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Abstract. In this article, the results of experiments carried out for the purpose of 

researching photosynthetic properties (leaf area) of root stockss and seedlings are presented 

with a deep scientific analysis. 

Key words. root stock, seedling, photosynthetic properties, ontogeny, dwarf and super 

dwarf root stocks. 

Introduction 

Plants cannot grow if organic matter is not formed, moved and distributed. The 

formation of organic substances occurs in the process of photosynthesis. Photosynthesis 

provides the necessary energy for all biological functions, as well as creates a material and 

energetic basis (all other biosynthetic processes depend on it).[1]. 

The fruit grower must understand and take into account the external, internal and 

hereditary factors affecting the photosynthetic activity of fruit trees. He must not forget that 

all measures taken to obtain high and stable yields should be carried out taking into account 

the assimilation characteristics of the fruit plant variety and the rootstock [2]. When creating 

new forms of root stockss, great attention is paid to studying the photosynthetic activity of 

the selected clones [3] and the varieties root stocksed to them [4-5]. 

Initially I.V. Michurin [2], noted that the rate of photosynthesis in fruit trees from 

different root stockss is not the same, the reason for this is the difference in their ability to 

accumulate organic matter. 

Many scientists who observed photosynthesis in fruit plants noted the influence of 

root stockss on absorption rate [8-13]. 

According to N.V. Titova [5], young trees on dwarf rootstocks (in Moldovan conditions) 

are distinguished by a higher photosynthesis rate than trees on semi-dwarf and strong-

growing rootstocks. This, according to G.N. Shishkanu [7], is one of the main reasons for the 

early harvest of dwarf rootstocks, as well as their high productivity. Other authors [6], 

however, in Kyrgyzstan, where directly opposite data on the rate of photosynthesis were 

obtained. Some researchers also argue that the rootstock does not affect the photosynthetic 

rate of the rootstock [1]. Perhaps this is due to the fact that the rate of photosynthesis is quite 

strongly dependent on many external factors, soil and climatic conditions, and therefore it is 

difficult to compare this value in different varieties (or rootstocks) and take into account the 

degree of their influence [3]. Some scientists argue that the increase in the productivity of 

agricultural plants is not due to an increase in the rate of photosynthesis [8-10].  

Materials and methods 

 

The leaf surface area was determined using a palette and a curvimeter according to the 
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method recommended by Professor V.A. Potapov (1976). 

To study the distribution of photosynthesis products, 4 trees from each option were 

dug up at the beginning, middle and end of summer. Then, the bark of the plants was 

separated in the laboratory and, before being placed on a drying rack, the leaves, roots, bark 

and wood of each option were weighed separately, then dried at a temperature of 105° C (t°) 

to constant weight and weighed again. 

The following formula (Grodzinsky 1973) was used to calculate the photosynthetic 

potential: 

 
Here: S1 is the leaf surface at the beginning of the time interval (t1);  

S2 is the leaf area at the end of the time interval (t; t1, t2, t3 are the number of days 

between measurements). 

To calculate the net productivity of photosynthesis, the formula recommended by Kidd, 

West and Briggs (Grodzinsky, 1973) was used: 

t
SS

mm
ФСМ







2

21

12

 
Here: m1 – dry weight of one plant at the beginning of the calculation period (third 

decade of May), g; 

m2 – dry weight of one plant at the end of the calculation period (third decade of 

August), g; 

S1 – leaf area of one plant at the beginning of the calculation period (third decade of 

May), cm; 

S2 – leaf area of one plant at the end of the calculation period (third decade of August), 

cm; 

t – duration of the calculation period, days. 

For each option, 4 plants were taken from the replicates. 

Research results and discussion 

Photosynthetic productivity is determined not only by the rate of photosynthesis, but 

also by the size of the photosynthetic apparatus, that is, primarily its area, as well as the 

duration of this activity and its qualitative orientation. In order to study photosynthetic 

activity in seedlings with different growth vigor, we measured the leaf surface area in fields 

1, 2, and 3 of the nursery (Table 1). 

