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COPING WITH WATER SCARCITY FOR RICE PRODUCTION IN
THE PHILIPPINES: ADVANCEMENT AND CHALLENGES IN RICE
R&D

Eduardo Jimmy P. QUILANG* — Kristine SAMOY-PASCUAL

DA-Philippine Rice Research Institute, Science City of Muiloz, 3119 Nueva Ecija, Philippines
Corresponding author: ejpquilang@philrice.gov.ph

ABSTRACT

The greater demand to produce more rice to cope with the increasing population in the Philippines has continuously
put more pressure on growing rice with less resource input. Irrigation water, for example, is one of the limited
resources in the country's agriculture sector owing to many challenges such as degrading watersheds, competing
demands, and inefficient water management. The problems are also aggravated by the absence of an effective and
real-time water-use monitoring system and unequal distribution of irrigation water within the basin. Thus, in
response to the vision of a rice-secure Philippines, the Philippine Rice Research Institute is continuously
developing and promoting water management technologies and practices for rice production to contribute to rice
security amidst water scarcity and climate change challenges. This paper discusses the research and development
(R&D) interventions (completed and ongoing) to address water scarcity problems and the dwindling effect of
climate change on rice production. Among the R&D interventions to adapt to water scarcity and mitigate climate
change are technologies and practices to reduce water requirement during land preparation and crop growth
without yield loss; micro-irrigation such as drip irrigation and sprinkler irrigation in aerobic rice cultivation;
improve operational irrigation efficiency using internet-of-things tools for a data-driven irrigation advisory; the
use of a renewable source of energy for pumping water, and continuous promotion of best water management
practices for rice production. The continuous R&D on water management for rice production focused on increasing
water productivity and farmers' productivity and income and reducing the carbon footprints in rice.

Keywords: food security, water shortage, water scarcity, water management, R&D

INTRODUCTION

Rice is an important staple food in the Philippines, where the per capita consumption averaged
110 kg/person/year (PSA 2017). It is also a significant source of income where rice production
is valued at ~6 billion U.S. dollars (Bersales 2016). The area planted for rice accounted for 30%
of the total agricultural area in the country (Dawe 2003). The rice area harvested in 2021 was
4.80 Million ha, of which the irrigated farms shared three-fourths of the total rice production
(PSA 2022). The rest comes from non-irrigated covering the rainfed and upland areas, where
rainfall is the only source of irrigation. A typical irrigated rice is entirely dependent on irrigation
during the dry season and supplemental irrigation during the wet season. It is usually grown
under flooded conditions where irrigation water plays a crucial role from land preparation to
crop growth. The flooding condition is at least 80% of the crop's duration, resulting in 2—3 times
more water requirement than other irrigated crops (Bouman et al. 2007).

However, one of the issues confronting rice production in the country is water scarcity.
Water scarcity could be defined from the views of physical or economic (Bond et al. 2019).
Physical water scarcity describes the insufficiency of irrigation water to sustain crop production
and or scarcity of freshwater availability in surface and groundwater bodies (Liu et al. 2017). It
could also mean economic, which is the lack of socio-economic and institutional capacity that
limits societal ability to use the renewable freshwater resources that are physically available
(Huang et al. 2021). Both the physical and economic water scarcity confronts rice production
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in the Philippines. For example, the most common water supply problem in the national and
communal irrigation system is water shortage during the dry season caused by less dependable
small rivers and creeks and springs and runoff (Clemente et al. 2021). This condition is
compounded by environmental problems such as denuded watersheds and the inability to
control sedimentation resulting in reduced quantity and quality of water (Luyun and Elazegui
2021; Clemente et al. 2021). The problems are also aggravated by the absence of an effective
and real-time water-use monitoring system and unequal distribution of irrigation water in the
large-scale irrigation system (Regalado et al. 2019).

Moreover, the weak policy enforcement on canal maintenance and low water use efficiency
at the field level exacerbates the water-scarce condition (Luyun and Elazegui 2021).

Furthermore, with a growing population projected to increase by 142 million by 2045 (PSA
2014), there is more pressure on producing rice to cope with the greater demands for food and
competition from other water users (i.e., industry, domestic). Thus, within the context of rice
production, we discuss the water management technologies and practices developed and
promoted in the Philippines and the ways forward of the water-related R&D in rice production
in contributing to rice security amidst the challenges of water scarcity and changing climate.

WATER RESOURCES AND MANAGEMENT CHALLENGES FOR RICE
PRODUCTION

Agriculture's water use accounts for more than 80% share of the total water use in the country.
A large percentage of water use is always associated with rice production, traditionally grown
in bunded fields that are continuously flooded from land preparation to before harvest. Due to
the saturated nature of rice, it has a water balance different from other cereal crops (Figure 1).
The water balance includes the inflows by irrigation, rainfall, and capillary rise; and the
outflows by transpiration, evaporation, overbund flow, seepage, and percolation (Bouman et al.
2007). The primary source of irrigation comes from gravity systems and shallow and deep
wells. However, about 60% of the actual water input is estimated to be lost from the
unbeneficial outflows, such as during the conveyance and crop growth.

Inocencio et al. (2013) suggested two issues facing agricultural development in the
Philippines. First, how to increase productivity despite water scarcity, and second, how to
respond to climate change. The causes of water scarcity are diverse and location-specific
(Bouman et al. 2007). They include inefficient water management, declining water quality,
falling groundwater tables, denuded watersheds, and increasing demands due to the growing
population. Moreover, significant variations in the spatial and temporal distributions of rainfall
and streamflow place a heavy demand for irrigation. For example, the most common water
supply problem during the dry season is water shortage.

10
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Figure 1. Field water balance in lowland rice (Adapted from Bouman et al. 2007)

This is manifested in the difference between the firmed-up service area and the actual irrigated
area during the dry season (Clemente et al. 2021). In addition, the problems with siltation that
decrease the available water in the irrigation system and increase the canal's efficiency losses
also excarberates the water shortage.

There is also increasing pressure to transfer water from agricultural to domestic and
industrial use. For example, water allocation and prioritization of domestic water supply toward
the Manila area over the irrigation water supply in Bulacan has been the situation in the Angat
Reservoir in recent years (Tabios 2018). Also, groundwater had decreased by 5.3 percent from
1988 to 2001, primarily attributed to the rising demand from the industrial and household
sectors (NSCB 2003). Therefore, when confronted with insufficient irrigation supply, the
majority of the farmers must rely on water-saving techniques to cope with water scarcity.

R&D INTERVENTION

Smallholder farmers dominate the irrigated rice cultivation in the country. Given the limited
budget allocation for research, the Philippine Rice Research Institute, the national lead agency
for rice and rice-based farming systems, set priorities on developing and promoting water
management technologies that directly benefit rice farmers. The technologies and practices
developed aim to address site-specific problems related to water depending on the hydrological
and socio-economic environment of where the rice grows. Research programs on the water are
integrated as a discipline-based and specialized R&D project embedded as a component of a
larger program or a stand-alone project to address water scarcity problems, increase water
productivity and efficiency, mitigate and adapt to climate change, and improve the operational
efficiency of irrigation systems at the macro-scale.

The country's water-saving techniques developed and promoted are generally built on
existing knowledge and fine-tuned to suit local field conditions. These are categorized to
address water management in the different stages of rice production, as shown in Figure 1.

11
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Crop Establishment Crop-Growth

* Dry land Preparation *Dry seeding * AWD

*Land leveling *Wet seeding * Drip irrigation
*Shallow tillage *Community seed-bed * Sprinkler irrigation
*Shortening the land « Saturated soil culture

reparation time ..
prep » Aerobic rice

* Mulching
* Mid-season drainage

Figure 2. Water-saving technologies recommended at field-level

WATER MANAGEMENT DURING LAND PREPARATION

Wetland preparation is considered the usual practice in irrigated rice that requires adequate
water during field operations. It involves land soaking and a series of tillage operations at
saturation or in flooded condition for several days. However, due to the unbeneficial loss of
water from percolation and evaporation during land soaking, several water-saving techniques
have been recommended to reduce the water use at this initial stage of rice production. This
involves tillage operations and processes that do not require much water in preparing the land.

a. Dryland preparation involves tilling the soil unflooded and typically involves dry
plowing and leveling, similar to wetland preparation but with no standing water.

b. A well-leveled field promotes uniform distribution of water and nutrients in the field.
In the PalayCheck System® for irrigated rice, the assessment to achieve a well-
leveled area highlights the importance of no high and low soil spots after leveling. In
addition, the recommended field water depth should not go beyond 5 cm water.

Recently, laser land leveling was promoted to achieve flat fields for planting. It is more
reliable than visual judgment in leveling the area because of the precise and accurate leveling
aided by a laser-equipped drag bucket. The introduction of laser-leveling in the fields was a
collaborative project of IRRI and PhilRice through field demonstrations, training, and adoptive
trials complemented by mechanical transplanting.

Shortening the land preparation time minimizes the turnaround time of multiple tillage
operations. For example, the number of days for the interval between field operations (e.g., first
harrowing and second harrowing) can be reduced to avoid idle periods during land soaking to
avoid evaporation and percolation losses. A previous study showed that shortening the
conventional wetland preparation period (i.e., 21 days) to 14 d is optimum to save water use
while less weed density than seven days (Pascual et al. 2019). Similarly, minimizing the
turnaround time between land soaking for wetland preparation and transplanting reduces the
unproductive water loss (i.e., percolation and evaporation) from keeping the soil flooded or
saturated.

12
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WATER MANAGEMENT IN CROP ESTABLISHMENT

Direct seeding enables the crop to grow immediately without seedbed preparation requiring
additional irrigation water input. It also increases rainfall's effective use and reduces
supplemental irrigation during crop growth (Bouman et al. 2007). Direct wet and direct dry
seeding are alternative options with less water input than transplanting. Dry seeding will be
effective only in relatively clayey and impermeable soils that don't need

Also, community seedbeds are encouraged to ensure efficient water use during seedling
growth. This also promotes synchronous planting and avoids overlapping incidences of insects
and disease populations, preventing yield loss (PhilRice 2020).

WATER MANAGEMENT DURING CROP GROWTH

Saving water input during crop growth aims to reduce evaporation, percolation, and seepage of
unproductive outflows. Typically, farmers try to maintain a high depth of water to control
weeds. However, this practice leads to many unproductive outflows resulting in a field water
use of around 1,300 mm or more (Bouman et al. 2007). However, irrigation water use can be
reduced using water savings techniques, as shown in Table 1.

a. Alternate Wetting and Drying Technique

The AWD involves intermittent irrigation that allows the soil to dry based on a safe
threshold level for irrigation before flooding the field up to 5 cm water depth above the soil
surface. This practice was introduced in the Philippines in 2001 through participatory
adaptive research in collaboration with the International Rice Research Institute (Lampayan
et al. 2015). AWD is a complete departure from continuously flooding the field, saving up
to 35% of irrigation water. The practical implementation of AWD promotes observation
well or a perforated field water tube installed 15 cm below the soil surface to guide farmers
on when to irrigate their fields (Bouman et al. 2007). Most studies conducted in the
Philippines showed AWD did not reduce grain yield (Pascual et al. 2020; Lampayan et al.
2015; Lampayan et al. 2003) and saved 15 to 30% water use (Lampayan et al., 2003). At
the field level, especially those using pump irrigation, farmers successfully adopted AWD
because of the direct benefits of saving fuel (Pascual et al. 2021). Due to the promising
result of AWD as a water-saving technique, there were two policy supports issued to
promote safe AWD in the Philippines, i.e., Department of Agriculture-Administrative Order
25-2009 and National Irrigation Administration Memorandum Circular 36. However, the
adoption of AWD in a large-scale irrigation system has been low and slow due to various
factors such as water governance, biophysical landscapes, and socio-economic factors in
rice farming (Enriquez et al. 2021; Pascual et al. 2021).

b. Drip-irrigated aerobic rice

Aerobic rice' was developed in which rice is grown in non-puddled and non-saturated soil,
just like an upland crop (Bouman et al. 2005). The target environments for aerobic rice are
irrigated lowlands with water shortage and favorable uplands with access to supplementary
irrigation (Belder et al. 2005). The irrigation method can be flush or furrow irrigation and
sprinklers to keep the soil wet but not flooded or saturated (Bouman et al. 2005). Low yields
usually characterize aerobic rice in adverse environments where rainfall is low, and
irrigation is unavailable. In addition, weed pressure in aerobic rice requires high input to
produce a relatively good yield (Bouman 2008). IRRI collaborated with PhilRice to research
the appropriate crop-water-nutrient management recommendations for aerobic rice in 2001
under the project Development of a System for Temperate and Tropical Aerobic Rice or

13
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STAR (Templeton & Bayot, 2011). While farmers commonly used surface irrigation or
flash flooding as an irrigation method, drip irrigation was introduced to improve water
productivity in rainfed areas in irrigated rice with insufficient water supply. The DA-Bureau
of Agricultural Research funded the project with PhilRice as the lead implementer. The
main objective was to develop a package of technologies for drip-irrigated aerobic rice that
features the use of an optimally-laid out drip irrigation system; best options for managing
weeds, as well as water and nutrients (fertigation); and complementing technologies for
tapping water in challenging terrains to make it readily available for use.

Furthermore, before drip-irrigated aerobic rice, a gravity-type low-cost drip irrigation
system (LDIS) was developed in 2009 for rice-based high-value crop production in upland
areas and with the integration of fertigation (Ganotisi, 2009; Ganotosi and Galera, 2011).
LDIS highlighted the parts and components of a drip system made of locally available
materials to reduce the cost of commercially available drip irrigation.

c. Sprinkler Irrigation

A sprinkler irrigation system in aerobic rice is relatively new in the Philippines. The
research focused on developing a custom-designed sprinkler irrigation system for
smallholder farmers with a target area of 2500 m? in one setting. The system was designed
so that the sprinkler assembly can be moved from one location to another to reduce the cost
of having many sprinklers with an overlapping water distribution pattern (Remocal et al.,
2020). The water pump and water delivery assembly of the customized sprinkler were built
with engine-driven centrifugal pumps and hose and fittings commonly used by farmers.
Compared with the conventional practice of surface flooding, The water use of the sprinkler
was significantly lower by 59%, while water productivity was recorded at 0.90 kg m-3
(Remocal et al. 2020).

d. Cappilarigation

Due to the high cost of commercially-available drip irrigation, its adoption by smallholder
farmers constrains them from adopting the technology. This led to the development of
cappilarigation in 2015 using the principle of drip irrigation and capillary wicks (Sawey and
Orge 2019). The cappillarigation system uses locally available capillary wicks to dispense
scarce water frugally. It is a do-it-yourself technique intended for rice-based production to
cope primarily with extreme drought. The material cost of the capillarigation system is
lower by up to 80% compared to a commercially-available drip irrigation system (Orge and
Sawey 2019).
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Table 1. Water use and water savings of different water management techniques

Irrigation method Water use, mm | Water savings, % Source
Bouman et al.
Aerobic rice, 795 50.0 2005%*
Flooded 1600
AWD 584 48.0 Pascual et al. 2019
Continuously flooding 1123
Remocal et al.
27.82
Sprinkler 2278 67.2 2021
Flush flooding 1610.56
Drip Irrigation 847.88 33.9 Pascual et al. 2022
Surface flooding 1283.5

*average values

OTHER WATER MANAGEMENT-TECHNOLOGIES

Fuel Saving for Pump Irrigation

The increasing cost of fuel in the market makes it difficult for rice farmers to continue producing
rice in the rainfed area. In response to this inevitable problem, PhilRice developed a gasifier
engine pump system for tapping energy from the rice hull as an alternative solution for the fuel
requirements in pumping irrigation water. The local design of the stationary rice hull gasifier-
engine pump system was based on the working designs of the University of California Davis
for the batch-fed throat less combustor component and the New Energy Development
Organization project of Japan on the gasification (Juliano et al. 2010). However, the stationary
design was further improved to address space requirements for installation and turned the
gasifier into a mobile one for ease of transport from one field to another. The outstanding design
feature of the mobile rice hull gasifier engine pump system is lightweight and compact and can
save 34-44% on fuel cost for irrigation.

