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Table 1. Analysis of variance for root and physifdal traits related to cold tolerance at corn §agdtage

Mean of squares

\?;rlij;ggnosf df  Chlorophyll fluorescence Relative Electrolyte  Chlorophylla Chlorophyllb  Carotenoid Root Root Root dry
Fv/Fm water content  leakage content content content volume area weight
Cold treatment 12 0.001" 0.059" 0.223" 0.317 0.008" 0.034 20.233 8383.941 0.027
Error 26 1< 0.011 0.026 0.035 0.002 0.004 1.454 1473.631 0.004
CV (%) 1.073 1.083 2.884 13.707 22.884 13.354 12.022 16.882 18.459
ns " and™: Not-significant and significant at 5% and 1% pablity levels, respectively
)3 SlazalS al> e )3 Loy 4y Jood b las o SG3gln b 5 4t ) Slio (nS0le dnglie -V Jour
Table 2. Mean omparison of root and physiologiatg related to cold tolerance at corn seedlingest
Genotype ChIoropthII fluorescence Relative water Electrolyte Chlorophyll a Chlorophyll b Carotenoid Root volume Root area Roqt dry
v/IFm content leakage content content content weight
EP42 0.77 97.7F 33.79° 137 0.14¢ 0.57% 7.0C0 138.35¢ 0.22¢
EP80 0.79% 93.gcde 27.99 1.96¢ 0.11% 0.29 7.33 122.09 0.24¢
A661 0.79" 97.20"° 36.41¢ 1.170 0.17d 0.48< 8.33* 219.24« 0.37bcd
MO17 0.72 93.34 39.85 0.89 0.154¢ 0.37¢ 6.0C 250.03° 0.38bcd
EP80xMO17 0.75* 95.94¢% 28.54° 1.6130cd 0.20 0.58"%° 11.67° 223.88« 0.4Fv¢
MO17xEP80 0.8¢* 87.14 30.19° 1.57Rbede 0.28" 0.58%¢ 12.00° 198.60% 0.264¢
EP42xMO17 0.79" 92.08° 32.64% 1,23k 0.20 0.45¢ 13.50° 364.9F 0.48"°
MO17xEP42 0.77 92.25°¢ 32.36%¢ 0.8¢ 0.1¢ 0.35* 10.50¢ 217.9%« 0.33cde
A661xMO17 0.78*¢ 95.76¢% 30.28° 0.84 0.20 0.34¢ 15.00 289.92° 0.51
EP80xEP42 0.77 96.54¢ 31.52%¢ 1.7 0.32 0.62° 14.06° 230.74° 0.33cde
EP42xEP80 0.76* 94.67c 27.63 1.9 0.23¢ 0.7¢° 7.0C0 2227« 0.2r
EP42xA661 0.75 91.4% 27.23 1.4gcde 0.1815% 0.40'* 8.50 234.08° 0.254¢
SC704 0.75* 93.8@° 29.59% 1.019 0.22¢ 0.39* 11.67° 257.44° 0.47°

Means followed by the similar letters in each cahuane not significantly different by Duncan’s mplé range test at 5% probability level.
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Table 3. Better parent heterosis in the root angiplogical traits related to cold tolerance atrcseedling stage

