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EF FECTS OF DRO UGHT STRESS ON GER MI NA TION  
AND SE E DLING GROWTH OF DIFFERENT FI ELD PEA  

VARIETIES

AB STRACT: Ger mi na tion and se e dling growth of se ven ge notype s of fi eld pea (Pi sum 
sa ti vum L.) we re stu died in PEG-6000 so lu tion ha ving osmo tic po ten ti als -0.1 and -0.2 MPa. 
A study was un der ta ken to eva lu a te the in flu en ce of dif fe rent osmo tic po ten ti als (MPa) on 
seed ger mi na tion per cen ta ge (GP) and mean ger mi na tion ti me (MGT). Re sults show that 
the per cen ta ge of ger mi na tion dec re a sed with a dec re a se in osmo tic po ten tial, whi le mean 
ger mi na tion ti me in cre a sed. Va ri ety Ja vor is much mo re sen si ti ve than the ot her va ri e ti es at 
all le vels of osmo tic stress. By con trast, the lo west sen si ti vity of ger mi na tion and MGT was 
fo und in va ri e ti es Mraz and Tre zor. Seed ger mi na tion tests at -0.1 to -0.2 MPa ha ve the po-
ten tial to be used as tests in fi eld pea. Osmo tic stress ex po su re and its du ra tion sig ni fi cantly 
af fec ted the growth of se e dlings (sho ot and ro ot) and the ac cu mu la tion of bi o mass, whi le its 
ef fect was mo re pro mi nent on the growth of the sho ot than on ro ot growth, which was al so 
con fir med by the ro ot to le ran ce in dex.

KEYWORDS: Pi sum sa ti vum, seed, sho ot, varieties, tolerance index

IN TRO DUC TION

Pea (Pi sum sa ti vum) is the se cond most im por tant food le gu me wor ldwi de 
af ter com mon be ans. The in cre a sing de mand for pro tein-rich raw ma te ri als for 
ani mal feed or in ter me di ary pro ducts for hu man nu tri tion has led to a gre a ter 
in te rest in this crop as a pro tein so ur ce. Pea se eds are rich in pro tein (23–25%), 
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slowly di ge sti ble starch (50%), so lu ble su gars (5%), fi bre, mi ne rals, and vi ta mins 
(Ba sti a nel li et al., 1998; Čer ven ski et al., 2017). 

No wa days, le gu mes pro vi de one-third of the en ti re amo unt of pro tein for 
hu man con sump tion, re pre sen ting an im por tant so ur ce of fod der and fo ra ge 
for ani mals, as well as in the pro duc tion of edi ble and in du strial oils (Smýkal et 
al., 2012). Due to the ir high pro tein con tent, they can par ti ally re pla ce soybean 
in the meal of ru mi nants and non-ru mi nants (Gru ža u skas et al., 2016). One of the 
most im por tant at tri bu tes of le gu mes is the ir ca pa city for symbi o tic ni tro gen 
fi xa ti on, un der sco ring the ir im por tan ce as so ur ces of ni tro gen in both na tu ral 
and agri cul tu ral ecosystems (Heldt and Pi ec hul la, 2011; Smýkal et al., 2012).

Du ring the ir growth, crop plants are usu ally ex po sed to dif fe rent en vi-
ron men tal stres ses that can li mit the ir growth and pro duc ti vity (Fle ury et al., 
2010; Vu ja ko vić et al., 2011). Sa li nity and dro ught are ma jor en vi ron men tal 
fac tors li mi ting plant growth and pro duc ti vity, ca u sing gre at eco no mic los ses 
(Jo vi čić et al., 2014; Pe tro vić et al., 2016). Fi eld pea, li ke ot her pul ses, is mo de-
ra tely sen si ti ve to a num ber of abi o tic stress fac tors, par ti cu larly in vol ving wa ter 
de fi cit, soil nu tri tion such as sa li nity and al ka li ne-in du ced bo ron to xi city, re-
pro duc ti ve frost da ma ge, and he at stress (Di ta et al., 2006; Pe tro vić et al., 2016). 

