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Bu çal ışma,  sülfat  tuzlar ı  iç indeki  Cu+,  Mn+ ve Ni+ iyonlar ının değişen konsantrasyonlar ının soya 
fasulyesi  (Glycine max)  tohumlarının çimlenme ve büyümesine olan etkis ini  araşt ı rmaktadır.  Yüksek 
sayıda endüstr i  kompleksler inin bulunduğu bölgelerdeki  tar ım arazi ler i  yerel  gıda kaynaklar ına ve sağl ığa 
r isk oluşturur.  Endüstr i  merkezler inden gelen,  Cu,  Ni ,  Pb ve Cr gibi  ağır  metal ler le  kir lenen at ık  sular 
tar ım alanlar ını  kir le tebi l i r,  b i tki ler i  ve tohumları  e tki leyebi l i r.  Bu çal ışma,  Glycine max  tohumlarının 
farkl ı  konsantrasyonlardaki  (0 .2  M, 0.1 M ve 0.05 M) CuSO 4,  MnSO 4 ve NiSO 4 tuzlar ına maruz 
bırakı ldığındaki  ç imlenmeler i  ve büyümeler i  üzer indeki  e tki ler ini  araşt ı rmaktadır.  Çal ışma,  çözel t i  tür ler i 
ve konsantrasyonlar ının tohum büyümesi  üzer indeki  e tkis ininin is ta t iksel  olarak değerlendirmek iç in  iki 
yönlü ANOVA ve regresyon anal iz ler i  kul lanmaktadır.  Sonuçlar,  ar tan ağır  metal  konsantrasyonlar ı  i le  tohum 
büyümesi  arasında güçlü bir  negat i f  korelasyon olduğunu göstermektedir.  Ancak,  farkl ı  metal  iyonlar ının 
etki ler i  arasında is ta t iksel  olarak anlamlı  bir  fark gözlemlenmemişt i r.  Çal ışma,  Cu+,  Mn + ve Ni + iyonlar ının 
sülfat  tuzlar ındaki  ar tan konsantrasyonlar ının tohum büyümesinde önemli  bir  azalmaya neden olduğunu 
göstermektedir.  Bulgular,  tar ım uygulamalar ında ağır  metal  kontaminasyonunun potansiyel  r iskler ini 
vurgulamakta ve absorbe edi len ağır  metal ler in  bi tki lerden insan sağl ığına t ransfer i  üzer ine daha fazla 
araşt ı rmaya gerek olduğunu or taya sunar.

Anahtar Kelimeler:  soya fasulyesi ,  Glycine max ,  tohum, büyüme,  ç imlenme,  bakır  sülfat ,  n ikel  sülfat , 
ağır  metal ler,  CuSO4,  MnSO 4,  NiSO 4,  mangan sülfat

This  s tudy invest igates  the impact  of  varying concentrat ions of  Cu+,  Mn +,  and Ni + ions in  sulfate  sal ts 
on the germinat ion and seed growth of  soybeans (Glycine max) .  In  regions with a  high densi ty  of  industr ia l 
complexes,  agr icul tural  lands of ten coexis t  with industr ia l  act ivi t ies ,  posing a  r isk to  local  food suppl ies  and 
heal th .  Wastewater  f rom industr ia l  centers ,  r ich in  heavy metals  such as  Cu,  Ni ,  Pb,  and Cr,  can contaminate 
agr icul tural  areas ,  affect ing crops and seeds.  This  s tudy explores  the germinat ion and growth of  Glycine max 
seeds exposed to  different  concentrat ions (0.2 M, 0.1 M, and 0.05 M) of  CuSO4,  MnSO 4,  and NiSO 4 sal ts . 
The s tudy employs two-way ANOVA and regression analyses  to  assess  the s ignif icance of  solut ion types and 
concentrat ions on seed growth.  The resul ts  indicate  a  s t rong negat ive correlat ion between increasing heavy 
metal  concentrat ions and seed growth.  However,  no s ignif icant  difference is  observed among the effects  of 
different  metal  ions.  The s tudy concludes that  increased concentrat ions of  Cu+,  Mn +,  and Ni + ions in  sulfate 
sal ts  lead to  a  s ignif icant  decrease in  seed growth.  The f indings emphasize the potent ia l  r isks  of  heavy metal 
contaminat ion in  agr icul tural  pract ices  and cal l  for  fur ther  research on the t ransfer  of  absorbed heavy metals 
in  crops to  human heal th .  Presented at  Bi l im Armonisi  Internat ional  Youth Congress  on December 15th,  2023.

Keywords:  soybeans,  Glycine max ,  seed,  growth,  germinat ion,  copper  sulfate ,  manganese sulfate ,  nickel 
sulfate ,  heavy metals ,  CuSO4,  MnSO 4,  NiSO 4
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ABSTRACT

Cu+, Mn+, ve Ni+ İyonlarının Farklı Konsantrasyonlarının Glycine max (Soya 
Fasulyesi) Çimlenmesi Üzerindeki Etkileri ANTALYA
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EFFECTS OF DIFFERENT CONCENTRATIONS OF Cu+, Mn+, AND Ni+ IONS ON 
GLYCINE MAX   GERMINATION
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1 . 3 .  B a c k g r o u n d

1 . 3 . 1 .  H e a v y  M e t a l  D e p o s i t i o n

Heavy metals  are  def ined as  natural ly  occurr ing 
elements  that  have higher  a tomic masses  and at 
least  5  t imes greater  densi ty  than that  of  water 
(Tchounwou et  a l .  2014) .  Two groups of  act ivi t ies 
resul t  in  s ignif icant  environmental  deposi t ion of 
heavy metals :  Anthropogenic  and natural . 

