.5 times more antioxidant than stems of seedlings of protected soil. 
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The study of the total content of antioxidants in leaves and stems of amaranth 

seedlings grown in protected and open ground revealed the maximum content of anti-

oxidants in water extracts, which was 2.5—3 fold higher than the level of antioxidants 

extracted in alcohol extract. 

Moreover, a lower content of water- and alcohol-soluble antioxidants was found 

in stems of seedlings of both variants, but it was comparable with leaves. 

Flavonoids have previously been shown to be contained in leaves of Valentina 

amaranth [19]. It should be noted that electrochemical oxidation of low molecular 

weight molecules with antioxidant activity of aqueous and alcoholic extracts can be 

described using flavonoids as an example by the following reaction: flavonoid –O–H – 

flavonoid –O+e+H+. 

Ability of ascorbic acid, amaranthine and flavonoid molecules to oxidize on elec-

trode at a given potential indicates the ability of these molecules to capture free radicals 

[21]. The high total content of water and alcohol soluble antioxidants and ascorbic acid 

in the leaves of amaranth seedlings indicates a high antioxidant potential of seedlings, 

which actively protects young open ground plants from low temperature stress factors. 

Conclusions 

Low night temperature (8…10 °C) in open ground has a positive effect on photo-

synthetic productivity, growth and development of seedlings. Moreover, their leaf mass 

is characterized by the maximum amount of ascorbic acid, a comparable amount of 

amaranthine and the total content of water- and alcohol-soluble antioxidants. At a lower 

night temperature, more ascorbic acid and hydrophilic antioxidants are accumulated in 

stems of open-ground plants compared to protected-seedlings grown at optimum tem-

perature. 

In the roots of seedlings grown in open ground, less ascorbic acid and a lower con-

tent of hydrophilic and hydrophobic antioxidants were found, which suggests a more 

active outflow of metabolites — antioxidants from roots to plant’s aboveground organs. 

The data obtained allows to recommend use of amaranth seedlings grown in open 

and protected ground as a dietary antioxidant product for preventive purposes. 

 

Введение 

В жарких и влажных регионах мира востребованными овощными культу-

рами считаются листовые амаранты рода Amaranthus съедобных видов: A. tri-

color, A. blitum, A. dubius, A. cruentus и A. Viridis [1—3]. Во многих странах  

Африки и Юго-Восточной Азии, в Индии и Южном Китае в пищу широко 
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употребляют листовую зелень амаранта, выращивая ее как петрушку, листья  

и стебли которой применяют на пищевые цели. Молодые растения овощных ви-

дов амаранта используют при приготовлении разнообразных салатов, закусок, 

гарниров, супов, начинок для кондитерских изделий, напитков, макаронных из-

делий и даже народной медицине [4—7]. 

Столь широкое использование надземной части овощного амаранта в каче-

стве пищевого продукта объясняется рядом причин, в т.ч. тем, что в этих странах 

практически не выращивают пряно-ароматические растения, а зелень во многих 

блюдах восполняет амарант [8, 9]. Популярность овощных амарантов обуслов-

лена их мягким пикантным вкусом и высокой питательной ценностью, их листья 

отличаются богатым содержанием безглютенового белка, витаминов, минералов, 

особенно кальция и железа, а также биологически активных веществ [10]. Кроме 

того, в целом ряде стран существует дефицит животного белка, а листья овощных 

видов амаранта содержат до 20 % полноценного белка, сбалансированного по не-

заменимым аминокислотам. Поэтому население этих регионов пополняет недоста-

ток пищевого белка путем сбора листьев дикорастущих овощных амарантов или 

выращивания сеянцев и приготовления на их основе разнообразных рационов [11].  

В некоторых странах сеянцы (молодые растения) амаранта являются ком-

мерческим товаром. В Индонезии овощной амарант выращивают на площади 

2000 га. В тропических странах амарант высевают круглый год. Благодаря корот-

кому циклу развития сеянцев (7-8 недель) их срезают на пищевое использование 

несколько раз за год. 

Выращивание овощного амаранта в нечерноземной зоне на витаминную зе-

лень сопряжено с рядом проблем. Например, возвратные холода в весенние ме-

сяцы апрель-май не позволяют провести сев семян амаранта в открытом грунте 

раньше конца мая или начала июня; дефицит влаги в засушливые годы может 

погубить урожай, поскольку сеянцы амаранта в большей степени нуждаются  

в поливе в отличие от взрослых растений. Помимо этого, всходы амаранта в от-

крытом грунте могут страдать от сорной травы, скорость роста которой намного 

превосходит рост проростков амаранта, а позже молодые сеянцы могут уничто-

жить улитки [12]. При доращивании рассады амаранта в защищенном грунте та-

ких проблем не возникает. Поэтому важно представлять закономерности изме-

нения основных морфологических и биохимических показателей, определяю-

щих продуктивность и питательную и фармакопейную ценность сеянцев, 

доращиваемых в открытом и защищенном грунте. 

Цель работы — исследование морфологических и биохимических показате-

лей сеянцев амаранта при доращивании их рассадным способом в открытом  

и защищенном грунте на пищевое использование. 

Материалы и методы 

Объектом исследования являются растения амаранта овощного вида Ama-

ranthus tricolor L., сорта Валентина селекции ВНИИ селекции и семеноводства 

овощных культур (Московская область). Для посева семян использовали кассеты 

с предварительно увлажненной торфяной смесью. Посев проводили на глубину 

0,5…1 см. После достижения 4-недельного возраста проростки пересаживали  
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в почву в защищенном и открытом грунте [13]. Растения выращивали в открытом 

грунте на дерново-подзолистой почве с тяжелым механическим составом при 

ночной температуре 8…14 °С и дневной 9…25 °С, а в защищенном грунте при 

ночной температуре 14…17 °С и 22…30 °С при дневной. 

Молодые растения в возрасте 6-7 недель срезали и изучали морфометриче-

ские показатели: высоту растений, массу растений, листьев, стебля, корня, длину 

и ширину листовой пластинки. В опыте сравнивали растения амаранта сорта Ва-

лентина, выращенные в условиях защищенного и открытого грунта. С каждого 

опытного участка было собрано по 15 растений.  

Биохимические исследования проводили в лаборатории физиологии и биохи-

мии интродукции и функциональных продуктов ФГБНУ ФНЦО в 2018 г. В опытах 

использовали водные и спиртовые экстракты листьев, стеблей и корней сеянцев.  

Экстракцию измельченных листьев и других органов растения проводили 

дистиллированной водой при комнатной температуре (гидромодуль 1:10) с по-

следующим центрифугированием при 10000 об/мин. Количество амарантина  

в водных экстрактах определяли спектрофотометрическим методом с учетом мо-

лярного коэффициента экстинкции 5,66⋅104⋅M-1⋅см-1 и молярного веса 726,6 [14]. 

Содержание восстановленной формы аскорбиновой кислоты (АК) определяли 

йодометрическим методом, основанным на титровании аскорбиновой кислоты  

в окрашенных экстрактах йодатом калия в кислой среде в присутствии йодистого 

калия и крахмала [15]. Суммарное содержание антиоксидантов определяли ам-

перометрическим методом, результат выражали в эквивалентах галловой кис-

лоты мг-экв. ГК/г. Измерения проводили на приборе «Цвет-Яуза 01-АА» в посто-

янном токовом режиме [16]. Измельчение образцов проводили в присутствии 

определенного объема экстрагирующей жидкости (бидистиллированная вода, 

96% этиловый спирт) на гомогенизаторе при температуре 20…25 ℃. Далее го-

могенизат центрифугируется при 10000g 15 мин при 4 ℃. Аликвоту суперна-

танта использовали для определения суммарного содержания антиоксидантов, 

при необходимости, разбавляя.  

В табл. 1—4 приведены средние арифметические значения величины и стан-

дарты отклонения. 

Результаты и обсуждения 

Из темноокрашенных семян амаранта, A. tricolor сорта Валентина высеян-

ных в кассеты, всходы появились с интервалом в двое суток. Наблюдали замед-

ленный прирост высоты проростка в стадии развития первой пары настоящих 

листьев и резкое увеличение высоты растения с развитием последующих ли-

стьев. При получении хорошо развитых семядольных и первой пары настоящих 

листьев рассаду пересаживали в защищенный и открытый грунт. 

Анализ морфометрических показателей растения перед срезкой выявил, что 

сеянцы амаранта, выращенные в защищенном грунте, отличались существенно 

более высокими морфометрическими показателями по сравнению с сеянцами, 

выращенными в открытом грунте. 

Фотосинтетическая продуктивность надземной массы растений была суще-

ственно выше у сеянцев защищенного грунта. При выращивании растений амаранта 
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в закрытом грунте на стадии сеянцев формируется более массивный главный побег 

(стебель) с меньшей массой листьев по сравнению с растениями открытого грунта. 

Изучение структуры урожая сеянцев показало, что надземная масса сеянцев, выра-

щенных в открытом грунте, на 52 % состоит из листьев, на 35 % — из стеблей от 

общей массы растения, в то время как в защищенном грунте у молодых растений 

формируется листьев — 42 % и стеблей 44 % от общей массы растения (табл. 1). 

 

Интересно отметить, что масса корней у сеянцев обоих вариантов состав-

ляла 13…14 % от надземной массы. Это позволяет предположить, что фотосин-

тетические метаболиты в растениях открытого грунта накапливаются в большем 

количестве в листьях, тогда как в растениях защищенного грунта распределя-

ются практически равномерно между листьями и стеблями. 

Пищевую и фармакопейную ценность листьев амаранта A. tricolor L. сорта 

Валентина составляет не только безглютеновый белок, сбалансированный по не-

заменимым аминокислотам, но и биологически активные вещества с антиокси-

дантной активностью, которые воздействуют на физиологические функции орга-

низма человека, эффективно участвуя в метаболических и защитных реакциях 

[17]. Из эссенциальных нутриентов необходимым компонентом жизнедеятельно-

сти человека является аскорбиновая кислота. Из овощных культур болгарский 

перец накапливает аскорбиновую кислоту в высокой концентрации до 200 мг%, 

а также листовые овощные растения: хризантема овощная до 80 мг%, а водяной 

кресс и кориандр до 150 мг% [18].  

 

Сеянцы амаранта аккумулируют восстановленную аскорбиновую кислоту 

во всех органах, однако в неодинаковом количестве. Данные, приведенные  

в табл. 2, указывают, что максимальное количество аскорбиновой кислоты 

накапливается в листьях обоих вариантов, а минимальное — в стеблях сеянцев 

защищенного грунта и в корнях сеянцев открытого грунта. Полученные данные 

указывают, что содержание аскорбиновой кислоты в различных органах расте-

ния зависит от температурных условий выращивания. Известно, что при низкой 
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положительной температуре в растительной клетке образуются активные формы 

кислорода, из которых наибольшую опасность представляет супероксидный 

анион-радикал. Аскорбиновая кислота способна обезвреживать O2
-. В открытом 

грунте снижение ночной температуры до 8 ℃ и ниже для теплолюбивых сеянцев 

является стресс-фактором, замедляющим их рост и развитие. В этих условиях за-

щитой от действия супероксидных анион-радикалов служит аскорбиновая кис-

лота, уровень которой в листьях амаранта, выращенного в открытом грунте, в 1,5 

раза превышает таковой в листьях растений защищенного грунта. В стеблях се-

янцев защищенного грунта аккумулируется меньше аскорбиновой кислоты по 

сравнению с листьями в 5,45 раза, а в стеблях сеянцев открытого грунта накап-

ливается аскорбиновой кислоты в 3,7 раза меньше, чем в листьях. Неодинаковое 

количество аскорбиновой кислоты обнаружено в корнях молодых растений, вы-

ращенных в открытом и защищенном грунте. Аскорбиновая кислота накаплива-

ется в большем количестве в листьях и стеблях сеянцев, выращенных в открытом 

грунте, что может указывать на ее активную генерацию в условиях слабого низ-

котемпературного стресса. Помимо аскорбиновой кислоты в обезвреживании су-

пероксидного аниона-радикала участвует красноокрашенный пигмент амаран-

тин с антиоксидантной активностью, сравнимой с активностью супероксид дис-

мутазы [19]. Листья и соцветия сеянцев амарантов обоих вариантов 

выращивания содержат практически сравнимые количества амарантина, в то 

время как стебли молодых растений открытого грунта накапливают в 1,5 раза 

больше антиоксиданта, чем стебли сеянцев защищенного грунта. 

 

Изучение суммарного содержания антиоксидантов в листьях и стеблях се-

янцев амаранта, выращенных в защищенном и открытом грунте, выявило макси-

мальное содержание антиоксидантов в водных экстрактах, которое в 2,5…3 раза 

превышало уровень антиоксидантов, экстрагированных в спиртовом экстракте. 

 

При этом меньшее содержание водо- и спирторастворимых антиоксидантов 

обнаружено в стеблях сеянцев обоих вариантов, но сравнимо с листьями. 

Ранее мы показали, что в листьях амаранта сорта Валентина содержатся фла-

воноиды. Следует отменить, что электрохимическое окисление низкомолекуляр-

ных молекул с антиоксидантной активностью водных и спиртовых экстрактов 
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может быть описано на примере флавоноидов следующей реакцией: флавоноид 

–О–H → флавоноид –О+e+H+ [20]. 

