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Effects of population density on strength and related
physiological indexes of maize stalk
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(a College of Agronomy .b Crop Research Center,Jilin Agricultural University ,Changchun,Jilin 130118, China)

Abstract: [Objective)] Effects of population density on strength and related physiological indexes of
maize stalk were studied to improve the cultivation and breeding of high-yield maize with strong lodging re-
sistance. [Method) Xianyu 420 and Yifeng 29 with different lodging resistances were used as the test mate-
rials and seven density treatments (5,6,7,8,9,10 and 11 X 10* plant/hm®) were applied. At the tasseling
stage (07-23) and filling stage (08-05) ,the stalk strength,ligin content and activities of key enzymes inclu-
ding phenylalanine ammonia-lyase (PAL), tyrosine ammonia-lyase (TAL) and cinnamyl alcohol dehydro-
genase (CAD) at the 3rd,4th and 5th internodes above basal part of stalk were measured. And the correla-
tion between stalk strength and all indexes were analyzed. [Result] All indexes of 3rd,4th and 5th inter-
nodes increased firstly and then decreased as the increase of population density in both maize varieties. And
all indexes of the 3rd and 4th internodes were more sensitive than those of the 5th internode. Strength and
physiological indexes of Yifeng 29 were better than those of Xianyu 420. The changes of all indexes at dif-

ferent internodes of each variety and growth stage were different. The correlation analysis showed that the
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stalk strength of Yifeng 29 had positive significantly correlation with ligin content, the activities of PAL

and TAL,while the strength of Xianyu 420 had significantly positive correlation with TAL activity only

during two growth stages. [Conclusion) High density reduced stalk strength and the lodging-resistance.

Thus,the morphology and physiological characteristics should be considered when choosing maize variety

and the plants should be rational planted.
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Table 1 Effects of population density on ligin content in the stalk of maize g/kg
o Bk % i/ fil e Tasseling stage WE A W1 Filling stage
Variety 7k « hm™) 43 o4 §5 EER At ®5
Density 3rd node 4th node 5th node 3rd node 4th node 5th node
5 48 be(a) 46 be(a) 40 ab(b) 48 be(a) 46 be(a) 42 b(b)
6 48 be(a) 49 be(a) 38 abc(h) 51 ab(a) 49 be(a) 45 ab(b)
) 7 52 ab(a) 54 ab(a) 42 a(b) 56 a(a) 53 ab(a) 51 a(b)
}LI 420 8 56 aa) 51 a(a) 45 a(b) 60 a(a) 57 a(a) 54 a(b)
Xianyu 420

9 51 ab(a) 49 ab(a) 43 a(b) 51 ab(a) 47 be(a) 45 ab(b)

10 46 be(a) 43 be(a) 34 be(b) 44 be(a) 45 c(a) 42 b(b)

11 42 c(a) 40 c(a) 31 c¢(b) 40 c(a) 46 be(a) 39 b(bh)

5 51 b(a) 49 be(a) 35 a(b) 60 d(a) 57 be(a) 42 a(b)

6 54 b(a) 51 be(a) 41 a(b) 61 d(a) 58 be(a) 41 a(b)

) 7 66 aa) 64 a(a) 38 a(b) 82 a(a) 71 a(b) 41 a(e)

@‘EE 29 8 69 a(a) 67 aCa) 40 a(b) 78 ab(a) 62 b(h) 41 a(e)

Yifeng 29

9 57 b(a) 52 b(a) 40 a(b) 71 be(a) 60 b(h) 38 a(ce)

10 54 b(a) 51 be(a) 42 a(b) 64 cd(a) 51 c¢(b) 41 a(e)

11 51 b(a) 43 c(b) 38 a(e) 61 d(a) 52 c(b) 40 a(e)

