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ABSTRACT

Conventional combined analysis of variance
has been employed to analyze combined field trial
data for a long time. One of the assumptions of
this method is about the homogeneity of error
variances. However, field trial data collected by
agronomists and breeders seldom meet this
requirement. Since there is no alternatives while
this assumption is violated and the scientists are
usually forced to ignore the assumption and
proceed to do the conventional combined analysis.
This might end up an inflation or shrinkage of
type 1 error rate. Instead of sticking to the
unreasonable assumption, we propose a
procedure for finding effective error variance
structure. One out of a handful possible error
variance structures will be pick as working error
variance structure which has the smallest AIC
value. Once the structure is determined a mixed
effects model with this error structure is used to
fit the data. The computation of the proposed
method can be executed by SAS proc mixed. A
small scale simulation study shows that the
proposed method has a significant improvement
over the conventional one on the control of type I
error rate.
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Homogeneity of error variances,
Combined analysis of variance, Type
I error rate, Mixed effects models.



316 Crop, Environment & Bioinformatics, Vol. 2, December 2005

BREaBREN ST Z
o 2 e B EORE 0 AT R B S BR R

8774534 (combined analysis of variance)  3&
& W AH SR RH DL B R B S R R
S AT —REAEET Tk - TR BE YRR B
b Ry T ST NI LR S AR Y A - T
52 @ L HEAE A [E] 1 b B DL ke AE R [6] /) 2
B AR S B B 25000 L 2 9 P
S B S5 18] i A o FRAF DA — 183t S A AR vh
B 17~ A 36 B E fl P S # 55 3B - Table
1R BB R NH S & - BE
el 4 [EEEERFTKRE - Fii2iEa
fEiH = 44k CHT1190 > CHT1120 -
Dl 2R g N o8 Ry T 7R a8 BH LU
Vi» Vo J Vs FoRDLE =150 - BREERY
fHE =Rz Fl4an(90-1-1) » 2§
—#H# T 90 BERRF o LG REF 17
AEEE 90 91 ;T HMHEE 1
e AR PIESHE 1 KREE
2 AR 2B =AHBF 1 R M BE Ry U557
M =EE a2 1 3k 2 =83
e R - B B R 2K B N R R 5 B S 70
Y455 34 ok B e I i SR i 22 RO I BROE R - |
MEFEfr - HAE - B GRS IR 2 Ry
R —E2RMEL RCB &&=
RERGE T A A E AP R - BT
KA B R &8 5 (combined
experiment) » Fit 5 JE AY #5143 B B Ry
ik ERE R AT R B DURR S T S A Y
TG EER -

18 LeClerg et al. (1962, p.216) [
Mk PR S REHEENERGSH
EZE TR -

1. LAY SE M 2
) -

2. fEAR AR LB SR R B2 S A R 02
AR (GBI 2 SR ARR) -

AZE (MHEEZ

=)

3. i M Y 2% B2 75 B8 A 40 SO T A 22
(i e BEL A 13 12 75 AR -

4. A 25 L Y R B R 2 B AT
8 (hnTE o bl B = KT A
5. 5 I RE R BE — {2 A dr i Ak i -

P 2t LU Al et AR T v - T L R 2R B

A B R S
EatiEREEE > BE L HERERES
85 o AT S Y S A S > BRI

fr el B e —EER > e B

o WERER VEEFE - & - E
=K i L 6 Bt A 5 S B W AT 1
G JRED > BER R 7 2 i AT RE AR &
Y92 a0 o Ry 1T BEREIT - AT LEAE A
iR G B Ry LRI AR G 3B © 2) S
BRI B SR IR 1 BREEIA] T AT RE 2 B T B
il I FE IR S > Blan Bt 2 el - b
it o F iR BB P 2R 9 B — B ER B A R
KIF ¢ 4~ IR B 1 A R I e By =
K7 - R R O & o A1~ 3
' B 3l i = 35 & 250008 > e = )2 S
J& - B v 3R o AT Table1 iz i
TR G Ry T BREE ) K - A S — i
R (typical)ir &5 8 5 o AT UH1 H

