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Canopy structure and photosynthetic characteristics of spring maize during
late growth stage under the high yielding and high efficiency cultivation
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Abstract: The variation of canopy structure and photosynthetic characteristics of spring maize during late growth

stage was determined, and the maize cultivar Zhengdan 958 was used with treatments of high yielding and high efficiency

cultivation and farmer conventional method in the 2012 and 2013. The results showed that the plant height and ear posi-

tion of high yielding and high efficiency cultivation were slightly higher than that of the conventional method in silking

stage and milk stage. Compared with conventional cultivation, leaf index of spring maize under high yielding and high ef-

ficiency cultivation was larger, especially after silking stage. Leaf angle of different positions of high yielding and high ef-

ficiency cultivation were lower than that of conventional method, while that of net photosynthetic characteristics showed

the opposite trend. Yields of spring maize of high yielding and high efficiency cultivation in 2012 and 2013 were 14..009

t*hm~2 and 13.255 t-hm™2, respectively, being higher than that of conventional method.
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H et 2 AR A R RO e 1 (RS
FRE = VR A TR 56 T K R R R
FEEA A ARE " H K 3 PG L - J5 R oK e
JEEEH 5 A R e T G DA X A R
LGt Iy oAt B G 5 A B T o 2 1 R IE
RS LA S 15 it DA 7 e SR S A 3l
RGN F TR IZ L5 B G A Rtk m, &
TR = A P SRR A
1 MRS T
X 36 AR
T 2012 4FF1 2013 4R 1 5—9 H 7EMAL VgL
TP B PN 52 iy IR K 27 S 3 4 375 (43°36/ N, 1220
22'E) AT o R XAy BT ) R i 2 KL, 4
BIS 6.8°C , = 10°C G SRR 342) 3 200°C , °F-
PITFRHI 150 d /247, 3T 56 4FF- X[k 43846
mm, {5 FH 5k K o 5+ BERTEEE H5ER
*1

1.1

SRR PIEAUR SR 15.2 g kg™, 2
AN 0.86 g kg™ BEAEEN 53.45 mg- kg™, HALHE
4 10.63 mg-kg ™', AR K 79.88 mg-kg ™!, pH 8.2,
G0 B IR A
1.2 a5t

PR SR A B 5 958 , H b I A Ffoll 2 ] 4
it R 2 MR EE, (1) @ mE R R (GCGX)
TR AR T IR 25 AR, ek R AL g i 7 =X
PRI B, AT T ARk it P o, A5 B A e e oK
ARSI (2) R PHEGEHIE (CK) : R 2 i K H
Az i R AR, RRA S 3 RE A, N
TFUA 60 m?, BEHLHES . 556 H 4T HE (55 em) 4%
B, R B R = O 7.50 TRk - hm 2 R P
PSSR 6.00 T bk -hm~2, W B0 AR H — ok 5
it s NOJE : o 7 e AR AR P 4 AE /N 1A 43 0] 3 it
172.5 kg*hm =21 207 kg* hm =2, AS[al &b 3 i Hog
[ A P — 3, IR B T R IR 1.

HENRIE A R

Table 1  Field experiments

. R

FEHITIEAE i/ (kg hm™?) ANEHEE  (kg/hm™2)

b Site preparation /(10* B '_hm_z) Fertilizing amount Fertilizing quantity small period
Treatments hod Density
methods /(10*plant-hm™2) N P,0; K0 N P,0; K0
i T RN
GCGX MER I AL . 7.5 27.0 69.0 45.0 172.5 0 0
Rotary and deep loosening
CK HERFKFH: Rotary 6.0 40.5 103.5 0 207.0 0 0

1.3 HEHRESER

A3 AR 22 HH (SS) FIVE S A (MK ) 7 Ak ey ot
A7 GEFRER K B R R = A
/MR x 100; ZEZHL R E = [(Dy + Do) /21/Bk i x
100, Hirp, Dy Sy Z5 FEF0 5 — 5 1 (DR A% i o K B
125 Dy Ni/NEAZ
1.4 MEFRIEE(LAL

AP RIFERR I (JS) LR T (TS) (k223 (SS) |
VI (MK) B (MS) I % , 3 YR A, B i
=K x5 x RE(REN 0.5~0.75, KEF
RECN 0.5, =AM H RECH 0.75)
1.5 Mm@E(LOV)

AU o B = = ) i s s == N s =
HT 4 FmmRh T2 WA Ee i, ERE
SHR3WRERE, IHHHEAKXN:

