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C. Executive Summary 

Pre-harvest sprouting (PHs), the germination of cereal grain on the mother plants before banrest is 

a major source of losses for the grainlflour-producing industry in Kazakhstan. It would thaeforr be 

of use to be able to rapidly select cereal varieties that arr tolerant to PHS. We found that the activity 

of the enzyme nimte reductase (which is expected to rise during gemination) was inhibited during 

the early stages of germination in seeds of a PHS-tolerant but not a PHS-sensitive wheat dtiuar. 

This inhibition was specific to nitrate rcductase activity and could be a trait that could be used as a 

marker of PHS-tolerant cultivan. 

The plant growth regulator abscisic acid (ABA) has been demonstrated to have an impatant 

role in regulating seed embryonic maturation and germination and we set cat to dctcrmine amether 

differing levels of seed embryo ABA andlor sensitivity of the embryo to ABA can i+ - ' t h e  

susceptibility of wheat seeds to PHS in PHS-sensitive and P H S - t o h t  &rcw. Our m u h  

showed a clear cornlation between sced ABA content and dormancy. Furthamorr, we f d  that 

the PHS-tolerant cultivar had a greater embryonic sensitivity to ABA. 

A key enzyme in the ABA biosynthetic pathway, aldehyde oxidase, quires molyWcnum 

@lo) as a wfactor and recent finhngs suggest that Mo iducmrs  wheu scd domrancy. We 

therefore attempted to improve ABA biosynthuis (and thus reduce PHS) via fdiar applications of 

Mo to wheat plants. Our results showed that such foliar Mo mammts led to inerclged k& of 

seed dormancy, particularly in the PHS-sensitive cultivar and this cwld be aml& with 

increased levels of seed ABA. Thus, ago-management practices such as better Mo fatiliublon cao 

be employed to tinther reduce PHs. We also attempted to reduce PHS via s&d priming (the 

controlled imbibition of seeds followed by drymg). with a solution of Mo. Our d t s  s h o d  that 

such a aeatment d u c d  seed germination in PHs-tolaant cultivars 'Ibis was condakd with 

acc~nnulation of Mo in the seed and incorporation of inliltrated Mo into the paein M o m  of 

primed seed exhacts. Ruthermore our results showed that Mo-priming led to an in- m s&d 

ABA levels, which could be wmlated with a rise in aldehyde oxidase. 

During the course of the project, the Kazakhi PI and trainees leamcd advanced bi- 

and physiological techniques during their visits to the Israeli lab. Funhgmorr, they bbcamc 

acquainted with the use and maintenance of modern laboruo~y quipmmt and compacrs aud wae 

able to intaact with a large number of scientists with expeRise in fields ~clawd to their work. The 

purchase of equipment from Israel and the discussions Icgmhng scientific and ~ s u n c h  

organization, contributed both to the scientific and adminimative skills acquired during this project 

and to increasing the technological base of the Kazakhi laboratory. 



D. Research Objectives 
Pre-harvest sprouting (PHS) is a process by which c a d  grain with w a k  dormaocy sprouts 

on the mother plant before harvest or immediately after hamsting under storage cooditions. Caeat 

grain r e q h  water to break dormancy and germinate but rain does not only fall at desind t ims  

and can fall during final grain ripening. The rain plus rain-induced humidity can mgger a sequence 

of genetic and physiological processes leading to PHS. 

Cereals arc of extreme importance in Ceatral Asia where they constitme a vital componart 

of the staple diet. PHS was one of the factors that led to the collapse of the Soviet economy due to 

its massive damaging effect on the graiflour poducmg capacity of the owoq. Iadecd 

Kazakhstan, as a large grain producer still suffas large-seale rrop lmses due to PHs. 

Overall Aim 
To prevent pre-harvest sprouting (PHS) of wheat seeds by increasing the synthesis of the 

plant hormone ABA and to accelerate wheat growth me, thus allowing early grain mamabon 

before the onset of the rainy season in KazakJ~stan. 

Specific Objectives 

(i) To identify early m a l i c  marlteas of PHs sensitivity 

(ii) To dunmine physiological mechanisms which dctamine the lack of dammcy md the 

propensity to germinate before harvesting. 

(iii) To identify agrotechniques that can minimize PHS in tbe field 

(iv) To &ermine the effect of PHS-minimizing agmtechniques on physiological mchrnisms of 

PHs. 

E. Methods and R d t s  

Methods 

PImY marerial. Pre-harvest sprouting resistant cultivar Lutesceoce-70 and suxxptjbk cultivar 

Novosibirskaia-67 were obtained from the Kazakh Resesrch ~nstihne for Agricultur in Almalibakh 

(Almaty). Both cultivm w m  grown in the field at the AgroBioStation of the Kazakh National 

University near the city of Almaty (South KazaWstan) and in the Klrrgalzhin region near Astana 

city (North Kazakhstan) in 2001 and 2002. 

PImY growth conditions. For growth chamber trials, wheat seeds were pre-gaminatal in an 

incubator at 20'C and planted in free-draining, 11 cm-diameter pots filled with acid-washed quutz 



sand All hraments were zplicated four times. In gr&nhouse experiments, plants wat irrigated 

with a modified Hoagland's solution (Trivedi and Erdci. 1992) and grown in a growzh room at 

20%/15'C daylnight temperatu~ under a 12 hr photoperiod. Field trials  we^ carried out at the two 

sites mentioned above. 