Yik=p+ Si+ Lj+ (SL)ij+ Riip+ Vi+ (SV)in+
(LV)in+ (SLV)ijn+ &ijkn
i=1,2,k,s 5 j=1,2,k,1; h=1,2,)kv

bz S REKZFE (season) JWIE > L;
HFHl@ (location) - (SL); FyZEHiEd
il 2 RIESIE > Reip e 2 1 EZRETELEE |
flél 3 & T 2 & 2 (replicate) 3 & - V), 52 i i
BYHE » (SV)in 2 2 B B i Al ] o2 28 RS
(LV)in 52 & B 5 fl R 2 & R HE >
(SLV)ijn 522281 > ol Bl i il = 2 R
gijkn I Ry B 72 25 E -



e T SUE IR Z KR A AT

317

Table 1. Mean tomato yields (ton ha-) of three tomato varieties planted in nine different environments.
Variety
Environment Vi V2 V3 E. mean
1 (90-1-1) 37.12t 35.13 38.43 36.89
2 (90-2-1) 83.22 84.90 82.74 83.62
3 (90-2-2) 40.05 44.86 38.52 41.14
4 (90-2-3) 31.80 34.60 28.50 31.63
5(91-1-2) 20.00 20.90 19.30 20.07
6 (91-1-3) 24.20 24.80 23.40 24.13
7 (91-2-1) 68.92 69.53 67.45 68.63
8 (91-2-2) 48.88 49.53 33.11 43.84
9 (91-2-3) 42.20 45.50 30.30 39.33
V. mean 44.04 45.53 40.19 43.25

tEach entry is an average tomato yield of 4 plots.
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Table 2. Formulas for computing sum of squares required by conventional combined analysis of variance.

S0V df ss E(MS)

Season (5) s — 1 SS iy (3. =¥ )

Location (L) /-1 SS, srvYy (9, =V.)
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LxV (/-Dv-1) SSp sty Y T =Y, =YY
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Table 3. Expected mean squares of conventional combined analysis of variance table.

SOV df ss E(MS)

Season (S) s — 1 SS, Gj+v01§(SXL)+rVﬁéxL+Fle§
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Rep(SXL) sl(r—1) SS e O + VO st
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SXV (s—-D(v-1) SS, ol +ro.,, +rics,

LXV (I-Dv-1 SS, . o.+ro.,, 150,

SXLXV (s=DU-D(v-1) SSger  Or HT0g 1y

Error Sl(l’ - 1)(v - 1) SSE 62

Total shvr—1 SS;

Table 4. F statistics for testing various effects and variance components involved.

No. of vet  Null hypothesis T.S. E(MS) of numerator and denominator
2 2
2 H. o2 _0 F-= MS, .y O, +rOg .y
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2 2 2
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e
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no. of vc : number of variance components involved in the corresponding F test.
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Table 5. Type I error rate of F statistic under various cases of heterogeneity of error variances.

Case No. of Value of variances Error rate Heterogeneity

treatment index

1 2 (1,50) 0.052 6.44
2 2 (1,100) 0.054 7.82
3 2 (1,1000) 0.054 1243
4 3 (1,50,100) 0.075 7.97
5 3 (1,10,100) 0.082 10.55
6 3 (1,1,100) 0.090 15.13
7 4 (1,10,50,100) 0.089 10.58
8 4 (1,10,10,100) 0.106 12.96
9 4 (1,1,100,100) 0.098 15.65
10 8 (1,1,10,10,50,50,100,100) 0.117 21.16
11 8 (1,1,1,10,50,100,100,100) 0.096 26.44
12 8 (1,1,1,1,100,100,100,100) 0.099 31.30
13 10 (1,1,1,1,1,100,100,100,100,100) 0.087 39.12
14 12 (1,1,1,5,5,5,10,10,10,100,100,100) 0.120 31.74
15 12 (1,1,1,5,5,5,10,10,10,100,100,1000) 0.181 66.77
16 12 (1,1,1,1,1,1,1000,1000,1000,1000,1000,1000) 0.110 74.58
17 12 (1,1,1,1,1,1,1,1,1,1,1,100) 0.209 122.15
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Fig.1. Simulated type I error rate versus heterogeneity index . The error rate inflates as the degree