A hydraulic ram pump was also used in suitable rainfed areas to irrigate rice and rice-based
crops. It is a cyclic water pump powered by hydropower, wherein the pump pushes water
uphill using energy from falling water. It is inexpensive and does not require an outside energy
source to operate (Ganotisi et al. 2014). Other renewable sources of energy for pumping water
were hybrid wind-solar coupled with low-cost drip irrigation and modified wind-pump
irrigation system (Ramos et al. 2015; Bautista et al. 2015)

The solar-powered fertigation system of the Department of Agriculture was introduced to
the small-scale irrigation projects, which was designed to increase cropping intensity and crop
production, farm income, and employment. It is an irrigation system powered by solar energy
with the integration of low-pressure fertigation tanks. The system provides water and nutrient
requirements at the pre-determined right time and quantity. Solar pumping can help offset the
cost of traditional irrigation fuels like gasoline and diesel. The low operational cost and zero
carbon emissions make the solar-powered irrigation system outstanding for rice production.
Using this technology, farmers could produce high yields of crops all year round to reduce the
scarcity of food supply in the country.
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Development of an Irrigation Advisory Service

The irrigation advisory service aims to provide a decision-support tool to assist stakeholders in
managing irrigation water at farm and water-basin levels (Figure 2). It is anchored on a
scientifically proven method for irrigation using the recommended safe AWD that improves
water use efficiency and management (Regalado et al., 2019). The IAS focuses on using
AutoMon™ (Automated Monitoring), developed and tested by IRRI and PhilRice. It is a
sensory-based irrigation scheduling that uses wireless data networks to measure the field-water
level remotely (Yadav et al., 2020). The infrastructure (database and algorithms) of the IAS
was organized and stored in a unified electronic warehouse located at PhilRice, where real-time
analytics platforms were created for decision making, monitoring, and learning (Regalado et
al., 2019). To date, the performance of the IAS is continuously tested at a turn-out scale to
improve the functionality and workability from plot to command area of the irrigation scheme.

Cloud
infrastructure

4« &
Decision makers
Water Technician
Irrigators Association Leaders
Farmers

Figure 3. Conceptual framework of the irrigation advisory services in
the Philippines (Adapted from Regalado et al. 2019)

THE WAY FORWARD

The issue of water scarcity and the effects of climate change emphasizes the need to
continuously develop innovative ways to grow rice while promoting water-saving technologies
and practices already available to the farmers. However, the relative attractiveness of these
water-saving technologies still depends on various factors, such as the degree of water scarcity,
the level of farmer's control over the irrigation, the condition of infrastructure, and farmer's
socioeconomics condition in rice farming. Thus, identifying hot spots or areas with a high
potential to improve water productivity and efficiency is vital to tailor-fit specific solutions to
specific water-related problems.

There have been significant advances in spatial and temporal information-modeling and
simulations and using a geographical information system that can help identify major hotspots
of irrigation water uses, water availability, rainfall pattern, and other hydrological variables that
would help understand water resources and water dynamics in a locality or within a basin. The
information will enable decision-makers, extension workers, and researchers to scale-out water-
saving technologies and develop tailored-fit solutions to the problem.

Decision-support tools that inform farmers are critical, especially those under the large-scale
irrigation system where farmers have relatively no control over the release of irrigation water.
The creative use of information technologies and IoT-based water management should be
pursued and intensified using sensors, controllers, computers, and mobile phones for irrigation
scheduling and advisories. The existing framework of the AutoMon needs to be further tested
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to improve the performance at the system level. This requires collective action to synchronize
the water demand within the basin. Furthermore, the active roles of farmers and decision-
makers in water management within the irrigation advisory services should also be
institutionalized and redefined. This can be done with better coordination, cooperation, and
partnerships from farmers to irrigation managers and policymakers.

Furthermore, to complement AutoMon®", water availability in the reservoir for precise water
budgeting and equitable irrigation allocation through a sensory-based water monitoring system
is also essential. A thorough understanding of the supply and demand of water in the canals and
basins can assist the planning and allocation of equitable irrigation distribution at the right time
and location. Thus, it is essential to revisit and conduct field measurements on the inflow and
outflows to estimate the demand for precise water budgeting.

Other researchable gaps that need further investigation are the re-use of drainage water and
smarter ways to address frequent dry spells in rainfed areas. The impact of reducing water inputs
in terms of nutrient imbalances in the soil and groundwater recharge also needs further
investigation for sustainability.

Overhead irrigation, pivots, lateral moves, low-pressure irrigation, and runoff recycling must
be explored while continuously promoting the best crop and water management technologies
to improve water and crop productivities. Moreover, water quality, an oft-neglected problem in
irrigation systems, warranted further research.
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ABSTRACT:

The impact of climate change in the Pannonian region is evidenced by increased drought frequencies and their
intensity and changes in precipitation distribution. No-rainfall and less than normal rainfall (‘drought’) events
during the growing season are also more frequent, which is significant in the region because the national economies
of ten 'involved' countries (and especially Serbia and Hungary) are largely dependent on agricultural production.
In this paper, we analyze such drought events and provide estimates of their number per season and duration of
the longest events, including their return periods (2, 5, 20, 50, and 100 years). The principal assumption is that a
single drought event can be represented by the number of consecutive days without rain, or with the rain of a
defined reference-small amount. In turn, extracted no-rainfall events in a given historical record of daily rainfall
are treated as a realization of a corresponding stochastic process. Events in the multiyear daily rainfall record have
specific identifiers: (a) an event is a period without rain, or with rainfall, less than 3 mm per day, (b) an event
belongs to the growing season, and (c¢) neighbor events are checked for possible merging. In this way, the analysis
is focused on ‘agricultural droughts’ as random events as they are in reality. The extreme events (mostly with a
duration longer than 20 consecutive days) are modeled and analyzed for 7 selected locations (grid cells in the
CARPATCLIM database) in Central Hungary. The analysis is based on the historically recorded series of daily
rainfall for 30 years (1991-2020). Theoretical distributions are determined by the number of droughts per growing
season (Poissonian), the duration of all droughts (exponential), and the duration of the longest droughts (double
exponential). The results for the location closest to Budapest are presented in more detail.

Keywords: extreme rainless period, growing season, stochastic process, Budapest area

INTRODUCTION

The climate change-related effects of extreme rainfall-runoff or extreme rainfall deficit have
diverse impacts (Beersma and Buishand, 2007; Katz et al., 2002; Mishra and Singh, 2011;
Srdjevic et al., 2018, Srdjevic et al., 2020, Srdjevic et al., 2022). On one side surface and sub-
surface runoff is the result of rainfall’s transformation, deep percolation, or torrential flows
during heavy rainfall events, while on the other side long no-rainfall periods, as a result, lead
to agricultural and other sector-related drought events. Case studies in different countries focus
on the consequences of extreme meteorological events and on measures for mitigating
associated risks (Steinemann, 2006; Tabrizi et al., 2010; Tallaksen et al., 1997), especially those
related to food supply chains and the agriculture sector, with its connections to other sectors,
from industry to trade.

In this paper we present the initial result of the comprehensive stochastic analysis of the
rainless periods in the Pannonia Basin, starting with an area in Central Hungary. Historical daily
rainfall data are used for 7 selected locations in Hungary (the period covered was 1991-2020).
The ZT stochastic method (Todorovi¢ and Zelenhasi¢, 1970; Zelenhasi¢, 2002) is applied to
completely analyze extremely long rainless periods and determine the probability distributions
of the number and duration of such periods. The research framework of this study takes into
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account an agricultural perspective of rainless events and the results presented for one location
close to Budapest serve to demonstrate the approach and strategy to be followed in future
research for territories of Hungary and Serbia.

MATERIAL AND METHOD

Extremely long rainless periods at seven locations in Central Hungary (Fig 1) are analyzed by
the ZT method aimed at the complete stochastic analysis of extreme events. The method is
mathematically complex with seven modules. It will be only briefly introduced here regarding
the modules used in this study. For more details about the method and its different versions
consult pertinent literature and most recently presented mathematical descriptions in Srdjevic
et al. (2018, 2020, 2022). The results of the ZT method application for one grid point in the
CARPATCLIM database (Szalai et al., 2012; Spinoni et al., 2014) close to Budapest, the capital
of Hungary, will be presented in this study.

Figure 1. Selected 7 meteorological stations in Central Hungary

Theoretically established in the early 70-ties of the last century, the ZT method evolved through
time and in different versions used to enable analyses of flood peaks, low river flows, and
rainless periods. The principal assumption in treating rainless periods by the ZT method, which
is the case here, is that a single rainless event can be represented by the number of consecutive
days without rain, or with the rain of a defined reference-small amount (Fig 2). If the event is
longer than the reference duration (here 20+ days) then that event can be called ‘agricultural
drought’, or shorter ‘drought’.
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Figure 2. Rainless events: definition and identification (Srdjevic et al. 2020)

If for a given station or grid cell in a database there is a historical multiyear record of daily
rainfalls, it is possible to extract no-rainfall events during the growing season (1 April — 30
September in this part of Europe) each year and create a specific discrete realization of a
corresponding stochastic process of droughts. If the following set of assumptions is adopted as
introduced in Srdjevic et al. (2018, 2020), the three important distributions of the probabilities
for the process can be analyzed: (1) Poissonian distribution of the number of droughts; (2)
exponential distribution of probabilities of occurrence of all droughts; and (3) double
exponential distribution of probabilities of occurrence of the longest droughts. Complete
mathematical elaboration of these components of the process is given in Srdjevic et al. (2018,
2020) and is avoided hereafter.

For a better understanding of the results, worth mentioning are the following key definitions
adopted in this study: (a) an event (drought) is a period at least 20 consecutive days long,
without rain, or with rainfall amount lower than 3 mm per day, (b) a drought entirely belongs
to the growing season, and (c) neighbor rainless periods have to be checked and possibly
merged. In this way, the analysis can be focused on ‘agricultural droughts’ as random extreme
events as they are in reality.

The extreme events are analyzed at seven grid cells from the CARPATCLIM database with
daily rainfall records for a period of 30 years (1991-2020).
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RESULTS AND DISCUSSION

Results of the basic statistical analysis of a 30-year long period of historical rainfalls show that
in the period 1991-2020 there were 37 droughts during the growing season (each year, only
period 01.04. — 30.09. is analyzed). The number of years without droughts is 9. The longest
drought occurred in 2011. and lasted for 59 days which corresponds to the probability of
occurrence once in 50 years.

The ZT method application for the grid location near Budapest labeled as No 6. in Figure 1
can be summarized as follows:

(1) Poissonian distribution function (number of all droughts):

k
P(E) =% -2 where 2,=37/30-1233333, and k=0,1.2, 3...
(2) Distribution of all droughts:
F(Z)=1- e *% 720,21, = 0.154131

(3) Distribution of longest (yearly) droughts:
F(Znax) = e""l'e_lzz, Z2>0,1,=1.23333, 1, = 0.154131

The double exponential distribution function (3) of the longest droughts duration with
parameters A1 and A> enables determining statistically important information about return
periods of the longest (yearly) droughts by using the formula:

1
T 1-F©2)°

Computed return periods for station 6 are presented in Table 1. Once in two years, the
rainless period can be expected to be 25 days long without rainfall or with rainfall less than 3
mm. A 100-year drought can expectedly be 66 days long.
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Table 1 Return periods of longest droughts
for grid location No. 6 at Fig.1

Return periods Drought
(years) (days)
100 66
50 59
20 50
10 43
5 36
2 25

CONCLUSIONS

This study has been focused on rainless events of extremely long durations from an agriculture
perspective. In the 1991-2020 period, daily rainfall data are used for selected locations in
Central Hungary. The research team consulted the agronomists in Serbia and Hungary to better
define meteorological droughts as rainless periods, establish necessary parameter sets and apply
the scientifically recognized ZT stochastic model of extremes to enable understanding of what
is going on with obvious negative impacts of climate change. After consultations with experts
from academia and with many local farmers (landowners and/or irrigators) (Srdjevic et al.,
2018, 2020, 2022), it was concluded that Serbian and Hungarian agriculture is diversified in
terms of types of soil and plant coverage, topography and ‘dynamics’ and level of development
of the society and its economy, and that the reference values for drought identification (20 days
and longer; up to 3 mm of rain) fit best to the situation in two countries, and even broader
throughput Pannonia Basin. The results of this study will expectedly be extended with the
results obtained for more meteorological stations (or locations from the CARPATCLIM
database) to enable mapping of the longest droughts. With the addition of other statistical
analyses, it will be possible to shape the framework for better mitigation of risks related to
agriculture, compensating deficits of rainfall (and rainfall-related sources of water) by other
agricultural measures such as irrigation or structural improvements in water resources
infrastructure.
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ABSTRACT

We analysed the situation of the peak water demand before harvesting (beginning of flowering) of the grassland
vegetation and the main crop in a meadow on a meadow with solonyec soil in Great Kunsag, a Natura2000 site in
an arid climate, and analysed 12 years (2010-2021), in comparison with the amount of meadow hay produced in
the given year. From the March-April precipitation and heat totals for each vintage, a climate index was constructed
to determine the annual pre-mowing precipitation deficit or surplus for the period before the one-time mowing that
determines the annual hay yield. Based on our results, we found that in only 3 of the 12 years studied did the
harvested hay yield meet the winter fibre fodder requirements of our sheep flock. For the last 5 vintages (2017-
2021), none of them produced sufficient hay from the field. For the three years with good hay yields (2010, 2013,
2016), the higher rainfall in the first decade of May allowed to increase the production of the grassland phytomass,
in coordination with the shift in the timing of mowing,.

Keywords: grass irrigation; flood irrigation; water norm; drainage; yield

INTRODUCTION

Nowadays, most Hungarian grasslands are locked into environmental regulations (albeit with
remarkable subsidies), relying almost exclusively on the natural nutrient availability of their
soils and climatic conditions for their phytomass yield.

The yield of natural grassland is nowadays entirely dependent on the season, and it is on this
unpredictable fodder base that livestock sectors which primarily consume grassland vegetation,
such as extensive sheep farming, should be based.

The main problem is that, although grassland is nowadays managed with almost zero input,
it is a water-intensive crop, whose water requirements are less and less satisfied by rainfall
(Gruber, 1964). It is noteworthy that Dimitrijev (1948) found that the transpiration coefficient
of grassland is twice that of sugar beet.

Baskay-Toth (1962) and Szabd (1973) explain that soil water relations have a much stronger
influence on the yield of grassland than on that of arable crops. The water requirement of
grassland plants is highest from the time of shoot initiation to the flowering phenophase. In
grass and mowing applications, i.e. when the economic purpose of the first growth is hay
production, a so-called peak demand occurs at the beginning of flowering, at the optimum of
mowing. He calculates that ~4 mm of surface water is required to wet 1 cm of bound topsoil.
Since 90% of the root zone in natural grasslands is located in the 0-10 cm soil level, ~40 mm
of water is required to re-wet the critical top 10 cm.

Nagy (1964) and Nagy and Vargyas (1988) explain that autumn-winter precipitation is
generally sufficient for the production of carbon from the main stem of native grassland. Until
recent years of climate change, this finding held. Nagy (1980) and Szeman (2006) already write
about the possible need for early spring irrigation of ancient grasslands, suggesting a 60 mm
irrigation water dose.

27



Proceedings of the 5th ISCW, 22-24. March 2022. Szarvas, Hungary

The objective of our manuscript is to provide plant-level data to clarify the relationship
between the hay yields of a grassland area under Natura 2000 over 12 seasons and the indicators
calculated from the site rainfall and heat data.

MATERIALS AND METHODS

Our studies were carried out between 2010-2021 at the Hungarian Agricultural and Life
Sciences University Research Institute Karcag (hereinafter: MATE KKI) on Rainer grassland
(hrsz:01712/1). The total area of 180.5 ha of meadow is a grassland community of Achilleo-
Festuceteum pseudovinae with a solonyec soil, which forms a mosaic transition with Agrosti-
Alopecuretum pratensis meadow in the lower parts. 120 ha are under grassland management,
the rest being used as permanent pasture and beaver pasture. The sheep farm in the middle of
the site provides annual feed for 500 ewes and their young on the extensive grassland above.
Grassland management is supported/impeded by the fact that the site is covered by Natura 2000.
The grass yield is seasonal. The mowing period coincides with the beginning of flowering of
the dominant grass species (Alopecurus pratensis, Festuca pseudovina, Poa pratensis subsp.
angustifolia), therefore mowing was carried out between 1-15 May. The sheep's annual
meadow hay requirement is 400 round bales of 125x165 cm (about 140-150 thousand kg in
total), in addition to litter hay and abrac. The round bales were produced using a Welger RP-
320 round baler with an average weight of about 360 kg/bale. For our study, we used
temperature and precipitation data from the MATE KKI Meteorological Monitoring Station,
which are presented in the following table (Table 1.).