LOV = >3 0(L/L)/n
i=1

K, 0 s, Ly hy 3 35 9 B A )
B, L At n iR

1.6 XHEZE Pn

FHZEE ™ Li - 6400 BYAE#5 OB G0 2 R 580
AR 22 1 I e A7 i 10:00—12:00 A9
BHR P, BRI 10 B, BT pmol s m 2571
1.7 FERFEMREZE

£ /INBEI P TR 30 m? , A AR ) fef ey 2
S IKE T B RS KFE R 14% 17 &, [F,
25 7= X A ROEEEL, I 43 I 10 B85 A, e
PR R REA TR A TRLE EORLEL, 9T 5 149% K
BT RE,
1.8 HIBELESSHITHH

F Excel #4347 4 2k B2 5F-4F 181 ; FH DPS 4§
WAFHATGAT 31T o
2 GRG0
R SIERR
H1 2% 2 AL, e Rk B ik e R 2R IR
TRk 22 W R A AR G AR A PR, 3
o, 2012 AEFEAV i P A B 22 5 I 3, 2012 4F R 2013
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Table 2 Morphological parameters of spring maize plants in high yielding and high efficiency cultivation
O B b B /em  BAIE/em ZEH/em ZEHLEE AT K /em [EYEE ESiEY 0
Y )] Growth Treatment Plant Ear Stem The second Ear heigh Stem diameter
ear period reatmen height height diameter internode length coefficient coefficient
GCGX 288.00aA 137.67aA 2.36bA 8.17aA 0.4780 0.0082
2012 k224 ss
CK 282.00aA 133.50bA 2.83aA 7.50bA 0.4734 0.0100
GCGX 289.00aA 140.20aA 2.34bA 8.10aA 0.4851 0.0081
2013 nh#Z3 SS
CK 284.20aA 137.80aA 2.80aA 7.30bA 0.4849 0.0098

T B 5 AN R R /NG R 33 R — 5 b ) — 4 B o] He e 22 573 0.01,0.05 3K T,

Note: Different capital letters and small letters in the same item compare between models of cultivation at same year show significantly different at the 0.01

and 0.05 probability levels, respectively. The same as below.

2.2 BESW

2.2.1 #aket@s H{EER 3 PR, k22 ) Sk T
FRAR 2 3RS > ™ ARk R, FLRVIH S Z A
I 22 301 L S i R B P P P T 7 v SRR
v e VIR i o (B ST S 4y 3 N R el R U7
HH o R AR B R AT 2 ) AR R ) MG, S A
JECEVERSRHE TR 7 B WO TE, fRIE TR 2

MR A R RE T o T RO EE R = DA I R
AR 22 A A P AR B kD 2. 6% (2012) |
0.8% (2013 ) ; 1117 FL 2 A 38 38 R 5538 5.0%
(2012) .6.7% (2013) . i HA Bifi A= 7 2 () HE 0 , 5
PR AR R R T 2 T AR K, R AN T A AR
JIJZ M R B I H5 R B R I 52 ), R A% AR 407 M A o
1R R R Z AR R v R R [l

F3 MLBMIARPEEKBKRHER
Table 3  Plant single leaf area of spring maize during silking stage and milk stage
.= 2012 2013
NS i — —
, Sequence k223 SS FLAY MK k223 SS FLAJY MK
Phyllotaxy umber
GCGX CK GCGX CK GCGX CK GCGX CK
11 123.07 140.19 — — 124 .84 131.65 — —
10 158.75 165.55 — — 142.63 156.24 — —
9 232.25 243.25 — — 230.42 238.52 — —
. 8 435.08 424.85 258.24 — 438.02 440.23 293.61 —
=
Under 7 596.78 563.13 364.52 372.42 656.13 625.73 376.28 377.25
three-ear 6 660 .89 674.83 572.25 407.27 725.41 681.21 560.78 440.45
l -
e 5 802.26 858.36 632.34 614.18 812.22 821.64 642.75 616.16
4 843.65 890.16 712.54 758.37 847.42 871.45 716.90 759.45
3 869.27 886.50 815.09 887.57 871.53 906.50 840.65 886.88
2 898.15 923.15 847.12 962.29 886.55 910.45 887.83 972.56
1 946.13 1074.25 850.55 979.24 932.68 1024.31 937.75 980.95
T = BRI
Three-ear i 994 .61 998.86 951.69 798 .46 999.97 982.23 996.83 907.43
leaves Far leaf
1 803.31 844 .88 732.36 700.15 835.78 815.65 826.90 779.52
. 2 759.65 791.49 683.47 689.63 755.63 763.54 673.25 676.86
=tk
Above 3 655.13 695.75 546.31 544 .56 648.21 695.75 595.44 549.65
three-ear 4 458.25 527.38 446 .36 456.32 412.46 449.50 460.88 445.63
l -
eaves 5 288.06 336.52 208.18 300.44 235.31 268.32 301.48 295.51

