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Abstract: The present study tested the implications of dual application of two of the practices whose
effects on salinity have already known: Humic Acid (HA) application and Arbuscular Mycorrizal
Fungus (AMF) (Glomus intraradices (G1)) inoculation. Pepper cultivar Demre was used in the study carried
out n a growth chamber. Four different levels HA and two levels of Gi were applied to growth media
supplemented with 50 mg NaCl kg™ before seed sowing. Hypocotyl length, cotyledon width and length, stem-
neck diameter, shoot length, leaf number, leaf area and shoot and root dry weights of the seedlings were
determined. Mineral contents of plant shoots and roots were also determined. Almost all of the seedling
growth parameters and plant nutrient contents were positively affected by both HA application and Gi
inoculation. Tt was observed in the interaction of these two factors that HA application triggered and increased
the positive effects of Gi inoculation. Therefore, it is advisable that the dual application of HA and Gi could
promote much more growth m pepper seedlings grown m salty condition.
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INTRODUCTION

Salnity problem is encountered in more than one
third of the world’s agricultural lands and causes yield
decreases in many crops'. Turkey uses the 35.6% of its
land (78 millien ha) for agriculture and the 3.2% of the
agricultural land has salimty problem. Pepper is not a
salt tolerant wvegetable. For pepper, the threshold salt
limit causing yield loss is 1.5 dS m™" and about 14% of
fruit yield loss is resulted by each additional salt level
(1.0 dS m "!. Pepper is an impoertant vegetable species
for the protected cultivation. The salinity is one of the
impaortant preblems of protected cultivation!.

Plants grown in salty conditions come across with
two major drawbacks. The first is the increase in osmotic
stress due to high salt concentration in soil solution and
consequently the decrease in the soil-water potential. The
later 1s the increase in concentrations of Na® and C1™ and
mn overall concentrations of the ions.
These mentioned factors cause abundances of the Na'
and C1~ and deficiencies of K' and Ca™ in plantst.
The excessive accumulation of Na* in plants inhibits their
K" uptake™ and the excessive accumulation of Cl™ in
plants negatively affects their NO,™ uptake; therefore,
the balance in icn concentrations is damaged!®*!.

the 1mbalance

Tt is important that salinity tolerance level in seedling
period of a plant should be taken into the consideration
because 1if plants are sensitive to salimity in their late
growing periods, they are most probably sensitive to salt
in their seedling pericds!!. The natural and technological
ways which might reduce the salimty damages in
agricultural crops have been among the most studied
subjects for the last decades. Humic substances and
arbuscular mycorrhizae could be used in order to obtain
some level sality tolerance.

Humic substances (humic and fulvic acids),
constituting 65-70% of the orgamc matter in soils, are the
subjects of studies in various areas of agriculture, such as
soil chemistry, fertility, plant physiology as well as
environmental sciences, because the multiple role by
these materials can greatly improve plant growth. The
major functional groups of humic acid include carboxyl,
phenolic hydroxyl, alcoholic hydroxyl, ketone and
quinoid®™. The mechamsm of humic acid that is active in
promoting plant growth is not completely known.
However, increasing cell membrane permeability, oxygen
uptake, respiration, photosynthesis, phosphate uptake
and root cell elongation of plant growth factors have been
proposed by some authors to explain it™". It was also
reported that humic acid application increased the plant
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Table 1: Effects of HA applicalion and Gi inoculation on length of hypocotyl, length and width of cotyledon and stem-neck diameter in pepper grown in saline condition

