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Aims: Excessive water extraction, inefficient management, climate change, and population 
growth have created significant global water supply challenges, particularly in arid and semi-ar-
id regions like Iran. Rainwater Harvesting Systems (RWHS) have emerged as an effective water 
management strategy. This study investigates the role of rainwater harvesting in fulfilling the 
water needs of dairy cattle and broiler chicken units in Gorgan County, Golestan Province.
Materials & Methods: In this study, data were collected on annual rainfall, the number and 
capacity of dairy cattle and broiler chicken units, roof surface areas, and their water require-
ments. Subsequently, the contribution of rainwater to meeting these units’ water needs was 
calculated considering rainfall amounts, roof material types, and water consumption rates 
of dairy cattle and broiler chickens. Furthermore, rainwater sampling was conducted, and 
its physical, chemical, and microbiological parameters were evaluated according to the stan-
dards of the German Federal Ministry of Food and Agriculture (BMEL).
Findings: Rainwater harvesting can meet 87.07% of annual water requirements in broiler 
chicken facilities, equivalent to 214,711 m3. y-1, demonstrating significant potential to reduce 
dependency on alternative sources. In contrast, this percentage is only 1.05% for dairy cattle 
units, equivalent to 13,432 m3. y-1, due to their higher water consumption. The analysis of rain-
water quality shows compliance with BMEL standards, indicating favorable water quality.
Conclusion: Rainwater harvesting effectively manages water resources in livestock and poul-
try farming, particularly in the poultry sector. These findings inform sustainable solutions for 
water scarcity challenges and highlight the potential of alternative water collection methods 
to alleviate resource pressures, especially in environmentally and agriculturally constrained 
regions. The study provides valuable insights for strategic water planning and sustainable 
agricultural development, emphasizing the varying efficiencies across farming sectors.  

Copyright© 2021, the Authors | Publishing Rights, ASPI. This open-access article is published under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, 
transform, and build upon the material) under the Attribution-NonCommercial terms.

Keywords: Broiler Production Units; Dairy Cattle; Sustainable Water Management; Water 
Consumption Per Capita. 

[1] Heinke J., Müller C., Lannerstad M., Gerten ... [2] Drastig K., Palhares J.C.P., Karbach 
K., Pro... [3] Hoss C.G., Tavares J.M.R., Moreira A.J.G., B... [4] Imteaz M.A., Ahsan A., Naser 
J., Rahman A. R... [5] Shokati H., Kouchakzadeh M., Fashi F.H. Asse... [6] Rashidi Mehraba-
di M.H., Saghafian B., Haghig... [7] Edge C.M., Davis J.D., Purswell J.L., Batche... [8] Amos 
C.C., Rahman A., Karim F., Gathenya J.M... [9] Eratalar S.A., Kaveci B.C. The Effects of Ha... 
[10] Yaylı B., Kılıç U., Kılıç I�. Rainwater Harve... [11] Muhirirwe C.S., Van der Bruggen B., 
Kisakye ... [12] Napierała M., Mrozik K.D., Kęsicka B. Rainwa... [13] Statistics Deputy. Agri-
cultural Statistics Y... [14] Rafiei Sardooi E., Azareh A., Mesbahzadeh T.... [15] Mohammady 
M., Pourghasemi H.R., Pradhan B. L... [16] Ward D., McKague K. Water requirements of li... 
[17] Jain G., Singh J. Importance and Requirement... [18] Parker D.B., Brown M.S. Water 
consumption fo... [19] Meehan M.A., Stokka G.L., Mostrom M.S. Lives... [20] Xin H., Berry 
I.L., Barton T.L., Tabler G.T.... [21] Worm J. Rainwater harvesting for domestic us... [22] 
Nainiva S.P., Shahedi K., Khaledian V. Inves... [23] Rashidi Mehrabadi M.H., Thaghafian 
B., Sadeg... [24] Farreny R., Morales-Pinzón T., Guisasola A.,... [25] Mao J., Xia B., Zhou Y., 
Bi F., Zhang X., Zh... [26] Münster P., Kemper N. Long-term analysis of ... [27] Chung E.L.T, 
Nayan N., Kamalludin M.H., Algh... [28] Barker I. Rainwater Harvesting: an on-farm. ... [29] 
Muhirirwe S.C., Kisakye V., Van der Bruggen ... [30] Tobin E.A. Assessment of knowledge 
and use o... [31] Rahman S., Khan M.T.R., Akib S., Din N.B.C.,... [32] Kasmin H., Bakar N.H., 
Zubir M.M. Monitoring... [33] Despins C., Farahbakhsh K., Leidl C. Assessm... [34] Mohajan 
H. Acid rain is a local environment ... [35] Abuelfutouh N.A.K., Jamie M., Nour A., Fuad ... 
[36] de Sá Silva A.C.R., Bimbato A.M., Balestieri... [37] Sheikh V. Perception of domestic 
rainwater h... [38] Liu Y., Li G., Zeng P., Zhang X., Tian T., F... [39] Jafari Shalamzari M., 
Sheikh V.B., Saadodin ...

