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ABSTRACT 

Rooted cuttings of grape vine, cvs. ‘Black Grenache’, ‘Carignane’ and ‘Alicante Bouschet’, kept at 25 

± 2° C in the dark, I transferred it 30-days after budburst to a greenhouse at 25°C (day), 20°C  (night) 

and 12 hr light. A week after, foliar growth started and normal green pigmentation appeared. 21 days 

later, the synthesis of anthocyanins appeared in the leaves and stems. After 28 days, calcium content, 

expressed as the percentage of dry matter in the shoot apex, decreased and symptoms of calcium 

deficiency appeared. A hypothesis was proposed to explain the mechanism inducing calcium 

deficiency by the pretreatment to darkness. 

Keywords: Cutting one eye, pretreatment by darkness, calcium deficiency. 

 
INTRODUCTION 

In Tunisia, anthocyanins are mainly 

manufactured from grape marc. Their extraction 

period is limited to that of the date of harvest 

which lasts from 15 to 21 days according to 

years'. The search for other products containing 

these compounds can be a significant objective. 

We were initially interested in vine leaves (7). 

The results showed that certain types contain a 

foliar anthocyanin compounds with high levels. 

So their leaves could represent a promising 

source. In addition, and according to type of 

vines, the dates of harvests of the raw material, 

marc and leaves, are not the same ones, which 

allows their use. Anthocyanin extraction from the 

leaves would be promising. However, the search 

for a biotechnological process or a mechanism 

producing these secondary metabolites is a 

significant objective. We developed a technique 

for anthocyanin production in grape leaves (Vitis 

vinifera L.) cuttings (8). But, this experimental 

technique presents disadvantages: If we don’t 

harvest the leaves and the stems induced at the 

convenient period, yellowing and disturbances of 

the leaves because of a calcium disorder may 

occur. Calcium disorder is reviewed (18). Certain 

plants express this disorder:  the tip-burn 

development in lettuce leaves (1), the bitter-pit in 

apples (5, 17), the blossom-end rot in pepper 

fruit, the apex rot potato (4) and the apex necrosis 

of cabbages (14), the black core of celery (19). 

Calcium is far from being mobile in the phloem 

(6, 10, 16) and its distribution depends mainly on 

xylem (10, 11), which can lead to disorders 

particularly in fabrics supplied with phloem and 

in fabrics which transpire little (10). According to 

Palzkill et al., (14, 15), root pressure can promote 

water and ions absorption during the night, when 

there is little water loss following the closing of 

stomata. Calcium deficiencies of the vine are 

induced by hydroponic culture (3).  

Thus, it seems that the migration of calcium is a 

passive phenomenon assured mainly by 

transpiration and to some extent by root pressure. 

We report here to induct a calcium deficiency 

from the pretreatment by total darkness. 
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MATERIALS AND METHODS 

Grape cultivation  

The type of vines tested are Black Grenache, 

Carignane and Alicante Bouschet resulting from 

selection massale and carried by 99 Richter, 

planted in 1975 in the area of El Khenguet AOC 

Sidi Salem delegation of Grombalia, Department 

of Nabeul, Tunisia, latitude 10°25’; longitude 36° 

37 W; rise: 20 m. Vines were planted 2 m within 

and 3m between the rows, and trained to north 

African goblet. Fertilization, pest control and 

other vineyard operations were consistent with 

accepted commercial vineyard practices.  

2000 cuttings of the cultivars (Black Grenache, 

Carignane and Alicante Bouschet) coming from 

apical fragment were cut to a length of 20 cm, 

disbudded so as to retain only the bud of rank 8, 

then planted in jars of 1 l containing  city water 

whose composition is as presented (table 1). All 

cuttings were rooted with a preliminary 

plastering; the bud is covered with absorbent 

cotton, a plastic ring covers them, a band plasters 

is applied to the unit. The hardening of the plaster 

makes it possible for the bud not to strip. Routing 

the cutting was done then without problem. The 

removal of plaster then made it possible for the 

bud to regain its development. The cuttings were 

maintained at a total darkness under a relative 

humidity of 60% and a constant temperature of 

23°C  2 (fig 1). By daily observations, we 

identified the number of buds that had reached 

the stage of bursting called D0. 

The first appearance of root occurred at the end 

of 35-40 days at this temperature. After appearing 

three roots, the buds were removed the plaster 

(Fig. 2). Bud bursting and branch growth in the 

darkness were done then without any problem 

(Fig.3). After 30 days, the stripped buds form 

then stems with highly reduced 5-6 leaves (fig. 