of heterogeneity is getting higher.
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Table 6. Expected mean squares derived from the combined analysis of variance model having only
location and variety factors.

SOV df ss E(MS)

Location (L) /-1 MS, ol + vaf( nt Ve
Rep (R) [(r-1) MS,,, ol +voy,
Variety (V) v—1 MS, o’ +ro; , +rit)
LxV (I-Dv=1) MS,., ol +ra7,
Error [(r=1)(v-1) MSE O'j

Total lvr—1

Table 7. Empirical type I error rate for testing H,:» V7 =0 of conventional ANOVA under three

. 2 . oo . . . .
different values of O, . Estimated & is obtained from a simulation study using parameters

defined in Table 15.
Value of O sz
o 0 1.0119 10.119
0.05 0.017 0.023 0.054t

‘Estimate of error rate obtained from 2000 simulation runs.

.20 0.30

Type I error rate
o]
o]

.00

0] 10 20 30 40 50 60 70

Heterogeneity index

Fig. 2. Simulated type I error rate versus heterogeneity index. The open circle O indicates the
error rate of the F test of Variety by Location interaction. The solid circle @ shows the error
rate of F test of Variety effect. Both the interaction effects and variety effects are assumed
null, namely, O'éxL =0 and Z:Vk2 =0. Interestingly, error rate of these two F tests have

different trends; the former is going up while the later is going down.
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Fig. 3. Simulated type I error rate versus heterogeneity index. The model used in simulation is

referred as ‘typical combined analysis of variance model’ which is more complicated than

the one in Figure 2. Similarly as in Figure 2, open circle O goes up and solid circle @ goes

down as the degree of heterogeneity increases.

LUESIRANEHE RS EA RN

EFEE E—Eh s — R EHRER L
TRERITE LR 1R 08 — ET A EREF HL A
R YR A 15 =AY BE B He HY — {8 AT RERY i R
JiE - RN KRR - AR AR AR A
G b TR A 0 B T A PR — B A
TIHFETEN -G FHBR S ERER
Fir 2ELR LG AR SR B B A R E T ik 4n
fal 76 ik TR 2 P EFE M E A H
(practitioner) FTEERYAKET /3 #T o FEIE R
BHZ i1 BAMT R e 28 7 4 B 5 =X DA AR e
A RTIEBREIA

Y=Xp+Zb+¢

APz B EEBAE - BIANIEAR S 2

i TSN 5 b R BE RS R AE - AN A ST g
BT F 00 HIESFUE - e QR -
LR 38 T o BT i AT R HE 2 B TR
B DUEREBYRF R R H Ry

£~ N(0,021)

DAS S8 A KE A E > Y BE T
ek HT DA 7R

Var(Y)=ZGZ'+o.1

BRI BES A S DI G &
a0 Bl G =Var(b) » A SCHTEIHY S $2 K
EEEAH LU SHENEE K2
FIEEEHEENE  ORBEESGEKX
(linear mixed models) AYE 3G > &R LA



324 Crop, Environment & Bioinformatics, Vol. 2, December 2005

U B A T B B R R B - TR R AR AT
AL Vot

Var(Y)=ZGZ'+ R

A B G 2 A AR A A B #EE T 48
B EE T LR > #1140 SAS B proc mixed -
Fe A A% T B DLW {251 2 36 BE 4 fer #1)
SAS [ proc mixed ZKEE - HF] SAS
proc mixed HYJ#Hi&idE 2% SAS/STAT
(1996) =FHft -

