FEB - FRESENIUS ENVIRONMENTAL BULLETIN
Founded jointly by F. Korte and F. Coulston
Production by PSP - Vimy Str. le, 85354 Freising, Germany in
cooperation with PRT-Parlar Research & Technology - Vimy Str le, 85354 Freising
Copyright© by PSP and PRT, Vimy Str. le, 85354 Freising, Germany

All rights are reserved, especially the right to translate into foreign language or other processes - or convert to a machine language, especially
for data processing equipment - without written permission of the publisher. The rights of reproduction by lecture, radio and television
transmission, magnetic sound recording or similar means are also reserved.

Printed in Germany-ISSN 1018-4619



Volume 31— No. 10/2022

© by PSP

FEB-EDITORIAL BOARD

Fresenius Environmental Bulletin

FEB

CHIEF EDITOR:

MANAGING EDITOR:

Prof. Dr. H. Parlar

Parlar Research & Technology-PRT
Vimy Str.le

85354 Freising, Germany

Dr. P. Parlar

Parlar Research & Technology-PRT
Vimy Str.le

85354 Freising, Germany

CO-EDITORS:

Environmental Spectroscopy

Prof. Dr. A. Piccolo

Universita di Napoli “Frederico 1I”

Dipto. Di Scienze Chemica Agrarie

Via Universita 100, 80055 Portici, Italy
Environmental Biology

Prof. Dr. G. Schuurmann
UFZ-Umweltzentrum Sektion Chemische Okotoxikologie
Leipzig-Halle GmbH, Permoserstr.15, 04318
04318 Leipzig, Germany

Prof. Dr. 1. Holoubek

Recetox-Tocoen

Kamenicel126/3, 62500 Brno, Czech Republic
Prof. Dr. M. Hakki Alma

Igdir Universitesi

76000, Igdir, Turkey

Prof. Dr. A. Reichlmayr-Lais

Technical University of Munich

Arcisstrafie 31

80333 Muenchen,Germany

Environmental Management

Dr. K. 1. Nikolaou

Env.Protection of Thessaloniki
OMPEPT-54636 Thessaloniki

Greece

Environmental Toxicology

Prof. Dr. H. Greim

Senatkommision — DFG / TUM

85350 Freising, Germany

Environmental Analytical Chemistry
Prof. Dr. M. Bahadir

Lehrstuhl fiir Okologische Chemie
und Umweltanalytik TU Braunschweig
Lehrstuhl fiir Okologische Chemie
Hagenring 30, 38106 Braunschweig, Germany
Dr. D. Kotzias

Via Germania29

21027 Barza(Va), Italy

Prof. Dr. R. Kallenborn

Norwegian University of Life Sciences
Universitetstunet 3 1430 As,Norway
Environmental Education

Prof. Dr. C. Bayat

Yeni Yiizyil Universitesi

34010 Zeytinburnu, Istanbul, Turkey
Environmental Medicine

Prof. Dr. I. Tumen

Bandirma 17 Eyliil Universitesi

10200 Bandirma, Turkey

Dr. J. Burhenne

Universitaet Klinikum

Im Neuenheim Feld 410

69120 Heidelberg,Germany
Environmental Proteomic

Dr. A. Fanous

Halal Control GmbH

Stahlstralle 44

D-65428 Riisselsheim, Germany

ADVISORY BOARD
Dr. D. C. G. Muir Prof. Dr. C. E. W. Steinberg
University of Guelph Institute fiir Biologie

School of Environmental Sciences
50 Stone Road East
Guelph,Ontario,N1G 2W1,Canada

Dr. J. P. Lay
Environmental Biologist
Wittlagerstraf3e.20
49152 Bad Essen

Prof. Dr. R. Niefiner

Institut fiir Wasserchemie und Chemische Balneologie
Lehrstuhl fiir analytische Chemie der TU Miinchen
Marchioninisrafle 17 81377 Miinchen,Germany

Prof. Dr. W. Vetter

Institute fiir Lebensmittelchemie
Universitit Stuttgart

70593 Stuttgart,Germany

Marketing Manager

Cansu Ekici, MSC. of B.A.
PRT-Research and Technology

Vimy Str le 85354 Freising, Germany

Arbeitsgruppe Gewdsserdkologie
Humboldt-Universitét zu Berlin
Spéthstrae 80/81 12437 Berlin,Germany

Prof. Dr. L. O. Ruzo
EAG Laboratories GmbH
Eislelauer Weg 4

89081 Ulm,Germany

Prof. Dr. K. Fischer

Analytische und Okologische Chemie
Universitdt Trier

Beringstralie 21, 54296 Trier

Prof. Dr. K. Bester

Environmental Chemistry

Aarhus Universitet

Nordre Ringgade 1,8000 Aarhus ,Denmark

E-Mail: harun.parlar@tum.de
parlar@prt-parlar.de
Phone: +49/8161887988



© by PSP Volume 31— No. 10/2022 Fresenius Environmental Bulletin

FEB

Fresenius Environmental Bulletin is abstracted/indexed in:

Biology & Environmental Sciences, BIOSIS, CAB International, Cambridge Scientific abstracts,
Chemical Abstracts, Current Awareness, Current Contents/Agriculture, CSA Civil Engineering
Abstracts, CSA Mechanical & Transportation Engineering, IBIDS database, Information Ventures,
NISC, Research Alert, Science Citation Index (SCI), Scisearch, Selected Water Resources Abstracts




© by PSP Volume 31— No. 10/2022 pages 9885-9889 Fresenius Environmental Bulletin

CONTENTS

ORIGINAL PAPER

DEEP LEARNING OF UNDERGROUND COGNITIVE RADIO MODULATION RECOGNITION TECHNOLOGY USING FOR COAL MINING
Zhaoyang Liu, Anyi Wang, Li Li

RESEARCH ON MULTIPLE OBJECTIVE PLANNING MODEL OF E-COMMERCE LOGISTICS DISTRIBUTION CENTER UNDER CARBON
EMISSIONS

Lingjie Cai
A NOVEL EMISSION CONTROL MODEL OF CONSTRUCTION DUST POLLUTION UNDER THE BACKGROUND OF ECOLOGICAL

ENVIRONMENT
Fang Liu, Hongyan Han, Hongyan Gu

RESEARCH ON REVERSE INCENTIVE MECHANISM OF RURAL WASTE SEPARATION AND RECYCLING UNDER INTELLIGENT
ENVIRONMENT PROTECTION

Zhengbao Lv, Qian Wang

A NOVEL CASING PROGRAM DESIGN METHOD FOR MANAGED PRESSURE DRILLING BASED ON ARTIFICIAL BEE COLONY
ALGORITHM

Renjun Xie, Xingquan Zhang, Yuqiang Xu, Chao Han, Fan Xiao

RESEARCH ON THE CHEMICAL COMPOSITION OF THE COLOR GENESIS OF COLORED TOURMALINE BASED ON THE
REQUIREMENTS OF ENVIRONMENTAL PROTECTION PROPERTIES