4), characterized by the absence of chlorophyll 

and anthocyanin pigment. The diameter of the 

seedling increased.  We measured it with a slide 

caliper. Then, we compared the section of the 

stem to that of the surface. If D was the diameter 

of the internodes n°3 in mm, the sectional area of 

the internodes n° 3 would be given by the 

formula 3.14 D
2 

/ 4. Measures of the seedlings 

length  and leaf area on this date of the evolution 

were carried out. The seedlings developed thus, 

exactly old 30 days, were transferred in to the 

greenhouse thermo regulated to 25°C day, 20°C 

night, 12 hours light, 12 hours darkness. After a 

couple of weeks, a foliar growth was noted and a 

normal green pigmentation appeared (Fig. 6). 

After 21 days, reddening of the sheets in red 

vines appeared (fig. 7). After 28 days in the 

greenhouse, calcium deficiency took place (fig. 

8). They were too, of the measures of length, of 

the diameter of the internode’s n°3 and the leaf 

area are carried out.  In all the cases, the length of 

the stem was measured. The leaf area was 

estimated in the following way:  the leaves were 

detached from the seedling and were 

photocopied. We used the graph paper and 

operated with an image division, which we 

weighed. If P1 is the weight of the sheet image on 

the graph paper and P0, the weight of 100mm 
2
,
 

the surface of the sheet was then estimated by the 

formula 100P1 /P0 in mm 
2
. For the analysis of 

calcium, the extraction was carried out at a stage 

of a 28-day stay in the greenhouse. Out of 2000 

cuttings placed in the darkness, we retained 30 

prototypes for each condition, gathered in a 

batch. The internodes of the apical and basal part 

were separated from the leaves which constituted 

4 parts different: 

ISWA= Internodes subjacent with the apex, IB = 

Internodes of the base.  

SLA   = subjacent leaves of the apex, LB = leaves 

of the base.  

The analyses were carried out on each part and 

we operated five repetitions. 

Proportioning of calcium 

Calcium is proportioned on the product of a nitric 

extraction at a rate of 25 ml of nitric acid with 

0,5% per 20 dry powder matter. Proportioning is 

done by atomic absorption in flame air-acetylene 

using standard photometer of flame Pye Unicam 
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PU 9000 Philips.  Certain conditions of use of the 

apparatus are mentioned (Table 2).  

RESULTS  

Total response of the seepages test screw a live 

treatment recommended  

The growth of seedlings which were cultivated 

since the departure in the greenhouse had a 

normal development and did not show any red 

pigmentation of breaking of the branches at the 

final stage of their evolution. The pretreatment 

"darkness" involves symptoms of calcium 

deficiency to differing degree according to the 

vine type. For Black Grenache, 41% of the 

cuttings were affected; this effect was totally 

absent in Alicante Bouschet (table 3) and 

significantly less pronounced in Carignane 

(10%). The symptoms started with surface 

beaches which were more or less brownish and 

sunk into the youngest internodes. At this stage, 

the summit of small size could be still alive. 

Thereafter, the necrotic zones extended and the 

tips reached are desiccated. The apex died. 

Drying gained an apical part of the stem.  

We will analyse the various parameters, which 

are responsible for this phenomenon. 

Effect of the total darkness on the 

characteristics of the growth of seedlings 

Total darkness induced an increase in the length 

growth of the branches of vines tested.  The 

darkness caused as a growth in thickness which 

was definitely as significant as that obtained 

under the conditions of the greenhouse for black 

Grenache and Carignane, but not for Alicante 

Bouschet.  Finally darkness reduced of 8-13 

times the leaf area according to vine type, 

compared to the conditions of greenhouse (table 

4). There were significant differences between 

the fresh matter weight of the seedlings cultivated 

under darkness and in the  greenhouse for 

Grenache, Carignane and Alicante Bouschet. 

There was no difference between the fresh matter 

weight of the seedlings cultivated under darkness 

and in the greenhouse for the same type of vine. 

There was a significant difference between the 

dry matter weight of the growths cultivated in 

darkness and those in greenhouse for three types 

of vines (table 5). Darkness reduced significantly 

dry matter production as because of 

photosynthesis inhibition under this condition. 

There was more calcium in the basal part than the 

apical whatever the treatment was, in the 

greenhouse or in the darkness for the three types 

of vines. The darkness involved a reduction in the 

leaf area, and an increase in calcium content. 

These caracteristics were more pronounced in 

Grenache and Carignane than in Alicante 

Bouschet.  

