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1 ExecutIve Summary 

In the past few years there has been a growmg consensus among the 
mdustnalIzed nations of the world regardmg the need to fmd raw materIals 
from sustamable and renewable resources rather than from fmIte petroleum 
resources, WhICh are constantly bemg depleted as sources of energy and 
chemIcal feedstocks The objectives of our AID-CDR project were to study the 
chemIstry of the very speCIal epoxy 011 of the vernoma plant and to syntheSIze 
novel products WIth potential Industnal applIcations, and concomItantly to 
broaden our collection of germplasm of the plant by collectmg from the WIld 
and performmg IntraspecIfIc hybndizatIon, as well as to carry out commerCIal 
tnals In Kenya V galamensls, whIch occurs naturally m Kenya, could offer a 
sIgmficant opportumty for sustamed development, espeCIally m margmal land 
whIch awaIts further development 

In collaboration WIth the National Gene Bank of Kenya, germplasm was 
collected by Prof Chweya m a mISSIon to dIfferent Provmces A total of 53 
acceSSIOns were collected representmg four sub-specIes of Vernonza galamensls 
ssp nalrobensls, ssp glbbosa, ssp mutomoensls, and ssp galamensls (two 
vanetIes ethwplca and petltlana) 

The collected matenal was subject to vanetal tnals at two SItes In Kenya, 
KIbwezi Dry Land FIeld StatIOn and Kabete FIeld Station of the UnIVerSIty of 
NaHobI, representmg respectively margmal and hIgh potential land 
ConSIderable dIfferences In phenologIcal charactenstIcs and YIeld were found 
among the 43 acceSSIons of the four subspeCIes At KIbwezi StatIOn the hIghest­
YIeldmg acceSSIons were, on average, those of ssp mutomoenSlS (2 tons seed 
per hectare) However, at Kabete Station YIelds were much hIgher ssp glbbosa 

YIelded 3 t/ha 

Further fIeld testmg aImed at commerCIalIzatIOn was conducted In the same 
statrons In Kenya under dryland farmmg condItions The somewhat 
disappomtmg YIelds obtamed at the two SItes-up to 048 t/ha at Kabete and 
028 t/ha at KIbwezI-appear to have been due to a dry spell dunng the penod 
of growth However, potential YIeldmg of vernoma should be re-examIned 
The pOSSIbIlIty of Irngatmg the crop m order to secure hIgh and relIable YIelds 
should be explored 

Smce none of the vernoma germplasm collected IS appropnate for cultIvatIOn 
m Israel or m other areas sItuated far from the tropIcal zone, we set out to 
develop a lme WIth SUItable charactenstIcs through mtrogressIOn of the 
deSIrable charactenstIcs of ssp galamensls, var ethwplca-big capItulum 
(flowerhead), bIg seed, hIgh seed retentron (low shattermg), and hIgh self 
compatrbilIty-mto other subspeCIes and vanetres possessIng dIfferent deSIrable 
charactenstrcs-numerous capItula and neutral day flowenng (mamly ssp 
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galamenSIS varIeties galamensls and petztzana) A wIde varIety of crosses were 
carned out at the start of the project, and selfed offsprmgs were selected for five 
generatIOns as the project unfolded Most promIsmg were the hybrIds between 
var ethlOplca and var galamensls We observed that the characterIstics of the 
hybrId Imes were generally mtermedlate between theIr two parents Flowermg, 
consIstently recorded about three months from sowmg, occurred only 10-14 
days later than m var galamenSIS ThIS IS one of the Important characterIstics 
of the hybrIds Number of flowerheads, WhICh was low and qUIte varIable, IS 
the major dIsadvantage of the hybrId Imes developed through thIS program, 
though It IS SImIlar to that of the parent Imes 

The chemIstry of vernoma 011 was studIed extensIvely and m depth New 
chemIcal denvatIves and new polymers based on vernoma oIl as a renewable 
resource were prepared byexplO1tmg the chemIcal multi-functionalIty of the 
011 ReactIons were performed on the three functIonal groups Brommated 
compounds were obtamed by performmg addItIon and allylIc brommatIOn on 
the double bonds of the methyl verno late and the 011 Itself Ammolysis of 
vernoma 011 was performed by reactmg the 011 wIth alIphatIc diammes to 
obtam the correspondmg mono- and divernoiamide The fatty bisamides have 
two epoxy groups m the molecule and represent new reactIve dIfunctIonal 
epoxy monomers By reactmg vernoma 011 wIth aromatic diammes, a senes of 
new rubber-lIke polymers were obtamed The gel fractIon content of the cured 
polymers ranged between 45% and 70%, and as expected they were more 
thermostable than the ongmal vernoma 011 

The polymers were then used to modIfy commercIal epoxy resm (Epicote 828) 
m order to obtam mterpenetratmg polymer networks (IPNs) The formulatIOns 
were prepared by addmg prepolymers of vernoma 011 wIth m-phenylene 
diamme (or wIth epoxol wIth m-phenylene diamme, for comparIson) to a 
mIxture of the epoxy resm m the presence of an accelerator The formulatIOns 
were then mr'(ed at room temperature to produce homogeneous transparent 
mIxtures The transparency of the mIxtures obtamed IS eVIdence of the 
compatIbIlIty between the epoxy resm and the correspondmg prepolymer The 
IPN contammg 50% vernoma 011 polyamme, for example, IS a remforced 
elastomer wIth an elongatIon that IS three tImes greater than that of the 
polyamme of vernoma 011 

AcrylatIon and methacrylatIon of vernoma 011 gave new reactive a-olefImc 
monomers These multIfunctIonal acrylates (MFAs) were photochemIcally 
cross-Imked, m the presence of benzophenone, to produce transparent colorless 
fIlms wIth good mechamcal propertIes The polymethacrylate of vernoma 011 
was used as elastomer to modIfy epoxy resms to obtam IPNs The polymers 
denved from vernoma 011/ aromatIc diammes, m terms of theIr 
thermostabilIty and elastomerIc propertIes as well as the SImplICIty of syntheSIS, 
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represent a promIsmg pathway to the synthesIs of new IPNs The polymers 
denved from acrylates (methacrylates) of vernoma 011, whIch are prepared by 
an energy-effIcIent and pollutIon-free method, represent another such 
promIsmg pathway 

ThIS proJect has enabled a group of sCIentists m Kenya and Israel to acqUIre a 
wide-rangmg fund of knowledge about a special new crop, Vernonza 
galamenszs, and the umque 011 that accumulates m ItS seeds The members of 
the group are now very well acquamted wIth the natural habItats of the plant, 
ItS bIOlogy, agronomIc practices needed for growmg It, the methodology for 
hybndIzmg between dIfferent germplasms withm the speCIes, how to extract 
the 011, analyze It, and prepare novel products from It usmg the dIfferent 
functIonal groups, and how to charactenze the new products (especIally 
polymers) prepared from the 011 and analyze theIr properties Know-how 
generated by the sCIentists of the proJect was dissemmated at meetmg and 
through the medlUm of sCIentifIc papers Four Kenyan graduate students 
completed theIr MSc studIes m the framework of thIS proJect, one was tramed 
m Israel Work on the proJect IS bemg contmued despIte the formal 
termmatIon of fundmg whIle retammg the ongmal mam obJectIve of 
developmg Vernonxa galamensls as a new mdustnal crop for Afncan 
populatIOns 
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2 Research ObJechves 

Vernonza galamensls IS a natIve plant whIch grows m Afnca Its seeds contam 
about 40% of a umque 011 (epoxy triglycende) whIch has great potentIal m the 
chemICal mdustry, both as an alternatIve to eXIstmg products (epoxidized 
soybean 011, or ESBO, and epoxidized lmseed OIl, or ELSO) and as a basIs for 
preparmg novel products ESBO and ELSO are currently prepared by 
epoxidatIon of the crude vegetable OIl, a process whIch doubles or tnples the 
orIgmal cost For vernoma 011 (VO) to compete successfully wIth them 
economIcally, It IS necessary to develop Improved agrotechmques and 
germplasm and, most Importantly, novel uses and products that would be 
dIffICUlt to denve from other OIls, whIch are charactenzed by random 
epoxidiza tIon 

In Kenya, because of rapId population growth, there IS strong pressure on fertile 
farmland for SubSIstence and cash crop agnculture However, the fertile parts 
account for only about 20% of the country Kenya's FIfth Development Plan 
tocuses, therefore, on developmg appropnate technology for explOItIng the arId 
and semiand regIOns of Kenya, whIch occupy about 75% of the total area These 
regIOns are currently mhabited by SIX mIllIon people and are becomIng more 
and more densely populated Pnor attempts to establIsh alternative crops In 
these and and semIarId regIOns faIled because (a) added value and demand for 
the fmal products were InSUffICIent to ensure profItabIlIty, (b) supenor 
production reqUIred addItional Inputs such as IrrIgatIOn, and (c) Introduced 
plants were not able to adapt to the local habItat V galamensls, whIch occurs 
naturally In Kenya, Includmg In the semiand areas, could offer a sIgmficant 
opportumty for sustaIned development 

Our overall objective was to develop V galamensls as a new IndustrIal crop for 
semIand zones In accordance WIth the rationale set out above, fIve objectives 
were IdentifIed, as follows 

1 to broaden our germplasm collection, 
2 to perform subspecIes and vanetal tnals In a semiand zone m Kenya, 
3 to carry out a commercIal trIal m Kenya, 
4 to carry out IntraspecIfIc hybndizatIOns to Introgress traIts from dIfferent 

subspecIes and varIeties mto elIte plants, 
5 to study the chemIstry of the very speCIal epoxy 011 of the vernoma plant 

and synthesIze novel products WIth potential m mdustry 

-. ..-
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3 Methods and Results 

The followmg chapters summarIze the results and accomplIshments of thIS 
program They are organIzed accordmg to the objectIves stated above 

To our great and lastmg sorrow, Prof James Chweya passed away durmg the 
last stage of the project Smce he was not able to sum up the work for the fmal 
report mime wIth the specIfIc questIons and comments sent to hIm, Dr DaVId 
MIlls has tned to do so We are aware that the result IS unavOIdably Infenor to 
the summatIon as It would have been drawn up by the late Prof Chweya 

3 1 ExpandIng the germplasm collectIon 

A tnp made by Dr D MIlls to Southern EthIOpIa led to the IdentIfIcatIon of 
InterestIng Vernonza germplasm m the wIld (MIlls et al 1994) The 
SIgnIfICanCe of the populatIons found In EthIOpIa lIes In theIr relatIvely short 
growIng season, the tImIng of flowerIng (July to August), and the relatIvely low 
water reqUIrement for completIOn of the lIfe cycle (Seeds were not npe at the 
tIme of the VISIt) The fact that these newly dIscovered speCImens flower under 
long-day condItIons makes them very attractIve as candIdates for cultIvatIOn In 
areas further north and south of the equator Indeed, of all the vernoma 
acceSSIOns tested so far at sItes far removed from the equator, only a few flower 
and set seed In summer (Thompson et al 1994), and these few are Infenor to 
ssp galamensls var ethLOplca The latter sets seed In wInter, and SInce It IS 
susceptIble to cold, It cannot be cultIvated In regIOns such as Israel and the 
Southern USA As far as we know, plants of the populatIons descnbed above 
have never been tested outSIde of EthIOpIa Dr MIlls also partIcIpated In a bnef 
germplasm collectIon expedItIOn m the dry KIbwezI area WIth hIS Kenyan 
partners 

In collaboratIOn WIth the NatIonal Gene Bank of Kenya, germplasm was 
collected by Prof Chweya (MIlls et al 1995) m a mISSIOn to southern parts of 
Eastern ProvInce, Western part of Coast ProvInce, the NaIrobI area, Klambu 
DIstnct, West of the RIft Valley (Western Kenya), and Embu and Meru 
DIstncts The varIOUS routes were chosen In accordance WIth mformatIOn 
aVaIlable In the HerbarIum sectIon of the NatIonal Museum of Kenya A total 
of 53 acceSSIOns were collected representIng four sub-speCIes of Vernon la 
galamensls ssp nalrobensls, ssp glbbosa, ssp mutomoensls, and ssp 
galamensls (two vanetIes ethLOplca and petltlana) (var ethLOplca does not 
grow IndIgenously m Kenya and IS probably part of the collectIon of the 
NatIonal Gene Bank of Kenya - D MIlls) 

32 Vanety tnals 

The vanety tnals were performed at two sItes KIbwezI Dry Land FIeld StatIon 
and Kabete FIeld StatIon of the UnIVerSIty of NaIrobI The former represents 
margInal lands whIle the latter represents hIgh potentIal areas The tnals were 
deSIgned In order to contnbute towards meetmg two of the project's speCIfIc 
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obJectives searchmg for the most promIsmg germplasm, and checkmg for 
adaptabIlIty of germplasm m the semI-and zones of Kenya 

ConsIderable dIfferences m phenolOgical charactenstIcs and YIeld were found 
among the 43 acceSSIOns of the four subspecIes (MIlls et al 1996) (Table 1) At 
KIbwezi Station, acceSSIOns of ssp mutomoenSlS gave on average the hIghest 
Yields (2 tons seed per hectare) and those of var ethlOpta the lowest (08 ton 
seed per hectare) (Table 2) At Kabete Station, YIelds were much hIgher ssp 
mutomoenSlS yIelded on average 09 t/ha and ssp glbbosa 3 t/ha Topping 
(removing the apIcal part of the main stem) was found to have a sIgmfIcant 
effect on some phenologIcal charactenstIcs, but dId not cause any change In 
seed YIeld No SIgnIfIcant effect of plant denSIty on YIeld was found (MIlls et al 
1995) 

In a second tnal (MIlls et 1997), several acceSSIOns representing the dIfferent 
subspecIes were tested m small 3x3 m plots at the two stations mentIOned 
above Seed YIelds were SImIlar at the two locatIOns but were much smaller 
than In the preVIOUS season 0 06-0 2 t/ha The low YIelds were the result of a 
dry spell 

When extrapolated from the small plots (4 m 2), the hIgh YIelds (07-4 tons seeds 
per hectare) reported by the Kenyans (fIrst vanety tnal, MIlls et al 1995) are 
very encouragmg and are hIgher than the few fIgures reported m the lIterature 
so far (Perdue et al 1989 a) 
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Table 1 PhenologIcal charactenzahon of 43 vernorua acceSSIOns grown at KIbwezI 