One of  the most  s ignif icant  human-derived 
sources  of  contaminated wastewater  is  industr ies 
that  are  involved in  e lectroplat ing and metal  surface 
t reatment .  They are  responsible  for  the deposi t ion 
of  substant ia l  amounts  of  heavy metals  such as 
Zn,  Pb,  Cu,  Pt ,  Cd,  and Ni  to  the environment , 
most ly  via  wastewater.  Likewise,  pr inted circui t 
board product ion is  a lso a  s ignif icant  source of 
heavy metals  in  wastewater  such as  Sn.  Moreover, 
petrochemical  industr ies  and oi l  ref iner ies  –  for 
example,  the one that  is  only a  few ki lometers 
away from our  school  dis t r ic t  –  contr ibute  to  a 
high Ni  and Cr contaminat ion in  the surrounding 
environment .  Therefore ,  we can conclude that 
regions with a  greater  number of  industr ia l 
complexes and centers  that  process  heavy metals 
are  more contaminated with heavy metals  through 
wastewater. 

Even though the most  probable  way of  heavy 
metal  deposi t ion is  through human-derived 
causes ,  some natural  processes  are  a lso involved 
in  increasing heavy metal  concentrat ions in 
an environment .  Volcanic  erupt ions and lava 
release heavy metals  that  are  t rapped deeper  in 
the Earth’s  crust .  Also,  the weather ing of  rocks 
increases  the l ikel ihood of  the dissolut ion of  ions 
of  heavy metals  in  water  and la ter  leaching into 
greater  water  bodies ,  la ter  leading to  groundwater 
contaminat ion (Nwaichi  e t  a l .  2014) .  The ones that 
can not  leach through the groundwater,  accumulate 
on the surface (Aydinalp and Marinova 2009) . 

In  a  nutshel l ,  the  soi l  can have a  metal 
concentrat ion range between less  than 1mg/kg 
and as  high as  100000mg/kg due to  both natural 
and anthropogenic  causes  (Aydinalp and Marinova 
2009) .  Higher  concentrat ions of  var ious heavy 
metals  such as  Nickel ,  Copper,  and Zinc in  the 
soi l  have displayed a  great  role  in  ecological 
imbalances,  even though these species  are 
essent ia l  as  micronutr ients  in  plants’ survival 
(Aydinalp and Marinova 2009) . 

Nickel  (Ni)  is  considered highly toxic  for 
the majori ty  of  plant  species .  Ni  can act  as  an 
inhibi tor  in  several  metabol ic  pathways.  Sethy 
and Ghosh (2013)  suggest  that  Ni  disrupts  the 
s t ructure  of  several  enzymes such as  amylase, 
protease,  and r ibonuclease enzyme.  Ribonuclease 
enzyme is  essent ia l  in  protein synthesis  and cel l 
divis ion.  Amylase and protease are  responsible 

1. INTRODUCTION

1 . 1 .  R e s e a r c h  Q u e s t i o n

What effects  do different  concentrat ions of  Cu+, 
Mn +,  and Ni + ions have on soybean (Glycine max) 
germinat ion and seed growth?

1 . 2 .  C o n t e x t

In  general  c i ty  planning,  c i t ies  consis t 
of  economic,  res ident ia l ,  agr icul tural ,  and 
industr ia l  centers .  Most  of  the t ime,  industr ia l 
and agricul tural  centers  are  located next  to  each 
other.  This  causes  some basic  issues .  Studying 
at  a  boarding school  located in  one of  the most 
industr ia l ized centers  in  the region,  the negat ive 
aspects  of  l iving next  to  an immense industr ia l 
act ivi ty  drew my at tent ion.  The main issue is 
the fact  that  the surroundings of  these industr ia l 
areas  are  most ly  used for  agr icul tural  pract ices . 
A disrupt ion in  these farmlands resul ts  in  greater 
problems in  the local  food supply and heal th . 
Consider ing that  our  food is  suppl ied from the 
local  farmer ’s  markets ,  the school  populat ion is 
most  l ikely subjected to  those negat ive effects . 
Likewise,  crops and seeds that  are  i r r igated with 
contaminated waters  may display disrupt ions in 
growth,  resul t ing in  economic damage. 

