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Ef'ect of Living Mulch on Chlorophyll R)
Index, Leaf Moisture Content and Leaf
Area of Sweet Cherry (Prunus avium 1..)

Tatyana Gerasko . Lyudmila Velcheva |, Liudmyla Todorova
Lyusov Pokoptseva  and Iryna Ivanova

1 Introduction

Ach eving future of safe environment depends on conserving soil, water, and
biological resources Soil is a key component of sustainability. Mulching is one
of the methods to protect and enhance the productivity of the soil. Different mulches
are widely used in agriculture due to the countless advantages they have [ 1-4]. There
is ar increasing intercst for use of living mulches in orchards. Based on reports in the
liter iture, we conclude that living mulches increase humification and reduce deni-
trification and runofl, thus enhancingSoil nitrogen availability and water regulation
[5—10]. Natural gras. cover can act as a living mulch: It is shown that spontaneous
vegetation cover enhanced the physical quality of orchard soil [11], improved AM
fung al propagules, soil organic carbon, and soil enzyme activities more elfectively
than did sod culture | 12]. Spontaneous grass does not require sowing and irrigation,
gencrates a large biomass, which can remain in place for replenish the soil with
orgi nic matter, prevents soil erosion [13], increases biodiversity [ 14], and provides
poll nation services | 15]. However, it was reported that living mulches decreased soil
water availability, impairing apple yields [ 16], decreased apricot yield, fruit weight,
and economic output [17]. That is, trees compete with herbs for water [18, 19] and
nutrients [20]. Thus. in an organic orchard, to support the natural biocenosis and to
create optimal conditions for the reproduction of the soil ferulity, it is necessary o
keep soil under living mulch. But the effects of living mulch on the physiological
parz meters of fruit trees have not been fully explored. To fill this gap, this work aimed
at esamining the effzcts of living mulch in the organic orchard on the chlorophyll
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index, leaf moisture content, and leaf area of sweet cherry (Prunus avium L.) in the
conlitions of the southern Steppe of Ukraine.

2 Materials and Methods

2.1 Site Description

The work was conducted from 2017 to 2018 in the southern steppe of Ukraine
(Melitopol district, Zaporozhye region) in the experimental orchards of Taurian
State Agrotechnoloypical University, which is intended for research purposes. The
soil cover of the investigated area is the chesmur soils, which are very low humus.
Soi's have a weakly alkaline reaction of soil solution (pH varies within 7.1-7.4), On
the sackground of a iight granulometric composition, the humus content in the upper
humus horizon is 0.6%. The analysis of aqueous extraction revealed that the total
content of water-soluble salis does not exceed 0.015-0.024%. Analyzing all physical
and agrochemical properties, we can conclude that the soils are suitable for growing
sweet cherries. The long-term mean air temperature is +9.6 °C. The summer months
(June, July, August) have an average daily air temperaturc of 20-22 °C. Winters arc
warm with frequent thaws, The coldest moaths are January and February. During
these months, mean annual air temperature ranges minus 3.7—4.3 °C, but the mini-
mu n temperature is reduced to minug 33 °C. Mean annual precipitation for the last
10 vears was approximately 350430 nm.

2.2 Orchard Floor Management

Plant material for research was sweet cherry (Prunus avium L.} cultivars “*Valery
Chicalov”/Prunus mahaleb and “Dilemma”/Prunus mahaleb planted in 2011 at 7 m x
5 m. The experiment was designed as a randomized complete block with two treat-
me s, in triplicate. Bach experimental plot had an area of 210 m? (7 m x 30 m). Each
plot contained 10 sweet cherry trees. The experiment included two different orchard
floor management systems (OFMS): Standard mechanical cultivation—one discing
at: 15-cm depth followed by harrowing + manual weeding during the growing sca-
sor (MC) was compared with living muilch—spontaneous vegetation cover (LM),
The natural vegetation of grasses was mowed four times during the growing season,
and the clippings weore left on the ground for decomposition. Any other management
was identical in each treatment. Synthetic fertilizers and chemical plant protection
prcducts were not used.
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2.3 Sampling Measurements and Data Calculation

