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Sum mary The nitrop.:nls co)npiounds itt the xylem (bleeding) sap of lines of field-g rown 
'haseoluv i'igaris L. knlown to vary in N, fixat n and yield, were measured during growth 
wih and without N feilizt. Forty nine-67"; of tile total sap N was in thiforni of nitrate in 
fir!ilized plants, with low amiounts of die ureides, allantoin atnd allantoic acid (4- 12;(). Ureides 
contributed between 17 and 38,; to tie total sap N of nrn-fertiliztcj plants, with nitrate gener
ally comtiprising less than 40';. \niotng the nine lines crown without fertilizer there were signifi-
Cat differenccs in the ' of the sap N as ureides and also in the total .mnol N il]-' sap. 

The ASN/GLN ralio (tnol/in ) was greater in sa collected from the two parental lines 
given fertilizer coHi arrd \wit, nton-i'ertilized plants. Ihowever the actual ratio varied between 
the parental lines. To-etlhcr the two amitides generally comlirised between 4.) 62' of lii 
aiiiino-N itt sap saml)es tromti the two parental lines with or without N fertilizer. 

For each N tre,itinent IfCrtilitce or non-fcrtili.,ed) there were no ob vious differences in sap 
cotnposition belween the high N, fixing lines N, llowcver there wasamd the lowv fi'ong lines. 
generally a positive relat nship between the rate of N translocatiotn (total N corten. nil ' i:ip 
x ratf! of exudation) ;ad the tanking otfthe lines fixation rates (acetyon (lie basis of higher N, 
lene reducti:,n), which was 'o a large extent independent of the source of N available to the 
plant.
 

Introduction 

A number of economically important legumes belonging to the 
Phaseoleae, e.g. Phaseolus spp., soybean (Givcine max) and cowpea 
(Vigna unguictilata), transport large amouIlts of the ureides, allantoin 
and allantoic acid, inthe xylem stream when fixing atmospheric nitro

3 , 18 ,as that tile relative ureid content ofge~t It been suggested 
xylem sap N (% urcide-N of total sap N) might be a useful indicator of 
nitrogen fixatioi ill soybeans8 9 an d cowpea"3 . Under controlled 
environmental conditions positive correlations between tile proportion 
of tile plant's N requirements derived fronl N2 fixation and the ureide 
content of the xylem sap N have been reported9' 3.When plants are 
totally dependent o 142 fixation for their N stt)plies, the relative 
contribution of ureide-N to the total sap N is high. When nitrate 

*Present address and for correspond,nue: Ifill Fartming Research Organization, Bush Estate, 

Penicuik, Midlothian EIi 26 OPli, Scotland. 
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fertilizrs are fed to the plants, tireides in the sap decrease and aspara
gine and nitrate increase 8 ' 13 

The ureide content of the xylem sap N of common bean (Phaseolus
vulgaris) has been shown to vary from 13 to 42% of the total sap N in
non-nodulated plants grown with different inorganic nitrogen sources 7 
and can amount to 80% of tile total N in nodulated plants dependent
on nitrogen fixation for their N requirements (4, Thomas and Sprent, 
Un1u blished).

In all of" the reports cited above plants were grown in growth cham
bers or greenlouses under controlled enviroinmental conditions. With
the exception of one report on soybeans'" we know little about the 
transport of nitrogen in field-grown legumes which are ureide
ducers. The objective of the work reported here 

pro
was to determine the

xylem transport of nitrogen in lines of P. i'ulgaris known to vary in
seed yield and nitrogen fixation potentials and grown in the field in the 
presence and absence of fertilizer nitrogen. 

Methods 

Plant materials 
Seven treatment lines wc;- ',elected from a population developed to study host factorsrelated 1o nitrogen fixation in thie coIlmon bean. The two population parents were 'Sanilac',a Navy bean with low fixation and yield potential and 'Puebla 152 Black', a blae'. bean withhigh fixation and yield potential. Since the population consisted of 65 near hotnozygousrecombinant fanilies (1: = ,0.98) generated using the inbred backcross line methodt we wereable to select individual lines which closely resembled the 'Sanilac' recurrent parent for certainimportant raits like plant type, days to flower anl mat urity, seed color and size, yet differedinter se for fixation and yield potential" , " . The two parents swero, both included twicetreatment lines. The experiment was arranged in 

as 
a randomized complete block, split-splitplot design with 4 replications. Nitrogen fertili'cr was the main plot factor, bean lines titesub-plot factor and time of satnpling the sub-subplot factor. Thite two levels of nitrogen fertilizer
were 88 kg/lha actual N 
vs no added N. Fertilizer was applied as urea in sidedressed split applications around 14 tt 36 DAP. Treatment lines were arranged in 6.6 in rows 91 cm apart.Wihin-row spacini was 10 cm bet ween plants. The experimental unit, representing time ofsampling, consisted of a 50cm sttion off row including five test plants. Experimental unitswere separated from each other within the row by a 50 c1 section of five 'lants of cv Porrillo