Table 1. Average temperature, temperature sum and precipitation sum in March and April
(2010-2021, Karcag)

Average monthly temperature Monthly heat sum (°C) Monthly precipitation sum
(°O) (mm)

March April March April March April
2010 6.0 11.4 190.9 340.6 12.1 63.3
2011 6.0 13.1 188.0 384.0 22.0 18.9
2012 7.0 12.3 211.1 356.6 2.5 13.1
2013 3.8 12.8 120.1 378.0 110.2 473
2014 9.3 12.6 294.0 384.5 20.0 46.5
2015 6.9 11.0 216.1 316.8 133 11.0
2016 6.8 12.7 207.9 378.1 26.8 17.9
2017 8.8 10.6 267.8 311.5 21.3 45.7
2018 3.2 16.1 102.6 483.6 79.7 13.7
2019 9.0 12.9 272.2 391.8 8.8 473
2020 6.6 11.5 207.4 3343 344 9.8
2021 5.4 8.7 167.0 257.9 5.6 23.3

Vinczeffy (1993), based on several years of operational experiments, refined the investigation
of the adequate precipitation-heat requirement for grassland production in Hungary and called
it the climate index, which is the characteristic of the given period in relation to the optimum
value of 0.200-0.250 mm/°C. It also found that the lower value of the optimum climate index
(0.200 mm/°C) multiplied by the sum of the temperatures gives the optimum precipitation
numbers. Based on this, we calculated the optimal precipitation for the months of March and
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April for the period 2010-2021, and calculated the precipitation surplus or deficit compared to
the optimal precipitation (Table 2.)

Table 2. Precipitation optimum and precipitation deficit/surplus in March and April (2010-

2021, Karcag)
Monthly precipitation optimum (mm) Monthly rainfall deficit / surplus (mm)

March April March April
2010 38.18 68.12 -26.08 -4.82
2011 37.60 76.79 -15.60 -57.89
2012 42.21 71.32 -39.71 -58.22
2013 24.01 75.60 86.19 -28.30
2014 58.79 76.89 -38.79 -30.39
2015 43.22 63.36 -29.92 -52.36
2016 41.57 75.62 -14.77 -57.72
2017 53.55 62.29 -32.25 -16.59
2018 20.52 96.71 59.18 -83.01
2019 54.44 78.36 -45.64 -31.06
2020 41.48 66.85 -7.08 -57.05
2021 33.40 51.57 -27.80 -28.27

Vinczefty (1993), defined the values of the climate index as 0.05 mm/°C —desert; 0.075 mm/°C
—semi-desert; 0.1 mm/°C —arid; 0.125 mm/°C —dry; 0.15 mm/°C —slightly dry; 0.175 mm/°C —
medium; 0.2 mm/°C —fresh; 0.225 mm/°C —optimal; 0.25 mm/°C —slightly rainy; 0.3 mm/°C —
rainy; above 0.3 mm/°C —very rainy. Since the calculation of the climate index is a fully
accepted scientific and practical method in Hungarian grassland management, the monthly
precipitation-heat calculation of our experimental period was based on the method. The climate
index by month was calculated on the basis of his calculations (Table 3.), and then the nature
of the months was classified into the categories he provided. The following formula (1) was
used to determine the climate index for each month:

RESULTS

Our table below shows the hay yield harvested and the number of bales for the study period
2010-2021 (Table 4.).

Our table shows that the amount of hay bales needed to maintain the sheep was only available
in 3 years (2010, 2013, 2016) during our experimental period. In particular, we would like to
highlight that in 2010 the amount of hay harvested was double the amount needed to feed the
sheep in winter.

In order to maintain a continuous production, we were forced to supplement the winter feed
supply of the sheep with field straw (e.g. millet straw). Furthermore, it can be seen from our
table that the last 5 years of our experimental period were a period of hay shortage due to
inadequate rainfall supply, with an average 20% less hay production. However, the average hay
yield of the 12 years (401 bales) reaches the amount of hay needed for winter feeding of sheep,
but always the poorest year of the year should be counted as the one with the highest animal
carrying capacity of the area (249 bales in 2017).
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Table 3. Monthly climate index and its value for March and April (2010-2021, Karcag)

Climate index (mm/°C) = monthly precipitation sum (mm) / [monthly mean temperature (°C) x (1
number of days in month]

Values of monthly climate index (mm/°C) Monthly climate index (mm/°C)

March April March April
2010 0.065 0.185 semi desert medium
2011 0.119 0.048 dry desert
2012 0.011 0.035 desert desert
2013 0.926 0.123 very rainy dry
2014 0.070 0.123 semi desert dry
2015 0.062 0.033 semi desert desert
2016 0.128 0.047 dry desert
2017 0.078 0.143 semi desert slighty dry
2018 0.793 0.028 very rainy desert
2019 0.032 0.122 desert dry
2020 0.168 0.028 medium desert
2021 0.034 0.090 desert arid

Descriptive statistics were used to evaluate the data using Microsoft Excel.

Common to the 3 years with outlier hay yields was that the first decade of May was replaced
by a monsoonal rainfall during the dry period, with 124.8 mm in May 2010, 81.9 mm in May
2013 and 37.1 mm in May 2016 (Table 5). This amount of rainfall was very favourable for hay
production.

DISCUSSION

In all cases, favourable years are followed by several years of low carbon yields, in line with
Vinczeffy's (1993) finding that extensive grassland in high carbon years depletes nutrients from
the soil and results in lower carbon yields.

In the meadow use mentioned by T6th Baskay (1962) and Szab6 (1973), peak water demand
before mowing in the three outstanding years of the pasture, our data show that the two months
before harvest were predominantly desert and semi-desert in terms of climatic index, but in all
cases a monsoonal rainy period in May increased the amount of undergrowth (Poa pratensis
subs.). In May 2010, for example, 124.8 mm of rain fell, and annual rainfall was 889 mm.
Nevertheless, March 2010 was semi-desert and April 2010 had a medium climate index.

The good hay yield was helped by the rainy May, which has so far arrived after every dry
drought spring, although in 2002 and 2003 this rainfall did not arrive and only 75 and 51 bales
respectively were harvested from the 120 ha of grassland.
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Table 4. Annual hay yield between 2010-2021 (Karcag)

Hay (kg") Bale (piece)
2010 291600 810
2011 115500 321
2012 121400 337
2013 215000 594
2014 122600 341
2015 112500 313
2016 180300 501
2017 89700 249
2018 117600 327
2019 134400 373
2020 120200 333
2021 114500 318
Mean 144608.33 401.42
Standard Error 16534.52 45.83
Median 120800.00 335.00
Standard Deviation 57277.26 158.76
Sample Variance 3280684469.70 25204.08
Kurtosis 3.38 3.44
Skevness 1.89 1.90
Range 201900.00 561.00
Minimum 89700.00 249.00
Maximum 291600.00 810.00
Sum 1735300.00 4817.00
Count 12.00 12.00

Table 5. May 2010, 2013, 2016 meteorological data and climate index values

2010 2013 2016

Average temperature (°C) 16.8 17.3 16.3
Heat sum (°C) 503.2 535.9 495.7

Precipitation sum (mm) 124.8 81.9 37.1
Precipitation optimum (mm) 100.64 107.18 99.14
Rainfall deficit/surplus (mm) 24.16 -25.28 -62.04
Value of climate index (mm/°C) 0.240 0.153 0.073
Climate index (mm/°C) optimal dry desert

It is recommended that when buffering hay in a favourable year, efforts should be made to store
it with as little loss as possible, as the supply of meadow hay from the market is very low in our
country. Furthermore, in our country, grassland is typically drained in the summer, so
harvesting hay is justified in order to ensure winter fodder supply and to increase the intensity
of the technology (e.g. compressed manure). Since the ancestral grasslands provide 70-80% of
the annual phytomass in the main season, further studies should be carried out with early spring
irrigation of these grasslands to ensure continuity of the animal production capacity of these
areas.
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ABSTRACT

Located in S-E Europe, with an area measuring 238,397 km?, Romania is a country with a varied and proportionate
relief (31% mountains, 36% hills and plateaus, 33% plains and meadows). Romania's forest fund covers an area
of 6,592 thousand hectares (27.7% of the country's surface), 6,427 thousand hectares being occupied by forests
(28.8% resinous species and 70.2% deciduous species). Living environment for plants and animals, forests are a
complex ecological system, representing an inexhaustible source of oxygen, an environment for relaxation and
recreation, but also a source of income. Over time, through their products, forests have contributed to the socio-
economic well-being of local communities. Forests are an important economic resource, not only for wood (green
gold), but also for non-wood forest products from spontaneous flora, around them have developed businesses
whose object of activity is the collection of materials from spontaneous flora (mushrooms, truffles, berries, forest
seeds, medicinal and aromatic plants, resins, etc.). The number of companies in the field of collecting non-wood
forest products from spontaneous flora was in 2020 in Romania of 88, these cumulating a turnover of 57,356,060
Euro, a net profit of 2,387,033 Euro and registering an increase of 20.27% compared to 2019. In this article, the
authors present the evolution of the business in the field of collecting non-wood forest products from spontaneous
flora in terms of the main indicators of financial performance (turnover, profit, number of companies, number of
employees, profit margin, sales).

Keywords: businesses, Romania, non-wood forest products, spontaneous flora

INTRODUCTION

According to FAO’s Forest Resource Assessment, non-wood forest products (NWFPs) are
“Goods derived from forests that are tangible and physical objects of biological origin other
than wood”. Category of NWFPs includes those products who can be used as food and food
additives (edible nuts, mushrooms, fruits, herbs, spices and condiments, aromatic plants, game),
fibres (used in construction, furniture, clothing or utensils), resins, gums, and plant and animal
products used for medicinal, cosmetic or cultural purposes (About non-wood forest products.
FAO).

Non-wood forest products fall into the category of important products in various aspects for
people around the world (Global Forest Resources Assessment 2000).

For rural and poor people, NWFP are a source of food, animal feed, building materials, and
even medicine. For many people, marketing NWFP means providing for their daily needs and
even a job. Internationally traded NWFPs contribute to economic development. NWFPs are
generally used for subsistence and locally by small businesses (Global Forest Resources
Assessment 2000, Global Forest Resources Assessment 2020. Key findings 2020).

Also FAO mention that for millions of households around the world, the NWFP is a way of
earning a living. About 80% of the population in developing countries use NWFP to meet their
health and nutrition needs. In general, women in poor households are the ones for whom the
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NWEFP is a way to earn an income. NWFP is considered also a raw material for various
industrial sectors and export goods (at least 150 NWFPs are traded internationally). Another
aspect of the NWFP is their contribution to achieving environmental goals, including the
conservation of biological diversity (About non-wood forest products. FAO).

Even if they are of real importance, unfortunately the national institutions monitor the
resources and do not evaluate the socio-economic contribution of the NWFP, as is the case with
wood and agricultural products. Consulting the statistics reveals that there are few countries
that monitor the use of NWFP (Vasile et al 2017; Global Forest Resources Assessment 2000;
Positioning non-wood forest products in agricultural statistics).

In recent years there has been an increase in interest and activities related to the NWFP,
especially regarding their socio-economic role. In this regard, numerous projects are underway
to promote the use and marketing of NWFP in order to support local economies, rural
communities and forest conservation. This encourages the monitoring of forest resources and
their use, which is not an easy task. The difficulty is due to the multitude and diversity of
products, the numerous uses at local, national and international level, the different interests, but
also the lack of a common terminology and units of measurement (Martinez de Arano et al
2021; Sorrenti 2017; Global Forest Resources Assessment 2000; Naturally Beautiful. Cosmetic
and beauty products from forests)

Starting a business in Romania involves going through certain stages and fulfilling certain
conditions according to the applicable legislation (Law no 31 /1990).

One of the obligations that must be fulfilled when setting up any business is to specify the
object of activity, the field and the main activities. According to CANE (Classification of
Economic Activities in the National Economy), businesses whose activities are related to the
collection of non-wood forest products from spontaneous flora are included in class 0230
(Order no 337 from April 20th 2007).

Class 0230 includes the collection of spontaneous flora materials, such as mushrooms,
truffles, berries, nuts, bales and other gums, cork, balms, varnishes and resins, vegetable yarns,
grass, acorns, chestnuts, mosses and lichens, and excludes directed production of these products
(except for growing cork trees), growing mushrooms or truffles, growing fruit or shrubs,
gathering firewood, producing wood chips. The operation of these types of businesses requires
an environmental permit.

Even if the non-wood forest products from the spontaneous flora represent a small volume
compared to that of the wood products, they are capitalized in larger or smaller quantities,
depending on the knowledge of their qualities, respectively the manifestation of the demand
towards them.

Among the non-wood forest products of spontaneous flora, special attention is paid to
berries, especially due to their high vitamin content. It is known that berries have a higher
mineral content than cultivated fruits, the best represented mineral element being potassium.
The forest products of the spontaneous flora recognized for the high content of vitamin C
(sorbic acid) are: rosehips (150-9000 mg/100g), sea buckthorn fruits (100-1000 mg/100g),
black currants (200mg/100g), cetin fir and pine (150-250 mg/100g) etc. The importance of
vitamin C for the human body is given by the fact that it is the main anti-infective food available
to humans.

As mentioned above, there are no statistics that strictly refer to non-timber forest products,
and where they do exist, they do not necessarily reflect the reality, as it is difficult to distinguish
between forest and agricultural products. Regarding Romania, according to "statistical data", in
2015 the production of berries (Rubus idaeus, Vaccinium myrtillus, Rubus caesius) a total 3,482
tonnes, medicinal plants (Sambucus nigra, Tilia sp., Crataegus monogyna, Betula pendula,
Vaccinium myrtillus (leaves), Urtica dioica, Hypericum perforatum, Achillea millefolium,
Rubus idaeus, Plantago sp., Robinia pseudacacia, Equisetum arvense, Primula oficinalis,
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Matricaria chamonilla, Hypericum perforatum, etc.) 660 tonnes, mushrooms (Boletus edulis,

Armillaria melea, Cantharellus cibarius) 543 tonnes, honey 731 kg, osier 45 tonnes and forest

seeds 7 tonnes (Global Forest Resources Assessment 2020. Report Romania, FAO, Rome).
The purpose of the article is to present the evolving business related to the collection of non-

wood forest products from spontaneous flora in terms of financial performance in the period
2011-2020.

MATERIALS AND METHODS

The steps that were taken in the elaboration of the article are the following: establishing the
purpose of the article, selecting and studying the specialized literature and statistical reports,
analyzing and interpreting the data, drawing conclusions.

In order to achieve the proposed goal, the authors of the article used statistical observation
as a research method. The information presented in the article is the result of the analysis and
interpretation of data from statistical reports and literature that are mentioned in the
bibliography. Graphical representations were used to present the evolution of financial
performance indicators.

For the euro expression of the values of the analyzed indicators was used an average value
for the year 2020 of the euro currency of 4.837 lei (Romanian currency).

RESULTS AND DISCUSSIONS

According to the information provided by Sectorial Study. Collection of non-wood forest
products from spontaneous flora, 2020, the number of companies operating in this field, the
number of employees and the average number of employees experienced a slight fluctuation in
2011-2020, as can be seen in Figure 1.

Regarding the main indicators of financial performance (turnover, net profit and profit
margin) the trend is increasing in the analysed period, even if there were years in which there
were decreases in the values of these indicators. (Figure 2)

The average sales per company are also in an upward trend in the 10 years analyzed, except
for the years 2013, 2015 and 2016 when there were decreases. (Figure 3)
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Figure 1. Evolution of Romanian businesses related to collection of non-wood forest products
from spontaneous flora

Source: processed after data provided by Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020
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Figure 2. Evolution of main financial indicators

Source: processed after data provided by Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020
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Figure 3. Evolution of the average sales per company

Source: processed after data provided by Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020
Regarding sales per employee and profit per employee, as can be seen in figure 4, these two

indicators also show an increasing trend in the period under review, even if there are years in
which there have been decreases.
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Figure 4. Evolution of the sales and profit per employee

Source: processed after data provided by Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020
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Figure 5. The evolution of the efficiency indicators of the operational activity
Source: processed after data provided by Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020

Figure 5 shows the evolution of operational efficiency indicators (stock turnover rate, customer
collection speed and supplier payment speed), and as can be seen the stock turnover rate
increased by 25 days in the year 2011 to 2020. The customer collection speed has reached 70
days in 2020, compared to 104 days in 2011. The payment speed of suppliers shows, as well as
the customer collection speed, a decreasing trend, from 204 days in 2011 to 134 days in 2020.
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Figure 6. Evolution of financial stability indicators

Source: processed after data provided by Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020

The total registered debts increased during the analysed period, from 10,737,607 Euro in 2011
t0 20,526,500 Euro in 2020, and the total indebtedness rate decreased from 8.15 in 2011 to 1.74
in 2020 (Figure 6).
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Figure 7. Evolution of the own capital and capital return

Source: processed after data provided by Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020

During the analysed period, the own capitals registered a continuous increase, as it can be seen
from figure 7. And the return on capital is in an increasing trend, but with fluctuations in some
years.

