
flare brightness-perhaps the most important single 
parameter. Plans al'e being made for photometric 
standardization of the films and for measurement with 
a contour densitometer similar to that described by 
Babcock (3). A "breadboard" of the densitometer is 
approaching the try-out stage, but the work goes 
slowly because of the pressure of other commitments. 
We do not expect to have any real brightness meas- 
urements, therefore, for some months. , 

The 304 flares observed so far  already constitute a 
small but homogeneous statistical sample, and several 

interesting discoveries have ,emerged from preliminary 
studies. Space is lacking to discuss them here, but 
they do justify our efforts in building the flare re- 
corder, and our hope that we may see eventually a 
whole chain of these instruments stretched around the 
world to keep a record of all the flares on the visible 
hemisphere of the sun. 
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Early German investigators (1) were the first to 
recognize that "many plants produce on the shore 
more succulent leaves than they do when grown in- 
land, while the leaves of Salsola Kali, Halogeton 
sativus, and others, are thinner when the plants are 
grown upon a soil without salt, than is usual on plants 
growing on saline ground." Succulence of plants 
growing on saline Soils has been attributed to the 
absorption of salts by the roots and their subsequent 
concentration in the mesophyll tissue, resulting in 
salt-induced hypertrophy (2-4). However, no previ- 
ous investigation has satisfactorily explained the type 
of Succulence found in dune plants near the strand. 

Iva imbricata Walt. exhibits the typical succulent 
nature of plants found on coastal dunes. The leaves on 
the windward side of the plants toward the ocean are 
thicki and succulent, whereas those on the leeward side 
of the same plant are thin, less succulent, and fre- 
quently coriaceous. The margins of leaves turned 
toward the ocean are thicker and more succulent than 
the leeward margin of the same leaves, and the tips 
of the leaves are more fleshy than the bases. 

Succulence in dune plants has been considered to be 
a consequence of the more xeric habitat ( 5 ) ,  of ex-
cessive transpiration (6), and of the salinity of the 
substratum (7, 8). Salinity of the substratum can be 
disregarded, since it has been shown that dune sands 
contain very little soluble salts (9) .  However, none 'of 
these proposals explains why leaves of an individual 
plant exhibit different degrees of succulence. 

Previous studies on the coast have shown that drop- 
lets of sea water are ejected into the air by the burst- 
ing bubbles of the ocean; that these particles, concen- 
trated by evaporation, are transported inland by 
winds and deposited on the coastal vegetation; and 
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that the resultant killing of leaves and twigs by this 
concentration of salt is responsible for the zonation 
and spray form of the plants (10-13). 

During a study of the coastal vegetation of Bruns- 
wick County, N. C., the author investigated the rela- 
tion of salt spray to succulence. Succulent and non- 
succulent leaves on the same plant of Iva were eol-
lected, the surface washed in distilled water, and 5 
disks of equal area were punched from each leaf with 
a small rubber stopper punch. Each group of 5 disks 
was then macerated and titrated with AgNO, for 
halides. The 5 disks of the succulent leaves contaiqed 
an average of 16.8 mg of C1 compared with an average 
of 4.5 mg of C1 in the disks of the nonsucculent leaves. 
(The titration data are expressed in terms of mg of 
C1 since the other halides make up such a small part 
of the salts of the ocean.) 

The quantity of salt deposited on the different 
leaves was estimated with the use of oiled glass slides 
(14). Slides were exposed for 30 sec a t  different posi- 
tions in an Iva shrub located on the top of the fore- 
dunes. The number and diameter of the deposited 
droplets were immediately determined with a micro-
scope, which was protected from spray by a plastic 
cover. The average wind velocity from the ocean 
was 31 km/hr. The slides exposed on the windward 
side of the shrub caught an average of 1,900 drop- 
lets/cmz/min, which averaged 51 p in diameter. Slides 
exposed on the leeward side caught an average of 
490 droplets/cm2/min, which averaged 22 p in diam- 
eter. Slides exposed a t  different positions in the shrub 
caught an intermediate concentration of droplets, 
both in number and in diameter. Obviously, the leaves 
on the windward side of the plant are receiving a 
much higher concentration of salt than the leaves on 
the leeward side. 

Anatomical studies of the succulent and nonsuc-
culent leaves showed a striking difference in the size 
of the cells. Table 1shows this differelice in Iva. The 
nonchlorenchymous parenchyma showed the greatest 
swelling, and the chlorenchyma and epidermal cells 
showed an intermediate swelling. The stomata showed 
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no swelling a t  all, and about 60% of them were 
crushed shut by the swollen epidermal cells. There was 
no evidence of an increase in the number of cells. The 
swelling was due entirely to the enlargement of al-
ready existing cells. 

TABLE 1 
COMPARISONOF THE SUEOF CELLSIN ANDSUCCULENT 

NONSUCCULENT OF I v aLEAVES 

Succulent Nonsucculent 
Tissue leaves leaves 

(PI (P? 

Nonclllorenchymous
parenchyma

Chlorenchyma
Epidermis
Stomata 

102 x 262 
20 x 150 
27 x 65 
2 4 x  40 

68 x 82 
17 x 65 
23 x 34 
27 x 34 

Salt hypertiophy of Iva has been reproduced in 
the laboratory by placing strips of nonsucculent 
leaves in increasing concentrations of sea water. The 
concentration of the solution was increased until the 
cells showed incipient plasmolysis. As the cells re-
gained turgidity, the concentration of the salt solu- 
tion was increased. After repeating this procedure 
several times the cells had about doubled in size a t  
the end of 72 hr. It was found that the cells swell 
more quickly when the sea-water solution is alter- 
nated with tap water. At present, no method has been 
found to induce the cells to return to normal size, 
though they can be pIasmolyzed in saturated salt 
solutions. 

