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Effect of seed reserve and external nutrient supply on assimilate
accumulation and nutrient utilization of maize (Zea mays L.) seedling
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2 Institute of Anhui Engineering Technology on Maize Breeding . Fengyang,Anhui 233100 ,China)

Abstract: [Objective] The aim of this study was to evaluate the contribution of seed reserve and exog-
enous nutrient supply to assimilate accumulation and nutrients utilization of maize seedlings. [ Method]
Effects of seed weight Chigh-, middle-, and low-weight seeds).,removal of both seed coat and endosperm
(de-endosperm) , and exogenous nutrient supply on biomass and contents and accumulation of nitrogen,
phosphorus and potassium at different parts of transplanted seedlings of maize (Zea mays L.) Zhengdan
958 and Ludan 9002 were investigated using sand culturing experiment. [Result] The three factors exerted
statistically significant impacts on total biomasses and nutrients contents of the two maize hybrids. De-en-

dosperm showed the highest single main effect, which was the main reason for changes in total plant and

[efi HT 2014-05-26

(e E] EREARPIETH (31101598 s 2 #4175 7 R 3 430 H (10040606 Y02) 5 1 75 5 15 [ 5 2 K 2% 28 G Al il
R R A (201210879047) 5 2 B0l 4 5B TARDH (2012jyxm4 16)

CfEHRAT A BQ972—) 20 B & Nl #82  W+, EZNE S Sl Y s A 5 E .

E-mail : zhouyi_nwau@ sohu. com



48 P AL AR MBI A2 4R (A SRR 2 B 542 %

root biomasses and nitrogen content in leaves of Zhengdan 958 and root biomass of LLudan 9002, followed by
exogenous nutrient supply. Total biomass of Zhengdan 958 supplied with distilled water increased with the
increase of seed weight. Cultivars Ludan 9002 cultivated from middle-weight-seed showed the highest bio-
mass. Exogenous nutrients supply significantly increased total biomasses of the two cultivars and changed
assimilates distribution among different parts compared to the plants supplied with distilled water. Thus,
seedlings cultivated from middle-weight-seed and supplied with nutrient solution showed the highest bio-
masses. Seedlings from high-weight-seed of the two keep-endosperm-cultivars utilized seed nitrogen and
phosphorus reserves more sufficiently than seedlings from middle-weight-seed and low-weight-seed. Fur-
thermore, biomass and accumulation of nitrogen and phosphorus in keep-endosperm-Ludan 9002 were more
susceptible to exogenous nutrient supply than those in keep-endosperm-Zhengdan 958. [ Conclusion])
Zhengdan 958 utilized the nutrients in seed more sufficiently and reduced the nutrient requirement from ex-

ogenous sources,which was the main reason for wide ecological fitness of Zhengdan 958 and high-weight-

seed seedlings.

Key words: maize; seed reserve;assimilates accumulation;nutrient utilization
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Table 1 Descriptive on seed weight of maize hybrids Zhengdan 958 and Ludan 9002
st FHI1E /g fe/ME /g BKRE/g W2/ a5 R E %
Cultivars Means Minimum Maximum Range C. V.
84 958 Zhengdan 958 0.361 440.065 2 0.192 6 0.588 4 0.395 8 18.1
£ 8 9002 Ludan 9002 0.349 14+0.073 4 0.129 8 0.547 9 0.418 1 21.0
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Table 2 Effects of seed reserve and external nutrient supply on roots,stem and leaves dry biomasses of maize seedlings

. B - A/ (mg « ') Dry weight of biomass £ WA
Clﬁ?f\irs Cultpre *MSE‘;IVHI # Root 2% Stem I Leaves fitk Total plant Leave * Stem Root * Shoot
Medium KS DS KS DS KS DS KS DS KS DS KS DS
sk ML 59.2¢ 34.0gh 34.5¢ 23.2d 37.9def 28.9f 131.6d 86.1e 1.10de 1.24 cde 0.82bc 0.65d
Distilled M 75.2b 57.3cd 32.0c 33.7c 41.2de 46.0d 148.4 cd 137.0 cd 1.29 bede 1.36 bede 1.03 a 0.72 cd
éii 9d’8 water w940, 29.2h 48.9b  19.4d 56.9c  38.3defl 199.84a 86.8¢ 1.18cde 1.97a 0.89h  0.5le
95g8 o W 8L  37.51gh 36.5fgh 44.7b 23.3d 73.8b 345l 155.9bc 94.2e 1.66ab 1.48bc 0.321g 0.63d
Nutrient B M d4.5efg 35.8gh 75.7a 46.6b  89.4a  67.1bc 209.5a 149.5cd 1.18 cde 1.44 bed 0.27 g  0.31 fg
solution e f1 47 2del  51.6cde 74.7a 50.0b  76.4b  7T4ThL 198.2a 176.2b 1.02e  1.50 be 0.31fg 0.41 el
ok 6L 50.9bede 46.7 cdef 24.9e 25.3e 24.7f 32.1el 100.5ef 104.1def 1.01¢c  1.27bc 1.02a 0.81h
Distilled M 88.7a 63.6 b 37.4d 249 54,3 ¢ 34.8 ef 180.4 be 123.3 de 1.47 ab  1.42 abe 0.97 ab 1.07 a
%Iqi;a?z water B H 36.3cfg 32.9fg 37.5d 26.4c 51.9cd 35.1ef 125.6d 94.4f 1.38abc 1.33abc 0.41cd 0.54 c
9002 R ML 44.3def 26.3g 60.3b 22.5e 95.3b 39.2de 199.8b 87.9f 1.59ab 1.74a 0.28d  0.43 cd
Nutrient M 96.2a 60.1bc 93.0a 49.9 ¢ 163.1a 82.9b 352.2a 192.9b 1.76a 1.67ab 0.38 cd 0.45 cd
solution BH 97.2a 56.4 bed 86.1a 46.0c 150.0a 62.0c 333.2a 164.4c 1.74a  1.35abc 0.4l cd 0.52¢