Ming Li

EXPERIMENTAL STUDY ON RESERVOIR DAMAGE MECHANISM AND TREATMENT OF CHEMICAL AGENTS IN FRACTURING FLUIDS
Lijun Ma, Zhonghui Yao, Yan Feng, Yunpu Yang

EVALUATION OF RESERVOIR PROPERTIES OF UPPER PALEOZOIC TIGHT GAS SANDSTONES IN NORTHEASTERN ORDOS BASIN,
CHINA

Zenghui Chen, Wengiang Zhang, Yinbao Zhang, Xiang Kang

OPTIMAL DESIGN OF OUTDOOR WIND ENVIRONMENT FOR URBAN GREEN BUILDINGS
Zhensheng Li

A NOVEL LOGGING INTERPRETATION METHOD FOR TIGHT SANDSTONE RESERVOIR-TAKING CHANG 6~7 RESERVOIRS IN
ZHENGNING-HESHUI AREA OF ORDOS BASIN FOR EXAMPLE

Jie Hao, Yidong Yuan, Boyu Jiang, Meirong Liu

STUDY ON THE KEY TECHNOLOGY OF LONG-SPAN BRIDGE CONSTRUCTION IN MARINE ENVIRONMENT
Xia Yang, Jing Hao

IDENTIFICATION OF DISTINCTIVE AGRO-PHYSIOLOGICAL AND MOLECULAR RESPONSES TO SEAWATER STRESS AMONG
TOLERANT AND SENSITIVE GENOTYPES OF BARLEY

Samah A Mariey, Ismael A Khatab, Esraa H Mousa, Amal Alyamani, Mona A Farid

SIRTUIN 2 GENE EXPRESSION IN Helicobacter pylori INFECTED GASTRIC CANCER PATIENTS OF PESHAWAR PAKISTAN: A CASE
CONTROL STUDY

Hazir Rahman, Asma Qudrat, Asad Ali Shah, Syed Ali Raza Shah, Mohamed A Alblihd, Khalid J
Alzahrani

THE STUDY ON RESIDENTS’ CHOICE OF SOLID WASTE SORTING MEASURES BY PIVOTAL STATISTICS AND STRUCTURAL
EQUATION MODEL

Wenjun Zhang, Wenrou Yu, Yuanyan Jiang, Jiawei Huang, Chuan Huang, Li-ao Wang, Xiang
Wang, Lei Wang, Yingzhou Huang

ENVIRONMENTAL EVOLUTION AND GREEN DEVELOPMENT OF PASTORAL ECOLOGICAL RESERVES BASED ON REMOTE SENSING
AND GIS TECHNOLOGY

Ke Liang, Zhanke Liu, Guopeng Li, Xiaomin Zhou, Weidong Liu, Xiubo Ren

THE POSSIBILITY OF SUSTAINABLE PRODUCTION OF BUCKWHEAT AND QUINOA CROPS ON MODERATELY DEGRADED LAND IN
VOJVODINA (NORTHERN SERBIA)

Tatjana Vijatov, Gordana Drazic, Jelena Milovanovic, Jela Ikanovic, Filip Jovanovic

9885

9890

9901

9909

9918

9926

9933

9941

9949

9958

9966

9977

9988

10007

10011

10020

10027

FEB



© by PSP Volume 31— No. 10/2022 pages 9885-9889 Fresenius Environmental Bulletin

TRACING THE EFFECT OF DIFFERENT SOURCES OF SOIL POLLUTION WITH HEAVY METALS ON THE STATUS OF POLLUTION
INDEXES AND THE DISTRIBUTION OF CHEMICAL FORMS FOR EACH ELEMENT AMONG ITS COMPONENTS
Raafat, A Ali, Mohamed El-Kammah, Mai Abd Elhamid, Khaled Abdelaal, Shimaa Elmahdy

SYNTHESIS AND CHARACTERIZATION OF MICRO-NANO ENVIRONMENTAL FRIENDLY FILTRATION REDUCER FOR WATER-BASED
DRILLING FLUIDS
Junyi Liu, Xueyu Zhao, Ye Xia

FIELD STRENGTH PREDICTION OF MINE ENVIRONMENT BASED ON LS-SVM PARAMETERS
Guanni Ji

ON NON-POINT SOURCE POLLUTION OF RAINFALL RUNOFF - A CASE STUDY OF A UNIVERSITY IN NANCHANG
Zhengong Tong, Wenxiu Chen, Zhicheng Xi, Yurun Liu, Caixai Kang, Longwang Fu

QUANTITATIVE EXPERIMENTAL STUDY ON HUMAN EXERCISE ENERGY CONSUMPTION IN HIGH TEMPERATURE AND HUMIDITY
NATURAL ENVIRONMENT

Dayong Dong

EXPERIMENTAL STUDY ON THE EFFECT OF STRESS ON THE PERMEABILITY OF TIGHT SANDSTONE RESERVOIRS UNDER
SATURATED FORMATION WATER CONDITIONS

Kai Li, Xiaolong Li, Lei Liu, Chenkai Liu

APPLICATION OF FRACTAL DIMENSION IN PORE STRUCTURE OF WATER SENSITIVE SANDSTONE RESERVOIR TAKING THE EAST
1ST MEMBER RESERVOIR OF NANPU OILFIELD AS AN EXAMPLE

Xiulan Zhu, Yanlong Ran, Yining Zhou, Tai Xu, Zhanjun Chen, Shengling Jiang, Yidong Yuan,
Yanju Li

HEAVY METAL POLLUTION ASSESSMENT AND POLLUTANTS RELEASE CHARACTERISTICS OF SEDIMENTS UNDER DIFFERENT
DREDGING CONDITIONS
Weihua Peng, Manli Lin, Bing Liao

EFFECT OF DIFFERENT CATIONS ON THE CADMIUM ADSORPTION ON GRAPHENE-MODIFIED BIOCHAR
Yuna Zhang, Junxing Zhao, Xiaoli Huang

APPLICATION OF A THIAMETHOXAM-DEGRADING BACTERIUM, Bacillus ToyonensisSCQ-Z03 FOR BIOREMEDIATION OF
THIAMETHOXAM POLLUTION
Yan Zhao, Yuanyuan Yu, Xiaolou Li, Chunhong Song, Chengxiao Zhao

STRUCTURAL DIVERSITY AND FOREST TREE SPECIES COMPOSITION OF SHERINGAL VALLEY DIR-KOHISTAN, PAKISTAN
Noor Ullah, Juma Muhammad, Ibrahim Khan, Sohail Ahmad Jan, Mahmoud Moustafa,
Mohammed Al-Shehri, Arshad Igbal

FUMIGANT AND CONTACT TOXICITY OF SOME ESSENTIAL COMPONENTS AGAINST THREE STORED PRODUCT INSECTS
Hala Raafat Abu Arab, Attia Youssef Keratum, Ahmed Mohamed Abouelatta, Hisham Moustafa El-
Zun, Yaser Hafez, Khaled Abdelaal

