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Photosynthesis Characteristics and Protective Enzyme Activities in Seedling Stage
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Abstract: To investigate the physiological effects of maize seed size and sowing depth on germination and
seedling stage ,to provide a theoretical basis for the formulation of measures for the whole seedling, the tidy seedling
and the strong seedling. Through potted and field experiment,the effects of seed size (large ,medium and small) and
seeding depth(2,6,10 cm) on the photosynthetic characteristics and protective enzyme activities of maize during
germination and seedling stage were studied. The results showed that; the emergence rate of large and medium
seeds was higher and orderly than that of small seeds; the seeding depth increased,the time delay of seed breaking
and emergence was delayed ,the emergence rate decreased , especially for small seeds,and the effect of sowing depth
on seedling emergence rate was more significant. Compared with small seeds, the content of chlorophyll ( chlorophyll
a and b) of large and medium seeds in seedlings was higher, apparent quantum efficiency and ( maximum ) net photo-
synthetic rate , higher activity of SOD, POD and CAT, lower content of MDA , and stronger photosynthetic capacity
and drought resistance. With the increase of sowing depth,the chlorophyll content decreased in three-leaf stage , but

the chlorophyll content increased in 5,7 leaves stage, it suggested the treatment of the early emergence of shallow
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sowing processing better growth, higher chlorophyll content. After that,the treatment of deep seeding showed some

advantages ,the chlorophyll content at seven-leaf stage was significantly higher than shallow sowing treatment, and

corresponding apparent quantum efficiency and ( maximum ) net photosynthetic rate increased, SOD,POD and CAT

activity and MDA content decreased ,and photosynthetic capacity and drought resistance increased. Therefore , medi-

um-sized and large-sized seeds should be selected for deep sowing to promote whole, neat and strong seedlings,

which also could enhance stress resistance and photosynthetic performance at later stage.

Key words: Maize; Seed size;Sowing depth; Seedling emergence; Photosynthetic characteristics; Protective

enzyme activity
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BT 9.4 g/ke, 2 1.01 o/kg, TRARA 45. 30 mg/ke,
FRWE 4.4 mg/ kg, HAH6. 17 mg/kg.

1.2 RIEH#

TR IR S Ml 32 HE SRR E £T 505, R TR AL
I 1 873 N VNN RNV A o (SR i )
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Tab.1 Effect of kernel size and sowing depth on break ground and emergence of maize( pot experiment) %
i+ Break ground rate % Emergence rate
RE RS HEo6d WE1d R8s WEod HEo6d WE1d WEsd WE9d WE10d
Treatments 5 d after 6 d after 7 d after 8 d after 9 d after 6 d after 7 d after 8 d after 9 d after 10 d after
Sowing Sowing Sowing sowing sowing Sowing sowing Sowing sowing SOWing

1 16.0£0.2b 38.50.6h 75.4£0.2a 91.7£0.2a 92.7£0.3a 6.3£0.3b 49.0£0.6b 85.4£0.3a 91.3£0.1a  92.710.3a
24.3+£0.6a 47.9£0.4a 77.1£0.9 92.7£0.5a 92.7£0.5a  15.320.3a 60.1+£0.6a 90.0£0.7a 90.6£0.7a  92.410.4a
13.9£0.4b 35.4£0.5h 64.3+0.0b 81.3+0.4b 86.5+0.5h 4.9+0.4h 41.320.5¢ 72.9+0.2h 80.9+0.5b  86.50.5h
54.2+0.4a 88.30.3a 93.7+0.4a 94.7+0.3a 95.0£0.2a  25.020.5 86.3£0.5a 93.0£0.3a 94.3+0.2a  95.0+0.2a
) 0.0£0.0b 31.30.4b 84.7+0.4h 89.320.3h 90.3+0.4ab  13.320.2h 52.7+0.1b §7.0£0.4bh 88.3£0.3b  90.30.4b
3 0.0£0.0b 0.0+0.0c 38.7£0.9¢ 81.7£0.4c 86.7 £0.6h 0.0£0.0c 11.33 +0.4c 68.7+0.4c 80.3£0.4c  86.30.5b
TE : [RIFAS R NG 7R s A B ) 22 53 W 25 (P <0.05) . 3R 3 [,
Note: The data with different little letters in same column show significantly different among treatments. The same as Tab. 3.

