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Effect of cerium on seed germination and early seedling growth of
wheat
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Abstract

The effect of various concentrations of three species of cerium was stadied on seed germination and carly
seedling growth of Friticum gestivin L, Seeds were germinated an moist filter papers added with 001, 0.3,
2.5, 12.5 and 62.9 pg g cerium a5 cerium chiorde, cerium sulphate and cerium nitrate and observations
were made on seed germinstion, shoot- root length, fresh and dry weight. Lower concentrations of cerium
species significantly increased shoot-roat growth and relative yield of scedlings. Higher concentrations
{12.5 and 62.5 pg £} proved o be toxie for seedling growth. The root growth was affected mare sdversely
than shoots, Though germination speed was affected. ultimate germination was always 100 %, The results
of this shudy indicats that low levelsf concentrations of cerium are beneficial for the test plasts,
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Rare enrth elements {REES) includs 17 slements in the
Perlodic system with scandium (21], Yitriom (1%} and
lamthansdies (57-71h These REEs frequendly ooour
||_'|E|;-|;|'|.ur in rare earih minerals and have similarities in
ionic radii imd physicald chemlcal activities (Henderson,
[9%47, Lamtbanam {Lak and Ceriwm (Ce} are ibe main
compenents of commenclal REEs micro fertilizer and
de widelv ased in China since 19708, Lamibanum and
Cervnm belong do the groug of lhpht rane sarth slements
Fecagize al their o mags [ower than 153 amu,

Spudies supgest ihet the application of lanthanem and
gerbum as mbero fertilizer con enbance plamt growih and
recalts in bester crop productian’ frudt yield However, o
peneral reguirement by crop plants for lanthanum ard
ceriut fins not yed been established. Moreover, thers are
conflicting resulis (Diatloff o af, 19955 I'qﬂﬂﬁr! the
effects of REEs on plant growth snd development. This
i probaby due to the effect of factors such as soil pH,
snil chelates and the available level of fertilizers. Fashul
ef al. (2003} reporied that LaMO); could enhance the
permination rafe, germination iivdex, seedling growth
and seadling dry weight of aped rice seed a1 500pg/ml

Keeping the above in view sxperiments were undertaken
to study the effecis of iwo REEs namely, Lanthasum
{La) and Cerivm (Ce) on seed germirmiion nnd early
seedling growth in wheat (Triticem aestfvum L.k The
resudts onbe effcet of cerium arc being presented here.

Materials and Methods

Seeds of Tritkewm pestham Lo (Var, BAJ-403T]) were
sebected for uniformity, In cach Petri digh 12 cenified
uniiform sized seods were kept on filer paper rinsed with
freshly prepared solution of various concentratbons (0.1,
05, 2.5, 12.5 and 62.5 pp gy of different Ce specics
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namely, Cerum{[I chlaride [CeCh TH 0, Cerumil V]
sulphate [Ce(S04),.4H,0] and Ceriwm (111} nitrate [Ce
(MW 6H0] taken in  triplicate. The different
concentrations af Ce were prepared separately by taking
corresponding  amownt of differenl  cerum  spesies
{Calculated on the basis of their molecular weighis)h
Solution without added Ce constituted the control.

Experiments were set up during the manth of December
(Room temperture, 2=22°c). Seed germination was
nated after every ore hour ond percent germination was
calewlated. Germination was considered a8 complete
when radicle was visible,

Afier 14 days reatmert seedlings were harvesied,
washed with distilled water, cui into shoobs and roals,
and shoot and maat bengih and skaot-root fresh weight
recorded. Plants were dried at 80° C in an oven for 48
bariars and weighed for dry weight of shoats and roats,

Resulis and Dhiscussion

Conflicting results on the effect of La and Ce on
differer crops have been reported. Positive effect of
Lanthanum and Cerium trentments on seed permination
and seedling growth of aged rhee secds have been
observed (Fashuai, 2002: Fashui e @, 2003). However,
Hu er al. (2002) have observed an inhibition in root
:'I-unga.tim and reduction in df}' H‘tigl'nl ol ropds and
shoots in T aextfvien seedlings following lantharnm and
cerivm irestments. Furiher, 1oxic effects of cerium and
lamibanum on rood growth in com ond  mungbean
{Dislofl et ol 1993) as well &5 an inhibition of roo!
elongation in Barley {WVanstevinek et all 1976) bave also
been reported.

' Asguirer ef el (2009) abserved that seed presoaking for
twa and four howrs with lanthanem and with 8 mixione
of differend REEs ol bow concerdrofions has pa effects
on the germinstion of Triticum dwram seeds. whencas
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Fig. 1: Effcct of various
concenirations of cerium
as cerium  chlorde on
seed germinaticn of Triy-
cim  aentvwm Lo over a
perind of 16 hors
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higher concentrations inhibited seed permination