The same upward trend is found during the 10 years analysed in the case of fixed assets,
receivables, stocks, liquidity and current assets (Figure 8).

Regarding the distribution on the Romanian territory of the companies that carry out their
activity in the field of collecting non-wood forest products from spontaneous flora, it can be
observed that out of the 41 counties of Romania, plus Bucharest, only 26 companies operate in
this field. (Figure 9) The lack of businesses in the rest of the counties is due either to the lack
of forests, to the reduced quantities of non-wood forest products from the spontaneous flora or
to the lack of interest for the capitalization of these products.
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Table 1. Evolution of fixed assets, claims, current assets, stocks and cash (mil. €)

Fixed assets Claims Stocks Cash Current assets
2011 4.0 53 1.8 0.6 7.8
2012 3.9 6.2 2.0 0.8 9.2
2013 4.1 5.1 3.6 1.0 9.7
2014 53 6.1 3.6 1.3 11.0
2015 6.8 6.7 4.4 2.0 13.1
2016 7.7 7.5 4.6 2.0 14.1
2017 8.4 8.0 5.2 2.0 152
2018 9.3 10.6 6.7 2.5 20.0
2019 10.6 10.8 6.8 2.1 19.7
2020 10.7 10.9 9.6 2.6 23.2

Source: Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020
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Figure 8. Evolution of fixed assets, claims, current assets, stocks and cash

Source: processed after data provided by Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020

In addition to the numerical distribution at the county level, when we talk about businesses in
the field of collecting non-timber forest products, their financial results (turnover, net profit)
are especially important. As can be seen in figure 10, a small number of counties contribute to
this sector.

According to the data from figure 10 and figure 11, the activity of the companies that collect
non-wood forest products from spontaneous flora is concentrated in Bihor, Salaj, Hunedoara
counties, these being the counties with the companies that register the highest turnover.

Regarding the net profit registered by companies at the level of each county, it is observed
that the highest values of net profit are attributed to businesses in counties such as Bihor, Salaj,
Gorj and Hunedoara (Figure 12).
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Bihor Alba (6) Arges Covasna Arad Bucuresti
Cluj (9) Gorj Hunedoara Bacau Calarasi
Salaj (7) Maramures Brasov Caras-Severin
Suceava (10) Harghita Constanta
Tulcea Dambovita
Valcea Mures
Prahova
Timis
Vaslui
Vrancea

Figure 9. Distribution of the number of companies on Romanian Counties

Source: processed after data provided by Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020

Companies revenue/county

>20 mil. lei 10 -20 mil. lei 5 -10 mil. Lei 1 -5 mil. lei 100 thous.-1 mlei <100 thous. Lei
4,134,794 € 2-4mil € 1-2mil € 206 thous.-1 mil. € 20 - 206 thous. € <20 thous. €
I —
County
Bihor Suceava Brasov Maramures Dambovita Tulcea
Salaj Arges Alba Covasna Harghita Bacau
Hunedoara Clyj Gorj Calarasi Caras-Severin Constanta (0)
Valcea Timis Arad Mures (0)
Vrancea Prahova (0)
Bucuresti
Vaslui

Figure 10. Distribution of companies’ revenue by counties
Source: processed after data provided by Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020
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Source: processed after data provided by Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020
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Figure 12. Companies net profit by counties

Source: processed after data provided by Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020

The companies from Arad, Bihor, Brasov, Cluj, Covasna, Gorj, Caras-Severin, Vaslui, Valcea
and Bucharest counties have a high capacity to pay the financial obligations in the next period,
with a rating of over 7.5. The companies from most counties have a normal rating, and the
companies from Harghita and Maramures counties have a low rating (Figure 13).
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Figure 13. Rating and probability of insolvency of companies by counties

Source: processed after data provided by Sectorial Study. Collection of non-wood forest products from spontaneous flora, 2020

The probability that companies in the field of collecting non-wood forest products from
spontaneous flora will not be able to pay their financial obligations to the company's creditors
is very high in some counties such as Bacau, Mures, Harghita and Bucharest. A high probability
indicates an increased risk for the company, but it is not a certainty that the company will go
into insolvency. At the opposite pole are the businesses from Arad, Brasov, Caras-Severin,
Gorj, Valcea and Vrancea counties, which have a 0% probability of insolvency.

CONCLUSIONS

At European level, non-timber forest products from spontaneous flora are part of many
European households, either due to consumption or involvement in the collection process at
least once a year for own consumption or sale. The collection work carried out by more than 60
million European collectors, some of them even organized in associations, has a positive impact
on public health and well-being, which is quite difficult to quantify (Martinez de Arano et al
2021).

Non-wood forest products from spontaneous flora can be seen as a source of nature-based
solutions not yet fully valued. Non-wood forest products from spontaneous flora can make a
significant contribution to European policy in the context of the European Green Deal.

It is necessary to develop innovative and territorial value chains and "tools" to facilitate the
connection between those who collect / collect and the "consumer" industry.

Some non-wood forest products from spontaneous flora can have a positive impact on the
development of local tourism (mushroom picking, medicinal plants).

Non-wood forest products from spontaneous flora face identified risks and threats both
globally and locally (climate change, land wuse, uncontrolled harvesting, inadequate
management, illegal trade, competition with market alternatives). Risks amplified by lack of
knowledge, resource levels (distribution, productivity), harvesting techniques, information
related to production, consumption and trade. Lack of knowledge is also reflected in the lack
of proper regulations and management, proper labelling, quality standards, ultimately affecting
the transparency and safety of the product.

The non-wood forest products from spontaneous flora sector is interesting and challenging
due to the diversity of products, but also risky because the abundance and availability of
products depends to a large extent on natural factors (Novac et al 2021).
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The seasonality of some products entails some ‘“syncopes” in the process of sale,
conditioning and distribution, the Romanian companies being still able to ensure constant
quantities on the market.

The non-wood forest products from spontaneous flora sector in Romania is a developing
sector, under the influence of natural factors and the growing interest of consumers for this type
of products.

Those 88 companies that were active in Romania in 2020 in the field of collecting non-wood
forest products from spontaneous flora registered a profit margin of 4.16% and an average
rating of 6.1%. According to estimates, in 2022 the sector will register an increase in turnover
of 6.51% compared to the previous year, and in 2023 the estimated increase is 6.12% compared
to 2022.
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ABSTRACT

Environmental management problems are acute imperatives that can determine the success or failure of the
application of a general environmental mechanism, the solution requires the managers of swine farms, because
environmental management in conditions of sustainable development is an object of study, a discipline that needs
to be refined through multiple environmental risk research. In order to reduce the effects of environmental risk,
integrated production management will also include environmental management oriented towards ecological
exploitation, in open-air, in alternative and grazing systems and super-intensive operations in microclimate-
controlled shelters, using hybrids with high conversion potential of food and which produce small amounts of
manure. In order to green the integrated management of animal farms, the production programs will be oriented
towards the green farm, ecologically clean, with optimal numbers, depending on the degree of environmental
affordability, for sustainable development. Achieving this goal requires positioning farms in the managerial
context of sustainable development, analyzing potential pollutants based on farm modeling, assessing the
ecological status of the farm, implementing the environmental risk management system integrated with sustainable
development management, improving the management of ecological marketing and repositioning farm reputation
management within the boundaries of sustainable development.

Keywords: holdings production, environmental management, greening.

INTRODUCTION

Greening management and avoiding environmental risk involves carrying out analyzes and

research in professional swine farms leading to: (Dumitriu 2002; Kotler 1997; McGlone — Pond,

2003)

- improving the integrated management of small and medium-sized professional farms with
the possibility of expanding to large integrated farms for industrial meat production;

- optimizing herds and production according to market requirements;

- analysis of the degree of affordability of natural environmental factors in the vicinity of
human communities;

- increasing the efficiency of exploitation by implementing the most modern technologies to
ensure animal welfare;

- the expression at the optimal parameters of the biological properties of hybrids and
specialized breeds for meat production;

- analysis and monitoring of environmental factors;

- introduction of environmental risk management as a component part of integrated
production management (Darabont et al., 2001; Petroman et al., 2015);

- research on technological and environmental factors that influence swine production.
(Petroman 2007; Suciu et al, 2016; Voicu — Dobre, 2003).
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Figure 1. Greening management measures for farm management to avoid
environmental risk

In order to increase meat production and avoid recourse to imports from the European Union
and noneuro, research must find solutions to obtain production in traditional and alternative
systems and to protect the environment in the area of farms and propose concrete measures to
improve integrated production management on the entire meat production chain from (Nuthal
2010; Pantea - Gligor 2012; Petrescu 2015):

farm biosecurity and animal welfare;

optimization of microclimate factors and operating systems according to market
requirements for carcass and meat quality;

environmental risk management by reducing the amounts of liquid and solid manure from
farms;

farms specialization, increasing and exploitation of suckling piglets and young pigs for
fattening

optimizing the density of animals with technological indications, increasing the feed
conversion rates and reducing the amount of manure;

technological processing of manure before use as organic fertilizer;

adapting production systems and technologies according to existing resources, the potential
of the farm to control the environmental risk (Ristea et al., 2018; Rojanschi, 2002);

the use of alternative swine production systems, the use of local resources for the
sustainable development of communities from the area of swine farms and the maintenance
of a healthy environment (Petroman et al., 2010; Rotaru, 2007; Shein, 2010).

Due to the fact that sustainable development management is based on principles that guide

medium and long-term strategies, when created new farms, environmental and management
risk must be one of the most important priorities of integrated meat production management in
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capacity building, classic or alternative production and operating system (Bidireac et al., 2015;
Bolocan et al., 2016; Petroman — Petroman, 2006; Zahiu, 1998).

MATERIAL AND METHOD

The production systems management, in order to avoid environmental risks, must be oriented
towards the production of swine meat in alternative systems with the use of local resources, for
the sustainable development of the areas in the vicinity of animal farms. In this scientific
approach taking into account these goals, we sought solutions for the implementation in small
professional swine farms of an ecological management aimed at obtaining quality production,
using local resources in compliance with environmental protection requirements and
contributing to sustainable development by directing exploitation towards environmentally
friendly production, using more environmentally friendly technologies.

RESULTS AND DISCUSSIONS

Sustainable development management is based on principles that guide medium- and long-term

management strategies and actions in the field of swine breeding and exploitation:

- revitalization through management of the production increase, reduction of the specific
consumptions, increase of the indices of food conversion in order to satisfy the needs of the
agri-food market;

- management orientation towards improving the resource base, by improving the quality
management and ensuring a sustainable system for the population;

- international cooperation in transactions with animals and animal products, by developing
an efficient traceability system;

- the decisions elaboration for the integration of the environmental management in the
integrated production management, for the prevention of the environmental risks, because
the management of the sustainable development implies the following aspects:

a). resizing management functions in order to cope with new imposed requirements

b). development of capital flows and their efficient control;

c). specialization and qualification of human resources;

d). the use of quality and high-yield raw materials for reduction the amount of manure;
e). modern technologies for production, processing, processing of waste;

f). efficient management of information flow;

g). marketing management;

h). the best integrated environmental risk management of production system.

Because the environmental management presses for the reduction of the environmental risk
factors, by greening the management, the introduction of the managerial processes in the
essence of the ecological reality will be pursued. We believe that in this way the ecological
management in the breeding and exploitation of swine with modern production technologies
contributes to:

- the orientation of the joint efforts of the manager and of the entire human resource towards
an ecological culture;

- uniting the scientific culture of meat production with the humanistic one regarding the
protection of the ecosystems in the area of the farms;

- the sustainable eco-social evolution of the communities in the exploitation area;

- improving ecological environmental management systems, by reducing pollution;
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- extension of environmental management systems according to ISO standards;

- diversification of intervention tools for environmental risk factors;

- acontinuous and transparent communication, through the information flow’s management;
- monitoring the quality of the environment;

- ensuring the population health;

- directing the rational use of resources and their conversion into safe products.

We consider that the implementation of this type of management, that is, the ecological
management oriented on obtaining quality productions, in accordance with the total quality
management and the protection of the environment, will contribute to the sustainable
development by:

- use of resources according to market requirements and consumer needs;

- directing efforts towards ecological productions;

- implementation of environmentally friendly technologies;

- correcting the proposed goals according to the quality conditions of the environmental
factors;

- adapting the productions to their degree of tolerability of the natural environmental factors.

In order to reduce the effects of environmental risk, integrated production management,
which includes environmental management in any holding, must be oriented towards
ecological, open-air, alternative and pasture exploitation and super-intensive farms in
microclimate-controlled shelters, using hybrids with high potential for food conversion and
producing small amounts of manure.

We consider that the integrated management of the farms must be oriented towards the green
farm, ecologically clean, with optimal numbers calculated according to the degree of
environmental tolerability, for the sustainable development of the area in the vicinity of the
farms. To achieve this goal it is necessary:

- positioning farms in the managerial context of sustainable development;

- analysis of the polluting potential depending on the modeling of the farm herds;

- assessment of the ecological status of the holding;

- implementation of the environmental risk management system integrated with the
sustainable development management;

- improving the management of ecological marketing;

- repositioning the management of the farm's reputation within the boundaries of sustainable
development.
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Figure 2. The role of environmental management in greening management

In order to maintain the quality parameters of the environment and to avoid pollution in the
areas in the vicinity of the farms, we propose for the small professional farms to implement
preventive measures that will contribute to:
a. farm biosecurity;
b. maintaining a clean and unpolluted environment;
c. maintaining the health of human communities;
d. their sustainable development.
Measures necessary to be promoted to maintain a healthy environment include:
- programs aimed at protecting and restoring environmental factors degraded by pollution;
- coordinating the programs of qualified persons;
- identification of pollutants with effects on environmental factors;
- measures for reducing the noxious substances through the production technologies
implemented by the integrated management;
- information and training of human resources on environmental quality;
- periodic control;
- elaboration of performance reports.

These measures taken in small professional holdings, regardless of the operating system
implemented and the manure management technology must be limited to the evaluation of the
following aspects:

a) the negative effects of production on the environment;

b) the farm's pollution prevention options;

¢) the means and technologies used to avoid environmental risks;

d) the possibilities to carry out the control over the environmental protection activity against
pollution of any kind, physical, chemical, biological or natural.
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Through proper forecasting, planning, coordination, command and control, preventive

environmental management can contribute to greening environmental management by:

- reducing the pollution of environmental factors;

- reducing the risks of pollution by implementing the best management;

- economic growth of production activity by implementing integrated management and cost
reduction;

- conservation of floristic and faunal ecosystems;

- preserving biodiversity.

CONCLUSIONS

Sustainable development management is based on principles that guide medium and long-term
strategies as well as managerial actions in the field of farm animal husbandry and exploitation,
by revitalizing production growth through management, its orientation towards improving the
resource base and efficient management of liquid manure and solid, international cooperation
in transactions with animals and animal products, by developing an efficient traceability system
and developing decisions to integrate environmental management into integrated production
management, to prevent environmental risks. It is considered that environmental management
advocates reducing environmental risk factors and by greening management, will aim to
introduce managerial processes in the essence of ecological reality contributing to the efforts of
those involved in this activity towards an ecological culture, the union of scientific and human
sustainable eco-social evolution of communities. In order to avoid pollution of areas in the
vicinity of production units and to maintain environmental quality parameters, sustainable
development of communities, preventive measures are needed to help ensure biosecurity of
farms, maintain a clean and unpolluted environment and maintain the health of animals and
communities from the farm area.
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ABSTRACT

The main pollutants of surface and groundwater can also be liquid manure from swine farms, if their treatment is
not done properly and accidentally end up in the emission, helping to reduce the amount of dissolved oxygen, with
undesirable effects on aquatic ecosystems. Pollution of water sources is done in three ways, physical, chemical
and biological, the ecological effects manifesting themselves by changing abiotic factors and implicitly all trophic
levels. Untreated discharges, untreated in low-flow outflows, such as most rivers in the analyzed area, Timis
County, during the summer, manure contributes to water heating and decreases the degree of oxygenation caused
by accelerating the decomposition of organic mass. These effects are also visible in the area of former sewage
treatment plants belonging to disused farms, where the waters in the area due to the activity of aerobic
microorganisms, flourished and some species of fauna and flora disappeared even if the manure evacuated, after a
certain processing discharge they had 50 milligrams per liter of CBOS at their disposal. The greatest pollution of
groundwater is also caused by nitrogen from liquid manure from swine, by infiltration into the soil because the
quantities of manure administered to increase agricultural production are not properly controlled and managed,
appearing in areas of serious environmental risk.

