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Abstract:

Field emergence and plant density may greatly influence grain yield in wheat (Triti-cum aestivum L.).
Seed vigor tests have been developed to assess seed quality in crops. However, the relationship of these
vigor tests with field performance in wheat has not been studied extensively. The objectives of these
studies were to evaluate several seed vigor tests and to determine their relationship with field
performance of wheat. Standard germination, speed of germination, cold test, accelerated aging,
respiration rate, and electrical conductivity tests were used to evaluate 10 winter wheat seed lots. Field
performance of these lots was evaluated by determining emergence rate index, stand establishment, and
grain yield. Emergence rate index was related to accelerated aging and respiration rate values of the
seed lots (R = 0.83%*). Stand establishment was related to accelerated aging, electrical conductivity, and
respiration rate (R = 0.90%); and grain yield was related to the accelerated aging test (R = 0.73%).

Two spring wheat cultivars, ‘Lew’ and ‘Newana’, were evaluated using the same laboratory tests as
used for winter wheat. In the cultivar Lew, emergence rate index was related to respiration rate (R =
0.72*) and grain yield to respiration rate (R = 0.66**). In Newana, emergence rate index was related to
cold test and acclerated aging (R = 0.90**); stand establishment to cold test and respiration rate (R =
0.89**); and grain yield to respiration rate and standard germination (R = 0.84%).

In the second year, the sensitivity of certain vigor tests on several seed lots of Newana spring wheat
was evaluated. Emergence rate index was related to standard germination and accelerated aging (R =
0.81*%*); stand establishment to speed of germination index (R = 0.79**); and grain yield to standard
germination, glutamic acid decarboxylase activity, and respiration rate (R = 0.86**). Another study
was conducted to evaluate the performance of several vigor tests on artificially aged seed lots, when
seed quality was variable. Emergence rate index of these seed lots was related to accelerated aging (R =
0.98**); stand establishment to cold test (R = 0.93*%*); and grain yield to respiration rate and standard
germination (R = 0.93*%*),

In general, field performance in winter wheat was related to accelerated aging, respiration rate and
electrical conductivity and in spring wheat to respiration rate, cold test, standard germination, and
accelerated aging tests.
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ABSTRACT

Field emergence and plant density may greatly influence grain yield in wheat (Triti-
cum aestivum L.). Seed vigor tests have been developed to assess seed quality in crops.
However, the relationship of these vigor tests with field performance in wheat has not been
studied extensively. The objectives of these studies were to evaluate several seed vigor tests
and to determine their relationship with field performance of wheat. Standard germination,
speed of germination, cold test, accelerated aging, respiration rate, and electrical conduc-
tivity tests were used to evaluate 10 winter wheat seed lots. Field performance of these -
lots was evaluated by determining emergence rate index, stand establishment, and grain
yield. Emergence rate index was related to accelerated aging and respiration rate values of
the seed lots (R = 0.83*%). Stand establishment was related to accelerated aging, electrical
conductivity, and respiration rate (R = 0.90%); and grain yield was related to the acceler- °
ated aging test (R = 0.73%). )

Two spring wheat cultivars, ‘Lew’ and ‘Newana’, were evaluated using the same labor-
atory tests as used for winter wheat. In the cultivar Lew, emergence rate index was related
to respiration rate (R = 0.72%) and grain yield to respiration rate (R = 0.66**). In Newana,
emergence rate index was related to cold test and acclerated aging (R = 0.90**); stand
establishment to cold test and respiration rate (R = 0.89%%); and grain yield to respiration
rate and standard germination (R = 0.84%).

In the second year, the sensitivity of certain vigor tests on several seed lots of Newana
spring wheat was evaluated. Emergence rate index was related to standard germination and
accelerated aging (R = 0.81%*); stand establishment to speed of germination index (R =
0.79*%*): and grain yield to standard germination, glutamic acid decarboxylase activity, and
respiration rate (R = 0.86%*). Another study was conducted to evaluate the performance
of several vigor tests on artificially aged seed lots, when seed quality was variable. Emerg-
ence rate index of these seed lots was related to accelerated aging (R = 0.98%*); stand
establishment to cold test (R = 0.93*%);and grain yield to respiration rate and standard
germination (R = 0.93%%),

In general, field perf'ormance' in winter wheat was related to accelerated aging, respira-
tion rate and electrical conductivity and in spring wheat to respiration rate, cold test,
standard germination, and accelerated aging tests.




INTRODUCTION

Traditionally seed quality is measured by purity and germi_natiori. Seed germination
has been defined as, ‘“‘the emergence and development, from the seed embryo, of those
essential structures which, for the kind of seed in question,nare indicative of the ability to
produce a normal plant under favorable conditions” (AOSA, 1978). However,,field éon—
ditions are not always favorable or ‘optimum, therefore, the standard. germination test
often overestimates field performance. The seed should be mére than alive and thence the
need for vigor testing has developed. Other synonyﬁous terms for seed vigor found in the
literature are, “pushing power,” driving fofce (Heyde-cker, 1965), vi.tality. tMunn, 1935),
““field” or “plantiﬁg value,” physiological predeterinination (Kidd and West,. 1918), poten-
tial low planting value (Matthews and Bradnock, 1967), and field emergence potential
(Bradnock and Matthews, 1970).

Several attempts have been made to define seed vigor which have been reviewed by‘ .
Heydecker (1972), Perry (1973), Woodstock (1973), and ‘McDonald (1975, 1980). The
International Seed Testing Association (ISTA)- defined seed vigor as the “sum of those
properties of the seed which determine the potential level of activity and performance of
the seed or seed lot duﬁng germination and seedling emergence” (Perry, 1978). However,
AOSA has defined seed vigor as,' ““Seed vigor comprises those seed propefties thch deter-
mine the potential for rapid unifofm emergence and developmenf of normal seédlings
under a wide range of field conditions” (McDonald, 1980).

Several vigor tests have been developed to mieasure the phendmenon' Qf éeed vigor.
Successful seed vigor tests should be reproducible, correlate with emergence under certain

field conditions, and be rapid, objective, simple, and economically practical (AOSA, 1983).




2

Woodstock and Combs (1964) stated that the ultimaté proof of any vigor test is. the
reliability in predicting field stand ﬁnder a variety of conditions and over a period of years.
Grabe (1965) suggested it is not logical to expect' a single vigor test to evaluate all factors
of agronomic significance.

Field emergence rate and stand establishrﬁent can be of great importance to achieve
optimum plant dénsity-which nﬁay influence grain yield in wheat (Triticum Iaésih_:um L.)".
Seed vigor tests have been developed to assess seed quality of Crops. However, relationship
of those vigor tests with field performance has not'bee‘n studied extensively in wheat. The
objective of this study was to evaluate several vigor tests in the laboratoy and determine

their relationship with field performance of wheat.




REVIEW OF LITERATURE

S1gn1ﬁcance of Vigor Testmg in Cereals

In modern agriculture, precision sowing is being intfoduce‘d, seeding rates are being
reduced, and more attention is being given to achieving maximum .possible yields. These"
pract1ces have enhanced the need to 1dent1fy and sow high-vigor seed, partlcularly in |
adverse soil conditions (Perry, 1976) -

Darwinkel (1978) studied the effects of plant density on the gro.wth and productivity
of winter wheat. Maximum grain yield was achieved at 100 plants'm™, which corresponded
to 430 ears m™ and to'about 19,000 grains m™2.

The compensatory ability of cereals is well known and is usually demonstrated experi-
mentally by sowing seed at different rates. Wheat, and barley (Hordeum vulgare L.), plants
at low populations will produce more heads, more seeds head™® , and larger seeds. This type
of compensation results in equal yields from seediné rates as far apart as 39.2 to 313.6
kg ha™ (Perry, 1976). He also observed that the effects of low population derived from
planting low vigor seed into poor soil conditions were ‘}ery different frem those stands ob-
tained by planting sound seed at low rates into good soil conditions.

Stormonth and Doling (1979) have shown that 10l seed lots of ‘Hobbit’ winter' wheat
ranging in vigor between 2.5 and_8.5 produced yields renging from 17.1 to 19.1 kg p‘kl)t"1 R |
a 10% yield difference. Seed lots classified as possessiﬁg low vigor produced the lower " -
yields. Another experiment using seed of a similar vigor range, several seedihg rates and the
cultivar ‘Atou’, indicate a positive relationship between vigor and yield. The yield differ;

ences between high and low vigor seed lots was 10%.
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Likhachev (1973) studied germination and field émergence in wheat, rye (Secale
cereale 1.), triticale (Triticale héxaploid L.), barley, and oats (4dvena sat-z"va L) in tﬁe
laboratory and under field conditions. Seedling emergence depgnded n.1<.>re'onr seéed quality
than on the environment; environmental effects increased with the growth of seedlings and
with plant dévelopmenf. He also concluded that emergence depga.ﬁded more on seedﬁng
vigor than on germination energy. | l

Ayre (1980) has shown that seed vigor affects plant growth of cereal throughout the
season. Two seed lots of Hobbit winter wheat with 90% geﬁninatién and with different:
viéor scores were sown at equal rates on 27 October11978. In the spring of 1978, low-vigor
seed plots contained 146 planfs m™? as compared to 257 plants m™2 for high vigor seeds..
These values represent field esﬁablishment of .40 and '70% of the live séeds, rgspectively.
Weekly examination of the plots between 17 April and 12 June, showed that plants from
low vigor seed were always less adiranced, were shorter and prqduce& more vegetative tiliers
plant™ than did the plants from high vigor seeds. Microscopic comparisons of the early
developmental stages of the wheat showed that growing points of lo;)v,-vigor plants were
smaller and took much longer to devélop than those of high-vigor plénts. Sf)ikelet' numbers
increased more quickly in plants from high vigor seed; however, from 15 May onwards the
developing head from the low-vigo; plants contained more spikelets ear™* than those of the
high vigor plants. Yields from plots sown with low vigor seeds were 11% less than those
from high vigor seéd. o

Gul and Allan (1976) reported that wheat emergence rate indices of field trials were
"correlated with each other but not with laboratory tests. Rapid emergence was posi';ively
correlated with high stand numbers and with coleoptile length, seedling height and culm
length under conditions qf deep sowing and high soil water pot;cntia’ls.. U'ndef low water
potential and with shallow sowing, emergenéé rate was positively correlat_ged“ with root

. development.
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Perry (1976) observed that with the traditional constant weight sowing method t'or
cereals, little attention is paid to the proportion of seedlings which emerged. Seeding rates
are often excessive and the loss of 20 to 40% of seedlings has no effects upon grain yield.
Hampton et al. (1981) have shown the significance of plant populattons in cereal produc-
tion. Seeding rates ealculated on a seed number basis provide predictable and reliable
emergence which is important in establishment of the crop. |

Rennie (1979) reported that vigor tests did not give a better indication of potential
field emergence than the stanidard laboratory germination tests. Anderson atld Anderson
(1979) found that seed lots of winter wheat with low germination percentages were slow
to emerge and under unfavorable seedbed conditions dry matter production pl‘ant'1 wats
reduced. They emphasized the need to provide good seedbed conditions for cereal se_ed
which have poor vigor unless yield reductions are expected. Keydel et al. (1979) pointed
out that germination capacity, vigor, and the percentage of abnormal seedlings were posi-
tively correlated with seed yield of hybrid wheat.

Hutchings and Hicks (1972) evaluated establishment and grain yield of wheat on a
conventional seedbed and with minimal till. Lower grain yield was attributed to lack of '
seedling vigor caused by residual effects of herbicide. Perry (1977) observed that wet
conditions reduced emergence and final yield of low vigor barley antl theee reductions were
most pronounced at the earlier sowing dates

Bakumenko et al. (1975) found that heavy frost (up to -9.0 C) at the seedling, ﬂower—
ing or milk stages of spring wheat cultivars advérsely affected germmatlon percentage and.‘
seedling vigor of seed produced.

Lindstrom (1974) cencluded that ld‘ays to stand establishment in winter wheat can be
predicted if average seed zone temperature is known. Stormonth and Doling. (1977) have
shown that laboratory tests can predict winter wheat emergence. Vigor scores ranged from

1.5 to 8.5 and plant emergence was 40% and 100%, respectively.




6
Don et al. (1981) described methods for several laboratory vigor tests that have been
standardized to give a reproducible evaluation of certain aspects of winter wheat seed qual-
ity. They studied three different aspects of the vigor complex, one physical and two physif
ological and found that no individual test provided information on more than one aspect.
They further suggested that if a full evaluation of winter wheat seed quality was required a

combination of several different laboratory test methods might be necessary.'

Physical Characteristics

Physical characteristics of .seeds, e.g., size, weight, and density, have been shown to be
associated with vigor for many crop species. Generally speaking, large, heavier’ or denser
seeds are the most vigorous. Several researchers have shown that large seeds of wheat pre-
duce more vigorous seedlings. Usihg only the large seeds, within a seed lot results in a more
rapid and- higher emergence rate and percentages. Occasionally fhe large seeds do ‘not"
outperform small seeds. Large ;eeds geﬁerally have greater embryo size, more earfaohydrate
reserves, and early photosynthesis which resulte in larger seedlings and sometimes increased
yields. The advantage of large seeds is even greafer for short growing season crops or where
economic yield is a storage organ or the seed. Increases in yield are mosj: likely 1;0 be
obtained where specific yield components are determined during early growth (Wood et
al., 1977).

Kittock and'Law (1968) studied the effect of age and seed size on wheat seedling
vigor. They separated wheat seed into five size classes with screens. They reported with
different seed size classes significant positive codelation were found betiween seed weight .
and tetrazolium reduction, and between shoot weight and tetrazoliu_m reductions. Scott
(1961) assessed the relative importance of embryo and endosperm size in winter wheat.
Kernels of uniform (80 mg) weight were either left intact or part of the endosperm was

removed to give kernel weight of 60, 40, or 20 mg; with similar sized embryos (0.64
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mg). Emergence was delayed with the 20 mg kernels and féwer seedlings emerged. Seedling
weight was closely related to the weight of reserves contained and not the size of emb,ryo.‘
In anotheér study, kernel weighiné 40, 60 and 80 'mg were selected, thdse kernels had differ-
ent embryo size (0.31, 0.47 and 0.64 mg respectively). One half of the kernels weighing
60 and 80 mg had endosperm removed until each kerﬁel weighed 40 mg. Héﬂf of the ker-
nels weighing 40 mg were cut down to 20 mg weight. Emergence for all kernels was com- ) )
pleted two days after the first seedlings appeared and seedling numbers wére_ decreased
only for those kernels having the largest embryo and smallest endosperm. Embryo size
had little effect on plant grdwth and the amount of reserve material availabie to the
embryo was the dominant factor affecting seedling size. |

Chang and Robertson (1968) stated that large seeds of barley produced taller plants
with broader leaves and they attributed the sﬁperiority of large seeds to the greater amount
of stored energy compounds in the endosperm. DasGupta and Austenson (1973a) found
that variation in yield betvx‘reen seeci lots of 'épring wheat were r‘elated primarily to seed size
in 1968 samples and to germination in 1969 samples..

Seed size has been shown to affect cereal yields (Kaufmann and McFadden, 1963;
Whitcomb, 1936). Austenson and Walton (1970) and Knott and Takuldar (1971) found
seed weight to have a positive correlation with yield. Voronin et al. (1970) reporteci that
large, medium, and small seed of spring wheat produced 6, 5, and 4 seminal roots, respec-
tively.

Evans and Bhatt (1977) conducted greenhouse experiments to study the influence
of seed size, protein content and cultivar on seedling vigor of wheat measured as seedling '
dry weight at 20 days. The simple and partial correlation coefficients émong the_vaﬂables
were all positive and significant. They suggested that genotypic differences in ‘seedling'

vigor may lead to its use as a selection criterion in wheat breeding programs.
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Grabe and Garay (1975) studied the effecté of seed source and size on wheat yielcié. ,
They found tﬁat large seed outyielded unsized seed ﬁy 3.3I6‘ 'kg ha;‘ , while s‘maﬂ‘ seed.
yielded 3.36 kg ha™! less than unsized seed. A positive relationship between seed siie and
vigor in wheat has been shown by Brémner et al. .(1963), Geiszler and Hoag (1967), Lopez
and Grabe (1973), Evans and Bhatt (1977). In barley, seed size and vigor relationship ha§ '
been studied by Boyd et al. (1971), Kaufmann and Guitard (1967), and with seed wéight‘
by McDaniel (1969) and Ching ,ei‘: al. (1977).

Pinthus and Osher (1966) reported that seed size had no effect on seedling éme‘rgence
in wheat and barley varieties, although plants grown from large seeds grew hiéhér and
produced more ‘kernels; McNeal and Berg (1960) noted little effect of source, protein‘
' content, and test weight of seed on yield. _Demirlicakmék et al. (1963) stﬁdied the inﬂﬁ-v
ence of seed size on yield and yield components of barley. They dbserve_d that there was
no éffect of seed size on emergence, ’allthough ‘the culm counts and yields were highest for

large seed and lowest for small seed.

Speed of Germination

Speed of germination is one of the oldest seed vigor concepts. Vigorous seeds have
been shown to germinate rapidly. Speed of germination has been measured by various tech-
niques and given many different names' such‘as: emergence rate index (Allan et al., 1962),.
germination rate (Maguire, 1962),'germi11ation valﬁe/peak'value (Czabator, 1962; Djai(an- .
éhir and Pourbeik, 1976), and spegd of germinatibn (Lawrence, 1963). Several methods for
determining germination rate havé been used (Nicholas and Heydecker, 1968; Tlic;,ker and
Wright, 1965; Timson, 1965). Belcher and Miller (1974) measured speed of gehnirl‘lation‘ '
with criterion of the numi)er of days a lot required to reach.90% germination.

Speed of germination tests have important advantages. They are inexpensifre, rapid,. g

require no specialized equipment, most importantly do not necessitate additional technical
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training. The disadvantages are that moisture and temperature are difficult to standardiZel
among laboratories, yet they have a profound effect upon speed of germination. A speed
of germination is more stringent and requires the analyst to have a well-defined concept of
a germinated seed (McDonald, 1975). Speed of germination flas been shown to be posi-
tively éorrelated' with seed vigor in wheat, rye and barley (Germ, 1960), barley (Cobb and
Jones, 1966), corn (Zea mays L) (Gill énd Delouche, 1973; Mian and Coffey, i971a;
Rajanna and de La Cruz, 1975), rice (Oryza sativa L.) (Mian and Coffey, 1971b).

Bobkova and Pashkevich (1980) found correlaﬁon between the initiél growth vigor of
wheat seeds and grain yields, indicating a possibility of determining the yielding ability of
seeds from their initial growth vigor. Berezkin et al. (197_8) reported in wheat and barley
that the growth 'rate was the most reliable index for predicting yield. Othef fa_lctors evalu-
ated were 1000 seed weight, protein confent, embryo weight, endosperm weight, and
field germination. They also stated that criteria for an indirept.estimation of barley yield

were not found.