AcceSSIOn Collechon 
sIte 

GBK 013234 KISll 
GBK 034514 KISll 
GBK 034523 Trans Mara 
GBK 034513 KISll 
GBK 034522 KISll 
GBK 034498 KI tUl 
GBK 034506 Klambu 
GBK 034496 KI tUl 
GBK 006202 Barmgo 
GBK 034491 Makueru 
GBK 034521 Trans Nzola 
GBK 034586 Meru 
GBK 006210 KIambu 
GBK 034520 Trans NZOla 
GBK 034518 KISll 
GBK 034584 Nyamua 
GBK 034492 Makuem 
GBK 034502 Klambu 
GBK 006213 Klambu 
GBK 034509 KISll 
GBK 034493 KItUl 
GBK 034515 KISll 
GBK 034505 Klambu 
GBK 034507 KIambu 
GBK 034516 KISll 
GBK 034490 Makuem 
GBK 034517 KISll 
GBK 034512 Narok 
GBK 034511 KISll 
GBK 034479 Makuem 
GBK 028722 Meru 
GBK 034480 Makuem 
GBK 028890 NaIrobI 
GBK 034501 Klambu 
GBK 006169 Machakos 
GBK 034503 KIambu 
GBK 034587 Meru 
GBK 006178 Talat Taveta 
GBK 034499 KItUl 
GBK 034588 Meru 
GBK 034510 KISll 
GBK 034504 Klambu 
GBK 034524 Bomet 

Slgmflcance 

Days to 
matunty 

1260 

1320 

1300 
1387 

1363 

1167 

1370 
1203 

1357 

1137 
1500 

1170 

1380 

1453 

1310 

1213 

1200 

1263 

1330 
1377 

1153 

1270 
1303 

1393 

1377 

1147 
1243 

1323 

1387 

1133 

1170 
1145 

1257 

1250 

1107 

1303 
1220 

1180 

1137 

1207 

1153 

1423 

1293 
** 

** = 0 01>P>0 001, *** = P<O 001 

HeIght HeIght 
at at 

flowermg matunty 
(cm) (cm) 
113 5 1065 
1437 1437 

1407 1830 
1427 1497 

1343 1713 

667 1617 

1567 
777 

1013 

677 
1523 

910 

1593 
1483 

1210 

840 

840 

1160 

1233 

1530 

673 

1333 
1217 

1430 

1283 

800 

1183 

1400 

1293 

650 

843 

805 
1170 

1007 

697 

1370 

883 
983 

743 

1040 

983 

843 

1207 
*** 

1857 
1217 

1543 

1430 

1590 

1290 

1993 

1630 

1483 

1410 

1390 

1623 

1827 

172 0 

1433 

1950 

1593 

1967 

1790 

1520 

1610 

1443 

1603 

1127 

1260 
1090 

1747 

1390 

1243 

1530 

1390 

1223 

1467 

1523 

164 3 

1517 

1497 
** 

Stem Leaf Leaf 
dIameter length wIdth 

(cm) (cm) (em) 

16 
17 

14 

15 
17 

15 

19 

15 

12 

17 
16 

16 

18 

17 

15 

16 

15 

16 

15 

16 

17 

1 7 

18 

16 

17 

17 

16 

18 

19 

08 
16 

16 

15 
17 

09 

17 

16 

17 

17 

14 

1 7 

14 

19 
*** 

165 
223 

230 
213 

227 

153 

223 
153 

170 

160 
223 

160 

233 

227 

200 

173 

170 

180 

207 

217 

167 

243 

193 

220 

213 

157 

200 

207 

217 

157 

167 
170 

183 

180 
160 

210 

170 

200 

163 

177 

190 

173 

207 
*** 

30 

30 
43 

33 
33 

20 

30 
37 

20 

20 

33 

45 

33 

33 

30 

37 

30 

30 

30 
40 

23 

40 

30 

37 

37 
27 

27 

30 

33 

17 

37 

50 

33 
43 

13 

33 

33 

30 

20 

37 

30 

30 
37 
*** 

L/W 
RatIO 

55 
74 

53 
65 

69 
77 
74 

48 

85 

80 

68 

36 

71 

68 

67 

48 

59 

73 

69 
57 

74 

61 

64 

61 

59 

66 
77 

69 

66 

103 

46 

34 

57 

42 
147 

63 

53 

67 

82 

50 

68 

83 

57 
*** 

LjW RatlO = Leaf length/Leaf WIdth ratIo 



Table 2 YIeld and YIeld components of 43 vernorua accessIOns grown at KIbwezl 

AcceSSIOn 

GBK 013234 
GBK 034514 

GBK034523 

GBK 034513 

GBK 034522 

GBK 034498 

GBK 034506 

GBK034496 

GBK 006202 

GBK034491 

CollectIOn 
sIte 

KISll 

KISll 

Trans Mara 

KISll 
KISll 

KItUl 

Klambu 

KItUl 

Barmgo 

Makuem 

GBK 034521 Trans NZOla 

GBK 034586 Meru 

GBK 006210 Kmmbu 

GBK 034520 Trans NZOla 

GBK 034518 

GBK 034584 

GBK 034492 
GBK 034502 

GBK 006213 

GBK 034509 
GBK 034493 

GBK 034515 

GBK 034505 

GBK 034507 
GBK 034516 
GBK 034490 

GBK 034517 

GBK034512 

GBK034511 

GBK 034479 

KISll 

Nyamua 

Makuem 

Klambu 

Klambu 

KISll 
KItUl 
KISll 

Klambu 

Klambu 

KISll 
Makuem 

KISll 

Narok 
KISll 

Makuem 

Days to 
50% 

flowermg 
1020 

943 

993 

1017 
967 

657 

1013 

740 

853 

650 
1140 

825 

1047 

1013 

990 

720 

710 

640 
1027 

967 

620 
993 

960 

980 
947 

660 

953 

1017 

1020 

543 

GBK 028722 Meru 747 

GBK 034480 Makuem 76 0 

GBK 028890 NaIrobI 947 

GBK 034501 Klambu 82 0 

GBK 006169 Machakos 56 0 

GBK 034503 Klambu 91 3 

GBK 034587 Meru 89 3 

GBK 006178 Talat Taveta 970 

GBK 034499 

GBK 034588 

GBK 034510 

GBK034504 

GBK034524 

KItUl 

Meru 

KISll 

Klambu 

Bomet 

597 

867 

80 3 

80 0 

947 

Branches 
(no per 
plant) 

28 a 
183 

150 
137 
170 

137 

217 

113 

153 

130 
127 

13 a 
143 

22 a 
190 

13 a 
14 a 
123 

147 

12 a 
12 a 
19 a 
177 

147 

190 
137 

157 

213 

183 

137 

17 a 
145 

14 a 
167 

16 a 
14 a 
163 

177 

123 

217 

143 

153 

147 

Slgnzflcance *** ns 

Flowers 
(no per 
plant) 

285 

293 

343 
347 
303 

513 

330 
480 

29 a 
463 

133 

33 a 
333 

330 

327 

40 7 

477 

177 

273 

157 
773 
437 
397 

277 
297 

50 3 

530 

257 

283 

196 a 
39 a 
45 a 
48 a 
517 

103 a 
270 

390 

413 

487 

30 0 
437 

283 

297 

*** 

ns :: Not slgmfIcant, ** :: 0 01>P>0 001, *** :: P<O 001 

Harvest 
penod 
(days) 
570 

523 

543 

470 
507 

740 

460 

613 

493 

70 a 
280 

710 

467 

410 

497 

633 

693 
577 

523 

45 a 
697 
593 
537 
40 7 

443 
673 

657 

523 

500 

623 

677 

755 

63 a 
65 a 
720 

523 

66 a 
753 

727 

627 

73 a 
427 

50 3 
*** 

Seed 
YIeld 

(kg/ha) 
39750 

70833 

50625 
69167 

51667 

183333 

44167 
198333 

82917 

228333 

13750 

205625 

63750 

13750 

75417 

149167 

140417 
54167 

106667 

34583 

216667 
550 00 
68750 

425 00 
675 00 

255417 

132917 

34167 
62500 

101667 

216667 

179375 
131250 

1720 83 

170417 

116250 

94167 

94583 

281667 

126250 
93750 

64583 

79583 
*** 

1000 Seed wt 
(g) 

450 
533 

550 
467 

533 

867 
567 

667 

467 

667 

733 

9 00 

467 

567 

733 

7 00 

767 
767 

433 
567 

667 
533 
533 

733 

600 
733 

700 

6 00 
667 

433 
467 

8 00 

6 00 
733 

467 

867 

8 00 

933 
767 

8 00 
767 

5 00 

800 
** 

8 
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3 3 CommercIal tnals 

In Kenya, further fIeld testing-aImed at commerCIalIzatIOn-was conducted 
(MIlls et al 1998) The tnals were conducted under dryland farmmg condItions 
Low YIelds were obtamed at the two SItes, up to 0 48 t/ha at Kabete and 0 28 t/ha 
at KIbwezI, due to a dry spell durmg the penod of growth and to mterference by 
wIld ammals (Table 3) Var ethlOplca was more susceptible to the drought than 
the other subspeCIes tested At both locatIOns, subspeCIes mutomoensls yIelded 
more than the other germplasm 

Table 3 Days to flowermg, harvestmg penod, and seed and 011 YIelds of 
Vernonta galamensls growmg at Kabete and Klbwezl 

LocatIon Subspecies/var 

Kabete MutomoenslS 
Gibbosa 
EthlOplca 

KlbweZl MutomoenslS 
Gibbosa 
EthlOplca 
Nalrobensl 

Days to 
50% 

flowermg 
103 
116 
129 

Harvestmg 
penod 
(days) 

118 
118 
104 

Seed Yield Od 
(kg/ha) vield 

(kg/ha) 
475 1471 
378 1274 
351 1086 

2817 882 
2133 719 
2410 754 
1934 623 

In another tnal as well, dIfferences m the abIlIty of plants to tolerate or 
WIthstand dry spells were eVIdent Var ethlOplca was partIcularly affected by 
the drought, I e more so than the two subspeCIes mutomoenSlS and glbbosa 
(Table 4) Water stress was so senous m ethlOplca that by the tIme the plants 
had attained 50% flowermg, almost half the plants had dned up The 
survIvmg plants had fewer pnmary branches and hence fewer flowerheads 
The two subspeCIes tolerated water stress very well, WIth the crop remammg 
green throughout the growmg penod The plants were generally bushy 
(extenSIvely branched) and formed many flowerheads YIelds were 02-025 
t/ha at KIbwezi 

At Kabete plants of var ethlOplca were subjected to clIpping or not ClIpped 
plants yIelded (03 t/ha) more than non-clIpped plants (0 2 t/ha), although the 
latter had more pnmary branches Many of the branches on the nonclIpped 
plants were, however, small, and produced very few flowers as compared WIth 
branches on the clIpped plants The latter showed extensIve vegetatIve growth 
and also produced many flowers 

Table 4 Vegetative and reproductIve parameters of Vernonta galamensls 
grown at Klbwezl 

SubspeCIes No ofpnmary Days to fIrst Days to 50% Days to YIeld 
branches flowermg flowenng matunty (kg/ha) 

Glbbosa 12 72 81 105 196 
Mutomoensls 14 72 89 105 253 
EthlOplca 19 76 96 112 20 
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3 4 IntraspecIfIc hybrtdizabon In vernonIa 

The mam objective of the hybrIdIzation tnals was to mtrogress desuable 
charactenstIcs of ssp galamensls, var ethlOplca-big capItulum (flowerhead), 
bIg seed, hIgh seed retentIon (low shattermg), and hIgh self compatIbilIty-mto 
other subspecIes and vanetIes possessmg other desuable charactenstIcs­
numerous capItula and neutral day flowermg (mamly ssp galamensls 
vanetIes galamensls and petttlana) 

Below we descnbe the process of crossmg and the general characterIstIcs of the 
offspnng and selected plants (mbred lmes) m each of the fIve generatIOns, 
dwellIng espeCIally on a specIfIc cross that seemed more promIsmg than the 
others at the fIrst and also at a later stage 

341 Crossmg 

HybrIdIzatIOn (crossmg) was carrIed out sImply by growmg parent plants In 
pots m the greenhouse Each parent was planted m 3-8 pots lmed up m a row, 
wIth parent lmes to be crossed m parallel rows Branches bearIng capItula were 
bent across the mterspace between rows and rubbed agamst each other to 
exchange pollen Female capItula were then bagged and seeds collected after 
maturatIon To assess self-compatIbIlIty (selfmg), controls were eIther bagged 
capItula or capItula that had been rubbed agamst others of the same plant 

In the fIrst year of the program we conducted some prelImmary hybrIdIzatIOn 
trIals (MIlls and Grmberg 1994b), these were descrIbed m our fIrst annual report 
(MIlls et al1995) In a subsequent extended tnal, we carned out 887 crosses 
(MIlls et aI, 1996), most performed between ssp galamensls var ethloplca (V-
001) and two other vanetIes, petztzana (V-029) and galamensls (V-004), but some 
also WIth three subspeCIes, nalrobensls (V026), afromontana (V-020) and 
mutomoenSlS (V-018) In most cases ssp galamensls, var ethlOplca served as 
the male (donor of pollen) and m some cases, as WIth crosses WIth ssp 
galamensls, var galamensls, also as the female Self-compatIbIlIty was low In 
most germplasm used as female, that IS, few seeds developed when capItula 
were selfed or Just covered Also, backcrossmg was earned out by crossmg F1 
hybnds of the cross var petztlana x var ethlOplca (V029 x V-001) WIth the male 
parent V -001 Descendants of thIS backcross were not promlsmg (MIlls et aI, 
1996) and WIll not be descrIbed here 

The grand average showed that crosses produced 19 seeds per head and selfmg 
only 8-10 seeds per head (MIlls et a11995) ThIS fmdmg alone proved that 
crossmg produces more seeds than the natural amount obtamed by selfmg 
The seeds collected from crossed flowerheads, however, could eIther be a 
product of the cross or the product of selfmg, and therefore a thorough 
exammatIon was carned out to screen the F1lme and descendants DUrIng the 
proJect, selfed offsprmg of fIve generatIons (mbred lmes) were grown m the 
fIeld and the greenhouse usmg baSIC and common practIces m an effort to 
ensure proper growth of the plants WIth the years we have narrowed down 
the number of lmes selected to one (1999) ThIS supenor lme IS a cross between 
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ssp galamenszs var galamenSIS (V -004) and ssp galamenszs, var ethzopzca (V-
001) In thIS fInal report we track down the path of screenIng and selectIon of 
the lmes as earned out m the fIeld and the greenhouse 

The crosses of var galamenszs (V-004) wIth var ethzopzca (V-OOl) were 
performed m the glass-covered greenhouse m four dIfferent rows Apparently, 
there were dIfferences between them In terms of dIfferences m the number of 
seeds between the cross and the covered and control polhnatIOn, the crosses of 
plants wIthIn rows F and H were more successful (MIlls et a11995) An 
exammatIon of the data for seed counts per plant (pot) revealed large 
dIfferences between the crosses (Table 5) In some, selfmg was hIgh (for 
example, pot 3, row B, and pot 1, row D), castmg doubt on the effIcIency of these 

