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ASSESSMENT OF THE WHOLE SHOOT LEAF AREA ON
BASIS OF SINGLE LEAF AREA ESTIMATES OF SALIX
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Abstract Linear (Y=5b x X) and nonlinear (Y =b x X°) relations of leaf area (Ay) with leaf
length(L), leaf width(W), L2, W? and LW were developed in Salix viminalis at the single
leaf level, and used to assess leaf area at whole shoot. level. Most relationships were
significantly nonlinear, but both types exhibited good fits as indicated by r? which was 0.941
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(W)—0.998(LW) for the linear, and 0.982(W,W?)—0.998(LW) for the nonlinear equations.
The nonlinear relationship between A; and LW was different for leaves from proleptic and
sylleptic shoots, and varied with the grthh stage. The nonlinear regression of Ay on leaf
dry weight (W;) varied with the leaf type and vertical position on shoot. Differences in leaf
shape could be modelled successfully by geometric shapes, and leaf area could be obtained
adequately with the basal part of the leaf as a parabola and the distal part as an ellipse. The
nonlinear equation performed better than the linear when used to predict the leaf area of
the proleptic shoot (Ap) with its'diameter (D), length (H), D’H, D times the number of leaves
(NL+ D) on it alone, and the inaccuracy of the estimates of Ap by both equation types
could be increased after the emergence of the sylleptic shoots. With the nonlinear equation,
leaf area of the ’sylleptic shoot (As) could be predicted by its number within the proleptic
shoot times D (NSS + D) or by its dry weight (W) alone. All the nonlinear relationships
of Ap, Ag on shoot characters for both shoot typds varied with the sampling occasion.

Kley words Salix viminalis; Prediction equations; Leaf area; Shoot type; Leaf shape
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B — MLEHE AW A K, REBEANOMANTERER, HERAFXAHANTMAERD
Fr4 K4, '

H—3ELEH 1 -5 M EKBREM (Proleptic shoot, R PH), AKRPKERIX 1.5m.
BN EHBEMTHRE, EKFPHEBSBFRFTRAHA. H/N0 BB Sylleptic shoot,
fIBR SBL). RIS EHTE B E, "’rﬁél

1.2 BREMZAME

1994 SEAEKFMTA 26 0. 8 A 158, 94 5 B 26 HASIBEALERT delitk (57 ik
HEBARNTF 2m), RENEHPER 1S P, ATHLSERHR T A RESSHMTH,
BAh, TERPRUCRAEN, 2B 7 MEER S B LI 3 Ak, EBUL (Model no.3100; LiCor
Inc., Lincoln, NE, USA) WM K HH, ZKRBEMHK Lem). A MK W(em) B ¥ Ik
B ERERAMT FAMER Zcm), ZEAFEARBRERF. B HRAER, Tk
 FEEEARL, SHAKDEEAELRNE.

MR K 4 Sl e ARk 2~ 3 %k, 3L 158k, RIENEHhaEH— N PH, BT, MR
KB (m). BEALZAZER Scm LM E R (mm), ZRELERE P B LR B0 S B M £ BUSBAMR
MR HHE LIE, 48 P HAS BB R4 B, 70 TH 48h 54 FIFRE.

1.3 BgSHT

REASEERTK L), HEMW). L2 W2 REQOW) Ms-FE (W) b an 2 &8 k40
A HER; BISEER P AEE D). HKMH). DH, PHEHAFHSE D HRERBANL D).
P AT E (W) L& PAR M (Ap); D. DH, P LS AR EEZHURB(NSS-D).
S BT E (Ws) GRS eagt BBl EEAFRNRYE Y=bx X MIERMAHEH Y=bx X°. HBIE
W /ME ¥ 52 R B4, AR AR C MEAEREE SEM LR BRRS.

