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Effects of shading on dry matter accumulation and nutrient absorption of summer maize.
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Abstract; Taking summer maize cultivars Zhenjie 2 (Z]J2), Denghai 605 ( DH605), and Zheng-
dan 958 (ZD958) as test materials, a field trial was conducted to study the effects of shading on the
dry matter accumulation and nitrogen ( N) , phosphorus (P) and potassium (K) absorption of sum-
mer maize. Four treatments were installed, i. e. , shading from flowering stage to maturity stage
(S,), shading from six-leaf stage to flowering stage (S, ), shading all through the growth season
(S;), and no shading (CK). After shading, the grain yield and dry matter accumulation decreased
significantly, and the decrement was related to shading period, showing S;>S,>S,. The grain yield
in treatments S, , S,, and S; was averagely 61.6% , 25.3% , and 92. 8% lower than that of CK,
respectively, indicating that the effects of shading after flowering were greater than those of shading
before flowering. The responses of different cultivars to shading presented a similar trend. The nu-
trient absorption of summer maize before flowering stage showed K>N>P, and the nutrient absorp-
tion amount of whole plant showed N>K>P. After shading, the N and P absorption decreased signif-
icantly. The plant relative N and P absorption in different treatments had somewhat increase, be-
cause the decrement of dry matter accumulation after shading was larger than that of N and P ab-
sorption, as compared with the control. After shading, the plant K absorption decreased significant-
ly, and the decrement in S, was larger than that of dry matter accumulation. Shading before flower-
ing stage had larger effects on the plant K absorption than on the N and P absorption.

Key words: shading; summer maize; dry matter accumulation; nutrient absorption; nitrogen;
phosphorus ; potassium.
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BT 2010—2011 AE7E LR Al R4 i g Ak
Wit AT. JEFHET0 ~20 em HIEALT9.34 ¢ - kg,
£%0.76 g - kg™, &= 0.88 g - kg™, i A 80. 61
mg - kg™, B 37. 19 mg - kg™, BEALHP 84. 23
mg + kg™ ,pH {H 6. 5.

HABE 3 A GIAL I, 7350 S AR (k221
A ICHE S, ) HERT B (3h -k 2238 104 S, )
BIRT4 2R B3 CH B -0, 10 Sy) SR, B FE
B2 60% , LR H H SR GRECA X R (CK) 5 SEBRIE
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PR, BI7E 1100 W5 ERAL B S 10 ~ 15 d i
LR E 7 d, TR AL

2010 4F35E F FOK A A #8958 (ZD958 ) Fildk
AN25(Z212),6 14 HEEF,10 H 4 HIkHE;2011
AETEH B K 5 Bl R R B 958 ( ZD958 ) B i 605
(DH605) ,6 H 19 H#&F, 10 H 9 Elllﬁz%’% (gl
60 cm, i fH % £ 67500 #k - . ¥ 12000
kg « hm™ 17 57K P N 300 kg hm™,P,0, 120
kg + hm™,K,0 240 kg - hm™?; &M M IR & (652
kg - hm™, & N 46% ), ﬁ?&ﬂlﬁj@ﬁ@é@ﬁ%ﬂé (706
kg - hm™, & P,0, 17% ), £ I & & 1k # (400
kg - hm™,%K,0 60% ) ; B T 5 Wit A 40% ,
FME WU AT 60% |, i A R ACL T4 Fh i — vt
A PE B E KR FPRIAT 10 ~ 15 cm JFVAMEAL. #5577
FE 7K SF-3E4 7 F [ A7 2.
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(V1) & (ve) Kl FVKDEH(WZ)\?HW&%,H)%
(VT) JhlEJT 20 d(VT+20) )5 40 d(VT+40)
FSAI (RO) RAE, B /NIX S BR, BRI AT, EEE
110 CAH 2R 80 CHLT Zfa &, Fra. At
T Wi, R H,S0,-H, 0,78, H AA3 #2351
BrASCE A5 N AP 15 i, FPT 640 KA
MEREE K A Er e s ba B A AT T4
Jirie: (kg + hm™ ) = B T VRS AR T A6 30 14 S FR
G TR (kg - hm™) = B4 AR AR A
T AR SR i - B BT AR T AR B 5747
A (kg » hm™) = HIBEHL 15819 Bt (W
B B RERRAE T IR 0 B R 4 (kg - hm ) = JFAELY
F R B MRS 752 0 B 3R 4 (kg - hm ™) = AR
ARFR R AT B Bt
122 =52 4/ X LIR30 53, 351

