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Abstract 

In six varieties o f prol ine-type rye, in t w o o f non-prol ine- type maize , and in five o f lupine, 
apart from measurement o f the prol ine content o f the water-deficient, isolated shoots , the concentra-
t ions o f the free total a m i n o - a c i d a n d o f the so luble total protein were a l so determined. The prol ine 
concentrat ion o f the water-deficient isolated s h o o t s turned out to be a positive correlat ion with the 
amount o f the total amino-ac id a n d the soluble total protein, a n d with the degree o f drought-resis-
lance. The new c o m p l e x method , after s o m e further experiments , may therefore be suitable for evalua-
ting the drought-resistance o f new varieties o f plants. 

11 a l so turned out that, as a result o f a water-deficiency o f the same degree in the isolated shoots , 
n o qualitative difference c o u l d be demonstrated in the free a m i n o - a c i d c o m p o s i t i o n s o f plants be-
longing to the same species . However , whereas the amount o f prol ine predominates a m o n g ihe 
free amino-ac ids o f the prol ine-accumulal ing species (e.g. rye), a m o n g the non-prol ine- type species 
(e.g. maize and lupine) the asparagine concenlrat ion may achieve the highest level. 

Introduction 

It was established in our previous work that, as a result o f a strong water-
deficiency, the essential amino-acids , asparagine and particularly proline accumu-
late very considerably in the green shoots . At the same time, the total a m o u n t o f 
the free protein-producing amino-acids also increases to two to three times as 
much as in the (non-water-deficient) control (PALFI, 1968a b). In the course 
o f investigations into capsicum, tobbaco , wheat , barley, and rye plants, it turned 
out that the drought-resistance o f the individual varieties is proportional to the 
a m o u n t o f free proline accumulated in the leaves ( P A L F I , 1969; PALFI and J U H A S Z , 

1 9 7 1 ; K U D R E V , 1 9 7 0 ; LEWITT. 1 9 7 2 ; SINGH a n d ASPINALL, 1 9 7 2 ) . O n t h e b a s i s o f 
quantitative measurements o f the proline content in the leaves o f plants suffering 
from a water-deficiency, a simple procedure was elaborated in order to decide the 
drought-resistance o f the individual varieties the new method being named the 
"proline test" (PALFI, 1969; PALFI and J U H A S Z , 1971; PALFI et al., 1973). 

It was also established that, as a result o f a water-deficiency and live-wilting 
condi t ions o f the same degree, quite different proline amounts accumulate in the 
different plant species. 

Starting from all these data, the cultivated soft-stalk plants were divided into 
t w o g r o u p s : 1 = p r o l i n e - t y p e s p e c i e s ; 2 = n o n - p r o l i n e - t y p e spec ies (PALFI et. a l . . 
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1 9 7 4 a b ; 1 9 7 5 a b ) . A s p e c i e s i s n a m e d o f p r o l i n e - t y p e i f it i s l i v e - w i l t e d i s o l a t e d l y , 
/'. e. t h e f r e e p r o l i n e c o n t e n t o f t h e s h o o t s o r l e a v e s s u f f e r i n g f r o m a s t r o n g w a t e r -
d e f i c i e n c y r e a c h e s o r e x c e e d s 1 0 m g in I g d r y m a t t e r ( 1 . 0 p e r c e n t o f t h e d r y m a t t e r ) . 

B e l o w t h i s q u a n t i t y t h e s p e c i e s i s n o l o n g e r o f p r o l i n e - t y p e . F r o m a m o n g fifty 
c u l t i v a t e d s o f t - s t a l k p l a n t s o n l y s e v e n t e e n n o n p r o l i n e - t y p e s p e c i e s w e r e f o u n d . 
T h e m a j o r i t y o f t h e c u l t i v a t e d p l a n t s p e c i e s a r e t h e r e f o r e o f p r o l i n e t y p e (PALFI 
e t a l . , 1 9 7 4 a b) . 

In t h e p r e s e n t e x p e r i m e n t w e h a v e s t r i v e n t o c l a r i f y h o w . a p a r t f r o m p r o l i n e , 
t h e t o t a l a m o u n t o f t h e f r e e p r o t e i n - f o r m i n g a m i n o - a c i d s a n d t h e c o n c e n t r a t i o n o f 
t h e s o l u b l e t o t a l p r o t e i n d e v e l o p i n t h e c o u r s e o f l i v e - w i l t i n g o f t h e i s o l a t e d s h o o t s 
a n d l e a v e s , i n d u c i n g a s t r o n g w a t e r - d e f i c i e n c y . 

C a n t h i s q u a l i t a t i v e d i f f e r e n c e b e d e m o n s t r a t e d a s a r e s u l t o f t h e s t r o n g w a t e r -
d e f i c i e n c y i n t h e f r e e a m i n o - a c i d c o m p o s i t i o n o f t h e i s o l a t e d s h o o t s o f v a r i e t i e s 
b e l o n g i n g t o t h e s a m e s p e c i e s ? 