Способность молекул аскорбиновой кислоты, амарантина, флавоноидов 

окисляться на электроде при заданном потенциале свидетельствует о способно-

сти данных молекул улавливать свободные радикалы [21]. Высокое суммарное 

содержание водо- и спирторастворимых антиоксидантов и аскорбиновой кис-

лоты в листьях сеянцев амаранта указывает на высокий антиоксидантный потен-

циал сеянцев, который активно защищает молодые растения открытого грунта от 

низкотемпературного стресс-фактора. 

Вывод 

Низкая ночная температура (8…10 ℃) в открытом грунте положительно ска-

зывается на фотосинтетической продуктивности, росте и развитии сеянцев. При 

этом их листовая масса отличается максимальным количеством аскорбиновой 

кислоты, сравнимым количеством амарантина и суммарным содержанием водо- 

и спирторастворимых антиоксидантов. При пониженной ночной температуре  

в стеблях растений открытого грунта накапливается больше аскорбиновой кис-

лоты и гидрофильных антиоксидантов по сравнению с сеянцами защищенного 

грунта, выращенными при оптимальной температуре. 

В корнях сеянцев, выращенных в открытом грунте, обнаружено меньшее ко-

личество аскорбиновой кислоты и более низкое содержание гидрофильных  

и гидрофобных антиоксидантов, что позволяет предположить более активный 

отток метаболитов – антиоксидантов из корней в надземные органы растения. 

Полученные данные позволяют рекомендовать использование сеянцев ама-

ранта, выращенных в открытом и защищенном грунте, в качестве диетического 

антиоксидантного продукта профилактического назначения. 
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Introduction 

Soil contamination in urban environments has only started to receive attention 
over the past few decades, while water and air pollution have been widely recognized 
and federal and state legislation were developed in the US since the early part 
of 20th century [1]. Significant health risks to urban residents and particularly to gar-
deners can come from interaction with contaminated soil and consumion of garden pro-
duce. Urban gardening has increased significantly in recent years; therefore, the inher-
ent risks of gardening in contaminated soil has become an important issue of public 
health as more urban residents become affected by soil contamination.  

Urban soil is a sink for anthropogenic Pb and other contaminants. Trace metals 
are among the most recalcitrant and lasting contaminants in cities, posing major health 
concerns [2]. In urban gardening, principal contaminant exposure pathways to human 
body consist of ingestion and inhalation of soil particles (including those lodged in 
vegetables through splash and local re-deposition), as well as ingestion of trace metal-
contaminated vegetables [3—5]. Lead is a known neurotoxin affecting nearly all bodily 
systems [1, 6, 7]. Common health consequences for children are behavioral or learning 
issues, decreased IQ, hyperactivity, delayed growth, hearing problems, anemia, and in 
rare cases, Pb exposure can lead to seizures, coma, or death [8, 9]. 

Soil trace metal contamination is mainly the result of historical deposition from 
past land use and proximity to polluting sources, such as power plants, incinerators, old 
houses, and vehicular traffic [10, 11], as well as geogenic sources [12,13]. According 
to an EPA report (14), three main sources responsible for the elevated soil-lead levels 
have been identified: (1) lead-based paint; (2) point source emitters; and (3) leaded 
gasoline emissions. Many studies cite more than one source as commonly responsible 
for elevated soil-lead levels at a given location.  

Starting in 1973, the U.S. federal government initiated a gradual phase-out of Pb 
in gasoline, and by 1996, banned the sale completely [15]. However, gardens near busy 
streets may have accumulated higher levels of Pb in the topsoil. Today, Pb is still emit-
ted from some manufacturing sites such as metal smelting, battery manufacturing, and 
other factories that use Pb in industrial processes. Although the Toxic Substances Con-
trol Act (TSCA) banned the use of Pb-based paint in 1978, flakes of lead-based paint 
on the outside of the old buildings can also get into the soil close to the foundation of 
buildings. Contaminated soil dust can be re-suspended by wind, and mobilized into 
homes and yards. Lead contaminated soil has been recognized as one of the major 
sources of Pb exposure in urban settings [16].  

Urban soils are known to be very spatially heterogeneous, varying in parent ma-
terial and biological, chemical, and physical properties [17]. High concentrations  
of trace metals are often reported around the world with high degree of variability. 
Trace metals in a soil vary in their availability to plants, soil creatures, and humans 
depending how these characteristics spatially fluctuate in the urban landscape due to 
functional zoning, proximity to roads, emissions, etc. [17]. Soil Pb distribution in many 
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large cities has been investigated (e.g., [18—21], including New York City [22—25]. 
Previous studies have called for further detailed geospatial analysis of the data using 
large-scale Geographic Information Systems (GIS) for a better health-based assessment 
[26], as well as the evaluation of soil contamination in the context of risk to human 
health and threat to ecological systems. Thus, the aims of this study were: 1) to analyze 
the spatial distribution of Pb in NYC gardens, and 2) to assess pollution and ecological 
risk indices using available trace metal data. 

Materials and methods 

Data sources 
The data on soil trace metal concentrations have been collected by the Brooklyn 

College Urban Soils Lab since 2009and the NYC Urban Soils Institute since 2016.This 
is part of a soil screening and testing service provided by the Labs to the public. Gar-
deners were instructed to collect soil from the surface down to depths of 14 to 20 cm 
(i.e., 6 inches) and composite soils collected from 5 to 10 locations around the garden. 
Each sample was recorded with a unique identification number, location, type of gar-
den, soil trace metal concentration, and other soil characteristics such as pH, salts, or-
ganic matter content, and soil texture.  

Soils are mostly screened by a portable X-ray fluorescence (pXRF) analyzer  
Innov-X Delta Classic [27], with some samples analyzed by Inductively coupled 
plasma mass spectrometry (ICP-MS) Perkin Elmer, Elan DRCe (EPA Method 6020a) 
following acid digestion with EPA Method 3052 [28, 29]. The pXRF scans were done 
directly on zip lock bags containing air-dried soil sent in by gardeners. Each sample 
was scanned three times with 90 sec exposure time. Samples were thoroughly mixed 
again between scans. Mean concentrations from the three scans were then recorded.  

For external quality control for the ICP-MS analyzed samples reference standards 
SRM-2702, SRM-2586, SRM-2587, and SRM-2702a were used. Each batch digestion 
of up to 20samples always included at least three of these reference standards. Germa-
nium was used as an internal standard for instrumental drift correction in all analyses. 
For the samples with both ICP-MS and pXRF analyses performed, there was good 
agreement between the two sets of Pb concentration data, with correlation coefficient 
of 0.94. It should be noted that Pb data include both ICP-MS data and pXRF data, but 
for other trace metals only ICP-MS data were used for this study. 

The first map of Pb contamination for garden soils in New York City(NYC) was 
published in 2015 based on data for 1,652 garden soil samples, collected during the 
2009—2014 period [23]. Li et al. (2017) added data from other land uses and from 
various sources and published a more comprehensive Pb distribution map for NYC. 
New data have been continuously collected, georeferenced and added to the original 
database. In total, there are 2322 garden soil samples in this study, collected during the 
2009—2017 period (Fig. 3). A few samples could represent one garden with different 
soil management practices. 

Shape files of Green Thumb Gardens, parks, schoolyards, playgrounds, NYC bor-
ough, and zip codes boundaries were downloaded from NYC Open data 



Пальцева А.А и др. Вестник РУДН. Серия: АГРОНОМИЯ И ЖИВОТНОВОДСТВО. 2019. Т. 14. № 3. С. 239—254 

242                                                                                                   ПОЧВОВЕДЕНИЕ И АГРОХИМИЯ 

(https://nycopendata.socrata.com/). The list of NYC neighborhoods (Table 2) was 
found at the NYC Department of Health and Mental Hygiene Environment & Health 
Data Portal. Boundaries for 42 neighborhoods were retrieved from the Official Website 
of the City of New York (http://www.health.ny.gov/). 

Geospatial analysis and visualization 
ESRI ArcGIS 10.5 was used for geospatial analysis and visualization of the trace 

metal data. Lead concentration was interpolated by ordinary kriging (Fig. 3). Kriging 
allows predicting the value in unmeasured points based on the known data in neighbor-
ing points and spatial relationships between the points. Ordinary kriging uses dimen-
sionless points to estimate other dimensionless points, e.g. Pb contour plots. 

The Pb levels are shown in mg/kg and are classified into four categories (0 – 
149 mg/kg, 150 – 399 mg/kg, 400 – 1200 mg/kg and > 1,200 mg/kg). The 1200 mg/kg 
threshold reflects USEPA standard for non-children play areas and the 400 mg/kg 
threshold reflects USEPA standard for children play areas (USEPA 2001). The 
150 mg/kg value is an estimated threshold for soil Pb, reflective of the new Center for 
Disease Control and Prevention (CDC) guidance. Based on research conducted by the 
Toxics Cleanup Program Policy and Technical Support Unit, 2010, a level of 150 mg/kg 
of Pb in soil can lead to an approximate blood Pb level of 5µg/dl [31]. 

Soil pollution level and ecological risk assessment 
To assess pollution levels and ecological risk of the garden ecosystems the fol-

lowing indices were used:  
1. The contamination factors CFi for the same metal was determined as 

CFi=Cm/Bm, where Cm is the measured concentration of the examined metals in the soil 
samples, and Bm is the background concentration in unpolluted soils [32]. The follow-
ing values used in this study Cd=0.5, Pb=19, Zn=65, As=5, Ni=17, Cu=14, Cr=13 were 
adapted from New York State Department of Environmental Conservation Rural Soil 
Background Survey [33]. 

2. The single ecological risk index Ei=Ti·CFi, where Ti is the toxic-response factor 
for a given metal (e.g. Cd=30, Pb=5, Zn=1, As=10, Ni=5, Cu=5, Cr=2) [32];  

3. The potential ecological risk index (PERI)=∑(Ei) posed by multiple element 
pollution was originally proposed by Hakanson (1980) to assess heavy metal contami-
nation of sediments. Later, it was adopted to evaluate heavy metal contamination in 
soils and to relate ecological and environmental effects with their toxicology and the 
toxic-response factor [34, 35]. 

4. The pollution load index introduced by Tomlinson et al. (1980): PLI=(CF1·CF2 

·…·CFn)(1/n), where is the number of metals studied), gives simple comparative means 
for assessing a site quality. The PLI shows the number of times by which the metal 
concentration in the soil exceeds the average natural background content. It provides a 
total indication of the overall level of trace metal toxicity in a given sample. The PLI 
value of > 1 is considered as polluted, PLI <1 — no pollution and PLI=1 means that 
trace metal load is close to the background level [37].  

https://nycopendata.socrata.com/
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Results and discussion 

Assessment of soil quality using pollution and ecological risk indices 
To assess quality of soils and their contamination levels different indices were 

used. Using the contamination factors (CF) showed in Table 1, it was possible to rank 
the following degree of contamination factors based on the mean values for 746 sam-
ples analyzed with the ICP-MS: Pb > Cu > Zn > Cr > As > Ni > Cd. The contamination 
factors were classified as follows: low (CF<1); moderate (1<CF<3); considerable 
(3<CF<6); and very high (CF>6). This shows that Pb had the highest CF, followed by 
Cu, Cr and Zn, and all of them fall into the “very high” contaminant factor category.  
In comparison, overall Cd and Ni fall into the “low” category. It should be noted that, 
however, the CF values for individual samples are highly variable, and sometimes can 
differ by 2-3 orders of magnitude. This is consistent with the extreme heterogeneities 
commonly found for urban soils. 

Table 1 

Summary statistics of the contamination factors (CF) for n = 746 

 Cr Ni Cu Zn As Cd Pb 

Mean 
7 3 11 7 4 2 32 

Max 
254 131 342 265 120 96 379 

Min 
0.49 0.01 0.01 0.51 0.02 0.04 0.08 

Std Dev 
11 6 16 11 5 9 41 

 
The calculated Ei — Single ecological risk index of the individual contaminants 

is represented on logarithmic scale in Fig. 1. It indicates that Pb had moderate to sig-
nificantly high risk to the local ecosystem, while Zn, Cr, and Ni indicated low risks and 
other elements (As and Cd) showed low to moderate risk or moderate risk (Cu).  

Fig. 1. Single ecological risk indices of the individual contaminants represented on the logarithmic scale 
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Contributions of individual trace elements to the overall potential ecological risk 
of the soil are represented on Fig. 2. The ecological risk comes mainly from soil pollu-
tion with Pb (46 %), consistent with the single ecological index (Ei) and the contami-
nant factor (CF). When the overall potential ecological risk (PERI) to the local ecosys-
tems is considered, 12 % of the studied samples had very high PERI (>600), 28 % had 
considerable PERI (300-600), 30 % had moderate PERI (150-300), and another 30 % 
of the samples had low PERI (<150).  

Fig. 2. Makeup of the mean potential ecological risk index calculated as the sum of the mean risk factors  
of the trace elements (351). The number next to the element represents percent contributions  

of individual trace elements to the mean potential ecological risk of the soils 

The pollution load index gives simple comparative means for assessing a site qual-
ity. For the 746 samples, PLI ranged from 0.59 to 50 with mean of 4.6.PLI > 1 (polluted 
soil quality) indicates progressive deterioration [37]. Only 9 gardens or 1.2 % of sam-
ples were below 1.  

