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Table 1 Basic properties of tested soil

mE AHL 2% s B 54 AR ugvel

fifi] pH oM N TP Alkali N Avail P Avail K
(YYYY-MM) (gkg™) (gkg™) (gkg™) (mgkg™") (mgkg™") (mgkg™")

2010-03 5.21 13.79 1.07 1.38 68.21 31.20 138. 1

T B T K B FB I 958

*2 FEEIREERTAESE
Table 2 Combinations of bulk density with soil thickness

designed for the experiment

A PGS A

Treatments code and soil bulk density (g cm =)

T2
Soil layer( ¢cm)

BDI11 BD12 BD13 BD14

0~45 1.1 1.2 1.3 1.4

1.2.2 FEEEEORERIT AV
WFFEIER 1.2 1.4 g em DR T A, ALK
CK(13.79 g kg™") .30.40 .50 g kg ' DUk, L
e 3. AR O R A B s B JEE B I 4R A0 oY e 4
1.2 ¢ m O AHERE 1.4 g em CHAR)ZAE,
HHZERE % 10,20 .30 .40 .50 cm LA 7K -, 43 5
F P1.P2 . P3 P4 P5 KR, Pl BIREFHMNLEET
0~10cm HE A 1.2 gm>,10 ~50 ecm HEH
1.4 ¢ m’ P2 BORBMMNEET0~20 cm BEN
1.2 gm 7,20 ~50 cm&BE N 1.4 ¢ m ™, HABMK L
HHE,
*3 FRESENRGTES
Table 3 Combination of soil bulk density and organic matter

designed for the experiment

I AL Organic matter (g kg™!')
Bulkdensity
(g.em™) CK 30 40 50
1.2 BD2 0OM23 oM24 OM25
1.4 BD4 0M43 OM44 OM45

KBOR M IR T EEHKEN 10% ,i3 0.5 cm
i, ¥ R R 5 502 A 30 em x 50 cm FY)
PVC #E 258 (2010-04-22) , 7K % 70% H 8]
KiE, BT ES, B E T E 2010-06-01 #FFh (434
JAK % 80% MM Fp/K ) , BN E R 9 (413
AN, BB ER 3 IRE R ) . HA APk IE
5] —BUZ ML 24 h AT 3 L 3B TRZ 3 em (TG

FHWE R T Fh 5 1) g g i), B 21 5) A 5 4 v
ORI 3 em &b /NOE L BRBESE, B 10d 5
FETH .

“HIR" 4 B A G A e A w R R B AE
TN 25 B AR RS T R B AR, 2K %
F 60% Hi 8] F5 7K 12 o i 2 7 i AR FE K 4 (B 2
W E oK) o FORMIW T it R R (M2 T
BN 1.7 ) W PR R FUKE 5 Y 51 Da e &
1.3 MESHIELE

A3 F 3 (2010-06-25 ) | 3k 5 1 (2010-07-
24) JEHI1(2010-08-27) I LI-6400 {45504 I
SE RGO ECAHE R, 6] I SR P 79 R 42 B3 6 B
R E2 S o= 8

A [ 3R 2R ] Microsoft Excel 2003 i /£,
I DPS 7. 05 #4752 J7 225317, SSR Lk T 2 H
HeA

