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Use	of	wastewater	for	irrigation	is	on	the	rise	in	India	and	other	developing	countries 	.
Wastewater	contains	plant	nutrients	that	favour	crop	growth	but	leave	a	burden	of	heavy	
metals	which	can	enter	the	food	chain	and	is	a	cause	of	great	concern.	This	study	was	
conducted	 to	 explore	 the	 possibility	 of	 using	 wastewater	 to	 grow	 four	 vegetables	
fenugreek	 ( 	 L.),	 spinach	 ( 	 L.),	 radish	Trigonella foenum-graecum Spinacia oleracea	 	
( 	L.)	and	carrot	( L.).	Two	aspects	namely	(1)	effect	on	Raphanus sativus Daucus carota	 	
plant	growth	and	yield	(2)	accumulation	of	cadmium	(Cd),	chromium	(Cr),	copper	(Cu),	
nickel	(Ni),	lead	(Pb)	and	zinc	(Zn)	in	leaves	and	roots	of	the	plant	have	been	presented	in	
this	paper.	The	physico-chemical	analysis	of	the	wastewater	showed	that	it	was	rich	in	
total	suspended	and	dissolved	solids	with	 large	amount	of	BOD	and	COD.	The	higher	
amount	of	Cl ,	Ca ,	Mg 	and	K 	were	also	present	in	the	effluent.	The	heavy	metal	(Cd,	Cr,	- ++ ++ +

Cu,	Ni,	Pb	and	Zn)	content	in	wastewater	is	comparatively	more	than	groundwater	(GW).	
The	 values	 of	 these	 heavy	 metals	 were	 slightly	 higher	 in	 the	 soil	 irrigated	 with	
wastewater.	The	effluent	severely	affects	crop	plants	and	soil	properties	when	used	for	
irrigation.	 The	 growth	 characteristics	 (plant	 length,	 plant	 fresh	 and	dry	weight,	 leaf	
number	and	leaf	area)	as	well	as	yield	characteristics	(seed	number,	1000	seed	weight	
and	seed	yield)	of	all	the	plants,	irrigated	with	100%	wastewater,	were	more	than	that	
with	 groundwater.	 The	 pattern	 of	 increase	 for	 the	 plants	 was	 fenugreek>	 radish>	
spinach>	carrot.	Though	the	wastewater	contains	low	levels	of	the	heavy	metals,	the	soil	
and	plant	samples	show	higher	values	due	to	accumulation,	but	their	level	was	under	
permissible	limits	in	plants.	The	trend	of	metal	accumulation	in	wastewater-irrigated	
soil	is	in	the	order:	Pb>	Ni>	Zn>	Cu>	Cr>	Cd.	Of	the	four	plants	that	are	grown,	the	order	of	
total	heavy	metal	accumulation	in	roots	is	Carrot>	Radish,	while	in	leaves	the	order	is	
Spinach>	Fenugreek.	The	enrichment	factor	(EF)	of	the	heavy	metals	in	contaminated	
soil	is	in	the	sequence	of	Ni	(3.1)>Pb	(2.6)>	Cd	(2.35)>	Zn	(2.18)>	Cu	(1.66)>	Cr	(1.05),	
while	in	plants	EF	varies	depending	upon	the	species	and	plant	part.	Radish	and	carrot	
show	a	high	transfer	factor	(TF	>1)	for	Cd	signifying	a	high	mobility	of	Cd	from	soil	to	
plant	whereas	the	TF	values	for	Pb	are	very	low	as	it	is	not	bioavailable.	Thus,	it	may	be	
concluded	that	wastewater	may	be	used	profitably	for	the	cultivation	of	these	vegetables	
and	could	effectively	supplement	not	only	the	nutrient	requirement	of	the	crop	but	may	
also	act	as	the	source	of	water.

65

International	Journal	of	Plant	and	Environment
Vol.	3,	No.	1	(2017),	65-76

Effect	of	Wastewater	Irrigation	on	Heavy	Metal	Accumulation,	Growth	and	
Yield	of	Vegetables
Saima	Kausar *,	Shahla	Faizan 	and	Irfana	Haneef1 2 2

1Jhunjhunwala	Degree	College,	Faizabad-224133,	INDIA;	
2Environmental	Physiology	Laboratory,	Department	of	Botany,	Aligarh	Muslim	University,	Aligarh-202002,	INDIA

Abstract

1.	Introduction

Environmental	 pollution	 affects	 the	 quality	 of	
pedosphere,	hydrosphere,	atmosphere,	lithosphere	and	
biosphere	 (Lone	 .,	 2008).	 Land	 and	 water	 are	et	 al
precious	 natural	 resources	 on	 which	 rely	 the	
sustainability	 of	 agriculture	 and	 the	 civilization	 of	
mankind.	Unfortunately,	 they	 have	 been	 subjected	 to	
maximum	 exploitation	 and	 severely	 polluted	 due	 to	
anthropogenic	activities.	Water	pollution	is	a	problem	
of	worldwide	 concern	 and	 groundwater	 is	 extremely	
polluted	 due	 to	 unplanned	 disposal	 of	 untreated	
domestic	 sewage	 and	 industrial	 effluents	 into	
watercourses	 (Mashiatullah	 .,	 2005).	 Disposal	 of	et	 al
sewage	water	and	industrial	wastes	is	a	great	problem.	
Often	it	is	drained	to	the	agricultural	lands	where	it	is	

used	for	growing	crops	including	vegetables.