Incevrion ot and releme from donnmurv dutinp prain dcveimwunt. In order to harvest at thc same 

development stage for all the samples, approximately 250 spikes were tagged in the field plots at 

ear emergence. Starting 2 weeks aftm tagging, and twice a week during p i n  filling. 50 spikes wac 

harvestad and hand-threshed. Two kernels per spike wcrc collected for -on of dry wdgbt 

and moisture content. 50 uniform sads were placed in a forced-ventilation ovm at 30'C f a  48 hrs 

at which time they reached a constant weight. These artificially dried seeds wem kept at 5% until 

the last sample was taken at the end of grain ripening. The seeds wcrc then w n s f d  to room 

temperature and incubated for 24 hrs. Germination tests for all samples wear immediately 

conducted in the dark at 25'C in 10 cm peai dishes lined with three sheets of Wh.nntn No. I film 

paper, saturated with 3 mls distilled water. Three replicates of 50 sceds wat used p a  cultivar- 

sampling date and the remaining seeds were kept at room luopcranac to enabk gaminrtioo oats to 

be repeated afier 3 d Germinated seeds (those whose coleoptile had emrgcd dnuugh the husk) 

were counted and expressed as a percentage of germinated seeds out of the tMal numba of imbibed 

seals. By analyzing the results of the initial test and the one repeated after the 3-day aorege pcnod 

it was possible to distinguish dormancy from lack of viability in artificially dried immrurr seed 

(dormancy is defined as the inability of viable seeds to germinate under cooditioas othaarise 

adequate for germination). Embryas or seeds that germinated wat counted daily f a  12 days. 

GBmination index was calculated with maximum weight givm to the cmbryoJ a Jccdr tha~ 

germinated first and less weight to those that germinated lam (Reddy and Meegcr. 1985). 

F&r rrcamrmts wirh Mo. Seeds of PHs-susceptible wheat cultivar Nowsibitsk&-67 ad PHs- 

resistant Laaescmce-70 were germinated and cold-treated for four weeks at YC. The coldtrcated 

d i n g  were planted in 11 cm-diameter pots filled with acid-washed swimming pool film sand. 

The wheat cultivars were grown in a growth room at 20'U15% daytnight ternpaamre with a 12- 

hour photoperiod. All pots wen imgated twice wakly with Modeficient Hoagland's solution. 

Enough nutrient solution was applied to ensure a sufficiently high leaching fraction to prevent 

accumulation of salts. Pots w m  otherwise watered daily with distilled water. At the Cleaf stage, 

half of the plants were sprayed with a foliar application of 10, 50 and 1OOmM Mo as sodium 

molybdate, or tungsten as sodium tungstate. The remaining plants were not sprayed and sewed as 



the control. The Mo (or tungsten) application was rrptatcd at the flag leaf stage. 0.5% Tween 20 

was added as a surfactant. 

Individual ears were tagged at anthesis and harvested 60 days kmthr. The moisturt 

contents at this stage were approximately 16% and 20% for Lwe~ence-70 and N m w i b ~ d 7 .  

respectively. The seeds were subsequently stored at 5% for 7 days which brought the molsturt 

content down to approximately 13% and 15%. mpctively. The seeds were then stored at -30'C 

until further use. 

Seed P-g. Seed priming was carried out according to a modified method of Rowse (19%) 

Dormant dry seeds of both PHS-resistant and PHS-sensitive wheat cultivars wem soaked in distilled 

water or Mo solution and incubated until full hydrat~on of the seeds. Imbibitim and incubtion of 

wheat seeds were carried out under different tempastllrcs (5-C - 30DC). and f a  d i f fam tim 

periods. A11 seed matments were carried out under a layer of w.tcr/Mo solutioa of about 1.5-2.0 

cm to minimize oxygen diffusion in order to prevent seed germination. Full hydraboa of wheat 

seeds occumd b e e n  28-32 hrs afkr imbibition depending m the tcmpaamc. Seals wae then 

dried and germinated Plants were grown and seed collected from matm plants f a  gcrminalim md 

other tests. 

. .  . 
SehntMn, to ABA durinn eenninmion. Gamination tests on post-harvat seed slacd room 

tempemme w e  conducted by adding ABA into the gamination d u r n .  

Germinarton d v s i t .  Germination tests were carried out in Pctri disks  lined with three Whrnnro 

No. 1 filter papers moistened with distilled water. Four plicates of 25 wheat seeds wac cncd pa 

tnatmnt. In the case of different tempemme aammts, seeds were b g d  in a thamstn- 

chamber. Germination was recorded daily for 7 days a f b  the fust seeds of a panicular cultivrr hd 

germinated. Radical protrusion was used as a critaion for genninaticm. Gamination was pcsaned 

in the form of arrumulated pcrcentags or in the form of a gamination index ((3.1.) (Walker- 

Simmons, 1988). The G.I. was calculated as follows: 

G.I. = 7.n1 +6.n2+ ......... +l.n7 

total days (7) x total sced no. (100). 



where: 

7,6,.. ...I = weightings given to seeds germinating on tbe fuR second up to the seventh day of the 

germination test, respectively. 

nl, n2,..n7= the number of seeds that geminate on tbe fink second up to seventh dsy of the 

germination test respectively. 

The gemination index was modified in that the first four days of the germination test during u3rich 

no gennination took place in any of the eeatments was disegPrded in terms of the pmioatioo 

index. Day 5 of the germination test would thus be day 1 for the purpose of dctamining the 

germination index. 