Table 5 Mean number of seeds per capItulum In cross pollInated, control 
(selfed) and covered flower of crosses of ssp galamensls var galamensls 
(accessIOn V -004) WIth var ethwplca (accessIOn V -001) 

Data were collected In dIfferent pots of dIfferent rows In a glass-covered greenhouse In the 
penod November 1993-February 1994 

Crossed Selfed 
Row Pot Covered Rubbed 

N seed/head N seed/head N seed/head 
B 1 14 94±31 5 54±42 

2 4 11 0±3 1 2 25±25 
3 15 63±24 4 118±10 4 1 0 
4 15 48±13 5 14±0 8 

D 1 15 26 2±4 0 6 33 7±80 
2 12 71±21 2 0 
3 14 67±21 4 1 0±1 0 
4 11 10 8±44 4 o 8±08 

F 1 15 11 9±3 5 10 49±48 5 9 8±5 7 
2 9 9 6±4 7 4 o 8±0 5 
3 7 11 7±52 3 o 3±0 3 
4 23 11 7±33 5 46±41 1 0 
5 13 87±33 2 0 
6 14 81±46 2 0 
7 15 18 2±4 8 6 5 8±5 8 1 0 
8 9 92±54 4 0 

H 1 28 97±23 12 0 2 25±15 
2 6 19 5±7 9 2 0 1 0 
3 7 14 2±3 3 7 0 1 0 
4 8 35±20 4 0 
5 13 50±13 4 o 3±03 4 25±25 
6 7 67±22 4 0 1 0 
7 18 43±13 6 0 2 o 5±0 5 
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crosses In others, no seeds were collected m covered and control-pollmated 
flowerheads, suggestmg self-stenlIty and mdicatmg that all seeds collected In 
crossed flowers were, m fact, hybnds Consequently, seeds of plants such as 
plants 6 and 7 of row F and plants 3 and 4 of row D were smgled out for further 
exammatIOn m the greenhouse m the wmter of 1994 and m the neld m the 
summer of 1995 

3 4 2 Fl hybrIds 

None of the many F1 hybnds tested m the greenhouse showed any 
extraordmary features resemblmg var ethlOplca (MIlls et a11995) ThIs 
observation, however, should be evaluated wIth cautIOn, smce at the hme 
some of the charactenstIcs (e g receptacle dIameter) were not measured 

Plant dImensIOns of the F1 hybnd plants grown m the fIeld m the summer of 
1995 were mostly mtermedlate between those of the parents, var galamensls 
(V-004) and ethwplca (V-OOl) (Table 6) It made lIttle dIfference whether V-004 
served as the female or as the male parent (MIlls et a11996) The most 
Important fmdmg was that the F1 hybnds flowered m summer at dIfferent 
mtervals after transplantmg, usually SImIlar m length to that charactenstIc of 
one parent, namely var galamensls Plants of the other parent, var ethlOplca, 

Table 6 PhenologIcal characterIstics of plants of ssp galamensls var 
galamensls (accessiOn V -004) and var ethlOplca (accessiOn V -001) and theIr 
hybrIds grown In the fIeld In 1995 

Each value IS a mean of 9-15 plants of the group FIve branches, flowerheads and leaves 
were measured ill each plant 

PhenologIcal parameter 

Plant heIght (cm) 
Plant WIdth (cm) 
HeIght of fIrst flower (cm) 
No of pnmary branches 
Length of 2ndary branches (cm) 
No of 2ndary branches 
Mam stem dIameter (mm) 
2nd branch diameter (mm) 
Leaf WIdth (cm) 
Leaf length (cm) 
Leaf length/wIdth 
Receptacle dIameter (mm) 
Involucre length (mm) 
Flower color * 
Peduncle length (mm) 
Flowenng (days from sowmg) 
* 

V-004 

571 b 
387 c 
220 a 
111 a 
237b 
35a 

139 a 
51b 
17a 

116c 
72c 

109b 
137 a 

2 
127 
79 

V-001 

n05a 
30 c 

142 a 

12b 
187 a 
155 a 

V-004 x V-001 

711 b 
524 b 
236 a 
no a 
405 a 
46a 

176 a 
76a 
13b 

155b 
119b 
152 a 
160b 
3 

102 
88 
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o -wlute, 1 - lIght blue, 2 - blue, 3 - purple, 4 - dark purple 

dId not flower at all The dIfferent F1 hybrId lmes of the same cross (V -004 x V-
001) exhIbIted dIfferent characterIstIcs (Table 7) AccordIng to leaf and 
flowerhead dImensIOns, F1h hybrIds were closer to var galamensls,whIle D3h 
and F6h were closer to var ethlOplca The former was excluded from the 
program Several plants of D3h and F6h hybrId lInes, as well as a plant of the 
recIprocal cross (V-001 x V-004), were sIngled out for further selectIon The 
performance of one, D3h5/1, IS descrIbed In Table 7 (ThIS plant was chosen for 
further selectIOn among other excellIng plants mamly because of ItS 
resemblance to var ethlOplca, however, It dId not exhIbIt extraordmary 
charactenstIcs as compared wIth the other selected plants) 

Table 7 PhenologIcal charactenstIcs of Fl hybnds of ssp galamensls var 
galamensls (accessIOn V -004) and var ethwplca (accessIOn V -001) and a selected 
plant of the D3h group grown In the fIeld In 1995 

Each value IS a mean of 3-5 plants of the group FIve branches, flowerheads and leaves 
were measured In each plant 

PhenologIcal parameter F1h F6h D3h D3h 5/1 

Plant heIght (cm) 575b 860 a 646b 78 
Plant WIdth (cm) 285 c 685 a 492b 50 
HeIght of fIrst flower (cm) 135 a 291 b 228 b 22 
No of prImary branches 55b 150 a 100 ab 12 
Length of 2ndary branches (cm) 262 b 421 a 443a 56 
No of 2ndary branches 30b 47a 52a 53 
Mam stem dIameter (mm) 10 5 a 193b 192 b 26 
2nd branch dIameter (mm) 55b 76a 83b 78 
Leaf WIdth (em) 115b 125b 149 a 162 
Leaf length (em) 907 c 157b 184 a 183 
Leaf length/wIdth 795b 13 7 a 1207 a 113 
Receptacle dIameter (mm) 116 c 169 a 154 b 162 
Involucre length (mm) 128 c 160b 174 a 174 
Flower color * 3 3 3 3 
Peduncle length (mm) 121 a 105 a 94a 90 
Flowenng (days from sowmg) 75 75 86 88 

* 0 - whIte, 1 - lIght blue, 2 - blue, 3 - purple, 4 - dark purple 

3 4 3 F2 hybrIds 

Plants of the F2 hybrId lInes started flowermg after 11-13 weeks, whIle var 
galamensls (V-004) flowered after 10 weeks and var ethlOplca dId not flower at 
all (Table 8) In 1996 (as In the prevIOus year), the hybnd between var 
galamensls and var ethlOplca (V-004 x V-001) flowered earlIer than the 
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reCIprocal cross (V-001 x V-004), F1 and F2 In the F2 hybnds, as m the F1 
hybnds (MIlls et al 1995), leaf and flowerhead dImenSIOns were mtermedlate 
between the two parents The flowerhead dImenSIOns of the V -001 x V -004 
plants were sIgnIfIcantly smaller (by 25 mm) than those of the F1 plants In the 
V-004 x V-OOl F2 hybnds, the degree of branchmg was sImIlar to that of V-004 
(Table 8), whIle m the V-OOl x V-004 F2 hybnd It was less (no 7th level 
branches) Length of the vanous branches of V-004 x V-001 F2 hybnds was 
bIgger than those of var galamensls (V-004) DIfferences were found between 
D3h F2 hybnd group and F6h F2 hybnd group and among plants withm each of 
these selectIons (Table 9) D3h hybnd group had somewhat bIgger flowerheads, 
bIgger seeds and hIgher seed fIllmg than F6h group (Table 9) but flowered nme 
days later on an average It seems, therefore, that D3h group IS closer In 
charactenstIcs to the male parent, var ethlOplca and the group of F6h to the 
female parent, var galamensls Withm the D3h group, descendants of D3h5/1 
hybnd were taller plants and were more branched Withm thIS group, a 
partIcular one plant, D3h5/1,5/7 excelled m branchmg (had 7 level branchmg as 
var galamensls) and thus m flowerhead productIOn (flowerhead number was 
not determmed) BeSIde havmg 19% seed fIllmg, all other charactenstIcs were 
SImIlar to the mean of D3h5/1 hybnd plants (Table 9) 

Table 8 PhenologIcal characterIstIcs of ssp galamensls, var galamensls 
(accessIOn V-004) and F2 hybrIds WIth ssp galamensls, var ethlOplca (V-001) 
four months after transplantmg m the fIeld m March 1996 

Each value IS a mean of 10-30 plants of the group (m 3 blocks) FIve branches, 
flowerheads and leaves were measured In each plant 

V-004 x V-001 x 
PhenologIcal parameter V-004 V-001 V-001 F2 V-004 F2 

Plant heIght (cm) 702 a 1158b 752 a 768 a 
HeIght of fIrst flower (cm) 98a 114 a 143 a 
Length of 2ndary branches (cm) 113 a 243b 265bc 
Length of 3rd order branches (cm) 193 a 257b 216 a 
Length of 4th order branches (cm) 168 a 254b 162 a 
Length of 5th order branches (em) 153 ab 170b 137 a 
Length of 6th order branches (cm) 13 8 a 126 a 115 a 
Length of 7th order branches (cm) 113 a 30b 
Leaf WIdth (cm) 13bc 14c 12 ab 11 a 
Leaf length (em) 97a 180 d 122 b 120b 
Leaf length/wIdth 751 a 1413 d 105 b 1159 c 
Receptacle dIameter (mm) 92a 154 b 144 b 
Involucre length (mm) 115 a 159 c 150b 
RatIO of full seeds (% of total) 13 a 45b 29 ab 
One thousand seed wt (g) 3462 a 3949b 3648 ab 
Flower color * 2 3 3 
Flowermg (days from sowmg) 73 77 86 

* 0 - wrote, 1 - hght blue, 2 - blue, 3 - purple, 4 - dark purple 



Table 9 PhenologIcal charactenshcs of the vanous F2 hybnds of ssp 
galamensls var galamensls (accessIOn V -004) wIth ssp galamensls var 
ethtaplca (V -00l) and a selected plant of the D3hS/1 group four months after 
transplanhng In the fIeld In March 1996 

15 

Each plant populabon (e g, D3h 1/4) ongmated from a smgle F1 hybnd plant Each 
group of plant populahons (e g, D3h) ongmated from a smgle plant of the ongmal cross 
m 1994 Each value IS a mean of 10-30 plants of the group (m 3 blocks) FIve branches, 
flowerheads and leaves were measured ill each plant Stabsbcally sIgruncant dIfference 
(P<O 05) between means IS deSIgnated m bold 

PhenologIcal parameter D3h D3h D3h D3h F6h F6h F6h F6h D3h5/ 
1/4 5/1 1/1 11/5 11/6 11/2 1 5/7 

Mean Mean 

Plant helght (cm) 665 a 830b 690 a 724 795 a 805 a 742 a 787 103 
Helght of £lrst flower (cm) 90a 96a 103 a 94 124 a 161 a 88a 138 8 
Length of 2ndary branches 256a 228 a 280b 255 269 c 225b 169 a 221 200 
(cm) 
Leaf wldth (cm) 12a 13 a 13a 13 12a 12a 12a 12 14 
Leaf length (cm) 118 a 119 ab 130b 122 124 b 113 a 140 c 125 972 
Leaf length/wldth 98a 90a 781 a 938 103 a 942 a 1167b 104 694 
Receptacle dlameter (mm) 161 b 146 a 160b 156 153 a 155 a 146 a 151 144 
Involucre length (rom) 165 a 160b 159b 162 152 a 159b 157 ab 156 154 
1000 seed wt (g) 3433 a 5560c 3690 ab 4230 3158 a 3807b 3864 b 3590 553 
Full seed (% of total) 57b 34 a 59b 50 36 38 49 40 19 
Flower color * 3 3 3 3 3 3-4 3 3 3 
Flowermg (days from 84 90 96 90 78 86 78 81 90 
sowmg) 

* 0 - whIte, 1 - hght blue, 2 - blue, 3 - purple, 4 - dark purple 

3 4 4 F3 hybnds 

Generally, F3 hybnds between var galamensls and var ethlOplca showed 
phenologIcal charactenstIcs that were mtermedlate between those of the 
parents (Table 10) Agam generally, hybnd Imes of the cross V-OOl x V-004 
performed worse than lmes of the cross V-004 x V-OOl Var galamensls was not 
grown m thIS season (1996/97), but ItS charactenstIcs are known from earlIer 
observatIons (MIlls et al 1995, MIlls et al 1997) When var ethlOplca served as 
the female parent, the F3 hybrIds (V -001 x V -004) were closer m charactenstIcs 
to It than when It served as the male parent (V-004 x V-OOl) (Table 10) ThIS IS 
reflected m the followmg characterIstIcs heIght of the plant, leaf length/wIdth 
and receptacle dIameter Nevertheless other Important charactenstIcs such as 
number of capItula, seed weIght and seed fIllmg were rather better m V-004 x 
V-OOI lmes 

Three F3 hybnd lmes of the V-004 x V-OOI cross were tested The charactenstIcs 
of plants of the three Imes vaned greatly (Table 11) Lme D3h5/1,5/7 excelled m 
number of flowerheads per plant and seed weIght, Ime B7a/ gh m WIde capItula 
and early flowermg, and lme F6h 2/3f m seed fIllmg The latter was generally 
mfenor to the other two 
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It should be emphasIzed that m relatlon to var ethlOplca (V-OOl), the hybnd 
plants exhIbIted supenonty If we take lme D3h, for example, It features a 
SImIlar seed fIllmg and seed weIght to V -001 but has many more capItula and 
flowerheads earlIer DIfferent selectlons were made from the F3 hybnds (MIlls 
et a11998) The charactenstIcs of one, the descendant of D3h, are presented In 
Table 13 ThIs plant (D3h5/1,5/7, IV7a) excelled m hIgh seed fIllIng, early 
flowermg and bIg capItula 