Hypocotyl length (mm) Cotyledon length (mm) Cotyledon width (mm) Stem-neck diameter (mm)
Gi, Gi, Ave, Gi, Gi, Ave, Gi, Gi, Ave. Gi, Gi, Ave,
0 22.03bc* 23.06ab 22.54 18.75 20.59 19.67b** 6.90cd* 7.38ac 7.19b* 2.69 3.14 291+
500 23.60ab 22.60ac 23.10 20.19 20.82 20.51ab 7.17be 7.65ab 7.42ab 293 321 3.07c
1000 21.21be 25.01a 23.11 20.52 20.63 20.58ab 7.65ab 790a 7.78a 3.28 3.93 30la
2000 20.22¢ 23.31ab 21.76 20.34 22.48 21.41a 6.52d 7.88a 7.20b 3.07 3.46 3.27b
Mean 21.76b** 23.49a 19.95b*+* 21.13a 7.09b*++ 7.71a 2.99b** 3.43a
*+%: There were significant differences among the different lefter(s) at p<0.001, **: There were significant differences among the different letter(s) at p<0.01
*: There were significant differences among the different letter(s) at p<0.05
Table 2: Effects of HA application and Gi inoculation on shoot length, number and area of leaf, dry weight of shoot and root in pepper grown in saline condition
Dry shoot weight (g) Dry root weight (g)
Shoot length (cm) Leaf No. (number/seedling)  Leaf area (cm?/seedling) per seedling per seedling
Gi, Gi, Ave. Gi, Gi, Ave. i, Gi, Ave. Gi, Gi, Ave, Gi, Gi, Ave,
0 8.65 10.82  9.74b** 10.17 10.74 1046 147.82d* 198.31ab  173.06b*** 0411 0.583 0490 0089h*** 0.140e 0.110c™**
500 9.95 1359 11.77a 10.02 11.90 1096 179.30bc 212.95a 196.12a 0.486 0723 00600 0107g 0.184b 0.140b
1000 9.17 1361 11.39a 10.15 11.51 10.83 163.80cd 164.50cd  164.15b 0.485 0.784 0.630 0.143d 0.221a 0.180a
2000 10.72 1364 12.19a 10.15 10.72 1044 148.85d 174.95¢ 161.90b 0514 0.664 0.580 0.126f 0.146¢ 0.130b
Ave.  962b*** 12.92a 10.12b** 11.22a 159.94b*** 187.67a 0.470b***  0.680a 0.110b*** 0.170a

*+%: There were significant differences among the different lefter(s) at p<0.001,

non-inoculated ones. The longest hypocotyls length
(25.01 mm) was obtained from the treatment inoculated
with Gi and applied with 1000 mg HA kg™".

Cotyledon length and width: Both traits were significantly
affected by the Gi moculation and the HA application
(Table 1). The Gi moculated seedlings had 1.18 (5.9%)
and 0.62 mm (8.7%) longer and wider cotyledons,
respectively than the non-inoculated ones. The
applications of 2000 and 1000 mg HA kg™ gave the
longest (21.41 mm) and the widest (7.78 mm) cotyledons
than the other HA doses. The interaction of Gi and HA
had only significant effects on the cotyledon widths of
seedlings; the longest cotyledon width (7.90 mm) was
obtained from the treatment inoculated with Gi and
applied with 1000 mg HA kg™

Stem-neck diameter: The Gi inoculation and the HA
application, but not their interaction had significant
effects on the stem-neck diameters of seedlings (Table 1).
The Gi inoculated seedlings had 0.44 mm (14.7%)
thicker stem-necks than the non-inoculated ones. The
applications of 1000 mg HA kg~ caused the thickest
stem-neck (3.61 mm) and this value 0.70 mm (24.1%) higher
than the control dose of HA.

Shoot length: It was sigmficantly affected by the Gi
inoculation and the HA application (Table 2). The Gi
inoculated seedlings had 3.3 em (34.3%) longer shoots
than the non-inoculated ones. The HA applied seedlings
had at least 1.65 cm longer shoots than the non-applied
ones. The longest shoot length (13.64 cm) was obtained
from the treatment inoculated with Gi and applied with
2000 mg HA kg™
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**: There were significant differences among the different letter(s) at p<0.01

Leaf number: The only Gi inoculation had significant
effect on the leaf number of seedlings (Table 2). There
were about 1.1 (10.9%) increases in the leaf number of
Gi inoculated seedlings compared to the non-inoculated
ones.

Leaf area: This trait was significantly affected by the
Gi  inoculation, the HA application and their
interaction (Table 2). The Gi  inoculated seedlings
had 27.73 cm’/seedlings (17.3%) larger leal areas than
the non-inoculated ones. The applications of 500 mg
HA kg™ produced the largest leaf area per seedling
{196.12/cm*/seedlings) compared to the non-applied
ones. The largest leal area (212.95/cm’/seedlings) was
obtained from the treatment inoculated with Gi and
applied with 500 mg HA kg™

Dry weights: The dry root weight was significantly
affected by the Gi moculation, the HA application and
their interaction, while the dry shoot weight was only
significantly affected by the Gi inoculation (Table 2). The
(31 moculated seedlings had 021 g (44.7%) and 0.06 g
(54.5%) heavier dry shoot weights and dry root weights,
respectively than the non-inoculated The
applications of 1000 mg HA kg™ produced the heaviest
dry root weight (0.180 g) among the HA applications. The
applications of 1000 mg HA kg™ caused the heaviest dry
root weight (0.221 g) among all treatments.

ones.

