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EFFECT OF CADMIUM ON GERMINATION
AND GROWTH OF WHEAT

ABSTRACT: In this study, the effect of Cd on the germination, growth of seedlings
and composition of plants deriving from contaminated grains, grown in the field, was ex-
amined. Wheat grains were soaked in Cd-containing solutions: 0 (control, deionized water),
107,10, 10, and 10> M CdCl, during 24h. One portion of grains was used to test germi-
nation and seedling growth, while the other was sown in the field. The concentration of Cd
in the grains almost linearly increased with the increase in the applied concentrations of Cd,
which reduced the germination and energy of germination and increased the proportion of
atypical seedlings. Larger concentrations of Cd significantly impaired the growth of seedlings
(length of the shoots and roots, dry matter mass). In the grains of the field-grown plants the
concentrations of N, P, and K were not affected by Cd, but their concentrations in the straw
declined (especially of N). These results suggest that the emergence and development of
plants on the soil polluted by Cd are likely to be significantly limited and yield reduced.
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INTRODUCTION

Cadmium (Cd) belongs to a group of heavy metals without possessing a
known biologically beneficial role. It is present in low concentrations in nature.
Only in the era of industrial revolution, Cd became an important pollutant of
the environment (soil, water, and air). Cadmium is equally toxic for living
organisms — plants, animals, and humans (Gupta and Gupta, 1998). It jeopardizes
key physiological processes in plants already at low concentrations (Kastori et al.,
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1997, Benavides et al., 2005). It affects the activity of enzymes (Kuriakose and
Prasad, 2008), inhibits photosynthesis (Pankovi¢ et al., 2000), induces oxidative
stress (Cosié et al., 2018), affects the uptake, accumulatlon and translocation
of mineral elements (Jiang et al., 2004, Maksimovi¢ et al., 2007), affects water
regime (Barcel6 et al., 1986), as well as plant anatomy (Maksimovic¢ et al.,
2007; Lukovi¢ et al., 2014).

Germination is the initial and crucial phase in the life cycle of higher
plants. It is a very complex process (Mayer and Poljakoff-Mayber, 1989) during
which significant physiological, biochemical and morphological transforma-
tions take place. Therefore, qualitative and quantitative changes induced by
the action of external factors during the course of germination may have a
negative effect on germination and sprouting. Having in mind that its phyto-
toxicity and the fact that Cd is a significant potential pollutant of agricultural
soils, the aim of this study was to explore the effect of the increasing concen-
trations of Cd on the germination and growth of wheat seedlings under labora-
tory conditions, as well as on the concentration of nitrogen, phosphorus, and
potassium in the grains and straw of next generation in the field.

MATERIAL AND METHODS

Winter wheat variety Pobeda was used in the experiments. It has been
previously found that wheat grain soaked during 24h at 26 °C contains ap-
proximately 38% of water and after that period there is no statistically sig-
nificant increase in water content in the seed. Wheat grains need about 30%
of water to germinate. Therefore, during this experiment, Cd treatment was
performed by soaking the wheat grains in water solutions of CdCl, at the fol—
lowing concentrations: 0 (control, deionized water), 107, 10, 103, and 10* M
Cd during 24h and then rinsed with deionized water. The effect of treatments
was examined in the laboratory and in the field.

Examination of the effects of Cd on germination comprised the analyses
of germination energy, germination percent, the portion of atypical seedlings
and ungerminated grains, according to ISTA 2011 protocols. Germination took
place on the filter paper, at 20 °C; germination energy was recorded on the
fourth day after sowing and germination on the eighth day after sowing. Seed-
lings without root and with undeveloped coleoptiles were declared as atypical.
The experiment was done in five replications.

The effect of Cd on the growth of seedlings was established on the tenth
day after sowing, in the laboratory, at around 23 °C. The following parameters
were recorded: length of shoots and roots, fresh weight and dry weight (after
drying of plant material at 80 °C to constant mass). All measurements were
taken in five replications, with 10 seedlings per replication.

To examine the effect of the imbibitions of wheat grains in the solutions
containing Cd on the concentration of N, P, and K in the grains and straw
of the progeny of imbibed grains, the other portion of imbibed grains were
sown in the field, on the soil classified as a calcic, gleyic chernozem (Loamic,
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Pachic-CH-cc.gl-Ip. ph [TUSS Working Group WRB, 2015]), of weak alkaline
reaction, medium humus content, and optimal concentrations of N, P, and K.
The concentration of Cd in the soil was significantly lower than the maxi-
mally allowed (2 mg/kg soil) and lower also than the usual concentration of
Cd in the soil (0.2 to 1 mg/kg soil). In the topsoil layer (0 to 20 cm), where Cd
accumulates the most, concentration in EDTA extracted fraction was 0.206,
and a total content was 0.703 mg/kg of the soil. During the experiment, the
usual management practices for wheat production were applied.

