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Foreword

This report on the work done during January - December
1989 has beer prepared to share the Intformation with
sclentists who have an Interest In gralin quality and

biochemistry aspects of chickpea and pigeonpeas.
This is not an official publication of ICRISAT and

should not be clted.

Umaid Singh and
R, Jambunatharn
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a. Monltor the grain quallity and cooking quallty of
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and <tudy thelr consumer accep*ance and nutritional

quality

. Study *'e physicochemical and storage quality of
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prceducte.,

e. Study tte cehulling auality and eguccrizted rutriend

losses ‘n chickpea,
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1. Particle size index of des! and kabull cultivars

Physicochemical characteristics of des! and kabul! types continued to
recelve our Increasing attention, The particle size Index (PSI) which Is
related to graln hardness was determined in four des!| and flve kabul!
genotypes. Whole seed and dhal! sampies of these genotypes were dried In the
oven at 55°C for 2 h and ground unitormly In Buhler and Udy milils.
Unitormiy ground sample (10 g) were sieved through meshes of 250 and 150
micrometer (um) openings and the unsieved sample was calculated as
percentage of the samplie and expressed as PSi. As shown In Table 1, the
PSI values were considerably higher In whole seed than In dhal samples and
this might have been due to seed coat contents. |t slso appeared that Udy
mill produced finer flours as compared to Buhier mill. Although there were
no clear differences In PS| veiues of desi and kabull groups, the
differences between genotypes were signiticant (P<0.01), We plan to
determine graln hardness of these genotypes using Klya hardness and Instron
food testers to study the relationship between grain hardness and particle
size Index of these cultivars. Also, these results will be related to

cook ing quality characterlstics of these cultivars.

2. Determination of seed floatation values

It has often been emphasized that grain hardnese, particularly In cereals,
could be determinad by floatation tests. Grain samples are graded on the
basis of thelr density In an organic solvent. But sodium nitrate, has been
suggested for grading cereals. We Initlated studies to determine the
floatation values of desl and kabull cultivars of chickpea. Different

concentration of sodium nitrate solutions were studied (Table 2). A large



varistion In seed flostation values were observed, even though there were
no large dlfterences In des! and katul!l groups. ICCVY 6 showed the highest
floatation value and the lowest value was obtalned for ICCC 37. These are
the results of preliminary investigaticns. Morecver, the method of
determining fiostation values needs further ctandardization. Further, work

wlil be continued In this direction using more number of cultivars,

3. Cooking quality and chemical composition of Australlan chickpeas

We determined the cookling time, water absorption, seed coat, protein, and
tat contents of three cultivars, Dooen, Amethyst, and Tyson recelved from
Warwick, Queensiand, Australia, Cock!ng time of whole seed of these samples
ranged between 86 and 4 min anc cf dhal samples between 37 and 45 min
(Table 3). Protein content cf ¢hai .amples of these cultivars varied from
23,7 to 24,7% showing 2 small var'ation. n addition, we also analvyzed 16
breeding Ilnes from the same place tor cooking time and prctein content
(Table 4). Whole seec¢ cook 'ng time varied trom 75 to 99 min and protein
content from 19.4 to 22.4% bein; vomparab « w'tt *he results ¢f genctypes

from ICRISAT Center.

4. Nutritive value of chickpea leaf

Chickpea green leaf when harvestec et ehout 154C days after planting 's
used as a vegetable. Keering ir mind the nutr tive veaiue, freeze-dried
leaf samples (collected at 7 days after pianting) of I1CC 506 and Annigerl
grown In irrigated and unirrigated fle'ds from an experimenrt conducted ir
collaboratlon with chickpea entorology un't were ana'yzed for protein,
sugars, flber contents, molsture, and so'uble nitrogen. Soluble sugars and
reducing sugars were were considerablv higher ‘r chickpee ieaf samples of
'rrigated than In the unirrigated in [CC 506. But no noticeabie changes in

sugars content of Anniger! were observed due to irrigation (Table 5).



Proline has 8 tendency to accumulate In drought condition, It was
significantiy higher in leaf sampies ot both Anniger! and 1CC 506 from
unirrigated than those from Irrigated field. Starch content of these leaf
samples ranged between 15.9 and 19.7% and crude tiber content varled from
9.2 to 12.0% showing no signiflicant (P<0,01) dlfferences between the two

treatments,

5. Chemical constituents of chickpea leaf at different stages of plant
growth
In collaboration with pulses entomoiogy unlt, we studied the chemical
constituents of chickpes leaf samples collected at different stages of
plant growth. Two cultivars, one susceptible to pod borer (Anniger!) and
another resistant to pod borer were selected for thls purpose In order to
examine the role of chemical constlituents of leaf in influencing the pod
borer attack In chickpea. Effect of Irrigation was atso studied cn these
constituents. Leaf samples at 37, 44, 51, 58, 65, 72, 79 and 86 deys after
planting were collected. Leat samples were freeze-dried and analysed for
moisture, protein, soluble nitrogen, proline, soluble sugars and
nonreducing sugars. The results of these exper iments are summarised In
Tables 6-11., Molsture content of leat decreased as the plants matured and
thic was observed In both Irrigated and unirrigated fields (Table 6).
Variable results were recorded for total nitrogen content of leaf samples
(Table 7). Also, total nitrogen levels showed no definite trend when the
results of irrigated and unirrigated fields were compared (Table 7). In
general, it was observed that nitrogen content of leaf samples of Anniger!
was higher than thcse of the ICC 506. Soluble nltrogen content cf the leaf
might have been influenced by Irrigation. But the results of present study

reflected no changes In the nitrogen content of the le2f sanples of



Irrigated and unirrigated flelds (Table B). Interestingly, the soluble
nltrogen content cf the leaft did not show large variation at dlfferent
stages of plant growth and aiso the differences between genotypes were not
lerge. This Indicated that nitrogen me*abolism In chickpea may not be

Influenced by Irrigation and genotype.

Prollne has a tendency to accumulate Iin drought condition. This was
also observed In our study &8s the prolline content of leat samples from the
unirrigated fleld was sign'ticantly (P<0.01) higher than those of the

irrigeted fleld (Table S).