Distribution of soil Pb in NYC gardens 
Spatial patterns in Pb distribution was mapped and analyzed based on 2322 sam-

plepoints from the compiled database (Fig. 3, Table 2). Each point on the map is  
a garden and may represent multiple samples that are from the same street address. 
Total Pb concentrations ranged from 3.3 to 45,076 mg/kg (mean 630 mg/kg and median 
344 mg/kg). The highest Pb concentrations vary among different neighborhoods  
of northern and central Brooklyn. Two gardens were identified with Pb concentration 
over 10,000 mg/kg. The garden from the 11205 zip code (Downtown-Heights-Park 
Slope) had the highest Pb concentration found in this study 45,076 mg/kg (Fig. 3). 
There were 282 soil samples from 245 gardens with Pb concentrations exceeding 
1,200 mg/kg. The largest number of samples (219) was from the 11238 zip code (Pro-
spect Heights). If neighborhood (a district comprised of several zip code areas) is con-
sidered, the most number of samples (486) was collected from the Downtown-Heights-
Park Slope area. The highest median Pb level among all zip codes (1,052 mg/kg) was 
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found in the 11211 zip code in Greenpoint. The highest median (1,019 mg/kg) among 
the neighborhoods was found also in Greenpoint (Brooklyn). Columbia University 
study of soils from about 50 homes in Greenpoint show that 92 % of the yards tested 
had at least one sample above the residential soil standard for New York (https://green-
pointpost.com/nearly-85-of-greenpoint-backyard-soil-samples-show-unsafe-lead-lev-
els-by-epa-standards-study). It should be noted that there were not enough samples col-
lected in eastern Queens, the Bronx and throughout Staten Island to confident lymap 
and predict Pb distributions in those areas. 

Fig. 3. NYC Gardens: Pb Soil Contamination map shows predicted soil Pb distribution by kriging based  
on 2322 garden soil samples. (Note: there were not enough samples collected in eastern Queens,  

the Bronx and throughout Staten Island to confidently map and predict Pb distributions in those areas) 

 

https://greenpointpost.com/nearly-85-of-greenpoint-backyard-soil-samples-show-unsafe-lead-levels-by-epa-standards-study
https://greenpointpost.com/nearly-85-of-greenpoint-backyard-soil-samples-show-unsafe-lead-levels-by-epa-standards-study
https://greenpointpost.com/nearly-85-of-greenpoint-backyard-soil-samples-show-unsafe-lead-levels-by-epa-standards-study


Пальцева А.А и др. Вестник РУДН. Серия: АГРОНОМИЯ И ЖИВОТНОВОДСТВО. 2019. Т. 14. № 3. С. 239—254 

246                                                                                                   ПОЧВОВЕДЕНИЕ И АГРОХИМИЯ 

Table 2 

Lead concentrations in garden soils of NYC neighborhoods (mg/kg) (total n = 2322) 

Neighborhood Median Max Min # of samples 

Greenpoint 1019 15911 26 71 

Williamsburg-Bushwick 586 3970 14 97 

Downtown-Heights-Park Slope 558 45076 4 486 

Bedford Stuyvesant-Crown Heights 488 4026 3 362 

East New York 523 1863 57 24 

Sunset Park 519 3515 57 48 

Borough Park 498 5474 11 148 

East Flatbush-Flatbush 302 9112 10 168 

Canarsie-Flatlands 169 863 26 36 

Bensonhurst-Bay Ridge 276 1609 11 36 

Coney Island-Sheepshead Bay 111 1425 12 44 

Kingsbridge-Riverdale 122 965 34 45 

Northeast Bronx 147 515 21 16 

Fordham-Bronx Park 110 761 23 25 

Pelham-Throgs Neck 370 2015 29 5 

Crotona-Tremont 97 1374 40 21 

High Bridge-Morrisania 172 742 25 20 

Hunts Point-Mott Haven 233 541 46 15 

Washington Heights-Inwood 196 2439 38 37 

Central Harlem-Morningside Heights 154 6395 29 77 

East Harlem 92 2639 21 31 

Upper West Side 215 2273 31 20 

Upper East Side 131 1905 13 31 

Chelsea-Clinton 155 2077 14 14 

Gramercy Park-Murray Hill 107 1105 11 39 

Greenwich Village-Soho 71 3478 10 15 

Union Square-Lower East Side 222 1439 32 54 

Lower Manhattan 240 3051 24 28 

Long Island City-Astoria 295 1039 11 50 

West Queens 288 2766 27 36 

Flushing-Clearview 147 508 39 15 

Bayside-Little Neck 417 673 86 2 

Ridgewood-Forest Hills 196 550 19 24 

Fresh Meadows 158 653 62 8 

Southwest Queens 618 685 82 5 

Jamaica 163 1726 54 15 

Southeast Queens 67 82 52 2 

Rockaway 148 780 14 21 

Port Richmond 433 840 89 13 

Stapleton-St. George 562 1418 27 17 

Willowbrook 117 170 64 2 

South Beach-Tottenville 44 155 12 8 
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Sources of Pb and other contaminants 
The Pb distribution map (Fig. 3) shows that, in general, soil Pb content decreases 

from the inner city towards outskirts, which is commonly seen for cities with an indus-
trial history [1]. Li et al. (2018) found a general correlation between Pb levels and his-
torical land use, where highly elevated levels of soil Pb corresponded with industrial-
ized areas. Specific hotspots of Pb were identified in neighborhoods with extensive 
industrial history such as Red Hook, Brooklyn Heights, Gowanus, Park Slope, Boerum 
Hill, Fort Greene, Williamsburg, and Bedford-Stuyvesant. These observations are con-
sistent with our findings with the highest soil Pb found in the same neighborhoods.  

Historically, leaded gasoline, lead-based paint, and many other lead-based products 
were widely used until around 1990’s [38]. It has been recognized that these contributed 
to the widespread Pb deposition into the soil, especially in urban areas. An estimated  
4-5 million metric tons of Pb from car exhaust released into the environment from 1929 
to 1986 throughout the United States [39] is a big contributor to the soil legacy  
of Pb. Although lead-based paint is no longer being used, some old houses with leaded 
paint still serve as a source of Pb for soil. Moreover, solid waste incineration (common 
in the US and New York City during the 20th century) could be another source of trace 
metals (including Pb) causing excessive deposition of contaminants in soil (Walsh et al. 
2001). Deposition of 34 million tons of refuse incineration throughout NYC landfills 
caused the release of 1 million tons of air pollutants, which eventually settled onto the 
topsoil. Manufacturing and smelting activities involving lead-bearing products, as point 
sources, also have contaminated soil with large quantities of Pb deposited into the topsoil 
within the industrial site and neighboring areas. It is highly likely that at many places 
both point and non-point sources of Pb contributed to the elevated levels of Pb in soil.  

Lead distribution changes over time 
Fig. 5 shows the spatial distribution of garden soil samples the two labs received 

from NYC gardeners between 2009 and 2017, color-coded for every three years. There 
are no noticeable changes in terms of spatial distributions of the samples received over 
time. This, on one hand, may suggest the spatial distribution of gardens in the city, and 
on the other hand may point to how effective the information regarding to soil contam-
ination has been delivered.   

It is very important to note, however, that over time the Pb levels we found in soil 
samples received have not shown any significant decline. One would expect that with 
increased awareness and educational campaign, remediation and mitigation actions had 
been taken (including replacing with new, clean soil), thus more soil samples would 
have lower Pb levels. Our study shows that there is only a slight increase in the %  
of samples < 400 ppm, comparing 2009—2011 (51 %) with 2015—2017 (55 %). In the 
2015—2017 samples, there were still 13 % above 1,200 mg/kg and 44 % above 
400 mg/kg, highlight significant health risk. The environmental challenge remains after 
nearly ten years of research and outreach, while more and more urban residents are 
getting involved in urban gardening and greening.  
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Fig. 4. Distribution of Pb levels in garden soil samples received 

Fig. 5. Sample spatial disctribution over time between 2009 and 2017 (n= 2322 garden soil samples) 
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Conclusions 

In this study, soil quality assessment indices were calculated based on individual 
metals (Pb, Zn, Cd, As, Cu, Cr, Ni) for 746 garden samples. The majority of soils is 
contaminated and poses significant risks to human health and ecological systems, partic-
ularly by Pb. A consolidated garden soil Pb database was compiled (total of 2,322 garden 
samples), from which color-coded map was created to visualize areas with potential 
health risk from soil contamination. The highest Pb levels were found in northern and 
central Brooklyn. Generally, Pb levels became lower toward the suburban areas. The Pb 
contamination map would be valuable not only to guide remediation efforts but also for 
urban planning such as developing gardens and green spaces or sitting of new parks.  
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Аннотация. Повышенные концентрации микроэлементов, в частности, свинца (Pb), распро-
странены в городских почвах, и это является одним из основных препятствий для городского сель-
ского хозяйства. Растущая популярность садоводства в городах также может означать повышение 
риска для здоровья населения. Пространственное распределение свинца в садах Нью-Йорка было 
проанализировано и визуализировано с помощью инструментов географической информационной 
системы (ГИС). Уровень загрязнения и экологические риски садов и Нью-Йорка в целом оценива-
лись по разным показателям. Степень загрязнения была ранжирована следующим образом: Pb> Cu> 
Zn> Cr> As> Ni> Cd. Единый индекс экологического риска и потенциальный экологический индекс 
указывают на то, что Pb умеренно или значительно повышал риск для местных садовых экосистем. 
На основе индекса нагрузки загрязнения качество почвы большинства садов Нью-Йорка было оха-
рактеризовано как загрязненное. Геостатистические, геообрабатывающие и пространственные ин-
струменты использовались для создания карт с цветовой кодировкой для поддержки принятия ре-
шений, связанных с садоводством, и для оценки потенциальных рисков для здоровья человека, свя-
занных с садоводством, проживанием или работой в / или вблизи садов. Эти выводы имеют большое 
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значение для разработки стратегий предотвращения загрязнения, смягчения его последствий  
и снижения риска для здоровья населения от загрязнения почвогрунтами садовых почв. 

Ключевые слова: микроэлементы, ГИС-карта, экологический индекс, свинец, цифровое 
картирование почвы, садоводство городское 
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Abstract. The aim of this study was to compare gill, kidney, liver and gut histopathology, and 
plasma antioxidant markers of rainbow trout Oncorhynchus mykiss reared in saltwater earthen ponds in 
Gomishan, Iran. To this, 10000 fish were distributed in a three-ha earthen pond and 150 fish in three 
fiberglass tanks (2000L). Blood samples were taken after 3 months rearing with same commercial feed. 
The source of fish and feed was similar between the saltwater pond and fiberglass tanks. After the  
3-month rearing, gill, kidney, liver and gut samples were taken from the pond fish; whereas, blood sam-
ples were taken from both the pond and tank fish. There was no significant difference in water tempera-
ture, dissolved oxygen and pH between the pond and tanks; however, water salinity and ammonia was 
higher in the pond compared to the tanks. Plasma superoxide dismutase and glutathione peroxidase ac-
tivity of the fish in earthen ponds were significantly higher than those fish reared in fiberglass tanks; 
however, there was no significant in thiobarbituric acid reactive substances between the pond and tanks. 
The fish had various histopathological symptoms including primary and lamella hyperplasia, lamellar 
fusion and epithelial lifting. In the kidney section, the fish showed glomerulus shrinkage and/or disap-
pearance, melanomacrophage aggregates and hematopoietic tissue necrosis. These fish showed necrosis 
and melanomacrophage aggregates in liver and goblet cell hypertrophy in gut. The results suggest that 
the fish in the earthen pond faced stressful conditions, which might be due to water salinity and ammonia; 
however, other possible factors, such as pollutants and different feeding regimen must be considered. 
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Introduction 

Gomishan site of shrimp culture is important in economy of the Goletan province, 
Iran. The site area is near 4000 ha and had total production of 2000 tons of shrimp in 
2018. Despite its importance, a problem of the site is seasonality of work period, because 
the water temperature is suitable for shrimp culture only four months a year. As a result, 
the employees hire workers seasonally, which is considered as a social crisis [1]. A solu-
tion for this problem is to introduce an aquatic species to be cultured in the second term 
of year (autumn and winter). In this case, rainbow trout (Oncorhynchus mykiss) seems to 
be fitted with the environmental conditions of the site (temperature and salinity); how-
ever, it is necessary to monitor the fish health in these earthen ponds [2].  

Histopathological studies are reliable tools to assess fish health, illustrating  
the fish responses to toxicant exposure and water salinity [3]. In this case, fish gill is 
the major organ for hydromineral control, responding morphologically to water salinity 
[4]. Liver is the main site of metabolism and the target of toxicants, showing wide range 
of morphological and histological alteration in response to toxicants [5]. Fish kidney is 
involved in salinity adaptation, which responds morphologically to toxicants [5]. Fish 
gut is an important organ in immune defense, which responds to toxicant and dietary 
compounds [3]. Monitoring of these organs provides useful information about the fish 
overall health.  

Oxidative stress is a condition in when pro-oxidant compounds exceed antioxidant 
defense [6, 7]. In this case, stressful conditions lead to oxidative stress. Superoxide 
dismutase (SOD) and glutathione peroxidase (GPx) are antioxidant enzymes collec-
tively converting superoxide ions to water and oxygen [7, 8]. Therefore, they are im-
portant in monitoring oxidative conditions of fish. However, these enzymes show dif-
ferent either elevation or demotion under stressful conditions. As a result, thiobarbituric 
acid reactive substances (TBARS) are measured as a relevant marker of lipid peroxi-
dation and oxidative stress [9].  

According to above, the aim of the present study was to investigate rainbow trout 
health (histopathology and antioxidant responses) in earthen ponds of the Gomishan site.  