T 7] — it il () — B B 5 A S Rl /N B 38 22 53k 500 B3RP s KS R DS 43l F R 78 oK 1 i 1.0 3 5 8% b 5 R B B b

. K468,

Note: Different lowercase letters indicates significant difference in same parts of the cultivar at 5% level. KS and DS indicate keep endo-

sperm and de-endosperm at seedling stage with 2 leaves,respectively. The same for Table 4, Table 6 and Table 8.
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Table 3 MANOVA F of the effects on roots,stem and leaves dry biomasses of maize seedlings

A&/ (mg « £ 1) Dry weight of biomass

o . . —
Cuul:ifirs Fe[ili:rs LS ES m T Leauje% tSttem ROTEZEStEoot
Root Stem Leaves Total plant
i Seed weight(SW) 3.03 13.25%* 3.35 60,77 * 0.85 2.50
% F F De-endosperm(DS) 6.88* 60. 06 * 11.20%*  173.70** 0.38 0.04
K958 44 Nutrient supply(N) 0.05 94,77 23.26% 66. 43" * 2. 40 44,80 *
Zﬂfﬁg i e X R AR SW X DS 0.62 0.29 0.12 5.39" 0. 42 0.54
958 L X ANE FE 4 SW XN 1.52 7.70" 0.45 4.39* 4.99* 5.39*
11k B A - X AN R 43 DSXN 0.01 21,54 5.05*% 1. 20 0.09 3.51
BT X R A X SN F 4 SWXDSXN 0. 09 1.87 0.21 28,32 1.12 0.08
B it Seed weight (SW) 2. 26 16.69 " * 2. 87 132,50 0.05 1.90
% F F De-endosperm(DS) 4.83" 53.73" * 7.40% 374.30" " 1.70 0.01
.81 9002 AMIRFE 4 Nutrient supply(N) 0. 20 65.62" * 20,57~ 492,80 * 2.48 33.72
Ludan i Jfi &t X 5 BFl 7 SW X DS 0.09 1.76 0.05 13.84" 0.54 0.07
9002 i i X ANEFE S SWX N 0.95 5.84" 0.93 43.647 * 0. 68 2. 60
T BEFp - X AMNEFE 5 DSXN 0.81 10. 50 * 3.83 171.70* * 0. 85 5.39"
T X R X AN FE 4 SWXDSXN 0. 11 0.33 0.06 1.30 0.09 0.67

o Ml x HRRRZITCH ML S VM IV B EES ., £5.7.9 [,
Note: * and * x indicate significantly different at 5% level and 1% level by MANOVA method, respectively. The same for Table 5, Table
7 and Table 9.
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Table 4 Effects of seed reserve and external nutrient supply on roots,stem and leaves nitrogen contents of maize seedlings

. AW o At/ (mg+ g— 1) Nitrogen content MEAG . ﬂ%ﬁ/ﬂ/ﬂ\giﬂi
R T iR o Leaves N content ¢ Root N content *
Cultivars ;4225;2 SW fit Root = Stem I Leaves ttk Total plant Stem N content Shoot N content
KS DS KS DS KS DS KS DS KS DS KS DS
FEIK it L 15.60f 16.10f 14.9d 17.2d 24.6¢ 30.8 bede 18.1f  21.3ef 1.65ab 1.79a 0.78 def 0.65 fgh
Distilled M 17.20f 18.10f 19.0d 17.3d 25.2de 30.9 bede 19.9ef 22.2¢ 1.37be 1.80a  0.76 def 0.72 efg
;Eji 9[158 water g 922.70¢ 24,90 de 32.9 ¢  41.7ab 30.2bede45.8a 27.3d  38.1a  0.92del 1.11cd 0.73 delg 0.56 h
95%; o EF 1t L 27.20 cd 28.80c 40.3ab 44.7a 26.7 bede 48.1 a 30.7 ¢ 39.8 a 0.66 ef 1.08cd 0.86 bed 0.62 gh
Nutrient M 30.50 be 35.50a 41.3ab 44.1a  26.2cde 32.1bed 32.6c 36.6ab 0.64f 0.73 def 0.92 abc 0.96 ab
solution mH 33.90 ab 28.80 ¢ 32.5¢ 38.1b  34.0b  33.4bc 33.4bc 33.4bc 1.05cde 0.88 def 1.02 a 0. 82 cde
EEk KL 16.57 ¢ 15.10g 18.0¢e¢ 20.7 de  25.6 def 19.5 ¢ 19.11 17.9 1 1.42a 0.95b 76 cd  0.76 cd
Distilled h 16.27 g 21.64f 22.0de 34.0c 25.1def 38.0b  20.1f 28.8¢cd 1.15ab 1.12b .68 d 0.60 d
= 1.05b 0 1.02 b