Seed ger mi na tion is the first cri ti cal and the most sen si ti ve sta ge in the 
li fe cycle of plants and it can com pro mi se the se e dlings’ esta blis hment (Kolb 
and Barsch, 2010; Ka ra gić et al., 2010). Se eds ex po sed to un fa vo ra ble en vi ron-
men tal con di ti ons, li ke wa ter stress, ger mi na te with dif fi cul ti es (Jo vi čić et al., 
2014). Wa ter stress li mits plant sur vi val and early se e dling growth by de layin g 
its be gin ning or dec re a sing the fi nal ger mi na bi lity (Оkçu et al., 2005; Kaydan 
and Yag mur, 2008; Sil va et al., 2010). Con si de ring that pea, li ke ot her le gu mes, 
re qu i res a re la ti vely lar ge amo unt of wa ter du ring the ger mi na tion pro cess, it 
is sug ge sted that this is the most cri ti cal pha se of de ve lop ment sta ges. 

Dro ught to le ran ce te sting in the ini tial sta ges of plant de ve lop ment is of 
vi tal im por tan ce be ca u se the seed with mo re ra pid ger mi na tion un der wa ter 
de fi cit con di ti ons can be ex pec ted to ac hi e ve a ra pid se e dling esta blis hment, 
re sul ting in hig her yields (Jo vi čić et al., 2014). Polyethyle ne glycol (PEG 6000) 
is com monly used to si mu la te wa ter-stress con di ti ons in seed ger mi na tion 
stu di es. PEG 6000 is an inert osmo tic agent who se mo le cu les are too lar ge to 
pe ne tra te the seed, thus pre ven ting any to xic ef fects. Be ca u se PEG 6000 do es 
not en ter the apo plast, wa ter is wit hdrawn not only from the cell but al so from 
the cell wall (Ver slu es et al., 2006). PEG-ba sed in vi tro scre e ning for dro ught 
to le ran ce has pro ven to be an ef fec ti ve scre e ning met hod for lar ge sets of germ-
plasm (Оkçu et al., 2005; Ge ne ro zo va et al., 2009). 

Me a su re ment of ger mi na tion can pro vi de va lu a ble in for ma tion abo ut the 
start, ra te, uni for mity, and fi nal per cen ta ge of ger mi na tion. Ho we ver, two seed 
lots can ha ve the sa me ger mi na tion per cen ta ge but dif fer in speed or uni for-
mity. The re fo re, a to tal ger mi na tion per cen ta ge af ter a spe ci fic pe riod do es not 
gi ve a full ex pla na ti on of the dyna mics of ger mi na tion (Jo o sen et al., 2010). It 
is al so use ful to cal cu la te MGT. MGT is de fi ned as a me a su re of the ra te and 
ti me-spread of ger mi na tion (Sol ta ni et al., 2016).
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Sin ce re se ar chers ha ve paid lit tle at ten tion to im pro ve the lo cally cul ti va ted 
pea in this area, the pre sent study con tri bu tes to un der stan ding the re spon ses 
un der osmo tic and dro ught stress con di ti ons and the furt her im pro ve ment of 
our fi eld pea cul ti vars.

The aim of this study was to de ter mi ne whet her the pea seed ger mi na tion 
and se e dling growth of dif fe rent fi eld pea cul ti vars we re in hi bi ted by the osmo tic 
ef fect of wa ter de fi cit, as well as to esta blish a sim ple and fast scre e ning met hod 
for dro ught to le ran ce in pea ge notype s.

MA TE RI ALS AND MET HODS

The study was con duc ted using se ven se lec ted ge notype s of the ge nus 
Pi sum from the col lec tion of the In sti tu te of Fi eld and Ve ge ta ble Crops in Novi 
Sad. Se eds we re ste ri li zed with 0.5% so di um hypoc hlo ri te so lu tion for 1 min and 
af ter that was hed with dis til led wa ter. Pea se eds we re ger mi na ted in 15 x 24 cm 
pla stic bo xes fil led with sand. For each cul ti var, 4 re pli ca tes of 100 se eds were 
sown for each tre at ment. 

Dro ught stress was sti mu la ted by two dif fe rent osmo tic po ten tial le vels 
(-0.1 MPa and -0.2 MPa) using PEG 6000. So lu ti ons of PEG 6000 we re pre-
pa red ac cor ding to Mic hel and Ka uf mann (1973). Dis til led wa ter ser ved as a 
con trol.