CITATION LINKS

 [
 D

O
I:

 1
0.

22
03

4/
E

C
O

PE
R

SI
A

.1
3.

1.
10

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

7-
24

 ]
 

                             1 / 14

mailto:Pedram.Nainava@gmail.com
http://www.modares.ac.ir
https://doi.org/10.5194/esd-10-205-2019\r
https://doi.org/10.1016/j.jclepro.2016.06.052 \r
https://doi.org/10.3390/su141912523 \r
https://doi.org/10.1016/j.resconrec.2011.09.008 \r
https://doi.org/10.1007/s40808-019-00662-3 \r
 https://doi.org/10.1016/j.resconrec.2013.01.015 \r
https://doi.org/10.13031/iles.18-055 \r
https://doi.org/10.1016/j.jclepro.2018.08.108 \r
https://doi.org/10.30910/turkjans.882051 \r
https://doi.org/10.24180/ijaws.1263235 \r
https://lirias.kuleuven.be/handle/20.500.12942/712158 \r
https://doi.org/10.34659/eis.2024.90.3.903 \r
https://maj.ir/index.aspx?lang=2&sub=0\r
https://doi.org/10.1007/s12665-021-09788-z \r
https://doi.org/10.1016/j.jseaes.2012.10.005 \r
https://files.ontario.ca/omafra-water-requirements-livestock-23-023-en-2023-04-25.pdf\r
http://Water_consumption_for_livestock_and_poultry_production/links/54d0e7770cf29ca81104015c/Water-consumption-for-livestock-and-poultry-production.pdf \r
https://ucanr.edu/sites/nichemarketing/files/341002.pdf \r
 https://doi.org/10.3382/ps.0730610 \r
https://books.google.fr/books?id=d2Op1I5Lsk4C&lpg=PA24&ots=XJctVb8dkc&dq=Rainwater%20harvesting%20for%20domestic%20use&lr&pg=PA24#v=onepage&q=Rainwater%20harvesting%20for%20domestic%20use&f=false \r
https://jircsa.ir/article-1-316-fa.html \r
 https://wej.marvdasht.iau.ir/article_303.html \r
https://doi.org/10.1016/j.watres.2011.03.036 \r
https://doi.org/10.1016/j.jclepro.2020.123419 \r
https://doi.org/10.3389/fanim.2024.1467287 \r
https://doi.org/10.1155/2014/721357 \r
https://www.sciencedirect.com/science/article/pii/S2667378922000177 \r
https://www.texilajournal.com/thumbs/article/Public%20Health_Vol%202_Issue%201_Article%207.pdf\r
https://doi.org/10.1155/2014/721357 \r
https://iopscience.iop.org/article/10.1088/1757-899X/136/1/012067 \r
https://doi.org/10.2166/aqua.2009.013 \r
https://mpra.ub.uni-muenchen.de/91622/1/MPRA_paper_91622.pdf\r
https://doi.org/10.31436/iiumej.v21i1.1139 \r
https://doi.org/10.1016/j.scs.2021.103475 \r
https://doi.org/10.1016/j.scs.2020.102278 \r
https://doi.org/10.1016/j.jenvman.2022.115584 \r
https://ecopersia.modares.ac.ir/article-24-1499-en.html \r
http://dx.doi.org/10.22034/ECOPERSIA.13.1.107
https://ecopersia.modares.ac.ir/article-24-78643-en.html


Efficiency Assessment of Rainwater Harvesting ...

ECOPERSIA                                                                                                              Winter 2025, Volume 13, Issue 1

108

Introduction
Water extraction has raised critical con-
cerns regarding water resource sustain-
ability and management globally. According 
to projections, population growth through 
increasing water demand, coupled with 
climate change through disrupting precip-
itation patterns, intensifying droughts, in-
creasing evaporation rates, and so on, will 
substantially exacerbate water scarcity for 
significant portions of the world's popula-
tion [1]. Due to climate change's impact on 
water resource demands, optimizing water 
accessibility and utilization should be pri-
oritized as a critical determinant of agricul-
tural and livestock production  [2]. Sustain-
ability in livestock production is directly 
related to water resource management [3]. 
Also, broiler farms' high feed-to-protein 
conversion ratio and substantial water con-
sumption necessitate identifying and im-
plementing water optimization methods. 
These interventions can enhance sustain-
able water resource management and mit-
igate environmental, economic, and social 
challenges [2]. Identifying and implementing 
novel water harvesting and management 
approaches can enhance water resource 
conservation and operational efficiency in 
the agricultural and livestock sectors. Iran, 
one of the world's arid and semi-arid re-
gions, confronts substantial water scarci-
ty challenges. Climate change impacts and 
suboptimal water resource management 
have made water supply a critical nation-
wide concern. Furthermore, demographic 
expansion has intensified water resource 
demands, placing unprecedented pressure 
on water supply infrastructure [4].  Increas-
ing pressure on water resources makes 
meeting the needs of livestock and poultry 
more challenging and highlights the neces-
sity for efficient water use and the search 
for alternative sources [3]. In this context, 
Rainwater Harvesting Systems (RWHS) 