F2 WL HEZEL Logistic BE (P =a/(1 +be™) @A FERERXSH
Tab.2 Logistic function of soil breaking and emergence rate(P =a/ (1 +be ™™ ) regression equation and its related parameters
AbFH Treatments a b k R’ 4 5 to.5a D

N

%

A
A
A
B
B
B

i % Break ground time A, 95.8 1.28E +04 1.5272 0.996 ™ 5.33 7.05 6.65 3.93
A, 97.0 1.74E +03 1.2536 0.995™ 4.90 7.00 6.50 4.79
A, 89.2 4.56E +03 1.3384 1.000" 5.31 7.28 6.81 4.48
B, 94.4 5.24E +05 2.6937 1.000" 4.40 5.38 5.15 2.23
B, 89.6 3.58E +09 3.5635 1.000" 5.80 6.54 6.37 1.68
B, 85.9 8.80E +10 3.568 8 0.999 * 6.69 7.43 7.26 1.68
B Emergence time A, 91.9 7.60E +07 2.608 8 1.000* 6.45 7.46 7.22 2.30
A, 92.5 5.78E +06 2.3173 0.998 6.15 7.29 7.02 2.59
A, 83.8 6. 13E +06 2.2175 0.995* 6.45 7.64 7.36 2.71
B, 94.0 1.86E +09 3.3889 1.000* 5.91 6.69 6.50 1.77
B, 88.9 6. 13E +12 4.2604 1.000" 6.60 7.22 7.07 1.41
B, 84.0 6.15E +10 3.2873 0.998 7.16 7.96 7.77 1.83
2.2 FFXR/NESERREXHIEHEENZMm BN (F =2.62,P<0.05), HE 1 A5, fl7

Tr 22T R, B P R/NAE AR EE I & R/NTTIRT, 2015 A5, ROREFP HS 1 e v , 358 HP R0 /)N
FRoMa R (P <0.05) , H 2015 4E —#F HAE BRI 8.9% F1 11. 3% 32016 4k fh b i
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The same as Fig. 3 -4.

B1 #FR/NSEMRENEXESEENZME(KERKE)

Fig.1 Effect of kernel size and sowing depth on emergence rate of maize ( field experiments)
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Ffr > HoRiFp > /R FR B A & E RO, 2
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M2RER a b SEBEPRA AV NEFR =17, 2%
29.3% F41. 5% ,43.2% - A R RH R B2 s 1 2
M 10.6% ,13.7% f117.3% ,16.2% , /N T =it
W, BEREFRIREERG Jn, — 0 B 45 b /N B Y
M2RE a b ErE S REAR, Tk B K 2 50R 7 R/
AR FRFE B BRNRE R AR R b AN, S