Materials and methods 

This study was conducted in an earthen pond in the Gomishan site of shrimp cul-
ture. The pond was filled with the Caspian Sea water in spring, and used for shrimp 
culture during spring and summer. Then the pond water was drained and the pond bot-
tom was dried for 2 months. Thereafter, the pond was refilled with the sea water for 
trout culture. 10000 rainbow trout (~35 g) were stocked in a 3-ha pond. For comparison 
of blood antioxidant marker with a reference, 150 rainbow trout, with the same origin 
of the pond fish, were socked in three fiberglass tanks (2000 L). The fish in the pond 
and fiberglass tanks were reared for three months using a commercial feed (Faradaneh 
Co., Tehran, Iran; 40—44 % protein, 12—16 % fat). Feeding was performed twice  
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a day based on 3 % of biomass. Water of the pond was static; whereas, water flow rate 
in the tanks was 0.3 L/min. kg fish. Water physiochemical parameters were measured 
in the pond and tanks monthly.  

At the end of the three-month rearing, 12 fish were sampled from either the pond 
or tanks and immediately anesthetized with 100 mg/L eugenol. Immediately after the 
anesthesia, blood samples were taken from caudal vein using heparinized syringes and 
collected in 2-mL tubes. The blood samples were centrifuged for 10 min for plasma 
separation. The resultant plasma was kept at –20 for further analyses. After the blood 
sampling, gill, liver, kidney and gut samples were taken from the pond fish. The organs 
were fixed in 10 % buffered formalin for histopathological examination.  

Plasma SOD, GPx and MDA were determined using commercial kits (ZellBio, 
GmbH, Veltinerweg, Germany), as previously reported M.A. Taheri et al. [10]. The 
fish organs were parafinized, sectioned (4μm thickness) and stained (hematoxylin-eo-
sin) according to A. Hedayati et al. [11]. Histopathological damages were determined 
according to Haschek et al. [3] and R.J. Roberts [12]. 

Plasma and water physiochemical parameters were subjected to t-test. Data were 
presented as mean ± SD. All analyses were performed using SPSS v. 22. 

Results and discussion 

Water physiochemical parameters in pond and tanks are presented in Table 1.  
The pond water had significantly higher salinity and unionized ammonia compared to 
the tanks. Nevertheless, there was no significant difference in water temperature, dis-
solved oxygen and pH.  

Table 1 

Water physiochemical characteristics in the pond and tank.  
Different letters show significant difference between the pond and tank 

Physiochemical characteristics Pond Tank 

Temperature (ºC) 13 ± 1a 14 ± 1a 

Dissolved oxygen (mg/L) 8.88 ± 0.55a 8.56 ± 0.84a 

Salinity (g/L) 20.7 ± 1.12b 2.88 ± 0.12a 

pH 8.65 ± 0.55a 7.52 ± 0.69a 

Unionized ammonia (µg/L) 10.0 ± 1.0b 2.0 ± 0.40a 

Plasma antioxidant parameters are presented in Table 2. The fish reared in the 
tanks had significantly lower SOD and GPx activities; but there was no significant dif-
ference in plasma TBARS levels between the fish.  

Table 2  
Plasma SOD, GPx and MDA in the fish reared in the pond and tanks. 

 Different letters show significant difference between the pond and tank 

 SOD (U/L) GPx (U/L) TBARS (µM/L) 

Pond 35.1 ± 5.89b 45.5 ± 7.32b 6.85 ± 1.98a 

Tank 23.7 ± 4.55a 30.0 ± 5.21a 5.21 ± 1.57a 
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Gill section of the fish reared in Gomishan pond is presented in Figure 1. The fish 
had various histopathological symptoms including primary and lamella hyperplasia, 
lamellar fusion and epithelial lifting. In the kidney section, the fish showed glomerulus 
shrinkage and/or disappearance, melanomacrophage aggregates and hematopoietic tis-
sue necrosis (Figure 2). These fish showed necrosis and melanomacrophage aggregates 
in liver (Figure 3) and goblet cell hypertrophy in gut (Figure 4). 

 

Fig. 1. Gill section of the fish reared in the pond. PHP: primary lamella hyperplasia; L: epithelial lifting; LF:  
lamellar fusion; SHP: secondary lamella hyperplasia. Hematoxylin-eosin staining (20×) 

 

Fig. 2. Kidney section of the fish reared in the pond. GD: glomerulus disappearance;  
M: melanomacrophage aggregates; GS: glomerulus shrinkage; HN: hematopoietic tissue necrosis.  

Hematoxylin-eosin staining (20×) 
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Fig. 3. Liver section of the fish reared in the pond. N: necrosis; M: melanomacrophage aggregates.  
Hematoxylin-eosin staining (20×) 

Fig. 4. Gut section of the fish reared in the pond. Arrow heads show hypertrophy of the goblet cells.  
Hematoxylin-eosin staining (40×)  

 
The present study showed that saltwater earthen ponds of Gomishan site had dif-

ferent environment conditions compared to freshwater farms of rainbow trout culture. 
In these ponds, due to higher pH and static water [13—15], unionized ammonia is 
higher than the freshwater systems. Higher ammonia along with saltwater are stressful 
for rainbow trout, thus, affect the fish health [13—16].  

The pond fish showed higher antioxidant enzymes’ activity but did not elevated 
TBARS, compared to the tank fish. This suggests activation of antioxidant system, but 
not oxidative stress occurrence [17]. Several factors might be involved in antioxidant 
system activation. Ammonia was found to induce oxidative stress in fish leading to 
elevated TBARS [18]. Accordingly, oxidative conditions were not so severe as to cause 
oxidative stress in the pond fish, and activation of antioxidant system counteracted such 
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mild oxidative condition. Beside ammonia, osmotic stress causes oxidative condition, 
triggering the fish antioxidant system [19, 20]. Therefore, higher water ammonia and 
salinity contributed to activation of antioxidant system of the pond fish. Moreover, con-
sidering the wide difference between the pond and tank media, other possibility such 
as pathogens, pollutants, etc. could be considered.  

Gill is the main organ for hydromineral control in freshwater fish [4]. It has been 
reported that freshwater fish exposed to saltwater expressed some morphological 
changes in gill structure [21]. Hyperplasia is a defensive mechanism to thicken gill 
membrane for reducing exchange capacity between the internal and external media of 
the fish body. This reduces the entrance of harmful substances, including hyperosmotic 
water and ammonia, from water to the fish body [22]. Epithelial lifting provides dis-
tance between the fish internal body and ambient water to reduce harmful substances 
entrance to the fish body [22]. However, lamellar fusion occurs in adjacent secondary 
lamella and extensively decreases respiratory capacity [22].  

Beside gill, kidney is involved in water and ions regulation in fish [21]. When 
freshwater fish enter hyperosmotic media, water is passively excreted from the fish 
body and the animal must actively drink along with suppressing glomerulus filtration. 
Accordingly, fish have small glomerulus in freshwater [23]. The fish reared in Gomis-
han ponds had both shrinked and disappeared glomerulus to adapt higher water salinity. 
However, melanomacrophage aggregates and necrosis in hematopoietic tissues suggest 
that there was other problem in these fish. The liver section showed similar symptoms, 
supporting such hypothesis. One of the reasons might be higher water ammonia, which 
causes damage in fish kidney [24]. On the other hand, other toxicants such as metals 
might contribute to these damages, as they are present in the Caspian Sea water [25].  

The pond-reared fish showed increased number and size of goblet cells in gut. 
These cells are responsible for mucus secretion and increase in their number and size 
translated to higher mucus secretion [26]. The reason for these changes is not clear, 
however, the pond water has microbial community different from the tank water. It is 
possible some microbes stimulate the fish gut and lead to higher mucus secretion [27]. 
On the other hand, despite the tank fish that eat solely pellet feeds, the pond fish eat on 
both pellet feed and natural foods in pond (e.g. insects, worms, etc.). Thus, it is expected 
the pod fish have gut structure different from the tank fish. 

In conclusion, the fish in the earthen pond faced stressful conditions, which might 
be due to water salinity and ammonia. It is necessary to apply managerial practice to 
suppress such problems and augment the fish health and welfare.  
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Оценка гистопатологии жизненно важных органов 
и условий окислительных процессов цитоплазмы  

радужной форели Oncorhynchus mykiss,  
выращенной в глиняном пруду с морской водой 
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Аннотация. Цель данного исследования заключалась в сравнении гистопатологий жабр, по-
чек, печени и кишечника, и оценке активности системы антиоксидантной защиты радужной форели 
(Oncorhynchus mykiss), выращенной в глиняных прудах с морской водой в г. Гомишан в Иране.  
Для этого в глиняный пруд площадью 3 га поместили 10000 особей и 150 рыб распределили в трех 
резервуарах из стекловолокна (2000 л). Форель выращивали в течение трех месяцев, после чего  
у рыб, культивируемых в пруду и резервуарах, были взяты образцы крови, в то время как образцы 
тканей жабр, почек, печени и кишечника были взяты для гистологического анализа только у прудо-
вых рыб. Температура воды, содержание растворенного в воде кислорода и значение pH в пруду  
и резервуарах имели несущественные различия; однако такие параметры как соленость воды и со-
держание аммиака имели более высокие показатели в пруду. Активность цитоплазматической супе-
роксиддисмутазы и глутатионпероксидазы у рыб, культивируемых в глиняных прудах, была значи-
тельно выше по сравнению с особями, выращенными в стекловолоконных резервуарах. Тем не ме-
нее, между прудом и резервуарами не было значительной разницы по количеству веществ, 
реагирующих с тиобарбитуровой кислотой. После проведения гистологического анализа у рыб были 
выявлены такие патоморфологические изменения как первичная гиперплазия ламелл, слияние  
ламелл и эпителиальный лифтинг. На поперечном сечении почек у рыб наблюдали сморщивание 
или исчезновение клубочков, скопления меланомакрофагов и некроз гемопоэтической ткани. Кроме 
того, у этих рыб были обнаружены следы некрозов и скопления меланомакрофагов в печени, а также 
гипертрофия бокаловидных клеток кишечника. Результаты исследований показывают, что в глиня-
ном пруду рыба оказалась под воздействием стрессовых факторов, среди которых могут быть пара-
метры солености воды и содержания аммиака. Но необходимо учитывать и другие возможные при-
чины, например, загрязняющие вещества и различные режимы кормления. 

Ключевые слова: форель, глиняный пруд, система антиоксидантной защиты, морская вода, 
гистопатология, Гомишан, Иран 
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Abstract. Manipulation of the gut microbiota toward potentially beneficial bacteria (probiotics) has 
beneficial effects on fish physiology and health. The effects of prebiotics on gut microbiota are species 
specific. The present study aimed at investigation of the effects of galactooligosaccharide (GOS) as prebi-
otic on intestinal microbiota of Caspian roach and Caspian white fish fingerlings. which are among  
the most economically valuable species in the Caspian Sea. The study was conducted in a completely 
randomized design with two set of experiment each of them include three treatments in triplicates  
in which 0 (control), 1 and 2% GOS were used in diet for 6 weeks. At the end of the period, changes  
in the intestinal microbiota, including total bacterial count, lactic acid count and lactic acid bacteria (LAB) 
levels and dominance of LAB in the intestinal microbiota, were measured by culture-based method.  
Dietary GOS had no significant effect on total bacterial count in both species (P  < 0.05). The LAB levels 
in the intestinal microbiota in the treatments fed with prebiotics was significantly higher than the control 
group (P < 0.05). LAB bacteria showed the highest increase and dominance in treatments fed with  
2% GOS. Also, the highest ratio of lactic acid bacteria to the total number of viable bacteria was observed  
in the treatment with 2% GOS treatment (P < 0.05). The results of this study indicated the possibility  
of alterations in the bacterial communities of Caspian roach and Caspian white fish fingerlings gut toward 
beneficial bacterial communities using GOS as prebiotic. 

Key words: prebiotic, Caspian white fish, Caspian roach, galactooligosaccharide, gut microbiota 
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Introduction 

The study of gut microbiota is of high importance not only regarding disease but 
also regarding the status of fish physiology and immunity [1]. Establishment of a healthy 
microbiome in intestine has direct immune-physiological effects on host. It is now well-
demonstrated that there is a direct cross talk between gut microbiota and immune re-
sponse of fish [2, 3]. With the identification of lactic acid bacteria (LAB) in the intestinal 
microbiota of different fish and shrimp shellfish species in the last decade and determi-
nation of their role in the health, welfare and growth performance of the host, the im-
portance of this group of bacteria has become increasingly clear [4, 5]. Although the 
presence of LAB in the intestinal microbiota of many fish, including Atlantic cod (Gadus 
morhua), rainbow trout (Oncorhynchus mykiss), Beluga (Huso huso), Persian sturgeon 
(Acipenser persicus) and Arctic charr (Salvelinus alpinus) has been proven, they are not 
the dominant microbiota and constitute a very limited portion of gut microbiota of these 
species [6]. In addition, it was not possible to isolate LAB bacteria from several fish 
species [5, 6]. Given this fact, it has been attempted to increase the number of these bac-
teria through dietary approaches [7, 8]. One of the most important compounds suggested 
in this regard are prebiotics, which are compounds that are not absorbed by host organism 
and consumed by potentially beneficial intestinal bacteria (such as LAB) and increase 
their numbers [9, 10]. 

Despite recent studies on the effects of prebiotics on fish growth, immunity and 
physiological indices, many aspects of their potential for alteration of gut microbiota  
in aquatic and increasing dominance of beneficial bacteria remained unknown [11].  
The previous studies revealed that different prebiotics had different effects on LAB levels 
and also a single prebiotic had different effects on different fish species. Even in some 
cases, using high levels of more complex prebiotics (higher degree of polymerization) 
resulted in adverse effects on total bacterial counts and LAB levels [12]. The contradic-
tory of a prebiotic on different host can be due to difference in intestinal microbiota, 
physiological condition of digestive tract, etc. [13]. Therefore, determination of a prebi-
otic effect on intestinal microbiota of different species based on comparative studies will 
help to identify the best prebiotic to change the gut microbiota for that species. 