0
M 0
89002 water @ H  34.19 bed 37.23 be 36.4bc 40.5b  37.8b  33.2bc 36.2b  36.6bh .82cd  0.92 be
I 1
M 1
1

Ludan

9002 BRI KL 38.49b  44.23a 38.4bc 48.9a 24.3efg 46.2a 31.7c 46.4a 0.63d 0.95bc 1.29a  0.94 be
Nutrient rh 33.80 cd 29.26e 22.2de 37.1bc 25.0def 29.7cd 26.7c 31.6 ¢ 1.13 b 0.81 cd L4l a 0.90 be
solution mH  29.98de 27.34e 23.0de 26.4d 20.7fg 25.9de 24.0e 26.5de 0.90bc 0.98bc 1.40a 1.05b

HIZE 5 AT 3 ANPIERXS 2 A dh A R MR A FE A I/ Al R0 45 BR Bl 5 A A0 U5 3R 20 X0F K8 5 958
R O A KO DI INR Z MR R AR 00 T A B R R T IR ] A 58 LA
HAR X E B 0002 AR AT B A A B . HLLAAMIRSR 23 89 32 8800 A e s X B 9002 AH BR
K AR AR 958 1w o RA KL S AMNEIR 0 Y RS R A R R Y R AR 5 AN IRR 20 1 58 AR
AN A Ko 3 AR S AR 20 B KO BR R T RSN IR SR 2 9 B RO . AR IR SR

A b TR RR S AR A A R E K. e R 958 AE AR R RUE R LB 9002 MRAE
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Table 5 MANOVA F of the effects on roots,stem and leaves nitrogen contents of maize seedlings

o e
&+ /(mg « g~ 1) Nitrogen content g;i Egﬁ
i A 5 Leaves N Root N
Cultivars Factors ! 2% i itk content * content *
Root Stem Leaves Total plant Stem N Shoot N
content content
¥ B4 Seed weight(SW) 21.05% " 24,03 * 8.76**  33.34" - 5.27" 6. 76
A De-endosperm(DS) 1.43 17.20* 40, 83" * 61.08" " 5.54* 22.72*
¥R 3L 958 ANJEFE 4> Nutrient supply(N) 266. 70" " 338. 60" " 2.27 252.60* " 60.91" 41,77+
Zhengdan ki Ji & X i F 7 SWXDS 3.17 4, 85" 3.15 2.08 1.28 5.91*
958 ORI X AMEFE A SWX N 9.86"*  107.10"* 8.48% %  55.09" " 12.88°*  8.48" "
R X AN 554> DSXN 0.24 0.43 0 0. 80 0.92 0.17
B R XA X AN IR SWXDSXN  5.72* 1.65 10.43* * 16.01* 1. 86 1. 22
ki i & Seed weight (SW) 24,62 2.62 0.13 16.23* 1.75 12,45~
1% B A7 De-endosperm(DS) 1.29 50. 17"~ 37.06"* 73.48" " 4,93 32.55" "
i 9002 SMEFESE Nutrient supply(N) 164.10" * 13.18" 1.81 65.52" " 13.66" " 112.50" "
Ludan B R X BR AP SW X DS 0.57 6.67" 8.48"* 9.50" " 0.41 2.17
9002 A X AR FR 4 SWXN 13730 * 97.76% %  62.83%* 249.60" - 5.58" 457"
W Rl X AR FE 5 DSXN 2.97 2.24 28.32"* 16,91 * 7.38" 33.53" "
B X B AT X AN R SWXDSXN 10, 15* * 1.27 31.66"* 25.35% " 9.53** 0.19

2.3 MFERRMBEFEFSNEHERBREFRTNY
A

Folt = PR 25 B AR S 43 5% i 00 AN T] ity Aol DR AR

KRR A UL 6, r 22 T A R LR T,

F 7 RYL SRR 958 R 25 Bk S A 2K

W5 2 o Lb BB PR 9002 A A RN I Bl B ek AR Ak 1Y de K

FNE R HMRIR ), GRS 5. 9002 MRFIZEWE & 1 AL
P e R DR 2 2 L o i 5 MR R 20 9 58 HL AR
KR H 958 AR M AR R 0 5 B LE L B 9002 25
W A LG RO W A LR A A e R T 0 ) R L
Jo i KL R BR R SRR T S AN SR O 52
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®6 MTERRMERSIMABRMHEREHAR . ENMHBHIENZ N

Table 6 Effects of seed reserve and external nutrient supply on roots,stem and leaves phosphorus contents of maize seedlings