3 4 5 F4 hybnds 

Seeds collected from the selected F3 hybnds were tested m the fIeld m the 
summer of 1998 In general, F4 lmes of the cross V-004 x V-OOI recalled the 
female parent var galamensls (V-004) more closely than the male parent var 
ethlOplca (V-OOl) These plants had broader leaves, smaller receptacle, and 
more Importantly, more capItula that flowered earlIer, than F4 lmes of the 
recIprocal cross (V-001 x V-004) The latter had charactenstIcs SImIlar to the 
male parent narrow leaves, larger receptacles and fewer capItula 

Table 10 PhenologIcal characterIstIcs of ssp galamensls var ethwplca 
(accessIOn V -001) and F3 hybnds of ssp galamensls, var galamensls (V -004) 
WIth ssp galamensls var ethlOplca (accessIOn V-001) and the recIprocal cross 
grown In the greenhouse In 1996/7 

Each value IS a mean of 11-36 plants of the group FIve branches, flowerheads and leaves 
were measured In each plant 

PhenologIcal parameter V-OOI V-004 x V-OOI x 
V-001 F3 V-004 F3 

Plant heIght (cm) 83b 784 b 808b 
HeIght of fIrst flower (cm) 350 c 295bc 261 ab 
Number of pnmary branches 58a 72b 76b 
Leaf WIdth (cm) 128 ab 157 c 135b 
Leaf length (cm) 119 c 119 c 11 Ob 
Leaf length/wIdth 962c 774 a 839b 
Receptacle dIameter (mm) 187 d 109b 133 c 
Involucre length (mm) 184 b 150 a 150 a 
RatIo of full seeds (% of total) 445b 434ab 326 a 
One thousand seed wt (g) 6766 c 5800b 5312 b 
Number of capItula 47a 240b 198b 
Flowermg (days from sowmg) 104b 95 a 95 a 
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Table 11 PhenologIcal characterIstIcs of F3 hybnds of ssp galamensls var 
galamensls (accessIOn V-004) and var ethtoplCa (accessIOn V-DOl) and a selected 
plant of the D3h5/1, 5/7 group grown In the greenhouse In 1996/7 

Each value IS a mean of 5-15 plants of the group FIve branches, flowerheads and leaves 
were measured ill each plant 

V-004 x V-001 F3 
Phenological parameter D3h5/ B7a/gh F6h2/3f D3h5/1,5 

1,5/7 /7, N7a 

Plant height 70bc 90 de 73bc 67 
No of pnmary branches 63ab 76bc 77bc 7 
Leaf width (cm) 14a 16b 17c 144 
Leaf length (cm) 91a 127 c 13 0 c 105 
Leaf length/width 681 a 827b 781 ab 729 
Receptacle diameter (em) 094 a 123 c 106 b 132 
Involucre length (cm) 151 bcd 153 cd 147ab 158 
Number of capitula 311 d 259 cd 165bc 224 
RatIo of full seeds (% of total) 359ab 272 a 444b 714 
One thousand seed wt (g) 6287 cd 5230 abc 6063 cd 5947 
Flowermg (days from sowmg) 92b 83 a 109d 83 

Table 12 PhenologIcal characterIstIcs of ssp galamensls var galamensls 
(accessIOn V-004) and F4 hybnds of ssp galamensls var galamensls (accessIOn 
V-004) wIth var ethtoplCa (accessIOn V-DOl) and the recIprocal cross grown In 
the fIeld In 1998 

Each value IS a mean of 15-70 plants of the group FIve branches, flowerheads and leaves 
were measured ill each plant 

Phenological parameter 

Plant height (cm) 
Height of fIrst flower (cm) 
Leaf width (cm) 
Leaf length (cm) 
Leaf length/ wid th 
Receptacle diameter (mm) 
Involucre length (mm) 
Number of capitula 
Flowenng (days from sowmg) 

V-004 

573 a 
80a 
20c 

112 a 
565 a 
84a 
121 a 
437 c 
100 a 

V-004 x 
V-OOl F4 

530 a 
114 a 
13b 
138b 
1075b 
113 b 
137b 
206 b 
105 a 

V-001 x 
V-004 F4 

494 a 
146 a 
lOa 

135b 
1315 c 
122 c 

134ab 
71a 
118 b 

Analyzmg the performance of different hybnd hnes of each type of cross 
showed that wlthm the V-004 x V-OOl group, D3h5/1,5/7N7a hybnd plants 
excelled m early flowenng (Table 13) and lme F6h2/3fV5b m capitula 
production Wlthm the V-OOl x V-004 group, lme III2b excelled m capitulum 
Size and number of capitula but flowered late It should be noted that due to 
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Table 14 PhenologIcal characterIstIcs of ssp galamensls var ethwplca 
(accessIOn V -001) and F4 hybrIds of ssp galamensls var galamensls (V -004) 
wIth ssp galamensls var ethlOplca (accessIOn V -001) and the recIprocal cross 
grown in the greenhouse in 1997/8 

Each value IS a mean of 15-70 plants of the group FIve branches, flowerheads and leaves 
were measured ill each plant 

PhenologIcal parameter V-001 V-004 x V-001x 
V-001 F4 V-004 F4 

Plant heIght (cm) 107 c 87 a 97b 
HeIght of fIrst flower (cm) 72c 56 a 62b 
No of pnmary branches 61a 121 b 11 Ob 
Leaf wIdth (cm) 25c 33a 27b 
Leaf length (cm) 166 a 153 b 144 c 
Leaf length/WIdth 691 c 478a 555b 
Receptacle dIameter (mm) 194 c 118 a 146 b 
Involucre length (mm) 190 c 158 a 167b 
Full seeds (% of total) 62a 25b 21 b 
One thousand seed wt (g) 679b 551 a 577 a 
Number of capItula 333 a 1224 b 1057b 
Flowenng (days from sowmg) 852 c 720 a 798b 

Analyzmg the performance m the greenhouse of dIfferent hybnd lmes of each 
type of cross showed that withm the V-004 x V-001 group, D3h5/1,5/7IV7a 
hybnd lmes excelled m early flowenng (Table 15) and seed weIght, lme 
F6h2/3fV5b m seed fIllmg, and lme B7a/ ghII5b m capItula productIon The 
latter, however produced few full seeds (7%) WIthm the V-OOl x V-004 group, 
lInes ITI6a and TIIla excelled m capItula productIon but produced few full seeds 
and flowered late Of the plants grown m the greenhouse, only two plants 
belongmg to the lme of D3h5/1,5/7IV7a were selected for further testmg Plant 
D3h5/1,5/7IV7a,20 excelled m early flowermg and capItula productIon and 
plant D3h5/1,5/7IV7a,21 m bIg seeds and bIg capItulum (Table 15) 

Previous Page !lanI: 
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somewhat lower than expected (about 35%), no dIfference was found between 
lmes and seasons m thIS charactensttc (Table 16) 

In overall performance, the only outstandmg charactenshc of the hybnd lmes 
IS theu flowermg m summer They do not produce more flowerheads or seeds 
than eIther of the parent vanehes 

Table 16 PhenologIcal characterIstIcs of F5 hybrIds of ssp galamensls var 
galamensls (accessIOn V-004) WIth ssp galamensls var ethlOplca (V-001) grown 
In the greenhouse In 1998/9 

Each plant populabon (e g 20) ongmated from a smgle F4 hybnd plant Each value IS a 
mean of 10-30 plants of the group (m 3 blocks) FIve branches, flowerheads and leaves 
were measured m each plant StatIstIcally SIgnIfIcant dIfference (P<O 05) between means 
of each type of selected lIne IS deSIgnated by dIfferent letters 

W m ter / greenhouse Surrnr.ner/greenhouse Surrnr.ner / field 

Phenological D3h5/15/ D3h5/15/ D3h5/15/ D3h5/15/ D3h5/15 D3h5/15 
parameter 7IV7a,20 7N7a 21 7IV7a, 20 7IV7a, 21 /7IV7a, /7IV7a, 21 

20 

Plant heIght (cm) 652 a 762b 744 a 820b 680 a 867b 

Height of first flower 368 a 491 b 360 a 325 a 123 a 172b 
(cm) 

No of pnmary 94a 62b 104 a 83b 10 6 a 102 a 
branches 

Leaf Width (cm) 22a 23b 16a 16a 13a 16b 

Leaf length (em) 87a 95b 79 a 93b 107 a 133 b 

Leaf length/wIdth 404 a 421 b 514 a 614 b 84a 85 a 

Receptacle dIameter 10 1 a 128b 93a 112b 127 a 123 a 
(mm) 

Involucre length (mm) 136 a 150b 149 a 155b 152 a 163 b 

1000 seed wt (g) 4688 a 5933 b nd nd nd nd 

Full seed (% of total) 27 a 42b 15 a 37b nd nd 

Number of capItula 354 a 166 b 460 a 307b 512 a 520 a 

Flowermg (days from 681 a 758b 85 a 84b 92 a 98b 
sowmg) 

011 (%) 304 308 nd 287 nd nd 

n d - not determlned 

Previous Page Elanl~ 
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3 4 7 Summary of descendants of D3h hne 

Allowmg for dIfferences m growth habIt between fIeld and greenhouse, e g 
more VIgorous growth m the greenhouse, the followmg statements may be 
made regardmg the succeSSIve generatIons of our vernoma hybnds (Table 17) 
(1) Most charactenstIcs are mtermedlate between the male parent, var 
ethloplca and the female parent var galamensls (2) Leaf length to leaf WIdth 
ratIo became smaller m the fIrst generatIon but stabIlIzed at about 85 
(3) Receptacle dIameter became smaller, the latter two observatIons could pomt 
to an mcrease m the expreSSIOn of the female parent var galamensls and 
decrease m the expreSSIOn of charactenstIcs of the male parent var ethzoplca, 
smce the former has a small leaf length to WIdth ratIO and a WIde receptacle 
(4) Flowermg was consIstently recorded about three months from sowmg and 
was late by only 10-14 days as compared WIth var galamenSIS, thIS IS one of the 
Important charactenstIcs of the hybnds (5) Number of flowerheads IS low and 
qUIte vanable ThIS vanabilIty IS probably due to agromanagement and soIl 
and clImatIc condItIons The small number of flowerheads produced IS the 
major dIsadvantage of the hybnd lmes developed through thIS program 
However, flowerhead productIOn IS SImIlar to that of the parent lmes (Table 
17) It should be noted that plants of var galamensls can produce hundreds of 
heads per plant under certam agro-management and SOlI and clImatIc 
condItIons, as was observed pnor to mItIatIon of thIS program m another 
growmg locatIon 



Table 17 PhenologIcal characterIstIcs of F1-F5 hybrIds of ssp galamensls var galamensls (acceSSIOn V-004) 
WIth ssp galamenslS var ethlOplca (V -001) ) (V -004 x V -001) grown In the fIeld and greenhouse 

Parent Descendants 

ethlOpica ethlOpica gaiamensis gaiamensis F1 F2 F3 F4 F4 
PhenologIcal V-001 V-001 V-004 V-004 D3h D3h5/1 D3h5/15/7 D3h5/1 D3h5/1 
parameter 5/71V7a 5/71V7a 

FIeld Greenhouse FIeld Greenhouse FIeld FIeld Gleenhouse FIeld Greenhouse 
Plant heIght (em) 113 95 62 83 646 83 70 57 843 
HeIght of fIrst flower 54 15 48 228 96 78 518 
(cm) 
No of pnmary 6 11 8 10 63 118 
branches 
Leaf wIdth (cm) 13 19 17 27 15 13 14 14 31 
Leaf length (cm) 183 118 108 128 184 119 91 119 130 
Leaf length/wIdth 148 621 653 87 121 915 681 85 43 
Receptacle dIameter 191 95 154 146 94 118 121 
(mm) 
Involucre length (mm) 187 124 159 174 160 151 133 173 
1000 seed wt (g) 678 343 5560 6287 6104 
Full seed (% of total) 53 13 34 36 32 
Number of capItula 40 44 311 15 955 
Flowermg (days from 95 84 96 90 92 94 65 
sowmg) 

F5 
D3h5/1 

5/71V7a, 
20,21 

FIeld 
77 

148 

104 

145 
120 
85 

125 

158 

52 
95 

F5 
D3h5/1 

5/7IV7a, 
20,21 

Greenhouse 
702 

43 

78 

23 
91 
41 
115 

143 

35 
26 
72 

N 
W 
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35 ChemIcal transformatIon of Vernonta galamensts 011 

3 5 1 Background 

In the past few years there has been a growmg consensus among the 
mdustrIalIzed nations of the world regardmg the need to fmd raw materIals 
from sustamable and renewable resources rather than from ftmte petroleum 
resources, whIch are constantly bemg depleted as sources of energy and 
chemIcal feedstocks The chemIstry obJective of our AID-CDR proJect IS to 
study the chemIstry of the very special epoxy 011 of vernoma plant and to 
syntheSIze novel products WIth potential mdustrIal apphcatIons m order to 
develop Vernonza galamensls as a new IndustrIal crop for semiarId zones 

Today, commercIal epoxy OIls are syntheSIzed from soybean or lInseed 011 by an 
IndustrIal epoxidahon process that trIples or quadruples the pnce of the 
orIgInal 011 In thIS type of applIcation, vernoma 011 (I) has a bUIlt-In advantage 
In that It IS already epoxidized 

o 0 
II / \ 

CH -O-C-(CH2h-CH=CH -CH2-CH-CH -(CH2)4-CH3 

o 0 
II / \ 

CH2-0-C-( CH2)rCH=CH -CH2-CH-CH -( CH2)4 -CH3 

TrIvernohn (I) 

Naturally funchonahzed trIglycerIde OIls are prepared by nature WIth multiple 
chemIcal functionalIty and are thus a renewable resource, proVIdIng an 
alternative to petroleum as a chemIcal feedstock Vernoma 011 IS among a 
small group of naturally epoxldlzed trIglycende OIls and has receIved 
conSIderable attention as ItS status nears that of a commercial matenal 

Moreover, there IS a growmg realIzation that many blOpolymers denved from 
agrIcultural feedstocks are rapIdly bIodegraded when composted and should 
thus be used to replace matenals that are degraded slowly 

The timIng IS nght for polymer materIals and products deSIgned and 
engIneered from agrIcultural feedstocks to enter speCIfic markets currently 
occupIed by petroleum-based feedstocks ChemIsts must thus focus theIr 
attention on renewable resources and ensure that the demand for polymers In 
the 21st Century can be met by natural products 
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Most of the chemIcal research on vernoma 011 has focused on Its applIcatIOn as 
1) a reactIve dIluent for epoxy coatmgs (DIrlIkov, 1990), or 2) a monomer m the 
synthesIs of polymers (SperlIng, 1983, Barret, 1993) Ayonde and co-workers 
(Ayonde et aI, 1988, 1989, 1990) have made progress m transformation of the 011 
Into key mdustnal raw matenals, ega senes of dibasic aCIds have been 
prepared 

In the fIrst stage of our research, we studIed the chemIcal composItIon of the 
IsraelI vernoma 011 We examIned Soxhlet and room temperature extractIon of 
ground seeds of acceSSIOn V-001 of ssp galamensls var ethlOplca grown m the 
held or greenhouse It was found that Soxhlet extractIon yIelded somewhat 
more 011 than stIrrIng ground vernoma seed wIth hexane at room temperature 
The 011 obtamed at room temperature contamed a lower concentratIon of tree 
fatty aCIds and the OXIrane value was hIgher Another method mvolvmg 
lIpase deactivatIOn followed by extractIon of the 011 at room temperature was 
tned We obtamed 43-44% of the 011, and as expected under these condItIons the 
011 contaIned only a small amount of carboxylIc groups (013-033%), 
approxImately 0 85-2 16% of free fatty aCIds (FF A) Extractmg the 011 at room 
temperature assured a relatIvely hIgh (80%) content of vernolIc aCId 

Our mam task m the framework of the AID-CDR project was to explore ways of 
utIlIzmg thIS hIghly attractIve mdustnal raw matenal SpeClfIcally, our task 
was to prepare new denvatIves of vernoma 011 as mtermedlates for the 
chemIcal mdustry by explO1tmg the umque structure of the vernoma molecule 

Scheme 1 summanzes the mam dIrectIons we took 



o 0 
II /'.. 