EFFECTS OF PEAT AND MUSSEL SHELL ON MICROBIAL REMEDIATION OF SOIL PETROLEUM HYDROCARBON POLLUTION
Juan Ping, Shijie Wang, Yunmin Zeng, Kejin Chen, Li Fan, Xiang Wang, Jing Luo, Yi Wang

MICROBIAL COMMUNITY REPLACEMENT IN BTEX CONTAMINATED SOIL UNDER FREEZING-THAWING-FREEZING CONDITIONS
Yue Miao, Lei Zhang, Jiaxin Zhuo, Qi Zhao, Song Wang

THE AGE OF Sitotroga cerealella (OLIVIER) (LEPIDOPTERA: GELECHIIDAE) EGG SIGNIFICANTLY INFLUENCES THE FUNCTIONAL
RESPONSE OF Trichogramma evanescens (WESTWOOD) (HYMENOPTERA: TRICHOGRAMMATIDAE)

Mohamed B Shawer, El-Kazafy A Taha, Ramzy M Sherif, Elizabeth Z Shenishen, Montaser M
Hassan, Kareem M Mousa

CONTROL OF MICROPORE STRUCTURE OF THE TIGHT VOLCANIC ROCK RESERVOIR TO GAS DELIVERABILITY IN YINGTAI GAS
FIELD
Zhongcheng Li, Zhidong Bao, Sirui Lin, Qixuan Chen, Pu Wang, Di Wu, Liu Zhan

RESEARCH ON THE COUPLING AND COORDINATION OF GREEN FINANCE AND AGRICULTURAL ECOLOGICAL ENVIRONMENT:
ANALYSIS BASED ON THE DATA OF CHINA FROM 2009 TO 2020

Qi Guo, Cuijin Li, Guoyu Cong

9886

10037

10046

10056

10064

10074

10082

10089

10098

10109

10118

10128

10136

10144

10154

10163

10171

10181

FEB



© by PSP Volume 31— No. 10/2022 pages 9885-9889 Fresenius Environmental Bulletin

EFFECTS OF FERTILIZATION ON PLANT-SOIL ECOLOGICAL STOICHIOMETRIC CHARACTERISTICS OF DEGRADED ARTIFICIAL
GRASSLAND IN KARST AREA

Yongkuan Chi, Shuzhen Song, Degang Zhao, Jiahai Wu

RESEARCH ON THE DAMAGE MECHANISM OF LOWER PALEOZOIC RESERVOIRS IN CHANGQING GAS FIELD
Ping Chen, Xiaofeng Dang, Yaogang Zhang, Zhigang Wang, Huaibing Chen, Yan Xue, Hui Mao

POLLUTION ASSESSMENT AND SOURCES OF SEDIMENT HEAVY METALS IN THE NORTHERN FOUR-ISLAND AREA OF YANTAI,
CHINA

Pengpeng Zhang, Junwei Tang, Lei Hu, Xiangming Kong, Hongbo Liu, Xiaodan Wang, Bin Zhang,
Qiang He, Yanxiang Lei, Qiao Chen, Qinghai Deng, Xuewenyu Wang, Jie Cui

RESPONSE OF THE BIOMASS ALLOCATION PATTERN AND ALLOMETRIC GROWTH MODEL TO EXOGENOUS PLANT HORMONE OF
Hylotelephium erythrostictum

Haoming Li, Qingfeng Li, Yan Qu, Yunfei Bai, Bin Dong, Zifan Wang

EFFECT OF RICE STRAW BIOCHAR ON CADMIUM AND LEAD UPTAKE BY PEANUT
Fangyu Zhang, Baokun Su, Shangqiang Liao

EFFECT OF DIFFERENT CATIONS ON MERCURY SORPTION ON VARIOUS BIOCHAR
Baokun Su, Zhi Li, Xin Song, Shangqiang Liao

INFLUENCE OF BRINE COMPONENTS ON PERFORMANCE OF WATER-BASED DRILLING FLUIDS IN HIGH-PRESSURE BRINE
FORMATIONS

Haiyang Zhao, Wei Gao, Hao Luo, Hui Mao

TEMPORAL AND SPATIAL DYNAMIC CHANGES OF THE VOLATILE COMPONENTS OF Sedirea japonica
Suhua Jiang, Fang Liang, Shiming Han, Suyan Niu, Xiuyun Yuan, Shenping Xu, Zhang Yan, Zhu
Yunhao

HUMIFICATION CHARACTERISTICS OF PRODUCTS FROM HYDROTHERMAL TREATMENT OF AQUATIC WASTES
Huijun Zhang, Nana Xie, Tengtun Xu, Zihong Fan, Xiaomin Tang, Chunhong Tang

SENSITIVITY QUICK SCREENING OF WHEAT GENOTYPES TO WATER STRESS
Seddiq Mohamed Ahmed El Musafah, Snezana Jankovic, Danijela Pavlovic, Divna Simic, Vesna
Kandic, Sladjan Stankovic, Nenad Duric

XRF, XRD, FT-IR AND SEM ANALYSIS THE BLACKENED TRAVERTINE RESEARCH IN HUANGLONG: A WORLD NATURAL HERITAGE
SICHUAN CHINA

Xinze Liu, Wenhao Gao, Weizhen Zhang, Ying Zeng, Songjiang Zhao

SEEDS AND SEEDLINGS OF Glycyrrhiza uralensis FISCH. IN SALINE AND NON-SALINE HABITATS HAVE DIFFERENT SOIL MOISTURE
DEMANDS

Jun-jun Gu, Miao Ma

GENETIC AND MOLECULAR EVALUATION OF SILICA NANOPARTICLES EFFECTS ON TOMATO PERFORMANCE UNDER SEAWATER
STRESS AND THEIR INFLUENCE ON THE EXPRESSION OF TWO SALINITY TOLERANCE RELATED GENES

Nada A El-Morsy, Ali A Aboshosha, Antar N El-Banna, Said A Dora

THE RELATIONSHIP BETWEEN SPIDER MITE, Tetranychus Urticae AND ITS PREDATORY MITE, Amblyseius Fallacis IN THE
PRESENCE OF CHEMICALS

Al-Shimaa M Abou-Akar, Attiah Y Keratum, Ahmed A Ismail, Yaser Hafez, Khaled Abdelaal

INVERSION OF SOIL NITROGEN CONTENT IN FARMLAND SOIL BASED ON SPECTROSCOPY AND PLSR
Min Kang, Jie Kang, Shaodong Qu, Jinbao Liu

THE EFFECT OF AN IMPROVED IRRIGATION SYSTEM USING DIFFERENT ENERGY SOURCES ON THE PRODUCTIVITY OF CORN
CROP

Hussain Mohamed Sorour, Mohamed Ibrahim Elmeadawy, Nermeen Mohammed Tolba, Shaimaa
Abd Elhamed abu-Rehap, Khaled Abdelaal

BACTERIAL LEAF SPOT DISEASE OF PEPPER CAUSED BY Xanthomonas axonopodis IN SAUDI ARABIA: IDENTIFICATION AND
BIOCONTROL USING Streptomyces sp. In-Vitro