W& /(mg« g ') Phosphorus content

LY MR 4 1

ST v
aE TR g

Leaves P content *  Root P content *

Cultivars &”H}He SW it Root % Stem M Leaves Hiitk Total plant Stem P content Shoot P content
edum KS DS KS DS KS DS KS DS KS DS KS DS
FEIK it L 0.77h 2.181fg 3.97e 4.78e¢ 4.13g 5.30fg 2.58f 3.92e 1.04dbec 1.11ab 0.191 0.43 fgh
Distilled M 1.76 g 2.48 1 6.06 d 4.60e 5.54def 5.75def 3.74e 4.11e 0.91 bede 1.25a 0.30 hi 0.47 g
;E* 9[158 water mH  7.83b  5.66c 6.81d 8.8 c 5.36efg 7.03c 6.8d 7.02d 0.79e 0.80del 1.31a 0.74 d
engdan
95%; EF it L 5.35cd 3.80e 10.51a 10.22ab 10.43a 9.44ab 9.23a 7.45cd 0.99 bed 0.93 bede 0.51 fg 0,39 gh
=]
Nutrient h M 4,90d 5.46cd 11.07a 10.14 ab 6.62cd 6.60 cde 7.86 bc 7.43 cd 0.60 f 0.65f 0.57ef 0.68 de
solution B H 7.88b  9.10a 10.13ab 9.26bc 8.85b 7.0lc 9.09a 826b 0.8cde 0.76ef 0.83c 1.16D
EEk ik L 1.14 1 1.45 1 4,46 f 3.74 1 3.93 e 2.78 e 2.57 e 2.41 e 0.80 ¢ 0.77 ¢ 0.28 h 0.46 g
Distilled M 3.41e T7.13bc 8.10de 10.36b 5.19cd 3.79de 4.91d 6.80c 0.64dcd 0.38d 0.53fg 1.10a
%131 ;’002 water WH  7.94ab 8.69a 9.39 bede 10.14be 8.04b  7.95b 8.44b  8.77b  0.86bc 0.78c  0.92bc 0.99 ab
_udan
o002 grgm ML 7.42b 6.37c 12122 13.50a 9.77a 9.78a 9.96a 9.72a 0.8lc 0.73c 0.70de 0.57 cfg
Nutrient M 8.44a 5.06d 7.98e 8.80cde 10.23a 7.76b 9.15ab 7.21c 1.28a 0.89 bc 0.90 be 0.62 ef
solution mH 7.85ab  4.19de 9.07 bede 9.45 bed 10.00a  5.93¢  9.1ab  6.34c¢ 1.10ab 0.63cd 0.81 cd 0.56 efg
2.4 MFEBRMBEFONEHERFERIFE  FRZEINESR D, k3 8 ol H, 2 WK 55 4
B % i PR LT T 0 R Fil B A R B 958 R [ R B A

Toft - 12 2 S SRR TR o3 X B IS [ A T ORAR
ZERN B R S WL 8L T ZE M A AR LR 9.
# 9 RWL G 2 A dh b R AR R B A [a] 38 AL A
I ZEHR R LR R S AR B R R

FRCHT R PR AR R YO0 R 2 25 L (FL I A R
BN, BB 9002 MUABR R S = B E T E . Bk, 2
AR TR TR B SRR AT R AR IR 25
HINIG SR 43 B S 2 5 T AN [RDRLJT B 7R A R R A
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Table 7 MANOVA F of the effects on roots,stem and leaves phosphorus contents of maize seedlings
. B N R 56
i/ (mg + g ') Phosphorus content B S
fin K& Leaves P Root P
Cultivars Factors el 2 i itk content } content }
Root Stem Leaves Total plant Stem P Shoot P
content content
BT Seed weight(SW) 687.8" " 12.63* 9.49* 117.0* 11.03* % 190.20" *
B A7 De-endosperm(DS) 0.09 0.23 0.02 2.47 1. 49 0.82
FBH 958 44 Nutrient supply(N) 578.10* *  370.40** 125. 80" * 801.80 " * 22.52% 17.36" *
PRNE < BT SW DS 8.80" " 5.86" 0.06 0. 49 3.85 7.83°
958 i TR X AMNE SR SW XN 16. 80" * 31.52** 30,73 61.01** 13. 747 7.59*
WA X AMNE S5 4> DSXN 0.16 6.51~% 17.43* 7 43,41 5.96" 8.35%
BT i X AR BR A T MR TR SWXDSXN - 70,11 * 4. 82" 4.08" 8.90" * 0. 40 46. 54"
i JF i Seed weight(SW) 101. 70" * 5.07" 10,71~ 49.79" 0.57 59.02* "
14 B& F#F De-endosperm(DS) 9.69" " 8.71* 26.34" " 8.75" 18.10* 0. 95
f.20 9002 JMIEFREST Nutrient supply(N) 80.86**  79.38**  169.50" " 317.80" * 14,91 0. 64
Ludan ki T X R R SW X DS 7.247 1. 80 3.71 5.16" 2.63 6.75"
9002 e ek X AN FE 4 SWXN 16510 128.40**  47.64*" 211.50**  13.36"" 34,28
R A X AMNFE I 4> DSXN 145. 80" * 0.03 6.36" 50. 85" * 3.54 84.40% *
R R X AMEFE 4 SWXDSXN 21,71 3. 60 5,92 12. 25" * 1.05 11.63"
£8 MFERBINEFRSTRERMEKEWIR . LA AS R0 HM
Table 8 Effects of seed reserve and external nutrient supply on roots,stem and leaves potassium contents of maize seedlings
o B I - B4t/ (mg + g 1) Potassium content n|~%:tt ﬂ%ﬁ‘tt
Cultivars (full}lre SW # Root 2 Stem i Leaves itk Total plant Leave * Stem Root # Shoot
Medium KS DS KS DS KS DS KS DS KS DS KS DS
FEImK it L 1.01 f 1.58 f 2.98e¢ 10.73d 8.98e¢f 10.09e 3.83h 6.91g 3.02a 0.97cd 0.17ef 0.15f
Distilled M 2.95ef 2.73ef 4.73e 34.78b 8.69ef 26.58 cd 4.95gh 18.70f 1.98b 0.76d 0.43cd 0.09f
;ﬁig‘i‘ﬁ water mH  4lde 6.79d 5.03e 24.78c 5.191 36.09a 4.66gh 23.46e 1.03cd 1.52bc 0.81a 0.21¢f
958 EE it L 18.56 b 10.91 ¢ 50.07a 46.13a 32.37 ab 30.95 bc 34,12 bc 26.95d 0.65d 0.67d 0.48c¢c 0.29 de
Nutrient M 28.51a 28.77a 50.48a 49.68a 24.49d 23.24d 34.76bc 32.82c 0.48d 0.47d 0.79ab 0.84a
solution mH 29.23a 29.33a 50.63a 51.10a 35.89a 33.09ab 39.89a 37.10ab 0.71d 0.65d 0.68b 0.73 ab
#imok it L 2.20fg 2.80fg 6.68f 8.171 11.57d 10.28d 5.65f 6.54efl 1.74Db 1.28¢c  0.24 e 0.30 e
Distilled M 10.97e 1.45¢g 27.48d 6.15f 21.31c 24.17c 17.47c¢ 8.80e 0.78d 3.93a 0.46d 0.09 f
%ﬁﬁ:ﬂ water = H 21.30d 4.90fg 38.6lc 15.64e 31.69bh 22.27c 30.64b 14.43d 0.83d 1.43¢ 0.62¢ 0.25e
9002 EF KL 23.69 cd 26.63 bc 51.40b 57.54a 34.89ab 36.19ab 37.41a 38.81a 0.68d 0.63d 0.57 ¢ 0.61 ¢
Nutrient M 29.36 ab 23.57 cd 48.52b 47.02b 35.89ab 31.62b 37.44a 33.08b 0.74d 0.67d 0.73ab 0.63 bc
solution mH  3212a 5.72f 48.51b 28.15d 38.91a 23.43c 39.32a 18.75¢ 0.80d 0.83d 0.76a 0.22¢
25 MTESMEMEKENRRE BAMBER GO T 01U 7 H 058 0 EULHE T
= K Tk @Tﬁﬂ%%*ﬁﬁiﬁ?ﬁﬂ”@?ﬁﬁ%ﬁ?fﬁﬁ 958 fp ¥