Galactooligosaccharide (GOS) is one of the most promising prebiotic which pre-
vious studies revealed that it could exerts positive effects in different fish species  
[14—16]. In spite of extensive researches on administration of GOS in fish [17—21], 
to the best of our knowledge there was no published study the effects of GOS on gut 
microbiota of different fish species using comparative study. Therefore, in the present 
study we decided to determine the possible effects of GOS on intestinal microbiota  
of Caspian roach and Caspian white fish.  

Materials and methods 

Experimental diets 
A commercial feed (Dansu, Iran) was used as a control diet (non-supplemented 

diet). To prepare experimental diet the basal diet was supplemented with two levels  
of GOS as prebiotic (1 and 2 %). The ingredients were blended thoroughly in a mixer . 
Then, water was added and made into pellets. The pellets were air-dried, ground and 
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sieved to produce a suitable crumble (ca. 500μm). The experimental diets were stored 
in plastic bags at −2 °C for further use.  

Fish husbandry 
The present study was conducted at the Gharasu Fisheries Research Station.  

The Caspian white (Rutilus kutum) fish and Caspian roach (Rutilus caspicus) finger-
lings were supplied by Sijowal Caspian Sea Teleost Fish Propagation & Cultivation 
Centre (Golestan province, Iran). Fish with mean weight of 1.3 g were stocked in nine 
separate tanks for each species (totally 18 tanks) at density of 30 fish per tank. The fish 
were acclimated to lab condition for 2 weeks and then feeding with experimental diets 
were started. During acclimation, fish were fed with control diet. The culture system 
water was closed with constant aeration. To maintain water quality every 2 days 50 % 
of water was exchanged. The water quality parameters were controlled and maintained 
at optimum levels.  

Prebiotic 
The prebiotic used in the presents study was GOS that was kindly supplied by 

Friesland Foods Domo Company (Zwolle, The Netherlands). The commercial product 
name was Vivinal-GOS® and obtained through the enzymatic conversion of lactose and 
mainly consists of galactose and glucose molecules. 

Evaluation of gut microbiota 
Total viable autochthonous heterotrophic aerobic bacteria and LAB levels were de-

termined at the start of trial from 15 specimens from the initial pool of fish. Also,  
at the end of the feeding trial (week 8) microbiological studies were performed. Fish were 
starved for 24 h to study the autochthonous microbiota. Three specimen were randomly 
selected from each tank (i.e. n = 9 per treatment).The intestine of fish were assessed and 
prepared for bacteria culture as we described on previous study [12]. Briefly, the surface 
bacteria were killed before dissection using 0.1 % benzalkonium chloride. With utmost 
care to be aseptic, the intestine of samples obtained, washed with sterile saline and ho-
mogenized using tissue homogenizer (Potter-Elvehjem, USA). The homogenized intes-
tine was serially diluted to 10-7 by using sterile saline (0.85 % NaCl). Then, to dermine 
the level of total bacteria and LAB a portion of the diluates (100 μL) was spread onto 
plate count agar (PCA) (Merck, Germany) and de Man, Rogosa and Sharpe (MRS) agar 
(Merck, Germany), respectively. The seeded plates were incubated at room temperature 
(25ºC) for 5 days [22]. Thereafter, the colony forming units (CFU) g−1 were counted from 
statistically viable plates (i.e. plates containing 30–300 colonies)[23].  

Statistical analysis 
Prior to statistical analysis, the normality of data and homogeneity of variance 

were checked and confirmed. Then, the statistically significant difference (at P < 0.05) 
between treatments was checked using One-way analysis of variance (ANOVA) fol-
lowed by Duncan's multiple range tests (36). All statistical analysis were performed 
using SPSS 16.0 (SPSS Inc., Chicago, IL, USA). The figures were drawn using Excel 
software (Micorsoft Office ver. 2016). 
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Results and discussion 

The total viable autochthonous heterotrophic aerobic bacteria (THAB) level  
(Log CFU/g) in the intestine of Caspian roach and Caspian white fish fingerlings fed with 
different levels of galactaligosaccharide (GOS) as prebiotics is shown in Figure 1. At the 
beginning of the feeding trial, the THAB of intestinal microbiota was 5.10 ± 0.24 log 
CFU/g. As shown in Figure 1 A, dietary administration of 1 or 2% GOS in diet had no 
significant effect on THAB counts in the gut microbiota of Caspian roach (P > 0.05). 
Similar result was noticed in case of the gut microbiota of Caspian white fish (P > 0.05) 
(Figure 1 B). 

 

 
Fig. 1. The effects of different levels of galactoaligosaccharide (GOS) as prebiotic on total bacterial counts 

(log CFU/g) in Caspian roach (A) and Caspian white fish (B) fingerlings.  
The bars (mean ±SD) assigned similar letters indicate no significant difference (P > 0.05) 
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The effects of different levels of GOS prebiotics on the level of LAB of lactic acid 
bacteria (Log CFU/g) in the gut microbiota of Caspian roach and Caspian white fish 
fingerling sare summarized in Figure 2. At the beginning of the period, no lactic acid 
bacteria were isolated from the gut microbiota of both fish species. Indeed, the number 
of LAB in the intestinal microbiota were statistically too few to count (TFTC; lower 
than 30 colonies in the first dilution). Similarly, at the end of trial in case of both fish 
species the LAB levels were TFTC in the control treatment. While, feeding with GOS 
caused significant increase of LAB level in gut microbiota of the Caspian roach and 
Caspian white fish fingerlings. In both species, the highest LAB level was noticed in 
gut microbiota of fish fed with 2% GOS. There were significant difference between  
1% GOS and 2% GOS treatment in case of gut microbiota LAB level in Caspian roach 
(P < 0.05). However, no significant difference was noticed in case of 1 and 2% GOS 
in Caspian white fish (P > 0.05). 

Fig. 2. The effects of different levels of galactoaligosaccharide (GOS) as prebiotic  
on Lactic acid bacteria levels (log CFU/g) in Caspian roach (A) and Caspian white fish (B) fingerlings.  

The bars (mean ±SD) assigned with different letters indicate significant difference (P < 0.05) 
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In addition, we calculated the ratio of LAB (potentially useful probiotic bacteria) 
to THAB in the gut microbiota of both species to see the alteration in the dominance  
of LAB in gut microbiota (Table 1). The obtained results showed that the ratio of LAB 
to THAB in all prebiotic treatments was significantly higher than the control treatment 
(P < 0.05). The highest increase in the ratio of lactic acid bacteria to the total number 
of viable bacteria was observed in the 2% GOS treatment (P < 0.05). Although the 
addition of GOS to Caspian white fish diet significantly increased the ratio of lactic 
acid bacteria, this increment was not dose dependent; there was no significant differ-
ence between 1 and 2 % levels (P < 0.05). 

Table 1 

The ratio (%) of lactic acid bacteria to the total viable bacteria in the gut microbiota  
of Caspian roach and Caspian white fish fingerlings fed with different levels of GOS as prebiotic. 

The data in a row (mean ± SD) assigned with different letters indicate significant difference (P < 0.05) 

Treatments 
Fish species 

2% GOS 1% GOS Control 

4.84 ± 0.81a 1.70±0.34b TFTCc Caspian roach 

4.12 ± 0.41a 4.45±0.16a TFTCb Caspian white fish 

 
The intestinal microbiota of the fish includes a complex and diverse community 

of aerobic and anaerobic bacteria. One of the group of bacteria in the gut microbiota 
are LAB that are of great importance nowadays as probiotics [24]. Although isolation 
of lactic acid bacteria from the gut microbiota of various species of fish has been re-
ported, these bacteria are not among the predominant bacterial communities in the gut 
and are present in low abundance [5]. Lactic acid bacteria are capable of inhibiting the 
growth of pathogenic bacteria through excretion of bacteriocins and thereby can pose 
positive effects on the health status and disease resistance of fish [25]. Although iden-
tification of the gut microbiota of fish and its manipulating is complex and is not fully 
understood, providing knowledge regarding possible alternative for modulation of gut 
microbiota toward beneficial populations is of high importance and can be a promising 
strategy for enhancing immunity and disease resistance [26—28]. This strategy can 
help to reduce utilization of antibiotics in aquaculture which per results in sustainable 
aquaculture [11]. One of the proposed methods for modulation of the intestinal micro-
biota composition is the use of dietary supplements such as prebiotics [2, 7—9, 29].  
To date, many studies have been conducted on the beneficial effects of prebiotics on 
humans and pets, and in recent years, the use of these supplements in the diet of fish 
and other aquatic animals has been considered. The efficacy and efficacy of prebiotics 
have been shown to be influenced by the degree of polymerization, fermentabulity, host 
species, resident gut microbiota [8]. Therefore, considering the inter-species variation, 
in order to ensure the beneficial effect of the prebiotic used in the diet and the optimal 
prebiotic selection, comparative studies should be done. 

The results of the present study revealed no significant alteration in THAB in the gut 
microbiota of both Caspian roach and Caspian white fish (Figure 1). In line with the findings 
of the present study, dietary administration of inactive yeast (Saccharomyces cerevisiae)  
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and prebiotic fructoaligosaccharide (FOS) had no significant effects on THAB in the intes-
tinal microbiota of Beluga sturgeon (Huso huso) [12, 30]. Similarly, feeding turbot with 
FOS supplemented diet exerts no significant effect on THAB [31]. On the other hand, 
negative effects on THAB level was reported in beluga fed with inulin [32]. The ina-
bility of dietary prebiotic to alter the THAB seems to be due to the limited binding sites 
in the gut [1, 33]. Indeed, the previous studies revealed that prebiotics seems to change 
the balance of gut microbiota by providing energy source for the beneficial bacteria 
rather than increasing the THAB. Therefore, the THAB cannot be altered very much 
due to the limited binding sites. 

Concerning the effects of the tested prebiotic (GOS) on potentially useful intesti-
nal bacteria, the results indicated a significant increase in the number of LAB in the 
intestinal microbiota of both Caspian white fish and roach compared to the control 
treatment. The highest increase was observed in fish fed with 2% GOS. Previous stud-
ies on the aquatic gut microbiota revealed despite the limited number of LAB in the gut 
microbiota, these potentially useful (probiotic) bacteria can be increased through ad-
ministration of optimum prebiotics and become dominant bacterial communities [8]. 
Although there is no comparative study regarding the effects of prebiotics on the com-
position of the gut microbiota of Caspian white fish and roach, the results of this study 
are consistent with those of Hoseinifar, Mirvaghefi, Amoozegar, Merrifield, Ringø [34] 
that showed the use of GOS (as a prebiotic) in the diet significantly increased the num-
ber of LAB in the gut microbiota of rainbow trout. In addition, the use of FOS and yeast 
prebiotics significantly increased the number of LAB in the gut microbiota of Beluga 
[12, 30]. Similar results have been observed regarding the effects of FOS on the levels 
of probiotic bacteria in the intestinal microbiota of Turbot [31]. However, in contrast 
with these finding, inulin had no significant effect on LAB levels in the intestinal mi-
crobiota of the Beluga [35]. Despite the several reports on the prebiotic effects of GOS 
on physiological and health indices of fish, there are limited reports on the prebiotic 
effect on the intestinal microbiota composition of fish. According to the results of the 
present study, GOS is an effective prebiotic for modulation of gut microbiota of both 
species. The observed differences regarding the dose can be due to differences in the 
physiological characteristics of the gut, the prebiotic type and the microbiota composi-
tion of the gut of these species.  

In conclusion, the results of this study showed that the use of GOS can be taken 
into account as an effective prebiotic in Caspian roach and Caspian white fish diet, 
aimed at modulation of the balance of gut microbiota toward beneficial bacteria. How-
ever, determining the possible effects on physiological parameters as well as mode  
of action needs further investigation. 

References 

1. Llewellyn MS, Boutin S, Hoseinifar SH, Derome N. Teleost microbiomes: the state of the 
art in their characterization, manipulation and importance in aquaculture and fisheries. 
Frontiers in Microbiology. 2014; 5:207. doi: 10.3389/fmicb.2014.00207 

2. Nawaz A, Bakhsh javaid A, Irshad S, Hoseinifar SH, Xiong H. The functionality of prebiotics 
as immunostimulant: Evidences from trials on terrestrial and aquatic animals. Fish  
& Shellfish Immunology. 2018; 76:272—278. doi: 10.1016/j.fsi.2018.03.004 



Hoseinifar SH et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(3):266—278 

VETERINARY SCIENCE                                                                                                                                     273 

3. Lazado CC, Caipang CMA. Mucosal immunity and probiotics in fish. Fish & Shellfish 
Immunology. 2014; 39(1):78—89. doi: 10.1016/j.fsi.2014.04.015 

4. Van Doan H, Hoseinifar SH, Ringo E, Angeles Esteban M, Dadar M, Dawood MA, et al. 
Host-associated probiotics: A key factor in sustainable aquaculture. Reviews in Fisheries 
Science & Aquaculture. 2019; 1—27. doi: 10.1080/23308249.2019.1643288 

5. Ringo E, Hoseinifar SH, Ghosh K, Doan HV, Beck BR, Song SK. Lactic Acid bacteria in 
finfish—an update. Frontiers in Microbiology. 2018; 9:1818. doi: 10.3389/fmicb.2018.01818 

6. Merrifield DL, Balcázar JL, Daniels C, Zhou Z, Carnevali O, Sun YZ et al. Indigenous lactic 
acid bacteria in fish and crustaceans. In: Merrifield DL, Ringo E. (eds.) Aquaculture Nutrition: 
gut health, probiotics and prebiotics. Oxford: John Wiley & Sons; 2014. p.128—168. 