Leaves for analysis were collected in the first decade of August, with the full devel-
opr ent of the leaf surface. The leaf area was determined by the method of cuttings:
Ten leaves of each tree were harvested from the middle of the annual shoots on the
southern side of the crown and transported to the laboratory for analysis. The leaves
were weighed, punched with punch (the area of the cutting was 1 cm?). Cuttings were
weigthed, and the area of the leaves was calculated by the ratio of the mass of leaves
and the mass of the cuttings. The parameters of the water regime of the leaves were
dete'mined ravimetr:cally, as described by G. K. Karpenchuk and A. V. Melnyk:
The total moisture content was determined by oven drying (105 °C) until constant
weight; the relative turgrescence was calculated as the ratio of the total moisture con-
tent 1o the moisture content after the 24-h saturation in a wet chamber; the moisture
deficit—the ratio of moisture absorbed by the leaves {after a 24-h saturation in a wet
charber) (o the total moisture content after a 24-h saturation in a humid chamber;
the water-retaining ability—+he ratio of lost moisture (after & 24-h wilting) to the
total moisture content [21]. The content of photosynthetic pigments (chlorophylls a,
b and carotenoids) in the leaves was estimated by determination of visible and near
UV light absorption capacity of leaf acetone extracts spectrophotometrically in the
biochemical laboratory of the Taurian State Agrotechnological University according
to gencrally accepied methods [22]. Biochemical analyses were conducted in three
biolc gical replicates. Means for the reatments were compared using the least sig-
nificant differences (1.SD) and Student’s criterion, and significant differences were
determined at P < 0.05 probability level. All data were analyzed using the Microsoft
Excel 2010 [23],

3 Results and Discussions

Tables 1 and 2 show data on the content of photosynthetic pigments in sweet cherry
leaves. The content ol chlorophylls and the sum of chlorophylls @ and b in the leaves
of both studied cultivars in the experimental variants did not differ significantly in
2017 or 2018. But it shounld be noted significantly more carotenoid content in the
leaves of the cultivar “‘Valery Chkalov” in 2017 in LM. The enhanced synthesis of
carotenoids is a nonspecific response of plants to stress [24]. Due to the increase
in the: carotenoid content, the chlorophyll index of this cultivar in LM conditions
was significantly lower compared to MC in 2017, At same time (in 2017), for the
cultivar “Dilemma,” on the contrary, it was noted the increase of the chlorophyll
index in LM and a significantly higher content of carotenoids in MC. Further studies
of cuitivars characteristics are needed to find out the reason for this revealed trend.
We hypothesize thar this is due o the activity of soil microorganisms, symbiotic
mycorrhiza. Tt is known that LM creates optimal conditions for the development of

tatiana. herasko@igatu.edu.ua
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Tallde1 The content of photosynthetic pigments in sweet cherry leaves cultivar “Valery Chkaloy”

OIMS | Chlorophyli a | Chlorophylib | Carotenoids Sum of Chlorophyll
content (%) content (%) content (%) chlorophylls index
(a+b), % (a + bYx

20407 Year

Mt 177+ 0.16 1.73:£0.13 0.17 £ 0.01 349+ 031 204 £ 0.06
LM 209 £0.17 1.51+0.13 024 £0.02* 3591016 14.7 £ 0.05*
2018 Year

wl\wd_(f 1.19+0.12 0.48 £+ 0.05 0.30 £ 0,02 1.67 1017 55004
E[ 1.12 £ 0.10 0.52 £ 0.05 027002 1.65 £ 0.16 6.2 -+ 0.05*

Notz *—The difference is significant at P < 0.05

Table 2 The content of photosynthetic pigments in sweet cherry leaves cultivar “Dilemma”

OFMS | Chlorophyll a2 | Chlorophyll b ; Carotenoids Sum of Chlorophyll
content,% content (%) content (%) chlorophylls index (a +

— (a+b),% bV

20,7 Year

MC 1.86 +£0.12 1,39 + 0.11 025 +0.04* 3254032 133+ 002

H_L_K/ 1.81 £ 0.16 146+ 0.14 0.4 £ 0,04 3271033 24.1 £ 0.03*

20, 8 Year

TVE? 088 +0.12 0.31 £ 0.05 0.25 £ 0.02 1.20+ 012 486 +0.23

:I:El 1.22 £ 0.11 080+014 _ 0251002 2.02x012 821 % 0.16*

Nou *—The difference is significant at P < 0.05

soil symbiotic mycorrhiza [12], but different cultivars may have their own specific
features regarding the formation of symbiosis with soil microorganisms.

It should be noted that the weather conditions of 2017 werce relatively satisfac-
tory with respect (o moisture supply, especially in June, as opposed to 2018, when
drought lasted throughout all summer months. Drought was reflected on the physi-
ological state of leaves, which contained significanty less photosynthetic pigment.
The content of chlorophylls under such severe conditions in 2018 was lower, and the
carotenoids content was higher in both cultivars in both OFMS. It should be noted
that the chlorophyll index was higher in LM in both cultivars in 2018, which indicates
the sasitive effect of LM on the physiological state of sweet cherry trees.

