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The ear-leaf ratio of population is related to yield and water use efficiency in the

water-saving cultivation system of winter wheat

ZHANG Yongping'”, ZHANG Yinghua' ,HUANG Qin', WANG Zhimin" "
1 College of Agronomy and Bio-technology, China Agricultural University, Beijing 100193, China
2 College of Agronomy, Inner Mongolia Agricultural University, Huhhot 010018, China

Abstract: The key of water-saving and high-yield cultivation in wheat is to establish the population structure with high
photosynthetic efficiency and low water consumption. For this reason, it is need to define the suitable control index of wheat
population for water-saving and high-yield. In this paper, the ear-leaf ratio ( the ratio of the number of ears to the total area
of up 3 leaves in crop population, ears/m’) as a control index was studied including it's variation and it’s relationships to
photosynthetic performance of population and water use under the conditions of different varieties, irrigation treatments and
planting densities. The results showed that, the ear-leaf ratios at the booting, anthesis and filling stage all increased as
irrigation reduced or planting density increased. Under the condition of water-limited irrigation, there was significant
difference in the ear-leaf ratio among varieties. On the basis of suitable leaf area, with the increase in the ear-leaf ratio, the
non-leaf area index ( NAI) of the population was increased, the illumination condition within the canopy was bettered
obviously, the photosynthetic efficiency of the population was improved; the transfer percentage of reserves in non-leaf
organs to grain was increased, the harvest index was increased; the yield was increased significantly and the water

consumption was significantly decreased, which made the water use efficiency increase. Thus, it is put forward that the ear-
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leaf ratio of population is a suitable index to measure if the relationship between sink and source is compatible in the wheat
waler-saving cultivation system. The suitable ear-leaf ratio is 230—270 ears/m’ in the water-saving, fertilizer-saving and

high-yield wheat cultivation.

Key Words: wheat; ear-leaf ratio; water-saving cultivation; population structure; non-leaf organs

TR H ot i, FR AL 5 & /N A P b GE Y K B 7 2 i, WA AR FRKEME A5 1F NSl s = 5
KA FRACRAR S A (e SRR BAT S Y T B B A A 45 4 B 30 7 B I SR Al 2 S R
KR A SRTAT XA R Sl RN [R) AR AR A N AR P M RE AR 25 4 AR A SR [l Yy B 2ok 1
HIAT A AN A AT A FRAE B B A , TS [ AR A B S 80 1, HOK 0 R BCR T RE A AR K22
S, T ERAIR RN T K P BEAE E A5 M He bk LA 42 7 A Mason Al Maskell 1928 4F4iH T« A
JBE 2R AR A BB R P, W R IR R O R WA e R RO R IR R LB PR kAR
20 4t 70 4R, H A 2230 G 4R M, AT ORI L (PR T ARORE B S AR Z B ) 7 ok S AR A 7 1 TR
IO AR NS LRI FAE R S RO A A R R JRE T DR R AR R e b A LR
WL SRR HIT T AR R AR AR AL i LR S W AR BT 1 25 B R A, FE s R I TR SO A A
) 2% A, R bR R 7 e O R PR KT TR T X6 /N2 S [) 5 R B 4 TR 2 A Bt A 00 A 2K i ARG
R LR I R R T i BT L S T i B IEARDCYE SR R e A AR SO e B T
FRREECFIAERL B8 1 PR 3R A B, B8 s AR/ I LU A9 385 4% AT DR AE — o RS At 38 IRk 4, B mT LU AE
PRUE— 7 TR B A L3 S, e 2R = S SR AR 48 0 2 SR SRR AR AR A5 ARl X S A
AR SR SEAT I AKARE T B A Y MR R AR RIRE K T IS4 T SR v T 0 PR B
kA T K, RO B AR R 2 (R 7 KR e 2 7= i LA s MR s g DRk, 7 P v RS Ay 3
FEBCRAR EORi I b AR S R A RN [RIA BRI TSRS AR X TR R T
A B A AN iRt B AR AT ORI H e < AR F (B AR S M AR H )
FIRESE AR IS RFIAR T B T Ol A IR bR . ST — AR W AR A L 5 7 R A A T ROR 1
P W NTEe S Rch R AR VI o v e S A 2 - o o N Y 7 N b o 3 R N R 3 o e
PR L AR AL A0 1 BRI LA SO G AR 7 W Bis i 7 B HUK A RCR A &R IR0 TR AR
SR K AR R AR R AR 0 1T e R AR B S, DA A AR AL M X A& /N T K R S R AR
1 #R5H%

