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Effects of light stress at different stages on the growth and yield of different

maize genotypes (Zea mays L. )

LI Chao-Hai, LUAN Li-Min, YIN Fei, WANG Qun, ZHAO Ya-Li (College of Agronomy, He’'nan Agricultural
University, Zhengzhou 450002 ,China). Acta Ecologica Sinica,2005,25(4):824~830.
Abstract ; Light is one of the most important factors affecting corn (Zea mays L. ) production. The light saturation point of corn
is much higher than that of most other crops, allowing corn to take advantage of the higher light intensity. During the growing
season, however, corn frequently encounters low light intensities that restrict growth capacity, therefore limiting the grain
yield. The level of photosynthetic active radiation (PAR) can markedly change the growth environment, which directly impacts
photosynthesis capacity, even the accumulation and reallocation of dry matter, thus affecting yield. Several studies on the
effects of light stress on corn had been done, but none have studied differences among various Maize genotypes. The objective
of this trial was to assess the growth and yield response to shading at different growth stages for different Maize genotypes.

The two-year pot-culture experiments were conducted during 2001 and 2002. Cylindrical plastic pots, 27 ¢m in height and
30 cm in diameter, were used in this trial. Each pot was filled with 12. 5 kg air dried soil. The planting dates were June 13 and
June 4 in 2001 and 2002, respectively. The experiment involved two factors: cultivars and shading. The first factor included
four cultivars; Yedan22, Yedan3638, Yuyu2, and Danyul3, and the second factor consisted of four levels of shading: control
(no shading), seedling shading (shaded from germination to 6th full-expanded leaf), ear shading (shaded from 6th fully-
expanded leaf to silking), and grain shading (shaded from silking to maturity). The shade environment was created by using
black polypropylene fabric with 50% light penetration. The shading fabric was 6 metres long and 6 metres wide, and was hung
horizontally 3 meters above the bottom of the.pots. To insure shading treatment was effective in the early morning and late
afternoon, the eastern and western sides of the corn canopy were also covered by the same fabric.

The results indicated that corn growth rate expressed by leaf appearance was slower and the leaf blade was thinner under
shade conditions. The shading treatment delayed the senescence of leaves directly, but shortened the leaf functional period as

the shaded leaves ageing process was accelerated once they regained the normal light. Under shade conditions, the plants were
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taller, but shorter than that of the control once regaining normal light. Dry matter accumulation was reduced and growth stage

was delayed for all the shading treatments, particularly at the silking stage. Compared with the control, the yield was also

reduced by shading. The magnitude of the yield reduction was related to the shading stages, the yield was decreased

significantly by the ear shading treatment compared to other treatments. There were differences among the genotypes in the

responses to light stress: Yedan3638 and Danyul3 were more sensitive to light stress than Yedan22 and Yuyu2.
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4,55 10~19 B B3 o S BE L e XT BB A8 0. 28d, B EE L EKSE 10~19 Aot , KB 8T 35 I o 3 ¥ B B8
0.78d., HE 1 BFJUEFH . ARERNBEXREHEEZENCREWAR, WL 22 B E 2 #0653 E LR D, B R
3638 FFFE 13 UM HELEREL . VN EAERAL 22 B E 2 SN HMTEELXNEBET 0.11d, MK # 3638 i/t E 13 4
FWAR 0. 32 KA 0. 47d ; T AL B AT P T ey Fp 1 1 I 38 BE 0 B SE R 0. 26d # 0. 37d, 1fl Jm AN b B 4o I ZE 4% 0. 37d #01 0. 63d .,
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Table 1 Leaf appearance rate of different genotype maize under shading condition