Effect of the pretreatment to darkness on the 

characteristics of the seedlings   

Observation after 21 days in the greenhouse 

 The transfer of the cuttings from darkness to the 

white light has not assigned to then the growth in 

their shoots length when comparing percentages 

of the increase between 30 and 51 days compared 

to the shoots of the cuttings cultivated directly in 

the greenhouse. Conversely to the length 

seedlings, the stem section had decreased for all 

groups. The etiolating shoot acquired different 

characters and when we returned to the 

greenhouse, it tended to acquire its origin 

characters. The transfer from the total darkness to 

the greenhouse for 21 days induced an increase of 

the leaf area of 1000%, but it did not allow 

recapturing the leaf area shoot average of 

cultivated in the greenhouse since the beginning 

during 51 days (Table 4 and 6). 

Concerning the anthocyanin compound leaves of 

vines, five compounds were detected: 

Delphinidin 3-O glucoside, Cyanidin, Petunidin, 

Paeonidin and Malvidin. They were presented in 

the free and combined form by acetic and 

coumaric acids (8). 

Observation after 28 days in greenhouse 

We found the same conclusions concerning the 

vegetative growth as those done for 21 days in 

the greenhouse. The principal element was the 

appearance of calcium deficiency symptoms, 
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with the ultimate ones implying a cellular 

disintegration membrane of the apical part of the 

branch what disaggregates intercellular cement 

by dissociating the tissue structures. In the 

greenhouse, the growth was normal and there was 

no synthesis of anthocyanin compounds. There 

was no significant difference neither of the fresh 

matter weight nor the dry matter weight between 

the growths maintained in darkness and those in 

the greenhouse. There was a modification in the 

calcium contents particularly in the zone of the 

apex which decreased by 4 times for black 

Grenache and by 3 times for Carignane.  For 

Alicante Bouschet, the calcium content was not 

significantly affected (table7). In the darkness, 

the dry matter weight is 12% for Grenache and 

Carignane and 14 % for Alicante Bouschet (table 

5). When the growths condition was changed to 

the greenhouse, the dry matter weight became 

13% for Grenache, 14% for Carignane and 15 % 

for Alicante Bouschet (table 7). There was not 

variation in the change of the matter fresh weight 

between the growths exposed directly in the 

greenhouse and those pretreated by the total 

darkness. The transfer of the batch from total 

darkness to the greenhouse had not affected the 

calcium contents of the basal part of the growth 

(table 7). In our program two periods were 

followed: the first was characterized by total 

darkness during 30 days (phase I) and the second 

by the transfer in to the greenhouse during 28 

days (phase II). In phase I, the stomata closing 

and the reduced surface of the leaves suggested 

that water loss by transpiration was weak and the 

root pressure was dominant. In phase II was 

characterized by the transfer of the batch from 

total darkness to the greenhouse and mainly by a 

resumption of the leaf growth, the transpiration 

would over ridded it this time on the root pressure 

and the calcium deficiency was observed. In 

addition, under temperature conditions, moisture 

and stationary photoperiod, different calcium 

absorption happens in the vines stems according 

to vine type. For black Grenache the calcium 

contents expressed as the percentage of the dry 

matter are a quarter, for a one third for Carignane 

when there was appearance of the necrosis apical 

symptoms. On the other hand, differences in 

calcium contents are not significant between 

treated and witnesses; whereas growth in width 

stems was practically the same in treated as in the 

greenhouse, although the foliar growth in the 

treated seedlings was reduced in the same way as 

that of two other vine types.  

 

DISCUSSION AND CONCLUSION 

The calcium transport for the plants was studied 

(9, 12, 13, 20). We retain the following data: 

- Water penetrates through the hair absorbants, 

gets to the vessels by the bark and the central 

cylinder: It follows the way of the apoplasm, the 

symplasm and transcellular transport. 

- The migration of calcium at long distance is 

assured passive fact a mainly by transpirant 

leaves. The root pressure is a way additional or a 

replacement of transpirant leaves. It determines 

an ascending transport. 

- The crude sap distribuates calcium to the 

various parts of the plant. The calcium content in 

the elaborate sap is weak. Calcium is not mobile, 

it is not distributed the oldest leaves towards 

young. 

- The apex is supplied with calcium by migration 

on sites of exchanges. Mitosis and the growth of  

cells generate new sites of fixation at the level of 

the plasmalemn and average plate that calcium 

will occupy by cationic reaction of exchange 

while following the apoplasmic way. 