1.1 g 555 40

RIETF 2001—2003 4F7E H E A R R I AT . A MR £, 2 1R KA,
6—9m , - HEAL Iy A, A R R W0 A B R A S R A T RIEC AL 1.1 gk, 50,9
o/kg, AR 70. 6mg/ kg, AL HE 21. 1mg/ kg, HALED 90. Smg/kg, 2001—2002 4F B /N A= 4 3] ) FE R FR 53. 5
mm , #1245 OKE (124 mm) 19 43% , J& T 5 T 2 B4 43 ;2002—2003 4F B /N2 A K B a] [ K
112, 1 mm, RFKED
1.2 Rk St
1.2.1  HER[EFEK AR B S

2001,/2002 4 LA A O E 22 21, FEFRTDERHT K 750 m®/hm?, F 2001 410 H 12 HEER, AT K
6x10° Bi/hm® , AHEURAK, R RAEFAHEK (W) FFERE 1K (I, W) BT 2 KT +IHEK,
W2) FIERZEE 4 K (I B+ 8+ AL HEROK , WA ) 4 A4 38 R VEK E A 750 m®/hm* 3 IRE L, BEALIX 41
HEF A8 12 AKX /MK L S0 m*,

2002/2003 4FERERH 2 A SR 22 21 FLE KT 8 5 R TT B 7K 750 m®/hm® 72002 4F 10 H 13 H
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Rl FEARE R 6x10° #R/hm’ . ARBEHK, IEEEFEAREK (W) FEHE2 KARTT+IFE, W2) FiE 2
4 K (R B+ 2R+ AL+ W4 )3 A3 B IRE K E #0750 m*/hm’® |3 IR E A, BEHLIX ZHHEF , HL3t 18 4~
I/ N, /N RS0 m?

PSR IR AE B 4245 ORI B ARENE AR v HEA T AE i AE i A A ALIE (19 36+ 12428 ) 30 m’/hm® | B TR —
B 300 kg/hm® , BiLFRHF 150 kg/hm*, FRE 225 kg/hm® , BRFREE 15 kg/hm® , BIFEJCIE — R MEREA . /NX B A B
BT, HUE AR A 1 K e AR AR St
1.2.2  BRAKFEWE T AS [R5 B 00

2001,/2002 4 BEALRA A R SiEM 137, 1 B A [F) %5 B A B Ab B, A0 45 . 3. 0x10° #k/hm® (P3) (4. 5%10°
BR/hm*(P4.5) 5.25x10° #/hm*(P5.25) .6.0x10° #&/hm*(P6) .6.75%10° #f/hm*(P6.75) .7.5%x10° #/hm’
(P7.5) 6 ~hbf 3 RE L, BEHLIX 4L HES], /NX AL 40m®, T 2001 4E 10 H 11 H3#&Fh, 378 Fh i 52 5 K
750m*/hm? , FZ2HE 2 7K (BT K +FAEK  BRREE K ZE B 750m*/hm® ) it JE 7K S S HG At /857 34 445 e [+ i 34 AN [F)
KR

2002/2003 4 A SRR 32 21 FIAZRIE 8 55, /0 il ik B AT 4. 5x10° #E/hm*(P4.5) .6x10° ¥/
hm’(P6) .7.5%x10° #/hm*(P7.5)3 A~AbBE, £ 40 B 3 R E AL, FEALIX 4 HES, /NX T AY 40m* - 2003 4F 10
H 13 HEERD FEFIETERME K 750m’ /hm? , 20 2 /K (S5 K+ FFAEK, B HEZK E 8 750m’/hm? ) | it I 7K
S K A AE PR i [ AT IR AN [V KGR
1.2.3  FRAKHEBE T S Fh i 5

2001,/2002 4F Bl Al (RAE V) (AL (I DRI ) A AN [] ) 6 DR 28 Bt R ok 23 403, A it /S IXC T
8. 4m® A 3 Ik, 2001 4F 10 H 12 HEEFP REATHIKHEK 750 m*/hm® | FFHATHIRE 1 K (750 m’/hm?)
Jiti JE 7K S R Al A7 B e ) iR AN TRV 7K
1.3 EANESTE
1.3.1 MRS E AR e