Accumuletion of photosynthates at dlfferent stage of chickpea piant
growth Is an Important blochemicel actlvity of the plant. in this context,
soluble sugers play an Important role. Goluble sugars and reducing sugars
of chickpes leat were studled at dliffterent stages (Tables 10-11), Soluble
sugar content of the leaf incressed up to 58 days afier planting except In
irrigated samples ot ICC 506 and then decreased uptc 72 days after planting
in both the genotypes Irrespective of irrigation treatment (Table 10). No
large ¢ fferences in soluble sugar contents ¢f Anniger ” ang ICC506 were
observed. Alsc, Irrigation dic¢ not remarkatiy change the levels of soluble
sugars of chickpea lest. Reducing sugars which constituted about 15-20% of
the total soluble sugars In the |eat, revealed some nc*iceatle change due

to irrigation in the later stages of growth for both genctypes (Table 11),

These above mentloned constituents have been studled keeping In mind
the Insects behavior at different stages of growth. Entomologists have
collected date on this aspect from these fields and would |ike to interpret

these results accordingly.
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Table 2. Effect of sodium nitrate concentration on seed flioatation values

of chickpea a.\ltivaml

Sodium nitrate solution (X)

70 72 T4
itgvar Floatation valoe (%)
Desi
ICV 1 0.0 20.0 16.6
IccC 37 10.0 13.3 10.0
10CC 42 23.3 26.7 23.3
Annigeri 26.7 20.0 30.0
K 850 40.0 40.0 33.0
Kabuli
v 2 0.0 16.7 16.7
ICCV 3 26.7 23.3 26.7
ICCV 4 16.6 20.0 16.6
ICCV & 13.3 13 3 14.0
ICCY 6 63.0 60 .0 60.0

1. Based on single analysis



Table 3. Analysis of chickpsa genotypes’

100 seed  Seed  Cooking Water

Cultivar mass coat time absorption Protein Fat
(@) (%) (min) (a/8) (X) (%)

DOOEN a 20.2 13.7 84.0 1.18 20.2 6.7
a - - 37.0 1.40 23.7 6.8
AMETHYST a 15.5 15.9 86.0 1.32 20.0 5.8
b - 45.0 1.37 24.0 7.0

TYSON a 13.6 16.9 88.0 1.22 20.8 6.0
b - - 43.0 1.41 24.7 6.8

SE+ 0.13 0.13 1.63 0.017 0.33 0.13

1. Received from Dr. R. Brinsmead, Warwick, Australia

a. Whole eeed

b. Dhal (decorticated dry split cotyledons)

Resulte are averages of duplicate determinations
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Table 4. Analysis of chickpea genotypee’

Whole eeed Ihal

Genotype 100 seed s B et T —

identity nass coat Cooking Cooking
number (&) (X) Protein time Protein time
(X) (min) (%) (min)
232-4 24.7 14.1 22.4 75.0 25.8 35.0
488-1 15.6 15.% 20.4 8.0 24.6 37.0
243-7 18.7 13.% 21.7 82.0 24.6G 32.0
448-2 15.3 13.7 22.2 86.G 24.6 38.0
225-7 17.8 14.2 20.7 85.0 25.0 40.0
244-1 21.4 14.% 21.3 79.0 24.4 35.0
232-5 20.7 13.8 20.2 87.0 23.2 36.0
365-5 19.¢2 14.3 20.2 90.0 23.8 38.0
247-7 24.8 13.2 21.7 93.0 24.7 39.0
8593-2 13.¢8 6.0 20.7 92.0 24 6 39.0
H85-6 .9 13.% 19.4 95.0 237 44 .0
462-4 16.1 13.7 U101 97.0 24 7 4%.0
46::-1 164 17,7 210 91.0 PR 46.0
441~ ¢ 18 RS S 990 St 44.0
5714 1L 14.8 204 89." 24 - 47 0
462-5 14.5 13.8 20.7 9s.4 24 ¢ 47.0

1. Received from Dr R. Brinsmead, Warwick, Australia

Results are aversges of duplicate jeterminationse



Table 5. Chemicai vonstituents of leaf samplos of Annigeri and IOC 506 cultlvars

collected at 37 days after planting. ICRISAT Center, postrainy eeason,

1988/89"

"""""""""""""""""" e
Conetituent Irriaated  Unirrlasted  Irrlgnted  nirrigated  SE

Molsture (%) 8¢ 8 8.0 80.¢ 18.1 11.64
Protein (%) 26.8 PO 25.0 L 10.08
Proline (ng(100 g)™}) 41.6 69.0 59 0 95  41.3%
Soluble nitrogen (%) 0.4 0.4 03 04 3014
Soluble sugare (%) 6.8 6.9 6.9 n.8 10.28
Reducing sugars (%) 1.6 1.5 16 1.0 10.06
Nonreducing sugars (% 5.3 4.8 5.0 4.7 10.18
Starch (X) 131 18.9 19.7 b 9 10.32
Crude fiber (%) 10,0 9.2 12.0 11.2 10.40

1 Based on analysic of freece-dried samples in duplicate
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Table 6. Mu.isture content of leaf samples collected at different stages of
Annigeri and IOC 506 cultivars, ICRISAT Center, postrainy season 1”0/891

"""""""""""""""""""" Daye after planting

QULLIVAY s e e e e e e
k) Lt} 5 58 65 2 (i 86

Annigeri

Irrigated 80.9 80.%5 81.3 77.8 71.2 77.0 75.8 75.2

Unirrigated .0 79.6 78.1 13.4 72.2 73.3 70.% 65.5

ICC 506

Irrigated 80.2 79.6 8.4 7.1 759 76.0 741 729

Unirrigated 78.1 18.4 6.6 .2 T0.2 71.1 68.7 68.8

SE +1.23 40.86 11.04 2079 064 +1.12 40.56 10.72

1. Based on analysis of five replications
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Table 7. Nitrogen content of leaf sasples collected at different stages of
Annigeri and ICC 506 cultivars, ICRISAT Centar. postrainy season 1968/89)

"""" Doy after planting
Cultivar = eememcemeeneeeeo B R R R LT -
37 44 51 58 6% 72 79 86

R PO DO S
Annigeri
Irrigated 4.2 35 3.6 3.9 42 4.7 3.6 2.9
Unirrigated 4.4 4.1 4.0 4.4 40 4.2 2.8 1.5
ICC 506
Irrigated 4.0 3.8 3. 43 43 4.4 3.3 2.8
Unirrigated 3.9 4.0 3 ERU 37 3.7 3.3 1.5
S 40,23 £0.18  +0.20 011 034 $0.23  40.09 40.06

1 Based on analycie of five replicationc




Table 8. Soluble nitrogen content of leaf samples collected at different stages of
Annigeri and 1CC 506 cultivars, ICRISAT Center, postrainy season 1988/89".

.....................................................................

Cultivar =~ mme-emmemememe oo s
k) 44 51 58 65 12 18 86
T s luble nitrogen (£(100 @) ) dry welght] -o-omoooooen

Anniger{

Irrigated 0.4 0.3 0.4 0.3 0.3 0.5 0.4 0.3
Unirrigated 0.4 0.4 0.5 0.4 0.4 0.5 0.4 0.3

1CC 506

Irrigated 6.3 0.3 0.4 0.4 0.3 0.5 0.3 0.3
Unirrigated 04 0.4 0.4 0.3 0.3 0.5 0.4 0.2

SE 40 03 10.02 +0.01  +0.01 +0.02 40.01 40.02 10.01

1. Based on analysin of [ive replicationc
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Table 9. Proline content of leaf samples collected at different stages of Annigeri
and ICC 506 cultivars, ICRISAT Center. postrainy season 1968/89%.