i

b ofs AP it F¥ Leaf Y1 bb %t AR
T Variaty 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 Mean S—CK
CK Yedan22 2 2 3 3 3 2 2 3 4 2 2 2 2 2 2 2 2 1 1 2. 21
CK Yedan3638 2 2 3 3 3 3 3 5 3 1 1 2 3 1 2 2 2 3 2 2. 42
CK Yuyu2 2 2 3 2 3 2 4 4 3 2 1 2 2 2 2 2 2 21 2. 26
CK Danyul3 2 2 3 2 4 2 4 2 4 3 1 2 3 3 2 2 3 2 2 2.53
Mean 2.33 3. 04 1. 95 2. 36
SS Yedan22 2 2 3 3 3 2 2 3 5 3 2 2 2 2 2 2 2 1 1 2. 32 0.11
SS Yedan3638 2 2 3 4 3 3 4 5 4 2 2 3 3 1 2 2 2 3 2 2. 74 0. 32
SS  Yuyu2 2 2 3 1 3 2 4 4 3 3 2 2 2 2 2 2 2 2 2 237 0. 11
SS Danyul3 2 2 3 3 5 3 5 3 4 3 2 3 4 3 3 2 3 2 2 3. 00 0. 47
Mean 2. 33 3. 38 2.23 2. 61
ES Yedan22 2 2 3 3 3 2 2 3 5 2 2 2 2 3 2 3 2 2 2 2. 47 0. 26
ES Yedan3638 2 2 3 3 3 3 3 5 3 1 1 3 4 2 3 3 3 4 2 2. 79 0. 37
ES Yuyu?2 2 2 3 1 3 2 4 4 3 2 2 2 3 3 3 3 3 2 3 2. 63 0. 37
ES Danyul3 2 2 3 1 5 2 4 2 4 3 3 3 4 4 4 3 4 4 3 3. 16 0. 63
Mean 2.33 3. 04 2.73 _ _2. 76
F2 BANARAERARNEXMHFINEHNERWD
Table 2 Leaf functional period of different genotype maize under shading condition
Ab B B i 7 Leaf -1 b X B8
T Variaty 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19  Mean S5—CK
CK Yedan22 10 22 27 33 32 52 63 67 69 69 70 71 69 69 68 66 64 62 6 54. 9
CK Yedan3638 11 20 27 30 33 48 62 68 69 68 68 69 69 69 67 64 63 62 61 54. 1
CK Yuyu2 13 20 26 32 34 50 62 68 71 70 67 66 65 64 63 63 63 62 61 53. 7
CK Danyul3 11 25 26 29 31 46 61 66 69 66 65 64 63 61 61 61 61 61 60 51. 9
Mean 16.5 30.0 64. 8 62. 7 53.7
SS Yedan22 14 23 25 29 30 52 56 71 66 65 64 63 63 63 63 62 61 60 59 52. 1 —2.9
SS Yedan3638 12 21 24 30 31 46 56 59 66 65 65 64 63 62 60 60 60 60 59 50. 7 3. 4
SS Yuyu2 16 26 25 30 32 41 45 51 57 62 65 67 64 62 61 60 59 59 59 49. 5 —4.2
SS Danyul3 15 15 20 20 30 28 47 53 61 65 64 63 62 61 59 57 58 59 60 47. 2 —4.7
Mean 17. 8 27. 2 59.1 50. 8 49. 9
ES Yedan22 10 22 28 34 35 51 53 61 64 66 66 66 65 62 62 61 60 61 60 51. 9 —3.0
ES Yedan3638 11 20 29 30 32 39 41 46 50 62 67 66 63 63 62 60 60 60 59 48. 4 —5.7
ES Yuyu? 13 20 26 29 38 45 48 62 55 60 63 65 65 63 61 60 57 53 51 49. 2 —4.5
ES Danyul3 11 25 27 33 33 39 44 45 49 52 55 58 61 61 61 59 58 56 56 46. 5 —5.5
| Mean 16. 5 31. 2 56. 7 58. 9 49. 0
GS Yedan22 10 22 27 33 32 52 64 67 68 70 72 71 70 69 69 69 68 68 63 55. 9 +1.0
GS Yedan3 11 20 27 30 33 48 63 66 68 69 71 70 69 68 67 66 67 67 62 54. 7 +0. 6
GS Yuyu2 13 20 26 32 34 50 64 66 70 72 71 69 67 66 65 65 64 62 62 54. 6 +0.9
GS Danyul3 11 25 26 29 31 46 58 64 68 70 68 66 65 62 63 62 61 61 61 52. 4 +0.5