Cold Test
A cold test is a stress test which tries to duplicate spring field conditions in‘the labor-
atory by placing the seed in cold, wet, pathogen-infeste_d soil for a specified period fol-
lowed by warm conditions which allow the seeds to germinate. Germination counts indi-
cate how a seed lot will perform m the field (AOSA, 1983). The ability of seeds to germi-
- nate in cold, wet soil is affected by heredity, mechanical injury, seed treatment and physio;
logical condition of the seeds. The cold test measures the combined effecf of all of these -
factors and others (AOSA,.1976). |

The cold test is the most widely used vigor test currently available in -the United
States. This vigor test has received widespread acceptance for corn (Clark, 1953,,_1954;‘

Rice, 1960; Grabe, 1965; Svien and Isley, 1955; Crosier, 1957). During the past two
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decades, this test has been used to vigor test otl}er species, for example; soybean [Glyciﬁe
max (L.) Merr.] (Rice, 1960; Byrd and Delouche, 1971); cotton (Gossypium hirsutum L.) |
(Mehdi et al., 1971; Bishnoi and Delouche, 1975), and sorghum [Sorghum bic'olor L)
Moench] (Pinthus and Rosenblum, 1961). |

DasGupta and Austenson (1973b) reported in sprix;lg wheat that field stands at all
locations were positively correlated with. standard, cold, and modified cold germination
percentages. Grain yields in all tests were positively- co'rrelated with all estimates of éermi—
nation and with their respective field stands. Hampton (1981) examined the relationéh:‘gp
between field emergence and both laboratofy germination percentages and several vigér
tests for wheat. Results of field emergence trials were mo;'e closely correlateci with diréct
stress vigor tests than laboratory gen’nination when soil qonditions were unfavorable; butv'_
né advantage was gained from vigor testing when soil conditions were gobd. Field emerg-
ence was closely correlatéd with soil température at a depth of 5 cm. He proposed the

use of a vigor test involving germination at 5 C for seven days, then 20 C for four days for

ﬁgor testing of New Zealand’s cereals.

Accelerated Aging Test

This test was first developed to measure the relgtive storability.of seeds (Delouche,\
1965; Delouche and Baskin, 1973). Seed samples are placed under stress conditions of high
temperature (40-45 C) and high relative humidity (~ 100%) for a certain period of time.
A standard germination fest is conducted after seeds have been stressed. The‘ decline inA
germination during this accelerated aging is related to the initial deéree of deterioration of .
the seed lots viz. high vigor germination remains high; low vigor lots show a marked decliné
in germination. The basic assumption of this test is that th;e. gérmination percentage after
accelerated aging is correlated with vigor of the lot and hence to the lot’s capacity to per-

form well under field conditions (AOSA, 1976).
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Helmer et al. (1962) observed the germinative 'respon.se of cri.mson clover (Trifolium
incarnatum L.) following several days’ exposure to high levels of relat'ive. hl;.midity :
(~ 100%) and temperature (35-40 C) was closely associated with seed vigor and seedli;lg
emergence under field conditions. . |

Pili (1967) used accelerated aging technique to evaluate the sforability of alfalfa
(Medicago sativa L.), wheat, corn, and cotton. She observed differential reéponses among
seed lots of each kind. She concluded that this test was efficient in evaluating storability of
alfalfa and corn, but was less efficient for whga& and cotton. Although accelerated éging
test responses were significantly correlated. Pili (1967) used séveral exposure period (3 to 6
days) .and found that three days was optimum for wheat. Therefore, short -period of
exposure to accelerated aging may improve effectiveness of the test for wheat. -

Herrera (1969) reported on a study in which seeds of five cultivars 6f vs}heat grown at .
three locations in Mississippi \.avere subjected to 40 C and 100% relati\;e' humidity for0, 5,6
and 7 days. Significant reductioné in germination percentage were obtained following' seven
days of exposure. He concluded that the accelerated aging test was the best~ indicator of
seed deterioration of the five methods evaluated. Omar (1980) indicgtgd that germination .
was substantially reduced by four days aging at 40 C arid lOOf%n relative humidity agd by
two days at 45 C and 100% relative humidity in wheat. |

Baskin (1977) suggésts the use of wire—xﬁesh baskets as seed conta.iners and jars as :
accelerated aging chamber. The AOSA vigor handbook (1976) suggests using small plastic;
seed containers and a large plexiglass box as the aging chamber. McDonald (1977) working;
with soybean and barley showed that seed moisture mﬂﬁenced the accelerated agiﬂg test.
McDonald and Phaneendranath (1978) suggested using a single layer of seed m wire mésﬁ -
trays placed in a smﬁll plastic box. These technic_wgs are important steps m thelstahdardiza-.

tion of this test.
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Tao (1979) confirmed Mc::Dorllald’s conclusions that initial seed moisture influenced
the rate of accelerated aging iﬂ soybe’an seeds. He also found that sealed jars were superior
to large accelerated aging chambers. The height of seed samples above the water affected
the results. He further suggested that square plastic germination box be used instead of jars
to save space. |

Accelerated aging tests have been used to forecast.stand establishment in several
crops, for example: pea (Pisum sativum L.) (Caldwéll, 1960), peanut (Arachis ﬁypogaea
L.) (Baskin, 1971), soybean (Byrd and Delouche, 1971;.Tekrony and Egli, 1977),'beén
(Phaseolus vulgaris_ L.) (Roos and Manalo, 1971), and cotton (Bishnoi and Delouche,

1980).

Respiration Test

Seed respiration is the process ‘of degrading stored foods reserves tp provide metabolic
energy for seed germination and seedling growth. The correlation between réspiration and
vigor is based upon the fact that vigorous seeds whicﬂ gerrﬁihate and grow rapidly require
more energy which is supplied by iﬁcreased respifatory activity. If the mitbéhon&ria are
not functional due to loss of membrane structure, then respiratory activity decreases,
resulting in little or no embryonic ahs elongation (McDonéld, 1975).

The respiration test is quantitative, rapid, easy to standardize and perform, well suited
for routine testing of large nurﬁbers of seed samples.and, with suitable précautio_ns, reliable‘
(Woodstock, 1966). Several factors can influence the rate of respiration, for examplé, tem-
perature as reported by Bailey (1918) in wheat. Carbon dioxide production in the respiration
process was found increasing regularly with the increase in relative humidity in stored wheat,
barley and oats (Robertson and Lute, 1939); presence of microflora on and in the stored -
wheat seed (Oxley and J ones, 1944). However, Denney (1948) and Ragai and Loomis |

(1954) concluded that surface microorganisms did hot effect respiration results signif_icéntly.
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Mechanical injury in seeds complicates the mtefﬁreta;tion, of respi'ration results; which
may increase rather than decrease respiration rates (qudsto'ck; 1969). Respiration rates
measured during the first 18 hours of gérmination detected injury caused by gamma radia-
tion in corn, sorghum, whegt and radish (Raphanus sativus L,) (Woodstock and Combs,l.
1965; Woodstock, 1968).

Woodstock and Grabe (1967) observjed a significant positive'correlat.ipn between rates
of O, uptake during imbibition and later stages of ”germination and seedling growthin corn. .
They also noted a highly negative correlation between respiration quotieﬁts and seedliné
growth.

Kittock and Law (1968) studied the relationship of seedling vigbr and respiration in
wheat. Significant positive correla;tions were found between rate of emergence and vigor-
(ability to emerge from deep seeding), emergence and rate of respiration, and between__
vigor and both tetrazolium chloride reduction and rate of respiration for seéds of differer_lt'
ages. Anderson and Adbul-Baki (1971) observed giucose metabolism of embryos and
endosperm from deteriorating barley and v;/heat seéds. They found that excised embryos
from deteriorated wheat seeds had reduced respiration and glucose utilization into etﬁandl—
insoluble material but not into CO, . Accelerated éging treatments had no effects on respi-
ration of excised endosperms, although they reduced utiiization' of glucose into ethanol-
insoluble material and CO,. Changes in‘ metabolic activity of whole seeds Ain response tp.
deterioration treatments are difficult to interﬁret because they represent the sum of the
changes that take place in the embfyos and endosperms. They con;:Iuded that changes 1n
respiration and glucose utilization in these two parts of the seed neithef proceed at, the -
same rate nor go in the same direction during deterioration.

In a study of 75 spring wheat genbtypes, no relationship was fou1.1'd between segdling-
vigor, field establishment and ATP content of dry seed, or seedling (Briggs and Horak, ‘

1980). They suggested that in any search for genotypic variability for stand establishment




14
in spring wheat, differential seedling mortality rates and dry weight accumulation at the
five leaf stage appear to be useful characteristics to measure.

DasGupta and Austenson il973b) reported that spring wheat yiel_d variations among -
samples were most consistently dependent on standard germination, O, uptake and field
emergence. They concluded that the rate of O, uptake by seed duting the Sth and 9th
hours of imbibition was a satisfactory indicator of seed vigor.

Correlation between seed lot shoot lengths and respiration were not significant
(r = 0.20), nor were correlations between respiration and grain yield (r =0.03). In all cases -
there was a highly significant inverse correlation between respiretion end seed lot test
weight. To further understand why respiration was negatively correlated with test weight_,
a water uptake study was performed. Water uptake was found to be pesitively co_rrelated
with test weight and protein eontent of the planted seed (r = 0.63%, r= 0.68* respec-
_ tively). Because of this, respiretion was negatively correlated with winter uptake (r =
-0.60, varieties pooled) (Delaney, 1980). |

Matthews and Collins (1975) observed that field emergence of seed lots of ‘Golden
Promise’ barley, was directly related to the rate of emergence. The rates of O, uptake were
directly related to both rate of emergence and ultimate emergence.

Ching et al. (1977) reported that spring and winter barley seed wexght three day—
old seedling ATP content, TAP content of the hydrated embryo, and seven-day-old seed- '
ling dry weight were gaod seedling-vigor indices for predlctmg field emergence rate.

Ellis and Hanson (1974) found significant correlation between scutellar O, uptake
rate from germinating seed and grain yield of greenhouse-grown plants. They also observed
relationship between scutellar O, uptake and percentage germination. Percentage germi- -
nation was correlated with field emergence. However, other researchers who havev reported
that respiration was not correlated with vigor in wheat and barley (Abdul-Baki, 1969; .

Anderson, 1970; Lopez and Grabe, 1973).
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Electrical Conductivity Test

The conductivity test measures the amount of electrolytes which leach from seeds as |
they deteriorate. Presley (1958) used this test to measure seed viability. The tesf was later
developed into a vigor test for the prediction of field emergence of .wrinllcle garden peas
{(Matthews and Bradnock, 1967, 1968). Poor .membrane structure and . leaky cells are
usually associated with deteriorating and low vigor seed. | ' ‘ |

Koostra (1973) reported the loss of selective pérmeability of cell membranes by
measuring the’ electrical conductivity of seed leachates. During imbibition, water soluble ,
substances such as peptides, enzymes, carbohydrates, and amino acids leaked out of the
cells of deteriorated seed. Abdul-Baki and Anderson (1970) observed that leaching of
sugars from mechanically injured barley seed was higher than from whole seed with equal
viability.. They also concluded that increased leaching of glucoseﬁas relatéd to chahges in
membrane permeability which was also assc.)ciatéd with low viability. The quantity of glu-
cose leached depended on glucose concentration in the seed and the rate at which it was
utilized in metabolic processes. In high quality seed, the‘rate of glucose utilization was
faster and, thgrefore, the concentration of glucose in the leachate was less.

The integrity of membranes is important for many -bit)chemical_ reactions in 1ivin§
cells. .C.hanges in membrane ultrastructure and permeability in aged seeds have been
observed (Gill and Delouche, 1973; Harman and Granett, 1972). The extentvof leaka'ge
from low vigor seeds also causes secondary effects. Nutrients exuded from seeds during
germination stimulate micr.oorganis;h. activity and secqndary infection (AOSA, 1983)-.
Hibbard and Miller (1928) reported that the glectriéal resistance of the seed leachates
of peas, timothy (Phleum pratense L.), and wheat decreased as viability decreased. .

Omar (1980) made measurements on conductivity in wheat with an ASA 610 seed

analyzer. He observed that germination values pfedicted on the basis of conductivity
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did not correspond closely with actual germination peréentages. The partition op_erational
mode did not detect the lower vigor of lots as established By accelerated aging and storage.
He suggested plotting popplation conductivity profiles on the b\asis. of individual seed
readings which provides more meaningful information than simple categorization of the
seed as germinable or nongerminable in the partition operational mode.

Conductivity test results in AOSA vigor referee programs were significantiy correlated
with field emergence for field cbm and soybean and also was a vigor test which was repeat-
able among laboratories (Tao, 1_980a, 1980b). |

The conductivity test has been shown to correlate with vigor in seeds of barley .-
(Abdul-Baki and Anderson, 1970), rice (Agrawal, 1977), corn (éill and Delouche, 1973;
Tao, 1980a, 1980b), pea (Ma’.cthews and Bradnock, 1967; Carver and Matthews, 1975;
Scott and Close, 1976), bean (Phaseolus vulgaris L.) (Matthews and Bradnock, 1967),
soybean (Abdul-Baki and Anderson, 1973a; Yaklich et al., 1979; Tao; 1980a, 1980b).

Glutamic Acid Decarboxylase Activity (GADA)

Measurement of the activity of specific enzymes.was one of the earliest-biochemical
techniques used to assess deterioration and predict seed viability. As séeds germinate,
proteolytic enzymes increase and hydrolyze proteins to provide carbon and nitrogen
necessary for assimilatory growth processes. Glutamfc acid, an émino acid is present in
large quaptities in seed protein (for example, 31% in wheat (FAO, 1970)), is converted by .
the enzyme élutamic acid decarboxylase into y-aminobutyric acid and CO, . Glutamic écid
decarboxylase activity (GADA) has been shown to be highly active in vigorous seeds and
less active in seeds of lower vigor (McDonald, 1975). Cheng et al. (1958) observed signifi-
cant differences in the activity of glutamic acid decérboxylase in different varieties of

wheat seed.
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Linko and Milner (1959) studied the effect of wate’r on enzyme activation in wheat.
. , , :

They found seed moisture levels as low as 18% activated enzyme systeﬁs. The activity of
these systems increases rapidly with increasing moisture content. Glutamic acid decarboxyl-.
ase is located aﬁnost entirely in the embryo. In intact seed, other metabolic reactions over- -
come the decarboxylation of glutamate at moisture levels higher than 18% resulting in a
net production of glutamate.

Linko and Sogn (1960) observed that the GADA of 25 commercial Wheat samples
was highly correlated with percentage of germ-damaged seed (r = —.88*’9) and with germi-
nation percentage (r = .92*%), With 19 sambles of new crop wheats of little germ damage
and high germination percentage, the correlation between glutamic ;clcid decarboxylase
activity and viability was insignificant, largely dﬁe to differences in decarboxylase activity
of wheats from various locations and of different variety. They concluded that though
glutamic acid decarboxylase activity seemed to have ﬁttle value m examiniﬁg new crép
wheats of high viability, either alone or together with other tests it may givé a-good picture
of the storage ability of wheét. |

In 1961, Linko developed a simple and rapid manometric method for determining
glutamic acid decarboxylase activity as quality index of wheat. He measured the CO,
evolution due to the decarboxylation -of glutamic acid and found a highly significant cor-
relation between germinatioﬁ percentages and the observed pressure increases. He also
observed that the estimate of the storage conditions of wheat by GADA was equal to or
better than that by fat acidity determination.

Grabe (1964) evaluated glutamic acid decarboxylase acti\"ity (GADA) as an index of
seed deterioration and seedling vi/g/or of corn and oats. Of the various measurements com-
pared, GADA was the most se’r{sitive, followed in order by root length, cold test perfor-

mance, and germination. Early stages of seed dete;ioration did not affect the stand produc-

ing ability of the seed. Vigor tests based on germination performance thus appear better
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.suited‘ for predicting field emergence, while tests based on measurement of gnéyrr;e activity
appear more adapted for measuring other aspects of vigor.

Grabe (1965) used GADA, seedling growth rate, germination, and the cold te‘st-to
predict relative storability of corn seed lots. He concluded that longevity was associated
with prestorage conditions, GADA, and seedling growth rate. However, field emergence
was not related to GADA. ‘

Bautisa et al. (1964) used glutamic acid decarboxylase activity as a viabilit’y 'indéx
of artificially dried and stored rice. They concluded GADA was a more reliable index thah'
fat acidity method. Azizul Islam et al. (1973) reported GADA was the most sensitive
measure of the progress of deterioration in rice seed but was closely followed by germi-
nation responses after accel‘efatéd aging. They also nc,)ted tha;c “deteri‘oration was not
reflected in a decrease in germination percentage—the traditional indqx., of the physiologi-
cal quality of seed—until it had substantially advanced. |

Abdul-Baki and Andersoh (1973b) studied the relationship between decarboxylation
of glutamic acid and vigor in ;oybean seed. They reported that vigor of soybean lots is
highly correlated with the ability of the excised embry;onié axes to mcorporate‘g}utamic
acid into water-soluble protein and maintain a relatively high rate of respiratioh.L The
decreased O, uptake and CO, production by the low vigor lots, was pronéuncéd’ in 'the
axes and negligible in cotyledons. They suggested that a.search' for biochemical indices to
measure seed vigor should be focuséd on embryonic axes rather than on whole seeds.

Burris et al. (1969) observed little relationship between GADA and séedling vigo;' in
soybean and Jame§ (1968) found GADA high while germination decreased in bean seeds. ‘
Bautisa and Linko (1962) reported that GADA provided a quick and reliablé way to e;ti—
mate storage deterioration of corn. This method also detected damage caused ;co proteins

by operations such as drying at excessively high temperature.




MATERIALS AND METHODS

Laboratory Studies

Standard Germination Test

Fifty seeds were counted per lot for each replication. Seed were placedin (10 X 10 cm)
plastic germination boxes with moistened blue filter paper and kept at 15 C in the germi-
nator for seven days. Normal seedlings were counted according to rules for testing seed

(AOSA, 1978) and expressed as perceﬁtage germination.

Speed of Germination

Speed of germination index was calculated as described by Maguire (1962).

number of normal seedling 4 number of nmﬁmal seedlings

X = c..
days of first count days of final count

Cold Test

The cold test was conducted as sﬁgges‘ted in AOSA (1983). Fifty seeds were counted
for each replication and éermiﬁa_ted in soil in plastic boxes: The germination medium used-
for this test was the soil which was brought from the field ‘where the crop was plantéd..
Moisture percent and water hbldiﬁg capacity of the soil were determined. Enough water.
(temp 10 C) was added to the soil to reach 70% of the water holding capacity (WHC ~ .
54%). Seed boxes were covered and placed in a 10 C chamber. After seven days boxgs were
transferred to 25 C chamber. Eleven days after the start of cold test'; emerged seedlings

were counted and reported as percentages.
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Accelerated Aging Test

Seeds were exposed to 41 C and approximately 100% relative humidity for six days
based on a preliminary study. The aging chamber used wasa 28 X 24 X 13 ¢cm plaétic box,
with two shelves of plexiglass with numerous holes were used to facilitate water vapor
. movement to maintain uniform relative humidity in the'chambef. Distilied wéter was
placed in the bottom of the chamber at depth of 2.5 cm. The water level was 2 cm from
the lower shelf. Disposable plastic petri dishes were uséd as seed ‘(:dnfainers. A single 1ayei' |
of ~ 200 seeds were placed in each petri dish. The chamber was ciosed with heavy -dﬁct
tape ;co make it water and airtight and then transferred to an incubator at '41 C. After six
days (144 hrs), the aging chamber was removed from the incubator and the seeds were
germinated as described for the standard germinatién test. Mean percentage germination of
200 seeds waé considered as one replic;ation of accelerafed‘ aging. These procedures were

repeated at least four times for each accelerated aging study.