T o s t u d y t h e p r o b l e m , w e i n v e s t i g a t e d a l t o g e t h e r t w e l v e v a r i e t i e s o f t w o p l a n t 
s p e c i e s o f n o n - p r o l i n e - a c c u m u l a t i n g t y p e ( l u p i n e a n d m a i z e ) a n d o f o n e s p e c i e s 
o f p r o l i n e - t y p e ( r y e ) . 

In t h e c o u r s e o f t h e e x p e r i m e n t s , t w o v a r i e t i e s o f h y b r i d m a i z e w e r e a p p l i e d a s 
g u i d e s ; t h e d r o u g h t - r e s i s t a n c e s o f t h e s e a r e w e l l - k n o w n , b e c a u s e t h e r e s u l t s o f 
c u l t u r e e x p e r i m e n t s d u r i n g s e v e r a l y e a r s h a v e s h o w n a c o n s i d e r a b l e , o n e - d i r e c t i o n 
d e v i a t i o n i n t h i s r e s p e c t (PINTER e t a l . , 1 9 7 6 ) . 

M a t e r i a l s a n d M e t h o d s 

The new rye I Seeale cereale L.) and Yel low lupine (Lupinus linens L.) varieties were improved 
by M . BRUMMUND and W. BÖLKE in a loose sandy soil, in " V E G Saatzucht Bornhof . Saatzuchtstat ion 
B o c k s e e " (Kreis Waren. D D R ) . The production and preservation of the hybrid maize varieties 
(Zea mays L.) w as performed by JÁNOS NÉMETH in Szeged, in an a d o b e field soil , in the establ ishment 
o f the Cereal Research Institute. 

The n a m e s ( symbols ) and s tages of development o f the varieties investigated are a s f o l l o w s : 
Rye: From three sorts o f rye, shoot samples were taken immediate ly before flowering. T h e variety 

s y m b o l s are: R , , R „ . R „ . 
The shoots of the other three rye varieties were col lected in the phase of flowering. The sy m b o l s 
are: R131. R | 3 , . Ru» 

Lupine (Lupinus j: On budding, two varieties of lupine shoot samples were taken, their n a m e s be ing: 
1 = Bornhof: 2 = Refusanova . The names of the other three varieties o f lupine taken o n 
f lowering are: 1 = A f u s ; 2 = Borluta; 3 = Pilaf = (Bocksee) . 

Maize: T w o varieties were investigated, but in three phases of development . The t w o hybrid maize 
varieties are: 
1. BcSK-5 /a ; its symbol : W 6 4 A X O h 4 3 . In Jugoslavia it is a variety recognized by the Slate 
and in Hungary it is a l lowed for raising. Il demands water and is only slightly drought-re-
sistant. 
2. KSC.360: its symbol : A 9 0 X I53R. It is a Hungarian-improved variety, recognized by the 
State. It needs only liltle water. According t o the experimental results o f PINTÉR et al.. (1976) . 
it is much more drought-resistant than the previously-mentioned Jugoslav variety. For the t w o 
maize varieties full shoots were isolated twice for live-wilting (at the ages of seven and e leven 
leaves), while on the third occass ion only leaves were detached and processed ( from a m o n g 
ihe 14-leaf shoots the eleventh leaves counted from below) . 
The average result was the live-wilting of 20 isolated s h o o t s each o f the rye and lupine varieties 
and 10 of maize. The shoot groups were put on trays according to varieties and the live-
wilt ing was performed at a temperature between 2 0 a n d 28 C. T h e relative air humidity w a s 
6 0 to 70 per cent, and ihe constant i l lumination 2 0 0 0 lux. The isolation of rye and lupine 
shoots lasted for two days and that of maize for four days . (The live-wilting of i solat ion 
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leaves was carried out only for three days). During this time, the water content of the shoots 
had to be reduced by 60 to 70 per cent. 
The analyses were performed from the pulverized matter of the plants fixed (and dried) immedia-

tely on being detached, and after being live-wilted at 70 °C. 
For analysis of amino-acids, 200 mg dry matter was homogenized with I g quartz sand, in a 

mortar, with 20 ml 30 per cent ethanol, and leached twice out of the mortars dishes into centrifuge 
tubes from the residue of the 20 ml. The homogenizate was purified by being centrifuged. Finally, 
as a result of evaporation and welting losses, we obtained 18 ml extract. This was the starting basic 
solution quantity for all analysis and concentration calculations. 

The method of measuring the free total amino acid with a universal standard was published 
e a r l i e r (PÂLFI e t a l . . 1 9 7 2 ) . 