Sintetico. Rows were .!liarded oni both ends by similar 50 cit sections.
The se,'en selected lines and 
 one set of the two parental line,; were sanmpled at the sartmetittes. Of the four experimental units per treatment line availtile for satraling through theseason, four werc assayed for xylem sap N at 43. 49 and 57 !ays after planting (DAP). Thesecond, set of parental lines were sampled for xylemt sap N at additional times of 21 and 63
DAP in order to obtain a more colplete set of data.

Seed was prtreatced with tlihirant fungicide and Diazinon insecticidc and planted 2 June
1981 at the lHancock Fxperittent Station, 
 lancock, WI in a Plainfield sandy loam tested at-17.9 tons organic matter la . Seeds were dropped 2 per hole and later thinned to one plantper hole to pr.ducce a fill stant'. All experimental units were inoculated at planting with agranular R. phaseoli contposite of four high-pcrforming strains (CIAT 57, CIAT 75, CIAT 676and Allen 413-2) supplied by Nitragin Co., Inc., Milwaukee, WI. Regular cultural practices,including sprinkler irrigation by rmovable pipe, cultivation and application of appropriate
pesticides, were followed. 
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Xvlm sap collection am N analysis 
The five plants in each experimental unit were decapitated ini sito midway between the 

cotviedonary and unifoliolate node with a razor blade and the cL.t ends rinsed with distilled 
water and dried with tissue paper. The first few drops ofexudate were discarded. These proce
dues were designed to minimize contamination of the bleeding (xylem) sap from damaged 
cells. Bleeding sap was co llected with hand-held inicropipettes for 2 to 20,min, depending on 
the rate of exudation, until sulicient sap was obtained for a cotpllete analysis (ca. 380 pl). 
Collection of, sap samples was slarzcd around 10.00h and was generally completed by 14.00 h. 
Subsequent analysis of replications within main plots showed that there was no significant 
eflect oil the Coiltposition of' the sap N due to time of Samttpling. Sap sampleS were stored on 
ice before tiatisportation to tle lab where they were stored in a freezer (- 20 Ci until analysis. 

Nitrogen in the sap samples was determined by the following methods: 
u-NIl. -N. o-amino acid N was measured with ninhdrin reagent after ('ralim, Corrections 

wiLre aIIdefor atll' i iioIIii llill peI'Sent ill tile SamIl)eS.r 
Anidc-N was estimated as atmolnlitll after acid hyvdrolvsis in open tbest . GlutantlI;i was 

lSed alIa Standad. 
Amt onium-N was determined by a phenol-hypochlorite reaction as described by Bohley:. 
Ureide-N. Allantoin and allantoic acid were measured by a diphenylfortazan colourimetric 

procedure described b Vovls and van der Drift "', scaled down by a factor of one quarter. 
Nitrale-N was measured using, the procedure of' Cataldo et al. ' scaled down by a factor of 

Oli iliarter. 
Kjeldaltl-N. A microKjcldaht procedure was used as described by Iolhley . The digestion 

title was betw\'eeit 30 60 in and there was no increase in absorbatice \%lien 200 nitol nitrate 
\ws added 1,) 40 or 80 itinol alanitte stattdard, Thus this mttethod does not detect nitrate ill 
lie slp satSimples.

T[lie sum of the o-NI2 . mide, aiitimiUi, id ureide N was generally equal to the total 
reduced N (Kjeldahl N)-I 10';, itdicating that all iitrogenous comtpounds in the sap samples 
were actLtited for. Results expressed are the me-iltts of tile four replicate saiples collected 
fromt each exp!e itnental uii. 

A Ilt'sis o.1 aniino acids 
Amin acids in the sap samples were separated and identified using a Dionex amino acid 

allvzer (IModel )-300) with lithium acetate clution buffers, pil range 2.75--5.30. 

