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NICKEL TRANSLOCATION FROM SEED
DURING GERMINATION AND GROWTH
OF YOUNG MAIZE PLANTS

ABSTRACT: Effect of different concentrations of nickel (0, 10-5, 104, 10-3 and 10-2
mol Ni/dm3) present at the time of maize seed imbibition, on concentration, distribution and
nickel accumulation coefficient in the root and the shoot, biological value of the seed and
growth of young plants was investigated. It was found that during germination the nickel
from the seed is intensively translocated to the root and shoot of young plants. With in-
crease of applied concentrations of nickel, its concentration in the root and shoot increased
as well. Nickel concentration and accumulation coefficient were higher in the root than in
the shoot except at the highest applied concentration when the result was opposite. The
highest applied concentration of nickel increased percentage of atypical seedlings and
non-germinated seeds and decreased percentage of typical seedlings, germination energy
and seed germination ability. Nickel implementation did not affect the growth and mass of
the shoot. Root mass and length of the primary root decreased at the highest concentration
of nickel, which led to change in shoot and root mass ratio.

Based on the obtained results it can be concluded that only the highest applied nickel
concentration affected the biological value of the seed and the growth of young maize
plants, regardless of its intensive accumulation in the root and the shoot, which indicates a
significant tolerance of maize in initial phases of growth to presence of high nickel concen-
tration. Intensive translocation of nickel during germination into newly formed organs
points to its good mobility and potential possibility to enter the food chain from a contami-
nated seed.

KEY WORDS: maize, nickel imbibition of grain, germination, growth, translocation,
distribution

INTRODUCTION

Nickel (Ni) is widespread in the biosphere (Kabata-Pendias and
Pendias, 2000). Discovery of nickel being the metal component of the
enzyme urease (Dixon et al., 1975) and widespread in the plant world
(Welch, 1981, Polacco, 1997), that bacteria require Ni for the synthesis
of nickel hydrogenase(s), of nickel-containing carbon monoxide dehygrogena-
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se(s), of methyl-CoM reductase and urease (Ankel-Fuchs and Thauer,
1988, Maier et al.,, 1990), intensified research related to the role of Ni in
life processes of higher plants. In the 1970’s but also earlier, numerous papers
were published that prove favorable effect of Ni on plant growth and meta-
bolism (Kastori and Petrovié, 1976). However, it was only recently
that its necessity for numerous organisms was confirmed, which led to inclu-
ding Ni in essential, biogene microelements (Eskew et al,, 1983, Chec-
kai et al, 1986, Brown et al., 1987, Ankel-Fuchs and Thaure, 1988,
Marschner, 1995).

Higher concentrations of Ni, like other heavy metals, have toxic effect on
plants (Asher 1991, Seregin and Kozhevnikova, 2006). Nickel
became a significant pollutant. In crop plants there is much more concern
about Ni contamination and toxicity. The application of sewage sludge which
is often high in Ni (Brown et al.,, 1989) and certain phosphate fertilizers
also may by important sources of Ni. Anthropogenic sources of Ni, industrial
activity (metal processing operations, combustion of coal and oil) in particular,
have resulted in significant increase of Ni content in soils (Kabata-Pen-
dias and Pendias, 2000). In natural conditions, Ni toxicity appears in
soils rich in Ni that originated on serpentine as parent rock. Nickel is readily
mobile in the xylem and phloem (Kochian, 1991) and some plant species
significantly translocate Ni into the seed (Petrovié¢ and Kastori, 1979,
Petrovi¢ and Kastori, 1994). Many environmental stresses (e.g. mine-
ral toxicities, soil acidity, nutrient deficiencies etc.) can directly or indirectly
influence seed development including seed vigor and viability (W elch, 1999).
The aim of this research was to investigate the influence of Ni contamination
of the seed on biological properties of the seed, as well as translocation of Ni
from the seed during germination into the root and the shoot of young maize
plants.

MATERIALS AND METHODS

The experiment was carried out on a maize hybrid NS 7016 seed. Nickel
treatment was performed by soaking the maize seed in NiSO, solution. It was
previously determined that at the temperature of 22°C a seed soaked during
24 h contains 37% of water and that after that period there is no statistically sig-
nificant increase of water content in the seed. In order to germinate, the seed
needs about 30% of water. In the course of the experiment, effect of five treat-
ments was investigated, the seed was soaked in: O (control, deionized water),
103, 104, 103 and 102 mol Ni/dm3. The experiment was set up in five repli-
cations. After the treatment, the seed was rinsed with deionized water. Than it
was determined the biological value of the seed according to standard proce-
dure published in Sluzbeni list SFRJ 47/87 (Official Gazette of SFRY). It was
investigated: germination energy, seed germination ability, representation of
typical and atypical seedlings and the percentage of non-germinated seeds. After
seven days it was measured the length of the shoot, of the primary root and
the mesocotile root at 20 plants. It was determined the mass of the dry matter
of the root and the shoot after drying the plant material to constant mass.
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In the homogenized dry plant material of the shoot and the root it was
determined the concentration of Ni and other mineral matter after digestion in
cc HNO; + cc H,0,. Element concentration was determined using ICP. Based
on results of chemical analysis there were determined the concentration, distri-
bution and accumulation coefficient of Ni, as well as concentration of some
macro- and microelements in the shoot and the root. Accumulation coefficient
of Ni was calculated from the difference in Ni concentration between the treat-
ment and the control.