In proline determinations a phenol-water (4 :1) mixture was used as solvent. After isatin de-
velopment (Figs. 3 and 4) and the eluation o f spots, the extinctions were measured with a spectro-
photometer. 

The soluble total protein originating from the leaves of the live-wilted shoots was measured 
by n e p h e l o m e t r y , a c c o r d i n g t o COLOWICK a n d K A P L A N ( 1 9 5 7 ) : w i t h s o m e m o d i f i c a t i o n s . F r o m 
0.2—0.5 g living material, the proteins o f the extracts (0,5 or 1,0 ml) made with 20 ml Tris buffer 
of pH 7,5 were reacted with 4 ml portions of three kinds of precipitating solutions: 

1)5% trichloracetic acid ; 2) 2,5% sulphosalicilic ac id; 3)0,7% K , F e ( C N ) , - r 0 ,3 ml concentra-
ted acetic acid. 

By variation of the quantity of the starting protein-extracts, the turbidity is adjusted so that the 
4 ml reagent should induce only the mild, homogeneous opalescence of the solution. Agglutin-
ation, precipitation and fast deposition may not occur. The extract amount tested with trichloracetic 
acid is generally opt imum for the other two protein précipitants, as well. 

For the calibration curve, a standard series of "Bovine blood serum albumin" (5. 10, 15, 20 
and 30 mg) was measured out and dissolved in 20 ml Tris, and the extinctions of the solutions were 
measured. 

The results of three repetitions were averaged per reagent, and the final result was obtained 
after the partial results achieved in this way were averaged again. 

If the mean error in the average results for repetitions of identical samples was larger than 
± 5 per cent, then the whole analysis was repeated. 

R e s u l t s and d i s c u s s i o n 

F i r s t w e w a n t e d t o c l a r i f y w h e t h e r t h e r e is a n y q u a l i t a t i v e d i f f e r e n c e in t h e 
c o m p o s i t i o n o f f r e e a m i n o - a c i d s a s a r e s u l t o f t h e s t r o n g w a t e r - d e f i c i e n c y p r o v o k e d 
b y l i v e - w i l t i n g t h e i s o l a t e d s h o o t s o f t h e i m p r o v e d v a r i e t i e s b e l o n g i n g t o t h e s a m e 
s p e c i e s . O f t h e p r e p a r e d c h r o m a t o g r a m s , a n 18 - s tr ip p a p e r d e v e l o p e d w i t h n i n -
h y d r i n is d e m o n s t r a t e d , i n v o l v i n g t h e e x t r a c t s o f t h r e e v a r i e t i e s o f l u p i n e , t h r e e 
o f rye , a n d t w o o f m a i z e ( F i g . I ). In t h e e v a l u a t i o n o f t h e c h r o m a t o g r a m , it is a l s o 
t o b e t a k e n i n t o c o n s i d e r a t i o n t h a t o n l y t h e g r o w t h a n d l i v e - w i l t i n g o f t h e v a r i e t i e s 
b e l o n g i n g t o t h e s a m e s p e c i e s t o o k p l a c e a t t h e s a m e t i m e , t o g e t h e r a n d u n d e r 
i d e n t i c a l c o n d i t i o n s (a real r e s u l t is t h e r e f o r e o n l y o b t a i n e d in t h e c a s e o f c o m p a r i n g 
t h e v a r i e t i e s b e l o n g i n g t o t h e s a m e s p e c i e s ) . 

It is t o b e s e e n in F i g . I t h a t n o q u a l i t a t i v e d i f f e r e n c e w a s i n d u c e d in t h e c o m p o -
s i t i o n o f t h e f r e e a m i n o - a c i d s o f t h e v a r i e t i e s b e l o n g i n g t o t h e s a m e s p e c i e s , a s 
a resu l t o f a w a t e r - d e f i c i e n c y o f t h e s a m e d e g r e e . A n e s s e n t i a l q u a n t i t a t i v e d i f f e r e n c e 
w a s f o u n d o n l y in t h e p r o l i n e a n d a s p a r a g i n e c o n c e n t r a t i o n s o f t h e i n d i v i d u a l 
s p e c i e s . M o s t p r o l i n e is c o n t a i n e d in t h e r y e v a r i e t i e s (a s p e c i e s o f p r o l i n e t y p e ) , 
a n d a s p a r a g i n e is m o s t l y a c c u m u l a t e d in t h e l u p i n e a n d m a i z e v a r i e t i e s . A c c o r d i n g 
t o C R E A C H e t a l . , ( 1 9 7 4 ) t h e l a r g e a m o u n t o f a s p a r a g i n e in t h e m a i z e p l a n t a c t s a s a n 
i n t e r n a l c a r b o n d i o x i d e r e s e r v e , a l t h o u g h m a i z e is o v e r w h e l m i n g l y " m a l a t - f o r m i n g " . 
In r e s p e c t o f t h e c h r o m a t o g r a m in F i g . I is t o b e n o t e d t h a t i f t h e e x t e n t a n d c o l o u r 
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Leu • l leu 
Phe 