Results 

Seasonal patterns of the concentration of total N (Pmlol N il- ' sap) 
in bleeding sap and rates of N translocation (total /pmolN ml-' sap x 
exudation rate) in the two parental lines (Puebla 152 BI' and 'Sanilac') 
grown in the presence and absence of applied N fertilizer are shown in 
Fig. i . The concentration of total N was higliest in all treatments 
dUring early vegel[tive growth (day 21)., particularly in 'Sanilac' given N 
fertilizer (+N). The concentration of sap N decreased during vegetative 
growth and early flowering in all treatments before increasing slightly 
(luring late flowering aLnd early pod filling (days 49 to 57). During 
this latter period the total concentration of sap N was higher in both 
'Puebla 152 BI' and 'Smnilac' given N fertilizer. The rate of N trans
location was generally higher ill 'Puebla 152 BI' than in 'Sanilac' with 
or without N fertilizer, particularly during pod filling. At this time 
(day 57) the N t,-anslocation rate of 'Puebla 152 BI' was between 2.6 
(+N) and 3.7 (nil N) times greater than that of 'Sanilac'. 

http:2.75--5.30
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Fig. 1. a) Concentration ot total N in bleeding sap and 1,1. rates of N translocation in twoarental lines during tiv, season. i%, 'Sanilac' + N; A, 'Sanilac' nil N; r, 'Puebla 152 BI' + N; 
e, Puebla 152 1I' nil N. Error bars included where tlhey exceed symbol size. 

The percentage composition of sap N during the developnt it of thetwo parental lines is shown in Fig. 2. Generally nitrate was the major
individual nitrogenous comlpoI:ild throughout development of both
lines given N fertilizer. In plants not fertilized, nitrate was the major
compotnd during vegetative growth and early flowering but total
reduced N (o-Nl-l 2 , amide and ureide N) composed the greater propor
tion from clay 49 onwards. 

In non-fertilized 'Puebla 152 BI' the relative contribution of ureides 
to the sap N increased during vegetative and re'productive growth,
peaking around 57 DAP (Fig. 3). In 'Sanilac' however, ureides began
to increase only after reprodLuctive growth had commenced. In ferti
lized plants of both parentai lines Ureides remained more or less con
stant during vcgetative and early reproductive growth before increasing
during pod filling. The maximum contribution from ureides was 27% 
on day 49 for 'Sanilac' (-N) and 38% on clay 57 for 'Puebla 152 BI'
(-N). AmmoniUtm-N was a very small component (usually less than
1%) for all treatments throughout the season. In both parental lines the 
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Fig. 2. Relative composition of bleeding sitp N of A, Puebla 152 BI and B, Sanilac during the 
season. N, a-Ni1 2-N, o amide-N, a ureide-N, z N1i -N, o, NO;-N. a = fertilized plants, b = non
fertilized plants. 

contribution of amino acids (a-Nl- 2 and amide N) to the total sap N 
was higher in fertilized than in non-fertilized plants at the initial sample 
(day 21) but thereafter little difference existed between treatments 
(Fig. 2). Both 'Puebla 152 BI' and 'Sanilac' showed seasonal changes in 
relative amino acid content of xylem sap during development. In 
'Sanilac' their initial c, ntribution at day 21 constituted 42% of total 
sap N in + N plants ard 20% in nil N plants. Subsequently, the relative 
content was similar between fertilizer treatments, decreasing to around 
20% at day 43 and later levelling off around 35%. In 'Puebia 152 BI' 
amino acids contributed 5--10% more of total sap N in the + N plants 
than the nil N plants at all sampling dates except at day 63. The relative 
content increased to a peak around 40-45% at day 49, then decreased 
steadily to around 30% at day 63. The % of sap N as amides (asparagine 
and glutamine) was greater in + N plants than in the nil N plants up 
until day 57 (late flowering and pod filling) when there were no appar
ent differences between treatments in either line. The relative contri
bution of amide N to the total sap N averaged around 10-15% during 
the season. The contribution of amides to the total amino acid N 
varied during development. In 'Puebla 152 BI' amides composed on 
average 62% of the amino acid N in + N and 48% in nil N plants. For 
'Sanilac' the corresponding percentages were 53 and 43%. 
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Fig. 3. Pei.entage of xylem sap N as ureides during growth of the two parental lines. 
vege ative growth, - reproductive growth, 'Sanilac'
A, + N; A, 'Sanilac' nil N; o, 'Puebla 
152 B!' + N; o, 'Puebla 152 B!' nil N. Error bars included where they exceed symbol size. 