have emerged as an effective solution for 
water resource management, capable of 
alleviating pressure on existing water re-
sources. Assessment and analysis of these 
systems' performance are pivotal in pro-
moting their adoption and implementation 
among potential users [5]. Existing research 
demonstrates the technical viability and 
efficacy of rainwater harvesting systems 
across residential and industrial sectors, 
particularly in livestock and poultry oper-
ations. Implementing these systems can 
mitigate pressure on renewable water re-
sources while optimizing water utiliza-
tion efficiency in these sectors. Research 
by Rashidi Mehrabadi et al. demonstrates 
that conventional buildings can meet up to 
75% of non-potable water requirements 
through rainwater harvesting systems 
when 70% of precipitation is efficiently 
captured [6]. Their findings highlight these 
systems' significant potential for reducing 
dependence on conventional water sources 
while enhancing water efficiency. Subse-
quently, Edge et al. examined water accessi-
bility for poultry production and rainwater 
harvesting's role in minimizing reliance on 
low-yield water sources. They developed a 
Rainwater Harvesting (RWH) model to es-
timate daily water consumption patterns 
for poultry operations, evaluating its per-
formance over 25 years at a northern Ala-
bama facility. Their model achieved approx-
imately 87.3% accuracy in estimating total 
water consumption [7]. Furthermore, Amos 
et al. assessed rooftop rainwater harvesting 
potential for urban agriculture, encompass-
ing system design, modeling, and economic 
analyses. Their comparative analysis of de-
veloped and developing nations revealed 
limited rainwater utilization initiatives in 
urban agriculture while indicating that 
purpose-designed rainwater harvesting 
systems could effectively support urban 
farming operations [8]. Eratalar and Kaveci 
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investigated rainwater utilization in broiler 
production, establishing no adverse effects 
on performance metrics, including feed 
consumption, water intake, live weight, 
feed conversion ratio, meat quality, and pH 
levels. Their research confirms rainwater 
as a viable alternative to healthy water in 
broiler operations without compromising 
production parameters or meat quality [9]. 
Hoss et al. investigated the implementation 
of rainwater harvesting systems in indus-
trial livestock facilities. They demonstrated 
that these systems can fulfill up to 100% of 
water requirements in poultry farms and 
between 32.7% and 68.3% in swine pro-
duction facilities. Furthermore, the water 
conservation potential in this region was 
estimated at 5.2 million cubic meters an-
nually. These findings indicate the signifi-
cant potential of such systems in mitigating 
drought impacts and managing local water 
resources [3]. Yaylı et al. examined the po-
tential of rainwater harvesting from live-
stock facility rooftops. They demonstrated 
that the highest water collection occurs in 
December, while the lowest occurs in Au-
gust. The research findings indicated that 
this system can fulfill up to 90.4% of water 
requirements in sheep farms and 57.4% in 
cattle farms. Additionally, these systems 
were shown to be capable of recovering 
their costs within 7 years [10]. Muhirirwe et 
al. designed and evaluated water treatment 
systems in a rainwater harvesting and pu-
rification study for dairy cattle. The results 
demonstrated that these filters effectively 
reduced bacteriological contamination and 
heavy metals in drinking water for dairy 
cattle. Furthermore, their economic analy-
ses revealed that implementing rainwater 
harvesting systems, with their short pay-
back period and high reliability, presents 
an economically viable solution for live-
stock farmers in low-income regions [11]. 
Napierała et al. investigated rainwater har-

vesting from livestock facilities in Poland 
and its potential for meeting animal water 
requirements. Their findings demonstrated 
that Polish farms could store more than 41 
million cubic meters of rainwater annually, 
meeting only 15 percent of livestock water 
demands. Furthermore, the economic effi-
ciency of these systems across different re-
gions of the country was influenced by mu-
nicipal water prices [12]. 
A literature review indicates that studies on 
rainwater harvesting in livestock and poul-
try operations are limited and insufficiently 
addressed globally and in Iran. However, giv-
en the increasing water demand in agricul-
ture, rainwater harvesting from these oper-
ations could be a viable strategy to alleviate 
pressure on conventional water resources 
[11,12].