Val • Met 

-f - Amb 

Tyr 
PROLIN 
Ala 
Glu • Thr 
Gly • S e r 
Asp • Gl n 
Asn • Arg 
Lys + His 
C is 

Fig. I. Qualitative composit ion o f free amino acids o f the Yellow lupine, rye. and maize varieties 
as a result of live-wilting connected with a strong water-loss. The live-wilting of the lupine 
and rye varieties took place with isolated shoots , but with isolated leaves for the maize 
varieties. Ascending chromatogram. Solvent: butanol-acetic acid-water ( 3 : 1 : 1 ) . Ninhydrin 
development, fixing with copper salt. 
A = Asn standards: 5. 10. 15. 20. 30. 20. and 10Mg: 
B = Universal standards with 30. 45 and 30 ug total amino acid content; 
1 = Yel low lupine varieties: Afus. Borluta. and Bocksee; 

II = Rve varieties: R , . R M . and R „ ; 
III = H v b r i d m a i z e : W 6 4 A X O h 4 3 (foreign) = BcSK 5 /a; 

A 9 0 X I53R (Hungarian v a r i e t y ) = K S C 360. 

intensity o f the asparagine spots of the extracts are compared with those o f the 
standards, then an approximative evaluation is possible concerning the abso lute 
quantity. 

The quest ion may arise, however, as to whether the varieties run on a single 
strip can give evaluative results. As regards this quest ion, it must be taken into 
consideration that the varieties o f all species were run on a separate chromatogram. 
too . on 3 to 4 adjacent strips, i.e. in 3 to 4 repetitions. In Fig. 2 a chromatogram 
is demonstrated in which the extracts two varieties o f Ye l low lupine were developed 
in a uniform quantity, in four adjacent repetitions. At the edges o f the paper, the 
universal standard appears in three different quantities. 

It turns out from Fig. 2 that, if identical quantities o f an extract made from the 
same variety are run in four repetitions, we may obtain uniform separations and 
spot sizes. The method is therefore reliable. The further important conclus ion at 
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A l a 
Thr 
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Fig. 2. Qualitative composition of free amino acids o f the two lupine varieties, as a result of the 
live-wilting of the isolated shoots, connected with a strong water-loss. The chromatogram 
was made with the same butanol solvent and ninhydrin development as recorded in the 
previous Figure. The extracts of both varieties were run on four adjacent strips, /'. e. in 
four repetitions. 
A = Universal standards, in sequence, from the left: 15, 30. 45 and 3 0 n g total amino-acid 

content; 
I = Bornhof variety (4 repetitions); 

II = Refusanova variety (4 repetitions). 

present is that no qualitative difference is to be observed between the amino-acid 
compos i t ions o f the two varieties. 

It is a lso to be seen in the chromatogram that the spots o f the "Refusanova" 
variety (the four repetitions on the right) are generally somewhat larger than those 
o f the " B o r n h o f " variety, on the left. The total amino-acid concentration o f the 
"Refusanova" variety is therefore larger. In Fig. 2, a cyclic amino-acid is a lso pre-
sent: pipecolic acid, which is not a protein-former, but is characteristic o f legumes. 

As regards Fig. 1 and 2, it may be stated that, if the proline is developed with 
ninhydrin, they only give spots of pale (light ye l low) colour. Further, this spot cannot 
be eluted, either to be measured colorimetrically. In the quantitative measurement 
of proline, we have therefore applied the highly sensitive isatin, which forms an 
intense, dark-blue spot with proline. In Fig. 3 a chromatogram is visible which was 
developed with isatin for measurement o f proline quantities. It illustrates the extracts 
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of three varieties o f rye, in three repetitions each. In addit ion, proline standards a s 
well were run on the same paper. 

In Fig. 3 it is discernible that, from a m o n g the freeamino-ac ids o f rye varieties, 
proline gives dark (blue) spots o f very considerable size (rye being a species o f pro-
l ine-accumulating type) and. if a phenolic solvent is applied, it is fully separated 
from the other amino-acids. From the chromatogram it is visible even to the naked 
eye that the proline and total amino-acid concentrat ions o f the rye variety run in 
the middle ( R ^ ) are higher than those o f the other two varieties. It is a lso seen from 
the chromatogram that — apart from proline — the other amino-ac ids form only 
pale spots o f very little extent, as they respond poorly to the isatin developer. 

