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The relationship between the energy use and densities of spring wheat under the

different moisture levels

DENG Jian-Ming' , ZHANG Xiao-Yan', WANG Geng-Xuan'** , WEI Xiao-Ping' , ZHAO Chang-Ming' (1. Key Laboratory of
Arid and Grassland Agroecology of Lanzhou University , Ministry of Education, Lanzhou 730000, China; 2. School of Life Science , Zhejiang University , Hangzhou

310029, China) . Acta Ecologica Sinica ,2006,26(7) :2281 ~ 2287.

Abstract: The density restriction is one of population competition effects. Leaves are the critical organs for plants to exchange
matter and energy with the outside environment. Therefore, the leaf area index (LAI) is an important parameter to describe how
plant populations use the resources and maintain a positive carbon balance. Therefore, the present paper takes into account the
density, leaf area coefficient and leaf area index of spring wheat as the major variables and measures the relationship between the
density and the leaf area index under two different soil water content levels (i.e. the Drought treat and the Control) . The sowing
density gradient is designed as 1,10, 100, 1000, 4000, 10000m~2 at each soil moisture level. Our experiment results are as
follows: (1) the actual density of the populations with the sowing density of 1000m ™7 is consistent from three-leaf stage to ripening
stage under both the Drought treatment and the Control, but those with the sowing density 4000 ~ 10000m~? begin to decline
rapidly after elongation stage, i.e. accruing self-thinning; (2) the leaf area indexes of spring wheat increase with the increase of
sowing density under two soil moisture levels during the nutritional growing period (i.e. before the heading stage); (3) but the
leaf area indexes begin to drop obviously in the heading stage, especially in the high density regions (4000 ~ 10000m~?) ,and the
leaf area index curves tend to smoothen from sowing density1000 to 10000 (the LAI is about 8 and 12 under the Drought treat and

the Control, respectively); (4) from elongation stage to the ripening stage, the leaf area indexes of the Control is notably higher
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than that of the Drought, especially in the high density region, however, their trends of change are similar; (5) the trends of the
number of grains per tiller, 1000-grain-weight and yield for each sowing density accord with the LAI under different moisture
conditions. Our results show that the LAI can reflect the situation of the rate of resource use by plants or the biomass in plant
population, at the same time. The variation in LAT also shows how the drought stress restrains the plant population from using
energy . Therefore, examination of the leaf area index of plants has significance in exploring the balance law of matter and energy .

Key words: leaf area indexes; density; drought; energy law; leaf area coefficient

MEREREEAVNAR LM EREY. EERBREYENSRZ — S TFHEORRERRBIEDK
RHMBREY=EBY—TEESHY, YT ECREYSARTHRY TR EBNAREEZ -7, £EAN
SN TFEREYEES R, MARMEAZEMRERNS UF-B-FEXRANEGRERD S EH AT T
R HYERAABEEENRRER WS S FEAXT AN EFERAESOLS T ERIRE, BT
FMAHERESRARESEYERERAASEENXRER LXK IRE,

HYFEEMZEFHRR—ERES¥AHN PR MAZ—, Shinozaki M Kira! B T ESH-BE(CD)
MM BETERR TR, BEESH¥R Yoda " HHBE - 32 FEYEREN, . W=K- N, HF w
HFPYEBNEEYER N AWBREE, K AEH. XI—HEeBEBHE, TR REDSERMXE, B HK
HEBFENE —BEAEED, MERNARSEENXTARTBEHFE RO, BEREENHE
AXEHHVRERBEAES H AREROEICEN YR - 43 WAL - 32", X B 8B LW XHAE T
BI", Enquist 91513 37 MM EEIE , FREY MO REAAR(Q) KASHYEE (M) 3/4 KT
2 LB, Q&M FA X 251 MHBEARLBREF O ER L ANBRKMBEEE (N, E5HEY
FHMEE(M)M -3/4 KT 2L LB N, &M, B N, F Q BRATTLUHEH AL E MR IR
FRAE(N,, Q5P FYERETLL, BN, QM* M = M° , FEHXMEYHEBEEE S THEMFE
ABTHEDRE"" . BOFEPESSRREALEH" AEARL AEHYARNEIEEER
REMYNMEEY R, WA ZET TR . HERAY S AREIRYR SEENT Y At BRER
BR/NREEEER R EYMBEREMAENERL . T, A& UFRNERMB,EERTEAFK T &4
THERERSEENRR,