Therefore,  this study investigates the po-
tential of rainwater harvesting as a supple-
mentary water source for dairy cattle and 
broiler chicken units in Gorgan County, Go-
lestan Province, Iran. The study area was 
selected due to its strategic importance in 
Iran's national production of dairy prod-
ucts, red meat, and white meat [13]. Golestan 
Province, particularly Gorgan County, main-
tains a notable position in the country's 
production of these agricultural commod-
ities, warranting a comprehensive investi-
gation of water management strategies in 
this region.  The region hosts many broiler 
farms, integral to Iran's food security and 
placing considerable demand on water re-
sources. This unique context warrants a 
comprehensive investigation of sustainable 
water management strategies tailored to 
the needs of this high-density agricultural 
area.
The primary objective of this research is to 
assess rainwater harvesting as a sustain-
able water resource management approach 
for partially fulfilling the annual water re-
quirements of livestock and poultry facili-
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ties. This study represents a significant step 
toward developing efficient and sustainable 
management solutions to minimize water 
waste and mitigate the region's water scar-
city crisis. The research's novelty lies in ex-
amining the relationship between rainwater 
harvesting and water consumption patterns 
in livestock and poultry operations, which 
remains largely unexplored in current liter-
ature. The findings are expected to inform 
evidence-based management policies ad-
dressing water scarcity challenges.

Materials & Methods
Study Area
The study area, Gorgan County, is geograph-
ically positioned within the coordinates of 
36°30' to 36°58' North latitude and 54°13' 
to 54°44' East longitude. This region en-
compasses portions of three significant wa-

tershed basins: Gorganrud, Nekarud, and 
Qarasu. Meteorological data indicate that 
while Golestan Province experiences a mean 
annual precipitation of 200 to 1000 mm [14], 
Gorgan County exhibits an approximate pre-
cipitation rate of 500 mm per annum. The 
mean yearly temperature in Gorgan County 
is approximately 18°C [15]. The research in-
vestigation encompasses 21 dairy cattle op-
erations and 150 broiler poultry production 
facilities distributed throughout the study 
area. Figure 1 illustrates the spatial distribu-
tion of these Farms within the geographical 
context of the county.
Required Statistics and Data
Comprehensive statistical data were system-
atically collected through the Agricultural 
and Natural Resources Engineering Organi-
zation of Gorgan County in 2024 to support 
the established research objectives. The ag-

Figure 1) Geographic location of livestock and poultry farming units. (Red dots are the studied sites).
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gregated data, which form the foundational 
basis for this investigation, are systematical-
ly presented in Table 1.

Table 1) Required data and statistics for evaluating 
rainwater harvesting potential in livestock and poultry 
units in Gorgan county: annual precipitation, farm char-
acteristics, and roof areas of dairy and broiler farms.

Annual precipitation in Gorgan 500 mm

Number of dairy farms 21 units

Number of broiler farms 150 units

Total capacity of dairy farms 30,450 head

Roof area of dairy farms 29,849 m2

Total capacity of broiler farms 5,503,860 birds

Roof area of broiler farms 477,137 m2

Table 1 shows the capacity of dairy and 
broiler chicken farms (considering the num-
ber of production cycles), the rainfall data 
for Gorgan County, and the roof surface area 

of dairy cattle and broiler chicken farming 
units, which were used to achieve the study 
objectives.
Water Requirements of Dairy Cattle and 
Broiler Chickens
The water requirements of dairy cattle ex-
hibit significant correlations with multiple 
variables, including milk production effi-
ciency, feed moisture content, and environ-
mental parameters such as ambient tem-
perature and relative humidity. Peak water 
consumption patterns in bovine species are 
predominantly observed during feeding in-
tervals [16,17]. Water intake requirements for 
dairy cattle are systematically categorized 
according to two primary determinants: 
growth trajectory and milk production ca-
pacity. These consumption patterns have 
been extensively documented in the litera-
ture [16,17]. Table 2 presents a comprehensive 
analysis of dairy cattle water requirements, 
stratified by growth parameters and milk 
production metrics.

Table 2) Daily water consumption of a dairy cow based on key growth and milk production stages(average 
requirements during different lactation phases and growth periods)[16–19].

 Average Typical Water 
Use (l.d-1)

Water Requirement 
Range (l.d-1)

Level of Milk 
Production (kg.d-1)Dairy Cattle Breeds

94.9-13.2-Dairy calves (1–4 months)

2514.4-36.3-Dairy heifers (5–24 months)

115

68-8313.6

Milking cows
87-10222.7

114-13636.3

132-15545.5

4134-49-Dry cows

Table 3) Daily water requirements of broilers based on age groups, environmental temperature, and seasonal 
variations [16,17]. 