Respiration Rate

Oxygen uptake was measured by Gilson Differential Respirometer. Twenty seeds
were weighed, soaked in 50 ml distilled water for three hours and pla(.:ed with 2 ml water
in a reaction flask and 0.2 ml KOH 10% in centef 'well. The reaction ﬂasks were placed in a
25 C water bath and were shaken to 78 oscillations 'min'l . The syétem was equilibrated for
30 min. Readings were taken thrée times at an interval of 30 min. RespAiration. rate wés
reported as microlites of oxygen absorbed per gram per miﬁute (uLO, g™ min™?) as well
as microliters of oxygeﬁ per seéd per minute (uLO, seed™ min™ ) at standard temperature

~

and pressure.

Electrical Conductivity Test:

Two electrical conductivity tests were used; one using the procedure suggested by

AOSA (1976) and the second using the ASA-6_ 10.
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Method 1. Four replicate's of 50 seeds each wére weighed. The replicates were placed
in 500_ ml flasks and 250 ml of deionized water were added to ea‘ch. The flasks wer;e placed'
-in an incubator at a constant temperature of 20 C for 24 hours, after which time the
contents of the flask were gently stirred. The electrical conductivity was measured with a
Wescon conductivity meter and reported as umhos per cm per gram of seed weight (umhos

cm™ gt).

Method 2. Conductivity Index—An index was developéd_frofn the readings'obtained
from the Automatic Seed Analyzer (ASA 610) developed by AgroSciences, Inc., Ann
Arbor, Michigan. Seeds were soaked for 22 hours at 25 C. The conductiﬁty index was cél- .
culated as follows:

number of seeds number of seeds

Electrica} ) < 60 u amp 60-64 . amp :
Conductivity = + t.o..F
Index 1 2 |

number of seeds  number of seeds
115-119 4 amp + > 120 y amp

13 : 14

Glutamic Acid Decarboxylase Activity (GADA)

Glutamic acid decarboxylase activity was determined as described by Linko (.1 961).
The Gilson Differential Respﬁometer was used to determine the enzyme activity..The sﬁb- |
strate solution used was 0.1 M glutamic acid in 0.067 M phosphate buffer at pH 5.8. This"
was prepared as follows: 9.08 g of dry moﬁobasiq potassium phosphate (KH‘2 PO, ) was
dissolved in one L of distilled water (Solution A); a second solution was prepared by dis- .. :
solving 9.47 g of dry dibasic sodium phosphate (Na, HPO, ) in one L of water tSolution B);
then 193.5 milliliters of solution A was mixed with 16.5 milliliters of solution B to give
200 milliliters of 0.067 M phosphate buffer solution with a pH of 58 Thé reaction mix- -

ture was prepared by dissolving 1.471 g of glutamic acid crystals in 100 ml of the buffer .
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solution. The buffer solution was stored in the refrigerator but the reaction mix_fcuré was
prepared fresh each day.

Approximately 25 g of seed were finely ground in a Udy cyclone mill equipped with a
1 mm screen. Approximately one g of ground. seed samples were weighed up to three .
decimals and placed in the reaction flask with 2.5 ml.of reaction mixture based on a
preliminary study. The contents were thoroughly mixed by stimng with a glass rod. Reac-
tion flasks were placed in a 30 C water bath and were-shakén at 78 ‘osciilations min™!.
System was equilibrated for 10 min. Carbon dioxide evolution was measured ev-ery 15 min
three times. The enzyme activity was measured as microliters of _CO, per gram per minuté

mLCO, g min™) at standard temperature and pressure.
Field Studies

The residual seeds from all seed lots of winter and spring wheat evaluated in the
laboratory were planted at the Arthur H. Post field résearch 1abdratory near Bozeman,
Montana. The soil at the field research laboratory is classified as Amsterdam vgria_nt c;f ‘sil,t.-
loam (fine-silty, mixed fanﬁly of Typic Haploborolls). All field experiments were laid out
in é randomized complete block design with four replications. Plot size v.vas 3.05m X
1.83 m (10’ X 6”) and each plot contained 6 rows, spacéd 0.305'm, giving a total plot size
of 5.57 m?.
| After planting and before emergence of seedlings, 0.5 m. length was marked off from
each of the two central rows of each plot. Emergence rate, stand estéblishment, plants rh"
of row and heads plant™ were recorded from this sampling unit. Other variables.includiﬁg
grain yield were determined .from t<he four central fows excluding twor'b'o‘rd‘e’r rows of gach :
plot.

| Emergence rate index was calculated similarly to thg speedqu germination index. The

emergence rate index was calculated as follows:
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number of seedlings number of seedlings
emerged emerged

+...+
days of first count days of final count

Stand establishment was detefmined by counting the total number of seedlings emerged in -
one m of row, once emergence was complete. Uéstretched seedling height of winter \;vheat |
seedlings was measured seven months after seediﬂg and was reported in cm. S

‘Plant height was measured as the distance from the soil surface to the top of the spike,
excluding awns. Heading date was determined as the number of days éftei‘ January 1 '
required until 50% of tillers had their épike emerged from fhe' boot. Plants m™* was deter-
mined as the total number of plants m™ of row at maturity, which was also coﬁsiderc_ed to
be the mature plant population. Heads plant™ was calculatéd by dividing the number of
heads m™! of row by the number of plants m'i of row. Seeds hgad‘n1 ‘was determined Iby
selecting 25 heads at random from the harvestéd area of each plot. These '25 heads were
threshed, seeds counted with an electronic counter and tdtal number of seedé divided by
25 to determine the number of seeds head™ .

One thousand seed weight was calculated by converting the seed number and weights
of the seed ffom fhe 25 heads to 1000 seed weight and reported in g. Grain yield was deter- , '
mined based on the harvested samples which were harvested Qith a .chain c'ombin,e,Aclea.'ned

and dried before sample weight was determined and reported as kg ha™.

Statistical Analysis

All variables of the laboratory studies and field studiés were subjected td ana}ysis ot; ,
variance. Means were separated using protected least sighificarit difference (LSD). Simpie-
correlations were computed from the mean values, using ‘MSUSTAT’ (Lund, 1979). A .
multiple stepwise regression procedure (forward selection and backward elimination) using'
BMDP (Dixon and Jennrich, 1981) analysis was used to seleét a battery of seed w.ligo.r tests

which, from those tests performed, would predict field performaﬂce. Scatter’ diagrams
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comparing field performance and each vigor test were plotted. The validity of the multiple
regression was further verified by plotting the residuals against predicted values and also b}i
preparing normal probability plots. Predicted vatues of .ﬁeld’ performance variables were
plotted against observed values to show the magnitude of multiple correlation. ‘Quadratic

terms were also used to explore the possibility of nonlinear relation.
Winter Wheat

First Year Studies (1980-81)

Ten seed lots from five cultivars, two lots of each, constituted the seed source for this
study. Most of these lots: were from the winter wheat breeding program which were stored l
in the Plant and Soil Science seed room for various lexigth of time. The storage conditione
were temperature ~ 10 C and ~ 50% relative humidity. The specific details of these lots

are given in Appendix Table 22.

Laboratory Studies. All seed lots were sized to obtain uniform seed size. Seeds

which passed through 7/64 X 3/4 screen and did not pass through 6/64 X 3/4 were used
for this study. Seed was sized to eliminate the effect of seed size on vigor tests. All seed
samples were subjected to the foilowing seed vigor tests: standard germination, speed of
germination, cold test, accelerated aging, respiration rate, and electrical conductivity (ASA

610).

Field Studies. Once seed vigor status was evaluated, field studies were planted-oxi
24 September, 1980 as explained earlier at seeding rate of 67.2 kg ha™! pure live seed. The
field performance was evaluated as: emergence rate index, stand establishment, seedling
height, plant height, heading date; number of plants m™! row, number of heads plant™?, ‘

number of seeds head™, 1000 seed weight, and grain yield..
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Second Year Studies (1981-82)

Twelve different seed lots of the cultivar ‘Redwin’ were obtained from the state seed
testing laboratory. These seed lots had a high percentage germination and were all of _the l

certified seed class or better. The specific details concerning these seed lots are given in -

Appendix Table 23.

Laboratorﬂl Studies. All seed lots were subjected to the following vigor tests: stand-

ard germination, accelerated aging, and glutamic acid decarboxylase activity (GADA).

Field Studies. Field studies were planted on 20‘September, 1981 at seeding rate‘67.2,
kg ha™ pure live seed. Field performance of seed lots was evaluated as: emergence rate _
index, stand establishment, plant height, number of plants m™ , number of heads plant™.,

number of seeds head™ , 1000 seed weight, and grain yield.
Spring Wheat

First Year Studies (1981)

Five lots each of hard red spring wheat cultivars ‘Lew and ‘Newana’ were obtained
from the state seed testing laboratory. These seed lots had a high percentage germmatlon
and were all certified classes or better. These seed lots were divided into sized and unsized

seeds. Seeds which passed through 7/64 X 3/4 screen and did not pass through 6/64 X

" 3/4 screen were designated sized seed, whereas orlgmal seeds were cons1dered as unsized

seeds which included large, medium and small seeds. The spe01f1c details of seed sources

are given in Appendix Table 24.

Laboratory Studies. All seed lots were subjected to the following vigor tests: stand-

ard germination, speed of germination, accelerated aging, cold test, respiration rate, and

electrical conductivity (ASA 610).
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Field Studies. Field studies were planted on 24 April, 1981 at seeding rate 67.2 kg
ha™ pure live seed. Field performance of the seed lots was evaluated as: emergence rate
index, stand establishment, plant height, heading data, number of plénts m™, number of

heads plant™ , number of seeds head™ , 1000 seed weight, and grain yield.

Second Year Studies (1982)

Experiment I. Twelve different lots of cultivar Newana were the seed source for
this study. These lots included certified seed, common seed and lots from spring wheat -

breeding program. The specific details of these lots are given in Appendix Table 25.

Laboratory Studies. Field studies were planted on 7 'May, 1982 -at seeding rate of

b i
56 kg ha™. All seed lots were subjected to the following seed vigor tests: standard germi-
nation, speed of germination, accelerated aging, ,r‘espiratio,n rate, and glutamic acid decar-

boxylase activity (GADA).

Field Studies. Field performance of the seed lots was evaluated as: emergence rate
index, stand establishment, plant height, heading date, number of plants m™, heads

plant™ , seeds head* , 1000 seed weight, and grain yield.

Experiment 2. Twelve different lots of cultivars Lew and Newana were created by
artificial aging. Temperature = 50 C and R.H = 100% for certain period of time. The

specific details of seed sources are given in Appendix Table 26.

Laboratory Studies. All seed lots were subjected to the following seed vigor testé:
standard germination, speed of germination, cold test, accelerated aging, respiration rate,

electrical conductivity, and glutamic acid decarbokylase activity (GADA).
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Field Studies. Field performance of seed lots was evaluated as: emergence rate index,
stand establishment, plant height, heading date, number of plants m™!, heads plant™,

seeds head™ , 1000 seed weight, and grain yield.
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RESULTS AND DISCUSSION

Winter Wheat (First Year Studies, 1?80-1 981)

When comparing field emergence rate index and various vigor tests, accelerated aging
was first selected by stepwise multiple linear régression. The 0.52 correlation value is not
significant at 0.0’5 level. However, when respiration rate is added, the magnitude of the
multiple correlation is increased to 0.83.* These two tests together explained 69% of the
variability among seed loté‘ for emergence rate index. Other tests evaluated inclucieci _
standard ;germination, speed of germination, cold test, and electriéal conductivity. The
accelerated aging values and respiration rate along with observed and predicfed values of
emergence rate index are shown in Table 1. Predicted values of emergence rate indéx using
accelerated aging and respiration rate have been plottéd agaiﬁst observed values (Fig. 1).'
This figure shows the relationship between the seed vigor tests (accelerated aging and
respiration rate together) with the emergence rate index. Multiple correlation COeffiCient (R
='0.83%) is equivalent to the simple correlation between the observed and p;edicted value
of emergence rate index using these two vigor tests. The slope of this line is also equivaient
to the simple correlation and multiple correlation discussed above. Theréforé, as the
relationship between vigor tests and field performance variable increases, the slope of this
line also increases to unity and v{ce versa. |

When stand establishment was cémpared with various vigor tests, accelefated ag:ingv
entered first into the regression equation. The 0.48 correlation value is not sign'ificant.' How-
ever, when electrical conductivity values are addéd the Iﬁagnitude of multiple correlation -

to 0.81* which is significant. Adding respiration rate to the above two tests increases. the

*P < 0.05; **P < 0.01.
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Table 1. Means of Vigor Tests, Observed and Predicted Values of Emergence Rate Index
for Various Seed Lots of Winter Wheat (First Year Studies, 1980-81).

Vigor Tests , Emergence Rate (index)
Acc Aging Resp (uLO, o
Lot No. (%) .. seed™ min™) ~ Observed Predicted .
1 58 ab 0.0261f - 8.90 , 10.47
2 " 62ab _ 0.0240 def 12.50 10.14
3 66D 0.0207 be 9.30 ©9.01
4 67b 0.0180 a 8.60 7.82
5 58 ab 0.0250 ef 10.00 9.88
6 48 a 0.0248 ef 8.00 7.98
7 68 bc 0.0185 ab 7.10 8.34
8 85¢ 0.0223 cd 13.10 - 13.24
9 68 be 0.0225 cde ) 10.30 10.36
10 62 ab 0.0209 be . 7.90 : 8.48
Mean 64 0.0223 9.57 9.57

LSD (0.05) 17 0.0026 NS.

correlation to 0.90%. Combining of data from these three laboratory tests explained 80%
qf the variability among seed lots for stand establishment. cher tests evaluated inciuded
standard germination, speed of germination, and cold test. None of these fests were iﬁl'por-' .
tant in predicting stand establishment. Accelerated aging values, electrical conductivity
index, and respiration rate values along with the observed and predicted values of stand -
establishment are shown in Table 2. Predicted values of stand establishment using acceler-
ated aging, electrical conductivity index, and respiration rate have been plotted against the
observed values of stand establishment (Fig. 2). This figure showé that the relationship
between these vigor tests and stand establishment is strong (R = (0.90%). The slope of this
line (which is the R value) also indicates that this  prediction is accurate b& these fests. .
For determining the relationship of grain yield with vigor tests, acceler_aL"ced aging was
selected by the stepwise regression. The 0.73* correlation is significant (P < 0.05). Acceler-
ated aging test accounted for 53% of the variability among seed lots for yield. Other tests
evaluated included standard germination, speed of germination; cold test, respiration rate,

and electrical éonductivity. Accelerated aging values along with observed and'predicted
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Figure 1. Emergence rate index: Relationship between observed and predicted values for
various seed lots of winter wheat, using accelerated aging and respiration rate
(First Year Studies, 1980-81).
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Table 2. Means of Vigor Tests, Observed and Predicted Values of Stand Establishment for
Various Seed Lots of Winter Wheat (First Year Studies, 1980-81).

Stand Estab
, Vigor Tests (seedlingm™)
Acc Aging Resp (uLO, .
Lot No. (%) Cond Index seed™ min™) Observed Predicted .
1 58 ab 33.10e 0.0261 f 37 - 41
2 62 ab 30.20 de 0.0240 def 45 - 40
3 66D 16.60 ab 0.0207 be 33 - 31
4 67b 22.80 abcde 0.0180a 34 33
5 58 ab 21.30 abced 0.0250 ef 34 32
6 48 a 27.50 bede 0.0248 ef 28 29
7 68 bc 17.60 abc 0.0185 ab 29 31
8 85¢ 12.30a 0.0223 cd 43 43
9 68 be 22.00-abcde 0.0225 cde ’ 38 38
10 62 ab 28.50 cde 0.0209 be - 35 . 36
Mean 64 23.19 0.0223 36 . .36
LSD (0.05) 17 11.64 0.0026 NS o

values of grain yield are shown in Table 3. Predicted values of grain yield using accelerated

aging have been plotted against the observed values of grain yield (Fig. 3).

Table 3. Means of Vigor Tests, Observed and Predicted Values of Grain Yield for Various
Seed Lots of Winter Wheat (First Year Studies, 1980-81).

Vigor Tests Grain Yield (kg ha™)
Lot No. - Acc Aging (%) Observed : Predicted
1 58 ab 5316 be 4706
2 62 ab 5482 ¢ 5032
3 66 b 5431 ¢ - © 5276
4 67b 5206 be 5350
5 58 ab 3568 a 4706
6 48 a 3794 a - 3966
7 68 be 6673 d - 5461
8 85¢ 6199 d 6675
9 68 be 5223 bc . : 5446 .
10 3 62 gb 473710 : 5010
Mean’ 64 5163 5163
LSD (0.05) 17 613 '
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Observed
Stand Estab-CSeedling ml)

Figure 2. Stand establishment: Relationship between observed and predicted values for
various seed lots of winter wheat, using accelerated aging, electrical conductivity,
and respiration rate (First Year Studies, 1980-81).
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Figure 3. Emergence rate index: Relationship between observed and predicted values for
various seed lots of Redwin winter wheat, using accelerated aging (Second Year
Studies, 1981-82).
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Mean squares and mean comparisons for all vigor tests are given in Tables 27 and 28,
respectively. Accelerated aging results are reported in peréentage of seedé which germinate
after being exposed to a stress coﬁdition. Mean values r?nged from 48 to 85 with an aver-
age of 64%, and there were significant differences among seed lots (Table 1). The philoso-
bhy of this test is that germination of a seed lot after accelerated aé,ing is related to vigor
and the capacity of the seed lot to perform well under stress in the ﬁeld. Respiration rate
ranged from 0.0180 to 0.0261 with an average of.0.0223 pLO, seed™® min™! (Table 2).
Respiration rates for seed lots evaluated were significantly different. Vigorous.seeds which
germinate and grow rapidly require more energy which is supplied by increa_tsed respiratory
activity. Therefore, the higher the réspiratory rate, the better the seed quality. Mean values
of electrical conductivity index ranged from 12.30 to 33.10 with an average of 23.19
(Table 2). Seed lots evaluated were significantly different for electrical conductivity index.'
The electrical conductivity indgx is high, when the seed lot has a low electrical conductiv-
ity due to low cell permeability. Therefore, the higher the index value, the bettgr the,seeci _
quality. |

Mean squares and mean comparisons for all field performance variables are given in
Tables 29 and 30, respectively. Emergence rate index values ranged from 7.10 to 13.10
with an average of 9.57 (Table 1). Stand establishment values ranged from 28 to 45 with
an average of 36 seedling m™ (Table 2). Seed lots did not differ in their emergence rate
index (P = 0.09) or stand establishment (P = 0.12). Their coefﬁcients of variation (29.5,
23% respectively) were also high which might explain the nonsignificance. Seeding rate was
67.2 kg ha™' which is the recommended rate for farmers in Montana under irrigated
conditions. Moreover, these seeding rates were adjusted so that each seed lot had an equal
number (63 seeds m™ ) of pure live seeds. These seed lots were screened to bring to uni-
form seed size, which eliminated a major component of seed vigc_)r. All these factors

contributed to nonsignificant differences among seed lots for both emergence rate index’
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and stand establishment. One might expect significant differences among seed lots if
planted under suboptimum conditions, e.g., dryland situatiens with low seeding rates.
Grain yield ranged from 3568 to 6673 with an average of 5163 kg ha™ (Table 3). S‘ee;i
lots differed significantly for grain yield (P < 0.01).

