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SCAATSBA 

Two experiments were conducted, one laboratory experiment and the other a field 

experiment. The first experiment was conducted in 2025 in Babylon Governorate at two locations: 

the first at the Seed Testing and Certification Directorate – Babil Branch, and the second at the 

Mesopotamia Company – Babil. The second field experiment was conducted at the experimental 

field of the Department of Field Crops, College of Agriculture, Al-Qasim Green University, 

located south of Hillah City, Babylon Governorate. The above experiments aimed to investigate 

the effect of storage conditions and cultivars on seed vigor, growth, and grain yield of bread wheat 

(Triticum aestivum L.).  

The laboratory experiment was conducted as a factorial experiment using a Completely 

Randomized Design (CRD), whereas the field experiment was conducted as a factorial experiment 

using a Randomized Complete Block Design (RCBD). 

The experiments included two factors. The first factor comprised three storage conditions: 

refrigerated storage, incubator storage, and storage in wheat seed warehouses. The second factor 

comprised three wheat cultivars: IPA 99, Buhuth 22, and Sham 6. 

 

The results demonstrated the superiority of refrigerated storage across most of the studied 

traits, recording the highest means for germination percentage, seedling dry weight, flag leaf area, 

number of spikes, and number of grains per spike, compared with incubator and warehouse 

storage. The effect of cultivars also revealed the superiority of the IPA 99 cultivar for most of the 

studied traits, although the cultivars differed in their responses to storage conditions. The 

interaction between storage conditions and cultivars had a significant effect on several traits, with 

IPA 99 under refrigerated storage exhibiting superior performance for some traits, whereas other 

combinations recorded the lowest values under incubator storage. These findings highlight the 

importance of the interaction between cultivar and storage conditions in maintaining seed viability 

and its subsequent effects on growth traits and yield components. 
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1- nIrtnudortnI  

Wheat (Triticum aestivum L.) is 

considered the world’s most important 

strategic crop, ranking first in terms of 

cultivated area and production. In Iraq, 

the area cultivated with this crop was 

estimated at 8,117 dunums during the 

winter season of 2024, with an average 

yield of 640 kg dunum⁻ ¹, based on the 

total cultivated area. 
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Given the limited number of 

studies investigating the use of 

remote monitoring and control 

systems for regulating temperature 

and relative humidity in seed 

storage facilities, and their effects 

on seed viability and the content of 

essential biochemical compounds in 

local wheat cultivars, The study 

aimed to investigate the effects of 

different storage conditions on seed 

viability, seed vigor, and field 

emergence of three local wheat 

cultivars, as well as to evaluate 

growth traits, grain yield, and its 

components in these cultivars under 

different storage conditions. 

Furthermore, the study aimed to 

assess seed storage methods using 

smart storage technologies  
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Table 1. Factors included in the study 
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This reduction may be attributed to 

the fact that seed deterioration 

during storage decreases the ability 

of seeds to germinate, grow, and 

produce vigorous seedlings, thereby 

reducing the amount of dry matter 

accumulated in the seedling. Seeds 

with high viability are more capable 

of utilizing their stored reserves 

during germination and developing 

a more vigorous root and shoot 

system. In contrast, seed 

deterioration weakens seedling 

growth and reduces its dry weight. 

This is because prolonged storage 

depletes the nutrients stored in the 

seeds and reduces their viability, 

consequently decreasing their ability 

to supply the materials required for 

seedling growth. Therefore, a 

gradual decrease in dry weight was 

observed with increasing storage 

duration. This result agrees with 

[22,19,8].
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2.303 NS L.S.D. 0.05 
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The significant differences 

among wheat cultivars in flag 

leaf area may be attributed 

primarily to genetic variation 

among cultivars, which 

influences leaf growth, 

expansion, and the efficiency of 

assimilate production. The 

superiority of IPA 99 in flag leaf 

area compared with the other 

cultivars may indicate its greater 

genetic capacity for leaf 

expansion and its ability to 

maintain vegetative growth under 

the prevailing environmental 

conditions. In contrast, the lower 

flag leaf area recorded by Sham 6 

may be associated with 

differences in its genetic 

characteristics and growth 

pattern. These differences among 

cultivars reflect the variation in 

their genetic potential and their 

ability to utilize available 

environmental resources, which 

ultimately affects flag leaf 

development. This result agrees 

with(12) 
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2
) 