2.2.2 FKTLAIZ A mE TS H, R E
EENGREEE K LAl B EE TR P IES R

P07 R ORI A P AL R A K TAT 344
22 ) 3 J KA (2012 4F 43591 7.89 A1 7.91,2013
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H32%

AR 6.62 F1 6.47) o 22 R FLEIH , 5
WORRE LA R T 1.36(2012) .1.08(2013) , fK T4
FULGFEE 1.54(2012) .1.26(2013) ; A FL2AHA 2]
B, P RO B LAL FRE T 2.71(2012) .2.74
(2013), i FAR P AL Gi gk 5 T % 2.40(2012) 2. 37
(2013) o (H ARG 7 i Akckk s LAL A3 4ERE7E 3.82
PLE AR ARG IE IS 22 2.84 IR . BEHIAE S
S B v AR s LAL AT PR =

2.2.3 REETERIBHEARDIS FHIEEK
BT AR L R B BRI Z LA ¥ i =
MDUR > B =t > B =0kl B (GR 4) . @7 maik

o

A R R P VA WY N 7 S el 51 51
B 2E ik B W KO SR PR GRS, &
T R ARk H R = LA M LAL 22 A3 i T 21.7%
(2012).23.9% (2013), L2 n T 31. 3%
(2012) .33.3% (2013 ) ; FLURJ& e = ik 2Z B3 i 1
17.7%(2012) .23.1% (2013) , ZLAMAE N T 27.5%
(2012) .29.4% (2013) ; fe /N e =k LA b, ik 22
HAREAN T 14.9% (2012) \17.6% (2013) , FLEIA I
T 24.4% (2012) .28.8% (2013) . % HH 5 7= i R
B AR T80t e A - R R ST

o

(2)2012 aA (b)2013 aA
8 8
_Tr _r bA aA
<ot Sef
st F o5l bA
Iz B
=4 X 4+ aA aA
E E 3 bA
3t 3L
+— bA
T2t =5t
1 1 aA
0 ] 0 aA 1 1 1 1 J
JS TS SS MK MS JS TS SS MK MS
B 15 1 0 Growing period B 15 I 0] Growing period
——GCGX —=—CK
Bl AREEHPEEEXRTERERNEW
Fig.1 The changes of LAI of spring maize in different growing period of spring maize
R4 BrERIRETEEXRSEMMERIEH
Table 4 Leaf area index of each layer of spring maize in high yielding and high efficiency cultivation
) A wr He=0t e =T
Year Growth period Treatment Above three-ear leaves Three-ear leaves Under three-ear leaves
GCGX 1.62aA 2.06aA 4.21aA
22 SS
CK 1.41bA 1.75bA 3.46bA
2012
o GCGX 1.48aA 1.90aA 3.15aA
FLEY MK
CK 1.19bA 1.49bA 2.40bA
GCGX 1.54aA 2.08aA 4.30aA
223 SS
CK 1.31bA 1.69bA 3.47bA
2013
o GCGX 1.52aA 2.07aA 3.24aA
FLAJH MK
CK 1.18bA 1.60bA 2.43bA
2.2.4 AR EAMAATEME BES TLUG 2.3 EAXEGHNE

H v R OR A% 2 L B A 2 R N T AR
gk, UL =MDy B o [ (e U 2 B Oy g
1R AR 8 R T AR AR G B, e = Ak =
LA B R B O R o BER e o A
FEGERIE R LE , BARIG T AR 1, (ERE AR 1 i
T RA B SO S e — R R T
FHE A P3G st B 1A 32 D68 22 A9 T, X & 2
FERETT S I i

H12¢ 6 n] L, 76 ik 22 300 A0 L 2 8 e e ok
THEERGOCAHRY B & TR WA . o
JEICARE T RO A R S i RS BN LR A
W, = AR K 2GR AR T 7R 22 A
FLASH I B A R . 2 AR
I 22 34 15 7 R R 5 AR P R R K R 40, 41%
(2012) .58.60% (2013) , FLEM 5 62.07% (2012) .
77.88% (2013) , & 7= R R 5 o B OKAE B 01
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Table 5 Leaf angle and leaf orientation value of spring maize in high yielding and high efficiency cultivation