7. Doan HV, Hoseinifar SH, Esteban MÁ, Dadar M, Thu TTN. Mushrooms, seaweed, and their 
derivatives as functional feed additives for aquaculture: an updated view. Studies in Natural 
Products Chemistry. 2019; 62:41—90. doi: 10.1016/B978-0-444-64185-4.00002-2 

8. Ringo E, Zhou Z, Vecino JLG, Wadsworth S, Romero J, Krogdahl A, et al. Effect of dietary 
components on the gut microbiota of aquatic animals. A never-ending story? Aquaculture 
Nutrition. 2016; 22(2):219—282. doi: 10.1111/anu.12346 

9. Dawood MAO, Koshio S. Recent advances in the role of probiotics and prebiotics in carp 
aquaculture: A review. Aquaculture. 2016; 454:243—251. doi: 10.1016/j.aquaculture.2015.12.033 

10. 1Hoseinifar SH, Esteban MÁ, Cuesta A, Sun Y-Z. Prebiotics and fish immune response:  
A review of current knowledge and future perspectives. Reviews in Fisheries Science  
& Aquaculture. 2015; 23(4):315—328. doi: 10.1080/23308249.2015.1052365 

11. Lieke T, Meinelt T, Hoseinifar SH, Pan B, Straus DL, Steinberg CEW. Sustainable 
aquaculture requires environmental-friendly treatment strategies for fish diseases. Reviews in 
Aquaculture. 2019. doi: 10.1111/raq.12365 

12. Hoseinifar SH, Mirvaghefi A, Mojazi Amiri B, Rostami HK, Merrifield DL. The effects  
of oligofructose on growth performance, survival and autochthonous intestinal microbiota  
of beluga (Huso huso) juveniles. Aquaculture Nutrition. 2011; 17(5):498—504. doi: 
10.1111/j.1365-2095.2010.00828.x 

13. Daniels C, Hoseinifar SH. Prebiotic Applications in shellfish. In: Merrifield LD, Ringo E (eds.) 
Aquaculture Nutrition: gut health, probiotics and prebiotics. Oxford: John Wiley & Sons; 
2014. p.401—418. 

14. Zhou Q-C, Buentello JA, Gatlin Iii DM. Effects of dietary prebiotics on growth performance, 
immune response and intestinal morphology of red drum (Sciaenops ocellatus). Aquaculture. 
2010; 309(1—4):253—257. doi: 10.1016/j.aquaculture.2010.09.003 

15. Burr G, Hume M, Ricke S, Nisbet D, Gatlin D. In Vitro and in vivo evaluation of the 
prebiotics GroBiotic®-A, inulin, mannanoligosaccharide, and galactooligosaccharide on the 
digestive microbiota and performance of hybrid striped bass (Morone chrysops × Morone 
saxatilis). Microbial ecology. 2010; 59(1):187—198. doi: 10.1007/s00248-009-9597-6 

16. Grisdale-Helland B, Helland SJ, Gatlin III DM. The effects of dietary supplementation with 
mannanoligosaccharide, fructooligosaccharide or galactooligosaccharide on the growth and 
feed utilization of Atlantic salmon (Salmo salar). Aquaculture. 2008; 283(1—4):163—167. 
doi: 10.1016/j.aquaculture.2008.07.012 

17. Yousefi S, Hoseinifar SH, Paknejad H, Hajimoradloo A. The effects of dietary supplement 
of galactooligosaccharide on innate immunity, immune related genes expression and growth 
performance in zebrafish (Danio rerio). Fish & Shellfish Immunology. 2018; 73:192—196. 
doi: 10.1016/j.fsi.2017.12.022 

18. Hoseinifar SH, Ahmadi A, Khalili M, Raeisi M, Van Doan H, Caipang CM. The study of 
antioxidant enzymes and immune-related genes expression in common carp (Cyprinus carpio) 
fingerlings fed different prebiotics. Aquaculture Research. 2017; 48(11):5447—5454. doi: 
10.1111/are.13359 

19. Modanloo M, Soltanian S, Akhlaghi M, Hoseinifar SH. The effects of single or combined 
administration of galactooligosaccharide and Pediococcus acidilactici on cutaneous mucus 
immune parameters, humoral immune responses and immune related genes expression in 

https://www.wiley.com/en-us/search?pq=%7Crelevance%7Cauthor%3AEinar+Ringo


Хосейнифар С.Х. и др. Вестник РУДН. Серия: АГРОНОМИЯ И ЖИВОТНОВОДСТВО. 2019. Т. 14. № 3. С. 266—278 

274                                                                                                                                     ВЕТЕРИНАРИЯ 

common carp (Cyprinus carpio) fingerlings. Fish & Shellfish Immunology. 2017; 70:391—
397. doi: 10.1016/j.fsi.2017.09.032 

20. Guerreiro I, Couto A, Machado M, Castro C, Pousão-Ferreira P, Oliva-Teles A, et al. 
Prebiotics effect on immune and hepatic oxidative status and gut morphology of white sea 
bream (Diplodus sargus). Fish & Shellfish Immunology. 2016; 50:168—174. doi: 
10.1016/j.fsi.2016.01.023 

21. Miandare HK, Farvardin S, Shabani A, Hoseinifar SH, Ramezanpour SS. The effects of 
galactooligosaccharide on systemic and mucosal immune response, growth performance and 
appetite related gene transcript in goldfish (Carassius auratus gibelio). Fish & Shellfish 
Immunology. 2016; 55:479—483. doi: 10.1016/j.fsi.2016.06.020 

22. Hoseinifar SH, Khalili M, Sun YZ. Intestinal histomorphology, autochthonous microbiota 
and growth performance of the oscar (Astronotus ocellatus Agassiz, 1831) following dietary 
administration of xylooligosaccharide. Journal of Applied Ichthyology. 2016; 32(6):1137—
1141. doi: 10.1111/jai.13118 

23. Rawling M, Merrifield D, Kühlwein H, Snellgrove D, Gioacchini G, Carnevali O, et al. 
Dietary modulation of immune response and related gene expression profiles in mirror carp 
(Cyprinus carpio) using selected exotic feed ingredients. Aquaculture. 2014; 418:177—184. 
doi: 10.1016/j.aquaculture.2013.10.002 

24. Van Doan H, Hoseinifar SH, Ringo E, Angeles Esteban M, Dadar M, Dawood MA, et al. 
Host-associated probiotics: a key factor in sustainable aquaculture. Reviews in Fisheries 
Science & Aquaculture. 2019; 1—27. doi: 10.1080/23308249.2019.1643288 

25. Hoseinifar SH, Sun Y, Wang A, Zhou Z. Probiotics as means of diseases control in 
aquaculture, A Review of current knowledge and future perspectives. Frontiers in 
Microbiology. 2018; 9:2429. doi: 10.3389/fmicb.2018.02429 

26. Van Doan H, Hoseinifar SH, Tapingkae W, Seel-audom M, Jaturasitha S, Dawood MA, et 
al. Boosted growth performance, mucosal and serum immunity, and disease resistance nile 
tilapia (Oreochromis niloticus) fingerlings using corncob-derived xylooligosaccharide and 
lactobacillus plantarum CR1T5. Probiotics and antimicrobial proteins. 2019; 1—12. doi: 
10.1007/s12602-019-09554-5 

27. Dawood MAO, Koshio S, Esteban MA. Beneficial roles of feed additives as 
immunostimulants in aquaculture: a review. Reviews in Aquaculture. 2018; 10(4):950—974. 
doi: 10.1111/raq.12209 

28. Abdel-Tawwab M, Abdel-Rahman AM, Ismael NEM. Evaluation of commercial live bakers' 
yeast, Saccharomyces cerevisiae as a growth and immunity promoter for Fry Nile tilapia, 
Oreochromis niloticus (L.) challenged in situ with Aeromonas hydrophila. Aquaculture. 
2008; 280(1—4):185—189. doi: 10.1016/j.aquaculture.2008.03.055 

29. Ringo E, Dimitroglou A, Hoseinifar SH, Davies SJ. Prebiotics in Finfish: an update. In: 
Merrifield DL, Ringo E. (eds.) Aquaculture nutrition: gut health, probiotics and prebiotics. 
Oxford: John Wiley & Sons; 2014. p.360—400. doi: 10.1002/9781118897263.ch14 

30. Hoseinifar SH, Mirvaghefi A, Merrifield DL. The effects of dietary inactive brewer's yeast 
Saccharomyces cerevisiae var. ellipsoideus on the growth, physiological responses and gut 
microbiota of juvenile beluga (Huso huso). Aquaculture. 2011; 318(1—2):90—94. doi: 
10.1016/j.aquaculture.2011.04.043 

31. Mahious AS, Gatesoupe FJ, Hervi M, Metailler R, Ollevier F. Effect of dietary inulin and 
oligosaccharides as prebiotics for weaning turbot, Psetta maxima (Linnaeus, C. 1758). 
Aquaculture International. 2006; 14(3):219—229. doi: 10.1007/s10499-005-9003-4 

32. Akrami R, Ghelichi A, Manuchehri H. Effect of dietary inulin as prebiotic on growth 
performance and survival of juvenile rainbow trout (Oncorhynchus mykiss). Journal of 
marine science and technology research. 2009; 4(3):1—9. 

33. Li X, Ringo E, Hoseinifar SH, Lauzon HL, Birkbeck H, Yang D. The adherence and 
colonization of microorganisms in fish gastrointestinal tract. Reviews in Aquaculture. 2019; 
11(3):603—618. doi: 10.1111/raq.12248 



Hoseinifar SH et al. RUDN Journal of Agronomy and Animal Industries, 2019; 14(3):266—278 

VETERINARY SCIENCE                                                                                                                                     275 

34. Hoseinifar SH, Mirvaghefi A, Amoozegar MA, Merrifield D, Ringø E. In vitro selection of 
a synbiotic and in vivo evaluation on intestinal microbiota, performance and physiological 
response of rainbow trout (Oncorhynchus mykiss) fingerlings. Aquaculture Nutrition. 2015; 
23(1):111—118. doi: 10.1111/anu.12373 

35. Reza A, Abdolmajid H, Abbas M, Abdolmohammad AK. Effect of dietary prebiotic inulin 
on growth performance, intestinal microflora, body composition and hematological 
parameters of juvenile beluga, Huso huso (Linnaeus, 1758). Journal of the World 
Aquaculture Society. 2009; 40(6):771—779. Available from: doi: 10.1111/j.1749-
7345.2009.00297.x 

  
About authors: 
Hoseinifar Seyed Hossein — Phd, Department of Life and Environmental Sciences, Polytechnic Univer-
sity of Marche, 22 Piazza Roma, Ancona, Italy, 60100; Department of Animal and Aquatic Sciences, 
Faculty of Agriculture, Chiang Mai University, Su Thep, Mueang Chiang Mai District, Chiang Mai, 
Thailand, 50200; e-mail: hossein.hoseinifar@gmail.com; ORCID: 0000-0002-0210-9013  
Doan Hien Van — Phd, Department of Animal and Aquatic Sciences, Faculty of Agriculture, Chiang 
Mai University, 239 HuayKaew Road, Muang District, Chiang Mai, Thailand, 50200; WOS - N-
9579-2019  
Ashouri Ghasem — Department of Life and Environmental Sciences, Polytechnic University of 
Marche, 22 Piazza Roma, Ancona, Italy, 60100  
 

Научная статья 

DOI 10.22363/2312-797X-2019-14-3-266-278 

Влияние галактоолигосахаридов  
в виде пребиотика на микрофлору кишечника 

различных видов рыб 
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Аннотация. Обогащение кишечной микробиоты потенциально полезными бактериями (про-
биотиками) оказывает благотворное влияние на физиологические процессы и здоровье рыб. Однако, 
воздействие пребиотиков на микрофлору кишечника является видоспецифичным. Настоящее иссле-
дование направлено на изучение влияния галактоолигосахаридов в качестве пребиотика на кишеч-
ную микробиоту каспийской плотвы и мальков каспийского кутума, являющихся одними из наибо-
лее экономически ценных видов рыб, обитающих в Каспийском море. Исследование проводилось  
в течение 6 недель по полной рандомизированной схеме, в двух повторениях, каждое из которых 
включало три варианта обработки — 0 (контроль), 1 и 2 % ГОС, в трехкратной повторности. После 
этого с помощью культурального метода были изучены изменения в микробиоте кишечника рыб, 
включая общее количество бактерий, количество молочной кислоты и молочнокислых бактерий,  
а также влияние молочнокислых бактерий на микрофлору кишечника. Диетические галактоолигос-
ахариды не оказали значительного влияния на общее количество бактерий у обоих видов (P < 0.05). 
Уровень молочнокислых бактерий в кишечнике был значительно выше при лечении пребиотиками, 
чем в контрольной группе (P < 0.05). Значительное увеличение количества молочнокислых бактерий 
и их преобладание было отмечено в варианте с использованием 2 % галактоолигосахаридов. Кроме 
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того, самое высокое количество молочнокислых бактерий по отношению к общему количеству жиз-
неспособных бактерий наблюдалось в варианте с использованием 2 % галактоолигосахаридов 
(P < 0.05). Результаты данного исследования доказывают возможность и эффективность использо-
вания галактоолигосахаридов в качестве пребиотика для обогащения кишечной бактериальной мик-
рофлоры каспийской плотвы и мальков каспийского кутума. 