The concentration of N in the grains and straw of wheat was assessed by
micro Kjeldahl method, of P spectrophotometrically using the vanadate-mo-
lybdate method, and of K by flame photometry. The concentration of Cd in
grains was measured by inductively coupled plasma emission spectrometer,
after digestion of grain wholemeal in a mixture of 10 ml HNO; (65%) and 2
ml H,0, (30%) using microwave technique.

Statistical analyses were done by Statistica, version 13.3.

RESULTS AND DISCUSSION

Concentration of Cd in the grains imbibed in the solutions containing Cd
increased almost linearly with an increase in the concentration of Cd in the
solution, whereas concentration of Cd in the grains imbibed in the deionized
water without Cd (control) was 0.032 mg/kg of dry mass (Figure 1), which

10
9 .
8 L
7 L
= 6}
)
oo S5t
hY
S 4
on
g 3
2 L
1 L
O L
-1 . " . L ]
Control 10 10* 10° 10?2
Concentration of Cd (M)

Figure 1. Accumulation of Cd in grains of wheat after imbibitions
in solutions containing Cd
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corresponds to the average concentration of Cd in uncontaminated grains of
wheat (Kabata-Pendias, 2000). Rinsing of grains after exposure to the solutions
containing Cd with deionized water served to eliminate Cd which was on the
surface of the grain, attached to bran. According to Kuriakose and Prasad
(2008), with an increase in the concentration of Cd the absorbed amount of Cd
increases. Inhibitory effect of Cd on the germination of various plant species
was recorded by a number of authors (Mrozek, 1980; Naquib et al., 1982; Rani
et al., 1990; Chugh and Sawhney, 1996; Pandit and Prasannakumar, 1999;
Kuriakose and Prasad, 2008) and it is in accordance with our results obtained
in wheat. With an increase in the concentration of Cd in the imbibition solution,
germination and energy of germination declined (Figure 2).

Germination in wheat commences with the absorption of water. The first
phase in this absorption is dependent on the colloid system of the grains. Hy-
drophilic groups attract dipole molecules of water. By activation of hydrolytic
enzymes, large organic molecules are hydrolyzed and the concentration of
osmotically active molecules in the grain increase, which allows intensive
absorption of water by the grains. Kuriakos and Prasad (2008) found that the
content of water was significantly lower in the grains exposed to Cd. This leads
to a conclusion that Cd reduces the uptake of water by the grains during ger-
mination, most probably in the phase in which absorption of water is directly
dependent on the presence of osmotically active compounds. Their presence,
however, depends on the activity of hydrolytic enzymes.
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Figure 2. The energy of germination and germination after imbibition
of wheat grains in solutions containing Cd
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It was found that in seeds of pea exposed to the increasing concentrations
of Cd during germination, total amylolytic activity and activities of a- and
B- amylases, as well as respiration rate, declined (Chugh et al., 1992). Kuria-
kose and Prasad (2008) found that activities of acid phosphatase, protease, and
a-amylase declined during germination of sorghum seeds exposed to the in-
creasing concentrations of Cd. It is considered that Cd reduces not only the
decomposition of insoluble sugars but also the transport of soluble sugars to
the embryo, which is an important precondition for the development of the
embryo and therefore for germination. Processes of decomposition of the or-
ganic compounds stored in the endosperm are controlled by phytohormones
(Mayer and Poljakoff-Mayber, 1989). During germination, in the coleoptile
and scutellum synthesis of gibberellins takes place. Gibberellins then diffuse
to aleurone cell layer, where they induce synthesis and activation of hydro-
lytic enzymes. Hydrolytic enzymes are then released from aleuronic cell lay-
er to endosperm. Besides a-amylase, gibberellic acid induces the formation of
the other enzymes in aleuronic cell layer, such as proteases, carboxypeptidase,
ribonuclease, arabinofuranozidaze, and acidic phosphatase (Jones and Jacob-
sen, 1991). Alpha-amylase is a key enzyme of the entire process of the mobi-
lization of nutrients from the endosperm. In wheat grains, a-amylase, which
commences the hydrolysis of starch, is synthesized de novo during germination,
whereas -amylase is present in the starchy endosperm in either free or bound
state (Gallaeschi and Chapman, 1985). Gibberellic acid stimulates transcription
and translation steps in the process of synthesis of a-amylase during germina-
tion (Okkes et al., 2003). According to Maksimovi¢ et al. (2018) plant height,
the number of spikes per m* and grain yield in wheat at harvest significantly
declined with the increase in Cd concentration from 0 to 10 M in the solution
in which the grains were imbibed prior to sowing. The height of plants deriv-
ing from grains treated with the highest concentration of Cd was reduced by
25%. This suggests that Cd may have reduced the activity of gibberellic acid
and in this way the elongation of stems — in other words, Cd probably had a
direct impact on gibberellic acid. This presumption is aided by the results of
Okkes et al. (2003) who found that Cd inhibited the activity of a-amylase and
synthesis of gibberellic acid during pea seed germination. Details on the mech-
anism of the inhibition of synthesis of gibberellic acid remain to be further
elucidated. The fact that the application of gibberellic acid reduces stress in-
duced by Cd highlights the importance of the interaction between Cd and
gibberellic acid (Ghorbanli et al., 1999; Hadi et al., 2014).