TEHE A B BB 11 AT — 18 R s
B R U R A% 72 1 588 5 R A - (R
@8k 4> EEER 3 MEEE 2 I
FHOREBIIE EBOE 24 (=4x3%x2) - —f%
B &K B R R K Table 8 By =0 > IR
T A3 W 5y Bf £6 (cluster) - #8345 P flE B
5 EEHEAE 6 (EEIME - f T EEE
15 42 A I i & RERY HE 51 05 2B R A 48 =0
JEM AR > MR T ERBIFFSR v, B
Gh o HAMLR B AR BIER ] - Table 9
HI BT R I B B R A Y 24 AR A7
o MR Ry T T R ARG S AT YR AR
o BRI HEST T - FER BT ERME R
Snedecor and Cochran (1988, p.460) - 4"
Lhig BB R 8% R = A L, vy
PRI AR VBRI BB [ E)
&8 KL EATEFZBHE A ZE R R

(Vi Vs Yo, Yias Yisis Vi
Yars Voo Vaus YVazs Vazrs Yoz
Vs Vaizs Vs Vazs Viss o iz
Vatt> Yaizs Varus Vamr Vass Van )

MREE A g HEA 5 =0 BT A SR A A1
iyl Y 6 a0 Ry — BB DUZE — {1 T AR
PR BESERMRER B4 Y 0 Vi > Vi
Vi * Wizt Vi 0 A VIEREEE o L
Eat BIEE eI HEST T =2 AT 6 1 BHHE R

JP 58—l M ik 2K 6 8BS 7 B — A
il > FFHREY 6 8 R 5 5E = st
W > e PR Y 6 {18 sttt HIJJBS 17 28 DY 8 b - A
HEHFRRAOT

(54, 90, 46, 57, 32, 06,
26, 39, 62, 79, 65, 36,
y‘%,%,%,%,n,%

82, 47, 29, 05, 08, 80)'

B THE&#IH proc mixed HHGL
T O TR vy L B
BENE R I R ERIER T

(Vs Yizs Yiss Viwas
Yo, Vizzs Vizzs Vinas
Yas Voo Vaizs Vouso
Yars Vo  Vazs Voo
Vi Vaizs Vi, Vauas
Yo Vi Vs Vi)'

EXhzBtERE {ry) WENHEGHE
R o A 6 AT 0 (11,12,21,22,31,32)
TR — RS Bl Yin o0 Vi o
Yz o Vg e

TEIH B RO 2 B LR B 5%
Eﬁ ,

(54, 26, 36, 82,
46, 62, 56, 29,
32, 65, 73, 08,
90, 39, 56, 47,
57, 79, 98, 05,
06, 36, 31, 80)'

BUAn Y 5 — RESR A VU B (54, 26, 36,
82) » 27 Table 9 T ¥ FFiAEMI L E > DIV
WEHREERIE By 5 20 - fE B ] proc mixed I,
W ZE T R YRR AR 2R (cluster) Ry fi



e T SUE IR Z KR A AT 325

Table 8. Notations for individual observations. The subscripts {/,7,V} in Y, denotes the Ith location,
rth replicate and vth variety, respectively.

Location I Location II
Replicate Replicate
Variety i il iii i il iii
1
Vi Vi1 Vi3t Yaui Yo Va1
2
Vi Y122 Mzt Va2 Yax Va2
Location III Location IV
Replication Replication
Variety i ii iii i il iii
1
Y3 Va1 V331 Yan Yar Yz
2
Vain Van Vaz Yarz Yan Yaz

" Notation Y132 denotes that the tomato yield observation collected from location 1 replicate 3 and

variety2.