Hybrids Chloropth\I/I”f:I;Jqorescence Relggxtee\r/]vtater E:g;tl:;);yée Chlé)orgtpehn);ll a Chlé)c:(;tpehn);ll b Czég;]tteer:]?id Root volume Root area Root dry weight
MO17xEP42 0.71+£0.006 -1.16+0.07 -4.23+0.19 -36.66+0.15 -32.96+0.03s  -37.27+0.08° 50+0.76" -12.84+32.39° -12.25+0.09s
MO17xEP80 1.57+0.013 -6.64+0.09 7.84+0.15 -19.65+0.33s 80.30+0.02 57.59+0.02 63.71+£2.1s -20.57+£25.67¢ -31.81+0.102¢
EP42xMO17 4.01+0.005 -1.38+0.06' -3.4+0.08 -10.03+0.16°  30.66+0.03% -21.095+0.09° 92.86+0.7 45.95+81.82s 27.1140.13s
EP42xA661 -5.79+0.006 -5.95+0.07  -19.41+0.06 9.37+0.25' 4.37+0.07° -29.88+0.12¢ 2.04+0.8 6.76+23.36' -30.543+0.008
EP42xEP80 -3.774+0.008 0.92+0.10 -1.29+0.26® -2.70£0.33® 52.76+0.09°  23.29+0.08°  -4.50+0.67¢ 60.97+25.38 -14.86+0.03°
A661xMO17 -1.07+0.008 2.59+0.08 -16.83+0.13  -28.42+0.29%  13.42+0.06°  -29.26+0.07¢ 80.07+0.67 15.95+18.82 35.86+0.09°
EP80xMO17 -5.03+0.004 2.78+0.08 1.95+0.14 -17.63+0.33%  31.12+0.04%  57.01+0.03 59.21+0.94 -10.46+15.78° 7.29+0.09'
EP80xEP42 -2.77+0.003 2.92+0.12 12.58+0.13 -12.89+0.3F¢  118.37+0.04 8.8+0.09's 90.99+1.2 66.78+12.96 33.99+0.03

ns * and™: Not-significant and significant at 5% and 1% pabliity levels, respectively.
Oyd glazels Ao 1o Lo j 4y Jozdi b ladpo Sofelgn 58 g adyy Slao gl 5 Al e oo slo Son =Y Joax
Table 4. Correlations of the better parent hetsrfusiroot and physiological traits related to cttrance at corn seedling stage
Trait o water content leakage.  content ‘content __comient  Rootvolume  Rootarea  Rootdry weight
Chlorophyll fluorescence 1
Fv/Fm
Relative water content -0.214 1
Electrolyte leakage 0.195 0.182 1
Chlorophyll a content -0.481 -0.310 -0.180 1
Chlorophyll b content -0.040 0.138 0.744 0.251 1
Carotenoid content -0.183 0.019 0.674 0.063 0.598 1
Root volume 0.597 0.333 0.377 -0.54 0.293 -0.007 1
Root area -0.053 0.458 0.192 0.414 0.489 -0.158 0.056 1
Root dry weight 0.202 0.772 0.093 -0.286 0.211 -0.231 0.744 0.504 1

*: Significant at 5% probability level.
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Abstract

Corn susceptibility to cold stress during earlyosnatphic growth is an important limitation for its
cultivation in the cold areas. To identify the pioysgical basis of cold tolerance heterosis in maiz
seedlings, the changes of some physiological twaéte studied in maize cold tolerant and suscegptibl
inbred lines and hybrids at seedling stage in Usitieof Zanjan, Iran, in 2017. The results showet
the effect of cold treatment on chlorophyll fluaresce, relative water content, electrolyte leakage,
chlorophyll a content, chlorophyll b content, carutids, root volume, root area and root dry weight
were significant. The better-parent heterosis wetealed in chlorophyll b content, root area, root
volume and electrolyte leakage in most hybridsfdPerance of MO17xEP80 hybrid was better than
other hybrids for all physiological traits undaesss conditions. EP42xMQO17 and A661xMQO17 hybrids
also had better root growth and extension undet stoess conditiong.he significant correlation was
only observed between heterosis values of soms tteat had a common genetic, physiological and
developmental basis, such as root dry weight aladive water content or chlorophyll b content and
electrolyte leakage. However, the correlation betweterosis values of the other traits was gdgeral
poor, indicating that the genetic basis of heter@sitrait dependent and probably not controllechby
single mechanism. The significant differences amgegotypes in all traits, provide a new opportunit
to improve cold stress tolerance in a tropical plesing plant breeding.

Keywords: Chlorophyll content, Electrolyte leakage, Quantufitiency of photosystem Il (Fvif),
Root
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