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Abstract, Eight foliage types of pea { Pisum sativam L.) were tested as near-isogenic lines of 8 cultivers and experimental
lines for 2 vears at 2 locations. Three blends of those foliage types were also tested at 1 location. Modifications of the pea
fuliage were determined by the action of the genes af (leaflets changed to tendrils), #f (tendrils changed to leaflets), and st
{reduced stipule size). Shelled pea yields of the altered foliage types in pure stands were similar to normal excepl for the
afaf TIT! stst and afaf tid stst types, which had reduced yields, The afaf TITI StSt and afaf TITI stst types had superior
standing ahility, and had less blonding of shelled peas. Yield was positively correlated with leal area and harvest index.
Blonding of shelled peas was positively correlated with leaf area. One of 2 foliage types with the most favorable perfor-
mance for the 23 horticultural characteristics measured had many small leaflets (afaf thil 5150, while the other had ten-
drils instead of leaflets {afaf TIT] St5t). The all-tendril foliage type (afaf TITI St5t), either in pure stand or in a blend with

another type, appears to have the most potential for replacing the normal foliage type.

The normal pea leaf may be altered considerably by the genes
af (afila), ff (acacia), and st (reduced sripule). The af gene
replaces the leaflets with tendrils (6, 14), f replaces the tendrils
with leaflets (15, 26), and st reduces the large stipules to small,
strap-shaped ones (17). The interaction of afwith tf (afaf il geno-
type, minute-leaflet phenotype) produces a plant with highly
branched petioles and many small leaflets (61, In all combina-
tions, these 3 genes produce 27, or 8, foliage types—normal (AfAf
TITI 5150y, af (afaf TITE S50}, ol (AFAS el SeSe), st (AFAf TIT! stsi),
aftl (afaf tltl Se5r), afse (afaf TIT stse), stel (AfAS (il sese), and afilst
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{afaf it sts) (Fig. 1). For brevity, the foliage types will be desig-
nated by indicating only the gene(s) in the homozy gous recessive
condition.

The af and afst foliage types, which have tendrils in place of
leaflets, have less lodging than, and may yield as many peas as,
the normal foliage type (4). In microplots, dry seed yield (19) and
total green pod yield from 3 pickings (7) of the af foliage type
were as high as from the normal-type. However, dry seed yield of
afst was much lower (19), as it yielded 53 10 74% of the normal fo-
liage type for a number of background genotypes (21), Foliage
types such as ! have not been acceptable due to their lack of ten-
drils (201, which are needed for support, although il was the high-
est yiclding of 7 mutant foliage types tested in spaced plantings
along trellises by Gritton (8). These 7 foliage types were the same
ones tested in this study.

Mon-isogenic lines of mutant and normal foliage types have
been compared in several investigations (4, 8, 19, 21). In these
cases, it is difficult to separate the effect of the foliage type from
the effect of the background genotype. Field studies using near-
isogenic lines have measured yield as either dry seed yield (13}, or
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weight of hund-picked pods (7).

Three problems often encountered in the production of proces-
sing peas—lodging, blonding, and excess foliage—may be re-
duced by using different foliage types. Wind and rain, combined
with increasing pod weight, usually results in lodging by harvest
time. This slows harvesting machinery and may reduce the yield
and guality of shelled peas (4). Tendnls support the plants and re-
duce Indging: reduced lodging may result in greater yield (117,

A uniformly green color of shelled peas is desirable. Shading of
the plant. especially the pods, reduces the green color of shelled
peas (10, 22, 23). Blond peas have less chlorophyll (1}, less dry
matter, and o lower boron content than green peas (22). Fregquen-
cy of irrigation, seed source, seeding rate, location, and rate of
fertilization with either macronutrients or micronutrients do not
affect blonding (5), but light penetration into the canopy does 199,
The modified foliage of some of these mutant foliage types. such
as the afila (af and afsr) or minute-leaflet (afil) types may increase
the light penetration of the canopy and result in decreased blond-
ing.

Harvest efficiency is very important because processing peas
hive optimal quality only for several hours. Since excess foliage
slows the harvest aperation (4), foliage types that have less fo-
linge may have higher harvest efficiency.