T [/ 50 B0 J5 AR S TR 7 B R 25 BE IR AR #RAE P=0. 05 K P22 R B3 F S N F BRI AR HTE P=0.05 K P 2EFRE, TRF,
Note: Different letters in each column represent significant diference at P=0. 05 level. The letters in the bracket represent significant differ-

ence between different internodes at P=0. 05 level. The same below.
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Table 2 Effects of population density on PAL activity of the stalk of maize U/mg
o Tk % i / il HE] Tasseling stage WA Filling stage
Variety Oitk-bm DT g B W5 w5 mA W5
Density 3rd node 4th node 5th node 3rd node 4th node 5th node
5 9.9 d(a) 9.9 d(a) 8.0 d(b) 11.4 eCa) 10. 1 f(b) 8.4 e(c)
6 12.2 c(a) 11.9 cCa) 9.2 c(b) 13.6 c(a) 12.1 d(b) 11.7 c(o)
7 13.7 b(a) 12. 4 cCa) 10. 4 b(b) 13.8 c(a) 14.5 b(a) 11.9 c(b)
}LI 120 8 16. 5 a(a) 15.9 a(a) 12.0 a(b) 18.0 a(a) 15.9 a(b) 14. 2 a(o)
Xianyu 420
9 14. 3 b(a) 13.5 b(a) 11. 8 a(b) 17.7 aCa) 14. 0 be(b) 14. 0 a(b)
10 12.6 c(a) 13.0 b(a) 11. 8 a(b) 16. 4 b(a) 13.6 c(b) 12.9 b(b)
11 10. 2 d(a) 9.7 d(h) 9.5 c(b) 12.6 c(a) 11.1 e(b) 10.5 d(o)
5 11.4 e(a) 10. 8 f(b 9.1d(o 13.9 d(a) 13.7 d(a) 12.1 b(e)
6 12.9 d(a) 12.4 e(a) 11.4 c(b) 14. 8 d(a) 15.4 c(a) 12.7 b(b)
7 14. 1 cCa) 13.8 d(a) 12.4 b(b) 16.7 c(b) 18.4 b(a) 13.8 b(c)
mfli 29 8 16.1 b(a) 16.9 b(a) 14. 2 a(b) 23.6 aCa) 20.9 a(h) 15. 8 a(o)
Yifeng 29
9 20.0 a(a) 17.5 a(b) 13.7 ale) 22.7 aCa) 19.6 a(b) 16. 4 a(ce)
10 16.4 b(a) 14.5 c(b) 11. 2 cCo) 20.1 b(a) 18.4 b (b) 12.9 b(c)
11 13. 8 c(a) 11.1 f(h 9.5 d(o) 14.4 d(a) 12.1 e(b) 10. 5 cCe)
3 BUEZTENEAZEFAATEHRIBHEIE(TAL FEMNI M
Table 3 Effects of population density on TAL activity of the stalk of maize U/mg
o i TR % g/ fih#fE ) Tasseling stage HE M 93] Filling stage
Vi Ok bm T 3 Bt Boh B Bt B
Density 3rd node 4th node 5th node 3rd node 4th node 5th node
5 4.4 d(a) 4.0 c(a) 4.0 c(a) 5.0 c(a) 4.1 b(b) 4.0 b(b)