Broiler Chicken Age
(weeks)

Water Requirement (l.d-1)

21°C 32°C Winter, fall, and spring Summer
1-4 0.05 – 0.26 0.05 – 0.415

0.28 0.45
5-8 0.345 – 0.47 0.55 – 0.77
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This study estimated that the average daily 
water consumption of dairy cattle in Iran, con-
sidering the type of dairy cattle, is 115 liters.
Water consumption patterns in poultry 
demonstrate significant associations with 
feed intake parameters and ambient ther-
mal conditions. Notably, more than 50% of 
poultry hydration is derived from dietary 
sources, while thermal stress, particularly 
when ambient temperatures exceed 30°C, 
precipitates a 50% elevation in water con-
sumption rates [16,17]. Table 3 presents a com-
prehensive analysis of water consumption 
metrics in broiler species, delineated by 
age-specific cohorts, thermal gradients, and 
seasonal variations.
Also presented is the daily water consump-
tion of broiler chickens as a function of their 
age in the form of Eq. (1)[20]:

 
Eq. (1) 

where DFWI represents daily water con-
sumption (L per 1,000 birds), and D denotes 
age in days.
Considering the broiler chicken rearing pe-
riod in Iran and based on Table 3 and Eq. (1), 
broiler chickens' average daily water con-
sumption from day 1 to day 56 was estimat-
ed at 0.2 liters daily.
Rainwater Harvesting Volume
In the present investigation, the quantitative 
assessment of harvested precipitation from 
poultry and dairy facility roofing systems 
was calculated through the application of 
Eq. (2) [21,22]:

t tI R .A.φ= Eq. (2)

Where tI  denotes the potential volume of 
harvested precipitation from the rooftop 
surface (m3), φ  represents the rooftop run-
off coefficient, tR  signifies the daily precip-
itation magnitude measured in mm (The 
amount of rainfall is converted from mm to 

m), and A indicates the catchment surface 
area quantified in m² [23]. The runoff coeffi-
cient parameter ranges from 0 to 1. 
The quantitative and qualitative characteris-
tics of the harvested precipitation are influ-
enced by multiple parameters, with roof sur-
face materiality and spatial dimensions be-
ing the primary determinants [24,25].  Among 
various roofing materials, galvanized sheets 
and polymeric surfaces, owing to their en-
hanced surface smoothness and imperme-
ability characteristics, constitute optimal 
solutions for precipitation collection sys-
tems. Concurrently, planar concrete roofing 
structures exhibit satisfactory performance 
metrics [21].
The runoff coefficient (RC) parameter, de-
fined as the volumetric ratio between col-
lected precipitation and total rainfall, quan-
titatively assesses the collection efficiency of 
varied surface typologies. Table 4 presents a 
comprehensive analysis of RC values for di-
verse roofing materials.

Table 4) Runoff coefficient according to roof type [21].

Type Runoff coefficient

Galvanized iron sheets >0.9

Tiles (glazed) 0.6-0.9

Aluminum sheets 0.8-0.9

Flat cement roof 0.6-0.7

Organic (e.g., thatched) 0.2

In this study, considering that the roofs of 
most broiler chicken and dairy cattle farm-
ing units are made of galvanized material, 
the runoff coefficient for these roofs was 
supposed to be 0.9, according to Table 4.
Permissible Water Quality Limits
Table 5 presents the permissible water qual-
ity limits for livestock and poultry consump-
tion according to the German Federal Minis-
try of Food, Agriculture, and Consumer Pro-
tection (BMEL) recommendations.
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Table 5 ) Standard physical, chemical, and microbio-
logical parameters and acceptable limits for livestock 
and poultry drinking water quality assessment [26].

Drinking water For 
livestock and poultry 
consumption

Value

5-9pH
< 3,000 μS.cm-1Conductivity
< 3 mg.l-1Ammonium (NH4

+)
< 500 mg.l-1Chloride (Cl−)
< 3 mg.l-1Iron (Fe)
< 4 mg.l-1Manganese (Mn)
< 200 mg.l-1Nitrate (NO3

−)
< 30 mg.l-1Nitrite (NO2

−)
< 500 mg.l-1Sulfate (SO4

-) 
≤ 10,000 in 1 mlCFU at 20°C
≤ 1,000 in 1 mlCFU at 36°C
≤ 10 in 10 mlEscherichia coli

In this research study, three samples were 
analyzed using laboratory conditions at Gor-
gan University of Agricultural Sciences and 
Natural Resources to evaluate rainwater 
quality regarding physical, chemical, and mi-
crobiological parameters. The samples were 
collected from existing storage tanks at this 
university, serving as representative speci-
mens of rainwater harvesting systems from 
buildings with galvanized roofing in Gorgan 
County. Following collection, the samples 
were transported to the laboratory under 
completely sterile conditions, and analyses 
were conducted in duplicate according to 
the laboratory facilities and BMEL protocol 
parameters. Subsequently, the mean values 
of the results were reported.
The rainwater harvesting system imple-
mented at this university represents the 
most basic system, operating without filters 
or treatment facilities. The collected water 
is utilized for irrigation of the university's 
green spaces. Therefore, this investigation 
demonstrates our hypothesis regarding the 