The results were statistically processed by calculating the smallest signifi-
cant difference between arithmetic means.

RESULTS AND DISCUSSION

Results on Ni concentration in the seed indicate that Ni ions pass with,
more or less, no obstruction through the testa and the semipermeable cell
membrane of the seed and that in relatively short time they are in all parts of
the seed, to which points their intensive accumulation in young plants (Tab. 1).
Certain parts of the seed do not absorb water, which is probably why they do
not absorb Ni at the same intensity. The germ absorbs water 2—3 times more
intensively than the endosperm (Kastori, 1984), which probably contributed
to significant Ni accumulation in the root and the shoot of young plants. At
lower applied concentrations, the Ni concentration was higher in the root than
in the shoot, while at the highest applied concentration it was vice versa. Du-
ring germination, products of organic matter decomposition of the seed, as
well as mineral matter, partly defund into the environment. Probably a part of
Ni taken up by the seed got into the environment which enabled the root to
uptake it, which reflected on its higher concentration at lower applied concen-
trations of Ni. With appearance of shoot and transpiration with it, the ascen-
ding transport of Ni was probably induced, especially at the highest applied
concentration of Ni, which partially explains its higher concentration in the
shoot than in the root. Accumulation coefficient which indicates the intensity
of increase of Ni concentration with the increase of applied Ni concentration
was higher in the shoot than in the root only when applying the highest con-
centration of Ni. According to Cieslinski et al. (1996) at a higher con-
centration of cadmium in the soil, out of the total uptaken quantity of cadmi-
um a relatively smaller quantity is being translocated into above-ground organs
than at lower concentrations, which they explain as a certain form of protec-
tion mechanism. On the contrary, our research results point to a relatively
more intensive translocation of Ni to the shoot at a higher applied concentra-
tion. Intensive mobilization of Ni from the seed during germination and deve-
lopment of a young plant into newly-formed organs confirms earlier findings
about good mobility of Ni in the plant phloem and xylem (Petrovi¢ and
Kastori, 1979, Neumann and Chamel, 1986, Yang et al., 1996,
Page and Feller, 2005).
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Tab. 1 — Concentration, distribution and accumulation coefficient of Ni in young maize plants
treated with Ni

Treatment (mol Ni/dm3)

(0)
rean 0 105 104 103 102

Concentration (ug/g DM)

Shoot 4.89 6.90%* 10.09%3* 41.36%* 148.85%*

Root 4.17 46.35%* 52.77%* 70.74%* 110.29%*

Distribution (%)

Shoot 46.88 10.43 12.71 32.04 54.83

Root 53.12 89.57 87.29 67.96 46.17
Accumulation coefficient

Shoot 0.00 1.41 2.06 8.45%* 30.43%%*

Root 0.00 11.11%* 12.65%* 16.69%** 26.45%*

Seed quality, vigor and viability are important characteristics influencing
seedling establishment, crop growth, and productivity (Te Krony and Egli,
1991). Only the highest applied concentration of Ni affected biological value
of the seed (Tab. 2), which confirms findings of Seregin and Kozhev-
nikova (2005) of great plant tolerance to high Ni concentration in the ger-
mination phase. Appliance of the highest Ni concentration has significantly
decreased germination ability, germination energy and percentage of typical
seedlings and increased percentage of atypical seedlings and non-germinated
seed. Niethammer (1930) was one of the first to observe that Ni affects
the seed germination. He established that lower concentrations (0.1% solu-
tions) had stimulant effect, and higher (0.5 to 1.0%) had inhibitory effect.
Among the investigated salts, the lowest toxicity was shown by NiSO, and the
highest by Ni (NO,),. Effect of Ni on germination thus depended on concen-
tration and type of the salt. It was also observed that a young seed, with well
preserved viability, reacts differently to Ni than an old seed having partially
damaged germination ability. Namely, Ni concentrations that induced inhibi-
tion at a young, vital seed had no effect on an old seed or they even increased
germination ability. Also later, a large number of authors investigated the in-
fluence of Ni on germination and seed germination ability, and the obtained
results were often contradictory (Kastori and Petrovié, 1976). Brown
et al. (1987) state that imbibition with 1 uM NiSO, did not improve the per-
cent germination of barley grain, suggesting that the availability of Ni for es-
sential processes in the grain is not limiting germination. However, there is the
possibility that Ni in the imbibition treatment was not available for uptake by
the embryo. The mentioned authors have concluded, based on results of their
own research which showed that plants grown with I mM Ni and nutrient so-
Iution produced grain with better germination, vigor and viability, and other
authors’ results, concluded that Ni is required for normal grain development,
maturation and plant senescence. Brown et al. (1987) state that without
adequate Ni supply, maternal barley plants developed nonviable grain that did
not germinate upon imbibition. The exact metabolic role of Ni in seed germi-
nation is not known. It can be assumed that Ni affects the utilization of nitro-