T/NER T ], WAL/ X B 2 47 BE4T 50em BLBURE B ] 55 P 05 RE B Y BT A7 AR AR 4% 2
sRAo AN, I AUR K 8 R B0k, BRI AR E B IR Teare!" FISEARIE ") 78k, 40 S0 IR0 - R 0 6
TR, 2 T AR e (B A O 2 i A
1.3.2 LA 5P E A e

FEAEA ST e 2 IR E A 2 A 2, AR, 1’ 43 SIS AL RN 2 | 45 4b
PRI 3 ANEE AR E R E R 10,00—11:00
1.3.3  #VE TE KA A A

INETFAEN B0 5d MR AR BIINX B 2 47 4T 50 em AUFEVERERE, Hemt F 258 S AORRL 2 00 28
EACHE, 80CHET B, Fri, MG T A AT B AR 28 5 (LR AR I A FH F A .

R B s (o/m®) = S E IR T E - AR T E

B R R (% ) = (S E R TYE-AMSRE TYE) /S FRK TYEX100

SIS I DT R (% ) = (28 B iR TS - IS B T E ) AP 1 T 8 x 100

FEAERI Y T is it (g/m?) = PRI B T E - 5 T =

FEAERIN Y RS % (% )= (FHEIZR E T W E - AW B T E ) eI T E X100

FEAER B 5Tk (% )= (RIS S T W - A B T ) ZFPR™ & T8 X100

FEAE G ) T e iz (g/m? ) = BRI RCH) o s i — T AL RIS 40 o s i

FEALSE I DTk (% )= (MY B it iz - JF AL BT ) I e iz ) / F P ™ T E X 100
1.3.4 ZFp5m=

/NG PR G DX A R A AR R BRI, 7R A /N X B 2m® x2 ARFR MR L, Sty
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JBREIN = SRR = R 13 % KPR S K B TR OE , [RIB 053 = e WSOIR A B AR b
1.3.5 UK &2 5K F ORI E
FE/NZERE R EZAF B, 432005 2m RS A 3K R SR K P T A [ AR B
FEACIRIL . BFEAK BRI 73 R IR an N AT HE
SAEK B = 3BT I K B+ MK B K B - IRE I K B
BER K A3 FHAECR = R = i/ A2 B N B A K i
1.3.6  FH0F LS H Al
TR A TR A S o R ASORT I i o TRt b, 322 F SR RE R H R L
I He = FE A B A RO R = R AR
B =B (SRR ) BRI AR (SRR ) = R A
2 HEREHH
2.1 A[EEIETR N LR L AR 4L
AR SC IR AR L AR BR R S B/ N2 AR B AN AR RO R , R 1 3R 2 AT UL AN AR BE AR [R] /)N
E ATt A i i R 3SR S ) T A - ) I TR T iy N R R VAL TR AV i o @ A i i vl
F AR R AR AR fh a2, 156 B, Dt/ TR /K BB S BIR a1 b Tr AR 3G R, IO b = i T AR T AE AR 3t
50910 T P g B SRR TR LA A A T AR OB K, AHOC AT HIT R PN AT AN ]
IKFNEE FEAC IR FFAE SRR I e 5 okr i 34 S 3 TEAH DG, A5G R B3R 0. 7243 F10. 7664 ( P<0.01) ,
FENIREAET X 23 A/INZE SR FF AL AR I He R RH DG T8 bR 0 5 22 B (32 2) , Bl b kit b 29k
i R AR TR SRR R B R 22 R WA S RECK R, AR DR Le i A8 S R ECEE R TR LY
AR, RAORE AU e B R SRR F AR R R B R L AT R ARG A T
FEI H R0 5 2R 7 B A A B AR OG0 L A He S R Bl S SR B3 B IE A5G (P<0.01) DL 2
SEULHA 7R MG T GRS T, R RIRL I AR Ay 7 i 22 U 56 2R A 8 s LA AR — 3k

R1 FEIEAKSEEEEHIEHEL

Table 1 Ear-leaf area ratio of population in different irrigation treatments

MR E3

R A e R T

Year Variety Irrigation Ear numbez Grains weight Actual yu;ld of up 3 ear-leaf r;;no ratio
treatment  / (10* F/hm?) per ear /g /(kg/hm?*) leaves /(#/m*) OB en?)

