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Figure 1, Amount of water absorption in maize seed (A) and seedling dry weight (B)
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Table 2- Analysis of variance in seed maize germination parameter

Sla o gazen
O e Sum Squares
S.0.V df. &34l Ao S8 S8 5 Sl el ol ay Bl/atyy oo
GP GR GE GI SI R/S
sl
Treatment 5 20704.00HS* 106.529HS 18709.333HS 1.897HS 384265.75HS 70.698HS
ol
Error 18 1280.00 9.009 1386.667 0.408 68286.376 4.361
U
Total 23 21984.00 115.538 20096.00 2.305 452552.126 75.054

Seedling Index

M):'/.bck“}dgwjflbJL«»::-\CE“):)IALW%J:@:*;HS -
HS and *: High Significant and 5% Probability Levels Respectively
GP: Germination Percentage, GR: Garmination Rate, GE: Germination Energy, GI: Germination Index, SI:

b amalS i) gl et la 5 Siale sl eyl bl 4 =~V st aslsl
Read Table 2- Analysis of variance in seed maize germination and seedling growth

Sla o sazes

D e Sum Squares
SOV df. I Shoot* II Root SRLR SRTR Shoot Length Root Length
Dl
Treatment 5 20182.17HS 24883.592%* 3749.731HS 5073.48HS 47.624HS 1339.33HS
ozl
Error 18 1266.568 6223.034 740.234 287.379 442 79.986
T:)};I 23 21448.741 31106.627 4489.965 5360. 858 55.044 1419.32

JAl Cfa.~j¢,§~.a):§\u\>JL«:;-\CE..N):)IA@M%):A{HM} HS -
HS and **: High Significant and 5% Probability Levels Respectively
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Read Table 2- Analysis of variance in maize seedling growth
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sl
Treatment 5 0.32HS 0.20HS 0.029HS 0.18HS 7.318HS 0.136HS
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Error 18 0.0033 0.003 0.001 0.002 0.008 0.01
Js
Total 23 0.035 0.24 0.030 0.020 7.326 0.145

s« HS: High Significant Probability Levels
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i Control pH6 pHS pH4 pH3 pH2
JESTHRN 84a 80a 96a 96a 92a 00.0b
Germin. Percentage
S s 5.69ab 5.49b 7.24a 6.78ab 6.42ab 00.0¢c
Germination Rate
S8l 65 78.66ab 74.66b 89.33ab 93.33a 88ab 00.0c
Germination Energy
Sl jatls 0.785a 0.67a 0.895a 0.996a 0.793a 00.0b
Germination Index
Wl s ls 3.78a 3.73a 4.1a 4.03a 3.86a 00.0b
Seedling Index
Bl 4y 4y o 5.33ab 4.82bc 6.07a 4.98ab 3.85¢ 00.0d
R/S
sl Fu,lsl esls 00.0c 8.15b 15.12b 16.84b 18.51b 100.00a
1I Shoot
oy Koylaib e ls 00.0c 15.16b -3.068b 19.72b 63.37a 100.00a
II Root
Vo33 3l 4o U3 uze Ol oo 37.56ab 45.52a 37.00ab 29.2b 28.24b 0.00c
SRLR
BR T N P W g 48.31a 50.36a 41.97ab 34.89b 32.86b 0.00c
SRTR

I3 g5 (513 (gme M| D pelan 3 STl wtals i 0385T el p As wliie s (5113 ST glasled Sl 8 3
- in each row means followed by similar letters are not significantly different(p>0.05) using duncan test.

Jsb sy QLS 5 45 > y5 (Agrawal, 2008
Lyl b o oS 5 g5 amat ) 5 Az el
Iy 2alS S35 Lg) &5 (b sl saOIL
ElE Ao Pl G il 5o 508
5 S 5 Ol Il Uy adax I iz 5 5
Hakim et al, 2010; Wafa Al-Taisan, )Q\)\_{AA
Oy g ‘_g)L:.:T;.)T‘_g))_& das e 0L (2010
By o dzadyy 5 arle Db Al el o5
03 azaiyy dsb b et da ol Gl 53 Ll