Gt e Do ster g
37 44 51 58 6% T2 19 86

s

Annigeri

Irrigated 47.6 271.7 39.1 T BRI 45.3 30 8 15.%

Unirrigated 68.0 41.2 60.8 .0 1180 82.0 86.3 48.3

I1CC 506

Irrigated 9.0 32.% 2407 253 46 9 47 4 KA 17.%

Unirrigated 79.5 42,1 51.5 89.5 108 5 6.7 74.9 26.1

SE 42,34 21.78 0 44,02 278 s3 2T 11,88 12,04 11.16

1. Based on analysis of five replications

£




Table 10. Soluble sugar contents of leaf samples collected at different ctages of
Annigeri and IOC 506 cultivars, ICRISAT Center, postrainy ceason, 1868/891.

Days after planting

Qultivar = meeecemeee e e e e e e e
3 44 51 %8 65 72 19 86

e S
Anniger!

Irrigated 6.8 10.5 14.4 15.3 8.5 6.5 T 8 4
Unirrigated 6.5 8.1 140 154 104 6.8 7.6 7.4

I0C 506

Irrigated 6.9 116 4.2 1.9 7.1 6.0 T 8.3
Unirrigated 5.8 10.6 14.4 14.6 3.2 7.1 7.1 7.2

SE 40.24 20.36 +0.27  10.24 20.19  +0.21 40.06 10.07

1. Based on analyeis of five replications

18



Table 11. Reducing sugar content of leaf samples collected at different stages of
Annigr! and 10C 506 oultivare, ICRISAT Center, postrainy eeascn, 1960/89°

Qultivar e e e e
n 44 51 58 65 72 19 86

L etuetng ougart. (80100 €)1 oo
Annigeri
Irrigated 1.9 1.4 2.3 1.5 1.0 1.6 1.9 1.5
Unirrigated 1.6 1.3 2.0 1.6 2.0 1.8 3.2 2.5
ICC 506
Irrigated 1.0 0.9 1.7 16 0.6 1.9 2.1 2.5
Unirrigated 1.1 1.4 3.1 I 11 3.3 3.6 3.0
SE 0,01 20,02 4002 40,01 (001 40,03 20,02 £0.0J

1. Based on analysis of flive replications

13
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Pigeonpes Progress Report 1989

Project No. : BN-102 (87) IC

Project Titie : Study of grain and food quality parameters of
pigeonpea
ObJectives and Scope

a. Monltor grain quality and cocking quallty of sdvanced
breeding | lines.

b. !nvestigate the role of physicochemical properties
involved In determining the cocoking time of whole seed
ard chal,

c. Evaluate the protein gueiity by rat feeding trlals and
study the factors that sffact protein d'gestibliility,

d. “xplore tre possiti' '+, ot preparing some new food
products of pigeonpea and study their consumer
acceptance anc n “rit.ons’ qua'ity.

f. Develop @ <u *adle procedure *cr dehull'rg acuallty and
study *tte re atiorcsh r "etwecn gra‘n crarecterictics

anc dehu irt  qua!l ty - citterert nenctypes,

Key words : “r-ainr gueg itv, cork nq Gq.x ‘ty, physlcozhemical
croperties, ¢rrnesLmer accertance, ctemlicel

ccmpos tion, nutritiona! cqua’ity.
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t. New food uses
To enhance utliization of pigeonpss In East Atrica and Southeast Asla, we

continved to expiore the teasibility of using plgeonpea for various food

Items of these regions.

1.1 African foods

With the heip of & trainee from Kenys, three Important Kenyan food products
namely, Isyo, Mukimwa, and Muthokoy! were prepered. Isyo was prepsred by
using separately bolled malze and pigeonpea dhal In the ratio of 4:5,
whereas Mukimwa was prepared by mixing bolled malze and whole seed
pligeonpea with boiled and peeled potatoes. In case of Muthokoy!, bolled
dehu! led maize and pligeonpea whole seeds are mixed with vegetabies eg.,
carrot peas, cabbage and then fried. Organoleptic propertles of these food
products were evaluated and found acceptable by the panel members.
Surther, these products will be evalueted using more number of cultivars

and also will be studled for thelr chemical constituents,

1.2 Southeast Asian foods

1.2.1 Tempeh qual ity of wvhole seed and dhal

We continued to study plgeonpea feu;peh quality. In Indonesls, whole seeds
ot pigeonpea and soybean are the raw material used to prepare tempeh. Whole
seeds are used for this purpose because of lack of proper dehullling
tacllities. We compared the tempeh quality of the product prepared by
using whole seed and dhal s raw material. Seven genotypes (C 11, ICPL 87,
HPL 40, T 7, NP (WR) 15, LRG 30 and BON 2) were used for this study, the
results of which are summarised In Table 1. The organoleptic properties
such as color, taste, texture, and fiavor did not show differences between
whole seed and dhal samples (Table 1). Also, the differences among

cultivars were not significant with respect to the organcleptic properties

23



of tempeh.

122 Eftect of fermentstion on chemical constituents

It Is known that fermentation !s an Important process In the preparation of
tempeh. We examined the effect of fermentation on chemical constituents of
plgeonpea dhal. For tempeh preparation, sosked and bolied dhal samples of
C 11 and Nylon were fermented using Rhizopus ol lgosporus obtained from
Indonesia. As & control, soaked and bolled dhal samples was used.
Fermented and frled, and control samples were freeze-dried and defatted.
These samples were analysed for protein, soluble nitrogen, starch and
soluble sugars. Proteln content Increased and starch content decreased due
to fermentation (Table 2). We observed & remarkable Increase In both
soluble sugars and soluble nitrogen as 8 result of fermentation. An
Increase In soluble sugars after fermentation might have been due to the

anzymatic degradation of starch,

Further, fermented samples were analysed for amino acld composition as
shown in Table 3. No large differences In the leveis of essential and
aonessential amino acids were observed. However, lysine content slightly

decreased In the fermented sample, nylon (Table 3).

1.2.3 Noodle quallity - starch extraction

For efficlent utiiization of grain legumes for the preparation of starch
noodles, two Important characteristics are : 1) Iimproved rate of starch
extractlion l.e. more starch yleld and 2) good clarity and appearance of
extracted starch. We examined these two starch properties using dhal
samples of ten plgeonpea cultivars (ICPL 151, ICPL 87, C 11, ICPL 270, ICP
3863, ICPL 366, ICPL 87051, ICPL 87063, ICPL 87067, and BON 2), Starch

yleld of these cultivars varied from 64.3 and 82.0 § as shown in Table 4.
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This Indicated that there are genotypic difterences In starch yleld of
cultivars, even though It Is difficult to rule out the possibile effect of
environment and agronomic practices on starch yleld of pigeonpes cultivers.