Heavy	metals	are	ubiquitous	in	the	environment,	
as	a	result	of	both	natural	and	anthropogenic	activities,	
and	 humans	 are	 exposed	 to	 them	 through	 various	
pathways	 (Wilson	 and	 Pyatt,	 2007).	 Wastewater	
irrigation	 is	 known	 to	 contribute	 significantly	 to	 the	
heavy	 metal	 contents	 of	 soil	 (Mapanda	 .,	 2005).	et	 al
Heavy	metals	in	wastewater	come	from	industries	and	
municipal	sewage,	and	they	are	one	of	the	main	causes	
of	 water	 and	 soil	 pollution.	 Long-term	 use	 of	
wastewater	 on	 agricultural	 lands	 contributes	
significantly	 to	 the	 build-up	 of	 the	 elevated	 levels	 of	
these	metals	in	soils	and	plants	(Mapanda	 .,	2005;	et	al
Sharma	 .,	 2007)	 which	 is	 of	 serious	 concern.	et	 al
Although	problems	occur	in	waterways	when	pollutants	
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are	leached	out	of	the	soil.	If	the	plants	die	and	decay,	
heavy	metals	taken	into	the	plants	are	redistributed,	so	
the	 soil	 is	 enriched	 with	 the	 pollutants.	 Uptake	 and	
accumulation	 of	 elements	 by	 plants	 may	 follow	 two	
different	paths	i.e.	through	the	roots	and	foliar	surface	
(Sawidis	 .,	2001).	The	uptake	of	metals	from	the	soil	et	al
depends	 on	 different	 factors	 such	 as	 their	 soluble	
content	 in	 it,	 soil	 pH,	 plant	 growth	 stages,	 types	 of	
species,	fertilizers	and	soil	(Ismail	 .,	2005;	Sharma	et	al
et	al.,	2006).

Plants	have	a	natural	propensity	to	take	up	metals.	
Some	of	them	like	Cu ,	Co ,	Fe ,	Mo ,	Mn 	and	Zn 	are	++ ++ ++ ++ ++ ++

essential	 plant	 micronutrients	 (Baker	 .,	 1991),	et	 al
while	few	others	like	Hg ,	Cd ,	Ni 	and	Pb 	are	toxic	to	++ ++ ++ ++

plants.	 However	 such	 toxic	 effects	 are	 even	 varying	
from	genotype	to	genotype	of	the	same	crop	(Liu	 .,	et	al
2001).	Leafy	vegetables	are	high	accumulator	of	metal	
ions	 as	 compared	 to	 root	 vegetables	 and	 legumes	
(Alexander	 .,	2006).et	al

This	study	was	therefore;	conducted	to	investigate	
the	 soil 	 pollution	 load,	 to	 understand	 the	
appropriateness	 of	 wastewater-irrigated	 soils	 for	
vegetable	cultivation,	to	study	the	effect	of	wastewater	
irrigation	 on	growth	and	yield	of	 fenugreek,	 spinach,	
radish	and	carrot,	and	to	determine	the	concentration	
of	 accumulated	 trace	 elements	 by	 these	 vegetables	
irrigated	with	different	concentrations	of	wastewater.

2.	Materials	and	Methods

2.1.	Experimentation

An	experiment	 of	 randomized	block	design	was	
conducted	in	2009-10	in	the	naturally	illuminated	net	
house	 of	 the	 Department	 of	 Botany,	 Aligarh	 Muslim	
University,	and	each	treatment	was	set	simultaneously	
in	triplicate.	The	statistical	design	used	included	three	
treatments	i.e.	(a)	control	(GW-fresh	irrigation	water	or	
ground	 water),	 (b)	 50%	 wastewater	 (50%WW-	 the	
dilution	was	obtained	by	mixing	the	GW	and	WW	in	1:1	
ratio),	and	(c)	100%	wastewater.	The	urban	wastewater	
used	 in	 this	 study	 includes	 wastewater	 from	 the	
households	and	sewage	together	with	wastewater	from	
local	industries	of	locks	and	electroplating	as	well,	and	
was	collected	from	the	outskirts	of	Aligarh	city	nearly	5	
km	 from	 the	 town	 where	 it	 is	 being	 used	 by	 local	
formers	to	irrigate	crops.

The	surface	of	the	seeds	was	sterilized	with	0.5%	
(v/v)	 sodium	 hypochlorite	 solution	 followed	 by	
repeated	washing	with	double	distilled	water	 (DDW)	
(Sauer	 and	 Burroughs,	 1986).	 The	 surface-sterilized	
seeds	were	sown	in	earthen	pots	(8”	diameter),	 filled	
with	 sandy	 loam	 soil	 mixed	 with	 farm-yard	 manure	
(Tadesse	 .,	2013).et	al

2.2.	Analytical	methods

Before	 irrigation	 the	 water	 samples	 were	
collected	 and	 analysed	 for	 physico-chemical	
characteristics	adopting	the	procedures	outlined	in	the	
standard	 methods	 (APHA,	 1998).	 Microbiological	
analyses	were	also	carried	out	according	to	and	mean	
values	were	obtained	from	three	random	samples.	The	
wastewater	samples	were	collected	 directly	 from	the	
drain	and	were	also	used	to	irrigate	the	plants.	Collected	
samples	 were	 then	 transported	 directly	 to	 the	
laboratory	 and	 kept	 in	 the	 refrigerator.	 The	 samples	
were	 examined	 within	 24	 h	 of	 collection	 for	 the	
presence	of	members	of	the	coliform	bacteria	group	by	
most	 probable	 number	 (MPN)	 method	 and	 total	
bacterial	count	by	spread	plate	technique	adopting	the	
procedures	outlined	 in	 the	standard	methods	(APHA,	
1998).