Table 9. Hypothetical data corresponding to the previous table. The numbers in this data are used For
illustrating the rearrangement of observations. The rearrangement of observations into clusters is
essential before employing statistical software to do mixed model analysis and will be discussed

subsequently.
Location | Location II
Replicate Replicate

Variety i ii iii i ii iii
1 54 46 32 26 62 65
2 90 57 o6t 39 79 36

Location III Location IV

Replication Replication
Variety i ii iii i ii iii
1 36 56 73 82 29 08
2 56 98 31 47 05 80

P LSS — BEEE (54,90,36,56) B 72 1 8 5
FERE Rl - BRBHE R REAYAEAE - 25— R TT AR

(A L 2om 5 A Ry

O
0

Var(g;;) =

0
0

0 0

0 0
o; 0

0 o,

—]:EQEPZSH:(8111a8112a81137‘9114) BB R
(J’111aJ’112,y113J’114)mﬁi%(‘lsél’ 90, 36, 56)5@1%
7% o SAS proc mixed WEH FXES

Var(e,,) =...= Var(e,,) * ELE 2 I 6 {EHF 5
A5 R[] A 7 3 /5 A A o ILL TR B T S A R
T — {18 $th W (2 A 72 BB AN AE S » T —FH AT REY
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(strata) - Hil@ —Elh @ i Ry — g - M@
— B PURER Ry 5 — 0 FoRTTEAn R
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proc mixed data =d00;
class env var rep s4;
model yield = var / ddfm = satterth solution ;
random rep(env)env env *var ;
repeated rep * var / type = vc subject = env group =s4;
Ismeans var / dif ;
run;

B th2 env: var - rep - yield Bl s4 43
ARER R i EE o FaiEEEENY
T o> g 41 (R Table 10) o b5t 5 U —
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Table 10. Identification number of stratum of each possible variance structure. Five possible variance

structure and the error mean squares are listed below.

Environment

Structure E5 E6 E3 E9 E4 E1 Es E2 E7
S, 1 1 1 1 1 1 1 1 1
S, 1 1 1 1 1 1 1 1 2
S, 1 2 2 2 2 2 2 3 3
S, 1 2 2 2 3 3 3 3 4
S, 1 2 3 4 5 6 7 8 9

MS, 0.69 3.80 6.87 7.36 11.21 1155 2480  59.78  136.32

'Structure S3 has 3 strata and environment £, belongs to stratum no. 2.

Table 11. Information criteria for determination of covariance structure.

Information Stratum structure

criterion S ) S 3 S 4 S9
AIC 730.9 702.0 692.0 681.2 680.7
BIC 737.2 709.9 701.6 692.3 699.7
Reduction in AIC - 28.9t 10.0 10.8 0.5
difference in df - 1 1 5

" Reduction in AIC value 28.9 = 730.9 - 702.0 > 3.841. This amount of reduction shows that Structure S,

is better than Structure S,.

AN P 75 LRV RE AR - st 2 R B E R 51
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Table 12. Results of statistical analysis of tomato data. Nine environments MS g are categorized into 4
strata and the associated mixed effects model is employed accordingly.

1) Estimates of variance components of random effects

6.,=291, 6., =413.15 &

e

2) Estimates of error variances

67 =0.72, &;=5.55 67 =2544

3) Testing variety effects
Hy:vy=v,=v,=0

envxvar

=10.12

F =516, v,=2, v,=14.4, p-value=0.0204

Table 13. Values of error mean square obtained from each individual experiment and three possible
covariance structure of these error mean squares.

Stratum Season by location combination
structure YlLl t YIL2 YIL3 YIL4 YZL1 Y2L2 Y2L3 Y2L4
S, 1 1 1 1 1 1 1
S, 1 2 2 2 2 2t 2
Sio 1 2 3 5 6 7 8
MS, 5.20 29.93 19.30 23.71 34.22 9.82 20.35 10.17

tThe error mean square of Y,L; is categorized into stratum number 2.