2 ERET

2.1 BEXMEXRAGSHFENZM

2.1.1  XFMERE AR 4 nTLIAEH,
B R RER W BRI R a b ORISR, HIE
B > P > W, e R a S B 7EX R A
BB GER b & ENE R g R
T ARG R TR I R I R
TR, AR a TR K55 .
39.4% 21.95% ;"4 2 b & 1A F B KR 4y
R :43.8% 28. 6% , it B N AE T AR K B W i =
BIRAEK, NEZEEAFAER X H4E a b %
AR, BRI A X AR b Y S R A
EIKE (p <0.05) 4, 3T 5 HE 5K 25 5 0
G Z a.b MYSZ MR IR B W E K F- (p <0.01)
FE=AAE W, o 20 i B A A G 2
TR
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Table 4 Effect of soil bulk density on chlorophyll
4R a 4R b
- Chlorophyll a Chlorophyll b
Growth stage T = bR 22 HER A T + bR 22 R
Mean +SD(mg g~ ') p value Mean +SD(mg g~ ') p value
Hil 0.952 £0.038 a A 0.3553 0.518 £0.010 a A 0.206 8
Seedling stage 0.893 £0.062 a A 0.501 £0.025 a A
0.907 +0.048 a A 0.486 +0.016 a A
0.885+0.032 a A 0.496 £0.008 a A
P 1.376 £0.038 a A 0.002 1 0.746 £0.011 a A 0.003 1
Jointing stage 1.320 £0.061 a AB 0.735 +0.016 a AB
1.202 £0. 047 b BC 0.695 +0.015 b BC
1.175+0.032 b C 0.701 £0.006 b C
TR 1.656 +0. 040 a A 0.004 8 0.953 £0.012 a A 0.0114

Filling stage 1.587 £0.072 a AB

1.482 +0.050 b B

1.455+0.036 b B

0.937 £0.018 ab AB
0.913 +0. 004 bc AB

0.898 £0.022 ¢ B

T FPEAR G AR RS 50 R R & A HEAE 0. 05 .0. 01 /K 2R B0, FIE Note : Different letters following the data in the

same column indicate significant difference at the level of 5% (lowercase) and 1% (uppercase ). The same below

2.1.2 XPEAHEFREM  BDI AN E
WA B R B AN I A LT, vl fg
PN EAR, R R TS, AW IR TES
K- BD12 5 BDI13 Ab BEAS fb B A — 20, BT =
PTG A B LR )E TR 2 R KT, BD12
FRERY IR LS BD13 K2E; BD14 ALFES BDI1 A/,
A B I 28 R T T %, X T g S LA
KOFEFER N ZAC, AR T R &
W, A HR I 22 5 . BD11 BD12 BDI3 7
3NMERWY LB EES ERYNREERT
BD14,BD12 5 BD13 AbHDGAHRa s , W 1,
2.1.3 XWESFEAEmW K2 XKW, RREE
WAL T TE 3 ANEF N AR A 2
BD11 SALFETE 3 MEBHNIHRZL LT, BDI12,
BD13 BD14 S AL h 1 0 2= 470 2 A5
BTN BRI A T e, AR AL R BT
R AR B 13 A A B 2R AR B, R
b P ) A & B0, A M I S AL R 22 S A
2 ,BD12 5 BDI13 AbH AL T BE AR PR B 3 = T
NI FERER I 255 T BD1L 5 BD14 b3
BDI #4FE AL FEMR B E (p <0.01) & T
BD14 ZbF 53Xt/ BDIL Ye i s T BD14 fJ[A
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Fig. 1 Effect of soil bulk density on photothythesis rate of maize leaf
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Fig. 2 Effect of soil bulk density on stomatal conductance of maize
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2,14 X ) — AR AR VAR B 1Y 5 3 Al
D, AN T) 25 i A 3 J) 4 Ak Al v 3 AR b B AR —
e, B P A AT M ) AR A e vk B R B ol
PRV I 2 S O ) — S A ok B SO BT Em
T/, BDI13 5 BD14 X Fp A8 AL i 4k, i ]
BESAEB KA, Wil BD14 Jfla] — A fbhmik
W, AERT 1.2 g em AL PR 3 =T BD1T
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Maize leaf intercellular CO,
concentration (CO,,u mol mol™)
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Kb FE Treatment

3 2N i ] — R e e JEE R 52 e
Fig. 3  Effect of soil bulk density on intercellular CO, concentration in