In the fol lowing, we shall examine what spot intensity is given by proline, and 
what is the quantity and relation o f the other amino-acids , as compared with proline, 
in the case o f the phenolic running on paper o f the extracts o f lupine varieties be long-
ing to the non-proline type, and o f their isatinic development (Fig. 4). It must be 
mentioned in advance, however , that in the case o f varieties belonging to the non-
proline type — e.g. lupine — it is necessary to apply (3 to 4 t imes as much extract 
as from the varieties o f prol ine type) for the proline to appear in a measurable 
quantity. 

It turns out from Fig. 4 that in the case o f the extracts o f the isolatedly live-
wilted, that is to say strongly water-deficient shoots o f lupine-varieties, the largest 

PROLIN 

Leu • lieu 
Phe 
Val + Met 
Arg + L y s 
A l a + f-Amb 
Gin 1 

Gl y + Ser 
Asn 
Thr 
G lu • Cys 
Asp 

Fig. 3. Separation of the free aniino-acids of the rye varieties belonging to the proline-accumulat-
ing type, and the quantitative determination of proline in the case of applying a phenol-
water (4:1) solvent. Developer: isatin solution, which reacts strongly with proline. 
Identical quantities of all varieties were run o n three adjacent strips, i. e. in three repetitions. 
The strong water-deficiency of the varieties was induced by live-wilting the isolated shoot s 
for two days. 
A and B = proline standards, starling in sequence from the left: 5, 10, 15, 20; and 40, 30 . 

20 ug; 
I = rve variety R , ; 11 = rye variety R 3 1: 111 = rye variety R „ . 
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PROLIN! 
Leu • Phe 
V A L + Met 

A rg + L y s 
A l a * f-Amb 
G in 
G ly • S e r 
Asn + Thr 

Gl u * Cys 

Asp 

Fig. 4. Determination of the proline in the two varieties of Yellow lupine of non-proline-type. 
with a paper-chromatographic. eluation method. Live-wilting took place with isolated 
shoots, identical quantities of the extracts of the lupine varieties were run on six adjacent 
strips each, i.e. repeated six times. The solvent was phenol-water, and the developer was 
isatin, as in the previous Figure. On both sides of the chromatogram, on the three extreme 
strips, proline standards were run. 
A and B = proline standards in sequence from the left: 5, 10. 15: and 20, 5, 10 | ig; 
I = Bornhof variety; II = Refusanova variety. 

and most intensive spot is not given by prol ine; it is a c o m m o n spot o f asparagine + 
+ threonine. It was established by A T K I N S et al. , (1975) that in the case o f lupine 
and most l egumes the most N-conta in ing important product of nitrogen-fixation 
and nitrate reduction is asparagine. In addit ion, asparagine similarly acts as a primary 
N-source o f protein synthesis. Proline does not a lways predominate, therefore, 
a m o n g the free amino-ac ids o f the plant species not belonging to the proline type. 
At any rate, in this method , if the o p t i m u m quantity o f extract was applied, the 
amino-ac ids are still reasonably separeted and proline is present in a quantity that 
can be eluted well for colorimetric measurement . 

It is a lso to be seen in Fig. 4 that proline is contained in a major a m o u n t by the 
extract o f the " R e f u s a n o v a " variety (strip 6. on the right on the paper). 

Before reporting the results o f our quantitative measurements, it is to be 
ment ioned that for any variety o f every species, on isolating a group o f shoots 
(control) , we immediately measured the fresh matter. After being fixed, this was 
then dried and, after live-wilting for two , three or four days, the wilting weights 
were measured too . It was established from these weights whether l ive-wilting 
cou ld be finished, as the wather-deficiency had already achieved 65 to 70 per cent 
compared with the fresh weights. After starting from an identical weight o f fresh 
matter, as well as o f live-wilted matters o f the same water-loss, the dry-matter contents 
were a lso measured for all varieties. It was established that, as regards the dry-
matter contents measured in this way, we obtained no characteristic difference 
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a c c o r d i n g t o v a r i e t y , w h e t h e r w e h a d s t a r t e d f r o m f r e s h o r f r o m l i v e - w i l t e d m a t t e r . 
T h e f r e e a m i n o - a c i d c o n t e n t s r e l a t e d t o I g d r y m a t t e r g i v e , t h e r e f o r e , a c o r r e c t 
b a s i s f o r c o m p a r i s o n . T a k i n g i n t o c o n s i d e r a t i o n t h a t s a m p l e s w e r e t a k e n f r o m t h e 
t w o h y b r i d m a i z e v a r i e t i e s t h r e e t i m e s , p r i m a r i l y t h e d a t a o f t h e s e a r e r e p o r t e d h e r e 
( T a b l e I ) . 