Ключевые слова: пребиотик, каспийский кутум, каспийская плотва, галактоолигосахарид, 
кишечная микробиота 
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Abstract. The present study was undertaken to evaluate the lethal toxicity and stress signs of Floni-
camid toward juvenile common carp (Cyprinus carpio). The 96 h LC50 values, determined 43.17 mgL–1  
by probit analysis in a semi-static system. LC50 24, 48 and 72 h were 47.54, 41.83 and 43.51 mgL–1, respec-
tively. Behavioral changes include hyperexcitement, erratic swimming, dark coloration, loss of equilibrium 
and lethargy were observed with different intensities. Consequently, mortality rate, stress signs and behav-
ioral changes observed in response to the Flonicamid are dependent to dose and time exposure. 
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Introduction 

Flonicamid is the approved common name for the chemical composition, IKI220; 
N-cyanomethyl-4-trifluoromethyl nicotinamide. It is a novel systemic pyridine carbox-
amide pesticide discovered by Ishihara Sangyo Kaisha, Ltd (Tokyo, Japan). It is used for 
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controlling hemipterous pests, and thysanopterous pests that are resistant to other in-
secticides. It is a useful pesticide for the control of sucking pests such as aphids, white-
flies, trips, some micro lepidoptera, and a number of coleopteran species [1]. Floni-
camid causes starvation in sucking insects via inhibit their feeding. The mechanism  
is stop feeding by blocking the ion channel. After spraying Flonicamid, although in-
sects are able to attach to the plant, their salivation and sap feeding are limited or com-
pletely blocked [2].  

The high rate of human population growth and the rapid pace of industrialization 
have caused the problem of sewage disposal. The domestic wastes and untreated or 
partially treated industrial sewages, may have pollutants like heavy metals, pesticides 
and many organic compounds, affect the fish and other aquatic organisms with sev-
eral negative side effect on non-target organisms such as fish disease or death. Actu-
ally, it is a well-known fact that indiscriminate use of pesticides in agriculture has 
resulted in extensive distribution in the environment and also has a direct impact on 
non-target organisms [3]. 

Investigation the behavior is considered as a promising tool in ecotoxicology [4]. 
Behavior of toxicant exposed fish is the integrative measures of neurotoxicity and reflect-
ing biochemical and physiological reactions to the toxicant. Also, behavior is a unified 
result of endogenous and exogenous processes and low level of exposures have been 
involved in various behavioral and physiological impairments [5]. Monitoring fish be-
havior which exposed to pesticides performed in several investigations [4, 6]. 

Using pesticides is common in the extensive agriculture farms of southern region 
of the Caspian Sea in Iran which located nearby the fish farms. Therefore, the fish in 
this region, either in the sea or fish farms are endangered by pesticides [4]. As Floni-
camid has a favorable toxicological profile, with low toxicity to mammals, recently, it 
has been widely used as a safe insecticide in the agricultural farms of this region.  

The present study has aimed to determine the lethal toxicity of Flonicamid and its 
effects on some behavioral changes of juvenile common carp (Cyprinus carpio). Com-
mon carp is a highly edible fish and preferred for culture due to its high growth rate 
and prolific breeding in confined water. Also, it is commercial and an important aqua-
culture fish species in the southern Caspian Sea. Common carp is cultured for food 
consumption and also restoration of fish stocks.  

Materials and methods 

Fish maintenance & pesticide preparation 
Total number of 200 juvenile common carp with average weight and length of 

48 ± 4.25 g and 11 ± 1.5 cm, respectively, were stored in a 2000 L capacity fiberglass 
tank. During two weeks acclimation, the fish were fed 1.5 % of the body weight with 
commercial carp feed, twice a day (Mazandaran Animal & Aquatic Feed Co., Sari, 
Mazandaran, Iran) and aerated continuously. 50 % water exchanging performed daily. 
Leftover food in the tank was removed daily when water of the tank was changed. 
Physicochemical properties of water were monitored during the experiment. Water 
temperature, dissolved oxygen, salinity, and pH were measured by Hach HQ40d  
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portable apparatus (Loveland, Colorado, USA). Also, photometer (Wagtech 7100, 
Berkshire, UK) was used to calculate total hardness, alkalinity, and calcium. 

Behavior monitoring 
The fish behaviors, clinical and apparent characteristics were monitored during 

Flonicamid exposure daily. Changes in fish swimming and coloration and any other 
apparent symptoms were reported for each group to compare the effect of concentration 
and time of Flonicamid exposure on experimental fish.  

Determination of lethal concentration 
150 common carp were distributed into 15 fiberglass tanks with 160 L volume. The 

tanks were considered as five groups for five different Flonicamid concentrations. Three 
replicate were taken for each concentration. 0 (control), 30, 40, 50 and 60 mg L–1 were 
determined according to the pre range finding test. The fish were exposed to the distinct 
concentrations of Flonicamid (with specifications in Table 1) for 96 h to determine LC50 
values after 24, 48, 72 and 96 h. They were starved 24 h prior to exposing and during 
assay no food was given to the fish. The mortality was recorded in each group and dead 
fish were removed from tanks. Simultaneously renewed water, some amount of the pes-
ticide were added into tanks to keep the concentration of the treatments, daily. 

Table 1 

Specifications of Flonicamid 

Pesticide CAS number Supplier Grade Chemical name Alternative 
name 

Flonicamid 158062-67-0 Ishiharab 
Sangyo Kaisha, 

Ltd Tokyo,  
Japan 

Commercial 
formulation 
(50 % WG) 

IKI220; 
N-cyanomethyl- 
4-trifluoromethyl  

nicotinamide 

Teppeki 

Analysis 
The fish behavior was monitored immediately after exposure to Flonicamid and con-

tinued every one hour in the first day. Then, the fish behavior was investigated three times 
a day in every 24 h up to 96 h after Flonicamid exposure. Data on mortality of fish were 
investigated according to time by probit method in statistical SPSS software (version 17). 
Based on probit analysis method, LC50 values and 95 % lower and upper confidence limits 
determined. In Finney’s method, a regression equation and graphical interpolation are used 
to determine the LC50 value. To draw the graphical interpolation, logarithms of the chem-
ical compound concentration and the probit value of percentage mortality are used on the 
X axis and Y axis, respectively. The 95 % confidence limits of the LC50 values were cal-
culated by the formula of Mohapatra, Rengarajan [7] in Finney’s method. 

Results and discussion 

Physicochemical characteristics of water in the experiment were checked daily to 
establish the environmental parameters. Table 2 shows these parameters.  
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Table 2 

Physicochemical characteristics of water 

Characteristics Unit Mean ± SD 

Water temperature °C 27.5 ± 1.25 

pH — 8.5 ± 0.25 

Dissolved oxygen mg L–1 7.1 ± 0.84 

Salinity mg L–1 2.63 ± 0.15 

Electro conductivity µs cm–1 4630±55 

Total hardness (as CaCO3) mg L–1 300 ± 17.5 

Alkalinity (as CaCO3) mg L–1 350 ± 20.3 

Calcium mg L–1 110 ± 11.7 

 

Toxicity stress and behavioral and apparent physiological symptoms 
Uncoordinated behavior was observed in fish exposed to different concentra-

tions of Flonicamid. At the initial of exposure, the brownish gray powder of Floni-
camid caused the water appearance foamy and cloudy. The fish stopped swimming 
with a swinging motion in their location in response to sudden changes in the sur-
rounding environment. Then, to avoid the toxicant water, they swam to the water 
surface with hyper excitement behavior and fast swimming which seems this behav-
ior was because of low oxygen conditions. Also, faster activity of opercula was ob-
served as surfacing and gulping of air. After some time, the fish became slow with 
erratic swimming. Body pigmentation increased, therefore, the fish coloration be-
came dark especially fins and tail. The darkish color increased gradually and ex-
panded to other parts of the body. The fish exposed to higher concentration of Floni-
camid showed a faster color exchange. Eventually, fish with lateral swimming lost 
their equilibrium and consciousness. Then, they stayed motionless on the bottom of 
tank and became exhausted and lethargic. Lastly, they died with open mouth and 
operculum. These alterations occurred so fast in fish exposed to higher Flonicamid 
concentration (50 and 60 mgL-1) compared to the lower one (30 and 40 mgL–1)  
which some behaviors were not obvious clearly in higher dose, such as erratic and 
slow swimming. 

Lethal concentration of Flonicamid 
Lethal concentration (LC50) is basically for acute toxicity. LC50 is the concentra-

tion of a toxicant chemical compound such as pesticide, which kills 50 % of the exper-
imental organism in a specific period of time exposure, usually 96 h. According to 
Figure 1, by increasing the concentration of Flonicamid, the fish mortality rate has also 
increased, which indicates a direct relationship between mortality and concentration of 
the pesticide. LC50 of Flonicamid after 24, 48, 72 and 96 h exposure were determined 
47.54, 41.83, 43.51 and 43.17 mgL–1, respectively (Table 3). LC10-99 in each time 
exposure of Flonicamid is in Table 4. 
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Fig. 1. Percentage mortality of Cyprinus carpio after 96 h exposure to different concentrations of Flonicamid 
 

Table 3 
Lethal concentration of Flonicamid (mgL–1) 

Duration (h) 
LC50 values 

(mg L–1) 
95 % confidence limit 

Slope ± SE Intercept ± SE Sig 
lower upper 

24 47.54 42.35 52.67 25.512 ± 7.80 –42.78 ± 13.14 0.001 
48 41.83 35.05 48.18 14.48 ± 4.38 –23.49 ± 7.18 0.001 
72 43.51 38.88 48.09 28.37 ± 8.63 –46.49 ± 14.20 0.001 
96 43.17 37.36 48.77 18.29 ± 5.36 –29.91 ± 8.83 0.001 

 

Table 4 
Lethal concentrations of Flonicamid (mgL–1) (95 % confidence intervals)  

depending on exposure time for Cyprinus carpio 

Lethal 
concentration 

Exposure time (h) 
24 48 72 96 

LC10 38.99 
(27.68—43.38) 

29.50 
(16.34—35.16) 

36.40 
(26.71—40.24) 

32.74 
(21.17—31.70) 

LC50 47.54 
(42.35—52.67) 

41.83 
(35.05—48.18) 

43.51 
(38.88—48.09) 

43.17 
(37.36—48.77) 

LC90 57.97 
(52.40—79.09) 

59.32 
(50.69—97.89) 

52 
(47.28—68.80) 

56.92 
(50.01—83.17) 

LC99 71.98 
(60.94—133.71) 

86.85 
(65.73—244.75) 

63.18 
(54.30—109.63) 

76.97 
(61.73—165.86) 

Some apparent physiological and behavioral alterations observed in juvenile common 
carp exposed to Flonicamid and they were obvious approximately 30 min after exposure 
to the highest concentration of Flonicamid (60 mgL–1). The sequence of intoxication symp-
toms were initially stopped swimming with a swinging motion due to abrupt stress (it was 
clear in high Flonicamid concentrations), hyperactivity and irregular swimming, swim-
ming near the water surface for oxygen uptake, erratic swimming, darkening the body color 
due to accumulation of pigments, lethargy because of energy consumption to against stress 
and death, ultimately. Some behavior alterations and intoxication symptoms observed  
in the previous studies. Jonsson, Toledo [8] reported excitation, erratic swimming with  
increase in respiratory frequency, swimming near the water surface for oxygen uptake, 
convulsion and hysteria in two species Hyphessobrycon bifasciatus and Brachydanio rerio 
exposed to acute toxicity of endosulfan. Joshi, Rege [9] also noticed similar symptoms in 
Gambusiaaffinis exposed to other organochlorine insecticides such as DDT and BHC and 
a few inorganic salts. The teleosts exposed to pyrethroids and some organophosphates 
showed behavior alterations and intoxication symptoms [10]. 
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Hyperactivity and irregular movement are the symptoms related to the central 
nervous symptoms. Although the mecanism of action of Flonicamid is not comletely 
known in fish, this pesticide may interfere withthe connection of some 
neurotransmitters in specific receptors like their function in insects [8]. Alterations in 
the levels of intra- and extracellular sodium and potassium may be another reason to 
the hyperactivity and irregular movement in fish exposed to the pesticides [11]. The 
various behavioral changes such as abnormal swimming, jerks of body, loss of balance 
and anorexia are some indications observed in Oreochromis niloticus and Chrysichthys 
auratus exposed to atrazine, Channa punctatus exposed to mecuric chloride and 
malathion and Heteropneutes fossilis exposed to Malathion [12—14]. Fast swimming 
and jumping, faster opercula activity, erratic swimming, vigorous jerks of the body, 
mucus elevation, increased body pigmentation, loss of balance and consciousness, 
rolling movement, became exhausted and lethargic were the intoxication symptoms 
reported in Channa punctatus exposed to carbosulfan, glyphosate and atrazine [6]. 