OvmYifimiion of ABA chrin~ xmin dcvcloment. SSampks of 10 s p i k  wcrr h e  ai difiamt 

stages of matmation from each cultivar throughout the grain development paiod 'Ihcy wcze frotcn 

in liquid nitrogen and storal at 70'C for determination of mdogmous ABA content. ihe suapks 

werc then thawed and the grains from the central pan of each spike lyophi l id  'Ihc analyses wae 

carried w t  on the embryo-half of each grain in order to avoid the dilution effect on ABA c a u d  by 

the endosperm. Samples were milled and 50 mg of dry flour was extracted with water. ABA 

ddamination was performed according to Kawakami er al. (1998) and the results wae upcJsd 

as ng ABA per g of dry weight OW). 

ABA Dctenninotian I ~ s a v ) .  The embryo and endospemr of wheat seeds wae ground to r 

fine powder with liquid nitrogen and suspended in solution consisting of 80% mahrod, 2 4  g k d  

acebic acid and butylatcd hydrotoluene (20 mg r'). llre exaacts wac shaken in the Qrt f a  24 

hours and then centrifuged at 12000 rpm in a microfuge at 4OC for 20 minuts. Supauamits wac 

diluted 10 times in TBS (150mM NaCI; 25 mM Tris-HCI, pH 7.5). ABA was quantified by the 

Phytodetek - ABA imrnunoassay (Sigma, USA) according to Matem a al. (1983). 

Nirrate anolvsis. Nitrate -nation was carried out rrcording to Cataldo a al., (1975). Total 

protein content of the milled kemel was carried out using the srandard Kjeldahl technique. 

Seed Mo content. Seeds primed in Mo solutions wne washed several times with doubk distilled 

water prior to Mo determinations. Mo content iniilwted into the seed during prirniag was 

determined using both direct and indirect methods. For the dirtct method, Mo content in ex- of 

embryo and endosperm was determined using an atomic absorption spectrophotometa (MS-IN. 



Karl-Zeiss, FRG). For the indirect method, extracts of the MoCo&ficient mutant of 

Neurospora cmsa were used to measure MoCo activity of seed extracts which reflects Mo 

concentration (Savidov et al., 1998). 

Nitropen assimilation e m  ocrivitics 

Nitrate reductase activity was dwrmincd according to Sagi a al. (1998). Nitrite rrductast rtivity 

was measured according to Aslam and Huffaker (1989). 

A 0  aaivih, 

The embryo and endosperm of wheat seeds were homogrmzed (1:3 wlv) with acid-washed s a d  and 

icecold extraction buffer (250mM Tris-HCI (pH. 8.5); 1mM EDTA; lOmM reduced ghrarhiane 

(GSH) and 2mM Dm. Extracts were centrifuged at 27000g f a  10 minutes at 4°C. 1- 

supernatant was subjected to native PAGE in a Laemmli buffer system (Laemmli. 1970) at 4T. 

After electrophoresis, A 0  activity was visualized by staining at morn tempaaaurr with 0.1M Tris- 

HCI (pH 7.5); 0.lmM phenazine methosulphate; 1mM MlT; (3[4,5~ylthiaroI-2-yl]-ZJ- 

diphenyltetmolium-bromide) and 1mM indol-3-aldehyde. Activity of A 0  is estimucd on the basis 

of MlT reduction, which results in the development of specific formazan banQ (Zduoe)t-Zlstocka 

el al., 2004). 

Results 

(i) ldmffitioa of an e d y  marker of PEISscnsiMty 

In order to select possible metabolic markers of PHs-sensitivity. we took noa of tbc fact 

that the presence of highly active molyWenum co-factor (MoCo) has b&n previwly  sbom m 

dormant seeds of wheat and barley (Alikulov and Schicmsn, 1985). MoCo is a common cofrtor for 

all plant Mo-enzymes such as nitrate rcductasc (NR), xanthine dehydrogarase (XDH) and aldchydc 

oxidase (AO) (Mendel, 1998; Sagi a al., 1998; Omarov a al.. 1998). 'Ihc activity of A 0  (an 

enzyme of the plant hormone, ABA, biosynthetic pathway) steeply increases when seeds cnta into 

the desiccation stage at approximately 40 days after anthesis (DAA) and is comlatcd with an 

incrcase in ABA content during seed mamation (Kawakami er al.. 1998). ABA plays a pivod role 

in the establishment of primary seed dormancy, the rest period hat normally lam until after 

harvest, thereby ensuring against sprouting on the ear @aga 1989; King, 1989. Hillwast and 

Kansen, 1992, Hilhorst, 1997). We therefore elected to measure the activity of NR, an enzyme mat 

would be expected to rise during the germination pnxxgs. Finthermorr, we employed PHS- 

tolerant wheat cultivar, Lutescence-70 and the PHs-sensitive cultivar, Novosibirskaia-67 to 



determine whether NR is more active in the PHs-sensitive cultivar and could thcmfm aa as a 

markm of PHs-sensitive cultivars. 

Table 1 shows the perant germination of seeds from L,utcsmce-70 and Novosihdaia-67. 

at various periods during seed development PHS-sensitive Novosibirskaia-67 showed m g l y  

reduced dormancy compared with PHs-tolerant Luttxcmcc-70 (Table 1). Both h b x a c c - 7 0  and 

Novosibirskaia-67 seemed to follow a similar pattern of release of dormancy during developmnt. 

uith relative differences in the stage a! which the seed was able to complete germination. No 

precocious germination occumd prior to the onset of dormancy during seed development, as both 

cultivars were fully dormant a! the beginning of the germination ICS~ 2 weds  a h  anthesir. After 

the onset of dormancy, however, Novosibirskaia-67 exhibited preoocious garninatim, stating to 

lose dormancy progressively from 25 days a f h  anthesis (DAA) while l ~ t ~ o m u - 7 0  rrmaioed 

largely dormant until full marurity. Funhemore. Novosibirskaia-67 showed a higher gemhation 

percentage than Lutesccna-70 at the end of the grain ripening process, reaching 658 gemination 

at seed maturity. 