Table 1 Effects of shading on the microclimate in experimental field

i3 | ! ok R 8 B3 CO, W

Treatment Air temperature Ground temperature  Relative humidity Air speed Light intensity CO, concentration
(C) (5 em, C) (%) (m-s™") (pmol - m™ «s™' ) (mol - mal™")

HERH Shading 28.1a 23.8a 51.3a 0.8a 671.4b 334.3a

X R CK 28.2a 24.6a 50.9a 0.9a 1628.2a 329.0a

[RI B R] /NG B3 7 Ab B A] 2% 55 8 3 ( P<0. 05) Different small letters in the same column meant significant difference among different treatments at

0.05 level. T[] The same below.
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HR A [ B 300 328 B 1) 98 AR BE AN ], R B K S5 >8>
S,. DH605 Fl1 ZD958 (2011) i S, .S, .S, 4L B %% CK
Ay B 59, 4% 14, 9% . 93. T% F1 48. 7% .
22.2% .89. 2% , ZD958 Fl ZJ2 (2010 ) 43 5 U =
72.6% 39.4% 96.9% F1 65.9% 44.8% .90. 8% .
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SR, LG R e T T R R
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2.3.1 AEWIL &4 qLIEH, &0 R A
FOR R R A 7 AR R, 3 BN R R
IR B I AH, 76 WO E B K FAE S . V6 ~ VT
R I BEW O Bk, 212 . ZD958 FI DH605 I [y
BERZE W A543 5135 58. 2% 56, 5% Fi141.2% ,
B R LK 32. 8% ~49.2% . S, Ab P4 i 14
FWCEF /N T B 156 B 308 I A AR I AR D R
I, AR R 0. FRAEIS S, Ab PR P 285 3R, A&
MR A ot A 2 )8 7 TR T 5 S, A B
A6 )5 R 2R R i 0 5 /. 0 IO e A R R ik
b ASTRIE 03 B A BEAE J5 R R MR EL B S, >S, >
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Table 2 Effects of shading on grains yield and its components of summer maize

g0 A A b g P TR FERIE REATHL TR
Year Cultivar Treatment Yield 1000-grain mass Grains per No. of rows No. of kernels

(kg - hm™) (g) ear per ear per row

2010 7)2 CK 10511.7a 367.2a 506. 8a 14.6a 34.8a

S, 3585.6¢ 255.3b 329.4b 13.8a 23.8b

S, 5803.7b 356.3a 336.2¢ 13.6a 24.9b

S5 969.2d 339.4a 170.0d 12.0b 13.8¢

ZD958 CK 10727.7a 332.0a 555.2a 15.0a 37.1a

S, 2938. 8¢ 251.5¢ 304.5¢ 13.9a 21.3b

S, 6497.7b 295.2b 436.9b 14.3a 30.5¢

S5 335.6d 303.3b 58.2d 13.7a 4.2d

2011 ZD958 CK 9978.9a 334.5a 488. 1a 14.9a 32.8a

S 4831.1¢ 289.2b 300.7¢ 14.7a 20.5b

S, 7762.8b 324.1a 415.1b 14.5a 32.0a

S; 1020.4d 343.2a 95.6d 13.2b 7.3¢

DH605 CK 10106.9a 320.5b 518.9a 16. la 32.2a

S, 4104.2¢ 306. 8a 226.6¢ 15.5a 14.6b

S, 8601.7b 328.9b 435.8b 15.4a 28.3a

S; 640. 6d 335.8b 68.7d 14.4b 4.8¢

CK . JGiEBH No shading; S, : AER7I) (1 22-U35 3 ) 385 BH Shading from flowering stage to maturity stage; S, : ] (#4717 -: 22301 ) 3 fH Shading from

six-leaf stage to flowering stage; S;:

AT -BORT) 3 Shading all through the growing season. T[] The same below.
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Table 3 Effects of shading on dry matter per plant of summer maize at different stages (kg « hm™)
s Qb P V6 Vi2 VT VT+20 VT+40 R6 LR TR L)
Cultivar Treatment Proportion after
VT (%)