Pla stic bo xes we re pla ced in a ger mi na tion cham ber at 20 °C un der con-
di ti ons of a 12h light/dark cycle.The sand was mo i ste ned daily with dis til led 
wa ter for con trol and the so lu tion of PEG for tre at ments. Seed ger mi na tion was 
re cor ded every 24h for 10 days by eva lu a ting nor mal se e dlings. A seed was 
con si de red to ha ve ger mi na ted when the ra dic le was 2 mm long (Kaya et al., 
2006; Kim et al., 2006). 

The ger mi na tion per cen ta ge was de ter mi ned by co un ting the num ber of 
ger mi na ted se eds as fol lows: (GP) = Num ber of ger mi na ted seed / To tal Num-
ber of seed te sted x 100.

Mean ger mi na tion ti me (MGT) was de ter mi ned ac cor ding to Kan dil et al. 
(2012): MGT= ∑dn/ ∑ n, whe re (n) is the num ber of se eds that we re ger mi na ted 
on the day (d), and (dn) is the num ber of days co un ted from the be gin ning of 
ger mi na tion.

The ra dic le and hypo cotyl length (mm) and the se e dling fresh and dry 
we ights (g) we re me a su red on the 10th day af ter so wing. Dry we ights of hypo-
cotyl and ra dic le we re me a su red af ter drying sam ples in the oven at 80 °C for 24h, 
to an ac cu racy of 0.1 mg using an analyti cal ba lan ce, un til a con stant we ight 
was ac hi e ved. The re sults we re ex pres sed as the to tal mass of ten sho ots (g).

The sho ot/ro ot ra tio of dry we ight was cal cu la ted from the ob ta i ned re-
sults. To le ran ce in dex (TI) was cal cu la ted for the sho ot and the ro ot ac cor ding 
to Ma i ti et al. (1994):

To le ran ce in dex (TI) = Dry we ight of plant ma te rial in the con trol gro up 
(g) / Dry we ight of plant ma te rial in the tre a ted gro up (g).
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Da ta gi ven in per cen ta ges we re su bjec ted to ar csi ne tran sfor ma tion be fo re 
sta ti sti cal analysis. For all in ve sti ga ted pa ra me ters, the analysis of va ri an ce was 
per for med using the Sta ti sti cal soft wa re (Sig ma plot 10.0., Systat Soft wa re Inc., 
San Jo se, CA, U.S.A.). Sig ni fi cant dif fe ren ces among the mean va lu es we re 
com pa red by Stu dent’s t-test (*p < 0.05, **p < 0.01 and ***p < 0.001). Fi gu res 
we re drawn using Sig ma plot. 

RE SULTS AND DI SCUS SION

Ger mi na tion of se eds is a com plex physi o lo gi cal pro cess trig ge red by the 
im bi bi tion of wa ter af ter pos si ble dor mancy mec ha nisms ha ve been re le a sed 
by ap pro pri a te trig gers. Un der fa vo ra ble con di ti ons, a ra pid ex pan si on growth of 
the em bryo cul mi na tes in rup tu re of the co ve ring layers and emer gen ce of the 
ra dic le. Ra dic le emer gen ce is con si de red the com ple tion of ger mi na tion. Wa ter 
stress can af fect ger mi na tion by dec re a sing the per cen ta ge of ger mi na tion. 

The re sults of this study show that dif fe rent con cen tra ti ons of PEG in 
ger mi na tion me dia sig ni fi cantly af fect the seed ger mi na tion of fi eld pea. An 
in cre a se in osmo tic stress sig ni fi cantly dec re a sed ger mi na tion per cen ta ge (GP) in 
all the te sted va ri e ti es. In cre a sed Mean Ger mi na tion Ti me (MGT) and dec re a sed 
to tal ger mi na tion ti me oc cur red al ready at the lo west le vel of stress (-0.1 MPa). 

Ger mi na tion in con trols ran ged bet we en 96.25% (Part ner) and 99.75% 
(Mraz), ex cept for va ri ety Ja vor whe re it amo un ted to 83.75%. In all va ri e ti es, 
a dec re a se in ger mi na tion de pen ding on the le vel of stress was ob ser ved, whi le 
this re duc tion dif fers among va ri e ti es (Fi gu re 1a).