In order to dwrmine NR activity in seeds of PHs-tolemat and sensitive cuhivas, s&ds 

were imbibed in KNG solution (nitrate activates the NR anyme) and embryos excised a~ the 

appropriate times. Alternatively. embryos were first excised (daached) from dry suds rod thtn 

imbibed in nitmte. Detached embryos of both cultivars showed significant levels of NR rtivity as 

early as 4 hours af tn  imbibition (data not shown). Enzym activity i x m a d  maafm rr, peak 

activity at 12 hours after imbibition (Table U) followed by a decrease to a minimum rctivity lfta 

36 hours. 

Table I. Germination capacity of the gains of PHs-tolerant and PHS-sensitive wheat cuhi~ts  
h m d  at different stages of development 

D ~ F  PffCT 
L u ~ 7 0  No.on'blrp.kcI antb€sis @AA) 

GcnninaOioa I w wzbt I 

20 
25 
30 
35 
40 10-1 1 94 15-19 90 
45 14-16 % 22-30 93 
50 20 98 3245 93 
55 22-25 97 40-60 92 

Full maturity 25 100' 55-65 93 

0 
3-5 

7-10 
11-12 75 

35 0 37 
52 I 6-8 
67 10-13 

M - 

56 



In the attached embryos (i.e. within the seeds along with the endospam) from PHS-rokrsat 

Lutscence-70, induction of NR activity was inhibited for 24 horn afta imbibition (Table ID. In 

coneast, NR activity was & w e d  in detached PHS-sensitive Novosibirskaia-67 anbryos in the 

early hours after imbibition. The inhibition of NR activity in PHs-tolerant anached embryos m y  be 

due to an inhibitory factor prcduced by the endosperm. Other enzymes of nitrate assimilation 

pathway, such as nitrite reduaase, NiR, (Table 0. gluemine synthase and glutamare 

dehydmgenase were found to be presmt in the m&cd embryo right from the initiation of 

gemination in wheat (Gilmanov n al.. 1988). Thus, the inhibitory effect of PES-tokrut s d  

endospurn seem to be specific for NR induction, a trait that could be d as a muta of 

PRS-tolemt eultivprs.. 

Table II. Nitrate reduerase (NR) and nitrite ductase (NiR) activities in anachcd and dtuched 
embryos of PHS-tolerant and PHs-sensitive wheat seeds. 

NR activity is expressed as p o l   NO>^^" protein hotd'. 
NiR activity is expressed as nmol mg" protein w'. 

In order to confirm that the endosperm of PHS-tokrant seeds was indeed respoacibk f a  

inhibiting NR activity in the embryo, we incubated detncbed imbibed embryos from the PHS- 

t o l m t  and sensitive cultivars with endospam exbacts from each of the cultivan- EDdmpam 

extracts of both cultivars led to u,decreased NR activity of &ached embryos from both cultivur with 

the PHS-tolerant endosperm e x w t s  having a grcatcr effect on PHS-sensitive embryos than PHS- 

sensitive extracts (Table III). However. PHS-sensitive eodospmn extracts led to a sunilar large 

darrtase in NR activity in PHS-tolerant embryos as did PHS-tolaant cnQspam ex- Thest 

results suggest that (i) Seed endosperm is the soura of the NR inhibitory firtor. (ii) PHs-tolaant 

endosperm contains more (or mom active) NR inhibitory fmor than PHS-sensitive cndwpam- (ii) 

PHs-tolerant embryos arc mom sensitive to the NR inhibitory f a o r .  

It is expected that the inhibitory factor from the eodospcrm should disappear as the seed 

germinates. Table IV shows that PHs-tolerant endosperm extracts gradually lost their ability to 



inhibit NR activity of both PHS-tolerant and sensitive em-, the longer the paiod ktwccn seed 

imbibition and endosperm excision. 

Table IU. Effect of PHs-tolerant and PHS-sensitive endosperm ex- on the induction of l r i  in 
their detached embryos after 12 h incubation with 60 mM KN@ (every 4 hrs duached embryos 
were transfed to fresh endospenn extracts + KNq). 

I Endosperm extrcrrts and I ~ ~ a a i v i t y m  

NR activity is expressed as pmol NO-2 mg-' protein hocri'. 

detached embryos combinstiom 

PHS-tolerant detached embryo 

PHs-tolerant seed endosperm + its detached embryo 

PHS-sensitive detached embryo 

PHs-sensitive seed endosperm + its detached embryo 

PHS-tolerant seed endosperm + duached embryo of PHs- 
sensitive seeds 

PHS-sensitive seed endosperm + detached embryo of 
PHs-tolerant seeds 

degebcd embrgos 

4.5 

05 

5.5 

2.9 

1.9 

0.9 

Table IV. Time course of NR inhibition in PHS-tolerant md sensitive embrym by PHS-tokrant 
endosperm extracts. 

d t i v e  e m b v  
NR activity i! expcsva as j m o l ~ 0 . 2 m ~ - '  protein hour-'. 