Ayman F Omar, Medhat Rehan, Ahmad Al-Turki
MULTI-INDEX CHEMOMETRICS ANALYSIS OF FIVE KINDS OF TEA PRODUCED IN YUNNAN, CHINA
Libing Zhou, Qin Zhang

9887

10190

10199

10210

10221

10230

10236

10245

10254

10263

10270

10279

10287

10296

10311

10319

10325

10333

10342

FEB



© by PSP Volume 31— No. 10/2022 pages 9885-9889 Fresenius Environmental Bulletin

GENE ANALYSIS OF THE GROWTH-PROMOTING FUNCTION OF Paenibacillus mucilaginosus ON GREENHOUSE TOMATO
Wei Yang, Yang Yang, Yingnan Zhao, Minshuo Zhang, Xiaoxi Mao, Yanjie Guo, Xiangyu Li, Bu
Tao, Yongzhi Qi, Li Ma, Wenju Liu, Bowen Li, Hong J Di

SELECTIVE CATALYTIC REDUCTION (SCR) - UNIFORMITY EVALUATION METHOD AND IMPACT STUDY
Ke Sun, Chang Huang, Dailong Shi, Guoxiang Li, Haiyang Zhao, Shuzhan Bai

PERFORMANCE EVALUATION AND MECHANISM STUDY OF ENVIRONMENT-FRIENDLY POLYMER MICROSPHERES/SURFACTANT
COMPOSITE FLOOD CONTROL SYSTEM

Jiajie Zhu, Lu Yang, Kun Zhao, Yongquan Han

APPLICATION OF POLYCARBOXYLIC ACID SCALE INHIBITOR IN TEXTILE AIR CONDITIONING SPRAY WATER SYSTEM
Sugian Yan, Rui Feng, Li Qin, Bo Shi

ANALYSIS ON COMPREHENSIVE TREATMENT STRATEGY OF DOMESTIC WATER POLLUTION IN URBAN AND RURAL RESIDENTIAL
ENVIRONMENT BASED ON WATER RESOURCES TREATMENT MODEL

Fangming Zhou

RESPONSES OF RHIZOSPHERE SOIL PHYSICOCHEMICAL PROPERTIES, ENZYME ACTIVITIES AND BACTERIAL COMMUNITY TO
INTERCROPPING Sophora Viciifolia HANCE IN Pennisetum Sinese ROXB PLANTATIONS IN SUBTROPICAL CHINA

Puchang Wang, Leilei Ding, Yujun Zhang, Zhongfu Long, Zhiwei Wang, Lili Zhao

ANALYSIS OF SAFE MUD DENSITY WINDOW AND ITS INFLUENCING FACTORS OF COALBED METHANE WELLS WITH MODERATE
COLLAPSE

Wanlong Huang, Wentie Sun, Hanyu Liu

PHOTOCATALYTIC DEGRADATION OF NORFLOXACIN ON CdS/g-CsNs COMPOSITES IN WATER
Guogqiang Lai, Jie Yang, Zanen Wu, Shibiao Wu, Xia Chen, Yejun Ge, Yaru Li, Yaqin Wang

SPATIAL VARIATIONS IN THE NITROGEN FORMS OF SEDIMENTS IN POYANG LAKE DURING THE DRY SEASON
Caixia Kang, Yurun Liu, Wenxiu Chen, Zhicheng Xi, Zhengong Tong

MODEL FITTING ANALYSIS OF THE ADSORPTION BEHAVIOR OF AGED POLYLACTIC ACID MICROPLASTICS TO COPPER
Jiangnan Zhang, Xiaoguang Mu, Yongjie Wang, Tianze Qu, Wensheng Xue, Wenbo Li

MOLECULAR IDENTIFICATION OF NEW RACES OF Agrobacterium SPP USING GENOMIC SEQUENCING-BASED ON 16S PRIMERS:
SCREENING OF BIOLOGICAL AGENTS AND NANO-SILVER WHICH MITIGATED THE MICROBE in vitro

Yaser M Hafez, Kamal El-Kazzaz, Elsayed M El-Kady, Nahed M Riad, Kotb Attia, Khaled Abdelaal

RESEARCH ON REMEDIATION OF SOIL PETROLEUM POLLUTION BY FENTON-LIKE CATALYST CARRIED BY PERMUTITE
Luo Yuhu, Lu Nan, Wei Yang

SPATIOTEMPORAL HETEROGENEITY AND DISPARITIES DECOMPOSITION OF CHINA'S URBAN GREEN AND LOW-CARBON
PRODUCTION EFFICIENCY

Zihong Chen, Hualei Ju

SEDIMENTARY FACIES MODEL OF DONGYING FORMATION IN THE EASTERN SAG OF LIAOHE OILFIELD, CHINA
Feilong Li, Lixun Sun, Xuesong Bai, Hengchun Zhuang

RESEARCH AND APPLICATION OF FULL-SPACE TRANSIENT ELECTROMAGNETIC RESPONSE IN CONCEALED WATER SOURCE
ENVIRONMENT AFFECTED BY LOW RESISTIVITY SHIELDING

Changfang Guo, Tingjiang Tan, Xiang Wu, Yiding Chen, Tieyu Zhang, Liuzhu Ma
NOTICE

RESEARCH ON INTERNAL GEO-ECONOMIC RELATIONSHIP BASED ON COMPUTER FRACTAL MODEL IN LARGE-SCALE URBAN
AGGLOMERATION ENVIRONMENT

Lingwei Chen

AUTOMATIC MONITORING METHOD OF HYDRAULIC OIL TANK LEAKAGE OF INTEGRATED BULLDOZER UNDER ENVIRONMENTAL
POLLUTION

Lixin Gu
STUDY ON THE DAMAGE RISK ASSESSMENT OF MINING GEOLOGICAL AQUIFER BASED ON REMOTE SENSING MONITORING

METHOD
Xiaojing Wang, Chenxi Tan, Xiaobin Wang

9888

10355

10367

10375

10383

10392

10400

10410

10419

10428

10439

10447

10459

10466

10476

10485

10498

10506

10513

FEB



© by PSP Volume 31— No. 10/2022 pages 9885-9889 Fresenius Environmental Bulletin

FEB

OPPORTUNITIES AND PROBLEMS OF APPLICATION OF INDEX INSURANCE MODEL IN AZERBAIJAN 10523
Maharram Huseynov, Elchin Salahov, Tarana Bagirov, Aynur Mammadov, Tarana Ismayilova

APPLICATION OF CLUSTER ANALYSIS IN THE STUDY OF PETROLEUM GEOLOGICAL OVERPRESSURE - TAKING WELL Y1-9 AS AN 10533
EXAMPLE
Jinhu Han

9889



Volume 31— No. 10/2022 pages 10027-10036

Fresenius Environmental Bulletin

THE POSSIBILITY OF SUSTAINABLE PRODUCTION OF
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ABSTRACT

This study analyzes the possibility of sustain-
able production of high biological value food, qui-
noa and buckwheat, on a fertile agricultural and
moderately degraded land — in an area outside their
native range. The research was conducted during
three consecutive years on two locations and two
types of soil in Vojvodina, the Republic of Serbia,
and included one variety of quinoa (KVL 52.2) and
one variety of buckwheat (Novosadska). The trial
was set up in the city of Nova Pazova (on fertile
meadow black soil) and the village of Ilandza (on
degraded marshy black soil). The aim of the re-
search was to determine the impact of pedological
conditions on the sustainable production of quinoa
and buckwheat in different locations in Vojvodina.
It was found that moderately degraded land can be
used for sustainable production of high-value food
without the prior application of agro-ameliorative
measures. The yield of buckwheat was significantly
higher and less influenced by pedological condi-
tions than the yield of quinoa, suggesting the use of
this alternative crop species for the production of
high-quality food on moderately degraded land in
Vojvodina.