5 abls 5l dals 4 o O 4 dnl 5 a bl

1. Post Germination

dra) g sl Job
Ik hlaiT ol eills 4 S ol
23613 (e OS] (gl pls A ainy g 4l
= (Ydsia)sp - SKee STus Jla| o
ap il Jsb 5l 87 ante 3 Sl 4 s
e Ol Ll ple LY wdenl Hled o
Lajlas plo oS5 cubls 550 5 70 o 55 (5
ol (Y ISl g,ls me ol KuS L
e 3 7 el 53w dile Jsb 0 2l Wl
/7 b )bl s O bl )3 aral; Jsb

Singh and )JI5, 8T 5 K (20 Sl YO/M



NS (65 5 (el

S STa > I

w53 Sl

008 sl Eel i bl s (Y g )ils
Ot o) 4SS dald 4 G Fan il 5y axail
ar il oS 055 oSy (el OT Ol ol 3
S 61 (e sk Lasles ple 4 S dals
%4{@)&5);&)}&@.(\"}&);}{
o=l L osls plas \)'/.Ocla.u).a Sols gae oM
M}HQ}}@M&)‘JMQ)WJ}?}
.((:J_f#"\‘/}'/\\’\‘; s F An)s g A dmdiu g
Glasles )3 azaty s 5 s aile <Sis 05y Jhals
sl sy 3 Al e 36 Sy sl 0L

el 3 oS

0.08

0.06

0.04

Control

pHG pHS pH4 pH3 pH2
M Shoot Fresh
B RootFresh
W el 5 i
B axad: 4003

OShoot Dry
EIRoot Dry
[ dpdile ois 3g
EH] araiy; oas 033

il

44

LY w53 llg 558 Iy el Ly e
eSS ol lm b aradsy o)l Jleal idew ) Shoo
355 & e (@M a5l ST 18 T a5
o o VL ) e 3 5 03l joliazs]
Pl g b ey ol en gl (a\J._Z\
Jodous 3l g0 Shle L1530 s @ onl laan it
O e ol Jimiley Rl 531 o 5 ST
Ao ST 4l alS b arady; b g OT Gl
Ay LS bl g amraty ) ) tals 0T
Syl dls a4l e asla
drady) 9 4y dle i 0)9 9 F 03

Sl DL 25 015 OLis Laesls il ol 0 55

35

30 A A
25 4

20 4

cm

154

10 4

NIl HE S Hi S e

Control pH6 pHS pH4 pH3 pH2

O Shoot Length
O ardl o

B Root Length
W oo Jy

(B),5 sy Caliden (gl Lo o azay 5 5 Bl &K 5 5 Oljgl s lin 5 (A aay 5 5 il Job 4wl Y JSCa
Figure 2, Comparison of shoot (root) length (A) and dry weight of shoot and root (B)I

Lol 2 5 5 V/FDsle Ll & 55 &3 RIS S
Ay .(Marchner, 2003)C ! ol (a}ks\ OV i
ST oS 55 5 8l 4 sy 555 T
Lra i) S g 1 (S5 05
ader | et 5 (Alizadeh, 2006)<—u!

Sharp and )Q‘)&A})%U)wﬁb}g)u

(R/S) 48l 4y 4y 5 o
23 Laoles o els OLE (uilly o i s
Sl CL.»); Gold (e MRS o
Sl lie s (Y )z g oS L Sae
Y ool 5 s s YLD a bl 3ls OLES Lassls

.(P}?/VY%JJQ)JJ{R/S@M}@J:S;B



14

29 (51018 Blgo  Jakss i

ol 5 g_s—""l’ «.sf"“l-”“i RS Gl p L‘;"J‘UK

S idilga oy

Sy Sty

SRTR

Germination Persentage

Germination Rate

60

50

40

30

20

10

il LT T wa!