2 #R51TR

2.1 SHMERANE
2.1.1 DAMHHRAE BB A

g 1pim, BAPIR E A0 R1 DS EER M HEROEESE
ﬂﬁﬁ% E‘JE*EE&:?E%I (rz)iFﬂﬁ{EEE"J Table 1 Regressions of leaf area (Ap, cm? on leaf dimensions (D)

fEHEARHEE (SEM), AE 34T 3 14 W
MR ER KW E 353 97F
HER (AL, {H 5"5 KUEH BT L& Leaf Linear model Nonlmear model ?Eg?/c " Ef'! R
v<onfidence

. BYE W2Ah B EREH Dimension Ap=bx Dy, =bx([DL)° foit around
B c AR ERE e _ d  SEM P SEM

BEEXEAEHE 1 AN, p=0.05,F Lem 0972 162 0992 0.84 1.55—1.65
0.982 1.30 1.96-2.15

> W (cm) 0941 236 .
W AL SRR 2 P MR R R 0.992 0.84 0.77-0.83

L? (cm? 0985 1.17

AFERNELRE. cREINEE wem) 0982 130 0982 1.30 0.98—1.08
A, A LR 24k %ﬁﬁﬁﬁim AL LW (cm?) 0998 044 0.998 0.40 0.94—0.96
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MIREHRR K. WRMLW AR, K 5ERESBREGRRIFIIASRC=0.998), TiH
HWHEB/MISEM. LhE, Hk, HER-ENIAE—SBRE LRBRT MR BRI,
TR, HEEM, K. RRAMMEE, AL SHKEHRMKTEERLW Z
WA Rt R, SHEMRYE, RANERETBHEKCWAIHES 1 Ho8IE.

SETRPREHMGITHER A
FHBA R R —® AR R

BARLBEHATHIHE

RO Cain G RI A=2/3XLW
EARATARR RS PR, 2
ARt TF R E, bR 1/3
g 1/28 3 B o mIME, By T REEN
KPR, X—FEERTH
Hatrpr EBRE R ER 2.
R, £ A EREEYER.RF
B BT A B A [ 2b 2B 45t i AR fhed
EXRSRERNHHEBRNATES
HERBERE b M4 THE.

%2 HHKEAER LW, cm?) FMRENBEHH TR
(AL, cm) BIEIENR: A, =(bo+b;x Cat) X LW*
Table 2 Regressions of leaf area (A;, cm? on the product of leaf
length and width (LW, cm?) including a nominal variable
(Cat), with model A4, =(bo+b;x Cat)x LW*

AR SR (RER) mix A
Model b GE) b 6B -cGp  AX WEE
£ ¢k Linear 0.740 0.006 1 0.9980 0.44

0014  (0013) (=)
44 ¥ Nonlinear  0.906 0036 0944 0.9984 0.39
(0.028)  (0.014)  (0.007)

Cat=1, 2y B2 XXPER, HHRR PEMSEENH
Cat for leaves on proleptic (Cat=1) and sylleptic shoot (Cat=2)

CREEAAEKB N ERMENRTFEESR, BB A, =bx LW P RH A,=(b,+
b;x Cat)x LW(%2). W ER¥EHFBHA SR (Cat) i R b, #H1H1H (-0.036) 5%
B 0(p=0.05), RUIERHEMEM A ATERNEE. BEAX—EREXKMTRIREBARR,
B FRMTR 2 A SEM 25334, FILNFIH P M S B EHEBHERMN K BHRHE b
(Y4B (4 5128 0.746 M1 0.753), XFE—EBELRBT P ERHS B BRI MRS,

O mMEARBMHEYER B AL
W25 5025 B (Oce) BRI 2
B (Cat)#A7E 3451, HBBB LR
KUETRIEREFBAEAN b, B4t
HHBERRO(Pp=0.05(H#3), &
B - T R A MR R R R B
MWK RENRG W, W

CESREAMM 7 A26H, 8H 15

H, 98 5 Bf126 ARHHE 4, =
bx LW HEH b MMt EKKA
0.772. 0.754, 0.736 1 0.742, 7 —
EBRELRBTHIEMNAEL, WA
e Z= B - A X OB R S T 3R

%3 UHEERM (LW, cm?) ARTREKEAHHER
(AL, cm®)BIBIRAAT: A, =(bo+brxOcc)x LW*

Table 3 Regression of leaf area (Ar, cm® on the product of leaf
length and width (LW, cm? including a nominal variable
(Occ), with model A, =(bg+b;x Occ)x LW*

BEARE (R%ER) ®Hx A
Bla R A% 2
Model by SE) b, SE) c (SE) 2 SEM
£k Linear 0.773 0.009 1 0.9981 0.42
0.006) (0.002) (-)
£k Nonlinear 0.857 0.006 0957 - 0.9984 0.39