The	soil	samples	were	collected	before	the	start	of	
the	experiment.	These	samples	were	also	analysed	for	
standard	 physico-chemical	 properties	 according	 to	
Jackson	(1973)	and	Ghosh	 .	(1988).et	al

Based	on	type	of	industries	in	the	local	area	and	on	
earlier	reports,	six	heavy	metals	were	selected	for	their	
estimation	 in	 wastewater	 and	 soil-Cadmium	 (Cd),	
Copper	(Cu),	Chromium	(Cr),	Lead	(Pb),	Nickel	(Ni)	and	
Z i n c 	 ( Z n ) - u s i n g 	 t h e 	 a t om i c 	 a b s o r p t i o n 	
spectrophotometer	 (SENSAA	 GBC	 Avanta	 Var.	 2.02).	
Heavy	metal	was	estimated	in	wastewater	by	using	the	
method	of	Ademoroti	(1996)	and	in	soil	by	the	method	
of	Lindsey	and	Norwell	(1978).

The	plants	were	sampled	at	30,	60	and	90	days	
after	sowing	(DAS)	to	make	various	observations.	The	
plants	were	uprooted	gently	and	washed	under	running	
tap	water	 to	 remove	 adhering	 soil.	 The	 plant	 length,	
plant	 fresh	 weight,	 leaf	 number	 and	 leaf	 area	 were	
assessed.	The	samples	were	 then	dried	 in	an	oven	at	
80°C	 for	 48	 h.	 The	 dehydrated	 samples	 were	 then	
weighed	to	record	dry	mass.	Leaf	area	was	measured	
using	 a	 portable	 leaf	 area	 meter	 (LA-21,	 Systronics,	
India).	 At	 harvest,	 yield	 attributes	 including	 seed	
number,	 1000	 seed	 weight	 and	 seed	 yield	 per	 plant	
were	noted.	Seed	number	was	taken	on	per	plant	basis	
in	 spinach	 and	 carrot	 whereas	 on	 per	 pod	 basis	 in	
fenugreek	and	radish.

The	 plant	 samples	 were	 analysed	 for	 metal	
accumulation	 at	 90	 days	 after	 sowing	 (DAS).	 Each	
treated	plant	sample	was	washed	separately	with	1%	
HCl.	They	were	then	followed	by	3-4	washings	with	de-
ionized	water	 to	remove	 the	 foreign	materials.	These	
samples	were	 then	spread	on	blotting	paper	and	air-
dried,	 then	 oven	 dried	 at	 70°C.	 After	 drying,	 leaf	
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samples	were	crushed	to	powdered	form	in	a	grinder,	
and	then	converted	into	liquid	following	wet	digestion	
procedure	 (Campbell	 and	 Plank,	 1992).	 Then	 the	
accumulation	 of	 heavy	 metals	 was	 analysed	 in	 the	
diluted	 digested	 sample	 with	 the	 help	 of	 atomic	
absorption	 spectrophotometer	 (SENSAA	 GBC	 Avanta	
Var.	2.02).

After	the	results	obtained	from	AAS,	enrichment	
factor,	 transfer	 factor	 and	 pollution	 load	 index	 were	
calculated	from	the	following	procedure:

2.2.1.	Enrichment	factor

Enrichment	factor	(Barman	 .,	2000)	has	been	et	al
calculated	to	determine	the	degree	of	soil	pollution	and	
heavy	 metal	 accumulation	 in	 plants	 growing	 in	 soil	
contaminated	(wastewater-irrigated)	with	the	effluent	
with	 respect	 to	 soil	 and	 plants	 growing	 in	 the	
uncontaminated	(control)	pots.

Concentration	of	metals	in	soil	or	plant	in	
contaminated	pots

EF= ————————————————————
Concentration	of	metals	in	soil	or	plant	in	

uncontaminated	pots

2.2.2.	Transfer	factor

The	translocation	of	heavy	metal	from	soil	to	plant	
parts	[transfer	factor	(TF);	Chamberlin,	1983;	Harrison	
and	Chirgawi,	1989]	was	calculated	 to	 determine	 the	
relative	 uptake	 of	 heavy	 metals	 by	 the	 plants	 with	
respect	to	soil.

Concentration	of	metals	in	plant	body	in	
contaminated	pots

TF=————————————————————
Concentration	of	metals	in	soil	in	that	pots

2.2.3.	Pollution	Load	Index

The	degree	 of	 soil	 pollution	 for	 each	metal	was	
measured	 using	 the	 pollution	 load	 index	 (PLI)	
technique	depending	on	soil	metal	concentrations.	The	
following	modified	equation	was	used	to	assess	the	PLI	
level	in	soils	(Liu	 .,	2005).et	al

Concentraion	of	heavy	metal	in	wastewater	
irrigated	or	contaminated	soil

PLI=—————————————————————
Concentration	of	heavy	metal	in	uncontaminated	

soil	(control)

2.3.	Statistical	Analysis

Results	 obtained	 were	 statistically	 analysed,	
following	the	procedure	described	by	Steel	and	Torrie	
(1996).

3.	Results	and	Discussion

3.1.	Physico-chemical	quality	of	irrigation	waters

Table	 1	 shows	 the	 average	 physico-chemical	
characteristics	of	the	two	irrigation	waters.	Overall	the	
load	 of	 most	 of	 the	 analyzed	 parameters	 was	 much	
higher	 for	 WW	 than	 for	 the	 GW.	 The	 physical	
characteristics	(pH,	EC,	TDS,	TS	and	TSS)	of	wastewater	
were	in	agreement	with	the	recommendations	of	Food	
and	Agriculture	Organization,	FAO	(Ayers	and	Westcot,	
1994).	In	terms	of	chemical	quality,	high	values	(with	
high	 standard	 deviation)	 were	 observed	 for	 WW	
(Pescod,	1992;	Ayers	and	Westcot,	1994).	BOD	of	WW	
was	 in	 average	 higher	 than	 the	 25	 mg	 l 	 FAO	 limit	-1

(Pescod,	1992).	Clogging	(due	to	high	organic	content)	
and	pH	related	risks	could	be	considered	low	for	both	
water	sources.