120
100 4 A *
*e +*
80 -
60 - * *
40 -
y=-11.443x2 + 67.061x
20 1 R2=10.96
0 T
0 1 2 3 4
Germination Rate
Bl o
9
81 *
7 *e .
6 3
& *
54
4 .
3
5 ¥ =0.0913x + 0.0414
R =0.96
1
0 T T T T
0 20 40 60 80 100
Germination Energy
il 53
+*
) .
v=1.014x + 4.7309
1 R?=0.86
0 10 20 30 40 50 60
SRLR
3 (51605 Slaa b (il jee

(i ly (55

dyrdlyy  Fuiyajly pasld

A dday ekls Oy

w3 VF S R a3 S5 ST

3 Ldaima (Davies, 1979; Taylor et al, 1982

23 sl g A 5 0 gl pdens (AT Ll 0

O Sl f B 4 ady) Sl e (258 el

120

100 ~

I Root Germination Energy

Dry Root

80

60 -

40

20

¥=73.796x + 6.3948

R =094

120

0.5 1

15

Germination Index
SFibla sy

60

40

- R*=0.85

y = 0.9525x + 1.7946

0.12

40 60 80 100
II Shoot

120

dr Bl Faniail sasls

0.1 A

0.08 7

0.06

0.04

0.02

¥ = 0.0033x - 0.0006
R'=0.75

w

30 3

o

Root/Shoot

Bl Ay Cand

QJS@Q?&M)Q@)@jé\féhﬁ\)lid;_,.:.wjf).la{\j) —Y’J.ifn
Figure 3, Linear regression relationships of seed maize germination characteristics and seedling growth

aS 3yl 5 Jlazl ol s Hl 5 5L Cow
0553 OLL U lases sla 25 3 56 OMSCke

Sl Ll 5 sl ol en oS L (05 5 )

ol K558 do o o 5 e G005

| ol il Ll 5 ol Jae (gl 25



NS (65 5 (el

S Sds (S 18 el sladlly S
31950 sl andul 53 5aler sl sl
A dl ol b sy 65 6 e Card
3y s o ammalS Sl )3 andy ) e al
Mw\;u)tf@@&l{.ml{wb
Sles p3 amalS wa) aleT Sae Job ys s
e S 055 2 s e Condy Sl dals
e 2alS 558 e bl (ST ol s
Ll e ksl SLOLL I (A6 e s 5 ST
ol alie Ll 5 e A8 (G0l Wl

..3}.5»&)3

ZA

1S sl OT 55 (K580 50 5 (olmndsm
olel 2o bl 5 s Siale dul g s Gasy
sl ol toladT oml mls SULIST .ol A0
o st ST Sl gl WIS e s SLOLL
AP palS st nl slaandal )
Jobo (ST ploe slac I w53 5 5 clis
SYsb 03,5 )15 5 ol el L IS )
OT Gl Dl gz Lol pl 53 5l Sote
s OLi bl b @L:J 30 ;.)jlb.a\_; U

i Skt Sl 5 F el )3 il a2 S

References &

Abdul-baki, A.A. and J.D. Anderson. 1973. Vigor determination in soybean seed by multiplication. Crop
Sci. 3: 630-633.

Agrawal, M. 2000. Reasearches on air pollution effects on vegetation in india: A Rev. J. Bot. 50:75-83.
Alizadeh, A. 2006. Soil, Water, Plant Relationship (5th ed.). Emam Reza Univ. Mashhad. Iran.

Alvaninejad, S., M. Tabari, M. Taghvae, K. Espahbodi and M. Hamzepour, 2009. Effect of desiccation
on germination and vigour of Manna Oak (Quercus brantii Lindl.) acorns. (In Persian, with English Abstract)
Iranian J. Forest and Poplar. 16(4); 574-582.

Bell, J. N. B. and M. Treshow. 2002. Air Pollution and Plant Life. Willy & Sons, LTD. New York.

Bhatti, N., Streets D.G. and W.K. Foell. 2006. Acid rani in Asia. Environ. Manag. 16(4): 541-562.
Copeland, L.O., and M.B. McDonald, 2001. Principles of seed science and technology (4”ed.). Published
by Springer Science+Business Media, LLC. New York.

Daneshmandi, M.SH. 2013. Identification of biophysical, biochemical and biological characteristics in
Balangu seeds (Lallemantia royleana) and study of seed germination and seed vigour structures under
environmental difficult conditions. M.Sc. Thesis. Islamic Azad Univ. Mashhad, Iran.

Environmental Protection Agency of US (EPA). 2011. [online]. Available at www.epa.gov. (accessed 13
May. 2012).

Evans, L., L. Dimitriadis, and D.A. Hinkley. 1984. Seed protein quantities of field growth soybeans
exposed to simulated acid rain. New Phytol. 97:71-76.