7)2 CK 72.1a 315.5a 705.2a 1107.0a 1362. 6a 1637. 6a 57.0

S, - - - 774.0b 953.6¢ 1013. 0c 30.4

S, - 141.8b 347.4b 770.0b 1129.5b 1316.3b 73.6

S; 18.3b 88.2¢ 233.6¢ 503. 6¢ 679.5d 732.6d 68.2
7D958 CK 43.8a 284.0a 557.6a 891.5a 1150.2a 1454.0a 61.7

S, - - - 623.3b 854.6b 934.7¢ 40.4

S, - 138.2b 291.2b 608.4b 884.7h 1106. 1b 73.7

S3 12.6b 86.0c 184.1¢ 371.7¢ 533.7¢ 622.4d 70.4
DH605 CK 26.9a 212.0a 400. 1a 870.8a 1013.4a 1272.6a 68.6

S, - - - 539.6b 802.8b 873.9b 54.2

S, - 135.5b 260. 1b 477.5b 729.5b 887.0b 70.7

S; 10.7b 85.1¢ 158.9¢ 317.3¢ 518.0¢ 544. 1¢ 70.8

V6 4173 Jointing stage; V2. KHIWUITHE Male tetrad stage; VT filifE}H Tasseling stage; VT+20 . flifEf5 20 d 20 days after tasseling stage; VT+40 .
HhHESS 40 d 40 days after tasseling stage; R6: M) Maturity stage. ZD958 ¥4 >4 2010 12011 4F 1 F-FI{H Values of ZD9S58 are mean of 2010 and

2011. F[A] The same below.
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Table 4 Effects of shading on nitrogen uptake of summer maize at different growth stages

s fif Ak V1 ~ V6 V6 ~ VT VT ~ VT+20 VT+20 ~ VT+40 VT+40 ~ R6 e/ fE)R

Cultivar Treat- Pre-anthesis/
ment SA AP SA AP SA AP SA AP SA AP After-anthesis

7)2 CK 24.7a 9.1 158.0a  58.2 43.5a 16.0 22.6b 8.3 22.9a 8.4 67.2:32.8
S, 24.7a  10.6 158.0a  67.9 30.4b 13.1 11.5¢ 5.0 8.1b 3.5 78.5 :21.5
S, 24.7a 9.6 130.7b  50.6 37.6a 14.6 37.5a 14.5 27.7a  10.7 60.2 :39.8
S; 5.9b 3.4 103.0c¢  58.6 40.4a 23.0 18.8b  10.7 7.8b 4 61.9 :38.1

7D958 CK 17.5a 6.5 152.9a  56.5 31.2a 11.5 44.7a  16.5 24.2a .0 63.0:37.0
S, 17.5a 9.2 152.9a  80.5 8.4c 4.4 1.2¢ 0.6 10.0b 5.3 89.7 :10.3
S, 17.5a 8.9 90. 9b 46.1 30.8a 15.6 37.8a 19.2 20.1a 10.2 55.0:45.0
S; 3.8a 2.9 86.9b 66.3 20.9b 15.9 21.6b 16.5 2.4c 1.8 65.8 :34.2

DH605 CK 21.5a 9.6 92.4a  50.1 47.9a  21.4 41.6a 18.5 20.8a 9.3 59.7 :40.3
S, 21.5a  13.6 92.4a 58.2 12. 1c 7.6 21.4¢ 13.5 11.4b 7.1 71.7 - 28.3
S, 21.5a 13.5 58.6b  36.7 43.9a 27.5 20.1c  12.6 15.8b 9.9 50.1:49.9
S; 6.8a 6.0 56.1b  49.9 21.4b 19.1 26.7b  23.8 1.3c 1.2 56.0 :44.0

I

SA: Fr Bt F 24 Stage accumulation (kg - hm™2) ; AP BBt #
N [H] The same below.