Negative	 effect	 of	 infiltration	 and	 hydraulic	
conductivity	could	be	considered	low	as	well.	Lubello	et	
al.	 (2004)	 reported	 that	 in	 many	 investigations,	 a	
negative	effect	of	high	concentrations	of	ammonia	on	
crop	 root	 growth	 was	 observed.	 In	 the	 bulk	 of	 soil,	
ammonia	 goes	 through	 nitrification	 process.	Nitrates	
indeed	 migrate	 into	 the	 deep	 soil	 layers	 and	 can	 be	
hazardous	for	shallow	groundwater.

3.2.	Nutrients	supply	of	irrigation	waters

Wastewater	 nutrient	 supply	 was	 much	 higher	
compared	to	GW	which	may	cover	most	of	the	nutrient	
requirements	of	the	crop.	For	example,	nitrate	nitrogen	
was	 116.67%	 higher	 in	 wastewater	 as	 compared	 to	
groundwater,	 however,	 supply	 of	 potassium	 through	
GW	 was	 not	 negligible	 (only	 51.6%	 less	 than	 WW).	
Average	 NO -N	was	 above	 the	 limit	 of	 10	 mg	 l 	 and	3

-1

average	 ammonium	 was	 in	 the	 recommended	 range	
(Feigin	 .,	1991).	In	conclusion,	nutrients	supplied	by	et	al
fresh	water	were	consistently	much	lower	than	that	of	
wastewater	 making	 the	 later	 more	 suitable	 for	
irrigation	(Table	1).

3.3.	Biological	quality	of	irrigation	waters

The	average	 load	 in	 faecal	 coliforms	 of	 GW	was	
confirm	to	the	WHO	recommendation	(Blumenthal	et	
al.,	2000;	WHO,	2006)	on	 irrigation	water	quality	 for	
crops	 susceptible	 to	 be	 eaten	 uncooked	 (≤	 10 	 faecal	3

coliforms	in	100	ml	i.e.	3	decimal	logarithmic	units	per	
100	ml	or	log	(CFU/100	ml),	but	the	average	load	of	WW	
was	 consistently	 higher	 than	 this	 standard	 (Fig.	 1).	
Groundwater	was	found	to	be	free	from	helminth	eggs	
but	 treated	 wastewater	 showed	 helminth	 eggs	
concentration	of	9.5±11.4	eggs/l.	Such	a	concentration	
in	helminth	eggs	is	higher	than	the	recommendations	of	
the	 revised	WHO	 standards	 (less	 than	 0.1	 egg/l)	 for	
crops	likely	to	be	eaten	uncooked.

Wastewater	irrigation	of	some	vegetables
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Amahmid	 .	 (1999)	 and	 Bouhoum	 and	et	 al
Amahmid	(2002)	indicated	a	strong	contamination	of	
the	vegetables	in	particularly	the	cysts	of	Giardia	and	
eggs	of	helminths	(Ascaris).	

3.4.	Physico-chemical	quality	of	soil

The	data	for	soil	analysis	(Table	2)	revealed	that	
the	soil	was	sandy	loam	having	favourable	pH	(8.2)	for	
root	 growth	 and	nutrient	uptake.	 Soils,	watered	with	
groundwater	 as	 well	 as	 wastewater	 presented	 a	
contamination	 in	 faecal	 coliforms	 and	helminth	 eggs.	
Although	groundwater	was	helminth	egg	free,	the	latter	
were	found	in	related	irrigated	soils.

3.5.	Heavy	metal	content	in	irrigation	water	and	soil

For	heavy	metal	content	in	each	irrigant,	a	total	of	
12	samples	were	analysed	to	obtain	their	mean	values	
(Table	1).	It	is	evident	from	the	table	that	concentrations	

of	 heavy	 metals	 were	 more	 in	 wastewater	 than	
groundwater.	 Among	 the	 heavy	 metals ,	 lead	
concentration	 was	 highest	 followed	 by	 that	 of	 zinc,	
copper,	nickel,	chromium	and	cadmium.	But	level	of	all	
the	 heavy	 metals	 was	 under	 permissible	 limit.	 It	 is	
obvious	 that	 the	 higher	 heavy	 metal	 content	 in	
wastewater	 than	 groundwater	 will	 result	 in	 their	
accumulation	in	the	soil,	however,	their	levels	are	under	
permissible	limit	(Table	2).	The	heavy	metal	content	in	
soil	was	 found	maximum	for	 lead,	 followed	by	nickel,	
zinc,	 copper,	 chromium	and	 cadmium.	No	 correlation	
was	observed	between	the	heavy	metal	content	of	the	
wastewater	 or	 groundwater	with	 that	 of	 the	 soil	 and	
plant.	 This	 has	 clearly	 demonstrated	 that	 the	 fate	 of	
particular	 metal	 in	 soil	 might	 depend	 upon	 several	
factors	including	the	interaction	of	the	metal	with	plant	

Table	1:	Average	physicochemical	characteristics	of	groundwater	(GW),	wastewater	(WW)	used	to	irrigate	plants.	
All	determinations	in	mg	l 	or	as	specified.	[ Ayers	and	Westcot	(1994),	 Pescod	(1992)	Number	of	water	samples	-1 a b

tested=5]

Determinants Groundwater Wastewater Normal Range
Physical characteristics

Colour Light Black
Odour Slightly Unpleasant
pH 7.5 8.2 6.5-8.4a

Electrical Conductivity (EC) (ds/m–1) 0.74 1.32 0.25-3.0a

Chemical characteristics
Total Dissolved solids (TDS) 542 1421 <2000a

Total Solids (TS) (g l–1) 947 1288 –
Total Suspended Solids (TSS) (g l–1) 431 694 –
Biological Oxygen Demand (BOD) 16.75 52.8 <25b