Oceasionally, blends of genotypes are superior to pure stands,
For example, soybean blends have outyielded the best component
grown in a pure stand (2, 16, 18). Because of the diverse foliage
types available in Pisum, pea blends may be superior to pure
lines,

Considering the advantages mentioned above for different pea
faliage types, our objective in this study was to compare the per-
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Folinge types tsed m this study, Normal has the genotype AFAF TIT! S50, The homazy gous recessive genels) responsible for cach mutant [oliage type is (are)

formance of 7 foliage types with the normal one for yield, lodg-
ing, and other horticultural and quality characteristics Lo test
whether any were superior to the normal type,

Materials and Methods

Genetic lines. The genesaf, of, and st were incorporated singly
and in all combinations into cultivars *A43", " Alsweel’, "Sprite’,
‘Mew Season”, ‘New Line Early Perfection” (NLEFP), and "Dark
Skin Perfection” (DSP). Near-isogenic lines of the 8 fohage types
were produced using at least 6 hackerosses, "A45°. ‘Alsweet’,
‘New Season’, and *“NLEP" are canning types: ‘Sprite’ and "DSF’
are freezing types, *A45°, ‘Alsweet’, and *Sprite” are eurly-mat-
uring; ‘New Season” and *NLEP” are intermediate: and ‘DSP isa
late-maturing cultivar. Some foliage types in some cultivars were
not available and were treated as missing data in the analyses.

In addition to the 6 sets of lines, 2 sets were supplied by G. A,
Marx, New York Agriculiural Experiment Station, Geneva,
These were *‘Line-17" (a freezing type) and “*Line-2"" (a canning
type), with the 8 near-isogenic lines in each background devel-
oped by backcrossing,

Three hlends were produced by mixing equal weights of seed ol
2 foliage types: af with st laf + s1), af with sted taf +sred). and o
with s7 (1] +s1). There were no significant differences between fo-
linge types for seed weight except for the *Sprite” f and st foliage
types (13), Itis possible that for the " Sprite” 1l + st blend the seeds
were planted in a ratioof 1:1.07 (tzsn) instead of the 1:1 ratio used
with the other 17 blends.

Locations and plors. Trials were conducted during the sum-
mers of 1977 and 1978 at 2 locations in Wisconsin—the Arlington
Experimental Farm on Plano silt loam soil (typic Arzuidolls) and
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the Hancock Experimental Farm on Plainfield loamy sand (typic
Udipsamments). Plots were 1.2 = 6.1 m, with 6 rows 17 cm apart
in each. Adjacent plots were separated by 0.9 m of soil kept free
of weeds. The center 5.5-m section of the 2 center rows of each
plot was harvested at processing stage (about 100 tenderometer)
leaving 0.3 m at each end and 2 rows on each side for border,
Borders were harvested at the dry seed stage for measurement of
dry seed vield. Weeds were controlled by preplant incorporated
trifluralin (e — o — o —trifluoro-2, 6-dinitro-N, N=dipropyl-p—to-
luidine) supplemented by hand weeding.

A population of 800,000 to 900,000 plants'ha was established
in 1977. Planting density was increased to 1.0 to 1.5 million
plants/ha in 1978 o provide a fuller canopy. Plots were planted
April 2027 at Arlington and April 30 at Hancock in 1977, The

1978 planting dates were April 28-May 2 at Arlington and May 6

at Hancock.

Characteristics studied. Data were collected for 23 characteris-
tics although not all were measured in all environments, Twelve
characteristics were measured on plants from the plot centers:
shelled pea yield, tenderometer, corrected yield (shelled pea yield
corrected to 100 tenderometer), foliage weight, harvest index
{yield/foliage weight), plant population at harvest, canopy height
at weekly intervals until harvest, sieve size, blonding score, and
days to emergence, bloom and harvest. Blonding was determined
by freezing peas from the yield test and scoring for uniformity of
color and number of blonds (yellow shelled peas). Blonding was
scored independently by 4 ohservers on a scale of 1 ta 3 (1 = uni-
formly green samples, 5 = non-uniform samples with several
blonds). Sieve size was measured by separating the shelled peas
into sieve size | through 7, weighing each, and calculating the av-
erage size on a weight basis (shelled peas that can fall through a
7.1-mm hole are size 1, sizes proceeding in 0.8-mm steps up (0
11.9 mm forsize 7). Dry seed vield was measured from the border
rows of the plot at the dry seed stage.

