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Changes in the leaf gas exchange of common winter wheat depending on the date of 
application of a set of herbicides 

1 2Z. Petrova *, Z. Zlatev

1Dobrudzha Agricultural Institute, 9520 General Toshevo, Bulgaria
2Department of Plant Physiology, Faculty of Agronomy, Agricultural University, 12 Mendeleev, 4000 Plovdiv, Bulgaria

Abstract.   The aim of this investigation was to determine the effect of the date of application of a set of herbicides on the foliar gas exchange of common winter 
wheat. The investigations were carried out in 2013 and 2014 at Dobrudzha Agricultural Institute (DAI). The following herbicides were used: Derby super VG (33 
g/ha), Granstar 75DF (15 g/ha), Lintur 70VG (150 g/ha), Secator ОD (100 ml/ha), Mustang 306.25 СК (800 ml/ha), Palace 75WG+oil (250+1000 g/ml/ha) and 
Husar Мax ОD (1000 ml/ha) from the group of suflonylureas with various mechanism of action. The preparations were applied at two stages of common winter 
wheat cultivars Aglika and Enola (stages 29 and 32 according to Zadoks). The indices of leaf gas exchange were followed: rate of net photosynthesis (А), 
intensity of transpiration (E), stomatal conductivity (gs) and intercellular concentration of СО  (ci). It was found that the later application (stage 32) of Lintur 2

70VG and Mustang 306.25СК caused visible signs of phytotoxicity. These were expressed as anthocyanin pigmentation of leaves and spikes and as partial to 
full sterility of spikes, stronger after using Lintur VG and weaker after Mustang 306.25СК. Following a delayed application of the herbicides, slower rate of 
growth of plants was observed, as well as disturbances in the parameters of foliar gas exchange. The high rate of A at comparatively low E and gs and the low ci 
in the weeded check indicated that the plants spent considerable energy resources to overcome the negative effect of weeding. 

Keywords: common winter wheat, herbicides, weeds, dates of application, leaf gas exchange

Abbreviations: DAI – Dobrudzha Agricultural Institute, А – rate of net photosynthesis, E – intensity of transpiration, gs – stomatal conductivity, ci – intercellular 
concentration of СО2
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Introduction The aim of this investigation was to determine the effect of the 
date of application of a set of herbicides on the leaf gas exchange of 
common winter wheat.The problem which weeds cause is based on their large specific 

diversity and their high biological and ecological plasticity. The 
winter-spring weeds are with the widest distribution in wheat crops – 

Material and methodsthe chamomile species Matricaria sp., field chamomile - Anthemis 
arvensis (L.), Royal knight's spur – Consolida regalis Gray, field 

The investigations were carried out in 2013 and 2014 at poppy – Papaver rhoeas (L.), cornflower – Centaurea cyanus (L.), 
Dobrudzha Agricultural Institute (DAI), General Toshevo. The field etc., the early spring species – wild mustard – Sinapis arvensis (L.), 
experiment was designed according to the block method in four cleavers – Galium tricorne Stok, black bindweed – Polygonum 

2replications, the size of the trial area being 15 m . Two checks were convolvulus (L.), etc., and among the ephemerals – ivy-leaved 
involved: K  – a weed-free variant manually weeded till stage speedwell – Veronica hederifolia (L.), shepherd's purse – Capsella 1

heading of wheat, and K  – a variant infested till the end of the crop's bursa-pastoris (L.) Medic, etc. Mass propagation of the root stock 2

species is observed – creeping thistle – Cirsium arvense (L.) Scop, vegetation. 
field bindweed – Convolvulus arvensis (L.), and narrow-leaf The following herbicides were used: Derby super VG 
pepperwort – Cardaria draba (L.) Desv. (Kolev, 1963; Fetvadzhieva (florasulam+aminopyralid- potassium) – 33 g/ha, Granstar 75DF 
and Dechkov, 1981). Baeva et al. (2011) pointed out that the most (tribenuron-metil) – 15 g/ha, Lintur 70VG (triasulfuron+dicamba) – 
widely distributed broad-leaved annual weeds in wheat are wild 150g/ha, Secator ОD (amidosulfuron+iodosulfuron) – 100 ml/ha, 
mustard (86 – 96%), black bimdweed (56 – 70%), ivy-leaved Mustang 306.25СК (florasulam+2.4-D ester) – 800ml/ha, Palace 
speedwell (46 – 75%), poppy species (34 – 60%), cleavers (32 – 75WG+oil (pyroxulam) – 250+1000 g/ml/ha and Husar Мax ОD 
53%), chamomile species (28 – 55%), and among the perennial (mesosulfuron+iodosulfuron+antidot) – 1000 ml/ha, The 
broad-leaved weeds predominant were creeping thistle (65 – 86%), preparations were applied at two stages of common winter wheat 
field bindweed (61 – 85%), Johnson grass - Sorghum halepense (L.) cultivars Aglika and Enola (end of tillering and first – third node: 
Pers .(33 – 58%). stages 29 and 32 according to Zadoks et al. (1974)).