6 5.1 cd(a) 4.9 b(ab) 4.5 b(b) 5.4 b(a) 4.2 b(b) 4.6 a(b)
7 5.8 ab(a) 5.8 a(a) 5.1 a(b) 6.2 ala) 5.1 a(b) 4.8 a(b)
JEE 420 -
. 8 6.0 aCa) 5.8 a(a) 5.2 a(b) 5.7 b(a) 4.9 a(b) 4.5 a(b)
Xianyu 420
9 5.4 be(a) 5.2 b(a) 4.6 b(b) 5.1 c(a) 4.2 b(b) 4.4 a(b)
10 4.7 dCa) 4.3 c(ab) 3.9 c(b) 4.8 c(a) 3.0 c(b) 3.5 c(b)
11 4.2 e(a) 3.6 d(a) 4.1 da) 4.3 d(a) 2.8 c(b) 3.3 c(b)
5 5.1 cCa) 5.0 c(a) 4.0 b(b) 8.0 c(a) 7.0 b(b) 6.0 a(e)
6 5.9 b(a) 5.6 b(a) 4.5 a(bh) 7.8 ¢ (a) 6.9 b(b) 5.8 ale)
7 6.4 ala) 6.0 ab(a) 4.8 a(bh) 8.4 b(a) 7.2 ab(b) 5.9 a(c)
ﬁjz 29 8 6.8 ab(a) 6.4 ala) 4.9 a(b) 8.9 a(a) 7.6 a(b) 5.3 b(o)
Yifeng 29
9 6.1 b(a) 6.4 ala) 4.6 a(bh) 8.6 ab(a) 7.5 a(b) 5.1 b(o)
10 5.8 b(a) 5.1 cCa) 4.1 b(b) 6.8 d(a) 6.4 c(a) 5.2 b(b)
11 5.0 c(a) 4.7 c(a) 3.9 b(b) 6.4 d(a) 5.6 d(b) 4.9 b(o)
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Table 4 Effects of population density on CAD activity of the stalk of maize U/mg
o Tk % i / fil i Tasseling stage WE A W1 Filling stage
Variety U7tk » hm™?) 3% Bt 5% R A 5%
Density 3rd node 4th node 5th node 3rd node 4th node 5th node
5 21.2 e(b) 23.8 d(a) 20.1 e(b) 26.7 d(a) 27.1 c(a) 22.6 c(b)
6 21.5 e(b) 24. 4 d(a) 22.2 d(b) 28. 8 c(a) 29.9 b(a) 22.9 c¢(b)
7 30. 2 b(a) 25.7 c(b) 26.1 b(b) 29.6 be(b) 33.3 ala) 24.6 aCe)
inErJli/quﬁztg() 8 33.0 a(b) 36.0 aCa) 28.0 a(e) 36.7 ale) 33.8 a(b) 25.7 ab(o)
9 28. 3 c¢(b) 34.2 b(a) 24.8 c(o) 31.0 b(b) 33.6 a(a) 23.9 belo)
10 23.4 d(a) 20.1 e(b) 16.5 f(co) 25.6 d(a) 26.6 c(a) 16.6 d(b)
11 16.5 f(b) 18.0 f(a) 16. 7 {(b) 19.9 e(a) 20.1 d(a) 16.4 d(b)
5 24.4 e(a) 25.6 d(a) 20.0 d(b) 25.6 d(a) 26.7 d(a) 24.3 d(b)
6 26.5 d(a) 26.7 d(a) 21. 4 d(b) 25.9 d(b) 28. 8 c(a) 25.1 ed(b)
N 7 30. 2 c(a) 32.4 b(a) 26.8 b(b) 34.4 c(a) 29.6 c(b) 26.3 c(e)
Yﬁi]}jr:;;;)f) 8 39.0 a(a) 36.0 a(b) 35.0 a(b) 42.9 aCa) 36.7 a(b) 30.4 a(o)
9 37.9 aCa) 35.5 a(h) 33.8 a(o) 40. 4 b(a) 33.4 b(b) 28.0 b(c)
