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INTRODUCTION

One of the crucial factors, de  ning the ef  ciency of 
the photosynthetic assimilation, is temperature, which 
is especially relevant due to global changes of the cli-
mate. In recent decades, rapid and unpredictable chang-
es in weather conditions have been remarkable for con-
siderable deviations of mean temperatures during as 
few as two current months from the norm. For instance, 
according to the experts’ data, the losses of the yield 

of agricultural crops due to unfavorable weather condi-
tions  uctuate in the range of 10–30 %, and for some 
plants they may amount to 50 % and more. Therefore, 
the cultivation of selective varieties with high produc-
tivity potential, the technology of processing which has 
been adjusted to speci  c agroclimatic conditions, is re-
lated to the complexities, caused by climate changes, 
which may be one of the factors, inhibiting the realiza-
tion of productive possibilities of these varieties [4, 7] 
1, 2 [1–5]. 
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It is known that 90–95 % of the organic mass of 
plants is formed during the process of photosynthe-
sis, so abiotic stresses, reducing its ef  ciency, in par-
ticular, drought, promote a considerable reduction of 
crop yield [6]. It was determined that even a slight 
reduction in soil humidity prior to the occurrence of 
evident changes in water supply for leaves reduces the 
photosynthetic consumption of carbon dioxide [5, 7]. 
The inhibition of photosynthesis under moderate and 
short drought is caused,  rst of all, by partial closure 
of stomatoes. Long-term and deeper water deprivation 
of photosynthesizing tissues results in considerable 
changes in photosynthetic metabolism and so called 
non-stomatal limitation of photosynthesis. It was ex-
perimentally proven that in these conditions there is a 
reduction in the activity of photosystems I and II and 
photophosphorylation, as well as a decrease in the ac-
tivity and content of ribulose biphosphate carboxylase 
(RBPC) [7, 8].

The release of carbon dioxide and its loss in the pho-
torespiration process amount to 50 % from the visible 
photosynthesis of the leaf. Though the issue of the 
physiological role of this process is yet to be studied in 
 ne detail, there are some assumptions in the scienti  c 

literature concerning a relevant role of glycolate me-
tabolism in the regulation of photosynthetic assimila-
tion of 2 in stressful conditions [8]. It is known that 
under light the leaves of -3-plants have the simultane-
ous processes of photosynthetic consumption of carbon 
dioxide and its release during photorespiration, and the 
intensity of the latter may amount to 50 % of the in-
tensity of visible photosynthesis. When photorespira-
tion was discovered, there was an assumption that this 
process decreased photosynthesis ef  ciency, due to 
which the obtaining of genotypes of C-3-plants with 
a low level of the photorespiration of leaves, using the 
methods of selective genetics, would allow getting a 
considerable increase in the productivity potential for 
these varieties of plants. However, further studies re-
vealed that during the photosynthesis inhibition with 
the assimilates of wheat plants, the intensity of photo-
respiration promoted the preservation of the activity of 
photosynthetic apparatus due to the changes in glyco-
late metabolism, which enhanced the decarboxylation 
of its intermediates, not changing the ratio of its me-
tabolism  ows [9].

Numerous studies of the “green revolution” period 
investigated the connection between grain productivity 
and the development of the photosynthetic apparatus 
of winter wheat plants and revealed close correlation 

between grain productivity, photosynthetic potential 
of the sprout and chlorophyll photosynthetic potential. 
There were rather detailed studies of the speci  cities of 
the root system and its relation to grain productivity of 
plants and resistance to abiotic factors. However, little 
attention was paid to the investigation of the functional 
activity of the root system as well as of its absorbing 
part – root  brillas, the most active part of the root dur-
ing the consumption of nutrients [10–14]. The role of 
 brillas is known for both the consumption and release 

of substances, namely cytokinins, into the rhizosphere, 
where they ful  ll the functions of growth stimulators 
and play an important role in maintaining resistance to 
stress factors [15]. The analysis of the abovementioned 
led us to the decision to investigate the active surface 
of the root system and its interrelation with photores-
piration and grain productivity. It was based on the as-
sumption that the most adequate parameter, related to 
the functional activity of the root system, is the zone 
of root  brillas, which was de  ned by us as the active 
surface area of the roots. Thus, the activity of the root 
 brillas during the consumption of water and mineral 

elements from soil is several orders higher compared to 
the core part of the root, and their mass is several orders 
smaller [11, 12].

Therefore, the aim of this work was to study the inten-
sity of photosynthesis, photorespiration and the content 
of pigments in the  ag leaf of winter wheat depending 
on the surface area of the plant roots and grain produc-
tivity of different varieties of winter wheat, using the 
conditions of greenhouse experiments.