	 With the advancements  in  technology, 
the rate  of  industr ia l  product ion increases ,  and 
the number of  industr ia l  complexes s ignif icant ly 
r ises  (Sethy and Ghosh 2013) .  Chemical- intensive 
industr ies  produce great  amounts  of  wastewater. 
Because of  the chemical  processes  involving heavy 
metals ,  the wastewater  f rom industr ia l  centers 
contains  high concentrat ions of  heavy metals  such 
as  Cu,  Ni ,  Pb,  and Cr,  implying an environmental 
heal th  hazard.  Since sal ts  of  heavy metals  are 
highly soluble  in  water,  the biological  community 
that  is  dependent  on the local  water  resources  that 
are  next  to  industr ia l  complexes can easi ly  absorb 
the dissolved heavy metals .  Consider ing the food 
chain and the biomagnif icat ion effect ,  which can 
be def ined as  the process  in  which the substances 
become more concentrated at  the next  t rophic 
level ,  humans and animals  are  a t  r isk of  ser ious 
heal th  problems such as  cancer,  organ damage, 
i r revers ible  nervous system damage,  immune 
defense fai lure ,  intrauter ine growth retardat ion, 
psychosocial  dysfunct ion,  malnutr i t ion,  and 
gastrointest inal  neoplasms (Barakat  2012,  Geng 
et  a l .  2020) .  To prevent  these negat ive effects , 
wastewater  t reatment  techniques are  being 
advanced and more popular.

	 This  invest igat ion wil l  seek to  display the 
effects  of  i r r igat ion with contaminated water  on 
plants .  Heavy metals  intoxicate  crops and cause a 
decrease in  crop yields ,  germinat ion,  and growth 
(Sethy and Ghosh 2013) . 
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for  indigest ion and indispensable  for  providing 
nutr ients  to  the body.  Therefore ,  by affect ing key 
enzymes in  an organism,  higher  concentrat ions 
of  Ni  inhibi t  growth.  In  plants ,  the germinat ion 
process  and fer t i l i ty  are  a lso negat ively affected 
by Ni ,  as  i t  prevents  digest ion of  carbohydrates 
and proteins ,  reducing catalyt ic  act ivi ty  and 
developing oxidat ive s t ress .  Observat ions include 
shorter  s tem height ,  root  weight ,  lower  mass,  and 
reduced chlorophyl l  concentrat ion (Sethy and 
Ghosh 2013) . 

Resembling Ni’s  propert ies ,  copper  (Cu)  is  a lso 
essent ia l  and beneficial  for  metabol ic  processes . 
Posi t ively contr ibut ing to  blood formation, 
carbohydrate  digest ion,  col lagen formation,  and 
kerat in  amounts ,  Cu displays toxici ty  as  wel l .  The 
reduct ion process  of  Cu(II)  to  Cu(I)  generates 
superoxide and hydroxyl  radicals  (Tchounwou et 
a l .  2014) .  Therefore ,  Cu may lead to  a  reduced 
germinat ion rate  in  plants  and cause toxici ty.  Cu 
s t ress  in  plants  inhibi ts  the digest ion of  s tarch and 
sucrose s ince i t  leads to  the induct ion of  glucose 
and fructose release and disrupts  the act ivi t ies  of 
a lpha-amylase and invertase  (Sethy and Ghosh 
2013) .

Manganese (Mn) is  an essent ia l  micronutr ient 
with both beneficial  and potent ia l ly  harmful 
effects  on plant  growth.  As a  cr i t ical  cofactor,  Mn 
supports  several  enzymatic  react ions,  including 
those involved in  photosynthesis ,  ni t rogen 
metabol ism,  and carbohydrate  synthesis .  I t  i s 
indispensable  for  the funct ion of  the oxygen-
evolving complex in  photosystem II ,  enabl ing 
water-spl i t t ing and oxygen evolut ion during 
photosynthesis .  However,  Mn toxici ty  occurs  in 
water logged or  acidic  soi ls ,  where excessive Mn 
avai labi l i ty  generates  oxidat ive s t ress ,  disrupts 
root  growth,  and inhibi ts  nutr ient  uptake.  Mn 
deficiency s imilar ly  affects  plant  heal th ,  causing 
reduced chlorophyl l  concentrat ion,  s tunted 
growth,  and impaired photosynthet ic  eff ic iency 
(Schmidt  and Husted 2019,  Alejandro et  a l .  2020) . 

Intensive wastewater  t reatment  techniques and 
centers  need to  be developed to  minimize the 
concentrat ions of  heavy metals  in  wastewater  to 
protect  the environment  f rom the negat ive effects 
of  the growing industr ies  as  “Human act ivi t ies 
such as  industr ia l  and agricul tural  product ion,  and 
t ransportat ion increase Cu,  Zn and Cd enrichment 
factors”  (Guo et  a l .  2019,  Barakat  2012)

1 . 3 . 2 .  R e l e v a n c e  o f  T h i s  I n v e s t i g a t i o n

Ajiboye et  a l .  (2021)  point  out  that  using 
wastewater  for  agr icul tural  i r r igat ion purposes 
has  become popular  among Afr ican farmers  as 
wastewaters  provide a  high amount  of  nutr ients . 
Moreover,  farmers  who use wastewater  as  an 
i r r igat ion source seem to earn a  greater  income 
than those who do not  use wastewater  income 