maize leaves

AT A LR, BDI1 ~ BDI3 B & & T
BD14; FES AR AL BRIR] 22 A B3

2.2 TERBEREAEWR

2.2.1  AHLEIAEEX LG $8 bR 5 Tk
Mtk R a ML ER b E BT S Y K
A BN IR A, B 2 T RS KR
K, T BRI /MRS K, A HLT AL 3
B2 R B I R T X (p <0.01) , Fifi
AP S EAGRS BN, TREY
B A BURB R 5E e — 80, b & R i R
RAER TR N, AR S &, G
PR AL I N, E BT AT B A A B A
AN b 3 B) 22 5 2 (p < 0.05) , W 22 e A
BE, KALFEDARAE S EAHRIEA 5,
JIFAN ) B 2 B E S I A, A 3R] 22 S 1 8 3 (p <
0.05)., SHAHE I FEAR, WH Ak
B Vi B Fhy B R T R R L AR T I K
W LT, ks BT LIE I, A PR A AL
P ) e ) AR AR Rl R B S R 3 X R A A
LS AR TE

x5 BUERXMERES IR

Table 5 Effect of organic matter on photosynthesis of maize

i i P TR
A PR bR b Seedling stage Jointing stage Filling stage
Physiological
indicators Treatment  Wyf + fidie  BERME W e hfEE BERAE Y+ brifi 22 e
Mean + SD p value Mean + SD p value Mean + SD p value
M a BD2 0.89 +0. 06cC 0. 000 1.32 £0. 06cC 0. 000 1.59 +0.07¢C 0. 000
Chlorophyll a 0M23 1.18 £0. 06bB 1.91 0. 06bB 2.30 0. 06bB
(mgg™") oM24 1.27 0. 01aAB 2.00 £0. 01aAB 2.39 £0.01aAB
0M25 1.33 +0. 02aA 2.05 +0.02aA 2.45 +0.02aA
BD4 0.89 0. 03cC 0. 000 1. 18 0. 03¢C 0. 000 1.46 £0. 04cC 0. 000
0M43 1.09 +0. 08bB 1.81 +0. 08hB 2.21 +0.08bB
OM44 1.16 +0. 03bAB 1.89 0. 03bAB 2.28 +0.03bAB
OM45 1.27 +0. 02aA 2.00 0. 02aA 2.39 0. 02aA
4R b BD2 0.50 0. 02¢C 0. 000 0.74 +0.02cB 0. 000 0.94 +0.02cB 0. 000
Chlorophyll b oM23 0.65 0. 014B 1.04 £0. 06bA 1. 18 +0. 06bA
(mgg™") oM24 0.67 +0.01bB 1.12 £0. 05abA 1.25 +0. 046abA
0M25 0.75 0. 02aA 1.13 £0. 00aA 1.27 0. 00aA
BD4 0.50 +0. 01dD 0. 000 0.70 +0. 01dD 0. 000 0.90 +0. 03¢B 0. 000
0M43 0.52 +0.01¢C 0.91 £0.01¢C 1.08 +0. 06bA
OM44 0.61 0. 00bB 0.98 +0. 00bB 1. 12 £0. 00abA
OM45 0.64 £0.01aA 1.01 £0. 00aA 1.16 0. 01aA
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2R
i WA eI
. 2P et
B Lh 3 Seedling stage Jointing stage Filling stage
Physiological
indicators Treatment  pyf 4 profi2s BER(E W = bR MR Y« brifl 2% e
Mean + SD p value Mean + SD p value Mean + SD p value
e ER BD2 26.37 £1. 25bA 0.032 31.25 3. 44bB 0. 009 25.42 +3.12aA 0. 360
Pn
oo 0oM23 25.70 +0. 78bA 31.53 +3.03bB 27.11 +1.79aA
(pmol m™%s™")
OM24 29.60 + 1. 64aA 34.11 = 1. 45bAB 27.46 +4. 34aA
OM25 30.23 +3. 18aA 40.47 £1.55aA 33.04 +8. 34aA
BD4 25.60 +1.72aA 0.175 28. 18 +6. 65bA 0.044 19.23 £2. 40bA 0.151
0M43 26.50 +1.97aA 32.07 +1.90bA 23.24 +3.51abA
OM44 28.57 +0. 85aA 39.21 +2. 55abA 25.33 +3.09abA
OM45 28.70 +1.25aA 40.35 +3.52aA 28.36 6. 46aA
ALTE BD2 0.08 0. 01bB 0.024 0.26 +0. 02abAB 0.010 0.21 £0. 02bA 0.130
Cond
o 0M23 0.08 +0. 00bAB 0.25 +0.01bB 0.17 £0. 06abA
(mol m~%s7")
OM24 0.09 +0. 00abAB 0.26 +0. 02bAB 0.22 =0. 04 abA
OM25 0. 10 =0. 00aA 0.34 +0. 06aA 0.30 +0. 06aA
BD4 0.10 +0. 00aA 0.016 0.16 +0. 03bA 0.047 0.15 0. 02aA 0.162
0M43 0.09 +0.01abAB 0. 18 0. 05bA 0.18 +0.01aA
OM44 0.08 0. 01hcAB 0.23 +0. 03abA 0.21 £0.05aA
OM45 0.07 +0.01¢B 0.29 0. 08aA 0.20 +0. 02aA
Jea ] — S A R BD2 112 = 11aA 0.738 58 = 13bA 0. 087 82 +18aA 0.589
Ci
N 0oM23 119 = 11aA 87 + 16aA 103 = 17aA
(' pmol mol =)
OM24 117 +9aA 63 + 11abA 90 +23aA
OM25 112 £2aA 61 +12bA 77 +33aA
BD4 119 +4aA 0.058 86 +2abA 0.008 102 £21aA 0.014
OM43 115 = 4abA 87 +4aA 96 +4aA
OM44 112 +6abA 71 +11beAB 87 +3aAB
OM45 108 +3bA 60 +10cB 65 +3bB
2.2.2 HEEEEEDLEIEIREEm K6 5 ] AR AR 25 5 B (p <0.05)