quality status of harvested water in storage 
tanks without treatment operations.
Research Methodology
To investigate the role of rainwater har-
vesting, the roofed area of livestock and 
poultry production units was initially ob-
tained through the Agricultural and Natu-
ral Resources Engineering Organization of 
Gorgan County. Subsequently, the annual 
runoff volume from these units' rooftops 
was determined by establishing the runoff 
coefficient and yearly average precipita-
tion relative to the geographical location 
of the livestock and poultry production fa-
cilities. Following this, considering the an-
nual water consumption per capita for dif-
ferent types of livestock and poultry units 
(dairy cattle and broiler chickens), along 
with their capacity and production cycles 
in Iran, the volume of harvested water 
was calculated and presented in terms of 
its compensation for the total water con-
sumption across all livestock and poultry 
units. Finally, to ensure greater confidence 
in the potential utilization of rainwater for 
meeting livestock and poultry consump-
tion needs, rainwater samples were col-
lected, analyzed for quality parameters, 
and compared against existing standards 
(Figure 2).

Figure 2) Flowchart of research methodology for 
evaluating rainwater harvesting potential in livestock 
and poultry facilities of Gorgan County.
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Findings
Assessment of Rainwater Harvesting Po-
tential in Livestock and Poultry Produc-
tion Facilities
The quantitative analysis in Table 6 demon-
strates that the potential volumetric rain-
water harvesting capacity is 214,711 m³.y -1 
from broiler production facilities and 13,432 
m³.y-1 from dairy cattle operations. Table 6 
comprehensively delineates rainwater har-
vesting potential across livestock and poul-
try production facilities, stratified by facility 
type and harvesting capacity.
The Role of Rainwater Harvesting in 
Meeting the Per Capita Water Consump-
tion Needs of Livestock and Poultry Farm-
ing Units
Quantitative analyses presented in Table 7 
demonstrate that broiler production facili-
ties, operating on four 56-day growth cycles 
annually with a mean daily water consump-
tion rate of 0.2 liters per unit, exhibit an an-
nual water demand of 246,572 m³ per cycle. 
Furthermore, data analysis from Table 8 re-
veals that dairy cattle operations maintain a 
yearly water consumption of 1,278,138 m³. 
When analyzing the contribution of harvest-
ed rainwater to total water requirements, 
the data indicate that rainwater harvesting 
systems could potentially satisfy 87.07% 
and 1.05% of the total annual water demand 
for broiler and dairy cattle facilities, respec-
tively—tables 7 and 8 present comprehen-
sive volumetric analyses of annual water re-
quirements stratified by facility type.
These findings have significant implications 

for agricultural water management strat-
egies. For broiler facilities, the high per-
centage (87.07%) suggests that rainwater 
harvesting could serve as a primary water 
source, substantially reducing reliance on 
conventional water supplies and potentially 
leading to significant cost savings. However, 
for dairy cattle operations, the notably low-
er percentage (1.05%) indicates that while 
rainwater harvesting could supplement ex-
isting water sources, additional water sup-
ply strategies would be necessary to meet 
the bulk of water demands. This stark con-
trast in potential coverage highlights the im-
portance of facility-specific water manage-
ment approaches. The economic viability of 
rainwater harvesting systems may vary sig-
nificantly based on the type of agricultural 
operation.
Figure 3 presents a detailed comparative 
assessment of water consumption patterns 
between broiler production and dairy cattle 
facilities, juxtaposed with their respective 
potential for rainwater harvesting within  
their operational parameters.
Rainwater Quality Status
Table 9 presents the results of rainwater 
quality analysis regarding select physical, 
chemical, and microbiological parameters. 
According to this table, the rainwater quali-
ty status meets the acceptable livestock and 
poultry consumption standards based on 
the German Federal Ministry of Food, Agri-
culture, and Consumer Protection recom-
mendations.

Table 6) Annual harvestable rainwater volume from roof surfaces in livestock and poultry production units of 
Gorgan County.

Annual precipitation 
(mm)

Runoff 
Coefficient

Roof Area of Livestock and 
Poultry Units (m²)

Harvestable Rainwater 
Volume (m³.y -1)

Broiler chicken 
Units

Dairy Cattle 
Units

Broiler Chicken 
Units

Dairy Cattle 
Units

500 0.9* 477137 29849 214711 13432
The roofs of most dairy and poultry farms in the studied area are made of galvanized iron sheets.
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Table 9) Rainwater quality analysis results.