T h e p r o v o c a t i o n o f t h e w a t e r - l o s s o f t h e i s o l a t e d fu l l s h o o t s w a s c a r r i e d o u t 
in t h e c a s e o f m a i z e , w i t h l i v e - w i l t i n g f r o m t h e t h i r d till t h e s i x t h d a y . H o w e v e r , 
e v e n d u r i n g t h e s ix d a y s , t h e r e d u c t i o n o f t h e w a t e r - c o n t e n t in t h e i s o l a t e d s h o o t s 
d i d n o t r e a c h 6 5 t o 7 0 p e r c e n t , b u t a m o u n t e d o n l y t o 5 5 per c e n t . A t t h e s a m e t i m e , 
t h e l a r g e s t f r e e a m i n o - a c i d a n d t o t a l - p r o t e i n c o n t e n t s w e r e a c h i e v e d in t h e s h o o t s 
l i v e - w i l t e d f o r f o u r d a y s . T h e s e d a t a a r e t h e r e f o r e g i v e n in T a b l e 1. 

Table / . The free proline, total amino acid and soluble total protein contents of the isolated shoot s 
and leaves of two hybrid maize varieties, as a result of a strong water-loss (live-wilting). 
At the 7- and 11-leaf ages, the full shoots were isolated; their live-wilting, inducing a strong 
water-deficiency, lasted with constant illumination for four days. At the 14-leaf age. the 
eleventh leaves were isolated, counted from below, and their live-wilting lasted for three 
days. A real basis for comparison is only given by the results of the varieties equally devel-
oped. raised under identical conditions, and live-wilted together, (varieties separated 
from each other by horizontal lines in the Table) 

Hybrid maize 
Deve lopment of 

shoot s at the time o f 

Proline 
content 

from the 
live-

Total amino-acid 
content , 

m g / g dry matter 

Soluble 
total 

protein; 
live-

wilted 
Hybrid maize 

isolation 
wilted 

sample ; From shoot s 

Soluble 
total 

protein; 
live-

wilted 

mg/g dry 
mater 

fixed on 
detaching 

live-
wilted 

matter 
mg/g 

Hungarian hybrid 
K S C 360 
A 9 0 X I 5 3 R 

7-leaf shoot s 1.1 9,9 60 .3 39.6 

Foreign hybrid 
BcSK 5/a 

W 6 4 A X Oh43 

7-leaf shoot s 1,2 9,0 52,7 33.1 

Hungarian hybrid 
K S C 360 
A 9 0 X I 5 3 R 

11 -leaf shoot s 1.2 20,4 71.1 45 .8 

Foreign hybrid 
BcSk 5/a 
W 6 4 A X O h 4 3 

1 l-leaf shoots 1.1 20,4 60.6 37.5 

Hungarian hybrid 
K S C 360 
A 9 0 X I 5 3 R 

isolated leaves 3,9 16.8 49.8 42 .9 

Foreign hybrid 
BcSK 5/a 
W 6 4 A x O h 4 3 

• 

isolated leaves 3,2 14,4 41.0 35.2 
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It is clear from Table 1 that, in the course o f the live-wilted water-loss o f the 
isolated full shoots , in the case o f maize, at the times o f both the 7- and I l - l eaf 
deve lopments only a very small proline a m o u n t was accumulated. In addit ion, there 
was no characteristic difference between the proline contents o f the two varieties 
investigated, either. Therefore, in the course o f sampling 3, we have no longer iso-
lated full shoots , but only leaves (counting leaf 11 from below in the shoots with 14 
leaves). In the course o f l ive-wilting the isolated leaves, we have already achieved 
a 70 per cent water-loss in three days, as compared with the water-content o f the 
freshly-isolated leaves. 

It can be established from Table 1 that, as a result o f this strong water-loss o f 
the isolated leaves, the proline concentration became three times higher as compared 
with the isolated shoots ( 1 . 2 : 3.9). At the same time, there is a considerable difference 
between the proline contents o f the varieties as well. The Hungarian improved 
variety, i.e. " K S C 360" accumulated 21.8 per cent more proline than the variety o f 
foreign origin, "BcSK 5/a". 

This result at all events supports our previous finding ( PÁLFI et al . ,1973, 1974a, b) 
that maize is not a proline-accumulating type because, even as a result o f a strong 
water-deficiency the proline concentration o f the leaves does not amount , to 10 mg/g 
dry matter. 

It is to be seen from Table 1 that in the free total amino-acid contents o f shoot -
and leaf-samples fixed and dried immediately after being detached, there is hardly 
any characteristic difference between the two varieties. However the total amino-
acid amounts o f the samples taken at the times of different deve lopments differ 
from each other uniformly and strongly in both varieties. The total amino-ac id 
content o f the first isolated 7-leaf shoot sample for instance, is more than two times 
lower than that o f the shoot sample taken on the second occas ion. Further, as 
compared to this, the total amino-acid content o f the isolated leaves is even smaller 
(by 25 to 30 per cent). However, we are mainly interested in the total amino-acid 
content , formed primarily as a result o f the live-wilting water-loss o f the isolated 
shoots . 