 

 

 

 

Table 1 

Leaf surface on cuttings in the 1st field of the nursery, cm per plant, 1st decade of August 

Root stock 
Years of research 

2023 2024 Average 

М-27 1149,0 885,3 1017,0 

М-25 - 809,1 809,1 
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“Miyabi Fuji” 1268,1 1085,0 1176,0 

М-9 1136,5 832,2 984.3 

ММ-102 882,5 1098,7 990,6 

М-26 1216,1 985,0 1100,5 

Dwarf JM7 Marubakaida х 

М.9 

1642,1 1269,3 1455,7 

М-7 1575,7 1086,3 1331,0 

ММ-104 1214,1 1197,0 1205,5 

ММ-106 1665,1 1209,8 1437,4 

Semi-vigorous grower 

Marubakaido 

1085,2 1373,2 2458,4 

ММ-111 985,2 1278,4 1131,8 

The table data shows that the highest leaf area indicators were observed in medium-

growing MM-106 and dwarf М-7 root stocks. Other dwarf and super dwarf root stocks, as well 

as semi-dwarf MM-104 root stock, had lower leaf area indicators than them. The smallest leaf 

area was recorded in super dwarf М-9 root stock. At the same time, in different years, these or 

those root stocks had different leaf area dimensions. Therefore, in 2023, the largest leaf area 

indicators were recorded in seed plants, and the smallest - in super dwarf root stocks (М-27, 

М-25 and М-9). 

As it is known that leaf area is largely dependent on the water supply of the plant 

(Glimerot, 1983), it is possible that this nature of leaf area formation in super dwarf 

rootstocks may be their response to the weather conditions of 2005 (which were 

characterized by high rainfall and low active temperature accumulation compared to other 

years). The high leaf area indicators in all rootstocks in 2024 can be explained by the 

favorable weather conditions (both in terms of rainfall and active temperature accumulation) 

that prevailed in this year. Thus, leaf area in rootstocks may vary depending on weather 

conditions. 

In general, it should be noted that the M-27, M-9, and M-25 super dwarf rootstocks lag 

behind the MM-106 rootstock, which grows moderately in terms of leaf area. 

Table 2 

The dynamics of the increase of the leaf surface in the 1st field of the nursery, 

cm2 in 1 plant, 2023. 

Root stock 
Observation date 

25.05 05.06 17.06 05.07 17.07 01.08 

М-27 246,3 329,4 509,4 542,4 878,1 885,4 

М-25 226,5 245,4 409,0 488,0 808,5 809,1 

“Miyabi Fuji” 254,5 318,2 565,7 658,8 1011,0 1068,4 

М-9 112,0 150,2 299,7 496,6 820,7 832,2 

ММ-102 267,5 333,2 593,7 696,8 1020,0 1098,7 

М-26 134,5 151,5 262,0 410,3 980,2 985,0 

Dwarf JM7 Marubakaida х М.9 129,3 166,4 232,1 415,3 1201,4 1210,9 

М-7 181,6 251,9 447,7 554,7 1082,1 1086,3 

ММ-104 125,4 156,8 225,9 410,5 1198,9 1200,5 
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ММ-106 115,1 214,7 381,0 590,7 1188,7 1209,7 

Semi-vigorous grower Marubakaido 321,8 364,0 647,2 767,8 1214,2 1258,4 

ММ-111 318,8 378,0 653,2 776,8 1224,2 1278,3 

In the remaining dwarf and semi-dwarf rootstocks, the dependence of leaf area on 

growth force is not clearly noticeable. In all years, the highest leaf area indicators were 

recorded in the dwarf M-7 rootstock. To obtain detailed information on the growth of leaf 

area, we measured this indicator in dynamics (Table 2). 

Dynamic measurements of leaf area have shown that the rate of leaf area growth varies 

among rootstocks. In general, dwarf and super dwarf rootstocks show a rapid increase in leaf 

area in early summer followed by a slight decrease in growth rate, while semi-dwarf and 

medium-growing rootstocks show a more uneven increase in leaf area. 