(Ajiboye et  a l .  2021) .  Therefore ,  we can claim that 
using wastewater  a t t racts  farmers  as  a  pr imary 
i r r igat ion source.  However,  as  ment ioned ear l ier, 
wastewater  contains  a  higher  level  of  heavy metal 
concentrat ions than tap water.  I r r igat ing crops 
with wastewater  for  an extended per iod resul ts 
in  accumulat ing heavy metal  par t ic les  in  the 
soi l .  For  example,  Ajiboye et  a l .  (2021)  deduced 
mean concentrat ions of  Cu,  Mn,  and Ni  ions in 
the sample soi l  as  1 .12 mg/L,  0 .84 mg/L,  and 
0.13 mg/L respect ively (Ajiboye et  a l .  2021) .  As 
heavy metals  are  considered dangerous for  plants 
due to  their  toxic  t ra i ts ,  increased heavy metal 
concentrat ion and accumulat ion in  the soi l  wil l 
damage crop yield by inhibi t ing key metabol ic 
processes  that  affect  germinat ion,  growth,  and 
reproduct ion in  plants  and seeds (Sethy and 
Ghosh 2013) .  Most  s tudies  natural ly  focus on the 
negat ive effects  on human heal th .  However,  this 
invest igat ion quest ions whether  specif ic  heavy 
metal  solut ions with different  concentrat ions 
affect  growth in  soybean seeds.

1 . 3 . 3 .  P r e l i m i n a r y  Te s t i n g

Cu displayed a  greater  effect  on seed germinat ion 
when tes ted against  other  heavy metals  in  f ive 
different  concentrat ions (Baruah et  a l .  2019) . 

Observat ions concluded that  plants  that  are 
exposed to  greater  than 50 mg/kg concentrat ions of 
Ni  suffered from toxici ty  and displayed symptoms 
accordingly;  yet ,  very low concentrat ions seemed 
to  contr ibute  to  the synthesis  of  the urease enzyme 
(Aydinalp and Marinova 2009) .

To col lect  resul ts  in  a  shorter  t ime,  Glycine 
max  (soybean)  seeds are  considered for  the 
invest igat ion.  Glycine max  i s  es t imated to 
germinate  approximately af ter  two days.  Also, 
tes t ing the effects  of  heavy metals  on Glycine 
max  germinat ion is  essent ia l  s ince soybean is 
located among the greatest  sources  of  vegetable 
oi l  and l ivestock feed.  Moreover,  Glycine max 
has a  40-42% of  protein content ,  having the 
most  percentage of  protein content  compared 
to  other  crops.  Likewise,  Glycine max  h ighly 
contr ibutes  to  the ni t rogen f ixat ion process  when 
sowed in  farmland.  Therefore ,  Glycine max  draws 
s ignif icant  importance in  global  food supply and 
agricul tural  product ion as  a  protein source and a 
s ignif icant  actor  in  ni t rogen f ixat ion (Pagano and 
Miransar i  2016) .

A s tudy on Eruca sat iva  germinat ion suggested 
the use of  a  maximum of  1  mM for  each heavy 
metal  solut ion.  However,  only Ni  displayed 
a  s ignif icant  difference in  germinat ion and 
growth with this  concentrat ion (Zhi  e t  a l .  2015) . 
Therefore ,  using three concentrat ions of  Ni ,  Cu, 
and Mn ions ranging between 0.2 M and 0.05 M 
was decided.
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1 . 3 . 4 . 	 H y p o t h e s e s

Hypothesis  1: 

Given the higher  toxici ty  levels  and role  as 
an inhibi tor  in  several  metabol ic  processes ,  Ni+ 
displays the greatest  inhibi tory effect  on Glycine 
max  germinat ion than Cu+ and Mn +.

Hypothesis  2: 

Higher  concentrat ions of  Cu +,  Ni +,  and Mn + wil l 
demonstrate  a  greater  inhibi tory effect  on Glycine 
max  growth than lower concentrat ions.

2 .  M E T H O D O L O G Y
2 . 1 .  R a t i o n a l e

The two-way ANOVA test  a ims to  analyze 
i f  there  is  a  s ignif icant  difference between the 
effects  of  different  sulfate  solut ions on seed 
growth.  In  this  examinat ion,  seed growth is 
calculated by the average percentage change in 
seed mass.  Regression analyses  a im to display the 
correlat ions between the solut ion concentrat ions 
and growth.  A greater  R 2 value wil l  display a 
s t rong correlat ion.  These analyses  are  essent ia l 
for  tes t ing the s ignif icance of  the resul ts  and 
val idat ing the hypotheses .

To invest igate  the effects  of  different  metal  ions 
on seed growth,  aqueous solut ions of  metal  sal ts 
should be considered.  In  the l i terary survey,  most 
of  the experiments  used chlor ide sal ts .  However, 
due to  the unavai labi l i ty  of  chlor ide sal ts  in  the 
school’s  chemistry laboratory,  i t  was decided to 
use sulfate  sal ts  of  Cu,  Mn,  and Ni .  Sulfate  ions 
are  considered harmless  and less  insignif icant 
than heavy metals  in  terms of  act ing as  a  growth 
inhibi tor.  In  this  invest igat ion,  growth wil l  be 
determined through a  germinat ion process .  Glycine 
max  seeds are  used due to  their  quick germinat ion.

2 . 2 .  V a r i a b l e s

2 . 2 . 1 .  I n d e p e n d e n t  V a r i a b l e s

A total  of  two independent  var iables  wil l  be 
assessed in  this  invest igat ion,  solut ion type,  and 
concentrat ion.  The tes ted solut ions consis t  of 
aqueous solut ions of  CuSO 4,  MnSO 4,  and NiSO 4 
sal ts .  Likewise,  different  concentrat ions are 
tes ted as  0 .2  M, 0.1 M, and 0.05 M. Because water 
is  the solvent  for  these sal ts ,  the  control led group 
included the same tap water  that  was used in  the 
sal t  solut ions as  the control  group.