2.3 2WEFE W AT, B ERMEAR A
A I A 2R W 5 AR WA T 22 5, B O
HRIHN VT ~R6>V6 ~ VT>V1 ~ V6,72 . ZD958 Fi
DH605 25 3 ANFhFl VI ~ V6 [ B i 28 Wi L ] 43
R 37.0% 37.0% F 34. 1% , 46K 3 W2 e L 451 43
M 54.0% 56. 1% F1 57. 2% , BRI K I B i %
WA DA e 3 S i 22 S, AL A [ BRI i B 2
INTFXF R FRAE)S , S AL BB Wi 5 ek F
W e R 26. 5% ~36. 6% , 5%} BRUS /D 23. 4% |
HWs Z W B AE V6 ~ VT B B, Wi L 151 24
H55. 1% 5 S, /b B AL J5 W = W L5 66. 0% ~
69.5% , B %t BRI 12. 5% . 15 B 386 B 4 s % W2 e
SRR R SHE PR 2 WS A E T AR S

P2

Fom oy SF B Y EL B Proportion of stage accumulation to total accumulation (% ).

AEAT I B W) 2 B AR AT (£ 5) .
2.3.3HEWIL ke nJLIFEH, B E KRR
R FEAEALSS 40 d ZATSERL, FE)5 40 d ) B4
RIMNBIG  FEARER R B B, BB R R
ZHEEIHN V6 ~ VI>VT ~R6>V1 ~ V6. Z]2 . ZD958
1 DH605 FERTER Z WU EL B 4390 R 78. 2% [ 71.2%
F172. 4% , Ui B FARAE R B 2R 1 W i = 2EAE T
AETHT5E 8. 3 FF T 2% WIS 1 5% e 5 260 i AT o AN
(7). R SO LA 0 S0 ) A Aok A T 0 2 W A L 497 4 %
XFRETH X SR A S R A G
2.4 EHDEEATHREMES N P K BBOCHR
1) 5% ]