Keywords: swine, farms, manure, pollution

INTRODUCTION

Swine farms are production units equipped with accommodation, utility annexes and specific
means of transport, in which the production process is provided by managers, specialists in the
field and skilled labor force. Farms must be located in areas authorized by environmental bodies
and, in addition to the fenced enclosure, may also have land areas intended for plant production
(Ianculescu & all 2002; Tuga 2007). The mechanism of operation of the management system is
based in the case of swine farms on a set of: laws, principles, methods and procedures that make
up its methodological elements. The technical-social organization of swine production takes
place in the conditions of a great diversity of forms and types of farms, which can be classified
according to the form of ownership, production orientation, nature of activity, integration
criteria and technical-economic profile. Bogdan & Comsa 2011; Candea & all 2006; Dumescu
2006; Gruia 1998).

The establishment of a professional swine farm, from a managerial point of view, requires
investments in land acquisition, funds for the construction of shelters, investments in
exploitation technology; automation of the main farm activities, ensuring the microclimate,
feeding the animals, providing water, providing energy, construction of modern wastewater
treatment plants to avoid environmental risk, investments in management and human resource
qualification and development of procedures on environmental management and
implementation of the best management. In order to make an investment regardless of the size
of the professional swine farm, it is necessary to know some elements that, condition the
viability and economic efficiency of the farm, or negatively influence the development of the
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production process. For these reasons, in order to set up a swine farm, it is necessary to go

through several stages (Ionescu & Cazan 2005; lordache & Ardelean 2007):

% knowledge of all geo-climatic and economic factors in the area of the production
unit;

¢ establishing the location: water source, electricity network, road network, the

possibility to efficiently use manure and wastewater to increase agricultural

production;

elaboration of the technological engineering project;

¢ elaboration of the technical-economic study;

¢ elaboration of the execution project;

execution of constructions and utilities;

equipping the farm with the most advanced equipment;
¢ animal population;

* implementation of farm management.

The choice of the geographical area and the location of the holding is an important decision,
given that once the animal shelters have been built, they cannot be moved to another location
may influence the evolution of the holding, depending on the location: (Anghelache 2010;
Béabut & Moraru 2002)

The most important technical factors are the following: (Bolocan & All 2015a, 2015b,
2015c¢)

- Elimination of the pollution risk by optimizing the size of the farm and the systems of
collection, treatment and disposal of manure;

- Climate from the exploitation area. Among the climatic factors, we will analyze the minimum
and maximum air temperature, day and night, on months and seasons and the relative
humidity that provides information on the humidity that is recorded in the atmosphere
at different times of the year. The wind is an important component of the climate,
depending on the prevailing winds are established:

e the location of the swine shelters;
e the thickness of the shelter walls;
e the need to set up protective curtains around the holding.
- The soil must be stable, not swampy, and not in the vicinity of outfalls that could flood the

)
L X4

L X4

o%

SR

o
A

farm.
- Drinking water is an important factor in the location of the swine farm because:
o ensures the needs of animals and human and technological consumption;
o be sufficient in quantity and within drinking limits;
. must be located at great depths to avoid contamination of the groundwater;

- Another important factor in the location of swine farms is the rainfall regime;

- The fodder resources must be known before the location of the swine farm, being established
according to the size of the farm where they will be procured: own production,
purchases.

- The energy source is represented by the electricity network and its own power generators in
case of failure.

- Road and rail transport routes must pass close to the holding to ensure efficient feeding and
the population and depopulation of animals.

The economic factors that determine the location of swine farms are the consumption of
meat in the area, the consumption trends, and the sources of meat and meat products in the area
and the possibilities of marketing (Baron 2001; Vaduva 2013).

From the research conducted over time, it turns out that in the area of swine farms and not
only, the values of nitrogen in surface and deep water are different depending on the source of
the pollutant, but reach high levels in emissions near livestock farms when manure is
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administered as organic fertilizer in large quantities to increase production and are not properly
processed by separation and the resulting liquids were discharged into the emissaries. This is
no longer the case today with modern processing and management technologies by
incorporating manure into controlled dilutions to reduce their negative effects on environmental
factors (Petroman & all 2013; Wiseman & all 2003).

Agriculture in general and animal husbandry in particular are one of the main sources of
pollution of surface and deep water, being considered the greatest enemies of human health and
the environment. Pollution with nitrates, nitrites, phosphates and other harmful substances is
considered the main cause of the change in the quality of water resources, with major effects
on human health and the environment (McGlone & Pond 2003; Nicholson 1994; Petroman &
Petroman 2006).

MATERIAL AND METHOD

In order to determine the negative effects of pollution sources, manure from swine farms, as
part of this scientific approach, analyzes were performed on the evolution of groundwater
composition by taking samples from control drilling, from water treatment plants used before
being incorporated into the soil, administered as organic fertilizers to increase crop production.
The monitoring of groundwater quality indicators was carried out by laboratory analyzes, every
six months at the control drilling from the area of the manure storage and annually on the soils
where these controlled manure was incorporated to increase plant production.

RESULTS AND DISCUSSIONS

The quality parameters of the surface water from the area under investigation at the control
drillings, for a period of three years are presented in the following tables.

Table 1. Groundwater quality indicators at P1 drilling from manure storage area

2019 2020 2021
Item UM  First Second First Second First Second
Semester Semester Semester Semester Semester Semester

WaterpH  pH 7.35 7.45 7.20 7.47 7.10 7.50

CCOMn mg 02 6.34 4.48 2.10 5.65 1.97 3.10
/ liter

NH4 + mg / 0.20 0.13 0.18 0.10 0.20 0.31
liter

nitrites mg / 0.49 0.37 0.40 0.20 0.04 0.17
liter

nitrates mg/ 2.45 2.18 0.34 2.40 0.60 1.43
liter

total mg / 0.02 0.04 0.15 0.08 0.13 0.45

phosphorus liter

chloride mg / 9.30 37.80 22.67 11.90 20.22 31.14
liter

Table 2. Groundwater quality indicators for P2 drilling on land fertilized with liquid manure

55



Proceedings of the 5th ISCW, 22-24. March 2022. Szarvas, Hungary

2019 2020 2021
Item UM  First Second First Second First Second
Semester Semester Semester Semester Semester Semester

WaterpH  pH 7.20 7.00 7.30 7.80 7.50 7.70

CCOMn mg O2 3.44 4.60 1.70 1.85 1.80 1.97
/ liter

NH4 + mg / 0.50 0.33 0.22 0.30 0.10 0.77
liter

nitrites mg / 0.50 2.70 0.30 0.16 0.44 0.14
liter

nitrates mg / 3.45 0.78 2.34 0.40 0.70 0.33
liter

total mg / 0.07 0.05 0.09 0.16 0.13 0.35

phosphorus liter
chloride mg / 10.20 17.10 14.67 21.40 18.42 24.16
liter

Table 3. Groundwater quality indicators for P3drilling on land fertilized with liquid manure

2019 2020 2021
Item UM  First Second First Second First Second
Semester Semester Semester Semester Semester Semester

WaterpH  pH 7.40 7.10 7.20 7.50 7.40 7.30

CCOMn mg 02 1244 12.00 1.80 1.55 1.60 1.45
/ liter

NH4 + mg / 0.40 0.23 0.02 0.04 0.03 0.31
liter

nitrites mg / 0.04 1.70 0.07 0.03 0.04 0.22
liter

nitrates mg / 1.37 0.60 2.84 3.60 0.50 0.09
liter

total mg / 0.005 0.005 0.08 0.26 0.18 0.46

phosphorus liter
chloride mg / 100.80 37.40 24.90 19.70 16.60 14.23
liter

Table 4. Groundwater quality indicators for P4drilling on land fertilized with liquid manure

2019 2020 2021
Item UM  First Second First Second First Second
Semester Semester Semester Semester Semester Semester

WaterpH  pH 7.10 7.70 7.20 7.60 7.10 7.20
CCOMn mg 02 1.79 2.92 2.83 3.12 1.70 1.95

/ liter
NH4 + mg / 0.50 0.28 0.15 1.44 0.63 0.81

liter
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nitrites mg / 0.44 2.50 0.17 0.07 0.44 1.31
liter

nitrates mg / 0.37 0.60 12.84 4.90 0.56 0.02
liter

total mg / 0.03 0.06 0.08 0.12 0.13 0.24

phosphorus liter

chloride mg / 5.80 7.40 14.80 27.40 15.50 22.13
liter

The nitrate limits from the 3 control drillings, drilling 1 being the reference, analyzed during
the study period, show the influence of fertilizers from liquid manure from the swinefarm, on
groundwater, and are presented in the table 5.

Table 5. Average values of nitrates in control drills

Drilling type Analyzed UM Determined value
indicator First Semester | Second Semester
mg/l mg/l
Manure storage tanks nitrate mg/l | 0.34-0.60 1.43-2.40
Control drilling P2 0.70-3.45 0.33-0.78
Control drilling P3 0.50-2.84 0.09-3.60
Control drilling P4 0.37-12.84 0.02-4.90

It is found that both for the determinations made during first semester and for those performed
in second semester, for all 3 years the permissible limits of pollution have not been exceeded.
The locality where the swine farm is located is found in the list of locations where there are
sources of nitrates from agricultural activities, being included in "vulnerable and potentially
vulnerable areas."

We believe that the increases in nitrates during the analyzed period are also due to the
weather conditions, because the amount of precipitation was high in the three years analyzed
and led to increases in concentrations in groundwater that are not at great depths. The soil being
permeable and with low water retention capacity favored the pollution of groundwater with
nitrates.

Research has shown that the concentration of swine farms in some areas of Timis County
has led to deterioration of groundwater and surface water quality, the causes being multiple
- the high density of swine in relation to the existing lands in the farms area;

- the positioning of some swine farms on sloping lands that determine the water leaks;
- faulty way of handling solid manure, quantities are not controlled;
- excessive use of solid swine manure over the years, leading to massive accumulations of
nitrates in the soil, respectively groundwater;
- the use of swine watering technologies where water waste is high;
- the discharge of hydraulic manure has resulted in obtaining excessive amounts of manure that
have not been properly managed causing pollution of surface and groundwater.
In order to reduce the negative effects on water resources, we propose to implement the
following managerial measures to reduce surface water pollution:
» Development of good practice codes in the use of solid or liquid manure as organic
fertilizers to stimulate plant production:
* establishing the period of integration of liquid manure in the soil;
* establishing the maximum quantities of solid manure for increasing plant production;
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* use of swine manure depending on the degree of soil quality, its composition, texture;
* giving up the use of liquid manure as fertilizer on soils in the vicinity of watercourses;
» use of modern manure storage methods:
* construction of watertight storage tanks;
* concreting solid manure storage platforms;
* reducing the infiltration of slurry into the soil,
* reduction of groundwater pollution by reducing the amount of manure, exploiting
species that produce smaller amounts of manure;
» increasing manure storage capacity:
* by monitoring the staff according to the storage capacities;
* production growth prospects;
» improving the transport conditions from the farm to the manure storage depot;
« waterproof transport logistics, waterproof;
» modern pumping, storage, processing techniques;
* constant analysis of manure qualities.
» modern agrotechnical technologies in the area of farms:
* cultivation of plants that restore the soil structure;
* cultivation of plants that maintain soil quality;
* soil rotation for fertilization with manure;
» modern methods of dilution, incorporation and spreading of manure on/in the soil;
* reducing the risk of nitrate pollution of groundwater, by:
a. the controlled application after analysis of the fertilizers on the lands inclined towards
emissaries;
b. with a low degree of water permeability.
» efficient management of lands with environmental risk, through:
* analysis of the amount of nitrates in the soil by mapping;
* GIS fertilization;
« differentiated fertilization of soils depending on the nitrate load;
* establishing the optimal nitrogen and phosphorus requirements depending on the soil
quality and the degree of tolerability;
» control of the quantity and quality of manure water;
* application of solid manure to the soil as a fertilizer to increase production;
* use of the best method of irrigation with diluted manure, depending on soil
permeability, water retention capacity, type of crop, period;
« analysis of the amounts of nitrates, which can be processed by the plants used in the
previous crop and the reserves that are still in the soil.
» monitoring environmental factors, following their evolution over time and their
effects:
« air quality indicators (ammonia, hydrogen sulfide);
* quality indicators of manure distributed on agricultural land;
* protection of surface waters against nitrate pollution;
» groundwater quality indicators by physico-chemical determinations from samples
from monitoring boreholes;
* soil quality indicators;
» implementation of the best management to improve the management of
environmental risk.
» improving the management of information flow.

CONCLUSIONS
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For the determinations made in the researched area, it is found that the permissible limits of
pollution have not been exceeded, although the localities in the vicinity of farms are found in
locations where there are sources of nitrate from agricultural activities, being included in
"vulnerable and potentially vulnerable areas." We consider that the increases of nitrates in the
analyzed period are also due to the weather conditions, because the amount of precipitation was
high in the three years analyzed and led to increases in concentrations in groundwater that are
not at great depths and the soil is permeable and low capacity of water retention. In order to
reduce the negative effects on water resources, it is necessary to implement at the level of swine
farms measures to reduce surface water pollution by developing codes of good practice in the
use of solid or liquid manure, monitoring environmental factors, implementing the best
management for improving the environmental risk and improving the flow of information on
the quality of the natural environment in the area of swine farms.
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ABSTRACT

The new environmental risk management programs must provide for a longer period of time projects and activities
planned and implemented, in order to achieve the risk management options that may occur in the production
activity of the holding. In order to be effective, these programs must include in the budgets established at farm
level, the costs related to the development and implementation of environmental programs, the responsibilities of
the management team and environmental risk specialists, the deadlines for implementation according to the
objectives set and approval of programs and their funding line. Environmental risk management programs must
identify at farm level the role of integrated risk management, the responsibilities of the manager and the persons
designated in environmental risk management, how to act on risk factors and the implementation of measures set
as objectives for effective environmental risk management and adherence to integrated management.

Keywords: farms, management, environmental risk, integrative management

INTRODUCTION

The environment, ecological and living environment is a set of physical, chemical,
meteorological, biological factors from an area, with which an organism comes into contact.
The environment influences organisms, which in turn, including humans, change the
environment because the adaptation to environmental factors is limited. It is known that
ecological balance relations are established between the ecological communities of a biome,
but this balance can be modified under the action of artificial and natural factors (Andriciuc
2008; Capet et al. 2021; Bolocan et al. 2016). When man intervenes in the evolution of
ecosystems, by changing the factors, especially the quality of water, soil and air, there is
environmental pollution with effects on animal and human health by degrading resources,
ecosystems and material property (Gruia 2013; Tonescu - Cazan 2005). In this way the pollution
can be:

- Artificial pollution, which depending on the nature of the pollutant can be physical
pollution, chemical pollution and biological pollution.

- Natural pollution, produced by manure from animals that are not properly managed
and end up in large quantities unprocessed in surface waters, groundwater by
infiltration, soil and air as gases resulting from their fermentation, having adverse
effects on the environment and of human health.

Also the volume of pollutants that have effects on the environment and implicitly on human
health and their intensity is directly proportional to the need for raw materials demanded by
consumers on the market. In this way the pollution degree increases exponentially through the
action of new pollutants that are in quantities higher than the degree of environmental
tolerability, but the effects are not immediate but are combined over time, for these reasons it
is found that (Petroman et al. 2010; Popescu - Dobre 2000; Xiao - Wen 2013):

- from the entry into action of new pollutants in larger quantities to the recording of
environmental effects, a fairly long period of time passes;
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there is an interval between the polluting action on the environment and the finding
of the effects of water, soil and even air pollution in the vicinity of animal farms;
the effects of pollution are minimized because the degradation of the environment
is done in a long period of time, especially for groundwater due to the slow
infiltration of wastewater into heavy or clayey soils, the effects being found after
many years.