Dark coloration due to pesticides exposure is a symptom which reported in previous 
studies like Cyprinus carpio exposet to indoxacarb, Salmo salar and Oncorhynchus mykiss 
exposed to  emamectin benzoate [15, 16]. Dark coloration of fish exposed to Flonicamid 
might be as a result of interference of pesticide in melanophore aggregation due to cortisol 
hormone elevation in the stressful condition. According to Nunes, Gaio, Carvalho, 
Guilhermino [17] different factors may affect dark pigmentation in fish for example, cap-
ture, environmental stress, and as a defense mechanism when they feel threatened. Increas-
ing the intensity of fish pigmentation associates with stress responsiveness, since fish sub-
jected to stressful conditions [18]. Common carp to 2,4-Dichlorophenoxyacetic acid [19] 
showed light coloration. Light coloration may due to mucus hypersecretion.  

Acute toxicity data has been used to determine water quality guidelines. The 
results of the LC50 (median lethal concentration) of the present study at 96 h were 
43.17 mgL–1 for Flonicamid. Therefore, it seems Flonicamid may be the moderate 
toxic substance for juvenile common carp. Toxicity of the pesticides was both time 
and concentration dependent, thus accounting for differences in LC10-99 values  
attained at different times and concentrations of exposure. There is no report on Floni-
camid LC50 in any fish species. Therefore, may be further investigations show dif-
ferent data even in the common carp. Because toxicity of chemicals to aquatic organ-
isms has been shown to be affected by age, size, health of the species and also, phys-
iological parameters like temperature, pH, dissolved oxygen and turbidity of water 
and concentration and formulation of chemical [20]. 

Conclusions 

The result of the present study showed that Flonicamid as a new pesticide has ad-
verse effects on behavioral and some apparent physiological parameters of common carp. 
Initially swinging motion, hyperexcitement, erratic swimming, dark coloration, loss of 
equilibrium and lethargy are the intoxication symptoms due to Flonicamid exposure.  
The symptoms are related to the time and concentration of Flonicamid exposure as other 
pesticides. Calculating the lethal concentration of Flonicamid in different times and con-
centrations indicate that pesticide toxicity depends on different parameters. 
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Определение средней летальной концентрации 
и симптомов интоксикации нового  

пиридинкарбоксамидного пестицида  
флоникамида на карпа Cyprinus carpio 

М. Геличпур*1, 2, А.Т. Миргаед1, 2, А.П. Хименес3, 4 
1Тегеранский университет, Тегеран, Иран 

2Центр международных научных исследований и сотрудничества (CISSC),  
Тегеран, Иран 

3Университет Гранады, Гранада, Испания, 
4Университет Порту, Порту, Португалия  
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Аннотация. Настоящее исследование было проведено для оценки летальной токсичности и опре-
деления симптомов интоксикации флоникамида по отношению к молодому карпу (Cyprinus carpio). 
Средняя летальная концентрация за 96 ч отмечается при 43,17 мг/л с помощью пробит-анализа в полу-
статической системе. Средняя летальная концентрация через 24, 48 и 72 ч составили 47,54, 41,83  
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и 43,51 мг/л соответственно. Среди поведенческих изменений преобладали гипервозбуждение, неустой-
чивое плавание, темная окраска, потеря равновесия и летаргия, которые наблюдались с различной ин-
тенсивностью. Следовательно, уровень смертности, стрессовые признаки и поведенческие изменения, 
наблюдаемые в ответ на прием флоникамида, зависят от дозы и времени воздействия препарата. 

Ключевые слова: флоникамид, летальная концентрация, Cyprinus carpio, симптомы инток-
сикации, поведение 

БЛАГОДАРНОСТИ 
Данное исследование было проведено при поддержке Центра международных научных иссле-
дований и сотрудничества (CISSC) Министерства науки, исследований и технологий Ирана. 

История статьи:  
Поступила в редакцию: 1 июля 2019 г. Принята к публикации: 1 августа 2019 г.  

Для цитирования: 
Ghelichpour M., Mirghaed A.T., Jimenez A.P. LC50 Determination and intoxication symptoms  
of a new pyridine carboxamide pesticide Flonicamid on common carp Cyprinus Carpio // Вестник 
Российского университета дружбы народов. Серия: Агрономия и животноводство. 2019.  
Т. 14. № 3. С. 279—288. doi: 10.22363/2312-797X-2019-14-3-279-288 

Библиографический список 

1. Cho S.R., Koo H.N., Yoon C., Kim G.H. Sublethal effects of Flonicamid and thiamethoxam 
on green peach aphid, Myzus persicae and feeding behavior analysis // Journal of the Korean 
Society for Applied Biological Chemistry. 2011. Vol. 54. № 6. Р. 889—898. doi: 
10.1007/BF03253177 

2. Morita M., Ueda T., Yoneda T., Koyanagi T., Haga T. Flonicamid, a novel insecticide with 
a rapid inhibitory effect on aphid feeding // Pest Management Science: formerly Pesticide 
Science. 2007. Vol. 63. № 10. Р. 969—973. doi: 10.1002/ps.1423 

3. Pazhanisamy K., Indra N. Toxic effects of arsenic on protein content in the fish, Labeo rohita 
(Hamilton) // Nature, Environment and Pollution Technology. Vol. 2007. Vol. 6. № 1.  
P. 113—116.  

4. Mirghaed A.T., Ghelichpour M. Determination of lethal concentrations of indoxacarb  
in fingerling Cyprinus carpio at two temperatures // International journal of aquatic biology. 
2015. Vol. 3. № 5. Р. 339—345. doi: 10.22034/ijab.v3i5.113 

5. Sandahl J.F., Baldwin D.H., Jenkins J.J., Scholz N.L. Comparative thresholds for 
acetylcholinesterase inhibition and behavioral impairment in coho salmon exposed  
to chlorpyrifos // Environmental Toxicology and Chemistry: An International Journal. 2005. 
Vol. 24. № 1. Р. 136—145. doi: 10.1897/04-195R.1 

6. Nwani C.D., Nagpure N.S., Kumar R., Kushwaha B., Kumar P., Lakra W.S. Lethal concentration 
and toxicity stress of Carbosulfan, Glyphosate and Atrazine to freshwater air breathing fish 
Channa punctatus (Bloch) // International Aquatic Research. 2010. № 2. Р. 105—111.  

7. Mohapatra B., Rengarajan K. Manual on bioassays in the laboratory and their techniques // 
CMFRI special publication. 1995. № 64. Р. 1—75.  

8. Jonsson C.M., Toledo M.C.F. Acute toxicity of endosulfan to the fish Hyphessobrycon 
bifasciatus and Brachydanio rerio // Archives of Environmental Contamination and 
Toxicology. 1993. Vol. 24. № 2. Р. 151—155. doi: 10.1007/BF01141341 

9. Joshi A., Rege M. Acute toxicity of some pesticides and a few inorganic salts to the mosquito 
fish Gambusia affinis (Baird & Girard) // Indian Journal of Experimental Biology. 1980.  
Vol. 18. № 4. Р. 435—437.  

10. Naqvi S.M., Hawkins R. Toxicity of selected insecticides (Thiodan®, Security®, Spartan®, 
and Sevin®) to mosquitofish, Gambusia alfinis // Bulletin of Environmental Contamination 
and Toxicology. 1988. Vol. 40. № 5. Р. 779—784. doi: 10.1007/BF01697530 



Геличпур М. и др. Вестник РУДН. Серия: АГРОНОМИЯ И ЖИВОТНОВОДСТВО. 2019. Т. 14. № 3. С. 279—288 

288                                                                                                                                     ВЕТЕРИНАРИЯ 

11. Swarup P.A., Rao D.M., Murty A. Toxicity of endosulfan to the freshwater fish Cirrhinus 
mrigala // Bulletin of Environmental Contamination and Toxicology. 1981. Vol. 27. № 1.  
Р. 850—855. doi: 10.1007/BF01611106 

12. Hussein S., El-Nasser M., Ahmed S. Comparative studies on the effects of herbicide atrazine 
on freshwater fish Oreochromis niloticus and Chrysichthyes auratus at Assiut, Egypt // 
Bulletin of Environmental Contamination and Toxicology. 1996. Vol. 57. № 3. Р. 503—510. 
doi: 10.1007/s001289900218 

13. Pandey S., Kumar R., Sharma S., Nagpure N., Srivastava S.K., Verma M. Acute toxicity 
bioassays of mercuric chloride and malathion on air-breathing fish Channa punctatus (Bloch) 
// Ecotoxicology and Environmental Safety. 2005. Vol. 61. № 1. Р. 114—120. doi: 
10.1016/j.ecoenv.2004.08.004 

14. Chandra S. Toxic effect of Malathion on acetylcholinesterase activity of liver, brain and gills 
of freshwater catfish Heteropneutes fossilis // Environ. Conserv. 2008. № 9. Р. 45—52.  

15. Taheri Mirghaed A., Ghelichpour M., Mirzargar S.S., Joshaghani H., Ebrahimzadeh 
Mousavi H. Toxic effects of indoxacarb on gill and kidney histopathology and biochemical 
indicators in common carp (Cyprinus carpio) // Aquaculture Research. 2018. Vol. 49. № 4. 
Р. 1616—1627. doi: 10.1111/are.13617 

16. Roy W., Sutherland I., Rodger H., Varma K. Tolerance of Atlantic salmon, Salmo salar L., 
and rainbow trout, Oncorhynchus mykiss (Walbaum), to emamectin benzoate, a new orally 
administered treatment for sea lice // Aquaculture. 2000. Vol. 184. № 1-2. Р. 19—29.  
doi: 10.1016/S0044-8486(99)00307-5 

17. Nunes B., Gaio A., Carvalho F., Guilhermino L. Behaviour and biomarkers of oxidative 
stress in Gambusia holbrooki after acute exposure to widely used pharmaceuticals  
and a detergent // Ecotoxicology and Environmental Safety. 2008. Vol. 71. № 2. Р. 341—
354. doi: 10.1016/j.ecoenv.2007.12.006 

18. Backström T., Brännäs E., Nilsson J., Magnhagen C. Behaviour, physiology and carotenoid 
pigmentation in Arctic charr Salvelinus alpinus // Journal of Fish Biology. 2014. Vol. 84. № 1. 
Р. 1—9. doi: 10.1111/jfb.12240 

19. Sarikaya R., Yılmaz M. Investigation of acute toxicity and the effect of 2, 4-D (2,  
4-dichlorophenoxyacetic acid) herbicide on the behavior of the common carp (Cyprinus carpio 
L., 1758; Pisces, Cyprinidae) // Chemosphere. 2003. Vol. 52. № 1. Р. 195—201. doi: 
10.1016/S0045-6535(03)00106-1 

20. Farah M.A., Ateeq B., Ali M.N., Sabir R., Ahmad W. Studies on lethal concentrations and 
toxicity stress of some xenobiotics on aquatic organisms // Chemosphere. 2004. Vol. 55.  
№ 2. Р. 257—265. doi: 10.1016/j.chemosphere.2003.10.063 

 
Об авторах: 
Геличпур Мелика — кафедра здоровья водных животных, факультет ветеринарной медицины, 
Тегеранский университет, Иран, 14174, Тегеран, Енгхелаб пл., ул. Азар, 16; Центр междуна-
родных научных исследований и сотрудничества (CISSC), Министерство науки, технологии 
исследований, Иран, 15875-7788, Тегеран; электронная почта: m.ghelichpour@ut.ac.ir; Scopus 
ID: 39961248800; ORCID: 0000-0002-8338-4235 
Миргаед Али Тахери — кафедра здоровья водных животных, факультет ветеринарной меди-
цины, Тегеранский университет, Иран, 14174, Тегеран, Енгхелаб пл., ул. Азар, 16; Центр меж-
дународных научных исследований и сотрудничества (CISSC), Министерство науки, техно-
логии исследований, Иран, 15875-7788, Тегеран; Scopus ID: 56158853500 
Хименес Амалия Перес — факультет зоологии, Университет Гранады, кампус Фуэнтенуэва, 
Испания, 18071; Гранада, Ацера де Сан Илдефонсо; Междисциплинарный центр морских  
и экологических исследований (CIIMAR), Университет Порту, Португалия, 4099-002; Порту; 
Scopus ID: 7202356622 



ДЛЯ ЗАМЕТОК 



ДЛЯ ЗАМЕТОК 


	1_Magomedmirzoeva.pdf
	BOTANY

	Агрономия
	Вестник Российского университета дружбы народов. Серия: АГРОНОМИЯ И ЖИВОТНОВОДСТВО
	СОДЕРЖАНИЕ
	CONTENTS



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 46.32, 44.74 Width 418.45 Height 29.05 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     46.3202 44.7408 418.4519 29.0483 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     16
     110
     16
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 32.97, 37.67 Width 420.81 Height 27.48 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     32.9737 37.675 420.8071 27.4781 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     29
     110
     29
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 36.11, 36.89 Width 413.74 Height 32.97 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     36.114 36.89 413.7413 32.9737 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     45
     110
     45
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 39.25, 43.17 Width 414.53 Height 17.27 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     39.2544 43.1707 414.5264 17.272 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     59
     110
     59
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 33.76, 40.03 Width 416.10 Height 25.91 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     33.7588 40.0303 416.0966 25.9079 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     75
     110
     75
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 53.39, 42.39 Width 406.68 Height 19.63 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     53.386 42.3856 406.6755 19.6272 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     86
     110
     86
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 32.19, 37.67 Width 418.45 Height 24.34 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     32.1886 37.675 418.4519 24.3378 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     99
     110
     99
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 32.19, 44.74 Width 431.80 Height 15.70 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     32.1886 44.7408 431.7984 15.7018 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     109
     110
     109
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 51.03, 42.39 Width 413.74 Height 21.20 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     51.0307 42.3856 413.7413 21.1973 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     86
     112
     86
     1
      

   1
  

 HistoryList_V1
 qi2base