Chemical Oxygen Demand (COD) 62.34 145.23 30-160b

Calcium (Ca++) 19.24 42.24 <400a

Magnesium (Mg++) 26 132 <61a

Carbonate (CO3–) 52.13 132.59 –
Bicarbonate (HCO3–) 84.27 94.22 <610a

Chloride (Cl–) 74.66 130.7 <350a

Potassium (K+) 5 11 <2.0a

Nitrate Nitrogen (NO3-N) 0.60 1.30 <10.0a

Ammonia Nitrogen (NH4-N) 0.17 4.12 5.0a

Phosphorus (PO4–) 0.07 0.89 <2.0a

Copper (Cu) 0.135 0.207 0.20a

Cadmium (Cd) 0.005 0.008 0.01a

Nickel (Ni) 0.092 0.203 0.20a

Zinc (Zn) 0.521 0.678 2.0a

Chromium (Cr) 0.11 0.15 0.1a

Lead (Pb) 2.112 3.264 5a
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(Juste	and	Mench,	1992)	and	with	organic	matter	of	the	
soil.	However,	there	was	substantial	buildup	of	Cd,	Cr,	
Cu,	 Ni,	 Pb	 and	 Zn	 in	 the	 wastewater-irrigated	 soils	
compared	 to	 the	 groundwater-irrigated	 soils.	 On	
average,	the	PLI	indices	for	Cd,	Cr,	Cu,	Ni,	Pb	and	Zn	were	
2.347,	1.05,	1.659,	3.1,	2.6	and	2.18,	respectively,	using	
the	 groundwater	 irrigated	 soil	 concentrations	 of	 this	
study.	The	enrichment	factor	of	the	heavy	metals	 is	in	
the	sequence:	Ni	(3.1)>Pb	(2.6)>	Cd	(2.35)>	Zn	(2.18)>	

Cu	(1.66)>	Cr	(1.05).	This	high	enrichment	value	(>1)	
indicates	higher	availability	and	distribution	of	metals	
in	 soil	 irrigation	 with	 wastewater	 and	 thereby	
increasing	 the	 average	 heavy	 metal	 concentration	 in	
waste water-irrigated	vegetables	with	respect	to	their	 	
groundwater-irrigated	 plants.	 Though	 the	 levels	 of	
heavy	 metals	 in	 the	 wastewater	 are	 quite	 low,	 the	
irrigated	 soil	 shows	 much	 higher	 concentrations	 of	
heavy	metals.

	 	

A B 

Fig.	1:	Average	rates	of	faecal	coliforms	in	(A)	irrigated	soil	cropped	with	vegetables	and	(B)	groundwater	(GW)	and	wastewater	
(WW).	Error	bars	denote	standard	deviation

Table	 2:	 Average	 physico-chemical	 characteristics	 of	 soil	 irrigated	 with	 groundwater	 and	 wastewater.	 All	
determinations	in	mg	l 	in	1:5	(soil:water)	extract	or	as	specified	[Number	of	soil	samples	tested=5]-1

*Pescod	(1992)

Determinants GW WW Normal Range*
Texture Sandy loam Sandy loam
pH 7.74 8.2
Cation Exchange Capacity (CEC)
(meq 100 gm–1 soil)

3.30 3.98

Electrical Conductivity (EC) (ds/m–1) 0.82 0.99
Total Dissolved solids (TDS) 779.00 835.00
Calcium (Ca++) 29.3 32.06
Magnesium (Mg++) 14.62 23.86
Carbonate (CO3–) 18.08 22.16
Bicarbonate (HCO3–) 185 196
Chloride (Cl–) 28.79 39.16
Potassium (K+) 9.4 12.50
Nitrate Nitrogen (NO3-N) (g kg–1soil) 0.352 0.42
Phosphorus (PO4–) (g kg–1soil) 0.115 0.28
Cadmium (mg kg–1) 2.16 5.07 3-6
Chromium (mg kg–1) 27.25 28.55 –
Nickel (mg kg–1) 32.50 100.78 75-150
Lead(mg kg–1) 50.18 130.64 250-500
Zinc (mg kg–1) 45.91 100.06 300-600
Copper (mg kg–1) 28.79 47.79 135-270
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Fig.	2:	Effect	of	GW	(T0),	50%	WW	(T1)	and	100%	WW	(T2)	on	
Plant	Length,	Fresh	Weight	and	Dry	Weight	of	Vegetables	at	30,	
60	and	90	DAS	[Number	of	plant	samples	tested=5]

Leaf	 number	 showed	 a	 maximum	 increase	 of	
48.18,	46.87	and	44.63%	in	fenugreek	and	43.94,	40.37	
and	 40.09%	 in	 spinach	 grown	 on	 soil	 irrigated	 with	
100%	wastewater,	 respectively	 at	 the	 three	 sampling	
stages,	over	their	respective	groundwater.	Leaf	number	
of	radish	irrigated	with	100%	wastewater	increased	by	
45.01%	at	30	DAS,	43%	at	60	DAS	and	41%	at	90	DAS	
respectively,	 over	 their	 respective	 groundwater,	
whereas	in	carrot,	increase	of	40.4%	at	30	DAS,	38.51%	
at	60	DAS	and	37.66%	at	90	DAS	were	noted	with	100%	
wastewater,	 respectively,	 over	 their	 respective	
groundwater.	 The	 leaf	 number	 increased	 from	
vegetative	 to	 flowering	 and	 thereafter	 decreased	
towards	the	fruiting	stage	(Fig.	3	and	6).