i 2% 10 1], Bk S b 0T B B B 958 Ab, kL i
XF 2 A it ol S KA B ol 4 B A ) i R AR EI’JJ\@@'«J
KT H A R AP 40 B, 3 7] 5B J2 4% B b i 2 4
%”TIZK”EQBEA*CE{QE/J/H%o TE ] — &b Fepr i A
Jor g 1 O B R K AR i 3R LAY Tk (R KR R
958 FY A ik 5 b 7 b B AP ) ¥4 /8 T ok i RIAG R
(G L

ACHG IR Rl 5 A B 20 6k RORL B & 4B
958 B IR BB Y 5T M) AN 2K 5 478 Bk ok BT

W=A
5

wTTER. A B X S R 9002 A &

%E’J TR LA R b Ak AR B . 2 A b
R B B S AR AR AT R iﬁkuﬁii

0, 387 LA 5% ol A 3ELRR X 85 R RS B 958 1Y i Ao JBi
SRR B A DT R R B 9002 A kL T i R
BRI R R TTERBR AN o AN AR R BR R SR E R
e AL T b U 1 BT R K T AR R kL T i AR
+ o R i A A Y DT kR AR L X R BT Y
S | NIOE: NP VA =% A il Ll = A DO L el ol
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Table 9 MANOVA F of the effects on roots,stem and leaves potassium contents of maize seedlings
B/ (mg g ) Di%’fqi ’FE@@
Potassium content i FHEI
A 5ES Leave K Root K
Cultivars Factors el 2 i itk content * content }
Root Stem Leaves Total plant Stem K Shoot K
content ratio content
B it Seed weight(SW) 154.7% " 20.58* * 0.22 74.02% " 0.24 66.10"
B FF De-endosperm(DS) 2.37 82.24% 0.43 49.65% * 3.64 45,41+
JEE. 958 4 FE4> Nutrient supply(N) 2 050,00 * 1 341.00* * 2.48  1806.00"* 10.13**  168.60* *
Zzzzg B B B AT SW X DS 9.96"* 1446 " 0.12 29, 71" - 0.76 1,48
958 KL X AME R4y SWXN 68.19" * 10. 36 0.25 2.99 0.12 21.70%
TG R T X A B 324> DSX N 13.61°*  110.80** 0.73 199.10" * 3.54 33.50% >
B X R R T X AN FE 4y SWXDSXN 7,547 8.09°" 0.29 8.52" 0.95 23.05% "
B it Seed weight(SW) 5.19° 1.13 16.387*  19.12" " 37.45% " 1.84
§i# b5 Fh 7 De-endosperm(DS) 173.20" * 94, 00" * 23.64* "  260.30"* 91.79* 114. 80" *
fu.00 9002 JMFREST Nutrient supply(N) 552.60° % 873.00**  216.50°* 1691.00" " 285.80°*  170.90**
Ludan B X R F SWXDS 94.76* " 54.08" " 20.05**  132.60" 91.25* " 52,57
9002w it X MBS SWXN 57.89**  106.10* 44.25% %  228.80" 48.39% 27.37%"
TR T X 4324 DSX N 0.90 20. 14~ 3.83 0.04 102. 40" * 0.52
R X R T X SN SE4r SWXDSXN 9,99+ * 7.29% " 2.91 6.54" 95.17%* 11.08* *
F10 MFHNREREA BMANENAEASMEREHEKEYE . & BNARRENTH