Additional studies In this direction will be useful.

1.3 Quick-cooking dhal

Preliminary efforts were made to examine the possibii!ity of developing
fast-cook Ing pigeonpea dhal. Chemical coating of dhal sample of cultivar
C 11 was done by soaking the sample In 1% (w/v) solution of either sodium
carbonate or sodium bicarbonate solutions for 4 hr, followed by washing
with water, steaming In a pressure cooker, and drying In an oven at 50°C
overnight. This chemical coating of dhal reduced the cooking time from 22
min (control, C 11 dha!) to 5 min with sodium carbonate treatment.
Further, we plan to study thls aspect using more number of cultivars.
Also, the effect of chemical coating using sodlum chioride, sodium
tripolyphosphate solutions on reducing the cooking time of pleonpea dhal

will be examined.

2. Market survey
This survey was conducted In collaboration with the Economics unlt to study

the market grain qulity and dhal millers' preferences ot plgeonpea In

Andhra Pradesh, Karnataka, Maharashtra, Madhya Pradesh, and Uttar Pradesh.

Important pigeonpea growling districts of these states were surveyed as
shown In Table 5. In total, 386 seed samples were collected and these
samples were analysed for protein content, seed size, seed coat, floatation
value, cooking time, and seed damage. Ranges and means of these
characteristics are shown In Table 6. Some important observations of this

survey are as follows. Traders and dha! mill owners prefer plgeonpeas with




white seed coat, round shaps, and bold seed size. They purchase pligeonpess
from the farmers by paying higher prices for these grain characteristics.
Therefors, It sppears that there is & strong positive reletionship between
seed color (bright/white) and price. Also bolder pigeonpea grain fetch
more price In the market. |t was noted during the survey that some farmers
sold white pigeonpeas In the market to get more money and kept red/brown
plgeonpeas for househol!d consumption, Irrespective of preferences for
cook ing and dehulling quallty. Generally, it Is reported that white
pigeonpeas are aimost round In shape and yleld higher dhal recovery as
compared to red/brown pigeonpeas. Majority of the respondents observed
that eating quaiity of dhal ot red plgeonpeas are better than those of
white plgoenepas. No large difference In cooking time between short and
long duration pigeonpeas was observed by the vi|lagers. Long duratlion

plgeonpeas s reported to taste better than the early maturing plgeonpeas.

3. Vegetable pigeonpeas

Two genotypes (T 15-15 and ICP 7035) with different morphological and
chemical characteristics were grown during the rainy season 1988 In
lertisols at ICRISAT Center. Cultivar T 15-15 has a green developing pod
color with medium seed size and is wlidely grown In Gujarat State of India
for its vegetable and dry seeds. |CP 7035 has a dark brown developing pod
color with bold seeds containing high soluble sugars. Nearly 3000 flowers
of each genotype were tagged at the pollination stages and subsequently
developing pods were sampled at 24, 26, 28, 30, 32 and days after taggling.
Freshly harvested pods were shelled out and green seeds separated.
Sultable portions of the green seed samples were used for molsture
estimation and the remaining samples were freeze-dried. Moisture

determinations were made by drying the samples In an oven at 55°C for 16 h,
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For chemical analysis, freeze-dried samples vere finely ground in & Udy

cyclone mili and passed through & 0.4 mm screen.

3.1 Dry satter accumslation

Changes In dry and fresh welight observed for cultivars T 15-15 and |CP 7035
are glven In Table 7 and Table 8, respectively. On fresh weight baslis, a
large Incresse In seed size was noticed between 24 and 26 days atter
tiowering, aithough it contlinued to Increase up to 32 days atter flowering.
This trend was observed In both the genotypes though Increase In seed slize
was more pronounced In |CP 7035, Expectedly, the molsture content of the
seeds decreased with maturation In both the cultivars. When the results
were expressed on dry welight basls, dry matter accumulation contlinued to
increase up to 32 days after flowering In both the cultivars. However, the
rate of dry matter accumulation was faster In ICP 7035 than In T 15-15 &s
the seeds matured. = Thils Is spparent by the differences In thelr dry seed
weight at 24 and 32 days after flowering. Keeping In mind the color of
developling green seeds for use as a vegetable, and the results of this
study on dry matter accumulation, It may be mentioned that green seeds
could be harvested at nearly 30 days after flowering for use as a

vegetable.

3.2 Chemical changes at different stages of seed development

The changes in the “levels of protein, soluble sugars, starch and crude
fiber In treeze-dried seed samples of these cultlvars are summarised for T
15-15 in Table 7, and for ICP 7035 in Table 8. These tables also contain
intormation on 100-seed mass and molsture content of these cultivars.
Soluble sugars, and protelin, as percent of fresh weight and dry welight,
continuously decreased, and starch content increased with the maturation In

ICP 7035, whereas protein content considerably decreased between 24 and 26
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deys after fiowering In T 15-15, However, when resuits were expressed as
mg seod". an Increasing trend in soluble sugars, proteln, and starch
content was observed as the seed matured In both genotypes. Crude fiber,
8s percent of the sample weight, continuousiy decreased in T 1515 and
siightly Increased In ICP 7035 as the seeds matured. When the results were
xpressed as mg sud". crude fliber content increased with maturation In
both the cultlvars, but Increese was faster In |CP 7035 than In T 15-15,
As shown In Table 8, ICP 7035 contained remarkabiy higher amounts of
soluble sugars as compared to T 1515 at all stages of seed development
studied. These two cultivars did not differ noticeably with respect to
sterch content during this perlod of ‘maturation. This Indicates that the
‘eveloping green seeds of |CP 7035 has better biochemical activity for
synthesis and accumulation of soluble sugars and hence contribuyte towards

‘weetness of the seed for vegetable purpose.

‘3 Minerals and trace elements

Minerals and trace elements particularly calcium, iron and zinc are
‘mportant nutrients but are usuaily deficlent in the diets of low Income
people in the developing countries. The levels of caicium, magnesium,
zinc, Ilron and copper of developing green seeds showed notliceable
Jlfferences between T 15-15 and ICP 7035. Calclum and magnesium were
considerably higher in T 15-15 than In ICP 7035 and reverse was true for
copper content at all the stages of seed deveiopment (Tables 7 and 8).
Calclium content of T 15-15 was remarkably higher than In ICP 7035 at al|
stages of seed development. Zinc and Iron contents of these genotypes did
not show larqge differences. No definite trends In the concentration of
hese constituents were observed with seed development In both genotypes,

- xcepting magnesium content which gradually decreased as the seed matured

28



tn 1CP 7035. When consumed, developing green seeds are a richer source of
iron, copper and zinc on a dry matter bas!is than mature seed. Results of
present study show that green seeds of T 15-15 are a richer source of
calcium and magnesium as compared to ICP 7035. Also the results suggest
that green seed when plucked between 26 and 32 days after flowering for use
as a vegetable would not show large variation In calclum, magneslium, zinc,