The shoots of apple varieties root stocksed onto dwarf rootstocks differ from 

vigorous ones in a higher leaf area per unit of growth length. We tested the existence of this 

relationship on rootstocks from the first field of the nursery, since if this pattern is 

identified, it can be used as a criterion for the initial assessment of the growth force of 

rootstocks. 

The results of the calculations are presented in Table 3 below. Analysis of the data 

obtained showed that there is no clear relationship between this indicator and the growth 

force of the rootstock. 

Table 3 

Leaf surface per unit length of shoots in the first field of the nursery, 1st decade of August, 

cm2/cm 

Root stock 
Years of research 

2023 2024 

М-27 17,58 12,74 

М-25 18,38 17,83 

“Miyabi Fuji” 14,53 16,72 

М-9 14,25 - 

ММ-102 14,19 16,84 

М-26 15,40 13,13 

Dwarf JM7 Marubakaida х М.9 17,55 14,52 

М-7 20,66 20,45 

ММ-104 10,60 9,94 

ММ-106 15,52 13,46 

Semi-vigorous grower 

Marubakaido 

16,18 14,03 

ММ-111 10,40 12,20 

Thus, the highest value of leaf area per unit of growth length (in both years of the 

study) was recorded in dwarf M-7 and super dwarf M-25 root stocks (22.66 cm2/cm and 

18.38 cm2/cm - 2023). However, this indicator, which was quite high at this time, was also 

observed in the medium-growing MM-106 root stock (15.52 cm2/cm - 2023), while it 

surpassed dwarf M-9 and MM-102 root stocks in this indicator. The lowest value of this 

indicator was observed in semi-dwarf MM-104 and seedlings of cultivated varieties. Changes 

in this indicator in different years were also noted (in M-27, MM-102 and MM-106 root 
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stocks), while in other root stocks (M-7, MM-104 and MM-25) it changed insignificantly. This 

nature of the changes is associated with the different reactions of root stocks to climatic 

conditions in 2023 and 2024. The intensity of growth processes (in this case, expressed by the 

ratio of leaf area to plant height) is associated with the different requirements of different 

root stocks for water supply. Therefore, the ratio of leaf area to plant height cannot serve as 

an objective criterion for selecting new clonal root stocks based on growth vigor. One of the 

important photosynthetic indicators is the photosynthetic potential, which reflects the rate of 

increase in leaf area during the growth period (Table 4). 

Table 4 

Photosynthetic potential of root stocks in the first field of the nursery, m2 days (calculated 

per 1 plant) 

Root stock 
Years of research 

2023 2024 average 

М-27 3,97 2,70 3,33 

М-25 - 2,24 2,24 

“Miyabi Fuji” 1,85 3,38 2,61 

М-9 2,90 1,92 2,41 

ММ-102 1,87 1,03 1,45 

М-26 1,88 3,34 2,61 

Dwarf JM7 Marubakaida х М.9 2,87 1,84 2,35 

М-7 3,66 2,83 3,24 

ММ-104 2,36 2,35 2,35 

ММ-106 4,13 3,02 3,27 

Semi-vigorous grower Marubakaido 2,95 1,86 2,40 

ММ-111 3,19 4,99 4,09 

The highest values of photosynthetic potential (average of 3 years of research) were 

observed in the medium-growing MM-106 root stock (3.59 m2/day), dwarf М-7 (3.44 m2/day) 

and superdwarf М-27 (3.30 m2/day) root stocks. This indicator had the lowest value in the 

MM-104 root stock. Thus, no correlation was found between the growth force of the root 

stock and the magnitude of the photosynthetic potential. The study of photosynthetic 

indicators was continued in the 2nd field of the nursery. The results of measuring the leaf area 

in one-year-old seedlings are presented in Table 5 below.  

The analysis of the obtained data shows that both the root stock and the variety affect 

the formation of the leaf surface in the 2nd field of the nursery. In almost all root stocks, the 

Keng David variety had higher indicators in terms of leaf surface than the Starkrimson variety. 