(0.016)  (0.002)  (0.007)

Occ=1,2,34 H B EXKHNER, REERBANMEENREES
Occ for leaf sampling occasions, July 26 (Occ=1), August 15 (Occ=
2), September 5 (Occ=3) and 26 (Occ=4), 1994

2.1.2 BJLMEEHHESUEH R, HEMER
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IR BRI S8 (W) ABS SR BN IR, M BRI L, HEBERAH KHER N
Z, WREBRKHEMERMIL-Z, B ERUATER_EWAHES, HA,=axZxW+
bx(L—Z)x W, afbRfiitSs. BERALREW, 23 a 5 b MMEITHENT 0.667( M ) A
0.785(#R ) Z /|l (& 4). AL WEHHEME, BHIHREHRED 1%, WREIEIPHE B
Y, EEFAMERMAH FER, ARENMATEE, HXRER +04%. BT EFE
MM R AT AL, BMRERRN FBRAKPEARMAR, BT HE B S%a M
b B EEEY BRI 01, TATHEHEAFREYHXSIHRAAHBERAFERKELGTH
BAFEMNESR. XF/FTENBRERONESERE, RHBME O NAHMAMBREHRER.

24 UNAEMEITABIGHER (AL, cm®) SHEB 4,=ax Zx W+bx (L-2) x W MR LLE

Table 4 Comparing the leaf area (Ay, cm?’) estimated by model: A=ax Zx W+bx(L—2Z) x W, with -
that calculated by geometric shapes

g HAH : M AR IE X HxiRE

Leaf  Sampling #¥a W0 Leaf shape character EY .4 Relative
type number 7 j& gﬁ ﬁ ;“ rz €rror (%)

Basal part Distal part

P+S 238 0.699 0.762 - - 0.998 -0.5
P 196 0.689 0.765 EH Y bz 1. 0.998 -0.8

S 42 0.777 0.742 EwE bl .41 0.997 -1.0
P+S 238 0.667 0.785 WYrE w3 - +0.4
P+S 238 0.785 0.667 HE WY - -74

RAWBIEGLERBR S PAEMS AR EMESR, P A LM )R EREFEM
Yoy, SRR A VLMBE, TS BLL B A TR 5 R B,
2.1.3 PAM-FEER M i ER

HAEXN BRUETYRFVREMEMSE, MEAREKSY, EKFENEH. X—EZF
WA L E R (SLA) ALk RMER, k5 iR, REKRETBEO BRFNLIEHE, L
HH B WEEERNELHERA) S FEW)NHEXXELF L NERYE, TAHR
@ MO HEMb, MEF c WEFRAY W, FWEH B mHe, LAFEHE. LR
b, ABFEPS B EHAMEHERET P M, RSERWRBU W, hEREBY A AT #E
MATELREKBVHEW@@. ® P b, WEEEREO0, p=0.05). Wb, WRA H(=1,
2,7, FR P AL BJEMETIM H HENAXEE ) BRFBFH Occ BAWGERRWMN A
R EEENUEHREHHERNENEERE b,=96.06, b;=2.39, ¢=0.925). H-HEK
HBARR, HEZRBREEER. i Reddy % AKX IMAE (Gossypium hirsutum L.)5E /2R
HHERETFRETR, MIEXHERE8 TRRNMTEEREERESFTED. £FRFH
VIR RMRAERH, SRBEWAL, SLA MTHRHERE. XHMERTRRESNAAEXHE
RinAKHRE. o RAMBEETE. :

2.2 BikFEEMHERBRE
2.2.1 DABURRAE BE B A4S B T AR
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%5 UHFRW, ) EMENMER (AL, c’) IBENE: 4,=(+byx Occ)x (W)
Table 5 Regression of leaf area (Ay, cm?) on leaf dry weight (W, g) including a nominal
variable (Occ), with model A =(bo+b;x Occ)x (W.)*
H"s TR e BN R (bR Z) Hiax it
No. Model Leaf type - E% 4 mEZE
by SE) b, SE) ¢ (SE) 2 SEM
®  %# Linear P+5 127.25 - 1 0.989 098
(0.845) (-)
® 344 Nonlinear P+S 113.00 - 0.951 0.990 0.97
: (4.90) {0.018)
®  dELk¥: Nonlinear S 82.16 - 0.834 0.991 0.39
(7.70) (0.027)
®  3E4k#E Nonlinear S 164.65 -16.78 0.901 0.995 0.29
(21.37) (3.85) (0.025) ‘
®  3EL#E Nonlinear P 119.34 - 0.974 0.990 1.04
(6.09) (0.021)
®  FE£R#E Nonlinear P 101.79 - - 292 0.940 0.991 1.00
) (6.62) (0.73) (0.022)
Occ=1, 2, 3, 4 WABXRHER, ARELBANAEERED Y