I 

embryos 

p r q e d t y  to gvminate before harvcstiag. 

30 

ABA has been demonstrated to have an impomt  mle in regulating seed cmbryoaic 

Time after seed imbibition 
that 4- was 

NR activity in PHs- 1 1.9 1 2.9 1 4.7 1 5.6 1 5.7 
I 

manvation and germination (Black, 1991). Exogenously applied ABA pnwoces emlnyonic 

12 6 

I 

&velopment and is an effective inhibitor of embryoiuc gamination in immature wheat p i n s  

(Dunwell. 1981). Grains removed from the maturing plant of a spwting-suEaptibk cultivn end 

18 

placed in water will easily germinate (Black a al., 1987). In contrasf grains removed from a 

24 

maturing sprouting-resistant cultivar will not germinate easily. We rherefore tested whetha ABA 

might be the endosperm factor responsible for NR inhibition by incubating detached PHS-tokrmt 



embryos in the presence of different ABA concentrations plus KN4 far 12 hours. Increasing 

concentrations of ABA increased inhibition of NR activity in the detached embryos (Table V). 

Table V. Effect of ABA on NR activity in PHS-tolaant embryos 

ABA rnncentration 
(nM) 

If ABA indeed has a role in PHS, then it would be expeaed that PHs-sensitive suds  would aatain 

less ABA and therefore would be prone to pre-harvest germination. l k r c f m .  the ABA content of 

seeds from PHS-resistant and P H S - d t i v e  cultivars was &teamined during s&d devtlopwnt 

The amount of endogenous ABA decreased through grain ripening (from D M  40 on&) in bah 

cultivars (Table VT). This decrease in bolh cultivars may be necwary to txitrigga the germidon 

process since ABA content was lowest at seed maturity, when the germination p a u n t  was highest 

Furthermore, PHS-mistant Lutescmce-70 seeds exhibid a higher ABA contenl PHS- 

sensitive Novosibirskaia-67 throughout development. mashing 70% higher by full maturity. This 

suggests that differmas in ABA content likely play a mle in the prc-harvest R s i w  of 

Lutcscence-70. 

I 1 I I 

Table W. ABA content of whole erains of PHS-tokrant and PHs-sensitive wheg u 

maturity 1 I 
*lOOR - dry weight of 50 seeds of Lutescen,-e-70. **-time of maximum fmh weight. 

0 

NR activity 

100 10 

NR activity is expressed as q o l  ~ 0 - z m ~ ' '  protein w'. 
3.5 

10 

1.3 4.8 4.3 



ABA contents were also measured in excised embryos and cndospams from both cultitan. 

Embryonic ABA in both cultivars peaked as the grain Rached maximum fresh weight (40 D M )  

(data not shown). After that time the grains dried rapidly and embryonic ABA in both arltivrns 

declined to a low level. Embryonic ABA levels in the sprouting-susceptible Naw,sibhk~ia-67 

grains w m  consistently about 20 to 40 8 lower that in the sprouting-resisrant Lurescence-70 grains 

and averaged 743-7556 of the levels Lutescmce-70 at the tim of maximum fresh weight. G d l y ,  

ABA levels of both cultivars were Zfold higher in the embryo than in the cadobpam with highest 

endosperm ABA levels at maximum seed fresh weight. 'Ihcnafter, ABA dsrtased rapidly as the 

grain began to desiccate and decrease in fresh weight 

'Ihc experimemt above measuring inhibition of NR sctivity of PHS-tolaaat and scmitivc 

embryo by endospam extracts (Table m) suggested that PHS-tolerwr embryos am mom scnsitivr 

to the NR inhibitary factor. If this factor is ABA then PHS-tolaant embryos should show grum 

inhibition of germination by the Iowa concentrations of ABA than PHS-sensitive sezds. T d c  W 

shows the results of incubating PHs-tolerant and PHS-sensitive embryos with diffamt 

concentrations of ABA in the germination medium. Thrwghwt seed matmation, the gsrmnatiaa 

index for embryos from both cultivars germinated in water was at or near the same kvcls A 

comparison of embryonic sensitivities to ABA showed that dwing grain manuation ABA inhibited 

embryonic germination more in the PHS-resistant cultivar L~uacence-70 that in the PHS- 

susceptible cultivar Nmosibirskuia-67. Em+ from both cultivars wem mne susitivc to ABA 

during the earlier stag= of development. Embryonrc sensitivity to ABA was fim d M rboln 

25 DAA when isolated embryos can germinate. At that time a 10-fold higher conaneation of ABA 

was required to reduce the germination index in N m s i b ~ 4 7  ~ 0 t n - y ~  comparrd to 

Lvtescence-70. Similarly. 1- cultivar differences in sensitivity to ABA continued from 25 to 40 

DAA as the grains steadily increased in fresh weight. Near 40 D M .  p i n s  of clrh d t iva r  rt.chcd 

maximum fresh weight, the desiccation stage of grain matumjon tmmmcing thaaftcr. l k  

grains rapidly dried after 40 DAA and embryonic sensitivity to ABA declined. After tbe p i n  

reached the maximum percentage dry weight at 45 to 50 DAA, sensitivity to ABA was h, and 

N0v0sibirsk~iu-67 embryonic gumination was no longer blocked by ABA at any cmcmaation. 

However, the highest conccneation of 50 pn ABA still reduced the Lvtescmcc-70 embryonic 

germination index by 50% even 10 days after the final W4b dry weight was achieved at 45 D.U. 