10 34.2 b(a) 30.1 c(b) 23.4 c(o) 36.4 c(a) 25.6 d(b) 24. 4 d(b)
11 23.7 e(a) 24.1 e(a) 18. 8 e(b) 20.1 e(a) 19.9 e(a) 16. 6 e(b)
x5 BUEZEXNAETEEXRZEFEENZN
Table 5 Effects of population density on the stalk strength in the stalk of maize N
o Tk % g/ fih i Tasseling stage HE M 93] Filling stage
Variety Gk -bm ) T Fa B Bo RN Bt B
Density 3rd node 4th node 5th node 3rd node 4th node 5th node
5 170. 0 be(a) 160. 0 be(b) 132.1 be(o) 218.9 b(a) 189.0 b(b) 147.1 b(e)
6 182.7 b(a) 173.6 be(h) 151. 0 ab(c) 271.0 aCa) 234.2 a(b) 183.8 a(c)
) 7 226.4 aa) 213.5 a(b) 178.4 a(e) 284.6 aCa) 240.1 a(b) 168. 2 a(c)
Xﬁifﬁgo 8 212.7 aCa) 181.0 b(b) 160. 6 ab(c) 222.4 b(a) 170. 4 b(b) 124.5 be(e)
9 152.1 c(a) 150. 9 cd(a) 111.9 c(b) 173. 3 c(a) 131. 8 c¢(b) 127. 4 be(o)
10 146.5 c(a) 122. 4 de(b) 101.5 d(o) 150. 4 cd(a) 122. 8 c¢(b) 114.8 c(o)
11 111. 8 d(a) 100. 3 e(b) 78. 4 d(c) 124. 8 d(a) 120. 7 c(a) 82.9 d(b)
5 165. 4 cd(a) 159. 6 be(b) 126. 1 be(e) 206. 8 b(a) 165. 3 c(b) 133. 6 cd(c)
6 195. 2 b(a) 188. 6 b(b) 129. 4 b(e) 228.9 b(a) 222.0 b(a) 178.0 a(b)
) 7 287.6 ala) 268.1 a(b) 162. 3 a(c) 321.9 aCa) 284.1 a(b) 198.1 a(o)
Yﬁj}igzgf) 8 281.5 a(a) 251.7 a(b) 151. 4 ab(o) 329.4 ala) 246.7 b(b) 168.0 b(c)
9 184. 1 be(a) 154.9 c(b) 126. 8 be(e) 200. 4 be(a) 187.5 c(b) 132. 3 cd(c)
10 142. 3 d(a) 131.2 c¢(b) 114.9 c(o) 172. 4 cd(a) 135.4 d(b) 111. 4 de(o)
11 116. 8 e(a) 100. 8 d(b) 86.1 d(c) 134. 8 d(a) 132. 4 d(a) 98.7 e(e)
£ 0 FKEFRESEEREI N EE S
Table 6 Correlation analysis between stalk strength and physiological characteristics
s b Hli 1Y Tasseling stage HES 913 Filling stage
Index JeE 420 73 29 e E 420 #5929
Xianyu 420 Yifeng 29 Xianyu 420 Yifeng 29
% 4 bt Ligin content 0.515 0 0.760 1" 0.452 7 0.721 4%
PAL i1 PAL activity 0.219 1 0.636 4"~ 0.721 1** 0.626 8"~
TAL #51 TAL activity 0.670 5** 0.6754** 0.601 0%~ 0.638 2%~
CAD i CAD activity 0.162 2 0.724 4%~ 0.505 4 0.492 0