EHEFEN, B EREKRRIR AR RZ , ikl
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Table 5 Effects of shading on phosphorous uptake of summer maize at different growth stages
sn b2 V1 ~ V6 V6 ~ VT VT ~ VT+20 VT+20 ~ VT+40 VT+40 ~ R6 TERT/AE)G
Cultivar Treat- Pre-anthesis/
ment SA AP SA AP SA AP SA AP SA AP After-anthesis
7)2 CK 9.5a 9.0 38.9a 37.0 26.5a 25.2 16.2a 15.3 14.2a 13.4 46.0 : 54.0
S, 9.5a 14.5 38.9a 59.1 4.6¢ 7.0 9.8b 15.0 3.0b 4.5 73.5:26.5
S, 9.5a 11.2 16.4b 19.3 26.2a 30.9 15.1a 17.9 17.5a 20.6 30.5 :69.5
S; 2.0b 4.1 15.3b 31.0 18.4b 37.2 11.2b 22.7 2.4b 4.9 35.1:64.9
7D958 CK 6.2a 6.9 33.5a 37.0 20.3a 22.4 13.5b 14.9 17.0a 18.8 43.9 :56.1
S, 6.2a 10.3 33.5a 55.7 2.9¢ 4.8 13.6b 22.5 4.0c 6.7 66.0 :34.0
S, 6.2a 9.0 14.9b 21.7 21.4a 31.3 18.0a 26.3 8.0b 11.7 30.7 £ 69.3
S 0.9b 2.2 14.8b 36.1 12.2h 29.8 10.5b 25.7 4.2¢ 10.2 34.3:65.7
DH605 CK 7.3a 8.8 28.2a 34.1 25.3a 30.5 13.1b 15.8 9.1a 10.9 42.9 :57.2
S, 7.3a 13.0 28.2a 50.4 10.2b 18.2 7.9¢ 14.0 2.4b 4.3 63.4 :36.6
S, 7.3a 13.0 11.8b 21.0 13.8b 24.5 17.2a 30.7 6.1a 10.8 34.0:66.0
S3 1.1b 3.0 11.3b 30.0 10. 6b 28.4 12.9b 34.4 1.6b 4.2 33.0:67.0
Fo6 ERANEERARELEF MR RA T
Table 6 Effects of shading on potassium uptake of summer maize at different growth stages
A Py V1~ V6 V6 ~ VT VT ~ VT+20 VT+20 ~ VT+40 VT+40 ~ R6 FEHT/ AN
Cultivar Treat- Pre-anthesis/
ment SA AP SA AP SA AP SA AP SA AP After-anthesis
7)2 CK 21.5a 10.5 139.1a  67.6 35.12a  17.1 10.0b 4.8 -13.8 - 78.2:21.9
S, 21.5a 11.9 139.1a  76.7 15.50¢ 8.6 5.3¢ 2.9 -45.0 - 88.6 :11.4
S, 21.5a 15.7 99.5b 72.7 15.95¢ 11.6 13.0a 9.6 -19.5 - 88.4 :11.6
S; 5.4b 4.0 89.4b 67.0 25.70b 19.3 13.0a 9.8 -33.5 - 71.0:29.0
7D958 CK 16.5a 9.1 113.0a 62.2 30.79a 16.9 21.5a 11.8 -26.9 - 71.2 :28.8
S, 16.5a 11.4 113.0a  77.9 10.39¢ .2 5.2¢ 3.6 -19.7 - 89.3 :10.7
S, 16.5a 14.2 85.3b 73.4 10.03¢ 8.6 4.5¢ 3.9 -11.6 - 87.5 :12.5
S3 4.3b .4 67.7¢  68.9 18.25b 18.6 11.6b  11.8 -30.6 - 69.6 :30.4
DH605 CK 19.2a .6 106.6a  53.2 53.17a  30.7 31.4a 15.7 -27.1 - 72.4:27.6
S, 19.2a 13.5 106.6a  75.0 14.16¢ 11.4 12.1b 8.5 -17.7 - 94.3:5.7
S, 19.2a 20.3 52.6b 55.5 10.66¢ 11.3 12.3b  12.9 -9.0 - 75.8 :24.2
S3 5.1b 5.7 53.2b  58.8 22.86b 25.3 9.3¢ 10.3 -12.6 - 64.5:35.5
F7 ERMNEEXRBEAATYRAER N.P.K REEHF I
Table 7 Effects of shading on dry matter accumulation and uptake of N, P and K of summer maize at maturity stage
i b TH% 43 N p K
Cultivar Treat- Dry matter Decrement meg Wi AR mER [ AR meg [ AR
ment (kg + hm™) (%) Accumulation Decrement (% ) Accumulation Decrement (%)  Accumulation Decrement (%)
(kg-hm™) (%) (kg-hm™?) (%) (kg-hm™) (%)
72 CK 1637. 6a - 271.6a - 1.35 105.2a - 0.428 191.9 - 0.781
S, 1013.0c 38.1 232.7¢ 14.3 1.53 65. 8¢ 37.5 0.433 136.4 29.0 0.897
S, 1316.3b 19.6 258.0b 5.0 1.41 84.7b 19.5 0.429 117.5 38.8 0.595
S, 732.6d 55.3 175.9d 35.2 1.60 49.3d 53.2 0.448 100.0 47.9 0.910
7D958 CK 1454.0a - 270. 5a - 1.24 90.3a - 0.415 154.9 - 0.711
S 934.7¢ 35.7 190.0b 29.8 1.35 60. 1b 33.5 0.429 125.3 19.1 0.673
S, 1106. 1b 24.9 197.1b 27.1 1.29 68.5h 24.2 0.418 104.6 32.5 0.631
S, 622.4d 57.2 131.2¢ 51.5 1.39 40.9¢ 54.7 0.441 67.7 56.3 0.728
DH605 CK 1272.6a - 224.1a - 1.07 82.9a - 0.435 173.2 - 0.908
S 873.9b 31.3 158.8b 29.2 1.29 50.0b 29.7 0.458 124.3 28.2 0.949
S, 887.0b 30.3 159.8b 28.7 1.15 56.1b 22.3 0.442 85.7 50.5 0.569
S; 544.1c 57.2 112.3¢ 49.9 1.38 37.5¢ 54.8 0.459 71.8 55.1 0.953

AR FR45y 5 T4 R ) ) Proportion of nutrient to dry matter accumulation.



3104 A

M

24 4

TR

BB/, S, (S, RS, IR RR L B R R X R
EW RN CK>S,>8,>S, , 5TH) sk i
— 50, U BH 3 35 e T4 o AR 58 1% (] B e AR A P
Xof LR T 2% A W SO BE . B AR Rk T 4 R R
X R/ 118 i B R T %o 2R 2R Rl 2 R Aok 2 1) 7R
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