He=it b B =nt Be=mF
AN Lb Above three-ear leaves Three-ear leaves Under three-ear leaves
Year Treatment WSS/ () 1] S/ () W fi {f AR /() i1 i
Leaf angle LOV Leaf angle LOV Leaf angle LOV
o012 GCGX 9.77bA 61.34aA 21.82bA 54.27aA 25.27bA 50.76aA
CK 11.82aA 55.84bA 23.44aA 49.17bA 26.42aA 47.34bA
013 GCGX 10.67bA 70.21aA 16.11bA 59.26aA 21.75bA 55.24aA
CK 12.33aA 65.36bA 17.97aA 54.74bA 23.03aA 52.09bA
R6 BERALAEENTEAALRN
Table 6  Net photosynthetic rate and canopy photosynthesis ability of spring maize
223 SS FLEJH MK
T b HOl A R A HE ST (Po x LAL) Al A R A fiE T (o x LAD)
Year Treatment /(pmol-m~2+s71) Canopy photosynthesis /(pmol-m~2+s71) Canopy photosynthesis
Net photosynthetic rate ability Net photosynthetic rate ability
o012 GCGX 36.10aA 284.83aA 31.37aA 204.85aA
CK 29.57bA 202.85bB 24 .88bA 126.39bB
013 GCGX 43.88aA 349.72aA 26.55aA 185.32aA
CK 35.28bA 220.50bB 20.23bA 104.18bB

2.4 FEREMK

A FTREAR, (E.25 5 5 R SR B 2 25 K F o T A AR

HET AL, @@ 8Os T HEER &N
14.009 t-hm~2(2012) F1 13.255 t-hm~2(2013), 54
JUEEAREE A L, £ 4 BE 22 S PR B R E K B
e R AR ERORN T H g ) e ASORR B A A b

B R ORI A s AR A .
A BOR T, 1 25 5E R oR R R SR K
77 B ROBAE

R BrERIRETEEXTEREAM
Table 7 Yield and yield components of spring maize in high yielding and high efficiency cultivation

DY 4k B A R (10*planthm =) e i TR /g S/ (1o hm™2)

Year Treatment Effective spike Grain number per spike/grain 1000-grain weight Actual yield
GCGX 7.31aA 569.22bA 338.28bA 14.009aA

201 CK 5.83bB 634.41aA 367.31aA 13.571bB
GCOX 7.18aA 565.83bA 366.41bA 13.255a4

200 CK 5.73bB 586.70aA 384.56aA 12.101bB

3 PR

PR AR B 2 D RE R DTG R
TR AR R 2 BB SRA AR DL B RE T AR B I T
PSSR, AR B 1 R B R K e
R EENEN S RS A S S8R h
FER R R SR AR RE D T
RIS, I 8 R AL B 0200 Rt k2B 4R
TR, A U, VR Sk SRR P 2
AR A B = DU e ik i B o R AR L

B 7 Ak Bt 22 ) 53. 4% (2012) . 54. 3%
(2013) FIFL2IY] 48.2% (2012) \47.4% (2013) , & T
R PEG R Bt 223 52.3% (2012) .53.6% (2013)
AL 47.2% (2012) .46.6% (2013) . # =01
TR R o R A i T R L 481 v 7 v ARk B e 22 SR AT A
26.1% (2012) .26. 1% (2013) , 4% J 4% G5 & 555 ) 438 K
K 26.4% (2012) .26.2% (2013 ) ; FLEI & 7 w0 5k
FEREAR Y 29.1% (2012) .30.3% (2013) , i 4% 7 4% 15
BRI KK 29.3% (2012) .30.7% (2013) . 6B =
T e BORE R )2 58 e i 55 , B T J2 TR B TR
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B RAE 7.89(2012) ,7.91(2013), oA P 1L G 4k b5
6.62(2012) .6.47(2013) 5 1.27(2012) .1.44(2013) ;
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(2012) .6.83(2013), LAk P Lg% 5.08(2012) .
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JUEGERRES , SR LG IEAN L, LI = LU
it T AR RO R R, TRk 22 IS N T 21. 7%
(2012).23. 9% (2013), FLEWI 6 hn T 31. 3%
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