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Abstract. Leaflet length and width were used to calculate leaflet area, lateral leaflet
area, and trifoliolate area for strawberry, Fragaria X ananassa Duch. ‘Redcoat’ and
genotypes 62E55 and 71MS59. Using regression analysis, the product of length and width
(LW) was chosen as the independent variable. On the basis of predictive ability (R?)
and/or the SE of estimation, the following equations were chosen to determine leaflet
area, lateral leaflet area, and trifoliolate area, respectively: A = 0.66LW + 0.839; A
= 0.68LW; A = 0.69 ZLW. A common regression equation could be used for the
cultivar and genoiypes studied. If the leaf is vnequally imparipinnate, then the area
of the lateral leaflets and the trifoliolate must be summed to obtain total Jeaf area.

Growth analysis and the mcasurement of
leaf photosynthetic rates often require a non-
destructive method for estimating leaftet area
or total leaf arca. This method must estimate
the area regardless of leaf age, which cannot
be judged accurately. The estimation of leaf
area by equations involving linear dimen-
sions has been used for crops such as tea (5),
medicinal yam (6), ginseng (7}, grape (11),
safflower (12), and soybean (13). The total
area of strawberry leaves has been estimated
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by comparing total leaf weight to the weight
of leaf disks of known area (2). This time-
consuming method is inappropriate for non-
destructive measurement of leaf area in the
field. Linear measurements have been used
to estimate the total area of strawberry leaves
(3,4,8,9, 10).‘"’ These areas have been based
on linear measurcments of either the terminal
leaflct or of all 3 leaflets of the trifoliolate.
In some strawberry cultivars, however, one
or a pair of leaflet(s) is present proximal to
the crown, making the leaf unequally im-
paripinnate (Fig. 1). These leaflets are much
smaller than the leaflets of the trifoliolate,
but may constitute up to 12% of the total leaf
area and thus contribute to the total photo-
synthetic rate of the leaf (20.7 mg CO,dm?
hr! for an unequally imparipinnate leaf vs.
18.4 mgCO,dm2hr' for the trifoliolate
alone). To the authors’ knowledge, there has
becn no past work on the use of linear mea-
surements to estimate the area of these leaf-

lets. The lower leaflets (no. 4 in Fig. 1) have
a different shape than thosc of the trifoliol-
ate. Thus, to estimate total leaf area, 2 equa-
tions may be required: 1 for the arca of the
trifoliolate and another for the area of the
additional leaflet(s), if present.

The strawberry genotypes 62E55 and
71M59 (from a breeding line developed by
W.D. Evans, Univ. of Guelph) and ‘Red-
coat’ were studied. On 10 May 1984, one-
year-old plants growing in 12-cm pots were
transferred from a lath house to greenhousc.
There were 5 plants per genotype, arranged
in a randomized complete block design. As
suggested by Ackley et al. (1), 25 healthy
leaves from each genotype were selected to

Fig. 1. An unequally imparipinnate strawberry
leaf showing the leaflet arrangement. Leaflets
of the trifoliolate are numbered consecutively
clockwise from the petiole and the lateral leaf-
lets are designated as number 4 for convenience
in discussion in the text.
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Table 1.
62E55 and 71M59 and ‘Redcoat’.

Relationships between leafiet length,

width, and lcaflet area for the strawberry genotypes

8L
Genotype! Regression R? estimation
Variable cultivar equation (%) {cm?)
Leaftets 1-3* 62E55 A = (0.65LW + 1.07
TIMS39 A = 0.6BLW + 0.75 } %9.8 0.97
Redcoat A = (.65LW + 1.02
ALY A = D.66LW + (.89 97.4 .99
62E35 A= 05212 + 2.64
7IM59 A = 0.59L% — Q.19 } 99.3 1.68
Redcoat A = 0.511.2 + 0.52
All A = 0.561.2 + 0.52 88.8 2.05
62E55 A= 0.72W2 + 1.61
71M50 A = 0.68W? + 3.46 } 99.4 1.57
Redcoat A= 0.7TTW? + 2.32
All A = 0.68W? + 3.33 92.4 1.69
Leafiet 47 62E55 A = D.66LW + 0.099 096.3 0.25
62HSS A = 0.68LW 99.1 0.25
62E55 A = 04917 — 0.21 095.1 0.29
62ESS A = 0.83W2 + 044 90.6 0.41

Refer to Fig. 1.

*Refers to a common regression equation for the cultivar and genotypes studied.

inciude both young and mature leaves, Of
the voung leaves selected, the leaflets were
unfolded, but not yet fully expanded. To fa-
cititate the recording of data, leaflets of the
trifoliolate were numbered clockwise from
the petiole (Fig. 1). When present, the lateral
lcaflet or leaflets were designated as No. 4
(Fig. 1). Although ltateral leaflcets also may
be present on leaves of 71M59 and ‘Red-
coat’, they occur with the greatest frequency
on leaves of 62E55. Thus, to estimate the
area of leaflet four, 25 leaflets from 62E55
were measured. Leaflet length, width, and
area were measured and recorded separately
for each leaflet. Maximum length and width
were recorded to the nearest 0.1 cm. Leaflet

area was determined with an area meter Model
LI-3000 (Lambda Instruments Corporation,
Lincoln, Neb.) fitted with a LI-3050A trans-
parent belt accessory. The area meter was
calibrated to 0.01 ¢cm?® by the manufacturer.