TE:» % R P=50KPRREHE L TF.,

Note: * * indicates significant difference at the P=5% probability level. The same for Table 7.
FOKRZEFARBER & GHAROCHEBHEMENME KWL e E 420 ZHARBR SRS CAD HHEE R
KM aE RO 7, K 7 FWLAE E K il g 1) A FIEMK; 28+ 29 2 AR ST EYS PAL IGEH
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Table 7 Correlation analysis between ligin content and key enzymes activities
e fili e Tasseling stage HE % )] Filling stage
2
I J6E 420 % ¥ 29 J6E 420 2% 29
Xianyu 420 Yifeng 29 Xianyu 420 Yifeng 29
PAL 35 PAL activity 0.427 7 0.628 8" * 0. 408 6 0.638 7%~
TAL 351 TAL activity 0.552 3 0.807 1** 0.589 4 0.812 0" *
CAD 7% CAD activity 0.666 0** 0.351 8 0.687 6** 0.416 3

3 B

K S5 R EF 4t 22 A S 40 A i R ) 7 4 AR
O3 s X HERFZEFF (G LM B R F mEAE YT BR
M ' 2 7R RUNE RN 22 R m X /N 22 ZEFF R R AR
B e B AR M 1 52 ma F 5 b 48 ML /N2 SRR AR 2 5[]
(AR T 2 B i 5 25 AT DU ER 8 B0 76 8 3% 1E A OG5
s ARy TS R R DR R T R A
Sy EHUBR 58 7 00 0 74 B 5 A i RAED IE B, K
T EFF T N S R EMA AR SR E D E
TEAR DG s X &0 7 K BIAR M REAF 58 T 4R L 25
FF o 0 21 4 25 FIOK 0T 38 3 o 55 25T 19 2 o i B R e
TR i 3 4 5 R d 2 A B R A OG . HUE, A
FEAE AR, B AR R v R R OK R BT FR A aE
PUEIMETC B R Z A R, TEAR
W PR ESR I 29 AR T &R H &
THEE 42054 F 29 AR St 522 mE R
2 ARG TEE IR 2 B 3k 7 T R /hm® B, ZE AT 5
JEJF b 22 8 B (EL I B R T AT A Ak S B
#,

PAL.TAL Hl CAD J& A i R & B SCHE G &
FERE YD P00 I Ry T R A AR T Ak
i SR e 7 e o QO SV BT O S A W = I i R e
(1 i PV P TR TR SR L ARBRSE L2 B R
KB PAL T M35 W 25 BF 0K 2% 8 (0 38 I S 7 & s B
I AH T 52 B2 BEANTR] . FEFRAEI 6 & 420 78 BE AR
J# 9 8 T kk/hm? mf, PAL 3% VeIV 4R F B 5 1 25 4 29
FERER S IR 8 9 J7#k/hm® B PAL 3% 4 A4 JF i
TR, H 45 F 29 #5715 (8] PAL T M X = #F K% B 1Y
HURMESS T4 E 420, TAL {UIELE T RABE Y
HTE EORFEET 2 S EOR SRR 3 A8 4 T (Al
TAL FEWIC W 225, 55 F 29 55 5 9 [A] TAL 3%
K F e E 420, CAD BA R HE & ik 4 b i 58 B 7
2 2 — SR B3R ARG L B e — 2P I R R
JO7 » T AR Ak 22 P RS [ 1 R A T A AR o 2 B4R 1 i
RS FEAIR S b, AU HE I Y 25 F 29 2K AT

SREE 5 CAD I5 M &2 B 35 1F A0 ¢, A ¢ R B0k
0.724 4, AhFpa] LL AL A2 % B 8 ~10 Ji#k/hm’, 4%
F 29 £ EPEH CAD M T £ 420, K=
HF 250 T SR ZEFEBUBIAR 2R 1 B 5T v AR Y YRR
A R R TR AR ) 2R AT R TR G o h & AR
BRI M T o EUR AL s 2 R AR
F. AR ERW . RABHEY T CAD JEPH £ 24
YE 4 R Al Zh Rk L FLFR IR T IR R T Y i R
Wi EE AR R R HTARR P B Y 5K S R HZE R R
JT 3 B 5 A G B T A A DG M AN A )
P TR BRI RO S A0 0T, 5 420 ZEFF R TR &
w5 CAD JE M & W25 16 A OC; 1 £5 =F 29 ZEFF A
EE GRS PAL PR TAL 6 5 B & IEAH G,

TR AR 28 B2 3k A, R oK 35 35 ) 25 FF ik B R M ¢
A B B X A AR 7R A T I T RN A B
W AR AL T AN S8 A TR 2D . o 8 A A PN 3 0 JHL 25 FF O
PG HEAS AL o 07 35 351 () 398 K, 1 B R BRI, 45 4
PR B R (55 SCRE R . Ak, I %
23 1 K ZE TR B R R 5 R R BT R A A
FRLE L it — 3 ER i KUK . ASBIFE b L 2 T 2
LB {5 BE SR Y T OK SRR R S 29 14 B R B R B
F| 8 Jikk/hm® i, H A AL PRAS AR N UK. &
K ZEFF 5 B 5 AR B A 04 A DG R ORA: R
AN TR T AN ] 5 3 KB AR 2 o B R o R B 4 R 2+
BRESENAINR R A AE SR . Nk, 78 e 4
FORBUENR SRR 025G IRIE S RAE IR AR, &
HR A D R ATG B AR 14 JRURS: o iR R K i 2
PR AR B Ty KA.
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