KEYWORDS:
Buckwheat, Quinoa, Sustainable Production, Degraded
land, Serbia

INTRODUCTION

Sustainable Development Goal 2 (Zero Hun-
ger) seeks to "end hunger, achieve food security
and improved nutrition and promote sustainable
agriculture" [1]. Sustainable agriculture is consid-
ered to be the eco-efficient production of high-
value quality food with minimal use of land and
investment [2]. The basis for the production of
high-value food is the preservation of land, which
contributes to local and global security in the sup-
ply of food to population [3]. It has been estimated
that as much as 93% of the food products received

10027

by modern society is owed to the fertility of agri-
cultural land. Hence, it is an alarming fact that the
areas of arable land are decreasing, while the
world's population is growing [4]. It is estimated
that an increase of as much as 60% in global food
production and related ecosystem services will be
needed by 2050 [3]. On the other hand, the area of
degraded land has significantly increased in recent
decades, which greatly reduces its production po-
tential, and thus the amount of produced usable
goods [5]. One third of the world’s arable land
today is undergoing moderate or intense soil degra-
dation processes [3]. Factors contributing to soil
degradation are erosion, reduction of organic mat-
ter, increased amount of harmful and dangerous
substances, salinization, alkalization, acidification,
flooding, repurposing, and loss of biodiversity [5].
Diversification of crops contributes signifi-
cantly to the security of food supply and nutrition
improvement, which can have a positive effect on
soil fertility and pest control in agricultural produc-
tion. Hence, one of the ways to contribute to sus-
tainable agriculture can be the use of alternative
grains in the diet, i.e., the introduction of new or
neglected plant species in agricultural production,
such as quinoa (Chenopodium quinoa Willd., fam.
Chenopodiaceae) and buckwheat (Fagopyrum escu-
lentum Moench, fam. Polygonaceae) [6]. Alterna-
tive grains have several advantages over true cereal
grains (fam. Poaceae). First of all, they have high
nutritional value of the main product (grains), while
their by-products (leaves, stems, etc.) are used in
various industries. Another advantage is that they
show great tolerance to growing conditions (climate
and soil); thus, they can be successfully grown in
different areas and under different environmental
conditions. In addition, compared to many other
field crops, alternative grains are more tolerant of
environmental pollution [7] and most of these
grains can be grown very successfully on degraded
lands [8]. The technological advantage is their short
vegetation, which allows them to be grown as a
stubble crop, which increases the total annual profit
from the agricultural area [7]. During the vegetation
period, they are attacked by a small number of
pests, so they can be easily grown in a system of
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organic and sustainable agricultural production.
Since being gluten-free, they are classified as food
products that can be used by people with celiac
disease [9]. Buckwheat and quinoa are nutritionally
valuable food that can meet the daily needs of most
essential amino acids, and as such can have numer-
ous benefits for human health if consumed as part
of various food products [10]. Still, in addition to
crop diversification, provision of protection, appli-
cation of the latest technologies and pest control, it
is necessary to stimulate scientific research in this
field. One of the operational goals of the "Strategy
of Agriculture and Rural Development of the Re-
public of Serbia for the period 2014-2024 [11]
implies more efficient use of low-quality land. The
aforementioned, as well as the fact that quinoa and
buckwheat are considered to be the food of the
future in the fight against hunger [12], have deter-
mined the subject of the research presented in this
paper.

Arable land occupies over 65% of the territory
of Serbia, and the soils that are most suitable for
crop production are located in the country’s flat-
lands — Vojvodina [13]. According to all their pro-
duction properties, these soils are mostly among the
best soils in Europe and in the world [14]. The most
widespread types of soil in Vojvodina include cher-
nozem, meadow black soil and marshy black soil —
on which almost all cultivated plants are grown
(44%, 17% and 16%, respectively). These soils
have a high fertility potential and represent the
basis of agricultural production capacity in Serbia.
The endangerment of the mentioned pedosystemat-
ic units in Vojvodina is most often related to con-
tact with salt marshes, and it is expressed as a high
or low degree of loading with harmful mobile salts
[5]. In order for degraded soils to become suitable
for the production of conventional field crops, it is
necessary to perform a series of interventions to
improve their physical, chemical and biological
properties, which is a time-consuming, demanding
and expensive process. On the other hand, buck-
wheat and quinoa are plants originating from areas
with less favorable climatic and soil conditions than
those usually prevailing in Serbia, so that crops of
these plants on local agricultural lands give higher
yields and nutritional value of grain than in the
countries of their origin. In addition, in Serbia,
areas under alternative grains are still insufficient to
meet the growing needs for their production [13].
Therefore, the assumption is that the use of alterna-
tive field crops, such as buckwheat and quinoa,
which are resistant to various agro-ecological con-
ditions, represent the potential for the production of
high biological value food on low-quality lands.

Numerous authors have recently studied the
physical, chemical and nutritional properties of
alternative grains, including buckwheat [e.g., 15—
18]. For instance, some authors [15] looked into the
chemical composition of buckwheat grains from a
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nutritional aspect. They stated that buckwheat is a
type of alternative grain with high nutritional value,
whose phytochemical composition from the nutri-
tional perspective is significantly higher compared
to small grains and millet grains, which is ex-
pressed in terms of quantity and quality of proteins,
vitamins, minerals, phytosterols, and antioxidants.
A number of field trials of buckwheat was conduct-
ed in Serbia, as well. Summarizing the results of
numerous studies, some authors [13] noted signifi-
cant variations in the values of yield parameters,
but still overall satisfying grain yield. Meanwhile,
other authors [e.g., 19-22] have recently studied the
nutritional characteristics of quinoa and the possi-
bility of its sustainable production. For example,
one research [22] focused on characterizing the
amino acid profiles of quinoa, buckwheat and ama-
ranth proteins, pointing out that buckwheat, quinoa
and amaranth are nutritionally valuable raw materi-
als that can meet people's daily needs of most es-
sential amino acids. According to one study [13],
quinoa has been grown in experimental fields in
Serbia for about ten years, with results showing that
this species can be grown in all parts of the country
with small variations in grain yield and that agroe-
cological conditions have had little impact on grain
quality. Still, although quinoa and buckwheat pro-
duction has already been the subject of many stud-
ies in the world and in Serbia, due to different re-
search approaches, sufficient data on the possibility
of sustainable production of high-value food on
degraded land is not available, which prompted the
need for further research of these species.