Va ri ety Mraz sho wed the le ast re duc tion of GP (con trol 100%; -0.1 MPa 
99%; -0.2 MPa 97%), whi le the lar gest dec re a se was in Ja vor va ri ety (con trol 
84%; -0.1 MPa 64; -0.2 MPa 58%). GP dec re a sed with the in cre a sed PEG 6000 
con cen tra tion, which is due to the re duc tion in wa ter po ten tial gra di ent bet we-
en the seed and sur ro un ding me dia (Оkçu et al., 2005). Ob ta i ned re sults are in 
ac cor dan ce with the re sults of ot her si mi lar stu di es (Al man so u ri et al., 2001; 
Kaydan and Yag mur, 2008; Jo vi čić et al., 2013; Pe tro vić et al., 2016).

Ma vi et al. (2010) sug gest that dif fe ren ces in MGT or the ra te of ger mi na tion 
bet we en seed lots are cru cial for de ter mi ning the emer gen ce per for man ce both 
in terms of the ra te of emer gen ce, fi nal co unt, and se e dling si ze and va ri a tion. 
It is use ful to cal cu la te MGT be ca u se, ac cor ding to De mir et al. (2008), slo wer 
ger mi na ting lots, as in di ca ted by MGT, with a gre a ter spread of ger mi na tion 
over ti me, pro du ced smal ler and mo re va ri a ble se e dlings in the la bo ra tory. 

MGT in cre a sed pro gres si vely as osmo tic po ten tial dec re a sed (Fi gu re 1B). 
Okçu et al. (2005) al so fo und that mean ger mi na tion ti me was de layed  by dec-
re a sing wa ter po ten tial. MGT in con trols ran ged from 5.04 (Mraz) and 5.58 
(Ja vor) days, at -0.1 MPa bet we en 5.14 (Pi o nir) and 6.91 (Ja vor) days, whi le in 
the so lu tion of -0.2 MPa PEG ran ged bet we en 5.17 (Tre zor) and 7.24 (Ja vor) days.

The trend of in cre a sing MGT, or slo wing ger mi na tion, with in cre a sing 
le vels of stress was ob ser ved in all va ri e ti es, ex cept for va ri e ti es Mraz and 
Tre zor in the so lu tion of -0.2 MPa when they shor ten the ger mi na tion com pa red 



63

Fi gu re 1. A. The ef fect of dif fe rent con cen tra ti ons of osmo ti cum PEG 6000 on seed 
ger mi na tion in fi eld pea ge notype s; B. The ef fect of dif fe rent con cen tra ti ons of osmo ti cum 

PEG 6000 on mean ger mi na tion ti me of fi eld pea ge notype s.



to -0.1 MPa. The in cre a se of MGT in con di ti ons of osmo tic stress was par ti-
cu larly no ti ce a ble in va ri ety Ja vor in which ger mi na tion oc cur red la ter com-
pa red to ot her va ri e ti es.

Ta king in to ac co unt the re sults of me a su re ments of the ger mi na tion per-
cen ta ge and mean ger mi na tion ti me, it is ob ser ved that va ri ety Ja vor is much 
mo re sen si ti ve than the ot her va ri e ti es at all le vels of osmo tic stress. On the 
con trary, the lo west sen si ti vity of ger mi na tion and MGT was fo und in va ri e-
ti es Mraz and Tre zor.

In or der to exa mi ne the in flu en ce of dif fe rent le vels of osmo tic stress on 
morp ho lo gi cal chan ges of se e dlings, growth pa ra me ters we re de ter mi ned. 

An in cre a se in osmo tic stress re sul ted in dec re a sed sho ot and ro ot length, 
but the re we re dif fe ren ces bet we en the exa mi ned va ri e ti es. The Stu dent’s t-test 
sho wed that the dec re a se in sho ot length com pa red to the con trol was very 
sig ni fi cant (p <0.001), al ready at the lo west le vel of osmo tic stress (-0.1 MPa) 
in all te sted va ri e ti es. The lo west ra te of re duc tion in the sho ot length, re la ti ve 
to the con trol, was in the va ri ety Du kat (73.4%, from 149.52 mm in con trol to 
39.75 mm). On the con trary, the hig hest re duc tion (83.7%) was me a su red in 
Ju ni or (from 215 mm in con trol to 35 mm in -0.1 MPa PEG so lu tion, re spec-
ti vely) (Ta ble 1). 