3.6.	Effect	on	plant	characteristics

3.6.1.	Growth	characteristics

The 	 e f fe c t 	 o f 	 wastewater 	 on 	 growth 	
characteristics	 was	 found	 significant	 at	 the	 three	
sampling	stages	(Fig.	2-3).	The	increase	in	wastewater	
concentration	increased	the	growth	characteristics	of	
all	 the	 four	 plants	 at	 all	 sampling	 stages.	 The	
observations	 recorded	 at	 all	 the	 sampling	 stages	
showed	 similar	 pattern	 of	 plants	 to	 wastewater	
treatments.	 The	 pattern	 of	 increase	 in	 growth	
characteristic	 for	 the	 plants	was	 fenugreek>	 radish>	
spinach>	 carrot.	 Maximum	 increase	 in	 growth	
characteristics	 was	 noted	 with	 100%	 wastewater	
followed	by	50%	wastewater	at	all	the	growth	stages.

Irrigation	 with	 100%	 wastewater	 caused	 an	
increase	in	the	plant	length	of	fenugreek	by	50,	45	and	
48%	over	their	respective	controls	at	three	samplings	
viz.	 30,	 60	 and	 90	 DAS	 respectively	 whereas	 same	
irrigation	in	spinach	recorded	an	increase	of	39,	35	and	
36.01%	 over	 their	 respective	 controls	 at	 three	
samplings	viz.	30,	60	and	90	DAS	respectively.	The	plant	
length	 in	 root	 vegetables	 followed	 the	 order	
radish>carrot	due	to	irrigation	with	100%	wastewater	
at	all	the	three	sampling	stages	showing	an	increase	of	
44.19,	38.98	and	40%	in	radish	and	35,	33	and	34%	in	
carrot	over	control.	Length	of	plants	increased	with	the	
age	(Fig.	2	and	5).

100%	 wastewater	 increased	 the	 plant	 fresh	
weight	 by	 45.04,	 40	 and	 41%	 at	 30,	 60	 and	 90	 DAS	
respectively	 whereas	 the	 same	 irrigation	 in	 spinach	
slightly	increased	the	same	parameter	by	39.06,	35.18	
and	 36.57%	 at	 30,	 60	 and	 90	 DAS	 respectively	 over	
control.	 Irrigation	with	 100%	wastewater	 caused	 an	
increase	in	plant	fresh	weight	by	43,	37.99	and	38.04%	
in	radish	and	38.03,	33.76	and	30.09%	in	carrot	at	the	
three	sampling	stages	 respectively	over	groundwater.	
The	 fresh	weight	of	 the	plants	 increased	consistently	
with	ageing	(Fig.	2	and	5).

The	dry	weight	 in	 leafy	vegetables	 followed	 the	
order	fenugreek>spinach	due	to	irrigation	with	100%	
wastewater	at	all	the	three	sampling	stages	showing	an	
increase	 of	 42.93,	 38.01	 and	 40%	 in	 fenugreek	 and	
39.04,	35.07	and	35.99%	in	spinach	over	control.	The	
increase	in	plant	dry	weight	was	40.26,	36	and	37.68%	
in	radish	whereas	37.91,	34.19	and	34.33%	in	carrot	in	
100%	wastewater	irrigation	at	all	the	sampling	stages,	
over	 their	 respective	groundwater.	Like	 fresh	weight,	
dry	weight	also	accumulated	upto	last	stage,	therefore	
maximum	recorded	at	fruiting	(Fig.	2	and	5).
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Leaf	 area	 of	 fenugreek	 irrigated	 with	 100%	
wastewater	increased	by	35	%	at	30	DAS,	33.78%	at	60	
DAS	 and	 31.23%	 at	 90	 DAS	 respectively,	 over	 their	
respective	groundwater,	whereas	in	spinach,	increase	of	
31.08%	at	30	DAS,	27.37%	at	60	DAS	and	25.39%	at	90	
DAS	were	 noted	with	 100%	wastewater,	 respectively,	
over	their	respective	groundwater.	Leaf	area	showed	a	
maximum	increase	of	34.82,	31.07	and	28.11%	in	radish	
and	29.46,	25.93	and	22.81%	 in	carrot	grown	on	soil	
irrigated	 with	 100%	 wastewater,	 respectively	 at	 the	
three	 sampling	 stages,	 over	 their	 respective	
groundwater.	Like	leaf	number,	leaf	area	also	increased	
from	vegetative	to	flowering	and	thereafter	decreased	
towards	the	fruiting	stage	(Fig.	3	and	6).

The	wastewater	 contained	 considerable	 amount	
of	 nutrients	 which	 are	 considered	 essential	 for	
maintaining	the	soil	fertility	as	well	as	for	enhancing	the	
plant	growth	and	productivity.	Wastewater	in	general	
proved	 beneficial	 in	 increasing	 the	 plant	 growth	
characteristics	and	dry	matter	accumulation	was	higher	
in	 plants	 receiving	 it	 as	 a	 source	 of	 irrigation	 water	
compared	to	those	receiving	ground	water	(GW).	100%	
WW	recorded	much	more	dry	matter	and	growth	among	
the	two	concentrations	of	water	used.	This	is	primarily	
due	 to	 the	 presence	 of	 certain	 nutrients	 of	 fertilizing	

value	 in	 wastewater	 (Soumare	 .,	 2003)	 that	et	 al
enhances	growth	of	crop	plants.	Among	them	nitrogen	
was	present	in	both	ionic	forms	nitrate	and	ammonia	
and	as	the	vegetative	growth	includes	formation	of	new	
leaves,	stems	and	roots,	the	involvement	of	N	through	
protein	metabolism	 controls	 them.	 Another	 essential	
nutrient,	phosphorus	is	also	important	for	growth	but	P	
applied	to	the	soil	is	very	rapidly	changed	to	less	soluble	
form	and	therefore	regular	supply	of	wastewater	could	
have	ensured	availability	of	phosphorus,	thus	improved	
the	growth.	The	third	important	nutrient	is	potassium	
which	 is	 known	 to	 play	 a	 significant	 role	 in	 stomata	
opening	 and	 closing	 (Fischer	 and	 Hsiao,	 1968)	 thus	
contributing	 to	 growth.Many	 research	 studies	 and	
projects	 have	 been	 accomplished	 on	 the	 usage	 and	
effects	of	wastewater	as	irrigation	source	on	different	