MATERIALS AND METHODS

A series of greenhouse experiments (2011–2012) was 
used to investigate the intensity of  ag leaf photorespi-
ration during the heading-blossoming phase with the 
active surface area of the winter wheat plant roots of 
varieties, different in their grain productivity, as well as 
to reveal the connection between the chlorophyll con-
tent in the  ag leaf and photorespiration intensity.

The object of the study: winter wheat plants of the 
varieties Myronivska 808, Smuhlianka, Poliska 90 
and Volodarka. The experiments were conducted in 
the greenhouse in the territory of the Institute of Plant 
Physiology and Genetics, NAS of Ukraine.

The plants were grown in Wagner pots on 8 kg of 
gray podzolized soil. The experiments were repeated 
four times.

Greenhouse experiment 2011. N90P90K90 was intro-
duced into soil prior to sowing. Variants: 1) soil drought 
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at 30 % of maximum water capacity (MWC) during 
the heading-blossoming phase, which was created by 
terminating the irrigation with its subsequent restora-
tion after 6 days; 2) decrease in soil humidity down to 
30 % of MWC with its subsequent irrigation restora-
tion during the phases of stem elongation and heading-
blossoming. The content of water in tissues and soil 
humidity in vessels were measured by the weight meth-
od. Water de  ciency was determined while comparing 
water content in the vegetative tissue against its content 
in the same tissue in the state of complete water satura-
tion – in the turgor state.

Greenhouse experiment 2012. Variants: 1) optimal 
mineral nutrition (N90P90K90); 2) mineral nutrition de-
 ciency (N20P20K20).
The exchange of CO2 of plants was measured using 

the infrared gas analyzer -5501 at the temperature 
of 25 ºC and the intensity of photosynthetically active 
radiation (PAR) of 400 W/sq.m. [16]. Photorespira-
tion intensity was estimated by the level of CO2 release 
during the  rst 60 s after switching off the light. Gas 
exchange indices were determined using the standard 
method [17]; chlorophyll content – by the method of 
extraction in DMSO [18]; the areas of total and active 
surface of the roots – by Kolossov’s method [11]. The 
statistical processing of the obtained results was con-
ducted using Statistica 8.0 and other software (Micro-
soft Excel).

RESULTS AND DISCUSSION
It was determined that there were differences in the 

impact of drought on the photosynthetic apparatus of 
winter wheat varieties, different in their drought re-
sistance: Myronivska 808 (moderately drought-resis-

tant variety) and highly intensive variety Smuhlianka 
(drought-resistant, winter-hardy variety, resistant to 
diseases). According to our data, the decrease in soil 
humidity down to 30 % of MWC led to a considerable 
increase in water de  ciency of leaves (phase of 2–4 
leaves) in both varieties. Soil drought in the heading-
blossoming phase led to the considerable inhibition of 
photosynthetic apparatus activity with a simultaneous 
decrease in chlorophyll content in the  ag leaves of 
winter wheat variety Myronivska 808 1.3 times and 
that of Smuhlianka variety – 1.2 times (Table 1). The 
estimation of the intensity of assimilation processes for 

2 under drought demonstrated the decrease in the 
intensity of photosynthesis, photorespiration, transpi-
ration, as well as the increase in dark respiration with 
simultaneous increase in the resistance to diffusion 
for both Myronivska 808 and Smuhlianka, compared 
to the control. According to the data of Table 1, the 
intensity of photosynthesis of winter wheat plants of 
Myronivska 808 and Smuhlianka varieties decreased 4 
and 3.6 times respectively, and that of photorespiration 
– 1.2 and 1.6 times. On the contrary, dark respiration 
increased 1.3- and 1.1-fold with the decrease in transpi-
ration intensity 5 and 3.6 times respectively.

It is known that the increase of leaf resistance short-
ens water loss and is a relevant factor of the adaptation 
of leaves to drought. The study demonstrated the dif-
ferences in these indices between moderately drought-
resistant variety Myronivska 808 and more drought-
resistant variety Smuhlianka. It was established that 
under drought the indices of total and leaf resistance 
of 2 diffusion increased for a less drought-resistant 
variety Myronivska 808 (4.3 and 5.7 times) compared 
to Smuhlianka variety (3.8 and 4.0 times).