Ghaderi-Far, F. and A. Soltani. 2011. Seed testion and control. Jahad-Daneshgahi Mashhad Press.
Mashhad. Iran.

Hakim, ML.A., A.S. Juraimi, M. Begum, M.M. Hanafi, M.R. Ismail and A. Selamat. 2010. Effect of Salt
Stress on Germination and Early Seedling Growth of Rice(Oryza sativa L.). Afr. J. of Biotechnol.
9(13):1911-1918.

ISTA. 2009. International rules for seed testing. The International Seed Testing Association (ISTA) Press,
Switzerland.

Kafi, M., A Borzoee, M Salehi, A Kamandi, A Masoumi, and J nabati. 2010. Physiology of
environmental stress in plant. . Jahad-Daneshgahi Mashhad Press, Mashhad. Iran.

Li, W., and J.X. Gao, 2002. Acid deposition and integrated zoning control in china. Environ. Manage.
30:169-182.

Liu, H.S., Y.L, Li, and D.Q. Wang, 1999. Changes of physiological and biochemical characteristics of
different S22 genetypes maize during seed germination. Plant Physiol. Commun. 35, 15-17 (in Chinese With
English Abstract).

Majidi Heravan. L., and L. Yadlarlou, 2008. Evaluation of the effects of salinity and original plants on
vigour. (In Persian, with English Abstract) Iranian J. field Crops Res. 6(1): 155-162.



74

w3 VF S R a3 S5 ST

Marchner, H. 2003. Mineral nutrition of higher plants. (Second Edition) Academic Press. San Diego
Ca.U.S.A.

Menza, F.C., and H.M. Seip, 2004. Acid rain in europe and the united states: An Update. Environ. Sci. and
Policy. 7(4):253-265.

Mosavi-Nik, M., and R. Mobasser, 2008. Crop stress and collision (Translated). Shoara pablished, Tehran.
Iran.

Nongaki, H., G.W. Bassel, and J.D. Bewley. 2010. Germination-still a mystery. Plant Sci. 179. 574-581.
Porteous, A. 2008. Dictionary of environmental science and technology (4ed). Wiley & Sons. UK.

Razagh Yadak, F., and R. Tavakkol Afshari. 2011. Effect of drought stress on seed embryo axis
phosphatase activities during early stages of germination of two bread wheat (Triticum aestivum) cultivars.
(In Persian, with English Abstract) Iranian J. of Field Crop Sci. 41(2): 385-393.

Ren, A.Z., and Y.B. Gao. 2000. Effects of single and combinative pollutions of lead, cadmium and
chromium on the germination of Brassica Chinensis L. (in Chinese at English abstract) Chinese J. of Ecol. 19
- 19-22.

Sharp, R.E., and W.J. Davies. 1979. Solute regulation and growth by roots and shoots of water stressed
maize plants. Planta. 147:43-49.

Singh, M., and M, Agrawal. 2004. Impact of simulated acid rain on growth and yield of two cultivars of
wheat. Water, Air, and Soil Pollution 152: 71-80.

Song. X., H. Jiang, S. Yu, and G. Zhou. 2008. Detection of acid rain stress effect on plant using
hyperspectral data in three gorges region China. Chinese Geograph. Sci.18(3): 249-254.

Taylor, A.G., J.E. Motes. and M.B. Kirkham. 1982. Osmotic regulation in germination tomato seedling. J.
of Hortic. Sci. 107:387-390.

Verma, S.S., U. Verma. and R.P.S. Tomer. 2003. Studies on seed quality parameters in deterioration seeds
in brassica (Brassica campestris). Seed Sci. Technol. 31:389-398.

Wafa, A. and A. Al-Taisan. 2010. Comparative effects of drought and salt stress on germination and
seedling growth of Pennisetum divisum(Gmel.) Henr. American J. Appl. Sci. 7(5): 640-646.

Wang, L.H., and Q. Zhou. 2010. Responses of rice seed germination to acid rain stress. Seed Sci. Technol.
38:26-35.

World Resources Staff. 2011. [online]. Available at www.earthtrends.wri.org/features.(accessed 25 Oct.
2011).