Thus, there is considerable circumstantial evidence that ABA is involved in regulating dw onsa of 

donnancy and in maintaining the dormant state. i.e. a clcar correlation bawecn ABA canten of the 

grains and dormancy. Fmhemmc. we have found that the cultivar with mcm rtsistmce to 

sprouting has a greater embryonic sensitivity to ABA suggesting that ABA has a rok in p m h g  

prc-harvest spiouting. 

Table W. Embryonic sensitivity (the germination index) of PftS-tolaant and PHs-sensitive wheat 
grains to ABA at different stages of development. 

Ci)IdeIl~dagI.oteduliquesthatepomhtimbrPBSiatktkld 

a) Foliar a p p l i .  of Mo 

Several researchers working on pre-harvest sprouting in maize have rrporad that 

molybdenum (Mo) deficiency can lead to prc-harvest spwting (Tamer, 1978; hrarcll a d., 

1991). It is well known that the germination of wheet seeds is l q l y  dependent on arltiva. We 

surmised that one possible factor rsponsible for the difference in gaminmion Rgismce of 

different wheat cultivars is the pmaxc or deficiency of Mo in wheat seeds which may affed Me 

enzymes such as A 0  which is part of tbe ABA biosynthctic pathway (Koshiba a al., 1996; lrlrain 

and Marion-Poll, 1997; Schwam et al., 1997). hrrthgmore. it has been shown that dw prrscn* of 

exogenous Mo enhances the activity of aldehyde oxidase in barley roots, whik replaxmcnt of Mo 

with tungsten (its chemical analog) mults in total inactivation of aldehyde oxidase in barley mots 

(Omarov a al.. 1998). According to data at the Institute for Soil Research of the Kamh Academy 

of Sciences, most soils of Kazakhstan contain 8-12 times less Mo than the a i t iu l  amrwntmions 

required for vigorws plant development. l lmfore ,  foliar fatihation of wheat plants with Mo 

represents a very localized targeted fertilization that might have a bcncficial e m  on PIS. 

We applied Mo solution at the flag leaf stage, collected mature seeds and examined thdr 

germination ability. We used germination index as a masurc of ability to germinate since this 

~ s c e n c t - 7 0  No-7 



parameter also takes into account time to gemination. Table VIII shows that a IOOmM MO 

application resulted in a large reduction in the germination in&x of PHS-resistant L m - 7 0 ,  

germinating over a 7-day period In fact, seed from the 1OOmM Metreated plants of tk very 

dormant Lutesence-70 did not germinate at all and had to be treated with 100pM gibbezeoic a5d 

(GA) before germination occumd. Even with this GA eeatmmt then was a significant diffetmcc 

in the dormancy between the sced from M e  and tungsten-treated and Mo-dcficient plants. Tun- 

is an inhibitor of Mo-enzymes. These results suggest that Mo has a significant effect on the 

dormancy of Lutescence-70. In the case of PHs-sPsceptibk Novosibirskaia-67 seeds. sigoifimt 

differences were also observed between the three treatmmts but only during the initial stages (2-3 

days), of the germination test (data not shown). However, the final germination paantages (at 7 

days) did not differ significantly. 

PHS-resistant Luttsccncc-70 seeds contain higher levels of ABA and embrym lac more 

sensitive to ABA than PHs-susceptible Novosibirskaia-67 (Tables VI and VII). Simc Mo is m 

Table wI. Effect of foliar applications of molyWenum and tungsten on the seed dararncy of 
PHs-tolerant Lukscence-70 and PHS-sensitive N o v o s i ~ a - 6 i ' .  

essential cofactor for the ABA biosynthetic enzyme aldehyde oxidase we examined whahcr 

Treatmeat 

differences in seed ABA levels could account for the conbasting mpomcs of the two  cam to 

foliar application of Mo. To answer this question, seed Mo ~IXI ABA levels horn Mesprayed plan& 

and controls w a  monitored in the seed from both cultivars (Table UC). 

Germbatha Inda 

Lo-70 

Molybdenum-deficient I 115 



Tabk IK Effect of foliar molybdenum application on the molyb&num and ABA content in s&ds 
of PHS-tolerant L u w c e - 7 0  and PHS-Asitive NovosibirrLaia-67. 
Treatment [ Molybdenum content @g/g FW) 1 ABA content (nghg) 

htaxnce-70 
Mo-deficient I 0.02 I 0.30 * 0.07 
+lOmM molybdatc 
+HhnM molybdatc 
+100mM molybdak 
+10mM tungstate 
+MmM tunpstatc 

Increasing concentrations of Mo in the foliar spray led to an increase in Mo amtent of both 

Lucescence-70 and Novosibirskaia-67 seeds. This inmase in No content could be andat& with a 

rise in seed ABA levels. ABA contcat of PHS-resiaant Lntecmu-70 seals was rpproxim*ely 

twice that of Novosibirskaia-67 in all Mo kmtmcnts. Ilus. the large duction in the p i n k d o n  

index of seeds from Mesprayed Lutesemc-70 plants compared to Novosibirskria-67 (Table Vm), 

is likely a mult  of Mo-induced incmscs in seed ABA content 

+I- molybdak 
+ M m M m o l ~  
+100mM molybdatc 

b) Seed priming with Mo 

Although our study shows that Mo applied as a fotiar application iocreasa the dormmcy of 

both PHS-mistant and PHs-susceptible wheat cultivars &ble Vm and data n~ shown), &eating 

young seedlings with high ion conccntrstions cwld be deleterious. An alvmativt mchod of 

delivering Mo is seed priming, the conmlled imbibition of seeds followed by drying. S&ds m 

then germinated, plants grown to manpity and the seed produced may be uxm mistant to PHs. 