 

aiaI i  ior n  Mrnta i onIutrtnIM  
Bd rtdatM 

Arnta i onIutrtnIM 
AeaT 6 Cnedre 22 Sssa AA 

44.19 43.31 43.30 45.97 Ti tt itariu Mrnta i 

36.04 31.40 35.83 40.90 nIodsarnt Mrnta i 

39.36 39.63 39.23 39.20 eatiendMi Mrnta i 

2.175 3.766 L.S.D. 0.05 

 
38.11 39.46 42.02 aiaI i  ior n  od rtdatM 

2.175 L.S.D. 0.05 

 

ppppp

2
) mdTsit n  AxteiM )MxteiM T⁻ 4-  

yolpslre orppepyn  lpItgproeulop

np rpnepmpeneop leop emp roesnnlp

eeeopopeerp neop ee ophnsrp eep oolp
2
) eef lsp emp r pilrp Ir pilrp f⁻p  

,lmspnlsnoloproesnnlp unrp

rpnepmpeneo Tp re lspeslp sleesopenp oolp

opnolropflnepemp5 a pppr pilrpf⁻²pl

eef nslop upoop peee noesp roesnnllp

uopeop sleesolop oolp  eulropflnep emp

a5t papr pilrp f⁻²p  tfeenp

ee ophnsrlp t  np ggp unrp re lspeslp

sleesopenp a l lpp r pilrp f⁻²pl

eef nslop upoop neoeoop lllp uopeop

sleesolopoolp eulropflnepempatl 5lp

r pilrp f⁻²p  nesp oolp peolsneopeelp

ronfp tp eeolsp slmspnlsnolop roesnnlp

sleesolop oolp opnolrop flnep eef lsp

emp r pilrlp 5lg  lp r pilrp f⁻²pl

eef nslop upoop oolp peolsneopeep emp

ronfp tp eeolsp peee noesp roesnnllp

uopeopsleesolopoolp eulropflnepmesp

ooprposnpolpa    pp
2

r pilrpf⁻  

This may be attributed to the fact 

that low temperatures help maintain 

seed viability and vigor and reduce 

the rate of physiological 

deterioration occurring during 

storage, resulting in seeds with 

greater capacity for germination, 

early growth, and the formation of a 

vigorous shoot system and 

productive tillers, thereby increasing 

the number of spikes formed per 

unit area. Lower storage 

temperature slows biological 

processes and chemical reactions 

within the seed and reduces the rate 

at which stored nutrients are 

consumed. Differences among 

cultivars in spike number may also 

be attributed to genetic differences 

in their ability to produce tillers and 

maintain them until heading. This 

agrees with [14,7]. 
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  Aas i 6. e  ior n  Arnta i BnIutrtnIM, Bd rtdatM, aIu Aeitt nIritaortnI nI mdTsit n  AxteiM 

(MxteiM T⁻
2
) 

 

aiaI i  ior n  Mrnta i onIutrtnIM 

Bd rtdatM 

Arnta i onIutrtnIM 

AeaT 6 

Buhuth 22 

 IPA99 

403.11 429.02 376.32 404.01 Ti tt itariu Mrnta i 

346.13 308.01 341.72 388.71 nIodsarnt Mrnta i 

371.72 391.72 369.33 354.01 eatiendMi Mrnta i 

g lt 16.04 L.S.D. 0.05 

 
376.24 362.44 382.25 aiaI i  ior n  od rtdatM 

9.26 L.S.D. 0.05 

 

 

5- mdTsit n  ttatIM xit Axtei ) tatIM 

Mxtei⁻
1
) 

yolp slre orp pep yn  lp I7gp roeulop np

rpnepmpeneop lmmleop emp roesnnlp eeeopopeerp neop

ee ophnsrpeepoolpeef lspempnsnperp lspr pilp

gnsnperp r pil⁻¹p  I,lmspnlsnolop roesnnlp unrp

rpnepmpeneo Tpre lspeslpsleesopenpoolpopnolrop

flnep emp 5t 7apnsnperp r pil⁻p leef nslop

upooppeee noesproesnnllpuopeopsleesolop
1
oolp

 eulrop flnep emp a4 l5p nsnperp r pil⁻p 

tfeenpee ophnsrlpt  npggpunrprpnepmpeneo Tp

re lspeslp sleesopenp oolp opnolrop flnep emp

5a p4pnsnperpr pil⁻¹pleef nslopupoopronfp

tpluopeopsleesolopoolp eulropflnepempag a p

nsnperpr pil⁻¹p nespoolppeolsneopeelpt  npggp

eeolsp slmspnlsnolop roesnnlp sleesolop oolp

opnolrop flnep eef lsp emp nsnperp  lsp r pillp

4  lppnsnperp r pil⁻¹p leef nslop upoop oolp

peolsneopeep emp ronfp tp eeolsp peee noesp

roesnnllpuopeopsleesolopoolp eulropflnepemp

l7 l pnsnperpr pil⁻¹  

 

The observed variation in the number of 

grains per spike under different storage 

conditions may be attributed to the effect of 

seed storage conditions on the preservation 

of seed viability and physiological quality. 