Nitrogen contents: The Gi inoculation and the HA
application had sigmficant effects on the nitrogen
contents in roots and shoots and their interaction
was significantly effective in the nitrogen contents of
shoots (Table 3). The Gi mnoculated seedlings had 0.46%
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Table 3: Effects of HaA application and Gi inoculation on macro nuirients in roots and shoots of pepper seedlings grown in saline condition

N &4) P (%) K &% EREO] Ca (%)
Shoot G, G, Ave G, G, Ave G, G, Ave G, G, Ave G, G, Ave
0 2.86d** 3.13cd  2.99d%k* 0.36d*+* 0.38d 0.37CHwH* 3.08c¥H 313c 31 1d#E 021 0.21 0.2 1p#s#x 1.25 1.90 1.23q#**
500 3.36be 3.73b 3.54c 0.36d 0.359d 0.38c 3.24c 3.68b 346e 022 023 0.23b 131 138 1.35¢
1000 3750 4.57a 4.16b 0.40d 0.62b 051b 3.74b 3.83b 378 025 028 0.27a 1.57 163 1.60b
2000 4.51a 4.91a 4.71a 0.55¢ 0.73a 0.54a 4.3%a 4.3%a 4.3% 023 0.25 0.27a 1.83 187 1.86a
Ave, 3.62p#Fx 4.08a 0.42p ek 0.53a 3.61p%*  376a 0.24 0.25 1.49 1.52
Foot
&) 075 074 0 754+ 0.12d#++ 0.13cd  012d#+* 1.21f 1.30¢ 1.26ab** c.10 011 0.10b** 022 019 0.2 1ck#k
500 0.88 1.00 0.94c 0.13cd 0.15¢ 014c 1.16g 1.23e 1.20b 011 0.12 0.12a 0.20 0.21 02lc
1000 1.13 1.2¢ 1.21b 0.14cd 0.1% 0170 1.24d 1.15h 1.20b 0.13 0.12 0.13a 0.2¢ 0.26 0.26b
2000 138 1.43 1.41a 0.20b 0.30a 0.25a 1.33a 131b 132a 013 0.13 0.13a 032 0.34 0.33a
Ave. 1.04b%* 1.12a 0,15+ 019 1.23 125 011 0.12 0.25 0.25

*#%: There were significant differences ameng the different letter(s) at p<0.001,

(relatively 12.7%) and 0.08% (relatively 7.7%) more
nitrogen contents in shoots and roots, respectively than
the non-inoculated ones. Increasing doses of HA
treatments significantly increased the nitrogen contents
of both shoots and roots. The mghest amounts of
nitrogen in shoots and roots were obtamed from the
application of 2000 mg HA kg™ as 4.71 and 1.41%,
respectively. The highest amounts of nitrogen in shoots
(4.57 and 4.91%) were obtained from the G1i inoculated
applications of 1000 or 2000 mg HA kg~', respectively.

Phosphorous contents: The phosphorous contents of
shoots and roots were sigmificantly affected from the
(1 moeculation, the HA application and their mteraction
(Table 3). The Gi inoculated seedlings had 0.09%
(relatively 21.4%) and 0.04% (relatively 26.7%) more
phosphorous contents m shoots and roots, respectively
than the non-mmoculated ones. Increasing doses of HA
treatments significantly increased the phosphorous
contents of both shoots and roots. The highest amounts
of phosphorous n shoots and roots were obtamed from
the application of 2000 mg HA kg~ as 0.64 and 0.25%,
respectively. The highest amounts of phosphorous in
shoots and roots were obtained from the Gi inoculated
applications of 2000 mg HA kg™, as 0.73 and 0.30%,
respectively.