H 2y-O-C-(CH2)7 -CH=CH-CH2-CH-CH-(CH2)4-CH3 

I 

o 
II 

H2~-O-C-(CH2)7 -CH=CH-CH2-CH-CH-(CH2)4-CH3 

: Hcb 62cc=CH2 
I I 

R 

Scheme 1 
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3 5 2 Bromlnahon 

BrommatIOn reactIons were performed on the methyl ester of verno he aCId, on 
the vernoma 011 Itself, and on the l,3-dlvernolm Bromo denvatIves were 
prepared by addItIon and allyhc brommatIon 

Bromtnatton of methyl verno late 

The brommatIOn of the 9,10 double bond of the methyl vernolate was earned 
out at dIfferent temperatures m vanous solvents (carbon tetrachlonde, 
dlchloromethane, and acetomtnle) The best results were obtamed WIth carbon 
tetrachlonde at O°C The pure dlbromo methyl vernolate was Isolated by 
column chromatography 

Br ° 
/0\ I II 

CH3-(CH2)4-CH-CH-CH2-CH-CH-(CH2)rC-OCH3 
I 
Br 

II 

From the IH-NMR spectrum It IS ObVIOUS that addItIon of bromme to the 
molecule occurred at the 9,10 double bond Decouplmg of sIgnals at 302, 316 
(epoxy protons) and 4 18, 440 (CHBr protons) showed that each paIr of protons IS 
vlcmal and there was no mteractIon between these couples Smce It IS known 
that bromme adds trans to the double bond, we can expect the ester (II) to be a 
threo Isomer However, m the 13C-NMR spectrum there are low mtensity 
sIgnals (15-20%) that correspond to the erythro Isomer 

We also carned out bls-allyhc brommatIOn of methyl vernolate WIth N­
bromosucClmmide (NBS) under dIfferent condItIons to obtam a complex 
mIxture of bromo compounds 

ill 

The product (III) was separated by column chromatography and contamed only 
60% of the mam substance SIgnals m the IH-NMR spectrum were observed at 
302 (2H, epoxy group), 449 and 467 (2H, CHBr group), and 590 (2H, olefImc 
protons) d ppm 

Bromtnatton of vernoma otl 

Brommahon of the 011 was carned out WIth bromme or WIth the bromme 
complexes dIOxane dlbromlde (C4HS02 Br2) or pyndmmm hydrobromlde 
perbromlde (CsHsNHBr3) The reactIOns were carned out over a range of 
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temperatures m dIfferent solvents (carbon tetrachlonde and dichloromethane) 
Smce the predommant tnglycerIde IS tnvernolm (I), all calculatIons were 
performed on the basIs of thIS compound The TLe and NMR spectra show 
that brommatIon of the 011 gave nse to complex mIxtures of bromocompounds 
m all cases tested We can, however, assume that the structure of the mam 
compound m each mIxture corresponds to the addItIon of bromme to the 
double bond of the 011 The greatest quantIty of oxuane groups was obtamed 
when brommatIon was carned out WIth pyndmmm hydrobromide 
perbromide From all these expenments It IS eVIdent that the oxuane groups In 
the tnglycendes are more labIle m brommatIon reactIons than the glycendes In 
methyl verno late 

BrOmtnatlOn of 1,3-dtvernoltn 

l,3-divernolm (IV) was obtamed from vernoma 011 m hexane by usmg a crude 
lIpase extract from V galamensls seeds 

o 0 
II /'.. 

H 2C-O-C-(CH2)7 -CH=CH-CH2-CH-CH-(CH2)4-CH3 

I 
CH-O-R 

I ~ )( 
H 2C-O-C-(CH2)7 -CH=CH-CH2-CH-CH -(CH2)rCH3 

R= H, CH3CO IV 

The 13C-NMR and IR spectra confumed the structure of l,3-divernolm (R=H) 

BrommatIOn of l,3-divernolm was performed WIth pyndmlUm bromIde 
perbromIde, smce we had found m prevIOUS experIments that thIS brommatmg 
agent that does not have a sIgmficant effect on the epoxy group m CC1± at room 
temperature As m the brommatIOn of vernoma 011, a complex mIxture of 
brommated compounds was formed In addItIon to the brommatIOn of the 
d0uble bonds, changes occurred m the SIgnals of the epoxy protons they 
appeared as two small multIplets 

BrOmtnatlOn of 1,3-dtvernoltn-2 acetate 
PYrIdmlUm bromIde perbromide was agam used as the brommatIOn reagent 
for the brommatIOn of l,3-divernolm-2-acetate at 40°C The crude product was 
punfIed by column chromatography to gIve the tetrabromo derIvatIve of 
divernolm acetate In the IR spectrum we stIll could see the epoxy group The 
IH-NMR spectrum also showed the 4 protons of the epoxy group and the CH­
Br protons 
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3 5 3 AmInolysIs of vernoma 011 

Our mterest m developmg mdustnal products from Vernonza galamensls led 
us to produce fatty mono- and blsamldes from vernoma 011 

Fatty amldes, compounds that exhIbIt low reactIvIty and hIgh thermal stablhty, 
have Important applIcations m the chemIcal mdustry m paper coatmgs, 
prmtmg mk, and antistatic and anti-block addItives for polyethylene hlms 
Fatty blsamldes, whIch have a hIgher lubncatIng efnclency than pnmary 
amides, are used as shp agents, they also fmd applIcahon as corrOSlOn 
mhlbltors In mdustry, mono-substituted amldes (RCONHR) are typIcally 
produced eIther from punned fatty aCIds and pnmary ammes at temperatures 
of 140-170°C under moderate pressure, or from a fatty acyl chlonde and an 
amme or fatty esters and an am me wIth sodlUm methoxlde as the catalyst 
(Jordan & Port 1961) 

Reactl.On of vernoma otl wtth altphattc dtamtnes 
The group of Ayormde (Bryant et al 1993) reported the synthesIS of novel 
epoxy-contammg fatty amides from vernoma 011 by reachon of pnmary ammes 
wIth the naturally occurnng epoxy tnglycende under mIld condltlOns Gnnberg 
and co-workers (1993, 1994) synthesIzed N,N'-ethylenebIs(vernolamIde) by the 
dIrect amidatIon of vernoma 011 wIth alIphatic diammes 

In thIS part of our research, we studIed the reactIon of vernoma 011 wIth 
ahphatIc dlammes 

vernoma 011 + diamme ---7 monoamldoamme + diamide 

ThIS mvolved IsolatlOn and charactenzatIon of the mtermedlate-the 
monoamldoamme of vernohc aCId (V) 

and of the fmal product-N,N'-aikylbis (vernolamlde) (VI) 

Dlepoxy dlamldes con tam two epoxy groups m the molecule, they can therefore 
be used as a new class of reactIve dlfunctlOnal monomers wIth readIly aVailable 
amIde blocks We have developed Improved procedures to obtam hIgh YIelds 
of both mtermedlate and product Usmg these epoxy diamides as reactIve 
monomers and study of theIr polymenzatIon IS one of our future tasks 
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In the framework of the cooperatlOn wIth Kenya, Ms Mary Warmra prepared 
an M Sc thesIs on the reactIon of vernoma 011 wIth alIphatIc dIammes A study 
was made of the effect of dIfferent parameters, such as molar ratIo 011 diamme, 
temperature, and solvent, on the course of the reactlOn The reactIon of the 011 
WIth l,4-dIammobutane was chosen as model reactIon The progress of the 
reactIon, m terms of reactant dIsappearance and the appearance of the two 
products, the mtermedlate amldoamme and the fmal dIamlde, was momtored 
by TLC, GC and HPLC The products were separated and charactenzed 
spectroscopIcally (IR, NMR) 

Table 18 Effect of the molar raho of vernoma 011 (VO) to diamme on the YIeld 
of the products at 70·C wIthout solvent 

Molar ratIo After OSh After Ih After 2h 
va dlamme MonoamIdo- Dlamlde MonoamIdo- Dlamlde MonoamIdo- Dlamlde 

amme amme amme 
11 238 34 63 22 135 
12 249 42 222 1027 3109 2342 
13 287 102 347 173 3662 263 
15 6122 556 72 33 1337 5641 204 
va = vernoma all 

As we can see from Table 18, the YIeld of monoamldoamme mcreased wIth 
mcreasmg molar ratIo, from eqmmolar amounts up to fIvefold excess of 
dlamme For dlamide formatIon, there was an mcrease m YIeld wIth molar 
raho up to 1 3 A hIgher excess of dlamme dId not mcrease the YIeld of the 
products, probably because sIde reactIons occurred wIth openmg of the epoxy 
rmg A rubber-lIke product was obtamed at an 011 diamme molar ratIo of 110 
a t 70°C after 1 h 

After determmmg that monoamidoamme and dlamide were mdeed the 
products of the reactIon of vernoma 011 and diamme, we studIed the profIle of 
the reactIon 

The Reactwn Pro/tle 
As expected, the rate of formatIon of amidoamme IS faster at the begmmng of 
the reactIon, reaches a maXImum after about 6 h, and then starts to decrease, 
whIle the rate of formatIon of diamide IS slow at the begmmng and then 
mcreases WIth tIme-a profIle characterIstIc for a consecutIve reactIon 
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To facIlItate analYSIS and charactenzatIOn of the amI datIon products of 
vernoma 011, we fIrst performed ammolysIs of methyl verno late, as follows 

ReactlOn of methyl vernolate wlth altphatlc dlamtneS 
We reacted the methyl ester of vernoma 011 WIth alIphatIc dIammes usmg an 
ester dIamme molar ratIo of 21 The reactIon was carned out at 60°C for about 6 
hours m the presence of a 2N solutIOn of sodIUm methoxIde m methanol The 
reactIon was followed by TLC ThIS IS a consecutIve substItutIon reactIOn, the 
monoamIdoamme of vernolIc aCId IS formed m the fIrst stage of the amma hon 
reactIon and the dIamIde N,N'- alkylene bIs(vernolamIde) m the second stage 
We used the dIfferent solubIlIty propertIes m acetone or methanol of the 
mono- and dIvernolamIdes to separate them from the reactIon mIxtures The 
dIamIde IS a whIte powder WIth a 13 7% content of epoxy groups and M P of 
126-128°C 

An HPLC method based on a C-18 reverse phase column was also used to 
determme the punty of the obtamed diamide IR and NMR spectroscopy were 
used to IdentIfy the structure of N,N'- alkylene bIs(vernolamlde) 

3 5 4 ReactIon of vernoma 011 WIth aromatIc dlammes 

Sperlmg and Manson (1983) reported the syntheSIS of mterpenetratmg polymer 
networks on the baSIS of cured elastomers prepared from vernoma 011 and 
dIbaslc aCIds DIrhkov (1990) and Fnschmgeret al (1992) have mvestIgated the 
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preparation and properties of IPNs prepared from commercIal epoxy resms 
(EPON 825) cross-lmked wIth aromatic dIammes (4,4'diammodiphenyl sulfone, 
4,4'-methylenedIamlme) and from elastomers based on vernoma 011 cross­
lInked WIth the same diammes for coatmg applIcatIons The modifed 
commercIal ngrd epoxy resm showed Improved toughness and water 
resIstance 

After we performed the reactIons of vernoma 011 wIth alIphatIc diammes, we 
were mterested to study the reaction wIth aromatic diammes wIth a VIew to 
synthesIzmg elastomers, charactenzmg them, studymg theIr properties, and 
utIlIzmg them to prepare IPNs WIth commercIal epoxy resm cross-lmked WIth 
a cross-lmker dIfferent from aromatIc dIamme 

Epoxy resms cured WIth aromatic dIammes are strong and exhIbIt good 
chemIcal and electrIcal reSIstance and excellent adhesIve properties, they can 
thus be used m numerous technIcal applIcatIons (Barclay 1992, Gnllet 1991, 
Gupta 1991) In addItion, msertIon of aromatic fragments mto the polymer 
matnx could mcrease ItS thermal stabIlIty Under condItions under WhICh It IS 
normally pOSSIble to cure epoxy resms based on the dlglycldyl ether of 
bisphenol-A (Gupta, 1991), there was no reaction WIth vernoma 011 ThIS could 
be because the epoxy groups of vernoma 011 are m the mIddle of the cham and 
are thus less reactive than the termmal epoxy groups of epoxy resms 

Smce It IS known that the reaction of epoxy groups WIth aromatic ammes may 
be accelerated by compounds contammg an active hydrogen (aCIds, alcohols 
etc) (W G Potter, 1970), we performed the reactIon of vernoma 011 WIth m­
phenylene diamme m the presence of p-toluene sulfUrIC aCId (p-TSA) as a 
catalyst The mfluence of molar ratio of epoxy groups to am me groups and 
concentration of p-TSA on gel time are shown m Table 19 

Table 19 ReactIon of vernoma 011 WIth m-PDA at 1000 e In the presence of p-
TSA 

Molar Concentration Gel-time External Gel N(%) 
ratio of p-TSA, (h) appearance fractIonb m gel 
epoxy/ mol a (%) fraction 
amIne 