0.03 
0.15 
0.50 

This technique has evoked great intacst in recent yean as a technique to improve crop 
. . establishment and control PHS. Seed priming also improves s&d vigor. sped and synctrmauatloo 

of emergence, increased tolerance to sub-optimal enviraunental mnditions, impmved s t a d  site 

and greater yield (Basu, 1994). In addition, the accelerated growlh and dtvelopmmt of urtKu 

seedlings would allow early grain maturation of wheat well before the onset of the rainy suson in 

0.15 *0.02 
0.23 * 0.04 , 
0.36 * 0.07 I 
0.10 * 0.02 I 

0.08 * 0.02 
0.10 * 0.03 

+IOmMtungstate 
+50mMtungstate 
+loo mM tungstate 

, 0.03 
0.02 
0.01 



Kazakhstan. Furlhamore, seed priming would dccnase the deed for wide sprd soil and folk 

fertilizations thereby presenting a cheaper and more effective alternative. 

Table X shows the effect of seed priming with various concentrations of Mo on the 

germination of seeds taken from plants grown from pnmd seed Riming with 25 a 50mM Mo hrd 

little effect on % germination of seeds from eitha PHS-tolerant or sensitive cultivars. Hoarcvcr. 

lOOmM Mo led to a 25% reduction in gmnination of PHS-tolaant seeds aad only a small reduction 

in germination of PHs-sensitive seeds. As expected, PHS-sensitive seeds alway showed grtata 4C 

germination than PHs-tolenmt seeds at all Mo conccnttations. 

Table X. Effects of seed priming in the presence of dif fmt  concentrations of molyWeoum md 
tungsten on the germination of wheat seeds of PHS-tolaant Lutesaoce-70 end PHs-sensitive 
Novosibirskaia-67. 

'Total weight of 50 seuilings. e.g. shoots + roots 

Om hypothesis is that priming of wheat seeds with high concentrations of Mo d t s  in the 

mumulation of the metal in the seeds. Upon gamination, Mo is transpond initially to new roots 

and leaves of the seedlings. Later Mo is transpond from the roots and leaves of adult plants to 

newly developing seeds that require Mo for ABA-synthesis. Thus, incrcastd content of ABA in the 

seeds may result in the establishment of seed dormancy. In order to support this hypotheas, we 

next checked whether seed priming indeed led to in& accumulation of the metal in the primed 

secd 



Tabk XI. Seed molybdenum content in response to priming with thc mdal 
seed I d y l N h M I  c w m t  (Jig L.') 1 

Measurement of Mo amtent of primed seeds by atomic abmption spaPopbocomcay derrly 

showed increasing accumulation of Mo in seeds of both cultivars with imrrcasing Mo conrmtrcPian 

in the priming solution. No significant diffcrmce in Mo levels bawccn thc wheat cultivars II each 

Mo concentration was found suggesting that seed coas of both cultivars have a similar 

permeability. Similar results w a c  obtained using h e  in- method of Mo m g u r r m n t  (see 

methods). 

We next askcd whether the Mo accumulated in the seds dming priming remained as a free 

mtal or whether it was incorporated into M~ontaining mammolecula such as pmtck. To rhis 

end, ex- from either water- or Mo-primed sceds from both cultivars wuc  scpnatal by @- 

fillmtion on a Sephadex G-25. Two fractions w a c  eluted fraction A containing high mokcular 

weight mokcules such as proteins and fraction B containing low mokcular weight mdrmks such 

as salts. Mo content of each fraction was then rneas~ncd by the direct method. 

Table XIL Distribution of molybdenum in different frrctioa~ of s u d  extraas of PHStdaat 
Lutcscam-70 and PHS-sensitive Novosibirskaia-67. 

Cultiw 

Lutescmce-70 

Novosibirskaia -67 

S&dRimhrg 

Treatment 

Water 

M0 (1- 

Water 

Mo (100mM) 

Mo cant& (~rg L') 

Frwior lA  

20 

42 

17 

32 

MO e t  (pg L-') 

FnctiooB 

21 
1 

135 

22 

138 



Table W shows that the seed Mo content of both cuttivan was higher in fmaiaa B from Mo- 

primed seeds than in fraction A. This result indicates that the majority of tbe i n f i l w  Mo 

accumulates as the free metal. However, the Mo content of W o n  A was significantly i n d  

by Mo priming. In the PHS-resistant Lutescemce-70 sceds, Mo priming led to a 2-fold i a ~ t r s e  in 

the Mo content of fraction A, while in PHS-sensitive Novosibirskaia-67 seeds. here was a 1 .Sfold 

increase. These results suggest that Mo infiltrated into wbcat seeds dining priming wt only 

accumulated as fnx metal but was also incorporated into Mocoataining enzymes or pmak of 

fraction A. 

In order to test whether priming with Mo leads to iacreased seed ABA content, seeds of PHS- 

resistant Lutesceme-70 and PHS-sensitive Novosibirskaya-67 wac primed with either S(knM 

Na2Mo0, or 50mM Nfl04. Tungsate (WO4) is an inhibitor of Moaq tnes .  Riming with water 

alone or untreated dormant seeds were used as controls. 