In addition to the above, 10 characters were measured on 10
plants from the inside border row of each plot (for leal area meas-
urement only 3 plants/plot were used), These traits were tillering
{1= no tillering, 3= 3 or more plants tillered), vine length,
number of nodes/plant. number of pods/plant, number of seeds/
pod, lowest pod-bearing node, leaflet area, stipule area, petiole +
tendril arza (combined area of petioles and tendrils), and total leaf
area at the lowest pod-bearing node. All measurements were
taken at the processing stage. The area of the petioles and tendrils
was measured by recording length and diameter of each branch,
and calculating its cylindrical surface area. Leaflets and stipules
were removed from the petiole and measured scparately on an
area meter (Hayashi Denko AAM-5). Only the upper surface area
of the leaflets and stipules, and one-half of the petiole + tendril
area, were recorded to represent the area intercepting direct solar
radiation. Due to the difficulty in measuring leaf area, only 5 of
the cultivars and lines were measured, The area of the leaf at the
lowest pod-bearing node was used to standardize comparisons,

Experimental design. The design was a split-plot in a random-
ized complete block, with cultivars as whole plots and foliage
types within a cultivar as subplots. Whaole plots were replicated 4
times at Arlington and 3 at Hancock, Foliage type blends were
tested at Arlington in the first 3 blocks in 1977, and in all 4 blocks
in 1978, Data from each environment were analyzed separately
using a least squares procedure for missing subclasses, since one
or more foliage types were missing in most of the cultivars.

Simple correlation analysis was performed for all pairs of the
following traits: yield, yield corrected to 100 tenderometer, har-
vest index, blonding score, leaflet area, stipule area, petiole +
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tendril arca, and total leaf area at the lowest pod-bearing node,

Fisher's LSD was vused to test treatment means, and where
comparisons were made between means having missing observa-
tions, the LSD was caleulated according to the method of Watson,
as given by Cochran and Cox (3).

Results and Discassion

Except for tenderometer value and days o emergence, all mean
squares of the 23 characteristics analyzed indicated significant
differences associated with foliage types. The average tender-
ometer value was 107, and the average number of days to emer-
gence was 13. No further data have been presented for these 2
traits. Error variances were large for most traits measured, neces-
sitating rather large differences for statistical significance.

Horticultural performance.

Pure lines. Foliage types with normal stipules and extra leaflets
(rl and aft!) tended to have the highest yields, although in only one
case was the yield significantly higher than that of the normal fo-
liage type (Table 1). The lowest vields occurred in the afsr and
aftist foliage types, while vields of other types averaged near the
normal type. The mutant foliage types yielded better with respect
te the normal type in a low-yield environment (Arlington in 1978)
than in a high-vield one (Hancock in 1977), possibly indicating
more stability in the mutant foliage types, Harvest index values
paralleled those for yield.

Canopy height at harvest is an indication of the amount of lodg-
ing. The af, afsr, and aftls: foliage types had the least lodging at
harvest {Table 1). The st and afif foliage types lodged as much as
the normal type, while both f and sl lodged more, Canopy
heights were consistent over years and locations, with af and afst
{afila types) having the best performance over all environments,
Blonding decreased in proportion to lodging resistance. Conse-
guently, foliage types with the highest canopies had the most uni-
formly green shelled peas,

Dry*seed yield of the afsr and aftls foliage types was signifi-
cantly less than that of the normal type in 1978 (Table 2}, The &
and suf foliage types also yielded less than the normal type at Ar-
lington in 1978, There were few significant differences in plot
weight among foliage types, so differences in harvest index were
due primarily to differences in yield. Plant population was the
same for all foliage rypes except af, aftl, and afse at Arlington in
978, which averaged more plants than the normal type. That
may have occurred because of smaller seed size {13) which would
have resulted in a higher planting rate. The afst and aftlst types
bloomed slightly later than the other foliage types and reached the
harvest stage | to 4 days later. They were less determinate in their
growth habit and their sieve size tended to be slightly smaller than
the normal type.