11 025 2 gel 65 26 

151 025 3 gel 55 27 

31 025 a VISCOUS lIqUId 
obtamed after 5 h 

aArnount of p-TSA IS expressed as moles per moleof tnglycende-contammg epoxy group 
bCel fractIon SIze IS determmed m DMF after extrachon of the polymer m bOllmg DMF, ethanol 
water 

From Table 19 we can see that gel time depends mamly on the molar ratIo of 
the reacting groups At epoxy amme molar ratios of 1 1 and 1 5 I, the gel time IS 
2-3 h At molar ratio 3 I, only a VISCOUS lIqUId IS obtamed Gel fractIOn content 
was close to the theoretical value (-70%) NItrogen content m cured polymers 
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(26-27%) was close to the theoretIcal amount calculated for epoxy NH2 molar 
ratIo of 15 1 (27%) No sulfur was found m the obtamed polymers 

The abIlIty of p-TSA to catalyze the cross-hnkmg reactIon was also mvestIgated 
WIth other aromatIc dIammes (Table 20) 

Table 20 ReactIon of vernoma 011 wIth DDS and DDO m the presence 
of OSmol p-TSA and at epoxy amme molar ratIo of 11 

Diamine Temp Gel tIme External Gel fractIon m 
(OC) (mm) appearance polymer (%) Na (%) 

150 10 gel 45 225 

DDS 120 120 gel 50 21 

100 390 VISCOUS 

hqrnd 

150 5 gel 70 262 

DDE 120 40 gel 52 245 

100 150 shcky soft 
Eroduct 

aThe calculated contents of N,% and S,% for the polymer WIth an epoxy amme 
molar ratIo of 1 5 1 are for DDS, N = 231% and S = 273% , for DDE, N = 245% 
DDS- 4,4 -dIammodlphenyl sulfone, DDE-44 -dIammodlphenyl ether 

Sa (%) 

27 

20 

0 

0 

ReactIons were carned out for an epoxy to NH2 molar ratIo of 1 1 and 
concentratIon of p-TSA of 0 5 mol From Table 20 we can see that wIth DDS 
and DDE at lOO°C, cured polymers were not obtamed The tImes of gelatIOn at 
120°C and 150°C were of the order of 1-2 h and 5-10 mmutes, respectIvely, for 
both DDS and DDE A companson of the gel tImes of the polymers obtamed 
from DDS or DDE wIth m-PDA at lOO°C (Table 19) reveals that m-PDA IS more 
reactIve These dIfferences m the gel time may be attrIbutable to stencal 
diffIcultIes due to the larger SIzes of the DDS or DDE molecules The amounts 
of mtrogen and sulfur m the polymers obtamed were close to the theoretical 
amounts for polymers at an epoxy amme molar raho of 1 5 1 Polymers cured 
wIth DDS and DDE have gel fraction SIzes of 45-70% 

The structure of the cured polymers was mvestIgated by IR spectroscopy The 
IR-spectra of all the cured polymers show that the absorptIon charactenstIc of 
epoxy at 820 and 840 cm-1 IS absent, whIle carbonyl absorptIon at 1730 cm-1 

remams New absorption peaks at 1500 and 1580 cm-1 mdicate the presence of 
an aromatic rIng New peaks at 3350 and ~3500 cm-1 can be attrIbuted to NH 
and OH groups, respectively These changes mdicate that aromatic diamme 
reacts wIth the epoxy group and that the epoxy rmg IS opened wIth the 
formation of NH and OH groups 
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The thermal behavlOr of the cross-lmked polymers obtamed was studIed by 
thermogravImetrIC analYSIS (TGA) As a CrIterIon of thermal stabIlIty of these 
products, we have chosen the followmg temperatures T start - start of 
degradatIon, TlO -10% weIght 10ss,Tso - 50% weIght loss The results (Table 21) 
show that, as expected, all the polymers are more thermostable than orIgmal 
vernoma 011 The structure of the dIammes mfluences mamly the value of the 
T start of the polymers The diammes can be arranged m the followmg senes as 
a functIon of Tstart DDE > DDS> m-PDA 

Table 21 Results of TGA 

Product Tstarb °e TlO,oe T50,oe 

VernonIa 011 220 290 360 
Polymer from 290 360 440 
vernoma 011 WIth m-
PDA 
Polymer from 310 375 430 
vernoma 011 WIth 

DDS 
Polymer from 350 375 460 
vernoma 011 WIth 

DDE 

It should be noted that the cured polyammes of vernoma 011 WIth aromatIc 
diammes reported by DulIkov (1990) and Fnschmger (1993) were prepared 
under far more drastIc condItIons (180oe for 40 h) than m our synthesIs (1000 e 
for 1-3 h) 

Interpenetratmg polymer networks 
The mteractIon of aromatIc dIammes WIth vernoma 011 resulted m the 
productIon of a senes of new rubber-lIke polymers One of the polyammes 
obtamed from va and m-PDA was used to modIfy commerCIal epoxy resm 
(Epicote 828) Our method of prepanng the IPNs was based on polymenzatIon 
of the commerCIal epoxy resm m the presence of cunng accelerator [2,4,6-
tns(dimethyl-ammomethyl)phenol - DMP-30] and poly-condensatIon of va 
WIth m-PDA The preparatIon of IPNs reqUIres the use of two lIqUId 
prepolymers, whIch can then be cured by post-polymenzatIon 

In additlOn to cunng va WIth m-PDA, we also mvestIgated the conditlOns for 
preparmg lIqUId prepolymers from these reagents ObvlOusly, such 
prepolymers can be obtamed beyond gelation 

The results of our study of the reactIon of VO WIth m-PDA at 100°C m the 
presence of 0 1 or 0 05 mol p-TSA and at dIfferent molar ratIos of epoxy NH2 
(151, 11 and 115) are shown m Table 22 The reaction course was evaluated 
by followmg the changes occurrmg m the epoxy groups m the reactIOn mIxture 
and the polymer gelation tImes Epoxy group content (m the presence of an 
amme group) was determmed accordmg to the method of Bel (1970) 



Table 22 PreparatIon of prepolymers of vernonIa 011 wIth 
m-PDA at 100°C 
Molar ratio p-TSA, ConverslOn Gel 
epoxy /amme mol of epoxy- time, h 

groupsa, % 
11 005 61 b 

01 88 5 
115 005 86 5 

01 93 4 
151 005 35 b 

01 50 6 
a 
After 4 h, before appearance of gel 

bNo gel was observed after 7 h 

35 

The course of the reaction was evaluated by followmg changes m the epoxy 
groups m the reaction mIxture and the gelation time of the polymer 

From Table 22 we can see that the converSIon of the epoxy group depends 
mamly on the molar ratio of the reactmg groups However the gel time IS 
determmed mamly by the amount of p-TSA The 005 mol concentration of 
p -TSA decreases the time of gelation when compared wIth the 01 mol 
concentration 

Prepolymers obtamed wIth an epoxy NH2 molar ratio of 11 and 1 5 1 m 4 h 
were VISCOUS hqUIds Other prepolymers (epoxy NH2 molar ratio 115) 
obtamed m 4 h were close to gel formation Prepolymer obtamed at epoxy 
NH2 molar ratio 11 was chosen to prepare the lPNs, because thIS prepolymer 
dId not glVe gel m 2 h and showed a hIgh converSlOn of epoxy groups (88%) 

SImIlarly, lIqUId VISCOUS prepolymers were obtamed from epoxidized soybean 
011 (epoxol) contammg 17% epoxy groups WIth m-PDA (epoxy NH2 molar ratlO 
1 1, p-TSAO 1 mol, 100°) However, gelation m thIS case occurred faster than 
WIth VO, so the reaction WIth epoxol proceeded for 1 hour 

FormulatlOns were prepared by addmg prepolymers of VO WIth m-PDA (or 
epoxol WIth m-PDA) to a mIxture of Epicote 828 WIth 4% wt of accelerator 
These formulations were mIxed at room temperature to produce 
homogeneous transparent mIxtures The transparency of the mIxtures 
obtamed pomts to compatibIlIty between the epoxy resm (Epicote 828) and the 
respective prepolymer 

After degassmg WIth a vacuum pump, the mIxtures were poured mto the 
Teflon formmg molds, whIch were heated at 80°C for 2 h and then at 160°C for 
4 h The followmg combmatIons of epoxy resm/ prepolymer (VO or epoxol 
WIth m-PDA) were prepared 100/0, 50/50 and 0/100% wt The mechamcal 
properties of the castmgs obtamed are shown m Table 23 



Table 23 MechanIcal properhes of castmgs 

Casting composItIon, 
epoxy reSin prepolymer, 
%wt 
100/0 
0/100 (VO wIth m-PDA) 
50/50 (VO wIth m-PDA) 
0/100 (epoxol wIth m-PDA) 
50/50 (epoxol wIth m-PDA) 

TensIle 
strength, 

MPa 
86 
05 
22 
25 
35 

ElongatIon, 
% 

56 
183 
61 
40 
11 

Young's 
module, 

MPa 
2206 
44 
54 
50 
562 
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From Table 23 one can see that the ongmal cured epoxy reSin IS tough and 
bnttle, whIle the neat vernoma 011 polyamine IS a very weak, rubbery materIal 
The mechamcal propertIes of thIS polyamme are SImIlar to those of vernoma 
O1I-sebaClc aCId polyester (tensIle strength 026 MPa, elongatIon 17% and 
modulus 1 7 MPa) (Sperling, 1990) IPN contammg 50% of vernoma Oll 
polyamine IS a reinforced elastomer wIth an elongatIOn three hmes greater 
than that of neat polyamme vernoma 011 Neat epoxidized soybean 011 (epoxol) 
polyamine IS stronger than polyamme vernoma 011 IPN containing 50% of 
epoxol polyamme IS a tough matenal (tensIle strength 35 MPa) wIth a faIrly 
hIgh Young's modulus (562 Mpa) 

The mechamcal propertIes of known IPNs obtained on the baSIS of elastomers 
from natural OIls are shown In Table 24 In order to be able to compare our 
IPNs WIth known lPNs, we Included m the table those IPNs m whIch the 
amount of elastomer was close to that m ours 

Table 24 Mechamcal properhes of known IPNs 

lPN, TenSIle ElongatIon, Modulus, 
ratIo of polymers, % wt strength, % MPa 

MPa 
VO-sebaCIC 603 467 258 
polyester / PET = 50/50 

Castor 011 polyurethane/PET 16 1 
= 50/50 

Castor all polyuretane/ PSN 23 100 
= 40/60 

Epoxldlzed crambe 011/ 15 63 76 
PSN = 40/60 
Epoxidized lmseed 011/ 18 37 51 
PSN = 40/60 
Epoxidized lesquerella 13 56 21 
O1l/PSN = 40/60 
Castor 011 25 -180 
polyurethane/PMM = SO/50 

PET= poly(ethylene terephthalate), PSN = polystyrene network, 
PMM= poly(methyl methacrylate) 

Reference 

L W Barrett 
J Appl Pol SCI 
48, 953 (1993) 
L W Barrett 
JAOCS, 70, 523 
(1993) 
L H Sperlmg 
JAOCS, 60, 1887, 
1983 

L Zhang, H Dmg 
J App Pol SCI 
64, 1393 (1997) 
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ExammatIon of the data m Tables 23 and 24 shows that IPNs contammg 50% of 
vernoma 011 polyamme elastomer (Table 23) had the lowest values for the 
tensIle strength and Young's module, whIle the elongatIOn was hIgh (61%) 
The IPNs contammg 50% epoxol polyamme were tougher (35 MPa) and had a 
much hIgher modulus (562 MPa) than the known IPNs 

The results obtamed demonstrate the possIbIlIty of preparmg new rubber-lIke 
polymers from vernoma 011 and aromatic diammes The curmg condItions 
reqUIred for these polymers (100-120°C, 2 h) were mIlder than those used for 
obtammg prepolymers from vernoma oil and dibasic aCIds (140°C, 7 h) (AlofabI, 
1989) In terms of theIr thermostabilIty and elastomenc properties as well as 
the sImplIcIty of synthesIs, the polymers denved from vernoma OIl! aromatic 
diamme and epoxol/ aromatic diamme represent a promIsmg pathway to the 
syntheSIS of new mterpenetratmg polymer networks 

3 5 5 Surface active compounds based on vernoma 011 

The next new class of chemIcal denvatIves we developed m the framework of 
the AID-CDR project are the vernoma-based surfactants Surface-active 
compounds are probably among the most versatile chemIcals aVailable They 
are used m the manufacture of a WIde range of consumer products, mcludmg 
chemIcals, pharmaceuticals, soaps and detergents Growmg demand for 
surfactants worldwIde has spurred a search for new raw matenals for theIr 
production Nowadays consumer demand that surfactants be produced usmg 
envIronmentally fnendly and non-toxIC molecules based on renewable 
resources, moreover, the cost of production must be competitive VernonIa 
could prove to be an appropnate matenal for thIS purpose 

Vernoltc actd salts 
Carboxylate together WIth sulfonate, sulfate and phosphate are the polar 
solubIhzmg groups found m amomc surfactants Soaps represent most of the 
commercIal carboxylates The general structure of soap IS RCOO-M+, where R IS 
a straight cham hydrocarbon m the C9-C21 range and M+ IS a metal or 
ammomum IOn The neutrahzatIOn of fatty aCIds WIth a base or an amIne IS a 
common procedure for the production of soluble fatty aCIds (Pryde 1979) 

/0, 
CH3 -(CH2)4 -CH-CH- CH2-CH=CH -(CH2)r coo M+ 

M = Na, K, NH4 

Salts of vernohc aCId and dIhydroxy vernohc aCId were prepared dIrectly by 
sapomfIcatIon of vernoma 011 or of the methyl esters (obtaIned from 
transestenfIcatIOn of the 011) WIth sodIUm hydroxIde In absolute methanol, as 
well as from the correspondIng aCIds and potassIUm hydroxIde In absolute 
methanol or sodIUm carbonate In a hexane/water mIxture In all these 
reactions, some degree of openmg of the epoxy rmg occurred 

RecrystallIzation of the salts was performed from a ~5% aqueous solution WIth 
an acetone/hexane/ether mIxture, or from a methanol solution WIth an 



38 

ether Ihexane mIxture The former salt was obtamed m very poor YIeld (less 
than 1%) because of poor preCIpItatIon of a dIlute transparent gel By 
preCIpItatIon from methanol, a volummous whIte suspenSIOn was obtamed, 
thIS gave a reasonable YIeld of a whIte powder of salts when fIltered and dned 
A decrease m the epoxy content and the appearance of new bonds at 1083 and 
1736 cm-1 were eVIdent In the spectrum of the salts 