Iron, and copper contents,

Although it Is not clear what quality factors are Important In
selecting genotypes for vegetable purpose, some years ago the researchers
at |CRISAT have started to deveiop sweet large-seeded cultivars that also
glve stable production. Results of this study Indicate that the levels of
proteln, sugars, and starch would considerably vary, but minerals and trace
elements would not change depending on the stage of harvesting of pigeonpea
green seeds for .vegetable purpose. Also, there would be noticeable
dl{ferences among the genotypes for this purpose. For vegetable purpose
anc from nutrition point of view, proteln, soluble sugars, starch and crude
tit>r are important constituents. It may be mentioned that harvesting of
pleceonpeas for sale as a vegetable Is more common near cltlies where green
pods can be readily marketed, and cultivars with different maturity may be
preferred. Additional studies In this direction using early, med!um and

late maturing cultivars of plgeopea will be useful,

4. Floatation value, seed size, and protein content

The floatation test which Is used to determine the hardness of cereal seeds
wa. standardized for pigeonpea. Sodium nitrate solution having a dens!ty
of 1.272 at 25°C was found suitable for this purpose. One hundred and

tw nty one whole seed samples were studied for seed floatation value,
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protein content, and 100 seed mass. Protein content of these samples
ranged between 12.5 and 22.0§ whereas seed flostation values varied from 4
to 96% showing & large veriability (Table 9). Interestingly, we observed
that seed floatation values were negatively and significently correlated
(r==0.85"") with whole seed protein content Implying that heavler seeds
(less floatation value) will contain more protein. There was aiso a
significant and negative correlation (r==0.40"") between 100 seed mass and
seed floatatlion values. Unexpectedly 100 seed mass was positively and

signiticantly correlated (r=0.49"") with protein content.

5. Dehulling quallty

We have Initiated some collaborative studies on noodle and tempeh quallty
with tfood research laboratories In Thalland and Indonesla. Six cultlvers
of pigeonpea differing In morphological and seed characterlistics were
ldent!fled tor this collaborative work. As a first step, we studlied the
dehul | ing quality of these cultivars by using Tangential Abrasive Dehulling
Device (TADD) in our iaboratory. Dhal yield of these cultivars ranged
between 72.4 and 81.0% showing a large variation (Table 10). Dhal yleld

was highest In ICPL 87053 and fol lowed by C 11 as shown in Table 10.

6. Monltoring grain quality of newly developed cultivers

6.1 Chemical composition and cooking qual ity

It has been our endeavour to snalyse the newly developed cultivars for
cookIng quallity and chemical composition including amino aclds, minerals
and trace elements. Durling this year, we received 10 cultivars from the
breeding unit and analysed these for varlous constituents as glven In
Tebles 11 and 12, Cooking time of dhal samples of these cultivars ranged
between 18 and 27 min (Table 11). These ditferences in cooking time were

supported by the differences In amounts of solids dispersed during cooking
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ot these cuitivars, Eariler, our results have Indicated a highly
significant and negative correlation between cooking time and amount of
sollds dispersed In cooking water. There were no large differences In
water absorbing capaclity of these genotypes (Table 11), Protelin content of
these genotypes varied between 20.5 and 23.9% whereas no noticesble
varistion were observed In the levels of sugars, fat and ash contents of

these cultivars (Table 11).

6.2 Minerais and trace elements

Minerals and trace elements are Important dletary constituents. Calclium,
magneslum, potassium, zinc, Iron and manganese contents of the newly
developed cultivars are shown In Table 12. Calclum content of these
genotypes ranged between 54.4 and 85.6 mg 100 g" sample, while no large
ditferences In iron content of these cultivars were observed (Table 12).
it may be mentioned that calcium content of ICPL 87 was the lowest among
these cultivars, Calcium and Iron are the Important minerals from
nutrition point of view and these two constituents are generally deficlent
in the diet of people, particularly of low Income group people. It will
be useful to study the effect of environments and fleld conditions on
mineral content of some cultivars, particualriy of ICPL 87 which contains

lowest amount of calclum (Table 12).

6.3 Bilological evaluation and amino acld composition
Blologlcal evaluation, true protein digestibliity and utilizable proteln

values of these cultivars were determined by conducting rat feeding trials.

The results of thls study are summarised In Table 13, Protein

digestiblllty values ranged between 87.6 and 92.85. These values were

slightly higher than those of other cultivars of pigeonpea reported




eariier. Blologlical value of these cultivars varlied trom 61,0 to 70.6%.
However, these differences inblological vatue did not result in 8 large
varlation for utiilzeble protein which varlied from 12.1 to 14.8% (Table
13). Blologlical value of legume gralin protein Is greatly Inf{uenced by
sulphur contalning amino acids, methlonine and cystine. These amino acld
slong with other amino aclds were determined In cooked dhal samples of
these cultivars., No large differences In the levels of various
nonessential and essential amino aclds Including methlonine and cystine

were observed among these cultivars (Table 14).

7. Verlsblililty In fat content and grain hardness

We have observed that plgeonpea tempeh 1s harder than soybean tempeh and
ditferences In fat content of these two legumes might contribute to tempeh
hardness. Also, grain hardness might be responsible for such an effect.
We selected 200 germplasm accesslions to know veriation in their fat content
and subsequently study the tempeh quallty of low and high fat containing
genotypes. During this year, we screened these accesslons for thelr fat

content as follows.

7.1 Method of fat extraction

Fat was extracted using n-hexane In a Soxhlet apparatus. We compared
different durations of fat extraction. As shown In Table 15, there were no
large difterences in tat values of cultivars extracted for 8 and 16 hr,
Therefore, to speed up the analysis we followed 8 hr extraction period for

analysis of our germplasm accessions.

7.2 Analysis of germplasa accessions
As shown In Annexure |, fat content of whole seed of these genotypes varied

from 1.0 to 3.2 with the mean being 1.9. These genotypes were also
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analysed for 100 seed mass and protein content. 100 seed mass of these
genotypes ranged between 4.5 and 22.5 g showing a large variation. Protein
content of whole seed of these genotypes varied from 16.5 to 23.6%, with

the mean beling 20.6§.
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Taste acceptability

Texture Flavor

Color

dhal samples of puumaul.