Table XIII. Effect of seed priming with Mo on seed ABA kvels (Relative Units) 
I Treatments I -70 No-FCl 1 

' b e  results showed that dormant see& of Lutescam-70 contained more iotal ABA than 

Novosibimkaya-67, consistent with the PHS-Astance of I ~ k w a c e - 7 0 .  Primiag wivith Ha rlaa 
led to a rise in ABA content of both varieties. Riming with Mo caused a grurer rise in ABA lev& 

than wata alone in both varieties. However, PHS-rtsistlmt Lutesccnce-70 seed exhibited aa 

appmximately 15% greater rise in ABA levels cornpad to the HD m t  than PHS-sensitivt 

Novosibirskaya-67. Priming with tungsten led to inhibition of both the HGmediatcd and Mo- 

d a t e d  rise in ABA level in both species and in fact nduced ABA content to below mat of 

dormant seeds. ?his suggests that the rise in ABA levels wba, seeds arc primed with H a  and Mo 

is due to an inm%e in Moenzyme activity. 

Since A 0  is a Moenzyme, we tested whether sctd prindng led to an in- in A 0  activity 

in both wheat varieties. 

DomBmt seeds 

40 

N.SMd4 
NazWO4 

Embryo 

1.75 

2.30 

3.52 

1.68 

Embryo 

1.39 

2.02 

2.80 

0.98 

Endosperm 
1.41 

1.10 

1.52 

0.34 

T0t.l 

3.16 

3.40 

5.04 

2.02 

Eadospam 
0.37 

1.17 

1.50 

0.55 

T d  
1.76 

3.19 

430 

1.53 



Dormant Hz0 Na&k104 
seed 

~ l . ' l b c ~ ~ d d p ~ ~ t b c ~ O ~ d P H S ~ ~ ' I O r s d r A n i v i r y g l r u e r r  
~ t o m ~ d ~ u ~ A O r t i v i ~ c ~ i a l ~ g p i o a i o . V l l u a l m d a t b c ~ b . n d s . r c r r L t i v c ~  
o f m C b a n a s ~ t o i b c v l l u e & t a i n c d s r i t h d o m v o c ~ t v b i c h p m o a . r  I-. 

Figure 1 shows a 56% risc in A 0  activity when PHS-resistant Lutcscm~c-70 seeds wear pnmd 

with water alone. Although this txeamcnt did not lead to an o v c d  incrtast in d ABA kvels it 

did cause an increase in embryo ABA contcnt (Table XITI). Priming with Mo kd to nvice the kveI 

of A 0  activity observed in dormant seeds consistent with an overall rise in seed ABA kvels PrMe 

1 ). 

Mo pximing also led to an inc~case in A 0  activity in PHS-sensitive Novosibkkaya47 seds md 

this i- was slightly less (13%) than that observed with PHS-mismt Lunsam-70 seeds. 

Although this is consistent with a higher risc in ABA kvels in the PHs-h6iamt vrriffy, it IS nat 

clear at this stage whether the small diffaence in A 0  activity rise with Mo m g  bawcca dK hwo 

species, can &xount for differences in ABA levels. Priming with hmgsIatc Rduccd A 0  aotivity to 

below conml levels. 

F. Impact, Relevance and Technology Transfer 
The Kazakhi PIS and trainees have learned biochemical and physiological techniques duuugh 

characterization of mechanisms of PHS in h t i v e  and tokrant wheat varieties. M n g  their visits 

to the h l i  lab, they learned many useful skills including the use and maintmamv of modaa 

laboratory equipment, the use of modan computers with fast access to online litaatlrrr searches 

and other rcswnxs. Another important impact on the Kazakhi PI'S and trainees was the intenaim 

with a large number of scientists with expntise in fields related to their work Thciu participation in 



regular lab meetings including powerpoint pnxentations of their d u  contributed to their 

development as scientists. Due to administrative difficulties in obtaining equipment in Kaakbmn, 

the purchase of equipment from Israel and the discussions =garding scimtific and rrsuch 

organization, contributed both to the scientific and adminisaative skills a c q u d  during this project 

and to increasing the technological base of the Kazakhi labomtory. 

In practical terms, the impact of this project was two-fold: (i) An easy-to-messurr mskm of 

PHS-tolerant cultivars was identified. namly inhibitioo of nitrate rrductasc activity in imbibed 

PHS-tolmt seeds. This marker has the potential for rapid selection of P H S - t o h t  wheat (ad 

perhaps other cereal) cultivars. (ii) The finding that seed ABA levels and embryo sensitivity to 

ABA were lower in the PHS-sensitive cultivar led us to test foliar applications and seed priming 

with Mo, an wfactor of an enzyme of the ABA biosynthctic pathway. The amjor e m  of Mo 

application was found on the PHS-tolaaot cultivar possibly due its incrrased sensitivity to ABA. 

However, this could still be useful in reducing PHS that can still occur even in the t o h t  cuhivar 

particularly in Mo-dcficimt soils in Kazakhstan. 

G. Project ActivitieslOutputs 
Nov. 2002 - Feb. 2003: Dr AliMov visited the h l i  plmm's I-. The purpose of UE visit 

was to discuss results, plan further experiments and to write a new US-AID poposll. 

Seat 2003 - Feb. 2005: Dr. Galia Shalakhmtova was a trainee in the lsmdi panna's lrbarrory. 

The purpose of her visit was to characterize the effect of seed Mo priming on PHS-toknot and 

sensitive varieties. 

Publication of some of the d t s  is in preparation. 

H. Project Productivity 
Thc project achieved the goals that were to be fulfilled duting the allocrted time span. 

I. Future Work 
No future work is anticipated except for w o n  of mdts for publication. 
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