/(m?/hm?)

2001,/2002 B 21 WO 744.0b 22.9 ¢ 34.9b 5497.5 ¢ 21970c¢ 338.7a 0.78a

LM-21 W1 784.5a 25.9b 35.3 a 6769.5 b 32933h 238.2b 0.62b

w2 793.5a 26.5 a 39.0 a 7555.5 a 33113b 239.6b 0.64b

W4 828.0a 25.9b 39.8 a 7948.5 a 37376a 221.5¢ 0.57¢

2002,/2003 a3 21 WO 630.8b 32.8 a 30.9b 6453.5 b 22164c 284.6a 0.93a

LM-21 w2 683.7a 34.5a 31.3b 7523.3 a 27635bh 247.4b 0.85b

W4 769. 1a 34.0 a 34.7 a 7086.9 a 41685a 184.5¢ 0.63¢

AXRES S wo 673.5b 31.4 a 41.1b 7496.6 b 29216¢ 230.5a 0.72a

S-8 w2 724. 1a 32.4 a 41.8 b 7861.5 a 33663b 215.1a 0.70a

W4 737.7a 32.1a 44.3 a 7797.0 a 49079a 150.3b 0.48b

RSB 5 ARG FRER R E 0. 05 RSP 1225 B3

2.2 /SRR CR
T FONBEARREE S b =i i T AR U A, REAR AR R G G TE RR R 2 B 5 0A  SR 5 e 1) L HO A
%o BIESHIEE (1) TR [ 5 A Sy i AR Rt 28 B AR Bt B PR mE &R BV BE &
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R T RUM LA o T B, BRI EE B O MR AR B AT A B (1 2) , AN TRITE AR S BEAR R 3
I HE A5 I RS B0 (LAT) 37 S0 38 SRR G T -5 A i i AR R S SR BN R — B0, AN TR K Ak 2R R L
S T AR B (NAL) S0 2 SR SC AN TR 25 BE AR FRR R I IEAR GO 2 (BRI B B K, Wi, id
T D8R OB A A R T T 1 1 I P A i 1 R L, S B A A e T AR S AR i B, i = - g R
FFAR I | AR A PN A ko (0 TR XS LU0, 50 1) T I 4B 5 330K 705 R A AF T DR A5 1Y
ML AT,

R2 AETEABEETEITILHETN

Table 2 Ear-leaf ratio of population in different density treatments

- TR L 3 X
ALY " TR S Rt b
- o R Em e e dweR ome om0
v 7 Vuu' SIS Ear number G - gr}?m Actual yield  Total area  Ear-leaf ratio 7 "
ear ariety treatment /(104 *,%/hmz) sTains per ear we/lg t /( kg/hm2 ) of up 3 leaves /( jﬁ%/mz ) 0 *:;Ia/lo 2)
& /(m?/hm?) sem
2001,/2002 M 137 P3.0 537.5¢ 38.4a 44.3a 6492.2¢ 24489¢ 219.5¢ 0.78b
LZ-137 P4.5 612.5b 35.5b 43.4a 6821.6b 26643b 229.9b 0.80a
P5.25 643.8b 33.5¢ 42.5a 6948. 4b 27671a 232.7b 0.78b
P6.0 706.3a 31.9¢ 41.4b 7051.4a 29749a 237.1b 0.80a
P6.75 718.8a 31.3¢ 40.8b 7351.9a 27329a 263.0a 0.82a
P7.5 750.0a 29.2¢ 40.4b 6602. 6b 27135a 276.4a 0.81a
2002/2003 AFKEZE P4.5 686.0c¢ 32.8a 42.0a 6975.0c 30623b 224.0b 0.73a
SJZ-8 P6.0 724.1b 32.4a 40.6b 7861.5b 30195b 239.8b 0.78a
P7.5 869. 1a 28.1b 40.5b 8277.2a 34547a 251.6a 0.71a
B2 21 P4.5 650. 6¢ 35.0a 32.4a 6722.9¢ 26993b 241.0c¢ 0.84b
LM-21 P6.0 683.7b 34.5a 31.3b 7523.3b 26316b 259.8b 0.90b
P7.5 870.2a 32.1b 31.3b 7858.8a 27690a 314.3a 1.0la
SRR NG R R E 0.05 AP L 25 8
100 ; 100 . 100 (RPN
o0 o 2002/2003EfikALRE o0 2002/ 200348 JIE 35 Ji¢ fb B % 2001/20024F i AR
80 80 80
70 70 o 70 X X
60 60 o 60 X
50 50 ° 50 X %
L 40 40 40
\g ;8 LA=-0.3079x + 133.79 ;g LA =-0.3206x + 141.66 ;g LA =-0.1637x + 96.341
" =} 2 =), *k 2 — . *%k 2 =), *%k
£5 10 R*=10.8599 10 R*= 08111 10 R*=10.5936
s o 0 0
% = 100 150 200 250 300 100 150 200 250 300 100 150 200 250 300
Y 2002/20034F Skt 160 2002/ 200345 JE 55 i 4 100 2001/200245 B i i
T 140 140 ° 140 x
— o X
120 120 120 XX Xy
. X X TX
100 \ 100 o . 100 X, % X x
80 80 80 2%
60 60 60
40 NA=-0.1882x + 141.72 40 NA =-0.4262x + 223.66 40 | NA=-0.1839x + 149.52
2 2 = 2
20 R?>= 0.7993** 20 R*= 0.6515* 20 R>=0.1915*
0 0 0
100 150 200 250 300 100 150 200 250 300 350 100 150 200 250 300 350