Table 1. Sensory evaluation of tempeh prepared by using whole ssed and

Cultivar
Whole seed
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1. Based on evaluation by ten panel members.
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Table 3. Effect of fermentation on amino acid (g 100 g~} protein) composition
of pigeonpea cultivars

cu Mylon
Fervented Fermanted
Anino acld Control Fermented and fried Control Fermented and fried
Lysine 7.3 7.3 7.1 7.3 8.9 6.7
Histidine 4.1 4.1 4.3 4.2 4.2 4.0
Arginine 6.5 6.3 6.2 6.3 5.7 5.6
Aspartic acid 8.2 9.3 9.3 9.3 9.2 8.0
Threonine 3.8 3.8 3.8 4.0 3.8 3.8
Serine 4.7 4.6 4.6 4.9 4.7 4.7
Glutamic acid 18.9 18.0 18.8 18.7 18.7 18.5
Proline 5.2 5.2 5.1 5.7 5.0 4.9
Glycine 3.1 3.3 3.5 3.5 3.4 3.4
Alanine 4.2 5.0 4.9 5.0 5.5 5.1
Half cystine 1.2 1.2 1.4 1.2 1.2 1.1
Valine 4.3 4.6 4.8 5.0 5.0 4.9
Methionine 1.7 1.6 1.6 1.7 1.6 1.7
leoleucine 4.3 4.4 4.5 4.3 4.5 4.7
Leucine 7.% 7.6 7.7 7.9 7.7 7.9
Tyroeine 3.6 3.5 3.4 3.5 3.2 31
Phenylalanine 7.0 6.9 6.9 7.1 6.8 7.0
Total 96.6 97.7 97.9 99.6 97.2 85.9
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Table 4. Variability in starch content and its extraction rate in
pigeonpea cu.lt'.ivare1

Starch
Starch vield

Cultivar (X) (%)
ICPL 151 60.0 73.3
ICPL 87 56.3 73.7
cu 58.7 74.6
ICPL 270 56.2 70.8
ICP 8863 58.4 74.7
ICPL 366 60.0 64.3
ICPL 87051 56.8 82.0
ICPL 87063 56.8 79.6
ICPL 87067 58.2 72.2
BDN 2 58.4 68.5

1. preliminary resulte based on single analysis
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Table 5. Variation in 100 seed mass of survey samples oollected from
different States in India

Number of 100 seed mass (@)
State/location samples -
Range Mean

Andhra Pradesh

Tandoor 6 8.4-12.5 10.8
Karmataka

Gulbarga 43 8.1-13.3 9.6

Bidar 35 4.2-14.0 9.7
Maharashtra

Nanded 21 8.2-10.2 9.2

Parbhani 22 7.5-10.7 8.7

Akola 21 7.5-10.5 8.7

Malkapur 25 8.8-10.9 9.8

Jalgoan 13 9.0-10.3 9.8

Jalna 26 7.7-11.0 9.4

Latur 32 8.2-13.2 0.6
Madhya Pradesh

Kandwa 30 8.6-12.5 9.6

Indore 20 7.8-10.2 9.0

Burhanpur 26 7.9-10.4 B.6

Jabalpur 7 7.3-12.3 9.2

Narasingpur 10 7.1-11.5 8.9
Uttar Pradesh

Allhabad 22 6.3-10.4 8.0

Fatehpur 1 5.6- 6.8 6.3

Kanpur 16 6.1-11.3 T1
Total 386 4.2-14.0 9.1
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Table 6. Ranges and means of varjous grain characteristics of

market survey samlqsl

e e e s e o 20 O . . . o .

Protein (X)

Cooking time (min)
Floatation value (%)
Seed coat (X)

Seed damage (%)

1. Based on analysis of

17.3-24.3 20.1
58-86 72
13-73 41
9.3-21.2 13.2
1.5-54.2 9.3

386 whole seed samples
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Table 9. Variability in floatation value, 100 seed mass, and
protein content of pigeonpea ¢nnotypesl.

Number 05 Floaters 100 seed Protein
samples (%) mase (g) (%)
31 8.5 8.0 19.8
( 4-16) (6.5-11.8) (18.2-22.0)
30 25.0 8.5 18.7
(18-34) (5.8-12.5) (15.9-20.7)
29 43.9 8.2 16.5
(36-52) (5.8-12.8) (14.8-19.8)
31 69.5 6.9 15.0
(54-96) (5.2-10.5) (12.5-18.5)

1. Means and (ranges) of samples analysed.
2. Shown as 4 groupes based on differences obtained on floaters test



Table 10. Dhal yield of different cultivars

-

Whole seed
Cultivar left Dhal Brokens  Husk Posder

undehulled

o e e e e e e (%) ---.------..----..--....:--
C 1 2.3 8.1 2.6 13.1 4.0
BDN 2 12.3 73.2 0.8 11.1 3.1
T 15-15 8.7 75.8 0.7 11.4 3.7
ICPL 87052 4.1 78 2 0.8 11.8 4.4
ICPL 870563 1.8 81.0 1.4 13.6 3.8
ICPL. 87075 13.2 72.4 2.5 7.3 4.7
SE +1.68 +2.22 +0.45 +0.64 10.19

1. Whole seed was dehulled in the TADD mill and results are averages of
two determinatione
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Table 11. Chemical oonstituents and cooking quality peremsters of dhal of ecme
newly developed cultivare, ICRISAT Center. rainy seascn 19681,

mm -

-

ICPL 366
ICPL 87051
ICPL 87083
ICFL 87067
BIN 2

SE

Total Cooking Water
soluble time absorp-  Solide
Protein ougars  Ash  Fat dhal tion dispersed

(%) (%) (%) (%) (min) (gs ") (%)
20.5 6.6 38 2.0 24 1.8 2.8
20.% 6.8 3.7 2.0 19 2.1 29.0
23.4 7.0 35 2.3 22 1.7 28.9
21.9 6.9 40 2.0 18 2.3 28.6
2.8 6.9 34 1.9 21 1.9 28.4
22.7 6.3 3.7 2.3 20 1.8 28.2
23.1 6.% 38 2.0 24 1.7 2.%
22.7 7.0 3.8 1.8 26 1.8 18.3
23.9 6.9 3.9 2.0 27 1.7 2i.1
22.8 7.1 36 2.0 23 1.8 26.9
40.23 005 .05 $0.06 $0.062  +0.0% $1.25

1. Based on two Jetermina‘ione fir each ~onetituents
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Table 12. Minerals and trace elements [ng(100 g) )] of dhal of scme newly developed
cultivare, ICRISAT Center, rainy aeason 19&81.

Qultivar Calcium Magnesive Fotassium iinc Iron  Manganeee
ICPL 151 60.0 83.2 1480 2.8 4.7% 1.20
ICPL 87 54.4 106.9 1570 3.8 4.02 1.10
ci 67.%5 120.0 1560 2.65 4.20 1.713
ICPL 270 61.3 113.2 1770 2.7% 3.88 1.02
1CP 8863 66.9 117.6 1540 2.83 4.02 1.40
ICPL 366 7.3 142.5 1500 3.18 4.3% 1.4%
ICPL 87051 73.8 151.9 1560 2.13 3N 1.48
ICPL 87063 67.6 146.3 1410 2.72 3.65 1.75
ICPL 870€7 85.6 148.8 1580 2.58 3.80 1.65
BDN 2 67.%5 125.7 1410 2.60 4.15 1.7%
SE +4.59 $4.98 +25.08 +0.05 20.174 $0.021

..................................................................................