Besides the reduction in germination and energy of germination, with the
increase in concentrations of Cd in the solution in which grains were imbibed
the portion of atypical seedlings and ungerminated grains also increased
(Figure 3), which confirms the complexity of the impact of Cd on plant devel-
opment.
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Figure 3. The portion of atypical seedlings and ungerminated grains
after imbibition of grains in solutions containing Cd

Higher concentrations of Cd significantly reduced the length of shoots
and roots (Figure 4), as well as their dry mass (Figure 5). The growth of shoots
and roots was reduced more than dry mass, suggesting that Cd affected growth
factors more severely than the accumulation of dry weight. Lux et al. (2011)
showed that the presence of Cd in the rhizosphere inhibits elongation of roots
and affects their anatomy.
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Figure 4. Length of shoots and roots of wheat seedlings exposed
to Cd during germination
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They also suggest that the concentration of Cd is most often higher in
roots than in shoots because of restricted transport of Cd through xylem in the
majority of analyzed plant species.
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Figure 5. Dry mass of shoots and roots of seedlings exposed to Cd during
germination and measured 10 days after sowing

Seedlings deriving from seeds exposed to the highest concentration of Cd
were less hydrated that unexposed. The water content in the shoots was around
4% lower. Maksimovic¢ et al. (2007) observed significant changes in root anat-
omy of maize seedlings treated with Cd, which included also thickening of the
cortex, and this may be the reason for the increased resistance to lateral trans-
port of water from root surface to xylem vessels and therefore reduced water
uptake. They also found that plants exposed to Cd were less hydrated. Kastori
et al. (1992) found that sunflower plants exposed to Cd reduced transpiration
intensity when compared to the control. All these findings lead to a conclusion
that the toxic concentrations of Cd may affect the metabolism of young plants
partly due to insufficient water provision, apart from the reduced transpiration.
However, it is important to stress that the increase in the concentration of free
proline, which is a reaction typical for water stress, occurs also in the presence
of Cd in turgid plants (Kastori et al., 1992).

Higher concentrations of Cd may affect the accumulation and distribution
of mineral elements in plant tissues (Maksimovi¢ el al., 2007; Putnik-Deli¢,
2013). Exposure of grains to the increasing concentrations of Cd, however, did
not change the concentration of N, P, and K in the grains of the next generation
(Figure 6), but it reduced the concentration of these elements, especially N, in
the stems at physiological maturity (Figure 7). Damages of the root system of
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young plants due to higher concentrations of Cd may have an unfavorable effect
later, during vegetative growth (Chugh and Sawhney, 1996).

Cadmium is considered to influence nitrogen metabolism, but the effect
may be direct and/or indirect (Kastori et al., 1997). Muhammad et al. (2008)
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Figure 6. The concentration of N, P, and K in the grains of wheat which are
the progeny of grains exposed to Cd during germination

%
1.6

14}

Lol {} ---- }{

0.8

06+ '__’*\/\.

04

02

*-—— - >————— D *-———--- -
0.0
-0.2
Control 5 -4 -3 -2 <K

10 10 10 10 T
Concentration of Cd (M) - N

Figure 7. The concentration of N, P, and K in the straw of wheat which was
derived from grains exposed to Cd during germination
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found that Cd significantly reduced the concentration of N in roots and espe-
cially in stems of rice, as well as the activity of nitrate reductase. Similar
changes in the activity of nitrate reductase, due to excessive concentrations of
Cd, were also shown by Petrovi¢ et al. (1991). In addition, Pankovi¢ et al. (2000)
showed that optimal nitrogen nutrition reduces the unfavorable effects of Cd
on the photosynthesis of sunflower.

All these results represent evidence of the complex interactions between
Cd and plant nutrients.