Simple correlations among all the vigor tests and field performance variables are given
in Table 49. Accelerated aging was not significantly correlated with emergence rate index
or stand establishment (r = 0.52, 0.48 respectively). Accelerated aging had a significant
positive correlation (r = 0.79%*, 0.73*) with plants m™! row and grain yi'eld'and negative
correlation with conductivity index (r = -0.72%). Respiration rate uLO, g™ miﬁ" Was
positively correlated with respiration rate uLO, seed™ mlin'1 (r = 0.98%*) and both were
significantly correlated with seedling height (r = 0.71%, 0.69* resﬁectively).

Emergence rate index and stand establishment were significantly correlated. (r =
0.87*%), Accelerated aging test was related with most of the parameters of field perfor—
mance evaluated., but the relationship was not significant for emergence rate index and
stand establishment. However, with the addition of other vigor test, this relationship
(multiple correlation) was significant. These results agree with the concept of evaluating
seed quality suggested by Don et al. (1981). They suggested a combination of several tests
were needed to fully evaluate winter wheat seed ciuality. Accelerated aging has shown
promise in predicting stand establishment of other crops like peanuts (Baskin, 1971),
cotton (Bishnoi and Delouche, 1980), pea (Caldweﬁ, 1960), bean (Roos and Manalo;
1971), and soybean (Byrd and Delouche, 1971 ; Tekrony and Egli, 1977). ’

Respiration rate and electrical coﬁeuctivity were important in predicting ﬁeld:em_erg-
ence and stand establishment and should be used in conjunction with accelerated aging to
improve field performance (predictions. Respiration has been shown to be correlated with
seed vigor in wheat (Kittock and Law, 1968; Woodstock and Justice, 1967; DasGupta and

Austenson, 1973b) and in barley (McDaniel, 1969; Matthews and Collins, 1975;_Eilis and
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Hanson, 1974; Ching et al., 1977). However, some reports show that r;espiration, fate dKOes
not always correlate with vigor (Abdul-Baki, 1969; Anderson, 1970;~Lopez‘ and Grabe,
1973; Delaney, 1980). | |

Electrical conductivity tests have shown promise in measuring seed vigor 'in.wrinl.cl.e-
seeded garden peas, rice, corn, barley, garden bean and soybean seeds, efc., ho.;avever,
AOSA vigor referee program results were not signiﬁcgntly correlated with field emergence
for field corn and soybean (AOSA, 1983). ‘Hampton (1981) observed in wheat significant

(0.63*) and nonsignificant correlation with field emergence in two different studies. ‘

Winter Wheat (Second Year Studies, 1981-82)

Evaluation of Redwin Seed Lots

The objective of this study 'was to eval}latc the éensitivity of acéelerated aging on dif-
ferent seed lots of the cultivar ‘Redwin’ winter wheat. Based on our first &ear ‘st-uld'iles accél— ’
erated aging was the single most important vigor test to predict field performance.'lnr this
study field emergence rate index was not predicted by any of the vigor tests evaluated even
though stepwise regression selected accelerated aging as an hnpoﬁant vigor test. The
nonsignificant correlation value was 0.48. Twenty-three percent of the variability among
seed lots for emergence rate was explained by this test. Other tests evaluated included
standard germination, and glutamic acid decarboxylase activity. None of these tests con--
tributed to predicting field emergence rate index. Accelerated éging values along Wit.h
observed and predicted values of émergence rate index are shown in Table 4. Pre;iiqted
values of emergence rate using accelerated aging have been plotted against observed values
(Fig. 4). This plot indicates that this relationship is not dependable, as shown by ﬁonsigxlif-
icant correlaﬁon (R =0.48). ‘ o

Stand establishment was not predicted by any of the vigor tests evaluated. Glutamic

acid decarboxylasé activity and accelerated aging together explained 29% of the variability
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Table 4. Means of Vigor Tests, Observed and Predicted Values of Emergence Rate Index
for Various Seed Lots of Redwin Winter Wheat (Second Year Studies, 1981-82).

Vigor Tests Emergence Rate (Index)
Lot No. Acc Aging (%) Observed ’ Predicted
1 85e 53.56 45.98
2 75de - 45.27 43.87
3 69 cd N 32.64 _ 42.65
4 80 de 34.00 ’ 44.82
5 . 68¢cd 48.40 42.36
6 79 de 41.44 44.73
7 38a 38.04 : ' 3596
8 74 de 43.93 ) 43.64
9 46 ab 34.24 37.74
10 87e 49.56 - 46.38
i1 54 be - 40.37 : 39.51
12 66 cd 47.59 42.01
Mean 69 : ‘ 42.47 42.47
LSD (0.05) 16 NS . '

among seed lots. Standard gemination was also not important m predicting stand estab-
lishment. Glutamic acid decarboxylaée activity, accelerated aging .values, and the observed
and predicted values of stand establishment are shown in Table 5: The predicted values of
stand establishment using glutamic acid decarboxylase activity and accelerated aging have
been plotted against the observed values (Fig. 5). This figure indicates that.‘predicn:tion is
. not reliable by these two vigor tests as shown by ﬁonsignificant multiple correlation (R =
0.54).

Grain yield was not predicted by any of the tests evaluated. However, glutamic acid
decarboxylase activity was selected first by step-wise regression even though the correla-
tion (0.44) was not significant. Glutamic a_1cid -decarboxylase activity \Aralues- along with
observed and predicted values of grain yield are shown in Table 6. Predicted values of grain
yield using glutamic acid decarboxylase activity have been plotted against observed values
(Fig. 6). The slope and correlation (R = 0.44) of this plot indicates that this prediction is

not reliable.
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Figure 4. Emergence rate index: Relationship between observed and predicted values for
various seed lots of Redwin winter wheat, using accelerated aging (Second Year
Studies, 1981-82).
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Table 5. Means of Vigor Tests, Observed and Predicted Values of Stand Establishment for
Various Seed Lots of Redwin Winter Wheat (Second Year Studies, 1981-82).

Stand Estab
Vigor Tests : (seedling m™)
GADA Acc Aging
Lot No. (uLCO, g! min™) (%) Observed . Predicted
1 8.45 85e 78 , 68 '
2 8.56 75 de : 62 © 67
3 8.99 69 cd 59 ' 69
4 8.11 80 de 50 64
5 8.55 68 cd - 69 65
6 7.86 79 de 63 62
7 8.02 38a . 55 56
8 8.05 74 de 67 .62
9 8.02 46 ab 60 57
10 8.48 87e 70 68
11 8.55 ' 54 be 61 : 63
12 9.06 . 66 cd - 75 69
Mean 8.39 69 64 64
LSD (0.05) NS 16 . NS -

Table 6. Means of Vigor Tests, Observed and Predicted Values of Grain Yield for Various
" Seed Lots of Redwin Winter Wheat (Second Year Studies, 1981-82).

Viger Tests
GADA Grain Yield (kg ha™)
Lot No. (LCO, g min™) Observed Predicted

1 8.45 ' 5297 . 5462

2 8.56 5313 . 5437

3 8.99 5185 - 5338

4 8.11 5454 5541

5 8.55 5260 5439 -

6 7.86 5615 5599

7 8.02 5603 ‘ 5561

8 8.05 5537 "~ 5556

9 8.02 5540 _ 5561
10 8.48 5599 5457
11 8.55 5912 5440
12 9.06 5398 . - 5323

Mean 8.39 5476 - 5476
LSD (0.05) NS NS - :
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Figure 5. Stand establishment: Relationship between observed and predicted values for
various seed lots of Redwin winter wheat, using glutamic acid decarboxylase
activity and accelerated aging (Second Year Studies, 1981-82).
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Figure 6. Grain yield: Relationship between observed and predicted values for various seed
lots of Redwin winter wheat, using glutamic acid decarboxylase activity (Second
Year Studies, 1981-82).
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Mean squares and mean comparisons for all vigor tests and field performance vari-
ables are given in Tables 31 and 32 respectively.. Accelerated aging reduced'germination .
percentage to values that ranged from 38 to 87% with an average of 69% (Table 4). Accel-
erated aging values for seed lots evaluated were significantly different. Glutamic acid
decarboxylase activity has been shown tc; be highly active in vigorous seeds and less active
in seeds of lower vigor (McDonald, 1975). Mean values of glutamic acid decarboxylase .
activity ranged from 7.86 to 9.06 with an average of 8.39 uLCO, g min™* (Table 5). Glu-
tamic acid decarboxylase act1v1ty values for seed lots were not s1gn1flcant (Table 5). As .
indicated earlier, these seed lots were of good quality, Lmko and Sogn (1960) also con-
cluded that glutamic acid decarboxylase activity was of little value in examining wheat
seed from the last growing season. .

Emergence rate index varied from 32.64 to 53.56 with an average of 42.47 (Table 4) o
Emergence rates among seed lots were not differént (P =0.14). Stén‘d estéblishment vélues
ranged from 50 to 78 with an average of 64 seedling m‘i (Table 5). Stand establishment
values for seed lots were not significan_tly different P = O.QS). Grain yield varied from
5185 to 5912 with an average of 5476 kg ha™ (Table 6). Seed lots evaluated were also not
significantly different for grain yield (P = 0.63). '

Simple correlations among these three .vigor tests and field performance variables
have been given in Table 50. Accelerated aging was positively correlated with standard
germination (r = 0.68%) and negativgly correlated with heads plant™ and 1000 seed weight
(r ='—O.62*, -0.58* respectively). Glutarﬂié acid decarboxylase actiyity was negatively
correlated with heads plant™ (r = -0.62%). Emérgénce rate index was Sigrlificantly corre-
lated with stand establishment (r = 0.87*%).

In the second year study (1981-82) the correlation coefficients were not significaxit
probably because of less variation in seed source as recently grown seed of one cultivar,

Redwin, was used for this study. Therefore, there was no genotypic variation among seed
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lots. We did not observe significant differences for any variables of field pérfonﬁahcé
because: (1) all of these seed lots were produced uhder the certification program and were
of high quality and (2) field conditions were optimum. Seeding rate used was 67.2kgha™.
These seeding rates were based ‘'on pure live seeds. Plantings for each of the !see‘d lots had
equal number of viable seeds (69 live seeds m"'). Field emergence was 85% m 1981-82 as
compared to 53% in 1980-81. ' |

Standard ‘germmétion did not predict any of the field performance variables for either
year’s studies. The emergence rate index was significantly correlated with stand e'sta;t)lish-
ment for both years (r = 0.87%%*, 0.87%* respectively). The quadratic terms of all the vigor
tests were also used in stepwise regression to explore the possibilities of noﬂ-linear relation-
ship.' Since there was no substaﬁtial increase in R?, therefore, results are reported "for linear

multiple regression.

Spring Wheat (First Year Studies, 1981)

Evaluation of Lew Seed Lots

When field emergence rate index was compared with various vigor tests, only ‘resp.ira-l
tion rate was selected by stepwise regression (R = (.72%). 'Fifty-two' percent of vari‘abilify
among seed lots was explained by this vigo_r test. Other tests evaluated included standard
germination, speed of germination, cold test, accelerated aging, and electrical conductivity.
However, none of these tests contribﬁted toward predicting emergence rate index. Mea‘ns"
of respiration rate, and the obs;erved and predicted values. of emergence rate index are given'_
in Table 7. Predicted values of emergence rate index using respiration rate havé been i)lot-
ted against the observed values (Fig. 7). The figure shows the correlation betweén respifa—
tion rate and emergence rate index (0.72%) which is significant.

Stand establishment was not related significantly with aﬁy of the vigor tests evaluated.

These tests include standard germination, speed of germination, cold test,h raccelerate_'d gging'
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Table 7. Means of Vigor Tests, Observed and Predicted Values of Emergenéé Rate Index
for Various Seed Lots of Lew Spring Wheat (First Year Studies, 1981).

Vigor Test A Emergence Rate (Index)

Lot No. Resp (uLO, seed™ min™) Observed Predicted

1 0.0328 ¢ 25.82 2528

2 0.0297 ab 21.81 , 21.91

3 0.0307 be 20.38 23.02

4 0.0274 a 20.37 . 19.38

5 0.0277 a 21.04 19.72 -

6 0.0307 be 25.05 - 2293

7 0.0294 ab 19.80 21.61 _

8 0.0275 a : 19.35 _ 19.52 .

9 0.0285 ab © 18.03 . 20.60

10 0.0297 ab 24.22 s 21.91

Mean 0.0294 21.59 21.59
LSD (0.05) , 0.0027 NS

respiratioﬁ rate, and electrical condﬁcti\iity. Though c;old test was selected by the stepwise
regression, however, this correlation value (0.43) is ﬁot significant. Meané of cold test along
with observed and predicted values of stand establishment are- given in Table 8. Predicted '
values of stand establishment using cold test have been plotted against observed values ’
(Fig. 8).

Table 8. Means of Vigor Tests, Observed and Predicted Values of-Stand Establishment for
Various Seed Lots of Lew Spring Wheat (First Year Studies, 1981).

Vigor Test Stand Estab (seedling m™ )
Lot No. Cold test (%) Observed ‘ Predicted -
1 85 76 K
2 85 73 | 75
3 90 ’ 72 . 73
4 91 79 T2
5 96 . 68 69
6 92 75 : ) 712
7 91 . 69 : T2
8 91 69 : 72
9 90 69 72
10 ) 88 75 : 74

Mean 90 _ 73 e 73

LSD (0.05) NS - NS
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Figure 7. Emergence rate index: Relationship between observed and predicted values for

various seed lots of Lew spring wheat, using respiration rate (First Year Studies,
1981).
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Figure 8. Stand establishment: Relationship between observed and predicted values for
various seed lots of Lew spring wheat, using cold test (First Year Studies, 1981).
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When grain yield was compared with several vigor tests, respiration rate was sélécted
by stepwise regression and the correlation coefficient of 0.66* was significant. Other tésts
evaluated included standard germination, speed of germination, cold te;t, accelerated.aging,
and electrical conductivity. However, none of these tes;ts' were important m predicting
grain yield. Means of respiration rate along with observed and predicted v'a’ues of gfain
yield are given in Table 9. Predicted values of grain yield using rqspiration rate have been

plotted against the observed values (Fig. 9).

Table 9. Means of Vigor Tests, Observed and Predicted Values of Grain Yield for Various
Seed Lots of Lew Spring Wheat (First Year Studies, 1981). '

Vigor Test Grain Yield (kg ha!)

Lot No. Resp (WLO, seed™® min™) Observed Predicted

1 0.0328 ¢ , 4844 4858

2 0.0297 ab 4812 4734

3 0.0307 be 4827 4775

4 0.0274a , 4526 ' 4640

5 0.0277 a 4735 4653 -

6 0.0307 be 4766 4771

7 0.0294 ab 4652 4722 .

8 0.0275a 4649 . 4645

9 0.0285 ab 4782 4685

10 0.0297 ab : 4624 4734

Mean 0.0294 . 4722 : 4722
LSD (0.05) 0.0027 ' NS .

Respiration rate ranged from 0.0274 to 6.0328 With an avérage of 0.0294 n10,
. seed™* min™' (Table 7). There were sigﬁficant differences among seed lots for respiratioﬁ ‘
rate. Cold test values varied from 85 to 96% with an average of 9.0% (Table 8).‘ Seed lots

were not different for cold test _evaluation. Emergénce rate index varied from 18.03 to .
’25.82 with an average of 21.59 (Table f). Stand establishment varied from 68 to 79 with
an average of 73 seedlings m“ of row (Table 8). Grain yield ranged from 4526 to 4844
with an overall mean of 4722 kg ha™! (Table 9). There were no significant differences at -

0.05 level among these 10 seed lots for emergence rate index (P = 0.31), stand establish—
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Figure 9. Grain yield: Relationship between observed and predicted values for various seed

lots of Lew spring wheat, using respiration rate (First Year Studies, 1981).
ment (P = 0.68), and grain yield (P = 0.34). These seed lots were planted in field at seeding
rate equivalent to 67.2 kg hal but seed rates were adjusted to pure live seed such that
each lot had equal number of viable seeds per unit area (60 live seeds m'1). Since all these
seed lots were of one cultivar (Lew) there was no genotypic variation.

Simple correlations among various vigor tests and field performance variables are
given in Table 51. Standard germination was correlated with cold test (r = 0.71 *) and had
negative correlation with respiration rate OiLO2 g'1 min"'1l) (r = -0.85**). Cold test was
negatively correlated with both respiration rate OiLO2 g1 min"'1 and ~LO2 seed"'1 min''1)

(r=-0.67*, -0.64%*, respectively). Accelerated aging did not correlate with any of the field
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performance variables. Respiration rate (uLO, seec'l"1 min~') was coﬁelated with electﬁcd
conductivity, emergence rate index, and grain yield (r = 0.65%, 0.72%, 0.66* respectively). .
There was no correlation between fespiration rate (uLO, g"1 min™) and respiration rate
(uLO, seed™* min™'). Stand establishment was correlated with plants m.’l at maturity (r= .
0.75%). |

Another objective of this study was to determine the effect of seed sizing on vigor
testing. Five lots of cultivar Lew were divided into sized and unsized seeds. These lc;ts
were evaluated using standard germination, speed of germination, cold test, accelerated
aging, respiration fate, and electrical conductivity. Sizing of seed did not change the \,;igor
tests evaluation of seed lots. The lot X size interactions in éenéral for vigor tests and field

performance variables were also not significant (Tables 33 and 35, respectively).

Evaluation of Newana Seed Lots

When emergence rate index was compared wjth various vigor tests, cold test was first
selected by stepwise regre.ssion;‘ However, the correlation was not significant (R = 0.56).
When accelerated aging was added, the correlation in_creased to a significant coefficient of
0.90%*, Other tests evaluated included standard germination, speed of germination, fes’pira—
tion rate, and electrical conductivity. Mean values of cold test, accelerated aging -alorh)g’wi'tzh
observed and predicted values of emergence rate index are given in Table 110. Predicted -
values of emergence rate index using cold test and accelerated.aging have been plotted
against the observed values of emergence rate index (Fig. 10). I;c is apparent from fhis
figure that the relationship bgtween vigor tests (cold tests and accelerated aging 't_ogether) -
with emergence ra;te index is very strong. |

When stand establishment was compared with vérious vigor tests, cold test was sele.ctled
first and had a correlation coefficient of 0.85**. When respiration rate was added by thé

stepwise regression the correlation increased to 0.89**. Both of these tests together
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Table 10. Means of Vigor Tests, Observed and Predicted Valués of Emergence Rate Index
for Various Seed Lots of Newana Spring Wheat (First Year Studies, 1981).