20



gen stored in compounds in the seed during their catabolism upon germination
because Ni is an essential component of the enzyme urease (W elch, 1999).
Consequently a question arises at which extent is the nitrogen in the seed of
small grains present in the form of ureides. It is obvious that the effect of Ni
on seed germination depends on a larger number of factors: concentration,
method of use and Ni enrichment of the seed, plant species, seed maturity etc.
which could explain often contrary results about this element’s effect on biolo-
gical properties of the seed.

Tab. 2 — Effect of different Ni treatments on biological properties of maize seeds and seedlings

Treatment (mol Ni/dm3)

Parameters 0 1055 104 103 102

Typical seedlings (%) 83.50 83.75 84.00 83.25 27.50%*
Atypical seedlings (%) 10.75 9.50 10.75 13.00 25.25%%*
Non-germinated seed (%) 5.75 6.75 5.25 3.75 47.25%*
Germination energy (%) 81.75 82.25 82.50 80.75 20.00%*
Germination ability (%) 83.50 83.75 84.00 83.25 27.50%%*

Usage of different Ni concentrations did not significantly affect the growth
and mass of the shoot (Tab. 3). Higher Ni concentrations decreased growth of
the primary root, root mass and increased shoot/root dry mass ratio, which
suggests that the unfavorable effect of higher Ni concentrations affected more
growth and development of the root system than of the shoot, even the Ni
concentration being higher in the shoot than in the root at the highest applied
Ni concentration. This contradicts the statement of Seregin et al. (2003)
who point out that the growth of organs where Ni is more accumulated is
being more intensively inhibited than the growth of organs where the accumu-
lation of Ni is lower. It is reasonable to assume that the effect of toxic concen-
trations of an element on growth depends also on the length of the treatment.
In our case it was short, which can probably partially explain no inhibition of
the shoot growth. Significant decrease in the root growth at young maize
plants in the presence of Ni was also established by Maksimovi¢ et al.
(2007).

The critical toxic level of Ni in sensitive cultivated species is 10 ug/g of
dry matter and 50 pg/g of dry matter in moderately sensitive species (Asher,
1991). Ni concentration in the shoot and the root when applying the highest
investigated concentration of Ni was significantly above mentioned values,
which confirm the findings of Seregin (2005) about increased tolerance of
plants to surplus of Ni during germination. Toxic concentrations of Ni affect
photosynthesis (Singh et al., 1989), as well as the function of cell membra-
nes and the water regime (Llamas et al., 2008), they decrease the chlo-
rophyll content, water potential and transpiration (Pandey and Sharma,
2002) and they affect the concentration and distribution of elements (Petro -
vicé etal, 1998, Ilin and Kastori, 1999). Kao and Lin (2005) state
that the toxic concentration of Ni increases peroxidase activity, which causes
inhibition of synthesis of cellulose and lignin, components of the cell wall, and
thus decreases its thickness or even disables normal forming of the cell wall
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which prevents cell elongation. L’Huiller et al. (1996) state that unfavo-
rable effect of higher Ni concentrations on the plant growth can, among other,
be attributed to its influence on cell division. Findings of these authors can
explain inhibition of the root growth and, partially, of the shoot at the highest
concentration Ni treatment.

Tab. 3 — Effect of different Ni treatments on growth and dry mass of young maize plants

Treatment Ni (mol/dm3)

Parameters 0 105 0= 103 102

Shoot length (cm) 6.89 6.42 6.75 7.08 6.19
Primary root length (cm) 11.84 10.88 11.63 10.29* 10.42*
Mesocotile root length (cm) 8.97 8.86 9.08 9.13 8.46
Shoot dry mass (mg/plant) 24.00 22.70 22.90 25.80 23.96
Root dry mass (mg/plant) 31.70 30.10 29.70 32.10 26.63

Shoot dry mass / root dry mass 0.75 0.75 0.77 0.80 0.90

Translocation of some macro- and micro elements was investigated, from
the seed to the shoot and the root, during the growth of young plants at a
non-treated seed (Tab. 4). Translocation of the investigated elements from the
seed during germination into the shoot and the root varied. In the shoots, P, K
and B accumulated more intensively, S, Mg, Ca, Fe, Mn, Mo and Al in the
root, while accumulation of Zn and Cu was approximately even. Generally, it
can be said that translocation of mineral matter during maize seed germination
is more intense into the root than into the shoot.