#This notation indicates that a barley yield trial was conducted in year Y; and on location Z,.

Table 14. Information criteria for determining error variance structure.

Information Covariance structure

criterion S 1 S 5 S8
—2x log-likehood 819.2 816.6 809.1
AIC 829.2 830.6 833.1
BIC 822.7 822.8 817.5
Reduction in AIC - 1.4 25

difference in df -
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Table 15. Hypothetical parameter values used in the simulation study. These parameter values are
actually estimates obtained from the tomato regional yield data.

Effect

Value

Variety (V) V.= 0, for all k

Environment (L) o, =411.06
Replicate (environment) 0'122( 1y =2.5374
LxV o, =10.1190+
o} =9.8457
Error o, =8.8780
o3 =134.98

o;,=1012t o}, =0t

o, =54.5614 o; =6.0733
o; =0.7342 o, =3.7247
o, =30.5618 o, =6.8454

. 2 . . .
tThree different O, , were used in the simulation study.

Table 16. Simulated type I error rates of both conventional method and the proposed method. Entries are

based on 3,000 simulated runs.

2
Value of O,

Method 10.119 1.012 0
Conventional 0.0457 0.0317 0.0247
New method 0.0770 0.1183 0.0527

Table 17. Number of convergence runs under 4 and 9 strata, respectively. The entries are estimates based

on the results of 1,000 simulation runs.

Full model
4 strata 9 strata
Reduced model C,t NC, C, NC,
C t 998+ 0 958 22
NC, 2 0 5 15

T The subscripts f and r represent ‘full model” and ‘reduced model’, respectively. The abbreviations C and
NC denote the status ‘convergence” and ‘non-convergence’, respectively.

¥ In 1,000 data sets generated, 998 of them are successfully fitted by both full and reduced models with

error variance structure having 4 strata.
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Appendix 1. SAS program for analyzing the tomato data using a mixed effects model. This program
shows how to create a stratum variable and put it work.

* part i data input and strata fornation;
* s2: two strata, s3: three strata, s4: four strata;
* sl: one stratum s9: nine strata;

data doo;
infile "c:\tomato_env_var.dat' firstobs=2 expandtabs;
i nput env var rep vyield,;
sl = 1,

if env = 7 then do;

s2 = 2; end;
el se do;
s2 = 1; end;
if env = 7 then do;
s3 = 3; end;
else if env = 5 then do;
s3 = 1; end;
el se do;
s3 = 2; end;
if env = 7 then do;
s4 = 4; end;
elseif env =1 | env =2 | env =4 | env = 8 then do;
s4 = 3; end;
else if env =3 | env =6 | env = 9 then do;
s4 = 2; end;
el se do;
s4 = 1; end;
s9 = env;
run;
* part ii;

* only the case of 4 strata is conputed;
* other cases can be conputed by replacing s4 by sl1, s2, or s9;

proc mi xed dat a=d00;
class env var rep s4;
nmodel yield = var / ddf mesatterth htype=3 sol ution;
random rep(env) env env*var;
repeated rep*var / type=vc subject=env group=s4;
run;
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Appendix 2. SAS program for analyzing barley regional yield trial data by using a mixed effects model.
This program shows how to create a stratum variable and incorporate this variable in
computation.

* part i data input and strata formation;

* sl1: one stratum s2: two strata;

* sea: season (year), loc: location, var: variety, rep: replicate;
* obs: observation no.;

dat a doOO;
infile "c:\experinment.dat' firstobs=2 expandtabs;
i nput obs yield sea var |oc rep;
sl = 1;
s2 = 1;
if (yr =2 and env =2) | (yr =2 and env = 3) | (yr = 2 and env = 5)
then do; s2=2; end;

run;