The high production potential of the new cultivars can be Prior to sowing of wheat, artificial infection background was 
realized through high agronomy practices and optimal combinations created imitating infestation with the most common weeds in the 
of the environmental factors, which, however, are not observed in region of DAI: annual weeds (ivy-leaved speedwell – Veronica 
practice. During their ontogenic development plants are subjected to hederifolia (L.), wild mustard – Sinapis arvensis (L.), cleavers – 
the influences of the environmental factors (Baker et al., 2001). Galium tricorne Stok, the German chamomile – Matricaria inodora 
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(L.), field chamomile – Anthemis arvensis (L.), Royal knight's spur – Statistical analyses
Consolida regalis Gray) and perennial broad-leaved weeds Statistical evaluation was made to characterize the significance 
(creeping thistle – Cirsium arvense (L.) Scop and field bindweed – of the effect of the investigated factors by using three-factor 
Convolvulus arvensis (L.)). dispersion analysis according to Biostat 7.0 (Chiang, 2003).

Plant material
Cultivar Aglika is white-spiked, awnless, medium high wheat Results and discussion

with red medium large grain. It has medium high stem (85 – 95 cm) 
resistant to lodging. This is a medium early cultivar with high tillering The results from 2013 showed that for cultivar Aglika, after the 
capacity and with excellent cold and winter resistance. The cultivar is first date of treatment (stage 29), the variant with Mustang 306.25СК 
of high quality and belongs to the group of strong wheats with -2 -1(15.73 µmol CO  m  s ) and the weed-free variant (15.08 µmol CO  2 2excellent baking and milling properties. It gives very good results -2 -1

2 m  s ) gave the highest A, while the variants with Husar Мax ОD, 
after sowing at norm 500 – 550 germinating seeds/m . It is suitable 

Lintur 70VG and Derby super VG were with the lowest rate (Table 1). 
for growing under intensive technology (Tsenov et al., 1998). 

Similar were the results for E. The parameter gs was lower in the 
Cultivar Enola is short-stemmed, awned, red-grained, resistant -2 -1variants with Lintur 70VG (0.09 mol m  s ), Derby super VG (0.10 to lodging and very suitable for intensive growing. It is a medium -2 -1 -2 -1mol m  s ), Palace 75WG+oil (0.11 mol m  s ). These results early cultivar, with very good productive tillering and very good cold 

showed that for variants Derby super VG and Lintur 70VG, the and winter resistance. It belongs to the group of medium-quality 
stomatal limitations played a leading role for the lower A, while in the wheats with increased strength. The cultivar gives very good results 

2 variant with Husar Маx ОD, which was with the highest ci, the lower after sowing with 450 – 500 germinating seeds/m  (Kostov et al., 
А was due to mesophyll limitations (related to changes in the light 1998).
phase and the Calvin cycle). 

The results from the data on leaf gas exchange in 2014 Parameters of leaf gas exchange
revealed that for cultivar Aglika (stage 29), Husar Маx ОD (9.72 The parameters of foliar gas exchange were determined using -2 -1 -2 -µmol CO  m  s ) and the weed-free check (9.19 µmol CO  m  s ) 2 2portable photosynthesis system LCA-4 [Analytical Development 

-2 -were with the highest A. Palace 75WG+oil (6.43 µmol CO  m s  ) was 2Company Ltd., Hoddesdon, Englnd]. The rate of net photosynthesis 
with the lowest A. The parameter E was with the highest values in the was determined by the decreasing concentration of СО  in the 2