Tab. 4 — Translocation of macro- and microelements during maize seed germination

Macronutrients (mg/100 g DM)

Organ
P K S Mg Ca
Shoot 672.25 1062.50 47.22 159.10 176.50
Root 451.31 885.28 112.83 245.23 987.95
Micronutrients (ug/g DM)
Fe Zn Cu Mn Mo Al B

Shoot 29.33 7.27 0.50 2.54 0.05 9.19 1.05
Root 247.30 7.24 0.46 6.84 0.10 99.49 0.64

Obtained results show that due to intensive mobilization of Ni in the seed
during germination and its translocation into the root and the shoot, there is a
great possibility of Ni entering the food chain from the contaminated seed,
which especially has to be taken into account when producing organic food.
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TPAHCJIIOKALIMJA HUKIIA U3 CEMEHA Y TOKY KIIMJAFA
N PACT MJIAIMX BUJBAKA KYKYPY3A

Oro T. Hoporxasu, Pynond P. Kacropu, MBana B. MakcumoBuh
IMomonpuspenuu dakynrer, Tpr . O6pagosuha 8, 21000 Hosu Can, CpOuja
Pesume

WcnutuBaHo je mejcTBo OyOperba ceMeHa KyKypy3a Y pacTBOpMMA Pa3IMYMTHUX
koHieHTpanuja HuKa (0, 10-3, 10-4, 10-3 m 10-2 mol Ni/dm3) Ha campkaj, TUCTpUOY-
oYjy ¥ KoedUILMjeHT aKymyjallije HUKJIA Y KOpeHY M M3OaHKy, OMOJIOIIKY BPEIHOCT
ceMeHa M pacT Miaaux Ousbaka. YTBphEHO je Ja ce HUKaJI M3 CeMEHa y TOKY Kiujarba
WHTEH3WBHO TPaHCJIOIMpPA Y KOPeH M M3IaHak miaaux ousbaka. Ca roBeharbeM TpH-
MeHbeHe KOHIEHTpAallMje HUKIA 3HauajHO ce nmoBehao HeroB caapiaj y U3JaHKy M KO-
peny. Canpkaj HUKIA M KOeUIIMjEHT akyMmyJiaiiuje Owin cy Behu y KOpeHY Hero y
U3IaHKy, U3y3eB Koj Hajsehe mpuMereHe KOHLEHTpaluje, riae je owio oopHyro. Haj-
Beha mpuMereHa KOHIICHTpallMja HUKJIA MmoBehaia je ymeo aTUMWYHUX MOHWKA U He-
MPOKJIMjAJIOT CEMEHA U CMamuia YAe0 TUIIMYHUX MTOHUKA, €HEePrUjy Kiujarba U Kiuja-
BOCT ceMeHa. Ha pact u macy u3maHka nprMeHa HUKJIA HUje yTuiaia. Maca KkopeHa u
Iy’)KMHA TIPUMApHOT KOpeHa ce CMambuila MpM ynoTpebu Hajpehe KOHIEHTpaluje HU-
KJIa, LITO je IOBEeJO 10 MPOMEHE OJHOCAa Mace M3IaHKa U KOpeHa.

Ha ocHoBy no0ujeHMX pe3yiTara MOXKE Ce 3aK/bYyYMTH Ja je caMo Hajseha rpu-
MEHheHa KOHIIEHTpallja HUKJIA YTUlLQla Ha OWJIOUIKY BPEJHOCT CEMEHAa U pacT MJja-
NIMX OMJbaka KyKypy3a U IMOpel HeroBOI MHTEH3WMBHOT HaKyIlJbatba Y KOPEHY M M3[aH-
Ky, LITO YKa3dyje Ha 3HauyajHy TOJEPaHTHOCT KyKypy3a y MoyeTHUM (dazama pacta Ha
MPUCYCTBO BUCOKE KOHIIEHTpaluje HUKIa. MHTeH3MBHA TpaHCIOKalldja HUKJIA Y TOKY
KJIdjarba Y HOBOOpMUpaHe OpraHe yKasyje Ha HeroBy J00pYy MOKPET/bUBOCT U MOTEH-
LMjaTHYy MOTYRHOCT a M3 KOHTAMHWHUPAHOT CeMeHa yja3W Y JiaHall MCXpaHe.
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