Table 1 shows that the amount o f the free total amino-acids accumulated as 
a result o f the strong water-deficiency, at all three developmental and sampling-
stages was larger for the Hungarian variety " K S C 360" than for the foreing variety 
"BcSK 5/a" (the difference falls between 14.4 and 21.4 per cent). 

In Table 1, it is demonstrated that in the course o f analysing the live-wilted 
matter o f a strong water-loss, in respect of the soluble total protein, too , for all 
three samplings the larger amounts were given by the Hungarian improved variety 
as compared with the foreign o n e (the difference falls between 19.6 and 22.1). 

It can therefore be established from the data o f Table 1 that the free total amino-
acid and soluble total-protein contents o f the variety showing a stronger proline 
concentration as a result o f the strong water-deficiency, i.e. the Hungarian " K S C 360", 
also achieved considerably higher levels than those o f the foreign variety, "BcSK 5/a". 
As the drought-resistances o f both maize varieties investigated are already known 
from the results o f raising experiments (PINTÉR et al., 1976), it can be stated that 
the amounts o f the free total proline, total amino-acid. and soluble total protein at 
higher level, accumulated as a result o f the strong water-loss, are connected with the 
higher degree o f drought-resistance. 

In estimating the drought-resistances o f maize varieties, we can a l so consider 
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that, in the course o f isolating, live-wilting, and analysing the young but already 
ful ly-developed leaves, taken from the upper one-third o f shoots in the state o f 
deve lopment before tasselling. a major proline content can be achieved and that the 
difference between the varieties may be more considerable. 

It was established by JOVANOVIC (1975) that the crop o f hybrid maize was most 
influenced by the amount o f precipitation in the period lasting from the 9-leaf stage 
till tasseling. This result supports our suggestion that, in order to determine drought-
resistance, the sample taken in the phase before the deve lopment o f tasselling is most 
suitable because the maize plant is most sensitive to a water-deficiency at this time. 

G U P T A and K O V Á C S ( 1 9 7 4 ) put in an air-condit ioning plant for four days mai-
ze plants raised under glass in a culture-vessel until their 5-leaf stage and induced 
in these a strong water-deficiency. They then set out the seedlings in the field and. 
during the raising o f the plants, determined their drought-resistance. T h e results 
agree with our finding that the considerable differences during the determinat ion 
are given by the maize plants exposed to a strong water-deficiency for four days. 

In the fol lowing, we pass to an analysis o f the rye and lupine varieties. In an 
evaluation o f the results o f Table 2. however, it is to be taken into considerat ion 
that real data for comparison are given only by the analysed data o f the live-wilted 
shoots isolated at the same t ime from among the shoots raised under identical cultu-
ral condit ions , belonging to the same species and showing the same deve lopment . 
The data corresponding to these condit ions are separated from o n e another by hori-
zontal lines drawn between species and varieties. Correspondingly, the rye and lupine 
varieties at the two stages o f development form separate groups in respect o f evalua-
tion (Table 2). 

In Table 2, the first three, i. e. the free proline, total amino-acid and soluble total 
protein contents o f rye variety R33, for the isolated shoots , live-wilted for earing, 
resulted in much higher values than the other two, varieties. R, and R „ (R s l = stan-
dard variety). At the same time, the higher-level proline and total amino-acid con-
tents o f variety R 3 3 are also reflected by the chromatogram of Fig. 3. Similarly, one 
o f the three rye varieties, R1 3 2 , showed a considerably higher level, in respect o f both 
proline and total amino-acid and soluble total protein. The other two rye varieties 
R ) 3 1 and R]3g, afforded fairly uniform concentrat ions as compared with each other 
concerning the materials investigated. 

Similarly to the analyses o f maize varieties, therefore, it can also be stated for 
the rye samples that the same variety gave characteristically higher values in regard 
to the total amino-acid and the soluble total protein, as well, in which the proline 
concentration o f the isolated shoots rose to a higher level during the strong water-
loss. It can be established from the proline amounts o f the rye varieties that the rye 
species belongs to the proline-accumulating type: as a result o f a strong water-defi-
ciency. for all the six varieties investigated, the proline concentration o f their iso-
lated shoots exceeded the critical 10 mg/g level. 

S I N G H and A S P I N A L L (1972) investigated the drought-resistances o f ten barley 
varieties, belonging similarly to the proline type. The rapid formation o f a strong 
water-deficiency was induced by wetting for three days the root medium of the plants 
raised in a culture-vessel for a period o f three weeks with a hypertonic solut ion o f 
polyethylene glycol (—20 bar). S I N G H and A S P I N A L L demonstrated, as a result o f 
the strong water-deficiency o f barley at the same level, very dilferent proline con-
centrations in the leaves (from 9.0 up to 24.1 mg/g dry matter) according to varieties. 
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Table 2. The free proline, total amino-acid and soluble total protein contents of the isolated s h o o t s 
of the rye and Yel low lupine varieties, as a result o f a strong water-loss (l ive-wilting). 
Live-wilting lasted for two days with constant il lumination. (Only the deve lopments of 
the species a n d varieties separated from each other by horizontal lines are identical.) 