1. Based on two determinatione for each corstituents using cooked dhal samples
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Table 13. Biological value (BV), protein digestiviltty (T9Y, mow
protein utilization (NFU), and utilizable protein (UP) of
pigeonpea cultivars, ICRISAT Center, rainy sesson 19881

Cultivar BV ™ NPU oP
----------- - (%)
ICPL 151 68.2 88.3 60.2 12.3
ICPL 87 66.0 89.1 58.8 13.8
c1 69.7 88.8 61.9 12.7
ICPL 270 84.7 87.8 56.6 12.1
ICP 8863 67.9 87.6 59.5 13.0
ICPL 366 70.6 92.4 65.4 14.8
ICPL 87051 66.7 90.6 60.5 14.0
ICPL 87063 65.3 87.9 57.4 13.0
ICPL 87067 61.0 92.8 56.6 13.5
DN 2 64.8 89.6 58.0 13.2
SE +2.35 +1.42 +2.30 +0.52

1. Based on five determinations for each treatment using cooked dhal

samples
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Table 15. Effect of duration of extraction on fat content (X) in pml

Duration ICP 3349 ICP 3383 ICP 4544 ICP 4715 ICP 5347 ICP 5433

8n 2.9 1.7 2.2 2.0 2.7 1.9
16 h 2.9 1.7 2.2 1.9 2.6 2.0
SE +0.02 +0.01 $0.02 $0.02 +0.01 +0.01

1. Basad on analysis of two determinations
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ANNEXORE - I
Analysisc of pigeonpea germplasa accessions for protein

and fat contents

100 seed

nass Protein Fat
Accession Color (g) (X) (%)
ICP608 Brown 8.51 20.2 2.68
ICP1299 Black 7.05 20.2 1.81
ICP2577 Brown 7.22 20.7 1.39
ICP2586  Black 7.79 23.1 2.24
ICP2594  Brown 7.73 20.1 2.10
ICp2812 White 9.49 20.5 1.84
ICP3347 Brown 8.06 19.9 2.94
ICP3833  Brown 8.04 21.5 1.72
ICP4544 Browun 8.33 20.1 2.18
ICP4715 Light broun 8.79 16.7 2.00
10P5347 Brown 7.42 18.9 2.67
ICP5432 Brown 7.64 20.4 1.88
I1CP6339 White 11.07 19.8 1.62
1cpe8s8e Brown 9.47 20.4 1.51
ICP7019 Brown . 9.39 20.1 2.14
ICP7035 Dark brown 22.52 21.4 1.96
ICP7214 White 15.99 18.7 2.13
iCP7215  Brown 8.46 19.5 2.22
ICP7231 Brown 8.78 19.0 1.72
ICP7426  Light brown 5.31 19.6 1.63
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T R S e m e e e e e e e r e hh e A E e, . .- ——————-
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Acceseion Color "(’:: Pr?:? in {;‘;
ICP7427 Light brown 4.51 20.4 1.34
ICP7594 Light brown 10.71 21.2 1.01
ICP7866 White 10.36 21.3 1.03
ICP8072 White 15.86 18.9 0.97
ICP8177  Brown 10.66 20.1 1.62
ICP8186  Black 8.71 19.9 1.46
ICP8334 Light brown 9.71 19.4 1.46
ICP8546  Dark broun 16.61 18.5 1.77
ICPB547  White 19.26 18.6 1.38
1CpP8861 Dark brown 21.M 19.8 1.64
ICP9265 Dark brown 7.55 20.2 1.76
1CP9267 Dark brown 5.79 20.9 1.70
ICP9306 Light brown 5.56 19.9 }.74
ICP9372  Browun 5.43 21.4 1.72
ICP9406  Rrown 5.78 20.5 1.45
1CP3890 Light brown . 6.78 20.3 1.52
1CP39308 Light brown 10.04 19.6 1.7
ICP9911 Light brown 10.44 18.6 2.02
ICP9938  White 8.77 20.7 1.7
ICP9967 Brown 10.98 20.4 1.74
ICP8980 Light brown 10.64 22.3 1.5
1CP9887T Brown 9.14 21.9 2.50
ICF11172 Light broun 20.36 19.8 1.6Y
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100 seed

Accession Color .?:? Pr?;?ln f:§
ICP11222 White 8.08 22.9 1.56
ICP11341 Light brown 13.986 20.5 1.78
ICP11424 Creanm 6.41 21.6 1.68
ICP11446 Brown 10.24 21.7 1.83
ICP11485 Black 6.21 20.5 1.58
ICP11537 Brown 7.79 17.3 2.18
ICP11651 Brown 12.48 16.5 2.17
ICP11767 Light brown 5.46 21.7 1.79
ICP11854 Black 8.76 21.6 1.52
ICP11868 Light brown 8.76 22.4 1.980
ICP11938 Black 15.00 21.2 2.32
ICP11975 Brown 5.68 21.4 1.76
ICP12178 Light brown 9.45 21.6 1.84
ICP12198 Brown 6.68 21.0 2.04
ICP12201 Brown 5.73 20.8 1.81
ICP12213 Black 8.37 21.7 2.03
ICP12217 Light brown 8.18 18.3 2.17
ICP12242 Black 10.15 221 1.96
ICP12249 Black 9.68 20.8 1.87
ICP12261 White 7.73 20.2 2.21
ICP12272 Brown 9.45 21.8 2.10
ICP12298 Light broun 7.87 20.6 2.20

ICP12300 Dar¥ brown 8.53 21.2 1.88
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100 seed

mnase Protein Fat
Acceeeion Color (g) (%) (X)
I1CP12311 Brown 10.54 20.6 2.00
I1CP12320 Black 8.41 20.7 2.01
1CP12337 Light brown 8.44 19.9 2.90
ICP12352 Dark brown 6.13 20.4 2.91
ICP12383 Brown 10.22 20.4 2.13
ICP12362 Brown 6.31 20.7 1.60
ICP12367 Cream 6.21 20.2 1.68
I1CP12371 Black 8.11 21.1 1.86
ICP12375 Brown 7.59 19.3 1.89
ICP12376 Brown 7.35 20.2 1.80
ICP12394 Black 7.4%5 18.8 2.09
ICP12430 Brown 6.88 21.2 1.84
ICP12440 Brown 6.70 19.6 1.84
ICP1245A Black 8.07 19.4 1.74
ICP12489 Light brown 8.52 22.2 1.89
1CP12509 Black 8.21 21.1 1.41
ICF12538 Grey 7.19 22.8 1.24
1CP12540 Black 7.89 21.2 2.16
1CP12554 Brown 8.29 21.0 2.16
ICP12567 Brown 7.59 20.0 2.33
ICP12577 Grey 9.65 21.2 2.33
I1CP12581 Black 8.61 19.6 1.86
1CP12587 Brown 7.62 20.4 2.00
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100 seed