Table 10 Contributions of seed weight,nitrogen, phosphorus and potassium reserves to biomass,nitrogen,

phosphorus and potassium accumulation of maize seedlings

¥R 8958 Zhengdan 958

£ 9002 Ludan 9002

LD Jisid = o e T = ey
I Treaments  WORURR  RER  @RER  MORRE PROGRE  @RURR
. M H L M H
Fob 7 R AR R B Y Sk KS 84.4 70.8 ~100" 50. 3 51.2 37.7
Seed weight contribution DS 91.4 91.6 49.3 2100 63.9 57.4
Foi - G0 oA B A B AR Y Tk KS 49.7 43.1 82.6 30.2 38.5 56.8
Nitrogen reserve contribution DS 49.0 55.5 56.5 45.6 58.1 78.6
T P B I 0 A R e 2R A T ik KS 23.6 33.7 76.3 12.9 27. 4 34.9
Phosphorus reserve contribution DS 48. 1 50.5 41.8 29. 4 60. 4 80.0
b T4 I o A Rk A SRk KS 9.4 10.1 13.3 7.5 23.8 29.4
Potassium reserve contribution DS 23.4 51.9 31.3 19.7 17.0 43.9
W x RRKFRLP A Y O S EAHFEL L.
Note; * Indicates that seed reserve was completely exhausted.
PR BERAR I BT SRR B B S5 R LXAE IR . EATERF AU,

i 1 5T J(‘JZISLi’«J/J\?ﬁF‘%iXﬁt%EJF%F%?i\
A TTHR . TE AT ER B 7 B9 260 F L 31X AT RE 2 H L
A 28 R W R R T Wy ot SR AR AR Y 48 R 5 T A
THBRFP T Ab PRI AE T AT RESEAE 1 i 10 B LAY
LG Tl 1A B4 2 Al 3 3R X0 T T b 55 0 o
I ¥ B SR 73 WA 25 52 47 B3R ol 1 ) 2 MR R XS /N T A
Yrie R EL, BRI Bl B R i ROk
i R B BT Rk T A U xR R B sTek . B
EK%I&%@?W‘,:%‘E’J%#*H%‘@ﬁ Foft 5 £ I
oo B K B R AR SRR AN T Rl A A
O B R @K%’if B DTHK . 3K T RE R E A H
TR R F R b e 0 A AR T R L
B 2 R X A7 DA 8 B MAC TR 3 A X g T SR Y

4 9002 AH F . 8 958 4 Bl Tk 5 R L B
b o JHL 3 A R RN R B SRR TR R AR g
Kok F BRI B B, FB R 958 (1 4F W B A L B 2R
FEGF AR 5% 53 AN SRR
3 B
3.1 MRESREERXZNERREER

A BTN R SRR A B, KRR & A
S IR T, B R AR I RS AR R
B AL B O S R B IR 2 E R,
PEE A A T R X A A ) R B AR A
Py R RO R R /N L K B R
J B AR DG . KRR T4 9 X6 S IR 5 e 1 A o A



54 P AL AR MBI A2 4R (A SRR 2 B

542 %

AR F/NBL A F RIS . AR50 b, 2208 K B 3%
SME T ARG B 7 5B B 958 [ RE BE AR AT Y A 4
1 I R T A A BN I S 4 L UE S R R
AR HE R I E R A Y B X 5 H Z AT
WFFE 45 T AL . A W 5T R W DA TR fifs o R A
FEAE P B 1 K/ S PP L2 75 HL A W e
RIEAS LY ORIy B AR A K ] 22
SEETTRE AP R I AR G BT RE S R A
B 10550 & 1 SO SL A S AR W R e R R A
SRR 1R T A 45 R 0T BB 5 TR R KN R
e = R N G VAN NN g YA = L € S W AT IN
H 47k 3% P - 289 ] OB b PR A L R R A AR AR
i BB RN Y IR 3 K IR SRR A
AR E R R EENE, B FEM
RNAT DLk — 25 4l B B Ak B A B 958 Al
R A= 4 1 5 ) i K TR B 5 R AR 3R 43 19 R0
RANAHIE o MRS 53 X5 6 B 9002 H bk AE W) 1t 1) 5%
TR 37 N = IS 3 8 vy N L R G A U <1
958 Xof At I 5 ) MRS 1k A X T B 9002,