26T H B RO R AL B A 2 A R e A
Febr, PIOL AR a RN E AR T S IR A K
ORI AR 22 AN B 35 s 2 3 b & R I 7
I SRR A T DS Ti) Ak R ) 25 S R I 3 (R 4T
W SRR 2R (p <0.01) . ARGHSEEH

TEHAA A Y BE2E S AN 3, Al UL, i R & IR A
SERZDE AR ERNR LT AR E N Bey
2SR (A5G BRI — 2 ) 5
AR L 5505 A AR AR B, J R 2 ) — 4
P L NG 3R R MR R
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x6 MEEENERLAIEROIN

Table 6 Effect of plough depth on photosynthesis of maize

BARA TN e bt R AT 5 AT DA AR
KB R A ST AR T R K R K
RE Y R AR A X HE 4+
SELERIT AU A R B, O, e
BERTEHE e, SRR AL PR RE ) B
R, M XL XEAR R AT AR, BN,
MBS RCT M, 1T LS8R K= JFHEH
WFSEIERA - e 28 T i 1 BR 6 KOG & 1 RO K

HiH P I
A PR bR b Seedling stage Jointing stage Filling stage
Physiological
indicatons Treament g bR BERIE W eBRER BERGD BFedmER BERE
Mean + SD p value Mean + SD p value Mean + SD p value
5% a Pl 0.90 £0. 04aA 0. 520 1.47 £0.03bA 0.068 1.70 0. 01bA 0. 063
Chlorophyll a ) 0.90 £0. 07aA 1.50 £0. 03abA 1.72 £0. 02abA
(mgg™") P3 0.94 £0. 03aA 1.55 0. 07abA 1.76 £0. 06abA
P4 0.96 +0. 06aA 1.62 £0. 06aA 1.83 +0. 06aA
Ps 0.98 0. 12aA 1.63 £0. 12aA 1.84 £0. 11aA
HEE b Pl 0.53 +0. 04bA 0.111 0.79 £0. 04bB 0. 000 1.02 £0. 04bB 0. 000
Chlorophyll b P2 0.55 +0. 03abA 0.81 0. 03bB 1.03 0. 03bB
(mgg™") P3 0. 57 +0. 00abA 0.91 +0. 00aA 1.13 +0. 00aA
P4 0.58 £0. 02abA 0.92 0. 02aA 1. 14 £0. 02aA
Ps 0.59 0. 01aA 0.93 0. 01aA 1.15 £0. 01aA
oy AR Pl 19.0 £0. 9aA 0. 740 23.8 +1.9bB 0. 003 22.3 4. 4aA 0.403
Pn P2 19.4 £2.9aA 26.8 6. 0bB 27.0 +1. 4aA
Cpumol m ™% s 71) P3 19.9 £0. 6aA 27.1+2.4bB 27.5 £ 1. 4aA
P4 20.4 +3. laA 31.3 £5.3bAB 28.0 +7. 8aA
Ps 211 £1.0aA 41.4 £3.0aA 28.6 +1.5aA
AL P1 0.060 0. 011aA 0.511 0. 166 0. 013bA 0.074 0. 196 0. 050bA 0.137
Cond P2 0. 060 0. 001aA 0. 175 0. 012bA 0.226 +0. 030abA
(mol m™* s71) P3 0. 062 +0. 006aA 0. 190 +0. 045abA 0.261 +0. 054abA
P4 0. 065 0. 009aA 0.237 £0. 069abA 0.272 £0. 009abA
