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hstract. Phloem sap collected from Yucca and coco­
pllt inflorescence stalks was shown to contain abscisic 
acid (ABA) and trace amounts of 2-trans ABA. In 
coconut sap, two compounds probably derived from 
ABA with m3SS spectra consistent with their being 
clihydropha se ic acid and either hydroxyphaseic acid 
or oxo-dihydrophaseic acid were also found to beIpresen t. 

Kew words: Abscisic acid - Cocos - Phloem exudate 

lIn recent years there have been a number of studies 
vn tile movement of endogenous abscisic acid (ABA) 
in phloem exudate (Hoad 1967, 1973a, b, 1978; Zee­
vaart 1977). In Lupinus a/bus L. and Ricinus com­
lIlullis L. , ABA has been shown to be present in 

I p~110em exudate and tts con~elltration may be consid­
etably htgher than 111 leal tissue, mdtcatlllg acttve 
loading into the sieve tube (Hoad 19n). Water stress 
\llso increases tile level of ABA in these tissues and 
it enhances the amounts of ABA moving from mature 
leaves 10 sinks. In our studies, no other compounds 
related to ABA, except small amounts of 2-lrans­
ABA, were ever detected in sieve-tube sap by 
GLCCEC). However, Zeevaart(J 977) has indicated that 
phase ic acid and dihydrophaseic acid are present in 
the phloem exudate of R. communis. In thi s present 
work the phloem sap of two species of monocotyledons 
was examined for ABA and ABA metabolites. 

Phloem sap was colkcLcd from Yucca /Iaccida Haw inflores­
cence stalks as described by Van Die and Taml11es (1975) and from 
fruit stalks of coconut (Cocos mlcifera L.), Hodge (196.1). Ca re 
was taken 10 avoid degradation of the sap by microo rganisms 

;lbbr~vi{/Iions' ABA = absci sic acid; TMSi = trimerhylsilyl; 
GLC(EC) = gas chromatography (electron cap ture); GC-MS=gas 
chroma1ograp hy = mass spectrometry 

and 1he samples were freeze d' as rapidly as possible afte r 
collection. II 

The Yucca sap was reco nst' uled USi'l\g distilled water (1)11 
3D) and partitioned against ethyl aceta te (x4). The coconut sa p 
was treated similarly except that it was partitioned against dielhyl 
ether (x4) followed by ethyl acetate (x4). After partitioning, the 
remall111lg water phase was adjusted to pH 11.0 with KOI-I and 
heated for I hal 60° C to hydrolyze bound AHA and ABA metabo­
lites. The hydrolyzed compounds \~cre then extracted from the 
water phase (pH 3.0) with ethyl aceta(c (x4). 

After drying over KOH, aliqtiots of each frac tion were methy­
lated using ethereal dial.Omethane and analyzed by GLC(EC) using 
methods described previously Uload, 1978). Quantitative data were 
oblained by compa ring peak heights of Me-ABA in exudate with 
those of peaks obtained after injecting known amounts of ivle-ABA 

into the GLC. The TMSi ethers of th e melhyl esters were then 
prepared prior to analysis by GC-MS (Gaskin and MacMillan 
1978). 

Analysis of the methylated ethyl acetate fraction 
of Yucca phloem sap by GLCCEC) gave traces show­
ing that compounds with retention times of Me-ABA 
and Me-2-lrans-ABA were present. The ir identity was 
confirmed by GC·MS of the TMSi ethers or the methyl 
esters, and no other known metabolites of ABA were 
shown to be present. The concentration of ABA in 
the sap was approximately 195 ng ml- l 

Preliminary GLC (EC) analyses of the me thylated 
acidic ether fractions of coconut sap indicated the 
presence of Me-ABA and M e-2-trans-ABA, and in the 
methylated acidic-ethyl acetate fraction a number of 
more polar compounds. The data obtained from GC­
MS confirmed that ABA and 2-trans-ABA were pres­
ent. The mass spectra of the more polar compounds 
were consistent with their being dihydrophaseic acid 
(Table 1) and either hydroxyphaseic acid or oxo-di­
hydrophaseic acid (Table 2). Both compounds have 
previously been shown to be presen t in pear seeds 
(Martin et a1. 1977). The concentration of ABA in 
the coconut sap was approximately 90 ng ml- 1 

, but 
no firm data could be obtained on the concentration 
of the ABA metabolites. In the hydrolyzed bound 
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Tab le l. MS of Me-DPA-TM Si 

368 (iV[+; 1),353 (M+-15 ; 2) , 246 (1),1 89 ( I), 
159 (72), 125 (13), 122 (5), 121 (3) , 11. 7 (100), 75 (18) , 
73 (65),43_(7 1) 

Table2. MS of presumed hydroxY- PA or oxo -DPA, MeTMSi 

382 (iV[+; 1).367 (M+ - 15; 2), 268 ( I) , 228 (1),196 (2). 
159 (42) , 125 (16) , 117 (64) , 75 (35), 73 (100) , 69 (6), 
43 (70) 

fra ction s of both species, neither ABA no r metabolites 
of ABA could be detected by GLC(EC). 

These re~uhs confirm lhose obtained previously 
with L. a/bus and R. communis (Hoad 1973a, 1978), 
namely tha t phloem ex ud<t te con tains AB and tha t 
it moves from 'sources' to 'sinks', whether these are 
vegetative gmwing points or reproductive structures. 
These data indicate that it is likely that the sieve-tube 
sap of most , if not a ll , spec ies of hi gher plants con­
tains AnA and that its movement throughout the 
plant is largely governed by the extent of photo syn­
thate movement to a rea s of u tilization. 

It has previously been suggested thal export o f 
ABA from mature leaves in the phloem could be 
part of the mechanism enabling tbe proper function­
ing of thefeaves to continue (Hoad 1978). The possi­
bility also arises that ABA imported into fruits could 
have a role in seed uevelopment (Brown ing 1980). 
Of the plants we have examined so far , it is only 
in coco nut that mctabolites of ABA have been found 
in phloem exudate. Previous work led us to believe 
Ihat the mechanism for loading these compounds in to 
the s ieve-tube was specific for ABA and excluded 
metabolites sllch as phaseic acid and dihydropbaseic 
acid which have been found in leaf tissues. It seems 
unlikely that coconut phloem sap contains the enzymc 
systems for cOllverting ABA into the metabolites 
found here and we conc lude that they move directly 
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from their site of synthes is in to the sieve-tube. The 

abse nce of phaseic acid , the likely intermediate be­

tween ABA and dih ydrophaseic acid, is an an omaly 

whieh can on ly be resol ved by further s tudies. 


Th:lt1ks are duc to Dr . C.R. Yonk, Centre [or Agrobioiogieal 

Research Wa gen ingen , The Nethe rla nd s for supplying Yucca sap. 

to Dr. U. Pcthiyagoda, Coconut Research In stitute, Lunuwil a, 


. Sri Lanka [or supplying cocon ut sap, and to Philippa H ughes-Gamcs 
[or valuable techn ical ass istance. P.G . a lso thanks the Agricultural 
Research Co uncil for financial assistance. 
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