Vigor Tests Emergence Rate (Index)
Lot No. Cold Test (%) Acc Aging (%) Observed Predicted
1 95 ' 94 ¢ 19.87 19.35
2 95 92 be 16.20 18.32
3 98 81 ab . 24.53 22.74
4 95 . 91 be 19.92 17.82
5 97 80 ab 16.89 18.33
6 96 76 a 15.11 15.28
7 96 : 90 be 19.75 ' 20.21
8 97 90 be 22.09 23.18
9 95 92 be 19.98 19.72
10 94 90 be 15.50 14.89
Mean 95 88 18.98 18.98
LSD (0.05) NS 12 ‘ NS

explained 79% of the variability among seed lots. Other tests evaluated included standard

germination, speed of germinatilon, accel'erated aging, and electrical conductivity. However, .
none of these tests contributed in predicting stand establishment. Means of cold test and '
accelerated aging along with observed and predicted values of stand establishment are given
in Table 11. Predicted values of stand establishment using cold test and respiration rate

have been plotted against the observed values of stand establishment (Fig. 11). This figure

i

Table 11. Means of Vigor Tests, Observed and Predicted Values of Stand Establishment
for Various Seed Lots of Newana Spring Wheat (First Year Studies, 1981).

Stand Estab
: Vigor Tests (seedlingm™)
Lot No.- Cold Test (%) Resp (uLO, seed™ min™) Observed Predicted
1 95 0.0242 abc ' 69 71
2 95 0.0231 ab 69 70
3 98 0.0228 a 81 81
4 95 0.0229 a 72 C 70
5 97 0.0226 a 75 76
6 96 0.0251 be 75 77
7 96 0.0226 a 70 73
8 97 0.0229 a ‘ 80 76
9 95 0.0256 ¢ , 77 75
10 94 0.0231 ab . 68 67
Mean 95 0.0235 74 74

LSD (0.05) NS 0.0020 NS
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Figure 10. Emergence rate index: Relationship between observed and predicted values for
various seed lots of Newana spring wheat, using cold test and accelerated aging
(First Year Studies, 1981).
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Figure 11. Stand establishment: Relationship between observed and predicted values for
various seed lots of Newana spring wheat, using cold test and respiration rate
(First Year Studies, 1981).
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shows that the relationship between vigor tests (cold test and respiration rate together)
with stand establishment is very strong.
When grain yield waé compared with various vigor tests by stepwise regression, fespi-

ration rate was selected first and the correlation coefficient was 0.79**. When standard

germination was added the magnitude of this correlation increased to 0.84%! These tests -

together explained 71% of the variability among seed lots. Other tests evaluated included
speed of germination, cold test, accelerated aging, and electrical conductivity. None of -
these tests contributed in predicting grain yield. Means of resﬁiration rate and standard
germination along with \observed and predicted values of grain yield are given in Table 12.
Predicted values of grain yield using respiration rate and standar.d germination have been
plotted agains’; the observed values of gfain yield (Fig. 12). This figure shows that fhérg is
strong relationship (R = 0.84*) between vigor tests and grain yield.

Table 12. Means of Vigor Tests, Observed and Predicted Values of Grain Yield for Various :
Seed Lots of Newana Spring Wheat (First Year Studies, 1981).

Vigor Tests Grain Yield (kg ha™)
Lot No. Resp (uL.O, seed™ min™) Std Germ (%) -  Observed Predicted
1 0.0242 abce 91b 5791 . 5666 -
2 0.0231 ab 92Db : 5616 5542
3 0.0228 a 94 b 5511 5523
4 0.0229 a 90b : 5538 5491
5 0.0226 a 95b - © 5469 5509
6 0.0251 be 83a . 5760 5684
7 0.0226 a 91b 5431 5469
8 0.0229 a. 91b - 5494 5506
9 0.0256 ¢ 91b : 5711 5840
10 0.0231 ab 83a 5345 5435
Mean 0.0235 90 5567 - 5567

LSD (0.05) 0.0020 6 NS

Mean values of cold test ranged from 94 to 98 with an average of 95%. There were no
significant differences among seed lots for cold test evaluation (Table 10). Probably there .

was not enough stress for these seed lots. Accelerated aging values ranged from 76 to 94
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Figure 12. Grain yield: Relationship between observed and predicted value for various
seed lots of Newana spring wheat, using respiration rate and standard germina-
tion (First Year Studies, 1981).

with an average of 88% (Table 10). Seed lots were different for accelerated aging values.

Respiration rate varied from 0.0226 to 0.0256 with an average of 0.0235 ~LO2 seed”l

min'l (Table 11). There were significant differences among seed lots for respiration rate.

Emergence rate index varied from 15.11 to 24.53 with an average of 18.98 (Table 10).

Seed lots were not different for emergence rate index (P = 0.07). Stand establishment
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varied from 69 to 81 with an average of 74 seedling m™ of row (Table 11). Seed lots were
not differentlfor stanci establishment (P = 0.10). Gré.in yieid varied from 5345 to 5791
with an average of 5567 kg ha™! (Table 12). Seed lots did not differ for grain yield (P =
0.70). These seed lots were planted in field at a seeding rate of 6'7.2 kg ha™ . Equal nurﬁbers
of seeds (60 live seeds m™ ) were planted for each lot based on pure live seeds. Genotypic
effects were also removed for field performance variables by using one cultivar. |

Simple correlation among‘various vigor tests and field performance variables are given
in Table 52. Cold test had negative correlation with acceierated aging and respiration rate |
pLO, gt min™? (r = -0.67%, -0.72* respectively). .Theré was no correlation betweeﬁ
respiration rate uLO, g™! min™ and respiration rate uLO, seed™ min™ . Standard germi- -
nation did not correlate with any'variables of field performance. Respiratioh rate u1.O,
seed™? min™! had positive correlation with grain yield (r = 0.79%*%),

Another objective of this study was to determine the effect of seed sizing on vigor
testing. Five lots of Newana cultivar were divided into sized and unsized seeds. These‘lots
were evaluated using standard gérmination, speed of genhination, cold test; accelerated
aging, respiration rate, and electrical conductivity. Sizing of seed did not change the vigor .
test evaluation of seed lots. The lots X size interaction were not significant for most of
vigor tests except standargl germination and respiration rate uLO, seed! min™ (Tables

37 and 39). -

Spring Wheat (Second Year Studies, 1982)

Evaluation of Newana Seed Lots (Experiinent D

When emergence rate index was compared with various vigor tests, standard germina-
tion was selected first. The coﬁelation value of 0.73** was significant. When accelerated
aging was added, the magnitude of the correlation increased to 0.81%*. These two tests

accounted for 66% of the variability among seed lots. Other tests evaluated .included speed
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of germination, respiration rate, and glutamic acid d-ecarboxylase-activity. None of these
tests contributed significantly in predicting emergencé rate index. Means of standarﬁ
germination and accelerated aging along with observed and pfedicfed values Qf emergence
rate index are given in Table 13. Predicted values of emergenceyrate index using standafd
' germination and accelerated aging have been plotted against the observed values of emerg- .
ence rate index (Fig. 13). This figure shows that the relationship between vigor» tests
(standard germination and accelerated aging together) with emergence rate index is strong

(R =0.81%%),

Table 13. Means of Vigor Tests, Observed and Predicted Values of Emergence Rate Index

for Various Seed Lots of Newana Spring Wheat (Second Year Studies, 1982). . -

Vigor Tests - Emergence Rate (index)
Lot No. Std Germ (%) Acc Aging (%) Observed Predicted -
1 91 be "~ 56 cde ‘ 31.73 bed - 30.27
2 88b 39ab - 34.88d : . 31.28
3 98 d 43 abce 3341 cd . - 3396
4 57 a 41 ab 22.32 ab 21.02
5 870b 64 ef 32.86cd 28.04
6 96 cd 58 def 25.03 abc . 31.65
7 97d 95h 27.60 bed 2744 .
8 93 bed - 67 efg 29.49 bed 29.48
9 90 b 72 fg 24.00 abce 27.88
10 49 a 3la : 17.48 a 19.78
11 96 cd 9¢g 31.23 bed 29.13
12 97 cd 47bed 33.08cd . 33.17
Mean 86 57 28.59 ° - 28.59
LSD (0.05) 6 14 9.77 ‘ 2

When stand establishment was compared with several vigor tests, speed of germinatidn
index was selected first (R = 0.79*%). This test accoﬁnted for 62% of the variability among
seed lots. Other tests evaluated included standard germination, accelerated aging, respira- |
tion rafe, and glutamic acid decarboxylase activity. However, none of thc_ese ‘.cests' wére_
important in predicting stand establishment. Means of vigor tests along with observed and - "

predicted values of stand establishment are given in Table 14. Predicted values of stand
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Figure 13. Emergence rate index: Relationship between observed and predicted values for
various seed lots of Newana spring wheat, using standard germination and
accelerated aging (Second Year Studies, 1982).

establishment using germination index have been plotted against the observed values of

stand establishment (Fig. 14). This figure shows that the relationship between speed of

germination index and stand establishment is strong (R = 0.79**).

When grain yield was compared with several vigor tests, standard germination test was

selected by stepwise regression (R = 0.63*). Glutamic acid decarboxylase activity was
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Table 14. Means of Vigor Tesfs, Observed and Predicted Values of Stand Establishment
for Various Seed Lots of Newana Spring Wheat (Second Year Studies, 1982).

Vigor Test Stand Estab (seedling m™)
Lot No. Germ Index Observed Predicted
1 30.05 be 48 bede 47
2 27.45 be 47 bed 45
3 42.50d 55de : 57
4 1847 a 3la 38
5 28.27 be 55 de ’ 46
6 29.55 be 39ab 47
) 3227¢c 43 be , .. 49 .
8 43,174 59¢ . 58
9 24.75b . 53 cde 43
10 17.25a 38ab : 37
11 40.02d 57 de A - 55.
12 40.25d 56 de - 55
Mean 31.17 48 48
LSD (0.05) 18.22 11

selected next and éorrelation value increased to 0.76%*, when respiration rate was added to
the above tests, magnitude of correlation increésed to 0.86**, These three tests expiained
74% of the variability among seed lots for grain yield. Mean values of vigor tests along with
observed and predicted values of grain yield are given in Table 15. Predicted values of grain
yield using standard germination, glutamic acid decarboxylaée activity, and respiration rate
have been plotted against obsgrved values of grain yield (Fig. 15). This _ﬁgure shows that
the relationship between vigor tes.ts (standard germinatioﬁ, glutamic acid de;carb'oxylgse-
activity, and respiration rate together) with grain yi‘eld' is significant. |
Mean squares and mean comparisons of all the vigor tests are given in Tablc;,s 41 and
42 respectively. Mean values of standard germination ranged from 49 to‘98% with. an
average of 86% (Table 13). Speed of germination index values varied from 17.25 t0 43.17"
with an average of 31.17 (Table 14). Mean values of accelerated aging ranged from.31 to
95 with an average of 57% (Table 13). Glutamic acid decarboxylase activity ranged frorﬁ
3.07 to 5.23 with an overall mean of 4.57 uLCO, g min™! (Table 15). Respiration rate

varied from 0.0162 to 0.0231 with an average of 0.0206 uLO, seed™ min™' (Table 15).
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Figure 14. Stand establishment: Relationship between observed and predicted values for
various seed lots of Newana spring wheat, using germination index (Second
Year Studies, 1982).
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Table 15. Means of Vigor Tests, Observed and Predicted Values of Grain Yield for Varlous
Seed Lots of Newana Spring Wheat (Second Year Studies, 1982).

Vigor Tests - : ,
GADA Resp Grain Yield (kg ha)
Lot No. Std Germ (%) LCO, g min™) (uLO, seed™ min™') Observed Predicted
1 91 be 4610 . 0.0204 be 6256 6152
2 88b 5.224d 0.0212 cde 5846 5983
"3 98 d 5.23d 0.0206 bed 6041 6042
4 57 a 3.78 a 0.0191b 5977 5945
5 87b 492 ¢ 0.0231e 6255 6194
6 96 cd 4.81 be 0.0224 de ‘ 6358 6279
7 97d 495 ¢ 0.0216 cde 6077 6192
8 93 bed 4.60b 0.0215 cde - 6208 6243
9 900 495 ¢ ©© 0.0198bc 6128 . 5989
10 49 a 307a 0.0162a . 5838 . 5882
11 96 cd 4610 0.0216 cde 6199 6281
12 97 cd 412a 0.0198 be - 6310 6312
Mean 86 4.57 _ 0.0206 6124 6124 .
LSD (0.05) 6 0.04 0.0019 " NS .

Seed lots were significantly different for all the vigor tests conducted (Table 42). These
lots included certified seed, and common seed. Common seed lots were selected purposely
because all farmers do not plant certified seed. The objective was to evaluate the vigor te:,st‘s ‘
over a wide range of seed quality. Mean squares and mean comparisons for all the field
performance variables are given in Tables 43 and 44, respectively. There were significant
differences among seed lots for emergence rate index and stand establishment. From first -
year studies, we did not observe significant differences for emergence rate index and stand
establishment. Therefore, seeding rate was reduced from 67.2 to 56.0 kg ha™? (50 live
seeds m™! ). Moreover, these seeding rates were not adjusted for pure live seeds. Emergence
rate index ranged from 17.48 to 34.88 with an average of 28.59 (Table 13), whereas rsta‘nd
establishment varied from 31 to 59 with an average of 48 seedling m™ (Table 14). Grain
yield ranged from 5838 to 6358 'with an average of 6124 kg ha™ (Table 15), but yield

differences among seed lots were not significant (P = 0.34).
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Figure 15. Grain yield: Relationship between observed and predicted values for various
seed lots of Newana spring wheat, using standard germination, glutamic acid
decarboxylase activity, and respiration rate (Second Year Studies, 1982).

In spite of the differences in emergence rate index and stand establishment among
seed lots, there were no differences for grain yield. This is mainly attributed to the com-
pensation mechanism. Those lots which had fewer plants per unit area, produced more
heads plant'1 and seeds head''1, e.g., lots 4 and 10 (Table 44).

Simple correlations among all the vigor tests and field performance variables are given
in Table 53. Standard germination was correlated with most of the vigor tests and field per-
formance variables. Speed of germination index was correlated with respiration rate AILO2
g'l min"1 (r = 0.59%*). Respiration rate AILO2 seed"'1 min"'1 was correlated with accelerated

aging, and respiration rate AILO2 g'1 min"1 (r = 0.57* and 0.64* respectively). Glutamic
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acid decarboxylase activity was correlated with respiration rate uLO, seed™ min™ (r =
0.79%*). Emergence rate index was correlated with stand establishment (r = 0.67*) and
with plants m™ (r = 0.63*). Stand establishment was correlated with plants m™ (r =

0.90**) which in turn correlated with grain yield (r = 0.61%).

Spring Wheat (Second Year Studies, 1982)

Evaluation of Artificially Aged Seeds (Experiment 2)

Comparing emergence rate index with several vigor tests, stépwise regression selected
accelerated aging first and 96% of the variability among seed lots was explained by this
test. Other tests evaluated included standard germination, speed of germination, cold test,

respiration rate, electrical conductivity, and glutamic acid decarboxylase activity. None of

v

these testé were important in predicting emergence rate index. Mean values of vigor tests - -
along with observed and predicted values of emergence rate index are given in Tabie 16.
Predicted values of emergence rate index using accelerated aging have been plotted against’
the observed values of emergence rate index (Fig. 16). This figure indicates that the rela- -
tionship between accelerated aging and emergence rate index is acceptable (R = 0.98*%).

When stand establishment was compared with various vigor tests only cold tes‘tl (r=
0.93**) was selected. Eighty-six percent of the variability among seed lots was explained
by this test. Other tests evaluated included: standard germination, sp;eed of germination,
accelerated aging, respiration rate, and electrical conductivity. None of these tests were
important in preéiicting stand establishment. Mean values. of v'igor tests along with observed
and predicted values of stand establishment are given in Table 17. Predicted values of s;tand
establishment using cold test and observed values of stand establishment have been plotted
(Fig. 17). This ﬁgﬁre indicates (R = 0.93**) that the relationship between cold test and". .

stand establishment is significant.
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Table 16. Means of Vigor Tests, Observed and Predicted Values of Emergence Rate Index
for Various Artificially Aged Seed Lots of Spring Wheat (Second Year Studies,

1982).
Vigor Tests Emergence Rate (index)
Lot No. Acc Aging (%) Observed Predicted
1 92 f 31.79d 28.38
.2 93 f 29.99d 28.55
3 44 d 9.10 ab 12.71
4 2a 1.15a 0.00
5 97 f 28.25d 29.82
6 97 f 29.01d 29.82
7 19e 18.33 ¢ 24.03
8 16b 5.96 ab 3.90
9 95 f . 31.37d 29.34
10 - 24 be 4.61 ab 6.44
11 96 f 3144d 29.69
- 12 32¢c 10.08 b 9.06 -
Mean . 64 19.3 19.3 ¢
LSD (0.05) 10 8.01

Table 17. Means of Vigor Tests, Observed and Predicted Values of Stand Establishment
for Various Artificially Aged Seed Lots of Spring Wheat (Second Year Studies,

1982). ‘
Vigor Test Stand Estab (seedling m™)
Lot No. Cold Test (%) Observed Predicted
1 - 83 ef 47d 53
2 66 de 53 de 45 -
3 35bc 36¢ 30
4 Oa 7a 14
5 76 ef 52 de - 50
6 92 f 54 de .57
7 75 ef 58¢ 49
8 45 cd 33c¢c 35
9 79 ef 51de 51-
10 18 ab 220 22
11 94 { Slde. 58
12 37 be 35¢ 32
Mean 58 41 41 .
LSD (0.05) 25 7 T
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Figure 16. Emergence rate index: Relationship between observed and predicted values for
various artificially aged seed lots of spring wheat, using accelerated aging
(Second Year Studies, 1982).
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Figure 17. Stand establishment: Relationship between observed and predicted values for
various artificially aged seed lots of spring wheat, using cold test (Second Year
Studies, 1982).
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" When grain yield was compared with various vigor tests, stepwise regfessi'qn sele_cted.
respiration rate'and the correlation value of 0.71%* waslsignificant. Whén standard germina-
tion was added this multiple correlation increased to a coefficient of 0.93%*. These tests
together explained 86% of variability among seed lots. Mean values of vigor tests along"
with observed and predicted values using respiration rate and standard ge‘ﬁninati_on are’
given m Table. 18. Predicted vélues of grain yield have been plotted against the observed
values of grain yield (Fig. 18). This figure shows that the relationship between vigor tests
(respiration rate and standard germination together) with grain yield is strong (R = 0.93%%*),

Table 18. Means of Vigor Tests, Observed and Predicted Values of Grain Yield for Various
Artificially Aged Seed Lots of Spring Wheat (Second Year Studies, 1982).