TR, =T 2 em FERAE 4R a b S
I 6 em R 1.7% ,0. 0% , % 10 em &K
P 15.1% ,16.9% , -3 20 20 B FEAR 15. 7%
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Tab.3 Effect of kernel size and sowing depth on chlorophyll content of maize seedling mg/g
B T L
st Three-leaf stage Five-leaf stage Seven-leaf stage
Treatments 5% a HEZ D 3% 3% a HEZ b 4% W53% a HEE D HRE
Chl a Chl b Chl Chl a Chl b Chl Chl a Chl b Chl
A, B, 2.35£0.18a  0.54£0.05ab  2.89+0.22a 2.69£0.13¢  0.6420.07abc ~ 3.33+0.19cd  4.86£0.1le 1.34+0.11c  6.20£0.22¢
B, 2.21£0.08a  0.58£0.02a 2.79£0.12a 3.28+0.40ah  0.71£0.14ab  3.99£0.40ab  5.92£0.74be  1.60£0.29b  7.52£0.71b
B, 1.98+0.05b  0.46+0.05hc  2.44+0.13b 3.59£0.46a  0.82+0.0da 4,41 £0.42a 6.48 £0.79a 1.79£0.2la  8.27+1.21a
A, B, 1.88+£0.03bc  0.43 £0bed 2.31£0.03b 2.99£0.17bc  0.5620.12be  3.55£0.18bed  4.31 £0.39f 1.10£0.12d  5.41£0.40d
B, 1.96£0.19b  0.4320.03cd  2.39£0.18h 3.2840.31ab  0.65+0.0dabc  3.93£0.33ab  5.12£0.35de  1.39£0.11c  6.51£0.48¢
B, 1.7520. 14ed  0.3820.02cd 2,13 £0. 14c 3.21£0.17abe  0.69£0.15abe ~ 3.90£0.23abc ~ 6.20£0.55ab  1.58+0.23h  7.78 0. 76ab
A, B, 1.63£0.02de  0.41£0.08ed  2.04 £0.07c 2.91£0.19bc  0.49£0.07cd  3.40£0.17hed ~ 4.31 0. 08f 1.21£0.0ded  5.52£0.14d
B, 1.599£0.19¢  0.3720.08¢cd  1.96+0.27c 3.11£0.21abe  0.51£0.08cd  3.62+0.25hed  4.9520.41de  1.63£0.20ab  6.58 £0.65¢
B, 1.41£0.05f  0.3420.08d 1.75£0.09d 2.92£0.18b¢  0.32£0.09d 3,24 £0.26d 5.4720.28cd  1.34£0.28¢c  6.81£0.42¢
T A 2.1840.09a  0.53£0.04a 2.71£0.13a 3.19£0.19a  0.72£0.02a 3.91£0.20a 5.75£0.41a 1.58+0.10a  7.33£0.51a
Average A, 1.86+0.19b  0.41+0.00b 2.28 +0.18b 3.1640.10a  0.63£0.10a 3.79£0.19ab  5.21£0.40ab  1.36+0.08b  6.570.47h
A 1.54£0.08c  0.3720.05b 1.92£0.12¢ 2.98+0.06a  0.4420.03b 3.42 £0.03b 4.91£0.11b 1.39£0.12b  6.30£0.23b
Fff A 2.6™ 4.0 350.9 ™ 1.1 3.7 46.6° 8.6" 84.8™ 17.2"
F-valve B 3.8" 31 19.8™ 3.8 0.6 2.2 76.3" 2527 6.2
AxB 0.3 0.4 1.2 1.5 2.3 11.3™ 1.9 45" 2.4

W FORTT WA RAE P <0.05 KB ™ FRFESNEERLE P<0.01 K83,

H

Note :

*, ™" represent that the results of ANOVA is significant difference at the P <0.05 and P <0.01 level,respectively.
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Fig.2 Scatter plot of photosynthetic characteristics of each treatment under different PAR
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Tab.4 Fit parameters of photosynthesis of each treatment under different light intensity

e PR JEAMEE T TR RO R

Treatments /(pmol/(m?+s)) /(pmol/(m*+s)) / ( pmol/ pmol ) /(pmol/ (m?+s))
LSp LCP AQY Pnmax
A B, 1 848 32 0.067 30.03
B, 1828 36 0.059 26.45
B, 3132 40 0.069 36.04
A, B, 980 28 0. 055 23.72
B, 1 420 40 0.053 25.53
B, 1712 36 0.059 26.25
A, B, 1 036 32 0.051 22.97
B, 1716 36 0.049 28.03
B, 1 760 36 0.047 24.94
Sy A 2 269 36 0. 065 30. 84
Average A, 1371 35 0.056 25.17
A, 1 504 35 0.049 25.31

