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Abstract: It was studied that leaf area index (LAIs) were respectively estimated with sampling with a
cubic frame (direct method) and using a plant canopy analyzer (indirect method) in more than 40 adult apple
orchards (including unthinned, thinned and partially-cut-branch orchards) selected randomly in Shandong
Province. The results showed that LAIs estimated with direct and indirect methods in all orchards tested were
3.0+0.2 and 4.3 £0.2, respectively. Compared to LAI with the direct method (LAlg;), average under
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estimation of LAIs with indirect method (LAl;,) was 30.2%, in which the underestimation of LAIls were
32.0%, 35.5% and 25.0%, respectively in unthinned, thinned and partially-cut-branch orchards. In addition,
the larger LAI was, the more serious underestimation was in various types of orchards. LAIs estimated with
direct and indirect methods were strongly and linearly interrelated to each other (» = 0.91, 0.89 and 0.92,
respectively, in three types of orchards, P<<0.00001). When omitting the reading of the external ring of the
plant canopy analyzer and being recalculated, the linear correlation between LAlg and LAl was more
significant (» = 0.93, 0.93 and 0.94, respectively, in three types of orchards, P<<0.00001), and the difference
became less (less than 13%). When LAl of apple orchards is estimated by a plant canopy analyzer, further
correction of the data can improve its performance and produce reliable estimation through being modified by
direct reference measurement. At this study, the modified coefficients of plant canopy analyzer were 1.3004,
1.2007 and 1.1762, respectively, in three types of orchards, that is to say, real LAIs in three types of orchards
were about 1.3, 1.2 and 1.2 times respectively, more than estimated values (modified) of plant canopy
analyzer.
Key words: apple; orchard; leaf area index; plant canopy analyzer; sampling with a cubic frame
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Table 1 Main characteristics of apple tree structure in Shandong Province

Wk T iy #E/m EE/m o TE/m BIUEE/m RTTER/m R R/m?

Orchard type The number of The'z number of Trfze Ca.nopy Hei'ght of Tr.ee cs.inopy Tr.ee cs.inopy Tree canopy
tested orchard ~ main branches height height main trunks widthin NS widthin EW  volume

%4 Unthinned 24 7.2405 27405 2114032 0.62+0.15 4.62+0.25 4.72+0.25 24.1+0.38

HikY partially-cut-main-branch 12 5.0+0.4 26805 2.22+0.34 0.84+0.12 4.74+0.32 4.83+0.47 26.6+0.35

[8]4% Thinned 5 7.4+0.5 2.8+05 2.324040 0.64+0.11 4.81+0.41 5.05+0.32 29.2+0.43

IBCT-34{E Weighted average 7.0+0.5 2705 215031 0.66+0.12 4.68+0.22 4.87+0.22 25.7+0.41

VE: A 2008 4 10—11 J; WEELTAUERTR, B V= 4Brabe (M), U a. by o 2 BIACEMEERIRIOEAS, BIAM0EE. fEdb
SRR AN AR PR —2F

Note: Testing date: from Oct. to Nov., 2008; The shape of tree canopy is similar to an ellipsoid, which volume is: ¥'=4/3z abc (m®), wherea, b
and c stand for the radii of the ellipsoid, namely, a half of canopy height, canopy width in NS and in EW, respectively.
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Table 2 Difference of measured LAI with direct and indirect methods before and after being modified

P rENt] IERT LAI unmodified ®IEJG LAl modified

Orchard type LAlg LAl ZEH % Difference LAl LAl ZE{HF 1% Difference
A8 Unthinned 50+0.2 3302 -320 5.0+0.1 44+01 -12.0

Bk 31+03 20+02 -355 31403 2.7£02 -12.9
Partially-cut-main-branch

[&]4% Thinned 36+0.2 27403 -25.0 36+0.1 3202 -11.1

IBCF4{ Weighted average  4.3+0.2 3.0+02 -30.2 43+02 38x01 -116
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FF (LAlg = 1.4684 LA, - 0.0088, r=0.92, P<<0.00001, s.d. =0.64). 4Rifi, Fril&Es (&

67 HIEIE Unmodified 60 RE Modified
O HifiE Partially-cut main branch’s - ’ o Bkl Partially-cut main branch’s )
51" © /R Thinned . 5© 0 [ Thinned R
® 2F4E [E Unthinned ® 324 [7] Unthinned L Py
4 41
& L ' mmg) y
2 . ) .
| - ) D
2r L7 7 o/y N
’ ‘ O
. ED g
| /D? 1+ d oe
0 0
0 1 2 3 4 5 6 0 1 ) 3 4 5 6

1 FrRRESHEREEE (LAl SBBRAHEGE (LAL) KREMRMEITER LB T
Fig.1 Comparative analysis of measured LAI with direct and indirect methods between the unmodified and

modified in all orchards tested
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Fig. 2 Comparative analysis of measured LAI with direct and indirect methods between the unmodified and
modified in unthinned orchards
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Fig.3 Comparative analysis of measured LAI with direct and indirect methods between the unmodified and
modified in thinned orchards
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Fig.4 Comparative analysis of measured LAI with direct and indirect methods between the unmodified and
modified in orchards with partially-cut main branches
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