The impact of human anthropogenic action on the environment in the area of some farms,
some disused today materialize in time through (Heber et al. 2010; Shein 2010):

change in the composition of surface waters, by accidental discharges or above the
limits of admission of emissions in periods of drought when river flows were low;
change in soil composition, accidentally or intentionally fertilized with quantities
above the limits of tolerability;

change in the composition of the atmosphere, due to gaseous products from
fermentation;

modification of some areas from the perimeter of some wastewater treatment plants;
transformations in the structure of the vegetal cover, due to the administration of
large quantities of manure, which does not degrade until the second year of
administration, being a cold fertilizer, produced changes in soil texture and the
appearance of invasive plants, changing the floristic composition of grasslands, soils
become acidic, today there is a need to implement measures for their ecological
rehabilitation, restoration of structure, texture and increase their productive value
(Nicholson 1994; Petroman et al. 2010);

changing the structure of aquatic, floristic and faunal ecosystems, by the
disappearance of some fish and crustacean species, the disappearance of some plant
species and the migration of some animal species of hunting interest to other areas
less affected by the effects of pollution or even their disappearance by habitat loss
especially during the breeding and rearing of chicks by flooding the land, due to
clogging of manure channels, lack of quality water and last but not least quality food
due to the fact that some lands have become arid, due to lack of proper management
to provide environmental risks (Nuthal 2010; Petrescu 2015; Petroman et al. 2019);
the decrease of the degree of adaptability of some plants and animals, due to the
alteration of their genetic background and the decrease of the capacity to adapt,
reproduce and restore the herds to the limits that do not endanger their existence
(Adzig et al. 2018; Gruia 2006).

The current trends in the development of management systems are in nature to bring quality
management closer to environmental management and the management of safety and security
at work and human resources, at the level of animal farms. It is necessary to implement an
integrated quality management system with environmental protection that takes into account all
the conditions related to health and safety regarding the protection of production systems,
human resources, products obtained and distributed on the market, the environment of the farm
area and consumers of agri-food products (Kotler 2003; Layard - Glaister 2003; Ristea et al.

2018).
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MATERIAL AND METHOD

The stated aim of the research carried out in the area of professional animal farms was to be
able to draw relevant conclusions on: measures to be taken at farm level to reduce accidental
pollution of environmental factors and to propose measures to reduce the risk of environment
for both the community and the farms in Timis County. In this regard, the environmental
management system will allow a more efficient management of the problems faced by the farm,
the framework for solving priority problems will be created, the entire environmental protection
activity can be effectively monitored, an action plan can be drawn up by activities and in this
way the objectives proposed by the action plans undertaken can be pursued.

RESULTS AND DISCUSSIONS

The objectives set for environmental risks and the deadlines for their achievement must be clear,
so that they can be verified, to the extent that they have been achieved, with a view to:

» reducing the risks that can affect the environment in the area of professional
animal farms;
improving environmental risk management systems;
improving risk prevention procedures
the use of logistics for the analysis of environmental factors in the exploited area;
specialization of persons involved in environmental issues, according to the new
guidelines on environmental risk management;
making the entire human resource responsible for the issues related to
environmental protection;

» preparation and training of human resources to deal with emergencies.

The programs proposed for implementation must be integrated into a structured
environmental management program that will be integrated into production management for
efficient risk management. We believe that these risk management programs should identify
the following issues at the farm level:

- the role of integrated management in risk prevention;

- the responsibilities of the manager and of the persons designated in the management
of the environmental risks;

- mode of action on risk factors;

- implementation of the measures established as objectives, for the efficient
management of the environmental risks.

- Inorder to be successful in the management act, we consider that for the professional
swine farms, regardless of the exploitation systems and the implemented
technologies, an integronic approach is needed, which combines various sciences,
concepts, resources and facilities in the realization of risk management
environmental programs. Integronics in modern management systems is gradually
found at different levels characterizing:

= managerial components by levels;
= distinct managerial components;
= complementary degrees of integration.

YV VVVY
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specialization of persons
involved in environmental
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making the entire human
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issues related to prevention procedures

environmental protection
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management systems

reducing the risks
that can affect the
environment

Figure 1. Environmental risk objectives

Integrated management at the level of professional holdings, regardless of the operating system,

will include:

- level I - intrinsic integration of production management, financial management of the farm,
human resources management, manure management, marketing management - in a word
the classic organizational management, at farm level, in conditions of increased economic
efficiency;

- level II - integration in the business environment and in the natural environment from farms
the area, of ecofarm management, agrotourism management, ecotourism management in
economy-environment management;

- level III- integration in nature, resource management, restoration management of the
degraded environment, management of the capacity to restore the quality of soil, water, air
- ecological management;

- level IV- integration in the model of the metabolic society, management of competition
between biological material used in production, management of competition between
omnivorous and meat-producing ruminants, management of transition to a higher level of
organization, performance - biological-informational management.

We consider that integronic management goes beyond the classic organizational
management, in terms of the general approach to the problems of integrated production
management and environmental risk management in professional animal farms, in terms of
addressing the following general issues at the ecosystem level or economy-environment system:

« integration of the animal farm in the competitive environment;

* integration of the farm in the communities in the product distribution area;

* integration of the holding in the environment.

As secondary objectives at the level of professional holdings, generated by the
integronic management are the following:

v at system level, actions aimed at the ecosystem in the area of farms, landscape
or landscape management - in order to stop the process of environmental degradation and
accumulation of resources:

a. organic matter from manure, which used rationally will contribute to
increasing plant production and restoring soil texture;
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b. regulating the balance regarding the water and air quality in the
exploitation area;

c. avoidance of soil and water pollution with nitrates and heavy metals, by
processing manure before incorporation into the soil;

d. monitoring ecological and biological processes;

e. designing and proposing programs for biodiversity conservation;

f. improving environmental risk management by designing programs.

v implementation of new programs for obtaining organic production, improving
marketing management and increasing economic efficiency by moving from integrated
production management, quality, human resources and environmental risk to integrated
management by developing new specific methodologies for evaluating:

a. complex environment-economy systems;

b. plant and fauna ecosystems in the area of farms;

c. sustainability of investments regarding environmental risk
management;

d. the sustainability of the basic production obtained on the farm and the
degree of sustainable development of human communities in the area
of holdings;

e. the transition from efficiency to operational efficiency, while
maintaining an environment with healthy ecosystems.

The targets to be achieved, for sustainable development, through the environmental risk
management strategies implemented by professional holdings, regardless of their size,
regarding the integrated management will have to aim at:

* sustainable development through:

a) balance between maintaining the quality of the environment and the economy;

b) achieving an efficient market for meat and processed products from farm raw
materials;

c) supporting and raising the level of efficiency of the exploitation, processing and
distribution of products.

* environmental protection, based on the environment and energy through the following:

a) use of green energy;

b) protection of environmental factors, reconstruction through projects to restore
degraded areas of anthropogenic activities;

c) ecosystem restoration;

d) evaluations by eco-energy analysis.

 implementation of new production technologies, based on projects that use renewable
energy, exploitation for obtaining raw materials in alternative, ecological systems:

a) use of biotechnology;

b) the use of bioengineering in the production of production equipment;

c) the use of integrated technologies in production management, quality
management, human resources management, human resources management
environmental risk;

d) use of integronic management concepts for growth of effectiveness of animal
exploitation and the protection of the environment.

 implementation of the most effective integrated policies, based on cooperation on all
levels of the internal and external environment of farms by:

a) scientific, technological and professional cooperation;

b) systemic policies;

¢) sustainable regional policies at local and regional level;

d) Euroregional politicians;
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e) sustainable national and international conservation environment policies

These strategies for sustainable development and maintaining a healthy environment can be

proposed for implementation on the following levels:
- farm - business environment - natural environment;
- ecological agriculture - food products (food) - rural area;
- agriculture - urban environment - industrial environment.

We can conclude that the strategies that use the concept of integronic management, are based
on the ability to combine economic and ecological concepts, such as energy, ecology or
economy and the multiple facilities and resources at the level of systems such as economy-
environment, anthropized ecosystem, all for obtaining processed agri-food products, in
conditions of efficiency and in stable balance with the environment.

Consultation and communication in environmental risk management must take into account
a number of elements, when aiming to improve communication or the involvement of
communities in the area of holdings in making decisions related to environmental risk:

- the use of an efficient communication in both directions manager-local community;
- trust and credibility in exposing environmental issues;

- technical and scientific competence;

- training and accountability in environmental risk management;

- high expectations;

- irreconciling different points of view;

- strengthening communities' confidence in environmental decision-making;

- assuring communities of real or perceived risks;

- environmental impact assessment by monitoring.

Using of risk analysis as a tool to improve environmental risk management aims to establish

the impact produced by animal farms on the environment, becoming a method that allows:
e comparing the probabilities of impacts;
e assessment of an unknown future impact and includes uncertainty in the assessment;
e adopting risk analysis as a working method, instead of standards based on
consequences.

Implemented in animal farms, the environmental risk management system in integrated
management has the following benefits:

-provides a systemic framework for the identification, assessment and effective risks
management;

-ensures a minimization of the holding's exposure to risks;

-increases the probability of obtaining production safely;

-facilitates the easy obtaining of environmental permits and permits;

-contributes to the proposal for implementation of new projects, action plans in case of risk
situation;

-allows periodic risk assessment;

-ensures a high flexibility of action;

-identifies the most effective opportunities;

-ensures the observance of the maximum admissible limits of the pollutants;

-highlights the maximum capacity of pollutants assimilation by the environment;

-ensures a good communication with the internal and external environment;

-contributes to the improvement of the information flow management;

-ensures the preservation of the environmental biodiversity.

Environmental risk management cannot function effectively if it is not integrated into the
other management systems of the holding, and the principles of sustainable development and
integrated management in swine holdings cannot be implemented.
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CONCLUSIONS

Human intervention on ecosystems produces changes in environmental factors with effects on
human and animal health through degradation of resources and material property, through
physical, chemical, biological pollution in a word artificial pollution but also due to natural
pollution caused by organic matter from animals and inadequately managed. The impact of
human anthropogenic action on the environment in the researched area, materialized over time,
by changing the composition of surface water, soil and atmosphere but also by changing some
areas within the perimeter of animal farms, for these reasons are required management
programs for environment risk.

For the success of the managerial act, the production systems must approach integronic the
creation of environmental risk management programs, because this form of management
implemented at the level of professional holdings will include the intrinsic integration of
financial production management, human resources and manure marketing management in the
classic organizational management in conditions of economic efficiency. It is recommended the
integration in the business environment and the natural environment in the area of farms,
ecofarm management and ecotourism management in economy-environment management as
well as the integration in nature of the management of resources to restore degraded
environment, soil, water and air quality in ecological management. It is also recommended to
increase the efficiency of exploitation and protection of ecosystems, the integration in the model
of the metabolic society of the management of competition between omnivorous and ruminant
species in biological-informational management. It follows that integrated management goes
beyond classical organizational management in terms of the general approach to the problems
of integrated production management and environmental risk management in professional
animal farms in terms of how to approach general problems at the level of economic system-
environment. The goals to be achieved for sustainable development through environmental risk
management strategies must be aimed at sustainable development, environmental protection,
the implementation of new production technologies and the most effective integrated policies
at all levels of the internal and external environment of professional animal farms.
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ABSTRACT

Climate change and other anthropogenic (agriculture, urbanization and industrialization for example) effects are
causing an increase of water consumption, resulting in an increase of demand for a proper monitoring of water
availability. Soil moisture is a key component that can be quite relevant for a monitoring scheme as soil moisture
is important for the local energy balance, necessary for different agricultural applications, irrigation and other
aspects. In places with scarce data or the inability of direct monitoring of soil moisture, mathematical models can
be used to estimate the soil moisture values. This paper focuses on comparing the results of two of these models
(AquaCrop and Hydrus 1D) and their advantages. The AquaCrop model focuses on crop yield and production and
is mainly used for agricultural areas. Hydrus 1D model focuses on the water flown and solute transport in a specific
media, being able to be used in many different situations. These models were utilized in a research site in G6dollo,
Hungary and their results were compared to the ones of a monitoring station at the research site. The applicability
of these two models for soil moisture modeling were already proven by many different researchers, the current
study discusses results and their applicability.

Keywords: soil moisture, modeling, AquaCrop, Hydrus 1D, monitoring

INTRODUCTION

Water management has become a critical issue for human well-being (Cosgrove & Rijsberman
2000) as it is important for agriculture (crop production), economic activity, and sustainable
development (Vorosmarty et al. 2000). Water is a renewable resource, but as a cause of uneven
distribution and increase of human population, the demand for water has continuously increased
(Cosgrove & Rijsberman 2000; Bennett 2000). From 1960 to 1997, worldwide freshwater
availability per capita has been reduced by 60% and the projection has concluded a decrease by
50% by 2025 (Hinrichsen 1998) and studies show that water use has raised six times over the
past 100 years (Wada et al. 2016). Using AQUASTAT, a study has con-firmed the growing rate
is about 1% per year (UNWWDR 2018) and other studies show that by 2050 it is projected to
increase by 20%-30% (Burek 2016). Water issues have then become among the top risk in the
coming decade and have become one of the most important goals on the Sustainable
Development Goals (SIWI 2016; UNWWDR 2018), which this situation will lead to an
economic development and security risk (UNWWDR 2018).

Soil moisture is a key component of the hydrologic cycle, which is extremely variable and
nonlinear in place and time (Heathman 2012), and it regulates interactions between the land
sur-face and atmospheric processes (Brubaker & Entekhabi 1996). Undoubtedly, soil moisture
influences how an eco-system responds to its physical surroundings by influencing the surface
energy budget and the partitioning of rainfall into runoff or infiltration (Joshi et al. 2011).

Soil moisture is subject to different spatiotemporal variations such as diversity of altitude;
topography; climate and human interactions (Yang et al. 2019). Besides those variations there
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are others which can affect soil moisture, and are usually the ones taken into consideration for
modeling, being them: soil properties, climate and vegetation cover (Fay et al. 2003).

AquaCrop, a model developed by the Food and Agriculture Organization of the United
Nations, is one of several different models that aid water management related to crop
production. AquaCrop is a general model for a large range of agricultural production
(herbaceous crops, forage, vegetable, grain, fruit, oil, root, and tuber crops). In general,
AquaCrop has been used to simulate crop development, yield production and water-related
variables such as evapotranspiration, Water Use Efficiency, and water productivity, while
considering different stressed conditions (Greaves & Wang 2016), such as: the leaf growth and
canopy expansion, the stomatal conductance and canopy senescence, the pollination failure and
the harvest index (Greaves & Wang 2016). Different studies around the world have been
conducted using AquaCrop (Zouidou et al. 2017; Dalla et al. 2019).

Hydrus 1D provides numerical solutions for the Richard’s equation, requiring imputs such
as: meteorological data, soil parameters and others (Simunek et al. 2013). As Hydrus can
require different types of parameters, for a better simulation of it, some calibration for some of
the parameters could be needed (Bordoni et al 2018). Hydrus 1D was used in some different
studies regarding soil moisture, focusing on different situations (Da Silva et al. 2015; Wang et
al. 2018).

The aim of this work was to compare the soil moisture value obtained with these two models
with data obtained on site at a research field in G6do61l6 and see how they perform under the
same conditions.

MATERIALS AND METHODS

The modeling was done for the years of 2020 and 2021 considering the area of the MATE
agricultural research station in G6doll6. The same soil and climate parameters were used for
both Hydrus and AquaCrop models and the upper soil layer was considered. The soil parameters
were based on the 2018 CORINE (CORINE 2018) Land Cover dataset and the climate ones
were taken from two different sources, for 2020 it was from (OMS 2022) and for 2021 it was
taken from the climate station that is located at the research field.

The simulation period for the models was the entirety of both 2020 and 2021 and for both
years wheat was considered for the growing period of plant cover.

RESULTS

For 2020 (Fig. 1) it can be seen that both AquaCrop and the Hydrus modeled results react in a
similar way to the precipitation intensity, having similar patterns trought the year. Both have
similar values in the middle of the year, when the crop growth is happening and in the beggining
and end both of their values have a considerable change in intensity, but still reacting with the
same pattern.

Figure 2 shows the modelled soil moisture with Hydrus and the soil moisture results obtained
at the research field on site. It is possible to see that the results do no match, just having a bit of
the same reactions for the precipitation. AquaCrop wasn’t considered in this comparassion, as
the results that were gotten from it were not satisfactory.
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The results in figure 1 show a good comparassion in one aspect between the two models, even
though overal they have a considerable difference between then. What can be seen is that for
the duration of crop growth both of the models act in a similar way. An important difference
that can be seen in this period is that aquacrop reacts in a stronger wat to the precipitation,
having higher peak values, that is probably due to how both models deal with the water tranport

trough the soil.