2 . 2 . 2 .  D e p e n d e n t  V a r i a b l e s

In  this  experiment ,  the growth which is 
determined via  seed mass and percentage change in 
seed mass in  grams (g)  is  the dependent  var iable . 
This  is  measured using a  lab balance (±0.01g) .

2 . 2 . 3 .  C o n t r o l l e d  V a r i a b l e s

The total  days of  the experiment  are  kept 
constant  for  each seed sample ( total  of  6  days) , 
as  growth is  measured af ter  6  days for  each seed. 

Each seed is  selected with an ini t ia l  mass  of 
0 .19g from the same package of  the same brand; 
the mass is  measured with the same scale .  Seed 
s ter i l izat ion was not  conducted.  Seeds that 
displayed visual  anomalies  such as  odd color, 
darkness ,  and wrinkles  on the seed coat  were 
el iminated to  maintain the qual i ty  and heal th  of 
each seed. 

Germinat ion condi t ions are  kept  constant  for 
each sample.  Temperature  and oxygen amount 
in  the air  is  important  in  germinat ion s ince the 
temperature  is  essent ia l  to  ini t ia te  germinat ion 
and the germinat ing seeds need oxygen for 
respirat ion.  They are  a l l  kept  in  the same medium, 
and exposed to  the same temperature  unt i l  the  las t 
day of  the experiment .  However,  on day 2,  a l l  the 
samples  were t ransferred to  another  medium where 
the temperature  was kept  constant  throughout  the 
day.  This  wil l  be discussed la ter  in  the Evaluat ion 
of  the Method.

All  samples  including the control  group are 
watered with the same amount  of  solut ions.  On 
day 0,  a l l  the  samples  are  watered with 10mL of 
responding solut ions.  Then,  on Day 3,  they are 
watered with 10mL of  solut ions. 

Also,  the seeds are  germinated in  Petr i  dishes 
of  the same s ize  and volume.  The amount  of  cot ton 
used for  the sample preparat ion is  kept  constant  via 
eyebal l  es t imate ,  yet  addi t ional  cot ton was added 
when needed for  water  absorpt ion throughout  the 
experimental  process .

Moreover,  samples  are  kept  in  a  box to  prevent 
l ight .  Therefore ,  the growth by the photosynthesis 
factor  is  e l iminated.  Thus,  measured growth 
wil l  express  only the effects  of  the mentioned 
independent  var iables . 

Final ly,  s ince the metal- to-sulfate  ra t io  is  1:1 
in  a l l  sa l t  solut ion samples ,  the amount  of  SO4- 
ions was the same in  different  solut ion groups. 
Therefore ,  the differences due to  the possible 
effects  of  sulfate  ions on growth are  e l iminated.

2 . 3 .  M a t e r i a l s

 
Table 1:  quant i t ies  of  mater ia ls  required for  the experiment

Mater ia ls  are  provided from the school’s 
biology and chemistry laborator ies .  While  using 
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the equipment ,  biology,  and chemistry teachers 
were consul ted.

2 . 4 .  E x p e r i m e n t a l  P r o c e d u r e
2 . 4 . 1 .  E x p e r i m e n t a l  P r e p a r a t i o n s
In  the f i rs t  s tep of  the experimental  process ,  the 

solut ions are  prepared.  For  convenience,  the 0.2 M 
solut ions are  prepared,  so that  i t  would be easier 
to  produce the smaller  concentrat ions la ter  while 
water ing the samples .  Hydrated sal ts  are  obtained 
from the school’s  chemistry lab.  Atomic masses 
for  CuSO 4·5H 2O,  MnSO 4·H 2O,  and NiSO 4·6H 2O are 
accepted as  249.709 amu,  169.02 amu,  and 262.87 
amu respect ively;  49.95 g,  33.80 g,  and 52.57 g of 
respect ive hydrated sal ts  are  used to  prepare the 
0.2 M solut ions.  Sal ts  are  poured into 1 L f lorence 
f lasks  af ter  being weighed on the balance.  Then 
f lasks  are  made up to  1  L by pouring tap water 
f rom the same source.  NiSO 4 solut ion immediately 
dissolved in  water  while  CuSO 4 needed a  magnet ic 
s t i r rer  to  dissolve.  Solut ions are  prepared in  1  L 
due to  assuming that  the seeds would need to  be 
watered every day with 15 mL of  solut ions. 

The f lasks  are  tagged and a  warning s ign is 
put  on the f lask with NiSO 4 solut ion.  During the 
preparat ion of  chemicals ,  la tex gloves,  goggles , 
and a  lab coat  are  used while  a lso safety data 
sheets  in  Appendices  1-3 are  considered. 

The second s tep involved select ing seeds and 
preparing the Petr i  dishes .  Seeds that  weighed 
19 mg were selected for  the experiment .  Cot ton 
pieces  f rom a brand-new package were placed 
as  two layers  in  Petr i  dishes;  seeds were put  in 
between.