Cerium has also shown marked effecl on the cell
metsbolism of Chinese pine secds with increased
germination rates a8 well as secdling's heights and
weights (Guo and Denkoul, 1998), Tang and Tong {1988)
demonsirated that low concentrations of 0.05 - | mz1
Ce increased the radicle growth of Chiness cabhape
while ligh concenirations of rane carths (> 10 mgl)
prevemied rool yield. Chen o af. (2000) have reposied
stimulation in growth of ohacco scedling treated witl

various concentrations of cerlum as ceriem sulphate on seed germination of T aestiven over & pe-

lanthamides, DiatlalT e af (11995 abaerved stimuilbalory
effects of cerium on mot growth of comn o &
concentralion of (63 pmal,

Diflerent species of cerium have shown diMerent effects
o seed permination, In cerium nitrae, germinatien (Fig,
3} started ofler 9 bowrs and 100 % BErmMAnmion wils
chieved after 14 howrs. In cerium chloride and CETium
sulphate, permination stasied (Fig. | o 2} after & periad
of 11 howrs and 50 % germination was achieved after 12
hours. [n almost all treatments evcept the higher ones
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Fig. 8: Effect of various concentrations of cerium as
cerium nitrate on shoot-roat length (cm) of T aesr-
Wum

(23625 wg ") there was a slipht decresse in the
spesd of germination, Wherens both in cerium ehloride
and cerium sulphate gevmination started after 11 hours
und HMI% germinotion was achicved afier a perid of 16
hours. However, in all applied concentrations. 100 %
gerrination was achieved,

It s that O too like La (Chag of af. 2008) incrensed
the permeability of seeds which was favourable for entry
ol water and O in the cells of the seed and increased the
respiralion rale wis & vis the germination speed (Fashui er
al 231 11 seems that the higher concentration af
coriam destroyed the strscture of sesd membrane,
resulting in the water retention ability of the seed
meishrane vis @ vis a decrease in the speed of seed
EErminaslion.

Yang er ol (1986} have also reported that REEs
promoted seed germination due 1o increass in the
amylase activity and respiratory rate. Fashui ef af.
(2003} have alzo observed an increase in the aciivity of
u- amylase, proteinase, and lipass in rce seedlings. Ce™
i very similar 1o Ca® in chemical properties (NI, 2002)
and like Ca™ may function as activator in the hydnodytic
ErEymes. increasing the germination speed.

Ohur studies comoborate the earlier studies by Shi er al
(205) and d* Aquino er al, (2009) which shaw that low
conconitrations of lanthanum promote plant growth in
cucumber and wheat, respectively, whereas higher
toncentralions inhibit plant growth,

Results indicate that certain  low  concentrafions
enhanced the vegetative prowth of the test plant. In case
of cerium chloride (Fig. 4 and %) and cerium nitrate {Fig.
B and %) the maximem increment i shooi- Foos lengih
and relative vield was observed a1 05 pg g
canceniration and was 9.66%, 13 18%, 14.99%, 47.44%
and 113.33%, 17325 %, 153,75%, 266% raspectively,
over the contrel,  However, higher  cancenrations
theyond 1.5 ug g} reduced shoot and roet length 4s
well as fresh and dry weight. Maximum decreass i
shoot- root length and relative vield (17.95%, 1. 75%,
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Fig % Effect of various concentratlons of cerium &

cerium nitrate on shoot-root relative yield of T aesti.
v

6.95%, §9.25% and 77.49%, 76.74%, 53.79%, B6%
respectively), over the control, was observed at 62.5 pg
g eoncentration of cerium,

Figure & and 7 shows the effects of cerlum as cerium
sulphate on shoot-root length and relative vield of test
piant. The results showed that 0.1-2.5 pg g
concentration of cerium s cerium sulphate incrensed the
shoot-root  length  and  relative  vield. Maximum
increment In shoat-root length and relative vield was
observed &t 2.5 pg o' concentration amd was 12,709,
a1 % and 130.08%. 127.70% respectively, over the
control. The results show that corium as cerium sulphate
could increase the shoot-rood length (seedling growth)
and relative vield of test plant. Maximum decrement in
shoot root length and shoot-root relative yvield was
observed at 62,5 pg g level of cerjum as CEriUm
sulphate and was 17.36%, 85.35% and 97.58%, §4.33%
respeclively, aver the comtrol.

Growth inhibition caused by cerium can be atiribaited to
the boss of cellulur turgor (Gabbrielii ot af [990; Powell
ar al. 1986) or to & reduced extensibllity of the cell wall
(Pandolfini er of 1992: Aery and Jagetiva 1997, 2000
Mali and Acry, 2009} or it might be due 1o decrensing
efficiency of certain enzymes involved in the food and
energy atilization, d* Aquino er al (20097 s atribuled
the reduction in root growth after the treatment af REEs
to decreass in cell division.

Diatloff e al {1999} also found that 0.03-0.7 mpil La
or Ce reduced the prowth and the uptake rate of all
nutricmts for munghean and that 0.7 gl Lo ar O had

litle effect an growth, but reduce the uplake of Ca for
CEIFT,

In the present studies both ceric as well 4s cerous salis
were used, Whereas ceric nitrale and cerows chloride
were obscrved (o be effective st 005 pg g concentration
ceric sulphate showed jts effect a1 2% g g'
concentration, At kigher conceniration alse  cerous
chloride was fiund 10 be more effective than sulphaie
and mitrate in that order, The percentage reduction in the
paramebzra slucied was much higher in case of cerows
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