Potassium contents: The HA application had significant
effects on the potassium contents m roots and shoots;
the Gi inoculation had sigmificant effect on only the
potassium contents in shoots; the interaction of Gi and
HA was significantly effective in the potassium contents
of both shoots and roots (Table 3). The Gi noculated
seedlings had 0.15% (relatively 4.2%) more potassium
content in shoots than the non-inoculated ones. The
highest amounts of potassium in shoots and roots
were cbtained from the application of 2000 mg HA kg™
as 4.39 and 1.32%, respectively. The highest amounts
of potassium in shoots (4.39%) were obtained
from the Gi inoculated or non-inoculated applications
of 2000 mg HA kg~'. The highest amount of potassium in
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#*: There were significant differences among the different letter(s) at p<0.01

shoots (4.39%) was obtained from the Gi non-inoculated
application of 2000 mg A kg,

Sulphur contents: The sulphur contents of shoots and
roots were significantly affected from only the HA
application (Table 3). Increasing doses of HA treatments
significantly increased the sulphur contents of both
shoots and roots. The highest amounts of sulphur in
shoots were obtained from the application of either 1000
or 2000 mg HA kg™ as 0.27%. The HA applied seedlings
had significantly more sulfur content in roots than the
non-applied ones.

Calcium contents: Only the HA application significantly
affected the calcium contents of shoots and roots
(Table 3). Increasing doses of HA treatments significantly
increased the caleium contents of both shoots and roots.
The highest amount of calcium in shoots was obtained
from the application of 2000 mg HA kg™ as 1.86%. The
highest amount of caleium in roots was also obtained from
the application of 2000 mg kg™ HA as 0.33%.

Magnesium contents: The HA application significantly
affected the magnesium contents of shoots and root,
while the Gi1 moculation sigmficantly affected just the
magnesium contents of roots (Table 4). The G1 moculated
seedlings had 0.02% (relatively 7.7%) more magnesium
content in roots than the non-inoculated ones. Increasing
doses of HA treatments sigmficantly mcreased the
phosphorous contents of both shoots and roots. The
highest amounts of magnesium in shoots and roots were
obtained from the application of 2000 mg kg™ HA as 0.64
and 0.31%, respectively.

Iron contents: The Gi inoculation and the HA application
had significant effects on the ron contents m roots and
shoots and their interaction was significantly effective in
the iron content of shoot (Table 4). The Gi moculated
seedlings had 17.0 (relatively 21.6%) and 14.0 mg kg™
(relatively 11.0%) more wron contents in shoots and roots,
respectively than the non-inoculated ones. Increasing
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Table 4: Effects of HaA application and G4 inoculation on micro nuirients in roots and shocts of pepper seedlings grown in saline condition

Mg ¥ Fe(mghkg™ Mn (mg kg Zn{mg kg™ Cumgkg ™)
Shoot G, G, Ave G, G, Ave G, G, Ave G, G, Ave G, G, Ave
0 0.53 054 054ckkE 54.25e%% 61.25de  57.75c¥kx 3375 3775 3825d%#F 67 25b%  70.00b 68.63cHF  1475e¥* 17 25de  1575d%*
500 056 .56 056be 63.50de 75.00ed 69.25b 42.50 41.50 42.00c 74.75b 72.25b 73.50b 20.25¢d 1875¢ce  19.50c
1000 0.58 0.60 055 61.50de 86.50c 74 00b 4475 5175 47.50b 70.25b 75.75b 73.00b 23.00bc 26750 2488
2000 086 06l 0.64a 136.25b 160752 14850a 54.00 67.00 60.50a 72.25b 93.75a 83.00a 26.50b 33252 298%
Ave, 0.59 058 TBEThHEE 95.87a 44.63b%H* 49 50, T1.13b#* F7.94a 21.00b%** 24 00a
Foot
&) 021 022 022c*kk 12325 128.25 126 00c*+E 96.00ac 90, 00c* 93.00ck+* 129 00d* 134.00cd  131.00ck* 3250 40.00 36 00 #k
500 0.27 0.25 0.26b 11125 131.00 121.00¢ 4.25be 93.0Cbe 94.00c¢ 141.25¢d 140.50cd - 141.00b 44.75 41.75 43.00c
1000 026 030 028 12050 139,50 130.00b 92.00¢ 108.75ac  100.00b 139.75¢cd 145.50¢ 143.00b 51.00 54.25 53.00b
2000 028 0.33 031a 154.00 167.50 160. 00a 116.50a 114.25ab 115002 166.25h 183.75a 175.00a 57.00 4.25 61.00a
Ave. 0.26b* 028 127.00b%** 141 00a 99.00 101.00 144 00b**  151.00a 46.00b* 50.00a