71



Proceedings of the 5th ISCW, 22-24. March 2022. Szarvas, Hungary

For the results of 2021 (fig. 2) not much can be taken from it, as the results from AquaCrop
are not able to be used and the station values are really different from the modelled ones. Some
things that can be seen from the station soil moisture values are that, the values are quite high
around winter, close to 60%, which is higher than what it should be, showing that there might
some errors with the water moisture sensor. Another charachteristic is that there is a small lag
between the rainfall and the response from the soil moisture seen at the field.

Even though the results for the year of 2021 were not the best to be used, some things can
be used from what was seen, specially for year of 2020. A change in some of the parametrization
of the models should be needed for better results, but with an adequate result for the growing
period, it can be said that both models present adequate values for that period, but a validation
would be needed to better know if the parameters used can achieve a better result when
compared to field studies in the area.
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ABSTRACT

Out of all the physical soil properties, quantifying among others the soil texture, as well as bulk density, are
required for the assessment of the diverse environmental functions including water balance of soils and pore
structure, water erosion and various soil hydraulic properties. The mid-infrared spectroscopy is a useful technique
to predict soil attributes with high accuracy, efficiency and low cost. In this study, we examined the ability of our
mid-infrared soil spectral library for predicting the clay, silt, sand content and bulk density. This research is part
of a project to establish a mid-infrared spectral library in the frame of the Hungarian (SIMS) survey. Salt affected
soils type data was extracted from the spectral library then transformation of spectral reflectance values to
absorbance values were performed. Moving average filtering method was applied to absorbance spectra before
performing principal components analysis. To determine outlier samples and to select the proper samples for model
calibration Mahalanobis distance-based outlier detection method and Kennard-Stone Sampling selection method
were applied on the principal component scores. Spectral and reference soil data were combined and split into
training and testing datasets. MIR prediction models were built for sand, clay, silt content and bulk density using
partial least square regression method. Coefficient determination, root mean square error and ratio performance to
deviation were used to assess the models performance. The prediction accuracies of calibration for soil physical
texture were excellent (R? > 0.92, RPD > 3.54 and RMSE < 4.3) while the validation results were slightly lower
(R?>0.80 and RPD > 2.23) but still with a good level of prediction. Bulk density was produced a much poor model
with no predictive abilities in both calibration and validation datasets.

INTRODUCTION

Soil physical attributes are required for different disciplines' study. It’s critical for agricultural
production and long-term soil use. One of the most essential soil physical features for
determining infiltration rate, irrigation, and drainage practices is physical soil texture. It has a
big impact on soil hydraulic characteristics not least water permeability, soil water retention
(Wosten et al., 2001) and solute dispersion in the soil profile, therefore it's important for general
agriculture, the environment, and land reclamation (Li et al., 2014). E.g. the higher the porosity
and water retention of the soil, yet the slower the permeability, the finer the texture. On other
hand, convection attributable to upward water movement in reaction to evapotranspiration,
diffusion due to a salinity gradient with depth, and limited drainage flow are the major causes
of salt transfer to the soil surface (Kessler et al., 2010). Both soil water dynamics and salt
accumulation phenomena affected by physical soil texture. Thus, knowing and analyzing the
texture of the soil is vital to understanding how well it functions related to plants and other soil
processes. In addition, bulk density (BD) is a key measure of soil quality, productivity,
compaction, and porosity. The major application of BD is to estimate soil compaction that affect
many soil water properties.

Various approaches could be used to identify the physical texture of soil. The most two
important traditional assessment methods for soil texture are, hydrometer and the sieve-pipette,
both are granulometric measurements of particle size using gravitational-sedimentation
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techniques. These methods have many disadvantages, they are extremely time-consuming and
inaccurate e.g. under-estimate or overestimation of clay (Thomas et al., 2021). In addition,
H>0,, HCI, C¢HsNazO7 and NaHCO3 chemical compounds are necessary as pretreatment to
remove soil organic matter, Fe oxides and carbonates. These compounds may generate toxic
wastes that are environmentally harmful. Last but not least its application across large fields
(e.g. soil survey activities and soil mapping) is impractical and expensive. In contrast to the
approaches listed above, infrared spectroscopy has emerged as a feasible option for time- and
cost effective solution for soil property determination. It's a low-cost, non-destructive method
that doesn't need any chemical extraction (Ng et al., 2022). A single spectrum can be used to
predict many attributes at the same time. Fundamental molecular vibrations absorb
electromagnetic radiation at specified wavelengths, resulting characteristic spectral fingerprints
in mid-infrared region (2.5-25 mm) which is sensitive to soils' organic and mineral components.
Various physical and chemical soil properties, including texture, have been detected using MIR
spectroscopy.

On the other hand, the soil science community has been working hard recently to create
extensive soil mid-infrared spectral libraries on a national and global scale. Soil spectral
libraries often contain significant amounts of soil samples that represent the diversity of soils
in a given region. MIR spectral library has been shown to accurately estimate soil texture in
addition to many soil attributes such as soil organic carbon, CEC, phosphorus and potassium
content. The generation of prediction models based on the appropriate calibration dataset and
robust algorithms is required for the accurate estimation of soil properties. In this regard, the
Partial Least-squares Regression (PLSR) is a powerful technique compared to other algorithms
(easy to compute and interpret).

The goals of this study were to: build multivariate statistical models for some physical
properties using PLSR and test predictive the capacity of MIR spectral library for sand, clay,
silt content and bulk density.

MATERIALS AND METHODS

Study area and dataset

This research utilized spectral data from the MIR spectral library which is being built based on
the samples collected in frame of Hungarian Soil Information and Monitoring (SIMS) survey.
Salt affected soils type dataset was extracted from the spectral library which contains about 100
soil samples.

Dataset preprocessing, calibration sample selection and soil physical properties prediction
models:

Applying preprocessing methods for spectral dataset were used to enhance the accuracy of
quantitative soil analysis. The MIR spectra were transformed from reflectance to absorbance
value. Absorbance spectra dataset were smoothed with a moving average window of 17 bands
and Savitzky-Golay filtering methods to reduce and remove noise that represents random
fluctuations in the signal. Principal Component Analysis (PCA) was applied to reduce the
dimensionality of the spectral dataset, improve computational efficiency and to compress the
spectral information into a few variables (principal component scores).

For detecting outliers, namely to identify samples that deviate from the average sample
population Mahalanobis distance and H distance between the samples were calculated on the
principal component scores derived from the spectral dataset.
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To define how many observations (samples) should be listed as calibration dataset Kennard-
Stone Sampling selection method was applied on PC scores. SAS spectral dataset including
reference soil data was split into training and testing datasets. Accordingly, 27 soil samples
were selected for calibration dataset and remaining samples were retained for the validation set
(n=64).

MIR prediction models were built for sand, clay, siltv content and bulk density using partial
least square regression method based on calibration dataset. The models were validated using
the independent validation sample set. Coefficient of determination (R?), root mean square error
(RMSE) and ratio performance to deviation (RPD) were used to assess the model’s
performance.

RStudio software (R Core Team, 2020) was used for spectral displaying, analysis and
modelling processes using several packages, functions and operators.

RESULTS AND DISCUSSIONS

Figure 1 represents the MIR spectra involved into this study. The general shape, the position of
the absorption features are determined by the physical-chemical composition of the samples.
Since soil clay, silt and sand content refers to particle size classes involving a wide range of
mineral particles the direct visual attribution of spectral features to these soil properties is
limited. However the careful visual interpretation of the spectral data reveals that the spectral
features of clay minerals are clearly and the ones of quartz are less identifiable. For example,
due to OH stretching, clays or aluminosilicates display strong peaks around 3700 I/cm.
Furthermore, the band about 1630 1/cm is usually assumed to be caused by water in the clay.
The complex band at roughly 1048 1/cm may due to clay mineral spectra, which is connected
to the stretching vibrations of Si-O groups (Tinti et al., 2015). A sharp band at 798 1/cm with a
shoulder around 779 1/cm prove the existence of quartz mixes (Madejova, 2003). In addition,
the clear band ranging between 2562 - 2480 1/cm may assigned to the vibration of molecules
in quartz minerals.

Figure 2 represents the model results of the spectral-based soil texture and bulk density
determination for training and validation sets. Overall, components of physical soil texture were
predicted excellent using the calibration sets. The prediction accuracy for total sand, total clay
and total silt of the calibration dataset were very high with the coefficient determination of 0.96,
0.92 and 0.94 and ratio performance to deviation of 5.33, 3.56 and 4.13 respectively. Whereas
the root mean square error is 3.85 for silt and 0.43 for sand and clay. The validation sets
prediction accuracy is well but was slightly lower than the calibration set (figure 2). Total sand
content had (R2 = 0.88, RMSE = 8.42, RPD = 2.92), total clay had (R2 = 0.8, RMSE = 7.11,
RPD = 2.23), while total silt (R2 = 0.8, RMSE = 6.38, RPD = 2.27). The model parameters for
the validation set represent the real performance of the models.
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Figure 1. Mid-infrared spectra of salt affected soil dataset

Generally, the good performance models for sand, clay and silt content may be attributed to the
high spectral activity of these materials in the MIR region. Specifically, because certain
molecules in minerals are spectrally active compounds, clay percentage can be accurately
predicted. While sand content can be accurately estimated for the reason of the high negative
association between total sand and total clay content and the clear presence of the absorption
features of quartz.

Models' performance assessment for bulk density showed very poorly predicted values in
the calibration and validation data sets with no predictive abilities (figure 2). That can be
attributed to the fact that bulk density does not have direct spectral response since it is a soil
property determined and influenced by a wide range of factors that do not have spectral
fingerprints.

CONCLUSION

This study has demonstrated that MIR spectral libraries contain useful information related to
soil texture and could be used for cheap, fast and reliable prediction of soil texture in salt-
affected soil types.

Predicted Sand Content (%)

Calibration

RZ =095
RMSE =43
RPD =533

B0 100

& 80

Precicied Sand Content (%)
20

Validation

R? =088
RMSE = 842

RPD = 292 » e

Observed Sand Content (%)

78

T T
0 20 40 60

Cbserved Sand Content (%)

100




Proceedings of the 5th ISCW, 22-24. March 2022. Szarvas, Hungary

Validation
Calibration
=
S =
2 ) a —
e = -
- - £ o - -
#£ R R2 =002 e = ® i M o
. o RMSE = 711 22
F RMSE = 43 =, 2 RPO = 223 —
£ 94 RPD = 356 LB R S € ; e
(5] . = s [
. @ - & +IL—
¥ & . 8 o .. ® 't"f",;.ﬁxf
2 = . — 2 ¥ ot B
2 8 A . 3 o B Tl .
B ~3 . g 8 . s
£ =4 ) o h:/&f
£=] oA "-,’-
T T T T T ! ! ! ' !
0 10 20 30 40 50 60 0 20 40 60 &0 100
Observed Clay Content (%) Observed Clay Content (%)
Calibration
Validation
& g =
& o
2
x R? =084 = e = —~
£ 84 RMSE = 385 P £ 2+ R? =08 )
£ RPD = 413 - = FMSE =638 s
g s T g a4 RPD =227 . 2
& 8 @ . . -
= g ol £ P
- ] .
3 - P 9 M
= o o 8 ot
5 o . - o .
g o A B e
T
2 ‘_/ a /’_/_,
= . ol &%
T T T T T T T T T
] 20 a0 60 80 0 20 40 &0 a0 100
Obsenved sil content (%) Obrserved sill cortent (%)
Calibration Validation
w = 4 —
a = o
E — T
s = o R2 =001 [ g R2 =001 o
= RMSE = 0.48 = RMSE = 3.31 T
g . RPD = 102 - £ RPD = 101 o
<] o a -
- - x -
@ 1 - a 2
E T = E H S
& - & -
o o o /
T T T T T T T
] 1 2 3 4 0 1 2 3 4 5

Observed Bulk Density (p/'om3) Observed Bulk Density (g/cm3)

Figure 2. Scatterplots of predicted versus observed values at calibration and validation sets of
clay sand, silt and bulk density obtained from PLSR models.
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ABSTRACT

Adoption of Soil and water conservation (SWC) technologies is seen as a long-term solution to soil erosion, a way
of improving the soil water conditions and enhancing soil carbon sequestration potential. This paper reviews the
numerous SWC practices in Kenya, challenges facing their implementation and adoption, and future opportunities.
A review of existing literature from journal articles, conference papers, policy documents, and government reports
formed the paper's basis. The common SWC practices in Kenya include terracing, contour farming, mulching,
cover crops, manure, agroforestry, improved fallows, conservation tillage, intercropping, cut-off drains, retention,
and infiltration ditches. The adoption of these technologies is primarily influenced by several socio-economic and
institutional factors and farm characteristics. Challenges facing SWC technologies' adoption include inadequate
stakeholders' coordination, financial constraints, land tenure insecurity, poor policy enforcement, political
interference, and cultural issues. Improved adoption and proper implementation of SWC technologies in Kenya
has the potential of increasing crop production through better soil conservation, reduced erosion, and improved
available soil moisture for plant use. It will also significantly boost the food security of the nation as envisioned in
the national government's big four agenda and help combat climate change.

Keywords: Soil erosion, green water, surface runoff, soil quality

INTRODUCTION

SWC is defined as any practice that reduces water runoff and soil erosion thereby allowing the
soil to be conserved (Gachene et al., 2020). Soil is the most basic and essential resource for
food, feed, fuel, and fiber production. As a result, it supports food security and environmental
quality, both of which are critical to human survival (Blanco-Canqui & Lal, 2010). All
terrestrial life requires soil and water in order to exist and survive (Kumawat et al., 2020). Land
degradation is a problem in many parts of the world. Among the different degradation
processes, soil erosion poses a severe threat since it results in the deterioration of soil and water
resources. Soil erosion is one of the major issues confronting Sub-Saharan African countries as
they try to boost agricultural output and reduce poverty and food insecurity (El-Swaify, 1997,
Gebremedhin, & Swinton, 2001). To prevent future land degradation, a number of soil and
water conservation measures have been promoted in recent development initiatives in
developing countries, with mixed outcomes (De Graaff et al., 2008). SWC approaches include
structural, vegetative, and agronomic strategies that can reduce surface runoff and soil erosion
while also improving infiltration and soil fertility (Liniger & Critchley, 2007).

Farmers worldwide have embraced soil and water conservation methods to ensure the long-
term productivity of their soils by reducing soil erosion and conserving soil moisture. SWC also
aids in the reduction of on-farm costs, the improvement of soil fertility, and the reduction of
hazardous contamination of surface and groundwater (Ajayi, 2007).

Kenya is an East African nation that covers an area of 581,309 km? with an estimated total
human population of about 47,564,296 people as of the year 2019. It is geographically divided
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into 47 administrative units of the devolved government called counties (Government of Kenya,
2010; Kenya National Bureau of Statistics, 2019). Kenya's climate is divided into seven distinct
Agro-climatic zones (ACZs), each with its rainfall and temperature patterns (Sombroek et
al., 1982). Kenya's average annual rainfall is 630 millimeters (mm), ranging from less than 200
mm in Northern Kenya to more than 1,800 mm on Mount Kenya's slopes (Marshall, 2011). The
varying amount and distribution of rainfall in most regions of Kenya, both throughout and
between seasons, makes the availability of water for crop production uncertain and farming a
risky endeavor (Rao and Okwach 2005). According to the FAO-UNESCO categorization,
Kenya has 22 major soil groups. Solonetz dominates Kenya's northeastern and northwest arid
areas, whereas Nitisols predominate in the humid areas and Cambisols predominate in the
highlands (Omuto, 2013). The agriculture sector is the pillar of the Kenyan economy,
contributing about 27.3% of the GDP directly and another 25% indirectly through linkages with
other sectors. Agriculture contributes 75% of industrial raw materials and 60% of export
earnings. The sector also accounts for 65% of Kenya's total exports, 18%percent of formal
employment, and 60% of the total employment (Republic of Kenya, 2020). Only around 20%
of Kenya's land is classed as having medium to high potential, which supports large population
densities, while the remaining 80% is mostly arid or semi-arid, and only a small proportion of
the population lives there (World Bank, 2008). Kenya suffers from high soil erosion, which is
estimated to be 72 tons per hectare per year (de Graff, 1993). Soil erosion and water scarcity
are, therefore, among the major environmental problems and threats to rural development in
Kenya (Nyangena, 2008; Marshall, 2011).
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Fig. 1: Map of Kenya showing the various agroecological zones (Kogo et al., 2019)

SWC practices in Kenya

Due to significant soil erosion problems on both settlers and African farms, colonial authorities
introduced SWC in Kenya in the 1930s. Local authorities and agricultural personnel strictly
enforced these rules, and non-compliant farmers were subjected to harsh penalties. Contour
farming, tree planting, terrace strip cropping, and destocking were the primary SWC practices
enforced (Gachene et al., 2020). With time, however, the government and donors changed their
approach to encourage SWC technologies by offering various incentives to farmers to support
soil conservation after the country gained independence and farmers' disdain of coerced SWC.
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Terraces, infiltration ditches, and bunds were frequently advocated as cross-slope SWC
technologies (Nyangena, 2008).