PS 0. 069 +0. 006aA 0.250 0. 011aA 0.280 +0. 044aA
it ] — 4R Ab e e 2 Pl 125.7 +3. 2aA 0. 429 98.3 +10. 5¢B 0.017 143.0 +15. 1aA 0. 859
Ci ) 123.3 3. LaA 80.7 +19. 8heAB 141.7 £31. 4aA
(jpmol mol ™) %) 121.7 £24. 4aA 77.7 +3. 4beAB 136. 3 £41. 9aA
P4 119.3 =8. laA 76. 1 £3. 8abAB 130. 6 +36. 2aA
Ps 107.7 £4. 9aA 60.7 £0. 2aA 119.0 = 14. 8aA
M2 R VSRR B PIAR L 835 okt A
3 9w e 2 k3 4 9 2 T 0 T U I B 7

SIS /N 240 M6 ) B S A Rl v 88 I A T3 K
TTHE R, 7 TR A A I W e R, LBl 2 508
2R ML AT B SR AR A T AR BRAR . AR SCF ST A R S
AR AEAR ST S AE T WIN O R
Jo b ThIE TR, S B ) e A T ) A A ek
B AEAE B S I A AR A ek BE AR TR
FORTENE 223 AR R AE R I T E IR AR Y IR 3R
o 2B A, NI SRR T R AR,
AR AL B i S S IR, 255
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PRBUH AT 5T 25 R n] A = 2 AL B AR T AR 25
MR ER O, AR e R SR Y
RS, 3R 4 1A SR EM SRR S IR
0 H RS2 e A R0 XM E I 24 F e T HE
RN, HEAh, B A E RN T SR ALABE T, ff
WA KA ] T K Ty 38, AR F Sk SRR il
WEARFT, FER R R E, REAFBOLERET
R AN, mAE LIRA VLR =
4%~ 5% BIW] | o B B, A7 AILTT 7 it P38 in 4%
A= B bR 0 3 0 W Y R, DT AR T 4
PR ARAS EEAEWF ST G HILIBT 0 R PN oK 4% 20 A 3L
B AR X A ) dnb | 33 2 R A A LT 35 7K AR IE e
K, E RN Re 3 i 25 K &, {H IR J2 1 4k 2L 4
T HLE & 30 ] LIS 21 B i i 5CR  ixXf ff Fadk
— AR

KWLk et BdE— B R EY ™ R
PR R T B, X R 5 VA AT DL B R Y B
B RHEMIR R KT, R R, (S
Fr e AR E A B R B R R B 1R
WO R E AR P S e, RO A K
Jr g 0Ky SRy B2 LR R G s
St ) MR Y, [ IF R K AR &R B A AR T I AR R RE
B JIT LA 4 M M SR AR &, Xt E R B
AARE R, BEAh, TR ZR 6 sh i B K (AT
RHUF 2 m L) BT DAl AR 4 e LB R B B
RSB AR T Bl 2 3 B = IR 52, il 45 R %
B, BF 2 5 18 in e A 0F B oK AR K (R R 5% 2
ANEER, FORE -8 22 RER AR L,
VO BHR A B KA BRI SE, it LA 24K
K HEGEE B A — 2 RR R 34 3 P 45 21
AN, 25 Gk g SR DL FOKRAR Rt 70% DL b4
KAE0 ~40 em BYZS [RIFE Fl, A BFZ R i 04
X A R A I, BERE R 2
40 em HEGTE Y