Fig.	3:	Effect	of	GW	(T0),	50%	WW	(T1)	and	100%	WW	(T2)	
on	Leaf	number	and	Leaf	area	of	Vegetables	at	30,	60	and	90	
DAS	[Number	of	plant	samples	tested=5]

Fig.	4:Effect	of	GW	(T0),	50%	WW	(T1)	and	100%	WW	(T2)	on	
Seed	 number	 and	 1000	 Seed	 weight	 and	 Seed	 yield	 of	
Vegetables	at	harvest	[Number	of	plant	samples	tested=5]
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In	 fenugreek,	 the	 increase	 in	 seed	 number	 was	
68.7%,	1000	seed	weight	was	69.07%	and	seed	yield	
was	70.48%	due	to	100%	wastewater	respectively,	over	
their	 respective	 ground	 water.	 On	 the	 other	 hand,	
spinach	showed	increase	of	63.64,	65.76	and	62.74%in	
seed	 number,	 1000	 seed	 weight	 and	 seed	 yield	
respectively	(Fig.	4	and	7).

In	root	vegetables	radish	showed	greater	increase	
of	65.6,	68.31	and	62.74%	in	seed	number,	1000	seed	
weight	and	seed	yield	respectively.	In	contrast,	carrot	
showed	 lesser	 increase	 in	 seed	 number	 which	 was	
60.43%,	1000	seed	weight	by	63.92%	and	seed	yield	by	
59.12%	with	100%	wastewater	respectively	(Fig.	4	and	
7).

The	 beneficial	 effects	 of	 wastewater	 application	
may	 be	 due	 to	 the	 greater	 capacity	 of	wastewater	 to	
supply	nutrients	to	plant	and	to	improve	soil	properties	
(Heckman	 .,	 1986).	 The	 obtained	 results	 also	et	 al
support	the	suggestion	of	Staniforth	and	Smith	(1991)	
who	attributed	the	increased	crop	yield	as	a	 result	of	
increasing	rate	 of	 sewage	application	 to	 the	available	
nutrients	 supplied	 particularly	 nitrogen,	 which	 is	

crops	 (Akhtar	 .,	 2012;	 Iqbal	 .,	 2012,	 2016;	et	 al et	 al
Parveen	 .,	2013;	Sahay	 .,	2013,	2015;	Tak	 .,	et	al et	al et	al
2013;	Faizan	 .,	2014).et	al

3.6.2.	Yield	characteristics

The	 increasing	 concentration	 of	 wastewater	
significantly	increased	the	yield	characteristics	of	all	the	
four	 plants	 (Fig.	 4).	 Maximum	 increase	 in	 yield	
characteristics	was	noted	with	100%	wastewater.	The	
fenugreek	 and	 radish	 exhibited	 greatest	 increase	 in	
yield	 characters	 whereas	 spinach	 showed	 lowest	
increase	followed	by	carrot.		The	order	of	performance	
for	 yield	 characteristics	 of	 plants	 was	 fenugreek>	
radish>	spinach>	carrot.

Fig.	5:	Percent	increase	of	Plant	Length,	Fresh	Weight	and	Dry	
Weight	of	Vegetables	at	30,	60	and	90	DAS	due	to	50%	WW	
(T1)	and	100%	WW	(T2)	over	groundwater

Fig.	 6:	 Percent	 increase	 of	 Leaf	 Number	 and	 Leaf	 Area	 of	
Vegetables	at	30,	60	and	90	DAS	due	to	50%WW	(T1)	and	
100%WW	(T2)	over	 groundwater(*In	 leaf	 area	%	 increase	
was	multiplied	by	10).
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reflected	in	the	increased	total	nitrogen	content	of	the	
crop.	 Tamoutsidis	 .	 (2009)	 reported	 that	 urban	et	 al
treated	 wastewater	 effectively	 increased	 the	 yield	 of	

cultivated	 forage	 crop	 species,	 probably	 due	 to	 the	
nutritive	value	of	the	wastewater.	Segura	 .	(2004)	et	al
advocated	 the	 re-use	 of	 wastewater	 in	 arid	 and	
semiarid	region	of	the	world	and	reported	significantly	
higher	 yield	 of	 melon	 and	 tomato	 obtained	 due	 to	
irrigation	with	effluents.