*#%: There were significant differences ameng the different letter(s) at p<0.001, ** There were significant differences among the different letter(s) at p<0.01

*: There were significant differences among the different letter(s) at p<0.05

doses of HA treatments sigmificantly increased the
iron contents of both shoots and roots. The highest
amounts of iron in shoots and roots were obtained
from the application of 2000 mg kg™ HA as 148.5 and
160.0 mg kg, respectively. The highest amount of iron
in shoots (160.75 mg kg™") was obtained from the Gi
inoculated applications of 2000 mg kg™ HA.

Mangenese contents: The HA application significantly
affected the mangenese contents of shoots and roots,
while the Gi inoculation significantly affected just the
manganese contents of roots (Table 4). The Gi inoculated
seedlings had 4.87 mg kg™ (relatively 10.91%) more
magnesium content in roots than the non-inoculated
ones.

Zinc contents: The zinc contents of shoots and roots
were sigmficantly affected from the Gi inoculation,
the HA application and their interaction (Table 4). The
G1 moculated seedlings had 6.81 (relatively 9.6%) and
7.0 mg kg ' (relatively 4.9%) more zinc contents in
shoots and roots, respectively than the non-inoculated
ones. Increasing doses of HA treatments significantly
increased the zinc contents of both shoots and roots.
The highest amounts of zinc in shoots and roots were
obtained from the application of 2000 mg kg™ HA as
83.0 and 175.0 mg kg, respectively. The highest amounts
of zinc in shoots and roots were obtamned from the Gi
inoculated applications of 2000 mg kg™ HA, 93.75 and
183.75 mg kg, respectively.

Copper contents: The Gi moculation and the HA
application had  significant effects on the copper
contents in roots and shoots and their interaction was
significantly effective in the copper contents of shoots
(Table 4). The Gi inoculated seedlings had 3 (relatively
14.3%) and 4 mg kg™ (relatively 8.7%) more copper
contents in shoots and roots, respectively than the
non-inoculated ones. Increasing doses of HA treatments
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significantly increased the copper contents of both
shoots and roots. The highest amounts of copper in
shoots and roots were obtained from the application of
2000 mg kg~ HA as 29.88 and 61.00 mg kg ', respectively.
The highest amount of copper in sheot (33.25 mg kg™
was obtamed from the Gi moculated application of
2000 mg kg~ HA.

It has been long known that salnity 1s a hmiting or
even extremely troublesome factor to deal with in
agriculture™. Various methods have been employed in
order to overcome the salinity. Therefore, the present
study tested the implications of dual application of two of
them whose effects on salinity have already known: HA
application*** 2221

In general, HA application positively affected
the plant growth parameters of pepper grown in
salimity condition. Most researchers have also reported
the ameliorative effects of HA on plant growth™'>**],
The present study determined that the application of
1000 mg kg~ HA found to be more suitable dose for most
of the growth parameters except for cotyledon and shoot
lengths. Tn general, Gi inoculation also positively affected
the plant growth parameters of pepper grown in salinity
condition. There have been several other studies in
agreement'™ . When we consider the interaction of HA
application and Gi inoculation, it has been noticed that

land Gi inoculation

HA application triggered and increased the positive
effects of Gi1 moculation. Based on the morphologic
observation, it was observed that the dual application of
HA and Gi promoted much more growth in pepper
seedlings grown i salty condition. Plant nutrient
contents analyses gave harmomous results with the
seedling growth parameters and were in agreement with
the several other studies; increasing doses of HA
application increased the plant nutrient contents®'"**1,
The application of 2000 mg kg~" HA found to be more
superior dose for most of the plant nutrient contents. The
Gi inoculation also increased the plant nutrient contents

as seen in several other studies!'®"™*¥
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In conclusion, the present study revealed in

controlled conditions that dual application of HA and Gi
whose sole applications have already known to be useful

m the plant growth could be much more efficiently
employed in pepper, one of the salinity sensitive
vegetable species, grown in salty condition.
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