Further investigation has shown that practically 
all dune species exposed to high concentrations of 
salt exhibit salt hypertrophy. The change in thick- 
ness of the leaves and the relative concentration of 
salts expressed in mg of C1 of a few representative 
species is given in Table 2. The succulent and non- 
succulent leaves were removed from the same plant 
a t  positions of equal light intensity. All the species 
show the same type of swelling as Iva, the nonchlor- 
enchymous parenchyma showing the greatest enlarge- 
ment, with the chlorenchyma and epidermis showing 
slight enlargement, and the stomata exhibiting no 
enlargement. Salt hypertrophy has not been found 
in the grass species represented by Unio la ,  Chloris ,  
S p a r t i n a ,  Tr ip las i s ,  and A n d r o p o g o n .  However, titra- 
tion of the leaves of these species showed they con-
tained relatively low concentrations of salt, 

Succulence in dune plants, then, is apparently due 
to the deposition of salt spray on the leaves and 
branches, resulting in salt-induced hypertrophy of 
local tissues. Hypertrophy seems to occur only on 
the leaves and branches on which the salt is deposited. 
Titrations indicate that after entrance the salts are 
translocated first to the tips of the leaves, inducing 
hypertrophy first in the tips, then along the margins, 
and eventually the entire leaf. There is no indication 
of the salts being translocated throughout the plant 
in sufficient concentrations to induce hypertrophy in 
protected leaves. 
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Salt hypertrophy is ,not conhed to meristematic 
tissues but also occurs in leaves that become exposed 
to salt spray after maturity. Consequently, succulence 
does not seem to be associated with 'an influence of 
salts on the meristematic activities of cells but seems 
to be the result of salt accumulation in the vacuoles 
causing an increase in turgor pressure and resulting 
in the expansion of the cell walls. The primitive non- 
chlorenchymous parenchyma swgll more than the more 
specialized chlorenchyma and stornatal cells. 

TABLE 2 
AVERAGE AND RELATIVE OFTHICKNESS CONCENTRATION 

SALP or A FEWDUNE SPECIES EXHIBITING SALT 
HYPERTROPHY. AND NONSUCCULENTSUCCULENT 


LEAVESWERE REMOVED THE
FROM 
SAME PLANT 

Succulent Nonsucculent 
leavea leaves 

Species Thick- Thick-
ness :f ness :!, 
(P) ( w )  

I v a  imbrioata Walt. 
Afr ip lex  arenaria Nutt. 
Lipp ia  ?lodiftora (L)

Michx. 
Physal is  mari t ima 

M. A. Curtis 
Chenopodium Ber-  

1andier.i Moq, 
Croton punctatus Jaey. 
I l e z  vomitoria Ait. 
Bacoharis halimifolia L. 
Querous virginiana Mill. 

Salt hypertrophy is also correlated with the toler- 
ance of species to high salt deposition. The species 
most tolerant to high salt concentrations have the 
greatest mass of nonchlorenchymous parenchyma 
and swell the most when subjected to high concen-
trations of salt, whereas the less tolerant species have 
little nonehlorenchymous parenchyma and swell the 
least. A more complete report of hypertrophy and 
injury of dune plants induced by high concentrations 
of salt will be published later. 

o References 
1. 	GOEBEL,K. Organographg of Plant8 (Eng. trans.). Ox- 
ford, Eng. : Oxford Clarendon Press (1900). 

2. LASAGE,P. Rev. gkn. botan., 2,  55, 106, 163 (1890). 
3. MOTHES, K. Biol. Zentm., 52, 193 (1932). 
4. EIJK,M. VAN. Roc. trav. botan. neerzand., 36,559 (1939). 
5. PURER, E. Ecol. Monographs, 6, 1 (1936).
6. 	KEARNEY,  T. H. Contribs. U. B. NatZ. Herb., 5, ( 5 ) ,  

(1900).
7. 	 'NARnxrruo, E. Oeoology of Plants (Eng. trans.). Oxford,
Eng.: Oxford Clarendon Press (1909). 

8. 	MARTIN.E. V.. and CLEMENTS.F. El. Cartaeaie Inst.  Wash.  
Pub. No. 6 8 1  (1939). 

9. KEARNEY, T. H. Botan. Gas., 37, 424 (1904). 
10. WIDLIIS,B. W., and SHu~rc,I. V. Bdence, 85, 499 (1937). 
11. WELLS,B. W. BUZZ. Torrey Botan. Club, 65, 485 (1938). 
12, Oosrrso, H. J., and BILLINGS, D. .IYcoZoqy, 23, 131W. 

(1942).
13. BOYCHI,S. G. Sc$encc, 113, 620 (1961). 
14. 	HOUGEI'ION, H. G., and RADAORD, W. H. P a p e ~ 8  Phg8. 

Oceanoo. Neterol., dfass. Itrat. Technol. and Woods Eole 
Ooeanog. Inst., 6,- (4) ,  (1938). 

Manuscript received Sept. 4, 1951. 