The amino acids present in sap samples from +N and nil N plants
collected on day 63 'nlod filling) are shown in Table 1. The arnides
asparagine and glutamine were the major amino acids, with glutamine
predominating in 'Puebla 152 BI' (+N and nil N). However, in 'Sanilac'asparagine was the major amino acid in +N plants, whereas in nil N 
plants both amides contributed approximately equal aniounts to the 
total amino acids. Apart from the amides there were no great differ
ences in the composition of the amino acids in either line with or
without N fertilizer. Other amino acids of importance included arginine,
ornithine, 7-aminobutyric acid valine,(GABA), serine, threonine, 
aspartate and lysine. Together with the two amides these amino acids

constituted 90% of the 
 total amino acids in 'Puebla 152 BI' with and
without N fertilizer ,ind also in 'Sanilac' with fertilizer. In 'Sanilac' nil 
N the percentage contribution from these two amino acids amounted 
to 75% of the total. 

The composition of sap N from the 9 lines studied (including the
2 parental lines) was determined at two sampling dates, 43 and 57
DAP. There was no significant difference in the sap composition or 
the total concentration of N ml-' among lines or between treatments 
at 43 DAP. Total sap N was 12.24 ± 0.83/.tmol N ml-t with a-NH 2-N 
contributing 18.7 ± 0.5%, amide-N 6.7 ± 0.3%, ureide-N 7.6 ± 0.2%,
NH 4 -N 0.2 ± 0.08% and NO3-N 66.8 ± 0.8%. However, in sap samples 
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Table 1. Percentage composition of amino acid-N in xylem sap collected from 'Pueblo 152 Bt' 
and 'Sanilac' 63 days after planting 

P498 'Sanilac'
 
Amino acid +N -N +N -N
 

ASP 3.3 2.0 2.2 9.4 
TH R 2.4 2.2 2.5 5.2 
SER 2.4 2.4 2.9 4.2 
ASN 29.4 28.7 37.1 15.3 
GLU 1.0 1.0 1.7 3.1 
GLN 35.5 44.1 26.7 19.9 
ASN/CLN 0.83 0.65 1.4 0.77 
GJ.Y 0.2 0.3 0.2 0.7
 
ALA 0.8 1.1 1.3 2.7
 
CIT 0.2 0 0 0.7
 
VAL 2.3 1.9 
 2.7 4.8
 
CYS-CYS 0.5 0.4 0.3 0.5
 
MET 0.2 0.4 0.2 
 0.2
 
ILE 1.2 1.0 1.2 2.0
 
LEU 1.3 1.0 0,8 1.3
 
TYR 0.4 0.4 
 0.7 1.3 
PIlE 0.7 0.6 1.4 2.2
 
GABA 1.9 1.4 3.1 
 6.5
 
TRP 0.6 0.6 1.1 1.1
 
Ammonium 2.2 0.9 1.5 6.5
 
Oil-LYS 0.2 0.2 
 0.2 0.7
 
ORN 3.9 3.5 2.7 0.5
 
LYS 2.2 1.9 1.6 3.0
 
ills 0.4 0 0 
 0.4
 
ARG 4.9 2.2 6.7 5.8
 
PRO 0.5 0.6 0.6 0.8 
fl-ALA 0.6 0.2 0.8 0.8 

Total gnmol N ml 4.70 3.97 7.61 2.62 

For each treatment bleeding sap from 4 replicate samples (5 plants each) was pooled and a 20 pi 
aliquot applied to an amino acid analyzer. Results are %'s of total amino-N 

collected during pod fill (57 DAP), differences were observed between 
lines and treatments (Tables 2 and 3). Between lines given N fertilizer 
there were no significant differences (p =0.05) in total sap N or 
composition; however, rates of exudation were significantly different. 
Line 21 had the highest exudation rate and 'Sanilac' the lowest (Table 
2). Ureides contributed between 6-12% and nitrate 49-57% to the 
total sap N. Between lines not fertilized significant differences were 
observed for total sap N and percentage contribution of ureide-N (Table 
3). Ureides constituted between 17-38%of the total sap N and there 
was usually a corresponding decrease in nitrate when ureides increased. 
Amino acid and amide N remained relatively constant in sap samples 
from the non-fertilized lines. In all lines and treatments, allantoic acid 
was the predominant ureide comprising about 64% of the ureide N. 
Significant differences between all lines and treatments were noted for 