A sig ni fi cant dec re a se in ro ot length com pa red to the con trol was al so 
ob ser ved. The smal lest re duc tion in the ro ot length re la ti ve to the con trol was 
in the va ri ety Tre zor (43.9%, from 200.48 mm to 112.48), whi le the hig hest 
re duc tion (70.7%) was in the va ri ety Ja vor (211.50 mm to 112.48 mm) at the 
lo west le vel of osmo tic stress (Ta ble 1). The analysis of re sults sho wed dif fe-
ren ces bet we en the exa mi ned va ri e ti es.

Wa ter stress de pres sed the sho ot growth of the cul ti vars rat her than the ir 
ro ot growth. The ro ots of the se e dlings we re lon ger in di ca ting that the PEG 
sig ni fi cantly in flu en ced the re duc tion of cell di vi sion and cell elon ga tion. The 
sa me con clu sion was ma de by Okçu et al. (2005) exa mi ning the ef fects of salt 
and dro ught stres ses at the wa ter po ten ti als of -2, -4, -6, and -8 bars, in du ced 
by NaCl and PEG 6000 each, on ger mi na tion and early se e dling growth for 
three pea cul ti vars. PEG-in du ced osmo tic stress ca u sed mo re growth in hi bi tion 
as com pa red to NaCl-in du ced osmo tic stress (Pe tro vić et al., 2016). The ob ta-
i ned re sults are in ac cor dan ce with the re sults of Do bran szki et al. (2006) who 
analyzed the ef fect of PEG on 8 pea ge notype s and fo und that osmo tic stress 
ca u sed by the so lu tion of PEG 6000 af fec ted the de ve lop ment of sho ots mo re 
than the ro ots of the se e dlings and that the se chan ges we re sta ti sti cally sig ni-
fi cant at a so lu tion of 5%, which wo uld cor re spond to a so lu tion of the osmo tic 
po ten tial of -0.1 MPa.

The ave ra ge dry mass of the sho ot in con trol ran ged from 0.24 g (Pi o nir) 
to 0.47 g (Du kat). Va ri e ti es Ju ni or, Pi o nir, and Tre zor had the smal lest dry mass of 
the sho ots in the PEG so lu tion of -0.1 MPa (0.07 g), whi le Du kat had a ma xi mum 
of 0.12 g. At -0.2 MPa, Ja vor and Pi o nir had the lo west dry mass (0.05 g), whi le 
Du kat had 0.09 g. It is no ti ce a ble that the Du kat va ri ety had the hig hest va lue 
of the dry mass of the sho ot in all the exa mi ned gro ups (Ta ble 1). The dec re-
a se of the sho ot dry mass in the con trol was the lar gest in the Mraz va ri ety 
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(65.1%), and the smal lest in the Du kat va ri ety (35.8%). Re sults of the stress of 
-0.2 MPa sho wed that the lar gest dec re a se in the sho ot dry mass was in the 
Ja vor va ri ety (81.7%), and the smal lest in the Du kat va ri ety (44.3%).

The ave ra ge va lue of the ro ot dry mass in con trol was from 0.07 g (Pi o nir) 
to 0.33 g (Part ner), in -0.1 MPa so lu tion from 0.04 g (Pi o ne er) to 0.18 g (Part ner), 
and in -0.2 MPa so lu tion from 0.04 g (Pi o nir) to 0.13 g (Du kat). The dec re a se 
in con trol was the lar gest in the Ja vor va ri ety (61.6%) and the smal lest in the 
Tre vor va ri ety (43.5%). At the stress of -0.2 MPa, the lar gest dec re a se in re la-
tion to con trol was in the Part ner (69.8%), whi le the smal lest re duc tion was in 
the Pi o nir va ri ety (57%). Com pa ring to ot her va ri e ti es, the du ra tion of osmo tic 
stress had no lar ge ef fect on the chan ge in dry we ight in the Pi o nir va ri ety.

In the Du kat va ri ety, only the ra tio of dry mat ter of the sho ot and ro ot 
drop ped be low 1.00 al ready at -0.1 MPa, which in di ca tes that this va ri ety, in 
the first sta ges of plant ex po su re to stress, as si mi la ted re fer ring to the ro ot.