CONCLUSION

Swelling of wheat grains, imbibed in solutions containing the increasing
concentrations of Cd, nearly linearly increased the concentration of Cd in those
grains and significantly reduced germination and energy of germination, and
concomitantly increased the proportion of atypical seedlings. Higher concen-
trations of Cd significantly reduced the growth of seedling. The growth of
shoots and roots was reduced more than the dry mass, suggesting that Cd af-
fected the growth factors to a greater extent than dry biomass production. The
highest applied concentration reduced the hydration of shoots. In the field, in
the grains of plants which are the progeny of grains exposed to Cd, concentra-
tions of N, P, and K were not changed but in the straw, at maturity, their con-
centration (especially concentration of N) was lower than in the control. These
results suggest that germination is very sensitive to the presence of higher
concentrations of Cd.
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PE3UME: Kagmujywm (Cd) Je HOTCHHI/I_]aHHI/I 3ara1jHBaq CpeIMHE KUBUX OpraHu-
3aMa 1 [Ipy BehuM KOHUEHTpalnjaMa OJUINKYje Ce jaKiuM (pUTOTOKCHYHUM JIC]CTBOM.
VY pany je y 1abopaTtopujcKiM yclIoOBUMA IPOYUEHO JIEjCTBO PA3JIMYMTHX KOHIIEHTPAIU-
ja KaJIMHjyMa Ha KJIMjake U pacT MiTaiuX OMJbaKa MIICHUIIE, a Y IIOJbCKUM yCIOBHMA
ErOB YTHIIA] HA KOHHeHTpaIII/ij MUHEPAJTHUX MAaTEePHja y 3pHY U cllaMu y (a3u myHe
3penocTy 6usbaka, Koje Cy HOTEeKIIe Ol 3pHa TpeTupasor kaamujymom. C nosehamem
KOHIICHTpalHje Kaamujyma y pasu OyOpera ceMeHa CKopo ce JIMHepaHo nosehaia
FCroBa KOHICHTpAIMja Y CeMeHy. YTBpheHo je na Behe KOHICHTpaIHje KaaMHjyMa
3HAYajHO CMalbyje KIMjatbe 1 CHEPrUjy Kijarba CeMeHa, a nosehasajy yuemhe aTunuy-
HUX KJIMjaHalla ¥ HeTPOKJIMjaJior ceMeHa. Behe KoHIeHTpalyje kKaM1jyMa 3Ha4ajHO
Cy CMamHJIe pacT MilaJiux OnJbaka Kao M Macy lBHXOBe CyBe MaTepHje. PacT Haj3eMHOT
Jeria ¥ KOPeHa CMarbeH je y Behoj MepH ol Mace CyBe MaTepHje, Ha OCHOBY Yera Ce MoxKe
3aKJbYYUTH 1a je KaaMujyM y Behoj Mepu yTuIao Ha (pakTope pacTa Hero Ha CTBapabe
cyBe Mace. Hajeeha npumemeHa KoHIIeHTpallHja KaJMHjyMa CMarbUia je XUIPaTHCaHOCT
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Ha/I3eMHOT Jiesia Mitaux Onibaka. byOpeme ceMeHa y pHCYCTBY Pa3InYUTHX KOHICH-
Tpanuje KaJMujyMa HUje YTHUIIAI0 Ha KOHIIGHTpallnjy a3oTa, pochopa u kanujyma y
3pHY, @ CMABHJIO je FBUXOBO ITPUCYCTBO y CIIaMH, HAPOYUTO a30Ta Ha Kpajy BereTaluje.
JoOujenu pa3yiTatu moTBphyjy Hallaze paHUjHX UCTPAKUBaKaA KO IPYTUX OUIEHUX
BpPCTa HA OCHOBY KOJUX CY (PM3HOJIONIKY 1 OMOXEMUJCKH MPOIECH KJIUjamha CeMeHa 3Ha-
4YajHO MHXUOMPAHU Yy MPUCYCTBY BehuX KOHIIEHTpaIuja kaamMujyma. Ha ocHoBy HaBe-
JICHOT MOYKe e IpeIBUACTH 1a he Ha 3eMJBUINTY 3aral)eHoM KaJMUjyMOM HHUIIAEhE yceBa
M pacT MJiaaux OuJbaka MIIeHuIe OUTH OrpaHUIeHO, ITO hie ce HEMOBOJBHO OJIPa3UTH
Ha NMPUHOC yceBa.

KJBYUHE PEUU: kaamujym (Cd), knujame, kormeHnTpanuje azora (N), pochopa
(P) m kanujyma (K), nmenunna, pact, cnama, 3pHO
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