2 . 4 . 2 .  G e r m i n a t i o n 
On day 0,  each sample was watered with 10 mL 

of  their  respect ive solut ions and concentrat ions. 
15 mL of  solut ions were not  used af ter  observing 
a  peer ’s  experiment  in  which 15 mL of  solut ions 
were not  absorbed by the cot ton sheets  in  Petr i 
dishes .  Sulfate  solut ions were poured with caut ion 
due to  their  high toxici t ies .  0 .1  M and 0.05 M 
concentrat ions of  the solut ions are  prepared r ight 
before  being poured on the seeds.  For  0 .1  M 
solut ions,  5  mL of  the 0.2 M solut ion and 5 mL of 
tap water  were measured in  a  graduated cyl inder 
and mixed in  a  beaker;  then the new solut ion with 
a  concentrat ion of  0 .1  M was poured on the seeds. 
The same process  is  fol lowed for  preparing 0.05 
M solut ions:  2 .5  mL of  the 0.2 M solut ion and 7.5 
mL of  tap water  are  mixed.  In  the end,  the Petr i 
dishes  were placed in  a  box. 

The same process  is  appl ied on day 3.  Unlike 
the assumption made while  preparing the 0.2 M 
solut ions,  no addi t ional  solut ion was added on 
the other  days of  the experiment  s ince the cot ton 
sheets  were s t i l l  wet  unt i l  the  end of  day 2.

2 . 4 . 3 .  C o l l e c t i n g  R e s u l t s

Star t ing from day 1,  the weights  of  the seeds 
are  measured with an electronic  weighing scale 
once a  day for  5  days.  Each seed had a  total  of  5 
readings.  The resul ts  are  noted and form the raw 
data  a t  the end of  the experiment . 

To prevent  contact  with the toxic  solut ions, 
each seed was carr ied with tweezer  forceps.  After, 
col lect ing resul ts ,  Petr i  dishes  were placed in  the 
closed box.

2 . 5 .  R i s k  A s s e s s m e n t
The chemicals  used in  this  experiment 

are  considered dangerous.  Especial ly  in  the 
preparat ion par t ,  the  dust  of  the sulfate  sal ts 
should not  be breathed direct ly.  Direct  contact 
with solut ions is  avoided and mater ia ls  are 
thoroughly r insed af ter  being used.  A lab coat 
was worn during the preparat ion and data 
col lect ion processes .  Hands were immediately 
washed af ter  contact ing solut ions.  All  the waste 
produced during the experiment  was placed in  the 
contaminated waste  container  in  the lab bui lding. 
For  fur ther  precaut ions,  protocols  in  safety data 
sheets  in  Appendices  1-3 are  referred to .

3 .  D ATA  C O L L E C T I O N  A N D  P R O C E S S I N G
3 . 1 .  R a w  D a t a
See Appendices  4-7

3 . 2 .  P r o c e s s e d  D a t a

3 . 2 . 1 .  Q u a l i t a t i v e  D a t a

 
 
 

 
Table  2:  Qual i ta t ive observat ions af ter  Day 5

Germinat ion and radicle  formation are  observed 
as  qual i ta t ive data .  According to  Table  1 ,  every seed 
displayed radicle  formation.  Radicle  formation 
includes the visual ly  observable  radicles  within 
the seed coat ,  even when there  is  no germinat ion. 
However,  only the seeds that  were watered with 
tap water  and MnSO 4 solut ions germinated.  Also, 
black spots  formed on the seeds that  were watered 
with MnSO 4 solut ions. 
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CuSO 4 and NiSO 4 solut ions lef t  blue and green 
s ta ins  on the seeds,  respect ively.

3 . 2 . 2 .  Q u a n t i t a t i v e  D a t a

 
 
Table  3:  Average seed mass of  different  groups for  each day

After  col lect ing data  f rom the three t r ia l  groups 
for  each solut ion type with different  concentrat ions, 
Table  3  was developed by averaging those raw 
data .  The mass data  for  Trial  1  of  0 .05 M CuSO4 
solut ion is  not  used for  calculat ing the average 
and i ts  data  was el iminated s ince i t  d id  not  show 
any growth or  absorbed water.

 
Graph 1:  a  scat ter  plot  graph with best-f i t  l ines  comparing the 

effects  of  different  concentrat ions of  CuSO4 on average seed mass

 
Graph 2:  a  scat ter  plot  graph with best-f i t  l ines  comparing the 

effects  of  different  concentrat ions of  MnSO4 on average seed mass

 
 
Graph 3:  a  scat ter  plot  graph with best-f i t  l ines  comparing the 

effects  of  different  concentrat ions of  NiSO4 on average seed mass

 

Graph 4:  a  scat ter  plot  graph with a  best-f i t  l ine  of  the control  group 
on average seed mass

Graphs 1,  2 ,  and 3 display the average seed 
mass values  for  different  concentrat ions of 
CuSO 4,  MnSO 4,  and NiSO 4 solut ions for  each day 
of  the experiment .  According to  the graphs,  higher 
concentrat ions resul ted in  less  average seed mass. 
Also,  each concentrat ion group displayed an 
increase in  average seed mass values  throughout 
the experiment .  The control  groups displayed 
average seed mass values  between 0.420 – 0.560 
grams.