This paper analyzes the results of research
conducted in the northern part of Serbia (Vojvodi-
na), addressing the subject of the possibility of
sustainable production of high biological value food
on low-quality land. They were obtained by analyz-
ing the variability of selected morphological and
production characteristics of buckwheat and quinoa
at different sites, by comparing the productivity of
these two field crops in different pedological condi-
tions. The aim of the research was to evaluate the
possibility of establishing sustainable production of
buckwheat and quinoa on fertile and moderately
degraded land in order to answer the question of
whether degraded soils can be used for sustainable
production of high biological value food, without
prior agromelioration.

MATERIALS AND METHODS

The data on the variability of morphological
and productive traits of buckwheat and quinoa were
obtained by setting up a field trial in order to com-
pare the productivity of these two species in differ-
ent pedological conditions. Having in mind the
concept of sustainable production, the productivity
of growing these two alternative grains in northern
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Serbia was compared in order to determine the
sustainability of their production on fertile and
moderately degraded land.

Field experiment. The field trial was con-
ducted during three consecutive years (2017-2019)
in two locations and on two soil types in Vojvodina
and included one variety of quinoa ("KVL 52.2",
University for Life Science, Copenhagen, Den-
mark) and one variety of buckwheat ("Novo-
sadska", Institute of Agriculture, Novi Sad, Serbia).
The trial was set up in Nova Pazova (on fertile land,
meadow black soil) and Ilandza (on degraded land,
marshy black soil). The marshy black soil in
Ilandza has been exposed to excessive fertilization
and irrigation in the last few decades, which led to
salinization of the arable layer and redistribution of
small aggregates and particles and worsened the
water properties of this soil. At both locations, the
thermal regime and the amount of precipitation in
the vegetation period were monitored during the
trial. The thermal regime was uniform per year and
per location, while the amount of precipitation in
the vegetation period, per year, ranged from 294
mm to 371 mm in Nova Pazova, and 211 mm to
309 mm in Ilandza. The crops were sown on four
plots of 16 m? (4 x 4 m) in size. The sowing was
performed every year at the beginning of April,
with a manual single-row seeder, on a row spacing
of 50 cm. Crop care consisted of manual weeding.
Quinoa was harvested by hand in the second half of
August, by cutting off stalk parts with inflores-
cences, which were subsequently dried in ventilated
rooms. After drying, the grains were manually
separated from chaffs and other plant residues by
sieving. Manual harvesting of buckwheat was done
in the second half of August.

Morphological and yield measurements.
From all plots, 10 plants were selected from two
middle rows for the analysis of morphological and
productive characteristics. The grains were separat-
ed, and subsequently cleaned and dried to a mois-
ture content of 10%. The yield was calculated at a
given humidity and was determined by measuring
the mass of separated seeds. The following morpho-
logical and productive characteristics of both spe-
cies were analyzed: plant height (cm), grain yield
(kg/ha) and biomass yield (kg/ha).

Statistical analysis. The obtained numerical
data were processed by descriptive, univariate and
multivariate statistical methods. Descriptive statis-
tics included the determination of the following
statistical parameters: mean value (X), standard
deviation (£SD) and coefficient of variation (CV,
%). Using analysis of variance (ANOVA), principal
component analysis (PCA), and cluster analysis
(CA), the differences between the morphological
and productive parameters of the two crops in dif-
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ferent soil conditions were tested. All statistical
analyzes were performed using Statgraphics soft-
ware (ver. XVLI., 2009; Statpoint Technologies,
Inc., Warrenton, VA).

RESULTS AND DISCUSSION

Due to the biological differences existing be-
tween the studied crop species, comparing the mor-
phological and productive characteristics of quinoa
and buckwheat is not meaningful, but these charac-
teristics were simultaneously analyzed for both
species, using statistical tests, in order to identify
the differences in traits of the species when grown
in different pedological conditions and to establish
by comparative analysis which of these two crops is
more productive on low-quality land. Based on trial
data on the three studied morphological and pro-
ductive traits, determined for one variety of buck-
wheat and one variety of quinoa, whose crops were
produced during three consecutive years in different
locations in Vojvodina, an overview is given of the
results of successful cultivation of the two species
of alternative grains on fertile and moderately de-
graded land (Table 1; Figure 1).

Descriptive statistics. The lowest recorded
value of height for specimens of buckwheat grown
on fertile land was 120.70 cm, while on moderately
degraded land it was 100.70 cm. The highest value
of the height of a buckwheat specimen grown on
fertile land was 143.00 cm; on degraded land, it
was less than the lowest value recorded on fertile
land and amounted to 129.20 cm. The average
height of buckwheat plants grown on fertile land is
135.89 cm, while on degraded land is 115.48 cm.
On the other hand, the values of the height of qui-
noa specimens grown on fertile and degraded lands
are similar. The lowest measured height of quinoa
on fertile land was 112.00 cm, and, on degraded
land, it was slightly higher (129.00 c¢cm). In addition,
the highest measured values of quinoa height on
fertile and degraded lands differed only slightly
from each other (152.00 cm and 150.00 c¢m, respec-
tively), which also applies to the mean values of
this morphological trait determined on specimens
grown on fertile and degraded lands (144.30 cm
and 141.07 cm, respectively). When it comes to the
obtained biomass, the relationship between these
two crop species was opposite to the example of the
height of the specimens. The minimum amount of
buckwheat biomass on fertile land was 5,420.00
kg/ha, and on degraded land was 4,185.00 kg/ha.
The highest amount of biomass of this species on
fertile land was 5,885.00 kg/ha and on degraded
5,570.00 kg/ha. The average values of this produc-
tive characteristic of buckwheat grown on fertile
and degraded lands are 5,704.20 kg/ha and 4,801.70
kg/ha, respectively. On the other hand, the lowest
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amount of quinoa biomass obtained on fertile land
was 945.00 kg/ha and on degraded land 540.00
kg/ha. The highest amount of biomass of this spe-
cies on fertile land was 1,120.00 kg/ha and on de-
graded land 974.00 kg/ha. The average values of
this productive characteristic of quinoa on fertile
and degraded lands are 1,010.00 kg/ha and 804.40
kg/ha, respectively. As in the case of biomass, the
yields of buckwheat on fertile and moderately de-
graded lands were more similar one to another than
those obtained from quinoa. The lowest production
of buckwheat on fertile land was 830.00 kg/ha, and
on degraded land 626.00 kg/ha. The highest yield of
buckwheat on fertile land was 980.00 kg/ha, while
on degraded land 880.00 kg/ha. The average values
of this productive characteristic of buckwheat on
fertile and degraded lands are 912.97 kg/ha and
769.50 kg/ha, respectively. On the other hand, the
lowest quinoa yield obtained on fertile land was
875.00 kg/ha, while on degraded land 488.00 kg/ha.
The highest yield of quinoa on fertile land was
1,010.00 kg/ha, and on degraded land 710.00 kg/ha.
The average values of quinoa yield on fertile and
degraded lands are 946.63 kg/ha and 600.27 kg/ha,
respectively (Table 1).