On the basis of these data, we propose an 

explanation of the manifestation of the calcium 

deficiency. The pretreatment of the seedlings in 

total darkness induced etiolation responsible for 

three vine types, a lengthening of the stem, an 

abnormal thickness growth and a considerable 

reduction of the leaf area as well as a blocking of 

the anthocyanins synthesis. These conditions are 

due to phototropism and far UV (2). The 

ascending transport of calcium is done mainly by 
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the root pressure. This means of transport is thus 

able to feed the growth equipped with their leaves 

for their calcium apex. It is then the means of 

transport at long distance from this element under 

this condition.  However it is generally allotted a 

palliative or complementary function to 

transpiration (12, 13). 

In the greenhouse, the growth is normal and there 

is no synthesis of anthocyanin compounds, the 

transport of calcium is done by transpiration for 

the diurnal period and probably by the root 

pressure at the night. For the vine, the root 

pressure is effective only if the transpiration feeds 

it. During the night, It contributes to the 

continuation of the routing of the calcium 

imported beforehand in the branches by the 

transpirant leaves for the diurnal period. 

Radicular flow would be a temporary vehicle 

relay of calcium requiring a regular restocking.  

The passage from total darkness to the 

greenhouse is followed by a resumption of the 

seedlings (leaf biomass), a reduction of the stem 

section and an induction of the biosynthesis of 

anthocyanins. The physiological state is regained 

by the conditions of the greenhouse. When the 

seedlings undergo a preprocessing the darkness 

followed by that of the greenhouse, the root 

pressure initially generates an ascending transport 

of calcium and ensures calcic food for the whole 

seedlings. During the first days, after the transfer 

into the greenhouse, the apex is probably 

supplied with calcium by the root pressure. As 

the leaf area of the base seedlings increases, the 

top of the growth is insufficiently fed. The flow 

of calcium is directed preferentially towards the 

base, and the symptoms of deficiency appear at 

the top. As soon as the transpiration of the basal 

sheets becomes intense, there are deficiency on 

the apex and appearance of the symptoms of 

calcium disorder. The migration of water leaves 

of the base have a relatively large leaf area, the 

transpiration takes over. The diversion of the 

flow of calcium towards the mature leaves is 

probably at the origin of the symptoms of 

calcium deficiency, which appear on the level of 

the apical part of the cutting.  
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Legende of figures 

 

Procedure for the induction of a calcic deficiency at the laboratory  

1 Bud is plastered in order to induce roots.  

2 When there are at least 3 roots the bud is removed the plaster.   

3 bud bursting in darkness  

4 Stage six very reduced sheets stage 30 days in darkness   

5 Stage 30 days in darkness  and in greenhouse. On the left, shoots in total darkness can  have 

7, 8, 9, 12 very reduced a pale yellow sheets.   On the right, cuttings are cultivated in 

greenhouse give normal axes with spread out and rather large sheets.  To note here the 

difference of lengthening of the branches and growth of the appreciable sheets. 

6 Cutting transferred from the darkness to the greenhouse during 15 days. Note here the 

beginning of colouring of the stems.   

7 Cutting transferred from the darkness to the greenhouse during 22 days. To note Curve of the 

stem of approximately 45°C and sunk red colouring of the carrying branch.  

1 2 3 4  4 
5 

6 7 8 
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8 Cutting transferred from the darkness to the greenhouse during 30 days. To note the curve of 

an angle equal to 135°C and beginning of the drying of the apex  which starts approximately 

at a point located at the third of the branch.    

 
 

Table 1:  City water Composition used in our Experiments 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2:  Conditions of use of the Apparatus for the Proportioning of Calcium 
Elements to be analyzed Absorption line Flame Flame proportioning µg/l Lamp mA 

Ca 422,7 0,05 AA 0,05 AA 3-6 

 

 

Table 3: Total Response of Various Types of Vines with Respect to the Calcium Deficiency 

 Grenache Alicante Bouschet Carignane 

Number of deterioration for100.  41 0 10 

 

 

Table 4:  Influence of the Total Darkness on the Parameters of the Growth of Vines 

 Greenhouse (G) Darkness (D) 

Length mm Grenache 49.5   2.5 129.2   12.6 

Stem area second internode mm
2
 10.4   1.0 23.1       2.1 

Area second leaves from basis mm
2
 1491  120 102      20 

Length mm Carignane 53.6    5.1 115      13.2 

Stem Area second internode mm
2
 13.2   1.6 20.2       1.9 

Area second leaves from basis mm
2
 1530  210 140.5    15.1 

Length mm A Bouschet 51.2   6.1 150.4    13.8 

Stem area second internode mm
2
 9.1     1.0 10.1        1.1 

Area second leaves from basis mm
2
 830    160 110.4    14.1 

                      D      = shoot having evolved in total darkness 

                      Greenhouse = shoot having evolved to 12h darkness  

Element mg/l 

Na 240 

K 6,5 

Ca 144,5 

Mg 36,5 

Cl 362 

NO3- 0 

SO4-- 400 

PO4--- Trace 

Fe 0,9 
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Table 5. Influence of the total Darkness on Ca content 