Vigor Tests Grain Yield (kg ha™)
Lot No. Resp (uLO, seed™ min™) Std Germ (%) Observed Predicted
1 0.0273d . 97 fg 4433 b 4621 .
2 0.0226 d 95 defg 4362 b 4683 .
3 - 0.0277d 88 ¢ 4473 b ~ 4001 .
4 0.0263 d 62a 2679 a 2742
5 0.0218 ¢ 96 efg 6104 d 5584
6 0.0189 ab 98 g 6341d 6290
7 0.0209 be 91 cdef 6264 d 5492
8 0.0211 be 89 cd 5440c¢ . 5316
9 0.0254 d 96 efg 4393 b 4926 -
10 0.0178 a 90 cde 5476 ¢ 6026
11 0.0188 ab 98 fg 61224 - 6275-
12 . 0.0205 be - 700 418201 4311
Mean 0.0227 89 - 5022 5022

LSD (0.05) 0.0025 : 7 _ 436

Qua&ratic terms for all the vigor tests were also used in stepwise regression to explox;a -
the possibility of nonlinear relationship. However, there was no substantial increase in R2.
Therefore, linear relationships have been reported. |

Mean squares and mean comparisons for all the v1gor tests are glven in Tables 45 and
46 respectively. These lots were artificially aged to create var1ab111ty among seed lots

Standard germination percentage ranged from 62 to 98% 'w1th an average of 89% (Table
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Figure 18. Grain yield: Relationship between observed and predicted values for various
artificially aged seed lots of spring wheat, using respiration rate and standard
germination (Second Year Studies, 1982).

18). Mean values of accelerated aging ranged from 2 to 97% with an average of 64% (Table

16). Cold test values varied from nil to 94 with an average of 58% (Table 17) and respira-

tion rate ranged from 0.0178 to 0.0277 with an average of 0.0227 AILO2 seed"1 min'l

(Table 18). Seed lots were significantly different for all the vigor tests evaluated. Mean

squares and mean comparisons for all the field performance variables are given in Tables 47

and 48 respectively. Emergence rate index values ranged from 1.15 to 31.79 with an

average of 19.3 (Table 16). Stand establishment values ranged from 7 to 58 with an average
of 41 seedling m'1l (Table 17). Grain yield varied from 2679 to 6341 with an average of

5022 kg ha'l (Table 18). Seed lots were significantly different for all the variables of field
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performance. In this study seeding rate used was 56.0 kg ha™ (50 live seeds m™!) which -
were not adjusted to pure live seed. Also there was appreciable variation among seed
lots for quality by artificially -aging. Seeding rates recommended fc;r dryland conditions
range from 50.4 to 67.2 kg ha™! in Montana.

Simple correlation among all the vigor tests and field performance variables are given -
in Table 54. Standard germination was correlated with cold tést and accelerated aging (r =

| 0.81** and 0.79%%* respéctively). Accelerated aging was correlated with germination index
.and cold test (r = 0.87**, 0.93** respectively). Respiration rate uLO, 'g'1 min™ was
correlated with respiration rate uLO, seed™® min™? (r = 0.97*%*) and both were negatively
correlated with grain yield (r = -0.58%, -0.71**). Emergence rate index was correlated
with stand establishment and plants m‘l (r = 0.86** and 0.77** respectively). Stand
establishment was correlated with plants m™ (final stand) at maturity and grain yield (r =
0.95**, 0.63* respectively). Plants m™ was also correlated with ‘grain yield (r = 0.63’*).
Emergence rate index was not correlated with grain yield directly for both experiments but
indirectly it was associated with yield.

Respiration rate uLO, seed™ min™ was the most important vigor test in predicting
field performance in several experiments for both years. This agrees with the results of
other workers. For example, DasGupta and Austenson (1973b) reported in spri'né Wheat
that yield variations were most closely related to standard germination, O, uptake, and
field emergence. Matthews and' Collins (1975) have also shown that rates of O, ubtak_e
were directly related to both rate of emergence and ultimate emergence. The 'second most
important test was the cold test. Accelerated aging was not as important as in Winter Whea;
for predicting field performance, instead standard germinatioﬁ was important. Other tests,
e.g., electrical conductivity, glutamic acid decarboxylase activity, and speed of germination
did not play a significant role in predicting field performance. Tflerefore, the cofnbination-

of respiration rate, cold test, standard germination, and accelerated aging tests should be
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used to évaluate spring wheat seed quality. These‘tests are complementary, i.e., there is .
minimal duplication in terms of evaluating the same seed quality component. bne test is
not enough to measure overall seed quality. '

In the first year spring wheat study (1981), two cultivars Lew and Newana were eval-
uated. Although significant relationshi;;s were dbsewed by stepwise regression between
seed vigor tests and field performance, it should be mentioned here that field emergence
rate index and stand establishment were not significant for both cultivars. Equal numberé
of seeds were planted which had been adjusted to pure live seeds and seeding rate was 67.2
kg ha™ . However, in the second year spring wheat studies '(1982), seed sources had more
variability. Seeding rates were redulced from 67.2 to 56 kg ha™ and were ﬁo’c adjusted for
pure live seeds. This was important to defermine the relationship of seed vigor tests with

' field performance over a wide range of seed quality.
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3

SUMMARY AND CONCLUSIONS

During the past decade, s_eed vigor testing of crops has gained importance in seed
quality programs. However, before these vigor tests can be used in quality control, they
must meet certa_dn criteria. Most important among those criteria is that a vigor test should
be related to field performance. Standafdization of vigor tests is being achieve& for many
crops. Vigor testing of wheat has not been extensively studied. The objective of this study
was to evaluate several vigor tests and determine their relationship with field performance
of wheat. |

A series of vigor tests was conducted on winter wheat and spring wheat for two yeérs.
In the first year winter wheat study (1980-81), the followiﬁg vigor tests were evaluated in
the laboratory: speed of germination, cold test, accelerated aging, respiratioﬂ rate, and
electrical conductivity on 10 seed lots representing five cultivars. Standard germination was
determined as an indicator of present seed quality. Field performance was assessed by
emergence rate index, stand establishment (total emergence), and grain yield.

To determine which vigor test was related the best with field performance a multiple
regressioﬁ stepwise procedure, ﬁMDP (Dixon and Jennrich, 1981) was used. Each parame-
ter of field performance was compared with all-the vigor fests and those best related with
field performance were selected. Emergence rate index was most qlosely related with the
accelerated aging and respiration rate (R = 0.83*). Stand establishment was most closely
related with the accelerated aging, electrical conductivity and respiration rafe R= 0.90*)..
Grain yield was related with the accelerated aéi‘ng test (R = 0.73%). It was observed that
accelerated aging was the most important vigor test in predicting field performance (Tabl_e

19). However, this relationship was strengthened by adding respiration rate and electrical
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conductivity. These results suggest that one vigor test is not enough to measure overall seed
quality. A combination of tests, which measure the different aspécté of seed vigor should
be used. It was concluded that field performance was closely related With accelerated aging
(stress test), respiration rate (which measures energy potential of seeds) and electrical
conductivity (related to membrane integration/degradation). All of these vigor tests

measure different aspects of seed vigor.

Table 19. Summary of Relationship Between Seed Vigor Tests and Fleld Performance .in

Winter Wheat.
Field Studies
" Emerg Rate .  Stand Estab Grain Yield

Laboratory Studies (index) - (seedlingm™) (kghat)

Seed Vigor Tests 1980-81 1981-82 1980-81 1981-82 1980-81 1981 -82
Std Germ (%) N.I N.I. N.I. N.I. N.L N.I..
Germ Index N.L - N.I - NIL = -
Cold Test (%) N.L — N.L. - N.L -
Acc Aging (%) I N.L I N.L I N.L
Resp (uLO, seed™ min™? ) I _ I — N.L -
Cond Index N.I - 1 — N.L —
GADA (uLCO, g! min™) — N.I. — N.I - N.I

I (Important) indicates that vigor test had significant relationship with field performance
either alone or in combination with other vigor tests.

N.I. (Not Important) indicates that vigor test did not have s1gn1f1cant relat1onsh1p w1th
field performance.

— Blank shows that vigor test was not evaluated.

Seed lots were not significantly different at 0.05 level for emergence rate index (P =
0.09) and stand establishment P= 0.12).. However,' there were significant differences for
grain yield among seed lots (P < 0.01). Nonsignificance of field performahce was attributed
to the normal seeding rate. Equal number of seeds were planted for each Sqed lot an,dualso
adjusted to equal number of pure live seeds. Moreover, these seed lots were sized for uni-
formity which eliminated the effect of seed size on vigor, which is a very important com- -

ponent of seed vigor in wheat.
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In the second year study ( 1981-82) of winter wheat, the objective was to evaluate
the sensitivity of accelerated gging on several certified lots of 'Redwin' winter wh'ez_it.
Inferences concerning the relation between seed vigor tests and ﬁeld pérfprmanée are
limited because of the narrow'rar;ge of variability among seéd -_lots for field emergence.
Seed lots were not significantly different at the 0.05 level for emergence rate indexl (i’ =
0.14), stand establishment.(P = 0.08), and grain yield (P = 0.63). The nonsignificance of
results was attributed to the lack of variability among seed sources. Thesé lots were all of
high quality. Equal numbers of seed baséd ona pure~ live seed basis were .’planted at normal
se_eding rates. Field conditioné were also optimum.

In both years of the winter wheat studies, there_ were no signiﬁcant differences amo'ng
seed lots for emergence rate index and stand establishment. Accelerated aging, respiration
rate and electrical conductivity tests are thought to be important in relation to field perfollr-‘
mance. However, validity of these vigor tests needs to be. confirmed on a large number of
seed lots from farmers. These studies should be conducted under a wide range of field
conditions at several locations and for several years. These existing tests may be modified
according to crop condition as has been done by Hampton (1981) for New Zealand cereals
or new vigor tests may be developed which would be more closely related with field
performance.

In 1981, spring wheat cultivars Lew and Newana were evaluated using stanciard_
germination, speed of germination, cold test, accelerate.d aging, r'espiraﬁon rate, and
electrical conductivity. Sized and unsized seed lots of bqth cultivars were the seed source
for this study. It was observed that sizing of seed did not chahge the évaluation of vigor
tests. Size X lots interactions were not significant in general for vigor tests and field per-
formance variables. In the cultivar Lew, emergence rate index was most closely related
with respiration rate (R = 0.72%); stand establishment with cold test (R = 0.43 NS); ap_d

grain yield with respiration rate (R = 0.66**). In Newana, emergence rate index was most
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closely related with the cold test and accelerated aging (R = 0.90**); stand establishment
with the cold test and respiration rate (R = 0.89%%); and grain yield with respirat.ion rate
and standard germination (R = 0.84%). We consider respiration rate to be the most impor-
tant vigor test conducted for spring wheat. Other tests considered important were acceler-
ated aging, cold test, and standard germination (Table 20). |

‘ There were no significant differences among seed lots of Lew spring wheat for emerg-
ence rate index (P = 0.31), staﬁd esfablishment (P = 0.68), and grain yield (P = 0.34). Seed‘
lots .of Newana were also not different for emergence rate index (P = 0.07), stand estal.)lish-\
ment (P =0.10), and gfain yield (P = 0.70).

In the 1982 spring wheat studies, two experiments were conducted: one using diffqr-
ent lots of Newana and the second using artificially aged seeds. The objective of experi-
ment 1 was to evaluate the sensitivity of certain vigor tests on sevefél lots of Newana
spring wheat. Laboratory tests conducted included: the standard germination, speed of
germination index, accelerated aging, respiration rate, and glutamic acid decarboxylase
activity tests. Emergence rate index was closely related with the standard germination and
accelerated aging (R = 0.81*%%), stand establishment with speed of germination index (R =
0.79*%*) and grain yield with th% standard germination, glutamic acid decarboxylase
activity, and respiration rate (R = 0.86**). Seed lots evaluated were diffe_rent for ._emerg-
ence rate index (P < 0.05) and stand establishment (P < 0.01). However, there were no
significant differences in grain yield-among seed lots (P = 0.34).

The objective of experiment 2 was to evaluate several vigor tests on a wide range of
seed quality of both Lew and Newana spring whea’;. Laboratory‘tests ev'aluat'ed includéq ‘
the standard germination, speed of germination index, cold test, accelerated aging,. respi-
ration rate, electrical conductivity, and glutamic acid decarboxylase activity tésts. Emerg-
ence rate index was most closely related to the accelerated aging (R = 0.98*%*), stand

establishment to the cold test (R = 0.93*%*), and grain yield to respiration rate and stand-
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ard germination (R = 0.93*%*), There were significant differences among seed _lots for all
the vigor tests and emergence rate index (P <.0.01), s_fand establishment (P < 0.0-1), and‘
grain yield (P < 0.01). Table 20 summarizes the various vigor ;cests -evalueted. in'spring
wheat for two years. -

These results suggest that_ the;e is a relationship between seed vigor tests and field:
performance of wheat. These relationships become stronger as the variability ie seed
quality increases. One would expect a better relationship of these vigor ‘tests with ﬁeld .
emergence rate and stand establishment than with grain };ield. | |

It is concluded that one vigo; test is not enough to predict overall seed quality. A
combination of tests, which measure the different aspects of seed vigor shouid be used._
Field performance in winter wheat was most closely related with the accelerated aging.,
respiration rate, and electrical conductivity. In spring wheat,' respiration .rate was the vigor
test most closely reiated to field performance. However, with the addition of ethe; tests
such as cold test, standard germation, and accelerated aging, the magnitude of relation-

ship with field performance increased.




Table 20. Summary of Relationship Between Seed Vigor Tests and Field Performance in Spring Wheat.

_Field Studies _ , ,
Emergence Rate (index) Stand Estab (seedling m™) Grain Yield (kg ha™!)
Laboratory First Year Second Year First Year Second Year First Year Second Year
Studies Studies (1981)  Studies (1982) Studies (1981)  Studies (1982)  Studies (1981) Studies (1982)
Artificially Artificially Artificially
"Seed Vigor Tests Lew Newana Newana Aged Lots Lew Newana Newana Aged Lots Lew Newana Newana Aged Lots
Std Germ (%) NI N.L I . NIL NI. NI N.I N.L N.I. I I I
Germ Index NI. N.L N.I. N.L NI N.L I N.L NI NL N.I. N.L
. Cold Test (%) N.L I — N.I N.L I - I NI NIL — N.L
Acc Aging (%) N.I'.‘ I I I NI N.L N.L N.L NI NIL.- NL NI
‘Resp (kLO, . ‘
seed™ min™) I N.I N.I. N.L N.IL I N.I N.I. I I I I
. Cond Index ~ NI. NIL. — = NI N.IL — — NI NI C— —
"Cond (umhos . i ' . o :
cm™? gt) - - - N.L - - -  ° NL - - - NI
: 'GADA ®LCO, A '
g mm‘) — - . NL N.I. — — N.I N.L — — I N.I

I (Important) indicates that vigor fest- had 51gn1ﬁcant relationship w1th field performance elther alone or in combmatlon with other
vigor tests.

~N.I. (Not Important) indicates that vigor test did not have important relationship w1th field performance

— Blank shows that vigor test was not evaluated.

SL
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TABLES

Table 21. Abbreviations Used in Tables and Figures.

Variables Abbreviation Units

Standard germination percent Std Germ % - .
'S‘peed of germination index Germ Index hno.
Cold test Cold Test %
Accelerated aging Acc Aging %
-Respiration rate per gram per min Resp pLO, g min™
Respiration rate per seed per min Resp pLO, seed™! min™
Electrical conductivity index Cond Index no.
Electrical conductivity . Cond umhos cm™ g
Glutamic acid decarboxylase activity GADA uLCO; gt min™*. .
Emergence rate index Emerg Rate no..
Seedling stand establishment Stand Estab seedling m™!
Seedling height Seedling Ht cm
Plant height Plant Ht cm
Heading date Heading Da"ce days
Number of plants per meter of row Plaﬂts m! no.

at maturity
NumBer of heads per plant Heads Plan’c-‘1 no.
Number of seeds head Séeds Head™ .‘ no.
1000 seed weight | 1000sd wt g
Grain yield Yield kg ha™
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Table 22. Seed Source—Winter Wheat (First Year Studies, 1980-81).

Std Germ
Assigned Lot No. Cultivar Year Source (%)
1 Crest * 1975 Breeder 96
2 Crest 1979 Breeder 91
3 Redwin 1979 ~ Foundation 97
4 Redwin 1979 Breeder 93
5 Yogo regular 1973 Breeder 95
6 Yogo regular 1976 Breeder 89
7 Nugaines 1975 Breeder 91
8 Nugaines s 1979 Breeder 93
9 Winalta 1976 Breeder, 93
10 Winalta 1977 Breeder 94
Table 23. Seed Source—Redwin Winter Wheat (Second Year Studies, 1981-82).:
Seed Testing Montana Std Germ
Assigned Lot No. Lab No. Place County (%)
1 253 Denton Fergus 98
2 259 Billings Yellowstone 95
3 302 Fallon - Prairie 97
4 308 Rapelje Stillwater 98
5 329 Star Route Roberts, Carbon 92
6 332 Ryegate Golden-Valley 97
7 344 : Roberts Carbon 94
8 357 Moccasin Judith Basin 96
9 368 . Townsend Broadwater 87
10 427 . Chester Liberty 94
11 447 Havre Hill 92
12 496 Bozeman Gallatin 94
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Table 24. Seed Source—Spring Wheat (First Year Studies, 1981).

' Std Germ
Assigned Lot No. Seed Testing Lab No. Remarks (%)
Cultivar Lew '
1 484 Sized 86
2 484 Unsized 77
3 1296 Sized 86
4 1296 Unsized 86
5 1696 Sized 92
6 1969 Unsized 92
7 1740 Sized 92
8 1740 Unsized 87
9 - 2137 Sized 86
10 2137 Unsized 88
Cultivar Newana
1 823 Sized 91
2 823 Unsized 92
3 1231 Sized 94
4 1231 Unsized 90
5 1356 Sized 95
6 1356 Unsized 83
7 1697 Sized - 91
8 1697 Unsized 91
9 2052 Sized - 91
10 2052 Unsized 83
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Table 25. Seed Source—Newana Spring Wheat (Second Year Studies, 1982) Experiment 1.