Mean 16.5 30.0 65. 5 64. 3 54, 4
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2.1.3 EHXFEXREHEHNFE ZERGPENET RS 22 MHAE 1358 3~6 A RIFHHFH LT, B3R 3. &Lt
FAS WBE 22N E 13WEHESETRBTR.ETHREBEARAR. AR 22 5REFEREEFEKE,MHAE 13AWEIE
EKE FE—EahaT A, AENREAREEEE ERHERER, EEEZNEN TEREM, B iR e 24 & fE =
BAKRMHTENTHIEBEMHAEAR,AE 1I3EHTENTREEZE R THRE 22,
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Table 3 Thickness of corn leaf under shading condition

3l A ttu-l—ﬁ( /sz) | HR

13 A R0 AR (em?) WHB wnra MR g Xt B
T Variet Total Area SS—CK Total Weight >5—CK Leat SS—CK

y al Ar CK g CK Thickness CK

CK Yedan22 437. 86 1. 31 0. 00299
CK Danyul3 442, 21 1. 39 0. 00314

- SS Yedan22 491. 67 +12. 3% 1. 24 —5.3% 0. 00252 —15.7% "
S8 Danyul3 483. 26 +9.3% 1.14 —18.0% 0. 00236 —25.0%**

* ,% % FRIRRERIED 0.05,0.01 BFEKFE,TFHE Stand for significance at 0. 05, 0. 01 levels, respectively, the same below
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Table 4 The plant height of different genotype maize under shading condition

R KO3 22 A
5 Fh 6 full expansion leaves 12 full expansion leaves Silking
Variety 3188 HiE W& it B8 0 ) R W Xt B [ H&E 5 B =
CK SN SS—CK CK SS SS—CK ES ES—CK CK SS SS—CK ES ES—CK
Yedan22 53.9 55.1 1.2 139. 3 135.9 —3. 4 142.7 3.4 213. 4 206. 7 — 6.7 221.1 7.7
Danyu3638 50.5 52. 0 1.5 133.7 129.1 —4.6" 138. 3 4. 6" 222. 3 212. 5 -9, 8" 232.5 10.2*
Yuyu?2 49.1 50. 5 1. 4 119. 9 116.1 —3.8 124. 1 4. 2 228. 5 219. 9 —8.6% 237.2 8.7
Danyul3 52.2 54.7 2.5" 125. 0 119.7 —5.3" 129.8 4. 8 211.1 201. 6 —9.0%* 223.5 12.4*"

