Navy and Black Beans Evaluated for Biological Nitrogen Fixation Ability and Under
Organic Production

Heilig, J.** and J.D. Kelly’. 'Department of Crop and Soil Sciences, Michigan State University, East Lansing, Michigan

Introduction Table 1. Yield of select black and navy dry bean genotypes grown at Sattelberg Farms Results

Organic dry bean (Phaseolus vulgaris L.) acreage in Michigan on certified organic ground in Unionville, M1 and on transitional ground in The commercial variety ‘Zorro’ and elite breeding line B09175
accounted for 38% of the U.S. total organic dry bean acreage in (Fs'f;‘l'q‘g]:”;“‘l’; Z“Q'flh'ganv at the Saginaw Valley Research and Extension Center were the highest yielding genotypes studied under organic field
2008. Historically, navy beans were the leading market class in the — i e ST T PR T T AT conditions (Table 1). Black bean genotypes tended to populate the
state. More recently black beans have overtaken navy beans. M Yidke - Saeibay SVREC Spemer SVREC top of the list for yield while navy beans tended to be lower
7o) ey BT Ty 7 ET 708 yielding. The navy bean breeding line N09174 is promising and
Dry beans have the ability to form an association with Rhizobium - - 1oy . i o o may be suitable for organic production yielding significantly
spp. which provides nitrogen fixed from the atmosphere to the 09173 ravy higher than average.
- . Black Velvet Black 1670 207 1383 250 3.7
bean plant. Dry beans are generally considered poor nitrogen B10202 Biack 1660 1678 1602 251 220
fixers and nitrogen is applied to achieve good yield. Variability P — e me i s e Black bean genotypes tended to develop more nodules than navy
exists, however, in the ability of different genotypes to fix N. s oy i 1509 e 00 i bean genotypes (Figure 1). There were no significant differences
Niotot Navy i i S - P between black and navy beans for days to visible nodules , root
To investigate the ability of 36 elite breeding navy and black bean Noo178 ey length., or root growth.
RO No-Nod, Navy 669 946 473 203 172
lines and checks to fix nitrogen the lines were grown in growth Miean 1o T3 05 £
pouches to study early nodule formation and development. Lines e - - - - Under greenhouse conditions the commercial black bean ‘Black
were al_so stt_Jdied in a grgenhoy§e using a no nitrogen system to Figure 1. Nodule number by seed class Figure 2. 10 d old roots of black dry bean Velvet’ yielded greater biomass and _nitrogen than th_e high _BNF
determine nitrogen fixation ability at flowering. These three of 36 genotypes evaluated for early elite breeding line B10201.. Roots inoculated check Puebla 152 (Table 2). Following trends seen in the field and
methods, growth pouch, greenhouse, and field, allow evaluation of nodulation in growth pouches. with Rhizobium tropici UMR89S. growth pouches, black bean genotypes tended to yield greater
the early, mid, and late stage nitrogen fixation ability of dry bean 35 - biomass and nitrogen than the navy bean genotypes.
SO, TSRl o
1 Discussion
" S 25
Materials and Methods £ 20 | Black beans may be better suited to production systems with
- z limited N input than navy beans. Navy bean varieties may require
For the growth pouch study seeds were ster_lllzed and the_n 3 551 a larger amount of nitrogen input to be competitive with black
germinated for 3 d on water agar (9 g agar in 1 L water) in an S 10 4 - -
incubator at 29° C. Seedlings were dipped ina 3 d old liquid = bean varieties for yield.
. J 5 4
broth culture of Rhizobium tropici strain CIAT899 and placed into ol The navy bean breeding line NO9174 iis promising in that it
gr_OWth pOUCh?S. Plam_s were watered N free _BrOUthon and Table 2. Nitrogen yield, biomass, and nodule rating, and 10 d nodule number of a yielded as well as black bean lines. Black beans Zorro and
Dilworth nutrient solution (Broughton and Dilworth, 1971). selection of dry bean genotypes evaluated in the greenhouse at Michigan State B09175 demonstrate yield stability over multiple environments
Nodules were counted on day 10. University, East Lansing, MI, and in growth pouches in 2011.
Genotype Seed Type N yield Biomass Nodule Nodules
. - mg plant! g plant! __ Rating? BNF ability may be a contributing factor to the improved yields
To study BNF at flowering, the 36 genotypes studied in the growth Black Velvet Black 1075 29 6.0 23 . y may 9 P Y
h iment lanted 4 tina 21 perlite/ Fucbla 152 High N Fixer ey 3 6.0 30 seen in black beans compared to navy beans. It would seem
pouch experiment were planted 4 per potin a 2.3 periiter B02175 Black 68.6 21 5.5 30 possible to develop navy beans which are competitive with black
vermiculite potting mix. Pots were inoculated with Rhizobium B09135 Black 65.5 1.8 4.5 34 beans
strain CIAT899 and plants were watered with B&D solution. ey m— — - - ” :
B10202 Black 51.4 1.5 4.0 36
. ] Zorro Black 39.9 13 3s 27 Hungria and Phillips (1993) reported a reduction in nodule
e’“\};ﬁggﬁ;mggﬂg;\Il(:;\éerr’nzlninés v::trii hirxzsgigiez?%tig’vgre ‘:fi::':““ :::: g}g gj ‘2‘2 ; number in a white seeded genotype when compared to a black
Shoot and root biomass wasp determi); ed af?er lants had dried f;)r 7 N09104 Navy 232 0.53 4.0 30 seeded line. Also, levels of anthocyanins were reduced in white
d at 70° C followed by arindina for total nit P Ivsis (A&L B g BN‘:fy‘ e o > o seeded lines studied. Anthocyanins are responsible for the dark
Gfeat Lakeso lgg:lfWa{/r?:r:Nl)ng or total nitrogen analysis ( N07007 Navy 12.8 0.4 2.0 18 color in black beans and are essential for establishing symbiosis
i 1 . B09128 Black 12.4 0.4 2.5 23 H H
oo NoNed. Navy 5.t o oo o between bean plant and Rhizobium.
. . .. can 39.6 2 3. 2
Certified organic ground and transition ground were used to Lamos O i i

County o1 a fmer's eld andatthe SVREC. Planting eeur e
county on a farmer’s field and at the SVREC. Planting occurred in Contact Information Broughton, W.J., and M.J. Dilworth. 1971. Control of leghaemoglobin synthesis in snake beans.
- Biochem J 125: 1075-1080
June 2011 and harvest was by the end of September 2011. Weeds James Heilig ¢ Hungria, M., and D. A. Phillips. 1993, Effects of a Seed Color Mutation on Rhizobial nod-Gene-
were controlled with cultivation and hand hoeing and pu|||ng Michigan State University Inducing Flavonoids and Nodulation in Common Bean. Molecular Plant-Microbe Interactions.
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