The foliage types #f and aftf had high dry seed yield, though not
significantly higher than that of the normal type, a result similar to
that obtained by Gritton (8). The aftl foliage type had good horti-
cultural characteristics and less blonding than the normal type.
However, as others have found (20}, the of type was inferior to the
normal type in both standing ability and blonding score, sa is con-
sidercd unacceptable for commerical pea production,

Three foliage types—af, afsr, and aftlst—had excellent resis-
tance to both lodging and blonding. However, af was the only one
with yield and maturity comparable to the normal type. Both afst
and aftlst had low yield and an indeterminate, later-maturing
growth habit. Indeterminate growth habit for these 2 foliage types
was also observed by Kuepper (13). Despite its unfavorable yield
and maturity, an afst type may be useful in situations where excel-
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Table 1. Mean performance of  faliage types {over B genetic backgrounds) in pure stands and in 3 blends for 4 major characteristics,”
Relative pedformance (% of normal)
Churacter- Pure stand Blend
istic Yeur Locanan Mol wf i 5t aftf afst sl afrist uf +xr wf+ sl W+xe
[kgtha)
Corrected 1877 Arlington 3669 08 114 il 104 62 93 a8 [l 121 102
Yield Hancock 3923 78 a7 BE ([ 74 ] 49+ . . .
1974 Arlington 2.414 128 107 11 132 7% a7 104 157 10 i
Hinenek 3594 a7 et 2 ) 56 YE o - . .
%)
Harves 1977 Arlingon 14,5 115 124 93 129 56 10 L |14 139 115
mdex” Haneock 8.0 130 116 B (113 [ 56 50+ - . .
1978 Arlington 15.9 Is 121 136 132 105 . 122 128 102 104 119
Hancock 12.7 94 | 43 116 1013 75 120 b1 - . .
fcmp
Canopy 1977 Arlingion 32.1 112+ 03 106 107 |aT= 94 123+ Img* 0= 103
height™ Hamcock 37.1 |24 B3 1K af |45 97 BES - . =
1978 Arlingtan 2B.4 12 95 102 1M 133 93 112 115 110 10t
Hancock 36Aa 119 3o (LY 05 15 31+ R0 - - -
(score}
Blonding” 1977 Arlingion 3.1 62* L 93 HH 504 LT 3= fid* fiy® I3
Hancock 24 T6* a7 93 74 45+ I T - . :
1578 Arlington 21 75* 1E Bas ] o R4* B3* Th= b 105
Hancock 23 67* 120" iy i 56 104 67+ - -
‘Referio text for explanution of folinge 1vpes and gene symbaols;
*Yield corrected 1o 100 ienderometer,
“Shelled pea weight of plot as percent of plot weight,
“Avernge height of the canopy at harves
" A score for shelled pea color where 1= all preen, 5= many vallow.
“Significantly different from the notmal folikge type al the 5% level rE:knnd an actual mesns. not on duta as percent of normal typek.
Table 2, Meun performance of 8 foliage 1ypes (over § genetic backprounds) in pure stands and in 3 blends for 5 minor eharasterisics.”
Relative performance (% of normal )
Churacter- Prure stand Blend
By Year Lecation Mol iif il at aft! st suf afilxr af =51 afban! t4xr
ket ha)
Dy seed 1977 Arlington - - - =
Yield Hancock - - . - - . . - - =
1978 Arlingtan 4,944 93 92 B0 Og 57 T E2®
Hancock 500G 11 108 ol 10 - e 106 R5= &
faptpdent
Fuliige 1977 Arlingion 4,632 96 103 R 102 100F 107 1 94 141 101
wi Hancock 4,862 a6 &4 102 106" 107 1oae B - - -
1978 Arhingron 3.oo0 123 103 104 115 110 |00 17 I8 103 a7
Hancock 5642 98 %4 102 08 T3 a1 .1 - - B
{pleerstst b )
Population 1977 Aglingron 924161 1oz L) 98 ] 110 a6 a3 98 a2 g5
Hancock  821.029 1oz 11K} 1041 a3 113 100 Gd - i -
978 Arlingron  1.578.062 115+ 0g {121 11+ | 24* 108 (1] 110 | ) 04
Hancock 1,009,904 (.3 100 108 108 12 ([ (L] - & .
fefervs}
Draysto 1977 Arlington 4| 10z 100 0y il |10 10 105 il L1} 108}
hloem Hancock 43 10 98 100 i 103 04 102 - - -
1974 Arlingion 46 100 100 LUH 10 104 100 103+ 100} jape 101
Hamcock 41 100 100 100 o 1o 100 [ - - =
[sievel
Sieve 1977 Arlington 4.9 a7 [{F) 109+ 94 87 1in= a3 106 11 167
siza’ Hancock 5f 49 13 a9 og* Gi= 101 G - - .
1978 Arlington 5.5 499 oo [[s]} o8 97 100 96 96 ] 100
Hancock | 5.4 o4 20 101 O - 101 98 - - -