2.4 WFANSEWRESSWEMOH 1, JORFIA) SOD POD CAT it (L6 F ) 45

2.4.1 FFR/DSIERMEEXT ARG BEPRRINKEL R 8. 34% F1 60. 76% , 1. 74% F
0 SOD POD Il CAT S5 R4 BE o] LRI 40 12.60% ,14.76% F1 31.05% ;3 NFhFR/ANE,
B U FAEAZ IR R H . T ZE g FE(2 em) AL HH SOD, POD | CAT ¥ 1 43 il % 6,
T, R R/ NAE PR B X M TR A A 10 emd®& BR AL BT 13, 59% 1 40. 47% ,12. 10% Al
PRAPEEIGPER R B2 (P <0.05) (H " FEHAER  31.65% ,11.84% F129.26% , iX 1] A 5 1 4% kb BRAZ
MARE, HE 3 TLER,3 FORPEEE Y BRI S TR A G,

B A5 /N Bl 1 TR G i S R R R 3 AR TR T

600 x®2cm &6 cm =10 cm 1 500r  ooe2em @6 cme=10 cm 200r  oxw2cm ==6cm=10 cm

g
g
B o
2

g
A AR/ (U/R)
CAT activity
g

LR /(U
POD activity
8

e B REE T / (U/R)
S0D activity

=
.

x -’? I - : Al
Large Medium Smill Large Medium Small Large Medium Smjall
ARPAZ) AR TESYN

: Kernel size
T By TN SRR E R R A
Fig.3 Effect of kernel size and seeding depth on protective enzyme activity of maize seedlings
2.4.2 FPFRUNSHRERREXS AN SR AR SN R B AR ERROK
SO AR TR B Pl B2 R R AR RN R A OF  Xm2cn @6 cn =310 cn
I, e R (MDA ) | -t 9 16 o M bk 5

Kernel size

= be 5
MW TRLE, Jr 5P HT A A ] T K " 2 %
/INFIHE G FEE 6 S0 T D9 I 5 A0 5 T ik K S5 2
F(P<0.05) , ~H HAERNM R (F=6.51,P < £s % 3
0.01) . A 4 T 1A TR RS AR VK T W10 % 2
S A R b R Y R 2 R
(LA 1) B b /N T 9 4 S I 7. 129% A WA
13.63% , W1/ VRIS AORFN 32T L 5L T FERD
53 LA B FIR AR IR, 3 ARl R/ NP1 R IR 4 FMFRNSEMRENERDEH RS ROSM
910 em AEFRAFETHIN RS I 6,2 em AFF-HY Fig.4 Effect of kernel size and seeding

WA 6. 63% 11 18. 36% , Al 5 R A& 1L, A Hi 52 + 5 depth on MDA content of maize seedlings
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2.5 RAMEEMERSE RIFHBEENRIE
BEMNBEXMES T

HIZR 5 AT GRS DeeME s St R 5 i
LEIEAHSC, 5 OR3P Ml M ST R B AAOR G
Forpoetf S St e R ol S B O S
2R M2 3K a & A A OC R B0K B 3F K P

(P <0.05), RMWE TR FREOLEBR G
SRR TR RPEEE R R IEA G, 5 MDA SRR
G, Hh R TRCR 540 % b & B
IEAHSE(P <0.01) o Z5RFW], S i Tk Ay it
LRER SR FRIK MDA & EAF TR M HOL A PERE,

£5 KARESHRESER RPMELNT BLBOELYE

Tab.5 Correlation of photosynthetic performance with chlorophyll content,

protective enzyme activity and malondialdehyde content

Eistn etz MsgEa MED BEMAYEIE SJEASR SRR N TR

Index Chl Chl a Chl b SOD CAT POD MDA
et AN S LSP 0.64° 0.61 0.54 -0.09 -0.03 -0.45 -0.74"
HAME S LCP 0.65" 0.73" 0.36 -0.36 -0.40 -0.63 -0.50
FWEFRE AQY 0.53 0.30 0.83™ 0.63 0.62 0.27 -0.51
R A HH Pnmax 0.59 0.50 0.63 0.12 0.19 0.19 -0.56

T FRERRAE P <0.05 KFBE; * FARMRRRLE P<0.01 KFRE,

Note: *, " represent that the correlation is significant at P <0.05 and P <0.01 level,respectively.