-2 -1variants Mustang 306.25СК (1.57 mmol H O m  s ) and weed-free 2chamber, and the intensity of the transpiration – by the increasing 
-2 -1check (1.57 mmol H O m  s ). The same parameter was the lowest concentration of water vapour. Stomatal conductivity was 2

determined automatically by the equipment using data on the in Derby super VG and Palace 75WG+oil. The variations of gs 
intensity of transpiration, temperature, the energy balance in the followed similar tendencies. These results showed that for the 
chamber and the concentration of vapour (Kerin et al., 1997). variants with Derby super VG and Palace 75WG+oil the stomatal 

The environmental conditions in the leaf chamber during the limitations played a leading role for the lower A. For variants weeded 
-2 -1 check and Granstar 75DF, which had the highest ci, the lower A was analyses were as follows: light intensity – 750 mol m  s  (FAR), 

-1 due to mesophyll limitations (related to variations in the light phase concentration of СО  – 400 mol mol , leaf temperature – 27° С, 2

and Calvin cycle). In the weeded check, the two types of limitations relative air humidity – 65%. 
(stomatal and mesophyll) had a significant role for the lower These were the traced indices:

-2 -1 parameters of leaf gas exchange and the other physiological А – rate of net photosynthesis (µmol CO  m  s )2
-2 -1 indices, as evident from the lower yield, too. Е – intensity of transpiration (mmol H O m  s )2

-2 -1 At the second date of treatment in 2013, Derby super VG again 
gs – stomatal conductivity (mol m  s ) -2 -1

-1 was with the lowest A (7.26 µmol CO  m  s ) as well as E and gs. It is 2ci – intercellular concentration of СО  (µmol mol )2

Table 1. Effect of a set of herbicides on the leaf gas exchange of cultivar Aglika – stage 29, over years

Key: 
-2 -1 -1(µmol CO  m  s ); ci – intercellular concentration of СО  (µmol mol )2 2

-2 -1 -2 -1E – intensity of transpiration (mmol H O m  s ); gs – stomatal conductivity (mol m  s ); A – rate of net photosynthesis 2

Variants

Weed-free check (К )

Derby super VG

Granstar 75DF

Lintur 70VG

Secator ОD

Mustang 306.25СК

Palace 75WG +oil

Husar Max ОD

Weeded check (К )

1

2

3.89

2.73

3.39

2.71

3.30

3.64

2.99

3.12

3.52

1.57

0.94

1.29

1.29

1.51

1.57

1.04

1.38

1.37

0.16

0.10

0.14

0.09

0.14

0.15

0.11

0.12

0.15

0.11

0.08

0.11

0.10

0.10

0.12

0.08

0.10

0.11

15.08

9.67

12.53

9.14

13.20

15.73

11.87

8.53

13.94

9.19

6.95

6.47

8.43

7.94

8.85

6.43

9.72

6.88

179.5

168.0

200.7

197.4

184.6

171.8

170.6

242.0

187.8

229.1

260.7

279.3

239.8

245.7

246.1

254.4

211.5

284.0

Е

2013 2013 2013 20132014 2014 2014 2014

gs A ci
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worth mentioning the variant with Mustang 306.25СК, in which all In cultivar Aglika, the factor year had the highest effect on the 
three main indices of gas exchange were reduced. In these two indices Е, А and ci (Table 3). The factor herbicides was not 
variants (Derby super VG and Mustang 306.25СК), ci was the significant for the indices Е and ci.
highest indicating that besides stomatal, there were also mesophyll In cultivar Enola, the variants weeded check, Husar Маx ОD 
limitations to gas exchange (Table 2). and Мustang 306.25СК were with the highest A after the first date 

At the second date of treatment in 2014, Husar Мax ОD was of treatment in 2013 (Table 4). The other variants had similar 
-2 -1 values of A. The parameters gs and E varied within a very narrow with the lowest А (6.34 µmol CO  m  s ), and Secator ОD – with the 2

range. The variant with Lintur 70VG should be pointed out; it had lowest gs and the highest А. The variants with Husar Маx ОD and 
the lowest ci, indicating intensive assimilation, but it also had the the weed-free check were with the highest values of ci (288.0 µmol 

-1 -1 lowest E and gs which implied a leading role of the stomatal mol  and 280.4 µmol mol ).
limitations on photosynthesis. 

-2 -1In 2014, the variants Secator ОD (16.49 µmol CO  m  s ), 2
-2 -1weeded check (16.15 µmol CO  m  s ) and Husar Маx ОD (14.93 2

-2 -1µmol CO  m  s ) applied to cultivar Enola were with the highest A. 2

The rest of the variants were with similar values of A and were close 
to the check variant, which was with considerably lower A and with 
high E and gs. In the check variant, too, the highest ci was found. The 
weed-free check gave the highest yield which indicated that the 
general physiological status of the plants was very good. 