The bands at 1083 and 1736 cm-1 (as shoulders) m the IR spectrum were also 
VISIble m the spectrum of the mIxture of fatty aCIds obtamed both from 
vernoma 011 and from the salts It IS hkely that these bands are related to 
estohde formatIon Estohdes are formed when the carboxyhc aCId group of one 
fatty aCId forms an ester bond WIth eIther a hydroxyl group or a double bond 0 n 
the carbon cham of a second fatty aCId (Erhan et al 1996) The band at 1083 cm 1 

pertams to the C-O stretchmg of secondary alcohols, and the band at 1736 cm 1 

to the carbonyl stretchmg of estohdes (the absorbance of estohde carbonyl IS 
1737 cm-1 (Erhan et al 1996) 

The data reported m the hterature (Markley 1961) testIfy that "hIghly pure 
neutral metallIC salts, espeCIally of the long-cham fatty aCIds, are exceedmgly 
dIffICUlt to prepare because of the tendency of the preCIpItated salt to mclude 
reactIon reagents, to form hydrates or retam water and form solvates WIth 
orgamc solvents The salts of the unsaturated aCIds are subJect to auto­
OXIdatIOn" PreparatIon, IsolatIOn and cleamng of vernohc salts are 
addItIonally dIffIcult because of the presence of the OXIrane nng 

Vernoltc dtethanolamtde 
Secondary and tertIary alkanolamldes are more commonly known as 

monoaikanoiamides RCONH(CH2)y(CHCH3hOH 

or 

diaikanoiamides RCON[ (CH2)y(CHCH3hOHh 

Dlethanolamides fmd apphcatIon In hqUld dlshwashmg detergents, shampoos, 
lubncatmg OIls and dry cleanmg detergents, as well as m textIle processmg 

/0\ 
CH3 -(CH2)4 -CH-CH- CHz-CH=CH -(CH2)7- CO-N(CHz-CH2 OHh 

N,N-bIS(2-hydroxyethyl) vernolamlde 

Vernohc dlethanolamlde was prepared from vernoma 011 or the correspondmg 
methyl esters and dlethanolamme m the presence of sodIUm methoxlde as 
catalyst The reactIon proceded WIth retentIon of the epoxy nng (oxlrane oxygen 
tItratIon, IR and NMR spectra), the YIeld usually bemg over 90% 

HIgh punty N,N-bls(2-hydroxyethyl) vernolamlde was Isolated by column 
chromatography WIth 75 8% YIeld The IR spectra of vernohc diethanoiamides 
are charactenzed by bands at 823 and 857 cm-1 (epoxy absorptIon), a spht band at 
1050 and 1070 cm 1 (C-O stretchmg of ethanohc groups) and at 1620 cm 1 (amIde 
carbonyl stretchmg), and a broad band WIth maXImum at 3388 cm 1 (OH 
stretchmg) The spectra of mIxed vernohc diethanoiamides obtamed from 011 
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or esters were IdentIcal They dIffered from the spectra of N ,N­
bIs(2-hydroxyethyl) vernoiamide punfled by column chromatography m terms 
of Imp untIes at the ester carbonyl stretchillg at 1741 cm-1 and the mtensity of 
the epoxy absorptIon band 

When vernoma 011 or methyl verno late were reacted wIth dlethanolamme In 
the presence of an aCIdIC catalyst, openmg of the epoxy nng occurred and the 
followmg product was obtamed 

The compounds obtamed were charactenzed by IR, 1 H and 13C NMR 

The propertIes of the new substances (solubIlIty m water, cntIcal mIcelle 
concentratIOn and foammg propertIes) mdicate that vernohc salts and 
diethanoiamides are good candIdates for a large range of surface actIve 
compounds (detergents, thickemng agents) 

The solubIlIty of vernolIc denvatIves mcreases m the order 

methyl esters (E) <acIds (Ac)<amides (Am) <salts (S) 

IntroductIon of polar groups m the surfactant alkyl cham results In 
conSIderable mcreases m the solubIlIty of surfactants (MalIk and Chand 1966, 
Ross and MIles 1941), thus, m water the solubIlIty of potaSSIUm 9,10-
dihydroxystrearate IS supenor to that of potaSSIUm stearate (Markley 1961) On 
the other hand, the lower the punty of fatty aikanoiamides, the hIgher theIr 
solubIlIty (SchIck 1959) The lower solubIlIty of amIde Aml (obtamed from 
methyl verno late) as compared WIth mIxed amides Am2 (obtamed from 
vernoma 011) supports the hIgher punty of amIde Aml 

The cntIcal mIcelle concentratIon (CMC) of our amides shows good 
correlatIon WIth those descnbed m the lIterature (MalIk and Chand 1966) and 
obtamed by usmg SImIlar reactIon condItIons 

The foammg propertIes of two vernolIc denvatIves (amomc and nomomc) 
were determmed by the standard method m both pure (deIOmzed) water and 
hard water The data correlate WIth those descnbed m the lIterature In pure 
water, vernolIc salts RCOOM (R= vernolyl, M=Na, K, NH4 ) produced a more 
abundant and more stable foam that the vernohc diethanoiamides 
RCON(CH2CH20Hh 

3 5 6 SyntheSIS of new acrylates and methacrylates based on vernoma 011 

Another phase of our study on the synthetIc applIcations of vernoma 011 was 
the preparatIon of new polyfunctIonal acrylates Our reason for attemptmg thIS 
study was the belIef that the syntheSIS of new acrylates and methacrylates based 
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on vernoma 011 would contrIbute to the chemIstry of vernoma 011, and would 
also represent an Important step forward towards developmg Vernonza 
galamensls as a new mdustrIa1 crop through the synthesIs of novel products 
WIth potentIal applIcatIOns In Industry These new acry1ates can be used to 
synthesIze polymers by an energy-effIcIent and pollutIon-free method 
MultIfunctIOnal acrylates (MFAs), usually obtamed from petrochemIcals, are 
among the most Important of the classes of reactIve monomers that can eaSIly 
be photopolyrnerIzed by UV radIatIOn (BoutevIn, 1993, RadhakrrIshnan, 1994) 
The UV curIng rapIdly produces hIghly cross-lmked polymers due to 
generatIOn of the InItIatIng speCIes at very hIgh rate The hIghly cross-1mked 
polymers obtamed from MFAs or methacrylate monomers produce materIals 
WIth hIgh structural stabIlIty, mcreased reSIstance to solvents, and Improved 
mechamcal stabIlIty These matenals are reqUIred m dIverse applIcatIons, such 
as coatIngs (of wood, paper and plashcs), mformatIOn storage systems (laser 
VIdeodIscs and compact dISCS), stereo lIthography, sphencal lenses, and dental 
bIOmatenals (DIetz, 1997) Moreover, the MFAs can also be used as one of the 
bUIldmg blocks for InterpenetratIng polymer networks (IPNs) to Improve the 
properhes of commerCIal matenals and taIlor new polymers to speCIfIc 
applIcatIOns 

Reactme a-olefwlc monomers from vernoma od 
New acrylates and methacrylates were prepared by reactIng vernoma 011 WIth 
an a,b-unsaturated aCId (acrylIc or methacrylIc) In thIS type of reactIon, the 
carboxylIc aCId opens the epoxy group of vernoma 011, and a monomer 
contaInmg three acrylate groups and three hydroxyl groups IS obtamed The 
hIghest converSIOn of epoxy groups (85-98%) was obtaIned by performIng the 
reactIon WIth an excess of carboxylIc groups at 100-120°C for about 10 h, WIth 
and WIthout catalysts AcrylIc aCId was found to be more reachve than 
methacrylIc aCId The structure of the monomers obtamed was confIrmed by 
IR and NMR spectroscopy 

Vernoma 011 tnacrylate 
R=H,CH3 

The acrylate and methacrylate of vernoma 011 were then thermally and 
photochemIcally polymenzed Thermal cross-lmkIng, whIch was carned out In 
the presence of benzoyl peroXIde, gave a whIte amorphous polymer 
PhotochemIcal cross-lInkmg, whIch was carned out In the presence of 
benzophenone, produced transparent colorless fIlms In the IR spectrum of the 
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polyacrylate, we could dIstmgUlsh the dIsappearance of the absorptlon bands at 
1640, 1630, and 810 cm 1, whIch are charactenstlc of CH2=CH, showmg that 
polymenzatlon occured at the termmal double bonds The propertles of the 
polyacrylate and polymethacrylate of vernoma O1I-m companson wIth those 
of epoxidized soybean OIl-are gIven m Table 25 

Table 25 Mechamcal propertIes of photo-cross-hnked polymers 

Polymer TensIle strength, Elongation, % Young's 
MFa modulus, MPa 

VO acrylate 258 763 10510 

VO methacrylate 270 1169 9885 

ESO acrylate 476 307 2526 

ESO methacrylate 431 182 4825 

VO - vernoma 011, ESO - epoxldlzed soybean oil 

The tensIle propertles of the cured systems appeared to be related to the cross­
IInkmg denSIty Young's modulus and the breakmg strength of the cured films 
were hIgher for the acrylate and methacrylate of epoxol (ESO) than for the 
correspondmg acrylate and methacrylate of vernoma 011, because of the hIgher 
cross-hnkmg denSIty-and hence the decrease m elongatlon-of the former 

The polymethacrylate of vernoma 011 had the lowest value of Young's 
modulus, a low tensIle strength and the hIghest elongatlon at break, whIch 
made the polymer both soft and tough DynamIc mechamcal analYSIS (DMA) of 
the polymethacrylate of vernoma 011 showed thIS polymer to be a rubber-lIke 
elastomer WIth a glass tranSItion temperature Tg of -19°C, and therefore that It 
can be used for the modIfIcation of commercIally avaIlable epoxy resms 

Productwn of an tnterpenetrattng polymer network (IPN) 
We used the polymethacrylate of vernoma 011 as the elastomer to modIfy a 
commercIal epoxy resm, Epicote 828 The method of productIOn of a 
SImultaneous mterpenetratlon network (SIN) was used to obtam a 
combination of two cross-Imked polymers the fIrst IS a network of the 
polymethacrylate of vernoma 011 and the second IS a network of epoxy resm 
ThIS method mvolves carrymg out two Independent, nomnterfermg reactions 
sImultaneously m the same contamer under the same condItions Our 
method for prepanng the SIN was based on a condensation polymenzatlon for 
the epoxy resm and phot01mtIated polymenzatIon for the methacrylate of 
vernoma 011 2, 4, 6-Tns (dimethyl-ammomethyl)phenol (DMP-30) was used as 
the accelerator for cunng the epoxy resm UltraVIOlet IrradIatIOn 
polymenzatlon of the methacrylate of vernoma 011 was carned out WIth 
benzophenone as the phot01mtlator CastIngs were obtamed by addItIOn of a 
mixture of vernoma 011 methacrylate With 10 wt % of benzophenone to a 
mixture of Epicote 828 With 4 wt % of accelerator The formulatlons were mIxed 
at room temperature to produce a homogeneous mIxture The mixture was 
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degassed wIth a vacuum pump untIl bubblmg stopped and then poured mto 
the castmg Teflon form mold The polymenzatIon was performed m two steps 
1 In sztu UV IrradIatIon polymenzatIOn m sunhght for 2 h 
2 Heatmg the formulatIon at 80°C for 2 h and then at 160°C for 4 h 

Castmg of the vernoma 011 methacrylate was achIeved m the fIrst step, and that 
of the epoxy resm m the second The followmg combmatIons of epoxy 
resm/methacrylate of vernoma 011 were prepared lOa/a, 84/16, 50/50, 25/75 
and 0/100 wt % DMA of the castIngs showed that all the SIN exhIbIted only 
one broad Tg, whIch was shIfted mward from the Tg of cured polymethacrylate 
of vernoma 011 (-19°C) and from the Tg of cured epoxy resm (+105°C) (Table 26) 
The results obtamed showed total compatIbIhty between networks of epoxy 
resm and the polymethacrylate of vernoma 011 

Table 26 Glass tranSItIon temperatures for the 
dIfferent IPN formulatIons 

IPN composItIOn 
epoxy VO methacrylate 
100 a 
8416 
50 50 
2575 
a 100 

105 
80 
10 

-4 
-19 

The mechamcal propertIes of the castmgs are shown m Table 27 From Table 27 
It can be seen that mcreasmg the amount of soft polymer (the polymethacrylate 
of vernoma 011) m the SIN sharply decreased both the tenSIle strength and 
Young's modulus 

The elongatIon of the modIfIed epoxy resms was greater (16-18%) than that of 
the ongmal epoxy resms (5%) The castmg contammg 50% epoxy resm IS a 
tough elastomer (tensIle strength of 16 MPA, and Young's modulus of 322 
MPa) 

Table 27 Mechamcal propertIes of the castIngs 

Castmg composItIon TenSIle strength, ElongatIOn, 
epoxy resm VO MPa % 
methacrylate, % wt 
100 a 85 5 
50 50 16 16 
2575 2 18 
a 100 15 17 

Acylatwn of vernoma methacrylate 

Young's 
modulus, 
MPa 

2200 
322 

20 
13 

AddItIonal acrylate bonds were mtroduced to the methacrylate of vernoma 011 

m order to make It more actIve under UV IrradIatIon polymenzatIon These 
bonds were mtroduced by acylatIon of the hydroxyl groups of vernoma 011 
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methacrylate WIth acryloyl chlonde A complete acylatIon of the hydroxyl 
groups of the methacrylate of vernOnIa 011 was obtamed by performmg the 
reactIon at aoc for 2-3 hours The structure of the acylated product-the 
methacrylate monomer of vernOnIa OIl-was confIrmed by IR and NMR 
spectroscopy 

o 
II 

HzC-O-C-(CHzh -CH=CH-CHz-CH-CH -(CHZ)4-CH3 

I 
I I 

o CHz=CH-COO OCOC(CH3)=CHz II 
H-C-O-C-(CHz)7 -CH=CH-CHz-CH -CH-(CHzkCH3 

I 
I I 

o CHz=CH-COO OCOC(CH3)=CHz 
II 

HzC-O-C-(CHzh -CH=CH-CHz-CH-CH-(CHz)4-CH3 
I I 

CHz=CH-COO OCOC(CH3)=CHz 

Acylated vernonia oil tnacrylate 

DMA of castmgs prepared from thIS new acrylate and Epicote 825 showed that 
these castmgs have only one dIstmct Tg, indIcating the compatIbIlIty between 
the networks of the two polymers 

We have thus demonstrated the possIbIlIty of usmg the methacrylate and the 
acrylate-methacrylate of vernOnIa to prepare mixtures compatible wIth 
commercial epoxy reSinS The results obtained suggest that the combination of 
these two kinds of polymer (epoxy resInS and the polymethacrylate of vernoma 
011) WIll facilItate the preparation of modIfIed epoxy reSinS wIth lower 
bnttleness but wIthout detenoratIon of other properties of the epoxy resms 