Table 2. Relative composition of bleeding sap N collected from fertilized plants 57 days after planting 

Line 
pmol N 
ml-' sap 

% of total N ml-' sap 
a-NH,-N Amide-N Ureide-N NH -N NO -N 

Exudation rate 
(pImin-' plant-') 

PB 152 BI. 
21 
48 
17 
55 

9 
40 
63 
Sanilac 

14.75 
13.91 
11.38 
11.47 
11.90 
12.37 
11.04 
12.74 
13.21 

25 
25 
21 
23 
23 
23 
26 
26 
24 

13 
15 
15 
10 
16 
15 
14 
14 
13 

7 
6.5 

12 
10 

8 
7 
9 
7 
9 

0.5 
0.5 
0 
0 
0.1 
0.8 
0.1 
0.2 
0.8 

53 
50 
51 
57 
52 
53 
49 
53 
53 

25 
37 
24 
16 
22 
24 
21 
18 
11 

L.S.D. 1.94 

**S gnificant at P 0.05 

8 4 5 0.4 78** 

=0 

Table 3. Relative composition oi bleeding sap N collected frorn fertilized plants 57 days after planting 

ymol N % of total N ml-' sap 
Line miP' sap 

L-NH. -N Amide-N Ureide-N NH -N 
PB 152 BI. 7.78 20 15 38 0 
21 10.63 22 10 30 0.3
48 9.97 22 12 29 0 
17 7.02 16 9 18 0.5 
55 5.84 32 13 17 0.5

9 730 27 14 23 0.5 
40 7.19 26 10 28 0
63 7.20 21 12 34 0 
Sanilac 6.60 27 12 25 0.5 

NO- -N( 

27 
37 
37 
55 
37 
37 
36 
33 
34 

Exudation rate 
(;Almin plan-)2 

40 
20 
26 
17 
13 
14 
11 
20 
13 

z0 
En 

> 

L.S.D. 0.84** 3.5 1.6 10.0* 1.0 4.9 6.0* 
***Significant at P 0.1, 0.05 respectively 
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total sap N, and percentage contribution from ureide and nitrate N 
(LSD = 1.13, 7.9 and 4.4 respectively). 

When lines were compared on the basis of their groupings as ',igh or 
low fixers (according to AR values11 ) (i.e. Group I high fixers: 'Puebla 
152 BI' 21, 17 and 48: Group 2 low fixers: 9, 40, 55, 63 and 'Sanilac')
there were no distinct differences between the composition of the 
sap N within each treatment (with or without fertili;-.r, (Tables 2 and 
3). For example, high fixers did not necessarily have a high percentage 
of the sap N in the form of' ureides compared with the low fixers 
(Tables 2 and 3). Similarly low fixers did not necessarily have higher 
amounts of nitrate in the sap compared with high fixers. However, if 
one compares rates of N translocation between lines a pattern can be 
seen (Table 4). -ligh flyers generally had higher rates of N translocation 
than low fixers. 

Discussion 

The decrease in the concentration of xylem sap N during vegetative 
and early reproductive growth observed in parental lines 'Puebla 152 BI' 
and 'Sanilac,' with or without N fertilizer, was similar to those reported 
for legumes grown in either growth chambers (e.g. beans 7 ) or green
houses (cowpeas 7 , soybeans'). In those reports and inl the work 
reported here, small increases in the concentration of sap N were 
observed luring pod formation and filling. In field grown soybeans,
although the data had more scatter and were only partly expressed ol a 
concentration basis, cstimations of xylem sap N also showed an increase 
during pod filling (data estimated from Streeter14 , 1 ). If one assumes 
that the exudation rate X the conc,.n Iration of sap N is an indicator of 
the rate of N tra*nslucation from the roots, albeit perhaps an under
estimate 2 , then 'PUebla 152 BI' shows a marked increase in N trans
location during pod filling compaired with 'Sanilac' with or without 
N fertilizer (Fig. 1). This difference may be a factor contributing to 
the higher yields obtained with 'Puebla 152 BIV compared with 'Sanilac', 
and is possibly the result of greater and/or prolonged rates of N2 
fixation and assimilation of soil N in 'Puebla 152 BI'. 