The obtained values of morphological and
productive characteristics of the two field crops
were compared with the corresponding literature
data. According to these comparisons, the average
biomass yield determined on buckwheat crops, on
fertile and moderately degraded lands, was lower
than the average value stated in the literature for a
given characteristic of this species (8,312.70 kg/ha)
[23]. The average yield of buckwheat on fertile land
was almost close to the average yield of buckwheat
in the world (913.00 kg/ha) [24], but lower than the
yield of buckwheat stated by various authors for
Serbia (1,180.00-2,263.00 kg/ha) [24, 25] and other
areas (999.20-1,086.40 kg/ha) [16]. The average
yield of this species on degraded land was about
16% lower than on fertile land and roughly corre-
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sponded to that recorded by one research [10] in
western Serbia (800 kg/ha). Since data on the aver-
age height of buckwheat are not available in litera-
ture, their comparison with the measured values
was not possible. On the other hand, the average
height of quinoa on fertile land was close to that
stated in the literature (144.00 cm) but was slightly
lower than that stated for the studied quinoa variety
(146.00 cm) [26]. The average height of quinoa
specimens on degraded land (141.07 cm) was
somewhat lower than that on fertile land. The aver-
age quinoa biomass obtained on fertile land was
higher than the values stated in the literature for the
studied trait of this species, while the amount of
biomass obtained on degraded land corresponds to
the range of values in the literature (717.90-982.90
kg/ha) [27]. The average quinoa grain yield on
fertile land corresponds to the range of values re-
ported in the literature for Serbia (690.00-1,509
kg/ha) [10, 26]. The average yield of quinoa grain
on degraded land was almost 37% lower than that
on fertile land, but this yield was still higher than
that recorded by one study in 2012 (382.00 kg/ha)
[6], which was a very dry year in Serbia.

According to the values of the coefficient of
variation (CV), the studied morphological and pro-
ductive characteristics of both studied species of
alternative grains showed a low degree of variabil-
ity (<10%) on fertile land. The same applies to all
morphological and productive characteristics of
buckwheat, as well as to the height of quinoa spec-
imens on degraded land, while the quinoa biomass
and yield obtained on degraded land showed a
higher degree of variability (CV = 10-20%) (Table
1). This result confirms the data in the literature,
according to which the coefficient of variation for
the height of quinoa specimens ranged from 3.00%
to 7.65%, while the grain yield had somewhat high-
er values (10.70-14.55%) [26] or significantly
higher values of this coefficient (23.80-36.60%)

[6].

TABLE 1
Descriptive statistics, ANOVA (F-ratio and P-value), and factor loadings in principal component analysis
(PC1 and PC2) for height, biomass and yield of buckwheat and quinoa raised on fertile (f. 1.) and degrad-
ed lands (d. 1.) in Vojvodina (northern Serbia).

Buckwheat Quinoa PCA ANOVA
X MIN MAX SD CV X MIN MAX SD CV PCl PC2 F P
Eigenv. 1.56 1.18
Percent 52.00 39.20
Height F.1. 13589 b 120.70 143.00 5.18 3.81 14430 a 112.00 152.00 7.76 596 -0.81 0.49 115.17 0.0000
D.1. 11548 ¢ 100.70 12920 7.22 6.25 141.07 a 129.00 150.00 537 422
Biomass F.1. 5704.20a 5420.00 5885.00 134.21 2.35 1010.00 ¢ 945.00 1120.00 55.47 549 0.92 020 4613.48 0.0000
D.1. 4801.70b 4185.00 5570.00 357.56 7.45 804.40 d 540.00 974.00 136.07 16.92
Yield F.1. 91297 b 830.00 980.00 46.14 5.05 946.63 a 875.00 1010.00 39.00 4.12 022 0.95 231.93 0.0000
D.1. 769.50 ¢ 626.00 880.00 66.72 8.67 600.27 d 488.00 710.00 69.36 11.56

Note: Mean values with different letters within a morphological or productive trait are significantly different at the 95%
confidence level. Bold values indicate variables with factor loadings >0.70 in the principal component analysis (PCA) and P

< 0.05 in the analysis of variance (ANOVA).
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FIGURE 1
Box-and-Whisker plots of basic statistical parameters for (A) plant height, (B) biomass, and (C) yield of
buckwheat and quinoa raised on (1) fertile land, and (2) degraded land. Legend: middle sign — mean val-
ue, middle line — median, box — mean value and standard deviation, whiskers — range.
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FIGURE 2

Scatterplot in principal component analysis (PCA) for two species of alternative grains (the left group —
quinoa, the right group — buckwheat) based on their height, produced biomass, and yield on (1) fertile
land, and (2) degraded land.
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FIGURE 3

Dendrogram showing the relationships between two species of alternative grains (I — quinoa, II — buck-
wheat) based on their height, produced biomass and yield during three consecutive years (2017-2019) on
(a) fertile land, and (b) degraded land.

Analysis of variance. The ANOVA showed biomass (F = 4,613.48), and the smallest — plant
significant statistical differences (P = 0.00) between height (F = 115.17) (Table 1).
the mean values of all morphological and produc-
tive traits of the studied species. The highest contri- Principal component analysis. In the PCA,
bution to species differentiation had the amount of the first two principal components (with eigenval-

ues >1) were sufficient to explain as much as
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91.20% of the total variation obtained for both
studied species. Most of this variation was ex-
plained by the first axis (PCl = 52.00%), and
39.20% by the second one (PC2). Two morphologi-
cal and productive traits (plant height and biomass),
with factor loadings >0.70, had an impact on the
first axis, while the second axis was influenced by
the yield (Table 1). As significantly less pro-
nounced than the variation of shape (the second
axis), the variation of size (the first axis) resulted in
the separation of species along the first axis. Corre-
sponding to the two studied crop species, two
groups of points are formed, as shown in Figure 2.
Points belonging to quinoa formed a group in the
negative part of the first axis, in contrast to the
points representing buckwheat that were grouped in
the positive part of the same axis. Within these two
groups, a clear-cut differentiation of points repre-
senting quinoa along the second axis can be ob-
served depending on the land on which the corre-
sponding specimens were raised (1 — fertile land,
and 2 — moderately degraded land). The points that
refer to the specimens grown on fertile land were
grouped in the positive part of the second axis, and
the points that refer to the specimens grown on
moderately degraded land formed a group in the
negative part of the same axis. On the other hand, in
the case of the points related to the specimens of
buckwheat, an overlap may be observed between
the two groups, and there is only a trend of separa-
tion of the points related to the specimens that were
grown on fertile land and those grown on moderate-
ly degraded land.