4 Impact, Relevance and Technology Transfer 

ThIs project has enabled a group of sCIentIsts In Kenya and Israel to acqUIre a 
wide-rangmg fund of knowledge about a specIal new crop, Vernonza 
galamensls, and the umque 011 that accumulates In ItS seeds The members of 
the group are now very well acquainted wIth the natural habItats of the plant, 
ItS bIOlogy, and the vanable charactenstIcs of ItS subspecIes and vane ties They 
know how to grow It and what agronomIc practIces to use, how to hybndize 
between dIfferent germplasms wIthin the speCIes, how to extract the OIl, 
analyze It, and prepare novel products from It USing the dIfferent functIonal 
groups, and how to charactenze the unIque products (espeCially polymers) 
prepared from both the 011 and the vernohc aCId ThIs knowledge Will enable 
the SCIentists to carryon WIth the research, as well as to take on other tOpICS that 
call for the know-how acqUIred In the project, such as the development of 
other 011 crops, or of other OIls and OIl-denved products 

To our great and lasting regret, Prof Chyewa passed away before the project 
ended He was therefore depnved of the opportunIty of personally puttmg to 
use the expenence he hImself had gained Hopefully, however, those of hIS 
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students who were engaged m thIS project WIll be able to utIhze theIr 
expenence 

Durmg the project, dozens of new acceSSIOns were collected by the team 1 n 
Kenya and preserved m the Gene Bank of Kenya Smce there were only 36 
acceSSIOns avaIlable before ImtIatIon of thIS project, the new acceSSIOns 
represent a very Important contnbutIon They are avaIlable on request from 
the Gene Bank Moreover, the Kenyan team has charactenzed most of the 
acceSSIOns and can recommend the best of them 

GIven mdustnal development of ItS products, Vernonza galamensls could 
become a commerCIal crop m the near future Smce the plant thnves m the 
tropICS, that zone IS hkely to be the fIrst arena of vernoma explOItation The 
Kenyan team has gamed much expenence m growmg the plant, both under 
IrngatIon and under ram-fed condItions 

The OrganIC ChemIstry Laboratory of Prof P Gitu has acqUIred small- to 
medIUm-sIzed eqUIpment, from hot plate to rotary evaporator, purchased WIth 
project funds ThIS eqUIpment strengthens the long-term analytical capacIty of 
that lab, 1 e beyond the duratIon of the project 

Ms Mary WaWIra completed a major part of her work towards an M Sc degree 
by domg research withm the framework of the project m the laboratory of S 
Grmberg She has successfully completed her degree and IS now workmg on 
her Ph D theSIS 

In addItIon to Ms M WawIra, three other students carned out projects on 
dIfferent tOpICS related to the chemIstry of vernoma 011 m fulfIlment of 
reqUIrements towards the M Sc degree, under the superVISIOn of Prof P GItu, 
Dr B M Bhatt of the Department of ChemIstry, Umversity of NaIrobI, and Dr 
S Grmberg of Ben-Gunon Umverslty The three projects were (1) "Isolation, 
CharactenzatIon, ChemIcal DenvatIzatIon and BIoassay of ChemIcal 
Components of Vernoma galamensls", Mr JeremIa K Mwaura, (2) "ChemIcal 
IdentIfIcatIon and CharactenzatIon of Ammo and Phosphorylated DenvatIves 
of Vernoma all Extracted from Vernoma galamensls Seeds", Mr Martm N 
Mbugua, and (3) " The SyntheSIS of Vernolamldes from Vernoma galamensls", 
Mr Charles M Keyan It should be added that samples of the matenals 
prepared by the students were sent to Israel and analyzed chromatographIcally 
and spectroscopIcally usmg the faCilItIes at Ben-Gunon Umverslty (FT -IR, 
GC/MS, NMR) 

5 Project ActIVItIes/Output 

51 MeetIngs 

In the summer of 1992, S Grmberg attended The FIfth International Chemistry 
Conference m Afnca that was held at Gaborone, Botswana and presented our 
very fIrst results on the extractIon of the 011 from the fIrst expenmental 
plantmg of vernoma m Israel The conference was held Just after the project 
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had been approved for fundmg At the conference, S Grmberg made the 
acquamtance of Prof P GItU, and together they dIscussed the begmnmg of the 
chemIstry part of the proJect 

Durmg June 1994, D MIlls VIsIted Kenya He Jomed a short germplasm 
collection expedItion m the dry KIbwezi area wIth Prof J Chweya and Mr 
Seme, the head of the Kenyna Gene Bank D MIlls VIsIted three of the 
germplasm tnals at KIbwezi and Muguga and helped m the classIfIcatIon and 
charactenzatIon of the plants He also VIsIted the lab of Prof P GitU and 
dIscussed the chemIstry part of the proJect 

In November 1994, S Grmberg and D MIlls attended the Second European 
SymposIUm on Industnal Crops and Products that was held at PIsa, Italy The 
results concermng the preparation of monoamidoammes and diammes 
denved from vernoma 011 were presented m a paper entitled "New chemIcal 
denvatIves based on Vernoma galemensls 011" 

Prof P GitU arnved together wIth Ms WaWIra for a one month's VISIt (August 
1994) m the lab of S Gnnberg, dIscussed dIfferent aspects of the research proJect, 
and VIsIted orgamc chemIstry labs at Ben-Gunon UmversIty, at the Hebrew 
Umversity of Jerusalem and at the Weizmann Institute of SCIence, Rehovot 

In February 1996, S Grmberg attended The 61st Meetmg of the Israel ChemIcal 
SocIety, whIch was held m Jerusalem, Israel, and presented the work entitled 
"New polymers from tnglycende OIls contammg epoxy groups" 

In Apnl 1996, D MIlls and S Grmberg attended the Thud European 
SympOSIUm on Industnal Crops and Products held at ReIms, France and 
presented the work entItled "HybndizatIon tnals and seed 011 compOSItion of 
Vernoma galamensls" 

On 8-10 of July, 1996, Prof Chweya attended the "International SympOSIUm on 
DomesticatIOn, ProductIon and UtIlIzatIOn of New Crops Practical 
Approaches", held at the Umversity of Southampton and orgamzed by the 
International Centre for UnderutIlIzed Crops The tItle of the abstract 
submItted was "CharactenzatIon and EvaluatIon of some Vernoma galamensls 
AcceSSIOns Collected m Kenya" by J A Chweya, EN Seme and P A 
Amuyunzu The abstract appears m a book entitled "Domestication, 
Production and UtilIzation of New Crops" edIted by J Smart and N Haq, 
Overseas Development AdmmistratIOn (ODA), UK 1997 Page 293 

D MIlls attended the Conference of the Amencan ASSOCIatIOn for the 
Advancement of Industnal Crops held m SaltIllo, MeXICO, m October 1997 He 
presented hIS work entItled "Germplasm Improvement m Vernonza 
galamenSIS" S Gnnberg submItted an abstract entItled"Vernonza galemensls A 
renewable resource for reactIve monomers and theIr correspondmg polymers" 

In October 1998 D MIlls attended the Conference of Amencan ASSOCIatIOn for 
the Advancement of Industnal Crops held m Phoemx, Anzona He presented 
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hIS work entItled "Effect of lIqUId fertIlIzer on Vernoma Gaiamensis grown In 
the greenhouse" 

Lastly, D MIlls attended the Conference of AmerIcan AssoCIatIOn for the 
Advancement of Industnal Crops held m Eugene, Oregon, m October 1999 He 
presented hIS work entItled "HybrIdIzatIOn tnals m Vernoma GalamensIs" 

5 2 TraInIng 

Ms Mary Wawua, a student m the Department of ChemIstry at the Umversity 
of NaIrobI, spent about a year (August 1994-August 1995) m the chemIstry 
laboratory at the Institutes for ApplIed Research of Ben-Gunon Umversity of 
the Negev, where she carrIed out the bulk of her work on an M Sc thesIs 
entItled "Extraction and charactenzatIon of vernoma 011 and synthesIs of N-(­
ammoalkyl)vernoiamides and N,N'- alkylene bIs(vernolamIde)" She studIed 
the reactIon of vernoma 011 wIth l,4-dIammobutane as a model reactIOn 
Ms Warmra mvestIgated the effect of dIfferent parameters such as molar ratIo 
011 dIamme, temperature, and solvent on the course of the reaction She used 
TLC, GC and HPLC analysIs to follow product formatIOn m the reactIon The 
products were separated and spectroscopIcally charactenzed (IR, NMR) 

Ms WaWHa acqUIred expertIse m the use of new analytIcal procedures and 
worked wIth mstrumentatIOn that IS rarely avaIlable m the labs m Kenya 

5 3 Pubhcahons 

Gnnberg, S, Y Kolot, and D MIlls 1994 New chemIcal denvatIves based on 
Vernoma galamenSlS all IndustrIal Crops and Products 3 113-119 

MIlls D Response of Vernoma galamensls grown m the greenhouse to lIqUId 
fertilIzatIon I of Plant NutntIOn 22 1665-1678 

FIve manuscrIpts are bemg prepared for publIcatIon by D MIlls and S Gnnberg 

6 Project Produchvlty 

Thanks m part to the fact that the duratIon of the proJect was extended to over 
fIve years, we have met all of the mItIal obJectIves, some wIth greater success 
and others wIth less 

The germplasm collectIOn effort resulted m the addItion of 53 new acceSSIOns to 
the qUIte lImIted collection of 36 acceSSIOns avaIlable worldWide (Perdue et al 
1989 a, 1989b) These accessions were evaluated m three locations for selection 
of supenor speCImens CommercIal trIals were then carrIed out together with 
studIes of agromanagement elements such as toppmg and plant denSity Due 
to unexpected factors, mcludmg shortage of ram, Yields m the commercIal trIals 
were lower than m earlIer trIals, causmg some uncertamty regardmg prevIOUS 
estimates of potential Yields of the selected acceSSIOns An mtraspeCIfIc 
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hybndizatIOn study followed fIve generations of recurrent selections, two more 
than Initially planned The particular selection path adopted resulted m two 
lmes that flower m summer, have a medlUm-to-high self-compatibIlIty, but 
contrary to earlIer expectations do have not many flowerheads The potentIal 
of these lmes has yet to be elucIdated 

The chemIstry of vernoma 011 and vernohc aCId was thoroughly and 
extensIvely studIed New chemIcal denvatIves and new polymers based on 
vernoma 011 as a renewable resource were prepared byexplO1tmg the chemIcal 
multi-functIOnalIty of the 011 Reactions were performed on all the functIonal 
groups Brommated compounds were obtamed by performmg addItIOn and 
allylIc brommatIon on the double bonds of the methyl vernolate and the 011 
Itself 

Ammolysis of vernoma 011 was performed by reacting the 011 wIth alIphatIc 
dIammes, followed by Isolation and charactenzatIon of the mtermediate-the 
monoamidoamme of vernohc aCId-and the fmal product-N,N'­
alkylbIs(vernolamIde) The fatty bisamides two epoxy groups m the molecule 
and represent new reactive difunctIonal epoxy monomers By reactmg 
vernoma 011 wIth aromatIc diammes, a senes of new rubber-lIke polymers 
were obtamed The gel fraction content of the cured polymers ranges between 
45% and 70%, and as expected they are more thermostable than the ongmal 
vernoma 011 These polymers were then used to modIfy commerCIal epoxy 
resm (Epicote 828) m order to obtam mterpenetratmg networks (IPNs) The 
formulation were prepared by addmg prepolymers of vernoma 011 wIth m­
phenylene diamme (or epoxol wIth m-m-phenylene diamme) to a mIxture of 
Epicote 828 m the presence of an accelerator These formulations were mIxed at 
room temperature to produce homogeneous transparent mIxtures The 
transparency of the mIxtures obtamed IS eVIdence of the compatibIlIty between 
epoxy resm (Epicote 828) and the correspondmg prepolymer The IPN 
contammg 50% vernoma 011 polyamme, for example, IS a remforced elastomer 
wIth an elongation that IS three times greater than that of the polyamme of 
vernoma 011 

AcrylatIon and methacrylatIOn of vernoma 011 gave new reactive a-olefmIc 
monomers These multifunctional acrylates (MFAs) were photochemIcally 
cross-lmked, m the presence of benzophenone, to produce transparent colorless 
fIlms The polymethacrylate of vernoma 011 was used as elastomer to modIfy a 
commerCIal epoxy resm, Epicote 828, to obtam mterpenetratmg networks 
(IPNs) Castmg of the vernoma 011 methacrylate was achIeved m the fIrst step 
and castmg of the epoxy resm m the second DMA of the castmgs showed tha t 
all the SIN exhIbIted only one broad T g' whIch was shIfted mward from the T g 
of the cured polymethacrylate of vernoma 011 (-19°C) and from the Tg of the 
cured epoxy resm (+ 105°C) The results obtamed showed total compatIbIhty 
between networks of epoxy resm and the polymethacrylate of vernoma 011 
The castmg contammg 50% epoxy resm IS a tough elastomer (tensIle strength of 
16 MPA, and Young's modulus of 322 MPa) 

In the future, vernoma 011 wIll compete WIth partially or fully epoxidized 
soybean 011 (ESBO) Consequently, parallel to explormg the preparatIon of 
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novel products from vernoma OIl, It wIll be necessary to examme sImIlar 
preparations from ESBO and Identify those products that would benefIt from 
the use of vernoma 011 rather than ESBO 

7 Future Work 

D MIlls wIll contmue screenmg mbred offsprmg WIth the aIm of achlevmg 
hIgher flowerhead productIOn and hIgher seed YIelds He IS planmng to cross 
the F5 hybrids wIth var petltlana and possIbly wIth var galamensls (backcross) 
He wIll also examme performance of a certam acceSSIon obtamed from Sedamo 
area m EthIOpIa ThIs IS a Vernonza galamensls var petltzana that was 
collected north-west of Yabello and IS native to arid zones It has a hIgh self­
compatibIlIty 

S Grmberg wIll contmue to use vernoma 011 or denvatIves based on It as 
reactIve epoxy monomers to obtam the correspondmg polymers The latter 
wIll then be taken as elastomenc component m the preparation of new IPNs 
Fatty bisamides, whIch contam two epoxy groups m the molecule, are new 
reactive difunctIonal epoxy monomers The bIs(alkylenevernolamldes) wIll be 
taken as startmg material to syntheSIze new reactive acryhc monomers The 
mechamcal properties of the fIlms obtamed from the acrylated amldes WIll be 
compared WIth those of the fIlms obtamed on the base of acrylated vernoma 
OIl, m order to fmd proper applIcations for each one of the polymers 
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