3.6.3.	Heavy	metal	accumulation	in	plants

The	 results	 of	 the	 heavy	metal	 content	 in	 plant	
mater ia l 	 of 	 the	 wastewater- irr igation	 and	
groundwater-irrigation	pots	are	presented	in	Table	3.	It	
is	well	 known	 that	 the	biomass	uptakes	 trace	metals	
naturally	available	to	them	through	soil	and	stores	them	
in	their	tissues.	Absorption	and	accumulation	of	heavy	
metals	in	plant	tissue	depend	upon	many	factors,	which	
include	 temperature,	 moisture,	 pH,	 and	 nutrient	
availability	(Sharma	 .,	2007).	The	accumulation	of	et	al
heavy	metals	is	greater	in	case	of	wastewater-irrigated	
vegetables	 than	 groundwater-irrigated	 agreeing	with	
many	workers	 (Sinha	 .,	2006;	Gupta	 .,	2007;	et	al et	al
Sharma	 .,	 2007).	 The	 enrichment	 of	 the	 heavy	et	 al
metals	in	plants	irrigated	with	contaminated	water	is	as	
follows:

Fenugreek	(leaf)	 Cr	(187)	>	Zn	(65.23)	>Pb	(30.89)	>	
Cd	(24.04)	>	Ni	(4.64)				>	Cu	(3.51)

Spinach	(leaf)	 Zn	(61.23)	>	Cr	(34.88)	>Pb	(30.82)	>	
Cd	(6.63)	>	Ni	(5.12)	>	Cu	(3.8)

Radish	(root)	 Zn	(102.89)	>	Cr	(65.36)	>Pb	(33.42)	
>	Ni	(10.06)	>	Cd	(8.74)	>	Cu	(3.39)

Carrot	(root)	 Zn	(82.62)	>	Cr	(32.63)	>Pb	(30.06)	>	
Ni	(9.24)	>	Cd	(7.64)>	Cu	(3.037)

It	 is	 seen	 that	 in	most	 cases	 Cr	 has	 the	 second	
highest	enrichment	in	plant	bodies	followed	by	Pb	with	
respect	to	groundwater-irrigated	specimens	indicating	
that	 these	 metals	 are	 mostly	 accumulated	 due	 to	
irrigation	with	wastewater.	

Fig.	7:	Percent	 increase	of	Seed	Number,	1000	Seed	Weight	
and	 Seed	 Yield	 of	 Vegetables	 due	 to	 50%WW	 (T1)	 and	
100%WW	 (T2)	 over	 groundwater(*In	 seed	 number	 %	
increase	was	multiplied	by	10)

a bKabata-Pendias	and	Pendias	(1984),	 FAO/WHO	standard	(1992)

Table	3:	Heavy	metal	content	(mg	kg )	in	different	plants	irrigated	with	groundwater,	50%	wastewater	and	100%	-1

wastewater	[Number	of	plant	samples	tested=5]

Plant
Name

Part
Analyzed

Cd Cu Ni Cr Zn Pb
T0 T1 T2 T0 T1 T2 T0 T1 T2 T0 T1 T2 T0 T1 T2 T0 T1 T2

Fenugreek Leaf 0.052 0.73 1.25 0.83 1.75 2.91 7.04 24.17 32.69 0.11 14.43 20.57 1.05 53.17 68.49 0.056 0.53 1.73
Spinach Leaf 0.38 1.04 2.52 1.36 2.83 5.17 8 30.22 40.93 0.72 18.06 25.11 1.24 61.49 75.93 0.098 1.62 3.02
Radish Root 0.96 3.47 8.39 3.65 8.22 12.36 8.96 58.85 90.14 0.45 20.36 29.41 1.43 138.26 147.13 0.12 2.15 4.01
Carrot Root 1.37 4.21 10.47 5.36 11.92 16.28 10.11 65.03 93.38 0.94 21.19 30.67 1.94 141.19 160.29 0.18 2.97 4.41

Range of excessive
toxicant levels in

plants (mg kg-1 DW)

5-30a 20-100a 10-100a 5-30a 100-400a 5b
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was	dependent	on	soil	properties.	The	pollution	load	
index	 values	 indicated	 that	 the	wastewater-irrigated	
soils	were	moderately	enriched	with	Cr,	Cu,	Ni,	Pb,	Zn	
and	 Cd.	 Difference	 in	 metal	 accumulative	 behaviour	
among	vegetables	has	been	observed.	The	increase	in	
metal	 content	 of	 vegetables	 grown	 with	 wastewater	
was	 well	 within	 the	 permissible	 limits	 of	 human	
consumption	 proposed	 by	 Joint	 FAO/WHO	 Expert	
Committee	 on	 Food	 Additives	 (1992)	 and	 Kabata-
Pendias	and	Pendias	(1984).	Thus,	there	is	no	urgent	
food	 safety	 issue	 concerning	 use	 of	 wastewater	 for	
irrigation	of	vegetable	crops.
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4.	Conclusion

Acute	shortage	of	drinking	water	is	on	the	rise	and	
consequently	allocation	of	freshwater	for	irrigation	is	
steadily	 declining.	 Reuse	 of	 wastewater	 is	 becoming	
lucrative	 option	 especially	 because	 of	 its	 high	 plant	
nutrient	 content.	 	 Based	 on	 the	 findings	 we	 can	
conclude	that	the	wastewater	proved	beneficial	for	the	
crop	growth	and	productivity.	Build-up	of	heavy	metals	
(Cd,	Cu,	Cr,	Zn,	Ni	and	Pb)	has	been	observed	in	soils	
irrigated	with	wastewater	as	compared	to	GW	irrigated	
soils,	however	mobility/	bioavailability	of	heavy	metals	
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Table	4:	Enrichment	factor	and	transfer	factor	for	 individual	heavy	metals	caused	by	the	consumption	of	different	selected	
vegetables	grown	in	wastewater-irrigated	soils	(T )3

Plants Cd Cu Ni Cr Zn Pb
Fenugreek EF 24.04 3.51 4.64 187 65.23 30.89

TF 0.247 0.061 0.32 0.72 0.684 0.013
Spinach EF 6.63 3.8 5.12 34.88 61.23 30.82

TF 0.497 0.108 0.406 0.879 0.759 0.023
Radish EF 8.74 3.39 10.06 65.36 102.89 33.42

TF 1.65 0.259 0.894 1.03 1.47 0.031
Carrot EF 7.64 3.037 9.24 32.63 82.62 30.06

TF 2.065 0.341 0.927 1.07 1.602 0.041
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