Even though N was applied in the form of urea and P. vdgaris 
can take up and transport urea in the xylem 6 , we did nof detect urea 
in the xylem sap samples. The measurement of greater amounts of 
nitrate in the sap from fertilized compared with non-fertilized plants 
suggests that the applied urea was first converted to nitrate in the soil 
before being taken up by the plants. 

The composition of the amino acid N in the parental lines was similar 
to that reported for other legumes grown in the presence or absence of 
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Table 4. Estimated rates of N translocation of bean lines differing in N2 fixation potential* 
(57 DAP) 

N translocation ratez
 
niol rain-' plant
 

N2 fixation* Line + N - N
 

!ligh 'Puebla 152 131' 369 311 
21 515 213 
48 273 259 
17 184 119 

Low 55 262 76 
9 297 102 

40 232 79 
63 229 145 

'Sanilac' 119 86 

LSD (p < 0.05) 108 68 

*As measured by acetylene reduction assay 

'N translocatiott rate = total nmol N pl- sap x rate of exudalion (Ml nin plant-' 

nitrate (e.g. beans"1 , soybeans 8, 4 , cowpeas13 ). Generally the amides, 
asparagine and glutamine, constitute over 60% of the total amino 
acid-N with relatively large amotunts of all or so'me of the basic amino 
acids (arginine, lysine and histidine). One exceptional report is that of
Cookson et al.4 who found serine/threonine as the major amino acids 
in sap of non-nodlulated P. tulgaris fed ammonium or nitrate. However 
amides, although detected in sap samples were not quantified. 

Data obtained from growth chamber and greenhouse studies have 
indicated that when ureide-producing legUmes are dependent on N2 
fixation for their N supplies the percentage of ureide N in the xylem 
sap is high whereas asparagine and nitrate or ratios of' ASN:GLN are 
lOW 8'9, 13 When plants are dependent on nitrate (fertilizer N) these 
relationships are reversed i.e. low ureides, high levels of asparagine and 
nitrate 8. 13. When fertilized and non-fertilized beans were grown in the 
field in the current studies, these relationships were shown to be true 
only during and beyond reproductive growth. Prior to reproductive 
growth (up to 43 I)AP) the ratio of nitrate to ureide for example, was 
high (mean value -9) in xylem sal) from both fertilized and non
fertilized lines. During pod formation and pod filling this ratio varied 
from 4 to 8 in fertilized aad from 0.7 to 3 in non-fertilized plants 
(calculated from Tables 2 and 3). A similar pattern of changes in sap
composition dttring development was noted for non-fertilized soybeans 

sgrown in the field t4' . These results indicate that in field grown 
legumes where the sources of nitrogen aro likely to change during the 
season (e.g. depletion of soil N, slow establishment of N2 fixation in 
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the presence of soil nitrate), the time of sampling will be a critical 
factor in any attempt to use the composition of xylem sap N as an 
indicator of N2 fixation potential. In addition, the ratio of ASN:GLN, 
although greater in fertilized than in non-fertilized plants as suggested 
by Pate et al.13 , was sufficiently variable between the two parental
lines (Table 1) that it is doubtful that this ratio could be used as 	an 
indicator of N2 fixation i inPhaseolus. 

It 	 is of interest to note that the relative contribution of urcide-N 
to 	the sap N of non-fertilized 'Puebla 152 BI' increased steadily during
vegetative and reproductive growth. On the other hand ureides 
increased in sap of' 'Sanilac' only during reproductive growth (Fig. 3).
This could bc interpreted as being the result of earlier nodulation 
and/or establishment of N, fixation in 'Puebla 152 BI' compared with 
'Sanilac' grownunder the same field conditions. 

Work with soybeans indicated there was little evidehce for cultivar 
effects on the relative ureide content of sap N9 . With lines ofP. vulgaris
differing in fixat.on and yield, however, significant differences were 
observed for percentage ureide in sap samples from non-fertilized 
treatments (Table 3). 

A positive relationship was obtained between the rate of N trans
location and the ranking of the bean lines on the basis of N2 fixation 
(AR rates, Table 4). The trends observed were similar with or without 
the addition of N fertilizer suggesting that this positive relationship is 
indlepenldent of the N source available to the root system for export to 
the shoot. If this is so then it is tempting to suggest that rates of N 
translocation may be of' use in screening trials. Further work is needed 
to characterize the factors affecting sap exudation rates such as soil 
water potential and salt concentrations before any widespread appli
cability of this is claimed. 
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