/A E R,

Occ for leaf sampling occasions, July 26 (Occ=1), August 15 (Occ=2), September 5 (Ooc=3)
and 26 (Occ=4), 1994

R BB M bk S AR T BB R X, (E T DA S R AR RN R A Y EL T R
(SLA), BERBHHER. A, X—FEERESBUMERNLHE BT AEEE. F—
HIBRFIREA: SLA M2 5. BTt SLA EHAH, R QMRS EN N BYRATA %
5. HHRITERE R HPREHERRIBO SLA WP HERUEMA LA TE

REMEFRBHER (Ap. As) SEIFEER (C) ZAIMMHRXRXR.

MEEHERA)SHER D). KEH), DHMEREM A RS EHERHRANL - D)X

%6

BERPENERNETEHERGSERAR

M HE 2 A A At BRAE R T R A S R A 2. R L 5 AR

B 6 TAITE ARSI A Z

Table 6 Regressions of leaf area (Ap, cm?) of the proleptic shoot on shoot
characters (C) before the emergence of the sylleptic shoot

BHEER SR 1322y HY cHREFXE
Shoot Linear model Nonlinear model 95%-confidence

characters Ap=bx C Ap=bx C*° limits around ¢
© 2 SEM 2 SEM

D (cm) 0949 5598 0989 2692 1.50-2.06

H (cm) 0974  39.79 0.995 19.17 1.34-1.71

D*H (cm?) 0.935 63.22 0.992 23.10 0.48—0.64

NL+D (cm) = 0993  39.60 0.995 34.40 1.01-1.26

D, H, NL 43I B EHE R, HEMSELHEENHAE
D, H, NL are the diameter, length and leaf number of the proleptic shoot,
respectively
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KUMERE I BEETRBOEAXLEL L, BENZAMAXXRRRERERYE, HIELRHE
HEREEA AR SEM, EEANEE. TELE, AERKEFEPERCHBESKRHBAERR,
B Ap 5 NL « D XM RES, REBEBZAMRANFERETE. HTEHAETR
B, AEEH)E EREH AR BREKAREE, RNARESZR 2R,

HTEHERKESRAEROBIE P AN TR Q) HIiTEREZEHEK, BNRFREFN
BIAME (2=0.992-0.995). S HMH EH (Ag) 5 D. HA D*H 2 [l 8K & r* fB KA SEM
%%ﬁ&ﬁﬁ&ES%zmmﬁ%%§ﬁ$,ﬁﬂ%%ﬂ%?i&i%ﬁﬁfmﬁiﬁiwm
EEBS EHERMRAMES (NSS - D) X KKK E 1T 7 B SEM, REMHITHE.
b, PH+SEHEBRAER Y BLARRENEHXRY, HEAENBRETHITHEGITERY
W, '

27 BEEBEREMENTR (A, omd) MEEHE: A=bx C°

Table 7 Nonlinear regression (4=bx C°) of leaf area (A, cm?) of shoot on
shoot characters (C) after the emergence of the sylleptic shoot

HERERE H¥B Shoot type
Shoot
characters P+5 : P §

) r SEM r SEM e SEM
D (cm) 0977  167.60 0992  81.55 0.497 18598
H (cm) 0963  215.30 0994  69.92 0421  199.45
D*H (cm?) 0974  180.93 0994 7192 0471  190.67
NL* D (cm) - - 0995 7517 - -
NSS » D (cm) - - - - 0.909 79.00

D, H, D’H, NL- D % 6; B A=Ay, A, Ap,s FREP. SHP+S
B E B WA R; NSS « D b B ARES D MRB

D, H, D°H, NL + D are the same as those in table 6; Ap, Ag, Apys for
the predicted leaf area (A) of P, S and P+S shoot, respectively; NSS-D
for the number of Sshoot within Pshoot times D