2.3 TS F EE B E KT R R B R
2.3.1 EAMNERBTEAEN HERSTH.SHELEHEERBERTERK . BREZEEANEBELIE, ot 2R T
HEXTBRPEIR T 49. 7% ~60. 5%  HIR BB, HIR VTR TEHXTBEM T 46. 690 ~56. 3%, T FEE 12 008 4L 3 , (X
LEXTPRFEMR T 13.6%0~25% . AT &M EWEELEBTEAA, EXE R THEBESFHSXT BAZE /N, 7] LEXAN E
KREANEWESHEE T AUBEABRETHERZS BN, WM EXMBTENERNSAREZSHE  BRL 2208 F 258
TEREEE /N, ME 3638 MAE I3FEER URTHEELBERTENAN BA2Z2ABRE 2SN BTRET 46.6%
1 48. 9% ;52 3638 FMAE 13 AN LLXFTB T FE T 55. 6% M 56.3%.,
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x5 BEXNBEEF4TARAEEREXRRTFEHTE (g/8)
Table 5 The root dry weight of different genotype maize under shading condition (g/plant)
e T %t B i o Xy i X R Xy AR
. . SS—CK ES—CK GS—CK
Time Variety CK SS TR ES CK GS K
35 45 41 Yedan22 2. 77 1. 48 —46.6%* *
6 full Yedan3638 2. 68 1.19 —55.6%* *
expansion Yuyu?2 2. 72 1. 39 —48.9% * *
leaves Danyul3 2.79 1.22 —56.3% * *
Yedan22 34. 78 23. 93 —31.2%* 17. 48 —49.7%* *
nt 42 41 Yedan3638 32.18 20. 98 —34.8%*  13.61 —57.7%**
Silking Yuyu?2 28. 67 19. 24 —32.9%* 13. 88 —51.6%**
Danyul3 28. 65 18. 45 —35.6%** 11.32 —60.5% "
Yedan22 32.18 23. 04 —28.4% 17. 78 —44.7%** 27.81 ~13.6%
leﬂgﬂt Yedan3638 27.55 18. 99 —33.4%*  13.51 —52.6%** 22.29 —21.8%*
ti::es Yuyu? 28. 51 19. 14 ' —30.5%*  14.63 —46.9% " "  22.75 —20.2%
Danyul3 25. 01 16. 48 —34.1%* 10. 93 —56.3%** 18. 75 —25.0%*
8=} = A = H - o 7
ETHREEAH. SL4BEE 1 ESERTELEETL,MH 10~  — Yedan22 - Danyuld CI%M CK
2I3EEBZAHER. RS 1 BERERMN BE2Z2H2EERT = 9F AT SS @ Mk ES
W B AT E 13. .0 /&
2.3.2 ERAMEXRZHTENEW EXTEXREHTENY 2 oL )
FHEWNBTEAOREWAL, P& HEEFEEN T HEREMKGR g :“
6). FEMSIBE R KPR EY, AXREEPHEL . BFREDLH E 3 k-
EREY., Wb AR SMETTEZELEREEAE. L ‘IE 2 -
. 1 — .
i 22 3 BB AL RO T E N B K 22 MIRE 2 B4 5 xR » B
1 2 3 4 5
THET 27.0%H 27. 3% ; # B8 3638 MIFF £ 13 2y 5 LuXf JRF [& 1 The stratum of aerial root
T 36.5%0# 41. 5%
2.4 PESEXTR R A E A E kR 22 3 B 6B B1 EXLEEARBEARIARNZHMSKERBRAEETE
EIAUES, S ERYERT ExMmME. k2 A i Fig.1 The layers and dry weight of different genotype maize aerial

gt 22 FERR R E R K, BERZEM S PHELEEMBFHBAR

root after shading treatment

R . MARRAIEE i o B A T8 BRI Yedan22,... Danyul3,[ ] X} 88 CK, A B SS,@ BiE ES
*oe EXLMLERAREENEXKZFHTEHENL (g/F)
P Table 6 The stem and leaves dry weight of different gen?tyff_ maize under shading condition{(g/plant)
w4 7 cK 4 i LR ma LR me LxIA8
Time Variety CK SS S5_CR ES Es_CK GS GS_LK
CK CK CK
45 4 1 Yedan22 7. 91 5.91 —25.3%*
6 full Yedan36386 7. 46 5. 45 —27.0%*
expansion  Yuyu2 7.32 5. 39 —26.4% "
leaves Danyul3 6. 8 4. 37 —35.7%* *
Yedan22 90. 88 75. 94 —16.4% 66. 34 —27.0% "
i 22 34 Yedan3638 89.52 71. 44 —20.2% 56. 85 ~36.5%* "
Silking Yuyu?2 83. 24 60. 35 —27.5% 60. 52 —27.3%*
Danyul3 78. 45 51. 15 —34.8%* 45. 89 —41.5%*
Yedan22 140. 35 108. 24 —12.7% 118. 46 —15.6% 128. 14 —8.7%
RS Yedan3638 149. 17 109. 49 —26.6% 109. 64 —26.5% 130. 52 —12.5%
Harvest -
e 1yu2 131. 31 100. 45 —23.5% 97. 43 —25.8% 118. 44 —9. 8%
Danyul 120. 62 82.14 —31.9% 77. 80 —35.5%**  94.20 —21.9%