‘Refer 1o text for explanation of foliage types and gene symbaols.
"Shelled peas that can fall through a 7, T.mm hole are sieve size 1, sizes proceeding in 0.8 mm steps up to 11.9 mm for sieve size 7.
“Significantly different from the normal folinge type at the 5% lavel (based on actual means. not on data as percent of normal type).

lent standing ability and an open canopy are high priorities. Those
2 characteristics are especially useful in dry pea production.

The afst foliage type was expected to have reduced foliage and
an increased harvest index. Two findings support those expecta-  liage type.

1. Amer. Soc, Hort, Sci. 106(3):272-278. 1981,

tions: they have 23% shorter vines and 76% less leaf area than the
normal foliage type. However, plot weight of afst was not re-
duced, and its harvest index was only 74% that of the normal fo-
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Three of the foliage types—st, sirl, and the blend ¢/ +sr—had
no advantage over the normal type. The st foliage type has been
used successfully in other breeding programs because of its re-
duced amount of foliage and higher harvest index (12, 19). Inthis
study the vield of st was comparable to the normal type, but it did
not differ from the normal type in either harvest index or foliage
weight, It did, however, have only 68% the leaf area of the normal
foliage type.

Foliage type blends. Two of the 3 blends tested—af+ sr and af
+ siii—consistently outperformed the normal foliage type. They
had the highest vields of all foliage types, and along with «l, aftl,
and the f + st blend, had the highest harvest index (Table [}. In
addition, these 2 blends had taller canopies and less blonding than
the normal type {Table 1). Plot weight, plant population, days o

bloom and harvest, and sieve size (Table 2) remained about the

same as for the normal type.

Plant characteristics.

Drata taken from measuring individual plants help explain the
agronomic performance of the foliage types (Table 3). Most tiller-
ing occurred in the types with reduced stipules—st, afst, sorl, and

aftlsr. Twa of the 3 foliage types with the tallest canopies (Table
1}, afsr and afifs:, had the shortest vines, while the third, af, had
long vines, Vines of all types with reduced stipules were signifi-
cantly shorter than vines of the normal foliage type. The 2 foliage
types with the shortest vines also had the highest number of nodes
per plant. The first pod was borne on a higher node in the afi, afi:,
sted, and aftlst foliage types than in the normal type at Arlington in
both years. These characteristics—short vines, many nodes, and
many days required to reach bloom—indicate that the afsr and
aftlst foliage types were later-maturing and less determinate in
growth habit than the normal type. They had the fewest number of
pods per plant of any of the types evaluated. However, the
number of seeds per pod was not consistently associated with any
foliage 1ype.

Leaf area.

Because the af gene produces plants with the leaflets replaced
by tendrils, the afand afsr foliage types have no leaflet area (Table
4). The minute-leaflet foliage types (aft! and afilsr) had the great-
est leaflet areas with 55 and 71% greater than the normal type, re-
spectively. The i and srf foliage types had greater leaflet area