1 #eIGE

AL 06 L F /N R KL B Triticum aestivum L. New Cultivar No.3) , 7E 3L % X Bl 50 4 b 7K 40 1E & (BP X 88 Ak
H : Control ) 1 T 2 4L ¥ (Drought) iR LK #h, EEF MK ALEPBFH FEESE N 1.10.100.1000.4000
10000 B/NEF MBI T A, BN EEBEF 4 NEE, MEFTEEN 1o’ (Inx 1m), BT WHERH T
0.3m . . FEMAINRPIT. BHEENREZELINEHF FHRHER(96%) MTHRE(43.74£1.04)g),
X FREFEE 1 ~ 1000 K BLHEE B 50 78 87 R+ B B 7 5B R0 89 Fh 7 20, T X T 3% 7 2 E 4000 ~ 10000 A, 238
AR TFRHHEERANTRETEUTREHH TFHNER RAEHREHTES. E=HRETEE HSL
BORMEHEEREREEE 8.

KA EHWLRMPENENSES R B RRBRTREURER KD (RFLESKEE
26% +3%), M TRAEAFEFTESKEBE 4% 30 UHREEGFEKNEREFR, HE 7d B0 —K L5
HKE, MERMEMRAFTE 3,

FENEM=E BEH R B, /N E R E R BT 3 T AR S OME B B SE PR R
T E BB FI AR TREMFBAHNHATTNE, WEN, £ THFFREILINE 30 %
NE, ATERNE GHEY ERARGEN €M mR KRB, AR 130K 440 2 849 48 5L % B BEYLEE,
HERFHE, MBEAHETKS XS EREE AN HRPAFNMN K FHEMR. FXNEER
K7 24 F & B Y 2 BR s B M AR R Bt AT LU R . e E M RO M EARe , RAEN SR T REA R
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2.1 NEZSWNHAZEHAKREK

ZM R R & B EBEREKDRETHR/DERSERMIF, Br LAX /D2 & oG 0 R THE
B, BREHTEEMKS XA MASEHLE, BE 1~ 1000(REEX)K/DERKBEA B, T 4000 ~
10000(FHEEX W RKEEL N, BEREEFEFHUEXH . FUELS RPN ITHERE 1~ 1000 F12% B 4000
~ 10000 KM H R B ABIHT THE. EHEEARRKIRENER . ERTH, WELK 1~ 3 AR
FEZ2ZRBA MBEFENEELAR, EEZENEIRT. PERILHAMH F REEMXHER, FRA4A
R, TURM A A (4 ~5 HADRAKBREKR, Bdirt EWMBI RBREREAMBRA, UM 4~5
MM ERBSHEM M ERBEERREN; AFEEMBYERB A6 ~7 WEABRA(R 1. MBREH
B, &M A ERC R A E, B S AT R ST R 5 7 A A, A el B S A IO 2 B AR L 1 Y
M R FES

21 FRMESHBEHUNHERY
Table 1 The leaf area coefficient of each leaf-location in the each growth stage

=n HEH I A
Three-leaf stage Tillering stage Elongation stage Heading stage
# & Density 1~1x10°  4x10P~1x10* 1~1x10° 4x1P~1x10* 1~1x10° 4x1P~1x10* 1~1x10® 4x10°~1x10*
M7 1 leaf-1  0.960+0.08  0.960+0.11  0.869:+0.06 0.980:0.13  0.817+0.02 faded faded faded
FrfI2leaf-2 0.874:0.05 0.876+0.12  0.789+0.03  0.922:0.07  0.725:0.01 faded faded faded
M7 3 leaf-3 0.756+0.01 0.756+0.01  0.786+0.01  0.807+0.04  0.8120.01 faded faded faded
M- {7 4 leaf-4 — — 0.825+0.03 — 0.809:0.03  0.913:0.01 faded faded
{7 5 leaf-5 — — — — 0.806+0.08 0.905+0.05  0.799 +0.05 faded
H-{7 6 leaf-6 — — — — 0.804+0.15 0.901+0.07  0.798 +0.11 faded
{7 leaf-7 — — — — — 0.776+0.18  0.901£0.14  0.903 +0.08

a EEMHHILUE R E E X (1 ~ 1000) F1 7 9 B X (4000 ~ 10000) Z B MM H AR EE B L2 5 (p<0.01) The differences between the low
density area(1~ 1000) and the high density area(4000 ~ 1000) were significant(p < 0.01) after the three-leaf stage;—: 3278 H F- ¥R ¥ £ i K The leaf of
spring wheat do not develop yet
2.2 INEERFKGEMGT &0 T EREL