Cluster analysis. Similar to the results in the
PCA, in the cluster analysis (CA) the studied crop
species are differentiated into two main clusters, as
shown in Figure 3. Within both of these clusters,
two groups (subclusters) can be distinguished de-
pending on the land on which the crops of these two
species were produced, suggesting significant mor-
phological and productive differences between the
two species in relation to pedological conditions.
The first group represents the quinoa specimens
grown on fertile land (Ia) for three years, while the
second group represents the specimens of this spe-
cies grown on moderately degraded land (Ib). The
third group represents the buckwheat specimens
grown on fertile land (IIa), while the fourth group
represents the specimens of this species grown on
moderately degraded land (IIb). At the same time, it
can be noticed that the first two groups are formed
at a slightly greater linkage distance within the
overall cluster than it is the case with the other two
groups. This means that crops of buckwheat were
morphologically and productively more homogene-
ous on fertile and moderately degraded lands com-
pared to crops of quinoa grown in different pedo-
logical conditions.
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By statistical analysis of morphological and
productive traits of the two species of alternative
grains raised on fertile and moderately degraded
lands in Vojvodina, it was determined that the dif-
ferences obtained by comparing the amount of
biomass and grain yield of buckwheat in different
pedological conditions were significantly less than
the differences observed for these traits in the case
of quinoa. It was the opposite result when it comes
to the height of the specimens of these two species,
but not to a significant extent since there are only
small differences between the values of the coeffi-
cient of variation. According to the literature, the
growth of buckwheat is mostly influenced by cli-
matic conditions [13, 28], primarily the water re-
gime, while the location has less impact on the
average plant height, although it is expected to be
slightly greater on fertile rather than poor soil [25].
On the other hand, it is reported for quinoa that,
apart from genotype (variety), location has a signif-
icant influence on plant height variation [26]. When
it comes to the grain yield, weather conditions have
the greatest impact on buckwheat yield in the
plains, while soil conditions do not significantly
affect buckwheat production, although it is under-
standable that grain yield is slightly higher in more
favorable soil conditions than in other locations [13,
28]. The yield of buckwheat depends mostly on the
amount of precipitation in the initial phenophases
of development [25]. In contrast, although the liter-
ature states that quinoa can adapt well to unfavora-
ble climate and soil conditions and can show high
tolerance to frost, drought, and soil salinity [19] and
that it can be grown in all regions, with very small
variations in grain yield [13], the grain yields ob-
tained in trials in different pedological conditions
indicate that quinoa yield depends on chemical and
physical properties of soil [10], as well as other
environmental factors [26], primarily moisture and
temperature [6], and to a lesser extent on genotype
[26]. Since multivariate analysis (PCA), as well as
CA, in this paper showed that crops of buckwheat,
compared to crops of quinoa, are less morphologi-
cally and productively differentiated in relation to
the location (land) in Vojvodina, it can be argued
that the results testify in support of the aforemen-
tioned claims expressed in the literature.

The results of the research presented in this
paper, which include analysis of variability of mor-
phological and productive characteristics of quinoa
and buckwheat, as well as their comparative
productivity in different pedological conditions of
Vojvodina, with the aim of determining the possi-
bility and sustainability of the production of these
crops outside their native ranges, suggest that the
successful and sustainable production of quinoa and
buckwheat as high-quality food is also possible in
areas outside their native ranges and can be sustain-
able in the conditions of currently prevailing cli-
matic conditions in the region. Also, the hypothesis
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was confirmed that moderately degraded land can
be used for successful and sustainable production of
high-value food, with small variations in grain
yield, where preference should be given to buck-
wheat because its production on such land has
proven more successful than the production of
quinoa. These findings are in accordance with the
claims stated in the literature, according to which
buckwheat is not demanding in terms of soil, so it
can be successfully grown on poorer mediums [29],
and high and stable grain yields can be achieved
[25]. Despite the fact that significant variations in
yield parameters were found in trials conducted in
Serbia, the yield of buckwheat grain was generally
satisfactory, which is why this species is considered
to thrive in the agroecological conditions of Serbia
[13].

Buckwheat has a significant role in the diet of
the population of northern and northeastern Europe,
eastern Asia, and North America [29]. The total
area under buckwheat in the world in 2014 was
about 2,113,000 ha [24], and in 2017 it increased to
3,940,526 ha [28], with a tendency to grow. The
largest producers are China (34.25%), Russia
(32.24%) and Ukraine (11.46%) [24]. Buckwheat is
grown for its achenes, which, when hulled, have
great nutritional value. The phytochemical compo-
sition of buckwheat from the nutritional aspect is
higher compared to the small grains and millet
grains, which is expressed in terms of quantity, as
well as quality, the content of proteins, vitamins,
minerals, phytosterols, and antioxidants [15]. The
content of amino acids in buckwheat (162.46 g/100
g of proteins) is higher than in quinoa (125.37
2/100 g of proteins) [10]. It belongs to the group of
plants suitable for the production of high biological
value food [29], and it is recommended to add its
flour to bakery and confectionery products from
other cereals to increase the nutritional potential of
food and thus improve the health status of a popula-
tion [15]. However, the production of this field crop
in Serbia has been neglected, partly due to the
widespread opinion that buckwheat is the food of
the poor [28]. It is cultivated only in small areas,
mainly in the hilly and mountainous region of
southwestern Serbia [24]. Growing this crop is
potentially very profitable for agricultural produc-
ers in Serbia, especially in the regime of organic
production and in combination with beekeeping,
since buckwheat is not only an important crop but
also a honey-bearing species. It is also a desirable
crop species in terms of sustainable ecological food
production, bearing in mind that its production
technology contributes to a favorable physical
structure and soil conservation, and better biologi-
cal balance in the environment [28]. It also has
agro-technical importance, because as a dense sow-
ing crop, it covers the soil well and controls weeds.
It can absorb phosphorus from hard-to-reach forms
and prevent its leaching into deeper soil layers and

10034

Fresenius Environmental Bulletin

underground watercourses [29]. In the production
of buckwheat, the average yield depends on the
sowing density, with preference given to the aver-
age sowing density (120 grains/m?) [30] and the
"Novosadska" variety which is superior to other
buckwheat varieties [24]. Buckwheat should be
harvested to 80% seed ripening as the optimum
harvest stage [16]. It was estimated [28] that its
production has the potential to significantly con-
tribute to the rural development of Serbia; however,
it is necessary to support producers, because poten-
tial benefits cannot be expected in the short term.

CONCLUSIONS

Based on the results presented in this paper,
the following conclusions can be drawn:

1. Efficient and sustainable production of qui-
noa and buckwheat, as high biological value foods,
is possible in areas outside their native ranges;

2. Quinoa and buckwheat production in Voj-
vodina (northern Serbia) is sustainable in the cur-
rently prevailing climate conditions of the region;

3. Moderately degraded land can be used for
sustainable production of high-value food without
prior application of agroameliorative measures,
whereby preference is to be given to buckwheat
which was more productive on such land than qui-
noa.

These results can serve as a starting point for
further research and elaboration of this important
issue. Their scientific and practical significance lies
in proposing possible solutions to the problem of
establishing sustainable production of high-quality
food, as well as meeting the needs of modern socie-
ty for an ecological approach to the food supply.
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