Tables 3 and 4 show the parameters of the water regime of sweet cherry leaves.
For the cultivar “Valery Chkalov,” there was no significant difference between the
MC and LM on the total moisture content, relative turgrescence, and moisture deficir.
But under hiding conditions, we observed a significant increase in the waler-retaining
abil ty of leaves in 2017. This can be associated with an increase in the content of
collvids in the tissues of leaves, which is an adaptive plants response to water deficit.
Naturally, the deficit of moisture in the leaves was closely negative linked with the
relalive turgrescence (r = —0.9).

istiana. herasko@tsatu eduua
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Tahle 3 Water regime in leaves of sweet cherry cultivar “Valery Chkaloy”

v

685

Water-retaining

OFMS | Total moisture Relative : Moisture deficit
content (%) turgrescence (%) (%) ability (%)
20,7 Year
MC 58.7 :0.19 234 +1.38 76,6 + 1.39 04.3 + 0.61
v 58.2 £ 0.65 213+ 1.36 78.7+1.37 96.5 £ 0.45%
2018 Year
MO [543£029 316+ 035 684 % 0.55 958 +0.79
™ 53.6 £ 0.47 307033 693 + 042 95.2 £ 0.75

MNoye *—The difference is significant at P < 0.05

Tah.e 4 Water regime 10 leaves of sweet cherry culiivar “Dilemma”

IOF',VIS Total moisture. Relative Moismre deficit Water-retaining
conatent (%) wrgrescence (%) (%) ability (%)

EP_I 7 Year

MC 62.1 £0.22 25.7 4 2.07 743 +3.08 933+ 147

M [s48 o012 275+ 1.79 725+ 1.79 91.7£025

_-25} g Year

MC [557£035 309+ 1.55 [69.1 + 1.99 945 £ 1.41

M |51.6+ 043 266+ 1.67* 734 £ 1.25% 97.7 & 1.44*

Note *—The difference is significant at P < 0.05
[ 4

The sweet cherry cultivar “Dilemma’ was characterized by a significantly lower
total moisture content in the leaves in LM during two years of research; the water-
retaining capacity of leaves was increased in 2018. Since the decreasc in the total
moisture content and relative turgrescence in LM and severe drought in 2018 in
the cultivar “Dilemma” was significant (unlike the cultivar “Valery Chkalov™), it
could be noted that cultivar “Dilemma” is more vulnerable to drought conditions
and :ompetition with herbs. But in the scientific literature, there is a message that an
increase in the dysfunction of the hydraulic system in the most vulnerable coltivars
may represent 4 signal lor enhancing the delivery of waler to fruis, and in this case,
walter insiead of moving into the leaves is delivered to the fruits [25].

To better explain the obtained data, we will analyze the results of determining the
swect cherry leaf area, presented in Table 5.

The leaf area was significantly less in LM for both studied cultivars in 2017, In
201, there was no significant dilterence with MC, but the cultivar “Valery Chkalov”
shovied a tendency (o decrease the leaf area in LM, and the cultivar “Dilemma,” on
the contrary—increased.

teliana.herasko®@satuedu.ua
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Table 5 Sweet cherry leaf area, m?/tree

OFMS Cultivar “Valery Chkalov" Cultivar “Dilemma”
?0'7 Year

MC 382 46.8 -
LM 29.0 324 -
1SDgs - 3.05 374

2!—) ’.i’ Year o - - -

MC |60.8 o - Is1a

LM T |28 1593

LS %5 _ | 517 R 5.04

4 Conclusions

The content of carotinoids in 2017 was significantly higher in the leaves of the cultivar
*Vialery Chkalov” in LM and in the leaves of the cultivar “Dilemma” in MC and in
2018 was no significant difference in both cultivars.

“"he chlorophyll index in LM (compared to MC) was higher in the cultivar “Dilem-
ma’ in 2017 and in both cultivars under severe drought in 2018.

“"he water-retaining ability in 2017 (satisfactory moisture supply) was greater in
LM in the leaves of the cultivar “Valery Chkalov,” in 2018 (drought)—in the cultivar
“Dilemma.” -

“he leaf area wa- significantly less in LM for both studied cultivars in 2017. In
2018, a significant difference with MC was not noted.

The disadvantage of our study is the lack of data on the state of soil microor-
gan sms, namely the symbiotic mycorrhiza in the rhizosphere of cherry trees, which
cou d explain the revealed trends in the physiological state of the lcaves.
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