BRFVIBEERERTNEREEE=N PSR EEEA B, EOEN. EF 1~ 1000WEHE
RS EEBR, FRIBKRE P bk B, S B0 B, T E 1000 ~ 10000 B EA FREHERS. A
HEEARARWEA, XFTRERIERBEAREENS, MEXHARMEETY, B TEHEGYHUS B
B (1 ~ 1000) B % BE 80K H- 4254k, T 85 2 B (4000 ~ 10000) & FA B a2 BB A BN S, ALk
FHERBY, DEFRTARB™E, XUTFELENBEREL(E 1), FRETRELENFR KA EEN,
M= BB RS R B B 1000 WEER A EN S BB AREE, T —HHRERE, RO/ DEMBEY
BE, HE SR TR T 24 BB FHE 4000 ~ 10000 52 BR3 B 4> B R4 :2225.2945, 7k 43 IE% 69 4 51 3% -
2336.2720, T E7E®E 10000 WA, TRELENLHFEE R KS EENLREEE TS,

2.3 PEEARF KRG ST &0t 500 F 3 Sk

AR BT 45 R ol JUNEFE = M A R0 4 BE AR TR /K 4 b BB 22 B B4R X /N2 (1 2a.b) , 5/ 1 ~ 10 BT
REHESMERPORABKKSTZR(p <0.05), BEERT B S MR B EE 100 ~ 10000 5 B
BRKSFEWERE, KSEFNLTRELAEMNM EEHAEERT(p<0.01), ERTHUUBEEEHH
WEREATRE, LRREEE K &64T (B 2.8 3), KA E R 8, W3R 5 B BB B3 B 4000 ~
10000 By EFRAE 44 B M 31.85 FEF) 5.39, FIM 40.82 F& 2] 2.78; T RAL B4 BIM 18.43 [ 5] 2.87, FIM
31.80 F£%] 0.87, HAEMBHESEENHEREIMTIROKSEEATRELEY Y HRAERS BN
12.80 7 8.76) , LB ZI M BHEES IRV AR ES TR MBEMBTRERS., KA FEEINENTEE
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1 *~< 1 1 1 i 1 - 1 Il L J
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4K H Growth stages 4 K # Growth stages

B 1 AR K 2 4ih 3 Y /I S o A B A S 3R Uk
Fig.1 The densities of populations varied with growth stages under the different moisture levels
1,2,3,4, SABIRFRZMH BN R MM RIS Express: three-stage, tillering stage, elongation stage, heading stage and ripening
stage; @ M. & O 0. A5 FRFHEE 1.10.100.1000.4000,10000 Express: the sowing densities], 10, 100, 1000, 4000, 10000

s, S EEMAL, FURFREMBI, FBEESNERIET, FA R K EF X E R R KA xR
B MBTRIBIERE , &K R T/ E K BB SN EE 1000 24 (% E 1000 6 - &8 B2 95 307 o 3
UEHNER BB OETE 1000 WEHE, LK 2). NE | P EETBLRT A, % E 52 m R E
BHEBHEE B EHEREANEANRNNEEZTLES o, TUAN, MEEENTHRER
T E AR ROA B — R R, R A B O, I R R TR T O A m, BE TOE MMz RS BUME
R RMEPE R I RALIE 8, i T S BN M FET BN B B, X IESL T Westoby & Howell AN H#1# &
B ERENNUS, TREREAFEREN/DEMBEEER TG REFREGVREAR),
EREBERTHUGRERETHHAERBNBTEE(R1~E3), XS5HEREREEY ERIR T

RABHM AR B,

_ 20 30 b R

:‘2} 15 The three stage 25 The tillering stage

= 20

& 10 15

2 10

= S 5

t On 0 » N — J

0 100 1000 4000 10000 0 10 100 1000 4000 10000
% B Sowing density (B/m?)
B A BRI
-0l e The elongation stage 16 d  The heading stage 16 €  The ripening stage
5 40
21
ﬁ 30 .
Jud
K 20
E 10 4
& 0 D R | J 0 0 1 L
0 10 100 1000 4000 10000 0 10 100 1000 4000 10000 0 10 100 1000 4000 10000

T4t # B Sowing density (Bk/m2)