The National Agricultural and Livestock Extension Program (NALEP), which is under the
Ministry of Agriculture, is currently managing and coordinating soil and water conservation
efforts in the country (Owino, 2003). Numerous SWC technologies are practiced in different
parts of Kenya with mixed outcomes. SWC practices in Kenya can be grouped into four broad
categories (Table 1): agronomic practices, vegetative practices, structural measures, and overall
management. Detailed description of the individual SWC practices under each category is
extensively covered by Karuku. (2018) and Gachene et al. (2020). The agronomic and
vegetative practices aim to increase soil surface cover and surface roughness while increasing
surface depression storage and infiltration (Karuku, 2018). Conservation tillage and contour
farming are examples of agronomic practices, while strip cropping, intercropping, and
agroforestry form the vegetative practices (Karuku, 2018). Agronomic and vegetative SWC
approaches are popular predominantly in sub-Saharan Africa due to their low cost of adoption
compared to the structural SWC measures (Gachene et al., 2020). Structural measures of SWC
are mainly implemented in croplands to change the slope profile of the land to control surface
runoff and soil erosion. It entails terraces, ridging, and contouring. Their construction typically
involves earthmoving, which requires substantial initial inputs of capital or labor (Gachene et
al., 2020). Overall management involves area closures and selective clearing (Karuku, 2018).

The above categories of SWC practices have been applied individually and in combination
by farmers in the various regions of Kenya. The 'fanya-juu’ terracing system is common in the
semi-arid region of Wote, Makueni county South Eastern Kenya (Saiz et al., 2016). It entails
digging out ditches along contour lines and depositing soil uphill to make a mound to create
embankments along a slope. In the Ngaciuma sub-catchment former Eastern province of Kenya,
the major SWC technologies include terracing, mixed cropping, agroforestry, cover cropping,
and contour vegetation strips (Alufah et al., 2012). The most practiced technologies of SWC in
both highland and lowlands of Kapenguria area, upper Turkwel watershed in West Pokot
County, are terracing, check dams, stone bunds, cover pasture and strip cropping (Toromo et
al., 2019) while tied ridges and mulching were practiced in Katumani and Makindu in
Machakos and Makueni counties Eastern Kenya (Leal Filho, 2005).

Table 1: Summary of the various SWC practices in Kenya (Karuku, 2018; Gachene et al.,

2020)
Agronomic practices Vegetative practices Structural Overall
measures management
e Cover crops e Agroforestry e Terracing e Rational
e Mulching e Strip cropping e.g., Fanya grazing
e Crop rotation, e Intercropping juu e Selective
e Intercropping e Live fences  Ditches clearing
e Farmyard e Windbreaks e Water e Area closure
manure retention pits e Destocking
e Inorganic e Stone/contour
fertilizer bunds
e Minimum e Check dams
tillage e Contouring
e Contour e Cut-off drains
farming e Trash/log
lines

SWC measures in the Saba Saba sub-catchment of the upper Tana catchment comprise bench
terraces, fanya Juu, contour bunds, mulching, napier grass strips, and cut-off drains. Bench
terraces are found primarily in the upper and middle zones of the sub-catchment, contour bunds
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mainly in the center, and Napier grass strips in the lower zones (Atampugre, 2014). In Kenya's
Upper-Tana basin, mulching, vegetative contour strips, and tied ridges are employed for SWC,
while in Meru County's Semiarid Mbeere, a combination of fanya Juu, stone bunds, loglines,
and trash lines, are used for SWC (Ellis Jones & Tengberg, 2000; Hunink et al., 2012).

Zai technology is common in Tharaka South sub-county, Tharaka-Nithi County, located in
Eastern Kenya (Kimaru-Muchai et al., 2020; Ndeke et al., 2021). It entails the creation of small
planting areas and water collection basins filled with manure, compost, or dry biomass for the
restoration and rehabilitation of severely degraded, encrusted soil, as well as in landscapes
where runoff is a problem (Roose et al., 1999). It was introduced and continually promoted by
development organizations in the drylands of upper Eastern Kenya in an attempt to alleviate
the region's intra-seasonal dry spells (Kimaru-Muchai et al., 2020).

Indigenous soil and water conservation (ISWC) practices were also noted in the Mbeere
district, a semi-arid part of eastern Kenya. The most common techniques used are trash lines,
stone bunds, fanya Juu and log lines (Tengberg et al., 1998).

Factors influencing the adoption of SWC practices in Kenya

Adoption of SWC methods is influenced by a number of socio-economic, farm, and institutional
factors, many of which are unique to a certain geographic location. Many of these variables,
such as natural resource endowments and agroclimatic conditions, affect the costs, returns, and
risks of SWC investments and practices (Pender & Kerr, 1998; Njenga et al., 2021b).

A comparative study by Nyangena (2008) in three districts of Machakos, Kiambu, and Meru
revealed that the investment in SWC was influenced by social capital in the form of tenure
security and economic variables. Enabling government policies and good infrastructure, which
lowered transportation costs and eased market access, were other important factors in the
adoption of SWC (Nyangena, 2008). Kabubo-Mariara et al. (2009) report that farm
characteristics, development domain dimensions, and presence of village institutions in
determining adoption and also the intensity of SWC investments. They further highlight the
importance of tenure security and household assets in determining the adoption and intensity
of soil and water conservation investments.

Research carried out in the Eastern, Central, Western, and Rift valley regions of Kenya
showed that land ownership and access to off-farm income had a positive association with the
adoption of SWC. Conversely, the skills and technical know-how essential for implementing
and maintaining a technology on the farm had a negative influence on the adoption of SWC
technologies among smallholder farmers (Karanja Ng'ang'a et al., 2020). In the Yatta and
Mwala sub-counties of Machakos county, gender, age, education level, access to agricultural
credit, and extension services were found to influence the adoption of SWC technologies.
Additionally, access to information, farm inputs, availability of labor, appropriate equipment
farm implements, access to the market, and farmers' perception of rainfall reliability were also
significant in adopting SWC technologies (Akuja et al., 2016).

Socio-economic, farm characteristics, and institutional factors were found to have an
influence on the adoption of knowledge-intensive technologies in the dry zones of the central
highlands of Kenya. These factors comprised gender, education level, farm size, number of
livestock kept, farmers' perceptions of soil fertility, farmer group membership, access to
training, access to agricultural credit, and farm equipment (Njenga et al., 2021b).

The decision by farmers in the Ngaciuma sub-catchment, former Eastern province of Kenya,
to adopt SWC was influenced by farm -characteristics, institutional, socio-economic,
technological attributes, and other exogenous factors (Alufah et al., 2012). It was noted that
land ownership, household size, training in soil erosion control, perception of soil erosion
problems, and access to institutional credit had significant effects on the adoption of SWC
technologies. The study further revealed that age, the slope of cultivated land, the distance of
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the farm from the river, and membership to a group had a positive influence on the adoption of
SWC. In contrast, the level of education, number of farm parcels, and distance of the farm from
homestead had a negative effect on the adoption of SWC technologies (Alufah et al., 2012).

A study conducted in the Kathekakai settlement scheme, Machakos district revealed gender
as a critical factor in adopting SWC technologies. Women's efforts to adopt the recommended
technologies were hampered by their limited access to authoritative information and lack of
control over land-use decisions (Gathaara et al., 2009). In Upper Eastern Kenya's drylands,
gender-specific determinants of Zai technology choice and use intensity were also reported
(Ndeke et al., 2021). Household size, age of the household head, farm size, access to credit,
number of accessible markets, and tropical livestock units were generally associated with
reduced adoption lag of SWC practices among smallholder farmers in the Sio-Malaba Malakisi
River Basin border region of Kenya and Uganda (Nyirahabimana, 2021). Despite being
advocated for, the adoption rate of SWC technologies in the dry zones of Tharaka-Nithi County
by smallholder farmers has remained stagnant over time. This has been linked to the fact that
there are significant communication gaps between farmers, agricultural extension officers, and
researchers (Njenga et al., 2021a)

Kimaru-Muchai et al. (2020) found out that farm characteristics and socio-economic
characteristics played an essential role in adopting Zai pits in the drier upper Eastern zones of
Kenya. These comprised the farmers' wealth status, the number of non-formal training, and the
membership to social groups. The adoption of SWC in the Njoro River Watershed of Kenya
was influenced by education, household income, land tenure security, and perception of soil
fertility (Huckett, 2010). Table 2 below shows a summarized analysis of the specific socio-
economic, institutional, and farm characteristics and their significance in adopting SWC in
Kenya.

Based on our analysis (Table 2) it is evident that gender, household income and education
are the key socio-economic determinants of SWC adoption. Market access and access to credit
are the outstanding institutional factors of SWC adoption while land tenure is a crucial farm
characteristic that influences the adoption of SWC by farmers in Kenya.

Challenges facing SWC in Kenya

Despite the efforts by government authorities and Non-Governmental Organizations (NGOs)
to promote SWC, several challenges stand in the way of adopting and implementing these
technologies in Kenya. Financial constraints and administrative issues on the governments' side
have curtailed the smooth implementation of SWC programs. This has been characterized by a
lack of sufficient staff in the form of extension officers, lack of infrastructure, and limited
budgetary allocation to the agricultural sector at the national and county government levels for
efficient implementation of SWC technologies, among other agricultural programs (Republic
of Kenya, 2020). Staff changes in transfers and natural attrition also lead to disruption and
delayed implementation of SWC programs (Mutisya et al., 2010). Lack of funds, insufficient
technical know-how, and shortage of labor are the other notable challenges smallholder farmers
face in implementing SWC in Kenya, especially for structural measures (Toromo et al., 2019;
Gachene et al., 2020).

Land tenure insecurity is another challenge in adopting SWC technologies in Kenya. Land
users may not be willing to invest in long-term SWC technologies such as terracing if they are
unsure of reaping the benefits from such work in the long run (Republic of Kenya, 2020). Lack
of individual user responsibility for soil and water conservation is also common in regions
where land is owned communally. Culture is also a barrier to SWC. Some communities do not
allow women to own land and participate in SWC activities freely despite women being the
important implementers of environmental and agricultural activities in Kenya (Mutisya et al.,
2010).
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Poor land and agrarian policy formulation and lack of enforcement where they exist have
been cited as another SWC challenge. Political interference has also been noted in the past
where politicians excise sections of forests to their supporters as a bribe for their votes or
repayment for political patronage reversing the SWC gains and posing a threat of land
degradation (Karuku, 2018). The Republic of Kenya (2020) further notes a gap in the
dissemination and uptake of SWC technologies due to poor linkage between research and
extension. Lack of farm planning and inadequate coordination between various stakeholders
disseminating soil and water conservation interventions has also slowed down the
implementation of SWC programs (Republic of Kenya, 2020).

Table 2. Farm characteristics, Socio-economic and institutional factors and their influence on
the adoption of SWC technologies

Factors influencing SWC adoption Frequency of References
mention
Socio-economic factors Kimaru-Muchai et al.,
o Age +++ 2020; Nyirahabimana,
e (Gender -+ 2021; Ndeke et al., 2021;
e Education —f+ Gathaara et al., 2009;
e Household size ++ Alufah et al., 2012;
e Household income ++++ Njenga et al., 2021b;
e Skills and technical know-how ++ Karanja Ng’ang’a et al.,

2020; Huckett, 2010;
Toromo et al., 2019

Farm characteristics Nyirahabimana, 2021;
e Land tenure ++++++ Alufah et al., 2012;
e Farm size ++ Njenga et al., 2021b;
e Perception of soil fertility ++ Kabubo-Mariara et al.,
e Perception of soil erosion problem + 2009; Karanja Ng’ang’a
e Distance of farm from homestead + etal., 2020; Nyangena,
e Number of farm parcels + 2008; Huckett, 2010
e Tropical livestock unit ++
e Distance of farm from the river +
e Slope of cultivated land +

Institutional factors Kimaru-Muchai et al.
e Market access ++++ 2020; Njenga et al.,
e Access to agricultural extension services + 2021a; Nyirahabimana,
e Access to credit -+ 2021; Alufah et al., 2012;
e Non-formal training +++ Njenga et al., 2021b;
e Membership in social groups +++ Karanja Ng’ang’a et al.,
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e Access to information ++ 2020; Nyangena, 2008;
e Access to labor ++ Toromo et al., 2019

e Access to farm equipment ++

e Government policies +

e Access to farm inputs +

Opportunities

Integrated soil fertility and soil water conservation technologies are possible solutions to the
low per capita food production in Sub-Saharan Africa (Njenga et al., 2021b). Research findings
have shown improved yields in farms practicing SWC in most regions of Kenya (Ngugi et al.,
2015). Therefore, the use of soil and water conservation technologies is indispensable in
ensuring food security in semi-arid regions where rainfall is very variable and a tool for dealing
with the challenge of land degradation in the country. SWC measures have great potential for
increasing soil organic matter (SOM) levels by reducing erosion, which is the key agent of
lateral soil exports, thereby enhancing the carbon sequestration ability of a particular soil. SWC
strategies have been proven to increase SOM storage potential in agricultural lands in Kenya
(Batjes, 2014; Saiz et al., 2016). Therefore, proper and effective implementation of SWC
measures will go a long way in mitigating climate change and its associated impacts both locally
and globally.

Some farmers in Kenya still use traditional practices in SWC (Ellis Jones & Tengberg,
2000). Combining these cultural practices with researcher-based knowledge and findings will
result in better outcomes for apt integrated soil and water management practices. After the
promulgation of Kenya's new constitution 2010, the devolution of agricultural soil management
practices further presents an excellent opportunity for effective implementation of SWC
through the agricultural extension system at the grass-root level. The formulation of the
National Agricultural Soil Management Policy (NASMP) of 2020 is a step in the right direction
for improved SWC. It will ensure regulated and coordinated investment in agricultural soil
management in Kenya if properly implemented (Republic of Kenya, 2020).

CONCLUSION AND RECOMMENDATIONS

The agricultural sector is vital in the economy of Kenya as a nation as it is a source of livelihood
to most of its citizens and also a key contributor to the GDP. The sector hasn't realized its full
production potential due to many challenges, including soil erosion and insufficient amount of
water for crop production. SWC practices present an opportunity for curbing these challenges
and improving the food security situation in Kenya while also mitigating the impacts of climate
change. However, the adoption of these technologies is wanting due to constraints associated
with socio-economic factors, institutional factors, and farm characteristics.
Therefore, for better outcomes of SWC practices in Kenya, we recommend the following.

e Resource mobilization and improved budgetary allocation by the central and county
governments to the agricultural sector to support SWC extension programs and
practices.

e Improved land tenure security by issuing title deeds to private landowners without titles
to encourage individual farmers' investment in long term soil and water conservation
measures.
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e Combining indigenous soil and water conservation practices with contemporary
researcher-based knowledge and findings for an integrated soil and water conservation

e Provision of incentives to farmers who practice SWC to inspire the adoption of SWC
by more farmers.

e The government should also facilitate farmers' access to agricultural credits and markets
and ensure the affordability of appropriate technologies and equipment required for soil
and water conservation.

e Effective enforcement of existing land use and agricultural regulations to reduce further
degradation of agricultural landscapes and promote soil and water conservation.

e Promotion and advocacy of more women inclusion in the implementation of SWC
projects by the local government and NGOs at the household level for improved
outcomes.
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ABSTRACT

The distribution of water in Romania in recent years shows certain changes most frequently at the level of domestic
consumers and in agriculture. The study is based on statistical data presented by the National Institute of Statistics
of Romania, concerning the quantity of water distributed to the population, in industry and construction and in
agriculture. The period analysed is five years, 2016-2020. Changes in the evolution are observed in the year 2020,
which has a particular character due to sanitary restrictions imposed in that period.

Keywords: water distribution, statistics

INTRODUCTION

The increase in the number of rural areas of Romania connected to the water distribution
network has completed the number of people benefiting from this service, reaching more than
72% of the resident population in 2020 (Mocanu 2011;NIS 2022). Agricultural production in
Romania has an increasing trend following the average values per unit area of the main
agricultural crops. All this leads to an increase in water needs. At the same time, there are
improvements in the distribution system, with multiple investments made for this purpose
helping to