BE BN ERMEH 2 m K THIE; AARRME, EXXTHE 22 1B E 2 SHIZWE /D, Wk fPlX s Mg 2
HEAHXT R T 1~3d; i YEXT B 3638 A E 13 Wl A, HfE Z BT B T 2~10d. HANETEN , #EXT
MM 2T NEELEEZR, ECAEMEE AL BIERT 1~4d,. HZ BRI XTRIER T 1~10d, BI Xf ot 22 34 49 &t
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KFXHEHNE o, NS THERZBHEIRMVINK, B ERBELAEMGSM ML, BELHERG~11dD
KT HEAL T (3~7d), ##A 3638 MIAE 13 MEIFB6~11D K TP 22 B E 2 SHEIE(3~5d), sl R, EXP/GHIHR.
ERAXRGERCHBRAEEXRNWEEBEMADA.EEARLERREFNREZE AN EEEIHETHEREZHASH,. &
BEXK™EB.

T EXVMERAREREBEXOWMEHZAMBILEBE(A/H)
Table 7 The tasseling(T) and silking(S) date of different genotype maize under shading condition(M/D)

Yedan2?2 Yedan3638 Yuyu?2 Danyul3
&I:TE i1 e  AHRRGA m2 MR W Mz MR g 42 AR
T S S—T T S S—T T S S—T T S S—T
Xt B CK 8/3 8/6 3 8/3 8/6 3 8/3 8/6 3 8/4 8/8 4
B SS 8/4 8/7 3 8/5 8/11 6 8/3 8/7 4 8/6 8/13 7
g ES 8/5 8/9 4 8/7 8/16 9 8/4 8/9 5 8/7 8/18 11

2.5 EEXTAEEE R K& AR

H3E 8 AT LIE H , A [ B 1K Ye AL B 2 0] S BUE R B> . (B =08 AR . o 88 A0 38 3 7 0@ B /b, B B A W™ 1R AL
BB EBL BB EA 18%~48% ., AN EXRNBERAAEARZREBZAWERALHBENER , HE 22K E 2 5H
FEOR BE A XT3 /N, TR BA 3638 71 E I3 W/ ~IRERK, ABAERHMELERER., MEELAE, WL 22 R E 2 545 X
BB 11%.16%, 888 3638 FMIFFE 13 2 FIW™ 23% .36 % s Wi R AL B A , B 22 M F 2 S4Bt Xt BB ™ 18%.29%
W 3638 FIFHE 13 4351 39%.48%.

#8 EXMERNAEEEABEXRIIEME(g/H)
Table 8 The effect of shading on the yield of different genotype maize (g/plant)

M S i unlnh O

.n':ﬁﬁ %t B8 CK W SS BE ES R GS
Variety PEE P’ W= (4) fci ﬁ}t(%) FE Uﬁft(%)
Yield Yield Reduction Yield Reduction Yield Reduction
Yedan2?2 203. 42 209.72 3 180. 08 —11- 166. 31 —18* "
Yedan3638 197. 12 190. 25 —3 151. 93 —23*" 121. 21 -39
Yuyu?2 161. 32 144. 98 —10" 135.51 — 16" 115. 04 —29*
Danyul3 150. 59 134. 86 — 10~ 95. 96 —36"" 77.93 —48*

3 MNEHITie

KEHERERKRIBP, ABTBERBERN RPOARRERLSEWMEREFTHNAERATFNLSEN BRHIEMHEX EXEK
REMESERNEREFARBFEBN, /T4 A2 KR, S E LW EZE N, 0 ax =K W 8 B BY R W
HERBREZEE BRI K HMNF NEXAEREMEHEENERRKEZREN. EXNIEMAKRESHNEMENE R, &
XM EXRVEEREEMREEEZE, ENMKR EHERERE , KM AN & /N TX R AR EEH KT X Al I,
X ERERKRENERALAE-—FTURZ MUBRBEESHAMETHEREESIT. NEBEXE,BXHEHER F EKAL
FHE . SEMEEREHAB. MZHKEKEBE TR AR TIAER, FER T ERMBERME.
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