Ja leel et al. (2009) po in ted out that dry mass ac cu mu la tion is a de si ra ble 
cha rac te ri stic in the ca se of wa ter de fi ci ency, whi le Sak thi ve lu et al. (2008) 
cla im that the dry mass is in cor re la tion with to le ran ce to dro ught. 

Ta ble 2. To le ran ce in dex (TI) of the sho ot and ro ot of the se e dlings of fi eld pea at dif fe rent 
le vels of osmo tic stress.

Va ri ety Tre at ment (PEG) Sho ot TI Ro ot TI 
Mraz Con trol 1.00 1.00

-0.1 MPa 0.35* 0.47*

-0.2 MPa 0.24* 0.47*

Ju ni or Con trol 1.00 1.00
-0.1 MPa 0.20* 0.49*

-0.2 MPa 0.20* 0.38*

Ja vor Con trol 1.00 1.00
-0.1 MPa 0.23* 0.38*

-0.2 MPa 0.14* 0.33*

Du kat Con trol 1.00 1.00
-0.1 MPa 0.26* 0.52*

-0.2 MPa 0.19* 0.42*

Pi o nir Con trol 1.00 1.00
-0.1 MPa 0.29* 0.57*

-0.2 MPa 0.21* 0.57*

Part ner Con trol 1.00 1.00
-0.1 MPa 0.27* 0.41*

-0.2 MPa 0.22* 0.26*

Tre zor Con trol 1.00 1.00
-0.1 MPa 0.19* 0.43*

-0.2 MPa 0.19* 0.32*

* p<0.05
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Ba sed on dry mass da ta of sho ot and ro ot of the se e dlings in the con trol 
and tre a ted gro up, va lu es of to le ran ce in dex on dro ught, as well as ot her stress 
fac tors, co uld be cal cu la ted (Ma i ti et al., 1994). The to le ran ce in dex (TI) in this 
study is cal cu la ted for sho ot and ro ot se pa ra tely, for each le vel of stress (Ta ble 2).

The re was a sta ti sti cally sig ni fi cant dow nward trend in the va lue of TI of 
the sho ot, which po ints to the re du ced to le ran ce of the te sted va ri e ti es to en-
han ced and pro lon ged osmo tic stress (Ta ble 2). TI at the lo west le vel of osmo-
tic stress was from 0.56 (Tre zor) to 0.47 (Mraz). At -0.2 MPa TI was bet we en 
0.14 (Ja vor) and 0.24 (Mraz). The lar gest dec re a se in TI of the sho ot at osmo tic 
stress of -0.1 MPa was in the Mraz va ri ety (65%) and the smal lest in the Du kat 
va ri ety (35.5%). In stress con di ti ons of -0.2 MPa, the lar gest dec re a se was fo und 
in the Ja vor va ri ety (82%) and the smal lest in the Du kat va ri ety (44%).

The va lu es of TI of the se e dling ro ots (Ta ble 2) al so sho wed a dow nward 
trend li ke in the sho ot. In the -0.1 MP so lu tion, the TI was bet we en 0.38 (Ja vor) 
and 0.56 (Tre zor), whi le in osmo tic stress of -0.2 MPa it was bet we en 0.30 
(Part ner) and 0.57 (Pi o nir). The lar gest dec re a se in the TI at the osmo tic stress 
of -0.1 MPa was in the Ja vor va ri ety (62%) and the smal lest in the Tre zor va-
ri ety (43.8%). In the ca se of the stress of -0.2 MPa, the lar gest dec re a se was 
ob ser ved in the va ri e ti es Pi o nir and Part ner (70%) and the smal lest in the Tre-
zor va ri ety (47.8%).

Ma i ti et al. (1994) con clu ded that the stress con di ti ons ha ve a gre a ter im pact 
on the IT of the sho ot of the plant than on the ro ots. The dec re a se in to le ran ce 
in dex, un der the in flu en ce of osmo tic stress ca u sed by NaCl, was de ter mi ned 
by Dang et al. (2011).