- Std Germ
Assigned Lot No. Source Remarks (%)
1 Seed Lab : Common Seed 91
2 Spring Wheat Breeder 1978 88
3 Spring Wheat Breeder 1979 98
4 Spring Wheat Breeder 1980 57
5 Seed Lab No. 1045 1981-1982 Certified 87
6 " 1417 " Certified 96
7 " -~ 1588 " Certified 97
8 " 1760 " Certified 93
9 " 1852 " Certified 90
10 "o 1853 " Certified 49
11 " 1872 " Common 96
12 " 2563 1980-1981 Certified 97
Table 26. Seed Source—Spring Wheat (Second Year Studies, 1982) Experiment 2.
Aging Time Std Germ
Assigned Lot No. Cultivar Seed Testing Lab No. (hrs) . (%) .
1 Lew 2665 0 97
Lew 2665 12 95
3 Lew 2665 24 88
4 Lew 2665 36 62
5 Newana 1445 0 96
6 Newana 1445 12 98
7 Newana 1445 - 24 91
8 Newana - 1445 " 36 89
9 Lew 2654 0 96
10 Newana 1803 24 90
i1 Newana 1803 0 98
12 Lew 2654 24 70




Table 27. Mean Squares—Laboratory Studies, Winter Wheat (First Year Studies, 1980-81).

Source of Std Germ Cold Acc ~ Resp Resp Cond
Variation daf Germ Index Test Aging wLO, © (uLO, Index
, (%) ‘ (%) (%) gt min') seed™ min™) -
Blocks 3 "5.89ns 61.40%* 37.47 ns 877.4*%* 0316** .00004 ** T742.6%*
Lots 9 23.51 ns 20.24 %% 199.10%** 357.3% .0377*=* .00003 ** 174.2%
Error 27 - 17.52 428 42.65 142.2 .0024 .000003 64.4
“*¥P < 0.05; **P < 0.01. ’
Table 28. 'Mean Compaﬂsons—Laboratqry Studies, Winter Wheat (First Year Studies, 1980-81). _ _
. Std Germ : Cold Acc Resp Resp Cond
Lot No. Germ Index Test Aging wlLO, Lo, - Index
%) ) (%) g! min™?) seed™ min™) 7 _
1 96 15.1 at ' 89 ¢ 58 ab 0.81d 0.0261 f 33.1e¢
2 91 19.2 bed 92 ¢ 62 ab 0.79d 0.0240 def 30.2 de
3 97 17.6 abc 93 ¢ 66 b 0.63 be 0.0207 be 16.6 ab
4 93 164 ab 89 ¢ 670 0.54a 0.0180 a 22.8 abede
5 95 153a 69 a 58 ab 0.79 a 0.0250 ef 21.3 abed
6 89 209d 86 bc 48 a 0.76 d 0.0248 ef 27.5 bede
7 91 152 a 790b . 68 bc 0.56 ab 0.0185 ab 17.6 abc
8 93 19.5 cd 90 ¢ " 85¢ 0.68 ¢ 0.0223 cd 123a
9 93 17.7 abc 88 be 68 be 0.66 ¢ - 0.0225 cde 22.0 abede
10 .94 208 d 86 bc 62 ab. 0.63 be 0.0209 be 28.5 cde
Mean 93 17.8 86 64 0.68 0.0223 - 23.2
LSD (.05) ns . 3.0 9 17 . 0.07 0.0026 11.64
CV (%) 4 11.6 8 19 7.31 8.01 34.6

TMeans within a column not followed by the same letter are different (LSD, P < 0.05).
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Table 29. Mean Squares—Field Studies, Winter Wheat (First Year Studies, 1980-81).

Source of Emerg Stand Seedling Plant Heading Plants Heads Seeds 1000
Variation  df Rate Estab Ht Ht Date m™? Plant™® Head™? sdwt Yield
(index) (seedlingsm™) (cm) (cm) (days) €3] kg ha‘_1 )
Blocks 3 36.09% 512.9%* 334ns 19.54ns 00.57ns 60.10ns 22.60%* 7.44ns 2.56ns 803800.0%
Lots ‘9 1540ns 119.5ns  38.37** 2039.0%* 29.40%* 21.73ns 11.84* 59.10*%* 3.92*% 3625000.0%*
Error 27  7.95 67.6 1.21 26.18 - 00.92 22.41 4.57 5.35 1.40 178600.0
*P < 0.05;**P < 0.01.
Table 30. Mean Comparisons—Field Studies, Winter Wheat (First Year Stﬁdies, 1980-81).
Emerg Stand  Seedling Plant Heading  Plants Heads Seeds 1000
Lot No. Rate Estb Ht Ht Date m™! Plant™ Head™ sd wt Yield
(index) (seed}ings (cm) (cm) (days) (g) (kg ha™?)
m?') :
1 8.9 37 319 cT 130906 168 a 20 12 bede 300 32.68 bed 5316 be
2 12.5 45 - 33.6d 126.1b 169 a 21 13 e 27 ab 31.40 ab 5482 ¢
3 9.3 33 26.2 a 129.6 b 1730 22 10 abc 28 ab 31.99 abc 5431 ¢
4 8.6 34 249 a 127.6 b 173 b 21 8a 29ab  32.76 bed 5206 be
5 10.0 34 29.1b - 1453¢ 176 d 21 - 9ab - 28 ab 31.65 ab 3568 a
6 8.0 28 28.7b 1543 d 175d 16 11 abcde 30b 30.89a 3794 a
7 7.1 29 25.1a 90.7a 175 cd 20 11 bede 37¢ 33.63 cd 6673 d
8 13.1 43 257 a 934a 175 cd 23 13 de 36¢ 32.38 abed 6199 d
9 10.3 38 3090 150.9 cd 175 cd 25 10 abed 26 a 32.72d 5223 be
10 79 35 30.8b 150.7 cd 174 be 21 12 cde 27 ab 33.57cd 4737 b
Mean 9.6 36 28.7 130.0 173 21 11 30 32.47 5163
L.SD (.05) ns ns 1.6 7.4 1.4 ns 5 5 1.44 613
CV (%) 29.5 23 3.8 3.9 0.5 23 20 8 3.64 8.18

JrMeans within a column not followed by the same letter are different (LSD, P < 0.05).
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Table 31. Mean Squares—Laboratory and Field Studies, Redwin Winter Wheat (Second Year Studies, 1981-82).

Source of Std Acc Emerg Stand Plant Plants Heads Seeds 1000
Variation df Germ  df Aging df GADA df Rate Estab Ht m™? Plant™? Head®! sdwt Yield
(%) %) (uLCO, (index) (seedlings (cm) (g) (kghat)
g min") m™) _
Blocks 3 1742ns (4) 168.2ns (6) 1.09ns (3) 237.8ns 111.7ns 13.46ns 133.6%* 2.52 12.80ns 5.52%* 94.63+*
Lots 11 40.45%* (11) 1192.0*¥*(11) 1.04ns (11) 182.1ns 255.8ns 3.93ns 46.3ns 1.06 4.74ns 1.34ns 16.19ns
Error 33 1354 (44) 152.1 (66) 0.76 (33) 113.3 136.8 8.26 29.5

098 5.69 091 19.93

*P < 0.05; **P < 0.01.

Table 32. Mean Comparisons—Laboratory and Field Studies, Redwin Winter Wheat (Second Year Studies, 1981-82).

Std Acc GADA Emerg Stand Plant  Plants Heads Seeds 1000

Lot No. Germ Aging  (uLCO, Rate Estab ‘Ht m - Plant™ Head™! sd wt Yield

' (%) (%) g'min') (index) (seed}iglgs (cm) N (g) (kgha')
: m

1 98 T 85e 8.45 53.56 78 93.9 32 4 38 37.38 5297

2 95 be 75 de 8.56 45.27 62 92.9 28 5 38 37.27 5313

3 97 bc 69 cd 8.99 32.64 59 92.8 29 5 39 38.26 5185

4 98 ¢ 80 de 8.11 34.00 50 93.9 27 -6 39 38.08 5454

-5 92b 68 cd 8.55 4840 - 69 94.8 28" 5 39 38.26 5260

6 97 be 79 de 7.86 41.44 63 93.9 29 5 - 36 37.53 5615

7 94 be 38a 8.02 38.64 55 96.3 26 6 36 38.46 5603

- 8 96 bc 74 de 8.05 4393 67 93.3 31 5 . 38 37.63 5537

9 87a 46 ab 8.02 34.24 60 933 30 5 38 39.02 5540

10 94 be 87e. 8.48 4956 - 70 93.7 36 5 36 38.28 5599

11 920 54 be 8.55 40.37 61 93.5 28 -6 38 38.38 5912

12 94bc . 66¢cd 9.06 47.59 75 94.8 37 5 36 37.10 5398

Mean 94 69 8.39 42.47 64 939 30 5 38 37.97 5476

LSD (.05) 5. 16 ns ns ns ns ns ns. ns ns ns -
. CV (%) 4 18 104 25.06 18 3.1 18 19 6 2.51 8.15

TMeans within ra columh not foll(')weci by the same letter are different (LSD, P < 0.05).
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Table 33. Mean Squares—Laboratory Studies, Lew Spring Wheat (First Year Studies, 1981).

Cond

Source of Std Germ Cold Acc Resp Resp
Variation df Germ Index . Test df Aging wlo, (xLO, df Index
(%) (%) (%) g min?) seed™ min™)

Blocks 3 47.60 ns 510.30%* 39.57ns (5 906.1%* .04337** .000045 ** (B) 795.50%*
Size 1 67.60 ns 25.39 ns 8.10ns (1) .1602ns  .01737ns  .000011ns (1) 15.14 ns
Lots 4  128.60** 76.47%* 77.65% 4) 1992.0%* .08214%** .000014* (1) 103.60ns
Size x Lots 4 41.85ns . 2241 ns 1035ns (4) 55.73 ns .00760ns  .000024* 4) 561.10%*
Error . ... 27 30.04 . 8.80 26.97 45) 97.86 .00535 .000005 27) 165.50
Téble 34. Mean Comparisons—Laboratory Studies, Lew Spring Wheat (First Year Studies, 1981). . - ) N

, Std Germ Cold Acc Resp Resp’ Cond
Lot No. Germ Index Test Aging ®LlO, "(uLO, Index

(%) 7 (%) ) g! min™) seed™! min™)

484 8la 22.53b 85a 54a 098¢ 0.0313 b 82.61
1296 86 ab 22.04 b 90 ab 84 cd 093¢ .0290 a 79.31
1696 92¢ 24.09 b 94 b 77 be 0.78 a .0292a 78.55
1740 89 bc 17.49 a 91b 74 b 0.84 b .0285 a 80.40
2137 87 abc 17.34 a 89 ab 86d 0.82 ab .0291 a 72.93
Mean 87 20.70 90 75 0.87 .0294 78.76
LSD (.05) 6 3.04 5 8 0.06 .0019 NS
Sized 88 21.50 . 90 75 0.85° .0298 78.15
Unsized 86 19.90 89 75 0.89 .0290 79.38
Mean 87 20.70 90 75 0.87 .0294 -78.76
LSD (.05) NS NS NS NS NS NS NS
C-V (%) 6.31 6 13.21 8.4 16.33

14.33

7.84
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Table 35. Mean Squares—Field Studies, Lew Spring Wheat (First Year Studies, 1981).

Source of Emerg Stand Plant Heading Plants Heads Seeds 1000
Variation  df Rate " Estab Ht Date m? Plant™ Head™ sd wt Yield
(index) (seedlingsm™) (cm) (days) (® (kgha™)
Blocks 3 6.97.ns 28.03ns  9.86* 1.27* 497ns 0.0lns 0.0028ns 0.4490ns  68600.0 ns
Size 1 13.10 ns 115.60 ns 2.26ns . 0.40 ns 6.40 ns 0.36 ns 0.1638ns 0.2310ns  85410.0 ns
Lots 4 25.62ns 52.47 ns 1.67ns 0.46 ns 20.19 ns 0.11 ns 2.0670ns 1.4300 ns 39080.0 ns
SizexLots 4 32.05ns 4597 ns 9.67** 0.21 ns 16.96 ns 0.09 ns 2.0410ns 0.1763 ns 37380.0 ns
Error 27  21.69 78.09 ns 2.28 0.32 27.17 0.13 2.0870 ns 0.5818 36330.0 ns
*P < 0.05; **P< 0.01.
Table 36. Mean Comparisons—Field Studies, Lew Spring Wheat (First Year Studies, 1981).
Emerg Stand Plant Heading Plants Heads Seeds 1000
Lot No. Rate Estab Ht Date m™! Plant™ Head™! sd wt Yield
(index) (seedlingsm™) (cm) (days) (® (kgha™?)
- 484 23.81 74 99.0 191 48 4 25 39.48 4828
1296 20.37 75 98.3 191 48 4 26 40.02 4677
1696 23.05 71 98.0 190 49 3 26 40.43 4750
1740 19.58 69 98.3 191 45 4 27 40.56 4650
2137 21.12 72 1 97.8 190 48 3 © 27 .40.06 4703
Mean 21.59 72 98.0 190 47 4 26 40.11 4722
LSD (.05) ns ns ns ns . ns ns ns ns ns -
Sized. 21.01 71 98.5 191 47 4 26 40.19 4768
Unsized 22.16 74 98.1 190 48 3 26 40.04 4675
Mean 21.59 72 98.0 190 47 4 26 40.11 4722
LSD (.05) .ns ns . ns ns ns ‘ ns ns " ns s
CV (%) 21.57 12.20 1.54 0.30 11.03 10.25 5.48 1.90 4.04
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Table 37. Mean Squares—Laboratory Studies, Newana Spring‘Wheat (First Year Studies, 1981).

Source of , Std Germ Cold Acc Resp Resp Cond
Variation df Germ Index Test df Aging uLO, (uLO, df Index
(%) (%) (%) g' min™') seed™ min™)
Blocks 3 2490 ns 705.10%* 12.37 ns (5) 1049ns 0137** . 0.0000009* 3)- 734.2 ns
Size 1 202.50%=* 16.21 ns 8.10 ns §)) 5.766 ns 0653**  0.00000003 ns (1) 245.4 ns
Lots .4 35.75 ns 61.13** 7.85 ns 4) 421.7** .0585%* .0000055 ns )] 1092.0*
Size x Lots 4 56.75%* 21.60ns - 5.85 ns @ 90.67 ns O0171*=* .0000102% @) 71.6 ns
Error 27 - 15.79 8.88 9.92 45) 109.0 .0027 .0000030 @27 346.2
*P < 0.05; **P < 0.01.
- Table 38. Mean Comparisons—Laboratory Studies, Newana Spring Wheat (First Year-Studies, 1981). -
Std - Germ Cold Acc Resp Resp Cond
Lot No.- ~ Germ Index Test Aging wlO, wLO, Index
) (%) (%) g*' min™) seed™! min™')
823 91 22.46 bt 95 93 b 0.73b 0.0236 79.81b
1231 92 23460 96 86 ab 0.69 ab 0.0228 72.12 ab
1356 89 17.23 a 96 78 a 0.66 a 0.0238 88.56 b
1697 91 1841 a 96 90 b 0.66 a 0.0228 57.15a
2052 87 . 1850 a 94 91b 0.83¢ 0.0244 78.50b
Mean 90 20.01 - 95 88 .71 0.0235 75.23
LSD (.05) ns 3.06 ns 9 0.043 ns 19.09
Sized 92 a 20.65 96 87 0.68 a 0.0235 77.71
Unsized 88b 19.38 95 88 0.74 b 0.0234 72.75
" 'Mean .90 20.01 95 88 0.71 0.0235 75.23
LSD (.05) 3 ns © ns ns 0.027 ns ns’
CV(%) 4.43 14.88 330 15.74 7.36 7.38 24.73

TMeans within ar‘colu'mn not followed by the same letter are different (LSD, P <0.05 ).
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Table 39. Mean Squares—Field Studies, Newarna Spring Wheat (First Year Studies, 1981).

Source of Emerg Stand Plant Heading Plants Heads ‘Seeds 1000
Variation™ df - Rate Estab Ht Date m™! Plant™ Head™ sd wt Yield
(index) (seedlingsm™) (cm) (days) (2) (kgha™)
Blocks 3 41.99 ns 67.13 ns 12.32%* 1.00 5.60 ns 0.14ns  28.57% 0.397 121200.0 ns
Size 1 59.76 ns 25.60 ns 1.89 ns 1.60 0.40 ns 0.29 ns 0.73 ns 0.003 10410.0 ns
Lots 4 51.22% 69.29 ns 4.65* 1.52 25.84 ns .08 ns  22.44% 0.302 70030.0 ns
SizexLots 4  16.86mns 129.30 ns 4.29% 048  21.59ns d6ns  13.74ns 132 124500.0 ns
Error 27 17.87 48.78 1.55 041 37.58 17 8.04 279 93040.0
. ¥*P<0.05;**P< 0.01.
Table 40. Mean Comparisons—Field Studies, Newana Spring Wheat (First Year Studies, 1981).
Emerg Stand Plant Heading  Plants Heads Seeds 1000
Lot No. Rate Estab Ht Date m™? Plant™ Head™! sd wt Yield
(index) (seedlingsm™) (cm) (days) ' (2 (kg ha™)
823 18.04 abcT 69 - 79.9 ab 191 47 3 39 bc 35.88 5703
1231 22.23¢c 77 789 a 191 47 4 38 be 35.46 5525
1356 '16.00 a 75 80.6b 192 - 52 3 37 ab -35.80 5615
1697 - 20.92 be 75 79.4 ab 191 48 3 36a 35.89 5463
2052 17.74 ab 73 788 a 192 48 3 "40¢ 3595 5528
Mean 18.99 74 79.5 191 48 3 38 35.80 5567
LSD (.05) 4.34 ns 1.3 ns ns ns 3 ns ns
Sized 20.21 75 79.8 191 48 3 - 38 35.81 5583
Unsized 17.76 73 79.3 - 192 49 .3 38 35.79 5550
- Mean 18.99 74 79.5 191 48 3 38 35.80 5567
LSD (.05) ns ns ns ns ns ns ns ‘ns ns
CV (%) 22.26 9.48 1.56 0.33 12.66 12.85 7.48 1.48

5.48

‘TMeans within a éolumn not followed by the séme letter are different (LSD, P < 0.05). )
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Table 417. Mean Squares—Laboratory Studies, Newana Spring Wheat (Second Year Studies, 1982) 7Experiment 1.

Source of Std Germ ‘Acc Resp Resp GADA

Variation df Germ Index df Aging df- wlo, . L0, df (LCO; g! min™)
(%) (%) g! min™) seed™! min!)

Blocks 3 13.11 309.9%* 4 224.3 6) .0192*=* 00002 ** C))] 0.40 ns

Lots 11 1049.00%* 311.6** 11 1746.0** (11) 0487%%* 00002 ** (an 2.00%*

Error - 33 15.84 17.9 44 118.1 (66) .0029 .000003 44) 0.05

*P < 0.05;**P < 0.01.

Table 42. Mean Comparisons—Laboratory Studies, Newana Spring Wheat (Second Year Studies, 1982) Experiment 1.