H AT KRB 958 S F I A A i AR AR K 1 K b
FpE B 58 5 9002 1 REAKY S LI 478 1 R
ZIERIAT R A R K 581, (HA T E R IEZ R
Xt PRI 5 v 53X 2 A b ok a8 BT R B B
BAE SR A 7 v, £ B 9002 Y4 T AR /N T8 2
958, TEAIRIE T, T A TCAME IR 43« ok i i
B 9002 1A BE A= 1y 4 38 dn v L AE ZR I OK B 9 4%
PER i 25 0 5 2 0 398 0, R Jik B Ab 8 2 9002 1
2K L 5 5 T A R g AR R L D) i 2%
B AR 340, 15 AS 338 I ol 7 4B B0 958 Y - 25 Lh AR e
Fb 35 52 e T v PR AR 0 R A AR B B 22 L X T g
STl AR LA E 2 A4S T oK S R R AR 8 i 32
B8N R WA SN S 2 R R L T 2 A R A R
A kg 7 ) PR AR 2 S D AT R R v R T A S
o7 P 2 S 0 SRR S XA R i — 2RO
3.2 MFHRNESESEXAREERNXE

— BN R FEFR A B Z AR AR T a8
LT 4 R R T 0 2R I B A TR 4 T xS U
FEOT BRSO R R A R R R R 3R
Oy S R R AR ES Y AT 8 B R e & 0 2R
K., CAUFRR, 7 & 2 s AT BRI A
300 25 2 XoF &)y R R B R AR AT PR R 1
T R B 38 BRI A B IR g v 6 A I R 1
Wi, 35 HL O R B T L A R N AN R A S E R
T KR A K T T A A T Bk | R T e A

IO RCE t D) I L R Ve R T S A ]
R RV R T (E R R R T
W] AL Aol 1 W R AR T A L S B
958 FI- 51 9002 (Fh 354 & AR, £E T AT
TR HERE ZEPE T AR BR Bl R 958 AR Ak AR A B
Ay X BE A TR A A 0 T 5% L X 5 Naegle
S E T 45 S AS A TR 5 (EL A BR B T & 5 9002
R AR B AR R I B A B e A BE R AN IR IR A5 AR
2 A ity b 5 K B AR A A e DL AR ORE R A
7o« U WP R O B R4 IR SR 0 T RE 2R R B B
FRAE R B IR/ N BRE 5. AW R T ATl T 1)
kit B ok B R R R R AT IR LI R ) S
BN 22 22 3 RN 1A B B AR BRI L T BE SR 3L
ol 5 5 T 5 LA 0 AR 4 » e R T [R] i 5 A
Iy B AR B T T R B e LR R 2ok A R R
THE . AEARBER i TR AT 1O 10 IR R
b4k B T AT B AR B SR T TR R AR 7 3L
FE A R A AT BE i MRS A T T 22485 A R
F% R L T P At 3R o 9 A0 2K . A BIF ST 5K
TERNF A7 10 37 43 v B0 00 1 6 o R de pC T
LA LU 45 1F T LR A PR 3% 20 I, R B 958 i AR
Jek B ST L DR TR AR SR Sk B EL 4R R
2 A sty o e O A R AR AR A
DRz — o o T RO i o 10 e 28 3 e 2 ROED
e v T R R 1 ARORE R A T R
0 A R A R T Rk T A A R A
TN DSINVSR=TE A0S L IRl WL L ee 7/ DiY:k i
FRATREAN O B AR 1 0 1O R BRI R B =
U 25 R AR £~ Jo o AR T A O S R
J3E 52 B (4 5 W) A O R . FE R T A A AR L G
TR R B B AR I R G R R TR O &R L
FRRE— P50 . FEA B o ] — i ol i R J5T B Ao
5 I K A i B SRR R B RN TR
J3t g R rpORE S5 B AR T O 38 BR A7 KRB 958 BRAL)
{EHS b7 mp A 9 20 W0 A0 A R T B B AR A
AR g o ) R, o 6 30 A [ R 5 A S B 958
APy RO R B TTRR Y R T & B 9002,
G HEINR B 958 RE A5 T S o i M Bk 1 R A B
Fr 3 KA Ve 3 5 0K X SN IR R 23 O MR i ] fE R
HA B A8 0 Z AN Z — gt — kst
TORBER 958 8 B K B B AN I 23 B A i AN
R EEITY . ZEAB B 958 (Y B 1 AR P, Ol T AT
L BIF T RE L TR A 0 T A R R A G 2 BRAIL D AT
o B[] AL I A L Aol vp B G R B L 2R AR TR



11

J B AR R TR A S AR IR 23 X T 0 oK (W] A B8R 5 3R 40 R T B R 55

Wy Jo ek e H G figp T O P L A RS ) 7 A Y KL
T AR R B AT Sy 2354 R 2 RE A L A G v i
PR e Tl ORI RO e A Y E
Fe A BT RIS . X R AR 4 )5
BARGERAD I EETT R Z—.

[ 55 sk ]

[1]

2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

Vaughton G, Mike R. Relationships between seed mass, seed
nutrients,and seedling growth in Banksia cunninghamii (Pro-
teaceae) [ J]. Int J Plant Sci, 2004,162(3):599-606.

Milberg P, Lamont B B. Seed/cotyledon size and nutrient con-
tent play a major role in early performance of species on nutri-
ent-poor soils [ J]. New Phytologist,1997,137:665-672.
Hanley M E,Cordier P K, May O, et al. Seed size and seedling
growth:differential response of Australian and British Fabace-
ae to nutrient limitation [ J]. New Phytologist,2007,174;381-
388.