B2 A=mBsaE M EEARKETHEBEYR
Fig.2 Leaf area indexes (LAI) of spring wheat under the varied moisture levels at different stages
MWEM SR, AEFE B 100~ 10000 KA EF MM EREBAZHE T TELHEE (p <0.01) From the three-leaf stage to the ripening
stage, the leaf area indexes of the Control(I)were higher than that of the Drought( A ) in the sowing density 100 ~ 10000, especially after the tellering stage

(p<0.01)

T T B 40 BB A K 73 IEH 245 T 2% B 0 o W 46 00 LU BORE, T 5 40 38 49 o 18 AR 48 3078 387 3 LA 4% A
WAERRE® A T . HAEMMBM S KA AE T EE 1000 KM BREZBERKE, FNEEEZHR
HiE(F 2d B 3), RTHSTENMERESSERESE KM Z b, 0 585 5 % E 508 T iT 7 2 5
ZFo XA MENM W TFEX, MESHEE/DEER ML 1 -3) KA ERBETHE X,
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%‘ s 20 |
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£ 10 -
5 s -
0 x A 0 = I 1
1 10 100 1000 4000 10000 1 10 100 1000 4000 10000

FH % Sowing density ($k/m?)

B3 FRAEMKSEHKETEHBENEN RS LR
Fig.3 The leaf area indexes of various stages were compared with one another under the Control and the Drought treat
O . H.4a, x, *<RRB=0HHE ArEERE RN FE I A0 LB Represent separately the three-stage , the tillering stage, the elongation stage, the

heading stage and the ripening stage

RERRES. WRNERAHEREE FAREANEMBERTPUNBENREXRBRA XD TE, 4
AFE, REGEAYEAKRBEOIE URERERATRUER ATIEHEONNEER FRED
AWK, HERAKR N, MMnE— e REN, R THE, SRS TR, UBEYMEAE B
AR(FAER)RERERETHER . AMFBRABEMEETHMOBIEAARE (W A)ET, ER
HMYMBEDEREADEE, KAEFHNELBESTREABMERA—#F(E3). U EXFHAEERMEE
FENEERVHUNREHENARNR (A= MY ERRA ML) ERE SIS L, RN H#
B 1000 MR BEABAHEREE  WREE, NENBEL W AEE 1000 L4,
2.4 AETHERASMFHEFEMNENETE . TRNENBANEE W

MFE2PRKSEFDENREE THEMFE"BEESHEEERELTR2LABHE, ANESD
KAKEFNENBRBMTREREERENMBES, MAR LKA NEMHBE=BEFTE(~1000HE
b B 5 B ST RS 0, M 13.32 gom P BN E 834.4 gom 72 B 7E BB (1000 ~ 10000) /NEM BB EA ¥
FRE.H90gn”’ BREFBHNFEELH, XEHEHEEBVTLEERE - (E 2. EH3), XWiHE—F
HATHEYTERERSEYESTERFUHXENTY . ABEMFRKS LM tLERE , RH K8
HSEERMH THEDMEM AR, BRE2EMNWEABERE—B0M, B I 5 % Lt m@ R4 BE AR
YRR EEMENIEFR. XRTFEEN TR EERE™E, BT 240 3/ # 8 1 e 18 78 % & 100 ~
10000 &R 2 % B A

£2 FBNEETAKSEA4TERETEOMRY FTREA=R

Table2 The number of the grains of a tiller ( N), 1000-grain-weight ( W) and yield ( Y) of spring wheat for each sowing density under different

moisture conditions

FE K4 IEH Control TR Drought
Density (m~?) N W (g) Y (g.m7?) N W (g) Y (gm?)
1 78.28 +2.48 49.45+ 1.36 13.32+1.39 76.50 £ 1.39 43.52+1.23 11.72+£0.863
10 76.07£3.15 47.85+1.29 135.1+8.78 72.00£3.26 40.78 £ 1.35 125.5 + 8.965
100 48.33+2.15 45.19+1.69 834.4+43.21 47.78 £2.36 41.01+£2.37 776.2 £ 43.26
1000 28.46+1.07 38.33+£1.23 935.5+ 75.65 25.50 £ 0.95 35.81+1.98 917.9 + 87.39
4000 15.66+0.24 34.15+1.06 929.4+62.24 13.42 +0.18 31.34:0.97 920.8 + 86.23
10000 9.000+0.28 29.15+0.31 926.1 + 48.68 8.929 £ 0.57 31.03+0.57 912.4 + 36.26
3 iFig