Std Germ Acc “Resp Resp GADA
Lot No. Germ Index Aging (uLO, , L0, (uLCO,
(%) (%) £ min™) seed”™! min™) g! min™)
1 91 be't 30.05 be 56 cde .54 ab 0204 be 4.60b
2 88 b 27.45 be 39 ab .64 def 0212 cde 5.224d
3 98d 42.50d . 43 abc .66 ef .0206 bed 5.23d
4 57a 1847a 41 ab .58 be 0191 b 3.78a
5 87b 28.27 be 64 ef T2g 0231e 492 ¢
6 96 cd 29.55 be 58 def .60 cde 0224 de - 4.81 be
7 97d 1 3237c¢ 95h .55 ab - .0216 cde 495¢
8 93 bed 43.17d 67 efg .79h 0215 cde 4.60b
9 90b 24.75b T2 fg .59 bed 0198 be 495 ¢
10 49 a 17.25a 3la S0a 0162 a ~ 3.07a
11 96 cd 40.08 d 79g .69 fg 216 cde 4610
12 97 cd 40.25d "47 bed .58 be 0198 be 4.12a
Mean ' 86 31.17 57 .63 0206 4.57
LSD (.05) 6 18.22 14 .06 0019 0.04
CV (%) 5 13.58 19 8.80 8.91 4.69

‘ TMeans within a column nbt followed by the same letter are different (LSD, P < 0.05).
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Table 43. Mean Squares—Field Studies, Newana Spring Wheat (Second Year Studies, 1982) Experiment 1.

Source of Emerg Stand Plant Heading Plants Heads Seeds 1000
Variation df Rate Estab Ht Date mt Plant™ Head™ sd wt Yield
(index) (seedlingsm™) (cm) (days) (g) (kgha™)
Blocks 3 225.3%* 87.86 ns 6.72% .69 ns 0.79 ns 3.39%* 9.51** 1.48%* 28.72 ns
Lots 11 115.0% 316.80%* 5.69%% 40ns  30.51% .99 ns 18.33%* .42 ns 11.86 ns
Error 33 46.1 59.92 1.71 .28 1248 .59 2.02 23 10.09
*P < 0.05; **P < 0.01.
Table 44. Mean Comparisons—Field Studies, Newana Spring Wheat (Second Year Studies, 1982) Experiment 1.
Emerg Stand Plant Heading Plants Heads Seeds 1000
Lot No. Rate Estab Ht Date m™? Plant™ Head™ sd wt Yield
(index) (seedlings m™) (cm) (days) _ (2) (kgha™)
1 31.73 bed T 48 bede 83.7¢ 197 27 bed 6 350 38.07 6256
2 34.88 d 47 bed 81.50 197 24 abc 7 34 ab 38.08 5846
3 33.41 cd 55 de 80.9 ab 197 27 bed 6 33a 37.41 6041
4 22.32 ab 3la 81.1 ab 198 20a 8 40 ¢ 37.57 5977
5 32.86cd 55 de 82.0 be 197 28 cd 6 35ab 37.74 6255
6 25.03 abc 39 ab 81.2 ab 197 23 abc 6 35b 37.69 6358
7 27.60 bed 43 be 82.1 be 197 24 abce 7 33a 38.09 6077
8. 29.49 bed 59e. 82.7be 197 27 bed .6 34 ab 37.34 6208
9 24.00 abc 53 cde 81.4 ab 197 27 bed 7 35ab - 37.13 6128
10 17.48a 38 ab 79.5a 197 22ab 7 39¢ 37.99 - 5838
11 " 31.23 bed 57 de 83.7¢c 197 27 bed 6 35ab 37.72 6199
12 . - 33.08 cd 56 de 82.5bc 197 30a 6 34 ab 38.01 6310
Mean 28.59 48 81.09 197 25 7 35 37.74 6124
LSD (.05) 9.77 11 1.9 ns 5 ns 2 ns ns
"CV (%) 23.75 16 - 1.6 0.3 14 12- 4 - 1.28 5.19

TMeans within a column not followed by the same letter are different (LSD, P< 0.05).
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Table 45. Mean Squares—Laboratory Studies, Spring Wheat (Second Year Studies, 1982) Experiment 2.

Source of Std Germ Cold Acc Resp Resp GADA Cond
Variation df Germ Index Test Aging wLO, uLO, uLCO, (umhos
(index) (%) (%) g' min™') seed min') gl min?) cm?g?)
Blocks 3 64.3% 12.4 ns 906.0* 535.2%%* 012%* .000014** .9576%* 9.66%*
Lots 11 539.1%* 488.7** 3746.0%* 8427.0%* .042%** .000052** 9416%** 15.30%*
Error 33 21.7 17.8 302.7 70.2 .002 - .000003 0276 0.37
*P < 0.05; **P < 0.01.
Table 46. Mean Comparisons—Laboratory Studies; Spring Wheat (Second Year Studies, 1982) Experiment 2.
: Std - . Germ Cold Acc Resp Resp Cond GADA
Lot No. Germ Index Test Aging wLO, ®LO, (umhos wLCo,
(index) . (%) (%) g! min™) seed”! min™') cmlg?t) . £ min™?)
1 97 fgt 30.69 de 83 ef C97f - 0.77h .0273d 9.98 fg 5.07¢g
2 95 defg 29.67d 66 de -93f 73 gh .0226d 1046 ¢ 4.56 de
3 88¢c 13.68 be 35bc 44 d J6h - 02774 11.92h 4.15 be
4 62a 482 a 00 a 2a .73 gh 0263 d 12.72 h 3.6la
5 96 efg 32.33 de 76 ef 97f .66 ef .0218 ¢ 8.59 cd 5.18 ¢
6 98 g 18.04 c 92 f 97 f .56 bed .0189 ab 8.98 de 4.78 ef
7 91 cdef . 13.00 be 75 ef 79 e .62 def .0209 be 9.49 ef 4.36 cd
8 89 cd 7.74 ab 45 cd 16 b .61 cde .0211 be 9.43 de 4.32 be
9 96 efg 27.77d 79 ef 95 f .68 fg .0254 d 8.07 bc 4.69 ef
10 90 cde 10.53 ab 18 ab 24 be 46a .0178 a. 7.52b 3.79a
11 98 fg 3589%¢ 94 f 96 f Slab .0188 ab 527a 481b
12 700 946 ab 37 be 32¢ .55 be .0205 be 8.95 de 4.12b
Mean 89 . © 1947 58 64 .64 .0227 9.28 445
LSD (.05) 7 6.07 25 . 10 068 .0025 0.87 0.24
CV (%) 5 21.66 30 13 7.74 7.60 0.07 3.73

TMeans within a column not followed by the same Ietter- are different (LSD, P < 0.05).
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Table 47. Mean Squares—Field Studies, Spring Wheat (Second Year Studies, 1982) Experiment 2.

Source of . Emerg Stand Plant Heading Plants Heads Seeds 1000
Variation df Rate Estab Ht Date mt- Plant™ Head? . sdwt Yield

: (index) (seedlingsm™) (cm) (days) (® (kgha™!)
Blocks 3 15.81 ns 233.3 ns 11.5ns 0.79 ns 21.0 ns 11.64 ns 10.9%* 1.03 ns 4.24
Lots 11 600.20%* 950.8%* 389.6%* 14.34%*  147.7%* 18.54% 176.9%* 28.03%*  498.70%*
Error 33 31.00 25.7 9.0 1.67 9.5 8.83 2.7 1.47 9.17

*P< 0.05; **P < 0.01.

Table 48. Mean Comparisons—Field Studies, Spring Wheat (Second Year Studies, 1982) Experiment 2.

Emerg Stand Plant Heading Plants Heads Seeds 1000 )
Lot No. Rate Estab Ht Date m! Plant™ Head™! sd wt Yield
(index) (seedlingsm™) (cm) (days) (g) (kgha™)
1 31.79 at 47d 102.9d 197 a 24 cde 7a 27 a 43.43 cd 4433 b
2 29.99d 53 de 102.7d 197 a 28 ¢ 6a 25a 42.80 bed 4362 b
3 9.10 ab 36¢ 99.7d 201 cd 24 cde 9a 29b 41460 4473 b
4 1.15a 7a 914c¢ 202d 7a 140 34c -44.15 a 2679 a
5 28.25d 52 de 82.8 ab 197 a 28 ¢ 6a 35cd 37.79 a 6104 d
6 29.01d 54 de 83.8b 197a 27 de . 6a 36 cd 38.14a .6341d
7 1833 ¢ . 58e 82.8 ab 199 ab 27 de 7a 37d 37.72 a 6264 d
8 5.96 ab 33¢ 79.0 a 200bc - - 20bc 6a 43¢ 37.67 a 5440 ¢
9 31.37d 51 de 102.8d 197 a 26 de - Ta 24 a 41.77 be 4393 b
10 4.62 ab 22b 82.3ab 200 be 17b 7 a 45 ¢ 3895a 5476 ¢
11 3144 d 51 de 81.7 ab 197 a 27 de 7a 35cd 3831 a 6122d
12 10.08 b 35¢ 100.2 d 200 be 23 cd 6a 29b 43.89d 4182b
‘Mean -19.06 41 91.0 199 23 7 33 -40.51 5022
LSD (.05) 8.01 7 . 4.3 2 4 4 2 1.74 436
CV (%) 28.91 12 3.3 0.7 13 40 5 2.99 6.03

TMeans within a column not followed by the same letter are different (LSD, P < 0.05).
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Table 49. Simple Correlations Among Various Seed Vigor Tests and Field Performance Variables in Winter Wheat (First Year
Studies, 1980-81).

Std Germ Cold

Acc

Resp Resp Cond Emerg Std Seedling Plant Heading Plants Heads Seeds 1000

Germ Index Test - Aging (LO, (uLO, Index Rate Estab Ht Ht Date m™ Plant™ Head™ sd wt Yield
(%) B ) g’ seed’ (index) (seed- (cm) (cm) (days) (e (kg
) min~! )min™) lings | ha™1)
m?')
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 1.00
2 -39 100
"3 .06 43 1.00
4 19 -04 .25 1.00
5 -01 .07 -13 -46 1.00
6 .02 .09 -.13 46 98** 1.00
7 15 11 .12 -72% 52 .50 1.00
8 06 22 .29 52 .39 33 -22 1.00
9 .13 .19 .43 48 .33 27 .10 87** 1.00
10 -04 21 .11 -44 1% .69%  79%* 24 48 1.00
11 .08 .29 -.08 -.71% 35 42 57 -.23 -.16 .54 1.00
12 -28 .19 -51 .13 -37 -29 -.62 -.20 -.50 -.50 03 1.00 :
13 46 -.18 .18 .79** =34 -32 -.52 51 54 -11 -.26 04 1.00
14 -32 46 35 .21 31 .26 25 .38 53 46 -31 -36 -.05 1.00
15 -28 -.22 -.16 49 -30 -30 -.53 -.05 -.19 -.63* -86** .26 -.05 23 1.00
16 .17 -26 -01 43 -.62 -54 -.15 -.31 -.02 -13 -.20 .08 52 .03 .18 1.00
17 -01 -20 .41 -49 -52 -41 17 27 -33 -85% -22 46 42 .61 51 1.00

*P < 0.05; #*P < 0.01.
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Table 50. Simple Correlations Among Various Seed Vigor Tests and Field Performance Variables in Redwin Winter Wheat (Second
Year Studies, 1981-82). '

Std Acc GADA Emerg Stand Plant Plants Heads Seeds 1000 Yield
Germ Aging &LCO, Rate Estab Ht m™! Plant™ Head™ sd wt kg
(%) (%) g'min™') (index)  (seedlings (cm) . ha™)
mt) ‘
1 2 3 4 5 6 7 8 9 10 11
1 1.00
2 68% 1.00
3 .06 .14 1.00
4 .20 .48 24 1.00
5 .09 40 41 BTE* 1.00
6 -.05 -43 -.15 17 .02 1.00
7 00 .38 41 .54 JT5** -.09 1.00
8 =25 -.62% -.62% -.59 -.76%% 31 = 71** 1.00
9 .02 12 .16 -.19 -.20 .04 -43 .04 1.00
10 . -.65% -.58%* =27 . -.56 -.51 .04 -.33 .65% .16 1.00 )
11 -.29 -.34 -.44 -.15 -.23 12 -.06 .54 -48 31 1.00

. *P< .05; **P < 0.01.
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‘Table 51. Simple Correlations Among Various Seed Vigor Tests and Field Performance Variables in Lew Spring Wheat (First Year

Studies, 1981).

Std Germ Cold Acc

Resp Resp Cond Emerg Stand Plant Heading Plants Heads Seeds 1000

Germ Index  Test Aging (uLO, @ILO, Index Rate Estab Ht Date m™ Plant™ Head™ sd wt Yield
(%) %) (P) gt seed™! (index) (seed- (cm) (days) (® (kg
min™t) min™) lings ha™!)
m1)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 1.00
2 .19 1.00
3 71% .16 1.00
4 42 -.26 61 '1.00
5 -.85* 03 -.67* -.53 1.00
6 -.08 © .34 -.64*% ~-56 .17 1.00
-7 -.03 25 -33 -32 .03 .65*%  1.00
8 .09 45 -41 -49 06 72* 47 1.00
9 -24 .30 -42 -.11 46 31 .08 58  1.00
10 -.01 35 -41 -34 -01 79%*  BQk* 42 08 1.00
11 -.34 -.31 -28 -.07 .30 -.04 -.13 -61 =22 13 1.00
12 .03 49 -.14 -09 .07 27 -.22 57 J5% ~-.04 -.33 1.00
13 .01 .36 -12 -19 .13 40 .55 -13 -.14 2% S5 -31 1.00
14 .14 -.62 41 61 -.24 -49 | -.26 -48 -37 -49 -.14 -45 -39 1.00
15 87 - 20 J2* 46 -.76%* -.28 -.06 -19 -44 -6 -.18 -32 -05 49 1.00
16 -.24 37 -35 -48 .06 .66* 46 25 =25 .64* 06 -.01 41 -35 -38 1.00

*P < 0.05; **P < 0.01.
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Table 52. Simple Correlations Among Various Seed Vigor Tests and Field Performance Variables in Newana Spring Wheat (First
Year Studies, 1981). .

Std Germ  Cold Acc " Resp Resp Cond Emerg Stand Plant Heading Plants Heads Seeds 1000
Germ Index Test Aging @LO, LO, Index Rate Estab Ht Date m™ Plant™! Head™ sd wt Yield

(%) %) (%) g' seed’! (index) (seed- (cm) (days) (& (kg
min™!) min™!) linlgS ha™1)
m™)

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

1 1.00
2 55 1.00
3 48 -.12 1.00
4 07 - .35 -.67* 1.00
5 -.54 08 -.72% 41 1.00
6 -39 -.52 -.20 -.01 00 1.00
7 .08 .01 -.03 -.40 03 .39 1.00
8 .56 32 56 Jd4 -43 -20 -48 1.00
9 32 -30 85%*% -47 -52 08 -.06 62 1.00
10 -11 -34 .04 -27 -.56 52 32 -27 -11 1.00 .
11 -48 -49 -.16 -.43 26 -.06 21 -=71*% -15 =02 1.00
12 -31 -.80%* 48 -.70*% -.40 54 26 -.13 54 58 26 100 -
13 .30 15 56 -22 -.46 24 -.05 65% 49 .09 -.61 d6  1.00
14 -.02 10 -.31 .27 41 .50 39 -14 -12 =22 -.19 -21 .30 1.00
15 00 -.31 -.30 26 26 13 A3 -47 -29 -06 .28 -12 =31 46 1.00
16 -.04 -17 . -.05 00 -34 J9** 41 -.06 .04 2% -40 45 35 . .33 -.08 1.00

*P< 0.05; **P< 0.01. -
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Table 53. Simple Correlations Among Various Seed Vigor Tests and Field Performance Variables in Newman Spring Wheat
(Second Year Studies, 1982) Experiment 1.

Std Germ Acc Resp Resp GADA Emerg Stand Plant Heading Plants Heads Seeds 1000
Germ Index Aging WLO, @LO, WLCO, Rate Estab Ht Date m™! Plant™! Head™? sd wt Yield

(%) (%) g'  seed? g?' (index) (seed- (cm) (days) (& (kg
min™') min™!) min™) lings ha™)
m?) '
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1.00
79*%° 1.00

ST* 34 1.00

42 S59% 23 1.00

5% 49 S7* 0 .64* 1.00

B1¥* 48 45 47 79%* 1.00

S13%%69% 13 Sl .64%* .69%  1.00

67* 18%* 33 .65*% .40 46 67* 1.00

61% ST* .55 34 53 34 .60* .53 1.00

10 -.82%* -54 -49 -25 -65*% -56 ~-.46 -50 -36 1.00

11 .68* JJ0** .29 37 32 35 63% 90** 54 -.55 1.00

12 -.68% -79** -12 -41 -37 -.29 -.58% =-77%* ~.49 69*%  -.82%*  1.00

13 =.93%* _77*%% -52 -43 -.66% -82%*% - 75¥% . T2¥k 45 JI5EE ~ 68% 59*%  1.00

14 -.08 -.15 -12 =12 -.08 -.21 17 -.28 A5 -14 -2 .05 .02 1.00
15 .63* .50 45 .28 S58%* 27 32 43 .60* -.64% b61*  =70* -39 -.14 1.00

*P< 0.05;**P<0.01.
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- Table 54. Simple Correlations Among Various Seed Vigor Tests and Field Performance Variables in Spring Wheat (Second Year Studies,

1982) Experiment 2.
Std. ‘Germ Cold Acc Resp Resp Cond GADA Emerg Stand Plant Heading Plants Heads Seeds 1000
Germ Index Test Aging (uLO, (uLO, Index (uLCO, Rate Estab Ht Date m™ Plant™? Head" sd wt Yield
(%) % (%) g seed’ g?' (index) (seed- (cm) (days) (8) (kg
min~ ) min™?) min™) lings ~ hal)
mt)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
-1 1.00
2 .71%% 1.00
3 .81  [78*%* 1.00
4 79%%  87** 93** 100
5 -.09 15 -.04 .10 1.00
6 -.15 13 -.14 .02 97*% 1,00
7 =53 -49 -52 -42 .76%* .71**1.00 )
8 - .76%* 86%** .90** 88** .13 .02 -41 1.00 ' ~
9  75%%  9l%% Q2%x  QB** 13 .08 -43 .90** 1.00
10 .78%% [70% .93%* 92%* (02 -.09 -42 .83**  86%* 1.00
11 -.14 .18 -.04 .14 65%  77¥F 40 03" .21 .05 1.00
12 -.81%% - Q87%*_93*%*% _ 95%% (4 .10 55 - .89%% 97 87¥%* _ 06 1.00
13 JJ8*% g 7%%  85¥%  @3xk _ (05 - 12 -.45 J78F%  F7E 95%*k  Re¥* _ TRF* 100
14 -73%% - 48 -.69*% -.58* .34 .38 62% ~64% =56 ~ .[76** .07 69— 85%% 1,00
15 -.04 -46 =29 -45 -.68% -73*%-27 -34 -51 -35 -90* 34 =34 .04 1.00
16 -.55 -10 -.38 -.23 .56 69* 53 -28 -.12 -.37 86** 27 -36 44 -.69*% 1.00
17  .70%* .30 .62% 49  -.58% - T1**-65* .50 .37 62 -07 -.51 63% -67% 49 -92%*1.00

*P < 0.05; **P< 0.01.
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