3 %k

T 1R i 52 FCOE S 37 0 o A S SR 5T L
FIEE AR, /TSR, B RN AR
PR EE 2 S i Rt R R R, —
FBEA R R Ao [R5 SR W) B 22, b 1 K
FOR e R R B W R RS oA
IR AE RAL R ], K RIS AL 28 | R
LT R A A | o v A, R ST R R,
4 TS BOE T R, 2R IR
K A2 LV IR TB] BRI i R0 R A
DRI R, P i k2 R It
R JBE ok v 4 D DAL AT BE 1 b 1 R AR AR ARG
gt RN T R % IR R B K, R RE 2 R R B
PRI ROCE I AT R, 5%
SIIEGERN L P I I R A 2 O |
R ALIFAIEAEIA 25T 2725 PR 1
1o, 7E 2015 A A H E) e v, 6 s R 22 e LG
N, RJZ BT R0, 2 om SRR Y HIE] H B
FRIBMEART 6 om TR, M HIRGEXS R0 po iR
JEE PR 5~ DR /IN T S5, G P RORE b 52 2 i) 14 A R A
ZIN, F B R T T T4

VoA VR SRAR M IE AR A A A R W] L
BB AR S BT R 2, R SR EER
AR IRZ — BEFE R, 2R 3 S AL KA
PRRFEAT WA LR BT R, KA
TSR F IR A S T/ T, AR, K
Kifh = — LR -2RER a b &R BY R AT
KBl AR T ROR | (oK) #HOE A R (Po Al
Pnmax ) AR, Y& 427 BE B, I B8 T

R L 5 7 TR0 0K v I 2 3R 5 AR 9 2 W A A [
A (e ) AP Ao 2e 5, = DIt PRl A It 20 R
ERERGE LS TR RO R R,
FHRL B AR T ROR | (e R 5 R (Po Al
Pnmax ) WAL, 65 A2 7 fE 1 B0, H 32 2 Af
RE T DN IR B vy, RO, R, )
WILE B, H 30K 73 By WOk, P 2 )5 19 A
RS2 B 5 RUM T2 A AR B
TR A DL o AR B, Ol 1 B i ek 7
REALEE , FBAEE DRI TS S R LR
2 e R B AR A, HAe AN O %

k7B B e/ SR E S 2 GRS NN K A
JCEAERT, R IR SCOE R > T X534 I ) NADPH #
i, G A LT AR B R T B e e HL AR %
BEL', o 80 1 G e % 1K Mehler J2IN 14 i K RE 1%
G AR B A A 2k 0, 1 SOD [ fEfL
FARLH, 0,0 FE RGP BT R RN AL
AR B Al o A T ) Tl A AR S
LD A S QOB o R P A O i ) DR T, 2 35
SV BR R AR B ST 45 53R BT, SOD, POD Al
CAT PR3P B A Bl o322 DR T T o, I 3% ol % 2 444
TN FEEAR , 56 1 KL Ao B7E 308 BE 3 558, /1N Ao 470 390
P 22, T RCEDY W BE SR IE BT X — L TR
(2 cm) REPREO AP BTG VE B35 5 T IR G AL B, W] BE
T AR R RO AT 5B 8 i R A
(10 cm) KB iy T+ I 175 B4, 1 52000 A2 5
/N DR 1 (MDA ) 5 BB AIR, 1 5 A A A
flufE ) LB FE S R A 2

R CHORLRR 55 /N KRR AR G, AU L | R
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