Miinzbergova Z,Platkova 1. Seed mass and population charac-
teristics interact to determine performance of Scorzonera his-
panica under common garden conditions [J]. Flora-Morpholo-
gy, Distribution, Functional Ecology of Plants, 2010,205(8)
552-559.

Landergotta U, Gugerlia F, Hoebee S E, et al. Effects of seed
mass on seedling height and competition in European white
oaks [ J]. Flora-Morphology, Distribution, Functional Ecology
of Plants,2012.207(10) . 721-725.

Soriano D, Orozco-Segovia A, Mdrquez-Guzmadn J, et al. Seed
reserve composition in 19 tree species of a tropical deciduous
forest in Mexico and its relationship to seed germination and
seedling growth [J]. Annals of Botany,2011,107(6) :939-951.
ZFEL B EE. TR TR TR T 85 & R 0K AL %0 BF
g8 [J]. FABF%,2005,13(1) :60-63.

Li Y L,Tai G Q. Study on the kernel position effects of grain
filling and seed germination characteristics in maize [ J]. Jour-
nal of Maize Sciences,2005,13(1):60-63. (in Chinese)

EISGE U R = I N G-~ o S A S )
[JJ. FE KA ,2007,15(3) :67-70.

Zhang H Y, Dong S T, Gao R Q. Analysis on kernel filling
characteristics for different maize types [J]. Journal of Maize
Sciences,2007,15(3) :67-70. (in Chinese)

Mohammadi H, Soltani A, Sadeghipour H R, et al. Effects of
seed aging on subsequent seed reserve utilization and seedling

growth in soybean [J]. Int J Plant Prod,2011,5:65-70.

[10] JA  BINERS L RRIEIE 55 RFR /N 37 40 8 0 1 30 6 oK

B0 3R 0 R AR R S R [T ARt R 2 4. 2014, 29 (1)
108-116.
Zhou Y,Sun M L,Cheng J J.et al. Effect of seed size and nu-

trient reserve on growth and susceptibility of maize ( Zea

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

mays 1..) hybrids to nutrient supply at seedling stage [J].
Acta Agriculturae Boreali-Sinica, 2006, 29 (1):108-116. (in
Chinese)

WA IR T, T AR, SR R R R eSS A A B 9002 1Y
WH [ AR R, 2004(5) < 21-22.

Meng Z D,Zhang F J,Ding Z H,et al. The breeding of com-
pact maize hybrid Ludan 9002 [J]. Shandong Agricultural Sci-
ences,2004(5):21-22, (in Chinese)

WAl . RS W5 ORGSR 958 M H S5
H [T, EkFBH,2006,14(6) ;43-45,49.

Du C X,Cao C J,Cao Q,et al. The breeding and application of
maize hybrid Zhengdan 958 [J]. Journal of Maize Sciences,
2006,14(6) :43-45,49. (in Chinese)

Vange V,Heuch I, Vandvik V. Larger seeds are generally su-
perior to smaller seeds by having a higher probability of emer-
gence [ J]. Acta Oecologica,2004,25(3):169-178.

W AE R R, A R TRRFRL R /N K B A A
R B EAT S [T, A dbAe 4, 2006, 21(4) . 35-38.

Feng B.Liu Y Z.Gao R Q.et al. Study on physical character-
istic of different size seed during maize seed-seedling transfor-
mation [ J]. Acta Agriculturae Boreali-Sinica,2006,21(4) ;35-
38. (in Chinese)

HFE xR KBRS S PR 958 ERILE ERKARE
RE#ERFSE (1], AR 24,2010, 36(2) . 296-302.

Bai C Y,Li S K,Zhang H B, et al. Ecological adaptability of
Zhengdan 958 hybrid in northeast of China [J]. Acta Agro-
nomica Sinica,2010,36(2) :296-302. (in Chinese)

LU R LT/ G 2 W13, A5 O [R) 5 K il x5 45 i B e vk
Hed [J]. Bk BH#.2010,18(2) :107-109.

Yuan H X,Xing X P.Li C H,et al. Resistance comparisons to
southern corn rust in different corn varieties [ ]J]. Journal of
Maize Sciences,2010,18(2):107-109. (in Chinese)

5 B 2R B SR A K SRR B M $8 A 0 0 i 5 1T
#r [I7. B2 A 5241 . 2009, 20(11) : 2705-2709.

FuJ.Li C H,Zhao J R,et al. Shade-tolerance indices of maize:
Selection and evaluation [J]. Chinese Journal of Applied Ecol-
0gy»2009,20(11):2705-2709. (in Chinese)

Naegle E R, Burton J] W, Carter T E, et al. Influence of seed
nitrogen content on seedling growth and recovery from nitro-
gen stress [J]. Plant and Soil,2005,271;329-340.

Nadeem M, Mollier A,Morel C,et al. Relative contribution of
seed phosphorus reserves and exogenous phosphorus uptake
to maize (Zea mays L.) nutrition during early growth stages
[JJ. Plant and Soil,2010,346:231-244.

Zerche S,Ewald A. Seed potassium concentration decline dur-
ing maturation is inversely related to subsequent germination
of primrose [ J]. Journal of Plant Nutrition, 2005, 28; 573-
603.