EXRIBRS FPHIRERWEARZEZHERN, MBHNENER TASREER(RMER)RA
—EMEH AR TOREESEFAARRIERTLE B, MRS B KFEE, EFHHAX
SAKEFHRA/NERBEMNMEERMBEESHOR, M S B A5, AR TE A6, MR, &7 B0k
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HHES £HERSEFEERNEZR  IREEMAYE)P T E BB, £8%, FTRL4HE
B ERER AR TRENESKAEEZAMANMENETERH I ES KENARGEIE, LU
HYMBEARKXENESE BREBUMARFLWAERFIMHXN, AN BETHRNEERELA
VHERTIENERBABZEH B, EHENN_FHRE,

RN BB EE 10000 WL FE, TRAHEY QU KRS EFRHQNROER., XRHMT/IEE
REERYE AEBEFEREATESIHFERBRTCENERY UEFTEBAWER. COREMKNES
WM EHEBEERAUEKETEMEOHE MAKBRTZHBRNSESFERY . OG0, £ EE
10000 &7, 1 Tk 2 IEH 9 ME LT R4 F2 I MEE K, 5 BB 2 (8 3 3 5, Xk B 23 [ Y RUbh 18 B Bk 4
EENERFELTRELENEME, B4 ERTHUE/NENREAFLR™E, ARG H,; MAKSE
FHRHHTRLEMNEEL, IERABEELERT/NENER GF/NENFEER AKRES, #TEN
TERER,

HRENWEERREARZEFHN NEREREL A BREFELRT ERERN A, BEEYES
AR, A B N A&, L8Pt mEBTE BT AR B T A Y R B A 38 S 0L, T
EMERERR NS EEREYRMXRBHEN™™ , B, Bi% L= K. N (LR REBMEY MEY T o &E
BLKRER N ABE)NEDFHEREN, KD « VED I EITHHERSEERANRE LB, B
FRETHE, Westoby! " HIRNEH o K -312, BEH Enquist\Damuth 252 8 A Y R KR BB (N,,)
SHgAMEEDE (MK 34 KEEWH . West EY AL IEHWHIMBLERESHSE KT TH
(LEMEEDBR(MKELBIXRRN  LeM™ . H EEMARATUBEEY MEFIHEREEENSERX
BN LEN,. . RZ MR ELBBIRPEEXRER: L&V, W Enquist WHY M HERFEEEHBIR
i, ALEXPH « WERXREMZRZLR? ILFFTESERMNFETREWTRIR, ER LK
—HiE, HEZBFELEATEEFE(FEE 1000 ~ 10000) B RAHREEZ P HRRBTEEHN,

MHARRAEE, HHHAAEAREFEYRIENTIERR™ HEREEYSHARATYRS
REEZHHITF UM ERERH R/ DS REEY R EREEFARER, HEBRER A(leaf area
index) 5 B0 I AR B R BE BT IR A BT (V... Q)RRIELL, B) A&N,, Q. MR R AN EHMMBEREMAR(N,,
QEHYMELHAYBRI X, MM ERERE N, CHENZEEERE, TAEIERNERE, £KI%K
T R EARRIE BT E 1000 BHRBEN, A EMBHEE 1000 D EHHEREHEETTE., W
HREGHBEOT ERERREEN ), hEEHEEXRRNATH, WS4 L KO LB EE 1000 ~
10000 /NE MBI R RA ARBZMAEN . N=rt 512 BB B (8 37843 87, 76 96 R 508 B 0 i /D 2 Rt
(1000 ~ 10000) # it EFRTE B AL BB B /DR R E K 10000 2), TEAL Y0 Fh BE S5 W B A BIRR B RS HT,
ARREMHEARERLREAMEHAEDREL T - I ARG RES, B, EXRFENEMNFHY
RELHMAEE 1000 £, RZ, WA LA EMAN B EEXERETH M mRE R T AR TLEERR
UE Enquist(1998) W BE R FEE R, HHEMHNRELE M, EXR T, HE 1000 ~ 10000 K F/NEFFE, it
BT RLAELRKS ERHEN TR KA EIEH T Enquist WEEBRTEERE. ALK ERKHH ERE
BB TTRAEN XA TKSEFWERFARES T TEWNEN, ERMAITERER B TIESE
FHEROELT UZSENE  WREYMHBEUSSBTRENE, UEEBEAE X H A A6 (LnE™
ETEHERAT) IRBEESHAELEAY? XIEBEFETEIFERNBERTRIE,
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