A regression analysis was performed on 2
levels, individual lcafiet areas and total jeaf
arca, obtained cither by summing the length
and width parameters for all leaflets or by
leaflet 2 alome. The coefficient of determi-
nation, (R?) was calculated for the most
commaonly uscd independent variables: length
squared (L?), width squared {W?2), and their
product, LW, with arca at the 2 levels (Ta-
bles 1 and 2).

When dimensions of different leaflet pa-

Table 2. Relationships between leaflet length, width, and total leaf area for the strawberry genotypes
62855 and 71M359 and ‘Redcoat’.
SE
Genotype/ Regression R? estimation
Variable cultivar equation (%) {cm*)
Total Area
All leafiets” Al A = (LOBZLW -+ 0.89 99,2
Al A = (LOOZLW 09.9
62ES55 A = 036812 + 4.69
TIM59 A = 0.632L% — 3.67 99.5 4.03
Redcoat A = 0.52ZL7 + 0.26
All A = 0.59EL7 — 1.45 91.2 5.24
62E55 A = 0.745W?2 + 2.73
TIMS9 A =071EW?2 + 8.14 99.7 3.46
Redcoat A = 0.83EW? + 424
All A = 0L.69EW> + 8.76 94.7 4.06
Leaflet 2% All A= 1.75LW + 293 94 .4 4.19
All A = 1.34LW 99.5 4.26
02B55 A = L40L% + 5,72
TIMAS A = 1.64L7 — 1,60 99.2 5.26
Redcoat A= 1.28L%2 + 3.76
All A = 14917 + [.18 88.0 6.4
62855 A= 1.87TW2 + 7.12
7IM59 A = 1.86W? + 9.45 99.1 5.82
Redcoat A = 1.95W? + 8.76
Al A = 1.82W?* + 10.16 9.1 5.81

=The length and width of leaflets 1-3 (Fig. 1) were multiplied and the products summed.

YRefers to a common regression equation for the cultivar and genotypes studied.
*Refers to terminal leafiet of trifoliclate (Fig. ).
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rameters were regressed against the leaflet
area, there was little difference in predictive
ability (R?) between LW, L2, and W (Table
1). When using a common eguation for the
cultivar and both genotypes, however, the

-greatest predictive ability and the lowest SE

of estimation was found with LW, In all in-
stances, the Y intercept {Y = bX + a) was
significantly differcnt from zero, and an
equation of the form Y = bX could not be
used without a significant loss in predictive
ability. A common regression cquation re-
lating leaflet LW to area was found for 12
cultivars of soybean (13). Hedge (6} found
that the constant varied with the species of
yam studied. When considering leaflet 4, the
use of L2 or LW was comparable in accu-
racy. The greatest predictive ability was ob-
tained when using LW, assuming a Y intercept
equal to zero (Table 1).

Total Jeaf area was cstimated cither by
multiplying the dimensions of leaflets 1 to 3
and then adding the products or by using the
dimensions of leaflet 2 atone. When consid-
ering cach cultivar and genotype separately,
L2 and W? had high predictive ability. How-
ever, the s of cstimation, 4,03 cm? for L2
and 3.46 cm? for W2, also was high. With
the parameter LW, no accuracy was lost in
using a common regression cquation for the
cultivar and the genotypes {data not shown).
Thus, the regression equation for LW (leaf-
lets | to 3) with the Y intercept assumed fo
be zero offered the greatest predictive ability
of total leaf area. The SE of estimation for
this equation also was gquite low (Table 2).
The constant b (Y = bX) was less than the
0.78 used by Choma et al. (3).

Using only the terminal leaflet to estimate
total leaf area had comparable predictive
ability, but the SE of estimation was high
when compared to measuring all leaflets
(Table 2). The regression cquation was sim-
ilar to that used by Jurik (9). Using just the
terminal leaflet has been shown to be less
accurate than using all the leafless to estimate
total area in strawberry (4), ginseng (7), and
soybean (13). Jurik (9) used only the LW
dimensions of the terminal leaflet to estimate
the total leafl area of strawberry.

On the basis of the results, the following
equations were chosen for the determinafion
of Icaflet arca (no. 1, 2, or 3), lateral leaftet
area (no. 4) and the total leaf area (leaflets
i-3), respectively: A = 0.66LW + 0.89;
A = 0.68LW;and A = 0,69 ZLW. A com-
mon Tegression equation could be used for
the cultivar and genotypes studicd with little
loss in predictive ability. If the leal is une-
qually imparipinnate, then the area of the
lateral leaflcts and the 3 leaflets of the tri-
foliolate must be summed to obtain total leaf
ared.
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