HISCE R M, B e bn 2432 2 Fh R R 52,
LG H DG A R BRI IR R Y AR
HFIN TS 5O A HOR Z R BA B (W
K1 5K 2+ BDI1 ~BDI13 4bBH) | B AL B84 fin
A HR I K, AL BN A R AL
N RALE RS R DG R m R
Z =T AR 5 25 R 5 2% Bk R A B T 0 45
SR NPK 4 i FIE Ak T i 4 5 0l A i R
LR, AR E AR E, WHAILREER
XA BRI /N R R — 8, 1 B AR A5 i

KPR MRS A B B R A U T
ESEULRH, NIRRT, LTS
JEEIEMR, X —EHE LR SO e 45 R, 7 248
AR DA 5 4 Ak 55 AR SO — B, BT DA BE
Xof [ — [l S5 98 A —FE . — A D il ] — R
P B nT LA RI 42 S G 45 3 5 TR A iR ] — 4 1k
BV S X 0 P A I PR AL AR A AR s 2, — 4
Pt SR me G R A AL R e F B, ) AR Ak
R [ RE 15 s, BB R i, (H 5 2 A9 5 n
R T AR RE T BB o, AR SCRIESE A B —
(8] AR Ak B e 5 R S TR, R RESR i Tl
BHEFML BT AR

4 4 i

1) ZE X S 25t 1) 5 ) A1 38 )5 A
ENUES S S8 wint SR =B U R GEZ S I [E|
XA FRBRRE M I ARG 1, o B AT AR 1L
FUAEA—F 66 R RS 5 Bk, Jea s
REZEE Mla] Aok B 2 e, 5L S
FE R IEAE,

2) AHUBR 2 AR AE T, A HL A
P DU 7 6 bR BT 5835 L (p < 0. 01) /&5 X i, i
PO P 3% it v 7 R 3 FL B Rk &
WA, BERRT A, A R K R A
e mER S ST ERMANERET., &%
&R HLUT R E 4%~ 5% B AT LIRS H A FE AR
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EFFECTS OF SOIL BULK DENSITY ON PHOTOSYNTHESIS OF MAIZE AND
THEIR REGULATION

Zheng Cunde'”  Yi Yanli'’

(1 College of Land and Environment ,Shenyang Agricultural University ,National Engineering Center for
Northeast Sotl and Fertilizer Resources Efficient Utilization ,Shenyang 110866, China)
(2 College of Urban Construction ,Liaoning Eastern University ,Dandong ,Liaoning 118003, China )

Abstract A pot experiment was carried out using brown earth collected from local farmland to study effects of soil
bulk density on photosynthesis of maize ( photosynthesis rate, stomatal conductance ,intercellular carbon dioxide concentra-
tion) and chlorophyll(a,b) ,and their regulation through application of organic manure and tillage. Results show that be-
tween treatments different in bulk density little difference was observed in chlorophyll concentration in leaves of maize be-
fore its jointing stage, but much was afterwards (p <0.01), continuous increase in chlorophyll concentration was found
during the growth stages under study ; photosynthesis rate was negatively related to soil bulk density and intercellular carbon
dioxide concentration , but positively to stomatal conductance ;in soils high in bulk density,application of organic manure to
raise soil organic matter up to 40 ~ 50 g kg ~'showed an ideal regulatory effect,while in soils low in bulk density, the effect
of soil organic matter in the set range of the study was always significant. Soil organic matter around 15 g kg ™' restricted the
growth of maize,and should be raised at least to 3% or more ;tillage improved physiological indices of the maize ,however,
depth of the tillage had little significant effect on chlorophyll and photosynthesis indexes ;when the tillage reached 30 ~40
cm in depth,its effects on various indices peaked and any further increase in tillage depth did not improve the effectcor.

Key words Soil bulk density;Maize ( Zea mays L. ) ;Photosynthetic index ; Regulation ; Tillage depth