Table 1. The indices of gas exchange of 2 of the  ag leaf of different varieties of winter wheat (heading-blossoming phase)

Variant Photosynthesis 
intensity

Photores-
piration

Dark 
respiration, 

mg 2/
(sq.dm  h)

Transpiration, 
g 2 /

(sq.dm  h)

Total 
resistance to 

diffusion

 Leaf 
resistance 

to diffusion

Mesophyll 
resistance 

to diffusion, 
s/cm

Myronivska 808 variety

Control (C)
Drought (D)
D/C

30.1 ± 0.6
7.5 ± 0.15
0.25 ± 0.01

5.5 ± 0.17
4.5 ± 0.13

0.82 ± 0.02

1.5 ± 0.05
2.0 ± 0.07

1.33 ± 0.04

2.70 ± 0.08
0.54 ± 0.02
0.20 ± 0.01

7.36 ± 0.22
31.4 ± 0.9

4.27 ± 0.13

3.88 ± 0.12
22.2 ± 0.70
5.74 ± 0.17

3.49 ± 0.10
9.19 ± 0.28
2.63 ± 0.08

Smuhlianka variety

Control (C)
Drought (D)
D/C

30.0 ± 0.9
8.3 ± 0.25
0.44 ± 0.01

9.4 ± 0.3
6.0 ± 0.19

0.64 ± 0.20

1.9 ± 0.1
2.0 ± 0.1

1.05 ± 0.03

2.48 ± 0.07
0.69 ± 0.02
0.28 ± 0.01

7.39 ± 0.22
28.31 ± 0.85
3.83 ± 0.03

4.28 ± 0.13
17.22 ± 0.52
4.02 ± 0.12

3.11 ± 0.09
11.09 ± 0.33
3.56 ± 0.11



AGRICULTURAL SCIENCE AND PRACTICE   Vol. 4   No. 1   2017 59

INFLUENCE OF ABIOTIC FACTORS ON PHOTOSYNTHESIS AND PRODUCTION PROCESS

Mesophyll resistance, on the contrary, in a more 
drought-resistant variety Smuhlianka increased 3.6 
times, and in variety Myronivska 808 – 2.6 times 
(Table 1). It was determined that there were speci  c 
changes in the ratio of indices of gas exchange of 2 
(Table 2), which testi  es to a higher increase in the 
share of photo- and dark respiration under drought in a 
less drought-resistant variety Myronivska 808.

It was determined in our previous work, investigating 
the area of total and active surface area and root provi-
sion of different varieties of winter wheat, including the 
abovementioned ones, that the root provision for the 
leading sprout of Smuhlianka plants was higher than 
that for Myronivska 808 (1.50 compared to 1.16 sq.cm/
sq.cm). Thus, it was demonstrated that winter wheat 
varieties with higher grain productivity were remark-

able for a larger area of active surface area of the roots, 
longer lifetime of the leaf apparatus and had higher 
content of pigments – chlorophylls and carotinoids – 
in the leaves, which conditioned higher photosynthetic 
potential of these varieties during the reproductive pe-
riod [11]. We also assumed that varieties with better 
root provision were more stable to the impact of abiotic 
factors, including water shortage.

The investigations of the interrelation between the 
indices of productivity and photorespiration in optimal 
conditions of mineral nutrition (Table 3) demonstrated 
higher intensity of photorespiration for Smuhlianka, a 
more stable winter wheat variety, remarkable for high-
er grain productivity.

Therefore, while in optimal conditions there was 
higher total rate of photorespiration of winter wheat 

Table 2. The ratio of gas exchange indices of 2 of the  ag leaf of winter wheat of varieties Myronivska 808 and Smuhl-
ianka (the heading-blossoming phase)

Variant

Photorespi-
ration/
Photo-

synthesis 
intensity

Dark 
respiration 
(mg 2/
(sq.dm  

h)/Photo-
synthesis 
intensity

Photorespi-
ration/Dark 
respiration

Total 
chlorophyll 

content 
(  + b) 

in the  ag 
leaf, 

mg/dm3

Active 
surface 

area of the 
root

Photo-
respiration

Photo-
respira-

tion/Active 
surface 

area 
of the root

Photo-
respiration/

Total 
chlorophyll 

content 
(  + b) 

in the  ag 
leaf, mg/dm3

Myronivska 808 

Control
Drought

0.18 ± 0.01
0.60 ± 0.02

0.05 ± 0.002
0.27 ± 0.001

3.60 ± 0.10
3.75 ± 0.10

3.60 ± 0.10
2.81 ± 0.10

0.51 ± 0.02
0.33 ± 0.01

5.5 ± 0.2
4.5 ± 0.1

10.8 ± 0.3
13.6 ± 0.4

1.50 ± 0.04
1.96 ± 0.1

Smuhlianka

Control
Drought

0.31 ± 0.01
0.72 ± 0.02

0.06 ± 0.002
0.33 ± 0.01

4.94 ± 0.1
3.00 ± 0.1

4.55 ± 0.14
3.82 ± 0.11

1.11 ± 0.03
0.89 ± 0.03

9.4 ± 0.25
6.0 ± 0.18

8.5 ± 0.26
6.7 ± 0.2

2.06 ± 0.06
1.57 ± 0.05

Table 3. The interrelation of the indices of grain productivity and photorespiration of the  ag leaf of winter wheat plants of 
varieties Myronivska 808 and Smuhlianka (the heading-blossoming phase)