The physiological processes were well regulated and the 
photosynthesis ensured sufficient assimilates for their growth and 
development, although at lower levels. The parameters gs and E 
varied within narrower range and were the lowest in variants Derby 

Table 2. Effect of a set of herbicides on the leaf gas exchange of cultivar Aglika – stage 32, over years

-2 -1 -2 -1Key: E – intensity of transpiration (mmol H O m  s ); gs – stomatal conductivity (mol m  s ); A – rate of photosynthesis 2
-2 -1 -1(µmol CO  m  s ); ci – intercellular concentration of СО  (µmol mol )2 2

Variants

Weed-free check (К )

Derby super VG

Granstar 75DF

Lintur 70VG

Secator ОD

Mustang 306.25СК

Palace 75WG +oil

Husar Max ОD

Weeded check (К )

1

2

3.20

1.38

3.46

3.11

3.61

2.61

3.07

3.68

2.93

1.53

1.58

1.49

1.62

1.40

1.51

1.56

1.51

1.65

0.12

0.04

0.14

0.11

0.11

0.08

0.12

0.12

0.10

0.11

0.11

0.10

0.12

0.06

0.10

0.10

0.11

0.11

11.73

7.26

14.37

11.10

14.35

8.49

14.31

16.91

12.42

6.63

8.11

8.93

7.74

14.00

9.50

10.41

6.34

9.58

193.7

191.3

178.0

193.3

176.0

197.3

150.3

154.6

154.9

280.4

252.7

222.2

267.3

223.6

227.0

257.4

288.0

222.6

Е

2013 2013 2013 20132014 2014 2014 2014

gs A ci

Table 3. Mean square deviation of leaf gas exchange 
indices in cultivar Aglika during 2013 – 2014

*** Р<0.001; ** Р<0.01; * Р<0.05

Indices
Herbicides Year Stage Error

Е

gs

A

ci

df

    0.46

    0.0015*

  14.53*

981.95

    7

      25.89***

        0.0020*

    130.45***

39961.34***

        1

      1.72**

      0.0058**

    55.02**

4688.22*

      1

    0.17

    0.00045

    5.23

623.38

  17

Factors

Table 4. Effect of a set of herbicides on the leaf gas exchange of cultivar Enola – stage 29, over years

-2 -1 -2 -1Key: E – intensity of transpiration (mmol H O m  s ); gs – stomatal conductivity (mol m  s ); А – rate of net photosynthesis 2
-2 -1 -1(µmol CO  m  s ); ci – intercellular concentration of СО  (µmol mol )2 2

Variants

Weed-free check (К )

Derby super VG

Granstar 75DF

Lintur 70VG

Secator ОD

Mustang 306.25СК

Palace 75WG +oil

Husar Max ОD

Weeded check (К )

1

2

3.31

3.57

3.03

2.77

3.25

3.58

3.20

3.35

3.44

2.00

1.13

1.05

1.19

1.26

1.58

1.27

1.25

1.18

0.14

0.17

0.12

0.11

0.13

0.14

0.14

0.14

0.15

0.16

0.07

0.07

0.08

0.06

0.08

0.08

0.08

0.07

12.43

13.42

14.02

12.96

14.39

15.54

14.13

15.54

15.59

6.02

4.92

4.90

9.31

16.49

12.20

6.45

14.93

16.15

197.1

222.2

152.4

147.9

163.0

168.4

172.2

168.6

170.9

319.1

270.2

277.2

208.5

209.9

97.4

256.7

239.7

145.9

Е

2013 2013 2013 20132014 2014 2014 2014

gs A ci
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super VG, Granstar 75DF, weeded check and Lintur 70VG. It is plants. In our investigations we found out significant influence of the 
worth mentioning the variants with Мustang 306.25СК, which was factor year and lesser effect of the factor herbicide. According to 
with the lowest A indicating comparatively intensive assimilation, E Cheema and Akhart (2005), this was one of the significant factors 
and gs values being intermediate for the rest of the variants. This with impact not only on the physiological condition of the plants but 
showed the leading role of the stomatal limitations in also on yields. 
photosynthesis. In cultivar Enola, the factor year had the highest influence on the 