B Ear-leaf ratio/ (B#/m?)

B 1 BEREMILERERSERIERNXER

Fig.1 Relationship between ear-leaf ratio and photosynthetic area indices per stem

http ; //www. ecologica. cn



3662 JAE = 33 %

R3 TAKREGHTAEZ/NERFTE LR EABXIBRE T OFIED)

Table 3 Ear-leaf area ratio of population and related indices of different wheat varieties under water-saving irrigation treatment ( anthesis)

spsgnp e PHTBU RS RHTRL S TEE O meE RotE L,
b i 2 leaf area Nonleal fotal & g pumber %*‘{ﬁ 103 grain Ear-leaf Grain-leaf *ﬂf "f "
oy e RIS 0 T e

/(e /BR) Jem B/ Cem/ ) hm?) e /g /(H/m*) /(R em?)
76-2 51.41f 83.08l 36.30g 876.0c 29. 6e 35.7h 275.5d 0.82b 9199. 5a
OKES S SJZ-8  56.69¢ 99. 80i 40. 14ef 744.0j 26.5g 45.3b 249.1¢g 0. 66g 8733.0b
T 4¢ 341 HN341 68.82ab  118.98d 47.28¢ 729.0k 25.0h 47.3a 211.5lm 0.53m 8596. 5¢
J%k 2 5 7X-2 55.73e 97.21j 41.27¢ 805. 5¢ 25.0h 39. 7ef 242.3h 0.61i 8551.5¢d
3N 13712137 50. 05f 99. 65i 33.90h 580.5p 38.0a 38. 56z 295.0b 1.12a 8476.5d
4K 9921ND9921  51.71f 115.86e 37. 66fg 898.5b 32.0c 34.8h 265.5¢ 0.61i 8350. 5e
H163 44.58¢ 98. 53ij 31.77i 700. 51 25.0h 45.7b 314.8a 0.79¢ 7974.0f
Pr 17JN17 49.78f 74.71m 35.79g 861.0d 24.6hi 37.6g 279.4c 0. 69f 7932. 0f
ML 361YY361 60.36d 109.73g 36.08g 774.0h 27.0fg 38. 6fg 277.2¢cd 0.75d 7927.5f
4K 981NDI81 46.22¢ 87.79k 32.07hi 898.5b 23.0j 38.2fg 311.8a 0.72e 7725.0g
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Fig.3 Relationship between ear-leaf ratio and photosynthetic rate and respiration rate of population at anthesis
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Table 4  Reallocation of dry weight( DW)and contribution to grains of non-leaf organs after anthesis
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Fig.4 Relationship between ear-leaf ratio and remobilization of reserve in non-leaf organs
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Fig.5 Relationship between ear-leaf ratio and yield , harvest index
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