 
Graph 5:  a  scat ter  plot  graph with best-f i t  l ines  comparing effects  of 
0 .2  M of  heavy metal  solut ions on average seed mass

 
 
 

 

 

Graph 6:  a  scat ter  plot  graph with best-f i t  l ines  comparing effects  of 
0 .1  M of  heavy metal  solut ions on average seed mass

 
Graph 7:  a  scat ter  plot  graph with best-f i t  l ines  comparing effects  of 

0 .05 M of  heavy metal  solut ions on average seed mass
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Graphs 5,  6 ,  and 7 display the average seed 
mass values  for  different  solut ion types of  0 .2 
M, 0.1 M, and 0.05 M concentrat ions for  each 
day of  the experiment .  According to  the graphs, 
NiSO 4 solut ions resul ted in  less  average seed 
mass.  Also,  each solut ion group displayed an 
increase in  average seed mass values  throughout 
the experiment .  The maximum average seed mass 
value is  observed in  0 .05 M MnSO 4 solut ion 
(excluding the values  f rom the control  group) , 
while  0 .2  M NiSO 4 solut ion shows the minimum 
average seed mass value.

3 . 3 .  S t a t i s t i c a l  A n a l y s i s

3 . 3 . 1 .  R e g r e s s i o n  A n a l y s i s  a n d  O n e - W a y  A N O V A 

 
Table 4:  Average percentage changes in  seed mass

Average percentage change values  were 
generated for  col lected seed mass values 
regarding the independent  var iables .  These values 
wil l  be referred to  as  growth values .  To analyze 
the correlat ion between increasing concentrat ions 
of  each solut ion type and growth,  a  regression 
analysis  was conducted and R 2 values  for  each 
solut ion type were generated.  The regression 
analyses  were conducted on Off ice  Excel  sof tware. 
The analyses  a lso ran one-way ANOVA and tes ted 
the s ignif icance of  the difference between the 
effects  of  different  concentrat ion groups on seed 
growth.  Therefore ,  the fol lowing hypotheses  were 
tes ted. 

 
Table  5:  hypotheses  for  one-way ANOVA 

 

 

 Table  6:  Regression Analysis  Data  For  MnSO 4

 

 

  Table  7:  Regression Analysis  Data  For  CuSO 4

  Table  8:  Regression Analysis  Data  For  NiSO 4

    
 Graph 8:  Regression Analysis  of  Glycine max grown in different 
molar i t ies  of  Sample Solut ions for  6  days with l inear  t rend l ines

As observed in  Graph 8 and Tables  6 ,  7 ,  and 8,  R 2 
values  for  CuSO 4,  MnSO4,  and NiSO 4 are  es t imated 
as  0 .9842,  0 .9796,  and 0.9796 respect ively.  Also, 
one-way ANOVA resul ts  f rom Tables  6 ,  7 ,  and 
8 for  each solut ion displayed F>Signif icance F. 
Therefore ,  the al ternate  hypothesis  (Ha)  on Table 
5  is  accepted for  a l l  solut ion types.

3 . 3 . 2 .  T w o - W a y  A N O V A

 

 
Table 9:  Average percentage change in  seed mass of  independent 
var iables
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A two-way ANOVA was conducted on Off ice 
Excel  for  the values  in  Table  9 .  A two-way ANOVA 
evaluates  the s ignif icance of  two independent 
var iables  on dependent  var iables  a l together. 
Hypotheses  for  two-way ANOVA are displayed in 
Table  10.

 Table 10:  hypotheses  for  two-way ANOVA

         Table 11:  resul ts  of  two-way ANOVA

Resul ts  of  two-way ANOVA displays P-value > 
α for  each independent  var iable .  Therefore ,  nul l 
hypotheses  (H 0)  were accepted in  Table  13.

    

Table 12:  hypothesis  tes t ing from the two-way ANOVA

4 .  D I S C U S S I O N  A N D  E V A L U AT I O N
4 . 1 .  E v a l u a t i o n  o f  R e s u l t s

Graph 8 and regression tes t ings suggested 
s t rong correlat ions between increased average 
percentage change of  seed mass and decreased 
concentrat ions of  different  solut ion types because 
of  the high R 2 values .  For  a l l  three solut ions, 
increased concentrat ions suggested a  decrease 
in  seed growth.  Also,  one-way ANOVA test ing 
for  each solut ion type suggested the s ignif icance 
of  the correlat ion between concentrat ions and 
seed growth within the same solut ion groups. 
Therefore ,  i t  can be concluded that  there  is  a  s t rong 

correlat ion between increasing concentrat ions 
of  heavy metal  sal ts  and seed growth.  Thus, 
Hypothesis  2  is  accepted (higher  concentrat ions 
of  Cu +,  Ni +,  and Mn + wil l  demonstrate  a  greater 
inhibi tory effect  on Glycine max  growth than 
lower concentrat ions) . 