 30 days greenhouse Darkness 30  days 

Black 

Grenache 

FMW (g) 2,1   0,4 2,0   0,4 

DMW (% FMW) 14    1,3 12    1,3 

Ca Apex    ( %DM) 0,77  0,08 1,03  0,06 

Ca ISWA  + SLA (%DM) 0,96  0,04 1,23  0,05 

Ca IB  +  LB (%DM) 1,20  0,11 1,49  0,08 

Carignane 

FMW (g) 2,5   0,5 2,6   0,4 

DMW (% FMW) 15     1,6 12     1,5 

Ca Apex     ( %DM) 0,89  0,09 1,10   0,12 

Ca ISWA  + SLA (%DM) 1,01  0,11 1,28   0,13 

Ca IB  +  LB (%DM) 1,25  0,12 1,35   0,11 

Alicante 

Bouschet 

FMW (g) 1,6   0,3 1,5    0,3 

DMW (% FMW) 16     1,7 14      1,6 

Ca Apex     ( %DM) 0,84  0,08 1,01   0,10 

Ca ISWA  + SLA (%DM) 0,92  0,10 1,18   0,11 

Ca IB  +  LB (%DM) 1,10  0,11 1,31   0,14 

ISWA= Internodes subjacent with the apex, IB = Internodes of the base. 

SLA   = subjacent leaves of the apex, LB = Leaves of the base. 

FMW    = fresh matter weight; DMW    = Dry matter weight 

 

Table 6. Influence of the Pretreatment to the total Darkness on Parameters of the growth of 

the cuttings Transferred in Greenhouse 

 
(G) 40 d (G) 51 d (G )58 d 

(D)30d 

+10d (G) 

(D) 30d + 

21d (G) 

(D) 30d + 

28d (G) 

Lenght mm 

Grenache 
53,8 8,1 

52,3   3,4 
54,8 8,2 130,8 17,2 

132,413,2 
134,8 20,3 

stem Area second 

internode mm
2
 

10,6 1,2 
10,61 

10,8  1,2 18,0  2,4 
18,4     2,9 

17,3  2,5 

 Area second leaves 

from basis mm
2
 

1520150 
1520150 

1580180 334 52 
1000   150 

1043 50 

Length mm 

Carignane 
60,6  7,8 

66,9 
66,9 118,4 15,3 

122,4 19,3 
122,4 19,3 

stem Area second  

internode mm
2
 

13,4  1,7 
13,4  1,4 

13,4  1,4 18,6  2,5 
16,8    2,8 

16,8  2,4 

Area second leaves 

from basis mm
2
 

1810  265 
1880  211 

1880  211 610,8  71 
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Table 7. Total darkness (D) pre treatment influence on the Calcium contents evolution 

 (Expressed in % of matter dry) 

 (G ) 58  d (D) 30d + (G) 28 d 

Black Grenache 

FMW (g) 3,5 0,5 3,5 0,5 

DMW (% FMW) 13  1,3 % 13  1,4 % 

Ca Apex   ( %DM) 0,75 0,09 0,20 0,06 

Ca ISWA  + SLA (%DM) 0,91 0,08 0,84 0,08 

Ca IB  +  LB (%DM) 1,16 0,12 1,02 0,09 

Carignane 

FMW (g) 4,1 0,4 4,0  0,3 

DMW (% FMW) 14 % 1,5 14 % 1,4 

Ca Apex    ( %DM) 0,750,07 0,250,03 

Ca ISWA  + SLA (%DM) 0,95 0,09 0,790,07 

Ca IB  +  LB (%DM) 1,160,10 0,920,08 

Alicante 

Bouschet 

FMW (g) 3,0 0,3 2,8 0,3 

DMW (% FMW) 15 % 1,4 15 %1,6 

Ca Apex     ( %DM) 0,600,08 0,550,07 

Ca ISWA  + SLA (%DM) 0,900,09 0,750,08 

Ca IB  +  LB (%DM) 1,200,13 0,940,08 

ISWA= Internodes subjacent with the apex, IB = Internodes of the base. 

SSA   = subjacent leaves of the apex, SB =  leaves of the base. 

FMW    = fresh matter weight; DMW    = Dry matter weight 

 

 