Photorespiration 
of the  ag leaf, mg 

2/(sq.dm  h)

The mass of grain 
of the head of the 
leading sprout, g

The mass of grain 
of the head of the 

leading sprout/
Photorespiration 
of the  ag leaf

The mass 
of 1000 grains, g

The mass 
of 1000 grains/

Photorespiration 
of the  ag leaf

Myronivska 808

5.5 ± 0.11 1.11 ± 0.02 0.200 ± 0.01 41.8 ± 1.3 7.6 ± 0.2

Smuhlianka

9.4 ± 0.20 1.48 ± 0.04 0.156 ± 0.003 47.3 ± 1.4 5.0 ± 0.1
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plants of Smuhlianka variety, under such stress factors 
as drought the increase in this index was not so signi  -
cant as for Myronivska, a less stable variety.

At the same time, the experiments with plants of win-
ter wheat varieties, different in their grain productivity, 
determined that the latter (the mass of a grain from the 
head and the mass of 1000 grains) had positive cor-
relation with the intensity of the  ag leaf respiration 
during the blossoming phase of plants (r = 0.8–0.9). 
Our assumption stated that it was connected to the de-
pendence of photorespiration intensity of leaves of dif-
ferent winter wheat varieties on the active surface area 
of plant roots. This assumption was used as a basis for 
the mentioned series of greenhouse experiments.

The data of the results of the comparative analy-
sis of active surface areas of the root system for  ve 
winter wheat varieties testi  ed that highly intensive 
varieties of winter wheat, Favorytka and Smuhlianka, 
had a larger active surface area of the root system and 
chlorophyll content in the leaves than Myronivska 
808 plants (Table 4). It was demonstrated that the av-

erage value of the indices of active surface area of 
the root system and chlorophyll (Sr act × chlorophyll) 
for intensive varieties was 5.41 ± 0.21. According to 
the data obtained, the index Sr act × chlorophyll may 
be used to estimate the active surface area of the root 
system of varieties with chlorophyll content in the 
 ag leaves with the error of up to 3.8 % for  ve win-

ter wheat varieties. 
The Figure presents the dependence of photorespira-

tion intensity of the  ag leaf in the heading-blossom-
ing phase of winter wheat varieties Myronivska 808 
and Smuhlianka on the active surface area of plant 
roots. The correlation coef  cient for these indices was 
r = 0.805.

The data obtained also demonstrated the presence 
of considerable correlation between the chlorophyll 
content in the leaves and photorespiration intensity 
(r = 0.878). 

CONCLUSIONS

It was determined that under drought the photosyn-
thetic apparatus of a highly productive winter wheat 
variety Smuhlianka demonstrated higher stability than 
the photosynthetic apparatus of the moderately resis-
tant variety Myronivska 808.

It was found that highly intensive varieties of winter 
wheat, Favorytka and Smuhlianka, had a larger active 
surface area of the root system and higher chlorophyll 
content in leaves, compared to Myronivska 808 plants, 
notable for lower grain productivity.

It was determined that there was considerable reliable 
correlation between the intensity of  ag leaf photores-
piration and the active surface area of the root system 
in winter wheat plants of varieties Myronivska 808 and 
Smuhlianka (r = 0.805).

It was found that there was considerable correlation 
(r = 0.878) between the intensity of  ag leaf photores-

The dependence of photorespiration intensity of the  ag leaf (the heading-blossoming phase) on the active surface area of 
plant roots ( ) and the chlorophyll content  + b (b) of varieties Myronivska 808 and Smuhlianka

Table 4. The content of chlorophyll in the  ag leaves and 
the active surface area of the roots of different winter wheat 
varieties (the heading-blossoming phase)

Variety Chlorophyll 
a + b Sr act

Sr act × 
× chlorophyll

Myronivska 
808
Smuhlianka
Favorytka
Poliska 90
Donsky m/h

3.60 ± 0.17

4.55 ± 0.16
4.52 ± 0.20
6.10 ± 0.14
6.13 ± 0.16

0.505 ± 0.08

1.114 ± 0.16
1.160 ± 0.12
0.971 ± 0.08
0.882 ± 0.07

1.82 ± 0.05

5.06 ± 0.15
5.24 ± 0.15
5.92 ± 0.20
5.41 ± 0.16

Note. Sr act – active surface area of the root system of winter 
wheat
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piration in the heading-blossoming phase and the sum 
of chlorophylls in these leaves.

It was established that the index Sr act × chlorophyll 
may be used to estimate the active surface area of the 
root system of varieties with chlorophyll content in the 
 ag leaves with the error of up to 3.8 % for  ve winter 

wheat varieties.
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