S p e c i e s a n d varieties 
D e v e l o p m e n t of 
s h o o t s at the t ime 

Proline 
contcnt 

from the 
live-

Tota l amino-ac id 
conten t , m g / g dry 

matter 

So luble 
total 

protein; 
f rom S p e c i e s a n d varieties 

o f isolation wilted 
sample ; F r o m s h o o t s live-

wilted 
m g / g dry 

matter 
Fixed on 
detaching 

live-
wilted 

matter 
m g / g 

Rye: R, o n earing 15.2 11.2 23 .6 27.6 

Rye: R M on earing 22.8 13,5 32,5 33.5 

Rye: R „ on earing 12,5 11.6 24 .3 27.9 

Rye: R u i o n flowering 12,7 12.7 24.6 25,7 

Rye: R13S o n flowering 20,3 15.0 30.9 31.4 

Rye: R 1 3 , o n flowering 11,5 12.8 23.8 25.8 

Lupine B o r n h o f o n budding 3.4 16.3 47 .2 36.7 

Lupine R e f u s a n o v a o n budding 4,8 16.8 52.8 44 .2 

Lupine A f u s on flowering 3.5 15.4 39.7 35,5 

Lupine Borluta on flowering 4 ,2 15.9 45 .6 41 .8 

Lupine Bocksee on flowering 3 .0 15,1 34.2 32.1 

The authors proved with their field-growing experiments with the same ten barley 
varieties that drought-resistance o f the varieties increases in direct proportion to 
the rise in the proline concentration. This fact has already been ascertained by us in 
our former investigations and by other authors, as well ( P A L F I . 1 9 6 9 ; P A L F I and 
J U H A S Z , 1 9 7 1 ; PALFI e t a l . , 1 9 7 3 ; A S P I N A L L e t a l . . 1 9 7 3 ; W A L D R E N a n d T E A R E , 1 9 7 4 ) . 

Returning to the data o f Table 2, it is clear that from a m o n g the two kinds 
of lupine samples taken on gemmation, the proline, total amino-acid, and soluble 
total protein concentrat ions o f the Refusanova variety show higher values than 
those o f the Bornhof variety. These results can also be concluded from the spot si-
zes o f the chromatograms in Fig. 4. 

In Table 2. , the results o f the three kinds o f lupine varieties taken on flowering 
show a gradual différenciation; the proline, total amino-acid and soluble total pro-
tein concentrat ions o f the Bocksee variety are the smallest. Those o f the Afus vari-
ety are already higher, but those o f the Borluta variety achieved the highest level. 
The results on isolated lupine shoots , taken on budding and flowering and exposed 
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to a strong water-deficiency, similarly to the data obtained for the rye varieties, 
indicate that if the proline concentrat ion o f a variety is higher then the total amino-
acid and soluble total protein amounts of the same variety rise to a higher level, 
as well. 

A S P I N A L L e t a l . , ( 1 9 7 3 ) . B A T E S e t a l . , ( 1 9 7 3 ) . L E W I T T ( 1 9 7 2 ) . S I N G H a n d A S P I N A L L 

( 1 9 7 2 ) and W A L D R E N and T E A R E ( 1 9 7 4 ) determined the degree o f drought-resistan-
ces o f plants on the basis o f the concentration o f accumulated free proline. They did 
not take into consideration whether the plants investigated were o f prol ine-accumu-
lating type or not. This new classification has not been applied by other authors 
apart from ourselves as yet. 

It is to be seen from the results (Tables 1 and 2) that the isolated shoot s o f the 
species classified into the non-prol ine type accumulated only a relatively small quan-
tity o f proline as a result o f a strong water-deficiency. In cases like this, the possi-
bility o f errors in analyses increases. It seemed to be advisable to determine, not 
only the proline, but also the free total amino-acid and soluble total protein contents 
which amounted , as a result o f the water-deficiency, to 200 to 300 per cent o f the 
control well supplied with water. According to our results, not only the a m o u n t o f 
free proline accumulated o w i n g to the water-deficiency is in correlation with the dro-
ught-resistance o f the variety investigated, but also the free total amino-ac id and 
soluble total protein concentrat ions if live-wilting was carried out for the required 
time and under the o p t i m u m condi t ions . Therefore, after being further investigated, 
this complex method seems t o be suitable for the rapid evaluation o f the droght-
resistances o f the new plant varieties created by the improvers. 
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