It can also be noted that the root stocks that were distinguished by a high value of 

photosynthetic potential (M-27, MM-106, M-7) and leaf area in the 1st field of the nursery also 

formed the largest leaf surface in the 2nd field of the nursery, especially when the Keng David 

variety was root stocksed to them (Keng David/MM-106 - 2637.4 cm2, Keng David/M-27 - 

2221.0 cm2, Keng David/M-7 - 14971.8 cm2). 

Table 5 

Leaf surface in nursery field 2, 2nd decade of August, cm2 per plant 

Variety-root stock combination 
Years of research 

2023 2024 Average 
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Wide David/M-27 - 2221,0 2221,0 

Starkrimson/M-27 - - - 

Wide David/M-25 - - - 

Starkrimson/М-25 - - - 

Wide David/М-9 - 1584,0 1584,0 

Starkrimson/М-9 - 1076,2 1076,2 

Wide David/М-26 - 1479,9 1479,9 

Starkrimson/М-26 - 1010,3 1010,3 

Wide David/М-7 2421,5 1497,8 1959,6 

Starkrimson/М-7 1865,5 1000,1 1432,8 

Wide David/ММ-102 2013,1 1330,0 1671,5 

Starkrimson/ММ-102 1633,9 1009,0 1321,4 

Wide David/ММ-104 1573,3 1157,9 1365,6 

Starkrimson/ММ-104 1387,1 909,8 1148,4 

Wide David/ММ-106 - 2637,4 2637,4 

Starkrimson/ММ-106 - 1446,3 1446,3 

Starkrimson/ММ-111 - 1770,0 1770,0 

It should be noted that no correlation was found between the growth force and the leaf 

area. This indicator, as can be seen, may be related to the potential productivity of the variety-

root stock combination. The leaf area of seedlings in the 2nd field of the nursery is also 

correlated with the productivity of this variety-root stock combination in the garden. For the 

Krasnodar Territory, it is recommended to reject variety-root stocks with a leaf area of less 

than 1000 cm2 as a low-yielding combination. At the same time, varieties with this indicator 

above 2000 cm2 may require special growth management (pruning, flower regulation, growth 

regulators). It should be noted that all studied variety-rootstock combinations had a leaf area 

greater than 1000 cm2, and in three of them (Wide David/MM-106, Wide David/M-27, Wide 

David/M-7) this indicator exceeded 2000 cm2 in some years. In field 3 of the nursery, the leaf 

area had the following characteristics (Table 6). 

Table 6 

Leaf surface in nursery field 3, 2nd decade of August, cm2 per plant 

Variety-root stock combination 
Years of research 

2023 2024 Average 

Wide David/M-27 - - - 

Wide David/М-9 - - - 

Starkrimson/М-9 - - - 

Wide David/М-26 - - - 

Starkrimson/М-26 - - - 

Wide David/М-7 - 4109,0 4109,0 

Starkrimson/М-7 - 3719,3 3719,3 

Wide David/ММ-102 1966,7 2686,7 2326,7 

Starkrimson/ММ-102 - - - 

Wide David/ММ-104 1097,0 4438,5 2767,7 

Starkrimson/ММ-104 1784,2 4226,6 3005,4 

Wide David/ММ-106 3453,4 - 3453,4 
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Starkrimson/ММ-106 2380,5 - 2380,5 

In two-year-old seedlings of the Wide David variety, its dimensions were higher than 

those of the Starkrimson variety. The largest leaf area was observed in seedlings root 

stocksed on the medium-growing MM-106 root stock. High indicators were also noted in 

seedlings root stocksed on the dwarf M-7 root stock (4109.0 cm2) and super dwarf M-9 root 

stock (3776.6 cm2). 

Conclusion 

Thus, it was found in the experiment that rootstocks affect the formation of leaf surface, but 

there is no relationship between leaf surface and growth force, which depends on both 

endogenous (genetic, hormonal) and external factors. In variety-rootstock combinations, leaf 

surface area depends on both the rootstock and the root stocks. 
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