2.2.2 UHTEAREHER

H A TE RS P REE (Oco=3, )P ABRMA, FUMHEFHRRENHEATEW,)S
BB AR 0T (R 8). TR, SHMMXERAR LR, BAFEO Hc
PSR 1 (p=0.05), EHAHHFBEO AHRRN 2 RMEN SEM. FBO A)HO (Ag)H
BB b, AN c MERZWRFARAXRMH, BEREHERARNFBHETSE. TBO
@ th B 5 XA (Occ) RS b, WEERY 0 (p=0.05), THEAIA SEM 4 FINFR%E
ERBHEERHHEG NG , BREIE P HIER S b o 54 R8T E 8 a2
ELA A

EBRHNE, BRI & KT EHERSHMEE RN ENWAS Z AAR L%
TEMAIX R, SEIL HA 12 F1 SEM PE3Rih B e M B, LB LGt Fh, Lo i A
BIRFZESRMEA. Wi Lindroth 2 ARt S Fbk 40 76 58 6 A 3 P i ook T B4 3 (LAT) 28
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%8 LETRW, o) EMBENHERA, cm?) MEEFSR: 4=0o+b,x Occ)x (W)

Table 8 Regression of leaf area (A, cm?) of shoot on shoot dry weight (W,, g) including
a nominal variable (Occ), with model A=(bo+b;X Occ)x (W,)°¢

RS T AR IR ¥ bRAEE) : HHX A

No, Model Shoot E3 0 R

type by BE) b; (SE) ¢ (SE) 1% SEM

® 4 Linear . P+S 59.37 - 1 0.933 265.12

(2.96) -)

@ FE4 4 Nonlinear P+S 147.12 - 0.72 0.960 208.60
‘ @17.51) (0.06)

® k4t Nonlinear P 170.44 - 0.62 0.965 160.50
@1.72) (0.06)

® £t Nonlinear P 292.29 -44.06 0.70 0.987 98.45
(33.81) (6.66) (0.04)

® dk&k#t Nonlinear S 343.04 - 0.49 0.900 82.77
(28.05) 0.05)

44 Nonlinear S 1433.30 -310.76 0.74 0.977 3992
(108.80) (30.84) (0.05)

HBh A=Ap, As, Apss, Wo=Wp, Ws, Wy, s FSIRFE P H. S BAMP+S HENERENTBHETEN
HAE BTE); Oc=3, 4 RREKZARG 2 M EENRRERY

Ap, As, Ap,s for the predicted leaf area (A) of P, S and P+8 shoot, respectively; Wp, Ws, Wpus for
the dry weight (W;) of P, S and P+S shoot, respectively; Occ for sampling occasions, September
5 (Occ=3) and 26 (Occ=4), 1994

TR 0 (R 7 RJ5 X EE 0 (£ KABIE M )P, Verwijst % th i # th ik R 2
b E AL B WO E AR SLA) S B D A K a0 i, T ELBASERE B SR W AU AR R E
WK, RS YR R A K BT B E R A, SRREMTSER0, ONER
DER., X%, BERFMARER.

3 &k

RAEWHSEERL L2 WERRBMAA LW 5HAER A, ZAFRENEREXR, B
SR IR RO B R RN A MR, B LW BiF. et E B £ S HRE.
B ERE B AR R E L R K B TA X, B ARRMERATBEREETRE. fSRLEP
B4 A BRI L A EI T A R RE R, FRBORFAXRA Lt F SRR, BERM A
T Y, R AR RUGE, TR AR R PR TR R DR, A
o BT A AR (D). Ak (H), D’H. #i&k EEER RS D WRANL - DA
P AR R R T R ANEE, BEEETHE, BB R E RS THE
SRR, MRS RSN . A A T AR A I A b B B S E BRI
(NSS - D)MIERHEFBIE, Mo, HTENERMEHBAAERFHMERBS. FAEKTE
HERNAR YR IRELEERSE R W, EREERANT R RO M
RELWERTHHSNEHSE ©HARRRIARE O HRBNFTERGME: @K
EHEtE. AN AMNRE.
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