Maintaining high seed viability and 

germination vigor enables the resulting 

plants to establish vigorous vegetative 

growth and produce an adequate number of 

tillers, thereby enhancing their capacity to 

accumulate and translocate assimilates 

required for spike development, 

fertilization, and subsequent grain 

formation. Seed deterioration during 

storage is generally associated with 

progressive declines in physiological 

quality, germination capacity, and seedling 

vigor, whereas appropriate storage 

conditions contribute to maintaining seed 

viability and preserving the potential for 

vigorous plant establishment and 

subsequent growth ,The differences 

observed among wheat cultivars in the 

number of grains per spike may also be 

attributed to their genetic variability in 

yield components and their differential 

responses to environmental conditions. The 

number of grains per spike is a complex 

quantitative trait influenced by both genetic 

characteristics and environmental factors, 

particularly the plant's ability to maintain 

fertile florets and spikelets during the 

reproductive stages. Therefore, cultivars 

may differ in their capacity to form and 

retain fertile spikelets, resulting in variation 

in the final number of grains per spike. An 

increase in grain number per spike may be 

associated with a greater number of fertile 

spikelets and a lower proportion of 

degenerated or sterile spikelets, which 
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ultimately contributes to improving this yield component. This agrees with(24,25). 

 

 

Aas i 7. e  ior n  Arnta i BnIutrtnIM, Bd rtdatM, aIu Aeitt nIritaortnI nI mdTsit n  ttatIM xit Axtei 

( tatIM Mxtei⁻
1
) 

 

aiaI i  ior n  Mrnta i onIutrtnIM  
Bd rtdatM 

Arnta i onIutrtnIM 
AeaT 6 Buhuth 22 IPA99 

46.73 47.87 42.12 50.21 Ti tt itariu Mrnta i 

35.24 27.20 42.77 35.77 nIodsarnt Mrnta i 

40.57 42.83 35.40 43.47 eatiendMi Mrnta i 

2.620 4.538 L.S.D. 0.05 

 
39.30 40.10 43.15 aiaI i  ior n  od rtdatM  

2.620 L.S.D. 0.05 

 

BnIo dMtnIM4-  

yolp slre orp emp oolp roeoTp roeulop oonop

roesnnlp eeeopopeerp neop roesnnlp

oesnopeep onop e lnsp lmmleorp eep rllop

osnporlp hlnlonophlp nseuoolp Tpl op

eef eeleorlp neop nsnpep Tpl op emp oolp

 slnopuolnopee ophnsrproeoplo proesnnlp

nop  eup olf lsnoeslp Islmspnlsnoesgp

 loolsp fnpeonpelop rllop hpn p poTp neop

nlsfpenopeep en nepoTp eef nslop upoop

oolp eoolsp roesnnlp eeeopopeerlp uopeop

 erpophl Tpnmmleoloprlhlsn pnseuoopneop

Tpl oposnpor p(epeeeosnrolpopnolsproesnnlp

olf lsnoesllp  nsopee ns Tp peee noesp

roesnnllp enerlop np nsnoen p ole pelp pep

rllop  lsmesfneelp upoop peeslnrpenp

roesnnlp oesnopeep nrp np slre op emp oolp

elnnophlplmmleopempopnopolf lsnoeslpeep

rllop hpn p poTp neop phpoT p yolp slre orp

n rep ,neeef neplop Tpeeeref opeepemp

roeslop eeospleorp neop nsnoen p

ololspesnopeepempflf snelrpneopel  r p

yolp hnspnopeeppep rllop hpn p poTp

slre openpmsefproesnnlpeeeopopeerpunrp

slm leolop pep hlnlonophlp nseuoop neop

Tpl op eef eeleorlp nrp rllorp upoop

opnolsphpn p poTp seoeelop loolsppepopn p

nseuoop neop nslnolsp en nepoTp oep

olhl e poolproeeoprTrolf  

glelopepopmmlsleelrpnfeenpee ophnsrp

ulslpneppf esoneopmneoespeeols Tpenp

oolpsp opmmlsleopn p slr eerlrp oep

roesnnlp eeeopopeerlp eeempsfpenp

hnspnopeep nfeenp  slnop uolnop

ee ophnsrp pep oolpsp n p poTp oep oe lsnolp

roesnnlp eeeopopeerp neop fnpeonpep

rllop hpn p poT p yolp slre orp roeulop

oonopt  npggpunrpre lspesp mespferop

osnporlp neop oolp ee ophnsp sp roesnnlp

eeeopopeep peolsneopeerp pp olop oonoppp

IPA99 peeolsp slmspnlsnolop roesnnlp

unrp rpnepmpeneo Tp re lspesp mesp ferop

osnpor  
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