¥
Table 3, Mean performance of ¥ llinge tepes fover B genetic hackgrounds) in pure stands for 6 plant characteristios.”
Relative performunce (% of normaly
Characteristic Yeor Lewcutioen Nl wf Il At oifr! s Al rifrit
{sorarel
Tillerig* 1977 Arlimglon . . . - . - - -
1974 Arlingtan 1.2 e 11K} [21™ ] | 26 1 9
1578 Hancock 1.1 111 1Tk 1a7= il [EE N 147+ 15
e
Vine length 1977 Arlington 12 St Q2 By "h 7a= Lt ¥
|78 Arhingion 51 1067 Y LK1* L R3= a6t A4
1978 Huancowk 72 102 a7 Lk HE = ik T
e |
Musdesplant 1977 Ardingtan IK (LAY 97 10 1n2= 3= ([ oy
1574 Arlington 16 101 bg 9R 9y 104 G 103
19T Hancick (] 112 11h1 « 1 i (e 4N 21
e
Puatls/plam 1977 Arhington 4.8 42 (i T4 125 di= T+ A6®
1574 Arhmgian 2.7 1171 17 af 17 1.5 ey T
1974 Hauncock 32 9 ({1} 107 #4 8a= 1611 H"
I
Seedspod 1937 Arlington 4.4 45 Ik k) 113 [ 1y 114 1Bl
1974 Arhngian 3.2 L1 [[12]) 103 12R* 1413 141 Il
1974 Hancock 4.4 99 a7 101 104 I3 L L]
{onesle )
Lavwest pocl- 1977 Arlington 13 1114 w7 104 (r | 232 103 | 167
bearing mode |74 Arlington 13 1415 13 1z | B 10 105+ 1=
. 1974 Hancock 4 41 a5 uh 47 112 11 107

TReTer o tend Tor explanation of loliage Dypes and gene sy bl
PScored | iF no tillening pecorred. o 3Far least X plants tillered inoa 10-plant sample,

'Si-__mi.ﬁl:unlly different froam the norml Foltege type af the 3% level Chased on actuul means, mo on data as pereent of navrrial typed

Table 4.

Relutive performance (5% of nommal)

Mean leal wrea. and 3 components of leaf arei. an the lowest pod-bearing mede for 8 Toliege types (uver 5 generic bick-
grounds) grown at Arlington in 19777

Leat wrei component Mormal orf W ar wfil st sl wifrisd
: fran’l :

Leufler arew Hi * 130 113 b o 162 17

Stipule area a0 o5 o3 A= B3 14 1= B*

Petinle + It 213= 72 11 s 186 Th dhe
Tendril ares®

Totil leaf 182 G 10K ik 137= 14 K1 |18~

e Tk

“Refer tovest for explination of Tuliage types and gene symbiols,
*Combined arce of petioles and tendrils.

“Significantly differenr from the aormal folisge type af the 5% level (hused on actual means. not on dato as percent of normal typeb.
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than the normal type, but only in the case of st was that differ-
ence significant,

The 4 faliage types with reduced stipules (st, afst, sul, and
aftlst) had stipules B 1o 14% the area of normal stipules. The re-
maining component of leaf area, petiole + tendril area, was great-
est in the minute-leaflet foliage types, which is primarily the re-
sult of numerous petiole branches since minute-leaflet types have
no tendrils. The extra-tendril foliage types (af and afst) had ap-
proximately twice the petiole + tendnil area of the normal type.

Total leaf area (the combined areas of the leaflets, stipules, pet-
ioles, and tendrils) accounts for most of the photosynthetic sur-
face of the plant. The minute-leaflet foliage types were the only 2
types with significantly greater leaf area than the normal type.
However, the greater leaf area of these 2 foliage types did not al-
ways result in higher yields than the normal type. The smallest
leaf area occurred in the afst foliage type, with only 24% the area
of the normal type. Tt is interesting that the af foliage type aver-
aged only 62% the leaf area of the normal type. yet its shelled pea
vield was about the same.,

Correlations.

The simple phenotypic correlations for the 8 variables involv-
ing vield, blonding, and leaf area indicate that an increase in leaf
arep was associated with an increase in yield (Table 5). Blonding
was not correlated with yield, or with stipule or petiole + tendril
area, but was correlated with leaflet area. This demonstrates the
value of the af and afst foliage types in reducing the amount of
blonding. Increasing the area of stipules, petioles, and tendrils
may be one way of increasing yield without affecting the blonding
score, The correlations do not support the observation that leaflet
area increases as stipule area decreases (17, 24).

Conclusions

There were few significant differences between the normal fo-
liage type and the 7 mutant foliage types for yield and harvest in-
dex. The af and afst types consistently had greater resistance 1o
lodging and blonding than the normal foliage tvpe. Pure stands of
af and afil performed well, as did the blends involving af (af + st
and af + sul). Apparently, the extra area in the leaflets of st and
st complemented the lodging resistance of the extra tendrils of af

in those blends. For vining pea production, af and blends with af
have the most potential to replace the normal foliage type,
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