Permissible Water 
Quality Limits

Average of 
samples Value

5-96.96pH
< 300192TDS

-3.096TSS
--70Mv

< 3,000 μS.cm-1384Conductivity

< 3 mg.l-10.01Ammonium 
(NH4

+)
< 500 mg.l-10.609Chloride (Cl−)

< 3 mg.l-10.016Iron (Fe)

< 4 mg.l-10.39Manganese 
(Mn)

< 200 mg.l-10.05Nitrate (NO3
−)

< 30 mg.l-10.08Nitrite (NO2
−)

< 500 mg.l-119Sulfate (SO4
-) 

≤ 10,000 in 1 mL800CFU at 20°C
≤ 1,000 in 1 mL9000CFU at 36°C

1-53.4N.T.U

However, it is essential to note that the micro-
biological parameter of CFU (Colony Forming 
Units) in the rainwater sample, measured at 
36°C, exceeds the permissible limit. The stan-
dard for CFU at 36°C is ≤ 1,000 CFU per mil-
liliter, while the measured value in the sam-

ple is 9,000 CFU.ml-1. This indicates a higher 
level of microbial contamination, which could 
pose health risks if the rainwater were used 
for livestock or poultry consumption without 
appropriate treatment. This is primarily due 
to the type of sampling tanks used, which are 
simple reservoirs without filtration and treat-
ment facilities and are mainly intended for 
irrigation purposes in the university's green 
spaces.

Discussion
Extensive research findings in rainwater 
harvesting in broiler poultry farms indicate 
the significant potential of this method. Our 
research results demonstrate that in broiler 
farms with four breeding cycles, rainwater 
harvesting can supply 87.07 percent of the 
annual water demand, indicating this meth-
od's remarkable efficiency in reducing de-
pendency on other water resources. These 
findings align with numerous international 
studies. For instance, Chung et al. confirmed 
in their research that rainwater harvesting 
effectively reduces poultry farms' depen-
dence on conventional water resources  [27]. 
In our study, the obtained percentage in 
compensating for water requirements could 

Table 7) Annual water replacement requirements for broiler chicken units.

 Type of
 Production

Unit

 Production
Capacity

 Per Capita
 Water

 Consumption
(l.d-1)

 Number of
 Production
 Cycles (56

days)

 Annual Water
 Requirement

(m³.cycle-1)

 Harvestable
 Rainwater

Volume (m³.y -1)

Annual 
Demand 

Replacement 
(%)

Broiler Farm  5,503,860
birds 0.2* 4 246572 214711 87.07

Broiler Farm  5,503,860
birds 0.2* 3 184929 214711 116.10

* This water requirement is considered an average for a 56-day production cycle.

Table 8) Annual water replacement requirements for dairy cattle units.

 Type of
 Production

Unit

 Production
Capacity

 Per Capita Water
Consumption (l.d-1)

 Annual Water
 Requirement

(m³.y -1)

 Harvestable
 Rainwater

Volume (m³.y -1)

Annual Demand 
Replacement 

(%)

Dairy Farm 30,450 head 115 1278138 13432 1.05
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substantiate this reasoning. Furthermore, 
the findings of Hoss et al. demonstrate even 
more promising results, emphasizing that 
rainwater harvesting systems can meet 100 
percent of poultry farms' water require-
ments [3]. 
This conclusion aligns with Barker's study, 
which emphasizes the significance of rain-
water harvesting in cost reduction and im-
proved water resource management [28]. This 
scientific evidence demonstrates that rain-
water harvesting systems efficiently meet 
water demands and play a vital role in sus-
tainable water resource management by op-
timizing rainwater collection and reducing 
dependence on other water sources. This 
approach can serve as an effective model for 
the conservation and sustainable utilization 
of water resources across various poultry in-
dustry sectors. Shokati et al. concluded that 
rainwater harvesting systems reduce pres-
sure on renewable water resources [5].
However, a significant difference was ob-
served in meeting water requirements in 
dairy farms compared to poultry farms. Our 
research analysis indicates that rainwater 
only supplies 1.05 percent of the annual wa-
ter demand, which appears negligible con-
sidering the high volume of water consump-
tion in dairy farms. These findings are incon-
sistent with numerous international studies. 
For instance, Napierała et al. confirm that 
rainwater harvesting from livestock farms 
as an innovative solution can meet 15 per-
cent of livestock water requirements [12], and 
Hoss et al. demonstrate that rainwater har-
vesting systems can supply between 32.7 to 
68.3 percent of livestock farms' water de-
mands [3].
Numerous studies support the potential of 
rainwater harvesting as a supplementary 
water source in dairy farms. For instance, 
Muhirirwe et al. stated in their research 
that rainwater harvesting for dairy cattle 
consumption can be an economical solu-