* part ii;
* only the case of two strata is conputed;
* s2 can be replaced by s1 if one stratumis desired,

proc m xed dat a=d00;
class sea loc var rep s2;
model yield = var / ddfnrsatterth htype=3 sol ution;
random sea | oc sea*|l oc sea*var |oc*var sea*loc*var;
repeated rep*var / type=vc subject=sea*l oc group=s2;

run;

* part iii;
* the case of 10 strata is conputed;

proc m xed dat a=d00;
class sea loc var rep s2;
model yield = var / ddfnrsatterth htype=3 sol ution;
random sea | oc sea*l oc sea*var |oc*var sea*|oc*var;
repeated rep*var / type=vc subj ect=sea*| oc group=sea*l oc;

run;
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Appendix 3. Tomato yield data collected by Su-Sze Yang during the years 2001 and 2002.

Replication

Year Season Location Variety 1 2 3 4
2001 1 1 1 33.40 39.20 36.67 39.20
3 35.87 34.60 30.33 39.73
4 37.93 38.27 41.40 36.13
2 1 1 84.20 77.07 82.20 89.40
3 101.07 77.07 78.07 83.40
4 81.87 89.40 74.60 85.07
2 1 44.42 43.04 36.53 36.22
3 44.75 46.96 43.81 4391
4 37.74 38.03 39.01 39.29
3 1 33.20 30.60 29.70 33.70
3 37.20 32.40 30.50 38.30
4 25.60 29.30 32.10 27.00
2002 1 2 1 19.78 17.84 19.00 23.38
3 21.93 18.52 18.38 24.77
4 20.04 18.28 16.47 22.40
3 1 25.60 23.80 27.10 20.30
3 26.20 23.50 25.30 24.20
4 23.40 26.50 24.20 19.50
2 1 1 80.73 69.47 47.80 77.67
3 77.53 61.07 63.93 75.60
4 81.53 72.00 67.73 48.53
2 1 53.32 43.12 50.24 48.85
3 52.07 46.00 40.95 59.11
4 35.93 32.84 32.47 31.18
3 1 44.00 43.90 42.20 38.70
3 48.30 42.80 44.50 46.40
4 28.90 31.20 33.90 27.20
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Appendix 4. Yields of five varieties of barley, replicated 3 times in each of 4 locations in 1932 and 1935.

Replication number

Location I 11 111 I I 111
University farm - 1932 University farm - 1935
Manchuria 19.7 314 29.8 45.5 50.3 60.0
Glabron 28.6 38.3 435 47.5 41.1 494
Velvet 20.3 27.5 32.6 54.2 52.3 64.5
Wisc. #38 27.9 40.0 46.1 62.2 53.1 74.7
Peatland 223 30.8 31.1 47 4 57.8 50.5
Waseca - 1932 Waseca - 1935
Manchuria 40.8 29.4 30.2 53.9 58.8 47.7
Glabron 444 349 33.9 63.7 61.1 522
Velvet 44.6 414 26.2 53.9 59.1 56.4
Wisc. #38 39.8 39.2 29.1 74.2 75.6 67.0
Peatland 71.5 47.6 55.4 51.1 47.3 45.0
Crookston - 1932 Crookston - 1935
Manchuria 34.7 29.1 35.1 421 47.1 30.8
Glabron 28.8 28.7 21.0 38.8 29.4 30.5
Velvet 29.8 38.4 28.0 421 40.0 39.8
Wisc. #38 27.7 27.6 20.4 443 435 47.7
Peatland 43.0 32.7 32.0 53.9 51.8 50.3
Grand Rapids - 1932 Grand Rapids - 1935

Manchuria 20.2 30.2 16.0 26.6 26.5 32.7
Glabron 13.2 20.5 9.6 214 18.7 241
Velvet 24.5 41.6 30.6 20.7 26.8 30.4
Wisc. #38 19.0 184 24.6 20.7 23.6 30.9
Peatland 27.6 30.0 22.7 32.6 40.0 34.2

This data set is cited from LeClerg EL, WH Leonard and AG Clark (1962), p.217.
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