Accession Color .::: Pr?:?in :::
ICP1259% Brown 8.98 20.9 1.45
ICP12599 Creanm 8.71 18.1 1.68
ICP12600 Brown T.14 18.2 1.69
ICP12602 Brown 7.58 21.6 1.83
ICP12620 Brown 6.48 19.8% 1.34
ICP12621 Brown 7.40 20.3 1.19
ICP12648 Brown 6.56 18.7 1.83
ICP12664 Brown 8.99 17.5 1.77
ICP12704 Black 12,19 20.1 2.02
ICP12716 Brown 10.11 18.5 1.71
ICP12770 Dark brown 7.28 18.0 2.23
ICP1279% Brown 16.20 19.7 1.862
I1CP12825 Dark brown 21.71 18.8 1.91
ICP12831 Brown 9.62 19.7 1.56
ICP12833 Brown 19.50 20.7 1.50
ICP12838  Brown © 11.38 19.3 2.01
ICP12841 Brown 10.33 18.5 1.82
ICP12842 Black 10.34 20.2 2.33
ICP12863 Brown 6.64 21.7 2.07
ICP12870 Light brown 8.30 18.7 2.70
ICP12885 Dark brown 17.06 19.6 2.52

1CP12886 Creanm 18.69 19.7 2.72
ICP12903 Brown 6.3% 20.1 2.64
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100 seed

Accession Color .?:: Pr?:?in f:?
ICP12928 Light brown 18.08 20.5 2.38
ICP12831 Brown 7.40 21.1 3.04
ICP12942 Light brown 19.75 18.8 2.47
ICP129685 Light brown 13.21 18.6 1.70
ICP129872 Light brown 19.60 20.7 1.47
ICP12876 Light brown 5.89 21.0 1.44
ICP12879 Brown 5.88 21.4 3.20
ICP12981 Brown 5.25 20.1 1.39
ICP12982 Black 7.70 20.8 1.35
ICP12987 Light brown 5.55 21.7 1.87
1CP12989 Brown 8.05 20.7 1.50
ICP12890 White 5.91 22.3 1.68
ICP12893 Light brown 5.98 23.0 1.88
ICP12994 Light brown 5.83 22.6 1.17
ICP12995 Light brown 5.93 22.2 1.47
ICP12996 Brown 5.85 22.4 1.61
ICP12998 Brown 5.65 22.4 1.73
ICP12999 Brown 5.77 21.4 1.81
ICP13000 Brown 5.70 22.1 2.93
ICP13001 Brown 5.78 21.2 1.85
ICP13006 Brown 7.31 21.2 1.61
ICP13010 Brown 6.04 23.2 1.59
ICP13011 Brown 5.69 22.3 1.90
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ICP13013 Brown 6.32 22.0 2,15
ICP13020 Browuwn 5.99 23.86 2.09
ICP13021 Brown 5.90 21.7 2.02
ICP13022 Brown 5.88 21.4 1.68
ICP13023 Brown 6.04 22.0 1.4
ICP13024 Brown 6.33 22.% 1.96
ICP13025 Brown 5.53 22.4 1.22
ICP13030 Black 17.93 20.1 2.29
ICP11033  Light bhrown 15.82 18.8 1.70
ICP13037 Light brown 7.02 20.5 1.90
ICP13115 Cream 19.46 20.3 2.42
ICP13119 Cream 19.40 20.6 2.21
ICP13130 Creanm 18.32 19.1 2.51
ICP13143 Cream 17.22 18.1 2.40
ICP13160 Cream 16.91 20.5 2.18
ICP13176 Cream ©19.37 20.4 2.71
TICP1A182  Nlaak 11.28 19.3 1.72
ICP13258 Cream 14.51 19.3 1.72
ICP13270 Brown - 12.87 19.8 1.12
ICP13294 Light brown 6.90 21.6 1.40
ICP13297 Light brown 6.89 18.8 1.70
ICP13302 Light brown 18.12 20.4 2,00
ICP13303 Crean 6.19 20.4 1.66




100 seed
Accession Color .?:: Pr?:sin :;?
ICP13313 Black 10.90 21.5 1.89
ICP13315 Brown 12.15 22.9 1.97
ICP13316 Cream 11.94 21.2 1.48
ICP1332Y Cream 17.90 19.6 1.38
ICP13330 Crean 18.40 20.8 1.72
ICP13369 Crean 18.64 19.7 1.67
ICP13379 Light brown 16.02 20.4 1.44
ICP13388 Light brown 17.66 20.%5 1.48
ICP13400 Light brown 14.07 21.7 1.48
ICP13436 Cream 17.30 20.5 1.72
ICP13470 Dark brown 13.44 22.0 1.84
ICP13540 Dark brown 12.88 21.6 1,19
ICP13550 Brown 10.88 22.0 1,57
ICP13551 Light brown 9.18 23.5 1,74
iCP13552 Cream 15.55 22.4 1.84
ICP13558 White 15.89 21.4 1.40
ICP13562 White 9.87 20.4 1.66
ICP13572 Brown 9.37 21.0 2.45
ICP13574 White 7.94 22.0 1.93
ICP13576 White 10.40 20.5 2.37
ICP13631 . Creanm 11.98 18.7 2.46
ICP13644 Black 10.29 20.8 2.28
JCP13655 Dark brown 8.25 18.6 1.97




ICP13669
ICP13671
ICP13688
ICP13796
ICP13819
1CP13820
ICP13848
ICP13866
ICP13867
ICP13868
ICP13874
ICP13807
ICP13911
ICP13913
ICP13924
ICP13987
ICP13993
ICP13996
ICP14165

Dark brown

Light
Brown
White
White
Creanm
Crean
Light
Cream
Brown
Light
Brown
White
Black
Black
Brown
Light
Brown

Creanm

brown

brown

brown

brown

11.

12.68
12.63
7.
6.
8.

72
47
72

57




	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif
	00000015.tif
	00000016.tif
	00000017.tif
	00000018.tif
	00000019.tif
	00000020.tif
	00000021.tif
	00000022.tif
	00000023.tif
	00000024.tif
	00000025.tif
	00000026.tif
	00000027.tif
	00000028.tif
	00000029.tif
	00000030.tif
	00000031.tif
	00000032.tif
	00000033.tif
	00000034.tif
	00000035.tif
	00000036.tif
	00000037.tif
	00000038.tif
	00000039.tif
	00000040.tif
	00000041.tif
	00000042.tif
	00000043.tif
	00000044.tif
	00000045.tif
	00000046.tif
	00000047.tif
	00000048.tif
	00000049.tif
	00000050.tif
	00000051.tif
	00000052.tif
	00000053.tif
	00000054.tif
	00000055.tif
	00000056.tif
	00000057.tif
	00000058.tif
	00000059.tif
	00000060.tif
	00000061.tif