Com pa ri son of the va lu es of the to le ran ce in dex of the sho ot and ro ot in-
di ca tes that the va lu es of the ro ot to le ran ce in dex are sig ni fi cantly hig her than 
the va lu es for the sho ot, at all le vels of stress. The va lu es ob ta i ned for the ro ot 
un der the in flu en ce of stress are clo ser to the con trol va lu es com pa red to the 
va lu es for the sho ot, which in di ca tes a les ser im pact of osmo tic stress on the 
dry mass ac cu mu la tion in the ro ot com pa ring to the sho ot. Ta king in to ac co unt 
the ob ta i ned va lu es of the in dex of to le ran ce of the sho ot and ro ot at all le vels of 
stress and mu tual com pa ri son of va ri e ti es, it can be said that the Mraz va ri ety 
is in the gro up of to le rant va ri e ti es, along with the Du kat and Pi o nir va ri e ti es. 
Tre zor and Part ner be long to a gro up of me di um to le rant va ri e ti es, whi le Ju ni or 
and Ja vor are the le ast to le rant va ri e ti es.

CON CLU SION

The ob ta i ned re sults show that the re ac tion to osmo tic stress at low osmo tic 
po ten tial can be te sted in dif fe rent pea plants, ba sed on sim ple met hods such 
as ger mi na tion per cen ta ge and se e dling growth ra te. Seed ger mi na tion at -0.1 
to -0.2 MPa ap pe ars to be a good se lec tion cri te rion for fi eld pea va ri e ti es to 
be plan ted in arid or se mi-arid are as.
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УТИ ЦАЈ СТРЕ СА СУ ШЕ НА КЛИ ЈА ЊЕ И ПО РАСТ ПО НИ КА  
РАЗЛИЧИТИХ ГЕНОТИПОВА СТОЧ НОГ ГРА ШКА

Гор да на Р. ПЕ ТРО ВИЋ1, То ми слав Т. ЖИ ВА НО ВИЋ2, 
Рад ми ла И. СТИ КИЋ2, Зо ри ца Т. НИ КО ЛИЋ1, Ду ши ца Д. ЈО ВИ ЧИЋ1, 

Гор да на Д. ТА МИН ЏИЋ1, Дра га на Н. МИ ЛО ШЕ ВИЋ1

1 Ин сти тут за ра тар ство и по вр тар ство, Ла бо ра то ри ја за ис пи ти ва ње се ме на, 
Мак си ма Гор ког 30, Но ви Сад 21000, Ср би ја

2 Уни вер зи тет у Бе о гра ду, По љо при вред ни фа кул тет, 
Ка те дра за агро хе ми ју и фи зи о ло ги ју би ља ка, 

Не ма њи на 6, Бе о град-Зе мун 11080, Ср би ја

РЕ ЗИ МЕ: У ра ду је про у ча ва но кли ја ње и по раст по ни ка се дам ге но ти по ва 
сточ ног гра шка (Pi sum sa ti vum L.) у рас тво ру PEG-6000 са вред но сти ма осмот-
ских по тен ци ја ла од -0,1 и -0,2 МPa. Ис пи ти ва ње је из вр ше но ка ко би се утвр дио 
ути цај раз ли чи тих осмот ских по тен ци ја ла (МPa) на про це нат кли ја во сти се ме на 
(GP) и про сеч но вре ме кли ја ња (MGT). Ре зул та ти по ка зу ју да се про це нат кли ја-
во сти сма њи вао упо ре до са сма ње њем осмот ског по тен ци ја ла, док се про сеч но 
вре ме кли ја ња по ве ћа ва ло. Сор та „Ја вор” мно го je осе тљи ви ја од оста лих сор ти 
при свим ни во и ма осмот ског стре са. Су прот но то ме, нај ма њи ути цај на кли ја ње 
и MGT утвр ђен је код сор ти „Мраз” и „Тре зор”. Од ре ђи ва ње кли ја во сти се ме на 
у рас тво ри ма PEG од -0,1 до -0,2 МPa мо же се ко ри сти ти за те сти ра ње сточ ног 
гра шка. Из ло же ност осмот ском стре су и ње го во тра ја ње зна чај но су ути ца ли на 
раст по ни ка (из да нак и ко рен) и аку му ла ци ју би о ма се, при че му је ње гов ути цај 
био из ра же ни ји на раст из дан ка не го на раст ко ре на, што је по твр дио и ин декс 
то ле рант но сти ко ре на.

КЉУЧ НЕ РЕ ЧИ: Pi sum sa ti vum, се ме, кли ја нац, сорте, индекс толерантности