In 2013, the variants Palace 75WG+oil and Derby super VG indices Е, gs and А (Table 6). The factor herbicides was not 
were with the highest A and gs (Table 5) after the second date of significant for the indices Е and gs.
treatment of cultivar Enola. In 2014, after treatment at stage 32, the 

-2 -1variants Secator ОD (17.15 µmol CO  m  s ) and Granstar 75DF 2
-2 -1(16.24 µmol CO  m  s ) were with the highest A. The low values of ci 2 Conclusion

and the values of E indicated that the treatment with these herbicides 
did not have negative effect on the leaf gas exchange. The high A, E The application of Derby super VG, Granstar 75DF, Lintur 
and gs being comparatively low, as well as the low ci in the weeded 70VG, Secator OD, Palace 75WG and Husar Max OD at stage 29 
check variants showed that the plants spent significant energy did not cause visible expression of phytotoxicity in the crop. 
resources to overcome the negative effect of the weed infestation. Fourteen to twenty-eight days after using Lintur 70VG and Mustang 
Only a very small part of assimilates was accumulated in the 306.25СК at stage 32 of wheat development, damages were 
biomass and in the yield, as confirmed by the data on yield. observed on wheat, greater in cultivar Aglika and weaker in cultivar 

The results we obtained were in accordance with the data of Enola. These were expressed as anthocyanin pigmentation of 
Ahmad et al. (1991), Cheema and Akhart (2005), Marwat et al. leaves and spikes. By the end of the growth season, partial to full 
(2008) on the effect of the herbicides applied at different stages of sterility of spikes was detected, stronger after using Lintur 70VG and 
the crop's vegetation. The authors found out insignificant effect on E weaker after applying Mustang 306.25СК.
and gs and significant decrease in A. These results, however, did not Following delayed application of the herbicides (stage 32), 
cause significant variations of yield. As a possible reason for this the lower plant growth was observed, and the parameters of foliar gas 
authors pointed out the lower leaf area which the treated plants exchange were disturbed. The physiological processes, however, 
developed and also the compensatory effects in the course of the were well regulated and photosynthesis ensured sufficient 
plant growth related to overcoming possible negative effects. Jin et assimilates for the growth and development of the plants, though at 
al. (2011) pointed out that the agro meteorological conditions were of lower levels. 
especially high importance for the effect of herbicides on the cultural The high rate of A at comparatively low E and gs and the low ci in 

the weeded check indicated that the plants spent considerable 
energy resources for overcoming the negative effect of weeding. A 
small portion of the assimilates were accumulated in the biomass 
and yield. 
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Table 5. Effect of a set of herbicides on the leaf gas exchange of cultivar Enola – stage 32, over years

-2 -1 -2 -1Key: Е – intensity of transpiration (mmol H O m  s ); gs – stomatal conductivity (mol m  s ); А – rate of net photosynthesis 2
-2 -1 -1(µmol CO  m  s ); ci – intercellular concentration of СО  (µmol mol )2 2

Variants

Weed-free check (К )1

Derby super VG

Granstar 75DF

Lintur 70VG

Secator ОD

Mustang 306.25СК

Palace 75WG +oil

Husar Max ОD

Weeded check (К )2

3.13

3.00

2.90

3.21

3.47

2.99

3.08

3.46

2.85

1.55

1.17

1.51

1.77

0.71

1.28

1.18

1.70

1.73

0.14

0.18

0.14

0.16

0.17

0.13

0.18

0.18

0.13

0.06

0.07

0.06

0.08

0.02

0.05

0.04

0.11

0.09

17.90

18.50

17.20

16.20

17.15

16.13

19.04

15.85

18.33

12.72

14.79

16.24

12.40

15.82

13.81

14.32

4.54

12.66

130.7

170.5

143.2

180.5

174.8

142.6

166.1

199.3

98.8

44.9

142.7

135.8

123.2

229.3

102.7

155.4

331.8

125.5

Е

2013 2013 2013 20132014 2014 2014 2014

gs A ci

Table 6. Mean square deviation of the leaf gas exchange 
indices in cultivar Enola during 2013 – 2014 
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Indices
Herbicides Year Stage Error

Е

gs

A

ci

df

      0.18

      0.0013

    16.62***

5131.42***

      7

    30.39***

      0.04***

  158.97***

5542.80

      1

      0.50*

      0.005*

    66.34**

9644.88

      1

      0.08

      0.00074

      6.25
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