tion with a short payback period, particu-
larly beneficial for farmers in low-income 
regions [29]. Furthermore, from an economic 
perspective, the study by Kılıç et al. demon-
strated that harvesting rainwater from sta-
ble roofs can meet a significant portion of 
water requirements and is also financially 
viable, with initial costs recoverable within 
7 years [10]. This scientific evidence indicates 
that despite the relatively small contribution 
of rainwater to meeting dairy farms' water 
needs, implementing rainwater harvesting 
systems as a supplementary source can play 
a significant role in their water resource sus-
tainability and prove particularly effective 
during drought conditions.
Given that the qualitative challenges of rain-
water must be addressed, the quality analy-
sis results of collected samples in this study 
indicate that rainwater from tanks without 
filtration and treatment processes meets ac-
ceptable standards by the recommendations 
of the German Federal Ministry of Food, 
Agriculture and Consumer Protection [26]. 
These findings align with Eratalar & Kaveci's 
Research, which demonstrated that rainwa-
ter usage has no adverse effects on broiler 
chicken performance and can serve as a suit-
able alternative to plunging, healthy water, 
thus assuring its implementation in poultry 
facilities. However, numerous sources sug-
gest that harvested rainwater requires treat-
ment, which may be attributed to regional 
conditions, the type of rainwater harvesting 
system, and the collection environment con-
ditions [9]. For example, Tobin Is somewhat 
acidic, necessitating treatment before use 
[30].
Rahman et al. The quality of rainwater was 
examined and found satisfactory according 
to Bangladesh standards [31]. Similarly, Kas-
min et al. Stated that rainwater harvesting 
can be used as drinking water [32]. However, 
the conflicting results in studies on rainwa-
ter quality highlight the need for more com-
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prehensive research into rainwater quality 
and its effects on growth processes. Never-
theless, Despins et al. This indicates that se-
lecting appropriate materials for storage and 
collection and utilizing treatment methods 
can maintain high water quality in rainwa-
ter harvesting systems [33]. Additionally, Mo-
hajan Emphasized that untreated rainwater 
is generally unsuitable for drinking and may 
be contaminated [34]. Abuelfutouh et al. Eval-
uated rainwater parameters and concluded 
that the water quality is within acceptable 
ranges but still unsuitable for direct con-
sumption without further treatment [35]. This 
study aligns with our findings regarding 
rainwater quality assessment. Nonetheless, 
considering the ongoing water crisis, even 
with treatment costs, harvested rainwater 
can be more economically viable than piped 
water.  However, according to studies, Vari-
ous factors can influence the acceptance of 
rainwater harvesting systems [36–39].
Limitations of this study include the lack of 
assessment of the economic aspects of im-
plementing rainwater harvesting systems 
and the absence of long-term evaluations 
of their impacts on the performance of live-

stock and poultry units. Future studies are 
recommended to conduct a comprehensive 
cost-benefit analysis of implementing these 
systems and investigate the effects of differ-
ent seasons and climate variations on the 
volume of harvested rainwater and the qual-
ity of rainwater in livestock production.
Overall, this study's results demonstrate that 
rainwater harvesting can effectively man-
age water resources in livestock and poultry 
farming units, particularly in the poultry sec-
tor. These findings can inform policy-making 
on water resource management in livestock 
and poultry operations and help design sus-
tainable solutions to the water scarcity crisis.

Conclusion
This investigation examined the efficacy of 
rainwater harvesting systems in addressing 
water requirements within dairy cattle and 
broiler chicken facilities in Gorgan County. 
The empirical findings demonstrate signifi-
cant heterogeneity in harvesting effectiveness 
across different agricultural production units. 
The methodology exhibits a substantial capac-
ity for meeting annual water demands in broil-
er chicken facilities, indicating considerable 

Figure 3) Diagram of the role of rainwater harvesting in compensating for the water demand of broiler chicken 
and dairy cattle units.
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potential for reducing dependency on con-
ventional water resources. This observation 
represents a potentially transformative devel-
opment in water resource management pro-
tocols within the poultry sector. Conversely, 
analysis of dairy operations reveals that rain-
water harvesting systems contribute minimal-
ly to annual water requirements, suggesting 
their optimal utilization as supplementary wa-
ter sources within a comprehensive resource 
management framework. This marked dispar-
ity can be attributed to dairy operations' sub-
stantially higher volumetric water consump-
tion patterns. The research findings collec-
tively demonstrate that rainwater harvesting 
systems represent a viable, sustainable water 
resource management strategy, particularly 
within poultry production facilities.
These findings could provide a foundation for 
developing management policies and practical 
strategies to reduce reliance on conventional 
water sources and address the water scarcity 
crisis. Policymakers can create the use of rain-
water harvesting systems in industrial and ag-
ricultural units by establishing technical stan-
dards and guidelines for the use, design, and 
installation of these systems, as well as provid-
ing incentive and educational programs. This 
can reduce the dependence on conventional 
water resources and contribute to agricul-
ture's sustainability. Additionally, it is recom-
mended that the operators of industrial and 
agricultural units consider rainwater harvest-
ing systems as a recognized and reliable solu-
tion, given the country's water crisis. However, 
it is recommended that future studies explore 
the qualitative aspects of rainwater harvest-
ing, the economic implications of implement-
ing these systems, and the impact of seasons, 
months, and climatic changes on the potential 
for rainwater harvesting.
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