However,  in  the two-way ANOVA, the nul l 
hypotheses  were accepted due to  high p-values . 
This  resul t  suggests  that  even though the different 
concentrat ions have a  s ignif icant  correlat ion 
with the growth,  different  solut ion types do 
not  s ignif icant ly  decrease or  increase growth. 
However,  in  Graph 8,  one can observe that  the 
inhibi tory effects  of  solut ions can be ordered as: 

NiSO 4 > CuSO 4 > MnSO 4

Yet ,  this  observat ional  resul t  remains 
insignif icant  consider ing the two-way ANOVA. 
Therefore ,  Hypotheses  1  was not  accepted (Given 
the higher  toxici ty  levels  and role  as  an inhibi tor 
in  several  metabol ic  processes ,  Ni+ displays 
the greatest  inhibi tory effect  on Glycine max 
germinat ion than Cu+ and Mn +) . 

Also,  only the seeds that  were watered 
with MnSO 4 solut ions were germinated among 
those watered with a  sulfate  sal t  solut ion.  The 
germinat ion rates  for  0 .2  M, 0.1 M, and 0.05 M 
MnSO 4 solut ions are  respect ively 1/3,  2/3,  and 
2/3.  Even though any concentrat ion of  CuSO4 
and NiSO 4 solut ions did not  display germinat ion, 
radicle  formation within the seed coat  was 
observed for  each sample.  Therefore ,  growth 
occurred,  but  in  a  very small  amount .

Higher  R 2 values  f rom the regression tes ts  a lso 
suggest  the consis tency of  the col lected data . 
Final ly,  the invest igat ion concludes that  regardless 
of  solut ion types,  used heavy metal  sal ts  display a 
s t rong correlat ion between increasing growth and 
decreasing concentrat ion levels .

4 . 2 .  E v a l u a t i o n  o f  t h e  M e t h o d o l o g y

Even though growth was observed in  this 
experiment ,  instead of  cof  l lect ing seed data , 
s tem or  seedl ing lengths  could be evaluated as  an 
indicator  of  growth.  However,  because relat ively 
higher  levels  of  concentrat ions of  sulfate  sal t 
solut ions are  used in  this  experiment  to  observe 
resul ts  quickly (which was revealed to  be a  not 
good assumption) ,  the overal l  germinat ion rate 
was qui te  lower.  Likewise,  two-way ANOVA 
would benefi t  f rom fewer concentrat ion groups 
and more days. 

The f i rs t  f law of  the method was revealed 
af ter  real iz ing that  pouring samples  with 15 mL 
was excessive consider ing the cot ton sheets’ 
absorpt ion.  Also,  on day 1 the samples  did not 
need water ing and were s t i l l  wet .  Therefore ,  the 
solut ions were poured a  total  of  two t imes.
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The thickness  of  cel l  wal ls  or  the metabol ic 
pathways within the germinat ing seeds could be 
measured as  a  growth indicator  via  microscope, 
s ince heavy metals  inhibi t  key metabol ic  processes 
(Sethy and Ghosh 2013) . 

Final ly,  the f i rs t  plan of  the experiment  was 
based on using chlor ide sal ts  of  heavy metals 
s ince the majori ty  of  s tudies  that  were encountered 
during the prel iminary research used chlor ide 
ions.

5 .  C O N C L U S I O N
Ultimately,  the research quest ion was answered 

by this  invest igat ion.  In  conclusion,  0 .05 M of 
solut ions demonstrated the highest  seed growth, 
and 0.2 M of  concentrat ions demonstrated the 
smallest  seed growth.  Thus,  i t  i s  concluded that  as 
the concentrat ions of  NiSO 4,  CuSO 4,  and MnSO 4 
increase,  the level  of  seed growth decreases . 

However,  no s ignif icant  difference among the 
effects  of  different  sal t  types  was found while 
observat ions from Graphs 5,  6 ,  and 7 suggested 
there  could be a  s ignif icant  correlat ion.  Thus,  i t 
i s  concluded that  different  sal t  types  do not  affect 
seed growth different ly. 
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7.  A P P E N D I C E S
                                       

Appendix 1:  National  Center  for  Biotechnology Information 
(2022) .  PubChem Compound LCSS for  CID 5284429, 
Nickel  sul fate  hexahydrate .  Retr ieved March 9,  2022 from  
h t t p s : / / p u b c h e m . n c b i . n l m . n i h . g o v / c o m p o u n d / N i c k e l - s u l f a t e -
hexahydrate#datasheet=LCSS.

 

Appendix 2 :  National  Center  for  Biotechnology 
Information (2022) .  PubChem Compound LCSS for  CID 
24580,  Manganese sul fate .  Retr ieved March 9,  2022 from  
h t t p s : / / p u b c h e m . n c b i . n l m . n i h . g o v / c o m p o u n d / M a n g a n e s e -
sul fate#datasheet=LCSS.

 

 

Appendix 3 :  National  Center  for  Biotechnology 
Information (2022) .  PubChem Compound LCSS for  CID 
24462,  Copper sul fate .  Retr ieved March 9,  2022 from  
h t t p s : / / p u b c h e m . n c b i . n l m . n i h . g o v / c o m p o u n d / C o p p e r -

sul fate#datasheet=LCSS.

 

 

 

 

 

Appendix 4 :  Raw Data Collect ion for  CuSO 4 Solut ions

 

 

Appendix 5 :  Raw Data Collect ion for  MnSO4 Solut ions

 

 

 

 

Appendix 6:  Raw Data Collect ion for  NiSO4 Solut ions

 

 

 

 

 

 

Appendix 7 :  Raw Data Collect ion for  the Control  Group


